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PREFACE 

The IBM System/360 Operating System ALGOL 
Compiler consists of ten phases, or load 
modules. Chapter 1 of this manual provides 
an introductory survey of the main 
functions of the several phases. A more 
detailed description of the individual 
phases is provided in the subsequent chap
ters, as follows: 

Directory (IEXOO) 
Initialization (IEX10) 
Scan I/II (IEXll) 
Identifier Table Manipulation 

(IEX20) 
Diagnostic Output (IEX21) 
Scan III (IEX30) 
Diagnostic Output (IEX31) 
Subscript Handling (IEX40) 
Compilation Phase (IEXSO) 
Termination Phase (IEXS1) 

Chapter 2 
Chapter 3 
Chapter 4 

Chapter 5 
Chapter 9 
Chapter 6 
Chapter 9 
Chapter 7 
Chapter 8 
Chapter 8 

Two of the phases (Load Modules IEX21 
and IEX31) are devoted exclusively to the 
editing and output of diagnostic messages. 
Diagnostic output is also provided for in 
the Termination Phase (Load Module IEXS1). 
The Error Message Editing Routine, which 

First Edition (September 1967) 

handles the output of diagnostic messages 
in the three phases mentioned, is described 
in Chapter 9. 

Chapter 10 describes the ALGOL Library, 
which consists of a set of load modules 
representing standard I/O procedures, 
mathematical functions, and the Fixed Stor
age Area. 

Chapter 11 describes the composition of 
the object module generated by the Compiler, 
and the organization of the load module at 
execution time. 

Other publications that will be useful 
to the reader in understanding the Compiler 
are: 

OS ALGOL Language, Order No.GC28-661S 

OS ALGOL Programmer's Guide, 
Order No. GC33-4000 

OS FORTRAN IV Library, Order No. 
Order No. GC28-6S96 

This edition applies to release 21 of the IBM System/360 
Operating System, and to all subsequent modifications unless 
otherwise indicated in new editions or Technical Newsletters. 
Changes are continually made to the specifications herein; 
before using this publication in connection with the operation 
of IBM systems, consult the latest SRL Newsletter, Order No. 
GN20-0360 for the editions that are applicable and current. 

This publication was prepared for production using an IBM 
computer to update the text and to control the page and line 
format. Page impressions for photo-offset printing were ob
tained from an IBM 1403 printer using a special print chain. 

Requests for copies of IBM publications should be made to 
your IBM representative or to the IBM branch office serving 
your locality. 

A form is provided at the back of this publication for 
reader's comments. If the form has been removed, comments 
may be addressed to IBM Nordic Laboratory, Publications 
Development, Box 962, S-181 09 Lidingo 9, Sweden. Comments 
become the property of IBM. 

©Copyright International Business Machines Corporation 1967 
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PURPOSE OF THE COMPILER 

The OS/360 ALGOL Compiler translates a 
source program written in the OS/360 ALGOL 
Language into an object module which may be 
linkage edited and executed by an IBM 
Systeru/360 computer. The final load module 
consists in part of code generated by the 
Compiler and, in part" of routines (in load 
module form) drawn from the ALGOL Library. 
The Library is a data set containing ALGOL 
standard I/O procedures and mathematical 
functions, as well as auxiliary routines 
required by the object module at €xecution 
time. The Library routines are combined 
with the generated code at linkage edit 
time, to form an executable load module. 

The Compiler prints out a listing of the 
source module and of the Identifier Table, 
if the SOURCE option is specified" and 
prints out diagnostic messages reflecting 
syntactical errors detected in the source 
module, as well as other errors occurring 
during compilation. 

THE COMPILER AND SYSTE~1/360 OPERATING 
SYSTEI'l 

The ALGOL Compiler is a processing pro
gram of the System/360 Operating System. 
It is executed under the control of the OS 
supervisor" and utilizes the I/O and other 
services of the OS Control Program. 

A compilation is executed as a jOb step 
by means of the job control facilities of 
the Operating System. The use of the 
Compile!. is expla.ined in the OS AL~()~ 
l'rogt'~:r:~ s Gilide,. 

MACHINE.SYSTEM 

The m~n~mum machine configuration 
required for execution of a compilation 
using the ALGOL compiler is as follows: 

1. An IBM System/360 Model 30, 40, 50, 
65, 75, or 91, or an IBM System/370 
Model 135 (or higher} with the 
scientific instruction set and at 
least 64K bytes of main storage 
capacity. 

2. At least one direct access 
input/output device; a printer; a con-
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sole typewriter, 
device (magnetic 
reader) • 

and 
tape 

ORGANIZATION OF THE COMPILER 

a sequential 
unit or card 

Figure 1 indicates the modular structure 
of the ALGOL compiler as well as the 
essential operations performed in each of 
the constituent phases. The Compiler con
sists of ten load modules, the first of 
which, called the Directory" remains in 
main storage throughout compilation. The 
other nine modules" representing the Work
ing phases of the compiler" are loaded and 
executed in sequence. 

DIRECTORY (IEXOO) 

The Directory consists of a pre
assembled Common Work Area, used by .all 
phases, as well as a number of auxiliary 
routines providing interface with the 
Operating System. The latter include the 
initial entry and final exit routines which 
receive control from, and return control 
to, the Operating System. 

INITIALIZATION PHASE (IEX10) 

The Initializatiqn Phase: 

1. Sets up a control field in the Common 
Work Area. reflecting the opticns 
specified in the EXEC Statement invok
ing the Compiler. 

2. Determines the sizes of the private 
work areas required by the individual 
phases. 

3. Acquires main storage for a source 
text input buffer and for the Error 
Pool. 

4. Opens data sets. 

5. Executes a SPIE macro which specifies 
the address of the program interrupt 
routine in the Directory. 
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Directory 

Contains entry and exit routines which receive 
control from and return control to the Operating 
System. Also contains Common Work Area for 
inter-phase communication, as well as program 
interrvpt, SYNAD and EOD routines. Resident 
in main storage during compilation. 

Initialization 

Determines sizes of work areas acquired by the 
individual phases, according to the SIZE option; 
opens data sets;. sets switches reflecting compila
tion options; and acquires storage for on input 
buffer and the Error Pool. Also executes the SPIE 
mocro-instroction. 

Scan 1/11 

Reads the source module and lists all valid identi
fiers declared or specified in the source module in 
the Identifier Table, together with descriptive in
ternal names; stores character strings in the Con
stant Pool, replacing them in the output text by in
ternal names containing the string's relative ad
dress; and generates TXT records of the strings 
stored in the Constant Pool. Replaces all delimiter 
words and multi-character operators by one-byte 
symbols in the output text (called Modification 
level 1). Detects syntactical errors and records 
them in the Error Pool. Prints out a listing of the 
source module if the SOURCE option is specified. 

Identifier Table f.iwJnipulation 

Allocates object time storage addresses to all iden
tifiers (other than declared procedure ~nd switch 
identifiers and labels) listed in the Identifier Table, 
noting the relative addresses in the corresponding 
internal names in the table; records the total stor
age allocation for identifiers declared or specified 
in each block or procedure in Program Black Table 
II, and records multiple declaration errors in the 
Error Pool. Prints oot a listing of the Identifier 
Tobie if the SOURCE option is specified. 

Diagnostic OlJtput 

Edit~ tM contents of the Error Pool and prints out 
diagnostic messages reflecting the errors detected 
by the preceding phases. 

Scan III 

Reads the Modification Level I source text output 
by Scan 1/11 and generates a new source text (Iv\od
ification Level 2), in which externally represented 
operands in statements are replaced by the corre
sponding internal names in the Identifier Table, 
Stores constants in the Constant Pool, replacing 
them by intemal names containing the storage ad
dress, and generates TXT records of the Constant 
Pool. Classifies for statements in the For Statement 
Table and lists linear subscript expressions and left 
variables in counting loop and elementary loop for 
statements, in the Subscript Table and Left Vari
able Table, respectively. 

Diagnostic Output 

Edits the contents of the Error Pool and prints out 
diagnostic messages reflecting the errors detected 
by the Scan III Phose. 

Subscript Handling 

Const-ructs the Optimization Table, listing optimiz
able subscript expressions in for statements, in 
which no term occurs as a 'eft variable in the for 
statement. Optimizable subscripts are identified by 
comparing each term in the expressions listed in the 
Subscript Table with the entries from the same for 
statement in the Left Variable Table. Also re-clas
sifies for statements in the For Statement Table. 

Compilation 

Reads the f.ioodification level 2 source text and gen
erates an object module. Uses the Far Statement 
Table to determine the logical structure of the gen
erated code for each for statement. Uses the Opti
mization Table to generate code which pre-calcu
lates a bose address and an incremental displace
ment for optimizable subscripts of arrays occurring 
in for statements. Generates code to link precom
piled standard functions and I/O procedures in the 
library t-o the object module. 

Termination 

Generates TXT and RlD records of tables used by 
the object module at execution time, as well as 
ESD records for standard 1/0 procedures and math
ematical functions, and the END record. Edits and 
prints out errors recorded in the Error Pool or prints 

~i~t:teR:i::s~fs :~i~ Ss\~rr~~: ra~i::t~~;stsc~~~~jet~t 
the exit routine in the Directory. 



SCAN 1/11 PHASE (IEX11) 

The Scan 1/11 Phase reads the source 
module and constructs the Identifier Table, 
listing all identifiers declared or speci
fied un the source module. The Identifier 
Table is used in constructing a five-byte 
internal name for each and every identifier 
declared or specified in the source module. 
In the case of declared labels, procedures, 
and switches, the internal name 
(constructed in its entirety in this phase) 
contains the relative address of an entry 
in the object time Label Address Table. In 
the case of all other identifiers, the 
internal name (constructed partly in this 
phase and partly in the succeeding phase) 
contains the relative address of an object 
time storage field. The internal name 
ultimately replaces all externally rep
resented operands in the source text (see 
Scan III Phase below). 

The 
first 
of the 
Level 
in the 

Scan 1/11 Phase also generates the 
of two intermediate transformations 
source text, called Modification 

1. The principal changes reflected 
first transformation include: 

1. An initial translation of all charac
ters to an internal code. 

2. The removal of all type declarations 
and specifications. 

3. The replacement of ALGOL delimiter 
words and multicharacter operators by 
one-byte symbols. 

IDENTIFIER TABLE MANIPULATION PHASE (IEX20) 

The Identifier Table Manipulation Phase 
processes the Identifier Table constructed 
by the Scan 1/11 Phase. To each identifier 
listed in the table, excepting declared 
procedure and switch identifiers and 
labels, an object time storage field is 
aSSigned, the relative address being 
inserted in the corresponding entry in the 
Identifier Table. This address specifies 
the pOSition of the identifiers storage 
field, relative to the beginning of a Data 
Storage Area. The Data Storage Area con
sists of the total amount of object time 
storage space allocated to all identifiers 
declared or specified in the particular 
block or procedure. The size of the Data 
Storage Area allocated to each block and 
procedure is recorded in Program Block 
Table II and transmitted to the Compilation 
Phase via the Common Work Area. 

DIAGNOSTIC OUTPUT (IEX21) 

See "Diagnostic output" below. 

SCAN III PHASE (IEX30) 

The Scan III Phase reads the Modifica
tion Level 1 text output by the Scan 1/11 
Phase and generates a further transforrra
tion of the source text (called Modifica
tion Level 2). In this version, the exter
nal names of operands in statements are 
replaced by the internal names constructed 
for declared or specified identifiers in 
the Identifier Table. Similarly, all ccn
stants are replaced by internal names con
taining a Constant Pool address. After 
being stored in the Constant Pool, ccn
stants are subsequently transferred to TXT 
records. 

Logical features of all for staterrents 
are detected and recorded in the For State
ment Table. Among other things, the For 
Statement Table assigns each for statement 
to one of three loop classificaticns 
(Normal Loops, Counting loops and Elementa
ry Loops). The loop classification speci
fies the logical structure of the cede 
generated in the Compilation Phase for each 
for statement. 

Subscript expressions of arrays found in 
for statements, classified counting loops 
or Elementary Loops, are analyzed and 
stored in the SUbscript Table, provided 
they satisfy certain criteria with respect 
to the terms in the expression and their 
linearity within the for statement. Inte
ger left variables in Counting and Elerren
tary Loops are listed in the Left Variable 
Table. 

DIAGNOSTIC OUTPUT (IEX31) 

See "Diagnostic Output" belo'N. 

SUBSCRIPT HANDLING PHASE (IEX40) 

The Subscript Handling Phase constructs 
the Optimization Table, listing those sub
script expressions of arrays contained in 
for statements. which can be optimized in 
the code generated for for statements. 
Optimization refers to the minimization of 
computing time involved in addressing the 
elements of an array. 
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COMPILATION PHASE (IEX50) 

The Compilation Phase reads the Modi
fication Level 2 text output by the Scan 
III Phase and generates object code to 
perform the operations designated by state
ments in the source module. 

operand addresses in the generated code 
are obtained from the internal names of 
operands in the Hodification Level 2 text. 
The logical structure of the object code 
generated for a for statement is governed 
by the particular for statement's loop 
classification in the For Statement Table. 
Where a for statement contains optimizable 
subscripts, the Optimization Table is used 
in generating code which minimizes the 
computing time involved in addressing array 
elements. 

TERMINATION (IEX51) 

The Termination Phase constructs the 
Data Set Table and Program Block Table IV; 
generates TXT and RLD records for the 
latter two tables and for the Label Address 
Table; generates an END record as well as 
ESD records for all Library routines to be 
combined with the oojectmodule; processes 
any errors detected in the Compilation 
Phase; and terminates the Compiler by 
releasing main storage and returning con
trol to the invoking program via the Final 
Exit routine in the Directory. The Termi
nation Phase logically constitutes an 
extension of the COllipilation Phase and is 
described in the same chaPter, namely Chap
ter 8. 

DIAGNOSTIC OUTPUT (IEX21, IEX31, AND IEX51) 

The compile time Error !1essage Editing 
Routine, which forms a control section of 
each of load modules IEX21, IEX31, and 
IEX51, prints out diagnostic messages 
reflecting errors detected by the preceding 
phase or phases in the source module. Any 
errors detected are recorded by the parti
cular phase in the Error Pool, in the form 
of error patterns. At the conclusion of a 
phase, the Error Message Editing Routine 
processes the contents of the Error Pool 
and prints out appropriate diagnostic mes
sages. Errors are classified as warning 
errors, serious errors, or terminating 
errors. The recognition by any phase of a 
terminating error causes control to be 
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transferred directly to a terminating rou
tine in the Termination Phase., after all 
recorded errors have been printed out ty 
the Error Message Editing Routine in the 
appropriate diagnostic output modUle (see 
Figure 1). 

ALGOL LIBRARY 

The Library is a partitioned data set 
(SYS1.ALGLIB) consisting of routines which 
perform the standard mathematical functions 
and I/O procedures defined in the ALGOL 
Language. The appropriate routines, cor
responding to the standard functions or I/O 
procedures called in the source module, are 
linked to the object module at linkage edit 
time. ESD records to call standard fUnc
tions or I/O procedures are generated in 
the Termination Phase. 

The Library also contains the Fixed 
Storage Area, which consists of a set pf 
auxiliary routines and control fields 
required for execution of the object 
module. The auxiliary routines include the 
Initialization and Termination routines, as 
well as other routines which acquire or 
release main storage and administer the 
calling of procedures. The Library is 
further described in ChaFter 10. 

An ob ject tirr,e Error Routine is provid
ed, which forms a module of the 
SYS1.LINKLIB data set. The Error Routine, 
which is loaded only if an Object time 
error is detected, prints out an appropri
ate error message and terminates the object 
program. The error routine is described in 
Chapter 10. 

THE OBJECT MODULE 

The structure of the object module is 
descr ibed in Chapter 11. 

INPUT/OUTPUT ACTIVITY 

The data sets used by the Compiler are 
indicated in Figure 1. I/O operations in 
each of the several working phases are 
discussed in further detail in the relevant 
chapters. The table in Figure 2 summariZES 
I/O activity during compilation, in terms 
of the macro instructions issued. 



Data Set T obi e 

Phase Data Set 
SYSIN SYSUTI SYSUT2 

Access method used: QSAM BSAM BSAM 

IEXOO CLOSE~ CLOSE 
.. 

CLOSE* 

IEX10 OPEN 
CLOSE* 

OPEN 
CLOSE* 

OPEN 

IEXll GET WRITE 
CLOSE CHECK 

IEX20 

IEX21 

IEX30 READ WRITE 
CHECK CHECK 
CLOSE 

IEX31 

I EX40 EAD 
!,-HECK 

IEX50 ~EAD, CHECK 

IEX51 
I EX51 002 CLOSE' !,-LOSE 

* Data set closed in ever:'t of program interrupt or unrecoverable I/O error • 

.. In each of the modules indicated, a call is made to the PRINT subroutine 
in the Directory (IEXOO), which executes the PUT macro instruction. 

Figure 2. 1/0 Activity by Data Set and Phase 

INTERPHASE COMMUNICATION BY SOURCE TEXT A~ID 
TABLE 

The source module is subjected to two 
transformations before object code is gen
erated in the Compilation Phase. These 
transformed versions of the source text are 
named Modification Levelland Modification 
Level 2. They are described in Chapters 3 
and 5, respectively. Modification Level 1 
is generated by the Scan 1/11 Phase, Modi
fication Level 2 bY the Scan III Phase. 
MOdification Level 2 forms the main input 
to the Compilation Phase, which generates 
the ultimate object code. 

The Ta~les constructed in the several 
phases and transmitted to one or more 
subsequent phases are indicated in Figure 
3. A detailed description of the function 
and contents of each table is given in the 
chapters indicated: 

SYSUT3 SYSLIN SYSPRINT SYSPUNCH 
BSAM QSAM QSAM QSAM 

CLOSE' CLOSE* CLOSE * CLOSE* 
PUT 

OPEN OPEN (if used) OPEN OPEN (if used) 
PUT 

WRITE PUT " PUT 
CHECK 

.. 
READ, CHECK 
WRITE, CHECK 
NOTE, 
POINT 

.. 
CLOSE (1) PUT PUT 
READ, CHECK 
WRITE, CHECK 
NOTE, POINT 

.. 
READ, CHECK 
POINT 
WRITE, CHECK 

READ, CHECK PUT PUT .. 
PUT PUT 

CLOSE CLOSE CLOSE LOSE 

Descri~ed 
Narre of Table ChaQter 

Address Table 
Data Set Table (DSTAB) 
For Statement Table (FSTAB) 
Group Table (GPTAB) 
Identifier Table (ITAB) 
I/O Table (IOTAB) 
Label Address Table (LAT) 
Left Variable Table (LVTAB) 
Optimization Table (OPTAB) 
Program Block Number Ta~le 

(PBTAEl ) 

8 
8, 
6 
4 
4, 
8 
8, 
6 
7 
4 

Program Block Table II 5 
(PBTAB2) 

Program Block Table III 8 
(PBTAB3) 

11 

5, 

11 

Program Block Ta~le IV (PBTAB4) 8, 11 
Scope Table (SPTAB) 4 
Semicolon Table (SCTAE) 4 
subscript Table (SUTAB) 6 

6 

in 
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Activity Table 

Text /Table Initialization Scan 1/11 Identifier Diagnostic Scan III Diagnostic Subscript Compilation Termination 
Phase Phase Table Ou~t Phase Ou~t Handling Phase Phase 
(IEXIO) (IEXI1) Manipulation (IE 21) (IEX30) (IE 31) Phase (lEX50) (lEX51) 

Phase (lEX40) 

(All table. except those marked by 
(lEX20) -excluding 

Compilation 
asterisks are transmitted between Phase 
phases via the Comman Work Area) Initialization 

Source Text. A A B 

Address Table C,W 

Data Set Table (l>STAB) C,W 

Far Statement Table (FSTAB) C M T 

Group Table (GPTAB) C T 

Identifier Table (lTAB) *. C M T 

I/O Table (lOTAB) C T 

lab.1 Address Table (LAT) C W 

Left Variable Table (LVTAB)· * C T 

Optimization Table (OPTAB)· * C T 

Program Black Number Table (PBTABI C T 

Program Black Tabl. II (PBTAB2) C M,T 

Program Black Table III (PBTAB3) C T 

Program Block Table IV (PBTAB4) C,W 

Scope Table (SPTAB) C T 

Semicolon Table (SCTAB) C,T 

Subscript Table (SUTAB)* • C T 

* The source text is transmitted between phases via 
external storage, unless the text is less than a full 
buffer in length. In the latter case it is transmitted 
by way of Source Text Buffer I in the Comman Area. 

~ A - Source Text transformed 
B - Source Text terminated (object code generated) 
C - Table canstucted 

* lie Table trmsmitted between phases by way of CI1 ex
ternal storage device (see Figure 1). 

M - Table completed or madified 
T - Table utilized and terminated 
W - Table transmitted ta object module 

Figure 3. Activity Table showing the processing of source text and tatles by phase 

USE OF' MAIN STORAGE 

The storage maps in 
the layout of routines 
storage in each of 
compiler. In terms of 
storage utilized by 
divided into five main 

Appendix IX indicate 
and tables in main 
the phases of the 
function, the main 
the Compiler may be 
areas: 

1. Area occupied by auxiliary routines of 
the Directory (Control Section 
IEXOOOOO) 

2. Corr~on WOrk Area (Control 
IEXOOOOl Of the Directory) 

Section 

3. Areas occupied by the operative phase 
(the operative module) 

4. Private area acquired by the operative 
phase 

5. Common Area occupied by the Error Pool 
and Source Buffer 1 

These areas are pictured in Figure 4. 
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AREA OCCUPIED BY DIRECTORY AUXILIARY 
ROUTINES 

The composition of this control section, 
which contains auxiliary routines interfac
ing with the O~erating System, as well as 
Data Control B16cks for all data sets 
except SYSUTl and SYSIN, remains unchanged 
during compilation. 

THE COMMON WORK AREA 

The Common Work Area is an area of 
approximately 3500 bytes, resident in main 
storage throughout compilation. Except for 
the lower 540 bytes, whose assignment is 
fixed, the composition of the Corr.rr.on Work 
Area varies between ~hases and is defined 
by a Dummy Control Section in each phase. 
The Comrr.on Work Area functions as an inter
phase corr.munication and control area. It 
contains a control field, initialized by 
the Initialization Phase and modified in 
the subsequent phases; a save area; a 
general transmission area used for communi
cating addresses, parameters and counters 



used by all phases in common~ and a general 
work area. The general work area, which 
represents the major part of the Common 
Work Area, provides space for the construc
tion and/or transmission between successive 
phases of small-size tables. In the Scan 
1/11 Phase, an 80-byte field of the Common 
Work Area is used for processing card-image 
records of the (translated) source module. 

Directo!l: Routines and DCS"s 

Common Work Area 

(Composition defined by dummy 

control section in each phase) 

Operative Module 

(lEX10, lEXll , lEX20, lEX21, 1000, lEX31, 

lEX40, lEXSO and lEX51, in sequence) 

Private Area 

Common Area 

(Error Pool and Source Text Buffer 1) 

(Directory - IEXOO - comprising 
auxiliary routines and Common 
Work Area, is resident in main 
storage throughout compi lation) 

(Nodules loaded in sequence) 

(Variable - acquired by each 
phase and released at phase 
termination) 

(Acquired by Initialization 
Phase - released at termina
tion of compilation) 

Figure 4. Use of main storage by ALGOL 
Compiler 

AREA OCCUPIED BY OPERATIVE MODULE 

The operative module, which varies in 
size, is loaded adjacent to the Common work 
Area. 

PRIVATE AREA ACQUIRED BY OPERATIVE MODULE 

All of the phases of the Compiler" 
except load modules IEX21 and IEX31 
(diagnostic output modules), acquire a pri-

vate area for the construction of relative
ly large size tables which are transferred 
to external storage devices. The private 
area is in every case released at phase 
termination. The private work areas are 
described in the relevant chapters under 
the heading "Initialization". In the Scan 
1/11 and Compilation Phases., the private 
area provides space for one source text 
buffer, while the Scan III Phase acquires 
three buffers. (See Corrmon Area.) 

COMMON AREA 

The Common Area is acquired by the 
Initialization Phase and is not released 
until Compiler termination. It provides 
space for the Error Pool and for Source 
Buffer No.1. The Common Area buffer is 
provided in order to enable the source text 
to be transmitted between phases via rrain 
storage, in the event the text occupies 
less than a full buffer. If either or both 
of the intermediate versions of the source 
text exceeds the buffer length, the text is 
transferred to external storage. In each 
of the phases which process the source 
text, one or more additional buffers are 
provided for in the private area acquired 
(and subsequently released) by the phase. 
In the Scan 1/11 and Compilation Phases, 
the private area contains one source buf
fer, while in the Scan III Phase, the 
private az'ea contains three buffers. 

In the Scan 1/11 Phase, the Modification 
Level 1 text is assembled and transmitted 
to the Scan III Phase in the Common Area 
buffer, unless the text exceeds the buffer 
length. In the latter case, the text is 
transferred to SYSUT1, using the Corrmon 
Area buffer and the private area buffer as 
output buffers. 

In the Scan III Phase, the Modification 
Level 1 source text is processed in the 
Common Area buffer (if the text was trans
mi tted in mai n storage) " or al ternati vely, 
in the OOmmon Area buffer and a private 
area buffer (if the text is input from the 
SYSUT1 data set). The Modification Level 2 
text is assembled in one (or two) buffers 
in the private area and, if it exceeds the 
buffer length, it is transferred to SYSUT2. 
If the text is less than the buffer length, 
it is moved to the Common Area buffer, 
before the private area is released, for 
transmission to the Compilation Phase in 
main storage. 

In the compilation Phase, the Modifica
tion Level 2 source text is processed in 
the Common Area buffer (if the entire text 
was transmitted in main storage) or, alter
natively, in the Common Area buffer and a 
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private area buffer (if the text was trans
mitted on the SYSUT2 data set). 

CONVENTIONS 

The following conventions are observed in 
this manual: 

1. ALGOL delimiter words in the text of 
a source module are represented in 
the manner defined by the IBM 
System/360 Operating System ALGOL 
Language, e.g. 'BEGIN' or 'REAL'. 

2. With certain exceptions, one-b}'te 
characters in the internal code of 
the Compiler, representing ALGOL 
delimiter words, as well as other 
conventional delimiters, are rep
resented as in the following exam
pIes: Beg:in, Goto, Power, Or, Comn;a, 
.QeciIl@.LRoint, Array. The same con-
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vention applies to operators used by 
the Compiler internally, e.g. Beta, 
Proc, Epsilon. ExceFt for the power, ! 

aSSignment and scale factor operators \ 
(represented respectively as Power, 
Assign, and Scale Factor), arith~etic 
and relational operators are rep
resented by their commonly understood 
symbols, e. g. +, <, =. Parentheses 
and brackets are also represented 
symboli cally, as in (, ), [, ]. The 
complete range of internal character 
representation during the various 
phases of the Compiler is indicated 
in the code tables in Appendices i-a 
through i-d. 

3. Syntactical, logical, or operational 
errors detected during co~pilation 
are identified by the serial nurrter 
in the corresponding diagnostic mes
sage key. Thus, for example, the 
error whose detection produces a 
diagnostiC message with the message 
key IEX034I, is identified in this 
manual as "error No. 34. n 



PURPOSE OF THE DIRECTORY 

The Directory (IEXOO) is the first of 
ten load modules of the ALGOL Compiler. It 
is the first module to be loaded in main 
storage, and unlike the other nine modules, 
which are loaded, executed and then dis
placed by the succeeding module, the Direc
tory remains in main storage throughout 
compilation. 

The function of the Directory is: 

1. To provide the requisite interface 
between the compiler, on the one hand, 
and the invoking program and the Oper
ating System, on the other. This 
interface is provided by (a) the Ini
tial Entry routine, which receives 
control from the invoking program and 
loads the next module (IEX10)i and the 
Final Exit routine, which returns con
trol to the invoking program at the 
close of the Termination Phase 
(IEX51);(b) the Program Interrupt, 
SYNAD and EODAD routines, which 
receive control from the Operating 
System in the event of an unexpected 
interrupt and pass control to an 
appropriate routine in the operative 
phase; and (c) data control blocks for 
data sets used by the compiler. 

2. To provide a PRINT Subroutine., used in 
con~on by several phases, which prints 
out compilation output on the SYSPRINT 
data set, on call from the operative 
phase. The printed output includes 
diagnostic messages indicating syntac
tical errors detected in the source 
module, and, depending on the Computer 
options specified, listings of the 
source module and the Identifier 
Table. 

3. To provide the Common Work Area, an 
area of main storage used for the 
transmission of tables, addresses and 
other data between phases. Among 
other things, the Common Work Area 
contains a common register save area, 
a Control Field (HCOMPMOD see 
Appendix IV) which governs operations 
in each phase, and an Area Size Table 
which specifies the sizes of the pri
vate areas acquired by the several 
phases. The Control Field and Area 
Size Table, which are initialized or 
constructed by the Initialization 
Phase (IEX11), reflect the compiler 
options specified by the user. 

CHAPTER 2: DIRECTCRY (IEXOO) 

The Directory is loaded by the invoking 
program by means of a LOAD, XCTL, LINK, or 
ATTACH macro instructicn, or by an EXEC 
control card. 

ORGANIZATION OF THE DIRECTCRY 

The Directory consists of two control 
sections, named IEXOOOOO and IEX00001, res
pectively. Control Section IEXOOOOO con
tains the Initial Entry, Final Exit, Pro
gram Interrupt, SYNAD. EODAD, and Print 
routines, as well as data control tlocks 
for all except two of the data sets used by 
the compiler (the other two are contained 
in the Common Work Area). Control Section 
IEX00001 comprises the Common Work Area. 

CONTROL SECTION IEXOOOOO 

The principal components of Control Sec
tion IEXOOOOO are as follows: 

Initial Entry Routine 

The Initial Entry routine receives con
trol from the invoking program. The rcu
tine saves registers in the Invoker's save 
area, loads register 13 with the address of 
a save area in IEXOOOOO, and executes a 
LINK macro instruction to load and activate 
the Initialization Phase (IEX10). 

Final Exit Routine 

The Final Exit routine is entered from 
the Termination Phase (IEX51). Registers 
are restored and control returned to the 
Invoker by a RETURN macro instruction. 

Program Interrupt Routine (PIROUT) 

PIROUT is activated by the control pro
gram in the event of a program interrupt. 
The address of PIROUT is specified by a 
SPIE macro instruction in the Initializa
tion Phase (IEX10). 
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PIROUT records error No.209 in the Error 
Pool (indicating a program interrupt) and 
transfers control to a closing routine in 
the operative phase, the address of which 
is stored at a location named ERET in the 
Common Work Area. ERET is updated by the 
initialization routine (as well as by other 
routines) in each of the several phases, so 
as to indicate the correct entry point of 
the closing routine in the particular 
phase. A switch (TERR -- see Appendix IV) 
turned on by PIROUT to indicate a terminat
ing error, causes the terminating routine 
in the operative phase to transfer control 
to the Error Message Editing routine in the 
next diagnostic output module (IEX21, 31, 
or 51) for print-out of the errors recorded 
in the Error Pool. The same TERR switch 
causes the Error Message Editing Routine in 
the particular diagnostic output module to 
transfer control to the terminating routine 
in the Termination Phase (IEX51), rather 
than to the next successive phase. 

Where a program interrupt occurs in the 
closing routine of the operative phase (in 
which case the same program interrupt will 
recur after PIRou'r has returned control to 
the defective cloSing routine), PIROUT 
exits directly to the terminating routine 
in the Termination Phase. 

PIROUT is temporarily replaced as the 
program interrupt exit by the execution of 
a second, SPIE macro instruction in the 
initialization routine of the Scan III 
Phase. The substitute routine provides for 
special handling of exponent overflow and 
underflow interrupts, but passes control to 
PIROUT in all other cases. PI ROUT is 
restored as the program interrupt exit by a 
final SPIE macro instruction in the closing 
routine of the Scan III Phase. 

I/O Error Routine (SYNAD) 

SYNAD is activated by the control pro
gram in the event of an unrecoverable I/O 
error involving the SYSIN, SYSLIN, SYS
Pu"NCH, SYSOT1, SYSUT2, and SYSUT3 data 
sets. The address of the routine is stored 
in the relevant DCBs. 

The routine closes the affected DCB, 
records error No. 210 in the Error Pool 
(using the ddname contained in the DCB), 
sets the TERR switch on to indicate a 
terminating error, and passes control to 
the closing routine in the operative phase, 
whose entry point is specified in the 
location ERET. (See also Program Interrupt 
Routine PIROUT). 
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Sysprint I/O Error Routine (SYNPR) 

The Sysprint I/O Error Routine is acti
vated by the control program in the event 
of an unrecoverable I/O error involving the 
SYSPRINT data set. The address of the 
routine is stored in the relevant DeB. 

The routine turns on a switch named PRT 
(Appendix IV) to indicate that the printer 
is down, and then enters the SYNAD routine 
to take the same actions as that taken for 
all other data sets. The PRT switch (if 
turned on) causes the Error Message Editing 
routine to print out a single message (for 
Error No. 210) on the console typewriter, 
indicating that the printer is inoperative. 

End of Data Routines (EODAD1" EODAD2, 
EODAD3, AND EODADIN). 

The End of Data routines are entered 
from the control program when a data input 
operation from the SYSUT1, SYSUT2, SYSU~3, 
or SYSIN data set is terminated at the end 
of the data set. The address of the 
particular End of Data routine is stored in 
the data set's DCB. 

The End of Data routine loads the entry 
point of the appropriate ECD exit routine 
in the operative phase, and then passes 
control to that routine. The entry point 
of the EOD exit routine is stored ty the 
initialization routine in each phase which 
processes a data set, at the appropriate 
one of the locations EODUT1, EODUT2, 
EODUT3, and EODIN in the Common Work Area. 
The phases which specify an EOD exit rou
tine for an end of data condition, the data 
sets involved, and the locations where the 
entry points are stored, are as follows: 

Data Set Storage Field for 
EOD Exit 

IEXll SYSIN EODIN 

IEX20 SYSUT3 EODUT3 

IEX30 SYSUT1 ECDUT1 

SYSUT3 ECDUT3 

IEX40 SYSUT3 ECDUT3 

IEX50 SYSUT2 EODUT2 

SYSUT3 EODUT3 

Note that End of Data exit routines for 
SYSUT2 and SYSUT3 are specified toth in the 
the Compilation Phase initialization rou
tine in IEX40. and at the start of IEX50 
(see "Phase Initialization" in Chapter 8). 



Print Subroutine (PRINT) 

The PRINT subroutine prints out text on 
the SYSPRINT data set on call from the 
operative phase. Depending on the compiler 
options specified, the subroutine may be 
called by the following routines in the 
modules indicated: 

CIB (IEX11) - Source module listing 

PRINTITB (IEX20) - Identifier 
listing 

Table 

COT27 (IEX21, 31, 51) - Diagnostic mes
sages 

PRINTT (IEX51) - Object module storage 
requirements 

The text printed out includes front page 
titles, headlines, as well as variatle 
(compiler-generated) text. A single line 
of text is printed by each call to PRINT. 
After a page shift, one or more headlines 
are printed at the top of the new page 
before the next line of text is printed. 
Text other than headlines is assembled ty 
the calling routine in a print buffer 
previously specified by. PRINT (in register 
1). Headlines are transmitted by the call
ing routine in a Common Work Area field 
named PAGEHEAD (which accommodates up to 
three lines of text) and are subsequently 
moved by PRINT to a print buffer for 
output. The headlines are assembled at 
PAGEHEAD during initialization of each par
ticular phase. 

PRINT maintains both a line and page 
count, and inserts the control character in 
the appropriate line of text to effect the 
required page shift. Before a page is 
shifted, the next line of text is temporar
ily moved from the print buffer to a save 
area, to enable the headline(s), together 
with the page number, to be printed at the 
top of a new page. Control characters 
governing line spacing between headlines 
are supplied by the calling routine in the 
headlines. 

These characters are used by PRINT to 
add the correct increment to the line 
count. The control character to effect a 
standard single-space line change is 
inserted by PRINT at the beginning of each 
new print buffer. special page shifts, 
e.g. following the title page, are speci
fied by the calling routine by arbitrarily 
raising the line count, maintained in the 
Common Work Area. The calling routine may 
also suppress one or more headlines by 
inserting a special character at the begin
ning of the particular headline. 

Data Control Blocks 

Control Section IEXOOOOO 
Control Blocks (DCBs) for 
data sets: 

SYSPRINT 
SYSLIN 
SYSPUNCH 
SYSUT2 
SYSUT3 

contains Data 
the following 

The DCB addresses are listed in the 
Common Work Area, £cllowing the register 
save area. The foregoing data sets are 
required throughout compilation. DCBs for 
the SYSIN data set, which is not used after 
the Scan 1/11 Phase (IEX11), and the SYSUT1 
data set, which is not used after the Scan 
III Phase (IEX30), are stored in the Corr.rron 
Work Area. Data Sets are opened ty the 
Initialization Phase (IEX10), which also 
modifies the information in the DCBs to 
reflect special user requirements concern
ing block sizes and record lengths. 

CONTROL SECTION IEX00001 (COMMON WORK AREA) 

The Common Work Area is an area of 
approxlinately 3500 bytes used by all phases 
of the Compiler., principally for the con
struction and/or transmission tetween phas
es of small-size tables, essential control 
information, and address data. Except for 
a limited number of fields which remain 
essentially unchanged throughout compila
tion, the composition of the CORmon Wcrk 
Area varies between phases. Its composi
tion is defined by a dummy control section 
in each phase. The general layout of 
tables and other data in the Common Work 
Area in each phase is indicated in the 
storage maps in Appendix IX-a. 

The principal fields which remain fixed 
in position in the Common Work Area are the 
following. 

Register Save Area 

A standard format save area of 72 tytes., 
addressed throughout compilation by Reg
ister 13, is provided for saving registers 
when control is passed to the control 
program at any point during execution of 
the phases IEX10-IEX51. 
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DCB Addresses 

The addresses of the Data Control Blocks 
of all seven data sets used by the Compiler 
are recorded in the Common Work Area, 
immediately below the general save area. 

End of Data Exit Addresses 

This field contains the entry point(s) 
of the closing routine(s) to be entered in 
the operative phase in the event of an End 
of Data condition on anyone of the data 
sets SYSIN. SYSUT1. SYSUT2. and SYSUT3. 
The appropriate entry point is fetched from 
this field by the EODAD routine in the 
Directory when an EOD condition occurs. 
The field is updated by each phase at 
initialization so as to specify the correct 
closing routine in the phase. 

Compiler Control Field (HCONPMOD) 

A three-byte field in the Common Work 
Area named HCOMPMOD is used as a Compiler 
Control Field. All excel:lt one of the 24 
binary positions in this field are used as 
switches to govern operations in each phase 
of the compiler. The significance of each 
switch is indicated in Appendix IV. 

The Control Field. which is initialized 
by the Initialization Phase (IEX10). indi
cates. among other things, the Compiler 
options specified by the user. It also 
indicates significant error conditions 
detected by anyone phase, which may cause 
the Compiler to enter Syntax Check Mode, or 
alternatively, to terminate operations. 
The compiler options are listed in Chapter 
3. 

Communication Area 

The Communication Area contains address
es. pointers, counters, and other informa
tion used by two or more phases in common. 
The address information may be variable (as 
in the case of the program interrupt or I/O 
error closing routine address at ERET, 
which changes with each phase) or invaria
ble (as in the case of the address of the 
Common Area Source Text Buffer 1, stored at 
SRCE1F~D). Counters designate literal num
ber values (e.g. the line count referenced 
by the PRINT subroutine at LINCNT). Poin
ters designate address displacement values 
which may be incremented by several phases 
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in succession (e.g. the pointer PBPT, 
which is incremented in the Scan 1/11 and 
Scan III Phases to indicate the displace
ment of each point in the object module, 
beginning with the Constant Pool). 

Area Size Table (INBLKS) 

The Area Size Table specifies the sizes 
of work areas or buffers acquired by the 
individual phases for the construction of 
tables transferred to auxiliary storage. 
It also specifies minimum block sizes for 
certain data sets. The relevant entries in 
the table are referenced by the initializa
tion routines of the several phases, before 
the GETMAIN instruction for the particular 
phase's private area is issued. 

The Area Size Table is set up by the 
Initialization Phase (IEX10), Which deter
mines the appropriate size for each wcrk 
area, according to the SIZE option speci
fied by the user. The table in Appendix 
VIII shows the increase in work area sizes 
as the value of the SIZE option increases. 

Work areas for small-size tables trans
mitted between phases via the Common Work 
Area are defined by a DS statement in the 
durr.my control section defining the Common 
Hork Area in each phase. 

Headline Storage Area (PAGEHEAD) 

This area is provided for the headlines 
used in the printed output of the indivi
dual phases. The area accommodates up to 
three 90-character headlines. The 
appropriate headlines, which are stored in 
the area at initialization of each phase 
generating printed output, are fetched by 
the PRINT subroutine on call from the 
operative phase. 

The principal contents of the variable 
part of the Common Work Area during the 
several phases are as fOllows. 

Preliminary Error Pool 

A Preliminary Error Pool is provided in 
the originally assembled Common Work Area, 
for the recording of any errors which may 
occur before the main Error Pool is 
acquired by the Initialization Phase. Any 
recorded errors are immediately moved to 
the main Error Pool, after main storage for 
the latter has been acquired. The Prelirri-



nary Error Pool is deleted after the close 
of the Initialization Phase. 

Data ontrol Blocks for SYSIN and SYSUTl 

The DCBs for the SYSIN and SYSUTl data 
sets are stored in the variable part of the 
Conuuon Work Area, since the data sets are 
not used beyond a certain point, and the 
area occupied by the DCB's can be released 
for other uses. The DCB for SYSIN is 
deleted after the close of the SCAN 1/11 
Phase, while the DCB for SYSUTl is deleted 
after the close of the Scan III Phase. 

Tables 

The following tables are constructed by 
the several phases in the variable part of 
the Common Work Area. A majority of these 
is transmitted to at least one or more 
subsequent phases via the Common Work Area. 
A few are used locally only. 

IEXll P.B. No. Table (PBTAB1) 
scope Table (SPTAB) 
Group Table (GPTAB) 
Semicolon Table (SCTAB) -- local 
use 

IEX20 Program Block Table II (PBTAB2) 

IEX30 For Statement Table (FSTAB) 

IEX40 Address Table (ATAB) -- local use 

IEX50 Program Block Table III (PBTAB3) 

IEX51 Program Block Table IV (PBTAB4) 

The above list does not include these 
tables which are transferred to external 
storage. The processing of all tables, 
except those used locally, is indicated in 
detail in Figure 3. 

Other Data 

The remainder of the variatle part of 
the Common Work Area is used in the various 
phases for switches, addresses, counters, 
and pointers of local significance only 
(i.e. used exclusively by the operative 
phase). In the storage maps in Appendix 
IX-a, these areas are identified as 
"private work areas". 
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CHAPTER 3: INITIALIZATION PHASE (IEX10) 

PURPOSE OF THE PHASE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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The Initialization Phase: 

Saves registers used by the Initial 
Entry Routine in the Directory, and 
addresses a save area (by loading 
register 13) for storing registers 
when lower-level routines, e.g. in 
the control program, are invoked by 
any of the subsequent phases. The 
save area addressed comprises the 
first 72 bytes of the Common Work 
Area. 

Executes the SPIE macro, specifying 
the PIROUT routine in the Directory as 
the program interrupt exit. 

Reads the options specified for the 
Compiler by the invoking program and 
turns on a set of switches in the 
HCOMPMOD Control Field to reflect the 
options specified. 

Inserts ddnames (if any are specified 
by the invoking program) in the cor
responding Data Control Blocks. 

Selects an Area Size Table, according 
to the machine system capacity indi
cated by the SIZE option. The Area 
Size Table specifies the main storage 
space to be provided in each phase for 
work areas and buffers, as well as 
maximum data set block sizes. 

Acquires main storage for the Common 
Area, containing the main Error Pool 
and Source Buffer 1. Any errors 
detected before the main Error Pool is 
acquired are recorded in the Prelimi
nary Error Pool in the Common Work 
Area. 

Opens all data sets, after specifying 
the addresses of Open-Exit routines in 
the Data Control Blocks of the SYSIN, 
SYSLIN, SYSPUNCH, and SYSPRINT data 
sets, and after inserting block sizes 
in the Data Control Blocks of the 
SYSUT1 and SYSUT2 data sets (the block 
size is equal to the length of the 
Source Text Buffer). Block sizes for 
SYSIN, SYSLIN, SYSPUNCH, and SYSPRINT 
are inserted by the particular open~ 
Exit routine, using the block sizes 
(if any) specified in the DD 
statements, or the maximum block size 
specified in the Area Size Table. The 
block size for SYSUT3 is included in 
the assembled Data Control Block. 

The logic of the Initialization Phase is 
outlined in Flowcharts 007-010 in the 
Flowchart section. The following sections 
describe the principal functions perforned. 

EXECUTION OF TEE SPIE MACRO 

At entry to the Initialization Phase, 
after registers used by the Initial Entry 
routine have been saved, and after Register 
13 has been loaded with the address of the 
general save area in the Ccmmon Work Area, 
a SPIE macro instruction is executed which 
specifies the address of the Program Inter
rupt Exit routine (PIROUT) in the Director
y. By virtue of the SPIE macro instruc
tion, the Operating System passes control 
to PIROUT in the event of a program inter
rupt. When entered (in the event of a 
program interrupt), PI ROUT passes control 
to the routine whose address is stored at 
the location named ERET in the Common Work 
Area. ERET is updated in each phase so as 
to indicate the address of the appropriate 
closing routine in that phase. Immediately 
after execution of the SPIE rracro, the 
address of the Initialization Phase closing 
routine GOTOTERM is stored at ERET. GO~O
TERM transfers control directly to the 
Termination Phase (IEX51), after releasing 
main storage and closing data sets. 

GOTOTERM is subsequently replaced as the 
program interrupt exit by OPEXERR and 
GOTOEDIT (the latter exits to IEX21 for 
output of any recorded errors, before 
transferring control to IEX51). 

PROCESSING COMPILER OPTIONS, DDNA~ES, AND 
HEADING INFORMATION 

The compiler may be invokedCa) by means 
of the job control EXEC statement, i.e. 
using the facilities of the control pro
gram, or (b) by a user-made program. The 
options o~en to the user, as Well as the 
concomittant obligations, insofar as the 
execution of the Compiler is concerned, 
differ under each of these alternatives. 

Where the Compiler is invoked by the 
EXEC statement, the options specifiable are 
limited to the compiler control options 
listed under "compiler Options" below. 
Under this alternative, the key-words rep
resenting the compiler options specified 



are assembled by the con~rol program in an 
option field addressed by a pointer. At 
entry to the Compiler, the address of the 
pointer is contained in Register 1. 

Where the Compiler is invoked by a 
user-made program, the user may specify (a) 
any of the compiler options, (b) ddnames 
for data sets, and (c) heading information" 
consisting of an opening page number for 
the printed output of the Compiler. Under 
this alternative, it is the obligation of 
the user to assemble the key-words rep
resenting the compiler options exercised, 
ddnames (if any) specified, and the heading 
information, in three separate fields of 
main storage (hereafter called, respective
ly, the option field, the ddname field, and 
the heading field). Each field must be 
addressed by a pointer in a three-word 
address list, and the address of the 
address list must be contained in Register 
1 when control is transf erred to the Com
piler. 

Figure 5 pictures the arrangement of the 
option" ddname and heading fields, and the 
related pointers. The arrangement is com
pletely analogous under both invocation 
alternatives, except that in the case of 
invocation by EXEC statement, the ddname 
and heading fields are always vacant (the 
latter fieldS may also be vacant under the 
alternative invocation procedure). A 
vacant field is indicated by the value zero 
in the corresponding pointers; value zero 
in Register 1 indicates that all three 
fields are vacant. A vacant option field 
indicates that the options exercised are 
the default options. 

Register 1 Address List 

Figure 5. option, DDname and 
fields, and pointers 

Heading 

The first bit of each full-word pointer 
in the address list functions as a flag, to 
indicate whether or not the field currently 
being processed is the last to contain 
significant data. The bit is tested after 
each field has been processed, to determine 
whether the next field is to be processed. 
Thus, for example, if the flag bit is on in 
the option field pointer, indicating that 
the ddname and heading fields are vacant, 
the DDNAMES and BEAD INFO routines, which 

process the ddname and heading fields will 
be bypassed. The address of the address 
list is obtained from the Operating 
system's save area, in which the contents 
of Register 1 will have been stored after 
entry to the Coropiler. 

COMP ILER OPTI ONS 

The processing of Compiler options con
sists in reading the key-words listed in 
the option field and in setting appropriate 
switches in the HCOMPMOD Control Field 
(Appendix IV) to reflect the particular 
options specified. 

The key-words representing valid options 
which may be specified for a compilation 
are as fellows (the first key-word corres
ponds to the default option): 

SIZE = [a number ~45056] 
PROGRAM (PG) or PROCEDURE (PC) 
SHORT (SP) or LONG (LP) 
SOURCE (S) or NOSOURCE (NS) 
LOAD (L) or NOLOAD (NL) 
NODECK (ND) DECK (D) 
EBCDIC (EB) or ISO (I) 
TEST (T) or NOTEST (NT) 

The letters within parentheses represent 
tlle alternative (abbreviated) form in which 
the option may be specified. The key-words 
are recorded in the option field in EBCDIC 
code and are separated by commas. Except 
in the case of the SIZE option" each option 
is identified by comparing the key-word 
with a list of 28 possible key-words in a 
table named PARMLIST. 

o 1 10 14 
r---------~----------------T------------, 
I <Key-word I I <N I/O I I 
Ilength-l>l<key-word> I instruction> I L _________ ~_~ ________________ ~ ____________ J 

Figure 6. PARMLIST Table entry for a Com
piler option key-word 

In addition to the option key-word and 
the key-word length (-1), each entry in the 
PARMLIST Table contains a logical instruc
tion (NI or OIl which, when executed, turns 
on a specified switch in the HCC~F~CD 
Control Field (Appendix IV). As soon as a 
key-word in the PARMLIST Table is found 
which matches the key-word in the option 
field, the instruction in the table is 
EXECUTEd, turning on the appropriate switch 
in the Control Field and thus recording the 
option specified. 

The SIZE option is identified by a CLI 
instruction. After recognition, the size 
specified is converted to binary and stored 
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at SIZE, provided it is not less than the 
minimum capacity required. The size is 
subsequently referenced in selecting the 
Area Size Table (see below). If an option 
is incorrectly specified, error No. 200 is 
recorded in the Preliminary Error Pool in 
the Common Work Area and the default option 
is assumed. If the main storage size 
specified is less than the minimum, error 
No. 208 is recorded, and the minimum size 
of 45,056 is assumed. The contents of the 
Preliminary Error Pool are subsequently 
moved to the main Error Pool after the 
Common Area has been acquired. 

DDNAMES 

The processing of ddnames consists in 
transferring the ddnames (if any) from the 
ddname field to the relevant Data Control 
Blocks. Unless a ddname field is provided 
in a user-written program which invokes the 
Compiler, the ddname field is vacant (Data 
control Blocks contain the ddnames required 
by the Compiler). 

The ddnames, each consisting of a maxi
mum of eight EBCDIC characters, will have 
been entered in the ddname field in pres
cribed positions, according to the physical 
device involved. Data Control Block 
addresses are listed, in corresponding 
order and position, in the Common Work 
Area, beginning at LINADD. This enables 
the ddnames to be transferred to the 
appropriate DCB in sequence. 

HEADING INFORMATION 

The heading information which may be 
specified, consists solely of a starting 
page number for the printed output of the 
Compiler. Where no page number is speci
fied, page numbering begins with the number 
1. 

The page number 
field is moved to a 
which is updated 
PRINT subroutine in 

(if any) in the heading 
counter named PAGECNT, 
and referenced by the 
the Directory. 

SELECTION OF AREA SIZE TABLE (FNDARSIZ) 

With the exception of load modules 
IEX10, IEX21, IEX31, and IEX51, each phase 
of the Compiler acquires a private area 
containing one or more work areas or buf
fers for the construction, processing, or 
output of working tables. The Initializa-
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tion Phase (IEX10) acquires a Coromon Area 
used by all phases (see below). 

To enable the Compiler to adapt itself 
flexibly to the available storage capacity, 
the space allotment for certain work areas 
is scaled to the capacity of the particular 
machine system as specified in the SIZE 
option. Twelve capacity levels are estab
lished, beginning at 45,056 bytes and 
graduated upwards at increasing intervals, 
up to a maximum of 999,999 bytes. At each 
capacity level, specific area sizes are 
defined for all work areas and buffers. 
Capacity levels and area sizes are defined 
by twelve Area Size Tables, the first of 
which is named ARTAB. 

The FNDARSIZ routine selects the 
appropriate Area Size Table, according to 
the machine capacity specified in the SIZE 
option, and moves the table to the Common 
Work Area at the field beginning at INBLKS. 
The table thus selected, which specifies 
the main storage space to be acquired for 
all work areas, is referenced by the rrain 
working phases at initialization, before 
the GETMAn~ instruction for the phase's 
private area is executed. 

In addition to work area sizes, the Area 
Size Table also specifies the maximum blcck 
sizes for the SYSIN, SYSPRINT, SYSLIN, and 
SYSPUNCH data sets. The maximum bleck 
sizes are referenced by the Open-Exit reu
tines (see below). 

Appendix VIII shows the increase in the 
size of work areas, buffers and maxirrurr 
block sizes as the SIZE option increases. 

ACQUISITION OF COMMON AREA 

The Initialization Phase acquires a Com
mon Area containing Source Buffer No.1 and 
the Error Pool, in which compile time 
errors detected in the several phases are 
recorded. The sizes of the buffer and 
Error Pool are obtained from the Area Size 
Table. The use of Source Buffer No. 1 is 
discussed under "Use of Main Storage" in 
Chapter 1. 

After acquisition of the Error Pool, the 
contents (if any) of the Preliminary Error 
Pool in the Common Work Area are moved to 
the newly acquired Error Pool. 

OPENING OF DATA SETS 

The Initialization Phase opens all data 
sets used by the compiler, namely SYSLIN, 
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SYSPRINT, SYSIN, SYSPUNCH, SYSUT1, SYSUT2, 
and SYSUT3. The DCBs of SYSIN and SYSUT1 
are contained in the Common Work Area (this 
facilitates the release of main storage for 
other uses when the data set is no longer 
needed after the Scan 1/11 and Scan III 
Phases, respectively); all other DCBs are 
contained in Control section IEXOOOOO of 
the Directory. DCB addresses are listed in 
the Con®on Work Area, beginning at LINADD. 

In®ediately before the OPEN macro 
instruction is executed, the addresses of 
the Open-Exit routines INEXRT, LINEXRT, 
PCHEXRT, and PRTEXRT are stored in the 
SYSIN, SYSLIN, SYSPUNCH, and SYSPRINT DCBs. 
The Open-Exit routines, which are entered 
from the Operating System when the OPEN 
macro instruction is issued, serve to veri
fy that the block size (if any) specified, 
is a multiple of the record length and does 
not exceed the maximum s~ecified in the 
Area Size Table. If the block size is not 
specified at invocation or if the block 
size is incorrectly specified, the Open
Exit routine inserts the record length as 
the block size. If the block size is 
incorrectly specified, an error is 
recorded, and in the case of SYSIN, the 
NOGO switch (Appendix IV) is turned on, 
causing compilation to be subsequently ter
minated. In the case of the SYSUT1 and 
SYSUT2 data sets, the block size (equal to 

the source buffer length specified in the 
Area Size Table) is inserted directly, 
before the OPEN macro instruction is 
issued. In the case of SYSUT3, the block 
size is sFecified in the DCB at assembly 
time. 

When control is recovered from the Oper
ating system OPEN routine, a test is rrade 
to determine if the SYSPRINT data set bas 
been opened (in the negative case, Error 
No. 201 is recorded and the PRTNO and NCGO 
switches are turned on, causing compilation 
to be terminated after the error message 
has been printed out by Load Module IEX21 
on the console typewriter). If the data 
set has been successfully oFened, the date 
is derived and edited from the systerr 
clock, and the title "LEVEL 1 JUL 67 OS 
ALGOL F DATE [date]" is printed on a new 
page. 

Tests are then made to determine if the 
remaining data sets have been opened. If 
all data sets have been correctly opened, 
control is passed to the Scan 1/11 Phase 
(IEX11). If any data set has not been 
opened, an error is recorded, and in the 
case of SYSIN, SYSUT1, SYSUT2, or SYSU~3, 
the NOGO and TERR switches are turned on, 
causing compilation to be terminated after 
recorded error messages have teen printed 
out by Load Module IEX21. 
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CHAPTER 4: SCAN I/II PHASE (IEX11) 

PURPOSE. OF THE PHASE 

The purpose of the Scan I/II Phase is to 
read the source module and perform the 
following principal tasks. 

1. To tabulate and classify all valid 
identifiers declared or specified in 
the source module" in the Identifier 
Table. Declared identifiers include 
those designated by such declarators 
as 'REAL', 'INTEGER', 'ARRAY', or 
'PROCEDURE', among others l as well as 
labels. specified identifiers are 
formal parameters of procedures, spec
ified in a procedure heading. 
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The Identifier Table" which is further 
processed in the two subsequent phas
es, facilitates the construction of 
the internal names of identifiers and 
the replacement of identifiers in the 
source text by their internal names. 
An identifier's internal name consists 
of a five-uxte unit containing a des
criptive characteristic, a Program 
Block Number, and a displacement 
address. 

The Program Block Number specifies 
(indirectly) a Data storage Area, com
priSing the object time storage area 
required for all identifiers declared 
or specified in the particular block 
or procedure. The displacement 
address specifies (in the case of a 
declared label, switch, or procedure 
identif"ier) the displacement of an 
entry in the object time Label Address 
Table, or (in the case of all other 
identifiers) the displacement of a 
storage field in the particular Data 
storage Area. 

The entries in the Identifier Table 
consist of the identifier's external 
name (represented by a maximum of six 
characters translated to internal 
code), followed by the five-byte 
internal name described above. For 
declared label, switch, and procedure 
identifiers, the complete entry, com
prising external and internal name, is 
constructed by the present phase. For 
all other identifiers, the present 
phase enters the external name and 
constructs all except the address part 
of the internal name. The Data Stor
age Area displacement address is 
inserted in the entry by the Identifi
er Table Manipulation Phase, in which 

object time storage fields are allo
cated to all identifiers listed in the 
table, other than declared label. 
switch, and procedure identifiers .• 

The Identifier Table is terminated in 
the Scan III Phase" when all external
ly represented operands in the source 
text are replaced by their internal 
names in the table. 

2. To assign a serial Program Block Num
ber to every block and procedure in 
the source text. The same Prograw 
Block Number appears in the internal 
names of all identifiers declared or 
specified in the particular block or 
procedure. 

At object time" the Program Block 
Number references an entry in the 
Program Block Table, containing, among 
other things, the size of a Data 
Storage Area. In the Object code 
generated by the Compilation Phase, an 
operand is represented by the address 
of the Data Storage Area (loaded in a 
base register) and the displacement 
contained in the operand's internal 
name. 

3. To generate a transformed source text, 
called Modification Levell. A second 
transformation of the source text" 
called Modification Level 2, is gener
ated by the Scan III Phase. ~he 

changes reflected in the first trans
formation include an initial one-for
one translation of all characters in 
the source text to the internal code., 
the replacement of all ALGOL delimiter 
words by one-byte operators, and the 
removal of declarations, except 
procedure" array" and switch declara
tions, from the source text. These 
and other changes are described in a 
later section under the heading 
"Modification Level 1 Source Text". 

4. To store strings enclosed by string 
quotes, '(' ')'" in the Constant Pool" 
and to replace the string in the 
transformed source text by an internal 
name referencing the location where 
the string was stored. All constants 
other than strings are stored in the 
Constant Pool by the Scan III Phase. 

5. To recognize syntactical errors in the 
source module and to store appropriate 
error patterns in the Error Pool. The 
contents of the Error Pool are printed 



out in the form of diagnostic messages 
by the Error Message Editing routine 
in the next module but one (IEX21), 
after execution of the Identifier 
Table Manipulation Phase. 

6. To print a listing of the source 
module, if the SOURCE option is speci
fied. 

7. To assign a serial Identifier Group 
Nun,ber to every block, procedure, and 
for statement in the source module. 
The Identifier Group Number is used in 
the Scan III Phase to verify the 
validity of goto statements, and to 
facilitate the classification of for 
statements (see Item S). 

S. To construct a Group Table listing all 
Identifier Group Numbers and identify
ing each for statement represented in 
the list. The Group Table is used in 
the Scan III Phase, in classifying the 
optimizability of for statements con
taining goto statements which imply a 
branch out of the for statement. 

9. To construct a Scope Table indicating 
the Program Block Number of the block 
or procedure enclOSing every for 
statement. The Scope Table is used in 
the Scan III Phase to ascertain if all 
terms of subscript expressions of 
array identifiers occurring in for 
statements are valid (i.e. declared) 
outside the for statement. This is 
one of several conditions for sub
script optimization. 

10. To construct the Program Block Number 
Table, indicating the Program Block 
Number of the block or procedure 
imrr~diately enclosing every block and 
procedure in the source program. The 
table is constructed for purposes of 
user-information and is used in the 
Identifier Manipulation Phase in the 
print-out of the Identifier Table. 

SCAN 1/11 PHASE OPERATIONS 

The two primary functions of the Scan. 
1/11 Phase are: 

1. To tabulate all identifiers declared 
or specified in the source module, in 
the Identifier Table. 

2. To generate a transformed source text 
(Modification Levell). 

In principle, these functions are per
formed by searching the source text for 

ALGOL delimiter words (e.g •. , 'BEGIN' or 
'STEP'), as well as other multicharacter 
operators (e.g., := or .,). If a delimiter 
constitutes a declarator (e.g." 'INTEGER')., 
or a specificator, entries are made for the 
immediately following identifiers in the 
Identifier Table, after each identifier has 
been checked for validity. Otherwise, a 
one-byte symbol representing the delimiter 
is transferred to the output buffer. Other 
multicharacter operators are similarly 
replaced by one-byte symbols. Statements, 
containing externally represented operands 
(identifiers) and operators are transferred 
unchanged, except that any delimiter words 
and multicharacter operators within the 
statement are replaced by cne-byte symbols. 
(See "Modification Levell Source Text" in 
this chapter.) 

The following provides a general des
cription of the main eperations performed 
in the Scan 1/11 Phase, illustrated graphi
cally by the diagram in Figure 7. The 
description is intended to be read in 
conjunction with the diagram. 

At the extreme left of the diagram. it 
will be seen that the' source module (in 
card or card-image records~ EBCDIC or ISO 
code) is read from the SYSIN data set into 
an SO-byte field of the Common Work Area by 
the CIB subroutine. Immediately after 
read-in, a copy of the record is moved te a 
print area (or a dummy print area, if the 
SOURCE option was not specified)~ and the 
record in the Work Area is then translated 
to the internal code (Appendix I-a. Appen
dix I-b shows the same character set, 
expanded by ·the characters which replace 
delimiter words). The untranslated source 
text in the print area is used in printing 
a listing of the source module. It is also 
used to enable character strings to be 
stored in the Constant Pool in their origi
nal EBCDIC or ISO code. The CIB subrou
tine" first activated at phase initializa
tion, is subsequently called by any routine 
which detects the record-end operator zeta 
(the operator is inserted by CIB at the end 
of each trans lated source record). 

In the Work Area" the translated source 
text is scanned by the TESTLOOP routine, 
which searches for any of 14 different 
characters. As soon as anyone of these 
characters is identified., TESTLOOP meves 
the preceding scanned characters to the 
Mo'dification Level 1 text in an output 
buffer, and then activates the appropriate 
routine. The diagram indicates the reu
tines activated in the case of 12 of the 14 
characters (the remaining two are the Blank 
and the Invalid Character" which are" in 
effect, ignored). 
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"" SCAN 1/11 PHASE QEX11) 

Change Input Buffer (CIS) 
Gets records from SYSIN into a work 
area, moves them to a print'orea, then 
trtmslote!tne records to internal code 
in the work area. CIS is coiled wl'\en 
the record-end operatOl"Zefo is 
encountered. -

(listing is printed 
by Directory PRINT 
subroutine, on call 
framelS) 

·,1, <, 
>, ( , /,) 

<Point> 

<Colon> 

1="' H"','." '0<. 
<Semicolon> SEMCu transfer. 

llAI..I:a.operotor: 
TESTLOO P scons the rrans-
latea source text for OIly of 14 
characters, moves the intervening 
characters to the output buffer, then 
aelivates the routine concerned. 

/ 

<Apostrophe> 

Zeta F ~~! ~:!~ o~ 
the source texl 
into the work oreo 
ond returns control 
to TESTLOOP, 

~~;:~:~:I=I~ ~~lre;!,~~ 
tines or. recorded in the farm 
of error pottems in the Error 
Pool. The pattems are edited 
and messages printed out by the 
Error MeSSClge Editing routine 
in lEX 21. 

I 

I 
DELIMIT identifies the 
delimiter enclosed by = 
apostrophes and branches 
to the routine concerned, 
using the Delimiter Table. 

'BEGIN' 
'FOR' 

<Dedorotors> 

I 

l~ 
I 
I 

• , < , > , ( I / I Not, Power 

; ...... , . 

Label Colon 

(Operands, numbel'$ & arithmetic 

=:fur ~ra:,~:f:~ ~~t:=Y:de) 

~ Then, ~, Goto, .!f,~~ 

NORMAL, TED and GIF ~,( , >, :;;; , ~, I, =, t 
;:~r,:p:~'7i~~ the _._ I /1 
delimiter, from the 
Delimiter Table. 

(FOR -for 
statement 

:"~~:r 

BEGI called ~BEGI ...... /I 
(Firstdedar- ! 
~~EGI~t!) I 

I'n>< 
.TYPE, PROCEDUR, 
PROCID, ARRAY, 

I 
I 
( 
I 
I 

SWITCH, SPEC, IDCHECK, 
SPECENT, IDCHECK1, end VALUE 
!'OUtines conlNC! entries for identi
fi8/'$ in the Identifier Table. 

(DeciaredOlld ~ 
specified identifier entries) 

(labels) 

Chonge Output Buffer (COB) 

-END- I=END ~ ITAB 

-(-

-TRUE-
-FAlSE-

I 
I 
L 

(Charocterslrings 
in external axle) 

~;:;,~t:;;;:.) zr r 
,-C=pBLCKEND E ] 

\' "=FOREND W I 
\ I '==COMPDEND 

BOLCON trtlnsfers a .. _ ... _, '/ 
five-byte intemal name 
referencing a location in 
the Constant Pool where 
binary 1 and 0 are stored. 

I 
I 
I XCTL to IEX20 
I (or IEX21, if a t termlnatingenor 

h .. s been detected) 

(If DECK and/or 
LOAD options 
$pecified) 

Figure 7. Scan I/II Phase. Diagram illustrating functions of principal constituent routines 



For a majority of the characters, the 
character is simply transferred to the 
output buffer or replaced by another char
acter, depending on the character which 
follows. In the case of a colon, the COLON 
routine may: 

1. Transfer a Label Colon and construct 
an entry in the Identifier Table for 
the preceding label; 

2. Replace a letter string by a Comma; or 

3. Transfer the Assign operator. 

In the case of a semicolon, the SEMCO 
routine inspects the Scope Handling Stack 
to determine if the semicolon closes a 
procedure or a for statement, and if so, 
activates the appropriate subroutine 
(PBLCKEND or FOREND). See "Close of 
Scopes" • If a semicolon terminates a dec
laration, SEMCO transfers the Delta opera
tor to the Modification Level 1 text; 
otherwise, the Semicolon operator is trans
ferred. 

The record-end operator zeta causes TES
TLOOP to call the CIB subroutine, which 
reads in a new record and translates it to 
the internal code. 

The apostrophe leads into the Apostrophe 
routine (APOSTROF). APOSTROF scans the 
text immediately following the apostrophe, 
for a digit or +/- sign, a second apos
trophe, or one of a set of logical opera
tors. A digit or +/- sign identifies the 
apostrophe as the Scale Factor. A second 
apostrophe indicates an ALGOL delimiter 
word (that is, a string of letters or an 
operator enclosed by apostrophes). In this 
case, the Delimiter routine (DELIMIT) is 
entered. If the scan is terminated by a 
logical operator (indicating that the clos
ing apostrophe of a delimiter is missing), 
the Delimiter Error routine (EROUT -- not 
shown in the diagram) is activated. EROUT 
differs from DELIMIT, described below, only 
in point of procedural detail. 

DELIMIT compares the characters enclosed 
by apostrophes with a list of 38 delimiter 
words in the Delimiter Table (WITAB) and 
branches to the routine specified in the 
table for the particular delimiter. A 
majority of delimiters (21) lead into the 
NORHAL, TED, or GIF routines, which simply 
transfer the one-byte symbol in the Delimi
ter Table to the Modification Level 1 text. 
Declarators and specificators lead into 
routines which construct entries in the 
Identifier Table for the immediately fol
lowing identifiers. 

OPENING OF SCOPES 

Whenever the delimiter opening a block, 
a procedure" a for statement, or a compound 
statement is encountered" a one-l::yte opera
tor identifying the particular scope is 
entered in the Scope Handling Stack. The 
operators Beta (for a l::lock), Proc (for a 
procedure), For (for a for statement)" and 
Begin (for a cOITrpound statement), are 
stacked by the BEG1" PROCEDUR, FOR" and 
BEGIN routines, respectively. Depending On 
the structure of the l::ody of a procedure" 
the operator Proc may subsequently be 
replaced by the operators Proc* or Proc** 
in the BEGIN, STATE" or FOR routines. See 
"scope Handling Stack". 

At the beginning of every block and 
procedure, a program block heading entry" 
containing a new Program Block Number,. is 
constructed in the Identifier Table. The 
Program Block Number in the heading entry 
is copied into the following identifier 
entries representing identifiers declared 
or specified in the particular clock or 
procedure. Similarly" at the opening of 
every for statement., a for statement head
ing entry is constructed in the Identifier 
Table. The for statement heading entry is 
subsequently deleted unless it is followed 
by one Or more identifier entries rep
resenting a label or lal::els declared inside 
the particular for statement. In the lat
ter case, a for statement closing entry is 
made at the end of the for statement. 
Program block heading entries are con
structed by BEGl (for a block) and PROCID 
(for a procedure); for statement heading 
and closing entries by FOR and FOREND, 
respectively. 

The BEGl subroutine, which stacks the 
operator Beta and constructs the program 
block heading entry at the opening of a new 
block, is entered from any routine process
ing the first declaration following the 
delimiter 'BEGIN'. Entry to BEGl is gov
erned by a switch named BEGBIT, which is 
turned on by the BEGIN routine., entered 
from DELIMIT on recognition of the delirri
ter 'BEGIN'. BEGBIT is tested in all 
declaration-processing routines 
(immediately after entry from DEI.IMIT)" and 
if the switch is on, a call is made to BEGl 
before the particular declaration is proc
essed. 

BEGl and PROCEDUR also construct entries 
in the Group Table, Program Block Numter 
Table, and Semicolon Table. FOR makes 
entries in the Scope Tatle and Group Tatle. 
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PROCESSING OF DECLARATIONS AND 
SPECIFICATIONS 

In the construction of entries in the 
Identifier Table for declared or specified 
identifiers, the external name is copied 
from the translated source text in the Work 
Area, while the characteristic is inserted 
by an MVI instruction or, in the case of 
specified identifiers, copied from the 
Delimiter Table. 

Type declarations ('REAL', 
and 'BOOLEAN') are processed by 
routine. 

'INTEGER' , 
the TYPE 

All type declarations are completely 
removed from the Modification Level 1 
source text, whereas procedure., switch and 
array declarations are represented in the 
modified source text by a one-byte declara
tor, followed by the identifier (s) " as well 
as parameters., components" or dimensionS. 

Array and switch declarations are proc
essed by the ARRAY, SWITCH, and LIST rou
tines. The main function of the LIST 
routine, which branches to several subrou
tines is to count the number of dimensions 
or components of arrays and switches, and 
to store this information in the appropri
ate identifier entries. 

Entries for declared procedure identifi
ers are made by the PROCEDUR, PROCID, and 
IDCliECKl routines. The external names of 
formai parameters in the parameter list 
following a procedure identifier are copied 
into the Identifier Table by the IDCHECKl 
subroutine on call from PROCID. The char
acteristics of formal parameters are 
entered subsequently when the specifi
cations in the procedure heading are proc
essed. The routines which process specifi
cations include, firstly, the TYPE, VALUE, 
SPEC, ARRAY, SWITCH, and PROCEDUR routines 
(depending on the particular specificator), 
and secondly, the SPECENT and IDCHECK rou
tines (SPECENT is a special entry point of 
IDCHEcK) • 

To distinguish between declarations and 
specifications, a switch named PROBIT is 
used. PROBIT is turned on by PROCEDUR, as 
soon as a procedure declaration is recog
nized, to signify that a procedure heading 
has been entered. If a delimiter (say 
'REAL') is subsequently encountered, the 
condition PROBIT=l signifies that the'deli
miter is a specificator rather than a 
declarator and causes the particular rou
tine activated (TYPE in this case) to 
branch directly to SPECENT. 

After copying 
teristic from the 
standard storage 
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the appropriate charac
Delimiter Table to a 

location, SPECENT (or 

IDCHECK) compares each identifier following 
the specificator (' REAL' in this example) 
with the formal parameters previously 
copied into the Identifier Table from the 
parameter list, and when the matching iden
tifier is found, moves the characteristic 
into the identifier entry. 

No part of the procedure heading except 
the procedure identifier and the parameter 
list is transferred to the Modification 
Level 1 text. Type-qualified procedure and 
array declarations are processed by the 
TYPE, TYPPROC, or TYPARRAY, and PRCCEDUR or 
ARRAY routines l in that order. 

CLOSE OF SCOPES 

When the delimiter' END' is encountered, 
the END routine inspects the operator at 
the top of the scope Handling stack and 
calls an appropriate subroutine (PBLCKEND, 
FOREND, or COMPDEND) " according to the 
stack operator detected. 

PBLCKEND is called if 'END' closes a 
block or a procedure (indicated by the 
stack operators Beta, Proc, Proc* or 
Proc**). PBLCKEND transfers the last block 
of entries in the Identifier Table rep
resenting identifiers declared or specified 
in the clos ed block cr procedure" to the 
SYSUT3 data set~ releases the stack opera
tor; and transfers the closing operator 
Epsilon to the Modification Level 1 text. 
FOREND and COMPDEND (which are called if 
the stack operator is For or Begin" 
respectively), transfer the operators Eta 
or End to the modified text, and release 
the stack operator. FOREND may also ccn
struct a for statement closing entry in the 
Identifier Table, or delete the preceding 
for statement heading entry. 

The Scope Handling Stack is also 
inspected by the SEMCO routine in case a 
semicolon closes a procedure or a for 
statement. In the affirmative case" the 
PBLCKEND or FOREND subroutine is called. 

END OF PHASE 

The Termination routine (EODADIN)" which 
closes the Scan 1/11 Phase, is normally 
entered as an EOD (End of Data) routine 
from the Operating System" after the 
PBLCKEND subroutine has detected the final 
exit. from the outermost scope of the source 
module and has initiated a special scan of 
the closing text, designed to detect possi
ble logical errors. EODADINmay also be 
entered when a terminating error has been 



detected in the source module, in which 
case control is passed directly to Diag
nostic Output Module IEX21, rather than to 
the Identifier Table Manipulation Phase 
(IEX20). The conditions under which EODAD
IN is entered are described more fully 
under "Close of Scan 1/11 Phase". 

Flowcharts 011 and 012 in the Flowchart 
Section indicate the logical arrangement of 
the principal routines in the Scan 1/11 
Phase. All of the major routines illus
trated in the diagram in Figure 7, namely 
TESTLOOP, APOSTROF, and DELIMIT, can be 
readily distinguished in the charts. The 
various levels of routines entered from 
each of these routines may be seen in both 
the chart and the illustrative diagranl. 

The name of this phase, Scan 1/11, 
derives from the fact that the source 
module is twice scanned in the phase, first 
by the Change Input Buffer subroutine 
(CIB), when the source text is translated 
to the internal code, and second by TE8-
TLOOP, APOSTROF, or some other lower level 
routine. 

PHASE INPUT/OUTPUT 

Figure 8 pictUres the data input to and 
output from the Scan 1/11 Phase. The 
figure also indicates the tables and other 
data transmitted to the subsequent phases 
via main storage. 

Input consists of the source module on 
the SYSIN data set (card reader, disk unit, 
or magnetic tape unit). Input records, 80 
characters in length, are read into the 
Work Area (WA) by means of a GET macro 
instruction. 

The transformed source text 
(Modification Levell) output by the phase 
is transferred to the SYSUT1 data set by a 
WRITE macro instruction from two alternat
ing output buffers in unblocked, fixed 
length records. At phase termination, the 
data set is closed by a Type T CLOSE (no 
repositioning to the beginning of the data 
set). RecordS are numbered serially from 
O. In the event the transformed source 
text occupies less than one full buffer, it 
is transmitted to the Scan III Phase via 
main storage. 

The Identifier Table is transferred to 
the SYSUT3 data set by means of a WRITE 
macro instruction, in variable-length 
records of up to 2000 bytes (181 Identifier 
Table entries of eleven bytes each). Each 
record comprises the set of identifiers 
declared or specified in a block or proce
dure. The record number, represented by 

the Program Block Number of the clock or 
procedure" and the record length are con
tained in the first (heading) entry. 

An ESD record for the object module and 
TXT records of the strings stored in the 
Constant pool are generated on the SYSLIN 
and/or SYSPUNCH data sets, provided the 
options LOAD and/or DECK are specified in 
the EXEC job control statement. If the 
source module is a precompiled procedure to 
be stored on a partitioned data set, the 
ESD record will contain the procedure name. 
If the SOURCE option is specified, a list
ing of the source module is printed out on 
SYSPRINT. 

SYSIN 

Souree Wcdule 

SCAN 1/11 
PHASE 

r--- ----, 
I MalnSto_ : 

I Error Pool I 
I Group Table I 
IS"",. Tabl. I 
I p ....... 610d< I 
I Number Table I 

[Modification 
I Lev.1 1 Source I 
L __ T:,t1 ___ J 

• Source text tronsmltted in main storage if It 
occupies lea than a full buffer. 

-

-

SYSUTl 

Modification 
level 1 Souree 
rex' 

~ 
Identifier Table 

SYSLIN/SYSPUNCH 

ESD record md 
TXT record. of 

!"- Con.tan. Pool 

'---

SYSPRINT 

Source NadJI. 
Listing 

Figure 8. Scan 1/11 Phase Input/Output 

IDENTIFIER TABLE (ITAB) 

The Identifier Table (ITAB) is a working 
record in which an internal form of operand 
representation, facilitating later compila
tion operations, is constructed for every 
valid identifier declared or specified in 
the source module. This internal represen
tation, referred to as an identifier's 
internal name, replaces all externally rep
resented operands in the source module. 
The replacement is made in the Scan III 
Phase after the construction of the Iden
tifier Table has been completed by the 
Identifier Table Manipulation Phase. 
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The entry constructed for an identifier, 
called an identifier entry, is eleven bytes 
in length. It contains up to six charac
ters of the identifier's external name, 
translated to internal code, and a five
byte internal name. For declared procedure 
and switch identifiers and labels, the 
complete entry, compr~s~ng external and 
internal name, is constructed in the Scan 
LlII Phase. For all other identifiers, the 
external name and all except the address 
part of the internal name is constructed in 
the present phase, the address part being 
inserted in the Identifier Table 
Manipulation Phase. 

Each set of identifier entries rep
resenting identifiers declared or specified' 
in a block or procedure, is headed by a 
program block heading entry. The heading 
entry contains the Program Block Number 
assigned to that block or procedure. At 
the close of a block or procedure, the 
block of entries relating to that block or 
procedure is transferred as a record to the 
SYSUT3 data set. 

Within a given block of entries, an 
entry (or entries) representing a label (or 
labels) declared inside one or more for 
statements, is enclosed by one or more for 
statement heading entries and a for state
ment closing entry. The Identifier Group 
Numbers in the for statement heading and 
closing entries are used, in the Scan III 
Phase, in detecting illegal branches into 
for statements. (SWlLA routine in IEX30.) 
The processing of the Identifier Table is 
described in further detail in a later 
section. 

IDENTIFIER ENTRIES 

Figure 10 shows the content of the 
eleven-byte entry constructed in the Scan 
I/II Phase for all identifiers except those 
of declared arrays, procedures, switches, 
and labels. The identifier's external 
name, represented by a maximum of six 
characters in internal code (Appendixes I-a 
and I-b), is copied from the translated 
source text in the Work Area, after the 
full identifier has been checked for valid
ity. If the identifier does not satisfy 
the specifications of the OS/360 ALGOL 
Language with respect to validity, no entry 
is made, and an error is recorded in the 
Error Pool. 

The tWO-byte characteristic, in the case 
of declared identifiers, is provided by the 
program (i. e. by an MVI instruction). In 
the case of specified identifiers, the 
characteristic is copied from the Delimiter 
Table (see DELIMIT routine). If an array 
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or procedure identifier is type-qualified, 
the characteristic is modified by a logical 
instruction to show the type. 

The hexadecimal value of the charac
teristic for each type of identifier is 
shown in the table in Appendix II. ~he 
characteristic. which serves to describe 
the identifier. is inspected in the subse
quent phases. Each of the binary positicns 
in the characteristic identifies (when set 
= 1) a particular characteristic of the 
identifier. The significance identified 
with each position is shown in Figure 9. 
Bits 5 and 6 of the first byte are desig
nated Special Use Bits because they may be 
manipulated in the Scan III Phase if the 
identifier is a critical identifier. that 
is, if the identifier occurs in a for list. 

First Byte (Byte 6 in identifier entry) 

Bit No: 

~} 
2 
3 
4 
5 
6 
7 

Second Byte 

Bit No: 

o 
I 
2 
3 
4 
5 
6 
7 

Description 

Operand 

Not used 
Not used 

(See use of bits 0-2 
in "Operator/Operand 
Stacks" - Chapter 8) 

No Assignment 
Special Use I 
Special Use 2 
String 

(Byte 7 in identifier entry) 

Description 

Standard Procedure } Procedure 
Code Procedure 
Call by Value } Simple 
Call by Name Variable 
Label 
Array 
Real } Boolean 
Integer 

Figure 9. Identifier Characteristic 

The Program Block Number (P.B.No.) is 
copied from the program block heading entry 
of the block or procedure in which the 
identifier is declared or specified. 

With the exceptions already noted ana 
described more fully below, the last two 
bytes of the identifier entry as construct
ed in the Scan I/II Phase, are filled with 
zeros. They are reserved for a relative 
address which is inserted by the Identifier 
Table Manipulation Phase. The address spe
cifies the identifier" s object time storage 
field within the Data Storage Area provided 
for the block or procedure in which the 
identifier was declared or specified .• 

Figure 11 shews the content of the entry 
constructed for a declared array identifi
er. The external name. characteristic, and 



Program Block Number are entered in the 
manner described above. The number of 
subscripts (or dimensions) of the array is 
entered in the first half of byte 9. The 
last one-and-a-half bytes, filled with 
zeros in the Scan I/II Phase, are reserved 
for the relative address of the array's 
Storage Napping Function in the particular 
Data Storage Area. The address is inserted 
in the Identifier Table Manipulation Phase. 

The entry constructed for a declared 
procedure identifier is shown in Figure 12. 
The external name and characteristic are 
entered in the manner described earlier. A 
new Program Block Number is assigned to the 
procedure. This same Program Block Number 
appears in the immediately following pro
gram block heading entry, which heads the 
set of entries representing formal paramet
ers specified in the procedure. The number 
of parameters of the procedure is entered 
in the first half of byte 9. The last 
one-and-a-half ~ytes of the entry contain 
the relative address, referred to as the 
La~el Number (LN), of a four-byte entry 
reserved in the object time Label Address 
Table (LAT). At Object time, the Label 
Address Table entry contains the absolute 

o 6 

address of the object code generated for 
the procedure. 

In the case of a declared type
procedure, the heading entry ~hich follows 
the procedure identifier entry is followed 
by a second entry for the procedure 
identifier. The two identifier entries for 
a type-procedure are identical. except that 
in the entry which precedes the heading 
entry, the first ~yte of the characteristic 
is equal to hexadecimal CA, ~hile in the 
entry which fcllo~s the heading entry. the 
first byte of the characteristic is equal 
to hexadecimal C2. 

Figure 13 shows the entry constructed 
for a declared s~itch identifier. ~he 
entry is identifical ~ith that for a 
declared procedure identifier, except that 
the first half of byte 9 contains the 
number of components of the switch. minus 
one. 

The entry constructed for a declared 
label is shown in Figure 14. The entry 
differs from that for a procedure identifi
er only in that the first half of byte 9 is 
unused and set to zero. 

8 9 11 
r----------------------------------T-----------T-----~----------, 
I <External Name> I <Character-I <P .B.I (Reserved) I 
I I istic>1 No·>1 I L __________________________________ ~ ___________ ~ ____ L_ __________ J 

<------(Internal Name)------> 

<P.B.NO.> = <Program Block Number> 

(Reserved) : The last one-and-one-half ~ytes are reserved for the relative address 
of the identifiers's object time storage field -- inserted by the 
Identifier Table Manipulation Phase 

Figure 10. Identifier Table entry for all identifiers except declared array, procedure 
and switch identifiers and labels 

o 6 8 9 10 11 
r----------------------------------T-----------T-----~----------, 
I <External Name> I<Character-I<P.B.I<NOS> (Re- 1 
I I istic>1 No. >1 served) I L __________________________________ ~ __________ _L ____ _L ___________ l 

<------(Internal Name)------> 

<P.B.No.> <Program Block Number> 
<NOS> : <Number of subscripts. minus one> 

(Reserved) = The last one-and-one-half bytes are reserved for the relative address 
of the array's Storage Mapping Function. inserted by the Identifier 
Table Manipulation Phase. 

Figure 11. Identifier Table entry as constructed in the Scan 1/11 Phase for a declared 
array identifier 
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o 6 8 9 10 11 

r----------------------------------T----------~----~-----------, I <External Name> I <character-I<P·B. I <NOP> <LN> I 
I I istic>1 No·>1 I L __________________________________ ~ __________ _L ____ _L __________ -J 

<------(Internal Name)------> 

<P.B.No.> = <Program Block 
Number> 

<NOP> = <Number of parameters> 
<LN> = <Relative address of an 

entry in Label Address 
Table> 

Figure 12. Identifier Table entry for a declared procedure identifier 

o 6 8 9 10 11 

r----------------------------------T-----------~----~----------, I <External Name> I<Character-I<P.B.INOC <LN> I 
I I istic>1 No·>1 I L __________________________________ ~ ___________ ~ ____ _L __________ -J 

<------(Internal Name)------> 

<P.B.No.> = <Program Block 
Number> 

<NOC> = <Number of components. 
minus one> 

<LN> = <Relative address of an 
entry in Label Address 
Table> 

Figure 13. Identifier Table entry constructed in the scan I/II Phase for a declared 
switch identifier 

o 6 8 9 10 11 
r----------------------------------T-----------T-----~----------1 
I <External Name> I <Character-I <P.B.I <LN> I 
I I istic> I No·>1 I 
L ______ ----------------------------~-----------L-----~ __________ J 

<------(Internal Name)------> 

<P.B.No.> = <Program Block 
Number> 

<LN> = Relative address of an 
entry in Label Address 
Table> 

Figure 14. Identifier Table Entry constructed in the Scan I/II Phase for a declared 
label 

PROGRAM BLOCK HEADING ENTRIES 

A program block heading entry heads 
every set of identifier entries represent
ing identifiers declared or specified in a 
block or procedure. 

Figure 15 indicates the content of the 
eleven-byte program block heading entry. 
The first eight bytes provide two four-byte 
save areas, in which the contents of the 
pointers LIGP and LPBP are stored, before 
these pointers are set to the address of 
the heading entry itself. The first bit of 
byte 8 functions as a switch to indicate if 
the scope is a type-procedure. In this 

38 

case, the bit is set = 1; in all other 
cases, it is set = O. The Identifier Group 
Number (I.G.NO.) and Program Block Numter 
(P.B.No.) are copied from two counters 
(IGN and PBN) '. IGN is incremented for 
every block, procedure, and for statement, 
while PBN is incremented for tlocks and 
procedures only. 

At the close of a block or procedure, 
when the set of entries representing iden
tifiers declared or specified in the block 
or procedure is transferred to a utility 
data set, the length of the record to be 
transferred and the semicolon count (copied 
from the corresponding entry in the Semi co-



Ion Table) are inserted in the heading 
entry, as indicated in Figure 16. 

o 4 8 9 10 11 
,r-------------------,---------------------,.-----------,------, 
1 <LIGP> 1 <LPBP> 1< K> <1. G. 1 <P. B. I 
I I I No.>1 No·>1 L ___________________ ~ ____________________ L__ _________ i _____ J 

<LIGP> = <Address of preceding for statement or program 
block heading entry> 

<LPBP> <Address of preceding program block heading 
entry> 

<1<> X'8' for a type-procedure; 
X'O' in all other cases 

Figure 15. Program block heading entry 

o 2 5 6 8 9 10 11 
r---------,--------------,------T---------~----------~-----, 
l<Record I IX'2B'I<Semicolonl<K> <1.G·I<P.B. I 
I length> I I I count> I No.>1 No·>1 L _________ i-____________ i _____ i __________ i __________ -L _____ J 

Figure 16. Program block heading entry, as transmitted to the SYSUT3 data set 

FOR STATEMENT HEADING AND CLOSING ENTRIES 

A for statement heading entry is con
structed in the Identifier Table as soon as 
the delimiter FOR is encountered. If no 
labels are declared inside the for state
ment (or a nested for statement), the entry 
is deleted at the close of the for state
ment. If, however, any labels are declared 
inside the for statement, a for statement 
closing entry is constructed at the close 
of the for statatement. Where a label is 
declared inside a series of nested for 
statements, the entry for the declared 
label is preceded by a heading entry for 
each enclosing for statement, and is fol
lowed by a single closing entry containing 

o 4 5 6 8 

the Identifier Group Number of the emtrac
ing block or procedure. 

The first four bytes of the for state
ment heading entry are used as a save area 
in which the contents of the pointer LIGP 
are stored before that pointer is reset to 
the address of the heading entry itself. 
The Identifier Group Numter (I.G.No.) is 
copied from the counter IGN, which is 
incremented successively for every tlock, 
procedure, and for statement in the source 
module. 

The Identifier Group Number in the for 
statement closing entry is copied from the 
heading entry of the reentered scope. 

9 10 11 
r-----------------r-----,------T-----------,.-----------,------, 
I <LIGP> I IX'2B'I I <I.G.No.> I I L ________________ -i _____ i _____ i ___________ ~ __________ i_ _ ___ J 

<LIGP> = <Address of preceding for statement or 
program block heading entry> 

Figure 17. For statement heading entry 

o 5 6 7 8 9 10 11 
r-----------------------T-----T-----T-----~---------T-----, 
I IX'2B'IX'FF'I I <I.G.No.> I I L _______________________ i_ ____ i _____ i ____ -i __________ -i ____ -l 

Figure 18. For statement closing entry 
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PROCESSING OF THE IDENTIFIER TABLE 

The diagram in Figure 19 illustrates the 
processing of the Identifier Table in the 
Scan 1/11 Phase. 

At entry to every block or procedure, a 
program block heading entry, containing a 
new Program Block Number, is constructed. 
(In the case of a procedure, the heading 
entry is preceded by an entry containing 
the procedure identifier.> Program block 
heading entries are constructed by the BEG1 
subroutine, on call from 
declaration-processing routines, and by the 
PROCID routine, entered from PROCEDUR. At 
entry to a for statement, a for statement 
heading entry is constructed by the FOR 
routine. At the close of a for statement, 
the heading entry may be deleted, or if any 
labels are declared in the for statement, a 

for statement closing entry is constructed 
following the entry for the label. At the 
close of a block or ~rocedure, the set of 
entries representing identifiers declared 
or specified in the block or procedure are 
transferred to the SYSUT3 data set. ~he 
transfer is handled by the PEICKEND 
subroutine on call from the END or SEMCO 
routine. 

A pointer named LPBP at all tirres 
addresses the heading entry of the current 
(embracing> block or procedure. LPBP is 
used 

1. In copying the Program Block Nurrber 
into the following identifier entries, 

2. In transferring the Program Block Num
ber of a reentered block to the Modi
fication Level 1 text following the 
operator Epsilon, which closes a tlock 

Source Module Block Structure Contents of Identifier Tobie Work Area in Scan 1/11 Phore at Varying Points in Soorce IVodule 

(Letters refer to labelled positions in block diagram at left) 
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* If the source module as specified by the PROCEDURE option is a precompiled procedure, the heading entry for Program Block 0 is followed by an entry containing the precompiled procedurebynameh and at phose terpina-
tion, Program Block '0, containing the procedure nome, is tra~sferred to SVSUT~. I!, however, the source module is a program, the heading entry for Program Block 0 is immediately followed a eoding entry for ro-
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Figure 19. Diagram illustrating the processing of the Identifier Table in the Scan I/I! Phas 
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or procedure (see "scope 
Identification"), and 

3. In specifying the start of a record 
when the block of identifiers is 
transferred to the SYSUT3 data set at 
the close of a block or procedure. 

Pointer LIGP addresses the heading entry 
of the current block or procedure, or the 
heading entry of the current for statement. 
Pointer LIGP is used in transferring the 
Identifier Group Number of the reentered 
block, procedure, or for statement to the 
Modification Level 1 text following the 
operator Epsilon or Eta, which closes a 
block, a procedure, or a for statement (see 
"Scope Identification"). 

Pointer AITL addresses the next free 
entry in the Identifier Table. 

When a program block heading entry is 
constructed at entry to a new block or 
procedure, the contents of LPBP and LIGP 
are saved in the newly constructed heading 
entry and both pointers are then reset to 
point to the new heading entry (the 
addresses saved in the heading entry both 
point to the preceding program block head
ing entry). If, subsequently, a for state
ment is encountered in the block or proce
dure, pointer LIGP is set to point to the 
corresponding for statement heading entry 
after its contents have been stored in the 
for statement heading entry. In the case 
of a series of nested for statements, this 
procedure is repeated for each for state
ment heading entry. At exit from each 
enclosing for statement, LIGP is reloaded 
with the address previously saved in the 
last constructed heading entry until, at 
reentry to the current (embracing) block or 
procedure, LIGP again points to the corres
ponding program block heading entry. 

When the close of the current block or 
procedure is reached, and the set of iden
tifiers declared or specified in the block 
or procedure have been transferred to the 
SYSUT3 data set, the current entry pointer 
AITL is reset to the beginning of the 
vacated area (bY setting AITL=LPBP), in 
readiness for a furtner identifier entry or 
for a new block or procedure. Pointers 
LPBP and LIGP are then reloaded with the 
add'resses previously saved in the heading 
entry' of the closed block or procedure, so 
that they now address the heading entry of 
the reentered block or procedure. 

SCOPE IDENTIFICATION 

In the transformed source text 
(Modification Levell) generated by the 
Scan 1/11 Phase, each scope is identified 
as to type, by distinguishing one-byte 
operators which replace the opening and 
closing delimiters in the source module. 
The opening and closing operators for each 
type of scope are as follows: 

Opening Closing 
Scope Operator Operator 

Block ~ (X'OD' ) Epsilon (X'2A') 

Procedure Pi (X 'OE') Epsilon (X'2A') 

Type Phi (X'OF') EEsilon (X'2A') 
Procedure 

For For (X'lS') Eta (X'2B') 
Statement 

Compound Begin (X'OC') End (X' 2C' ) 
statement 

The first delimiter 'BEGIN' which may 
open the body of a procedure is eliminated 
in the Modification Level 1 text. 

Every block and procedure is assigned a 
serial Program Block Number. The Program 
Block Number appears in all entries in the 
Identifier Table representing identifiers 
declared or specified in the block or 
procedure; it also appears in the Modifica
tion Level 1 text following the operator 
which opens a block or procedure. 

Every block, procedure, and for state
ment is assigned a serial Identifier Group 
Number. The Identifier Group Number 
appears in the heading entries in the 
Identifier Table; it also appears in the 
Modification Level 1 text following the 
opening operator of a block or for state
ment. The identifier Group Number is used. 
in the Scan III Phase, in detecting illegal 
branches. 

The Program Block Number and the Iden
tifier Group Number of the reentered scope 
also appear in the Modification Level 1 
text following the operator which closes 
blocks, for statements, and procedures. 
The following list indicates the Program 
Block Number and/or Identifier Group Number 
which follow the opening and clOSing opera
tors. 
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Scope Opening Close 

Block Beta<PBN><IGN> EEsilon 
<PBN>*< IGN>* 

Procedure Pi<IGN> Epsilon 
<PBN>*<IGN>* 

Type- Phi<IGN> Epsilon 
procedure <PBN>*<IGN>* 

For For<IGN> Eta <IGN>* 
Statement 

Compound Begin End 
Statement 

* PBN or IGN of the reentered scope 

The Program Block Number (PBN) occupies one 
byte, the Identifier Group Number (IGN) two 
bytes. 

SCOPE HANDLING STACK 

The action required at the close of 
every scope depends on whether the scope is 
a block, a procedure, a for statement, or a 
compound statement. Thus, at the close of 
a block or a procedure, the set of entries 
in the Identifier Table representing the 
identifiers declared or specified in the 
block or procedure, is transferred to the 
SYSUT3 data set, and the operator Epsilon 
is transferred to the Modification Level 1 
text. At the close of a for statement, a 
closing entry may be made in the Identifier 
Table and the operator Eta transferred. At 
the close of a compound statement, the 
operator End is Simply transferred. 

Owing to the fact that the same delimi
ter ( 'BEGIN') opens both a block and com
pound statement, and owing also to the fact 
that procedures and for statements may be 
closed by the delimiters 'END' or a semico
lon, depending on their structure, a method 
of classifying each scope is required, so 
as to specify both the delimiter to be 
identified as the closing delimiter and the 

r---------------T------------------------------------------------~---------T-----------, I Stack Opera tor I I 1 I 
.------~-------~ 1 I 1 
I Name 1 Hex. I Significance IStacked bylReleased byl 
~------+--------+------------------------------------------------+----------+-----------~ 
I I I I 
1 Begin I 08 Designates a compound statement, closed by 1 BEGIN 1 CO!!PEND 
I 'END'. I I 
1 1 1 
IBeta 04 Designates a block, closed by 'END' BEGIN IPBlCKEND 
I I 
I Proc* 10 Designates a procedure, closed by 'END' BEGIN I PBLCKEND 
1 The procedure body consists of an unlabelled I 
I block or compound statement. I 
1 I 
IProc OC Designates a procedure, closed by a semicolon PROCEDURE IPBLCKEND 

Proc** 14 

or by 'END'. 'END' unconditionally closes the 1 
embracing scope. The procedure body consists I 
of a procedure statement, a dummy statement 1 
or a delimiter 'CODE'. I 

Designates a procedure, closed by a semicolon 
or by 'END'. 'END' unconditionally closes the 
embracing scope. The procedure body consists 
of a labelled statement or block, or a Single 
assignment, gato, conditional or for statement. 

STATE 
FOR 

I 
IPBlCKEND 
IPBLCKEND 
I 
1 
1 
I 

For 18 Designates a for statement, closed by a semi- FOR I FOREND 
1--- colon or by 'END'. A semicolon may close an 1 
1 embracing procedure or for statement. 'END' un- I 
1 conditionally closes the embracing scope. 1 
I 1 1 
1 Alpha 00 Marks the bottom of the stack. ALPHA is stackedlInitiali- 1 Termination I 
1 only at phase initialization and released only I zation I I 
1 I at phase termination I I I l ______ ~ _______ ~ _______________________________________________ ~ __________ ~ ___________ J 

Figure 20. Scope Handling Stack operators 
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particular action to be taken at the close. 
The device used for the classification of 
scopes is the Scope Handling Stack. 

The Scope Handling Stack employs a set 
of six stack operators, each of which 
identifies a characteristic scope struc
ture. Whenever a delimiter is detected 
which marks the opening of a new scope, an 
appropriate operator is placed in the 
stack. If, subsequently, some feature is 
detected in the scope which indicates a 
change in structure, the operator original
ly placed in the stack is replaced by 
another operator which correctly reflects 
the structure of the scope. When the 
delimiter specified by the stack operator 
as the closing delimiter is encountered, 
the operator is released from the stack. 
In this way, all embracing scopes at every 
point in the source module are classified 
by the operators in the stack, the inner
most scope being classified by the last 
stack entry. 

The list in Figure 20 indicates the 
stack operators, their significance, and 
the routines which stack and release the 
operators. 

Stack operators are tested in the SEMCO, 
STATE, BEGIN, CODE, FOR, END, PBLCI<END, 
ENDMISS, and COMPEND2 routines. 

Begin is stacked when the delimiter 
'BEGIN' is encountered, provided the stack 
operator is not Proc. (Proc indicates that 
the current scope is a procedure and hence 
that the delimiter 'BEGIN' marks the open
ing of the procedure body; in this eventu
ality, Proc is replaced by Proc*). Until 
released, Begin remains unchanged in the 
stack unless a following declaration is 
encountered (see Beta). 

Beta replaces Begin if a declaration is 
encountered tmmediately after the delimiter 
'BEGIN' • 

Proc is stacked whenever the delimiter 
'PROCEDURE' is encountered. Proc may be 
changed to Proc* or Proc**, depending on 
the structure of the procedure body (see 
Proc* and Proc**). 

Proc* replaces Proc if the procedure 
body consists of an unlabeled block or 
compound statement (indicated by the delim
iter 'BEGIN' following the procedure 
heading). 

Proc** replaces Proc if the procedure 
body consists of a labeled statement or a 
Single statement other than a block or 
compound statement (indicated by a label 
preceding a colon, an assignment operator, 
or by the delimiters 'GOTO', 'IF', or 
'FOR'). 

The stack operator is tested in the 
SEMCO and END routines for every semicolon 
and 'END' encountered. In principle, a 
semicolon closes a scope if the scope is a 
for statement or a procedure, the body of 
which consists of a single statement (other 
than a compound statement or block) or, 
alternatively, a labeled statement. No 
other scope may be closed by a semicolon. 
This principle is reflected in the logic of 
the SEMCO routine: the occurrence of a 
semicolon constitutes the close of a scope 
only if the stack operator is For, Proc. or 
Proc** (i.e., only if the scope has the 
characteristics indicated by these 
operators). For these three operators, the 
PBICI<END or FOREND subroutine is activated. 
For all other operators, the semicolon does 
not constitute the closing delimiter, and 
the Semicolon operator is simply trans
ferred to the output string. A single 
semicolon may close a series of nested for 
statements or the procedure embracing a for 
statement. For this reason, a further test 
of the stack operator is made after the 
operator For has been released. 

The delimiter "END' in every case con
stitutes the close of the current scope. 
'END' must close all blocks and compound 
statements as well as procedures whcse 
procedure body consists of an unlabeled 
block or compound statement. 'END' also 
closes for staterrents and procedures, oth
erwise closed by a semicolon, where the 
semicolon is omitted or supplanted by the 
immediately following 'END' of an enclosing 
scope. This reasoning is reflected in the 
logic of the END routine. The OCCUrrence 
of 'END' marks the close of the current 
scope for any stack operators except Alpha; 
if the stack operator is Beta, Proc, Proc*, 
or Proc**, the PB1CI<END subroutine is acti
vated; if For, the FOREND subroutine; and 
if Begin, the COMPDEND routine is entered. 
A single 'END' may close a series of nested 
for statements, or the procedure embracing 
a for statement, or a procedure of type 
Proe or Proc**. For this reason, the stack 
operator is tested anew, after the opera
tors Proc, Proc**, and For have been 
releasea:-- ---

MODIFICATION LEVEL 1 SOURCE TEXT 

The Scan 1/11 Phase generates a trans
formed source text, called ~odification 
Levell, which is transferred to the SYSUTl 
data set and forms the primary input to the 
Scan III phase. The principal changes 
reflected in the Modification level I 
source text are as follows: 

1. Initially, all characters are tran
slated from the external code (EBCDIC 
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code (see 
above this 

following 

or ISO} to an internal 
Appendix I-a). Over and 
initial conversion, the 
additional changes are made. 

2. foLGOL delimiter words are replaced by 
one-byte symbols or eliminated, as 
follows: 

a. The delimiter words 'GOTO', 'IF', 
'THEN', 'ELSE', 'FOR', '00', 
'STEP', 'UNTIL', 'WHILE', 'EQUIV', 
'IMPL', 'OR', 'AND', 'NOT', 
'GREATER', 'NOTGREATER', 'LESS', 
'NOTLESS', 'EQUAL', 'NOTEQUAL', 
and 'POWER' are replaced by unique 
one-byte symbols. See Appendix 
I-b. 

b. The delimiter 'BEGIN' is variously 
represented by two symbols Begin 
or Beta, or eliminated, depending 
on the scope opened by the delimi
ter. The delimiter 'END' is var
iously represented by the symtols 
End, Eta, or EPsilon, depending on 
the scope closed by the delimiter. 
See "Scope Identification" in this 
chapter. 

c. The declarators 'ARRAY' and 
'SWITCH' are replaced by unique 
one-byte symbols, but the declara
tor 'PROCEDURE' is variously rep
resented by the symbols Pi or Phi. 
according to whether the declara
tor is preceded by a type qualifi
er. The type declarators 'REAL', 
'INTEGER', and 'BOOLEAN' are elim
inated, as are the specificators 
'STRING', 'LABEL', and 'VALUE', 
and the delimiters 'COMMENT' and 
'CODE'. See item 4 below. 

3. All other delimiters (including 
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operators) are represented in the 
Modification Level 2 text by one-byte 
operators, or eliminated, as follows: 

a. Dual-character arithmetic, rela
tional, and logical operators are 
replaced by one-byte symbols. No 
change, beyond the initial trans
lation to internal code, is made 
in single-character operators. 

b. The separators comma, colon, deci
mal point, and := are uniquely 
represented by one-byte symbols. 
The semicolon is represented by 
the operator Semicolon, unless the 
semicolon follows a declaration 
(in which case it is replaced by 
the operator Delta) or a comment 
(in which case ~ eliminated). 
Semicolon or Qelta is followed by 
a two-byte Semicolon count. If a 
semicolon closes a declared proc€-

dure, the operator Delta is 
preceded by the symbol EpsIIOni if 
a semicolon closes a for state
ment" the opera tor Semicolon is 
preceded by the symbol Eta. 

A colon following a declared label 
is represented by the operator 
Label Colon. A lone period is 
eliminated, unless it is preceded 
or followed by a digit or +/
sign, in which case it is rep
resented resented as a Decirral 
Point. Apostrophes are eliminated 
except when followed by a digit or 
+/- sign (in which case the apos
trophe is replaced by the Scale 
Factor operator). The operator 
Apostrophe appears in the ~odi
fication Level 1 text solely in 
front of internal names represent
ing character strings and logical 
values. The parentheses ( and ) 
are transferred, except when they 
occur in parameter delimiters 
(which are replaced by the ~). 
The brackets (/ and /) are 
replaced by the symbols [ and 1, 
respectively. The string quote 
signs '(' and ')' enclosing char
acter strings" are eliminated. 

4. Declarations are removed or trans
ferred in modified form, as indicated 
below. All valid declared or speci
fied identifiers are entered in the 
Identifier Table. 

a. Type declarations are eliminated 
in their entirety from the ~odi
fication Level 1 text. 

b. Array and switch deClarations are 
transferred in modified form. The 
declarators are represented by 
one-byte operators. the declared 
identifiers by a maximum of six 
characters in internal code, 
together with switch components or 
array dimensions. 

c. Procedure declarations are trans
ferred in mOdified form. The dec
larator is represented by the sym
bol Pi (if the procedure is not 
type-qualified) or Phi (if the 
procedure is type-qualified). 
Procedure identifiers and the for
mal parameters in parameter lists, 
each represented by a maxirrurr of 
six characters, are tranSferred, 
but the value and specification 
parts of procedure headings are 
eliminated. The delimiter • CODE" " 
representing the body of a cede 
procedure, is replaced by the sym
bol Gemma., fallowed by six charac-



ters of the code procedure iden
tifier. 

d. Semicolons following all declara
tions, whether the declaration is 
represented in the Modification 
Level 1 text or not, are rep
resented by the operator Delta. 

5. The principal remaining changes rep
resented in the {Ilodification Level 1 
text are as follows: 

a. Character strings are replaced by 
five-byte internal names referenc
ing the location where each string 
was stored in the Constant Pool. 
The internal name is preceded by 
the Apostrophe operator. 

b. The logical values 'TRUE' and 
'FALSE' are replaced by internal 
names referencing the values one 
and zero, respectively, in the 
Constant Pool. The internal name 
is preceded by the Apostrophe. 

c. Number constants are transferred 
unchanged, except for the transla
tion to internal code mentioned in 
item 1, and the replacement of the 
point and apostrophe (representing 
respectively, the decimal point 
and the scale factor) by the Deci
mal Point and Scale Factor opera
tors. 

d. Valid labels are transferred, but 
the colon following a declared 
label is replaced by the Label 
Colon. 

e. Parameter delimiters of the form 
) LETTERS: ( are replaced by the 
Comma. If a parameter delimiter 
extends across two output buffers, 
the symbol Rho is inserted at the 
beginning of the second buffer, 
indicating to the Scan III Phase 
that the letters at the end of the 
preceding record are to be 
replaced by the Comma. 

f. The record-end operator Zeta is 
inserted at the end of every out
put record, except the last, in 
which the character Omega marks 
the end of the Modification Level 
1 text. 

All operands (identifiers) contained in 
statements in the source module are trans
ferred unchanged to the Modification Level 
1 text, except for the initial translation 
to the internal code mentioned in item 1 
above. 

The table in Appendix I-b indicates the 
complete scope of coded characters appear
ing in the Modification Level 1 source 
text. 

GROUP TABLE (GPTAB) 

The Group Table is constructed in the 
Scan 1/11 Phase and transmitted to the Scan 
III Phase via the Common Work Area. A 
three-byte entry is constructed for every 
block, procedure and for statement, indi
cating the Identifier Group Number 
(I.G.No.) of the enclosing block, proce
dure, or for statement, and, in the event 
the scope for which the entry is construct
ed is a for statement, indicating its 
serial For Statement Number incremented by 
one (F.S.No.+l). The Group Table is used 
in the Scan III Phase, in finding the 
Identifier Group Number of the enclosing 
scope, and in classifying the optimizabili
ty of for statements containing goto state
ments involving a branch out of the for 
statement. Entries are referenced by Iden
tifier Group Number. 

o 2 3 
Entry r---------------------T----------, 
for a forl<I.G.No. of enclosingl<F.S.No.+ll 
statement I scope> lof the fori 

I I statement> I L ____________________ ~ __________ J 

Entry forr---------------------T----------, 
a block I<I.G.No. of enclosingl<All I 
or I scope> I zeros>1 
procedureL--------------------~----------J 

Figure 21. Group Table entries for a for 
statement and for a block or 
procedure 

SCOPE TABLE (SPTAB) 

The Scope Table is constructed in the 
Scan 1/11 Phase and transmitted to the Scan 
III Phase in main storage. A one-byte 
entry is constructed for every for state
ment, indicating the Program Block Number 
(P.B.No.) of the enclosing block or proce
dure. The Scope Table is used in the scan 
III Phase in determining whether all terms 
of array subscript expressions occurring in 
for statements are declared outside the for 
statement (i.e. nct in a block enclosed by 
the for statement). 
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o 1 
r-----------------------------------------, 
I <P.B.No. of the block or procedure I 
I enclosing the for statement> I L _________________________________________ J 

Figure 22. One- byte Scope Table entry 

PROGRAM BLOCK NUMBER TABLE (PBTAB1) 

The Program Block Number Table is con
structed in the Scan 1/11 Phase and trans
mitted to the Identifier Table Manipulation 
Phase in main storage. A one-byte entry is 
constructed for every block and procedure, 
indicating the Program Block Number of the 
enclosing block or procedure. The Program 
Block Number Table is used in connection 
with the print-out of the Identifier Table 
listing in the next phase, in which the 
Program Block Number of the block or proce
dure embracing each block and procedure is 
shown. 

o 1 
r-----------------------------------------, 
I <P.B.No. of the block or procedure I 
I enclosing the block or procedure> I L _________________________________________ J 

Figure 23. One-byte Program Block Number 
Table entry 

PROCESSING OF OPENING SOURCE TEXT 

The source module as specified in the 
EXEC statement may be a program or a 
precompiled procedure. If the source 
module is a program, the operative 
(programming) text in the source module 
must be opened by the delimiter 'BEGIN'. 
If the source module is a precompiled 
procedure, the operative text in the source 
module must be opened by the delimiter 
'PROCEDURE' or by one of the delimiter 
sequences 'REAL' 'PROCEDURE', 'INTEGER' 
'PROCEDURE', or 'BOOLEAN' 'PROCEDURE'. 

Since the opening delimiter may be 
preceded by comment, provision is made in 
the Compiler to assure that, at the start, 
all text is disregarded until the correct 
delimiter or delimiter sequence is found. 
To facilitate the search for the correct 
opening delimiter, a number of special
purpose routines, as well as a switch named 
STARTBIT, are used. 

STARTB1T = 0 (off) signifies that the 
opening delimiter has not been found and 
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specifies, in general, that scanning for 
the appropriate character sequence is to 
continue. STARTBIT = 1 (on) signifies that 
the opening delimiter has been found. 

The chart in Figure 24 shows the logical 
flow through the routines which process the 
opening delimiter, and the function of the 
STARTBIT. In the TESTLOOP routine the 
condition STARTBIT off has the effect of 
limiting the character search to an 
apostrophe (the first of two apostrophes 
enclosing a delimiter word). When an a~os
trophe is found, control is passed to 
APOSTROF, which searches for the secend 
apostrophe and then branches to DELIMIT. 
In DELIMIT, the condition STARTBIT eff 
causes a branch to a s~ecial-purpose rou
tine, called STARTDEL, whose function is to 
activate FIRSTBEG, PROCEDUR, or TYPE, 
according to whether the delimiter is 
'BEGIN', 'PROCEDURE' or 'REAL', 'INTEGER', 
or 'BOOLEAN', respectively, and to return 
control to TESTLOOP in all other cases. If 
the source module is a ~rogram and the 
delimiter is 'BEGIN', STARTBIT is turned on 
by FIRSTBEG, thus signifying that the cor
rect opening delimiter has been found. If 
the source module is a ~recompiled proce
dure and the delimiter is 'PROCEDURE' or 
'<type>' 'PROCEDURE', STARTBIT is turned on 
by PROCEDUR. In all other cases, an error 
is stored in the Error Pool, and control 
returned to the TESTLOOP, which continues 
to scan for an apostrophe. 

CLOSE OF SCAN 1/11 PHASE 

The EODADIN routine, which closes the 
Scan 1/11 Phase and which transfers control 
to the succeeding phase, may be entered 
under four main conditicns: 

1. At the logical close of the source 
module, when the logical terminal 
delimiter ('END ' in most cases) has 
closed the outermost scope of the 
source module 

2. When an unexpected End of Data condi
tion occurs 

3. When a terminating syntactical error 
is detected in the source module 

4. When a program interrupt or unrecover
able I/O error occurs. 

Charts A, B, C and D in Figure 25 show 
the flow of control through the various 
routines before EODADIN is finally entered, 
under the four conditions mentioned. 



Opening 
delimiter 
found 

AYe, 

'" , 
,/"BraneR", 

<. accord. to "') 
' .... chcr. /"" 

",(/ 

r------t-------, 
t I I 
(COLON, POINT, SEMCO, etc. 

Opening 
delimiter 
found 

DigitI Invalid character 

TYPESPEC 
• Ye, 

(Normal processing) 

~ROCEDURE'~-------------------, 
Ye, 

t 
(Normal 
processing) 

Ye, 
/A, 

.,.,"'Branch', < acccrd. to " 
,~e1imit~/ 

'y/ 

Operator 

'" , 
",""Branch " < accord. to .? 
'.e~imi~ 

y 

Opening 
delimiter 
found 

(Continue scanning 
for opening delimiter) r---'-----, 

r------t-------, 
I t I 

1"'------+-----, 
Itt 

(NORMAL, TED, GIF, etc.) 

'PROCEDURE' 

(Begin normal 
processing) 

(NORMAL, TED, GIF, etc.) 

<Any other delimiter> 

ERRS 

(Continue scanning 
for opening delimiter) 

Figure 24. Chart showing the logical flow in the search for the opening delimiter 
and showing the function of the STARTBIT 

In Chart A, the logical close of the 
source module is detected by the PBLCKEND 
subroutine <activated by the delimiter 
'END' or a semicolon closing a block or 
procedure), when the stack operator Alpha 
shows that the bottom of the Scope Handling 
Stack has been reached, and that, accord-

ingly, the outermost scope of the source 
module has been closed. under these condi
tions, PBLCKEND specifies EODADIN as the 
EOD routine; turns a switch named ENDEIT 
on, and transfers control to COl'~~END, whose 
function is to bypass any comment and to 
find the semicolon (or the first apostrophe 
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of 'END' or 'ELSE') which terminates such 
comment. If the terminating delimiter is a 
semicolon, the condition ENDBIT=l causes 
control to be passed to READROUT, which 
scans the remaining source text for any 
characters other than a blank or the 
record-end operator Zeta. If any signifi
cant character is detected, an error is 
recorded in the Error Pool by ERR 9 before 
control is passed to EODADINi otherwise, 
READ ROUT continues reading the rema~n~ng 
source record (if any) until the Operating 
System transfers control to EODADIN at End 
of Data. The closing comment (if any) may 
be terminated (incorrectly) by 'END' or 
'ELSE'. When either of these delimiters 
has been identified by the DELIMIT and 
COMSPEC routines, control is passed to END 
or TED, in which the condition ENDBIT=l 
causes a branch to be taken to ERR9 before 
EODADIN is entered. 

In Chart B, the ENDMISS routine (which 
is specified at phase initialization as the 
EOD routine) is entered when the Operating 
Systeo has identified an unexpected End of 
Data condition. ENDMISS activates the 
PBLCKEND, FOREND, and/or TE~1BGN routines 
until all remaining entries of the Iden
tifier Table have been transferred to 
external storage and all stack operators 
have been released. Thereafter, an error 
message is stored in the Error Pool, and 
control is passed to EODADIN. 

In Chart C, the ERR4 subroutine is 
called when a terminating error has teen 
detected. ERR4 records the error in the 
Error Pool and then transfers control, 
through COMPFIN (which turns the TERR 
switch on -- See Appendix IV), to EODADIN. 
The condition TERR on causes EODADIN to 
transfer control to Diagnostic Output 
Module lEX 21, rather than to IEX20 
(Identifier Table Manipulation Phase). 

In Chart D., EODADIN is entered directly 
from the Directory routine PIROUT in the 
event of a program interrupt or an unrecov
erable I/O errOr. PIROUT, whose address is 
specified in the SPIE macro instruction 
executed in the Initialization Phase, pass
es control to the routine whose address is 
stored at ERET. ERET is updated at ini
tialization of the Scan 1/11 Phase, to 
specify the entry point of EODADIN. 

The Scan 1/11 Phase employs some 20 
local switches, over and above the common 
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switches in the HCOMPMOD Control Field 
(Appendix IV). The significance of the 
various switches, all of which are located 
in the Corr.mon Work Area, is indicated in 
the list which follows. The first switch 
in the list (FBYTE) comprises a full tyte, 
which may have three hexadecimal values. 
The remaining 19 switches are represented 
by the binary positions of three contiguous 
tytes named BITS1, BITS2, and BITS3 (Figure 
19), and may be either on (=1) or off (=0). 

FBYTE = X'OO' (set =X'OO' ty AFOSTROF) 
signifies that no particular set 
of delimiters is teing sought, and 
specifies to DELIMIT that a norrral 
branch is to te taken., according 
to the delimiter identified. 

= X'FO' (set =X'FO' by TYPE and 
IDCHECK) signifies that one of the 
delimiters 'REAL', 'INTEGER', or 
'BOOLEAN' is followed ty a second 
apostrophe, indicating another 
delimiter (which may logically 
only be 'PROCEDURE' or 'ARRAY') 
and specifies to DEII~IT that 
TYPESPEC is to te entered. 

BEGBIT: 

X'FF' (set =X'PF' by CO~) signifies 
that an end corrrr.ent is followed ty 
an apostrophe, indicating a delirr.
iter word (which may logically 
only be 'END' or 'ELSE'), and 
specifies to DEII~IT that CC~SFEC 
is to be entered. 

on (turned on by the BEGIN routine) 
identifies the fact that the delimi
ter 'BEGIN' has been encountered and 
specifies to all routines which 
process declarations, namely TYPE, 
PROCEDUR, SWITCH, and ARRAY, that 
the BEG1 subroutine is to te called 
before any declarations are prec
essed. Arrong other things, BEGl 
assigns a new Program Block Nurrber 
and transmits the one-tyte operator 
Beta to the output tuffer. 

off (turned off by the BEG1 subroutine) 
specifies that the BEGl has teen 
called and that the subroutine is 
not to be reactived until the delim
iter 'BEGIN' opening a new block has 
been identified. 



Chart A: End of .scan 1/11 Phase - Normal Close of Source Module's Outermost Scope 
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Chart B: End of Scan 1/11 Phase - Unexpected End of Data 
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Chart D: End of Scan 1/11 Phase - Program Interrupt or Unrecoverable I/O Error 

(from PfR_OLUT in Directory) 
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Figure 25. EJtits fro\n. Scan 1/11 ,Phase 
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PROBIT: 

on (turned on by the PROCEDUR routine> 
signifies that a procedure heading 
has been entered and specifies to 
declaration-processing routines 
that, until turned off, all declara
tive delimiters such as 'INTEGER', 
are to be processed as type speci
fiers of formal parameters, as 
opposed to type declarators. 

off (turned off by the STATE, BEGIN, 
FOR, and CODE routines, when a 
statement, or the delimiter 'BEGIN', 
indicating the end of a procedure 
heading, is identified> specifies to 
declaration-processing routines 
that, until turned on, all declara
tive delimiters are to be processed 
as type declarators, not as speci
fiers. 

DELTABIT: 

on (turned on by declaration-processing 
routines> identifies the fact that a 
declaration has been detected and 
specifies to the SEMCO routine that 
the semicolon immediately following 
is to be replaced in the output 
string by the one-byte operator 
Delta. 

off: (turned off by the SEMCO routine> 
signifies that, unless subsequently 
turned on, the next semicolon is to 
be represented by the Semicolon 
operator. 

IDBIT: 

on (turned on by the PROCID routine> 
signifies that the next identifier 
is the procedure identifier and spe
cifies that a program block heading 
entry is to be made in the Identifi
er Table to mark the beginning of a 
new identifier group. 

Qff (turned off by the PROCID routine> 
Signifies that the procedure heading 
entry has been made in the Identifi
er Table and specifies that the 
formal parameter part of the proce
dure heading is being processed. 

ARBIT: 
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on (turned on by the ARRAY routine> 
signifies that an array declaration 
has been identified and specifies to 
all routines that the character 
being processed forms part of an 
array list. 

off (turned off upon identification of a 
semicolon terminating an array dec-

laration and upon entry to the 
SWITCH routine> signifies to all 
routines that, unless turned on, the 
character being processed forms part 
of a switch list. 

LISTBIT: 

Qg (turned on by the ARRAY routine on 
recognition of a comma following an 
array identifier> signifies that the 
next identifier is a continuation of 
a list of declared array identifiers 
with the same dimension list, and 
specifies that a Comma is to be 
transferred to the output buffer to 
separate the last identifier from 
the next. 

off <turned off in the ARRAY routine> 
has no significance. 

TERBIT: 

~ (turned on by the ENDMISS routine 
after control has been passed to it 
by the Operating System at End of 
Data> speoifies to the PBLCKEND sub
routine that control is to be 
returned to ENDMISS. 

off (turned off at phase initialization> 
has no significance. 

ENDBIT: 

on <turned on by the PBLCKEND subrou
tine when a test shows that the 
Scope Handling Stack is empty, indi
cated by stack o~erator Alpha) Sig
nals the final exit from the outer
most scope of the source module, and 
specifies that any remaining text in 
the source module is to be disre
garded, and that if any text, other 
than comment, terminated by a semi
colon colon, is found, error No. 43 
is to be recorded. 

off <turned off at phase initialization> 
signifies that the delimiter which 
logically closes the source module 
has not yet been reached. 

COBIT: 

on <turned on in the COM routine> spe
cifies to the COM routine that the 
source string up to the next semico
lon is to be deleted. The charac
ters deleted may be a segment of the 
form: ' COMMENT' <comment>;. 

off <turned off by the CO~MEND routine> 
specifies that the source text up to 
the next semicolon or the delimiter 
"ELSE' or 'END', is to be deleted. 
This deletes: 



1. Any comment enclosed as follows: 
'END'<comment>'ELSE'/'END'/: or 

2. An erroneous statement or dec
laration (or portion thereof). 

STARTBIT: 

(turned on by the F1RSTBEG and PRO
CEDUR routines) signifies that the 
opening delimiter of the source 
module has been found. 

off (turned off at phase termination) 
signifies that the opening delimiter 
of the source module has not been 
found. See "Processing of Opening 
Source Text". 

VALBIT: 

PROBIT: 

(turned on by the VALUE routine) 
signifies to the SPEC routine that a 
value specification is being pro
cessed. 

(turned off in the IDCHECK routine) 
signifies that, unless turned on, a 
type specification (not a value 
specification) is being processed. 

(turned on by EODAD1N in the event 
the source module is a precompiled 
procedure) specifies to PBLCKEND 
that control is to be returned to 
EODADIN, after Program Block 0 in 
the Identifier Table has been trans
ferred to the SYSUT3 data set. 

off (turned off at phase termination> 
has no significance. 

FRSTPUT: 

(turned on by the GENERATE routine> 
signifies that the first PUT 
instruction has been issued, and 
that the address of an output buffer 
is available. 

off (turned off by the GENERATE routine> 
signifies that the first PUT 
instruction has not been issued. 

ENDELSEBIT: 

(turned on by the END routine when, 
after the delimiter 'END' has closed 
a block or compound statement, a 
test shows that the stack operator 
is For or Proc**> signifies that the 
embracing scope is a for statement 
Or a procedure which may be closed 
by a semicolon, and specifies to the 
COM routine that, if a semicolon is 
found to terminate the comment fol-

lowing 'END', a branch is to te 
taken to the COMPEND2 routine. The 
latter activates the FCREND or 
PBLCKEND subroutine, depending on 
whether the stack operator is For or 
Proc**. 

off (turned off by 
and TED routines) 
cance. 

the END, COMPEND2" 
has no signifi-

E11B1T: 

(turned on by ERRS) signifies that 
error No. 11 has been recorded, and 
that the error should not te record
ed again. 

off (turned off at phase initialization) 
signifies that error No. 11 has not 
previously been recorded. 

FMBIT: 

NOFREE: 

(turned on by PROCID) signifies that 
the formal parameter list of a 
declared procedure is teing pro
cessed and that the end of the list 
has not been reached: and specifies 
to IER that control is to be 
returned to PROCID after a defective 
parameter has been processed. 

(turned off by PRCCID when the serri
colon following a formal parameter 
list is found) has no particular 
signif icance. 

(turned on in CLOSE2) signifies that 
main storage for the private area 
has not been acquired, and specifies 
to EODAD1N that a FREEMAIN macro 
instruction is not required. 

off <turned off at initialization) has 
no particular significance. 

FRSITB: 

<turned on in PBLCKEND after the 
first Identifier Table record has 
been output on SYSUT3) signifies 
that a CHECK macro instruction 
should be issued tefore each sutse
quent output operation. 

off (turned off at initialization) sig
nifies that no previous output has 
taken place on SYSUT3 and that, 
accordingly, a CHECK macro instruc
tion is not required tefore the next 
output operation. 

PROCESD: 

on (turned on in the PROCEDUR routine) 
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signifies that the source module is 
a precompiled procedure and speci
fies to the PROCID routine that an 
ESD record is to be made for the 
procedure name. 

off (turned off by the PROCID routine) 
signifies that the source module is 
a program, or that the ESD record 
for a precompiled procedure has been 
generated. 

CONSTITUENT ROUTINES OF SCAN 1/11 PHASE 

The principal constituent routines of 
the Scan 1/11 Phase are described below. 
The page on which each routine is described 
and the flowchart in the Flowchart Section 
in which the general logic of the routine 
is set forth may be found with the aid of 
the Index in Appendix XI. 

The position of the major routines in 
the overall logical organization of the 
phase may be determined by reference to 
Flowcharts 011 and 012 in the Flowchart 
Section. 

PHASE INITIALIZATION 

The Initialization routine gets main 
storage for the private work area shown in 
Figure 26; initializes pointers; specifies 
EOD and program interrupt-I/O error rou
tines; assembles headlines for the source 
module listing; and activates the Change 
Input Buffer subroutine (CIB). The routine 
exits to TESTLOOP. 

The entry pOint of the routine activated 
in the event of a program interrupt or an 
I/O error (both of which terminate 
compilation) is stored in ERET, the loca
tion referenced by the Program Interrupt 
routine (PIROUT) and the I/O Error routines 
(SYNAD and SYNPR) in the Directory. The 
entry point CLOSE2, specified at entry is 
changed, after the GETMAIN instruction haS 
been issued, to EODADIN. Both CLOSE2 and 
EODADIN close data sets and transfer con
trol to Diagnostic output Module IEX21. 
EODADIN in addition releases main storage. 
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(Space reserved for constants 0 - l5, 
stored in Constant Pool at phase ter-
mination - displacement 64) 

Constant Pool 

(4096) 

ScoE;e Handline Stocle 

(1000) 

Identifier Table Buffer 

(2000) 

Source Buffer No.2 * 

(Heading entry for P .B.O constructed 

Identifier Table (ITAB). 

MGESlTL = ITAB length 

* Area size specified by Area Size Table in Common Work Area. See Appendix VIII for the 
variation in area sizes as a function of the SIZE option. 

Figure 26. Private Area acquired by the 
Scan 1/11 Phase., showing pcin
ters initialized 

The entry, ENoMISS, in the event of an 
End of Data (EOD) ccndition on the SYSIN 
data set is stored at EODIN, the location 
referenced by the End cf Data Exit routine 
in the Directory. 

The GETMAIN instruction for the private 
work area is executed after the total area 
required has been computed. The area sizes 
needed for the Identifier Table and Source 
Buffer No.2, which depend on the capacity 
of the system used, are obtained from the 
Area Size Table entries named ITAB10S and 
SRCE1S, respectively. The areas allocated 
to the Constant Pool, Stack, and ITAE 
buffer are fixed at 4096, 1000 and 2000 
bytes, respectively, for all systems. The 
various pointers initialized are shown in 
Figure 26. A fuller explanation of the 
pointers LPBP and LIGP is given under the 
heading "Processing of the Identifier 
Table". 



r--------------------------------, 
r----------------->I (Source Buffer No.1) I I L ________________________________ J 

o I 4 8 t t 

r----+----~--------, 
ADDARI IA(Buff l)IA(Buff 2)1 EAP (Reg. 3) APE 

L ___ -L ___ -L ___ ~----J 

I r--------------------------------, o 1 L _____ ~->I (Source Buffer No.2) I 
r--------, 

L ________________________________ J 

DISP I 0 or 4 I L ________ J 

Figure 27. Source text buffers and pointers 

Source Buffer No. 2 is the second of 
two buffers used for output of the modified 
source text generated by the phase. Buffer 

'No. 1 is set up in the Common Area by the 
Initialization Phase, its beginning address 
being stored at SRCE1ADD and its end 
address at SRCE1END. The present initiali
zation routine stores the addresses of both 
buffers in an eight-byte field named AD DAR
I, and then initializes the pointers EAP 
(Register 3) and APE for Source Buffer No. 
1 (see Figure 27). EAP and APE are updated 
whenever buffers are exchanged by the 
Change Output Buffer subroutine (COB). The 
particular address loaded in EAP from 
ADDARI is determined with the aid of a 
control byte named DISP (reset from 0 to 4 
and vice versa just before EAP is updated), 
which specifies the displacement (0 or 4) 
from ADDARI. 

A heading entry (Figure 28) for Program 
Block 0 (an arbitrarily defined block 
enclosing the source module) is constructed 
in the Identifier Table. The current entry 
position AITL is set to point to the next 
free entry in the Identifier Table. 

o 3 4 5 6 11 
r----------T----~---y_---y_--------------, 

I I FF I I 2B I I L __________ ~ ____ L_ ___ L_ ___ L_ ______________ J 

Figure 28. Heading Entry constructed at 
initialization in Identifier 
Table for Program Block 0 

The following dispositions are made in 
the Cornmon Work Area, in which the address
es of the various tables and other fields 
are defined by a dummy control section in 
IEX11. The address of an 88-byte dummy 
print area named SAVEPRNT is stored at 
APRINTAR. If the SOURCE option is not 
specified, the Change Input Buffer subrou
tine (CIB) moves each source record to 
SAVEPRNT, in order that strings may be 
stored in the Constant Pool in external 
code. If, however, SOURCE is specified, 
indicating that a listing of the source 
module is to be printed, source records are 

moved instead to a print toffer specified 
by the PRINT routine in the Directory. In 
this case, the address in APRINTAR will be 
replaced by the address of the print buf
fer. 

In preparation for the print-out of a 
source module listing, the headlines 
("SOURCE PROGRAM" for the first line and 
"SC SOURCE STATEMENT" for the second line) 
are moved to a field named PAGE HEAD in the 
Common Work Area from the locations HDING1 
and HDING2. The headlines are printed out 
by the Directory PRINT subroutine, on call 
from CIB, if the SOURCE option is speci
fied. 

The 

BITS1 BITS2 BITS3 
r--, r--, r--, 

01 I BEGBIT 01 IENBIT 01 IE11BIT 

.--~ .--~ J--~ 
11 IPROBIT 11 ICOBIT 11 IFMBIT 

.--~ .-~ .--~ 21 IDELTABIT 21 ISTARTBIT 21 I NOFREE 

.--~ .--~ .--i 
31 I IDBIT 31 IVALBIT 31 IFRSITB 
.--i J--~ .--4 

41 IARB1T 41 IPBOBIT 41 IPROCESD 
~--i .-~ .--i 

51 I LISTBIT 51 INot used 51 I Not used 
~--~ ~--~ ~--i 

61 INot used 61 IFRSTPUT 61 I Not used 
~--i J-~ .--i 

71 ITERB1T 71 IENDELSEBIT 71 I Not used 
L __ J L __ J L-_J 

Figure 29. Switches 
Phase 

used in Scan 1/11 

See "Switches" in this chapter. 

The Program Block Counter (PBC', Iden
tifier Group Counter (IGC), Semicolon Coun
ter (SC), For Statement Counter (FSN), and 
output Record Counter (ONC) are initialized 
at 0, and the first entries (0) for Progra~ 
Block 0 are made in the Program Block 
Number Table (PBTAB1), Group Table (GPTAB), 
and Scope Table (SPTAB). The control 
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switches used in the phase, which are 
contained in three bytes named BITS1, 
BITS2, and BITS3, are zero-set. The 
switches in each byte are shown in Figure 
29. Their function and significance is 
explained elsewhere in this chapter under 
"Switches" • 

OPIN and LAPIN are the names of two 
special-purpose output buffer pointers. 
OPIN is always adjusted to point to the 
character that may precede a label or begin 
a parameter delimiter. These include 
Begin, ~, Do, Else, Delta, semicolon, 
and). At OPIN + 4 is noted the number of 
the output record (ONC) " in which the 
character pointed at by OPIN is to be 
found. LAPIN points to the first byte 
following that pointed at by OPIN, where 
the letter string or label may begin. OPIN 
and LAPIN may be separated by two or more 
characters. OPIN and LAPIN are used when 
declared labels are entered in the Iden
tifier Table or when a letter string is 
replaced by a Coronia. 

T'eta 
/\ 

I 
I 

OPIN 

<PBN><IGN> 
/\ 

I 
I 

LAPIN 

/\ 

I 
I 

OPIN 

<SC> 
/\ 

I 
I 

IAPIN 

Before exit to the TESTLOOP routine, the 
Change Input Buffer subroutine (CIB) is 
called. CIB activates the PRINT subroutine 
in the Directory (if SOURCE is specified), 
which, prints out the headlines assembled at 
PAGE HEAD and returns with the address of 
the print buffer. CIB then gets the first 
record in the Wor~ Area (WA), moves it to 
the print buffer (or a dummy print area), 
translates the record to internal code, and 
returns control to Initialization, after 
having loaded the address of WA in REGI 
(Register 1). In the TESTLOOP routine, 
which is now entered, as well as in all 
routines which scan or ins Fect characters 
in the translated source text, REGI func
tions as the Work Area pointer. 

MAIN LOOP (TESTLOOP) 

TESTLOOP scans the translated source 
text in the Work Area, by means of a 
Translate and Test instruction, for anyone 
of 14 characters assigned a nonzero func
tion byte in Translation Table TESTTABL; 
moves the scanned text to the output buf
fer; and branches to the routine whose 
address is specified in an entry of Branch 
Address Table BPRTAB. The displacement of 
the entry in BPRTAB is given by the value 
of the character's function byte. 
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Hexadecimal 
Diselacemen t Content of Entry 

00-03 All zeros 
04 Address of TRANSOP 
08 Address of TRANSOP 
OC Address of TRANSOP 
10 Address of TRANSOP 
14 Address of TRANSOP 
18 Address of TRANSOP 
1C Address of CCLON 
20 Address of SEMCO 
24 Address of RIGHTPAR 
28 Address of BLANK 
2C Address of ERR1 
30 Address of POINT 
34 Address of APOSTROF 
38 Address of CIB 
3C Address of ASSIGN 
40 Address of DECPOIN'I 
44 Address of ERRS 
48 Address of BLKAPOS 
4C Address of NPAFTAPO 
50 Address of SCALE 
54 Address of COLONLIST 
58 Address of SEMCLST 
5C Address of DELIMIT 
60 Address of ZETAAPO 
64 Address of EROUT 
68 Address of LEFTPARL 
6C Address of RIGHTPARL 
70 Address of PZETA 
74 Address of ASSIGN 
78 Address of DECPOINT 
7C Address of ERR5A 
80 Address of COMMALS'I 
84 Address of POINLST 
88 Address of SLASHLST 
8C Address of QUOTE 
90 Address of SEMC60 

Figure 30. Branch Address Table BPRTAB 

The function byte assigned by TES'ITABL 
to each character, and the routines entered 
from TESTLOOP, are as follows: 

Function Routine 
Character Byte Entered 

Blank 28 BLANK 

* 04 TRANSOP 
/ 08 " 
( OC " 
> 10 " 
< 14 " 
Not 18 " 
) 24 RIGHTPAR 
Point 30 POINT 
Apostrophe 34 APOSTROF 
Colon 1C COLON 
semicolon 90 SEMC60 
Invalid Character 2C ERR 1 
Zeta 38 CIB 
<All other 00 (No branch, 
characters> scanning 

continues) 



The branching action just described is 
dependent on the condition that the correct 
delimiter word opening the source module 
has been found (STARBIT=l). See 
"Processing of opening Source Text". 

The transfer of scanned source text from 
the Work Area to the output buffer is 
handled by MSBLOOP (Move Scanned Bytes 
Loop). 

Branch Address Table BPRTAB is ref
erenced by most routines which determine a 
branch on the basis of a Translate and Test 
instruction. 

BLANK (BLANK) 

BLANK steps the Work Area pointer REGI 
to the next nonblank character and returns 
control to the calling routine (TESTLOOP or 
LIST). A scan, using Translation Table 
BTABLE, is initiated if a string of blanks 
is indicated by a second blank following 
the first. BTABLE assigns function byte FF 
to all characters except a blank, which is 
assigned a zero function byte. 

TEST AND TRANSFER OPERATOR (TRANSOP) 

TRANSOP determines if any of the charac
ters *, /, (, <, >, or Not is associated 
with an immediately following character, 
and if so, transfers a one-byte operator 
representing the two characters in combina
tion. Otherwise, the character is trans
ferred unchanged. 

The determination is made by comparing 
the succeeding character with a key, con
tained in a table named KEYTAB (Figure 31). 
The key used is specified by the function 
byte assigned the particular character in 
the TEST LOOP or LIST routines, from which 
TRANSOP is entered. 

Current Operator (CO) represents the 
character in the source text which acti
vates TRANSOP. The Expected Operator (EO) 
is the character with which the succeeding 
character is compared. The Resultant Oper
ator (RO) represents the logical result of 
CO in combination with EO. RO is trans
ferred to the output buffer, if the suc
ceeding character agrees with EO. CO is 
transferred if the succeeding character is 
any character other than EO (excepting 
blank, which is disregarded, and the 
record-end operator Zeta, which causes the 
CIB subroutine to be called). 

Asterisk 

Slash 

Left 
Parenthesis 

Less than 

Greater than 

Not 

Resultant Current Expected 
Operator Operator Operator 

(RO) {CO} (EO) 
r--------T--------T--------, 
I Power I * I * I 
~--------+--------+--------~ 
I ] I / I } I 
~--------+--------+--------~ 
I [ I ( I / I 
I I I I 
~--------+--------+--------~ 
I ~ I < I = I 
~--------+--------+--------~ 
I ~ I > I = I 
~--------+--------+--------~ 
I :f: I , I = I L ________ ~ ________ L-_______ J 

Figure 31. KEYTAB keys used in TRANSCP 
routine 

RIGHTPAR 

RIGHTPAR transers the ) operator to the 
output buffer, and sets the pointers CPIN 
and LAPIN (see "Phase Initialization"). 

POINT 

POINT inspects the character which fol
lows a point, using a Translate and Test 
instruction, and branches to one of six 
routines according to the value of the 
function byte assigned the character in 
Translation Table PTTABLE. The address of 
the routine entered is obtained from an 
entry in Branch Address Table (BPRTAE), 
whose displacement equals the value of the 
assigned function byte. 

The function byte assigned by PTTABLE to 
each character, and the routines entered 
from POINT, are as follows: 

Character 

<Digit 0-9> 
Equal Sign 
Point 
Comma 
<Letter or 
Delimiter> 
Zeta 
<All other 
characters> 

Function 
~ 

40 
3C 
1C 
20 
44 

38 
00 

Routine 
Entered 

DECPOINT 
ASSIGN 
COLON 
SEMCO 
E~R5 

CIB 
(No branch, 
scanning 
continues) 
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DECIMAL POINT (DECPOINT) 

DECPOINT transfers the Decimal Point 
operator. 

ASSIGNMENT (ASSIGN) 

ASSIGN transfers the Assign operator and 
passes control to STATE. 

STATEMENT (STATE) 

STATE is entered when a statement, iden
tified by an assignment operator or a 
label, or by the delimiters 'GOTO', 'FOR', 
or 'IF', has been recognized. It serves to 
determine if the statement constitutes the 
body of a procedure, and if so, to stack 
the operator Proc in place of Proc** (see 
"Scope Handling Stack"). 

APOSTROPHE (APOSTROF) 

APOSTROF has the main function of deter
mining if an apostrophe opens a delimiter 
or if it represents a scale factor. APOS
TROF inspects the characters following the 
apostrophe by means of a Translate and Test 
instruction, and branches to one of six 
routines, determined by the function byte 
assigned the particular character in Trans
lation Table ATABLE. The branch is made by 
reference to Branch Address Table (BPRTAB). 

The function byte assigned to each char
acter in ATABLE, and the routines entered 
from APOSTROF, are as follows: 

Character 

<Digit 0-9 or 
+/- sign> 
Blank 
Zeta 
Invalid Character 
Apostrophe 
Not,Or,And,Comma,) 
or Point 
<Any letter>, 
/ or ( 

Function 
Byte 

50 

48 
60 
4C 
5C 
64 

00 

Routine 
Entered 

SCALE 

BLKAPOS 
ZETAAPO 
NPAFTAPO 
DELIMIT 
EROUT 

(No branch, 
scanning 
continues) 

As indicated above, letters are assigned 
zero function bytes and are accordingly 
by-passed in the scan. Thus, for example, 
the letters separating the apostrophes in 
the delimiter word 'BEGIN' would be 
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bypassed. The closing apostrophe, however, 
would terminate the scanning operation, and 
a branch would be taken to the Delirri ter 
routine (DELIMIT). 

The particular action taken by the 
SCALE, NDAFAPO, DELIMIT, and EROUT routines 
is governed by a control byte called FBYTE, 
which may have one of three hexadecimal 
values: 00, FO, or FF. FBYTE is set to 
X'OO' in APOSTROF; to X'FO' in TYPE and 
SPEC; and to X'FF' in COM. The function of 
FBYTE is to specify whether or not a 
specific choice of delimiter words is being 
sought in the source text. Thus, for 
example, when the TYPE routine determines 
that an apostrophe immediately follows one 
of the delimiters 'REAL', 'INTEGER', or 
'BOOLEAN', indicating a second delimiter in 
a sequence '<type>' 'PROCEDURE' or '<type)' 
'ARRAY', it sets FBYTE to X'FO' in order to 
specify that the following delimiter must 
be 'PROCEDURE' or 'ARRAY', and that an 
error is to be recorded if any other 
delimiter is found. TYPE then passes con
trol to the APOSTROF routine (by way of the 
ENTRAPR entry point), which then enters 
DELIlUT or EROUT. FBYTE=' FO' causes DELIM
IT or EROUT to pass control to TYPESPEC, 
which then determines if either of the 
acceptable delimiters follows. When the 
COM routine encounters an apostrophe at the 
end of a sequence of comment following 
'END', indicating that a delimiter fOllows, 
it sets FBYTE to X'FF' to specify that any 
delimiter except "END" or "ELSE" is to be 
disregarded, and passes control to the 
APOSTROF routine by way of the ENTRAPR 
entry point. In the DELIMIT and EROUT 
routines which are subsequently entered, 
FBYTE=X'FF' causes a branch to COMSPEC, 
which then determines if the following 
delimiter is 'END' or 'ELSE'. FBYTE=X' 00 , 
signifies generally that no specific choice 
of delimiter words is being sought.. FBYTE 
is set to X'OO' by APOSTROF on entry from 
TESTLOOP. When a specific choice of delim
iters is sought, as in the conditions 
described above, the APOSTROF routine is 
entered (from TYPE, SPEC, and COM) by way of 
ENTRAPR, in which case FBYTE will have teen 
previously set to X'FO' or X'FF'. 

SCALE FAC'IOR (SCALE) 

SCALE transfers the Scale Factor opera
tor. 

BLANK AFTER APOSTROPHE (BLKAPOS) 

The source text is scanned, with the aid 
of Translation Table BTABLE, to the next 



non-blank character, after which the first 
apostrophe and any following characters are 
right-shifted by the nUluber of blanks 
scanned. 

ZETA AFTER APOSTROPHE (ZETAAPO) 

The first apostrophe and any following 
characters are moved to a field narned 
WABEFOR in front of the Work Area, after 
which a new source record is read in by the 
CIB subroutine. 

INVALID CHARACTER AFTER APOSTROPHE 
(NPAFTAPO) 

An error (No.1) is recorded, after which 
BLKAPOS is activated, which moves the apos
trophe and following characters right, 
deleting the invalid character. 

COLON (COLON) 

The COLON routine leads into 
ASSIGN,LETDEL, or LABEL according to wheth
er the colon in the source text precedes an 
equal sign, a left parenthesis, or any 
other character, identifying respectively, 
the assignment operator :=, a parameter 
delimiter of the form )LETTERS:(, or a 
label, e.g., LABEL: xyz. 

The character string representing a 
label or a letter string is processed in 
the output buffer (where it will have been 
transferred by the TESTLOOP routine before 
control was passed to COLON on detection of 
a colon), rather than in the Work Area. 
The start of the character string is found 
with the aid of the pointers OPIN and LAPIN 
(see "Phase Initialization"). OPIN always 
points to the last transferred operator 
which may precede a label or letter string. 
LAPIN points to the first byte where a 
label or letter string may begin (usually 
the next byte to the right of that pointed 
at by OPIN). Individual characters of a 
label or parameter delimiter in the output 
buffer are addressed with the aid of poin
ter PIN. 

LABE L (LABEL) 

Provided the label does not begin in the 
output buffer preceding the last one (in 
which case the label exceeds the output 

buffer length and compilation is 
terminated), the label is checked for vali
dity. If all characters of the label are 
valid, up to six characters of the label 
are copied into an entry for the label in 
the Identifier Table. If anyone character 
is invalid, Error No.8 or 7 is recorded in 
the Error Pool, and the Identifier Table 
entry is erased, by a branch to ITABCLElIR. 

LETTER DELIMITER (LETDEL) 

Beginning with the character pointed at 
by pointer LAPIN, the character string in 
the output buffer is checked. If all of 
the characters are letters, in which case 
the character string qualifies as a letter 
delimiter, and if the letter delimiter 
begins in the current output buffer, a 
Comma is transferred to the output buffer, 
replacing the right parenthesis, and the 
letter delimiter is deleted. If the letter 
delimiter began in the preceding output 
buffer, the operator Rho is transferred to 
the first byte of the current output buf
fer, and that part of the letter delimiter 
in the current buffer is deleted. Rho 
serves in the Scan III Phase to signal that 
the immediately preceding characters up to, 
and inclUding, the last right parenthesis 
are to be deleted and replaced by a ~. 

SEMICOLON <SEMCO AND SEMC60) 

SEMCO: Depending on whether the semico
lon in the source text terminates a state
ment or a declaration (indicated by 
DELTABIT=l), a Semicolon or Delta symbol is 
transferred, followed by the current Semi
colon Count. If the semicolon terminates a 
statement (DELTABIT=O), the operator in the 
Scope Handling Stack is tested to determine 
if the semicolon closes a single-statement 
procedure of a for statement. If so, the 
PBLCKEND or FOREND subroutine is called. 

SEMC60, entered On detection of the 
single-character semicolon, turns on the 
SET60 switch in the HCOMPMOD Control Field 
(Appendix IV), before entering sEMCO. 

ERROR RECORDING ROUTINES 

The error recording routines, narred 
below, administer the storage of error 
pa tterns in the Error Pool. They are 
called by the various routines of the Scan 
1/11 Phase on detection of syntactical 
errors in the source text. A majority are 
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subroutines which return control to the 
calling routine after the error pattern has 
been stored. certain of the routines exit 
to the TESTLOOP routine, while those rou
tines which administer the storage of ter
minating error patterns pass control (via 
COMPFIN) to EODADIN, which transfers con
trol to diagnostic output module IEX2!. 
The content of the error pattern is des
cribed in Chapter 9. 

The typical call to an error recording 
subroutine has the form: 

BAL REGB, <Error Routine Name> 
DC X'041C' 

On entry to the called subroutine. REGB 
contains the address of the i~nediately 
following parameter list, the first byte of 
which specifies the error pattern length 
while the second byte specifies the error 
number. 

The typical return to the calling rou
tine from the called subroutine is of the 
form: 

BC 15,2(0, REG B) 

This specifies a return to the instruc
tion following the parameter list in the 
calling routine. 

The error recording routines may be 
divided into service routines and call 
routines. Service routines are those which 
actually store message patterns in the 
Error Pool, or which handle the necessary 
processing preliminary to the storage of 
error patterns. Call routines are those 
which receive calls for the recording of an 
error and which, in turn, issue calls to 
the· appropriate service routines. Call 
routines may also move source text into an 
error pattern at an address specified by a 
service routine. 

The service routines are the following: 

ERROR1: Stores the first four bytes of 
every Error Pool entry, containing the 
entry length, error number, and semi
colon count. The entry length and 
error number are fetched from the 
parameter list specified by the call
ing routine. ERROR1 also updates the 
Error Pool pointer (NEXTERR) in readi
ness for the next entry, making allo
wance for any source text to be subse
quently inserted. The address of the 
current Error Pool entry is transmit
ted in REGY. In the event of an Error 
Pool overflow, a branch is made to 
ERRO. 
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ERROR! is activated every time an 
error pattern is stored in the Error 

Pool. except in the case of. Error No. 
O. 

ERROR2: Calculates the length of an iden
tifier or delimiter addressed by a 
pointer named IN and storeS the length 
in the parameter list of the calling 
routine. 

ERR2D: Activates ERROR2 (which computes an 
identifier's or delimiter's length and 
stores the length in a pararoeter 
list), and ERROR! (which stores the 
length, error number and semicolon 
count in an error pattern); moves the 
identifier or delimiter addressed by 
IN to the Error Pocl entry addressed 
by REGY; and returns control to the 
calling routine. 

the pointer IN to the 
for an identifier in the 
Table" then branches to 

ERR2: Sets 
entry 
tifier 
(which 
the aid 

stores the error pattern 
of ERROR2 and ERRORl). 

last 
Iden
ERR2D 
with 

ERR2B: Sets the pointer IN to an entry in 
the Identifier Table for a procedure 
identifier, then branches to ERR2D 
(which stores the error pattern with 
the aid of ERROR2 and ERROR!). 

ERR2E: sets the pointer IN to a location 
called IDBUCKET (see Type specifi
cation routine IDCHECK) containing a 
procedure parameter, then branches to 
ERR2D (which stores the error pattern 
with the aid of ERROR2 and ERROR1). 

ERR2C: Moves six characters of an erro
neous delirriter to a location narred 
BUCKET, sets pointer IN to that loca
tion, and branches to ERR2D (which 
stores the error pattern with the aid 
of ERROR2 and ERROR1). 

ERR?: Activates ERRORl (which stores the 
length error number and semicolon 
count in an error pattern). ERR? is 
called where the error pattern ccn
tains no source text. 

ERRO: Records a terminating error indicat
ing an overflow of the Error Pool, and 
transfers control to the terminating 
routine EODADIN (via COMPFIN, which 
turns the TERR switch on). 

The call routines are described below. 
certain of the routines handle specific 
errors and, in calling the service routine, 
specify a parameter list for the particular 
error. Other routines handle more than cne 
error. the parameter list being specified 
by the calling routine in which the error 
is detected. 



ERR1: Calls ERR7, specifying a parameter 
list for Error No.l. 

ERR3: Calls ERROR1, specifying a parameter 
list for Error No.3, then moves the 
characters previously stored at BUCKET 
by the Colon routine into the error 
pattern set up by ERROR1. 

ERR4: Calls ERROR1 and passes control (via 
COMPFIN) to the EODADIN routine. ERR4 
is called by numerous routines on 
detection of any terminating error. 
(See also "Close of Scan 1/11 Phase"). 

ERRSA: Calls ERROR1, specifying a paramet
er list for Error No. 35. 

ERRS: Calls ERROR1, specifying a parameter 
list for Error No.2. Exits to TES
TLOOP or LIST. 

ERR6: Depending on two switches (which may 
cause a branch to other routines), 
calls ERROR1 and moves six characters 
of a delimiter from the Work Area into 
the error pattern set up by ERROR1. 

ERR8: Depending on a switch~ calls ERROR1, 
specifying a parameter list for Error 
No.11. Exits to TESTLOOP or LIST. 

ERR18: Calls ERROR1, specifying a paramet
er list for Error No. 18. 

ERR9: Calls ERR7, then 
to EODADIN (see 
1/11 Phase"). 

transfers control 
also "Close of Scan 

ERROR10: Calls ERR2B, specifying a param
eter list for Error No. 10 (which 
indicates that certain parameters of a 
procedure have not been specified). 
On return, ERROR10 inserts an all
purpose internal name in the 
Identifier Table entries representing 
the unspecified parameters. 

ERR21: stores the length of a declarative 
delimiter in a parameter list for 
Error No.21; calls ERROR1, specifying 
the parameter list; and then moves the 
delimiter from the Delimiter Table 
into the error pattern set up by 
ERRORl. 

CHANGE INPUT BUFFER (CIB) 

CIB gets an SO-character record of the 
source text from the SYSIN data set into 
the Work Area (WA); copies the record into 
a print buffer or a dummy print area; and 
translates the record in the Work Area to 
the internal code (Appendix I-a). If the 
SOURCE option is specified, a branch is 

made to the PRINT subroutine in the Direc
tory, which prints out the record previous
ly moved to a print buffer, and transn:its 
the address of a new print buffer, to which 
the newly obtained source record will be 
moved. CIB is called by all routines which 
scan the source text, on recognition of the 
recorded operator Zeta. The latter is 
inserted by CIB at the end of each tran
slated record in the Work Area. 

In the event the source module is in ISO 
code, each record is first translated to 
EBCDIC code by searching for the characters 
(, ), =, + and the apostrophe (the only 
characters whose representation differs 
between the EBCDIC and ISO codes) and 
replacing these characters by their EBCDIC 
combinations. This conversion simplifies 
the subsequent translation to internal code 
and facilitates printing the source text on 
the printer. in Which the code implen:ented 
is EBCDIC. 

The translation to internal code is made 
with the aid of translation table TRLTAE~E, 
and produces the character set shown in 
Appendix I-a. 

IDENTIFIER TEST (IDCHECK1) 

IDCHECK1 is entered from the PROCID, 
ARRYID, and SWITCH routines, after a test 
has determined that the first character of 
a procedure, array, or switch identifier is 
a letter. IDCHECKl transfers the letter to 
an entry in the Identifier Table and to the 
output buffer; inspects the following char
acters of the identifier, similarly trans
ferring the next five characters. provided 
they are letters or digits; and returns 
control on detection of any character other 
than a letter or digit. 

CHANGE OUTPUT BUFFER (COB AND COBSPEC) 

See also "Phase Initialization". 

COB determines if the last byte but one 
in the current output buffer has been 
filled (by comparing pointer EAP (register 
3) with buffer-end pointer APE), and if so., 
transfers the buffer-end indicator Zeta to 
the last byte pointed to by EAP; writes out 
the current buffer (whose address is stored 
at WADDARI); and resets pointers EAP and 
APE to an alternate buffer, addressed by 
ADDARI + DISP storing the address of the 
new buffer at WADDARI. If the current 
buffer has not been filled. COB returns 
control to the calling routine. COB is 
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called in advance of every transfer of one 
or more characters to the output buffer. 

COBSPEC, a special entry point of COB, 
includes a test as to whether a variable 
number of unfilled bytes (two or more) 
remain in the current buffer. The test 
consists in comparing REGO (instead of EAP) 
with APE, where REGO, preset by the calling 
routine, indicates the current address 
value of EAP, incremented by the required 
number of bytes. COB SPEC is called when a 
unit of data may not be split between 
records (e.g. the three-byte unit trans
ferred by SEMCO, containing the Semicolon 
(or Delta) and the semicolon count). 

DELIMITER (DELIMIT) 

DELIMIT is entered from APOSTROF when 
the second of two apostrophes enclosing a 
delimiter word has neen identified. DELIM
IT compares the characters enclosed by 
apostrophes with a set of delimiter words 
in the Delimiter Table (W1TAB -- Figure 
32), and when the corresponding word has 
been located, branches to the routine whose 
address is specified in an entry of the 
Branch Address Table (DELPRGTB). The dis
placement of the entry in the Branch 
Address Table is indicated opposite the 
delimiter in the Delimiter Table. 

The delimiter in the source text is 
compared with the group of words in the 
Delimiter Table having the same number of 
characters. The length of the delimiter in 
the source text is contained in REGL. The 
particular word group in the Delimiter 
Table, with Which the comparison is to be 
made, is found with the aid of a look-up 
table (L1TAB) consisting of ten four-byte 
entries each containing the address of the 
particular word group. Thus, the address 
of a given word group comprising words of 
the same length (REGL) as the source delim
iter, is contained in the entry specified 
by L1TAB + 4*C(REGL). Within a given word 
group, the entries for all words are uni
form in length, being equal to the number 
of characters in the word, plus three (a 
two-byte characteristic or operator and a 
one-byte displacement - the displacement of 
the corresponding entry in the Branch 
Address Table, DELPRGTAB). The number of 
entries in the word group is indicated in 
the byte preceding the word group (loaded 
in REGY). 

If the apostrophes enclose no 
ters, Error No. 12 is recorded. 
apostrophes enclose more than ten 

60 

charac
If the 

charac-

ters, or if the comparison described above 
produces no corresponding Delimiter Table 
entry, control is passed to the Delimiter 
Error routine (EROUT). 

After a delimiter has been correctly 
identified, a test is made of the STARTEIT 
to determine if the correct delimiter open
ing the source module has teen found 
(indicated by STARTBIT=l). If not. control 
is passed to STARTDEL (see "Processing of 
Opening Source Text"). Otherwise. the rou
tine corresponding to the delimiter iden
tified is entered. 

Before the comparison described above is 
initiated, a test is made of the switch 
named FBYTE. FBYTE=X'FO' signifies that 
one of the delimiters 'PRCCEDURE' or 
'ARRAY' is being sought: while FBYTE=X'FF' 
signifies that one of the delimiters 'ELSE' 
or 'END' is being sought. In either of 
these cases, control is passed to TYFESPEC 
or COMSPEC (See also APOSTROF). otherwise 
(FBYTE=X'OO'), a normal comparison is ini
tiated. 

DELIMITER ERROR ROUTINE (EROUT) 

EROUT is entered from APOSTROF, when the 
closing apostrophe of a delimiter word is 
mlsslng, and frorr, DELIMIT, when a misspell
ing is detected in a delimiter word. EROUT 
compares the characters following the open
ing apostrophe with each of the words in 
the Delimiter Table (W1TAB), moving dOwn
ward through the table, and if a matching 
word is found, branches to the routine 
specified. (See DELIMIT routine). If no 
matching delimiter is found., Error No.14 is 
recorded, the apostrophe is disregarded, 
and control is returned to TESTLOOP. The 
comparison proceeds by comparing (1) the 
first character of the defective delimiter 
with each of the entries in the first word 
group of the Delimiter Table., (2) the first 
two characters with the entries in the 
second word group, (3) the first three 
characters with the entries of the third 
word group, and so on, until a matching 
delimiter word is found, or until the last 
word group has been compared. 

The 
switch 
X' FF' , 
COMERR 

comparison is conditional on the 
FBYTE=X'OO'. If FBYTE=X"FO' or 

control is passed to TYPESPEC or 
directly (see below). 

After identification of a delimiter. the 
same test of the STARTBIT is made as that 
described under DELIMIT. 
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DEL I MI TE R TABLE (WI TAB) 

Hexadecimal Reoresentation 

1 2 3 4 5 6 7 8 

One-byte Opera- No. of Entries in 
One-byte Operator (second 

Displacement of Full-Word I byte = X' 00') Q[ Two-byte 
tor Notation used Word Group Characteristic for Specificators Entry in lIranch Adcre .. Table 
in this Manual (F irst byte in DELPRGTAB, containing Entry Nome of 

Word Group No. Delimiter Word (see column 6) Word Group) Delimiter Word 
9£ Null Operator {both 
bytes = X' 00') Point of Routine Entered Routine Entered 

~~ 

Notes: 

1 I I 02 03 04 00 00 NORMAL 

'(' 06 00 00 04 STRING 

2 'DO' Do 03 43 4E lC 00 08 TED 

, IF' If 48 45 10 00 OC GIF 

'OR' Or 4E 51 22 00 00 NORMAL 

3 'END' 2) 04 44 4D 43 00 00 10 END 

'FOR' 3) 45 4E 51 00 00 14 FOR 

'AND' And 40 4D 43 23 00 00 NORMAL 

'NOT' Nat 4D 4E 53 20 00 00 NORMAL 

4 ' REAL' 09 51 44 40 4B C2 12 18 TYPE 

, STEP' ~ 52 53 44 4F 19 00 00 NORMAL 

, THEN' Then 53 47 44 4D 1 E 00 08 TED 

, ELSE' Else 44 4B 52 44 1 F 00 08 TED 

'GOTO' Goto 46 4E 53 4E 17 00 OC GIF 

'TRUE' 53 51 54 44 07 00 4) 1C BOLCON 

LESS' < 4B 44 52 52 11 00 00 NORMAL I 

'CODE' 3) 42 4E 43 44 00 00 20 CODE 

'IMPL' ~ 48 4C 4F 48 21 00 00 NORMAL 

5 ' BEGIN' 2) OA 41 44 46 48 4D 00 00 24 BEGIN 

, UNTIL' Until 54 4D 53 48 4B lA 00 00 NORMAL 
, ARRAY' 3) 40 51 51 4058 CA 16 28 ARRAY 

, VALUE' 55 40 4B 54 44 00 00 2C VALUE 

, LABEL' 4B 40 41 44 4B CA 18 30 SPEC 

'WHILE' While 56 47 48 4B 44 1 B 00 00 NORMAL 

, FALSE' 45 40 4B 52 44 00 00 4) lC BOLCON 

'POWER' Power 4F 4E 56 44 51 05 00 00 NORMAL 

, EQUAL' = 44 50 54 40 48 10 00 00 NORMAL 

, EQUIV' ~ 44 50 54 48 55 24 00 00 NORMAL 

6 ' SWITCH' 3) 02 52 56 48 53 42 47 CA lC 34 SWITCH 

'STRING' 52 53 51 48 4D 46 CB 10 30 SPEC 

7 ' INTEGER' 05 48 4D 53 44 46 44 51 C2 11 18 TYPE 

'BOOLEAN' 41 4E 4E 4B 44 40 40 C2 13 18 TYPE 
I 

'COMMENT' 42 4E 4C 4C 44 40 53 00 00 38 COM 

, NOTLESS' ~ 4D 4E 53 4B 44 52 52 15 00 00 NORMAL I 

, GREATER' > 46 51 44 40 53 44 51 12 00 00 NORMAL I 

8 ' NOTEQUAL' 'f 01 40 4E 53 44 50 54 40 4B 13 00 00 NORMAL 

I 
9 ' PROCEDURE' 3) 01 4F 51 4E 42 44 43 54 51 44 CA DO 3C PROCEDUR 

10 ' NOTGREATER' ~ 01 40 4E 53 46 51 44 40 53 44 51 14 00 00 NORMAL 
-- -_._._- _ .. __ .- -----

1. For the specifi-cators .. REAL", .. ARRAY", .. LABEL", .. SWITCH", "STRING', , INTEGER', .. BOOLEAN'" and" PROCEDURE', the two-byte cha'octeristic is copied into the Identifier Table entries of specified formal parameters. 
In the case of all other del imiter words (except for ~ TRUE~ and ~ FALSE~ ond all delimiters for which both bytes in the column = X ~ 00"), the first byte is transferred to the Mldification Levell text as a one-byte operator 
representing the delimiter. The notation in column 3 indicates the nome by--w'hich the operator is identified in the text. 

2. Oelimi"ter vcriously represented in t-he M:>dification Levelland 2 versions of source text by two or more one-byte operators, supplied by program. See "Scope Identification", "Iv\odification Levell Source Text"and Appendix I-b. 

3. Delimiter represented in the IVIodification Levell text by one-byte operator supplied by program. See Appendix I-b and "Iv\odification Level- 1 Source Text". 

4. First byte specifies the displacement of the constant 0 {False} or 1 (True) in Constant Pool No. O. 

Figure 32. Delimiter Table (WITAB) 



TYPE SPECIFICATION (TYPESPEC) 

TYPESPEC is entered from DELIMIT and 
EROUT by virtue of the switch FBYTE=X'FO'. 
FBYTE is set to X'FO' by the TYPE routine 
when a test shows that a type declarator 
('REAL', 'INTEGER', or 'BOOLEAN') is 
immediately followed by another apostrophe, 
indicating a further delimiter. (Unless 
the latter delimi ter is 'PROCEDURE' or 
'ARRAY', the source text is in error). 
TYPE passes control to ENTRAPR (an entry 
point of APOSTROF). which scans to the next 
apostrophe and branches to DELIMIT or 
EROUT, which branch in turn to TYPESPEC on 
finding FBYTE=X'FO'. TYPESPEC inspects the 
delimiter and passes control to TYPPROC or 
TYPEARRY, if the delimiter is 'PROCEDURE' 
or 'ARRAY', respectively. If any other 
delimiter is identified, control is passed 
to the Identifier Error routine IERSPEC. 
The latter serves to bypass the defective 
declaration and to record an error. 

COMMENT (COMSPEC) 

COMSPEC is entered from DELIMIT by vir
tue of the switch FBYTE=X'FF'. FBYTE is 
set to X'FF' by the COM routine when an 
apostrophe is found in a sequence of com
ment following 'END', indicating that the 
comment is terminated by a delimiter word. 
The, latter should be 'END' or 'ELSE'. COM 
passes control to ENTRAPR (an entry point 
of APOSTROF), which scans to the next 
apostrophe and branches to DELIMIT, which 
branches in turn to COMSPEC on finding 
FBY'I'E=X' FF'. COMSPEC inspects the delimi
ter and passes control to END or TED, if 
the delimiter is 'END' or 'ELSE'. If any 
other delimiter is identified, control is 
passed to COMCED2 (an entry point of the 
COM routine). The latter continues to scan 
to the next semicolon or apostrophe, disre
garding the delimiter. 

OPENING DELIMITER (ST&~TDEL) 

See "Processing of Source Module Opening 
Text" • 

BEGIN (BEGIN) 

BEGIN is entered from DELIMIT and EROOT 
on reCOgnition of the delimiter 'BEGIN'. 

BEGIN inspects the Scope Handling stack 
and, unless the stack operator is Proc, 

transfers the operator Begin to the Modi
fication Level 1 text. stacks Begin. and 
turns the BEGBIT switch on. 

If the stack operator is Proc. indicat
ing that the delimiter 'BEGIN' opens the 
body of a procedure Closed ty 'END'. the 
stack operator Proc is replaced by Proc* 
and the PROBIT switch turned off. 

STRING (STRING) 

STRING is entered from DELIMIT and ERCOT 
on recognition of the first of two string 
quote signs' (' ••• ')' enclosing a character 
string. STRING stores the enclosed charac
ter string in the Constant Pool and trans
fers a five-byte internal name. referencing 
the location where the string is stored, to 
the Modification Levell text. The inter
nal name (see Appendix II) is preceded by 
the Apostrophe operator. 

The string is stored in the Constant 
Pool in the external code (EBCDIC or ISO) 
of the source module -- it is copied from 
the print area (or dummy print area) to 
which each source module record is moved ty 
CIB, before the record is translated to the 
internal code. see Figure 7. 

NORMAL ACTION (NORMAL) 

NORMAL is entered from DELIMIT or ERCUT 
when any cne of the following delimiters is 
identified: "/", 'OR'. 'AND', 'NC'I', 
'STEP', 'LESS', 'UNTIL', 'NOTLESS', 
'EQUAL', 'EQUIV', 'IMPL', 'WHILE' , 
'GREATER', 'NOTEQUAL', and 'NOTGREATER'. 
NORMAL transfers the corresponding one-byte 
operator in the Delimiter Tatle (Figure 32) 
to the output buffer and returns control to 
TESTLOOP or LIST. 

BOOLEAN CONSTANT (BOLCON) 

BOLCON is entered from DELIMIT or ERCUT 
when the boolean constant 'TRUE' or 'FALSE' 
is encountered. A five-byte internal name 
(Figure 33) is transferred to the output 
buffer, indicating the character of the 
boolean constant, and referencing a loca
tion in the Constant Pool where the con
stant 0 (False) or 1 (True) is stored. The 
internal name is preceded by the Apostrophe 
(X'2E'), which signals the Scan III Phase 
that an internal name follows. 
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Pool> 

2 3 4 5 
r------,-----~------T------T------, 

, TRUE' I C8 I 03 I 00 I 00 I 07 I L ______ L-_____ L-_____ ~ ______ ~ ______ J 

r------,------.------T------T------l 
, FALSE' I C8 I 0 3 I 00 I 00 I 00 I L ______ L-_____ L-_____ L ______ ~ ______ J 

Figure 33. Internal Names of boolean con
stants 'TRUE' and 'FALSE' 

GOTO-IF (GIF) 

GIF is entered from DELIMIT or EROUT on 
recognition of the delimiters 'GOTO' and 
'IF'. The one-byte operator given in the 
Delimiter Table (Figure 32) is transferred 
to the output buffer and control passed to 
STATE. 

THEN-ELSE-DO (TED) 

TED is entered from DELIMIT or EROUT on 
recogni tion of the delimiters 'THEN " 
'ELSE', or 'DO'. A one-byte symbol rep
resenting the delimiter in the Delimiter 
Table (Figure 32) is transferred to the 
output buffer. Before control is returned 
to TESTLOOP or LIST, pointers OPIN and 
LAPIN are set to point, respectively, to 
the delimiter symbol transferred and to the 
next byte in the output buffer (see "Phase 
Initialization"). 

FIRST BEGIN (FIRSTBEG) 

See "Processing of Source Module Opening 
Text" • 

PROGRAM BLOCK (BEGl SUBROUTINE) 

BEGl is activated as soon as a new block 
has been identified. It is entered from 
all declaration-handling routines (e.g. 
TYPE, PROCEDUR, ARRAY) processing the first 
declaration following the delimiter 'BEGIN' 
(indicated by the switch BEGBIT=l). BEGl 
constructs a program block heading entry in 
the Identifier Table, containing a new 
Program Block Number; resets the pointers 
LPBP and LIGP to the new heading entry; and 
replaces the operator Begin by Beta in the 

output text and in the Scope Handling 
Stack. It also constructs entries in the 
Group Table, Program Block Number Table and 
Semicolon Table. 

END (END) 

END is entered from DELIMIT or EROUT 
when the delimiter 'END' is recognized. 
Its function is to inspect the operator in 
the Scope Handling Stack and to activate 
the appropriate closing sutroutine, accord
ing to the stack operator detected: 

Stack operator 

Beta, Proc 
Proc*, --pr;jc** 

Subroutine Activated 

PBLCKEND 

COMPDEND 

FOREND 

ERR8 (see "Close of 
Scan I/II Phase") 

The subroutines are described below. 

COMPOUND END (COMPDEND) 

COMPDEND releases the stack operator 
Begin and transfers the operator End to the 
output text, marking the close of a com
pound statement. See END. 

FOR STATEMENT END (FOREND) 

FOREND, which is entered from END and 
SEMCO on detection of the delimiter 'END' 
or a semicolon closing a for statement, 
constructs a for statement closing entry in 
the Identifier Table, if the closed for 
statement contained a declared lacel. If 
the closed for statement contained no 
declared labels, the for statement heading 
entry is deleted. FOR END also transfers 
the operator~, followed Cy the Identifi
er Group Number., to the output text, and 
releases the stack operator For. Pointer 
LIGP is reset to point to the heading entry 
of the reentered for statement, if any, or 
to the heading entry of the enClosing clock 
or procedure. 
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PROGRAM BLOCK END (PBLCKEND SUBROUTINE) 

PBLCKEND, which is called by END and 
SEMCO on detection of the delimiter 'END' 
or a semicolon closing a block or proce
dure, transfers the set of entries in the 
Identifier Table representing identifiers 
declared or specified in the block or 
procedure to the SYSUT3 data set. The 
program block heading entry which heads 
this set of identifiers is indicated by the 
pointer LPBP. Before the transfer is exe
cuted, pointers LPBPand LIGP are reset to 
the address of the heading entry corres
ponding to the enclosing block or procedure 
(see "Processing of Identifier Table"). 
PBLCKEND also transfers the operator Epsi
lon to th~ output text, followed by the 
Program Block and Identifier Group Number 
of the enclosing block, procedure or for 
sta tement, and releases the stack operator. 

COMMENT (COM) 

COM has two main fUnctions: to bypass 
comments, and to delete (or bypass) erro
neous declarations. The routine scans the 
source text (using translation table 
COMTABLE) for a semicolon, an apostrophe, a 
blank, or Zeta. The function 1:;ytes 
assigned these characters specify displace
ments to subprograms of the COM routine. 

There are three entry points: COM, COM
MEND, and COMERR. 

COM is entered from DELIMIT and EROUT 
when the delimiter 'COMMENT' has been 
encountered. scanning continues until a 
semicolon is found. This deletes (or 
bypasses) all source text beginning Hith 
, COMMENT' and extendl.ng up to and including 
the semicolon. 

COMMEND is entered from END when a 
comment of the following form is to be 
eliminated: 'END'<comment> 'END'/;/ 'EI.SE'. 
scanning terminates when a semicolon or an 
apostrophe is found, deleting the preceding 
comment. In case a semicolon is found, 
SEMCO is entered. If an apostrophe is 
found, the switch FBYTE is set to X'FF' and 
control passed to ENTRAPR (an entry point 
of APOSTROF). APOSTROF scans to the next 
apostrophe, branches to DELIM!'l' (or EROUT). 
which branches to COMSPEC on finding 
FBYTE=FF. COMSPEC inspects the delimiter 
and branches to END or TED if the delimiter 
is 'END' or' ELSE', respectively. In all 
other cases, CO~illRR is entered. 

COMERR is entered from several 
declaration-processing routines when an 
erroneous declaration is identified. Scah-
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ning continues until a semicolon is found. 
This deletes all source text beginning with 
the declarator and extending up to (but not 
including) the next semicolon. When the 
semicolon is found, SEMCO is entered. 

FOR STATEMENT (FOR) 

FOR is entered from DELIMIT and EROUT on 
recognition of the delimiter 'FOR'. A for 
statement heading entry is constructed in 
the Identifier Table and entries are made 
in the Scope and Group Tables. If the 
stack operator is Proc, it is replaced by 
Proc**. The operator For is stacked and 
transferred to the output text, followed 1:;y 
a new Identifier Group Number. 

TYPE DECLARATION (TYPE) 

TYPE is entered from DEI.I~IT and ERCUT 
on recognition of any of the declarators 
'REAL', 'INTEGER', or 'BOOLEAN'. The rcu
tine makes an entry in the Identifier Tatle 
for each of the identifiers following the 
declarator, provided the identifier is 
valid. If any invalid character is fcund 
in the identifier, control is passed to the 
Identifier Error routine (IER), which 
deletes the entry made in the Identifier 
Table and records Error No. 5 or 16. If 
the declarator is immediately followed ty 
another apostrophe, indicating a furthe·r 
delimiter, the switch FBYTE is set"" X'FO' 
and ENTRAPR (an entry point of APCSTROF) is 
entered. 

At entry, the switchesPROBIT and BEGEIT 
are tested, in that order. If PROBIT=l, 
indicating that the delimiter specifies a 
formal parameter in a procedure heading, 
control is passed to the SPECENT routine. 
If BEGBIT=l, indicating that the declarator 
represents the first declaration following 
'BEGIN' and that, accordingly, a new tlock 
has been entered, a call is made to the 
BEGl subroutine (which assigns a new Pro
gram Block Number) before entries for the 
declared identifier(s) are made in the 
Identifier Table. 

IOENTIFIERERROR (IER) 

IER is entered from declaration- proc
essing detection of a defect in a declared 
ident.ifier. The routine deletes all or 
part of an entry for the identifier in the 
Identifier Table and reCords .Error No. S 
or 16, depending on the entry point HER or 
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IERSPEC). It also skips over the source 
text up the next comma, semicolon, or 
ri'Jht parenthesis, in the case of a formal 
parameter list. 

CODE PROCEDUHE (CODE) 

CODr; is entered from 1)ELDUT or EROUT on 
recoqnition of the delimiter 'CODE', rep
resentinIJ the body of a code procedure. 
The routine verifies that 'CODE' follm-1s a 
procedure heading; modifies the charac
teristic in the entry previously made (by 
the PROCEDUR and PROCID routines) for the 
p~ocedure identifier in the Identifier 
Table, so as to designate a code procedure, 
and transfers up to six characters of the 
procedure identifier, follo"Ted by t,'lO 
nlanks, to the output text, preceded by the 
operator Gamma. After finding the semico
lon ';>1hi~hould follo"1' CODE' , the 
PI3LCKEHD subroutine is called and control 
tl1cn passed to SEliCO. 

At entry, the s,,1itches PROI3IT and BEGm~ 
are tested, in that order. If PROBIT=l 
indicating that the delimiter specifi:es a 
formal parameter in a procedure: heading, 
control is passed to the SPECENT routine. 
If 3EGBIT=1, indicating thatthe declarator 
represents the first delimiter follo,,1ing 
'BEGIN', and that, accordingly, a new block 
has been entered, a call is made to the 
BEGl subroutine ("1hich assigns a ne," Pro
gram Block Number) before processing con
tinues. 

SPECIFICATION (SPEC) 

SPEC is entered from DELIMIT or EROUT on 
recognition of the specificators 'LABEL' 
and 'STRING'. Its function is to verify 
that the specificators occur in a procedure 
heRding. If they do, control is passed to 
the Type Specification routines (SPECENT 
and IDCHECK). If not, Error No.25 is 
recorded, and the declaration is skipped by 
branching to COMERR. 

VALUE (VALUE) 

VALUE is entered from DELIMIT or EROUT 
on recognition of the delimiter 'VALUE' 

After testing the s';>1i tch PROBIT to in
sure that the delimiter occurs in a proce
dure heading (signified by PROBIT=l), the 
switch VALBIT is turned on and control is 
passed to IDCHECK. The latter locates the 
Identifier Table entry corresponding to 
each formal parameter which follows'VALUE', 
and, by virtue of VALBIT=l, sets the value 
bit in the identifier characteristic (Fig
ure 9) so as to designate a value-called 
parameter. 

PAIU\:lE'rER SPECIFICATION (SPECENT and 
IDClIECK) 

SPECEu'r is entered from TYPE, ARRAY, 
S';nTCH and PROCEDUR, when a specificator is 
~ncountered in a procedure heading (indi
catecl by PROBIT=l). SPECENT moves the cor
responding two-byte characteristic con
tained in the Delimiter 'I'able (Figure 32) 
to a field named 1m and then enters IDCHECI<. 

IDCHECK is entered from SPECENT Rnd 
from VALUE. IDCHECK~s function is to locate 
the appropriate entry (entries) in the Iden
tifier Table and a) to insert the charac
teristic and Program Block ::~umber, or b) to 
set the value hit in the characteristic. 
(Before the value or specification parts of 
a procedure heading are processed, the 
external names of all formal parameters are 
copied into a sequence of Identifier Table 
entries, from the parameter list "lhich fol
lmls the procedure identifier. The first of 
these entries is addressed by the pointer 
PRIlvlPAR). The characteristic is inserted 
by ORing the relevant bytes of the Identi
fier Table entry \'lith the contents of the 
location KB. 

TYPE ARRAY (TYPEARRY) 

TYPEARRY is entered from TYPE SPEC when a 
delimiter sequence of the type '<type>' 
'ARRAY' has been identified. If PROBIT=l 
(indicating the delimiter sequence occurs 
in a procedure heading) control is passed 
to IDCHECK which proceeds to complete the 
Identifier Table entry for a type-array 
parameter of a procedure. If BEGnIT=l 
(indicating the delimiter sequence rep
resents the first declaration following 
'BEGIN', and that accordingly 'BEGIN' opens 
a block), the BEGl subroutine is called. 
Thereafter, control is passed to the ARRAY 
routine (by way of ARRYDaEl), which con
structs an entry for a type-array identifi
er in the Identifier Table. 

ARRAY DECLARATION (ARRAY) 

ARRAY is entered from DELI~UT and EROUT 
on recognition of the delimiter 'ARRAY'. 
The routine constructs an entry in the 
Identifier Table for each array identifier 
following the declarator (by call to the 
IDCHECKl subroutine); and transfers the 
operator Afray to the output text, followed 
by up to s~x characters of each identifier. 
On recognition of the left bracket, (/, 
marking the beginning of the dimension 
list, the operator [ is transferred to the 
output text and control passed to the LIST 
routine. The LIST routine analyzes the 
dimension list, records a count of the 
number of dimensions in the corresponding 
Identifier Table entries, transfers the 
dimension list to the output text, and 
returns control to ARRAY if the dimension 
list is followed by a further identifier. 
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At entry, the switches PEOBIT and BF.GBIT 
are tested, in that order. If PROBIT=1, 
indicating that the delimiter specifies a 
formal parameter in a procedure headins, 
control is passed to the SPECENT routine. 
If BEGBIT=1, indicating that the declarator 
represents the first declaration following 
'BEGIN' and that a new block has teen 
entered, a call is made to the BEG1 subrou
tine (which aSSigns a new Program Block 
Number), before entries for the declared 
array(s) are made in the Identifier Table. 

ARRAY/SWITCH LIST (LIST) 

The LIST routine is entered frOI,] the 
ARRAY and SWITCH routines upon recognition 
of a din,ension list in an array declaration 
or a component. list in a switch declara
tion. LIST scans the source text 
(beginning with the first character follow
ing the left bracket in an array declara
tion or the first character following the 
assignment operator in a switch 
declaration) for anYone of 15 characters 
assigned a non-zero functior, byte in Trans
lation Table (ARTABLE); moves the scanned 
text to the output buffer; and branches to 
the routine whose address is specified in a 
full-word entry of Branch Address Table 
(BPRTAB) given by the value of the 
character's function byte. 

The fUnction bytes assigned by ARTABLE 
to the chal:acter set and the routines 
entered from LIST are as follows: 

Function Routine 
Character Byt 5E Entered 

Apostrophe 34 APOSTROF 

* 04 TRANSOP 
> 14 " 
< 10 " 
Not 18 " 
Zeta 38 CIB 
Blank 28 BLANK 
Invalid 2C ERR1 
Character' 
Comma 80 COMVlALST 
/ 88 SLASHLST 
) 6C RIGHTPARL 
( 68 LEFTPARL 
Point 84 PONTLST 
Colon 54 COLONLST 
Semicolon 58 SEMCLST 
<All other 00 (No branch, 
characters> scanning 

continues) 

The latter seven routines recognize sep
arators in a dimension on component list; 
transfer re~resentative operators to the 
output Luffer; count the number of dir,len
sions or components in a dimension or 
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cOITponent list; and record the dimension 
count or component count in the correspcnd
ing Identifier Table entries made by the 
ARRAY or SWITCH routines for the array or 
switch identifiers. The actual dimensions 
in a dimension list or the components in a 
component list are transferred to the cut
put text by the LIST routine before branch
ing to the routine concerned. The switch 
ARBIT=1 specifies an array dimension list, 
while ARBIT=O specifies a switch component 
list. 

POINT IN LIST (PONTLST) 

PONTLST inspects the character following 
tbe point and passes control to CCLONLST or 
SEMCLST or transfers a Decimal Point. 

RIGHT PARENTHESIS IN LIST (RIGHTPARL) 

RIGHTPARL transfers a right parenthesis 
and deorements the bracket count. 

LEFT PARENTHESIS IN LIST (lEFTPARl) 

LEFTPARL transfers a left parenthesis or 
a left bracket, [, representing (/, and 
increments the bracket ccunt. 

CO~MA IN LIST (COMMALST) 

CONll,ALST increl~ents the dirrension ccunt 
and transfers the Comma operator. 

COLON IN LIST (COLONLST) 

Transfers a colon, provided it occurs in 
an array dimension list. If it occurs in a 
switch component list, the colon is disre
garded and Error No.3 is recorded. 

SEMICOLON IN LIST (SEMCLST) 

SEtJiCLST stores the component count in 
the Identifier Table entry specified by a 
pointer named DIM, and transfers control tc 
SJ:::MCO, after specifying the return address 
of TESTLOOP. If the semicolon occurs in an 
array dirrension list, Error No.32 is 



recorded, and the identifier entry 
deleted. 

SLASH IN LIST (SLASHLST) 

is 

SLASHLST inspects the character follow
ing the slash and transfers the slash or a 
right bracket, 1; enters the dimension 
count for a declared array in the Identifi
er Table entry indicated ~' pointer DIM; 
and transfers control to ARRAY, SEMCO, or 
COMERR, according to whether the character 
following is a comma, a semicolon., or any 
other character, excepting Zeta or a blank. 

SWITCH DECLARATION (SWITCH) 

SWITCH is entered from DELIMIT and EROUT 
on recognition of the declarator 'SWITCH'. 
SWITCH constructs an entry in the Identifi
er Table for the identifier following the 
declarator, and transfers up to six charac
ters of the identifier to the output text, 
preceded by the operator Switch. On detec
tion of the assignment operator marking the 
beginning of the component list, the Assign 
operator is transferred and control passed 
to the LIST routine. LIST transfers the 
component list to the output text, counts 
the number of components in the list, and 
enters the component count in the Identifi
er Table entry for the switch identifier. 

At entry to the routine, the switches 
PROBIT and BEG BIT are tested, in that 
order. If PROBIT=l (indicating that the 
delimiter specifies a formal parameter in a 
procedure heading), control is passed to 
the SPECENT program. If BEGBIT=l 
(indicating that the declarator represents 
the first declaration following 'BEGIN' and 
that., accordingly, a new block has teen 
entered), the subroutine BEG1 is called 
before entries for the declared switches 
are made in the Identifier Table. 

PROCEDURE DECLARATION (PROCEDUR) 

PROCEDUR is entered from the DELIMIT and 
EROUT routines on recognition of the delim
iter 'PROCEDURE'. PROCEDUR makes entries 
in the Group, Semicolon, and Program Block 
Tables; transfers the operator Pi to the 
output text and the Stack; inserts the 
characteristic for a declared procedure 
identifier into the next entry of the 
Identifier Table; and passes control to 
PROCID, which constructs an entry in the 
Identifier Table, containing a new Program 

Block Number for the procedure identifier, 
followed by a program block heading entry., 
and copies the external names of the formal 
parameters in the parameter list into the 
following entries. 

Initially., the PROBIT and BEGBIT switch
es are tested, in that order. If PROBIT=l 
(indicating that the delimiter 'PROCEDURE' 
specifies a formal parameter in a procedure 
heading), control is passed directly tc 
SPECENT. If BEGBIT=l (indicating that the 
delimiter represents the first declaration 
following 'BEGIN' and that., accordingly" 
'BEGIN' opens a new block), a call is made 
to the BEG1 SUbroutine. 

PROCEDURE IDENTIFIER (PRCCID) 

PROCID is entered from PROCEDUR when a 
procedure declaration has teen encountered. 
PROCID first constructs an entry in the 
Identifier Table for the procedure iden
tifier. The external name (up to six 
characters) is copied into the entry and 
transferred to the output text ty call to 
IDCHECK1. The characteristic for the pro
cedure identifier will have been stored in 
the entry by PROCEDUR. When a left paren
thesis (opening a parameter list) or a 
semicolon (following the identifier of a 
parameterless procedure) is encountered., a 
program block beading entry is constructed. 
If the procedure is a type-procedure., a 
second identifier entry for the procedure 
identifier is made immediately after the 
heading entry. The external names of the 
formal parameters, represented by a maximum 
of six characters, are now copied into the 
following entries of the Identifier Table 
and the output text. The two-tyte charac
teristics of these parameters are inserted 
immediately after, by the SPECENT routine 
when the specifications in the procedure 
heading are processed. Control is passed 
to SEMCO as soon as a semicolon following 
the closing right parenthesis of the param
eter is encountered. 

TERMINATION (EODADIN) 

EODADIN is entered from: 

1. PBLCKEND (via CO~MEND and READRCUT) 
when the stack operator Alpha (marking 
the bottom of the Scope Handling 
Stack) indicates that the outermost 
scope of the source module has been 
closed; 

2. ENDMISS when an unexpected End of Data 
condition occurs; 
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3. PI ROUT (in the Directory) when a pro
gram interrupt or unrecoverable I/O 
error occurs; and 

4. ERR 4 when a terminating error is 
detected in the source module. 

See also "Close of Scan I/ II Phas e". 

EODADIN transfers the closing operator 
Omega to the Modification Level 1 text; 
writes out the last record of the modified 
source text (by calling COB), except when 
the entire text occupies less than a full 
buffer (in which case it is transmitted to 
the Scan III Phase in the Common Area 
buffer): generates TXT records of the char
acter strings in the Constant Pool (ty 
calling the GENERATE - GENTXT5 subroutine) 
on the SYSPUNCH and/or SYSLIN data sets, 
provided the DECK and/or LOAD options have 
been specified; closes the SYSIN., SYSUT1, 
and SYSUT3 data sets; releases main stor-
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age; and transfers control to the Identifi
er Table Manipulation Phase (IEX20), or, if 
a terminating error has occurred, to Diag
nostic Output Module IEX21. 

If the source module is a precompiled 
procedure, Prcgrarr Block No. 0 in the 
Identifier Table, containing an entry for 
the procedure narre, is transferred to the 
SYSUT3 data set (by call to PBLCKEND) and 
an ESD record for the procedure narre is 
generated (by calling GENERATE-GENESD). 
The precompiled procedure name will have 
been stored in external code at the loca
tion named ESDPARAM by the PROCID routine. 

GENERATE SUBROUTINE 

See Chapter 8. 



CHAPTER 5: IDENTIFIER TABLE MANIPULATION PHASE (IEX20) 

PURPOSE OF THE PHASE 

The main purpose of the Identifier Table 
Manipulation Phase is to complete the con
struction of the internal names of all 
identifiers listed by the Scan 1/11 Phase 
in the Identifier Table. Except in the 
case of entries for declared procedure and 
switch identifiers and labels, the last two 
bytes of the internal name provide space 
for the relative address of the 
identifier's object time storage field 
(Figure 36). The Identifier Table Manip
ulation Phase assigns an object time stor
age field to each identifier, and stores 
the corresponding relative address in the 
space provided in the identifier's internal 
name. 

The processing of the Identifier Table, 
which forms the main input to the Identifi
er Table Manipulation Phase, may be divided 
into the following functions. 

1. To search each group of identifiers in 
the Identifier Table for repeated dec
larations of the same identifier, and 
to record appropriate error patterns 
in the Error Pool. 

2. To allocate object time storage fields 
to the identifiers listed in the Iden
tifier Table, and to record the rela
tive address of each identifier's 
assigned storage field in the 
identifier's internal name. The rela
tive address represents a displacement 
from the beginning of a Data Storage 
Area, comprising the total number of 
bytes assigned to identifiers declared 
or specified in the particular block 
or procedure. 

3. To construct Program Block Table II 
(PBTAB2), indicating the size of the 
Data Storage Area required at object 
time for every block and procedure in 
the source module. Program Block 
Table II is transmitted in main stor
age to the Compilation Phase, in which 
the space requirements recorded in the 
table are augmented by additional 
space allocations for the storage of 
intermediate results. 

4. To transmit the completed Identifier 
Table (via SYSUT3) to the Scan III 
Phase according to ascending Program 
Block Number sequence. 

5. To generate a printed listing of the 

contents of the Identifier Table, if 
the SOURCE option has been specified. 

IDENTIFIER TABLE MANIPULATION PHASE 
OPERATIONS 

The diagram in Figure 34 illustrates the 
principal operations performed in the Iden
tifier Table Manipulation Phase. The 
bracketed numbers in the following text 
refer to the numbered positions in the 
diagram. 

IDENTIFIER TABLE MANIPULATION PHASE (lEX20) 

3. Write ITAB ('NRITITAB) 

1. Identifier Scan (READBlK) 

(lists addresses of 
ITAB records in 
oscending Program 
Block Number order) Outputs IT AS when all 

records have been processed. 
Records ore output in ascend
ing Program Block Number 
sequence, with the aid of 
AlAB. Posses control to 
ITABPRNT if the SOURCE 
option is specified; other
wise, to CLOSE. 

Reads on IT AB record into the work 
oroa and stores the record '$ work 
orea address in AlAB. Scans the re
cord for multiple declarations and 
records errors in the Error Pool. Posses 
control to AllOSTOR. 

SYSUT3 

Identifier 
Work Areo 

IIT~B) f--........ _-+L.-I ___ _ 

(Records not in 
Progrom Block 
Number order) 

{Records om in 
Program Block 
Number order} 

SYSUT3 

Identifier 

f---....l.--~ rIT~B) 

(Records in 
Progrom Block 
Number order) 

SySPRINT 

Identifier Allocotes (I storage field in on 
object time Doto Storage Area for 
each identifier in on ITAB record, 
and records the relative address in 

!~: !~:t~:i~:~!i;Bf~~tJI' i~::t~~ 
L-_---' 4. Print ITAB (tTABPRNT) 

If~~ 

fiers, in PBTAB2. Retums to Identi
fier Scan, unless the lost record has 
been read, in which case control 
is passed to WRITITAB. 

Prints a listing of ITAB, 
if the SOURCE option is 

t~S~~~d, end exits fo 

5. Termination (CLOSE) 

~r~:sf:~ ~:~~~;~~ar~o~nd 
Module IEX21 (for output 
of diagnostic meS50ges re
flecting errors recorded in 

Error Pool). I (XCTl to IEX21) 

t 

Figure 34. Identifier Table Manipulation 
Phase. Diagram illustrating 
the functions of the principal 
constituent routines. 

Identifier Table records (1) are read 
into a work area an~ processed, one at a 
time, in the order ~n which they were 
stored on the SYSUT3 data set by the Scan 
1/11 Phase, that is, according to the 
sequence in which the blocks and procedures 
were closed in the source module. To 
enable the records to be output in ascend
ing Program Block Number sequence, the 
address of each record is stored ~n the 
Address Table (ATAB), in an entry deter
mined by the record's Program Block Nureber. 
Initially, each record is scanned by the 
Identifier Scan routine to determine if 
multiple declarations were made for the 
same identifier. 
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After the record has been scanned and 
appropriate errors recorded in the Error 
Pool, the Storage Allocation routine (2) 
allocates an object time storage field to 
each identifier, and records the address of 
the allocated bytes (relative to the begin
ning of the Data storage Area comprising 
the total allocation for the block or 
procedure) in the corresponding identifier 
entry. 

When all records of the Identifier Table 
have been read in and processed in this 
manner, the Identifier Table is (3) 
retransferred to the SYSUT3 data set, 
records being output in ascending Program 
Block Number sequence. If the SOURCE 
option was specified, (4) a listing of the 
Identifier Table is printed; otherwise, (5) 
the termination routine (CLOSE) is entered. 
CLOSE transfers control to the next phase. 

PHASE INPUT/OUTPUT 

Figure 35 pictures the data input to and 
output from the Identifier Table Manipula
tion Phase. The figure also shows the 
tables transmitted to and from the phase in 
main storage. 

SYSUT3 

Identifier Table 
(lTAB) 

r-~~;o:9:--1 

II ~:b~~m ~f:Tc~B ~)umber III 

I Error Pool I 

I I L_-T-_J -
I IDENTIFIER TABLE I 

f----~-tl MANIPUlATION J-1f------t 
PHASE 

r--- ----, I Main Storage I 
I Program Block Tobie II I 
I (PBTAB2) I 
I Error Pool I 

I I L ________ ..J 

-

SYSUT2 

Identifier Table 
(ITA') 

Identifier Tobie 
listing (if 
SOURCE 
specified) 

Figure 35. Identifier Table Manipulation 
Phase Input/Output 

Identifier Table records (variable 
length) are read from the SYSUT3 data set 
by a READ macro. 

Output of the completed Identifier Table 
to SYSUT3 is initiated after all records of 
the Scan 1/11 version have been read into 
main storage and processed, and after the 
data set has been closed by a Type T CLOSE. 
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The Identifier Table listing is compiled 
by the lTABPRNT routine and printed on 
SYSPRINT, line by line, by call to PRINT in 
the Directory. Phase Input/Output 

IDENTIFIER TABLE (ITAB) 

Figure 36 shows the space provided (last 
one-and-one-half bytes) in the typical 
identifier entry for the relative address 
of an identifier's storage field in the 
particular block's or procedure's object 
time Data Storage Area. The figure is not 
representative of identifier entries for 
declared labels and declared procedure and 
switch identifiers, in which the last 1 1/2 
bytes contain a displacement address in the 
object time Label Address Table, inserted 
by the Scan 1/11 Phase. 

o 6 8 9 10 11 
r------------T---------T-----T------------, 
I <External I<Charac- I <PBN> I <Disp> I 
I Name> I teristic> I I I L ____________ ~ _________ ~ _____ ~ ____________ J 

<--------Inserted by Scan-------> 
VII Phase 

<Disp> = <Displacement in the block's or 
procedure's Data Storage Area> 

Figure 36. Identifier Table (ITAB) entry, 
showing the identifier's Data 
Storage Area displacerrent 
address, as inserted by the 
Identifier Table Manipulation 
Phase in bytes 9 and 10, for 
all identifiers except those of 
declared procedures, switches 
and lal:els. 

The Identifier 
fully in Chapter 4. 

Table is described more 

PROGRAM BLOCK TABLE II (PBTAB2) 

The Program Block Table II (PBTAE2) 
indicates the total number of object time 
storage bytes allocated in the Identifier 
Table Manipulation Phase to each block and 
procedure in the source module. PBTAB2 is 
transmitted in rrain storage to the Compila
tion Phase, where it is transferred tc 
Program Block Tal:le III. 



o 2 
r-----------------------------------------, 
I<Total bytes allocated to the block or I 
I procedure> I L _________________________________________ l 

Figure 37. Two-byte entry in Program Block 
Table II (PBTAB2) 

PBTAB2 is constructed by the ALLOSTOR 
routine. The total storage allocation for 
a particular block or procedure is stored 
in the entry corresponding to the particu
lar Program Block Number. 

CONSTITUENT ROUTINES OF IDENTIFIER TABLE 
MANIPULATION PHASE 

The principal constituent routines of 
the Identifier Table Manipulation Phase are 
described below. The index in Appendix XI 
indicates the page on which each routine is 
described and the flowchart in the Flow
chart Section in which the general logic of 
the routine is set forth. 

PHASE INITIALIZATION 

The Initialization routine gets main 
storage for the private work area shown in 
Figure 38; initializes pointers and switch
es; specifies EOD and program interrupt-I/O 
error routines; calls the PRINT subroutine 
in the Directory, after assembling head
lines for the Identifier Table listing, 
provided the SOURCE option is specified, 
and exits to READBLK (which reads in Iden
tifier Table records from the SYSUT3 data 
set). 

The program interrupt-I/O error exit, 
CLOSE2, is stored at ERET, a location in 
the Common Work Area referenced by the 
PI ROUT routine in the Directory. The exit 
is changed, after the GETMAIN instruction, 
to CLOSE. CLOSE releases main storage and 
transfers control to Diagnostic Module 
IEX21, while CLOSE2 simply transfers con
trol to IEX21. 

The GETMAIN instruction for the private 
work area is issued after the total area 
required for the Identifier Table (ITAB) 
and the Address Table (ATAB) has been 
computed. The area allotted to the Iden
tifier Table is fetched from the ITAB20S 
entry in the Area Size Table in the Common 
Work Area. The area provided for the 
Address Table is fixed at 1024. 

SAVEPB, SAVE, and BITS1 are three Common 
Work Area locations defined by a dummy 
control section in Load Module IEX20 (ITAE 
Manipulation). SAVEPB is the name of the 
Program Block Counter which is incremented 
by 1 in the Lastrec routine for every 
Identifier Table record processed. SAVEPE 
is compared with PBN (the program tlock 
count transmitted by the Scan 1/11 Phase in 
the Con:mon Work Area)., and if the count is 
identical (indicating that all Identifier 
Table records have been read in from SYSUT3 
and processed), control is passed to WRI'II
TAB, which outputs the table on SYSUT3. 

SAVE is a location used (ty the ITABPRNT 
routine) in converting numerical data, in 
connection with the print-out of the Iden
tifier Table. 

BITS1 contains a switch, named PROCEIT. 
PROCBIT=l (turned on in the ITABPRNT rou
tine on recognition of a procedure 
identifier) signifies that the Identifier 
Table entry being processed is that of a 
procedure identifier, and that the paramet
er count in the internal name is the actual 
count and should net te increased ty 1 when 
the entry is printed out. PROCBIT=O signi
fies that the Identifier Tatle entry teing 
processed is that of an array or switch 
identifier, and that the dimension count or 
component count in the internal name rep
resents the actual count" less one., and 
should be increased by 1 when the entry is 
printed out. 

If the SOURCE option is specified., the 
headlines "IDENTIFIER TABLE" for the first 
line, "PBN SC PBN NAME TYPE DM DSP NAME 
TYPE DM DSP NAME TYPE DM DSP" for the 
second, and "SURR PR LN PR LN PR LN" for 
the third line, are moved to a field named 
PAGE HEAD in the Common Work Area. A call 
is then made (via PRINTITB) to the PRINT 
subroutine in the Directory, which prints 
out the headings on a new page.. Resetting 
to a new page is governed by presetting the 
line count to 128 (in LINCNT) tefore call
ing PRINT. 

If short prec~s~on has been specified 
(determined by testing the LNG switch in 
the HCOMPMOD Control Field), the value 4 is 
stored in the half-word named C, displacing 
the defined constant 8, and specifying t.c 
the ALLOSTOR routine that arithmetic iden
tifiers are to be allocated four bytes 
each. If short prec~s~on has not been 
specified, C rereains unchanged at 8, and 
real (or floating point) identifiers will 
accordingly be assigned eight tytes each. 
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(at initializa
tian) AITAB Identifier Table (ITAB) 

Work Area 

Notes: 

READBLK Routine 

AlB (reg. 8) 

ALLOSTOR Routine 

AlB (reg. 8) 

1. In the READBLK routine AITAB initially 
addresses the lacation in the Identifier Ta
ble Work Area to which the next record is 
read from SYSUT3. After read-in of the re
cord is cO'IIPlete, AI B is set equot. to AITAB, 
and AITAB is then incremented by the length 
of the record (in the heading entty), so 

(An IT AB record) 

RAID (reg.7) -~-AKOM (reg.9) RAID (reg. 9) that AlB and AITAB now point to the begin
n ing and end of the record. RAI D addresses 
successive identifier entries in the record, 
maving progressively through the record, 
while AKOM addresses each of the entries 
following RAID, with which the identifier 
addressed by RAID is compared. 

AI TAB 

I 
I ll _________ _ 

-----------==== 
(An ITAB record) 

AI TAB 

2. In the ALLOSTOR routine, AlB and AI TAB 
point to the beginning and end of the re
cord. RAID addr.esses successive identifier 
entries in the record. 

REGY (reg. 10) -+---11-- RAID (reg. 9) 

AITAB 

3. In the ITABPRNT routine, AlB arid AITAB 
point to the beginn.ing and end of the re
cord currently being processed. For each 
record processed, AlB and AITAB are set by 
loading AlB with the address contained in 
the Address Table entry corresponding to the 
next sequential Program Block Number, and 
then setting AITAB = AlB + (the length of 

(at initialization!.,.) -If--------------f 
ATABAD 

AddreS5 Table (ATAB) 

(r024) 

the ITAB record addressed by AlB, the length 
being contained in the heading entry). Iden
tifiers are printed out in alphabetical order, 
three on each line of printed text. To find 
the next identifier in alphabetical order, 
RAID and REGY are initializedat the first 
identifier entry in the record. REGY then 
addresses the following identifiers in tum, 
each identifier being compared with the 
identifier addressed by RAID. When REGY 
addresses an identifier of higher alphabetical 
order than RAID, RAID is reset to REGY. 
This procedure is repeated until the end of 
the record is reached, so that RAID now ad
dresses the next identifier in alphabetical 
order. After the identifier has been proces
sed, it is deleted, by shifting the identifier 
en tri es at the bottom af the record upward by 
the entry length. 

* Area size specified by Area Size Table- in Common Work Area. See Appendix 
VIII for the variation in area sizes <!IS a ftlnction of the SIZE option. 

Figure 38. Private Area acquired by the Identifier Table Manipulation Phase 

IDENTIFIER SCAN (READBLIO 

The Identifier Scan routine reads an 
Identifier Table record from the SYSUT3 
data set into the work area provided, and 
searches the record for duplicate identifi
ers. The search is made by comparing each 
identifier in turn with all of the follow
ing identifiers. If a duplicate identifier 
is detected, Error No. 45 is recorded, by 
calling E43. For statement heading and 
closing entries (identified by X'2B' in 
byte 6) are disregarded. As soon as all 
entries in the record have been scanned, 
the ALLOSTOR routine is entered. 

Records are read into the work area 
location specified in AITAB. The address 
in AITAB is stored in the Address Table 
(ATAB) entry corresponding to the Program 

7.2 

Block Number of the record. The length of 
this entry is then added to the address in 
AITAB, so that AITAB will point to the 
location where the next record will 1::e 
read. See Note 1 in Figure 38. 

STORAGE ALLOCATION (ALLOSTOR) 

ALLOSTOR allocates a specific number of 
object tiRe storage bytes to each identifi
er represented in an Identifier Table 
record (excepting declared procedure, 
switch, and label identifiers)., and records 
the relative address of the bytes allocated 
in the corresponding identifier entry. 
This relative address specifies the dis
placement in the Data Storage Area to be 
set up for the particular block or prcce ... 



dure at object time. When all the iden
tifiers in a record have been processed, 
the total number of bytes allocated is 
recorded in an entry of program Block Table 
II (PBTAB2), corresponding to the Program 
Block Number of the block or procedure. 
Control is returned to the READBLK routine 
(which reads in the next Identifier Table 
record) if a further record remains to be 
processed. This is indicated if the Pro
gram Block Counter SAVEPB, stepped up for 
every record processed, is less than the 
program block count recorded in PBN by the 
Scan 1/11 Phase. When SAVEPB=PBN, control 
is passed to the WRITITAB routine. 

The allocation for each type of iden
tifier is as follows.: 

Identifier 

Real variables 4 
8 
4 
1 

Precision 

Short 
Long 

Integer variables 
Boolean variables 
ArrayS 4(NOS+6) Short 

4 (NOS+6)+X Long 
[X=4 if NOS is odd, 
x=o if NOS is even] 

Formal paran1eters 8 
Declared labels, None 

procedure and switch 
Identifiers 

NOS denotes the number of dimensions, 
diminished by one, recorded in the Iden
tifier Table entry for an array identifier. 
The area allocated for arrays provides 
space for a Storage Mapping Function (see 
Figure 62). A 24-byte field is reserved at 
the beginning of the Data Storage Area for 
every block and procedure (except in the 
case of <type>-procedures, for which the 
area reserved is 32 bytes). 

Object time storage space is allocated 
with the aid of a set of displacement 
pointers named DP (Double Word Pointer). 
WP (Word Pointer), HP (Half Word Pointer), 
and BP (Byte Pointer). These pointers are 
zero-set at the beginning of every Iden
tifier Table record. DP reflects the total 
displacement at any point in terms of 
double- words. It is incremented at double 
and full-word boundaries by 4 or 8 bytes, 
depending on the precision specified. 
Where the allocation to be made for an 
identifier is less th~n a double word, 
pointer BP, BP, or WP may be set equal to 
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DP and incremented by one, two, or four 
bytes, so as to minimize the number of 
unused bytes. See Note 2 in Figure 38. 

WRITE IDENTIFIER TABLE (WRITITAB) 

WRITITAB is entered from AllOSTOR when 
all Identifier Table reccrds have been reao 
into main storage and processed. After 
repositioning SYSUT3 by a Type T CLOSE, 
WRITITAB transfers the Identifier Table 
records in the work area to the SYSUT3 data 
set, in ascending Program Block Nurrber 
sequence.. The address cf the record cor
responding to the next sequential Program 
Block Number (in REGZ) is determined by 
reference to the Address Table (ATAB) entry 
for that Program Block Number. Control is 
passed to the ITABPRNT routine when the 
Program Block Number in REGZ equals the 
program block count stored in PBN by the 
Scan 1/11 Phase. 

PRINT IDENTIFIER TABLE (ITABPRNT) 

ITABPRNT generates a listing of the 
contents of the Identifier Table, contain
ing the external name of each identifier 
and indicating (by means of a system of 
coded symbols) the characteristics of the 
identifier. Output of the listing, whose 
format is described in the OS ALGOL 
Programmer's Guide, is dependent on the 
SOURCE option being specified. 

The identifier groufs are listed in 
ascending Program Block Number sequence, 
and within each group the identifiers are 
listed in alphabetical order. See note in 
Figure 38. 

TERMINATION (CLOSE) 

CLOSE releases the main storage area 
occupied by the Identifier Table and the 
Address Table, and transfers control to 
Diagnostic Output Module IEX21 (see Chapter 
9) • 
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CHAPTER 6: SCAN III PHASE (lEX30) 

PURPOSE OF THE PHASE 

The purpose of the Scan III Phase is to 
read the Modification Level 1 source text 
output by the Scan 1/11 Phase and to 
perform the following princifal tasks: 

1. To replace the external names of all 
identifiers in the modified source 
text by their corresponding internal 
names in the Identifier Table (see 
Chapter 4). 

2. To store constants in the source text 
in the Constant Pool, and to replace 
each constant by a five-byte internal 
name, referencing the location where 
the constant is stored. 

A constant is stored in the Constant 
Pool in fixed or floating point rep
resentation, depending on whether the 
constant is an integer number or a 
real number. TXT records of the con
stants stored in the Constant Pool are 
generated on the SYSLIN and/or SYS
PUNCH data sets, according to the 
Compiler options specified (see Item 
9) • 

3. To construct the For Statement Table 
(FSTAB), indicating the critical fea
tures of every for statement in the 
source text. The For Statement Table., 
which is transmitted to the two subse
quent phases via main storage, serves 
to determine the structure of the loop 
generated in the object code for each 
for statement. Among other things" 
the For Statement Table assigns each 
for statement to one of three loop 
classifications (Normal Loop, Elemen
tary Loop, or Counting Loop) and indi
cates the character of the for list 
(e.g. if the for list contains a step 
or while element). It also indicates 
if subscript optimization is to be 
performed for optimizable array sub
scripts in a for statement. 

4. To construct the subscript Table 
(SUTAB) listing~ under each for state
ment, all subscript expressions of a 
defined character occurring in the 
iterated part of the for statement. 
The expression must be of the type 
±F*V±A, where V is the contrOlled 
variable, and the factor F and addend 
A must be integer variables or con
stants. 
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The subscript Table is transmitted (on 
the SYSUT3 data set) to the Subscript 
Handling Phase" in which optimizable 
subscript expressicns are identified 
and copied into the Oftimization Tatle 
(OPTAB) for transmission to the CORpi
lation Phase. To be optimizable, no 
assignment may be made in the for 
statement to the factor F or the 
addend A in the subscript expression. 
The test for oftimizability is per
formed in the Subscript Handling Phase 
by comparing the faotor and addend 
with the variables listed in the Left 
Variable Table (see next item). 

5. To construct the Left Variable Table 
(LVTAB) , listing" under each for 
statement" the integer left variables 
in the iterated fart of the for state
ment. The Left Variable Table is 
transmitted (on the SYSOT3 data set) 
to the subscript Handling Phase. It 
is used in identifying subscript 
expressions listed in the Subscript 
Table which are not optimizable (see 
preceding item). 

6. To generate a transformed sourc~ text 
(called Modification Level 2). 'Ihe 
principal change made in this version 
of the source text consists in the 
replacement of externally represented 
identifiers and constants by five-byte 
internal names (see items 1 and 2). 
Other changes are set forth under 
"Modification Level 2 Source Text". 

7. To replace the external names of 
standard mathematical functions and 
input/outpu~ procedures by five-byte 
internal designators. The internal 
designators are stored in the Iden
tifier Table work area by the Initial
ization routine" before the first 
record of the Identifier Table is read 
into main storage from the SYSUT3 data 
set. 

8. To recognize syntactical errors in the 
source text and to store appropriate 
error patterns in the Error Pool. The 
contents of the Error Pool are printed 
out in the form of diagnostic messages 
by the Error Message Editing Routine 
in the immediately following Diag
nostic Output Module (IEX31). 

9. To generate TXT records of the Con
stant Pool on the SYSLIN and SYSPONCH 
data sets, if the LOAD and/or DECK 
options have been specified. ( 



SCAN III PHASE OPERATIONS 

The primary functions of the Scan III 
Phase are: 

1. To replace externally represented 
operands in the Modification Level 1 
text by their corresponding internal 
names in the Identifier Table; 

2. To store 
fication 
Pool and 
internal 

constants found in the Modi
Level 1 text in the Constant 

to replace the constants ty 
names; and 

3. To detect critical logical features of 
all for statements and record these in 
the For Statement Table. A closely 
related function is to list integer 
left variables and linear subscripts 
of arrays in for statements, in the 
Left Variable and Subscript Tables. 

The diagram in Figure 39 illustrates the 
main operations performed in the Scan III 
Phase (the overall logic of the phase is 
indicated in Flowcharts 044 and 045 in the 
Flowchart Section). The following descrip
tion provides a brief comment on the 
diagram. 

The modified source text is scanned, in 
the first instance, by the GENTEST routine, 
which branches to approximately 30 other 
routines, according to the character iden
tified in the source text. Control is in 
every case returned to GENTEST after the 
required processing has been completed. 

Modification Level 1 text records are 
read from the SYSUT1 data set by the ICBA 
subroutine, which is called by all routines 
on detection of the record-end operator 
Zeta. The Modification Level 2 text 
records are output on SYSUT2 by the OUCHA 
subroutine on call from all routines which 
transfer operators and internal names to 
the modified text. 

OPENING AND CLOSE OF BLOCKS AND PROCEDURES 

At the opening of a block or procedure 
(indicated by the operators Beta, Pi or 
Phi), the next sequential Identifier Table 
record is read into the work area provided. 
Records are read from the SYSUT3 data set 
by the ITABMOVE subroutine, on call from 
BETA or PIPHI. When the end of the current 
(embracing) block or procedure is reached 
(indicated by the operator Epsilon), the 
corresponding Identifier Table record in 

the work area is deleted by EPSILON. This 
procedure insures that the Identifier Table 
work area at all times contains those 
identifiers which have been validly 
declared or specified in the current block 
or procedure, as well as in all enclosing 
blocks or procedures. The handling of the 
Identifier Table is described more specifi
cally in a later section. 

IDENTIFIER HANDLING 

A letter indicateS the beginning of an 
externally represented identifier. The 
LETTER routine scans the following charac
ters, and when the end of the identifier 
has been found, branches to IDENT. IDENT 
initiates a comparison (between the iden
tifier in the source text and the external 
names contained in the entries in the 
Identifier Table work area)., designed to 
locate an entry for the same identifier 
declared or specified in the current (or an 
enclosing) block or procedure. If no 
matching identifier is found in the Iden
tifier Table, the identifier in the source 
text is undefined: an error is recorded in 
the Error Pool, the Compiler enters Syntax 
Check Mode (Chapter 9), and, after an 
all-purpose internal name has been trans
ferred to the Modification Level 2 text, 
control is returned to GENTEST. If, howev
er, a matching identifier is found in the 
Identifier Table (indicating that the iden
tifier was duly declared or specified) 
control is passed to FOLI, which branches 
to one of four routines (NOCRI. PROFU, 
SWILA, and CRITI), according to the charac
ter of the identifier, indicated by the 
characteristic in the Identifier Table 
entry. 

The main function of the NOCRI. PROFU, 
SWlLA, and CRITI routines is to determine 
if the identifier in the source text is 
contained in an embracing for staterrent 
(that is, in the for list or in the 
iterated part of an embracing for 
statement); and if so, to make entries in 
the Left Variable and/or critical Identifi
er Tables; and to classify the embracing 
for statement(s) in the For Statement 
Table, according to whether the presence of 
the particular type of identifier in the 
for statement affects the logical structure 
of the code to be generated for the for 
statement(s) in the Compilation Phase. ~he 
processing of for statements is discussed 
in more specific detail in a later secticn. 
The SWILA routine, entered if the identifi
er is a label or a switch, serves to verify 
the validity of a branch. 
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NOCRI, PROFU, SWlLA, and CRITI all 
return control to LETTER (directly if the 
identifier is not contained in a for 
statement). LE.'TTER thereafter transfers 
the identifier's five-byte internal name to 
the Modification Level 2 text, replacing 
the external name in the Modification Level 
1 text, and returns control to GENTEST. 
The internal name is obtained from the 
Identi'fier Table entry previously located 
by IDENT. An overall survey of the 
identifier-handling routines Can be found 
in the Flowchart Section with the aid of 
the Index of Routines in Appendix XI. 

NUMBER HANDLING 

Constants in the Modification Level 1 
text are handled, in the first instance, by 
the DIGIT19, DIGITO, DECPOIN, and SCAFACT 
routines. The function of these routines, 
in the case of real constants (e.g. 
457.725 or 0.0095'86), is to represent the 
constant as the product of a mantissa (with 
the decimal point immediately to the left 
of the first significant digit) and a power 
of ten. Thus the constants in the illus
trations above would be represented as 
0.457725 x 103 and 0.95 x 1084 • When this 
transformation is complete, control is 
passed to the REALCON routine, the mantissa 
being transmitted in a storage location and 
the exponent in a register. REALCON con
verts the constant, represented by the 
mantissa and exponent, to floating point 
representation in a register. Thereafter, 
control is passed to the REAL HAN routine, 
which stores the constant in the Constant 
Pool and transfers a five-byte internal 
name, referencing the constant's storage 
location, to the Modification Level 2 text. 

Integer oonstants are handled by the 
DIGIT19 and/or DIG ITO routines. When the 
last digit in the constant has been locat
ed, control is passed to the INTCON rou
tine. INTCON oonverts the constant to 
fixed point notation in a register, and 
exits to INTrlAN, which stores the constant 
in the Constant Pool and transfers a five
byte internal name to the Nodification 
Level 2 text. 

ARRAY SUBSCRIPT HANDLING 

Subscript expressions, identified by the 
operators [, Cmnma and], are handled by 
the OPBRACK, COMMA, and CLOBRACK routines. 
If a subscript expression relates to an 
array in a for statement, an analysis of 
the subscript expression is initiated to 
determine if the subscript expression is 

optimizable, that is, if the expression is 
a linear expression satisfying certain 
constraints (defined in a later section). 
If the sutscript expression is optimizable, 
the terms of the expression, together with 
their signs and a serial number identifying 
the for staterrent, are entered in the 
Sul::script Table. 

HANDLING OF OTHER OPERATORS 

For a majority of the operators in the 
Modification Level 1 text, the processing 
is limited to the transfer of the operator 
to the Modification Level 2 text (l::y 
OTHOP). In the case of the operators For 
and Do, a switch is turned on to indicate, 
respectively, entry to and exit from a for 
list, while the appearance of the operators 
Step, While, Power, or / in a for list is 
recorded in the appropriate entry of the 
For Statement Table. The Apostrophe opera
tor indicates that the internal name of a 
character string or a logical value fol
lows, and in this case the internal name 
alone is simply transferred to the Modi
fication Level 2 text. 

PHASE TERMINATION 

The Scan III Phase is terminated on 
recognition of the closing operator Omega. 
The OMEGA routine writes out the last 
records of the Sul::script and Left Variatle 
Tables, releases main storage,. and trans
fers control (XCTL) to Diagnostic Output 
Module IEX31 (Chapter 9). 

PHASE INPUT/OUTPUT 

Figure 40 pictures the data input to and 
output from the Scan III Phase. The figure 
also indicates the tables transmitted via 
main storage. 
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SYSUTI 

Modification 
Level 1 Source 
Text 

Identifier Table 
(lTAB) 

I---

r---------, 
J Main Storage I I Scope Table (SPTAB) I 
I Group Tobie (GPTAB) I 
I [loAodificotion level I I 
I Source Text *] I 

L __ -r_J 
I 
I 

SCAN III 
PHASE I 

I 

r---L--l I Main Storage , 

I ~ST~B)ement Tobie I 

I ~;::~i~:~tion level 2 I 
I Source Text*] I L _______ -1 

'" Source text transmitted in main storoge if it 
occupies less thon a full buffer. 

~ 
Constant Pool TXT 
records (if LOAD 

r---- specified) 

-
SY$UT2 

Ncdificotlon 
level 2 Source 
Tex' 

SVSUT3 

left Variable Tobie r--- (l VT AB) 

Subscript Table 
(SUTAB) 

SY$PUNCH 

Constant Pool TXT 
records (if DeCK 

______ specified) 

Figure 40. Scan III Phase input/output 

The Modification Level 1 source text is 
input from the SYSUT1 data set, unless the 
text occupies less than a full buffer. In 
the latter case the modified source text 
will have been transmitted from the Scan 
1/11 Phase in main storage. Similarly, the 
Modification Level 2 source text is output 
on SYSUT2 or transmitted via main storage, 
depending on whether the text occupies more 
than or less than a full buffer. 

Input of the Identifier Table (ITAB) 
proceeds in parallel with output of the 
Subscript Table (SUTAB) and the Left Varia
ble Table (LVTAB) on the same data set 
(SYSUT3). ITAB input is handled by the 
ITABMOVE subroutine, while SUTAB and LVTAB 
output is handled by the WRITE subroutine. 
SUTAB and LVTAB records (fixed length = 
buffer size) are output in random order, 
accordingly as the respective buffer is 
filled, starting at the SYSUT3 data set 
address immediately following the last ITAB 
record output by the Scan 1/11 Phase. The 
data set address is saved at initialization 
and transmitted to the Subscript Handling 
Phase in readiness for input of the first 
SUTAB/LVTAB record. To enable the records 
to be differentiated in the Subscript Han
dling phase, each output record contains a 
leading four-byte key (SUTB in SUTAB 
records, LVTB in LVTAB records). Before 
every input and output operation on SYSUT3, 
a test is made in both the I TAB MOVE and 
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WRITE SUbroutines, to determine if the 
operation to be performed differs from the 
last operation (i. e. input of I TAB or 
output of SUTAB/LVTAB). If the operation 
to be performed is the same as the last 
performed operaticn, input/output is ini
tiated directly from or to the current data 
set position. If, however, the operation 
to be performed differs from the last 
performed operation, the data set position 
of the last transferred record is saved 
(with the aid of a NOTE macro) in one of 
the pointers NOTER or NOTEW (see Figure 
41); the data set is then repositioned (by 
a POINT macro) to the address previously 
saved in NOTER/NOTEW; and input/output is 
started at the data set address to which 
SYSUT3 is positioned. 

NOTER 
(data set 
address of 
next ITAB 
record to 
be read) 

NOTEW 
(data set 
address for 
next output 
operation) 

---
SYSUT3 --

fo-----

-ITAB--
-----

SUTAB 

LVTAB 

SUTAB 

Notes: 

NOTER is updated by the WRITE sub
routine when the data set must be re
positioned from an ITAB record to the 
next free record, for output of a SUT AB 
or L VT AB record. 

NOTEW is updated by the ITABIvIOVE 
subroutine when the data set must be re
positioned from the end of the last writ
ten LVTAB or SUBTAB record, to the 
beginning of the next ITAB record to be 
read into main storage. 

Figure 41. Function of pointers NOTER and 
NOTEW in input/output opera
tions on the SYSUT3 data set 

PROCESSING OF THE IDENTIFIER TABLE 

A descripticn of the entries in the 
Identifier Table (ITAB) is given in Chapter 
4. See also Appendix II. 

In the Scan III 
resented operands in 
replaced by their 
names constructed in 

Phase, externally rep
the source text are 
corresponding internal 
the Identifier Tatle. 

The processing of the Identifier Tatle 
is approximately as follows. A new I TAB 
record is read into a wcrk area from the 
SYSUT3 data set, as soon as a new block or 
procedure is encountered in the ~odifica
tion Level 1 source text. When the end of 
a block or procedure is reached, the cor
responding record in main storage is 
erased. In this way, the work area at all 
times contains those identifiers which have 
been duly declared <whether in the current 
scope or in an enclosing scope) and which 
may validly occur as operands at any given 
point in the source module. Any operand in 
the modified source text not represented by 
an entry in the work area represents an 
undeclared identifier. 



When an operand is recognized in the 
source text, it is compared with each of 
the ITAB entries in the work area, begin
ning with the last, until an entry is found 
which contains the same external name as 
the operand in the source text. The inter
nal name in the ITAB entry is then trans
ferred to the Modification Level 2 text in 
the output buffer, replacing the externally 
represented operand in the Modification 
Level 1 text. If no ITAB entry is found to 
match the operand in the source text, an 
all-purpose internal name is transferred to 
the output text, Error No. 81 is recorded, 
and the Compiler enters Syntax Check Mode 
(Chapter 9). 

An ITAB record is read into the work 
area on recognition of any of the operators 
Beta, Pi or Phi, opening a block or a 
procedure. Input is handled by the ITAB
MOVE subroutine on call from the BETA and 
PIPHI routines. (Records are arranged on 
the data set in ascending program Block 
Number sequence the same sequence as 
blocks and procedures are opened (and 
numbered) in the source module). The cor-

responding record is erased on detection of 
the closing of era tor Efsilon. The record 
is erased (by the EPSILON routine) by 
resetting a pointer (ZCURITEN) tack to the 
end of the preceding record. Figure 42 
illustrates the handling of the Identifier 
Table in relation to the block structure of 
a hYfothetical source module. 

CLASSIFICATION OF FOR STATEMENTS 

Every for statement in the source module 
is assigned to one of three main leof 
classifications: Normal Loops, Elementary 
Loops, and Counting LOOfs. The loop clas
sification, which is recorded in the For 
Statement Table, specifies the logical 
structure of the code generated in the 
Compilation Phase for each for statement. 
The structure of the object code generated 
for each of the various lOOf types is 
illustrated in Chapter 8 (Figures 66-72). 

Contents of Identifier Table Work Area in the Scan 111 Phose at Differing Points in Source Iv'odule 

(letters refer to labelled positions in block diagram ot left) 

0) 

b) 

c) 

d) 

e) 

f) 

g) 

Source Nodule Block Structure 

At Initialization move 
in standard procedure 
designators and read P. B. 1 

PBl (CHECK reod-;n of P.B.l; 
set ZCURITEN to end of 
P .B.l; 
stort read-in of P. B. 2) 

PB2 (CHECK reod-;n of P.B.2; 
set ZCURITEN to end of 
P .B. 2; 
start read-in of P.B.3) 

[ 

PB3 (CHECK read-;n of P.B.3; 
set ZCURITEN to end of 
P.B.3; 
start read-in of P. B. 4) 

(Delete P. B. 3 by resetting 
ZCURITEN to end of P . B. 2) 

[ 

PB4 (CHECK reod-;n of P.B.4; 
move P.8.4 to end of P.B.2; 
set ZCURITEN to end of 
P.BA) 

(Delete P .BA by resetting 
ZCURITEN to end of p. B. 2) 

(Delete P.B.2 by resetting 
ZCURITEN to end of P.B.l) 

(FREEMAIN) 

0) b) 

Std. Std. 
Proc. Proc. 
Desig- Desig-
nators ncters 

P.B.l P. B. 1 

ZCURITEN 

c) 

Std. 
Proc. 
Desig
nators 

P. B. 1 

d) 

Std. 
Proc. 
Desig
nators 

P.B.l 

e) 

Std. 
Proc. 
Desig
nators 

P .B.l 

I) 

Std. 
Proc. 
Desig
nators 

P.B.l P .B.l 

ZITREC =",---/ 
ZCURITE::..N"!, __ -! 

:P.B.2 P .B. 2 P .B.2 P.B.2 P. B.2 P.B.2 P .B.2 

ZCURITEN 
I 

ZCURITEN , ZCURITEN 

ZITREC 

P .B.3 P .B.3 

, I I I 
I I I I 
I I I i 
I (obso- I P .BA I (obso- , (obso-

: lete) IZCURITE I'ete) i : lete) 

ZCURITEN 
:::t-----i 

ZITREC 

P.BA 

I IZITREC ~--~I(ZITRECri I(ZITREC}-1 

ZITREC TIl I : f~~=-1 1 Iii i 
P .B.4 I I I I 

I I I I I 
I I I : I 
I __ J L __ --1 L __ 

Notes: 
(see note 3) 

1. At the opening of a block or procedure, BETA (or P1PH1) calls the ITABJ.AC)VE subroutine, which CHECKs read-in of the Identifier Table 
record for the newly entered block, and then sets pointer ZCURITEN so that it points to the last identifier entry in the record. The length 
by which ZCUR1TEN is incremented is contained in bytes 0 and 1 of the record~ s heading entry. The length is stored at ZCURITLE, after 
the length of the preceding record (in ZCURITLE) has been stored in bytes 6 and 7 of the heading entry. At the some time, a READ macro 
is executed which starts reod-in of the record for the next sequential block or procedure. Pointer ZITREC points to the position where 
this record will be stored (eleven bytes beyond ZCURITEN). 

2. At the close of a block or procedure, EPSILON resets pointer ZCURITEN to the end of the preceding Identifier Table record (which 
corresponds to the reentered block or procedure), thus erasing the identifiers declared or specified in the newly closed block. The 
length by which ZCURITEN is decremented is the length of the closed Identifier Table record, contained in ZCURITLE. 

3. In addition to the operations explained in Item 1, a test is made, at the opening of a block or procedure, to determine if ZITREC > 
ZCURITEN +11. The affirmative case indicates that the Identifier Table record for the newly entered block is separated from the record 
for the enclosing block by an obsolete record, that is, on Identifi.er Table record of a preceding (closed) block or procedure •. I~ this 
case the entire record for the newly entered block or procedure IS moved upward SO as to overlay the obsolete record and odlolO the end 
of the record for the embracing block. The length of this move is the length of the obsolete record, which is contained in the heading 
entry of the record to be moved. 

Figure 42. Diagram illustrating the handling of Identifier Table (ITAB) records 
in the ITAB Work Area 
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Normal Loop 

A for statement is ·classified a Normal 
Loop if anyone of the following condi
tions is detected: 

1. The for statement contains a proce
dure identifier (other than a stand
ard mathematical function or a 
standard output procedure). 

2. An assignment is made in the for 
statement to any identifier in the 
for I iet (' FOR ' • •••• 'DO' ), excepting 
the controlled variable. 

3. An array element occurs in the for 
list. 

4. The entries in the critical Iden
tifier Table (CRIDTAB), representing 
the identifiers in the for list, are 
deleted by reason of CRIDTAB over
flow. 

Elementary Loop 

A for statement is classified an Elem
entary Loop if anyone of the following 
conditions is detected: 

1. A real operand occurs in the for 
list. 

2. Anyone of the operators While or 
Power occurs in the for list. 

3. The controlled variable occurs in 
the for statement (other than in 
optimizable subscript expressions). 

4. A goto statement implying a branch 
out of the for statement, is con
tained in the iterated statement. 

Counting Loop 

A for statement is classified a Count
ing Loop if it does not qualify as a 
Normal Loop or as an Elementary Loop. 

PROCESSING OF FOR STATEMENTS 

The processing of for statements in the 
Scan III Phase consists in the detection of 
the logical features listed above under the 
three loop classifications, and in reg
istering these features in the for 
statement's classification byte in the For 
Statement Table. 

Processing operations may be divided 
into (a) the detection of operators in for 
lists i (b) the recognition of identifiers 
in for statements (that is, in both the for 
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list and in the it erat. ed part of a for 
statement) • 

Detection of Operators in For List 

The presence of any of the operators 
Step, While, or ~ l.n a for list is 
detected by the routines STEP, WHILE. and 
DIPOW. Their presence is recorded by bit 
settings in the for statement's classifica
tion byte in the For Stateme.nt Table. 

Recognition of Identifiers in For 
Statements 

The recognition of the classes of ide.n
tifiers in a for statement and their posi
tion in the for statement as the controlled 
variable and/or a left variable in the 
iterated statement, is handled l:y the rou
tines entered from FOL!. see "Identifier 
Handling" and Flowchart 056. 

FOLI's function is to determine the 
class of an identifier and to branch to a 
corresponding routine. The identifier 
class is determined by inspection of the 
special Use Bits of the characteristic 
(Figure 9) Ln the Identifier Tatle entry 
corresponding to the externally represented 
identifier in the Modification Level 1 
text. The routines entered from FOLI, 
according to the class of identifier recog
nized, are as follows: 

NOCRI - a type-declared simple variable or 
an array 

SWlLA - a label or switch 

PROFU - a procedure or formal parameter 

CRITI - a critical identifier 

An identifier is termed a critical iden
tifier if it occurs in the for list of an 
emtracing for statement, provided the iden
tifier is a declared real, integer, or 
l:oolean simple varial:le. As soon as an 
identi.fier of this kind is encountered in a 
for list, the special use Bits of the 
characteristic in the corresponding Iden
tifier Table entry, originally equal to 
binary 00, are set to binary 11, thus 
marking the identifier critical and facili
tating the subsequent recognition of criti
cal identifiers in the iterated part of the 
for statement. A critical identifier's 
Special Use Bits are reset to binary 00 
only at exit from the for statement. 



NOCRI detennines, by reference to a 
switch byte set to various values on recog
nition of the operators For and ro, if an 
identifier occurs in a for--list.-- If it 
does, and if the identifier is a type 
declared silllple variable, NOCRI makes an 
entry for the identifier in the Critical 
Identifier Table (CRIDTAB), and then marks 
the identifier "critical" in the Identifier 
Table, in the manner explained above. 
These operations are performed by the CRlMA 
Subroutine, which also classifies the 
enclosing for statement, according to the 
character of the particular identifier. 
NOCRI also makes an entry for the identifi
er in the Left Variable Table by call to 
LETRAF, if the identifier occurs as an 
integer left variable in the for statement. 

SWILA, which is entered in the case of a 
switch or label, classifies the enclosing 
for statement(s), if any, if a jump is 
detected out of the for statement(s). 

PROFU, which is entered in the case of a 
procedure or formal parameter, classifies 
the embracing for statement(s), if any, as 
Normal Loops. 

CRITI, which is entered in the case of a 
critical identifier, classifies the enclos
ing for statement(s) according to whether 
an assignment is made to identifiers in the 
for list, among other things. 

A for statement may be reclassified if 
the controlled variable occurs inside a 
nonlinear subscript expression. This con
dition is detected by the subroutines 
(called by OPBRACK, COMMA, and CLOBRACK) 
which process array subscript expressions 
in for statements. 

OPTIMIZABLE SUBSCRIPT EXPRESSIONS 

A subscript expression of any array may 
be described as a formula which specifies a 
displacement (usually in terms of one or 
more variables). If a subscripted variable 
QCcurs in a for statement, and if the 
controlled variable occurs as a variable in 
one or more subscript expressions, each 
subscript expression will specify a differ
ent displacement for every value assigned 
to the controlled variable (and hence for 
every cycle of the for loop). 

The optimization of a subscript expres
sion in a for statement consists in the 
generation of object code which precalcu
lates (a) the initial value of the sub
script, and (b) a constant increment to be 
added in each cycle of the for loop. 
Arrays and subscript optimization are dis
cussed in detail in Chapter 8. 

Optimization is ~ossible if the follow
ing conditions are satisfied: 

1. The subscript ex~ression is optimiza
ble, i.e., of the form ±F*V±A, where 
the factor F is an integer variable or 
constant, V is the controlled variable 
in the for statement, and the addend A 
is an integer variable or constant. 
optimizable subscript expressions are 
entered in the Subscript Table. 

2. The for statement is a Counting Loop 
or an Eleme~tary LOO~ in which nc 
assignment ~s made ~n the iterated 
statement to the controlled variable. 

From the foregoing, it is a~parent that 
subscript optimization is performed only in 
the case of Counting Loops and Elementary 
Loops. 

A for statement mayor may not contain 
an array identifier. If an array does not 
occur in a for statement, subscript optimi
zation does not come into question. If, 
however, one or more arrays occur in a for 
statement, subscript optimization may be 
possible, depending on the for statement's 
loop classification and on whether the 
subscript expression is of the type speci
fied above. 

Each for statement's Classification byte 
in the For Statement Table, specifies if 
optimization is to be performed for those 
subscript expressions in the for staterrent 
which are optimizable. 

Subscript expressions are processed by 
the OPBRACK, COMMA, and CLOBRACK routines. 

FOR STATEMENT TABLE (FSTAB) 

As transmitted (via main storage) to the 
subscript Handling Phase (and thence to the 
Compilation Phase), the For Statement Table 
(FSTAB) contains a classification byte for 
each for statement in the source module. 
The classification byte indicates: 

1. The for statement's loop classifica
tion. 

2. The presence of the operators Step and 
While in the for list. 

3. Whether or not optimization is to be 
performed for optimizable subscript 
expressions in the for statement. 

The foregoing information is indicated 
by bit settings in each half of the classi
fication byte, as follows: 
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First Half X'F' For statement is a 
(bits 0-3) Normal Loop 

X'8' For statement is an 
X'2' Elementary Loop 

X'O' For statement is a 
counting Loop 

X' 4' Subscript optimization 
is not to be performed 

Second Half X'8' 
(bits 4-7) : 

For list contains a 
step element 

X'4' For list contains a 
while element (in this 
case, the for state
ment is classified an 
Elementary Loop). 

A maximum of 255 bytes is provided for the 
For Statement Table in the Common Work 
Area. 

The claSsification byte for a given for 
statement may be modified or referenced by 
several routines in the Scan III Phase, 
including WHILE, STEP, and DIPOW, as well 
as the routines entered from FOLI. 

LEFT VARIABLE TABLE (LVTAB) 

As transmitted to the Subscript Handling 
Phase, the Left Variable Table (LVTAB) 
contains an entry for every integer left 
variable occurring in the iterated part of 
for statements in which subscript optimiza
tion is possible. In the case of a series 
of nested for statements, the entries made 
for each for statement include all integer 
left variables in the enclosed for 
statement(s), including the controlled 
variable(s) • 

o 1 4 

r---------T-------------------------------, 
I <FSN> I <DSA address of I 
I I left variable> I L _________ ~ _______________________________ J 

<FSN> <serial For statement 
Number> 

<DSA address> = <Last three bytes of 
internal name, containing 
Program Block Number and 
displacement in object time 
Data storage Area> 

Figure 43. Entry in Left Variable Table 
(LVTAB) 
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LVTAB is used in the Subscript Handling 
Phase to identify those subscript expres
sions listed in the Subscript Table which 
are optimizable. 

Entries are made in LVTAB by the 
subroutine. LVTAB is output to the 
data set by the WRITE subroutine. on 
from NOCRI or CRIMA. 

SUBSCRIPT TABLE (SUTAB) 

LETRAF 
SYSUT3 

call 

As transmitted to the Subscript Handling 
Phase, the Subscript Table (SUTAB) contains 
an entry for every cptimizable subscript 
expression found in the iterated part of a 
for statement. 

Entries are made in SUTAB by the SUTA
BENT subroutine on call from SUSCRITE 
(which is called in turn by the CO~MA and 

CLOBRACK routines). 

SUTAB is output on the SYSUT3 data set 
(in parallel with output of LVTAB and input 
of I TAB) by the WRITE subroutine. 

CRITICAL IDENTIFIER TABLE (CRIDTAB) 

The critical Identifier Table provides a 
temporary record of the critical identifi
ers in the embracing for statement(s), that 
is, the nonarray identifiers found in the 
for list(s) of the embracing for 
statement(s}. It is used primarily in 
determining if an identifier in the iterat
ed part of a for statement also occurs as 
the controlled variable in the for list. 
It also provides a means of identifying the 
for statement, in whose for list a critical 
identifier occurs. The latter function 
assumes importance in the case of a series 
of nested for statements, where an assign
ment is made to a critical identifier which 
occurs in the for list(s) of one or more 
enclosing for statements. This condition 
affects the lcgic of the enclosing for 
statement(s), and must be reflected in the 
For Statement Table. 



o 1 4 7 10 11 12 14 
r-----T------------------T---------------r---------------y---T----T------------~ 
I<FSN>I<OSA address of I<DSA address ofl<DSA address ofl<X>I<RN>I<Rel. addressl 
I 1 array identifier> 1 factor> 1 addend> 1 1 1 of left I 
I I 1 1 1 1 1 cracket in 1 
I 1 1 1 1 I 1 o/p buffer> I L _____ ~ __________________ ~ _______________ ~ _______________ i ___ ~ ____ i _____________ J 

<FSN> 

<DSA address> 

<X>Bit 0 
1 
2 
3 

4-7 

<RN> 

<For statement Number> 

<Last three cytes of identifier·s 
internal name containing Program 
Block Number and displacement> 

<sign of factor: 0 = +,. 1 = -> 
= <sign of addend: 0 = +'. 1 = -> 
= 

(used only in Subscript Handling 
Phase) 

= <Positional number of subscript> 

= <Output record number in which the 
left bracket following the array 
identifier was put out> 

Figure 44. Fourteen-byte subscript Table entry 
for an optimizable array sucscript expression in a for statement 

o 1 4 5 7 9 

r------T-----------------------T------T-----------T-----------, 
I<FSN> I <DSA address of I<Flag>l<Address l>l<Address 2>1 
I I critical identifier> I I 1 I L ______ i _______________________ i ______ i ___________ L-__________ J 

<FSN> = <For statement Number> 
<DSA address> <Last three bytes of critical 

identifier's internal name> 
<Flag>: Bit 0 on = Identifier is controlled variable 

Bit 1 on CRIDTAB contains a preceding entry for 
same identifier 

Bit 1 off = This entry is the first or only entry 
for the identifier 

Bit 2 on = CRIDTAE contains a succeeding entry for 
the same identifier 

Bit 2 off This entry is the last (or only) entry 
for the identifier 

<Address 1> 
First or only entry: 

<Relative address of critical 
identifier's ITAB entry> 

Second or subsequent entry: 
<Relative address of preceding CRIDTAB 
entry for same identifier> 

<Address 2> = 
Any entry except the last: 

<Relative 
entry for 

Last or only entry: 
(Not used) 

address of succeeding CRIDTAB 
same identifier> 

Figure 45. Entry in Critical Identifier Table (CRIDTAB) 
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An entry is made in CRIDTAB by the CRIMA 
subroutine as soon as it is determined that 
an identifier is contained in a for list. 
At exit from a for statement, all entries 
for identifiers in the for list are delet
ed. If the same identifier occurs in the 
for lists of a series of nested for state
ments, each entry for that identifier is 
flagged to show that there is a preceding 
and/or succeeding entry for the same iden
tifier. If a for statement is classified a 
Normal Loop, all CRIDTAB entries for iden
tifiers in the for list are deleted (by the 
DELCRIV subroutine). In the event of CRID
TAB overflow, the entries for the outermost 
for statement are deleted (by the CRIFLOW 
subroutine) • 

As indicated above, CRIDTAB lists the 
identifiers in the for list(s) of the 
embracing for statement(s), each entry 
indicating, first, if the identifier is the 
controlled variable, and second" if the 
identifier occurs in any other embracing 
for statement(s). As soon as it is detect
ed (by NOCRI) that an identifier occurs in 
a for list, the Special Use Bits (see 
Figure 9) in the corresponding Identifier 
Table (ITAB) entry for the identifier are 
set to binary 11, to indicate that the 
identifier is a critical identifier, and an 
entry is made for the identifier in CRID
TAB. The Special Use Bits remain set to 
binary 11 until exit from the for state
ment" or until the for statement is classi
fied a Normal Loop, at which time they are 
reset to their original value by the CRIFO
DEL routine. When an operand is encoun
tered in the iterated statement (or in the 
same for list) whose corresponding ITAB 
entry shows that the identifier is a criti
cal identifier, control is passed by FOLI 
to the CRITI routine. CRITI locates the 
corresponding entry in CRIDTAB, and then 
proceeds to modify the classification byte 
(in FSTAB) of the for statement(s) corres
ponding to each entry for the identifier, 
according to the particular circumstances 
surrounding the identifier in the iterated 
statement and in the for list. These may 
show, for example, that the identifier 
occurs as the controlled variable or as 
some other variable in the for list; that 
the identifier appears to the left of, or 
to the right of, an assignment operator in 
the iterated statement; or that the iden
tifier appears only in a subscript expres
sion. Depending on the circumstances iden
tified, the corresponding for statement's 
classification byte may be modified to 
change the loop classification, or to spec
ify that subscript optimization is or is 
not possible. 
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ARRAY IDENTIFIER STACK (ARIDSTAB) 

An entry is made in the Array Identifier 
Stack for an array identifier in a for 
statement when the opening bracket follow
ing the identifier is encountered. The 
entry is deleted when the bracket which 
closes the array list is found. In a 
series of nested arrays {as, for example: 
(ARRAYl [K, ARRAY2 [L, ARRAY 3 [M, N]] ] ) , an 
entry is made for each array, as soon as 
the opening bracket for the particular 
array is recognized. The stack entries are 
released as the relevant closing bracket is 
identified, the last entry for the inner
most nested array being released first" the 
entry for the embracing array being 
released second., and so cn. 

o 3 4 5 7 
r------------------y-----T------T---------, 
I<DSA address Of ,<X>, <RN> ,<Address>1 
I array identifier>1 , I I L __________________ ~ _____ ~ ______ ~ _________ J 

<DSA Address> 

<x> 

<RN> 
<Address> 

= <Last three bytes of 
array identifier's 
internal name> 

= <Positional number of 
subscript component in 
which the array occurs> 
(set to X'OO· if the 
array does not occur in 
an embracing array 
list) 

= <output record number> 
<Relative address of 
opening bracket in the 
output record> 

Figure 46. Entry for an array identifier 
in the Array Identifier Stack 
(ARIDSTAB) 

The Array Identifier Stack provides tem
porary storage for information concerning 
an array in a for staterrent. The recorded 
information may subsequently be transferred 
to one or more entries in the subscript 
Table, depending on whether the subscript 
expression(s) in the array list are optirri
zable. A subscript expression containing 
an array is not optimizable., but the sub
script expressions of the nested array may 
be optimizable. 

MODIFICATION LEVEL 2 SOURCE TEXT 

The Scan III Phase generates a seccnd 
transforroation of the source text., called 
Modification Level 2 (the first transforrra
tion being that of Modification Levell, 
produced by the Scan I/II Phase). The 
Modification Level 2 text, which forms the 



primary input to the Compilation Phase, is 
transferred to the SYSUT2 data set, unless 
it occupies less than a full buffer, in 
which case it is transmitted via Source 
Text Buffer 1. The principal changes 
reflected in the Modification Level 2 
source text, as compared to Modification 
Levell, are as follows: 

1. All externally represented operand 
identifiers are replaced by five-byte 
internal names (Appendix II). The 
internal names are obtained from the 
Identifier Table. Undeclared iden
tifiers are replaced by an all-purpose 
internal name. 

2. Constants are replaced by five-byte 
internal names specifying the type of 
constant (real or integer) and the 
field in the Constant Pool where the 
constant is stored., and the Constant 
Pool Number. Defective constants are 
replaced by an all-purpose internal 
name (Appendix II). 

3. The two-byte Identifier Group Number 
following the operators which mark the 
opening and closing of blocks, proce
dures, and for statements in the Modi
fication Level 1 text (see dscope 
Identification" in Chapter 4) is elim
inated in the Modification Level 2 
text. 

4. The Apostrophe preceding the internal 
names of character strings and boolean 
constants is removed, but the internal 
names are transferred to the Modifica
tion Level 2 text unchanged. 

5. The operator Rho (inserted by the Scan 
1/11 Phase at the beginning of a 
record when a parameter delimiter 
extends across a buffer boundary) is 
removed, together with the preceding 
letter string. The right parenthesis 
at the beginning of the letter string 
is replaced by a Comma. 

SWITCHES 

The following switches are used in the 
routines of the Scan III Phase. 

ZFORTEST 

X'OO' (set to X'OO' on detection of 
operator Do) indicates that the 
source text-Currently being processed 
is not part of a for list. 

X'CO' (set to x'CO' on recognition of 
operator For) Signifies that a for 
statement has been entered. 

X'80' (set to X'80' ty CRIMA after the 
controlled variatle in a for state
ment has been recognized) signifies 
that a for list fcllowing the con
trolled variable is being processed. 

10 BYTE (Bits 0 thru 3 are named as 
follows. They are tested and turned on 
or off in the ITABMOVE, WRITE" and 
CHECK subroutines). 

READM=l signifies that the last SYSUT3 
operation was a READ. 

WRlTEM=l signifies that the 
SYSUT3 operation was a WRITE. 

last 

READC=l signifies that the last SYSUT3 
operation was a CHECK following a 
READ. 

WRlTEC=l signifies that the last 
SYSUT3 operation was a CHECK follOW
ing a WRITE. 

SCATEST (Bits 0 thru 4 are named as 
follows. They are tested and turned on 
or off in the DIGIT19, DIGITO" DECPCIN, 
SCAFACT, and REAL CON routines). 

SFSIGN=l signifies that the Scale Fac-
tor is followed by a +/- sign. 

SFLO=l signifies that a scale factor 
exponent contains one or more leading 
zeros. 

SF19=1 signifies that a significant 
digit has been encountered in a scale 
factor exponent. 

SF=l signifies that a scale factor has 
been encountered as part of a real 
number. 

PRECERR=l signifies that the precision 
of a real constant exceeds the 
machine capacity. 

STATUS (Bits 0 and 4 are named as fol
lows. They are tested in the OPBRACK,. 
COMMA" and CLOBRACK routines.) 

SARRAY=l (turned on ty ARRAY on detec
tion of the operator Array) signifies 
that an array declaration is being 
process ed,. 

SSWITCH=l (turned on by SWITCH on 
detection of the operator SWitch) 
signifies that a switch declaration 
is being processed. SARRAY and 
SSW ITCH are both turned off by SEMI
DELT at the close of the declaration. 

ZCLOBRA 

X'OO" (set to X" 00" by COMMA and 
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OPBRACK on detection of the operators 
[ or Comma in a subscript expression) 
signifies that SUSCRITE is to be 
called. 

X'FF' (set to X'FF' by CLOBRACK on 
detection of an array element in a 
subscript expression) signifies that 
the rest of the expression cannot te 
optimized and specifies that SUSCRITE 
is not to be called. 

X'OO' The maximum capacity of SUTAB or 
LVTAB has not yet been reached. 

X'FF' (set to X'FF' in LETRAF and 
SUTABENT) signifies that the maximum 
capacity of LVTAB or SUTAB has been 
reached" and specifies to SUSCRITE 
and LETRAF that no more entries are 
to be made in these tables. 

CONSTITUENT ROUTINES OF SCAN III PHASE 

The principal constituent routines of 
the Scan III Phase are described below. 
The Index of Routines in Appendix XI pro
vides a guide to the flowchart in the 
Flowchart Section and to the text in which 
each routine is outlined. 

PHASE INITIALIZATION (INITIATE) 

The Initialization routine acquires main 
storage for the private work area shown in 
Figure 47; initializes pointers; issues a 
SPIE macro to take care of exponent over
flow and underflow interrupts; stores a set 
of 28 standard procedure designators in the 
Identifier Table (ITAB) work area; reads in 
the first Modification Level 1 text record 
from the SYSUTl data set; and exits to the 
GENTEST routine. 

TERMl is the address of the routine 
entered in the event of a program interrupt 
or input/output error. It is stored at 
ERET, the location referenced by the Pro
gram Interrupt routine (PIROUT) and the I/O 
Error routines (SYNAD and SYNPR) in the 
Directory. TERMl is changed to TERM2 after 
the GETMAIN macro has been issued. 
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A SPIE macro is then issued to provide 
for special handling of interrupts due to 
exponent overflow or underflow. By execu
tion of this macro,. the Directory routine 
PIROUT (the routine specified in the SPIE 
macro executed in the Initialization Phase) 
is replaced as the program interrupt exit, 
by a routine named INTERUPT. INTERUPT 
determines the type of interrupt involved" 
and if it is any interrupt other than an 
exponent overflow, passes control to 
PIROUT, which then passes control to the 
entry address TERM2 stored at ERET (see 
preceding paragraph) • If, however" the 
interrupt is due to exponent overf low., 
INTERUPT records Error No. 82" disregards 
the constant in the Modification Level 1 
source text, transfers an all-purpose 
internal name to the Modification Level 2 
text" and passes control to the GENTEST 
routine. 

The GETMAIN instruction is issued after 
the area sizes for all work areas have teen 
totalled. The area sizes are obtained frorr 
the Area Size Table in the Common Work 
Area. 

After initializing a pointer to Source 
Text Input Buffer No. 1 in the Common 
Area., a call is made to the Change Input 
Buffer subroutine nCHA)., provided the 
ONEREC switch in the HCOMPMOD Control Field 
shows that the source text has not teen 
transmitted from the Scan I/II Phase in 
main storage. ICHA reads in the first 
Modification Level 1 text record. 

A set of 28 eleven-tyte entries contain
ing the external and internal names of all 
ALGOL standard I/O procedures and mathemat
ical functions., is moved into the Identifi
er Table area from a tatle named FIXITAB. 
Appendix III lists the internal names of 
standard I/O procedures and mathematical 
functions. 

After fetching (by means of a NOTE 
macro) the data set address of the last 
Identifier Table (ITAB) record on SYSUT3, 
and saving the address in NCTEW and 
SULTSTRT., the data set is repositioned to 
the first ITAB record" and a call is rr.ade 
to the ITABMOVE subroutine, which reads in 
the first record. The data set address in 
NOTEW is referenced by the WRITE subroutine 
in the present phase; SULTSTRT is ref
erenced in the Subscript Handling Phase., 
when SUTAB and LVTAB are read into main 
storage. 



ZWP=Z 

ZFILEI 
ZFILE2 
ZFILE3 
ZFILE5 
ZFILE6 
ZFILE9 

ZSUTA 

ZKOPOOL 

DWP=ZLlTST A 

(ZWP) 
(ZDWP) 

ZKOPEND 
ZIBSTAO 

ZCURITEN 
ZITREC 

ZITEND 
ZIN=ZIBREAD 

(ZIN) 

ZOUT=ZOBWORK 

(ZOUT) 

ZOBWRITE 

PFA=PFANO 

(PFA) 

PO=ZSUDAD 
SUSTRT 

(ZSUTAPO) 

ZLEVA =ZLESTA=LVSTRT 

(ZLEVA) 

ZLEMAX 

(Space reserved for strings stored 

- _l!!...S~!L!!. Phas'!L ____ 

Constant Pool (4096) 

=,:== -- ZTEXTCO 

I 

(Standard Pracedure Designatars) 

~ ~-------.-

Identifier Table (lTAB)* 

-
Source Text Input Buffer No.2 * 

I-
I 

Source Text Out~t Buffer No.l* 

,--
t 

Source Text Output Buffer No.2 * 

Critical Identifier Table (CRIDTAB)* 

0--
I 

---iii SUTB I 
Subscri pt T abl e (SUT AB) * 

T" 
lvrs 

Left Variable Table (LVTAB)* 

,-
f 

* Area size specified by Area Size Table in Common Work Area. See 
Appendix VIII for the variation in area sizes as a function of the SIZE 
option. 

Notes: 

1. Source Text Input Buffer No. 1 is located in the 
Common Area acquired by the Initialization Phase. 
Its address is obtained from the Common Work Area 
location SRCEIADD and stored at ZIBRUN. In the 
ICHA subroutine, input buffers are exchanged by 
exchanging the contents of ZIBRUN and ZIBREAD 
and setting ZINR=ZIBRUN, where the latter point 
to the next record to be processed, while ZIBREAD 
paints to the alternate buffer into which read-in of 
the following record has been started. The end of a 
record is identified by the operator Zeta. 

2. In the OUCHA subroutine, source text output buffers 
are exchanged b~_ exchanging the contents of 
ZOBWORK and ZOBWRITE and setting ZOUT= 
ZOBWORK, where the latter paint to the vacant 
buffer to be filled next, while ZOBWRITE paints to 
the alternate buffer from which output of a record 
has been started. Pointers ZFILE1, ZFILE2, •••.• , 
ZFILE9 point to the end of the current buffer, less 1, 
2, ••••• , 9 bytes. 

3. In the Constant Pool, ZLiTSTA paints to the next free 
entry, allowing for strings stored by the Scan 1/11 
Phase. The displacement by ZLiTStA from the start.C)f 
the pool is obtained from the displacement painter . 
PRPOINT, transmitted from Scan 1/11 in the Common 
Work Area. 

ZWP and ZDWP paint to the next free entry at a 
word or double word boundary. 

ZTEXTCO is set equal to ZWP + 56 after a TXT record 
has been output. A TXT record is output as soon as 
ZWP >ZTEXTCO. 

4. In the Identifier Table, ZCURITEN points to the end 
of the set of IT AB records representing identifiers 
declared or specified in the embracing blocks and 
procedures. ZITREC points to the next entry. 

5. A four-byte key is stored at the start of SUTAB and 
LVTAB records. The key permits the Subscript Hand
ling Phase to identify each record read from SYSUT3. 

Figure 47. Private Area acquired by Scan III Phase 
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GENERAL TEST (GENTEST) 

GENTEST scans the Modification Level 1 
text in the current input buffer by means 
of a Translate and Test instruction, and 
branches to one of 26 routines" according 
to the function byte assigned the particu
lar character in Translation Table GENER. 
The fUnction bytes assigned by GENER to the 
character set and the routines entered from 
GENTEST are as follows: 

Character 
Function 

Byte 

<Any letter> 04 
<Any digit 1 - 9> 08 
<Digit 0> OC 
Decimal Point 10 
Scale Factor 14 
Apostro~he 18 
Beta 1C 
Pi, Phi 20 
For 24 
EPSilon 28 
Eta 2C 
Do 30 
While 34 
semIColon, Delta 38 
[ 3C 
Comma 40 
] 44 
Zeta 48 
Gamma 4C 
Omega 50 
+, -, *, + , (, ), 54 
<, >, S, 2:, =, *, 
Assign, llot, Impl, or, 
And, lliIuiv, Label Colon, 
Begin, Goto, ~, If, 
Then, Else, End, Power 
Rho ---- --- ----- 58 
Step 5C 
Array 60 
Switch 64 
Power,/ 68 

IDENTIFIER TEST (LETTER) 

Routine 
Entered 

LETTER 
DIGIT19 
DIG ITO 
DECPOIN 
SCAFACT 
QUOTE 
BETA 
PIPHI 
FOR 
EPSILON 
ETA 
DO 
WHILE 
SEMIDELT 
OPBRACK 
COMMA 
CLOBRACK 
ZETA 
GAMMA 
OMEGA 
OTHOP 

RHO 
STEP 
ARRAY 
SWITCH 
DIPOW 

See "Identifier Handling" in this chapter. 

LETTER, which is entered from GENTEST on 
recognition of a letter, scans the source 
text to the next nonletter, nondigit char
acter, and branches to one of four rou
tines, according to the fUnction byte 
assigned by Translation Table IDENTI. The 
function bytes aSSigned to the character 
set and the routines entered from LETTER 
are as follows: 
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Character 
Function 

Byte 

<Any letter or digit> 00 

Zeta 
Rho 
D€ciIl1al Peint 
Scale Factor, 
Apostrophe 
<All other operators> 

04 
08 
Oc 
10 

Routine 
Entered 

(No branch 
scanning 
continues) 
ZETALET 
RHO 
ERROR 1 
!DENT 

Entry to IDENT signifies that an iden
tifier in a valid context has teen encoun
tered. IDENT searches the Identifier Tatle 
for the corresponding entry, and when the 
entry is found, passes control to FOLI (see 
below). Contrel is sutsequently returned 
to LETTER1, which transfers the internal 
name of the identifier to the Modification 
Level 2 text, replacing the external naIl1e 
in the Modification Level 1 text. 

ZETALET exchanges source text buffers, 
by call to the ICHA subroutine, and returns 
contrel to LETTER. 

ERROR1 branches to INCOROP, which 
reeords Error No. 80, transfers an all
purpose internal name to the output text 
and switches the Compiler to Syntax Check 
Mode before returning control to GENTEST. 

ITAB SEARCH (IDENT) 

IDENT moves up to six characters of the 
identifier in the source text to a field 
named ZIDEX, and then cOIl1pares the 
identifier with the external names listed 
in the Identifier Table. When a matching 
entry is found, control is passed to the 
Identifier Classification Routine (FOLI). 
If an identical external name is not found, 
the identifier in the source text is unde
clared: Error No. 81 is recorded, Syntax 
Check Mode is entered, and an all-purpose 
internal name at ZALLPU is addressed. Cen
tral is then returned to LETTER (via 
LETTER1) which transfers the internal name 
to the output buffer, and returns control 
to GENTEST. 

IDENTIFIER CLASSIFICATION (FeLl) 

FOLI inspects the internal name located 
by IDENT in the Identifier Tatle, corres
ponding to the identifier in the source 
text, and branches to one of four routines, 
according to the class of identifier desig
nated by the Special Use Bits in the 
characteristic (Figure 9): 



Special 
Use Bits Identifier Class 

00 Declared simple 
variable or array 
identifier 

01 Procedure identifier 
or formal parameter 

10 Label or switch 
identifier 

11 Critical Identifier 
(the identifier occurs 
in the for list of 
the embracing for 
statement) 

Program 
Entered 

NOCRI 

PROFU 

SWILA 

CRITI 

Only the first three classes are rep
resented in the Identifier Table as con
structed in the Scan 1/11 and Identifier 
Table Manipulation Phases. A declared 
real, integer, or boolean simple variable 
is classed a critical identifier (the 
fOUrth class) as soon as it is detected in 
a for list. In practical terms, this means 
that the Special Use Bits of the corres
ponding entry in the Identifier Table are 
set to binary 11 and that an entry for the 
identifier is made in the Critical Iden
tifier Table. At exit from the for state
ment, all identifiers in the for list are 
restored to the noncritical class by reset
ting the Special Use Bits of the corres
ponding Identifier Table entries to 00, and 
the entries in the Critical Identifier 
Table for those identifiers are deleted. 

NONCRITICAL IDENTIFIER (NOCRI) 

NOCRI determines whether the identifier 
encountered in the source text occurs in a 
for list, in the iterated part of a for 
statement, or outside a for statement. If 
the identifier occurs in a for list 
(indicated by ZFORTEST* X'QO'), a call is 
made to the CRlMA subroutine, which sets 
the Special Use Bits of the corresponding 
Identifier Table entry to 11, classifying 
it a critical identifier, and makes an 
entry for the identifier in the critical 
Identifier Table. If the identifier occurs 
in the iterated part of a for statement and 
if it occurs as an integer left variable, a 
call is made to the LETRAF subroutine, 
which makes an entry in the Left Variable 
Table. If the identifier occurs outside a 
for statement, control is returned to the 
LETTER routine, which transfers the inter
nal name in the corresponding Identifier 
Table entry to the output text, replacing 
the external name in the Modification Level 
1 text. 

PROCEDURE/PARAMETER (PROFU) 

PROFU is entered when the FOLI routine 
has detected a procedure identifier or a 
formal parameter. PROFU erases all entries 
(if any) in the Array Identifier Stack in 
the event the procedure identifier or for
mal parameter occurs in an array list; and, 
if the procedure or formal parameter occurs 
in a for statement (indicated ty entries in 
the Critical Identifier Table), calls the 
DELCRIV subroutine, which classifies the 
embracing for statement(s) Normal Loops and 
erases CRIDTAB. Control is returned to the 
LETTER1 routine, which transfers the inter
nal name of the identifier to the output 
text. 

SWITCH/LABEL (SWlLA) 

SWILA is entered when the FOLI routine 
has identified a switch or label identifi
er. The function of SWILA is to determine 
whether the label or switch implies a 
branch out of the current scope. If so, it 
is determined (by reference to the Group 
Table) if the branch is into a scope 
enclosing the current scope, or into a 
scope enclosed by the current scope. In 
the first case, the jump is valid, tut if 
the current scope is a for statement, its 
optimization is affected, and the corres
ponding for statement's classification byte 
is modified. 

In the second oase, the tranch is inval
id, as it is into a for statement, and an 
error is recorded. In every case, control 
is returned to the LETTERl routine. 

CRITICAL IDENTIFIER (CRITI) 

CRITI is entered when the FOLI routine 
has identified an operand that is a criti
cal identifier, i.e. the SOUrce identifier 
occurs in the for list of an embracing for 
statement. (An entry for the identifier 
will have been previously made in the 
Critical Identifier Tatle). The action 
taken depends on whether the operand occurs 
in a for list or nct (indicated ty the 
switch ZFORTEST). 

Identifier in For List: A branch is made to 
the CRlMA subroutine which constructs an 
entry for the identifier in the Critical 
Identier Tabl e. 

CRITI then searches the Critical Iden
tifier Table for the previous entry for the 
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identifier. When the earlier entry has 
been found, the two entries are chained 
together, the flag byte in each entry being 
set so as to indicate respectively that the 
entry is preceded or followed by another 
entry for the same operand, and the rela
tive address of the preceding or following 
entry being stored in byte 5 and 6 or byte 
7 and 8 (see Figure 45). 

Tests are now made of the appropriate 
bit in the flag-byte of the two entries to 
determine whether or not the identifier 
constitutes the controlled variable in the 
respective for statements. The action 
taken for the various alternatives is as 
follows: 

If the identifier occurs as the con
trolled variable in the current for state
ment as well as an enclosing for statement, 
the classification byte in the For state
ment Table for the enclosing for statement 
is modified to show that subscript optimi
zation is not possible. If the identifier 
in the current for statement is the con
trolled variable, but in the enclosing for 
statement is not the controlled variable, 
the enclosing for statement is classified a 
Normal Loop. 

If the identifier occurs twice in the 
current for list (once as the controlled 
variable), the current for statement is 
classified a Normal Loop. 

A test is now made to determine if the 
preceding entry in the Critical Identifier 
Table is chained to another preceding 
entry. If it is, the for statement ref
erenced by that entry is classified in the 
For statement Table in the manner described 
above, according to the position of the 
identifier in the current for statement and 
in the enclosing for statement. 

Identifier Not in For List: If the Array 
Identifier Stack contains any entries, 
indicating that the identifier occurs in a 
subscript expression, control is returned 
immediately to GENTEST. If, however, the 
Array Identifier Stack is empty (indicated 
by ZARSPO = ZARNO), the processing contin
ues as follows: 

A search is made in the Critical Iden
tifier Table for the entry corresponding to 
the identifier in the source text (the 
search is made by comparing the contents of 
bytes 1, 2, and 3 in the Critical Identifi
er Table entries with the contents of bytes 
8, 9, and 10 of the Identifier Table entry 
previously located by IDENT). 

If the identifier in the source text is 
a left variable (followed by :=), and if 
the entry in the Critical Identifier Table 
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indicates that the identifier occurs in the 
for list as the contrclled variable, the 
classification byte of the corresponding 
for statement is modified to show that 
subscript optimization is not possible. If 
the identifier is a left variable and 
occurs in the for list as an operand other 
than the controlled variable, the for 
statement is classified a Normal Loop. 

If the identifier in the source text is 
not a left variable but occurs in the for 
list as the controlled variable, the cur
rent for statement is classified an EleRen
tary Loop. No entry is made in the For 
Statement Table if the identifier occurs in 
the for list as an operand other than the 
controlled variable. 

After the action described above, ccn
trol is returned to the LETTER routine, 
Which transfers the identifier's internal 
name in the Identifier Table to the ~odi
fication Level 2 text. 

MAKE CRIDTAB ENTRY (CRIMA) 

CRIMA is entered when the NOCRI or CRITI 
routine has determined that an identifier 
occurs in a for list. Provided the iden
tifier is not an array, CRIMA makes an 
entry in the critical Identifier Table, 
indicating if the identifier is the con
trolled variable or not; classifies the for 
statement a Counting or Elementary Loop, 
depending on whether the identifier is an 
integer or not; and changes the Special Use 
Bits of the corresponding Identifier Table 
entry to mark the identifier a critical 
identifier. If the for statement is 
enclosed by another for statement~ and the 
identifier is a controlled integer varia
ble, a call is made to the LETRAF subrou
tine, which makes an entry for the iden
tifier in the Left Variable Table. 

If the identifier is an array, the for 
statement is classified a Normal Loop and a 
call is made to the CRIFODEL subroutine, 
which erases all entries in the Critical 
Identifier Table for identifiers in the for 
list of the for statement. 

CRIDTAB OVERFLOW (CRIFLOW) 

CRIFLOW is called by the CRlMA subrou
tine in the event of overflow of the 
Critical Identifier Table (CRIDTAB). CRI
FLOW deletes all CRIDTAB entries for the 
outermost enclosing for statement and clas
sifies that for statement a Normal Loop. 



ERASE CRIDTAB (DELCRIV) 

DELCRIV is called by the PROFU routine, 
when it is determined that a procedure or a 
formal parameter occurs in a for statement. 
DELCRIV erases all entries in the Critical 
Identifier Table, representing identifiers 
in the for list(s) of the embracing for 
statement(s); resets the special Use Bits 
of the corresponding Identifier Table 
entries (to indicate they are no longer 
critical); and reclassifies the embracing 
for statement(s) Normal Loops. 

UPDATE CRIDTAB (CRIFODEL) 

CRIFODEL is called by the ETA routine 
and by the CRIMA subroutine when an array 
has been encountered in a for statement. 
CRIFODEL deletes the entries in the Criti
Identifier Table for identifiers in the for 
list. . 

MAKE LVTAB ENTRY (LETRAF) 

LETRAF is called by NOCRI when a left 
variable is encountered in the iterated 
part of a for statement, and by CRIMA when 
a controlled variable is identified and it 
is determined that the current for state
ment is enclosed by another for statement. 
LETRAF makes one entry in the Left Variable 
Table (LVTAB) for the left variable, for 
every for statement which embraces the left 
variable. If the LVTAB work area is 
filled, the WRITE subroutine is called. 

NONZERO DIGIT (DIGIT19) 

See "Number Handlingn in this chapter. 

DIGIT19 is entered from GENTEST on 
detection of any nonzero digit in the 
Modification Level 1 text, and from DIGITO 
on recognition of a nonzero digit following 
a zero. DIGIT19 scans the source· text to 
the next nondigit character, using Transla
tion Table DIG19, and branches to one of 
six routines according to the assigned 
function byte. The function bytes assigned 
to the character set and the routines 
entered from DIGIT19 are as follows: 

Function 
Character ~ 

Decimal Point 04 
Scale Factor 08 
<Any Letter> OC 
Apostrophe 
Zeta 10 
~o 14 
<Any other character> 18 
<Any digit> 00 

Routine 
Entered 

DECPTM 
SCAFACTM 
QTCRLT 

ZETAM 
BHC 
OTHER 
(No branch
scanning 
continues) 

Before scanning is initiated, registers 
are set to specify the address and length 
of a 19-byte field named NUMBER to which 
the digits of a constant are subsequently 
moved. 

DECPTM is entered when the Decimal Point 
in a real constant (e.g. 640.325) is 
encountered. DECPTM moves the significant 
integer digits (640 in the example) to the 
19-byte field named NUMBEB, computes the 
number of digits moved in REXCOBR (register 
7), and branches to DECPOIN (see below). 
The digit count in BEXCORR is treated as 
the exponent of a power-of-ten correction 
factor which must be applied to the con
stant, regarded as a mantissa, with the 
Decimal Point shifted to the left of the 
high order digit. Thus, the constant 
640.325 is treated as the ~roduct .640325 x 
10 3 • 

SCAFACTM is entered when the Scale Fac
tor in a constant (e.g. 28"45) is encoun
tered. SCAFACTM moves the significant 
digits preceding the Scale Factor to the 
19-byte field named NUMBER, computes the 
number of digits moved (in REXCORR), and 
branches to SCAFACT (see below). The digit 
count in BEXCORR is treated as the exponent 
of a power-of-ten correction factor which 
must be applied to the mantissa in which 
the implied decimal point has been shifted 
to the left of the high-order digit. The 
digit count is subsequently added (by 
SCAFACT) to the exponent following the 
Scale Factor. 

QTORLT is entered if a constant contains 
an invalid character or if a constant 
occurs in an invalid context. QTORLT exits 
to INCOROP, which records Error No. 80, 
transfers an all-purpose internal name, and 
returns to GENTEST after switching to Syn
tax Check Mode. ZETAM exchanges input 
buffers (after moving the preceding digits 
to NUMBER and computing the digit count in 
REXCORR) and returns to DIGIT19. which then 
scans the remainder of the constant in the 
new buffer. 

RHO returns control directly to GENTEST, 
disregarding the preceding digit(s). The 
operator ~o signifies, in this particular 
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context, that the preceding digit(s) 
form(s} part of an invalid identifier that 
is to be disregarded. 

ZERO DIGIT (DIGITO) 

DIGITO is entered from GENTEST when a 
lone zero or a nonsignificant zero at the 
beginning of a constant is encountered in 
the Modification Level 1 text. DIGITO 
Scans the source text to the next nonzero 
character, using Translation Table DIGO and 
branches to one of seven routines, accord
ing to the assigned function byte. The 
function bytes assigned to the character 
set and the routines entered from DIGITO 
are as follows: 

Function 
Character Byte 

<Nonzero digit> 04 
<Any Letter> 08 
Apostro12he 
Decimal Point OC 
Scale Factor 10 
Zeta 14 
Rho 18 
<Any other character> 1C 
<Zero Digit> 00 

Routine 
Entered 

DIG191 
QTORLT 

DECPOIN1 
SCAO 
ZETAO 
RHO 
OTHOPO 
(No branch
scanning 
continues) 

Before scanning is initiated, registers 
are set to specify the address and length 
of a 19-byte field named NUMBER to which 
the nonzero digits following the zeroes) 
are subsequently moved. 

DIG191 (an entry point of the DIGIT19 
routine) is entered when a nonzero digit is 
encountered in a constant (e.g.064) begin
ning with zero. 

DECPOIN1 (an entry point of the DECPOIN 
routine) is entered when a Decimal Point is 
encountered in a real constant (e.g. 
0.325). 

SCAO is entered when the Scale Factor is 
encountered immediately following a zero 
(e.g. 0'45). SCAO loads the value zero 
(the equivalent value of a constant of this 
type) and exits to the SCAFACT routine. 

OTHOPO is entered when the integer zero 
is identified. afHOPO transfers a five
byte internal name, referencing a location 
in Constant Pool No. 0 where the constant 
zero is stored, to the Modification Level 2 
text and returns control to GENTEST. 

QTORLT and RHO perform the same 
functions as those described under the 
DIGIT19 routine. ZETAO exchanges input 
buffers and returns control to DIGITO. 

92 

DECIMAL POINT (DECPOIN) 

DECPOIN is entered 

1. From GENTEST on recognition 
Decimal Point at the begining 
real constant (e.g. .325). 

of the 
of a 

2. From DIGITO on recognition of the 
Decimal Point following a zero (e.g. 
0.325). 

3. From DIGIT19 on recognition of the 
Decimal Point in a real constant (e.g. 
640.325 or 1.325'45). In this case, 
the integer digits will have teen 
moved, before entry to DECPOIN. to a 
19-byte field named NU~BER, and reg
ister REXCORR will contain the expo
nent of a power-of-ten correction fac
tor to be applied to the constant. 
regarded as a mantissa with the deci
mal point shifted to the left of the 
high order digit. 

DECPOIN scans the source text to the 
next character other than a 1-9 digit. 
using Translation Table DECPO, and branches 
to one of five routines, according to the 
assigned function byte. The function bytes 
assigned to the character set and the 
routines entered are as follows: 

Function 
Character Byte 

<Digit Zero> 04 
<Any letter>, Decimal 08 
Point or ApostroEhe 
Scale Factor OC 
Zeta 10 
<Any other character> 14 
<Any 1-9 Digit> 00 

Routine 
Entered 

DECPO 
QTORLTP 

DECPSCA 
DECPZETA 
DECPOT 
(No branch
scanning 
continues) 

Before scanning is initiated. registers 
are set to specify the address and length 
of a 19-byte field named NUMBER, to which 
the digits following the Decimal Point are 
subsequently moved. 

DECPO is entered when any zero following 
the Decimal Point is encountered. Provided 
the zero is not preceded by a significant 
digit (as in 0.0325). DECPO decrements 
REXCORR (register 7) for each zero follow
ing the Decimal Point, and returns to 
DECPOIN. If the zero is preceded by a 
significant digit (as in 6.0325 or 0.3025). 
REXCORR is not decremented. The resulting 
count, if any, in REXCORR is treated as the 
(negative) exponent of a power-of-ten cor
rection factor to be applied to the con
stant, regarded as a mantissa with the 
decimal point shifted immediately to the 



left of the first nonzero digit. Thus, for 
example, the constant 0.0325 is regarded as 
the product 0.325 * 10- 1 

DECPSCA is entered when the Scale Factor 
is encountered in a real constant (e.g. 
1.325'+45 or 0.0125'-45). DECPSCA moves 
the decimal digits preceding the Scale 
Factor to the 19-byte field NUMBER, adjoin
ing the integer digits (if any) previously 
moved by DIGIT19, and passes control to 
SCAFACT. DECPOT is entered when the end of 
a decimal constant (e.g. 1.25) is iden
tified. Provided the constant is not zero, 
DECPOT passes control to the REAL CON rou
tine. If the constant is equivalent to 
zero, register XFLOAT is loaded with the 
value zero, and control is passed to REAL
HAN. QTORLTP and DECPZETA perform essen
tially the same functions as QTORLT and 
ZETAM in the DIGIT19 routine. 

SCALE FACTOR (SCAFACT) 

SCAFACT is entered: 

1. from GENT EST 
Scale Factor 
mantissa (e.g. 

on recognition of the 
in a constant having no 

, 45) ; 

2. from DIGITO on recognition of the 
Scale Factor following a zero mantissa 
(e.g., 0'45); 

3. from DIGIT19 on recognition of the 
Scale Factor following an integer man
tissa (e.g. 28'45); and 

4. from DECPOIN on recognition of the 
Scale Factor following a decimal man
tissa (e.g. 1.325'+45). 

In both cases (3) and (4), the signifi
cant digits of the mantissa will have been 
moved, before entry to SCAFACT, to a 
19-byte field named NUMBER, and register 
REXCORR will contain the exponent of a 
power-of-ten correction factor to be 
applied to the mantissa, in which the 
decimal point (expicit or implied) has been 
shifted to the left of the high-order 
nonzero digit. 

SCAFACT scans the source text, using a 
Translate and Test instruction, and branch
es to a routine determined by the assigned 
function byte. The function bytes assigned 
to the character set and the routines 
entered are as follows: 

Function Routine 
Character Byte Entered 

<Any nonzero digit> 04 SCA19 
<Zero> 08 SCAZERO 
+ or - OC SCASIGN 
<Any Letter>, Decimal 10 SCAQL 
Point, Scale Factor 
or AEostroEhe 
Zeta 14 SCAZETA 
<Any other operator> 18 SCAOT 

SCA19, SCAZERO, and SCASIGN each set a 
switch (named SF19, SFLO, and SFSIGN, 
respectively) to indicate the detection in 
the exponent following the Scale Factor of 
(a) a nonzero digit,(b) a leading zero, or 
(c) a leading +/- sign. These s~itches are 
inspected in SCASIGN to determine if a +/
sign marks the beginning or end of the 
exponent, and in SCAOT to determine if the 
exponent is syntactically correct. If a 
+/- sign precedes the exponent (indicated 
if none of the switches have been turned 
on), SCASIGN stores the sign for use ~hen 
the exponent is converted to tinary (in 
SCAOT). SCAOT in entered when the end of a 
floating point constant (e.g. 28' 45 or 
1.325'+45) has been identified. SCAO'!' 
moves the digits of the exponent following 
the Scale Factor to a nine-byte field named 
SCAWORK; converts the exponent (together 
with the previously saved exponent sign) to 
binary form, and adds the resultant to the 
exponent of the power-of-ten correction 
factor (if any) in REXCORR. This action 
has the effect of transforming a floating 
point constant to a standard format, ccn
sisting of a fractional mantissa, with the 
decimal point shifted to the left of the 
high-order nonzero digit, and an integer 
exponent.. where the mantissa is stored at 
the 19-byte field NUMBER and the exponent 
is contained in REXCORR. 

SCAQL and SCAZETA perform essentially 
the same functions as QTCRLT and ZETAM in 
the DIGIT19 routine. 

INTEGER CONVERSION (INTCON) 

INTCON converts an integer constant to 
binary form (in register RBIN) and passes 
control to INTHAN. which stores the con
stant in the Constant Pool and transfers a 
five-byte internal name representing the 
constant, to the Modification Level 2 text. 
If a constant exceeds ten digits. Error No. 
83 is recorded, the constant is moved to 
the 19-byte field NUMBER, and control is 
passed to REALCON. 

INTCON is entered from DIGIT19, the 
limits of the constant in the source text 
being specified by two pointers, its length 
being contained in register REXCORR. 
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REAL CONVERSION (REALCON) 

REALCON converts a real constant to 
floating point form (in floating point 
register XFLOAT) and passes control to 
REALHAN, which stores the constant in the 
Constant Pool and transfers a five-byte 
internal name respresenting the constant to 
the Modification Level 2 text. 

REALCON is entered 

1. From DECPOIN when the end of a decimal 
constant (e.g. 32.125) haS been iden
tified; 

2. From SCAFACT when the end of a float
ing point constant (e.g. 1.25'47) has 
been identified; and 

3. From INTCON when an integer constant 
exceeds ten decimal digits or the 
maximum range of a fixed point con
stant. 

At entry to REALCON, the constant to be 
converted will have been transformed to the 
standard format of a decimal matissa, with 
the implied decimal point to the left of 
the high order digit, and an integer expo
nent (the constant being equal to: Mantissa 
*10**Exponent). The mantissa is stored in 
decimal form in a 19-byte field named 
NUMBER, while the exponent, in binary form, 
is contained in REXCORR (register 7). 

The conversion to floating point form 
proceeds as follows: 

1. The mantissa is tranformed to an inte
ger mantissa, the implied decimal 
point being shifted to the right of 
the lowest order digit, by subtracting 
the number of digits in the mantissa 
from the exponent in REXCORR. 

2. The mantissa is converted to binary 
and stored in the second four bytes of 
an eight-byte field named ZFLOFIEL 
containing the power-of-sixteen char
acteristic of 78 (X'4E') in the high
order byte. The contents of ZFLOFIEL 
are then loaded (normalized) in 
floating point register XFLOAT. The 
characteristic of 78 (equivalent in 
excess-64 notation to a power-of
sixteen exponent of 14) is the 
exponent required to compensate for an 
implied 14-place leftward shift of the 
radix point, i.e., from a position to 
the right of the low-order mantissa 
digit (see item 1). The charac
teristic is reduced, when the mantissa 
is normalized in XFLOAT, by the number 
of hexadecimal places the high order 
digit is shifted left. 

94 

3. The mantissa in XFLOAT i~ multiplied 
by the hexadecimal equivalent of the 
power-of-ten exponent in REXCORR. 'Ihe 
hexadecimal equivalent is obtained 
from one of two power-of-ten tatles 
named ZEXTABP and ZEXTABN, the forner 
for positive powers of ten, the latter 
for negative powers of ten. Each 
table contains fifteen entries, the 
first seven for exponents in the range 
±1 to ±7, the last eight for the 
exponents ±8, ±16, ±24, and so On up 
to ±64. Multiplication of the mantis
sa is carried out in one or more 
steps, depending on whether the parti
cular power-of-ten is exactly rep
resented in the table. Thus, for 
example, if the power-of-ten is 12 
(decimal) the mantissa is multiplied 
first by the equivalent of 104 and 
secondly by the equivalent of lOB. 

INTEGER HANDLING (INTHAN) 

INTHAN stores a fixed point constant 
(contained in register RBIN) in the next 
free entry of the Constant Pool, and trans
fers a five-byte internal name to the 
output text, referencing the location where 
the constant is stored. If the constant is 
in the range 0 to 15 inclusive, the inter
nal name references the relevant constant 
previously stored in the Constant Pool in 
the Scan I/II Phase. INTHAN is entered 
from INTCON and from REALHAN if short 
precision is specified for real constants. 

REAL HANDLING (REALHAN) 

REALHAN stores a floating point constant 
(transmitted in floating point register 
XFLOAT) in the next free entry of the 
Constant Pool and transfers a five-tyte 
internal name, referencing the location 
where the constant is stored, to the Modi
fication Level 2 text. If short precision 
is specified, the constant in XFLOAT is 
transferred to fixed point register RBIN 
and the INTHAN routine is entered. After 
the constant has been stored in the Con
stant Pool, control is returned to GENTEST. 

REALHAN is entered from REALCON. 

CHANGE CONSTANT POOL (CPOLEX) 

CPO LEX is called by INTHAN and REAIHAN 
in the event the Constant Pool is filled. 
CPOLEX generates TXT records for the last 



constants in the Pool" assigns a new Con
stant Pool number, and resets pointers to 
the beginning of the Pool area. 

OUTPUT TXT RECORD (TXTTRAF) 

TXTTRAF is called by INTHAN and REALHAN 
when the end of a 56-byte record in the 
Constant Pool has been reached. TXTTRAF 
updates Constant Pool pointers and calls 
the GENTXT subroutine, if the LOAD and/or 
DECK options are specified. GENTXT gener
ates TXT records of the Constant Pool and 
outputs the records on SYSLIN and/or SYS
PUNCH. 

GENERATE (GENTXT) 

See Chapter 8. 

APOSTROPHE (QUOTE) 

QUOTE transfers the five-byte internal 
name which follows the Apostrophe, to the 
output buffer. The internal name referen
ces a location in the Constant Pool where a 
string or logical value was stored in the 
Scan 1/11 Phase. 

BLOCK BEGIN (BETA) 

The operator Beta in the source text 
opens a new block. 

BETA calls the ITABMOVE subroutine, 
which reads in the next Identifier Table 
record; and transfers Beta and the follow
ing Program Block Number to the output 
text. 

PROCEDURE DECLARATION (PIPHI) 

The operator Pi opens a declared proce
dure, while Phi opens a declared <type> -
procedure. 

PIPHI calls the IT ABMOVE subroutine, 
which reads in the next Identifier Table 
record, and transfers Pi (or Phi> to the 
output text. 

READ ITAB RECORD (ITABMOVE) 

ITABMOVE reads the next Identifier Table 
record from the SYSUT3 data set into the 
work area (see Figure 42) and resets a 
pointer, ZCURITEN, to the end of the pre
viously input record reprsenting identifi
ers declared or specified in the newly 
entered block or procedure. It is called 
by BETA and PIPHI on recognition of the 
operators Beta, Pi, or Phi, opening a new 
block or procedure. See "Processing of the 
Identifier Table". 

Identifier Table (ITAB) records are 
input from sYSUT3 in parallel with the 
output of Subscript Table (SUTAB) and Left 
Variable Table (LVTAB) records on the same 
data set. For this reason" the data set 
must be repositioned to the appropriate 
ITAB record, before reading can begin, in 
the event the immediately preceding opera
tion involved output of a SUTAB or LV~AB 

record. See "Phase Input/Output". 

FOR STATEMENT (FOR) 

FOR sets the switch ZFORTEST=X·CO". to 
indicate that the next operand is the 
controlled variable, and transfers the 
operator K2!. 

PROGRAM BLoCK END (EPSILON' 

The operator Epsilon marks the close of 
a block or procedure. 

EPSILON resets a pointer in the Iden
tifier Table work area so as to delete the 
block of identifier entries representing 
identifiers declared or specified in the 
block or procedure closed by Epsilon. See 
"processing of the Identifier Table" in 
this chapter. Epsilon and the following 
Program Block Number of the re-entered 
block are transferred to the output text. 

FOR STATEMENT END (ETA) 

The operator Eta in the input text marks 
the close of a for statement. 

ETA sets the switch ZFORTEST=X' 00'. to 
indicate the exit from a for statereent" and 
calls the CRIFODEL subroutine, which 
deletes all entries in the critical Iden
tifier Table for the indentifiers in the 
closed for statement's for list. Eta is 
then transferred. ---
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00 (DO) 

Do sets the switch ZFORTEST = X'OO', to 
indicate exit from a for list, and trans
fers the operator Do. 

WHILE (WHILE) 

WHILE modifies the current for 
statement's classification byte in the For 
statement Table (FSTAB) to indicate the 
presence of a while element in the list, 
and transfers the operator While to the 
output text. 

SE1UCOLON/DELTA (SEMIDELT) 

SEMIDELT transfers the Semicolon or 
Delta operator, together with the following 
semicolon count, to the outFut text, after 
recording the semicolon count. 

OPENING BRACKET (OPBRACK) 

The opening bracket, [, marks the begin
ning of an array list, if the SARRAY switch 
is on. 

If the array oocurs in a for statement 
<indicated by entries in CRIDTAB) " OPBRACK 
makes an entry for the array in the Array 
Identifier Stack (ARIDSTAB), provided the 
array does not occur in an embracing array 
list, and transfers the opening bracket to 
the output text. (The ARIDSTAB entry is 
not deleted until the closing bracket is 
encountered) • 

If the array occurs in an enclosing 
array list (indicated by the presence of an 
entry in ARIDSTAB), a call is made to 
SUCRIDEL, which scans the subscript expres
sion in which the array occurs, to deter
mine if it contains a controlled varial:::le., 
and reclassifies the corresponding for 
statement(s) to Elementary Lcops. 

COMMA (COMl"A) 

The Comma marks the end of a subscript 
expression in an array list. 

If the array occurs in a for statement, 
and if the ZCLOBRA switch indicates that 
optimization of the subscript expression is 
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possible, COMMA calls the SUSCRITE sutrou
tine., which makes an entry in the SubscriFt 
Table (SUTAB) for the sutscript expression 
preceding the Comma, Frovided the subscript 
expression is optimizable (see 
"Optimizable Subscript Expression"). 
If subscript oFtimization is not possitle, 
a call is made to SUCRIDEL, which scans the 
subscript eXfres sian to determine if it 
contains a controlled variable, and, if so, 
reclassifies the corresponding for 
statement(s) to Elementary Loops. 

CLOSING BRACKET (CLOBRACK) 

The closing bracket, 1, marks the end of 
an array list, if the SARRAY Switch is on. 

If the array occurs in a for list 
<indicated by an entry in ARIDSTAB). and if 
subscript optimization is Fossitle. a call 
is made to SUSCRITE., which makes an entry 
in the Subscript Table, provided the sub
script eXfression is optimizatle. If sul::;
script optimization is not possible., a call 
is roade to SUCIUDEL" which SCans the sub
script expression to determine if it con
tains a con trolled variable, and if so., 
reclassifies the corresFonding for 
statement(s) to Elementary loops. 

If the Array Identifier Stack contains 
more than one entry, indicating that the 
current array occurs in an enclosing array 
list, a switch is set to indicate that 
optimization of the embracing sutscript 
expression is not possible. 

SCAN SUBSCRIPT (SUCRIDEL) 

SUCRIDEL is called l::;y OPBRACK" COMMA, 
and CLOBRACK when it is determined that an 
array occurs ir a sutscript expression of 
another array. It is also called ty SUS
CRITE when an unoptimizable subscriFt is 
found. Its function is to scan the sut
script expression to determine if the ccn
trolled variable of an erotracing for state
ment occurs in the expression., and if so, 
to classify the relevant for statement an 
Elementary Loop. 

SUBSCRIPT TEST (SUSCRITE) 

SUSCRITE is called ty COMMA and CIOERACK 
if a Comma or closing l:::racket, J, termi
nates a subscript expression of an array in 
a for statement (indicated l:::y one or more 



entries in the Array Identifier stack). 
SUSCRITE determines if the subscript 
expression is optimizable, and if so, makes 
an entry for the expression in the Sub
script Table - SUTAB (see Figure 44). To 
be optimizable, the expression must be of 
the type ±F*V±A, where the Factor F is an 
integer variable or constant, V is the 
controlled variable, and the addend A is an 
integer variable or constant. Either F or 
A may be a zero constant. If F and/or A 
are variables, they must be declared out
side the for statement in which the sub
script expression occurs. 

A subscript expression which satisfies 
the requirements of optimizability may have 
several forms. Thus., the factor" con
trolled variable, and addend may appear in 
positions which differ from the standard 
form given above (e.g., ±V*F±A or ±A±F*V). 
Alternatively the factor or addend may be 
equal to zero or one, as in the following 
cases: 

±F*V 
±V 
±A 

(addend = 0) 
(factor 1, addend = 0) 
(factor = 0) 

The subscript expression is processed in 
the output buffer, where the internal names 
of the operands in the expression will have 
been transferred, together with any opera
tors, before entry to COMMA or CLOBRACK. 
An entry will also have been made (by 
OPBRACK) in the Array Identifier Stack for 
the array identifier. 

Each operand in the subscript expression 
is inspected by the OPERAND subroutine, 
which determines if the operand is an 
integer variable or constant, and if the 
operand is a controlled variable. If it 
is, the address of the corresponding entry 
in the Critical Identifier Table is trans
mitted in a register (OPPTR). If the 
operand is not a controlled variable, OPPTR 
contains the value O. If an operand is not 
an integer variable or constant, no entry 
is made in SUTAB for the subscript expres
sion. 

When the factor (zero, one" or the 
OPerand factor in the expression) or the 
addend (zero, or the operand addend in the 
expression) have been identified, each is 
moved to a field named, respectivelYI FAC
TOR and ADDEND. These fields will contain 
the one-byte sign of the factor or addend 
followed by the five-byte internal name of 
the factor or addend found in the output 
buffer. In case the factor or addend is 
absent., the five-byte internal name of the 
constant 0 or 1 is inserted. 

The factor and addend are transferred 
(from FACTOR and ADDEND) to an entry in the 
Subscript Table by the SUTABENT subroutine~ 

Before SUTABENT is called, a test is made 
of the for statement's class'ification 1::yte 
to determine if subscript optimization is 
possible. A test is also made to determine 
if the array identifier, factor, and addend 
are declared outside the for statement 
(this is verified if the Program Block 
Number of the array adentifier, factor" and 
addend is equal to or less than the Program 
Block Number in the Scope Table entry 
Figure 22 corresponding to the for 
statement). If all tests are positive" the 
entry for the expression is made in the 
Su1::script Table. 

If a subscript expression occurs inside 
a series of nested for statements., an entry 
is made for each embracing for statenent, 
for which the optimizability and scepe 
tests, described above" are satisfied. 
This applies only when the factor = o. 

OPERAND TEST (OPERAND) 

OPERAND is called by SUSCRITE and SUE
MULT. Its fUnction is te determine if an 
operand in a subscript expression is an 
integer variable or constant" and if the 
operand is a controlled variable. If the 
operand is a controlled varia1::le, the 
address of the corresponding entry in the 
Critical Identifier Ta1::le is transmitted in 
register OPPTR. If the operand is net a 
controlled variable, OPPTR contains the 
value zero. 

In the event an operand is not an 
integer operand or constant" OPERAND exits 
(via SUSCRITE) to the SUCRIDEL subroutine 
(which scans the subscript expression for a 
controlled variable and classifies the cor
responding for statement(s) Elementary 
Loops). Thereafter" SUSCRITE returns con
trol to the calling routine (COMMA or 
CLOBRACK). 

MULTIPLIER-OPERAND (SUBMULT) 

SUBMULT is called by SUSCRITE when an 
integer operand is followed by a multi
plication sign (*) • SUBMULT ascertains 
(with the aid of OPERAND) if the operand 
following the multiplication sign is an 
integer operand" and determines if either 
(or both) of the operands on both sides of 
the multiplication sign is a controlled 
variable. If either (or both) of the 
operands is a controlled varia1::le, SUBMULT 
stores the operand representing the factor 
of the controlled variable for the inner
most for statement in the location naned 
FACTOR, and transmits the address of the 

Chapter 6: Scan III Phase 97 



Critical Identifier Table entry for the 
controlled variable in register CVR. If 
neither of the operands ~s. a controlled 
variable, or if both operands represent the 
same controlled variable, SUBMULT exits 
(via SUSCRITE) to SUCRIDEL, and SUSCRITE 
thereafter returns control to COMMA or 
CLOBRACK. 

MAKE SUTAB ENTRY (SUTABENT) 

SUTABENT is called by SUSCRITE when an 
entry for an optimizable subscript expres
sion is to be made in the subscript Table 
(Figure 44). SUTABENT constructs the entry 
as follows: 

For statement 
Identifier 
CVR 

Number: from Critical 
Table entry addressed by 

Array identifier address: from last 
Array Identifier stack entry 

FactOr address: from the field named 
FACTOR 

Addend address: from the field named 
ADDEND 

Subscript positional Number: from ZPOSIX 

Sign of factor and addend: from first 
byte of FACTOR and ADDEND 

output record number and relative address 
of opening bracket: from last Array 
Identifier Stack entry 

SUTABENT also outputs 
when the work area has 
calling WRITE. 

a SUTAB record 
been filled, by 

INPUT RECORD END (ZETA) 

The operator Zeta marks the end of the 
current Modification Level 1 source text 
record. 

ZETA calls the ICHA subroutine, which 
exchanges input buffers. 

CHANGE INPUT BUFFER (ICHA) 

ICHA is called on recognition of the 
record-end character Zeta. ICHA reads in a 
Modification Level 1 text record from the 
SYSUTl data set to overlay the already 
processed record in the current buffer and 
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resets pOinters to a previous input record 
in a second buffer. 

CODE PROCEDURE (GAMMA) 

The Gamma operator precedes a code pro
cedure identifier in the Modification Level 
1 source text. 

GAMMA transfers an AFostrophe replacing 
Gamma (X'3C'), together. with the following 
eight-byte external name. The external 
name is the name by which the precompiled 
procedure will be called in the otject code 
generated by the Compilation Phase. 

PROGRAM END (OMEGA) 

The operator Omega narks the end of the 
Modification Level 1 source text. 

OMEGA closes the SYSUTl data set, from 
which the source text was input; writes out 
the last Modification Level 2 text record 
on SYSUT2 (by calling OUCHA); and closes 
SYSUT2 temporarily. If the entire Modi
fication Level 2 text occupies less than a 
full buffer, it is transmitted to the 
Compilation Phase via this buffer,. The 
last segment of the Constant Pool is trans
ferred to the SYSlIN and/or SYSPUNCH data 
sets (by calling TXTRAF),. if the LOAD 
and/or DECK options are specified 
(indicated by switches in the HCOMP~OD 
Control Field). The last (partial) records 
of the SUbscript Table (SUTAB) and left 
Variable Table (LVTAB) are output on SYSUT3 
(by calling WRITE), after the respective 
lengths of these tables have been stored in 
ZSOTEN and ZLEVEN for use by the Subscript 
Handling Phase. The main storage occupied 
by all tables in the private work area is 
released; and" after issuing a SPIE macro 
to restore the Directory routine PIROOT as 
the program interrupt routine" control is 
transferred to Diagnostic OUtput Module 
IEX31. 

OTHER OPERATORS (OTHOP) 

OTHOP transfers the operator 
GENTEST) to the Modification Level 2 
and returns to GENTEST. 

(see 
text 



LETTER DELIMITER (RHO) 

The operator Rho signifies that the 
characters at the end of the preceding text 
record formed (a) part of a parameter 
delimiter or (b) part of an invalid iden
tifier (see "Modification Level 2 Source 
Text" in this chapter). In the first case" 
RHO transfers a Comma to the Modification 
Level 2 text to replace the parameter 
delimiter. In the second case, the invalid 
identifier is disregarded. 

STEP (STEP) 

STEP modifies the current for 
statement's classification byte in the For 
Statement Table (FSTAB) to indicate the 
presence of the delimiter 'STEP', and 
transfers the Step operator to the output 
text. 

ARRAY (ARRAY) 

ARRAY turns on the SARRAY bit in the 
STATUS byte, to indicate that an array 
declaration has been encountered, and 
transfers the Array operator to the output 
text. 

SWITCH (SWITCH) 

SWITCH turns on the SSW ITCH bit in the 
STATUS byte to indicate that a switch 
declaration has been encountered, and 
transfers the Switch operator to the output 
text. 

DIVIDE/POWER (DIPOW) 

DIPOW, which is entered from GENTEST on 
recognition of the operators Power and /, 
determines if the operator occurs in a for 
list, and if so, marks the corresponding 
for statement's classification byte to show 
the for statement is not a Counting Loop. 
The operator is then transferred to the 
Modification Level 2 text. 

CHANGE OUTPUT BUFFER (OUCHA) 

OUCHA resets pointers to a new Modifica
tion Level 2 text outFut buffer and trans
fers the text in the current buffer to the 
SYSUT2 data set. OUCHA is called by all 
routines when the end of the buffer has 
been reached. If the buffer ends in the 
middle of a subscript expression, the sub
scriFt expression, together with the 
preceding bracket or comma, is transferred 
to the new buffer" unless the subscript is 
unoptimizable. In the latter case, the 
SUCRIDEL subroutine is called. Before the 
WRITE instruction is issued, the record-end 
operator Zeta is transferred to the next 
byte in the output buffer, and pOinters are 
reset to the new buffer. 

INCORRECT OPERAND (INCOROP) 

INCOROP is entered from the LE~~ER, 
DIGIT19, DIGITO, DECPOIN, SCAFACT, and 
QUOTE routines when an illegal character is 
encountered in an operand. INCCROP search
es for the end of the operand (indicated by 
an operator), moves the remainder of the 
operand (by calling MOVE) to a field named 
ZIDEX (the first part of the identifier 
will have been transferred l::efore entry to 
INCOROP), calls the MOVERRO subroutine, 
records an error in the Error Pool, ccn
taining up to twelve characters of the 
erroneous operand" and transfers an all
purpose internal name to the Modification 
Level 2 text. Before returning control to 
GENTEXT, the Compiler is switched to Syntax 
Check Mode. 

STORE ERROR (MOVERRO) 

MOVERRO stores error patterns in the 
Error Pool. It is called by INCOROP and by 
other routines on detection of syntactical 
errors in the Modification Level 1 text. 
The content of the error Fattern is 
indicated in Figure 75. 

MOVE OPERAND (MOVE) 

MOVE transfers all or part of an exter
nally represented operand to a field speci
fied by the calling routine. It is called 
by all routines which process identifiers 
and numbers. 
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CHECK-WRITE (CHECK) 

CHECK executes a macro instruction to 
check the last WRITE operation on the 
SYSUT3 data set and sets a switch (IOBYTE) 
to indicate a write-check. 

100 

WRITE SUTAB/LVTAB RECORD (WRITE) 

WRITE outputs subscript Table and Left 
Variable Table records en the SYSUT3 data 
set. It is called by OMEGA, LETRAF, and 
SUTABENT. See "Phase Input/Output" .. 



PURPOSE OF THE PHASE 

The main purpose of the Subscript Han
dling Phase is to identify the array sub
script expressions listed in the Subscript 
Table, for \.yhich subscript optimization can 
be exercised in the for statements in which 
the expressions occur, and to transfer 
these subscript expressions to the Optimi
zation Table. The subscript expressions 
listed in the subscript Table are optimiza
ble, to the extent that the expressions 
satisfy certain constraints with respect to 
the variables and operators in the expres
sion, and the linearity of the expression 
in the particular for statement (these 
constraints are explained in Chapter 6). 
However, subscript optimization can only be 
exercised in the relevant for statement(s) 
provided a further condition is satisfied. 
This condition is that no assignment may be 
nade in the iterated part of the for 
statement to any variable in the subscript 
expression. 

In the subscript Handling Phase, each 
entry in the Subscript Table is compared 
with the integer left variables of the 
corresponding for statement listed in the 
Left Variable Table. (To facilitate the 
processing, the entries in both tables are 
sorted according to ascending For Statement 
Number, before the comparison is 
initiated.) If an entry is found in the 
Left Variable Table for the same for state
ment which matches either the factor or the 
addend in the subscript expression, the 
subscript expression contains variables 
which occur as left variables, and the 
expression is accordingly not optimizable. 
If no matching entry is found in the Left 
Variable Table, the subscript expression is 
optimizable. In this case, the entry in 
the subscript Table is transferred to the 
Optimization Table. 

Under certain conditions a Counting Loop 
may qualify as a conditional Elementary 
Loop. The Subscript Handling phase serves 
to recognize this condition, and to change 
the classification of a for statement 
accordingly in the For Statement Table. 
The specific condition for thiS change in 
classification is that the addend A in a 
linear subscript expression of the type 
±F*V±A occurs as left variable in the for 
statement; and that the factor F is a 
nonzero constant or integer-declared varia
ble, or that the factor occurs as a left 
variable. 

CHAPTER 7: SUBSCRIPT HANDLING PHASE (IEX40) 

In the Scan III Phase, certain for 
statements are classified as ncn
optimizable after entries have been made in 
the Subscript Table. These entries are 
deleted in the Subscript Handling Phase 
before construction of the optimization 
Table. They are identified by reference to 
the For Statement Table. 

When a linear subscript expression 
occurs inside two or more nested for state
ments, the Subscript Table contains an 
entry for each for statement. To prevent 
the possibility of multiple entries for a 
subscript expression being transferred to 
the Optimization Table, all multiple 
entries in the subscript Table are iden
tified and appropriately coded, before the 
Optimization Table is constructed. Multi
ple entries are coded at the same time as 
the search for subscript expressions in 
nonoptimizable for statements is perforrr.ed. 

SUBSCRIPT HANDLING PHASE OPERATIONS 

Figure 48 illustrates the sequence of 
operations performed in the Subscript Han
dling Phase. In the comment which follows, 
the nurrbers in parentheses refer tc the 
numbered positions in the diagram. 

After initialization of the phase, (1) 
the entire subscript Table is read intc 
main storage from the SYSUT3 data set. 
Subscript Table records are intermixed with 
Left Variable Table records on the data 
set, and the entries may not be in ascend
ing For Statement Number order. The han
dling of subscript Table and Left Variable 
Table input by the READ subroutine is 
discussed under "Phase Input/Output". 

When input of the Subscript Table is 
complete, (2) a search of the table is 
initiated to identify and flag for dele
tion., any entries for subscripts contained 
in for statements classified non
optimizable in the For Statement Table. At 
the sarr.e time, multiple entries for 
subscripts contained in nested for state
ments are identified and coded. 

On completion of the foregoing search, 
(3) the entries in the Subscript Table are 
sorted according to ascending For Staterr.ent 
Number. The sorting operation involves the 
transfer of the table to a new work area. 
After the SYSUT3 data set has been reposi
tioned, the Left Variable Table (4) is read 
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SUBSCRIPT HANDliNG PHASE (lEX40) 

2. Scan SUTAB 

Deletes entries in the Sub
script Table for subscripts 
in for statements classified 
non-optimizable. Codes 
multiple entries for subscripts 
in nested for statements. 

1. READ subroutine For State-
Reads in the Sub- ~--

ment Table -J 
script Table. 

r-- FSTAB 
Unsorted 
Subscript 
Table 

3. SORT 1broutine SYSUT3 SUTAB 
---

Subscrisn Sorts the entri es 
Table ( T.AB) in the Subscirpt 
left Variable Table according to 

6. Construct OPTAB 

r-------
I r-- Sorted 

i Subscript 

I 
Table 

I SUTAB 

I 
I 
I 

Compares the factor and addend in 
each Subscript Table entry with the left 
variables in the left Variable Table, and 
transfers the entry to the Optimization 
Table if no matching left variable is 
found. Reclassifies for statements to Ele-
mentary loops if a subscript is non-opti-
mizable and the Factor = O. Calls OTACHA 
when an Optimization Table buffer has been 
fill ed. 

I I SySUT3 Buffer 
J ---

Optimiza-
tion Table S~l''';~ Table I (OPTAB) 

(lVTAB) ascending For State-L __ Buffer Unsorted ment Number. I 
left Vari-
able Table 

4. READ subroutine 

Reads in the left 
Variable Table 

lVTAB l 
5. SORT subroutine 

Sorts the entries 
in the left Variable 
Table according to 
ascending For State
ment Number. 

Figure 48. subscript Handling Phase. 

Variable 
Table 

lVTAB 

OT ACHA subroutine 

Writes Optimization 
Table records on call 
from Construct OPTAB. 

Diagram illustrating functions of principal constituent routines 

into main storage and (5) the entries in 
the table are sorted according to ascending 
For Statement Number. 

The Optimization Table (6) is construct
ed by transferring those entries in the 
subscript Table, representing linear suc
script expressions in for statements, which 
are found to be optimizable in the particu
lar for statement. A subscript expression 
is optimizable if no assignment is made in 
the for statement to either the addend or 
the factor in the expression. This condi
tion is verified by comparing both addend 
and factor with all left variables in the 
particular for statement, listed in the 
Left Variable Table. If the condition for 
optimizability is satisfied, the entry in 
the subscript Table is transferred to the 
optimization Table. 

If, however, a subscript expression is 
not optimizable in the for statement, the 
Subscript Table entry is disregarded. In 
addition, the particular for statement is 
classified an Elementary Loop, if an 
aSSignment is made to the factor, or if an 
assignment is made to the addend, and if 
the factor is equal .to zero. 

The phase is terminated when all entries 
in the subscript Table have been processed. 
The termination routine releases the pri-
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vate area used by the phase and branches to 
Control Section IEX40001, which initializes 
the Compilation Phase (Charter 8). 

PHASE INPUT/OUTPUT 

The Subscript Table and left Variable 
Table are read into main storage from the 
SYSUT3 data set independently, in two sep
arate operations. (On the data set, SU'IAB 
and LVTAB recordC are stored in rando~ 
order, beginning at a point following the 
obsolete Identifier Table input to the Scan 
III Phase). Before each read operation, 
the data set is positioned (by a POINT 
macro instruction) at the correct starting 
address, stored by the Scan III Phase at 
the location named SULTSTRT. 

In each read operation, the records 
(both SUTAB and LVTAB records) are read 
into the work area provided for the parti
cular table involved. The records are 
identified by a key in the first four bytes 
(SUTB and LVTB, respectively). After a 
record has been read in, the last four 
bytes of the record are saved. The follow
ing record is then read in, the key of the 
record overlaying the last (saved) bytes of 
the previous record. The key of the newly 



read-in record is now inspected. If the 
key shows that the record does not belong 
to the desired table, it is overlayed by 
the succeeding record. If, however., the 
record belong'S to the desired table, the 
previously saved bytes of the preceding 
record are reinserted, overlaying the key 
of the last read-in record. The last four 
bytes of the latter record are now saved 
and a fUrther record is read in. 

Prior to output of the optimization 
Table on the same SYSUT3 data set" the data 
set is repositioned to the start of the 
data set by a type T CLOSE. At termination 
of the phase, the data set is again reposi
tioned in readiness for input to the compi
lation Phase. 

r---------, 
I MClin Stot?ge \ 

I For Statement Table I 
I (FSTAB) I 
I I 
I .I 
L ________ J 

Optimization 

SVSUT3 

Subscript Table 
(SUTAB) 
left Variable 
Table (lVTAB) 

1--___ --1 Tobie (OPTAB) 

r---- ----, 
I Main Storage I 
I For Statement Table : 
I ('STAB) I 
I I 
I I L ________ J 

Figure 49. subscript Handling 
Input/Output 

OPTIMIZATION TABLE (OPTAB) 

Phase 

The Optimization Table (OPTAB) is con
structed by the Subscript Handling Phase 
and transmitted to the Compilation Phase on 
the SYSUT3 data set. The optimization 
Table lists the optimizable subscript 
expressions found in for statements classi
fied Counting Loops or Elementary Loops. 
The entries in the Optimization Table are 
copied from the Subscript Table (Figure 
44), provided neither the factor nor the 
addend in the subscript expression occurs 
as a left variable in the particular for 
statement. The entry in the Optimization 
Table is virtually identical to the corres
ponding entry in the Subscript Table, 
except that the Chain Bits in Byte 10 of 
the entry, set to binary 00 in the Scan III 

Phase, may be equal to binary OO,or 10 in 
the Optimization Table. 

SUBSCRIPT, LEFT VARIABLE AND FOR STATEMENT 
TABLES 

The subscript Table (SUTAB) " Left Varia
ble Table (LVTAB), and For Statement Tatle 
(FSTAB) are described in Chapter 6. 

CONSTITUENT ROUTINES OF SUBSCRIPT HANDLING 
PHASE 

The principal constituent routines of 
the subscript Handling Phase are descrited 
below. The index in Appendix XI provides a 
cross-reference between the descriptive 
text and the relevant flowchart in the 
Flowchart Section. 

The position of the routines 
overall logical organization of the 
may be seen in Chart 072. 

INITIALIZATION 

in the 
phase 

The initialization routine acquires rrain 
storage for the private area pictured in 
Figure 51; sets a pointer to the beginning 
of the private area; and specifies program 
interrupt-I/O error exit routines. The 
Read SUTAB routine is then executed. 

The size of the private area is computed 
as follows: 2 x (Subscript Table) + 2 x 
(Optimization' Table buffer) + 8. The area 
sizes are obtained from the Area Size Tatle 
in the Co~mon Work Area. 

The private area provides two storage 
areas for the Subscript Table~ one fer 
input of the unsorted table and one for the 
sorted table. After the Subscript T·able 
has been sorted" the input area is used" 
first" for input and sorting of the Left 
Variable Table" and second, for Optimiza
tion Table construction. Figure 51 illus
trates the use of the private area in the 
various stages of the Subscript Handling 
Phase. 

The first program interrupt exit 
TERMIN2, is stored 1n the location named 
ERET" the address referenced by the PIROUT 
routine in the Directory. TERMIN2 is 
replaced by TERM1, after the GETMAIN 
instruction is executed. 
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o 1 4 7 10 11 12 14 
r-----T------------------T----------------,----------------T----~-----T----------------l 
I I I I I I I <ReI. address I 
I <FSN> I <DSA address of I<DSA address of I<DSA address of I <x> I <RN> I of [ in I 
I I array identifier>lfactor> laddend> I I lo/p tuffer> I L _____ ~ __________________ ~ ________________ ~ ________________ 4 _____ ~ _____ ~ ________________ J 

<FSN> 

<DSA address> 

<X> Bit 0 
Bit 1 
Bit 2-3 

Bits 4-7 

<RN> 

<For Statement Number of outermost embracing for 
statement in which the subscript expression is 
optimizable> 

= <Last three bytes of identifier's internal name" 
containing Program Block Number and displacement> 

= <Sign of factor: 1=+, 0=-> 
<Sign of addend: 1=+, 0=-> 
(Chain Bits:* Binary 10 or 00 
Compilation Phase) 

= <POSitional number of subscript> 

not used in 

<Source text record number in which subscript ex
pression occurs> 

*The use of the Chain Bits in the Sutscript 
Handling Phase is discussed under the "Scan SUTAB" 
and "Construct OPTAB" routines. 

Figure 50. Optimization Table (OPTAB) entry 

TSTART 

Private Area':' during 
Subscript Table Sarting 

TSTART 
ZSTAD=TSTA 

Private Area" during Left 
Variable Table Sorting 

ZOTAWRI 

Private Area ':' during 
Optimization Table Sorting 

ZST AD=TST AR T+4 

RPO (reg. 10) 
f" 

RSUDEN 
=REND (reg. 9) 

ZSUDAD 
=ZSORTSTA 

WORKX 
(reg.3) 

ZSUDEN 

• +-I , 

Subscript Table (SUTAB 

(Unsorted) 

ZSUTEN = length 

(Unused) 

Subscript Table (SUTAB) 

(Sorted) 

RT 
+4 

RPO (reg. 10 r-
REND (reg. 9 
=ZSORTSTA 
=ZLESTA 

) 

• 
WORKX 
(reg.3) 

+--I , 
ZSUDAD 

ZSUDEN 

Left Variable Table 

(LVTAB) 
(Unsorted) 

ZLEVEN = length 

Left Variable Table 
(LVTAB) ",", 
(Sorted) 

(Unused) 

Subscript Table (SUT AB 

(Sorted) 

ZOTA FILL 
&QTPO 
(reg.B) 

ZOT/lMX 

ZLESTA 

RLV (reg.4) 

ZSUDAD 

RSUPO 
(reg.6) 

ZSUDEN 

O~timization Table 

<f PTAB) uffer 2 
O~timization Tabl e 

r (OPTAB) 
Buffer 1 
(Unused) 

Left Variable Table 

(LVTAB) 
(Sorted) 

r 
(Unused) 

Subscript Table (SUTAB 

(Sorted) 

r 

" The size of the private area is computed as 2* SUTAB + 2* OPTAB Buffer + B, the work area sizes being specified by the Area Size Table in 
the Common Work Area. See Appendix VIII for the Variation in area sizes as a function of the SIZE option. 

;,* If the length of the Left Variable Table is less than twice the Optimization Table buffer length, the sorted Left Variable Table work area 
begins at the end of Optimization Table Buffer 1 (ZOT/lMX). 

Figure 51. Diagram illustrating use of the private area 
acquired by the Subscript Handling Phase 
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READ SUTAB 

Read SUTAB loads registers to specify 
the number of records, record key (SUTB), 
and record length of subscript Table 
records, and calls the READ subroutine, 
which reads the subscript Table into the 
unsorted table work area. Scan SUTAB is 
then entered. 

SCAN SUTAB 

Scan SUTAB deletes all entries in the 
subscript Table (Figure 44) for subscript 
expressions in for statements which are 
classified as non-optimizable. The routine 
also identifies multiple entries for the 
same subscript expression contained in 
nested for statements, and adjusts the 
Chain Bits in such entries to indicate if 
the entry is followed by one or more 
entries for the same subscript expression. 

For every entry in the Subscript Ta1::le, 
a test is made of the classification byte 
in the For Statement Table, corresponding 
to the For Statement Number in the entry, 

to determine if subscript optimization is 
possible. If optirrization is not possitle" 
the first byte of the entry is set to 
X' FF ., marking it for deletion,. and the 
test proceeds with the next entry. A count 
is maintained of the deleted bytes for 
subsequent use in setting up the area for 
the sorted subscript Table. 

Each entry not flagged for deleticn is 
compared with the succeeding entry,. to 
determine if both entries refer to the same 
subscript expression in t'NO nested for 
statements. In the affirmative case, the 
Chain Bits in byte 10 of each entry 
(originally equal to 1::inary 00) are set, 
according to the key belo'N" to indicate 
whether the entry relates to the outermost 
for statement in which subscript optimiza
tion may be possible" or to a nested for 
statement. The second entry is then ccm
pared with the next entry, and if this 
comparision shows that the same subscript 
express~on occurs in a further nested for 
statement, the Chain Bits in the second and 
third entries are set accordingly. This 
comparison is repeated until the sequence 
of entries for the same subscript expres
sion in a series of nested for statements 
has been coded. The various Chain Bit 
settings are as follows: 

r-------------------------------T---------y---------------------------------------------, 
IMultiple entries for subscript IChain Bitl I 
lexpressions enclosed by two or ISettings I I 
Imore for statements: I (Binary) I Significance I 
I r---------t---------------------------------------------~ 
I First entry I 10 Entry relates to outermost embracing fer I 
I I statement in which subscript optimization I 
I I may be possible. One or more subsequent I 
I I entries exist. I 
I I I 
I Second or intermediate I 01 Entry relates to a nested for statement I 
I entries I in which subscript optimization may te I 
I I possible. One or more subsequent entries I 
I I exist. I 
I I I 
I Last entry I 11 Entry relates to innermost nested for I 
I I statement in which subscript optimization I 
I I may be possible. No su1::sequent entry I 
I I exists. I 
I I I 
ISingle entries I 00 Entry relates to a single for statement in I 
I I which subscript optimization may be possi- I 
I I I ble. No subsequent entry exists. I L _______________________________ ~ _________ i__ ___________________________________________ J 

This system of Chain Bit settings serves 
to insure that only one Subscript Table 
entry is transferred to the Optimization 
Table, namely the entry relating to the 
outermost embracing for statement in which 
the subscript expression is optimizatle. 
The Chain Bits are inspected, and may be 
manipulated, in the Construct OPTAB routine 
<entered after the entries have been 

sorted) to determine if the entry 
subscript expression relating to an 
ing for statement was transferred 
Optimization Table. 

for the 
embrac
to the 
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SORT SUTAB (SORTSU) 

SORTSU sets pointers to specify the 
addresses of the unsorted and sorted Sub
script Table work areaS" as well as the 
entry length, and calls the SORT subrou
tine, which sorts the Subscript Table 
entries by ascending For Statement Number, 
in the sorted work area. pointers are then 
set for the Optimization Table buffers 
(Figure 51) and the SORTLE routine is 
entered. 

READ AND SORT LVTAB (SORTLE AND SORTLEl) 

SORTLE loads registers to specify the 
number of records, the record key (LVTB), 
and the record length of Left Variable 
Table records, and calls the READ subrou
tine, which reads the Left Variable Table 
into the unsorted table work area. Poin
ters are then set to specify the addresses 
of the unsorted and sorted Left Variable 
Table work areas, as well as the entry 
length, and a call is made to the SORT 
subroutine, which sorts the Left Variable 
Table entries by ascending For Statement 
Number, in the sorted work area. 

When sorting of the Left Variable Table 
is complete, the SYSUT3 data set is closed 
in readiness for output of the Optimization 
Table. 

CONSTRUCT OPTAB (OPTAB) 

OPTAB compares the addend and factor in 
each "active" entry of the Subscript Table 
(Figure 44) with the left variables listed 
in the Left Variable Table (Figure 43) for 
the corresponding for statement, and if no 
left variable is found which matches either 
addend or factor, transfers the Subscript 
Table entry to the Optimization Table 
(Figure 50). An entry in the subscript 
Table is said to be "active" if no preced
ing entry for the same subscript expression 
relating to an enclosing for statement was 
transferred to the Optimization Table. An 
"active" entry is indicated if the entry's 
Chain Bits in Byte 10 are equal to binary 
10 or 00. The entries transferred to the 
Optimization Table represent the array sub
script expressions for which subscript 
optimization is exercised in th~ object 
code generated by the Compilation Phase for 
the relevant for statements. 

If a left variable is found which match
es either the addend or the factor, the 
Subscript Table entry is not transferred 
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(the subscript 
optimizable in 
statement), and 
the expression 
Elementary Loop, 

expression being ncn
the particular for 

the for statement in which 
occurs is classified an 
provided 

1. The addend occurs as a left variable 
in the for statement ~ th3 factor is 
a zero constant; or 

2. The factor occurs as a left variable 
in the for statement. 

After the last entry in the Subscript 
Table has been processed. control is passed 
to TERMIN. 

Where an optimizable subscript 
expression is enclosed by two or «are 
nested for statements classified Counting 
or Elementary Loops., the Subscript Table 
contains an entry for each for staterrent 
which embraces the subscript expression. 
With the aid of the Chain Bits in Byte 10 
of the entry, the entries in the case of 
such a chain of nested for statements are 
coded, before entry to OPTAB (see Scan 
SUTAB routine)" so as to indicate whether 
the entry relates to the outermost for 
statement or a nested for statement" and 
hence, whether a subsequent entry exists. 
be possible in an embracing for statement, 
optimization may be possible in one or rrore 
nested for statements. When it is deter
mined in OPTAB that a subscript expression 
is not optimizable in a particular for 
statement, a test is made to determine if 
the Subscript Table contains a further 
entry for the same subscript expression in 
a nested for statement. This is determined 
by inspection of the entry's Chain Bits. A 
subsequent entry is indicated if the cur
rent entry's Chain Bits are equal to binary 
10 or 01. No subsequent entry is indicated 
if the Chain Bit settings are equal to 
binary 00 or 11. 

In the event the current Subscript Table 
entry's Chain Bits indicate that a SUbse
quent entry exists, a search is made for 
the next entry representing the same sub
script expression. The Chain Bit settings 
in this subsequent entry must be equal to 
binary 01 or 11, depending on whether the 
entry relates to an intermediate nested for 
statement, or the innermost nested for 
statement (see Scan SUTAB routine). When 
the entry has been located, its Chain Bits 
are inverted (to binary 10 or 00). This 
action serves to identify that the entry is 
now "active", i.e." that it relates 

1. To the outermost embracing for state
ment in which the subscript expression 
may be optimizable, or 

2. To the last (innermost) for statement 



in which the subscript expression may 
be optimizable. 

T~iINATION (TERMIN) 

TERMIN writes out the last Optimization 
Table record (by call to OTACHA), closes 
the SYSUT3 data set, releases the main 
storage acquired for the private area, and 
passes control to the Initialization rou
tine of the Compilation Phase (Control 
Section IEX40001), unless a terminating 
error has occurred (indicated by the switch 
TERR = 1). In the latter case, control is 
transferred (by XCTL) to the Compiler ter
mination routine in Load Module IEX51. 

WRITE OPTAB (OTACHA) 

OTACHA provides the address of an alter
nate output buffer, and writes out the 
Optimization Table record in the current 
buffer on the SYSUT3 data set. OTACHA is 
called by the Construct OPTAB routine. 

READ SUTAB/LVTAB (READ) 

READ is called by the Read SUTAB and 
Read and Sort LVTAB routines. READ reads 
the Subscript Table and Left Variable Table 
from the SYSUT3 data set. See "Phase 
Input/Output" • 

SORT SUTAB/LVTAB (SORT) 

The SORT subroutine sorts the entries in 
the Subscript Table and the Left Variable 
Table according to ascending For Statement 
Number. SORT is called by SORTSU and 
SORTLE1. 

The parameters required by the 
subroutine in sorting the two tables 
specified as follows: 

SORT 
are 

Start of Unsorted Table 
End of Unsorted Table 
Start of Sorted Table 
Entry Length 

(SUTAB-14; LVTAB-4) 

See also Figure 51. 

ZSTAD 
REND (Reg.9) 
ZSORTSTA 
RENTRY (Reg.11) 

sorting consists in moving the entries 
in the unsorted table" One l::y one, to a 
sorted area" so that the entries are 
arranged in groups with a common For State
ment Number. The sorting process consists 
of the following steps: 

1. Counting the number of entries in each 
group of entries having a common For 
Statement Number. Counting is carried 
out by inspecting the For Statement 
Number in each entry, moving sequen
tially through the unsorted table, and 
incrementing the count in a corres
ponding half-word of the Entry Count 
Table (Z COSTA) • 

2. Constructing the Address Tatle 
(ZADSTA), containing the displacements 
in the sorted table where the first 
entry in each group with a common For 
Statement Number will be moved. In 
the case of the first group (For 
Statement Number 0) " the displacement 
of the first entry in the sorted tatle 
is equal to zero. In the case of all 
subsequent groups" the displacement is 
computed by multiplying the entry 
length by the number of entries in the 
preceding group. 

3. Moving the entries from the unsorted 
table to the sorted table. The desti
nation of each entry in the sorted 
table is specified by the start 
address of the sorted table, plus the 
displacement contained in the corres
ponding entry of the Address Table. 
After each move" the displacement in 
the Address Table is incremented by 
the entry length" so that the resul
tant displacement specifies the rela
tive address where the next entry 
having the same For Statement Number 
will be moved. 
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CHAPTER 8: COMPILATION PHASE (IEX50) 

PURPOSE OF THE PHASE 

The purpose of the Compilation Phase is 
to read the Modification Level 2 text 
produced by the Scan III Phase and to 
generate an object module which will per
form the operations indicated in the source 
module. 

Compilation is performed by approximate
ly 60 individual compiler programs. The 
compiler programs are activated by action 
of two central routines (named SNOT - Scan 
to Next Operator - and COMP-Compare), which 
scan the Modification Level 2 text and 
which branch to the appropriate compiler 
program, according to the sequence of oper
ators found in the source text. 

For the most part the object code is 
determined by the individual operators (or 
sequences of operators) in the source text. 
In the case of for statements, however" the 
overall structure of the code is governed 
by the particular for statement I sloop 
classification in the For Statement Table, 
constructed in the Scan III Phase (Chapter 
6). The same For Statement Table also 
specifies, among other things, if subscript 
optimization is to be performed for optirni
zable subscript expressions contained in 
for statements. Optimizable subscripts in 
each for statement are listed in the Optim
ization Table. 

Operand addresses in the individual 
instructions are obtained from the five
byte internal names representing operands 
in the source text. 

Provided the requisite options have been 
specified, TXT records of the object code 
are generated on an external data set by a 
subroutine (named GENERATE) on call from 
the compiler programs. 

For all ALGOL-defined I/O procedures or 
standard mathematical functions invoked in 
the source module, ESD x.-ecords are 
generated to call the appropriate routines 
from the ALGOL Library (Chapter 10). 
Library routines are combined with the 
object module by the Liny~ge Editor to form 
an executable load module. 
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COMPILATION PHASE OPERATIONS 

The Compilation Phase is initialized 
mainly by a routine which forms a control 
section (IEX40001) of Load Module IEX40. 
The initialization routine acquires rrain 
storage for a private area and initializes 
tables and constants in the Corrmon Wcrk 
Area and in the phase's private area. It 
also initiates input of the first records 
of the Modifioation Level 2 text and the 
Optimization Table from the SYSUT2 and 
SYSUT3 data sets. After initialization has 
been completed, control is transferred (by 
XCTL to Load ModuleIEX50 (Compilation 
Phase proper). 

The following description provides a 
brief survey of the basic operating frarre
work of the Compilation phase, with special 
reference to the illustrative diagrarr. in 
Figure 52. The logic of the object code 
generated is discussed in the later sec
tions describin'g the corrpiler prograrrs 
under appropriate headings. Figure 53 pro
vides a guide to the various compiler 
programs. 

Within the Compilation Phase, the SNOT 
routine (Scan to Next Operator) receives 
control after Load Module IEX50 has been 
loaded" and proceeds to scan the Modifica
tion Level 2 source text in the current 
input buffer. Source text records are read 
from the SYSUT2 data set ty the JBUFFER 
subroutine, on call from SNOT (and certain 
compiler programs) on detection of the 
record-end operator Zeta. The source text 
consists mainly of a sequence of one-byte 
operators and five-byte operands. Appendix 
I-c indicates the internal representation 
of all operators in the source text. 
Appendix II indicates the contents of the 
five-byte internal names of all operands 
declared or specified in the source module .• 

SNOT scans the source text to the next 
operator, stores the operand (if any) which 
precedes the operator in the Operand stack, 
and then enters the COMP routine (Compare). 
COMP's function is to activate the 
appropriate compiler program, according to 
the pair of operators in the source text 
and in the Operator Stack. 

COMP determines the compiler program to 
be entered, with the aid of one of three 
decision matrices and a compiler prograrr 
Address Table. There are three decision 
matrices: a Program Context Matrix, a 
Statement Context Matrix and an Expression 



COMPILATION PHASE (lEX50) 

SYSUT3 

fa'bt~lizatiarf-_______________________ .j 1;II~n:;pui:t:;:Bu;:If:;;e=r ,:",-(2) Compiler Programs lbe compiler programs compile object code, 
on the basis of the operators and operands in 
the Operator and Operand Stacks and in the 
input buffer. Object code is transferred to 
the output buffer and the SYSPUNCH and/or 
SYSLIN data sets by call to GENERATE. The 
compiler Pl'9groms also store operators and 
operands in the stacks. Control in most cases 
is retumed to SNOT. 

SYSUT2 

Modification 
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For Statemen 
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The For Statement Table specifies 
each for statement"s loop classifi
cation and indicates if optimization 
is to be performed for optimiiable 
array subscript expressions in the 
for statement. 

T (XCTLta 
I EX51) 

Subroutine Pool 

SNOT 
COMP 
GENERATE 
IBUFFER 
NXTOPT 

SYSLIN 

GENERATE Generats TXT 
records of object code, on 
call from the compiler pro
grams. 

Figure 52. Compilation Phase. Diagram illustrating phase operations 

Context Matrix (Apperidices V-a to v-c). 
The particular matrix referenced by CO~W at 
any particular point is determined by the 
action of a compiler program at an earlier 
point in time. 

The decision matrices specify a particu
lar compiler program number for every pair 
of operators in the source text and in the 
Operator Stack. A decision matrix is 
entered with the aid of a Row Vector and a 
Column Vector. The Row Vector specifies a 
displacement for the stack operator while 
the Column Vector specifies a displacement 
for the source operator. The sum of these 
displacements gives the displacement of an 
element in the decision matrix containing 

the number of the appropriate compiler 
program. The address of the compiler pro
gram is obtained from an entry in the 
Address Table which corresponds to the 
program number in the decision matrix. 

Depending on the 
program entered and on 
compiler program may: 

particular compiler 
the source text, the 

1. Compile code in accordance with the 
stack operator" using the address data 
in the stack operand; release the 
stack operator and operand; and return 
control to SNOT (or COMP); or 
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2. Store the source operator in the Oper
ator Stack, and return to SNOT; or 

3. Release the stack operator and return 
control to COMP or SNOT; or 

4. Compile code in accordance with the 
source operator, release one or more 
operands" and return to SNOT. 

The foregoing list indicates only a few 
of the compilation actions taken by the 
compiler programs, and represents only a 
small sample of the range of compilation 
alternatives. 

In practical terms, object code is gen
erated by means of a call to an appropriate 
entry point of the GENERATE subroutine. 
The call specifies the address and length 
of a sequence of one or more instructions 
aPpropriately edited by the compiler pro
gram. Depending on the Compiler options 
specified, GENERATE produces TXT records of 
the object code on the SYSLIN and/or SYS
PUNCH da ta sets. 

Compilation is terminated in the Termi
nation Phase (IEX51), which receives con
trol from Load Module IEXSO, when the CPEND 
routine (entered from compiler program No. 
3 on detection of the program-end operator 
Omeqa) issues the XCTL macro instruction. 

The Termination Phase generates ESD, 
TXT, and RLD records for the object time 
Program Block Table, Label Address Table, 
Data Set Table, and Address Table, or, if 
any errors were detected during the Compi
lation Phase, prints out diagnostic messa
ges for the errors recorded in the Error 
Pool. Control is returned to the final 
exit routine in the Directory after main 
storage has been released and data sets 
closed. 

PHASE INPUT/OUTPUT 

Input/output operations in the three 
modules (IEX40,IEX50 and IEX51) of the 
Compilation Phase are represented in Figure 
53. The same figure also indicates the 
tables transmitted between these modules 
via main storage. 
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Figure 53. Compilation Phase Input/Output 

The first two records of the Modifica
tion Level 2 source text., and the Optimiza
tion Table are read in by the initializa
tion routine in Load Module IEX40. All 
subsequent input is handled by the JBUFFER 
and NXTOPT subroutines. 

ESD, TXT, and RID records are output on 
the SYSLIN and/or SYSPUNCH data sets by the 
GENERATE subroutine. 

OPERATOR/OPERAND STACKS 

The Operator and Operand Stacks occupy 
opposite ends of a combined 
Operator/Operand Stack area., acquired at 
initialization of the Compilation Phase 
(see Figure 59). When operators (one byte 
in length) are entered in the Stack., a 
pointer (OPTK) is incremented. When oper
ands (five bytes in length) are entered in 
the stack, a pointer (OPDK) is decremented. 
Operators are released Cy decrementing 
OPTK, while operands are released by incre
menting OPDK. 



The function of the Operator and Operand 
Stacks is to provide temporary storage for 
operators and operands in the source text, 
as well as for other special-purpose opera
tors and operands originating in the com
piler programs). In principle, a sequence 
of operators and operands is stacked until 
such time as an operator in the source text 
is encountered which marks the end of a 
defined logical entity or relationship and 
which signifies that object code for one or 
more of the preceding operators may be 
generated. The stacking of operators and 
operands is equivalent to deferring the 
generation of object code until such time 
as the logical meaning of an operator 
sequence has been clarified. 

Operators are stacked by a majority of 
the compiler programs. Operands originat
ing in the source text are stacked by the 
SNOT routine, other special-purpose oper
ands by the compiler programs. 

Appendix I-d indicates the internal rep
resentation of the various stack operators. 
The operators are defined in the Explana
tion accompanying Appendix I-d. 

Appendix II indicates the content of the 
five-byte operands representing identifiers 
and constants in the source module, while 
the notes accompanying Appendix X list the 
special-purpose operands stacked by the 
compiler programs. 

In the object module generated by the 
Compiler, the object time operands 
(represented by addresses) include: 

1. Operands specifically declared or 
specified in the source module (e.g. 
variables, constants or labels): and 

2. Intermediate values or addresses. 
Intermediate values (or addresses) 
repre,sent the intermediate results 
obtained at object time from opera
tions (specified in the source module) 
on operands. Intermediate values or 
addresses may be contained in reg
isters, or in Data Storage Area loca
tions. 

The above 
ca tegory , not 

breakdown excludes a third 
considered here, comprising 

operands involved in purely administrative 
functions. 

With certain exceptions, every operand 
being processed by a compiler program, 
whether the operand be a variable. a ccn
stant, an address, or an intermediate value 
or address, is represented by a correspcnd
ing internal name in the Operand Stack, 
pointing to a corresponding storage loca
tion in an object time Data Storage Area or 
an entry in the Label Address Table. As 
soon as code is generated to load the value 
or address of an object time operand in a 
register, the corresponding operand in the 
Operand stack is modified to show the value 
(address) in a register. A new storage 
field (or save area) is,' reserved for the 
register in the current Data storage Area 
when the register is first assigned (see 
"Control of Object Time Registers"). If 
the contents of the register are subse
quently stored at object time in the res
erved storage field,. the operand is 
appro~riately modified (see below). In the 
same way, as soon as code is generated tc 
move a value from one Data Storage Area 
field to another field reserved for an 
intermediate result. the operand is Irodi
fied correspondingly. When an operand has 
been processed in the object code,. or 1Ilhen 
a value or address in a register has been 
finally stored or disposed of (and the 
register relinquished), the corresponding 
entry in the Operand Stack is released. 

In analogous manner" an operator is 
released from the Operator Stack 1Ilhen code 
has been generated in accordance with the 
operator. 

The handling of stack operators and 
operands is illustrated by the example in 
Figure 54" which shows the code generated 
1Ilhen the semicolon marking the close of a 
simple arithmetic statement is encountered. 
The operators and operands in the statement 
will have been entered in their respective 
stacks as sho1lln, before the semicolon is 
encountered. The illustration shows the 
adjustments to both stacks. following each 
step in the generation of code. The exam
ple assumes that all operands in the state
ment are variables and that they are all 
declared in the embracing block. 
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Identifiers A, Bond C declared integer simple variables in the saurce module. 

(In the .Y.odlfication Level 2 text, the identifiers would be represent&e! by the 
5-byte internal names shawn in the Operand Stack below, and the operators 
by one-byte operators, as in Appendix I-d.) 

Object Time 

Data Storage Area 

r 1 
1 I 
..... -------/ 
1 1 
I---------l 

(A) ~--------1 

OPDK 

(B) X'CO 31' <PBN> 

(A) X'CO 31' <PBN> 

(C) X'CO 31' <PBN> 

(B) I I 
P ---1--------1 

(Other opera ds) " 
(C) 1 I L ______ --' 

OPDK 

(B) X'CO 31' <PBN> 

Source Text: 

Operator Stock 

<DIS.P-B> 

<DISP-A> 

< DISP-C> 

I(Other I 

<DISP-B> 
r------, 
I I 
..... -------/ 
I I 
I--------J (A in RE GX) X'90 31' <PBN> <X> <DISP-X> -E'O"":'O")1 

OPTK 

(A) I 1 
1-------1 

(B) 1 1 

(C) X'CO 31' <PBN> <DISP-C> 

(Other operands) 

L REGX ,<DISP-A>(CDSA) + 

t PRPOINT 

1-------., 
(C) 1 I P ---I-- _____ ~ 

(X) I I L ______ ..l 

r---- --..., 
I 1 
I-------~ 

OPDK OPTK 

I (Other I 

[j 
1 I 

1-------1 
(A) 1 1 

~I I--________ -L ____ ~ ________ ~ A REGX,<DISP-A>(CDSA) 

t PRPOINT 

I--------l 
(Bil' 

1-------1 

P £!J..------~ 
(XI" L _____ -l 

r------, 
1 1 
t-------1 
1 I 
1-------1 

(Alii 
1------ --I 

(B) I 1 P -'='-I- - ____ ----/ 
(C) I 1 L _____ --' 

Nates: 

OPDK "I (Other operands) 

Painters OPDK (reg. 9) and OPTK (reg. 10) point to the last entry in the 
Operand and Operator Stacks. 

2. Displacement pointer P (reg. 7) indicates the displacement of the last reserved 
storage field in the abject lime Data Storage Area (DSA) of the current block 
or procedure. Whenever a change in scope occurs, the PBNHDL subroutine 
stores the contents ofP, representing the DSA displacement for the last block 
or procedure, in a corresponding entry of PBTAB2, and loads P with the DSA 
displacement for the newly entered (or reentered) block or procedure, con
tained in the corresponding entry of PBTAB2. 

P is incremented whenever additional storage bytes are reserved in a Datu 

~b~~e~rti;' b! '9~c~~~~~t~~t,er:ei~i~h: ill~s~r~~i~~~riTc~d: ;se~~::b:e;7ntly 
generated to store on intermediate value (address) in the reserved sh>roge fi eM. 
If, however, code is actually generated to store the intermediate value (address), 
the displacement in P is stored (by the MAXCH subroutine) in a corresponding 
entry of PBTAB3, thus recording the minimum length required (up to that particu
lar point) for the particular Data Storage Area at object time. 

3. ~h;;P;:~;:bi::,';:~: ;~:;,;;;~:" (~~',;. 6~.;;:i~,~';: :::~i;~lr~:m;;; :;o~(~~' ~!"_ 
::~~e~~o~f ~~deO isPgR:~~~~di~ ~:;h:e:o~p;~:r ;r~r~~~~h~~r:~~~hei:f;RPOINt 
is used as a relative address in specifying branch addresses (as well as addresses 
of declared labels) in the object module. In such cases, the displacement in 
PRPOINT is stored in the appropriate entries of the Label Address Table. At 
linkage edit time, the relative addresses in the Lobel Address Table are conver
ted to absolute addresses. 

4. The abbreviations in the Operand Stock entries have the following significance. 

PBN Program Black Number of the block or procedure in which 
the identifier is declared or specified. 

DISP-A 
DISP-B Displacement of the identifier's assigned stort"ge field in the 
DISP-C object time Data Storage Area. 

DISP-X 

OPTK l(Other I 
loperators) I 

ST REGX,<DISP-A> (CDSA), PRPOINT 

Displacement of Register X's reserved storage field in the 
object time Data Storage Area. 

X Number of the object time register containing the interme
diate value. The register may be any oneaf the registers avail
able for general computational use (see "Control of Object 
Time Registers"). 

Concerning the characteristic in the first twa bytes of the stock operand, see 
the accompanying lext. Compare alsa with Appendix II. 

5. The notation in the illustrated object code has the following significance. 

REGX 

DISP-A 
DISP-B 
DISP-C 

CDSA 

The name of the object time register whose number (X) is 

~~:t~:nth! ir:~~s~e~~~a~ra~;tr T9~n:~~iS~';;mr;ra~i::~ruse 
(see "Control of Obje'c;t Time Registers"). 

inh~h:i~~f~:t~~~e °6:~: ~~·r~~~i~;~:~s~~:~i:~I:~~~~in~l~s 
obroined from the relevant stack operand. 

The nome of base register 10, containing the address of the 
current Data Storage Area, i.e. the object time Data Stor
age Area of the current block or procedure. CDSA appears 
in all of the illustrated instructions because, in the assumptions 
of this simple case, all of the identifiers are declared in the 
immediately embracing block. If anyone of the identifiers 
hod been declared outside- the embracing black, the base 
register in the instruction involved would hove been GDSA 
(reg. 9) -- Global Dolo Storage Area. In the abject module, 
GDSA is always used to address the relevant Data Storage 
Area, where an operand is not declared or specified in the 
current block or procedure; CDSA at all times addresses the 
current Dora Storage Area. 

Figure 54. Diagram illustrating the function of the Operator/Operand Stacks 
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Figure 55 indicates the contents of the 
operand representing an intermediate value 
or address contained in a register or 
contained in a Data Storage Area field, 
i. e., the Data Storage Area of the block or 
procedure having the Program Block Number 
<PBN>. 

o 2 3 4 5 
r----------------,-----,-----T------------, 
I <Characteristic> I<PBN>I <Reg. I <Displace- I 
I I I No·>lment in DSA>I L _______________ -i _____ ~ _____ ~ ____________ J 

<Characteristic> - (See text) 

<PBN> 

<Reg. No.> 

<Displacement in 
DSA> 

<Program Block Number of 
the embracing block or 
procedure> 

<Number of the register 
containing the inter
mediate value/address> 
or <zeros> if operand 
in Data Storage Area 

<Displacement 
register's 
field in the 
age Area of 
or procedure 
by PBN> 

of the 
storage 

Data Stor
the block 
indicated 

Figure 55. Five-byte operand representing 
an intermediate value or 
address contained in an object 
time register or temporarily 
stored in the register's res
erved storage field in a Data 
storage Area. 

Except for certain special-purpose oper
ands, the location and type of every oper
and at object time is indicated by specific 
binary settings in the characteristic of 
the relevant stack operand (namely, bits 0, 
1., and 2 of Byte O). The significance of 
the various settings is as follows: 

Characteristic 
Byte 0 

(Bits 0, 1, 2) 

110 

100 

Significance 

Operand represents: 

a variable or constant 
with an assigned storage 
field in a Data Storage 
Area or a Constant Pool, 
or the address of a 
declared procedure, switch 
or label with an assigned 
entry in the Label Address 
Table 

a value contained in the 
register indicated in the 
operand 

010 

101 

011 

an intermediate value con
tained in a Data Storage 
Area field 

an address contained in 
the register indicated in 
the oferand 

an address contained in a 
Data Stcrage Area field 

CONTROL OF OBJECT TIME REGISTERS 

Of the 16 general purpose registers 
available for use by the object module. 
seven registers are restricted to specific 
addressing functions. The remaining eight 
general purpose registers .• as well as all 
four floating-point registers" are availa
ble for general computational or addressing 
purposes. The division of register assign
ments is as follows: 

Available for general computational use 
General Purpose Registers 0-7 
(GPRO, ••• ,GPR7) 
Floating Point Registers 0,2,4, and 6 
(FPRO, ••• ,FPR4) 

Available for general addressing use 
General Purpose Register 8 (ADR) 

Restricted to Specific Addressing Func
tions 

General Purpose Registers 9-15. The 
use of each of these registers is 
indicated in Chapter 11, under "otject 
Time Register Use". 

To provide for the logical and efficient 
assignment of the registers available for 
general computational and addressing use, 
two systems of register control are emp
loyed,. one for general purpose registers. 
the other for floating-point registers. 
These control systems,. which are administ
ered by a set of sutroutines indicated 
telow, have two purposes: 

1. To ensure that, whenever a competing 
demand arises for the use of a given 
register, any intermediate value con
tained in that register is duly saved; 
and 

2. To minimize the number of Store Reg
ister instructions in the object 
module (in other words" to maximize 
the register holding time). 

Figure 56 illustrates the control fields 
used in the control of otject time general 
purpose registers. 

Chapter 8: Compilation Phase 113 



GPR 0, 

GPR 10 

GPR 21 
Fixed Point Cycle Indicator (ell) 

Object Time General Purpose 

Regi"sters 0 - 8 

r-------, In use in object code. 

I I '- ______ ...J X 

,------.., 
I I X '- ______ ....1 

,-------, 
I I X L.. ______ ...J 

o 2 

[:1 ======~(A~II~Z~.~ro;:. ~-;un~Used~)=====31~0~l=0~1~1 I!~o~1 (Number of lastassi9.ned r . . . . . ~::lrts~= O~~:t:h 7 
,-------, 

GPR 3, I I '- ______ ...J 

Fixed Point Register Use Indicator (RH) 
- last assigned register 
GPR 2) ,-------, 

o GPR 4, 

E--CAII xeros - unUsed>----1 1 
(Registers: 6 4 0 ) GPR 50 

GPR 60 

GPR 7, 

GPR 8, 

(ADR) 

Fixed Point Operand Address Table (RUTI) Operand Stack* 

I I L ______ ....I 

r-------, 
I I '- ______ ....1 

,-------, 
1 I '- ______ ....1 

r-------, 
I I L.. ______ -...I 

,-~----..., L ______ J 

Object time Data Storage Area 

(of current block or procedure) 

X 

Entry far GPR 0, A (Stack aperond) <Characteristic> <PBN> <Displacement> 
r--------------, 
I 
I 

Entry for GPR 1: 

Entry for GPR 2, 

Entry far GPR 3, 
; 

Entry for GPR 4, 

Entry for GPR S, 

Entry for GPR 6, 

Entry for GPR 7, 

Entry for GPR 8: 

A (Stack operand) 

A (Stack aperond) 

A (Stack operand) 

* Th Operand Stack may at the $Orne time contain operands (not specifically identified in the 
fi;re) representing intermediate values in object time fI~ting point registen, and pointing 
to 8-byte.storage fields in the Data Storage Area - see Figure 57. 

2 I 

1 I 

8 I 

o I 

I 
I 
I 
I 
I 
I 
I 
I 

(Storage fields reserved for identi ... 

fiers declared or specified in the 

current block or procedure) 

Starage fields rEt
reserved for obiect 
time general p,lr
pose and floating 

r:i:;:er:g:~t:' ~e; 
for the current 
block or PNlcedure, 
and for other 
object time data .. 

Figure 56. Control Fields governing use of object time general purpose registers" 
showing relationships to Operand Stack,. Data storage Area and registers 

The two-byte Fixed Point Cycle Indicator 
(CII) indicates the number of the last 
assigned register among general purpose 
registers 0 through 7. When a register is 
required for computational purposes, CII is 
increased by one (or reset to 0 if CII~7). 
The resulting number is the number of the 
register to be used. This rotational 
assignment of registers ensures a maximum 
register holding time. (Where an even or 
odd pair of registers is required for 
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integer division or multiplication, CII may 
be increased by two). 

The two-byte Fixed Point Register Use 
Indicator (RIl) indicates the registers 
currently in use among general purpose 
registers 0 through 8. A register 1n use 
is indicated if the corresponding tit is 
turned on. I f the register is currently in 
use, a store Register instruction must be 
generated before the register can be used 
in the subsequent object code (see telo~). 



The 36-byte Fixed Point Operand Address 
Table (RUTI) provides a full word for each 
of registers 0 through 8. Whenever code is 
generated to load a value (or address) in a 
register, a four-byte storage field, or 
save area, is reserved for the register in 
the current Data storage Area. The rela
tive address of the save area is recorded 
in the relevant Operand Stack entry, while 
the address of the Operand Stack entry is 
stored in the register's full-word entry in 
the Operand Address Table (RUTI). If, when 
a given register is to be used, the Reg
ister Use Indicator (RII) shows that the 
register is currently in use, code is first 
generated to store the contents of the 
register in the storage field specified by 
the relevant Operand Stack entry. Thereaf
ter, a new save area is reserved for the 
register in the current Data Storage Area, 
its displacement being recorded in the 
current Operand Stack entry, and the 
address of the Operand Stack entry ceing 
stored in the appropriate entry of the 
Operand Address Table (RUTI). 

Floating Point Cycle Indicator (CIR) 

When a register is released (i.e., as 
soon as it is no lcnger needed), the 
register's save area in the Current Data 
Storage Area is relinquished, and the cor
responding bit in the Register Use Indica
tor (RII) is turned off. The Cycle Indica
tor (CII) is reduced by one (or reset to 7 
if CII=O), and the Operand Address Tatle 
(RUTI) is unaffected. 

Object time register control is handled 
primarily by ROUTINE1, ROUTINE2, ••• , 
through ROUTIN15. 

Figure 57 illustrates the control fields 
used in the control of object time 
floating-point registers. The fUnction of 
these fields is entirely anologous to that 
of the control fields which govern the 
assignrr.€nt of general purpose registers 
(Figure 56). 

Object Time Floating Point Registers 0,2,4,6 

In use in object 
COde 

I------(AII zeros - unUSed)------I_1 0 : 1 i 0 I 0 I (Number of last assigned 
floating point register - FPR 4) 

FPR 0, 
r- - -- - - --- --- ---, L ______________ ~ 

Floating Point Register Use Indicator (RIR) 

o 2 

(Registers: 4 0 ) 

Floating Point Operand Address Tobie (RUTR) Operand Stack* 

Entry for FPR 0: <Characteristic> <PBN> <Displacement> 

A(Stock operand) 

'" A(Stock operand) 

~ 
4 I 

2 I 

Entry for FPR 2: 

Entry for FPR 4: 

Entry for FPR 6: 

" 

* The Operand Stack may at the same time contain operands (not specificollr identified in the 
intermediat~ valu.esor addresses in object time ge~ero purpose registers, ~~~r~i~~r~;s:~~yte storage fIelds In the Data Stbrage Area - see Figure 56. 

r ----- ---- ------, 
L ______________ .J FPR 2, 

FPR 4, 
r--------------I L ______________ ..J 

r---------------, m& L ______________ ..J 

Object Time Data Storage Area 

(of current block or procedure) 

r 

f-
I 
l-

---------------, 

(Storage fieJds reserved for identi

fiers declared or specified in the 

current block or procedure) 

-------r-------l 
I I 

------ -- ---- ----l 
I 

t----------------1 
I I I 

l-
I 
-------~-------l I I _______ 1 ___ - ----I 

I L ______________ ~ 

x 

x 

Storage fields 
reserved for object 
time general pur
pose and floating 

rniZer~g:~:trsc~:d 
for the current 
block or procedure, 
and for other 
object time data. 

Figure 57. Control Fields governing use of floating point registers, 
showing relationships to Operand Stack, Data Storage Area and registers 
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DECISION MATRICES 

The basic control framework of the Com
pilation Phase is expressed by a set of 
three decision matrices named the Program 
Context Matrix, the Statement Context 
Matrix and the Expression Context Matrix 
(Appendices V-a, V-b, and V-c). Each 
matrix specifies a particular compiler pro
gram to be activated (by the COMP routine) 
for every possible pair of operators in the 
source text and in the Operator Stack. 

The operative decision matrix at any 
particular point in time depends; in gener
al, on the logical context of the source 
module currently being processed. Matrix 
changes are effected by the compiler pro
grams according to changes in logical con
text, as indicated by the operators in the 
source module. A switch from one matrix to 
another is effected by incrementing or 
decrementing the matrix base register CCT 
(register 11). A prospective change to a 
specific decision matrix may be specified 
by the storage of an appropriate operator 
(PRC, STC, or EXC) in the Operator stack, 
whose -SUbsequent detection will cause the 
relevant compiler program to switch to the 
appropriate matrix. 

The operative decision matrix is ref
erenced (by the COMP routine) with the aid 
of a Column Vector and a Row Vector. The 
Column Vector consists of a series of 
2-hyte elements, each containing a dis
placement value associated with any given 
operator in the source text. The Row 
Vector consists of a series of 2-byte 
elements, each containing a displacement 
value associated with any given operator in 
the Operator stack. The sum of the dis
placements for the source operator and the 
stack operator gives the displacement of an 
appropriate half-word in the operative 
decision matrix addressed by pointer CCT. 
The half-word thus specified multiplied by 
four contains the relative address of an 
entry in the Address Table, containing the 
absolute address of the relevant compiler 
program. 

COMPILE TIME REGISTER USE 

The general purpose registers are used 
in the Compilation Phase as follows: 
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Register 
Number 

o 
1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 

Register 
Name 

(Variable) 
(Variable) 
(Variable) 
(Variable) 
(Variable) 
SBR 

PRPOINT 

P 

SOURCE 

OPDK 

OPTK 

CCT 

BASE 

WAREG 

(Variable) 
(Variable) 

Variable use 
Variable use 
Variable use 
Variable use 
Variable use 
Base register of the 
Subroutine Pool 
Displacement pointer 
to the next instruc
tion in the generated 
code 
Displacement pointer 
to the last reserved 
storage field in the 
otject time Data 
Storage Area of the 
current block or pro
cedure 
Pointer to the cur
rent operator in the 
Modification Level 2 
source text 
Pointer to the latest 
entry in the Operand 
Stack 
Pointer to the latest 
entry in the Operator 
Stack 
Base register of the 
operative decision 
matrix 
Base register of the 
operative compiler 
program 
Base register of the 
Common Work Area 
Variable use 
Variable use 

The use of registers 6 (PRPOINT), 7 (P), 
9 (OPDK), and 10 (OPTK) is illustrated in 
Figure 54. 

CONSTITUENT ROU~INES OF THE CO~PILATICN 
PHASE 

The principal constituent routines of 
the Compilation Phase are described below. 
The relevant text and flowchart in which 
each routine is discussed or outlined can 
be found with the aid of the index in 
Appendix XI. The diagram in Figure 58 
provides a guide to the various routines 
from the standpOint of the logical elements 
of the source module processed by each 
routine. 

All primary control routines., i.e., all 
routines entered directly from COMP, are 
referred to as "compiler programs". Sub
sidiary routines are referred to as 
"routines" or "subroutines". 



COMPILATION PHASE 
( IEXSO) 

Figure 58. 

(from Subscript 
Handling Phase) 

Blocks C1nd Compound Statements 

Switches 

lobels 

Goto Stotements 

Arrays 

Proeedures 

Code Procedures 

Stondard Procedures 

For Statements 

Assignment Statements 

Conditional Statements 

Conditional Expressions 

Arithmetic Expressions 

Boolean Expressions 

Semicolon Handling 

Context Switching 

logical Error Recognition 

Close of Source Module 

Diagram showing the compiler programs 
in relation to the logical elements of the source module 
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A summary of the compiler programs, 
showing, among other things, the stack 
operators and operands at entry and exit, 
errors detected, and subroutines called, is 
provided in the table in Appendix X. 

PHASE INITIALIZATION 

compilation Phase initialization is 
divided between Control Section IEX40001 in 
Load Module IEX40, and a short initializat
ing routine at the start of Load Module 
IEX50. Control Section IEX40001 acquires 
main storage for the private area pictured 
in Figure 59; constructs Program Block 
Table III in the Common Work Area; reads in 
the first two records of the Modification 
Level 2 source text and the Optimization 
Table; and transfers control (XCTL) to Load 
Module IEX50. 

The initializing routine at the start of 
Load Module IEX50 addresses the Program 
Context Matrix in the Common Work Area: 
specifies new program interrupt, I/O error 
and End of Data exits; and enters the Scan 
to Next Operator routine. 

At entry to IEX40001, the address of the 
terminating routine INERRl is stored at 
ERET, the location referenced by the Pro
gram Interrupt routine (PIROUT) and the I/O 
Error Routines (SYNAD and SYNPR) in the 
Directory. INERR1 is replaced by INERR2 
after the private area has been acquired. 

The GET MAIN instruction for the private 
area 'pictured in Figure 59 is issued after 
the area sizes of all work areas have been 
totalled. The area sizes are obtained from 
the Area Size Table (see Chapter 3) in the 
Common Work Area, except in the case of the 
Label Address Label, for which the area is 
fixed at 4096 bytes. 

Source Text Buffer 2 is acquired only if 
the Modification Level 2 source text is to 
be read into main storage from the SYSUT2 
data set (i.e., the buffer is not acquired 
if the entire source text was transmitted 
by the Scan III Phase in Source Text Buffer 
1 in the Common Area, indicated by the SPIC 
switch in the HCOMPMOD control Field). 
Except for the first two records, which are 
read in by Control Section IEX40001, Modi
fication Level 2 text records are read from 
the SYSUT2 data set by the JBUFFER subrou
tine on call from SNOT (Scan to Next 
operator), and Compiler Programs 4, 51, and 
66. 

Similarly, buffers for the Optimization 
Table are acquired only if the table was 
constructed by the Subscript Handling 
Phase, indicated by the OPT switch in the 
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HCOMPMOD Control Field. Except for the 
first two records" which are read in by 
Control Section IEX40001, 9ptimiz at ion 
Table records are read from the SYSUT3 data 
set by the NX~OPT subroutine, on call from 
Compiler Programs 40, 47, and 49. 

IBUF2 

SOURCE 

OPBUFl 

AOPTABE 

OPUBF2 

AOPTABE 

OPTK 

OPDK 
LATAB 

LN 

--

--
--

I 

~ 

1 -

-~ 

Source Text Buffer 2* 

°Etimization Table Buffer 1* 

Optimization Table Buffer 2* 

ALPHA I 
Stack* °Eerator 

0Eerand Stack* 

Label Address Table ( 4K) 

(28 fullwords reserved 
for object time address 

~_.2~ st~dard_J:ZE~ed~.r~l!l ___ 
(Space reserved for object time 
addresses of labels, switches 
and procedures declared in the 
source module) -----------------

*Area size specified by Area Size Table 
in Common ~vork Area. See Appendix VIII 
for the variation in area sizes as a 
function of the SIZE option. 

Figure 59. Private Area acquired by Con
trol section IEX40001 for the 
Compilation Phase (IEX50) 

The Operator and Operand Stacks occupy 
opposite ends of a comrined 
Operator/Operand Stack area. ~he handling 
of the Operator and Operand Stacks is 
discussed elsewhere in this chapter. 



A total of 4096 bytes are allocated for 
the Label Address Table. This includes 
space for entries assigned in the Scan 1/11 
Phase to labels, switches, and procedures 
declared in the source module. The remain
der of the Label Address Table is used in 
the Compilation Phase for branch addresses 
produced by the compiler in the object 
code. The displacement of the last 
assigned entry is indicated by displacement 
pointer LN (Label Number), transmitted from 
the Scan 1/11 Phase via the Common Work 
Area. 

The first 28 full-words in the Label 
Address Table are reserved for the object 
time addresses of standard procedures which 
may be called in the source module. At 
initialization, the first bit in each full
word is set = 1. If, subsequently, a call 
for the standard procedure is detected, the 
bit in the corresponding entry is reset to 
o (by Compiler Program No. 64). In the 
Termination Phase, ESD records are 
generated for all standard procedures which 
were called, indicated by the first bit in 
the entry being equal to o. 

Program Block Table III is constructed 
in the Common Work Area by transferring the 
contents of each two-byte entry in Program 
Block Table II (see Chapter 5) to the first 
two bytes of the corres ponding four- byte 
entry in Program Block Table III. The last 
two bytes in the new entry are zero-set. 

Program Block Table III is located in 
the Common Work Area. In the same way, 
space is provided for various other tables, 
inclUding: 

Data set Table (DSTAB) 
I/O Table (IOTAB) 
Subscript Table (SUTABC) 

The tables are described elsewhere in this 
chapter. 

As soon as the first two records of the 
Modification Level 2 source text and the 
Optimization Table have been READ (and 
CHECKed) from the SYSUT2 and SYSUT3 data 
sets, control is passed (by XCTL) to Load 
Module IEX50 (Compilation Phase proper). 
Before the respective READ instructions are 
issued, the address of a point to be 
entered in the event of an End of Data 
conditon, is stored at EODUT2 and EODUT3 in 
the Common Work Area, the locations ref
erenced by the End of Data routines EODAD2 
and EODAD3 in the Directory. If the entire 
source text was transmitted by the Scan III 
Phase in the Common Area buffer, or if no 
Optimization Table was constructed 
(indicated, respectively" by the SPIC and 
OPT switches in the HCOMPMOD Control 
Field), the corresponding READ and CHECK 
macro instructions are bypassed. 

On entry to Load Module lEX 50" the 
address of the terminating routine CPERR1 
is stored at ERET" the location referenced 
by the Program Interrupt routine PIROU~ and 
the 1/0 Error rcutines SYNAD and SYNPR in 
the Directory. After loading register 11 
(CCT) with the address of the Column Vector 
of the Program Context Matrix (see Appendix 
IV-a), the End of Data exits JB3 and NX4 
are specified for the SYSUT2 and SYSUT3 
data sets, and the Scan to Next Operator 
routine (SNOT) is entered. 

SCAN TO NEXT OPERATOR <SNOT) 

SNOT scans the Modification Level 2 
source text to the immediately following 
operator, and branches to COMPo The new 
operator is addressed by pointer SOURCE 
(register 8). If the o{:erator wa.s preceded 
by an operand" represented by a five-byte 
internal name" the o{:erand is stored in the 
Operand Stack and a switch named OPDT is 
turned on. OPDT is ins{:ected by the var
ious compiler programs to determine whether 
specific prOCeSSing treatment of a preced
ing operand is required, or to identify a 
syntactical error condition. 

In a majority of the compiler prograxrs, 
the exit (or return address) is that of 
SNOT. In other compiler programs the 
return address is SNCTSP (or SPEC). a 
special entry point of COMPo In CP3, 
entered on recognition of the program-end 
operator omega" the exit is to CPEND, which 
transfers control to Load Module IEX51. 

SNOTSP is specified as the return 
address where the operator may not logical
ly be followed by an operand. If an 
operand follows, SNOTSP records Error No. 
191" and continues to search for the next 
operator. 

In both SNOT and SNOTSP, a call is made 
to the JBUFFER subroutine (which addresses 
the alternate buffer containing a new 
source text record), if the record-end 
operator zeta is detected. 

COMPARE (COMP) 

COMP branches to the compiler prog.ralI' 
specified in the current decision matrix 
for the particular pair of operators in the 
source text and in the Operator Stack, 
addressed respectively by pointers SOURCE 
(register 8) and OPTK (register 10). 

COMP is entered from SNOT., SNCTSP and 
from certain compiler programs. 
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BLOCKS AND COMPOUND STATEMENTS 

Compiler Program No.O (CPO) 

Source Operator: Beta, Begin 
(both stacked) 

Stack Operator: Alpha, Beta, Pi, Phi, 
Then-s, Else-s, Do or 
Semicolon --

Beta opens a block., Begin a compound 
statement. 

For Beta, a call is made to CLEARREG 
(which produces object code to saVe 
registers), and code is then generated to 
activate the Fixed Storage Area routine 
PROLOGP (see Library), which acquires a 
Data Storage Area for the new block at 
object time. Before exit to SNOT, a call 
is made to PBNHDL, which loads register P 
with the length (size) reserved for the 
block's object time Data Storage Area, 
contained in Program Block Table III. 

For Begin, the operator is stacked and 
control returned to SNOT. 

o 2 3 4 
r-------------------T---------T-----------, 
I<Size in bytes of I <scope l<No. of I 
I Data Storage Area> I Code> Iparameters>1 L ___________________ ~ _________ ~ ___________ J 

<Scope Code>: 
X' 00' - Block 
X'04' - Non-type procedure 
X'08' - Type procedure 
X'10' - Code procedure 

<No. of parameters> <Number of formal 
parameters of a 
procedure (zero for 
a block» 

Figure 60. Entry in Program Block Table 
III (PBTAB3) 

Compiler Program No.16 (CP16) 

Source Operator: 
Stack Operator: 
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CASE A CASE B CASE C 

ID2§.ilol} End 
Beta Begin 
(all released) 

Epsilon 
Pi, Phi 

CASE A: Epsilon closes a block. Code is 
generated to call the Fixed Storage 
Area routine EPILOGB, which releas
es the Data storage Area of the 
block exited and activates the Data 
storage Area of the enclOSing 
block. The PBNHDL subroutine is 
also called. 

CASE B: End closes a compound statement. 
Begin is released. 

CASE C: See "Procedures" below. 

All cases: If the source operator was 
preceded by an operand (in which 
case the operand logically rep
resents a parameterless procedure 
statement), a call is made to the 
subroutine PLPRST, which generates 
code to call the procedure. 

SWITCHES 

The object code generated in the case of 
a S\<litch consists of several separate (but 
interrelated) segrrents. The first segment 
comprises the code generated for the switch 
declaration. The subsequent segments com
prise the code generated for each switch 
designator. 

Figure 61 illustrates the code generated 
for a declared switch having three simple 
label components, and for a single gotc 
statement containing a switch designator. 
The figure also indicates the compiler 
programs which generate the various seg
ments of the object code, and the Fixed 
Storage Area routines invoked in the object 
code. The latter are described more fully 
in Chapter 10. 

The code for a switch declaration ccn
sists essentially of 

1. An opening instruction 
around the declaration, 

to branch 

2. A series of code sequences~ one for 
each component in the switch list. ana 
each ending with a branch to the Fixed 
Storage Area routine CSWE2, and 

3. A list of address constants. each 
pointing to one of the preceding com
ponent code sequences. 



Source Text 

(Declaration) 'SWITCH',S:= LI, L2, L3; 

(Switch : 'GOTO'; 5'[2]; 
designator in 
goto statement) 

Fixed Storage Area 

Routines 

Generated Code 

~R S~~R <LN> (LAT) 

<L 1> L ADR, <LN> (LAT) 
L GDSA, <PSN> (PST) 
S CSWE2 (FSA) 

L ADR, <LN> (LAT) 

CSWE2 reactivtltes the intervening lower ____ ~ ~~ti (F~~~N> (pBT) 
level Data Storage Area(s), if any; reloads 
CDSA with the address of the Data Storage <L3> L ADR <LN> (LAT) 
Area of the block containing the switch L GDSA <PBN> (PST) 
~;s~fH~tor; and retums to the return oddreS'S B cswd (FSA) 

Compi I er Program 

f CP4 (Switch) generates code to branch around the declara
tion, I.e. the code for the components in the switch 
list. 

CP85 (~) stores the displacement (PRPOINT) of the next 
instruction, in 0 stock operand, to represent the ad
dress of the first component code sequence. 

~P56 stacks the left parenthesis and switches to expression 
context, if a switch component is represented by an 
expression enclosed by porenthesesJ 

CP~9 (Comma or Delta) generates all or part of a code se
quence For ~component in the switch list, depen
ding on whether 'the component is a simple label or a 

~ol~b~i~ ~h~i~::~~:ree;~;r~tl!J~ CpGI:~sis 
AOR with the label oddre$$, and branches to the Fixed 

~:~;r:x ~~:rg:~~~~:IC!c~;s~l~fn tt:. ;~~::~i:i~~5 :n 
<Switch address> T - (Constant: number of components) 

(Address Constant: < L 1 > ) 
L_(Addres$ Constant: < l2>') 

if clause or a switch designator), the code to evaluate 
the expression and to load ADR with the component 
address will have been generated by some other com-
piler program, before entry to CP59, and the code gen
eratecl by CP59 will consist solely of the final branch to 
CSWE2. CP59 also stores the displacement (PRPOINT) 
of the next object code instruction in a stack operand, 
to represent the address of the next switch component 
code sequence. At the end of the switch list, CP59 
generates a constant specifying the number of compo
nents in the list, and an address constant for each com
ponent, specifying the address of the corresponding 
code sequence. The displacement (PRPOINT) of this 

-!Address Constant: < l3» 

CD GDSA, 0 (pST) .---------+_' L SRR, 8 (GDSA) I L ADR, < LN> (LAT) 
L GDSA, < PSN> (PST) 

CSWEI deactivates t"'e intervening higher _-:c-----BAL 5TH, CSWEl (FSA) 
level Data Storage Area(s), jf any; loads I 
CDSA with the address of the DSA where L--8 RETPROL (FSA) 
the switch is declared; and branches to the I 
relevant component code $eCluence. . 

~fE!!::'~f ~hC:bl!~k(~o;:i;!d~~:~srecclsJA ~.------' 
with the address of the Data Storage Area 
of the block containing the switch compo
nent address; and branchs to the compo
nent address. I 

(To component 
address) 

~ 
I ist of constants is stored in the switch identifier's La-
bel Address Table entry. Lastly, the displacement of 
the next instruction in the object code is stored in the 
Label Address Table entry referenced in the bronch in
struction at the head of the declaration. 

B=P6 stocks the operator Goto - see "Goto Statements" .J t CP41 ([) switches to statement context and stacks the [ . 

CP38 ~~~~,e7::s~tSAh!~~hl~:sa:~e:;: ~~: ~s1:h~~~ 
the switch is declared, loads ADR with the addre$$ of 
the switch, and branches to the Fixed Storage Area 
routine CSWE1. If the switch identifier is a formal pa
rameter in a procedure body, the code will include a 
call for the actual parameter (see "Procedures"). 

[CP62 ~:t%~t7:E~pdJ:>to _b::~~d~t:hS~a~xe:e~!~'~1e Area 

Figure 61. Diagram showing code generated for switch declaration and switch designator 

The opening branch instruction ensures that 
none of the component code sequences is 
executed until a call for a switch compo
nent is actually executed. The length of 
the code sequence depends on the complexity 
of the component in the switch list. 

The code for a switch designator con
sists essentially of instructions to load 
the component number specified in the 
switch designator, and the switch address 
(the address of the address ~onstants in 
the switch declaration), and to branch to 
the Fixed storage Area routine CSWE1. If 
the switch identifier in a designational 
expression is a formal parameter, the code 
may be more involved (see "Procedures"). 

The Object time starting point in the 
execution of the code for a switch is the 
code corresponding to a switch deSignator 
(in Figure 61, the starting point is marked 
by a circled S). 

When the code is executed, registers are 
loaded with the switch address and the 
component number, and a branch is then 
taken (via the Fixed Storage Area routine 
CSWE1) to the relevant component code 
sequence in the declaration. The component 
code sequence loads the component address 
(in the illustration, the address is a 

simple label address) in a register and 
returns (via the Fixed Storage Area routine 
CSWE2) to the next instruction following 
the call to CSWE1. 

Compiler Program No.4 (CP4) 

CASE A CASE B CASE C 

Source Operator: Switch, Array, 
(all stacked) 

Pi" Phi 

Stack Operator: Beta, Pi, Phi or Alpha 

CASE A: The source operator Switch marks 
the beginning of a switch declara
tion. Code is generated to branch 
around the object code to be subse
quently generated for the cdmpo
nents in the switch list. See 
Figure 61. 

CASE B: See "Arrays". 

CASE C: See "Prodedures". 
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Compiler Program No.85 (CP85) 

Source Operator: 
Stack Operator: 

Assign 
Switch 

The combination of source and stack 
operators indicates the start of a switch 
list in a switch declaration. The operator 
Switch:= is stacked, replacing switch, and 
control is returned to SNOT. 

Compiler Program No.56 (CP56) 

CASE A CASE B 

Source Operator: 
Stack Operator: Switch:= or 

CASE A: The operator < in this context 
indicates the beginning of a switch 
component enclosed by parentheses. 
The operator is stacked and a shift 
made to the Expression Context 
Matrix, before control is returned 
to SNOT. 

CASE B: See "Goto Statements". 

compiler Program No.59 (CP59) 

Source Operator: Comma or Lelta 
Stack Operator: SWItCh:= <released if 

source operator = Delta) 

Either source operator marks the end of 
a component in a switch declaration. CP59 
generates the code sequence indicated in 
Figure 61 for the component. If the source 
operator is ~elta, indicating the last 
component in the switch list, a constant, 
representing the number of components in 
the list, and a series of address con
stants, each pointing to one of the preced
ing component code sequences, are generat
ed. 
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Compiler Program No.41 (CP41) 

Source Operator: 
Stack Operator; 

Stack Operand: 

CASE'A CASE B 

<See decision matrices -
Appendixes V-a" V-b, V-c) 

<Switch <Array 
Identifier> Identifier> 

CASE A: The o~erators and the stack operand 
identify a switch designator, e.g., 
S[2]. After stacking an operator 
to specify a return to the current 
matrix" the Statement Context 
Matrix is addressed and the source 
operator is stacked. Control is 
then returned to SNOT. 

CASE B: See "Arrays". 

compiler Program No.38 (CP38) 

CASE A 

Source Operator: ] 
Stack Operator: [ 

CASE B 

Comma or ] 
-[--

Stack Operand: <Switch <Array 
Identifier> Identifier) 

CASE A: The source operator] follows a 
component number or expression in a 
switch designator. Code is gener
ated to branch (via the Fixed Stor
age Area routine CSWE1) to the 
component code sequence correspond
ing to the specified component num~ 
ber, as indicated in Figure 61. 
The stack operators and all o~er
ands are released, a shift is made 
to the decision matrix specified ty 
the next stack operator, and cen
tral is returned to SNOT. 

CASE B: See" Arrays .... 

LABELS 

Compiler Program No.1 (CP1) 

Source Operater: 
Stack Operator: 

Label Colon 
Alpha" Beta, Pi" Phi, 
Begin, Semicolon" Then-s, 
Else-s or Do 

The source operator follows a declared 
label, represented by the operand at the 
top of the Operand Stack. ~ 



The displacement (PRPOINT) of the next 
instruction in the oDject module is stored 
in the Label Address Table entry addressed 
by the label operand, and the operand is 
released. If the stack operator is Beta, 
Pi, or Phi, a Semicolon is stacked in order 
to ensure that an error is subsequently 
recorded if a declaration follows. 

GOTO STATEMENTS 

Compiler program No.6 (CP6) 

CASE A CASE B 

Source Operator: Goto or For 
Stack Operator: Begin, Do, SemIcolon, 

Then-s, or Else-s 

CASE A: The source operator identifies a 
goto statement. The operator is 
stacked, a switch is made to the 
Statement Context Matrix, and con
trol is returned to SNOl'. 

CASE B: See "For Statementsn . 

Compiler Program No.56 (CP56) 

CASE A 

Source Operator: 
Stack Operator: switch:= or 

CASE A: See nswitches". 

CASE B: The source operator 
beginning of a 
expression. The 
stacked, a switch 

CASE B 

indicates the 
designational 

operator is 
is made to the 

Expression Context Matrix, and cen
trol is returned to SNO~. 

compiler Program No.62 (CP62) 

Source Operator: Epsilon, Eta, semicolon, 
End, or Else 

Stack operator: Goto --

Anyone of the source operaters marks the 
end of a goto statement. 

Code is generated to cranch to the 
address designated by the stack operand, 
either directly or via the Fixed Storage 
Area routine RETPROL. The stack operand 
may represent a simple label declared in 
the current block or in soree higher level 
cleek, or an address contained in register 
ADR representing the computed address of a 
designational expression other than a sim
ple label. 

In the last case register GDSA is loaded 
with the address of the Data Storage Area 
in which the latel was declared. 

If the operand represents a simple label 
declared in the current block cr procedure, 
code is generated to branch directly to the 
label address, loaded in register ERR. If 
the operand represents a sirrple latel 
declared in some higher level block or 
procedure, the generated code loads the 
label address in ADR, loads GDSA with the 
address of the Data Storage Area corres
ponding to the clock in which the label is 
declared, and branches via RETPROL to the 
lacel address. If the operand represents 
an address in ADR, the code branches to 
that address via RETPROL. The latter rou
tine releases the Data Storage Area of 
every block or procedure exited when the 
branch is taken. 
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ARRAYS 

The address of any particular element, A[S~,S2,Sa, ••• ,s~], of the array declared 
A[L~:U~,L2:U2,La:Ua, ••• ,Ld:Ud]' may be expressed by the for~ula: 

where 

+ (S~-L~){(U2-L2+1)(Ua-La+l) ••• (Uor-Ld+l)Pd+1} 

+ (S2-L2){(Ua-La+1)(U4-L4+1) ••• (Ua-Ld+l)Pa+1} 

+ (Sa-La) {(U4 -L4+1) (Us-Ls+l} ••• (Ud-Ld+l)Pd+1} 

+ 

d= the number of subscripts in the array, 

A[L~,L2,La, ••• ,Ld] is the address of the first element, and 
Pd+ 1 is the length in bytes <1, 4" or 8) of each element. 

The expressions within braces { ••• } in formula (a) are called address increment 
factors, and represent the incremental displacement associated with an increment of 1 in 
the particular subscript value. The address increment factor, P j + 1 , for any given 
subscript position i in the array A[S~,S2,Sa, ••• ,sa] is defined by 

p. 
I 

a 

II 
j=i 

(U.-L·+1)" 
J J 

where Pa + 1 = length of array element 
pOSition, a • 

address increment factor of the last subscript 

Replacing the address increment factor expressions in the address formula (a) abcve, 
by the notation Pj, the following abbreviated form is obtained: 

(b) address of A [s~, S2, S3, ••• , sa] 

Expanding and rearranging: 

This may be reduced to 
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= {address of A[L~,L2,L3,···,La] - L LjPj+1} 
i=l 



The quantity enclosed by braces { ••• } 
represents a constant value, which holds 
independently of the address of the parti
cular array element. It is called the 
zero-base address of the array and rep
resents the address of the array element 
(an imaginary or actual element) with zero 
subscripts. The zero-base address of an 
array is computed at object time, and 
stored in the array's storage Mapping Func
tion, by subtracting the calculated value 
of the quantity 

from the absolute address of the first 
element in the array. 

The address of any arbitrary array ele
ment A[s1,s2,s3, .•• ,sa] is determined at 
object time by adding the calculated value 

Byte 0 

I 

4 

8 

12 

16 

20 

< Number of subscri pts, a > 

<All zeros, or the displacement in this Data Storage Area 
of the Storage Mopping Function of the preceding orray 
declored in the current block> 

< Array's zero-bose address, 
a 

i. e. address of A [L I , L2, L3, ... , La] - L LiP i+l> 
i=1 

< Address of fi rst array element, 

i. e. address of A [LI , L2, L3, ... , La]> 

<Address of last arroy element + I, 

i.e. oddress of A[UI , U2, U3, ... , Ua + I]> 

<Size of array, 
a 

i.e. PI = Pa +1 Tt (U. - L. + 1» 
j=1 I I 

<Address increment factor for first subscript position, 
a 

i. e. P 2 = Pa + I Tt (U. - L. + 1» 
j=2 I I 

of the expression 24 

to the zero-base address. 

The primary function of the object code 
~ener~tej for every array declared in the 
source module is: 

1. To ~cquire main storage, sufficient to 
accommodate all elements of the array; 

2. To construct an object time storage 
M~pping Function (Figure 62) contain
ing the array address, the zero-base 
address, and the address increment 
factors. 

See the Fixed storage ~rea routine VALO
~~LL (~hapter 10) concerning the treatment 
of v~lue-called array parameters of proce
dures. 

20+ 
4(a - I } 

20+ 
4a 

<Address increment foetor for second subscript position, 
a 

i.e. P3 = Pa +1 Tt (U. - L. + 1» 
j=3 I I 

· · · · · 
<Address increment foetor for lost subscript position but one, 

i.e. Pa = Pa +1 (Ua - La + 1» 

<Address increment foetor for lost subscript position, 

i.e. Pa +1 = (length of array element, 1,4 or 8 bytes)> 

a 
L. 
I 

U. 
I 

Pa+1 

Number of subscripts in the orray A. 

Lower bound of the jth subscript. 

Upper bound of the jth subscript. 

Length of array element (= address increment 
factor for lost subscript). 

Figure 62. 8bject Time storage 
FUnction of an array 

Mapping 

rhe storage Mapping Function for a par
ticular array is constructed in the object 
time Data Storage Area of the particular 
block in which the array is declared. The 
area acquired for the array, on the other 
hand, is located outside the Data storage 
Area, in any part of main storage provided 
by the control program. An array's storage 
area is released, simultaneously with the 
release of the particular block's or 
procedure'S )ata storage Area, at exit from 
the block or procedure in which the array 
is jeclared. 
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~rray declarations are handled by CP4, 
CP52, :P36, :P51, and CP54. rhe object 
code which issues the GErM~I~ instruction 
for the array storage area and which con
structs the array's storage Mapping Func
tion, is generated by CP51. The steps 
followed in this object time process are as 
folloNs: 

1. rhe range (OJ-Lj+l) of each dimension 
of the declared array is computed and 
stored in a corresponding four-byte 
field of the storage Mapping Function, 
beginning at byte 16 for the first 
di:nension. 

2. Nhen all of the array dimensions have 
been processed as in item (1), the 
array element length P«+1 (1~ 4, or 8 
bytes, depending on whether the array 
is a boolean, integer or real array) 
is stored in the last entry of the 
Storage Mapping Function, to represent 
the address increment factor P, for 
the last dimension. 

3. The address increment factors for 
the renainin; subscripts, and the 
array size, are now computed and 
stored in the Storage ~apping Func
tion. The conputation consists in 
multiplying the dimension range in 
each entry (beginning with last entry 
but one and moving IIp,lard) by the 
address increment factor in the entry 
below, and storing the result in 
the entry, displacing the previously 
recorded dimension range. For a 
three-dinension array, 
~[LL:UL,Lz:Uz,L3:U3]' with array ele
nent length d, the contents of the 
storage ~apping Function from byte 16 
onwards, after this complltation, would 
be as follows. 

15-19 
20-23 
24-27 
23-31 

!l.rray Size, PL=P;z(U1 -L1 +1) 
P;z=P 3 (U;z-L;z+1) 
P 3 =p .. W 3 -L3 +1) 
P .. =d 

~t the same time, the prodllct LjPj+1 
is computed for each dimension and the 
result added to a cllmillative total, so 
as to calculate the ~uantity 

d. 

I: Li Pi+1 
i=1 

rhis quantity is used in deriving the 
array's zero-base address (see item 
5). rhe Lj values are saved in conse
clltive entries of the current Data 
Storage ~rea. 

~. ~ain storage equal to the computed 
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array size is acquired" by call to the 
Fixed storage Area routine GETMSTO, 
and the addresses of the first element 
and the last element + 1 of the array 
are stored in bytes 8-11 and 12-15 of 
the storage Mapping Function. The 
displacement of the storage Mapping 
Function in the current Data Storage 
Area is recorded in bytes 12-15 of the 
Data Storage ~rea (Figure 88), the 
previous contents of bytes 13-15 being 
moved to bytes 1-3 of the storage 
Mapping Function. 

5. rhe zero-base address of the array 

cr 

- I: L. Pi + 1) , 
i=l I 

is derived by subtracting the computed 
value of the quantity 

(see item 3) from the address of the 
first element of the a:ray (item 4). 
The zero-base address ~s stored in 
bytes ~-7 of the storage Mapping Func
tion. 

6. The nunber of subscripts in the array 
is stored in byte 0 of the storage 
Mapping Function. 

Subscripted variables in source module 
statements are processed by CP41 and CP38. 
The object code generated by these programs 
depends primarily on whether the subscript
ed variable occurs in an embracing for 
statement, and if so, whether the sub
scripted variable contains subscripts 
optimized (precalculated) at entry to the 
iterated part of the for statement. To be 
optimizable, a subscript expression must be 
of the type 

(±F*V±A), 

where F denotes a factor which must be an 
integer variable or constant, V denotes the 
for statement's controlled variable, and A 
denotes an addend which must be an integer 
variable or constant. F and/or A may be 
zero constants. 



where a for statenent contains a sub
scripted variable with one or more optim1-
zable sabscripts, c~de is generated (see 
"For Statements"), at entry to the iterated 
part of the f~r statenent, to compute (in 
the next available register named NXTR) the 
sam of the array's zer~-base address and 
the initial valae of the product SjPj+1 
for every optinizable sabscript in the 
array" viz. 

(e) a:ldress ~f I\.[O,O,0, ••• ,01+Es j'Pj+1 , 

iihere So' denotes the initial value of the 
~~timiza6le subscript and Pj+1 denotes the 
address increment factor for the subscript 
position. In addition, code is generated 
to compute the cyclical address increment 
for all optimized subscripts, to be added 
to NXTR in each cycle of the for statement 
(except the first), viz. 

(f) E±F*Pj+1 *(step Value), 

~here F denotes the factor in the sub
script" P j+ 1 denotes the address increment 
factor, and (Step value) denotes the incre
ment to the contr~lled variable in each 
cycle of the for statement. At object 
time, the contents of NxrR in any given 
cycle of the for statement will thus be 

(g) address of 1\.[0,0,0, ••• ,01+l:sj'Pi+1 

+ (N-1){E±F*Pj+1 * (Step Value)} 

~here N denotes the number of executed 
cycles of the for statement. 

CP41 is entered when the opening brack
et" [, in a SUbscripted variable is encoun
tered. If the subscripted variable occurs 
in an embracing for statement and if the 
sabscripted variable contains one or more 
optimize:l (precalculated) subscripts, CP41 
generates code to load the precalculated 
a:l:lress (expression (g) above) in a reg
ister reserved to h~ld the address of the 
subscripted variable. 

If, however, the subscripted variable 
contains no optimize:l subscripts, CP41 gen
erates code which simply loads the reserved 
register with the array's zero-base 
ad:lress. 

CP38 is entered when the £QmIDa separat
ing tiiO subscripts., ~r the closing bracket, 
1, at the end of an array operand, is 
encountere:l. If the array subscript was 
optimize:l (i. e. " precalculated) in an 
embracing for statement, :P38 generates no 
Object code for the subscript~ If, howev
er" the subscript was not optimized, CP38 
operates code to compute the product SjPj+1 
for the subscript and to add this product 
to the address previ~usly loaded (by CP41) 
in the reserved register. 

rhe result of this treatment at object 
time is to derive the particular array 
element address, by adding the contrib
utions of each subscript to the array's 
zero-base address. If the subscripted 
variable contains subscripts optimized in 
an embracing for statement, the sum of the 
zero-base address and the initial contrib
utions of the optimized subscripts is com
puted at entry to the iterated part of the 
for statement; the contributions of the 
non-optimized subscripts, together with a 
cyclical address increment for the optim
ize:l subscripts, are added in each cycle of 
the for statement. If the subscripted 
variable contains no optimized subscripts, 
on the other hand, the particular array 
element address must be wholly derived in 
each cycle by computing the contributions 
of all subscripts and adding these to the 
zero-base address. 

Compiler Program No.4 (CP4) 

CASE A CASE B CASE C 

Source Operator: Switch Arr~ Pi or Phi 
stack Operator: Beta" g!. gh!, or-MPh2 ---

CASE A: See "Switches",. 

CASE B: The source operator identifies a 
following array declaration. The 
operator is stacked, the Statement 
Context Matrix is addressed, and 
control is returned to SNOT. 

CASE C: See "Procedures". 

~iler Program NO.52-1£E521 

Source Operator: Comma or [ 
Stack Operat~r: ~ay 

rhe source operators represent delimi
ters in an array declaration, e.g., 
'ARRAY' A" B [1: 10];. If the source opera
tor is a CO!lli!!~', a count of the array 
identifiers associated with the following 
bound pair list" is inc'l7emented. If the 
source operator is the opening bracket [, 
the operator • is stacked. 
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So~rce Operat~r: C~l~n 
St~=k Jperator: --i--

The source oper~tor represents the colon 
separating a bound pair in an array dec
lar~tion, the lower bound being represented 
by the last entry in the Operand Stack. 
:ode is ~enerated to store the lo~er bound 
in the next entry in the Data Storage Area, 
and the :~lonis stacked. If the related 
stack operand-sho~s that the lower bound is 
not an inte~er, a call is first made to the 
TRREI~ subroutine, which generates code to 
br~n=b to the Fixed stor~ge Area routine 
C~VRDI for conversi~n ~f the l~wer bound to 
inte~er (fixed point) form. 

S~ur=e Operator: £Q~~~ or ] 
St~ck Operator: £Q!QQ 

The combinati~n ~f source and stack 
~perators indicates that the last stack 
operand represents the upper bound of a 
bound p~ir in an array declaration. The 
operator and ~perand stacks and the source 
text pointer are n~w adjusted, preparatory 
to entering CP69 (via entry point DHZB1), 
so as to specify the ~peration 
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( :J pper Boun d. (J j ) - (Lower Bound" L j ) + 1, 

and of storing the resultant in the rele
vant entry of the array's Storage Mapping 
Function (Figure 62). The contents of the 
operator and operand stacks after this 
adjustment are as follows: 

o 5 
-->r--------------------, 

I <Lower Bound, {Jj> I 
~--------------------~ 
I <Upper Bound, Lj> I 
~--------------------1 
I <SMF-entry> I 
r--------------------1 
I <Array Identifier> I L ____________________ J 

o 1 
r-------, 
I Ar~S!y I 
~-------1 
I t I 
t-------~ 
I For:= I 

--> t-------~ 
I I L _______ J 

The contents of the source text pointer 
SOURCE (register 8) are saved, and the 
p~inter is reset to address a special field 
containing the following dummy Modification 
Level 2 text: 

r----T----------------------T----' 
I + I <Operand representing I Do I 
I I the constant 1> I I L ____ ~ _______________ ~ ______ ~ ____ J 

1\ 

I 

The sequence of compiler programs and 
routines subsequently entered, and the 
actions taken# as a result of these adjust
ments, is as follows: 



+ 

+ 

+ + 

+ 

QQ 

~Q~Qiler Proqran/Routine 

CP69 (DHZB1) generates code to perform the 
operation Uj-Lj, releases the stack 
operator -~ and exits to COMP 

:OMP branches to CP66, determined by the 
operator pair + and ~Q~~~ 

:P66 stacks the source operator + and exits 
to SNOT 

SNOT scans the 
operator 
resenting 
CDMP 

dummy source text to the 
QQ, stacks the operand rep
the constant 1, and exits to 

:O~~ branches to CP69, determined by the 
operator pair QQ and + 

:P69 generates code to perform the operation 
(Uj-Lj)+l, releases the stack operator 
+, and exits to COMP 

:OMP branches to CP10, determined by the 
operator pair Do and ~QE~~ 

:P10 switches to the Statement context 
Matrix, and exits to COMP 

:OMP branches to CP43, determined by the 
operator pair QQ and ~Q~~~ 

CP43 replaces the stack operator Por:= by 
~~~iqQ and exits to CP20 (DB1C2'----

:P20 (DB1C2) generates code to store the 
dimension range, Uj-Lj+l, in the Stor
age Mapping Function entry addressed by 
the relevant stack operand (see above), 
releases the stack operator Assign. and 
returns to CP51 (OERE2) 

O~erators at Exit: 
~~ Stack 

+ 

+ + 

QQ + 

Do 

Assiqn 

At re-entry to CP51, the source text 
pointer SOURCE is reloaded with the pre
viously saved address of the source opera
tor ~Q~~~ or ) in the current input buffer. 
If the source operator is ~~~, indicating 
that a further bound pair follows, an entry 
is reserve:j in the Data Storage Area for 
the object tine value of the lower bound to 
be processe:j next, an:j control is returned 
to SNore rhe lower and upper bounds W'ill 
subse~uently be processed by CP36 and CP51, 
in the manner described above. 

array, and to fill in the data in the first 
16 bytes of the Storage Mapping FUnction, 
in the manner outlined at the beginning of 
this section. A test is then made to 
determine if the same bound pair list 
defines a second array (as" for example,. in 
'ARRA~' a,b[1:10,1:101;)' In this case,. 
code is generated to copy the first array's 
Storage Mapping Function, from byte 16 
onwards,. into the second array's Storage 
Mapping Function area. Code is then gener~ 
ated to acquire a storage area for the 
second array and to complete the remainder 
of the storage Mapping Function. This 
procedure is repeated for every array 
defined by the bound pair list. 

If the source operator is the closing 
bracket 1, indicating the end of the bound 
pair list, CP51 now generates code to 
compute the address increment factors for 
ea=h subscript posit~on in the array, and 
co store the factors in the appropriate 
entries of the array's storage Mapping 
Fun=tion (Figure 62). Thereafter, the 
stack operator [ is released and code is 
generate:j to acquire a storage area for the 

Lastly, the character following the 
closing bracket is inspected. Logically" 
the closing bracket may be followed by a 
~Q~~~ (as, for example" in "ARRAY' 
a.b[1: 10], ell: 100] ;) or by 12el£2. rep
resenting the semicolon at the end of the 
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decl~r~tion. Any other char~cter following 
the closing bracket would represent a syn
t~ctical error. If the operator is a 
Comm~, control is passed to SNore rhe 
programs subsequently entered from C~MP 
Nill process the following array(s) and 
bound p~ir list(s). If any character other 
th~n a ;Qillill~ is ietectei, control is passed 
to C~~P, Nhich then branches tp CP54 (if 
the character is the operator Qel£~), or to 
some other compiler program. which will 
record the syntatical error. 

£QillQiler Progran No.54 (CP54) 

Source Jperator: Q.~lt~ 
Stack Jperator: ~~ [released] 

The source ani stack operators indicate 
that the end of an array declaration has 
been reached. ~ call is nade to the SCHDL 
subroutine (which updates the semicolon 
count and generates a call to the Fixed 
Storage Area routine TRACE, if the TEST 
option has been specified); the Program 
context M~trix is addressed, and control is 
passed to SNore 

CASE B 

Source )perator: 
Stack 8perator: (See matrices 

~ppendixes V-a to V-c) 
Stack Operand: <switch <Array 

identifier> identifier> 

CASE A: See "Switches". 

CASE B: A subscriptei variable in a state
ment has been encountered. After 
st~cking an operator to specify a 
return to the current matrix, the 
statenent context Matrix is 
addressed and the source operator 
stacked. 
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A register is reserved to hold the 
address of the array element. If 
the subscripted variable contains 
no subscripts optimized in an 
embracing for statement (if any), 
or if the array is a formal param
eter, code is then generated to 
load the register with the array's 
z ero- base address. If, however, 
the subscripted variable contains 
one or nore subscripts optimized 
(precalculated) in the embracing 

for statement" code is generated to 
load the reserved register with the 
precalculated address (expression 
(g) above) Ie The presence of an 
optimized subscript is determined, 
in the first instance" by verifying 
whether SUTABC (Figure 71) contains 
any entries (representing one or 
more arrays in the embracing for 
statement l containi~g optimized 
subscripts) " and in the second 
instance" by comparing the position 
of the current subscripted 
variable's opening bracket in the 
input bufferl with the position 
noted in SUTABC of each of the 
arrays listed. Where this compari
son shows that SUTABC contains an 
entry for the subscripted variable, 
the same entry will contain the 
address of an operand pointing to 
the object time register (or the 
Data storage Area field) which con
tains the precalculated address. A 
test is then made of byte 7 of the 
surABC entry to determine if the 
first subscript has been optimized. 
If so" the SMT switch in the HCOMP
MOD Control Field is turned on" 
indicating to the arithmetic com
piler programs that no code should 
be generated for any operators in 
the subscript~ and to CP38 that the 
following subscript has been optim
ized. 

CASE A CASE B 

Source Operator: 
Stack Operator: 

Comma or ] ----1 
Stack Operand: <switch <Array 

Identifier> Identifier> 

CASE A: See "Switches". 

CAS& B: Either source operator is preceded 
by a subscript expression. The 
closing bracket" ], marks the end 
of a subscripted variable. 

Comma: If the HCOMPMOD switch CMT 
shows that the subscript was not 
optimized <CMT=O) in an embracing 
for statement Cif any) " code is 
generated to compute (in register 
BRR) the product of the subscript 
value and the address increment 
factor for the subscript position" 
viz., Sj Pj + 1 ' and to add this pro
duct to the address. No code is 
generated if the subscript was 
optimized (CMT=l). In either case, 



byte 7 of the relevant sor~BC entry 
(Figure 71) is inspected to deter
mine if the next subscript was 
optimized, and CMr is set accord
ingly. 

1: rhe sane c~de is generated for 
the preceding s~bscript as des
cribed ab~ve, depeuding on whether 
the subscript was optimized or not. 
In additi~n, c~de is generated, if 
the array identifier is a formal 
parameter, to verify that the 
dimensions ~f the actual and formal 
parameters are equal. If the TEST 
option has been specified, code is 
generated to verify that the 
address ~f the array element falls 
witnin the reserved storage area 
for the array. Finally. the 
operator [and the operands rep
resenting the arrav identifier and 
the last subscript are released, a 
switch is made to the decision 
natriK specified by the next stack 
operator (also released) " and con
trol is passed to s~orsp. 

rhe object code generated for a proce
dure conprises tw~ ~r more separate parts" 
namely: 

1. ~ segment of code representing the 
declared procedure~ and 

2. One or m~re pr~ced~re calls, one for 
ea=h call to the procedure. rhe pro
cedure call comprises a code sequence 
for each actual paraneter (if any) 
designated in the call and a branch to 
the PiKed st~rage ~rea routine PROLOG. 
~hen the procedure call is executed, 
PROLOG acquires a Data Storage Area 
for the procedure and then stores the 
addresses ~f the actual parameter code 
sequences in the storage fieldS res
erved for the f~rmal parameters in the 
Data Storage ~rea. PROLOG then passes 
=ontrol to the first instruction in 
the procedure. 

Figure 63 sh~ws a part of the object 
=ode generated for a declared tvpe proce
dure and for a call t~ the procedure. The 

illustration also shows the compiler pro
grans which generate the different parts of 
the object code. 

ro ensure that a procedure is 
only when specifically called, 
first generated to cause a branch 
procedure body. 

executed 
code is 

over the 

rhe body of a declared procedure begins 
with a series of two-byte constants 
(characteristics) indicating the character 
of the formal parameters (if any) specified 
in the procedure heading. (Whenever the 
procedure is called at object time, the 
characteristics of the actual parameters 
are compared with the characteristics of 
the formal parameters" to ensu,re that the 
actual parameters satisfy the specifi
cations in the procedure heading.) The 
characteristic(s) of the formal 
parameter(s) are followed directly by cod
ing representing the main operative func
tions of the procedure, unless the proce
dure contains one or more value-specified 
parameters. In the latter case, the main 
body of the procedure is preceded by coding 
which fetches the value(s) or addressees) 
of the corresponding value-specified actual 
parameter(s) and stores the value(s) or 
address (es) in the storage areas reserved 
for the value-specified formal parameter{s) 
in the procedure's Data storage Area. This 
operation is accomplished by calling the 
appropriate actual parameter code 
sequence(s) in the procedure call (via the 
Fixed storage Area routines CAPl and C~P2) 
and then calling the Fixed Storage Area 
routine VALOCALL. The actual parameter 
code sequence (whose address will have 
previously been stored by PROLOG in the 
fornal paraneter's Data storage Area field) 
calculates the value or address of the 
actual paraneter, and loads ADR with the 
address of the Data Storage Area field 
containing the value (or, in the case of a 
specified array with the address of a 
Storage Mapping Function~ or9 in the case 
of a specified label, with the label 
address). VALOCALL transfers the value (or 
address) t~ the formal parameter's Data 
Storage ~rea field, displacing the pre
viously st~red actual parameter code 
sequence address. 
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'REAV X, Y, Z; 

'REAL' 'PROCEDURE' P(Fl, F2); 
'VALUE' F2; 
'REAL' Fl, F2; 
, BEGIN' 

P := FI + F2; 

- END'; 

Z ,= 'IX, YI; 

Fixed Storage Area 

Routines 

Generated Code 

CAPI deactivates the intervening lower level 
Data Storage Area(s), if anYi loads CDSA 
with the address of the Data Storage Area of 
the block containing the procedure coil; and _ - - - BAL BRR, CAPI (FSA) 
branches to the actual parameter cQde sequence. DC H -< Choracteristic of F I>' 
The address of the code sequence (stored in the DC H '<Dummy>' 
formal paromter's Data Storage Area field by L ADR, <DISP - Fl>(CDSA) 

:!~c~~~ ~hs:~n~::~~~o~ ~hidc~df~I:~~h~ call - ---- ~ $PRR;:'<81~~~R~2> (CDSA) 
to CAPI. ST < GPR>. <DISP - P> (CDSA) 

EPllOGP activates the Data Storage Area of the 
logically or dynamicolly enclosing block or pro
cedure; moves the computed value of a ~pe pro-
cedure to the Fixed Storoge Area location ......-
FCTVAlST (addres,ecJ by ADR); releases the Data 
Storage Area of the called procedure; and posses 
control to the next instruction following the pro-
cedure coil. 

_ _I- B EPILOG' IFSAI 
'-- . 

I 

CAP2 reactivates the intervening higher level __ '-~' ~ :;,~:(~~,~~A:I X> ICDSAI 
Dolo Storage Area(s), if any; loads CDSA with - - - --
the a~d~ess of the Data Storoge Area of the block _ LA ADR <DISP _ Y>(CDSA) 
containing the actual parame.'er call; and relurns~ ~ __ B CAP2'(FSA) 
control to the return addreSs m BRR. MVT PROLPBN, <P. B.No. of P> 

r, ;;:;;~;;:;;:;:--::==I===~ __ L ADR, <LN - P> (LAT) 
PROLOG acquires moin_ 510roge for the Data BAL BAR, PROLOG (FSA) 
Storage Area of the called procedure; 'stores the DC A«Address of X~ code sequence» 
addresse's of the actual parameter code sequences DC H '< Characteristic of X::>' 
in the Data Storage Area fields of the formal pa- DC H '< Number of parameters, 2 >' 
rameters; and bronches to the first instruction in DC A«Address of V's code sequence» 
the procedure. DC H -< Characteristic of V>' 

L-____ ~ ~~CH~~I~pm_mZ~4:mche~:;r O(ADR) 

Compiler Program 

(Phi or Pi)generates code to branch around the code 
representing the declared procedure, which begins with 
one Of more constants representing the charocteristic(s) 
of the formal parameter(s). If a parameter is value spec
ified (os is FI in this example), CP4 generotes code, 
first, to branch to the code sequence for the actual pa
rameter (via thp. Fixed Storage Area routine CAPI), 
and second, to call the Fixed Storage Area routine 
VALUCALl, w\'ich stores the value of the actual pa
rameter in t\'e formal parameter's object time Data 
Storage Area field. 

~ 
[CP69 (+) calls OPDREC on recognition of the operand F 1 J 
OPDREC (called by most compiler programs whenever on op

erand is encountered) generates code, in the case of a 
formal parameter called by nome, to branch to the code 
sequence for the octuol porameter (via the Fixed Stor
age Area routine CAPl). 

[CP69 generates code, on return from OPDREC, which loads 

~:; ~~~~~tle;,al::d~a~~~se~:t~~r v~?u? i~0~t~7;:~ain~2~s 
~r~l~e~~~:a~:s ~r:l~ fJ~~~~;; ~;e~nf~eV;r the result in 

- CPl6 (End) generates code to branch to the Fixed Storage 
Area routine EPllOGP, which releases the procedure's 
Dato Storage Area. CPl6 also stores the displacement 
(PRPOINT) of the nexl object code instruction in the 
Label Address Table entry referenced in the branch in
struction at the head of the procedure declaration. 

}- CP64 (Left Parenthesis) generates code to branch over the 
following code sequences for the actual parameters in 
the procedure call. 

CPS7 (Comma or Right Parenthesis) generates all or part of a 
coae'Sequence for each actual parameter in the proce
dure call. In the simplest cose, where (as in the illus
tration) the octuol POrameters are simple variables 
or constonts, the code sequence loads ADR with 
the address of the parometer, and branches (vio 
the Fixed Storoge Area routine CAP2 to the next in
struction in the procedure body, following the call for 
the actual parameter. At the end of the list of actual 
parameters, CPS7 generates code to load ADR with the 
address of the procedure and to branch to the Fixed 
Storage Area routine PROLOG. The call to PROLOG 
is preceded by on MVI instruction which specifies the l fnrooc::~;s~~~P;h;r~;pr~l;r~~t~~~tb;r o~u:h~ li::~t~~eG 
Program Block Tobie, containing the size of the re
quired Data Storage Area). The call is followed by 0 

series of constants, spectfying, among other things, 
the addresses of the precedtng actuol parameter code 
sequences At eX11 from CPS7, the Operand Stock con
toms an entry representmg the function value of P(X,Y), 
the address of the value bemg m ADR 

[CP20 (Semtcolon) generates code to move the compvted value 
of the type procedure P from the Fixed Storoge Area 

~~~~~~oen L~!~~~~To~o~~:$~~i~ae ~JR) to the Data 

Fi;:rure 63. Coje ;:renerated for declared type procedure and procedure call 

from the appropriate Data Storage 
ent.ry to a standard location in the 
Stora;:re ~rea, before releaSing the 
procedure's Data Storage ~rea. 

PROCEDURE CALL 

Area 
Fixed 
type 

within the ~rocedure body, every formal 
~~r~meter called by name is represented by 
a call to the corres~onjing actual ~aramet
er code sequence (via C~Pl and C~P2). The 
address of the relevant coje sequence is 
obt~inej from the formal parameter's Data 
storage ~rea field, where it is stored by 
PR)L)G Nhen the particular call for the 
procedure is executed. In the case of a 
formal ~araneter called by value in the 
procedure body~ the actual value or address 
of the ~araneter is sin~ly fetched from the 
form~l ~arameter's Data Storage ~rea field, 
Nhere the value or address will have been 
storej at entry to tne procedure. 

rhe close of the procedure body is 
re~resented by a branch to the Fixed stor
a;:re ~re~ routine EPIL)3P. EPIL03P releases 
the Dat~ Stora;:re ~rea of the procedure and 
passes control to the next instruction 
followin;:r the procedure call. If the pro
cedure called is a type ~rocedure~ EPIL)GP 
moves the calculated value of the procedure 

rhe procedure call consists essentially 
of a call to the procedure by way of the 
Fixed stora;:re Area routine PROLOG. ~mong 
other thin;:rs, PROLOG acquires a Data Stor
age Area for the procedure and then branch
es to the code representing the procedure. 
The Program Block Number and the address of 
the procedure are transmitted to PROLOG by 
instructions immediately preceding the 
call. The Program Block Number specifies 
the appropriate entry in the object time 
Program Block Table (Figure 84) which con
tains the size of the Data Storage Area to 
be acquired by PROLOG for the procedure. 
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If the procedure call includes any 
actual parameters, the c~ll to PRJLJG is 
pre~eiei by a c3de Se~uence for e~ch actual 
p~r!meter. fhe code sequence, which is 
onlv eKecuted when c~lled by the procedure, 
~3mputes the value or the address of the 
actual parameter (where the ~ctual paramet
er is not a simple variable or a constant), 
loads ~DR with the address of the actual 
p!r!meter, and returns control (via the 
riKed Storage ~rea r3utine CAP2) to the 
neKt instruction in the procedure. A 
branch instruction preceding the actual 
parameter code se;uence(s} ensures that the 
coie sequences are not executed until 
called bV the procedure. The address (es) 
of the actual parameter code sequence(s) 
and the characteristic(s) of the ~ctual 
parameter(s) are stored in a series of 
constants following the c~ll to PROLOG. 
rhe first parameter entrv contains the 
number of actual parameters. PROL03 veri
fies toe compatibility of the formal and 
actual parameters (by comparing 
characteristics) and stores each parameter 
~oie sequence address and characteristic in 
the related formal parameter's storage 
field in the Data St3rage Area ac~uired for 
the procedure. This enables the appropri
ate ~ctual parameter code sequence to be 
accessed and executed whenever the actual 
parameter is called by the procedure. 

CASE A CASE B 

Source Jperator: SWitch ~r~~ 

CASE C 

Pi or Phi 
[stacked] 

Stack Jperator: Be~~, Pi, ~hi, or ~l£h~ 

C~SE ~: See "Switches". 

C~SE B: See "~rrays". 

C~S~ C: rhe source operator indicates the 
start of a procedure declaration. 
Code is first generated to branch 
around the c3de subsequently gener
ated for the declared procedure. 
rhe branch instruction references a 
new entry reserved in the Label 
A.ddress rable, in which the dis
placement (PRPOINT) of the instruc
tion fol13wing the end of the pro
cedure is subsequently inserted by 
CP16. A scanning operation is then 
initiated (by call to 3NOPDOPR) to 
locate the operator following the 
procedure identifier. The operator 
mOlY be the left parentheSiS preced
ing a f~rmal parameter list, or the 
operator Q§l~~ marking the en1 of a 
parameterless procedure heading. 

In the latter case, control is 
passed directly to COMPo 

If the declared procedure is not 
parameterless, a series of con
stants 1S generated representing 
the characteristics of the paramet
ers in the formal parameter list. 
A.t the same time, an entry is made 
for each parameter in a table named 
CBVTA.B (Called by Value Table) " 
which accommodates up to 15 three
byte entries. The contents of the 
CBVTAB entries" for each type of 
formal parameter are as follows: 

Non-label 
value: 

o l 

parameter called 

3 
r-------T------------------, 
I K I 80' I <Charact erist ic> I L _______ L __________________ J 

Label parameter called by value: 

o l 3 

r-------T------------------, 
I K'CO' I <Characteristic> I L _______ ~ __________________ J 

Parameter called by name: 

o 3 

r--------------------------, 
I <All zeros> I L __________________________ J 

by 

The characteristics in the entries., 
which are constructed in the order 
in which the parameters occur, are 
copied from the internal names 
representing the parameters in the 
Modification Level 2 source text. 

When all parameters in the formal 
parameter list have been processed 
in the manner indicated, code is 
generated for every value-called 
parameter listed 1n CBVTAB, to 
fetch the actual parameter value or 
label address and to store the 
value or address in the formal 
parameter's Data Storage Area 
field. The basic elements of the 
code generated for a non-label 
value-called parameter are indicat
ed in Figure 63. In the case of a 
value-called label parameter, the 
code consists of a call to the 
corresponding actual parameter code 
sequence (via the Fixed Storage 
A.rea routines CAPl and CAP2) fol
lowed by instructions Which store 
the actual address (contained in 
A.DR) and the base address 
(contained in GDSA) of the Data 
Storage Area of the block where the 

Cha~ter 8: Compilation Phase 133 



l~be~ is declared, in the 8-byte 
stora~e field reserved for the 
value-called parameter in the 
procedure's Data Storage Area. 
Nhen the end ~f the declare1 proce
dure nea1in~ is reached (indicated 
by the operator Delta), control is 
passed to COMPo 

See "Subroutine P::>::>l". 

Source )per~tor: ~~ilQ~ 
St~ck )perator: Beta 

CASE B ~ASE C 

End 
!H~gin 

~§..g.Q~ 
Pi or Phi 
[released] 

~ASE A and B: See "Blocks 
Statellents". 

and Compound 

:ASE ~: ~E§'~!Qn marks the close of a 
declared procedure. 

Code is generated to c~ll the Fixed 
Storage Area routine EPIL~GP. The 
jispl~cement (PRPOINT) of the next 
instruction in the object c01e is 
stored in the Label Address Table 
entry referenced by the branch 
instruction preceding the procedure 
body, specifying a branch over the 
procedure (:PQ). The procedure 
type and the number of parameters 
in the pr::>cedure (obtained from the 
stack operand representing the pro
cedure identifier) are noted in the 
corresponding entry of Program 
Block Table III (Figure 60) and a 
call is nade to PBNffDL. 

Source )perator: 
Stack Operator: (3ee decision matrices -

Appendices V-a, V-b, V-c) 

CASE A: The left parenthesis is preceded by 
an operand representing a procedure 
identifier and constituting a call 
for the procedure. An operator is 
stacked specifying a return to the 
current decision matrix~ the State
ment Context Matrix is addressed 
and code is generated to branch 
past the code sequence(s) to be 
subsequently generated (by CP57) 
for the following actual 
paraneter(s). To specify the 
address of the first parameter, the 
displacement (PRPOINT) of the next 
instruction in the object code is 
saved in an entry in the Operand 
Stack. Before control is returned 
to SNOT., the procedure bracket { is 
stacked. 

CASE B: The left parenthesis is preceded by 
a standard procedure designator. 
See "Standard Procedures". 

CASE C: The leftparenthesis is 
an operator. See 
Expressions" and 
Expressions". 

Source Operator: Comma or ) 
Stack Operator: -{----

preceded by 
"Arithmetic 

"Boolean 

Either source operator is preceded by an 
actual paraneter in a procedure call. 

~P57 generates all or part of a code 
sequence for each parameter in the actual 
parameter list" depending on the type of 
the parameter. If the actual parameter (an 
expression) contains any arithmetic or 
relational operators, the first part of the 
code sequence (to evaluate the expression) 
will have been generated before entry to 
CP57. At the end of the list of actual 
parameters, :p57 generates a call to the 
procedure, by way of the Fixed Storage Area 
routine PROLOG (see Figure 63). 

The instructions generated by CP57 in 
each actual parameter code sequence (each 
of which terminates with a branch to the 
Fixed Storage Area routine CAP2) depend on 
the nature of the actual parameter, rep
resented by the last stack operand. 

( 
\ 



,r-------------------------------------------T-------------------------------------------, 
I ry2g_Qf_~g~~~1_~~f~~g~gf I Code Generated (followed in_every I 
I I S:~~.!LQy a branch to CAP2) I 
~-------------------------------------------+-------------------------------------------i 
Formal parameter Call the actual parameter (call generated 

Inte~er, real or boolean expression 

Strin~ i:lentifier 

Inte~er, real or boolean array identifier 

Designational expression 

S~itch identifier 

I 
IProc::lur: identifier with no parameters 
I 
I 
IProcedure identifier fN'ith parameters 
I 
I 
I 
I 
I 
ISt~n:l~r:l procedure identifier 
I 
I 
I 

by OPDREC). 

Load ADR with the address of the value of 
the expression. 

Load ~DR with the address of the string. 

Load ADR with the address of the storage 
Mapping Function. 

Load ~DR with the address of the label and 
GDSA with the address of the Data Storage 
~rea corresponding to the block in which 

jthe label is declared. 

Load ADR with the address of the switch 
and 3DS~ with the address of the Data 
storage ~rea corresponding to the block in 
which the switch is declared. 

Call the 
JPDREC). 

procedure (call generated by 

Load ~DR with 
dure. Move 
the procedure 
Storage Area. 
in PROLREG. 

the address of the proce
the Program Block Number of 
to PROLPBN in the Fixed 

Save registers PBT and LAT 

Load ADR with the address of a constant in 
the actual parameter code sequence, rep
resenting the last 4 bytes of the standard 
procedure designator. Move block number 0 

I to PROLPBN in the Fixed storage Area. L _______ ~ ___________________________________ ~ ___________________________________________ J 

~fter each code se~uence has been gener
~te:l, the displacement (PRPOINr) of the 
next instruction in the object code is 
store:lin an entry reserved in the Label 
~ddress rable (addressed by a stack 
oper~n:l) to represent the address of the 
follofN'ing code sequence. rhe addresses 
thus recorded are stored in the form of 
~:i:lress constants in the parameter list 
follo~ing the call to PROL03 (see Figure 
63). ~fter tne last code sequence has been 
generated, the displacement of the follow
in~ instruction is stored in the Label 
~ddress Table entry referenced by the 
branch instruction (generated by CP64) 
preceding the first code sequence. 

CJDE PRJCEDURES 

rhe term "code procedure" is applied to 
a declared procedure with a normal proce
:lure h:a:ling, but fN'ith a procedure body 
consisting solely of the fN'ord 'CJDE'. The 

latter signifies that a precompiled routine 
with the same name as the 
tifier in the heading, is 
from the user's library 
procedures. 

procedure iden
to be fetched 
of precompiled 

The generated code corresponding to the 
heading of a declared code procedure is 
identical in form to that generated for the 
heading of any non-code procedure (see 
Figure 63 and CP4). When the delimiter 
'CODE' representing the procedure body is 
encountered, CP83 generates a call to the 
Fixed storage Area routine LOADPP, which 
loads the precompiled procedure into main 
storage and records the address of the 
procedure's entry point in the object time 
Program Block Table (see Figure 84). The 
call to LO~DPP is executed at entry to the 
block in which the procedure is declared. 
This ensures that the precompiled procedure 
has been loaded into main storage in 
advance of any call for it in the object 
module. 
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When the operat~r !Esilon, m~rking the 
cl~se of the declared code procedure, is 
encountered, CP16 does not generate a call 
to EPIL03 as in the case of non-code 
procedures, but simply marks the appropri
ate entr~ of Program Block T~ble III 
(Fi~ure 60) to show a code procedure and to 
note the number of parameters. 'The precom
piled procedure is )ELETEd (by EPIL03) at 
exit from the block in which the code 
procedure is declared. 

The object code implementing a call for 
a code procedure is identic~l in form with 
the code for ~ non-code procedure call. It 
consists of a call to the Fixed storage 
~rea routine PR~L~3. PROL03 acquires a 
Data Stor~ge Area for the code procedure, 
stores the addresses of the actual paramet
er code sequences in the Data storage Area 
fields of the forn~l par~meters, loads ADR 
with the address of the precompiled proce
dure (contained in the relevant Program 
Block Table entry) and branches to the 
address in ADR. rhe latter action is taken 
after determinin~ (by inspection of the 
Program Block rable entry) that the proce
dure is a code procedure. The object time 
re~isters PBr, and LAr are also changed by 
PRJLJG to point to the t~bles contained in 
the precompiled procedure load module. 

comEiler Program No.83 (CP831 

Source Jperator: ~~ 

stack Operator: ~!, ~Q!, ~gt~ 

~~ffi~~ represents the bod~ of a declared 
code procedure. It is followed by an 
B-byte unit containin~ six characters of 
the code procedure name and two blanks 
(EBCDIC code). 

CP83 generates ~ call to the Fixed 
Stora~e ~rea routine LO~DPP. The call is 
followed by two parameters: the name of the 
precompiled procedure and the displacement 
of the Program Block Table entry for the 
code procedure. 

rhe displacement (PRPOINI) of the 
in the object module is stored in the 
~ddress r~ble entry referenced by 
branch instruction generated by CP4 
"Procedures") at the head of the 
procedure declar~tion. 
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call 
Label 

the 
(see 
code 

Compiler Program No.64 (CP64) 

Source Operator: 
Stack Operator: (See Decision Matrices -

Appendices V-a, V-b, V-c) 

CASE A: The source operator is preceded by 
a procedure identifier. See 
"Procedures". 

CASE B: rhe source operator is preceded by 
a st~ndard I/O procedure or mathe
matical function designator 
(Appendix III), representing a call 
for the procedure or function. 

CASE C: 

To indicate that the standard pro
cedure has been called in the 
source module, the full word res
erved for the address of the stand
ard procedure in the Label Address 
Table (displacement specified in 
the last byte of a designator) is 
flagged, by setting the first 
bit = O. Flagging the entry causes 
an ESD and ~n RLD record to be 
generated in the Termination Phase 
(IEKS1) for the called standard 
procedure or function, ensuring 
that the Library procedure will be 
combined with the object module at 
execution time. After the proce
dure has been loaded, its entry 
point address is stored in the 
Label Address Table entry. 

CP64 initiates a count, in a stack 
oper~nd, of the number of paramet
ers in the standard procedure call. 
In the same operand the displace
ment (P) is stored of the next free 
entry in the current Data Storage 
Area in which a parameter list will 
be constructed at object time. The 
oper~nd is referenced by CP61, 
which generates the code to con
struct the parameter list and to 
call the standard I/O procedure or 
mathematical function. Before exit 
to SNOT, the standard procedure 
bracket < is stacked. 

The source operator is preceded by 
another operator. See "Arithmetic 
Expressions" and "Boolean 
Expressions". 



S~urce Jperator: :omma or ) 
Stack Operator: ~---

Either source operator is preceded by an 
actual parameter in a call for a standard 
I/O pro=edure or mathematical function. 

Ex=ept in the case of the standard 
functions ~BS, ENrIER, LENGrH, and SIGN, 
CP61 ~enerates code which constructs a 
parameter list (c~ntainin3 an entry for 
ea=h a=tual parameter in the procedure 
call) in the current Data Storage ~rea, 
folloNed by c~de t~ l~ad a register with 
the address of tne parameter list and then 
to branch t~ the Library pr~cedure con
cerned, viz. 

L P~R~~, <lISP> (:DS~) 
L ENrR~, <LN> (LAr) 
S~LR RErURN, ENrR~ 

The sec~nd instructi~n fetches the 
address ~f the Library procedure from the 
entry in the Label ~ddress rable whose 
displa=ement «LN» is specified in the 
last byte ~f the standard pr~cedure or 
fun=tion desi~nator (~ppendix III). The 
Library procedure is c~mbined with the 
Jbject module at execution time, by virtue 
of the ESD rec~rd generated in the Termina
tion Phase (IEX51) for the pr~cedure name 
(see :P6Q above). 

rhe parameter list entry constructed at 
~bject time fJr each actual parameter in a 
standard procedure or' function call con
sists ~f a full w~rd c~ntaining a code byte 
and tne address of the actual parameter (in 
the last three bytes). The pr~cessing of 
the a=tual parameters by :P61 depends, in 
~eneral, In whether the call is for (1) a 

standard 110 procedure, or (2) a standard 
mathematical function. 

1. A call for a standard liD procedure 
includes two or three actual paramet
ers. The character of these paramet
ers and the parameter list entries 
constructed at object time are indi
cated in Chapter 11 under 
"Input/Output Procedures". 

The I/O operation involved in the 
standard procedure is noted in the 1/0 
Table (IOT~B -- Figure 64) opposite 
the data set number (if any) specified 
by the first parameter in the proce
dure call. The 1/0 rable is used in 
the c~nstruction of the Data Set Table 
(see "Termination Phase" in this 
chapter) . 

2. A call for a standard mathematical 
function includes but one parameter. 
Execution of the standard function 
gives an arithmetic result. 

For all standard function calls except 
those of 'ENTLER', 'ABS', 'LENGTH' and 
'SI3N', CP61 generates code to con
struct a parameter entry in the cur
rent Data Storage 'Area for the actual 
parameter, and to call the relevant 
Library routine. In the case of 
'ENTLER', the Fixed Storage Area 
ENrIER routine is called. In the case 
~f 'ASS' " 'LEN3TH' " and 'SIGN", code 
is generated to perform the function 
in line. 

BefJre exit to SNOTSP, the stack oper
and representing the standard function 
designator is replaced by an operand 
representing the function value and 
pointing to the register which con
tains the value. 
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Figure 64. I/O Table (IOTAB) 

The logical structure of the code gener
ated for a for statement is 10verned by the 
for statement~s loop classification 
(Counting Loop, Elementary Loop or Normal 

Loop) in the For Statement Table. The ~Er 
Statement Table, vThich is constructed in 
the Scan III Phase (Chapter 6) and trans
mitted to the Compilation Phase via the 
COllL'!IOn ,york Area, contains a classification 
byte for every for statement in the source 
module. The classification byte (Figure 
65) not only reflects specific logical 
characteristics of the for statement, but 
also specifies (by the pattern of bit
settings in binary positions 0-3) the for 
sta~ement~s loop classification. 

The principal characteristics of the 
Counting Loop are: 

1. The controlled variable does not occur 
in the iterated part of the for 
statement (other than in optimizable 
subscript expressions); 

2. The for list is limited to step ele
ments and/or arithmetic elements, and 
all operands in the for list are 
constant whithin the for statement; 

3. 
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All operands in the for list are 
1ntciger type. 

of 

4. All subscript expressions contained in 
the for statement which are functions 
of the controlled variable are opti
mized; so also are subscripts consist
ing of constants or simple variables 
to which no assig~'!Ient is made in the 
for statement. All' other subscripts 
are not optimized. 

In the case of a step element, the first 
blO characteristics imply that the loop 
count (or number of iterations) can be 
calculated in advance. The formula used in 
computing the loop count is 

Loop Count= 
(Test Value-Initial Value+Step Value) 

Step Value 

Since the loon count can be computed in 
advance, the it~rated statement may be 
designed as a Branch on Count loop. 

Furthermore, since the controlled varia
ble is not a factor in the iterated state
ment, no assignment need be made to it in 
each iteration. If the controlled variable 
occurs in a subscript expression (",hich 
must be optimizable), its contribution is 
pre-calculated in the form of a uniform 
address increment. 

Figures 66 and 68 illustrate the logical 
structure of the code generated for two 
Counting Loops, the first containing arith
metic elements, the second containing step 
elements. 
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r-----------------------------------------, 
I 
I I BIT 0=1 if: 

I the for 
element 

list contains a while I 

[
the real division operator 
appears in the for list 

(/) I 
the power operator appears in I 

the I I the for list 
a real operand appears in 

I for list 
the controlled variable appears 

I as a right variable in the 
I 
r iterated part of the for state

I ment (outside optimizable sub- I 
L _________ :::~~:_::~::::~~~~~ _____________ J 

BIT 1=1 if: I 

an assignment is made to the 
controlled variable in the 
iterated part of th for state
ment 

~-BIT-2:i-if~------------------------~----1 
[ a label or switch identifier, I 

implying a jump out of the for 
I statement, appears in the iter-

ated part of the for statement I 

r-BIT-3;I-If:-----------------------------l 
an array identifier appears in 
the for list 
a procedure identifier or a 
formal parameter appears in the 
for statement 
an assig~~ent is made to any 
for list identifier in the 
iterated part of the for state
ment 

j. (Anyone of these conditions qualifies 
the for statement as a Normal Loop. In 

I this case, all of bits 0,1,2 and 3 are r 
set=l) 

r-----------------------------------------~ 
BIT 4=1 if: I 

the for list contains a 1Ilhile 
element 

------------------------------------------, I BIT 5=1 if: 
the for list contains a ";lhile I 

L _________ :~:~:~: _________________________ ~ 
I BIT 6=1 specifies that the for state-
I ment contains subscript expres- I 
[ 

sions to be optimized. (The 
bit is turned on only in the I 
Compilation Phase) 

r-~i~-7:i-;;~~ifi~;--~h;~-~h~--fu~----ii~~-l 
I contains two or more elements. I 
I (The bit is turned on only in 
L--_______ :~:_~~~~~~::~~~_:~:::~ __________ J 

Loop Classification 
COUNTI1iG LOOP: Bi ts 0-3 all 0 
ELEMENTARY LOOP: Bits 0-3 IiiiX:ed 1 and 0 
NOmlAL LOOP: Bits 0-3 ail i 

Figure 65. For statement classification 
byte in the For Statement 
Table 

The main features of the code 'Jenerat
ed for a Counting Loop are: 

1. The code sequence representing each 
for list element is executed once 
only, and the sequence terminates 
with a BALR instruction, \"hich 
branches to the iterated statement 
and loads the address of the next 
for list element. In the case of a 
step element, the code sequence 
tests for an endless loop and com
putes the loon count (in reqister 
0), before branching to the iterated 
statement. 

2. The code sequence representing the 
iterated statement, in the case of a 
step element, is controlled by a 
terminal Branch on Count instruc-
tion, which returns to the iterated 
statment, or, if the step element 
is exhausted, branches to the next 
for list sequence (or to the exit 
address). 

3. If the for statement contains sub
scripted variables (arrays), the 
addresses of the array elements are 
derived in each iteration (except 
the first) by the addition of a 
uniform incIement to an initial (or 
base address, calculated in advance 
of the first iteration (see 
"Subscript Opti;'1ization" below). 

Elementary Loops 

The distinguishing characterisitcs of 
the Elementary Loop are: 
1. An .. assignment may be made to the 

controlled variable in the iterated 
statement (the controlled variable 
may also occur in the iterated 
stat.ement as a right variable). 

2. The for list may contain real operands 

3. 

or expressions containing the real 
division or power operator. 

Subscript expressions 
ment are optimizable, 
assignment is made to 
except the controlled 
expression. 

in the for state-
provided no 

any variabl~ 
variable, in the 

If an assignment is made to the con
t~olled variable in the iterated statement, 
its value after any given number of itera
tions cannot be predicted without reference 
to the iterated statement. This implies 
that, for a step element, the loop count 
cannot be pre-calculated, and that accord
ingly, the iterated statement cannot be 
designed as a Branch on Count Loop. A test 
for exhaustion of the step element, involv
ing the test value, the step value, and the 
controlled. variable, must be made in·each 
iteration. 
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rhis requires that the c~ntr~llej varia
ble be incremsntei U~ the amount of the 
ster value in each iteration. Increme~
tati~n oE the c~ntr~lLej variable is also 
required on the gro~n~ that the con
trolled variable naj Jccur in the iterat
ed statement as a rj~ht variable as well 
as a factor in non-JP~inizable subscript 
exrressions. 

Figures 67, 6~, 73, and 73 illustrate 
the lo~ical structure oE the code gener
ated f~r an Elementary Loop, the first 
c~ntaininJ arithnetic elenents, the sec
~nd step elements, the third containing 
step elenents and an ~ptimizable sub
script expression, and the fourth con
taining while elenents. 

rhe main features of the code generat
ed for an Elenentary Loop are: 

1. The code se~uence initiating a step 
element tests Ear an endless loop 
and stores the step and test values 
in t3e current Data Storage ~rea. 

2. rhe c~ntrolled variable is incre
mented once in each cycle of a step 
element, and a test for exhaustion 
DE the step element, using the 
stored ste~ an1 test values and the 
controlled variable, is made before 
a branch is taken to the iterated 
statement. rhe test is performed by 
a Fixed storaJe ;rea routine (BCR). 

3. IE tne for statement contains any 
optinizable subscri[it eKpressions, 
the expressions are optimized by 
deriving a uniform address increment 
which is added in each cycle to a 
pre-calculated base address. 

rhe rrincipal characteristics of the 
~ormal Loop are: 

1. 

2. 

3. 
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~n assignnent may be made in the 
iterated statement to any variable 
in the f::>r list. 

rhe step value nay be a function of 
the controlled variable. 

The f~r 
pr~ceiure 

change the 
DE the for 

statement may contain a 
statement (which may 

values Jf anyone or more 
list variables). 

4. No subscript expression is optimiza
ole in the for statement. 

Since an assignment may be made b) any 
v3.riable in the for list, the step and 
test values in a step element may vary 
between iterations. This implies, first, 
that the loop count cannot be pre
c3.lculated without reference to the 
iterated statement; and second, that in 
eacn iterat.ion, 

a. The step and test values must be 
calculated, 

b. The controlled variable must be 
incremented, and 

c. A test for exhaustion of the 
step element must be made. 

Moreover, since the step value may be 
a Eunction of the controlled variable, 
the step value must be calculated twice 
in each iteration, once when the con
trolled variable is incremented, and once 
Cl;:jain, immediately aft.erwards, in order 
to determine the sign of the step value. 
The latter is required in order to per
form the test for exhaustion of the step 
elenent before branching to the iterated 
statement, viz: 

(20ntrolled Variable - Test Value) 
*(Sign of Step Value»O 

Figures 67, 72, and 73 illustrate the 
lo~ical structure of the code generated 
for a Normal Loop, the first containing 
ari.thmetic eienents, the second contain
ing step elements, and the third contain
ing while elements. 

rhe main features of the code generat
ed Eor a Normal Loop are: 

1. rhe step and test values are comput
ed in each iteration, the step value 
being computed twice (once for 
incrementing the controlled varia
ble, and once for determining the 
sign of the step value). 

2. rhe controlled variable is incre
mented and a test for exhaustion of 
the for list element is performed in 
each iteration. 

3. ~rray element addresses are computed 
by evaluating the full subscript 
expression(s) in each cycle 
(subscript optimization is not 
possible) • 



Source Text: 'FOR' V:~ 1, C 'DO' 'BEGIN ' .......... 'END' 

Comment 

lst Arithmetic Element 
Base - Constant Pool 
Controlled Variable (V) ~ Initial Value (1) 

Object Code 

L GDSA, 0 (PBT) 

MVC <DISP - V> (4, CDSA),<:DISP - 1> (GDSA) 

L BRR, <LN - I >(LAT) 

Compiler Program 

CP6 (EQr) stores the for statementS' classification byte (from 
FSTAB) and F.S.No. in the Operand Stack. 

CP40 (lmigo) reserves entries in the Label Address Table for 
the iterated statement address «LN - I » and the exit 
address «LN - X» and in the current Data Storage 
Area for the return address field «DISP - R». 

Branch and link to iterated statement « LN - I» 

2nd Arithmetic Element 
{ t BALR BRR, BRR 

CP43 (Comma) generates code, for the first arithmetic element, 
to assign the initial value to the controlled variable and 
to branch and link to the iterated statement, loading the 
address of the next arithmetic element. 

CP43 (122) enters CP47 at DWITERS. Controlled Variable 01) ~ Value (C) 

Load exit address. 

Iterated Statement «LN - I» 
Store BRR in return address field. 

Load retum address a,nd branch (to next 
arithmetic element or to exit). 

Exit «LN - X» 

-MVC <DISP - V>(4, CDSA), <DISP - C>(CDSA) 

L BRR, <LN - X >(LAT) 

[ST BRR, <DISP - R> (CDSA) 

{ 
L BRR, <DISP - R>(CDSA) 

rBR BRR] 

[Next instruction followina.. 
the end of the for statement.:.l 

CP47 !;Jenerates an instruction for the last for list element, 
(which loads BRR with the exit address) as well as the 
first instruction in the iterated statement (which stores 
the address in BRR in the return address field). 

}-CP81 (tig, - operator marking the close of the for statement) 
generates the terminal instructions in the iterated state
ment. In the case of an arithmetic element, these in
structions cause a branch to the next for list sequence, 
or to the exit address, depending on the address fetched 
from the retum address field. 

Figure 66. Logical structure of the code generated for a Counting Loop 
containing arithmetic elements 

Source Text: 'FOR' V :~ 1, A 'DO' 'BEGIN' .•........ 'END' 

Comment 

1st Arithmetic Element 
Base - Constant Pool 

Controlled Variable 0-1) ~ Value 1. 

Load address of iterated statement. 

Compute address of next step ele
ment and store in return address field. 

2nd Arithmetic Element 
Controlled Variable 0-1) ~ Value of A. 

IVbve exit address to return address field. 

Iterated Statement «LN - I». 

Load return oddress and branch (to 
next arithmetic element or to exit) 

Exit «LN - X» 

Object Code 

L GDSA, 0 (PST) 

MVC <DISP - V> (4, CDSA), <DISP - 1> (GDSA) 

L BRR, <LN - I >(LAT) 

{ 

BALR STH, 0 

LA STH, 10 (STH) 

ST STH, <DI5P - R> (CDSA) 

Campi! er Program 

CP6 (For) stores the for statement's classification byte (from 
FSTAB) and F.S.No. in the Operand Stack. 

CP40 (Assign) reserves entries in the Label Address Table for 
the iterated statement address «LN - I» and the exit 
address «LN - X» and in the current Data Storage 
Area for the return address field «DISP - R». 

CP43 (Comma)generates code, for the first arithmetic ele
ment, to assign the initial value to the controlled vari
able, to load the iterated statement address, to compute 
the address of the next for list sequence and store it in 
the return address field, and to branch to the iterated 
statement. 

BR BRR 

LMVC <DISP -. V> (4, CDSA), <DISP - A >(CDSA) }-
CP43 

MVC <DISP - R> (4, CDSA), <LN - X> (LAT) 

[Iterated statement 

(12.2) generates code, for the last arithmetic element, to 
assign the initial value to the controlled variable and to 
store the exit address iii the return address field. 

L BRR, <DI SP - R > (CDSA) 

r BR BRR] 

[Next instruction following the end of the for 
statement J 

}- CP81 (Eta - operator marking the close of the for statement) 
generates the terminal instructions of the iterated state
ment, which branch to the next for list sequence or to 
the exit address, depending on the address contained in 
the return address field. 

I"'igure 5 7. Lo~ic~l structure of the code generated for an Elementary Loop or Normal Loop 
containing arithmetic elements 
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~: 'FOR' V:=l 'STEP" 'UNTIL' S, 10 'STEP' 2 'UNTIL'12 '~O' A[2*V-I]:=O; 

~::"S~·r!=~ool 
Controlled Variable (V) '" Initiol Value (T). 

St~ Value = 01 

Store Step Value. 

loop Count = (Test Value 
- Initiol Volue 
+ Step Value) 
• St.p Volue. 

Branch to Test and Initiolize Entry. 

Controlled Variable (V) "" Initiol Value (I). 

Step Volue == O? 

Store Step Volue. 

loop Count = (Test Value 
- Initiol Volue 
+ Step Volue) 
• Step Value. 

load exit address. 

Test CW'td Initialize <LN - 11> 
tore R in return address field. 

Loop Count'" 01 

~Iuc;rjpt InjtigljIgtjon 
Zero-bose address, odd A [0], from 
Storage Mopping Function. 

Addend A (-I) 

A· Pi + I (ac;tend * oddress increment 
foctor) 
Add A [0] -A*Pi+l 

Foctor f (+2) 

F. Pi + 1 

F * Pi + 1 

F.Pi+,*V 

Add A [0] -A*PI+l + F*Pi+,.V 

(= initiol address of subscripted variable) 
F. Pi + 1 

F.Pj + 1 5te!) (= cyclical address inu.ment 

Store cyclical increment 

[ 

Branch around subscript incrementation 
(first cycle only), 

Iterated Statement clN - I> 
u ript incrementohan 

{ 
(+F*P i + I·St~) 

<IN - 8>: 

Base = Constant Pool 

A[2.V-I] =0; 

Branch on count to iterated statement, 

load retum address and branch (to next 
step element or to exit). 

Exit (<IN - X» 

L GDSA, 0 (PBT) 

WC <DISP - v> (4, CDSA), <!lISP - I> (GDSA) 

l 3, <DISP - , >(GDSA) 

LTR STH, 3 

BZ ENDLESL (FSA) 

ST STH, <DISP - ST >(CDSA) 

! A STH, <DISP - S >(GDSA) 

S STH, <DISP - V>(CDSA) 

SRDA STH, 32 

DR STH, 3 

LR 0, BRR 

{ l BRR, < IN - 11 >(lAT) 

BAlR BRR, BRR 

"'L GDSA, 0 (FBT) 

Mle <DISP - V >(4, CDSA), <DISP - 10> (GDSA) 

l 3, <DISP - 2::..(GDSA) 

UR STH, 3 

BZ ENDLESL (FSA) 

SI 5TH, <DISP - ST> (CD5A) 

A 5TH, < Ol5P - 12 >(GDSA) 

S STH, < DISP - V> (CDSA) 

SRDA STH, 32 

DR STH, 3 

LR 0, BRR 

l BRR, <IN - x> (lAT) 

ST BRR, <DISP - R> (CDSA) 

lTR 0, a 

BCR 12, BRR 

II <NXTR>, <DISP - SMF - A >+ 4 (CDSA) 

L GDSA, 0 (FBT) 

l BRR, <DISP - I::.. (G05A) 

M STH, <DISP - S'* - A:. + 20 (CDSA) 

SR <NXTbo, BRR 

l BRR, <DISP - 2 > (GDSA) 

M STH, <DISP - SNf - A> + 20 (CDSA) 

lR ADR, BRR 

M STH, <OISP - V> (CDSA) 

AR <NXTR>, BRR 

lR BRR, ADR 

M 5TH, <DISP - ST> (COSA) 

ST BRR, <DISP - IN> (CDSA) 

L BRR, <tN - B>(lAT) 

~
:R ::TR>; <!lISP _ IN> (CDSA) 

lR ADR, <NXIR> 

L GDSA, 0 (PBT) 

we 0 (4, ADR), < DISP - 0> (GDSA) 

l BRR, <IN - I>(LAT) 

BCTR 0, BRR 

l BRR, < DISP - R> (CDSA) 

BR BRR 

[Next instruction following the end of the for 
statement,] 

Campiler Program 

CP6 (fw)stores the for statement's classification byte (from 
FSTAB) and F.S.No. in the Operand Stock. 

CP~ ~~~~~~.:::~!e~~'_A~:dT::~e.!rit 
address (<IN - X» and in the current Data Storage 
Area for the retum address fi.ld «DISP - R.>J, the itep 
value ~DISP - ST», and the cyclical array oddress 
increment. CP40 also locotes the OPTAB entry for the 

}-

subscript expreS5ion to b. optimized in the for statement. 

CP43 (~) generates cod., for the fint step element, to assign 
the initial value to the controlled variabt •• 

CP45 runtiJ) stacks the operator~. 

1 __ CP.(J (~generotes cod., for the second step el.ment, to 
) assign the initial value to the controlled voriobl •• 

CP45 (!drul!) docks th. operofof" y!!!!!. 

CP47 <Q2) generates code, for the second element, (a) to test 
for an endless loop, (b) to compute the loop count, and 
(c) to lood the exit address. 

CP47 also generates the first instructions of the Test and 
Initialiu sequence (which store the retum address and 
test for exhaustion of the step element), CP47 then calls-

Subscript Init Routjne makes an entry for the optimized 
array in SUTA8C and generates a subscript initialization 
sequence which computes the 1nltial address of the sub
scripted variable l add A [0] + 5j' Pi + I and the cycli
cal address increment. 
F * Pi + 1 • (Step Value). 

11= Subscript Inc Routine generates code to add the cyclical 
address increment to the precalculated subscripted variable 
address. 

CP41 ~9~n:hi~sh 5~a!!!~yan:o~:! ~h:~~~~ ': =c!~y~ 
~:)~ ~~~A!;s~~criPt has been optimized (precalcu-

}-
CPI2 ~) stocks the opet'Otor~. 
CP20 (E.f.g ~ 0 rotor marking the end of the for stotement) gener~ 

ates cZto assign the value (0) specified in the source mod
ule to the subscripted variable. 

t C.pBI (Eta) genet"Qtes cod. (1) to branch on count to the iterated 
statement and (2) to bronch to the next step element or to 
the exit address, depending on the address saved in the re
tum addreu field. 

Figure 68. Logical structure of the code generated for a Counting Loop 
containing step elements and optimizable subscript expression 
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~ subscri~t ex~ression of ~n array 
identifier containej in the iterated part 
of an enbracing for statement is jefinea 
to be optimizable in that for statement 
if the ex~ression is of the form 

±F*V±A, 

~here F(Factor) is an integer variable or 
~onst~nt, V is the controlled vari~ble of 
the embracing for statement, and 
~(~ddend) is an inte~er variable or con
st~nt. rwo conjitions for optimization 
of a subscri~t ex~ression of the above 
type ~re: 

1. rh~t the embracin~ for statement be 
a Counting Loop or an Elementary 
Loop; anj 

2. rh~t no assi~nnent be m~de in the 
iteratej statement to any variable 
in the subscri~t ex~ression. 

In the general case, the ~djress of 
~ny ~iven array element, ~[S1,S2,S3] is 
~iven bV 

where addA[O,D,O] is the arra~"s zero
base address and Sj Pj+1is the ~roduct of 
the subscript and the address increment 
factor for the subscript position. The 
zero-base address and the address in
crement factors are obtained from the 
~rr~y's stora~e M.appin~ r'ilnctioll (Figure 
62 see"Arrays">' rhe~roduct SjPj+1 
re~resents the contribution of the parti
cular subscript to the displacement of 
the ~rr~y elenent from the zero-base 
~ddress. 

rhe displacement contribution of any 
linear (optinizable) subscri~t of the 
form (F*V+~) is 

rhe ch~nJe in the 
ution associatej 
"step") in the 
v~ri~ble V is 

displacement contrib
with a change (or 

value of the controlled 

ASj Pj + ,= 
={F*(v+ste~)+A}Pj+1 
-{F*V+~}Pj+1 
=F*Step*Pj+1 • 

If the controlled variable V changes 
by ~ constant step value in a succession 
of iter~tions, the change in the 
subscri~t's dis~lacement contribution, 
F*step*Pi+1 , is constant in each itera
tion. If Sj'Pj+1 =(F*IT'+~)Pj+1 is the 

subscript's displacement contribution in 
the first iteration (where V' is the 
initial value of the controlled 
variable), the displacement contribution 
in the nth iteration is 
, 

Sj Pi+1 +(n-UAsj Pi+1 
=(F*V'+~)Pj+1 + (n-1)(F*Step*Pj+ 1 ). 

~n equivalent form is 

(a) {s'Pi+1 +(n-2)Asj Pj+1 }+Asi Pj+1 
= { (F*IT' +AJ Pj + 1 + (n-2) (F*step*Pj + 1 )} 
+F*step*Pj+1 • 

Equation (a) expresses the subscript 
optimization formula, which states that, 
for an optinizable subscript: 

1. the change in the subscript's dis
placement contribution is constant 
in each iteration, if the change (or 
step) in the controlled variable is 
constant, and is given by 
ASi Pi+ 1 =F*step*Pj + 1 (called the 
cyclical address increment). 

2. the subscript's displacement con
tribution in each iteration is 
obtained by adding the cyclical 
address increment, F*Step*Pi+ 1 , to 
the subscript's displacemen~ con
tribution in the preceding itera
tion, viz: 

(F*IT'+A)Pj+1 +(n-2) (F*step*Pi+1)' 

rhe address of the array element 
A[SL,S2,S3] in the nth iteration, where 
subscripts 51 and S2 are optimizable and 
subscri~t S3 is non-optimizable, may be 
expressed as 

in nth iteration 

rhis states that the address of a 
subscripted variable containing one or 
more optimized subscripts is obtained in 
each iteration of a step element, by 
addin~ the cyclical address increments of 
the optimized subscripts, viz. 
ASj Pi+ 1 =F*Step*Pi+ 1 r together with the 
displacement contributions of the non
optimizable subscripts, viz. siPi+1' to 
a pre-calculated address element, viz. 
the expression in braces { ••• }. The 
latter represents the sum of the array's 
zero-base address, addA[O,O,Ol, plus the 
displacement contributions of the 
optimized subscripts in the first itera
tion, sf Pj+ 1 = (F*V' +A) Pi+ " plus the cumu
lative total of the cyclical address 
increments, ASi Pi + 1 =F*Step*Pi+ l' added in 
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the ~recedin~ iterations for all optim
ized subscripts. 

In the ~enerated object code, the 
optimization of subscript expressions 
~omprises two phases: Subscript Initiali
zation and Subscript Incrementation. 

Subscript Initialization (illustrated 
in Fi~ures 65 and 70) is performed before 
entry to the iterated statement. It 
consists in computin~ (in any available 
general purpose register <NKTR» the sum 
of the array's zero base address and the 
displacement contributions of the optim
izei subscripts for the first iteration, 
thus (continuing the example above) 

<NxrR>=addAlO,O,OJ+s:P 3 +s:P 3 ; 

ani in ieriving and storing (in a field 
in the current Data Storage Area, 
<DISP-I~» a cyclical address increment, 
representin~ the sum of the cyclical 
jis~lacement increments of all optimized 
subscri~ts, to be added to <NXTR> in each 
subsequent iteration, thus 

Subs~ript Incrementation consists in 
adding the cyclical address increment to 
<~XTR>, thus 

~ <NXTR>, <DISP-IN>(CDSA). 

Nhere the subscripted variable contains a 
non-optimized subscript (as in the exam
ple above). the displacement contribution 
for the non-optimized subscript is added 
to <NxrR> after the code to evaluate the 
proiuct of the full expression and the 
subscript increment factor. viz. s i Pi + 1 , 

is executed inside the iterated state
ment. 

CASE A CASE B 
Sour~e Operator: Goto For 
Stack Operator: ~~lin;-§~mi£Q1Q~, QQ. 

Ih~~=~ or ~1~=~ 

C~SE ~: See "30to Statements". 

CASE A: ~Q~ marks the beginning of a for 
statement. The operator is 
stacked and the Statement Context 
Matrix addressed. Three operand 
Stack entries are reserved, in 
the last of which the for 
statement's classification byte 
(OPTB~TE-Figure 65) and For 
Statement Number are stored. 

Source Operator: Assig~ 
Stack Operator: Fo~ 

rhe ~~~iln operator follows the con
trolled variable,. whose internal name has 
been entered in the operand Stack. 

~P40 stacks the operator For:~ and 
reserves two entries in the Label Address 
rable and one or more storage fields in 
the current Data Storage Area (depending 
on the for statement's loop classifica
tion, indicated by the classification 
byte stored by CP6 in the stack), and 
stores the displacements of these entries 
in the stack operands reserved by CP6. 
rhe Label Address Table entries. in which 
the relative address of the iterated 
statement and the exit address are subse
quently inserted, will be referenced by 
instructions generated subsequently by 
other compiler programs (see Figures 
66-70 and 72, 73). The Data storage Area 
fields reserved will be used at object 
time for storing the return address and 
the conditional entry address. 

~P40 also searches the optimization 
Table to determine if the table contains 
any entries for optimizable subscript 
expressions contained in the for state
ment (an entry is identified by comparing 
the For Statement Number previously 
entered in the stack by CP6, with the For 
Statement Number in the first byte of the 
optimization Table entry Figure 50). 
If an entry is found, bit 6 (OPTB) of the 
classification byte in the stack is 
turned on, to indicate that code to 
optimize the subscript expression is to 
be generated. 



Source Text: 'FOR'V :"" 1 'STEP' 1 'UNTIL' 5, 10 'STEP' 2 'UNTll' 12 'DO' 'BEGIN' ........... 'END'; 

In Step E1emlOt 
Bose - Constant Pool. 

Controlled Variable (V) '" Initial Value (1). 

Step Value'" O? 

Compute and store the sign of the step 
value. 

Store the ~tep value (l). 

Store the test value (5). 

load controlled variable. 

Compute the address of the step addition 
sequence and store in retum address field. 

Branch around step addition (first cycle). 

~ 
Add step value to controlled variable. 

Branch to iterated statement «LN - I» 
if step element not exhausted;. otherwise 
begin next step element (test performed 
by Fixed Storage Area routine BCR). 

t~e Steto~'s~~netn~ool. 
Controlled Variable (V) '" Ini'ial Value (10). 

Step Value'" O? 

Compute and store the sign of the step 
value. 

Store the step value (2). 

Store the test value (12). 

Load controlled variable. 

L GOSA, 0 (PBT) 

MVC <DISP - V>(4, COSA), OISP -1> (GDSA) 

l 5TH, <OISP - 1>(GDSA) 

LTR STH, STH 

BZ ENOLESl (FSA) 

{ 

BAlR BRR, 0 

5LL BRR, 1 

5T BRR, <DISP - S> (CDSA) 

ST STH, <DISP - ST> (COSA) 

MVC <OISP - T> (4, CDSA), DISP - 5> (GOSA) 

l STH, <OISP - V>{COSA) 

BAlR BRR, 0 

LA BRR, 12 (ORR) 

ST BRR, <OISP - R>(CDSA) { l ~ ::H~B:R~,SP - ST> (COSA) 

A 5TH, <DISP - V> (CDSA) 

ST STH, <DISP - V > (CDSA) 

( 

C 5TH, <DISP - T> (CDSA) 

{ 

IC ADR, <DISP - 5> (CDSA) 

l BRR, <IN - I> (LAT) 

[
EX ADR, BCR (FSA) 

L GOSA, 0 (PBT) 

MVC <[lISP - V>(4, CDSA), <DISP - 10>(GDSA) 

l 5TH, <DISP - 2>(GOSA) 

LTR STH, STH 

BZ ENOLESL (FSA) 

8AlR BRR, 0 

Sll BRR, 1 

ST BRR, <DISP - S> (CDSA) 

ST 5TH, <DISP - 5T> (COSA) 

MVC <DISP - T> (4, COSA), <DISP - 12> (GDSA) 

L 5TH, <DISP - V> (CDSA) 

Compute the address of the step addition [ 
sequence and store in retum address field. 

8ALR BRR, 0 

LA BRR, 12 (BRR) 

ST BRR,<OISP-R>(CDSA) 

B 12 (BRR) Branch around step addition (first cycle) 

~: :::;:~I:' 10 cootrolled va,;abl, { 

Branch to exit if step element exhausted; I 
otherwise execute iterated statement (test 
performed by Fixed Storage heo routine 
BCR). 

Iterated Statement «LN - I» 

load retum address ond branch to step 
addition. 

Exit (<IN - X», I 

{ 

l STH, <DISP - ST> (CDSA) 

A STH, <DISP - V> (CDSA) 

ST STH, <DISP - V>(CDSA) 

C 5TH, <DISP - T >"(CDSA) 

XI <DISP - S> (CDSA), X 'EO' 

IC ADR, <OISP - S> (COSA) 

L BRR, <LN - X >(LAT) 

EX ADR, OCR (FSA) 

[Iterated statement 

L BRR, <DISP - R>(COSA) 

OR ORR] 

[Next instruction following the end of the for 
statement~ 

Compiler Progrcm 

CP6 <E2r) stores the for statement's classifieotion byte (from 
FSTAB) and F .S.No. in the Operand Stack. 

CP4Q (~ reserves entries in the Label Address Tobie for the 
iterated statement address (<IN -I » and the exit address 
«LN - X» and in the current Data Storage Area for the 

}-
return address field «OlSP - R». 

CP43 (~) generates code, for the first step element, to assign 
the initial volue to the controlled variable. 

CP45 (Until) generates code to test for crt endless loop and to 
sf'O'rethe step value. 

CP47 (Comma) generates code to store the test value, to compute 
ond stare the step addition address, to branch around the 
i~: ~~i:!~~ :I~:.ce (for the first cycle only), and to 

}- CP45 (entered from CP47) generates code to odd the step value 
to the controlled variable. 

}- CP47 (reentered from CP45) generates code to compore the con
trolled variable with the test value and to load the sign of 

}-
the step value. 

CP49 (entered fram CP47) generates code to load the iterated 
statement address and to invoke the Fixed Storage Area 
routine BCR, which branches to the iterated statement if 

}-
the step element has nat been exhausted. 

CP43 (~) generates code, for the second step element, to assign 
the initio I value to the controlled variable. 

} 

CP45 (Until) generates code to test for an endless loop and to store 
theStep value. 

CP47 (QQ) generates code to store the test value, to compute and 
store the step addition address, and to branch around the step 
addition sequence (for the first cycle only). 

CP47 (reentered from CP45) generates code to compore the controlled 
varioble with the test value. 

CP49 ~~nit:~::~h: fi~~ ~:~~a:~r:d~~~i~~a~~~~ ~~tchd~;:~~h;: 
to the exit oddress if the step element is exhausted. 

CPBl (E.,tg - operator marking the close of the for statement) generates 
code to branch to the step addition sequence. 

Figure 69, Logical structure of the code generated for an Elementary Loop 
containing step elements 
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SourceText:-FOR- V:=oI'STEP'j'UNTlL'5, lO'STEP'2 'UNTlL'12 'DO- A[2*V-l] :"'0; 

~:;:S~~::rT:tn:nitializatian oddress in 
conditional entry field. 

Base'" Constant Pool. 

Cantrolled vurioble IV) '" Initial Value (1). 

Step Value'" O? 

Compute and stare the sign of the slep value. 

Store the step value (I). 

Stare the test value (5). 

Load controlled variable. 

Compule the address of the step addition 
sequence and store in the return oddress 
field. 
Branch around step addition (first cycle). 

Sleo Addilian 
Add step value to controlled variable. 

Branch to conditional entry address «LN -
51> or <LN - I» if sleo element not ex
hausted; otherwise begin next step element 
(test performed by Fixed Storage Area rou
tine BCR). 

2nd Step Element 
Store iterated statement address in condi
tional entry field. 
Bose ~ Constont Pool. 

Controlled vorioble (V) Initial value (10). 

Step value O? 

Compule and store Ihe sign of the step 
value. 

Store the steo value (2). 

Store the test value (12). 

Load controlled variable. 

Compute the address a - the step addition 
sequence and store in the return address 
field. 

Branch around step addition (first cycle). 

Steo Addition 
Add steo value to controlled variable. 

Branch to conditional entry address «LN -
SI>ar<LN -I» if step element not ex
housted. 

Load exit address ond branch 

$ubscript Initializgtion (<IN - 51» 
Change conditional entry 10 Iterated 
Stotement. 
Zero-bose ~ddress, odd A [0], from 
Storoge Mopping ~unclion. 
~ase Constant Pool. 

Addend A (- 1). 

i 1 (addend .. address increment 

Add A [0] -A"P i , 1 

racIal" F 1- 2) 

F"P i , I 

F",P i · 1 

F ... Pj " l"Y 

odd A [0] - A .. Pi ' 1 j- F * Pi • 1 .. V 
(. iniliol address of subscripted variable). 

F"Pil- l 

~ *c~icUa*IS~~~ress increment.) 

Store cyclical increment. 

Branch around subscript incrementotion 
(first cycle only). 

Iterated Statement «LN I» 
Subscript Incrementalion (-\ F * P * Step) 

<IN - B>: 

Bose -~ Constant Pool. 

A[2*V -IJ "0; 

Load return address and branch to step 
addition sequence. 

MVC <DISP - CE>(4, CDSA), <LN - SI >(lAT) 

L GDSA, 0 (PBT) 

MVC <DISP -V>(4, CDSA), <DISP -1>(GDSA) 

l STH, <DISP - 1> (GDSA~ 

LTR STH, STH 

BZ ENDLESL (FSA) 

{ 

BAlR BRR, .0 

SLL BRR, I 

ST BRR, <DISP - 5> (CDSA) 

ST STH, <DISP - ST> (COSA) 

MVC <DISP - T>(4, CDSA}, <DISP - 5>(GDSA) 

L STH, <DISP - V> (CDSA) 

[ 

BALR BRR, 0 

LA BRR, 12 (BRR) 

ST BRR, <DISP - R> (CDSA) 

B 12 (BRR) 

l STH, <DISP - ST> (CDSA) 

A STH, <DISP - V> (CDSA) 

ST STH, <DISP - Y> (CDSA) 

C 5TH, <DISP _ T>{CDSA) 

IC ADR, <DISP - S> (CDSA) 

L BRR, <DISP - CE > (CDSA) 

EX ADR, BCR (FSA) 

[MVC <DISP - CE >(4, CDSA), <LN - I> (LAT) 

L GDSA, 0 (PBT) 

MVC <DISP - V>(4, CDSA), <DlSP - 10> (GDSA) 

L STH, <DISP - 2> (GDSA) 

lTR STH, STH 

BZ ENDLESL (FSA) 

BALR BRR,O 

SLl BRR, I 

ST BRR, <DISP - S> (CDSA) 

ST STH, <DISP - ST> (CDSA) 

MVC <DISP - T>(4, COSA), <DISP -12>(GDSA) 

L STH,<DISP-V>(CDSA) 

BALR BRR,O 

LA BRR, 12 (BRR) 

ST BRR, <DISP - R>(CDSA) 

[

' 12 (BRR) 

__ L 5TH, <DISP - ST>(CDSA) 

A STH, <DISP - V> (CDSA) 

ST STH, <DISP - Y> (CDSA) 

C STH, <DISP - T> (CDSA) 

IC ADR, <DISP - S> (CDSA) 

L BRR, <lJISP - CE> (CDSA) 

[EX ADR, BCR (FSA) 

L BRR, <LN - X> (lAT) 

BR BRR 

MVC <DISP - CE>(4, CDSA), <LN -I> (LAT) 

L <NXTR>, <DISP - SMF - A>+ 4 (CDSA) 

L GDSA, 0 (PBT) 

L BRR, <DISP - 1> (GDSA) 

M STH, <DIS? - SNf - A> -I- :;:0 (CDSA) 

SR <NXTR>, BRR 

L BRR, <DISP - 2>(GDSA) 

M STH, <DISP - SMF - A>- 20 (CDSA) 

LR ADR, BRR 

M 5TH, <DISP - V> (CDSA) 

AR <NXTR>, BRR 

LR BRR, ADR 

M STH, <DISP - ST>(CDSA) 

ST BRR, <DISP - IN>iCDSA) 

L BRR, <LN - B>(LAT) 

BR BRR 

A <NXTR>, DISP - IN (CDSA) 

LR ADR, <NXTR> 

l GDSA, 0 (PBT) 

MVC 0 (4, ADR), <DISP 0> (GDSA) 

L BRR, <DISP - R> (CDSA) 

BR BRR 

[Next instruction following the end of the for 
stotement~ 

Campi ler Program 

CP6 ts-TlB):~ tFh~S ~~~~a;~~h:t3;~~~~iS~~~k~ byte (from 

- CP40 f~L~~:7D~;;tS;:C:;et~;e~~b:~dAf:;:~~sT ~~~eOa;ft\B 
entry for the subscript expression to be optimized in the 
for statement. CP40 also generates code to store the 

~~~~~~fte~~~i~d~!:;fi~~re5S «LN - SI» in the con-

CP43 (~) genel'ates code, for Ihe first step element, to assign 
the initial value to the controlled variable. 

CN5 (Until) generates code to lest for an endless loop and to 
store the step value. 

CP47 (Comma) generates code to store the test value, to compute 
and store the step addition address, and to bronch around 
the step addition sequence (for the first cycle only). 

CP45 (entered from CP47) generates code to odd the step volve 
to the controlled vorioble. 

CP47 ;:t":;d~~~~c7bl~P:flh gth:e~:~sv~~: ~~d~:r~~~ :~: ~i~~ -of 
the step value. 

CP49 (entered from CP47) generates code to load the conditional 
entry address and to invoke the Fixed Storage Area routine 
BCR, which branches to the subscript initialization sequeflce 
(for the first cycle) Or to the iteroted statement (for every 
wbsequent cycle) or to the next for li,t sequence (if the step 
element is exhausted). CP49 also generates code to store the 
iterated statement address in the conditional entry field. 

CP43 (~) generates code, for the second step element, to assign 
the initial value to the controlled variable. 

CP45 (Uu.tillgenerotes code to test for an endle" loop and to store 
the step value. 

CP47 (Do) generates code 10 store the test value, to compute and 
stare the step addition sequence address, and to branch 
oround the step oddit;on sequence (for the 11«1 cycle only). 

CP47 (reentered from CP45) generates code to compare the con
trolled variable with the test value and to load the sign of 
the step value. 

CP49 (entered from CP47) gel1erotes code to load Ihe conditional 
entry address, to invoke the Fixed Storage Area routine BCR 
(see above), to load the exit address and branch, and to 
store the iterated statement oddress in the conditional entry 
field. 

SubSCript Injt Routine (entered from CP49) makes on entry 
for the oplimized ,ubscripl in SUTABC and generates on 
initialization sequence which camp-,utes the initlol address 

~~:~~~!i~s~r:~~~e;so~~:~~~e~~~ ~ ~~: ~ :i(~;~p).l' and 

CP47 then geflerates code to branch around the fallowing sub
script incrementotion sequence. 

Subscript Inc. Routine (entered from CP47) generates the 
subscript incrementotion sequence. 

CP41 ([) inspects SUTABC and sets a switch (CMT) to specify 
to CP69 (which normally processes the operata" "* an.d _) 
and CP3B ( ]) that the subscript has been optimized. See 
"Artays" . 11 CP12 ~) stocks the operator~. 

J l P20 ~: :;:C~:i~r(~)a:~~h:tLl,~~~;tt:d :~i:~le~,s;gn the 

CPS I (ftg) generates code to load the return address and bronch 
to the step addition sequence. 

Figure 70. L~gical structure of the code generated for an Elementary Loop 
containing step elements and an optimizable subscript expression 
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Source Jperater: ~teQ, Nhil~, Q~, or £omm~ 
Stack Operater: E2~~= 

rhe source operator follows the 1n1-
tial value (represented by the l~st st~ck 
oper~n1) to be assi~ned to the controlled 
variable. 

Ex~ept in the case of a Counting Loop 
containing no subscript expressions 
(in:li~ate:l by bit 6, OprB, in the for 
statement's classification byte), code is 
~enerated (by branching to CP20) to 
assi~n the initial value to the con
trolled variable (Figures 67-70 and 72, 
73)' 

Depending on the source 
the loop classification, 
generated as illustrated in 
in:licate:l below. 

operator and 
code is then 
the figures 

~omma (end of an arithmetic element) 
---Counting Loop: Fi~ure 66. 

Elementary or Normal Loop: Figure 67. 
Elementary Loop (with optimization): 
Figure 70. 

Do (end of an arithmetic element and of 
the for list) 

~ounting Loop: CP47 is entered at 
~WIT~RS. Figure 66. 

Elementary Loop: Figure 67. 

st~ 
Counting or Elementary Loop: Figure 
69-70 (no code). 
~ormal Loop: Figure 72. 

~t!gs 
Elementary or Normal Loop: Figure 73. 

rhe stack operand representing the 
initial value of the controlled variable 
is released, and, except in the case of 
the ~omma, the source operator is 
stacked:---

Source Jperator 
Stack Jperator 

~nti! is preceded by the step value, 
represented by the last operand in the 
stack. 

Depen:lin~ on 
classification, 
illustrated in 
below: 

the for statement's loop 
code is generated as 
the figures indicated 

Counting Loop: Figure 68 (no code). 
Elementary Loop: Figures 69 and 70. 
Normal Loop: Figure 72. 

In every case. the operator 
stacked, replacing the stack 
§.:!:~~. 

!:!nti! is 
operator 

~P45 is also 
DVH3) from CP47. 

entered (at DVE2 and 
See Figures 69 and 70. 

Co~iler Program No.47 (CP4Il 

Source Operator: Comma or Do 
Stack Operator: Until 

The source operator is preceded by the 
test value, represented by the last stack 
operand. 

Depending on 
classification., 
illustrated in 
below: 

the for statement's loop 
code is generated as 
the figures indicated 

Counting Loop: Figure 68. The figure 
illustrates a Counting Loop contain
ing step elements and an optimized 
subscript expression. As indicated 
in the figure" the subscript 1n1-
tialization and subscript incremen
tation sequences are generated at 
the end of the for list (indicated 
by Q~) by entry to the subscript 
Initialization Routine (DWG3) and 
the Subscript Incrementation Routine 
(OVAl) see below. Where sub
script optimization is not required 
(Bit 6 of the classification byte = 
0), these routines are not entered. 

Elementary Loop: Figures 69 and 70. 
Both figures illustrate a Counting 
Loop containing step elements, but 
Figure 70 shows a counting Loop 
containing in addition an opt imiz a
ble subscript expression. As indi
cated in the figures, CP47 enters 
CP45 (at DVE2 or DVH3, depending on 
whether the controlled variable is 
integer or real) and exits to CP49 
(at EMG1). The latter calls the 
subscript Initialization and Increm
entation routines, where necessary. 

Normal Loop: Figure 
shows that CP47 
EMG1) • 

72. The figure 
exits to CP49 (at 

CP47 is also entered (at DWITERS) from 
CP43 (Figure 66). 
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Source )perator: :omma or D~ 
Stack )perator: Whil~ 

rhe source operator is preceded by a 
boole~n expression, representing the con
dition specified in the ~hile element. 
rhe for statement must be an Elementary 
or Normal Loop. Figure 73 illustrates 
the co:le ~enerated for either of these 
loop classifications, ~here the source 
operator is Q2, narking the end of the 
for list, and ~here the for statement (an 
Element~ry Loop) contains no optimizable 
s~bscript eKpressions. rhe code generat
ed in the case of the ~~~~ operator is 
identi~~l, ex~ept that the address loaded 
before the conditional branch is that of 
the iteratej statement. Where an Elemen
tary Loop contains optinizable expres
sions, the code generated by the suo
script Initialization and Incrementation 
ro~tines (US~l and UV~l -- see below), on 
call from CP~9 is similar to that illus
trated in Figure 70. 

:P49 is also entered (at EKIrERS) from 
CP43 and (at EM31) fron CP47 (see Figures 
6 9, 7 0 a nj 7 2) • 

rhis routine is entered from CP47 
:P49 at the close of a for 

o 1 2 4 

and 
list 

7 

(indicated by the source operator QQ). 
when it is determined (by inspection of 
bit 6 of the for statement's classifica
tion byte 'OPTBYTE" entered in the oper
and stack by CP6) that the iterated 
statement contains a subscript expression 
to be optinized. On recognition of the 
operator For, CP6 will have located the 
first of one or more entries in the 
optimization Table (Figure 50) represent
ing the subscript expression(s} to be 
optimized in the for statement. 

rhe Subscript Initialization Routine 
constructs an entry in the Subscript 
rable-C (SUr~BC), Figure 71, for every 
subscripted variable containing optimiza
ble subscript expressions represented by 
entries in the Optimization rabIe, pro
vided no previous entry was made for the 
same subscript in an enclosing for state
ment or in the current for statement, and 
generates a subscript initialization 
sequence (see "Subscript Optimization" 
above, and Figures 68 and 70). 

subscript Table-C is referenced by 
CP41 and CP38 (see "Arrays"), which are 
entered ~henever the operators [ and 
Comm~ in a subscripted variable are 
encountered. Its function is to enable 
CP41 and :P38 to identify the subscript 
expressions (if any) in a subscripted 
variable which have been optimized, and, 
if ~ny subscripts have been optimize~ to 
enable CP38 to locate the stack operand 
which specifies the object time register 
«NKrR» containing the pre-calculated 
array element address. 

9 
r-----~----T-------------T-----------------T--------------1 
I<F5N>I<RN>I<Rel. addressl<Address of stackl<subscript I 
I I I of [> I operand> I position key> I L _____ L ____ L _____________ ~ _________________ i ______________ J 

<F5N> 
<R~> = 

<ReI. ~jjress 

of [> 

<~ddress of stack 
oper~n:1> 

<S~bs~ript 

position key> 

<E'or Statement Number> 
<Number of the Modification Level 2 
text record containing the operator 
[ which precedes the first subscripb 
of the subscripted variable in the 
iterated statement> 

<Relative address of the operator 
in the text record specified by 
<RN> above> 

<Address of the stack operand repre
senting the pre-calculated array 
element address> 

(16 bits representing subscript 
positions 0-15. Bit=l if the subscript has been optimized.) 

Figure 71. Entry in 5~bscript rable-C (SUT~BC) 

148 



~: 'FOR" V:= 1 "STEP' 1 "UNTIL" 5,10 "STEP "2 'UNTIL" 12 "DO' 'BEGIN • .•.....••• ·END 

1st Step Element 
Base - COnstant Pool. 

Controlled variable (V) = Initial Value (1). 

ComPJte the return address and store in the { 
retum odd ... s field. 

Compute and store the sign of the step value 

{ Bypou the step addition sequence when the 

~ift~r~h~~:i,~u:CI~s,:bl~~=~ ~Irn-
c:remented. 

Add the step value to the conh'olled vori- { 
able. \ 

Branch to compute the sign of the step { 
value agoin, before testing for exhaustion 
of the step element .. 

B,.nch to the ae",ted ,tatement ( :~N_ -, B,",( 
if the step element is not exhausted; other
wise begin the next step element. 

t~. ~G~~:~n~ool. 
Cont.:olled variable (V) = Inltiol Value (10) 

Compute and store the retum address. 

ComFUte and store the sign of the step value .. 

Bypass the step addition sequence when the { 
SIgn of the step value is computed again 
after the controlled variable has been in
cremented. 

Add the step value to the controlled vari
able. 

Branch to comPJt. the sign af the step { 
value again, before resting for exhaustion 
of the step element. 

Branch to the exit address if the step 
element is exhausted, otherwise execute 
the iterated statement. 

<LN_
SI1' 

'.terated Statement (<IN - I>): 

Load return address and branch. 

Exit (<LN - X»: 

Complier Program 

CP6 <f2d stores the for statement's classification byte and 
F. S. No. in the Operand Stade:. 

l GDSA, o (PBT) }CP4D ~FeJ~:!~:~sn~a::s~n(~N~~t:;:heT::~!d~~~ 
MVC <DISP _ V>{4, CDSA), <OISP _ 1> (GDSA) ~~~ :Id~~sar;i~li~ (~tsprr~~~~ta Storage Are for the 

BAlR STH, 0 CP4l (~Ii!) generates code, for the first element, to ossign the 
initial value to the controlled variable and to comPJte and 

LA STH, 8 (STH) store the: return address. 

STH STH, <DISP - R> (CDSA) 

L GDSA, 0 (PBT) 

L STH, <UISP - I> (GDSA) 

LTR STH, STH 

BALR BRR, 0 

BNZ B(8") 

SR BRR, BRR 

BCR BRR, 0 

Sll BRR, 1 

ST BRR, <DISP - S > (CDSA) 

l BRR, <IN - B>(LAT) 

XI <OIS' - b(CDSA), X 'BO' 

BCR 4, BRR 

A STH, <DISP - V>(CDSA) 

ST 5TH, <DISP - V> (CDSA) 

L BRR, <DISP - b (CDSA) 

BR BRR 

l STH, <DI5P - V> (CDSA) 

C STH, <OISP - 5> (GDSA) 

IC ADR, <DI5P - S> (CDSA) 

l BRR, <IN - I> (LA T) 

[
EX ADR, BCR (FSA) 

L GDSA, 0 (PBT) 

MVC <DISP - V> (4, CDSA), <DISP - 10>(CD5A) 

BALR STH, 0 

LA STH, 8 (STH) 

5T 5TH, <DISP - R>(CD5A) 

L GDSA, 0 (PBT) 

l 5TH, <DISP - 2>(CD5A} 

LTR STH, STH 

BALR BRR, 0 

BNZ 8 (8RR) 

5R BRR, BRR 

BCR BRR,O 

SlL BRR, 1 

5T 8RR, <DI5P - 5>(C~SA) 

l BRR, <IN - Bl> (LAT) 

XI <DISP - R> (CDSA), X 'SO' 

~
BCR 4, BRR 

A STH, <DISP - V> (CDSA) 

ST 5TH, <DISP - V> (CD5A) 

l BRR, <D15P - R> (CDSA) 

-BR BRR 

L STH, <oIS' - V> (CDSA) 

C 5TH, <DISP - 12>(GDSA) 

XI <D15P - 5> (CDSA), X 'EO' 

IC ADR, <DISP - 5>- (CD5A) 

l BRR, <tN - X> (lAT) 

EX ADR, BCR (FSA) 

[Iterated statement 

P45 ~;~!I~~e;~t~d~:: :e;a::u:e t~nt~;t~~tt~i l:rv::i~~ie, 
and to compute the sign of the step value again. 

CP47 (~) generates code to compare the controlled variable 
with the test value and to load the sign of the step value. 

CP49 (entered from CP47) generates cade to load the iterated 
statement address and to Invoke tne Fixed Storage Area 
rautlne BCR, which branches to the iteroted statement if tne 
step element hos not been exhausted. 

CP4l ~ generates code, for the second step element, to assign 
the initial value to the controlled variable and to compute 
CX'Id store the return address. 

CP45 !~:~!Pu~~e~~t~dd~~: ~e~;a1u~et:tt!t~~tt~il!!r~:~~~ie, 
and to compute the sign of the step value again. 

CP47 (119) generates code to compare the controlled variable with 
the test value, to invert the sign of the step value CX'Id to 
load the inverted sign of the step value. 

l BRR, <DISP - R> (CDSA) 

BR BRR] 
}CPBI (~) gene,.t .. code to b ... ch to the .. tum odd ... " 

[Next instruction following the 
end of the for statement.] 

Figure 72. Logical structure of the code generated for a Normal Loop 
containing step elements 

~/ 
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Form Y33-8000-0, Page Revised by TNL Y33-8001, 12/15/67 

Source Text: 'FOR' V:= 1 'WHILE' B 'DO' 'BEGIN' •..•...••. 'END' 

Comment 

Assign and Test « LN - AT» 

Base = Constant Pool. 

Controlled Variable (1) = Value 1. 

Store the Assign and Test oddress in the 
return address field. 

T est if B is true. 

Load the exit address. 

Branch to exit if B is false. 

Load the return oddress and branch to 
Ass i gn and Test. 

Exit «LN - X>l 

Object Code 

L GDSA, 0 (PBT) 

MVC <DISP - V> (4, CDSA), <DISP - 1> (GDSA) 

MVC <DISP - R> (4, CDSA), <IN - AT> (LAT) 

TM <DISP - B> (CDSA), X '01' 

L BRR, <LN - X> (LAT) 

C BCR 8, BRR 

[ Iterated statemen t 

L BRR, <DISP - R> (CDSA) 

BR BRR] 

[ Next instruction following the end of the for 
statement .] 

Compiler Program 

CP6 (For) stores the for statement's classification byte (from 
FSTAB) and·F.S.No. in the Operand Stack. 

CP40 (Assign) reserves entries in the Label Address Table for 
the Assien and Test address «LN - AT » and the exit 

}-

oddress «LN - X» and in the current Data Storage. 
Area for the return address field «D1SP - R». 

CP43 <'Ml.ilJ:) generates code to assign the value specified to 
the controlled variable and to store the Assign and Test 
address in the return address field. 

~ CP49 (~) generates code tO,test t.he condition s.pecified in the 
wnile element and to enter the iterated statement if the 
condition is true or to branch to the exit address if the 
condition is false. 

}- CPSI (~- operator marking the close of the for statement) 
generates code to branch ta the Assign and Test sequence. 

-Figure 73. Logical structure of coc.e generated for Ele."TIentary Loop or Normal Loop 
containing a while element 

Initially, a search is made to deter
mine if SUTABC contains any entries 
(indicating one or more optimized sub
scripts in an enclosing for statement) 
and, in this event, if there is an entry 
for the same subscripted variable 
(determined by comparing the record num
ber and relative address in bytes 11-13 
of the OPTAB entry previously located by 
CP40, with bytes 1-4 of the SUTABC 
entry). The action taken depends on the 
result of this test: 

1. No entry for the subscripted varia
ble is found in SUTASC. 
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A new entry is constructed in 
SUTABC, the contents of bytes 11-13 
of the OPTAB entry bein~ copied into 
bytes 1-3 of the SUTABC entry, the 
current For Statement Number into 
byte O. An object time register 
«NXTR» is reserved in vlhich the 
pre-processed arrav element address 
will be calculated,~and the address 
of a stack operand representing the 
pre-processed address is entered in 
the SUTABC entry. 

Coc.e is generated to load ~~XTR> 
,"Ii th the array~ s zero-base address 
(addA[O,O,OJ), the address of the 

array~s Storage Happing Function 
(Figure 62) being obtained from the 
OPTAB entry. 

For every OPTAB entry ,"hich contains 
the same address data in bytes 11-13 
(all such entries representing 
optimizable subscript expressions of 
the same subscripted variable), the 
corresponding bit in bytes 7 and 8 
of the SUTABC entry is turned on (to 
specify the optimized subscript 
position) and code is qenerated to 
add the product (Addend) * (Address) 
Increment Factor), A*Pi+l to <NXTR> 
and to add the product 
(Factor) * (Address Increment Factor), 
F*Pi+l to ADR. Hhen all of the 
OPTAB entries for the Sfu~e sub-
scripted variable have been pro-
cessed in this way, code is generat
ed to multiply the contents of ADR 
by the initial value of the con
trolled variable and to add the 
result to NXTR, which now, contains 
the quantity 
addA[O~O,O]; A*?i +l+L(F*ll+i)*V' • 
Code ~s tnen generated tOffiultiply 
the contents of ADR by the step 
value and to store the result, 

(F*P i+l)* Step, representing the 



=y=lical a11ress increment, in the 
current Data St~rage Area. 

If any other oprAB entries are found 
relating t~ an~ther subscripted 
variable in the current for state
ment, a ne~ SUT~B: entry is con
structe1 and the pre-processed 
address and cyclical address incre~ 
ment are computed in the manner 
described. 

2. An entry f~r the same subscripted 
~ariable is found in SUTABC. rhis 
indicates that a subscript initiali
zation sequence ~as generated in an 
en=losin~ for statement for one or 
more subscripts ~f the same sub
s=ripted variable. In this case, 
the sane sur~B: entry is used, the 
=ontents of byte 0 being over
Nritten ~ith the current For 
statement Number, and code is gener
ated to l~ad <NKrR> ~ith the pre
viously calculated array element 
addreSS, namely 

add 7\[0, 0, O]+~A*Pi+'t +~(F*Pi+1 )*V'. 

rhe object time location of this 
pre-processed address is determined 
~ith the aid of the operand address 
in the surABC entry. 

This routine is entered from CP47 and 
CP49 Nhen address incrementation is 
required for one or more optimized sub
scripts (the for statement contains a 
step element). :~de is generated to add 
the =yclical address increment, 
~(F*Pi+1 )*Step, t~ the pre-processed 
array element address. See Figures 68 
and 70. 

compiler Proqran N~.81 (CP~l) 

Source )perat~r: Eta 
Stack Operator: QQ 

Eta marks the close of the current for 
statement. CPBl generates the terminal 
instructions of the iterated statement 
(see Figures 66-7J and 72, 73) and 
deletes all entries in SUTABC. All stack 
operands relating to the current for 
statement are released and the operator 
Do is released. 

~n assignment statement is implemented 
essentially by a MOVE instruction or a 
STORE instruction, whose effect is to 
transfer the value of the expression to 
the right ~f the assignment operator to 
the Data Storage Area field of the oper
and to the left ~f the assignment opera
tor. The expression on the right may be 

1. a simple variable or a constant 
whose ~bject time value is contained 
in a Data storage Area field, or 

2. a complex expression, whose value 
may be contained in a register or a 
Data Storage Area field. 

Compiler Program No.12 (CP12) 

Source Operator: Assign 
Stack Operator: Beg!.!!, Semicolo!!, ~ben-s" 

Elsg::.§, or QQ 

The source operator identifies the 
beginning of an assignment statement. 

CP12' s function is to test the charac
teristic ~f the left variable 
(represented by the stack operand) for 
assignability, and to stack the Assign 
operator. If the operand is a formal 
parameter, in which case assignability 
can only be determined at object time, 
CP12 generates code to check for assigna
bility by inspecting the characteristic 
in the relevant actual parameter code 
sequence (see nprocedures n). Thereafter, 
a call is made to OPDREC ~hich generates 
code to call the actual parameter. 

Source operator: Assign 
Stack Operator: Assi9!! 

rhe operators 
assignment, e.g., 

identify 
a:=b:=c. 

a multiple 

Jnless one or both of the last two 
stack operands are all-purpose operands, 
control is passed to CP12, in which the 
last operand is tested for assignability. 
The operand before last will have been 
tested previously. 
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Source O~entor: ~g!!!!£Q!sm, ~J2~!'!Qg, Et~, 
End or Else 

St~ck O~erator: ~~si~n ----

rhe combination of source and stack 
operators indicates the end of an assign
ment st~tement. The last two stack oper
ands re~resent the operands to the left 
~nj ri~ht of the assignment o~erator. 

2P20's function is to determine if the 
operands are conpatible (i.e., real-real, 
integer-integer, real-integer, or 
integer-real, or boolean-boolean) and, if 
one is real and the other integer, to 
~ener~te ~ call to the appropriate Fixed 
Storage Area routine to convert the right 
operand to the same ty~e as that of the 
left operand. rhe callI where required, 
is generated by rRINR& or rRREIN. 

If both operands are boolean, and if 
the ri~ht operand is a boolean constant, 
the assignnent of the value of the right 
operand to the left variable is imple
mented by an MVI instruction. In all 
other cases (i.e., where the operands are 
a combination Of real and/or integer, or 
where both operands are boolean, the 
right operand being a boolean variable), 
the assi~nment is implemented by entry to 
the Real-Real or Integer-Integer routine 
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of Compiler Program No.69 (CP69). The 
latter routines generate code to store 
(or move) the value of the right operand 
(de~ending on whether the latter is con
tained in a register) to the Data Storage 
Area field of the left variable (the 
object-time address of which is contained 
in the stack operand before last). A 
boolean assignment is handled by the 
Real-Real routine/, which generates the 
necessary move instruction (in the object 
code, boolean operands are at no point 
loaded into registers). 

At re-entry to CP20 from CP69, the 
Assi~!! operator is release~, and unless 
the preceding stack operator is For, ~I 
or Assi:Ig" control is passed to --COMP" 
after the last two stack operands have 
been released. rhe operator [QE indi
cates that 2P20 was entered from CP43 for 
the special case of an assignment to the 
controlled variable in a for statement 
(see CP43 under "For Statements"). The 
operator * indicates another special 
case, in which CP20 is used in the 
generation of code for an array declara
tion (see :P51 under "Arrays"). The 
operator Assiqrr indicates a multiple 
assignment, e. g., a:=b:=c" where the 
assignment a:=b remains to be implement
ed. rhe remaining assignment is generat
ed by branching back to a point (BIE4) 
within CP20, after moving the last oper
and downward (replacing b by c) so as to 
specify the equivalent assignment a:=c. 



rue implement~tion of a conditional statement in the code generated by the compiler 
may be denonstrated by the following example: 

••• i 'IF' B>::: 'ra:E:N' A.: =B+C 'ELSE' A.: =B-Ci ••• 

'IF' 3tore occupied registers 
> 
'rHE;:iI' E;valuate (B>:::). store True 

or Fals~ in Data storage-
Area field. 

: = 
+ 

'E:LSE:' 

:= 

E: 

F: 

Branch to E (below) if 
B>C is ~~!.~g 

:::om[;lute (B+C) 

3tore (B+C) ~t A. 
Branch to F (below) 

::ompute (B-C) 

store (B-C) ~t A. 
[Next instruction] 

CPS stacKS If-s and switches to EXC 
CP67 stacks> 
CP69 releases > 

CP78 replaces If-~ by rh~~=§ and switches 
to P:;C 

CP12 stacKS A.ssign 
CP22 switches to EXC 
CP66 stacKS + 
CP69 releases + 
CP70 switches to STC 
CP7i switches to PGC 
::P20 releases A.ssiq~ 

CP17 replaces Th~ by g!~§ 
CP12 stacks ~ssign 
CP22 switches to EXC 
CP66 stacKS - (minus) 
CP69 releases - (minus) 
CP70 switches to STC 
CP70 switches to PGC 
CP20 releases ~siq~ 

CPiB releases El~ 

rhe symbols E:KC, PGC and src represent, respectively, the Expression Context Matrix, 
the program ::ontext Matrix, and the Statement Context Matrix (Appendix V). The special 
operators If~~, Iuen-s, and E:lse-§ (see Appendix I-d) identify the delimiters 'IF', 
'rHE:N', and 'EL3E' as rel~ting to a conditional statement. ~s opposed to the same 
lelimiters occurring in boole~n or conditional expressions. 
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Source )perator: If 
Stack Operator: ~~9!ll, §gID!£Q!Qll, Else-s, 

or Q~ 

In the context identified by the 
operator, !! marks the beginning 
~onjitional statenent. 

stack 
of a 

~fter stacking the operator !f-~ and 
addressing the Expression context Matrix, a 
call is made to the CLE~RRG subroutine, 
whi~h ~enerates code to store all object
time registers in use. 

CASE A CASE B 

Source Operator: 
Stack Operator: If=~ If 
C~SE ~: Then narks the end of an if clause 

('IF' (boolean expression) 'rHEN') 
in a conditional statement. 

Code is generated to test the value 
of the preceding boolean expression 
(which nay be a boolean variable or 
constant, a boolean function 
designator, a relation or a more 
complex boolean expression) and, if 
the value is False, to branch to 
the first instructi;n representing 
the alternative statement following 
'ELSE' (or if there is no alterna
tive statement, to the first 
instruction representing the next 
sequential statement). rhe branch 
instruction references an entry in 
the Label Address rable (reserved 
by CP78) in which the relative 
branch address will be stored by 
CP17. unless the boolean expres
sion preceding 'THEN' is a simple 
boolean variable or constant, code 
will have been generated by other 
compiler prograns, before entry to 
CP78, to evaluate the expression. 

~t entry to CP78, the stack operand 
addresses a Data Storage Area field 
in which the value of the boolean 
expression will be s~ored at object 
time. 

Before control is returned to SNOT, 
the stack operator 1!=2 is replaced 
by Then-s and the Program Context 
Matrix is addressed. 

C~SE B: See "Conditional Expressions". 

Source Operator: Else 
Stack Operator: Then=2 

EI~g precedes the second alternative in 
a conditional statement. 

CP17 replaces the stack operator rh~=2 
by ~!se-2 and generates code to branch 
around the immediately following sequence 
representing the second alternative state
ment. The code references a new entry in 
the Label ~ddress Table in which the rela
tive branch address will be stored by CP18. 
CP17 also stores the relative address 
(PRPOINT) of the second alternative code 
sequence in the Label Address Table entry 
(addressed by a stack operand) previously 
reserved by CP78. 

Source Operator: ~!gQlon, Epsilon, Eta, 
or End 

Stack Operator: Then-s or Else-s 

rhe source operator marks the end of a 
conditional statement. 

CP18 releases the stack operator, stores 
the displacement (PRPOINT) of the next 
object code instruction in the Label Adress 
Table entry reserved by CP17 (or CP78), and 
exits to COMPo 



fhe implementati~n Jf a conditional expression in the code generated by the Compiler 
may be demonstrated by the following example: 

••• ; ~:=B+('IF'B>:'THgN':'gLSE'-C); ••• 

:= 
+ 

, IF' 
> 
, fHEN' 

, EL3E' 

- (minus) 
) 

store occupied registers 

Evaluate (B>C). Store True 
or r~l~~ in Data Storage-
~rea field 
Branch to E(below). if 
(B>:) is False 
Load C. Branch to 
F (below) 

E: Loa:! -: 
Transfer -: to same 
register as C 

F: :ompute (B+/-:) 

1\.: = (8+1-:) 

Compiler Pro9:E.~!!! 

CP12 stacks ~ssiqn 
CP22 switches to EXC 
CP66 stacks + 

CP64 stacks ( 
CP80 stacks .H. 

:P67 stacks > 
CP69 releases > 

CP78 replaces If by Th~ 

CP87 replaces Theg by Els~ 

CP66 stacks - (minus) 
CP69 releases - (minus) 

CP79 releases El~~ 

CP68 releases 
CP69 releases + 
CP70 switches to ST: 
CP71 switches to PGC 
CP20 releases ~sign 

The abbreviations EX:, ST:, and PGC represent the Expression Context Matrix, the 
Statement Context Matrix and the Program Context ~atrix, respectively. 
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Source Operat~r: 
St~ck Jperator: (See aecision matrices> 

C~SE ~: See "Pr~cedures". 

C~SE B: See "Standard Procedures". 

CASE C: rne source operator precedes a con
ditional, bo~lean ~r arithmetic 
expression. rhe source operator is 
stacked. 

Source Jperator: If 
stack D~erator: y-

rhe c~nbination of operators indicate 
that 1£ opens a conditional expression 
enclosed by parentheses. 

Code is generated, by call to 
t~ store all occupied object 
isters, ~nd If is stacked. 

CLEARRG, 
time reg-

Source Operat~r: If 
St~ck Jperator: <See Statement Context 

Matrix -- Appendix V-b) 

~£ opens a conditional expression. If 
is stacked and the ~xpression context 
~atrix is addressed. 

CASE A CASE B 

Source Jperat~r: If ~r Not 
stack Jperator: If-or ~f~§ (See Expression 

context f.latrix 
-- App. V-c) 

C~SE~: If opens a conditional expression 
inside an if clause. If is 
stacked. 

C~SE B: See "Boolean Expressions". 
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CASE A CASE B 

Source Operator: 
Stack Operator: !~ 

CASE A: See "Conditional Statements". 

CASE B: rh~u follows a boolean expression 
in a conditional expression. 

CP78 generates code to test the 
value of the immediately preceding 
boolean expression and to branch to 
the first instruction representing 
the second alternative expression 
following 'ELSE', if the value is 
K~b~. Unless the boolean expres
sion consists solely of a boolean 
variable or constant, code will 
have been generated, before entry 
to CP78, to evaluate the expression 
and to store the value in a Data 
Storage ~rea field. The object 
tine location of the stored value 
is addressed by the stack operand. 
rhe generated code references a new 
entry in he Label Address rabIe, in 
which the relative address of the 
alternative statement will be sub
sequently stored. Before exit to 
SNOT, the stack operator If is 
replaced by !heU. 

Source Operator: Else 
Stack Operator: Then 

~1~~ follows a designational, arithmetic 
or boolean expression representing the 
first alternative in a conditional expres
sion. CP87's function is to ensure (by 
generating the requisite object code), 
that: 

for designational 
address value of 
loaded in ~DR. 

expressions, the 
the expression is 

for arithmetic expressions, the value 
of the expression 1S loaded into a 
fixed pOint or floating point register, 
depending On whether the value is inte
ger or real. 

for boolean expressions, the value 
(True or False> of the expression is 
stored in a~IeId in the current Data 
storage 1\.rea. 



Nhere the ex~ressi~n is complex, code 
will h~ve been ~enerated, before entry to 
:PS7, to evaluate the expression, ~nd in 
this ~~se, the value or address will 
already be contained in the appropriate 
re~ister or Data Storage ~re~ field. If 
however, the expression is a simple label, 
an arithlletic c~nstant or variable, or a 
b~ole~n constant or variable, CPS7 gener
ates a Load ~r M~ve instruction. In all 
~~ses, the expression is represented by the 
stac~ operand pointing to a Label ~ddress 
r~ble entry, a Data Storage ~rea field, or 
a register. 

2P37 ~lso 3enerates an unconditional 
br~ncn ~rounj the second alternative 
expression which follows 'ELSE'. The code 
referen~es a new entry in the Label Address 
rabIe, in which the relative branch address 
will subsequently be stored by CP79. In 
addition, CPS7 stores the displacement 
(PRP)I~r) of the next object code instruc
tion in the Label ~ddress rable entry 
~reviously reserved by CP7S, representing 
the address of the second alternative 
expression. Before exit to SNOr, the stack 
oper~tor ~~~n is replaced by EI~g. 

Sour~e Operator: (See Expression Context 
Matrix -- ~pp. V-c) 

Stack )perator: Else 

rhe source operator marks the end of a 
~onjition~l expression. It is preceded by 
a designational, arithnetic or boolean 
expression representing the second alterna
tive expression. 

2P79's function is: 

1. to ~enerate the necessary object code 
such that, if the condition following 
'IF' is f~b~g, the address or value of 
the second alternative will be loaded 
in the sane register (ADR in the case 
of ~ desi~national expression), or 
moved to the same Data Storage Area 
field as that specified in the coding 
for the first alternative expression 
(see CPS7 above); and 

2. to generate, if necessary, a call to 
the Fixed Storage ~rea integer-real 
conversion r~utine, in the event one 
of the alternative expressions is real 
and the other is integer. 

rhe two alternative expressions are rep
resented by the last two stack operands. 
~t exit from CP7~, these operands are 
replaced by a single operand which address-

es the object time register or Data Storage 
Area field in which the address or value of 
the particular alternative expression 
(depending on the condition identified at 
object time) will be contained after evalu
ation of the complete conditional expres
sion. 

Finally, the displacement (PRPOINT) of 
the next object code instruction is stored 
in the Label ~ddress Table entry specified 
by an operand previously stacked by CPS7, 
representing the address of the uncondi
tional branch following the first alterna
tive expression, and the stack operator 
Else- is released. 

Object time boolean operations 
(specified in the source module by the 
operators '~ND', 'OR', 'EQUIV', and 'IMPL') 
are performed in fields reserved for inter
mediate results in the current Data Storage 
~rea (in the listing these fields are 
referred to as "Object Stack entries") • 
When code to implement a boolean operator 
is to be generated, a test is first made to 
determine if the first operand constitutes: 

1. a logical constant or a declared boo
lean variable, or 

2. an intermediate boolean value. 

If the operand is a logical constant 
('TRUE' or 'F~LSE') or a declared boolean 
variable (as in X'AND'Y), a field is res
erved in the current Data storage Area (by 
incrementing pointer P -- see Figure 54) 
and code is generated to move the operand 
to the reserved field and to perform the 
specified boolean operation in that field. 
If, however, the operand is an intermediate 
logical value, representing the value, say, 
of a relation (as in A>B'AND'C>D), the 
generated code will execute the specified 
boolean operation in the Data Storage Area 
field containing the intermediate value. 

rhe operators 'AND' and 'OR' are imple
mented directly by the corresponding 
machine instructions. 'EQUIV' is imple
mented by the combination Exclusive Or 
(inversion) and Or. 'IMPL' is implemented 
by interchanging the operands and by Exclu
sive Or (inversion) and Exclusive Or. 
Where the second operand is a logical 
constant (whose value is known at compile 
time), the object code utilizes immediate 
i nstructi ons. 
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Comeiler Pro~ram ~o.64 (CP64L 

Source )perator: 
Stack )perator: (See decision m~trices 

-- Appendix V) 

CASE A: See "Procedures". 

CASE B: See "Standard Procedures". 

CASE C: rhe source operator precedes an 
arithnetic, boolean or conditional 
expression. rhe Expression context 
Matrix is addressed and the source 
operator stacked. 

CASE A 
Source )per~tor: If 
St~ck )perator: If-or If~ 

CASE B 
Not 

(See-Expression 
Context Matrix 
--Appendix V-c) 

CASE A: See "Conditional Expressions". 

CASE B: The logical operator No! identifies 
a boolean expression. ~Q! is 
stacked. 

Source Oper~tor: (See Expression Context 
Matrix -- ~pp. V-c) 

St~ck Operator: (See Expression Context 
Matrix -- App. V-c) 

rhe source operator (which may be an 
~rithmetic or relational operator or any 
one of the lO:Jical operators ~!!;'!. Qr, 
~g~i~, or Imel) is stacked. 

Source Operator: (See Expression Context 
Matrix -- App. V-c) 

Stack )perator: AnQ, Q~, ~l~iY, or I~2± 

rhe source operator indic~tes that the 
operation specified by the stack operator, 
between the boolean operands represented by 
the last two stack operands, may be imple
mentei. 

15B 

CP76 generates code to perform the spec
ified operation in a current Data Storage 
Area field~ and releases the stack opera
tor. At exit to COMP, the stack operand 
addresses the Data Storage Area field in 
which the result (True or False) of the 
operation will be contained at object time. 

Source Operator: (See Expression Context 
Matrix -- App. V-c) 

stack Operator: ~ 

rhe source operator is preceded by a 
boolean operand (a constant, a variable or 
a complex expression) to be operated on by 
the stack operator ~Q!. CP77 generates 
code to invert the logical value of the 
operand in a current Data storage Area 
field, and releases the operator ~. 

Source Operator: 
Stack Operator: (See decision matrices 

-- Appendix V) 

CASE A: See "Procedures". 

CASE B: See "Code Procedures". 

CASE C: rhe source operator precedes an 
arithmetic, boolean or conditional 
expression. The Expression Context 
Matrix is addressed and the source 
operator stacked. 

Source Operator: 
Stack Operator: 

+ or -
<See Expression Context 
Matrix -- App. V-c) 

If the source operator was preceded by 
an operand, the operator is stacked. If, 
however, the source operator was preceded 
by an operator, and the source operator is 
-(minus), the operator ~Q!!~gi~ __ ~in~~ is 
stacked. i~ 



Source )(?er:itor: (See Expression 20ntext 
Matrix -- ~(?!? V-c) 

St:ick )(?erator: (See Expression 20ntext 
Matrix -- h(?!? V-c) 

rhe source operator cannot be implement
el before the following ex(?ressions and 
o(?erators are known. rhe source operator 
is stack.ed. 

Source )!?erator: (See Ex!?ression 20ntext 
Matrix -- ~pp. V-c) 

St:ick O(?erator: ~QQ~~!~_~!Q~~ 

The monadic minus operator is implement
ed b~ object code which loads the comple
ment of tne last stack operand. If the 
o(?erand ~as not !?reviously loaded into a 
re~ister, a load instruction is generated 
before the loal complement instruction is 
~enerated. The stack. o(?erator is released. 

Source )(?er:itor: ) 
Stack Operator: ( 

rhe source operator marks the end of an 
arithmetic, boolean, or conditional expres
sion. Tne stack operator is released. 

20mpiler Pro~ram No.69 (2P69) 

Source )(?erator: (See Ex(?ression :ontext 
Matrix -- ~pp. V-c) 

Stack O(?erator: (See EX(?ression Context 
Matrix -- Fl.pp. V-c) 

The (?riority rules specify that the 
arithmetic, relational or power operator in 
the )(?er:itor stack. Shall be implemented. 

:P69 handles the leneration of code for 
all of the following: 

A.rithllletic o!?erators: +, -,." /, and +-

~el:ition:il o(?erators: <,~,>,~,= and * 
Power o(?erator (~Q!~E) 

A.ssignnent o(?erator (~§§!gn). Assign
ment statements are processed ini
tially by CP12 and CP20 (see 
"A.ssignment statements"), but the 
object code to implement an 
assignment is generated in most 
cases by a subprogram of CP69 
(Re:il-Real Routine or Integer
Integer Routine), entered from 
CP20. 

The stack operator specifies an 
o(?eration between the operands on either 
side of the operator (both of which must be 
arithllletic), re(?resented by the last two 
o(?erands in the Operand Stack. Each oper
and is first inspected by the OPDREC sub
routine, which determines if the operand is 
a formal (?arameter or a parameterless pro
cedure, and if so, generates code to call 
the actual (?arameter code sequence or the 
parameterless procedure (see "Procedures"). 

Depending on the stack operator and the 
character of the operands (real or 
integer), control is passed to one of 
several major subprograms of CP69: 

Integer-Integer Routine (DHZB1): 
Both operands integer. 
Operator: +, -, or any relational 
operator. 

Integer Division Routine (ISB1) 
Both operands integer. 
Operator: + • 

Integer Multiplication Routine (IPB1) 
Both operands integer. 
Operator: *. 

Integer Power Routine (IUB1) 
Both operands integer. 
Operator: Po~er. 

Real-Real Routine (DHEB2): 
First operand real, second operand 
real or integer. 
Operator: any relational operator. 
If the second (or last) operand is 
integer., a call is generated (by 
the TRINRE subroutine) to the 
Fixed Storage Area routine CNVIRD 
for integer-to-real conversion. 

Real-Integer Power Routine (I1B1) 
First operand real, second operand 
integer. 
Operator: Po~. 

Real Power Routine (HOB1) 
Second operand real, first 
real or integer. 

operand 

Operator: Pow~~. If the first 
operand is integer, a call is 
generated (by the TRINRE 
subroutine) to the Fixed Storage 
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~rea rJutine 2NVIRD for integer
to-real conversion. 

~fter code tJ iDpleDent the indicated 
Jpe~ation has been generated, the last 
operator and ope~and in the Stack are 
~eleased, and (except in the case of an 
assignment) the stack operand originally 
representing the ope~and to the left of the 
sta~k operator is modified to specify the 
object tine registe~ o~ Data Storage Area 
field ~ontaining the result of the 
operatiJn implenented. 

rhis ~outine generates code, on call 
from CP69, to inplenent the arithmetic 
Jpe~ato~s + and , and the relational 
operatJrs <, ~, >, ~, =, and *, connecting 
tNO integer ope~ands. It is also entered 
f~o~1 2P20 for normal assignments (see 
"~ssignnent statenents") and f~om CP51 (see 
"~~~ays") • 

Ex~ept in the case of relational opera
tors, Jbject tine Jperations are performed 
in ~egisters, and the routine handles the 
generation of object code to load an oper
and (where neither operand is contained in 
a register) by calling the appropriate 
sub~outine in the Subroutine Pool. 

In the case of relational operators, a 
compare instructiJn is generated first and 
a ~all is then made to the Relational 
si~broutine (IMB1), which generates code to 
nove the value rrue or False (X'01' or 
X'OO'), dependin~--on the--condition code 
set, to a field in the current Data Storage 
~re'i. 

In the case Jf an assignnent operator, a 
stJ~e o~ move instruction is generated. 

rhis routine gene~ates code to implement 
the ope~ator + connecting two integer oper
ands, on call fron 2P69. 

Befo~e generating code to implement the 
division operator, tests are made and 
appropriate object code generated, to 
ensure that the first operand is loaded 
into an even-numbered register and that the 
next odd-numbered ~egiste~ is free. 
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rhis routine generates code to implement 
the operator * connecting two integer oper
ands, on call from CP69. Before generating 
code to implement the multiplication opera
tor, tests are made and appropriate object 
code gene~ated, to ensure that one of the 
operands is loaded into an odd-numbered 
register and that the other operand is 
loaded into the preceding even-numbered 
register. 

rhis routine implements the power opera
tor connecting two integer operands, on 
call from CP69, by generating a call to the 
standard Power function (Load Module 
IHIFII) in the ALGOL Library (Chapter 10). 
The code generated consists in part of 
instructions which store the object time 
add~esses of the two operands (base and 
exponent) in a parameter list in the cur
rent Data Storage Area, in part of a 
calling sequence, which loads the address 
of the parameter list and branches to the 
standard Power function. 

rhis routine generates code, on call 
from Cp69, to implement the arithmetic 
operators +, -, *, and / and the relational 
opera tors <, s, >, ~" =, and * connecting 
two operands, one (or both) of which is 
real (before entry, code will have been 
generated to convert the non-real operand, 
if any). rhe routine also generates code 
to implement an aSSignment, on call from 
CP20 (see "~ssignment statements"). The 
implementation of operators is similar to 
that of the Integer-Integer Routine, as 
regards a~ithmetic as well as relational 
operators, except that floating point reg
isters are used. 

rhis routine implements the power opera
tor connecting a real operand and an inte
ger operand, on call from CP69, by generat
ing a call to the standard Power function 
(Load Modul e IHIFRI or IHIFDI, depending on 
whether the precision of the base is short 
or long) in the ALGOL Library. The code 
generated is similar to that generated by 
the Integer Power Routine (see above). 



rhis r~utiae inplenents the p~~er opera
tor c~nnecting tw~ re~l operands, on call 
from CP69, by generating a call to the 
standard Power function (Load Module IHIFRR 
or IHIFDD, depending ~n whether the preci
sion ~E tne b~se is short or long) in the 
~LG)L Library. rhe c~de geaer~ted is simi
l~r t~ th~t ~ener~ted by the Integer Power 
R~utine (see ~bove). 

Source )perat~r: ) 
St:l.ck Operator: ( 

rhe source oper~tor marks the close of 
:in :irithmetic, boolean or conditional 
expression enclosed by parentheses. rhe 
st:l.ck operator is rele~sed. 

S~urce Oper~tor: Qg!~~ 
St:l.ck Oper~tor: ~g~~, E~ or Eh~ 

Delt~ represents the semic~lon termin~t
in~ :l. declaration or a specification. A 
call is made to the SCHDL subroutine, which 
upd:l.tes the Semicolon 20unt at SCSC and, if 
the rEsr ~pti~a is specified, generates a 
c:l.ll to the FiKed St~raJe ~re~ rRACE rou
tinE. 

Source )perator: Senicolan 
Stack )perat~r: Beta, Pi, Ehi or ~g~in 

rhe ~~~i£Q!QQ marks the end of the first 
stateneat in a black, procedure or compound 
statement. rhe Senicolon is stacked (to 
ensure th~t, if--~-further declaration fol
lo~s, an error will be rec~rded by CP28) 
and the SCHDL subroutine is called (see 
CP24 :l.bove). If the Semicolon was preceded 
by an operand (in whi~case- the operand 
logically represents a call for a paramet
erless procedure), a call is m~de to the 
PLPRsr subroutine (~hich generates the 
appropriate procedure call or records an 
error) :l.nd the operand is released. 

Source Operator: Semicolon, ~E§~!2Q" ~:l::~ orEnd---
Stack Operator: sem!£Q!2Q 

rhe source operator ends a statement in 
a block, a procedure, a for statement or a 
compound statement. If the source operator 
is a Semicolon., the SCHDL subroutine is 
call ed;--otherwis e the Semicolon in the 
stack is released. 

Source Operator: For, Goto, If, [, ( or 
ASSig-n--- --

Stack Operator: Bet~, Pi, Phi 

The source operator identifies the first 
statement in a block or a procedure. A 
~g~~~Q!QQ is stacked to ensure that, if a 
declaration is subsequently encountered, an 
err~r will be recorded by CP28. 

CONrExr SWIrCHING 

Each of the three decision matrices 
(~ppendix ~ specifies the set of compiler 
programs to be entered for all possible 
pairs of s~urce-stack operators within a 
particular context of the source module, 
ideatified as a program context" a state
ment conteKt and an expression context. As 
soon as a change in context occurs 
(signified by one or more critical source 
operators), a corresponding change in deci
sion matrix is indicated. The appropriate 
change in matrix is effected by a partiCU
lar compiler program specified in the cur
rently operative matrix. (See n Decision 
Matrices" in this chapter). After the 
change has been effected, control is in 
every case passed to COMP, which branches 
to the compiler program specified in the 
new matrix for the original operator pair. 

Source Operator: If 
Stack Operator: Assi~ 
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~ change fron program to statement con
text is indicated. The statement context 
Matrix is addressed. 

Source )perator: (~ny arithmetic, logical 
or relational operator) 

Stack Operator: ~~~!IU 

~ cnange from program to expression 
context is indicated. The Expression Con
text ~atrix is addressed. 

Source 8perator: (Any arithnetic, logical 
or relational operator) 

Stack )perator: (See Statement 20ntext 
Matrix) 

~ change fron statenent to expression 
context is indicated. The Expression Con
text Matrix is addressed. 

Source Operator: (See Expression Context 
Matrix -- ~pp. V-c) 

Stack )perator: (See ~xpression 20ntext 
Matrix -- ~pp. V-c) 

~ change fron expression to statement 
context is indicated. The Statement Con
text ~atrix is addressed. 

Source Operator: (See Statement Context 
Matrix -- ~pp. V-b) 

Stack Operator: (See statement Contex:t 
Matrix -- ~pp. V-b) 

~ change fron statenent to program con
text is indicated. The Program context 
Matrix: is add~essed. 
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LOGIC~L ERROR RECOGNITION 

The following compiler p~ograms are 
entered on detection of operator/operand 
sequences ~hich are logically or syntacti
cally incorrect. Their function is 

1. to record the error in the Error Pool; 

2. to s~itch the Compiler to Syntax Check 
Mode (see Chapter 9), or, in one case 
(CP84), to terminate compilation; and 

3. to make appropriate adjustments to the 
operator/Operand Stack, so as to per
mit syntax checking to proceed. 
Errors are recorded by a branch to the 
Error Recording Routine, ~hich also 
s~itches to Syntax Check Mode. 

Source Operator: Arr~~, s~it£h, g! or Rll1 
stack Operator: Theu=~, ~!~~, As~igU or 

Sem!£olQU 

The source operator identifies a dec
laration outside the block head, i.e., 
follo~ing or inside a statement. Error 
No. 166 is recorded and all stack operators 
and operands relating to the statement (if 
any) in ~hich the declaration occurs, are 
released. The declaration ~ill be pro
cessed (syntax checked) by the compiler 
program subsequently entered. 

Source Operator: (See decision matrices 
-- ~ppendix V) 

Stack Operator: (See decision matrices 
-- Appendix V) 

The stack and source operators represent 
an improper operator sequence. Error 
No. 194 or 195 (depending on ~hether the 
operators are separated by an operand) is 
recorded, and the Operator/Operand Stack is 
adjusted, after release of the last stack 
operator and operand (if any), according to 
the next stack operator, to permit syntax 
checking to proceed. 



Source )~er~tor: elta 
St~ck )~erator: <See-1ecision matrices 

-- Appendix V) 

Qg!1~, which normally terminates a dec
laration, h~s been encountered outside the 
block he~1. Error No. 166 is recorded, and 
the )~erator/)perand st~ck is ~1justed to 
permit synt~x checkin~ to proceed. 

Source O~erator: ~!!~y, §~it£h, ~i or Phi 
St~ck Operator: ~gl~~ or 1Q 

A 1eclaration outside a block head has 
been encountered. Error No. 166 is record
e1 ~n1 control p~sse1 to :P4 for syntax 
checking of the declaration. 

Source O~erator: Label Colon 
St~ck )~erator: (See-Program ~ontext 

Matrix -- App. V-a) 

A l~bel has been incorrectly declared 
insi1e a statement. If the Label Oolon was 
preceded by an operand (representing- the 
l~bel), error No. 169 is recorded and the 
1!Qel ~olon an1 the label are disregarded. 
OtherNise, an internal conpil~tion error is 
indicate1; control is passed to ~P84, which 
records error No. 173 and terminates compi
lation. 

Compiler Program No.31 (~P31t 

Source )~erator: (See Program :ontext 
Matrix -- App. V-a) 

Stack )~erator: (see Program :ontext 
Matrix -- App. V-a) 

rhe stack and source operators represent 
an invalid operator sequence in the program 
context. Error No. 160 or 161 is recorded, 
dependin~ on whether the operators are 
separated by an operand, and the Expression 
~ontext Matrix is addressed. 

Source Operator: Else 
Stack Operator: Else 

The conbination Else ••• Else is valid 
only in a conditional-expression (indicated 
if the stack operator above ~!~g is 
~~sig!!). In this case" control is passed 
to CP79; otherwise, control is passed to 
CP75, which records error No. 194 or 195. 

Source Operator: If 
Stack Operator: <See Expression Context 

Matrix -- App. V-c) 

rhe operator combination indicates that 
the openin~ parentheSis which should 
enclose the expression beginning with "IF' 
is missing. Error No. 160 or 161 is 
recorded" and the operator ( is stacked. 

Source Operator: (Any relational operator) 
Stack Operator: (Any relational operator) 

A sequence of relational operators is 
invalid. Error No. 160 or 161 is recorded 
and the operator * is arbitrarily stacked, 
in place of the source operator~ in order 
to permit syntax cheCking to proceed. 

QQ~Ei!~LE!ogram No.75 (CP75) 

Source Operator: (See decision matrices 
-- Appendix V) 

Stack Operator: (See decision matrices 
-- Appendix V) 

The operator sequences represented by 
the stack and source operators is invalid. 
Error No. 194 or 195 is recorded. 

~iler Program No.84 (CP841 

Source Operator: (See decision matrices 
Appendix V) 

Chapter 8: Compilation Phase 163 



Stack ~perator: (See decision matrices 
-- !\.ppendix V) 

rhe invalid operator seq~ence represent
ed by tne stack and source operators indi
cates that the s~urce mod~le contains one 
~r mOre f~ndanental logical defects. Error 
No. 173 is recorded and the Compiler is 
terminated, by exit to CPERR1. 

:ompiler Proqram No.96 (CP86t 

so~rce ~perator: Else 
stack ~perator: If or If-s 

rhe op~rator rh~~ is missing in the 
so~rce text. Error No. 160 or 161 is 
recorded and the operator Ih~~ or !hen-s is 
stacked, in place of ~!2~' 

~2!Q!ler Proqram No.3 (CP3) 

So~rce ~perator 

stack ~perator: 

QmEl! marks the end of the source 
mod~le. Providing the source module is not 
a precompiled proced~re (determined by 
inspection of the HCOMPMOD Control Field
!\.ppendix IV), code is generated to branch 
to the rermination Ro~tine rERMIN in the 
Fixed Stora~e !\.rea. :ontrol is then passed 
to :PEND, the normal exit from IEX51. (See 
ns~bro~tine Pool".) 

The Subroutine Pool, contained in 
Contr~l Section IEK50000 w comprises the 
s~bro~tines used by nost conpiler programs 
in common, as well as a short initializa
tion ro~tine and the scanning and decision
makin~ routines Scan to Next Operator 
(S~~r) and Conpare (:OMP). The latter two 
routines are described in an earlier 
section of this chapter. 

Initialization 

~:!~_~2~~E~~_QE~~!tQ~_lsNQ!t 

::::ompare - (C:>MP) 
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These routines are described elsewhere 
in this Chapter. 

Re-sets a pointer (SOURCE-register 6) to 
address a buffer containing a new record of 
the Modification Level 2 text and RE!\.Ds a 
further record from SYSUT2 into the alter
nate buffer. Called by SNOT" CP4, CPS1, 
and CP66 on recognition of the record-end 
character ~~!. 

Increments a pointer (AOPTABE) ~y 14 
bytes to address the next entry ~n the 
:>ptimization Table, and re-sets the pointer 
to a new record where the end of the 
current rec~rd has been reached. Called by 
CP40, CP47, and CP49, when the Optimization 
Table is being searched for subscript 
expressions to be optimized in a for state
ment. 

Stores an error pattern in the Error 
Pool and sets the Syntax Check Mode switch 
on in the HCOMPMOD Control Field" on call 
from most compiler programs and subrou
tines. rhe error pattern is described in 
Chapter 9. There are five entry points" 
depending on the length of source text to 
be included in the ultimate diagnostic 
message. 

3enerates code to call the Fixed Storage 
!\.rea routine CNVIRD (Which converts an 
integer operand to real form in floating 
point register 0) and modifies the stack 
operand to represent a real operand con
tained in ~PRO. Called by CP20, CP47, 
Cp61, CP69 and CP79. 

£Q~yg~sion Real-Integer (TRREIN) 

3enerates code to call the Fixed Storage 
!\.rea routine CNVRDI (which cOnverts a real 
operand to integer form in fixed point 
register STH). Called by CP20" CP36, CP38, 
and CPS1. 



Constructs TKT and RLD records of object 
~odule instructions specified by the call
in:!' co~piler pro;Jram, and outputs the 
records on the S~SLI~ and/or S~SPU~CH data 
sets, dependin;J on the options (LOAD and/or 
DECK) specified. The calling sequence in 
the callin;J compiler program is of the form 

BAL I~F)R~, 3E~TXr4(O,SBR) 

<~-byte object instruction> 

where INFORM (re;Jister 2) loads the address 
of the object instruction to be generated. 

rhere are seven entry points (GE~TXT2, 
3E~TKT4, GENTXr6, 3ENTXTS, 3ENTXTP2, 
3ENTxrp4, and GENRLD), each entry point 
correspondin:!, to a particular instruction 
length. 3ENTKTP2 and GENTKTP4 are used for 
floatin;J point instructions. 3ENTXTS is 
used for object code sequences of varying 
length. The call to 3E~TXTS is of the form 

LA INFORM, <Label of instruction 
sequence> 
B~L LE~3TH~ 3ENTXTS(O,SER) 
DC H 'Length of instruction sequence' 

rhe 3ENERATE subroutine is also included 
in the Scan 1111 and Scan III Phases (IEX1l 
and IEK30). 

3enerates code (by calling R)UrIN13 and 
R)UrI~~9) to store fixed pOint and floating 
point registers currently in use in the 
Object nodule, and updates the object time 
re;Jister control fields (Figures 56 and 
57), Called by CPO, CP1, CP8, CP34. CP38, 
CP40, CP57, CP61, CP64, and CPBO. 

Inspects the stack operand addressed by 
OPDK (re;Jister 3) to determine if the 
operand represents a formal parameter or a 
parameterless procedure and generates code 
as folloilTs: 

Formal parameter 
called by name 

For~al parameter 
label called by 
lTalue 

Store occupied registers. 
Branch to actual paramet
er code sequence (see 
Figure 63). 
Load ADR with label 
address (contained in 
formal parameter's Data 

Formal parameter 
array called by 
value 

Parameterless 
procedure 

storage Area field speci
fied in the stack 
operand). 
Load ADR with address of 
array (contained in 
formal parameter's Data 
storage Area field speci
fied in the stack 
operand). Load GDSA with 
Data storage Area base 
address. 
store occupied registers. 
Call procedure (see Fig
ure 63). 

No code is generated if the operand is 
not a formal parameter or a parameterless 
procedure. 

)PDREC is called by CP12, CP20. 
CP36, CP3B, CP40, CP41, CP45, CP47, 
CP51, CP57, CP59, CP61, CP62, CP69, 
CP77, CP78, CP79, and CP87. 

CP30, 
CP49, 
CP76, 

Records the current lTalue of the dis
placement pointer P (register B) in the 
Program Block Table III entry (Figure 60) 
corresponding to the Program Block Number 
of the current block or procedure, if the 
value of P exceeds the displacement record
ed. This records the size required, up to 
the particular point, for the block's or 
procedure's object-time Data storage Area .• 

semicolQn Handling (SCHDL) 

Updates the semicolon count (by storing 
at SCSC the semicolon number following a 
semicolon or Delta operator) and, if the 
TEST--option is-speCified, generates a 
branch to the Fixed storage Area TRACE 
routine (:hapter 10). Called by CP23, 
CP24, CP25, CP2B, CP54, and CP59 on detec
tion of the ~~~olon or ~ operator. 

Inspects a non-address operand in the 
Stack an.d; stores the operand's baSe reg
ister' number (6 or 7) and displacement at 
VPL~CE and WPLACE, respectively. Generates 
a load instruction to load GDSA (register 
6) ~ith the appropriate Data Storage Area 
base address if the operand's storage field 
is contained in a Data Storage Area other 
than that current~y addressed by CDSA or 
GDSA. Called by most compiler programs 
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preparatory to editing an object code 
instruction. 

Gener~tes code to load an address oper
and into a floating-point register. 
~djusts the stack ~perand and the object
time register control fields (Figure 57). 
Called by CP63, CP69, and CP87. 

Inspects an address operand in the Stack 
and stores the operand's register number 
(9-~DR) and displacenent (0) ~t VPLACE and 
NPL~CE, respectively. Generates a load 
ins.truction, if the address is not in ADR, 
~nj upd~tes the object-time register 
control field (Figure 56). C~lled by a 
l~rge number of compiler programs. 

~ener~tes code to load a non-address 
operand into a fl~ating-point register. 
~djusts tne stack operand and the object
time register c~ntr~l fields (Figure 57). 
C~llej by CP63, CP69, and CP87. 

~ener~tes code to load a non-address 
operand into a general purpose register. 
~djusts tne stack operand and the object
time register c~ntrol fields (Figure 56). 
C~llej by CP63~ CP69, and CP87. 

Generates code to l~ad ~n address 
~per~nj into ~ gener~l purpose register. 
~djusts the stack ~perand and upd~tes the 
object-time register control fields (Figure 
56). Called by CP63, CP69, and CP87. 

Reserves an ~bject-tine gener~l purpose 
register ~nd c~lls R~UTINE9, which gener-
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ates a store instruction if the register is 
in use. 

Releases the last reserved general pur
pose register as well as the related Data 
storage ~rea field. 

3enerates code to store a general pur
pose register and adjusts the stack oper
and. 

3enerates code to store the contents of 
~DR and adjusts the stack operand. Called 
by CP69 and CP87. 

Reserves ~ floating-point register and 
c~lls ROUTIN13, which generates a store 
instruction if the register is in use. 
Reserves a storage field for the register 
and updates the object-time register con
trol fields (Figure 57). 

Releases the last reserved floating
point register and the related Data storage 
~re~ field. 

ROUrIN13 

3enerates code to store a floating-point 
register and adjusts the stack operand. 
Called by CP69. 



BQ!H'.!tlH 

Generates code to store Flo~ting Point 
Register D ~ni adjusts the stack operand. 
:alled by CP61, CP69, and CP87. 

Inspects the stack operand and stores 
the operand's base register (CDSA-6 or 
3DSA-7) and displacement at VPLA:E and 
NPLA2E, respectively. Called by several 
compiler programs preparatory to editing an 
object code instruction. 

2all,d at entry to or ex:it from a block 
or procedure. Stores the current Data 
Stor~ge Area displacement value in register 
P in the Program Block rable III entry of 
the block exited and re-loads P ~ith the 
iisplacement contained in the entry for the 
entered block. Called by CPO. CP4, and 
CP16. 

f!£~~!erless Proced~re statement (p~EB~rl 

Inspects the stack operand to determine 
if tbe operand is a parameterless 
procedure, and if so, generates a call to 
the procedure (see Figure 63). In any 
otber c~se, error NO. 183 or 187 is record
ed. 

rER~I~Arlj~ PHASE (IEX51) 

rbe rermination Phase represents a logi
cal extension of the :ompilation Phase but 
constitutes a seperate load module (IEX51) 
~hich is loaded and executed (by X2TL in 
IEX50) in succession to the 20mpilation 
Phase. 

rhe main functions of the Termination 
Pb~se ~re: 

1. ro construct Program Block Table IV 
(PBrAB4) and the Data Set Table 
(DSl'AB). 

2. ro generate l'XT ~nd RL) records of the 
object Label Addressl'able (LAT), Pro
gr~m Block Table (PBT), and Data set 
rable (DSrAB). 

3. ro generate ESD 
Library procedures 
source nodule. 

records for 
called in 

all 
the 

4. ro generate RLD records and an ESD 
record for the Address Table, contain
ing the relative addresses of the 
object time Program Block, and Label 
Address l'ables and of the entry point 
of the object module. 

5. To print a statement of object time 
storage requirements (unless an error 
has been recorded). 

6. To print diagnostic messages for the 
record errors, if any. 

7. ro return control to the Final Exit 
Routine in the Directory. 

The foregoing fUnctions are discussed 
below under appropriate headings, in the 
approximate order in ~hich the functions 
are performed in the Termination Phase. 

program Block Table IV (PBTAB4) is con
str~cted from Program Block Table III 
(PBl'AB3), transmitted from the Compilation 
Phase via the Common Work Area. PBTAB3 is 
described in this chapter under nPhase 
Initializationn (see also Figure 60). 

The Termination Phase constructs PBTAB4 
by copying each four-byte entry of PBTAB3 
into a new eight-byte entry, the first four 
bytes of ~hich are reserved for the object 
time address of each block's or procedure's 
Data Storage Area, or for the entry point 
of a code procedure. The content of the 
PBTAB4 entry is identical with that of the 
object time pro9ram Block Table (PBT) (see 
chapter 11 and F1gures 84 and 83) except 
for the first four bytes, which are filled 
in at object time only. 

After construction of PBTAB4" TXT 
records of the table are generated. In 
addition, RL) records are generated for the 
address of Constant Pool No. 0 in the 
first entry (and for any other Constant 
Pool(s) in the last entries) of PBTAB3. 

Label Address~ble (LAT) 

The compile time Label Address Table 
(LAr), first constructed at initialization 
of the compilation Phase, is transmitted to 
the l'ermination Phase in main storage. The 
table is described elsewhere in this chap-
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ter (see nPhase Initialization" and Figure 
59), 

The Terninati~n Phase generates TXT and 
RLO rec~rds of the Label Address rable. By 
virtue of the RLD records generated, the 
rel~tive addresses of declared labels, 
switches, and procedures, as well as 
Conpiler-~enerated branch addresses, are 
tr~nsl~ted to absolute addresses in the 
object time Label ~ddress Table (see "Label 
~iiress r~ble" in Chapter 11 and Figures 85 
and 83). 

for each ~f the standard II) procedures 
~nd m~themati~al functions called in the 
source nodule, an E5D record is generated. 
The st~ni~ri II) ~rocedures and mathemati
cal fun~tions called in the source module 
are identified by a 0 in bit 0 of the first 
28 full-words of the Label Address Table 
(for any standard ~r~cedure not called, bit 
o in the corresponding full-word is equal 
to 1). The E5D record generated contains 
the name of the ~L:;~L Library module" 
obtained from a c~rres~onding entry in one 
~f two tables (SHRT~B Dr LN:;T~B), depending 
On the precision specified. rhe address of 
the standard procedure in the object module 
is stored by the control program in the 
=orresponding full-word of the object time 
Label ~ddress Table. ~p~endix III lists 
the internal names of all standard proce
dures, in which the displacement of the 
=orrespondin~ Label ~ddress Table entry is 
specified. 

Qata S~t Table (DST~B) 

rhe object time )ata 
structed in the Ternination 
=ribei in Chapter 11 (see 
and 83). 

Set rabIe, con
Phase, is des
also Figures 86 

The Termination Phase constructs a 
36-byte entry for data sets Nos. 0 and 1 
and for every other data set for which an 
~bje~t time input, output andlor 5YSACr 
operation is specified in ~he I/) Table 
(Figure 64). A 28-byte entry (called the 
PUr/GET Control Field) is also constructed 
at the end of the table, if a pur or GET 
oper~tion 1.s specified for any of the data 
sets. The first full word (APGCF) in the 
o~t~ Set Table c~ntains the address of the 
pur/3Er Control Field or, if the latter is 
not present, the address of the first byte 
followin~ the end of the table (in the 
latter case, bit 0 in the first byte of 
AP3CF is set=l). 

rhe symbolic 'names and function of the 
various fields in the data set entry are 
indic~ted in Figure 86. The following list 
sh~ws the initial contents of each field in 

168 

the entry after the Data Set Table has been 
constructed in the.Termination Phase. 

£::h~g_NaID~ 
AOCB 
R 
RE 
NBB 
BS 
S 
P 
K 
Q 
OSF 
NOrEADR 
BL 
DSF 

]ytes 
0-3 
4-7 
8-11 

12-15 
16-19 
20-21 
22-23 

24 
25 

26-27 
28-31 
32-33 
34-35 

Initial Setting 
o 
o 
o 
o 
o 
1 

80 
2 
o 

(see below) 
o 
o 

(copy of bytes 
26-27 -- see 
below) 

The settings of the 2-byte DSF field 
depend on the data specified for the data 
set in the IIO Table (IOTAB -- Figure 64), 
as follows: 

J~r~~_~Qgcifi~~: 
No output, SYSACT 4/13 

DSF setting 
X'OOOO' 

or 5YSACT - undetermined 
~utput, but no input., 

SYSACr 4/13 or 
SYSACT - undetermined 

SYSACr 4/13 or SYSACT. 
undetermined. but 
no output 

Input and Output or SYSACT 
4/13 ~r SYSACT -
undetermined and Output 

X'2000' 

X'4000' 

X'4200' 

The symbolic names and function of the 
various fields in the PUT/GET Control Field 
are indicated in Figure 86. The following 
list shows the initial contents of each 
field in the PUT/3ET Control Field as 
inserted by the Termination Phase. 

pur/GET. Control Field (28 bytes) 

Fiela Nam~ 
ADCB 
R 
RE 
BB 
BE 
NOrEADR 
S 
rYP 
PG 

~t~~ 
0-3 
4-7 
8-11 

12-15 
16-19 
20-23 
24-25 

26 
27 

I!!itial ~~tti!1g 
o 
o 
o 
o 

2048 
o 
o 
o 
o 

~fter construction of the Data Set 
rable. rxr records of the table are 
generated. The position of the Data Set 
r~ble in the object module is indicated in 
Figure 83. 



Address Table and END Record 

The Termination Phase 
address table containing 
relative address constants: 

constructs an 
the follmving 

Address of Program Block Table (PET) 

Address of Label Address Table (LAT) 

Address of first instruction in the 
generated object module (following 
the end of Constant Pool 0) 

The relative addresses are obtained from 
the Object module displacement (length) 
pointer (PRPOINT), augmented, where 
appropriate, by the length of the preceding 
table (see Figure 83). An ESD record for 
the Address Table, and RLD records for the 
three address constants, are generated. 

The relative address of the entry point 
(IHIFSAIN) in the combined object module 
(the Fixed storage Area Initialization 
routine) is recorded in the END record and 
in an ESD record. The relative address is 
obtained by adding a known displacement tc 
the object module displacement pointer. 

Statement of Object Time Storage 
Reguirements 

A statement is printed of the rrain 
storage required by the object module, 

unless a compile time error was detected in 
IEX40, IEX50, or IEX51. The printed state
ment, discussed in the ALGOL Programmers 
Guide, indicates the length cf the generat
ed instructions, the Constant Pool(s) and 
the Data Storage Area required by each 
block and procedure (attained from PBTAB4). 

Diagnostic output 

Diagnostic 
errors, if any, 
or IEX51 are 
Message Editing 

messages reflecting the 
recorded in IEX40, IEX50, 
printed out ty the Error 
Routine (see Chapter 9). 

End of Compilation 

At the close of compilation, the Corrrron 
Area of main storage is released and con
trol is passed (by a RETURN rracrc) to the 
Final Exit Routine in the Directory 
(Chapter 2). 
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CHAPTER 9: COMPILE TIME ERROR DETECTION AND DIAGNOSTIC OUTPUT 

The 20npiler detects syntactic~l or 10J
ic~l errors in the soarce modale as well as 
procedural errors involving Compiler 
options ~nj DD statements. In addition, 
the 20npiler may be ternin~tej ~s a result 
of proJr~m interrupts, unrecoverable I/O 
errors, and unopened data sets. 

~n error is recordei by the operative 
phase in the forn of an error pattern, 
stored in the Error Pool. The recorded 
error patterns are processed and di~Jnostic 
ness~Jes printed out by the Error Message 
Editing routine in e~ch of Lo~~ Modules 
lEX21, lEX31, and IEXSI. (See "Diagnostic 
Output"). 

Every error detected by the Compiler (or 
occurrinJ during compilation) is identified 
with one ot three deJrees of severity. 
~ccording to the severity of e~ch detected 
error, the Compiler m~y: 

1. 20ntinue normal processing and compi
lation; 

2. rerminate object code gener~tion, but 
continue to scan the source module for 
other errors; or 

3. rerminate all processing immediately 
ifter dia~nostic messages have been 
printed out for errors recorded in the 
Error Pool. 

rhe de~ree of severity of each detected 
error is indicated by the severity code (W, 
S, or r) in the printed diagnostic message. 

The diagnostic messages printed out for 
I all detected errors are listed in OS ALGOL 

Programmer's Guide. Appendix F in this manual 
lists the errors detected in each of the 
several phases. 

~~RNIN3 ERRORS (SE~ERlr~ C8DE N) 

~ wirninJ error (code w) constitutes a 
(normally) minor syntactical defect or pro
cedur~l error. Where an error of this kind 
is ietected, the 20mpiler takes action to 
disregard, correct, or otherwise compensate 
for the en.-or. Exce?t for such corrective 
iction, tne detection of a warning error 
has no effect on the subse~uent processing 
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and compilation action of the Compiler" 
unless a serious or terminating error is 
subseguently detected. The detection of 
warning errors is confined to the Initiali
zation, Scan I/II~ and Scan III Pases. 

SERI8US ERRORS (SEVERITY CODE S) 

~ serious error (Code S) represents a 
serious logical or syntactical defect in 
the source module, that cannot be disre
garded or corrected by the Compiler with
out. in most cases. making an arbitrary 
assumption concerning the logic of the 
source nodule. When a serious error is 
det3cted. the Compiler enters Syntax Check 
Mode. In this mode of operation, all 
obj3ct code Jeneration is terminated, but 
the search continues, until a terminating 
error occurs, for other possible defects in 
the source nodule. Entry to Syntax Check 
Mode is specified by the CMT switch in the 
HCOMPMOD Control Field (Appendix IV). 

Entry to Syntax Check Mode has the 
following effects in the several phases. 

~~~~_-I~II __ Eha~~I~~ll): Processing is 
unaffected, except that~ where a formal 
parameter is unspecified (a serious error), 
the parameter is assigned an all-purpose 
internal nane in the Identifier Table# so 
as to enable syntax checking functions to 
proceed in the later phases. 

IQ~~tifi~£ ___ TaQl~ ____ ~~i2~1~!iQ~ ____ Eh~2~ 
lIEK~Ql~ Processing is in no way affected. 

Scan III Phase (IEX30): All processing 
involvin~-the-subscript-Table is terminated 
and the storage of constants in the Con
stant Pool is inhibited, but the search for 
faults and errors in the source module 
continues. Undefined identifiers and 
defective constants are replaced~ in the 
r-lodification Level 2 text., by all- purpose 
internal nanes. 

£ub~££iEt __ ~anglinq __ Eh~~~ __ lI~~~Ql~ All 
processing is inhibited, and control is 
passed directly to the Compilation Phase. 

~Q~~ilation Phase (IEX50): The generation 
of object code is terminated. The stacking 
and inspection of operators and operands 
continues, however., to permit the ::ietection 
of further syntactical or logical errors. 



Termination Phase (IEX51): Processing is 
limited to the construction of the Data set 
Table. All generation of TXT and RLD 
records for object time tables is inhibit
ed. 

TERMINATING ERRORS (SEVERITY CODE T) 

Terminating errors include (a) logical 
or syntactical defects 1n the source 
module, whose presence severely prejudices 
the subsequent interpretation of the logic 
of the source module; (b) logical errors in 
the Compiler; (c) mechanical or logical 
defects involving data sets; (d) errors 
identified with the exhaustion of work 
areas owing to the length or complexity of 
the source text; and (e) errors arising 
from the defective invokation of the Com
piler. 

When a terminating error is detected (or 
occurs), all processing and/or compilation 
is immediately suspended and the Compiler 
is terminated after the recorded error(s) 
have been processed; more specifically, on 
detection of a terminating error, the oper
ative phase stores an appropriate error 
pattern in the Error Pool and then passes 
control (by XCTL) to the next successive 
Diagnostic Output Module (IEX21, IEX31, or 
IEX51). The latter prints out diagnostic 
messages for the error(s) recorded in the 
Error Pool, and exits to the terminating 
routine in the Te~lllination Phase. The 
detection of a terminating error is reg
istered in the operative phase by means of 
the TERR switch in the HCOMPMOD Control 
Field. 

DIAGNOSTIC OUTPUT 

The Error Message Editing routine edits 
the error patterns stored by the several 
phases in the Error Pool, and prints out 
diagnostic messages on the SYSPRINT data 
set by calling the PRINT subroutine in the 
Directory. 

The routine is normally executed at 
three points in the course of compilation: 

l- After execution of the Identifier 
Table Manipulation phase 

2. After execution of the Scan III phase 

3. After execution of the Compilation 
phase. 

The Error Message Editing routine con
stitutes a control section, named lEX60000, 

of the three load modules IEX21, IEX31, and 
IEX51. Figure 74 indicates the composition 
and execution sequence of Load Modules 
IEX21, lEX31, and IEX51. 

In addition to the Error Message Editing 
routine, each module contains a control 
section comprising a Message Peol. The 
Message Pool in each load module contains 
an entry for each type of error that may be 
edited in the particular editing phase. 
The entries govern the composition of the 
messages printed out. 

The Error Pool containing recorded error 
patterns is transmitted between phases in 
rrain storage. 

When all error patterns have been pro
cessed, the Error Message Editing routine 
transfers control to the next phase in 
sequence, unless a terminating error is 
identified (indicated ty the TERR switch in 
the HCOMPMOD Control Field). In the latter 
case, control is passed directly to the 
terminating routine in the Termination 
Phase (IEX51>. 

RETURN 

IEX51000 

IEX6000Q 

IEX51002 

Initialization Pllose 

5"",1/11_ 

Scan 111 Pnase 

ElTOrMe.ssage 
Editing Routine 

Obiect time table 
outp.!t 

Message Pool 

Error Messoge 
Editing Program 

Termination Routine 

Figure 74. Composition and execution 
sequence of Load Modules lEX21, 
IEX31, and IEX51" containing 
the Error Message Editing Rou
tine (IEX60000) 
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ERROR POOL 

The Error Pool is an area of ~ain 
storage acquired by the Initialization 
Phase (IEX10), and used by all phases in 
common for the storage of error patterns. 

o 1 2 4 

r--------T------T----------T--------------l 
I <Length> I <Error I <Semicolon I <Source Text> I 
I I No.> I Count> I (variable) I 
~ _______ L ______ ~ _________ -L ______________ J 

Figure 75. Error pattern stored in Error 
Pool 

The length of the error pattern is 
variable but is in no case less than four 
bytes. The error number identifies the 
error detected. 

The semicolon count represents the nurr
ber of the semicolon preceding the state
ment in which the error was detected, 
counted from the first semicolon in the 
source module. The error pattern mayor 
may not contain characters found in the 
source module. If it does, the source text 
may consist of a maximum of six characters 
of an erroneous identifier or an erroneous 
delimiter, a maximum of twelve digits of a 
constant, one or two delimiters, or a 
maximum of 16 EBCDIC characters. In all 
cases except the last, the source text 
stored in the error pattern is in the forrr 
of the internal code (Appendices I-b and 
I-c); valid delimiters are represented by 
single one-byte symbols. When the error 
message is edited and printed out, the 
source text (if any) is translated back to 
the external code, delimiters being rep
resented by one or more characters accord
ing to their original representation in the 
SOUrce module. 

MESSAGE POOL 

The Message Pool contains a set of 
variable length entries, which govern the 
editing of each message printed out by the 
Error Message Editing routine. 

The Message Pool forms a control section 
of the three load modules containing the 

o 1 2 5 

Error Message Editing reutine. In the 
normal chronological order in which the 
three modules are loaded, the control sec
tions containing the Message Pool are 
IEX21MOO, IEX31MOO, and IEX51MOO. The 
entries in the Message Pool vary bet~een 
control sections. 

Figure 76 indicates the content of the 
entries in the Message Peal. 

The length of the Message Pool entry is 
variable, depending on the number of Inser
tion Codes contained in the entry and cn 
the message text. The entry may contain no 
Insertion Code, or it may contain one or 
rrore Insertion Codes up to a maximum of 
five. The actual number of Insertion Cedes 
in the entry is specified in the second 
byte of the entry. The Insertion codes, 
each of which occupy three bytes, are 
described below. 

The severity code (W, S, or T) specifies 
the seriousness of the particular errcr. 
See "Error Detection". 

The last bytes in the Message Pool entry 
contain the text of the rressage that is 
printed out fer the particular error 
detected in the source module. 'I'he message 
is stored in EBCDIC characters. Where an 
error pattern contains source text, the 
source text is inserted in the apprepriate 
placets) in the printed message. The 
insertion of source text is ccntrolled by 
the Insertion Codes in the Message Pool 
entry. 

8 

Figure 77 indicates the composition of 
the Insertion Code in the Message Pool 
entry. 

o 1 2 3 
r------T------------T--------T------------, 
IActionlsource text ILength IMessage text I 
Icode I displacement I of mess-I displacement I 
I I I age text I I L ______ ~ ____________ ~ ________ ~ ____________ J 

Figure 77. Three-byte Insertion Code in 
the Message Pool entry (see 
Figure 76) 

The Action Code in the first four bits 
specifies one of five alternative routines 
which handle the transfer (and, where 
required, translation) of rressage or seurce 

N N+l 
r--------T-----------r-----------T-----------r----T----------r--------------------------, 
I<Length>l<Insertion I<Insertion I<Insertion I I<Severity I <Message Text> I 
I I Code I Code> I Code> I I Code> I (variable length) I 
I I Count> I (see I I I I (N=2 if no Insertion Code I 
I I I Figure 77) I I I I in entry) I L ________ ~ ___________ ~ ___________ ~ ___________ ~ ____ ~ __________ L-_________________________ J ~ 

Figure 76. Message Pool entry ~ 
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text to a work area where the error message 
is assembled before being output on the 
SYSPRINT data set. There are five Action 
Codes: 

1111 

1000 

0100 

New Line (COT37) 

The work area pointer (named WPT 
AREA) is shifted to the first posi
tion in the work area field that 
represents a new print line. 

Move Source Text (COT07) 

The source text is transferred from 
the error pattern (in the Error 
Pool) to the next free byte in the 
work area, specified by the work 
area pointer. The location of the 
source text in the error pattern is 
specified by the displacement data 
contained in the second four bits 
of the Insertion Code (in this 
case, the displacement is invaria
bly four bytes - - see Figure 74). 
The length of the source text is 
computed from the length indicator 
in the error pattern, minus four. 
Action Code 1000 is used mainly in 
connection with errors involving 
parameter options. When such an 
error is detected, the pararreter 
name (e.g. DDname) is stored in 
the error pattern in lieu of source 
text. Since the parameter name is 
never translated to internal code, 
the transfer of the source text to 
the work area calls for no transla
tion. 

Move ALGOL Delimiter (COT10) 

The one-byte ALGOL symbol in the 
error pattern ~ource text field is 
converted to its external word forrr 
representation and transferred to 
the next free byte in the Work 
Area, speeified by the Work Area 
pointer. The location of the one
byte symbol in the error pattern is 
specified by the displacement data 
in the second four bits of the 
Insertion Code. The displacement 
of the·symbol in the error pattern 
may be four or five tytes. In some 
cases, the source text may consist 
of a single one-byte ALGOL symbol, 
and accordingly, the displacerrent 
will be four bytes. In other 
cases, the text may consist of two 
delimiter words (represented by twc 
one-byte symbols in the error 
pattern) which are to be inserted 
in different positions in the 
output message. In the latter 
case, the transfer of the delimiter 

0010 

words to their apprq:riate lcca
tions in the work area is governed 
by two separate Insertion Ccdes 
(separated by one or more others), 
bot!. specifying the 0100 Action 
Code. In the first Insertion Code, 
the displacement of the first sym
bol in the error pattern will be 
specified as four bytes, while in 
the second, the displacement of the 
second symbol in the errcr pattern 
will be specified as five bytes. 

Translation of a one-byte ALGOL 
symbol to its external representa
tion is accomplished with the aid 
of two tables, named WSYMBSTK and 
WORDSEBC (or WSYMBSRC and WORDSISO, 
if the external character set spec
ified is ISO). The tables named 
WSYMBS'fK and WSYMBSRC ccntain a 
list of all one-byte internal sym
bols of ALGOL delimiters, together 
with the displacement addresses of 
corresponding entries in the WORD
SEBC (or WORDSISO) table. The 
WORDSEBC and WORDSISO tables both 
contain a list of the external 
representations of ALGOL delimi
ters, and the character code in 
both tables is the EBCDIC code. 
The tables differ only to the 
extent that certain delimiters are 
represented in one table by syrrbols 
and in the other by whole words. 
Thus, for exarrple, the relaticnal 
operators < and > are represented 
in the WORDSEBC table as < and > 
while in the WORDSISC table they 
are represented as 'LESS' and 
'GREATER'. The translation cf a 
given internal symbol is obtained 
by first finding the entry in the 
WSYMBSTK (or WSYMBSRC) table con
taining the identical symbol and 
then taking the external transla
tion from the entry in the WORDSEBC 
or WORDSISO table, specified by the 
indicated displacement address in 
the entry. The particular table 
used is governed by the SET60 
switch in the HCOMPMO~ Contrcl 
Field. 

Move and Translate Source 
(COT33) 

Text 

The source text (displacement: four 
bytes in error pattern; length: 
length - 4) is transferred to the 
next free byte in the work area 
specified ty the work area pointer, 
and translated to EBCDIC represen
tation. The translation is accom
plished by means of a TRANSLATE 
instruction, specifying the trans
lation table named WIN~EBC. 

Chapter 9: Compile-Time Error Detection and Error Editing 173 



Page of GY33-BOOO-O 

Revised January 15, 1972 
By TNL GN33-8129 

o 3 6 7 9 10 12 17 20 
r---T--------T-T--~---T--T----------T---T------------------------, 
IIEXI<MessageIIlbbl<s>lbbl<Semicolonlbbbl<Text> (variable length) I 
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Figure 78. Format of the printed error message 

0000 Move Partial Message Text (COT30) 

A segment of the message text in 
the Message Pool entry, specified 
by the length and displacement data 
in the second and third bytes of 
the Insertion Code, is transferred 
to the work area. 

As indicated above, the Message Pool 
entries may contain up to a maximum of five 
Insertion Codes or they may contain no 
Insertion Code at all. If the error rres
sage to be printed out occupies more than 
one printed line, or if the error message 
includes message text as well as source 
text, the assembly of the message in the 
work area consists of several individual 
transfers or editing actions, specified by 
a corresponding number of Insertion CodeS 
in the Message Pool entry. The Insertion 
Codes are preset with the correct text 
lengths and displacements, to insure that 
the text is divided at the appropriate 
places where source text is to be inserted, 
or where a new line is to be started. 

If, however, the error message consists 
entirely of message text occupying not more 
than a single line, the assembly of an 
error message involves only a single trans
fer operation. In this case, the Message 
Pool entry contains no Insertion Code, and 
the Message Pool entry in effect specifies 
a sixth editing action, handled by the Move 
Full Message Text routine (COT31). This 
routine transfers the entire message text, 
consisting of no more than a full line, 
from the Message Pool entry, to the work 
area. Since the entry contains no Inser
tion Code, the displacement of the text in 
the entry is invariably three bytes, and 
the text length is given by the entry 
,length, less three (see Figure 76). 

ERROR MESSAGE 

The format of the printed error message 
is indicated in Figure 784 

The significance of the various symbols in 
the figure is as follows: 
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lEX 

Message No. 

I 

bb 

S 

Serricolon 
Count 

Text 

(The narre of the ALGOL 
Compiler) identifies the 
program generating the rres
sage. 

The number of the error 
detected. 

Signifies that the message 
is informative only and 
requires no response on the 
part of the operator. 

Indicates blank space. 

The Severity Code, which 
may be W" S,' or T. 

The number of the semicolon 
preceding the statement or 
declaration in which the 
error was detected. 

The message text (and 
source text, if any) " des
cribing the error detected. 

A list of the cumpile time error messa
ges generated by the Compiler is provided 

lin OS ALGOL Programmer's Guide. Appendix F 
in this manual lists the errors detected in 
eaoh of the several phases. 

LOGIC OF THE ERROR MESSAGE EDITING ROUTINE 

The logical flow of the Error Message 
Editing routine is outlined in Flowcharts 
040-043 in the Flowchart Section. 

Error patterns are processed in 
sequence. With the aid of the error number 
in the second byte of the error pattern and 
an address table" the corresponding Message 
Pool entry is found. 

A test is made of the Insertion Ccde 
Count (COT31) in the Message Pool entry 
(Byte 1). If the count is zero (indicating 
that the entry contains no Insertion 
Codes), the Move Full Message 'Iext routine 
is activated. If the Insertion Code count 
is not zero, the count is loaded into a 
register, and the Action Code in the first 
Insertion Code is tested. The appropriate 
routine corresponding to the Action Code 

( 



(COT06) is then activated. After execution 
of the routine, the Insertion Code count is 
decreased by 1, and if the count is still 
nonzero, the next Insertion Code in the 
Message Pool entry is inspected and the 
routine specified by the Action Code is 
activated. This procedure is repeated 
until the Insertion Code count has been 
reduced to zero. 

When the diagnostic message has been 
completely assembled in the Work Area, the 
entire message is processed by a TRANSLATE 
instruction, using a translation table 
named WEBCDIC. This translation operation 
is designed to enable the user to make 
desired character substitutions, that is, 
to replace certain characters in the stand
ard EBCDIC character set by alternative 
optional characters. Until changed by the 

user, the translation table reflects the 
standard EBCDIC code, and the translation 
is equivalent to a straight EBCDIC tc 
EBCDIC translation, having no effect on the 
diagnostic message. 

The message is printed cut cn SYSPRINT 
by call to the PRINT subroutine in the 
Directory. Before PRIN'I is called, a test 
is made of the PRT switch in the HCOMPMOD 
Control Field to determine if the printer 
is operative. If the printer.is nct opera
tive, diagnostic message No. 210 is print
ed out on the console typewriter, and 
control is passed to the Compiler termina
tion routine (IEX51002). In the event a 
program interrupt occurs during execution 
of control section IEX60000, diagnostic 
message no. 211 is printed cut and the 
Compiler is terminated. 
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CHAPTER 10: ALGOL LIBRARY 

The ALGoL Library is a partitioned data 
set named SYS1.ALGLIB. The Library con
sists of the following principal compo
nents. 

1. The Fixed storage Area, containing 
administrative routines and a pre
assembled work area required by the 
object module. 

2. I/O procedures 

3. Ivlathematical standard functions 

The Fixed storage Area and those I/O 
procedures and standard functions which are 
called in the source module, are linked to 
the object module by the Linkage Editor to 
form an executable load module. 

This chapter also describes the Object 
Time Error routine, which is not part of 
the ALGOL Library, but forms a module of 
the SYS1.LINKLIB data set. The Error 
routine, whose function is to record object 
time errors, is loaded only if and when an 
error is detected during execution of the 
object program. 

FIXED STORAGE AREA (IHIFSA) 

The Fixed Storage Area is a single 
module (IHIFSA) containing housekeeping 
routines, a Cornmon Data Area, and routines 
for conversion between real and integer 
representation. The housekeeping routines 
perform the functions of initialization and 
terrninination, acquiring and releasing Data 
Storage Areas at entry to, and exit from, 
blocks and procedures, and branching 
between segments of generated code when 
procedures and actual parameters are 
called. The Common Data Area contains 
address constants and working tables ref
erenced by the object module. 

COMMON DATA AREA 

The principal fields used by the object 
module in the Cornmon Data Area are: 

1. Two register save areas of 72 bytes 
each. 

2. Address constants, including: 
Pointers to the top and bottom of the 
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Return Address Stack (RAS) and to 
the last entries in the upper and 
lower sections of the Stack 

The address of the Data Set Table 
COSTAB) 

The address of the Note Table (NOTTAB) 
The address of a locaticn (FCTVAIST) 

where values of user-defined type 
procedures are stored. 

The Return Address 
Table, and Note Table 
Chapter 11. 

Stack, Data Set 
are described in 

3. Counters, switches and stcrage lcca
tions, including: 

Program Block Number Counter 
(PROIPBN) • 

Semicolon counter (SCRCS) 
option switches (OPTSW)-see Chapter 

11. 
Storage location for 

defined type 
(FCTVAIST) • 

values of user
procedures 

Program Block Number Counter 
(PROIPBN) • 

4. Branch Instruction Table. The table 
consists of a set of branch 
instructions to routines in the Fixed 
Storage Area. The table is designed 
to permit deletions or changes in the 
Fixed Storage Area, without necessi
tating a multiplicity of correcticns 
to addresses in the object code. The 
relevant branch instruction in the 
table is executed whenever a call is 
made to a Fixed Storage Area routine. 

FIXED STORAGE AREA ROUTINES 

The administrative routines of the Fixed 
Storage Area are listed and described 
below. 

In the object module, the call to a 
Fixed Storage Area routine usually has the 
following form: 

BAL REG,<DISPL)(FSA) 

where REG represents register 8(ADR) or 
register 15 (ERR), and DISPL is the dis
placement of the branch instruction in the 
Branch Instruction Table (see iterr 4 in the 
Commcn Data Area, above). 



Ini tialization (ALGIN) 

ALGIN is the first routine to be entered 
at execution of the object module. ALGIN 
executes the SPIE macro instruction, speci
fying PIE ROUT (see below) as the prograrr 
interrupt exit; acquires main storage for, 
and initializes the Return Address Stack; 
sets the Option Switches (OPTSW) to reflect 
the options specified for the object 
module; and branches to the object module. 
The entry point to ALGIN is named IHIFSAIN. 
This is the location specified in the END 
card as the initial entry point of the 
object module. See Chapter 11. Error 
exits: 41, 42 

Prologue (PROLOG) 

PROLOG is invoked when a new block is 
entered and when a procedure is called. In 
the case of a block, PROLOG acquires a Data 
Storage Area (Figure 88) for the new block, 
initializes the Data Storage Area, and 
stores the address of the Data storage Area 
in the corresponding entry of the Program 
Block Table (Figure 84). The latter entry 
specifies the required size of the Data 
Storage Area. An entry containing the saroe 
Data Storage Area address is also made in 
the Return Address Stack (Figure 90). 

In the case of a procedure call, PROLOG 
acquires a Data Storage Area for the proce
dure and, after testing for compatibility 
between formal and actual parameters, 
stores the addresses of the actual I?aramet
er code sequences and the actual pararreter 
characteristics, in the storage fields of 
the formal parameters in the new Data 
storage Area. See Figure 63. An entry is 
also made in the Return Address Stack" 
containing the address of the acquired Data 
Storage Area and the return address, i.e. 
the address of the next instruction follow
ing the procedure call. 

In both caSeS PROLOG passes control to 
the entered block or the called procedure. 
Base register CDSA addresses the new Data 
storage Area. 
Error exits: 20, 21, 36. 

Epilogue (EPILOG) 

EPILOG is invoked at the close of every 
block or procedure. 

EPILOG releases the Data Storage Area 
(addressed by base register CDSA) of the 
exited block or procedure, and loads CDSA 

with the address of the Data Storage Area 
of the enclosing (or calling) block or 
procedure, contained in the second full 
word of the released Data Storage Area 
(Figure 86). At the same time, the address 
of the dynamically preceding Data Storage 
Area (if any) of the exited blOck or 
procedure, contained in the first full word 
of the released Data Storage Area, is 
stored in the corresponding entry of the 
Program Block Table, and the last entry of 
the Return Address Stack (Figure 90) is 
released. 

If any precompiled procedure was called 
in the exited block or procedure, the 
precompiled procedure, whose address will 
have been entered in the Return Address 
Stack by lOADPP, is deleted. Sirrilarly, if 
main storage was acquired for any arrays 
declared in the exited block (or value
specified in the exited procedure), the 
array storage area(s) and Storage Mapping 
Function area(s), if any, are released. 
The presence of any declared or specified 
arrays is determined by inspection of bytes 
10 and 14 of the released Data Storage 
Area, while the addressees) of the array 
storage area(s) are obtained from the 
related Storage Mapping Function(s). See 
Chapter 11 and Figure 62. 

In the case of an exited block, EPILOG 
passes control to the next instruction 
following the end of the block. In the 
case of a procedure, control is passed tc 
the return address contained in the Return 
Address Stack. 

Call Actual Parameter, Part 1 (CAP1) 

CAP1 is invoked when a formal 
called by value is encountered in 
dure heading, or when a forrral 
called by name is encountered in 
of a procedure. 

pararreter 
a proce
r:ararreter 
the body 

CAP1 makes an entry in the Return 
Address Stack (Figure 90), containing the 
address of the current Data Stcrage Area 
and the return address (i.e., the address 
of the next instruction following the 
actual parameter call); stores the address 
of the dynamically preceding Data Storage 
Area (if any), contained in the first full 
word of the current Data Storage Area 
(Figure 88), in the corresponding program 
Block Table entry (Figure 84); loads CDSA 
with the address of the enclosing (or 
calling) block, contained in the seccnd 
full word of the current Data Storage Area; 
and branches to the actual r:ararreter code 
sequence. See Figure 63. 
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Where the actual parameter call is 
enclosed by one or more intermediate blocks 
inside the procedure, an additional entry 
is made in the Return Address stack for 
every intermediate block., containing the 
address of the related Data storage Area 
and a zero return address, and the Program 
Block Table is updated to show the address 
of the dynamically preceding Data storage 
Area, if any, for every intermediate block. 
The number of entries made in the Return 
Address Stack is governed by a comparison 
between the Program Block Number of the 
procedure and the Program Block Number 
contained in the Data Storage Area(s) of 
each intermediate block (if any) enclosing 
the parameter call inside the procedure. 

Call Actual Parameter, Part 2 (CAP2) 

CAP2 is entered after the code sequence 
of an actual parameter has been executed as 
a result of an actual parameter call in a 
procedure. See Figure 63. 

CAP2 loads base register CDSA with the 
address (contained in the last Return 
Address Stack entry) of the Data Storage 
Area of the procedure calling the actual 
parameter; stores CDSA in the related Pro
gram Block 'I'able entry (Figure 84); releas
es the Return Address Stack entry (Figure 
90); and branches to the return address 
(the address of the instruction following 
the actual parameter call) indicated in the 
Return Address Stack. 

Where the actual parameter call is 
enclosed by one or more intermediate blocks 
inside the procedure, CAP2 stores the Data 
Storage Area address listed in each of the 
corresponding Return Address Stack entries, 
in the related Program Block Table entries, 
and releases the entries. The number of 
entries released is governed by the return 
address in each entry. A non-zero return 
address identifies the last entry to be 
released. The latter entry corresponds to 
the block or procedure immediately encom
passing the actual parameter call. 

Value Call (VALUCALL) 

VALUCALL is invoked when a formal pararr
eter called by value is encountered in a 
procedure heading. Immediately before 
VALUCALL is entered, the actual parameter 
code sequence will have been executed, and 
the address of the actual parameter will 
have been loaded in register ADR. VALUCALL 
stores the actual parameter's value in the 
formal parameter's storage field (Figure 
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89) and returns control to the return 
address in the procedure heading (contained 
in register BRR). Where necessary, the 
Fixed Storage Area conversion routines, 
CNVIRD or CNVRDI, may be called in order to 
convert the actual parameter to a real or 
integer value, according to the type of the 
formal parameter. 

If the parameter is a value-specified 
array, the Fixed Storage Area routine 
GETMSTO is called, which allocates space 
for the array and its storage Mapping 
FUnction. The Storage Mapping Function 
(Figure 62) is then copied frorr. the block 
in which it is declared (and rrodified to 
indicate the new location), and the array 
is transferred (and converted if necessary) 
to the new location. 

Return Routine (RETPROG) 

RETPROG is invoked by the object module 
when a gato statement (which may lead out 
of the current block) is executed. RETPROG 
corrpares the address of the Data storage 
Area of the target block (previously loaded 
in base register CDSA) with the Data Stor
age Area address contained in the last 
Return Address StaCk entry (Figure 90) and, 
if they differ (indicating that the goto 
statement implies a branch out of the 
current block), calls the EPILOG routine, 
which releases the Data Storage Area 
addressed by the Return Address Stack 
entry, and then releases the entry. This 
procedure is repeated until the Return 
Address Stack entry is found which corres
ponds to the target block. At this point, 
RETPROG passes control to the branch 
address in the target block (previously 
loaded in ADR). 

Call Switch Element, Part 1 (CSWE1) 

CSWE1 is 
when a switch 
See Figure 61. 

invoked by the object module 
designator is encountered. 

CSWE1 (whose function is analogous to 
that of CAP1, see above) makes one or more 
entries in the Return Address Stack (Figure 
90) , to reflect the intervening block 
structure between the switch designator and 
the switch declaration; updates the Program 
Block Table; and branches to the switch 
element in the switch declaration. 

( 
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Call Switch Element, Part 2 (CS,,7E2) 

CSHE2 is invoked by the object module 
after the code sequence representing a 
swi tch element in a svli tch declaration has 
been executed, in response to a sNitch 
designator. See Figure 61. 

CSWE2 (whose function is analogous to 
that of CAP2, See above) releases one or 
more entries in the Return Address Stack; 
updates the Program Block Table; and 
returns control to the next instruction 
following the switch designator (whose 
address is specified in the Return Address 
Stack) • 

Trace (TRACE) 

TRACE is invoked by the object module 
at the end of the code representing each 
source statement, provided the compile time 
TEs'r option is specified. TRACE copies the 
semicolon count {recorded in the object 
module following the call to TRACE)into the 
Fixed Storage Area field named SCRCS and 
(provided one of the execution time options 
TRACE, TRBEG, or TREND is specified) into 
the program trace list. If the trace list 
buffer is filled, the contents of the 
buffer are written on SYSUT1. 

Load Precompiled Procedure (LOADPP) 

LOADPP is invoked by the object module 
whf';ln a precompiled procedure is declarec;l. 
Th~s routine loads the precompiled nroce
dure by issuing a LOAD macro, and r~turns 
to the instruction following the procedure 
declaration. The Program Block Table and 
Return Address Stack are updated to sho\'1 
the entry point and name of the precompiled 
procedure. 
Error exit: 36 

Standard Procedure Declaration (SPDECL) 

SPDECL is invoked by the object module 
if the name of a standard I/O procedure or 
mathematical function is an actual paramet
er in another procedure. This routine 
constructs a parameter list for the 
parameter{s) to be operated on, and branch
es to the standard procedure or function 
called. The parameter list is constructed 
after executing the actual parameter code 
sequences. 

Get Hain Storage (GET!'1STO) 

GE'rr.1STO is invoked by VALUCALL or by the 
object module \'lhen space for an array is to 
be allocated. This routine gets the main 
storage required for the array. 
Error exit: lB 

Program Interrunt (PIEROU'r) 

operating 
occurs in 

handles 
branches 

PIEROUT is invoked by the 
system when a program interrupt 
the object program. This routine 
the program status word, and then 
to the FSA error routine FSAERR. 
Error exits: 2B,29,30,31,33 

FSAERR 

Invoked by the object program or other 
routines in the ALGOL librarv vlhen an error 
occurs. This routine stores~the number of 
the error in a storage area, FSAERCOD, 
before invoking the error routine, DIIERR 
(in SYS1.LINKLIB) by means of a LINK macro. 
Error exit: None 

Termination (ALGTRI-IN) 

Invoked "lhen the end of the program is 
reached, or by FSAERR. This routine prints 
out the program trace list, closes all data 
sets, and frees the Return Address Stack. 
It then restores registers and returns to 
the calling program. 
Error exit: None 

Integer to Real Conversion (CNVI1RD) 

Invoked by other routines in the 
library and by the object program. 
routine converts an integer number 
real number of either short or long 
sion. 
Error exit: None 

ALGOL 
This 

into a 
preci-

Real to Integer Conversion (CNVRDI/EN'rIER) 

Invoked by other routines in the ALGOL 
library and by the object program. This 
routine has two entry pOints-. CNVRDI is 
used internally by the other routines. 
ENTlER is used when 'ENTlER' is encountered 
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in the obJect program. The routine 
verts a real nuwber of either short or 
precision into an integer number. 
Error exit: 40 

con-
long 

INPUT/OUTPUT PROCEDURES 

The Library contains the following I/O 
procedures: 

110dule Name 

IHIGPR 
IHIIA.k 
IHIBA 
IHIIBO 
IHIIDE 
IHIISY 
IHILOR 
IHISOR 
IHIOAR 
IHIOBA 
IHIOBO 
IHIOIN 
IHIOST 
IHIOSY 
ItIIOTA 
IHISYS 
IHIPTT 

I/O Procedure 

GET, PUT 
INARRAY, INTARRAY 
INBARRAY 
INBOOLEAN 
INREAL, ININTEGER 
INSYMBOL 
OUT REAL (Long precision) 
OUTREAL (Short precision 
OUT ARRAY 
OUTBARRAY 
OUTBOOLEAN 
OUTINTEGER 
OUTSTRING 
OUTSYMBOL 
OUTTARRAY 
SYSACT 
Power of Ten Table 

All I/O procedures utilize one or rrore 
subroutlnes contained in a cornmon subrou
tine pool comprising load module IHIIOR. 

In the object code generated by the 
Compiler, ct call to an I/O procedure has 
the following form 

BALil. RETURN, ENTRY 

where RE'l'UkN and ENTRY are the symbolic 
names of registers 14 and 15, respectively. 
PARAM (register 1) addresses a pararreter 
list' consisting of· two or three full-word 
entrieS. 

o 1 4 

r----------T------------------------------, 
I <Flagbyte> I <Address of the parameter> I L _________ L ______________________________ J 

<Flagbyte>: Bit 0: <Parameter to be ccn
verted (1) or not (0» 

Bi t 1: <Parameter Illay be ass
igned a value (0) or 
not (1» 

Bits 2-7: (Not used) 

Figure 79. Four-byte parameter list entry 
for a standard procedure call 

Each parameter entry references a param
eter which specifies the operation to be 
performed by the I/O procedure, as follows: 
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SYSACT: parameter 1: Data Set Number 
parameter 2 : Functicn Nc. 1-15 
parameter 3: c;uantity 

GET/PUT: parameter 1 : Record Nurrber 
parameter 2: Address of LIS'I 

procedure 

INSYMBOL/ Parameter 1: Data Set Number 
OUTSYMBOL: parameter 2 : String 

parameter 3: Destination or 
Source 

OUTSTRING: parameter 1: Data Set Number 
parameter 2: string 

All other parameter 1: Data Set Number 
procedures: 2 : Destination or 

Source 

PUT/GET (IHIGPR) 

This module handles the transfer of data 
between the ALGOL program and the SYSUT2 
data set without conversion to external 
format. It contains two primary and eight 
subroutines, as follows: 

PUT 

Primary Routines: PUT 

Subroutines: 

GET 

OUTPUT 
INPUT 
OPENGP 
CLOSEGP 
CPENEXIT 
CAP1GP 
THUNKOUT 
THUNKIN 

Invoked by the PUT I/O procedure. This 
routine transfers the data specified in the 
LIST procedure in the ALGOL program to the 
SYSUT2 data set. All data bandIed by a 
single PUT is stored as one recerd (rraxirrum 
length 2K bytes). The first eight bytes of 
each reeord have a standard fermat (see 
Figure 80). 

o 2 4 6 7 8 
r-------T--------,-------,-------T--------, 
I <Record I (used I <Record I <Indi - I (Not I 
Ilength>lby O.S.) I Number>1 cators>1 used) I l _______ L ________ L _______ L _______ L ________ J 

<Indicator> Bits 0-5: (Net used) 
6-7: 10 = real 

01 integer 
11 beolean 

Figure 80. Label of a PUT/GET record 



:;tl 

If the last PU1'/GET operation was PUT, 
then the current PUT routine checAs this 
operation (with the CHECK macro) and makes 
an entry for it in the Note Table (Figure 
87) • 
Error exits: 39,43 

GET 

Invoked by the GET I/O procedure. This 
routine retrieves the data from the SYSUT2 
data set to the parameters specified in the 
LIST procedure in the ALGOL program. 
Error exits: 10,14,39,43 

OUTPUT 

Invoked by the LIST procedure via PRO
LOG. This routine transfers, one pararreter 
at a time, data from the ALGOL program to 
the output buffer. 
Error exits: 20, 21, 38, 43 

INPUT 

Invoked by the LIST proceaure via PRO
LOG. This routine transfers, one parameter 
at a time, data from the input buffer tc 
the ALGOL program. 
Error exits: 20,21,38,43 

OPENGP 

Invoked 
not open. 
data set. 
the other 
(see OPEN) 

by the PUT routine if sySUT2 is 
This routine opens the SYSUT2 
The DCB field is the same as for 
data sets used at execution tirre 
except: 

RECFM=V 
EXLST=A(AOPENEXIT) 
[AOPENEXIT=address of OPENEXIT routine] 

Error exit: 41 

CLOSEGP 

Invoked by CLOSEPE if SYSUT2 is open. 
This routine closes the SYSUT2 data set. 

OPENEXIT 

Invoked by OPENGP. This routine tests 
the blocksize if it was specified in the DD 
card for SYSUT2. The default value is 2K. 
Error exit: None 

CAP1GP 

Invoked by INPUT and OUTPUT. This rou
tine calls the actual parameter for INPUT 
and OUTPUT. It is a copy of the CAPl 
routine in the Fixed Storage Area. 
Error exit: 36 

THUNKOUT 

Invoked by the LIST procedure for PUT 
calling an actual parameter. This routine 
assigns OUTPUT as an actual parameter to 
the LIST procedure. 
Error exit: None 

THUNKIN 

Invoked by the LIST procedure for GET 
when calling an actual parameter. This 
routine assigns INPUT as an actual pararret
er to the LIST procedure. 
Error exits: None 

n'ARRAY/INTARRAY(IHIIAR) 

This module consists of a single rcu
tine, I NARRAY/INTARRAY, with two entry 
points. It repeatedly invokes 
INREAL/ININTEGER until the end of the array 
is reached. 
Error exit: None 

INBARRAY (IHIIBA) 

Tnis module 
tine, INBARRAY, 
INBOOLEAN until 
reached. 
Error exit: None 

consists of a single rcu
which repeatedly invokes 

the end cf the array is 
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INBOOLEAN (IHIBO) 

This module consists of a single rou
tine, INBOOLEAN, which reads the next Boo
lean value from the record and assigns it 
to DESTINATION. A 6-byte field, MB, is 
used to store characters follo\'1ing an apos
trophe to see if they specify a Boolean 
value, i.e. 'TRUE' or 'FALSE'. If they do 
not, then the characters after the next 
apostrophe are examined until a Boolean 
value is found. 
Error exit: 2,3,5 

INREAL/ININTEGER (IHIIDE) 

This module consists of a single rou
tine, INREAL/ININTEGER, with three' entry 
points. It reads the next real or integer 
value from the record and assigns it to 
DESTINATION. A flaqbyte FKT, is set to 0 
if the INREAL entry point is used and to 4 
if the IN INTEGER entry point is used. 
Error exits: 2,3,5,6 

The subroutine CONVERT (see subroutine 
pool below) may be called if a conversion 
from real to integer is required. If a 
conversion from integer to real is 
required, the Fixed storage Area routine 
CNVIRD is called. For transformdng numbers 
to floating-point or fixed-point represen
tation a power-of-ten table (contained in 
module IIIIPTT) is used. 

IWSYMBOL (IHIISY) 

This modu~e compares the next character 
on the data set specified by the first oa
meter, with each of the characters in the 
character string specified in the second 
parameter, and, when a match is identified, 
assigns a number to the variable specified 
in the third parameter, designating the 
position of the matching character. in the 
string. If no match is, identified, the 
variable is assigned the value O. 
Error exits: 2,3,5 

OUTREAL (IHISOR) 

This module consists of a single rou
tine, OUTREAL-SHORT, which transfers a 
short-precision real number from SOURCE to 
a data set. It dissects the number into 
its mantissa and exponent parts by a series 
of diminishing approximations (making use 
of an internal power-of-ten table) and 
converts to external format. 
Error exit: 38 
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OUTREAL (IHILOR) 

This module consists of a single rou
tine,OUTREAL-LONG, which transfers a long
precision real number from SOURCE to a data 
set. It dissects the number into its 
mantissa and exponent parts by a series of 
diminishing approximations (making use of 
IHIPTT) and converts to external format. 
Error exit: 38 

OUTARRAY (IHIOAR) 

This module consists of a 
routine, OUTARRAY, which repeatedly 
OUTREAL-SHORT or OUTREAL-LONG until 
of the array is reached. 
Error exit: None 

OUTBARRAY (IHIOBA) 

single 
invokes 
the end 

This module consists of a single rou
tine, OUTBARRAY, which repeatedly invokes 
OUTBOOLEAN until the end of the array 
is reached. 
Error exit: None 

OUTBOOLEAN (IHIOBO) 

Invoked by OUT BOOLEAN I/O procedure. 
This module consists of a single routine, 
OUTBOOLEAN, which transfers a Boolean value 
tQ a data set, depending on the value of 
SOURCE. 
Error exit: 38 

OUT INTEGER (IHIOIN) 

This module consists of a single rou
tine, OUTINTEGER, which transfers an inte
ger number from SOURCE to a data set. 
Error exit: 38 

OUTSTRING (IHIOST) 

This module consists of a single rou
tine, OUTSTRING, which transfers a string 
from STRING to a data set. 
Error exit: None 

/ 

\" 
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,OUTSYMBOL (IIIIOSY) 

This module selects a character from 
the character string specified in the sec
ond parameter, according to the positional 
number designated by the third parameter, 
.and transfers the character selected to the 
data set specified by the first parameter. 
Error exit: 8 

OUTTARRAY (IHIOTA) 

This module consists of a single rou
tine, OUTTARRAY, which repeatedly invokes 
OUT INTEGER until the end of the array is 
reached. 
Error exit: None 

SYSACT (IHISYS) 

This module consists of the main rou
tine, SYSACT, and 15 subroutines, SYSACTl 
to SYSACT15. They influence the execution 
of an I/O operation by either assigning a 
value from DSTAB to QUANTITY, or using the 
value of QUANTITY to reposition pointers 
and respecify indicators in the Data Set 
Table (Figure 86). 

SYSACT 

This routine calls the appropriate sub
routine according to the number specified 
in FUNC'l'ION. 
Error exit: 9 

SYSACTl 

This routine assigns the number of the 
current character in the record (R-RE+P+l) 
to QUANTITY (Figure 86). 
Error exits: 10,12 

SYSACT2 

This routine skips forward to the char
acter whose number is indicated by QUANTITY 
(R=QUfu~TITY+RE-P-l); either in the current 
record when QUANTITY is greater than the 
number of the current character, or in the 
next record when QUANTITY is less or equal 
to the number of the current character. 
The skipped positions are filled with 

blanks if the last I/O operation performed 
output. 
Error exits: 2,5,10,13 

SYSACT3 

This routine assigns the number of the 
current record (S) to QUANTITY. 
Error exits: 10,12 

SYSACT4 

This routine positions the record D6int
er at the record ~"hose number is specified 
by the third parameter. For backward 
repositioning, an entry in NOTTAB (Figure 
87) is required. For for~'lard repositioning, 
the skipped records are filled ~"ith blanks 
if the last I/O operation performed output. 
Error exits: 2,5,10,13,14 

SYSACT5 

This routine assigns the value of the 
record length indicator (P) to QUANTITY. 
Error exits: 10,12 

SYSACT6 

This routine assigns the value of QUAN
TITY to the record length indicator (P). 
Error exits: 11,13 

SYSACT7 

This routine assigns the value of the 
indicator for the number of records per 
section (Q) to QUANTITY. 
Error exit: 12 

SYSACT8 

This routine assigns the value of QUAN-
TITY to the indicator for the number of 
records/section (Q). 
Error exits: 0,2,11,13 
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SYSACT9 

This routine assigns the value of the 
indicator for the number of blanks :t:ecog
nizeu as a delimiter (K) to QUANTITY. 
Error exit: 12 

SYSACT10 

This routine assigns the value of QUAN-
TI'fY to the indicator for the nu.'llber of 
blanks recognized as a delimiter (K). 
Error exit: 13 

SYSACTll 

This routine assigns a value to n.U~~TITY 
according to the status of the data set. 
Error exit: 12 

SYSACT12 

This routine opens a 
\.,hen QUA:-JTITY=l, and closes 
set \1hen QUANTITY=O. 
Error exit: 13 

SYSACT13 

closed data set 
an open data 

This routine assigns the number of the 
current record (S) to QUANTITY, and also 
sets flagbit (OS4) which causes the current 
record to have an entry put in NOTTAB when 
NEXTREC is called. 
Error exits: 2,10,12 

SYSACT14 

For a sectioned data set, this routine 
passes over the number of records 
(inclusive of current one) specified by 
QUANTITY, or to beginning of the next 
section, if the number of records left 
in the section is less than QUfu~TITY. For 
an unsectioned data set, this routine oass
es over the number of records (inclusive of 
current one) specified by QUANTITY. 

The skipped positions and records are 
filled with blanks if the last I/O opera-
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tion performed output. 
Error exits: 2,5,10,13 

SYSACT15 

For a sectioned set, this routine passes 
to the record, in the next section, whose 
number is specified by QUANTITY. The 
skipped positions are filled with blanks. 

For an un sectioned data set, this rou
tine invokes SYSACT14 in order to pass over 
the number of records (inclusive of current 
one) specified by QUANTITY. 
Error exits: 10,13 

I SUBROUTINE POOL (IIIIIOR) 

i 
This module comprises eleven routines 

which perform cornmon functions required by 
all I/O modules, and by IHIERR and IHIFSA. 
The routines are: 

CLEARNOTTAB 
CLOSE 
CLOSEPE 
CO:NERT 
OCBEXIT 
ENOOFOATA 
ENTRYNOTTAB 
EVOSN 
NEXTREC 
OPEN 
SYNAD 

CLEARNOTTAB 

Invoked by NEXTREC, CLOSE. This routine 
deletes the entries in NOTTAB (Figure 87) 
for records which are no longer positioned 
behind the current record, when output has 
occurred. 
Error exit: None 

CLOSE 

Invoked by CLOSEPE, SYSACT12, anQ 
TER!'1NTE (in IHIFSA) and IHIERR. This rou
tine closes a data set. 
Error exit: None 



CLOSEPE 

Invoked via TERMNTE at end of the ALGOL 
program execution. This routine closes all 
data sets by repeatedly invoking CLOSE for 
any that are open (CLOSEGP for SYSUT2). 
Error exit: None 

CONVERT 

Invoked by I/O routines when a conver
sion from real to integer is required. 
This routine is a copy of CNVRDI/ENTIER 
contained in the Fixed storage Area. 
Error exit: 1 

DCBEXIT 

Invoked by OPEN. This routine esta
blishes the Record Format, Record Length 
and Blocksize DCB information for an execu
tion tin-Ie data set. 
Error exit: None 

ENDOFDATA 

Invoked by CHECK macro during NEXTREC" 
CLOSE, SYSACT4, or OPEN, if the last record 
has been read. This routine stops the 
retrieval of another record. 
Error exits: 5 

ENTRYNOTTAB 

Invoked by NEXTREC, ENDOFDATA" PUT, or 
GET. This routine makes an entry in NOTTAB 
by inserting the data set number (froIT 
register DSN), record identification number 
(from DSTAB) and fee~back address (stored 
by a previous NOTE macro). 
Error exit: 4 

EVDSN 

Invoked by the modules that handle all 
I/O procedures except PUT and GET. This 
routine evaluates the data set number spec
ified for the I/O procedure. 
Error exit: 

NEXTREC 
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Invoked by the modules that handle all 
I/O procedures except INARRAY/INTARRAY, 
INBARRAY, OUTARRAY, OUTTARRAY" OUTBARRAY, 
PUT" and GET. It is also invoked by IHIERR 
and TERMNTE. For blocked records, this 
routine gets the next record in the block. 
If the end of the block has been reached it 
reads Or writes the block and gets a new 
block. For an unblocked record, this rou
tine reads or writes the record, makes an 
entry in NOTTAB (Figure 87) if required, 
and gets the next record. 
Error exits: 2, 3 

OPEN 

Invoked by the modules that handle all 
I/O proc~dures except PUT and GET and by 
TERMNTE and IHIERR. This routine opens a 
data set and gets main storage for NOTTAB 
(Figure 87). It assigns initial addresses 
to pointers in DSTAB (Figure 86), and 
stores the start address of NOTTAE in the 
fixed storage area. The standard DCB model 
is: 

DSORG = PS 
MACRF = RP, WP 
DDNAME = SYSIN when DSN = 0 

SYSPRINT when DSN = 1 
ALGLDDbb when DSN = 2 
to 15 (bb is replaced by DSN) 

NCP = 1 
EQDAD = A (ENDOFDATA) 
EXLST A (DCBEXIT) 
SYNAn = A (SYNAD) 

Error exit: 2, 7, 37" 41 

SYNAD 

Invoked by CHECK macro during OPEN, PUT, 
GET" NEXTREC, CLOSE, Or SYSACT4 if an 
unrecoverable I/O error occurs. This rou~ 
tine passes tq error exit 32. 
Error exit: 32 

MATHEMATICAL STANDARD FUNCTIONS 

The table in FigUre 81 lists the modules 
contained in the Library which perform the 
standard ma,thematical functions indicated. 
The routines have been taken from the 
FORTRAN IV Library, and minor Iliodificaticns 
have been incorporated to suit ALGOL 
requirements. The routines are described 

I in OS FORTRAN IV Library. 
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OBJECT TIME ERROR ROUTINE (IHIERR) 

The Ob~ect Time Error Routine,(IHIERRl is 
a module of the SYS1.LINKLIB data set. It 
is loaded into main storage (on call from 
FSAERR) , only if an error is detected in 
the obje~t program. IHIERR constructs and 
prints out the error message on the 

SYSPRINT data set, before entering TERMNTE, 
which terminates the obj;ect program. If 
the DUMP option is specified, IHIERR also 
edits and prints out the contents of the 
existing DAta storage Areas. The addresses 
of a series of dynamically or logically 
enclosing blocks or procedures are obtained 
by calling the EPILOG routine. 

r----------l---------------r--------------------j------~---------------------------------i 
1 . 1 • 1 1 1 
1 Fturctlcm 1 Precisl.on 1 ALGOL# Library 1 FORTRAN IV (El Library 1 
1 I. 1 I 1 
1 1 1 J 1 
• Ie 1 Module Entry 1 Module Entry • 1 • 1 1 1 
1 • 1 Name Name • Name Name 1 

t----------~---------------~--------------------·:"---------------------------------------\ 
•. 1 1 1 
•. I 1 1 
ILN Long i IHILLO IHILLO 1 IHCILOG DLOG : 
: Short t IHISLO IHISLO t IHCLOG ALOG 1 
:EXP Long IHILEX IHILEX IHCLEXP DEXP 
• Short IHISEX IHISEX IHCSEXP EXP 
:SQRT Long IHILSQ IHILSQ IHCLSQRT DSQRT 
1 Short IHISSQ IHISSQ IHCSSQRT SQRT 
[ARCTAN Long IHILAT IHILAT IHCLATAN DATAN 
: Short IHISAT IHISAT IHCSATAN ATAN 
rSIN IHILSC IHILSCS IHCLSCN DSIN 
ICOS Long IHILSC IHILSCC IHCLSCN DCOS 
[SIN IHISSC IHISSCS IHCSSCN SIN 
ICOS Short IHISSC IHISSCC IHCSSCN COS 
• POWER: 1) IHIFII IHIFII IHCFIXPI FIXPI# 

2) IHIFRI IHIFRI IHCFRXPI FRXPIH 
3) IHIFDI IHIFDI IHCFDXPI FDXPI# 

1 4) IHURR IHIFRR • IHCFRXPR FRXPR# 
[5) IHIFDD IHIFDD [IHCFDXPD FDXPD# 

----------~------------------------------------~----------------------------------------1 

Notes: 1) Base and Exponent: fixed point 
2) Base: floating point (short) 
3) Base: floating point (long); 
4) Base: floating point (short) 
5) Base: floating pOint (long); 

Exponent: 
Exponent: 
Exponent: 
Exponent: 

fixed point 
fixed point 
floating point 
floating point 

(short) 
(long) 

I 
1 
1 
I 
1 
1 
1 
1 
1 
I ______________________________________________________ ----------------------------------1 

Figure 81. Module names of mathematical standard functions contained in the ALGOL Library 
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'rile output of the Compiler is an object 
module, consistin~ of machine lan0uage 
instructions, constants, and object time 
tables. The object module is output as a 
card deck on SYSpmJCH and/or transferred to 
the SYSLI:'J data set (in card-image ESD, 
TX'1', RLD and END records) dependin<] on the 
o)?tions specified in the invokin0 EXEC 
statement. The object ::Iodule contains an 
r::SD record entry for eac:, IJibrary ::?rocedure 
called in the source module and for the 
Fixed Srorage Area, as well as P..LD record 
entries for all address constants. 

'1'he object module is processed by the 
Linkage Editor, "lhich combines the Fixed 
Storage Area and the called Library rou
tines with the <Jenerated code, to form a 
single load module. The Cl.LD records r>ro-
vided in the obiect module are used bv 
the Linkage Editor to change relative ad: 
dress constants to absolute address 
constants. 

ODJEC'1' HODULE 

Figure 82 indicates the composition of 
the object mOdule gener"1.t"d h:,' the COr:1::?il
er. 

IIIIFSAIN is the symbolic address of the 
entry point of the object module. IHIFSAIN 
is specified in the END record if the 
compilation o::?tion is PROGRMI. It desig-
nates the address of the initial entrv 
routine in the Fixed storage Area. ~ 

If the com)?ilation option is PROCEDURE 
the entry point specified inthe EUD record 
is IHIEI1TIF. 

IHIE1I'rIF is the symbolic address of an 
Address List, containing theaddresses of 
the object time Pro,]r"lm Block Table, the 
Label Address Table and the start address 
of the generated instructions. The Address 
list is referenced by the Initialization 
routine and by other routines in the Fixed 
Storage Area. 

Record 
~ 

ESD 

TXT 
'rXT 

" 
TXT 
TXT 

" 
RLD 
RLD 
TXT 
TXT 

" 
'rXT 
TXT 

RLD 
RLD 

" 
ESD 
ESD 

" 
RLD 
RLD 

TXT 
TXT 

" 
RLD 
RLD 

TXT 
TXT 

CHAPTER 11: THE OBJECT MODULE 

Obj ect :1odule 

Content 

Control section de~inition. Con
tains procedure name if the PRO
CEDURE option is specified. 

Constant Pool(s) 
" Ii 

" " 
Generated ob~ect code 

iI if 

" " " 
(Parrun. and s~"itch list addresses) 

tt It 

Label Address Table (LZ\T) 
(Declared procedure, switch and 
label addresses) 

(Internal branch addresses) 
" " " 
" " 

(Library routines called) 
" " 
" " 
" " " 
" " 
" " " 

pro~ram Block Table (PBT) 
Ii Ii II 

" 
(Constant Pool acdresses) 

II " 

" " " 
Data Set Table (DSTAD) 

Ii Ii if if 

.. .. tI It } 

RLD Put/Get Control Field address • 
HIIE:JTIF: Address Table 

TXT Addresses of Program Block Table 
TXT Addresses of Label Address Table 
TXT Addresses of first instruction in 

ESD 

RLD 
RLD 
RLD 
ESD 
ESD 
END 

object module 
IIIIFSAE'J - Initial entry routine ... 
in Fixed Storage Area 
Address of ProgrRm Dlock Table 
Address of Label Address Table 
Address of first instruction 
IllIENTIF - address of Address Table, ... 
Ds'rAB: addr. of Data Set Table f 
IHIFSAIN if compilation cption is 
PROGRA:l. (IHIE;:~'rrF if compilation 
option is PROCEDURE) 

... generated only if the PRO(1RAT"l option 
is specified 

Figure 32. Comnosition 
module 

of the object 
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LOAD MODULE 

Figure 83 pictures the organization of 
the load module constructed by the Linkage 
Editor. 'rhe layout of routines and tables 
is indicated in detail in the storage map 
in Appendix IX-b. 

I , 
r , , 
i 
I , 
I , 

Regllter J1{LAT1. ________________ !+_,.,.-,=--,,,...,...,.,....--! 
I lab.1 Add ..... rabl.(LAT) , 

Regilt., II (1'81)_ --------------;-.' i--:--",....,=-::::,-, 
I ......,.,...WTabl.(P!TJ , 
r 
:, Data Set Tab'e(OSTAI' 
I, 

1'1--------1 
I~ /It I"" 

A (Startof,.n . .-.) ill /It LAn 

llegil'-13(FSA) ______________ U:====:;:==l 
I (Two72-byt. 
I _80f'1lOl) , 
I ----------l PIOLPIN - ~!fJ; 

,.. ! ~::lB): ~::;: 
M- ~ARI' : ~~: f!!!!!! 
II AdrnI"lltr<Itivto""tl""'~ 

U ~~gJrvtADI ~ 
II VALUCALL 
,I RET1'IIOG 
II EPILOG 

Ii 
LoodlllCldut •• ntrypolftt---------fr :~~s.e~~, AlGIN 

I: librarRDutln .. 

II (Standanllftl~QncI r' ~1.:,;!:'o.:'~":j Invoiced 

:: :: 
ltegi".,10 (CDSA)..-----------H.-T- --o;.;;S;;;;A;o--- --, 

:: ~_- __ .i~~1.-_._---_J 
I, ,ConltontPooI(s) I I 

I:..:, ____ ------~ : 
'I' ,lfIIt ...... tlons I I :,1 I I I I,f....+:-_________ J .... _piledl 
1111~~L~la!!~--JProo;ecluq I 

: U~~"tf,~~T.!b~--~ ~~).. I 
11'-J.A.a:'iI1.a!.ia*".a .. Il.~ I n [Llbnwyr-tlflel I : 

11 ~----O:;s.;.;.~-----1 

:L.l--------------i I: Note Tabl. (NOTTAI) I 
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:; In1lU1/C¥pu1 luffen I 
: I -------------. ; 
I I DalaSI!r<pArea I 
I I r 
L~--------------l 

: ....... ~StacIc I 

I , L. ______________ J 

Tabl .. , Data Stwa". ...... and 
buffMI_lupbyth.LaadMaoltI., 
and precompiledpooc-''''' coller.! 
fnonoth._ ... Ia....ry.fheCln"cm8ll· 
_I.r-n il Im .. lnal)'. The aetual 
IlIyG!Itin ... ,lylll"l_willd ..... 
011 lheltnlcture of the particular 
~-.JGIIlh.partleuICl'pllntln 
t .... clri"'_ecut!anofth.praeraII. 

Figure 83. Sketch sho,"ling the organiza
tion of the load module and 
the use of main storage by a 
hypothetical load module. 

la8 

The logical structure of the code gener
ated for specific logical features of the 
source module is discussed under various 
headin~s in Chapter S. Figure 58 lists the 
principal aections of Chapter B. Each 
section indicates the part played by the 
related Fixed Storage Area routines in the 
load module. " 

OBJECT Tnm TABLES 

The tables used by the 
execution time are discussed 
83 indicates t~e location of 
tables in the load module. 

PROGRAt'4 BLOCK TABLE (PDT) 

load module at 
below. Figure 

the various 

The Program Block Table 
the object time version of 
~able IV, constructed by 
Phase (IEXSl - Chapter 8). 

(Figure 84) is 
Program Block 

the Termination 

The Program Block Table has three main 
functions: 

1. To identify the character of every 
scope (block, procedure, type pro
cedure, or code procedure) in the 
program. The character of the scope 
determines the particular action 
taken by the Fixed Storage Area rou
tine PROLOG, "'lhich is called when 
a block is entered or a procedure 
called. See belm .... 

2. To specify the size of the Data Sto
rage Area required by every block 
and procedure. Hain storage for the 
required Data Storage Area is 
acquired by PROLOG as. soon as the 
block is entered or the procedure 
is called. 

/ 
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3. To provide a record of the base 
address of the Data Storage Area. 
The base address, which is recorded 
immediately after acquisition of the 
Data Storage Area, is used in 
addressing any variable declared or 
specified in the particular block or 
procedure. 

Every block and procedure is identified 
by a serial Program Block Number. The Pro
gram Block ~rumber designates a correspon
ding entry in the Program Block Table. It 
is specified in every call to the Fixed 
Storage Area routines PROLOG and EPILOG, 
which are invoked at entry to and at exit 
from a block or procedure. 

The particular action taken by PROLOG at 
entry to a given scope depends on the char
acter of the scope, as indicated below. 

A Data Storage Area is ac
quired for the entered block, 
its address being stored in 
the corresponding Program 
Block 'fable entry and loaded 
into base register 10 (CDSA). 
Control is then passed to the 
first instruction in the 
block. 

Procedure- After a Data Storage Area has 
Call been acquired, as in the case 

of a block, the addresses 
and characteristics of the 
actual parameters specified in 
the procedure call are moved 
into the storage fields 
reserved for the formal para
meters in the ne\~ Data Storage 
Area. The procedure is then 
entered. See Figure 63. 

Type-
Procedure- The action taken is the same 
Call as in the case of a normal 

Code 
PrOCedure 
Call 

procedure. There is a differ
ence (of 8 bytes), however, in 
the displacement of the formal 
par~eter storage fields in 
the Data Storc::ge Area. 

In the case of a code proce
dure, the Program Dlock Table 
entrv contains the address of 
an address list ~"ithin the 
corresponding precompiled pro
ced ure. See Figure 83. (The 
address is stored in the entry 
by the Fixed Storage Area rou
tine LOADP?, after loading the 
precompiled procedure into 
main storage from the user's 
library. The precompiled pro
cedure is loaded "lhen the code 
procedure is declared.) The 
address list contains the ad
dresses of the precompiled 
procedure's own Program Block 
and Label Address Tables as 
1.'lell as the entry point ad
dress. PROLOG loads registers 
11 (PDT), 12 (LAT) and 8 (ADR) 
with the addresses in the ad
dress list, and then acquires 
a Data Storage Area for the 
precompiled procedure, using 
the size specified in the 
first entry of the precompiled 
procedure's own Program Block 
Table. The addresses and char
acteristics of the actual 
parameters are then Moved into 
the n01.'l Data Storage Area, and 
the precompiled procedure is 
activated. 

The Program Block Table is consulted and 
updated by the following Fixed Storage Area 
routines, in addition to rROLOG, EPILOG and 
LOADPP: CAPl, C]\P2, CSl'lEl and CS\1E2. 
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Entry for: 

Constont Pool 0: 

P.B. No.1: 

P.B. No.2: 

P.B. No.3: 

P.B. Na. N: 

Constant Pool 1 (if ony): 

Constant Pool 2 (if any): 

o 4 

<Address of Constant Paal 0> 
<Jab step name or 

procedure name>* 

<Adress af DSA/Address af 
precompiled procedure/All <Size af DSA> 
zeros> 

< Address af DSA/ Address af 
precompiled procedure/All <Size af DSA> 
zeras> 

< Address af DSA/ Address af 
precompiled procedure/All <Size of DSA> 
zeros> 

· · '7 · · 
<Address of DSA/ AddresS of 

precompiled procedure/All <Size of DSA> 
"eros> 

<Address af Constont Poal 1> <All zeras> 

<Address of Canstont Pool 2> <All zeros> 

<Scope Code> - X'OO' = Block 
X'04' = Non-type procedure 
X'08' = Type procedure 
X'10' = Code procedure 

<Scape 
Cade> 

!<scape 
Cade> 

i<Scape 
Code> 

· · · · 
cope 

Cade> 

<No. of param.> = <Number of parameters (zero for a block» 

*< Job step name> if the module is a program, 
<Procedure nome> if the module is a precompiled procedure 

8 
<Address of SYSACT or X '80000000''' 

04 
<Address of SQRT orX1IOOOOOOO? 

OB 
I<Na. af <Address of SIN orX1IOOOOOOO'> 

param.> 
<Address of COS orX1IOOOOOOO'> 

!<Na. of 
10 

<Address of ARCTAN or X1I0000000'> 
param.> 14 

<Address of LN or X1IOOOOOOO'> 

I<Na. of 18 
<Address of EXP ar X'80000000-= 

param.> 1 
<Address of INSYMBOL or X1I0000000? 

20 
<Address of INREAL or X 1lO000OOO '> 

·7 24 
<Address of ININTEGER or X 110000000'> 

2B 
<Address of ' IN BOOLEAN or X1I0000000? 

~~o. of parom.> 

2C 
<Address of INARRAY or X 110000000'> 

30 
<Address af INTARRAY or X 1l0000000'> 

34 
<Address of INBARRA Y or X1I0000000? 

3B 
<Address of,OUTSYMBOL or X 110000000 '> 

3 
<Address of OUT REAL ar X1IOOOOOOO'> 

40 
i<Address of OUTINTEGER or X1IOOOOOOO'> 

44 
<Address of OUTBOOLEAN or X 110000000-:: 

<Address of OUTARRAY or X1IOOOOOOO'> 

<Address of OUTTARRAY or X 1I0000000'> 

!<Address of OUTBARRA Y or X 110000000'> 

<Address of OUTSTRING or X 110000000'> 

-Figure 84. Object time Program Block 
Table (PBT) 

4B 

4C 

50 

54 

58 

SC 

60 

64 

6B 

6C 

70 

<Address of PUT or X 110000000'> 

!<Address af GET or X1IOOOOOOO~> 

Label Address Table LAT) 

The Label Address Table contains a maxi
mum of 256 four-byte entries, containing 
absolute addresses needed by the load 
module. The first 28 entries are reserved 
for the addresses of ALGOL Library modules 
representing standard I/O procedures and 
mathematical functions which have been com
bined with the load module. If a given 
Library module has been combined with the 
load module, the corresponding full-word 
entry in the Label Address Table will 
contain the entry point address of the 
Library module; otherwise, the entry will 
contain the value X'80000000'. The full-
word entry which corresponds to each 
standard I/O procedure or mathematical 
function is indicated by the displacement 
data in the internal names of the standard 
procedures listed in Appendix III. 

Max. 0400 

~ess of POWER-FiFi* or X1I0000000'> 

fAddress of POWER-FIFi* or X 110000000 '> 

<Address of POWER-FIFI * or X 1l0000000'> 

<X 110000000'> 

• 7(Addresses of labels, ccedures and '" 
switches declared in t e source module) 

"';:' 
"';:'(8ranch addresses generated by the Campile~ 

*Fi = Fixed Point; FI = Ffooting Point. The 
abbreviations designate the representation of 
the bose and exponent, respectively. 

-Figure 85. Object time Label Address 
Table (LAT) 
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Data set Table (DSTAB) temporary storage 
infornation. 

of variable address 

'rhe Data Set Table contains a 3G-byte 
The Data Set Table is constructed by the entry for data sets ~os. 0 and 1 and for 

Termination Phase (IEX51 - Chapter 8). The every other data set used by the load 
table is consulted and updated at execution module, as It/e11 as a 2S-byte 3ntry (called 
time by the standard I/O procedures invoked the pu'r/GE'f Control Pield) at the end of 
by the load module, and indicates the the table, if the load module executes a 
status of all data sets. Each entry pro- PU'f or GET macro instruction. The Tirst 
vides a record, a~ong other things, for the. full-word in the table, named A?GCF, con-
address of the relevant Data Control Block, tains the address of the I>UT/GE'r Control 
for other specific data re~uired to execute Field, or, if the latter is not present, the 
and I/O operation, as well as for the hexadecimal value X'80000000'. 

K: <Number of blanks used 
as delimiter> 

Q: <Number of records per 
section> 

DSF: (F1agbytes -- see text) 

TYP: Indication of type of 
data in current record -
Bits 6-7: 01 - inte~er 

10 - rea1-
11 - boolean 

PG: F1agbyte -
Bit 0: 0 - data set open 

1 - data set not open 
Bit 1: 0 - last PUT/GET op. 

~1as PUT 
1 - last PUT/GET op. 

"las GET 

Figure 86. Content of the data set entries and the PUT/GET Control Field 
in the Data Set Table 
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Bytes 26 and 27 of the data set entry 
(nan~d DSF) are used as flagbytes. The 

I significance associated with each of the 
binary ~ositions used is as follows: 

DSF-

byte 26-bit 0= 0 - Data set is not open 
1 - Data set is open 

1= 0 - Records are blocked 
1 - ,{ecords are unblocked 

2= 0 - Last I/O operation was 
input 

1 - Last I/O operation was 
output 

3= 0 - In the current block no 
output has occurred 

1 - In the current block 
output has occurred 

4= 0 
1 - An entry in NOTTAB is 

required when the next 
record is addressed 

5= 0 - Backward reposi tioni1l9 
was not performed 

1 - Backward repositioning 
was performed 

6= 0 - Last block was not 
output 

1 - Last block was output 
7= 0 - ~nd of data has not 

been reached 
1 - ~nd of data has been 

reached 
byte 27-bit 0= 0 

1 - Data set has been 
repositioned backward 
after an input operation 
Q~ data set is being 
closed. 

1= 0 - Record does not contain 
a control character 

1 - Record contains a 
control character. 

2 (not used) 
3= 0 - SYSPRINT is not to be 

opened for diagnostics 
or termination messages 

1 - SYSPRINT is to be opened 

4= o -
1 -

5= 0 

for diagnostics or 
termination messages 

Data set is LeiIlo,)' opentd 

1 - An unrecoverable I/O 
operation nas occurred. 

6= 0 - Data set has never been 
opened 

1 - Data set has been opened 
7= 0 - Data set 1 is not to be 

closed 
1 - Data set 1 is to be 

closed 

'Ihe initial values inserted in the var
ious fields of the data set entries and the 
PUT/Gl.:T Control Field are indicattd in 
Chapter 8 under "Data Set Table". 

Note Table (NOT'IAB) 

The Note Table is an index which is 
ccnsulted and updated by the ALGOL Library 
procedures PUT, GET, SYSACT(13) and 
SYSACT(4). The table provides space for up 
to 127 8-byte entries containing a ccde 
nurrber ident ify ing a part icular PUT/GET 
operation or a record on a given data set, 
and a data set address specifying the 
location on the data set where the PUT/GET 
Cj;:eration was started or where the record 
is stored. The entries serve to facilitate 
the retrieval of data from a data set. 

o 2 4 8 

r---------T------------T------------------, 
\<Data set\<Code no. or\<Data set address>1 
\ Number> I record no.>\ I L _________ ~ ____________ ~ __________________ J 

Figure 87. Entry in the object tirr.e Ncte 
Table (NO'ITAB) 

Data storage Area (DSA) 

The Data Storage Area ccrrfrises the 
total area of main storage required for all 
identifiers declared or sfecified in a 
block or a procedure and for intermediate 
results and/or addresses which must be 
terrporarily stored. A Data Storage Area is 
acquired (by the Fixed Storage Area routine 
PROLOG) when a clock is entered or a 
procedure is called. The Data Storage Area 
is released (by the Fixed Storage Area 
routine EPILOG) at exit from the Darticular 
block or procedure. The size ~f a given 
bleck's or procedure's Data Storage Area is 
specified in the Program Block 'Iable. When a 
Data storage Area is acquired, its address 
is stored in the corresponding entry of the 
Program Block Tarle. Base register erSA 
(register 10) at all tirres addresses the 
Data Storage Area of the current (cr 
imn'ediately embracing) clock or procedure. 
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Or---------------------------------------, 
I <Address of the dynamically preceding I 
I Data storage Area, if any, of the I 
I current block or procedure>1 I 

4~---------------------------------------i 
l<Address of the Data storage Area of I 
I the block or procedure calling the I 
I current block or procedure>2 I 

8t---------------------------------------f 
I<Displacement of the Program Block I 
I Table entry of the current block or I 
I procedure>3 I 

10~---------------------------------------~ 
I<Displacement in this Data Storage I 
I Area of the storage field of the last I 
I value-specified array parameter>~ I 

12~---------------------------------------~ 
l<Displacement in this Data Storage I 
I Area of the Storage Mapping Function I 
I of the last declared array>5 I 

16l---------------------------------------i 
I <Address of the Program Block Table I' 
I active when this Data Storage Area I 
I was acquired> I 

20~---------------------------------------f 
I <Address of the Label Address Table I 
I active when this Data Storage Area I 
I was acquired> I 
~---------------------------------------~ 
I (storage fields reserved for identifi-
I ers declared or specified in the 
I current block or procedure. In the 
I case of a declared type-procedure, 
I the first eight bytes are reserved 
I for the value of the type-procedure. 
I The storage field sizes are: 
I Declared Variables 
I Integer 4 bytes 
I Real-short 4 bytes 
I Real-long 8 bytes 
I Boolean 1 byte 
I Arrays6 
I Formal 
I Parameters? 8 bytes) 
~---------------------------------------f 
I (Storage fields reserved for inter- I 
I mediate values and/or addresses) I L ______________________________________ J 

Figure 88. Content of the Data Storage 
Area 

Notes on Figure 88 (the numbers refer tc 
the superscripts in the figure): 

1 

192 

A preceding Data Storage Area for the 
current block or procedure will exist 
only where the current block or prcce
dure is entered as a result of a 
recursive procedure call. In this 
case, the present Data Storage Area 

2 

3 

5 

6 

? 

will relate either to the recursively 
called procedure or to a block or 
procedure enclosed by a recursively 
called procedure. 
The address of the preceding Data Stcr
age Area, if any., is obtained from the 
Program Block Table entry of the cur
rent block or procedure. The latter 
entry will immediately afterward con
tain the address of the current Data 
Storage Area. 

The address of the Data Stcrage Area of 
the calling block or procedure is 
obtained from the corresFcnding entry 
in the Program Block Table. 

At exit from the current blcck or 
procedure, the address in bytes 0-4 of 
the dynamically preceding Data Storage 
Area of the recursively calling block 
or procedure is stored in the corres
ponding entry of the Program Block 
Table. Bytes 8-9 specify the displace
ment of the entry. 

During an active procedure call, the 
storage field of a value-specified 
array parameter contains the address of 
a temporarily constructed Stcrage Map
ping Function (a copy of the Storage 
Mapping Function of a declared array) 
located outSide any existing Data Stcr
age Area, adjacent to the array storage 
area. The area occupied by the storage 
Mapping Function and the array must be 
released at exit fron. the current clock 
or procedure. 

At exit from the current block, the 
storage area(s) acquired for any 
array(s) declared in the current block 
is (are) released. Bytes 12-16 specify 
the displacement of the Storage Mapping 
Function of the last declared array (if 
any), containing the address of the 
array's storage area. Where two or 
more arrays are declared in a block the 
Storage Mapping Functicn (Figure 62) 
contains the displacement in the cur
rent Data Storage Area of the Storage 
Mapping Function of the previcusly 
declared array. 

See Chapter 5 ("storage Allocation"). 

The contents of the eight-byte storage 
field of a formal paraneter called by 
name and called by value is indicated 
in Figure 89. 



Forn:al parameter called by name. 
o 4 6 8 
r--------------------------------T------------------T------------------, 
l<Address of actual parameter I<Characteristic ofl<Number of actual I 
I code sequence> I actual parameter> I parameters (firstl 
I I I parameter only) > I L ________________________________ i-_________________ ~ __________________ J 

Formal parameter called by value: 

Array: 
o 4 8 

r--------------------------------,-------------------------------------, 
I<Address of Storage Mapping I (Not used) I 
I Function (outside the Data I I 
I Storage Area» I I L ________________________________ ~ _____________________________________ J 

Label: 
o 4 8 

r--------------------------------~------------------------------------, 
I<Address of the labelled I <Address of the DSA in which label isl 
I instruction> I declared> I L ________________________________ L _____________________________________ J 

Variable: 
o 8 

r----------------------------------------------------------------------, 
I <value of the variable (1, 4 or 8 bytes» I L ______________________________________________________________________ J 

Figure 89. Content of the 8-byte storage field cf a formal parameter called 
by name and called by value during an active procedure call 

Storage l"iapping Function (SMF) 

The Storage Mapping Function (Figure 
62), which is constructed at object tine, 
specifies, among other things, the size of 
the area required for a particular array 
and (after the area has been acquired) the 
address of the array's storage area as well 
as the array's zero-base address. The 
Storage Mapping Function is described in 
detail in Chapter 8 under "Arrays". 

In the case of a declared array, the 
Storage Mapping Function is constructed, at 
entry to the block in which the array is 
declared, in the storage area reserved for 
it at compile time in the block's Data 
Storage Area. Immediately after construc
tion of the Storage Mapping Function, a 
storage area is acquired for the array 
outside the Data Storage Area, the address 
being stored in the appropriate entry of 
the Storage Mapping Function. 

In the case of a value-specified array 
parameter of a procedure, the actual array 
specified in the procedure call is copied 
(by the Fixed Storage Area routine 

VALUCALL) into another storage area, 
together with a modified copy of the relat
ed Storage Napping Function. 

Return Address Stack (RAS) 

The Return Address Stack has three nain 
functions: 

1. to provide a record of the encompass
ing block structure at every point in 
the object module. This record, which 
consists of the addresses of the Data 
Storage Areas of all embracing blocks 
and procedures, is used n;ainly in 
releasing the related rata Storage 
Area(s) when a goto statenent, imply
ing an exit from one or nore embracing 
blocks or procedures, is executed. 

2. to provide a record of the return 
address, following a call to a proce
dure, to an actual pararreter code 
sequence, or to a switch element. 

3. to provide a record of the names and 
entry point addresses of load modules 
representing precompiled procedures 
called by the object nodule. The 
entry point addresses are used when, 
at exit from the erebracing block, the 
loaded module is deleted. 

Chapter 11: The Object Module 193 



o 1 4 8 

r------~-----------------~---------, 
I<EntrYI<Address of the I <Return I 
I Code>1 Data storage Area> I Address> I L ______ ~ ___________________ ~ _________ J 

<Entry Code>: 

X'OO' - Signifies that the entry 
relates to a call for an actual 
parameter or a switch element. 

X'FE' - Signifies that the entry 
relates to a declared code pro
cedure, that the DSA address is 
the address of the DSA of the 
block in which the code proce
dure is declared, and that the 
return address is the entry 
point of the load modul e rep
resenting the precompiled pro
cedure. Specifies to RETPROG 
that the load module is to be 
deleted at exit from the block 
in which the code procedure is 
declared. In this case, the 
load module name is stored in 
an entry at the opposite end of 
the Return Address Stack. 

X'FF' - Signifies that the entry 
relates to a block entered or a 
procedure called, and specifies 
to RETPROG that the Data Stor
age Area addressed in bytes 0-3 
is to be released, if a goto 
statement implies a branch out 
of the related block or proce
dure. 

<Return Address>: 

(Entry code X'OO') - <address of next 
instruction following a call for an 
actual parameter or a switch element~ 
or unspecified> 

(Entry code X'FE') - <entry point address 
of the precompiled procedure load 
mOdule> 

(Entry code X'FF') - <address 
instruction following a 
call, or unspecified (in the 
.block» 

of next 
procedure 
case of a 

Figure 90. Entry in the Object time Return 
Address Stack (RAS) 
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Return Address Stack entrieS are con
structed and released by the following 
Fixed storage Area routines (see Chapter 
10): 

Entries 
constructed tv 

PROLOG 
LOADPP 
CAP1 
CSWE1 

Entries 
released by 

EPILOG 
RE'IPROG 
CAP2 
CSvlE2 

A total of 2048 bytes are provided for 
the Return Address Stack. 

OBJECT TIME REGISTER USE 

In the generated object module" certain 
general purpose registers are used exclu
sively as base registers (e.g. to address 
the current Data Storage Area or the Pro
gram Block Table)" while the remaining 
general purpose registers and all floating 
point registers are used for variable com
putational and addressing use. The 
compile-time control and assignment of 
variable-use registers is described in 
Chapter 8 under "Control of Object Time 
Registers". 

The function of the base registers is 
illustrated in Figure 83. 



r-------------------------T------------T------------------------------------------------, 
I Register No. I Name I Use I 
.-------------------------+------------+------------------------------------------------~ 
I I 
IGeneral Purpose Registers 
I 0 (Variable) Variable computational use. 
I 1 (Variable) Variable computational use. 
I 2 (Variable) Variable computational use. 
I 3 (Variable) Variable computational use. 
I 4 (Variable) Variable computational use. 
J 5 (Variable) Variable computational use. 
I 6 (Variable) Variable computational use. 
I 7 (Variable) Variable computational use. 
I 8 ADR Variable addressing use 
I 9 GDSA Base register addresses the Data storage 
I Area of a block (other than the current block 
I or procedure) 
I 10 CD SA Base register addresses the current Data 
I Storage Area (i.e. of the irnrrediately en com-
I passing block or procedure). 
I 11 PBT Base register addresses the Program Block 
I Table. 
I 12 LAT Base register - addresses the Label Address 
I Table 
I 13 FSA Base register addresses the Fixed storage 
I Area. 
I 14 STH Variable, short term use, 
I cation with Fixed storage 
I 15 BRR Branch register - used in 
I generated code and in 
I I Storage Area routines • 

e.g. in communi
Area routines. 
branching within the 
branching to Fixed 

• -------------------------+------------+------------------------------------------------~ 
I I I I 
IFloating Point Registers I I I 
I 0 I I Variable computational use I 
I 2 I I Variable computational use I 
I 4 I I Variable computational use I 
I 6 I I Variable computational use I ~ ______________________ ~_L ____________ L ________________________________________________ J 

Figure 91. Object time register use 
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ALGOL (F) Comniler Flovlcharts 

The following section contains a complete set of su~~ary flowcharts of the 
Library routines. 

ALGOr~ 

The organization of the flowcharts reflects the logical division of the Compiler 
into ten individual phases, as well as the normal sequence of execution of the 
phases. (A deviation from the normal execution sequence occurs only if a terminat
ing error is detected by a given phase. The possible deviations are indicated in 
the overall flo"chart and are discussed in Chapter 9). The organization of the 
flo~,charts is as follows. 

ALGOL Comoiler - Overall Flo", 
Directory" (IEXOO) 
Initialization Phase (IEXIO) 
Scan I/II Phase (IEXll) 
Identifier Table Hanipulation Phase (IEX20) 
Diagnostic Output (IEX21) 
Scan III Phase (IEX30) 
Diagnostic Output (IEX31) 
Subscript Handling Phase (IEX40) 
Compilation Phase (IEX50) 
Termination Phase (IEX51) 

ALGOL Library 

Chart Nos. 

001 
002-006 
007-010 
011-034 
035-039 
040-043 
044-070 

071 
072-076 
077-123 
124-128 

129-142 

An aid in quickly locating the flowchart and/or descriptive text for 
routine is provided in the Index of Routines in Appendix XI. 

any 

Pages 

197 
198-200 
201-202 
203-214 
215-217 
218-219 
220-233 

234 
235-237 
238-261 
262-264 

265-271 

given 

h'ith a fe\, exceptions, the flo\,lcharts have been condensed, so as to accomodate t",O 
flowcharts on every page. Each flovlchart is identified bv a serial flm"chart num
ber, which appears at the top of the chart, together with- the related microfiche 
identification. It is important to note that connections bet,('leen flo':lcharts (in
dicated by the standard off-page connector symbon are represented in terms of the 
flo\".char.t number and not the page number. 

The following special conventions have been imple.lllented in connection vlith the use 
of the processing symbol to represent complex logical program units, i.e. modules 
~r phase~, routines and subroutines. 

1. The striped symbol identifies a phase or a closed 
subroUtine. The symbolic name of the phase or 
subroutine, and the related detailed flowchart ~f 
any), are identified above the strip~,The absence 
of a flowchart number above the stripe indicates 
that no detailed flowchart exists. 

2. Routines and major components of routines are 
represented by the standard (unstriped) symbol. 
The symbolic name (if any) of the routine and the 
detailed flowchart (if any) are shown in the 
upper left and right corners of the symbol, sep
arated by a dashed line. 
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Chart 0021 Directory - IEXOO 
Summary 
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FROM OS INVOK ER 
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••••• 81· ...... *.· 
*tEXOOOOO CC3* *-----------$ 
"'COMP IL EA EN TR Y '" 

ROUTINE . ................. 

•••• Cl ••••••• •• . . 
'" LINK TO 1EXI0 '" 

(RETURN FROM lex~lI 
* •••• 
*002* 
'" E1· .. 

••• ·.El· •••• **.*. 
'" 003* *-------------* 
'" COMPilER EXIT '" 
'" ROUTINE '" 

X 
•••• FI· ...... •• 

'" RETURN TO '" 
INVOK EA ............... 

198 

. ·.·.83···.······ "'PI R[lJT 004* 
*------------ .. 

PRCGRAM 
INTEFIRUPT 

1H!UT INE '" ................. 

:4! ••• 0 ••••••••• 
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'" CURRENT PHASE '" .... "'* •••• "' ••••• 

(FRr", cs (1N I/O ERROR' 

••••• F3 •••••••••• 
*SYNAD 005* .--------- '" 

I/O ERROR 
R(!IJrINE 

·.··G3 •.•.••••. 
'" TERMINATlOt.l '" 
.. ROUT INF IN '" 
'" CURReNT PHASE '" ............... 

Microfiche IEXOO-l 

(FROM OS AT E'NO OF DATA) 

** ••• R".i •••••••••• 
*E'nnAnlI2/3/ J N OOIi .---------------. 
• FNO OF DATA • 
.. EXIT R['UTTNFO:; .. · . ............... . 

· .. ·*Cs········· .EOD ROUTINF. IN • 
• r.U~RE'NT PHASF • · . ................ 

(FRO~ OS 
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.SV~PR 00') • .--------------. 
• SVSPRI NT 1/0 • 
• FRRf'lR RnUTINE' • . ................... . 

••• *ti5 ......... .. 
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• R[JUT1~F IN • 
• C:I,iRRJ:;NT PHASF • . ................ . 
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C0121 It F.:X21 ,-31,-51) 

••• *Hs·.· ••••• • · . PPINT 

••••• .15 .......... . 
• PR1 NT 006" 
.---------------. 
• PPI NT SOURCF. • 
• PRf'r,RAM AND/f'R • 
• rHGNnSTlC P4FSS •• .................. 

•••• 1<5 ........... . · . RETURN 
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Chart 003: Directory - IEXOO 
Initial Entry and 
Final Exit 

*****6<'********** 
*SAVE REGI STERS ~ 

:t~og~E~~;6 :~fA: 
* REG. 13 " · . ***************"* 

***··C2·· .. • .... **** 
*STORE ADOI'.. ('F * 
*O~ SAVE AREA tI<* 
* lExeD SAVE * * AREAtSAVEl * · . * .. *************** 

, 
*****02********** · . 
:ti:~ A ~~~~~ 1 S~ ~E: 
* "-EG. 13 

, 
*****~ 2*.*·****** 
*LC'AO ADDRESS C1'* 

: A~ir~~~A ~o~~ : 
REG. 0 

, 
****F<'***··**** 

:Vi ~;:: TO 1 E~ 10 : 

******** ••••••• 

Microfiche IEXOO-l 

.003. 
* ~5* 

, 
****.S5"·"*""· .. •• 
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* SAV") * · . **************"*" 

P"ST!!R~ 
REGISTFPS 

· . .. .... * .. ".*********" 

**.*"~*** •••••• 
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Chart 004: Directory - IEXOO 
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PROGRAI< INT€~RUPTI 

Program Interrupt - PI ROUT 
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Chart 005: Directory - IEXOO Microfiche IEXOO-l 
I/O Error and EOD - SYNPR, 
SYNAD, E00AD1/-2/-3/-IN 
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· .. 
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• TERP, = 1 
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Chart 006: Directory - IEXOO 
PRINT and PRINTP 
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Chart 007: Initialization Phase - IEX10 
OVerall Flow 

Microfiche IEX10-l 
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Chart 044: Scan III Phase - IEX30 
OVerall Flow 

NOTE: ALL OPERATORS EXCEPT ZETA ARe: TRANSFERRED 
TO THE MODIFICATION lEVEL 2 TEXT 

220 

JTAB "" IDENTIFIER TABLE 
SUT.AB = SUBseR IPT 
AR ICSTAB = ARRAY IDF'NTIFIER STACK 
(RIOTAS = CRITtCAl IDENTIFIER TABLE 
LIJTAB '" LEFT VIIR aBLE TABLE 

BfTA,PI,PHI 
(OPENING OF A BLOCK 
OR PRoe EOUR E) 

X 

*"'***E 1********** 
*8ET.A-------041* 
*p IPHI-------041. 
*R EAD NEXT ITAB '" 
'" BLOCK FROM 
* SYSUT~ 

*"''''. "'**"''''*'''* "''''''''''''' 
**** · . •• x* [3 * · . 

CIV JOE. POWER 

*****G 1********** 
*0 JPOW-------047* 
* MARK ESTAB '" 
*ENTflY IF OP. IN* 

FOR LIST 

**** · . ux* [3 '" 

* 

APOSTRQPt-<E 

*****J 1********** 
"'QUO TE-----04~ 
"'TRANSFER STRING'" 
.. INTERNAL NAME '" 
*FROt-! INPUT TEXT* 

. "'**'" .' . 
•• x* [3 '" · 

E PSI LeN 
(CLIJSE OF A Bl(~CK 

ell. PROCEDURE I 

X 
*****E 2********** 
*"= PSI lON-----041* 
'" DElETE THE '" * CORPESPONDING * 
* ITAB AlOCK I~ '" * CORF 
************"'***'" 

*"'*'" · . •• X* (3 • · . 

no 

*****G 2********** 
*00----------049* 
* SFT S\ojI TCH T{' * 
'" INDICATE' EXIT * 
'" FRCM FOR LI ST '" 

***'" · . •• x* C3 * 

* * 

ZETA 

***"''''J2**'''*'''***** 
*ICHA 04<1* 
*---------------* 
"'READ NEXT MOD. * 
* lEV.l RECORD * 
.. FR(lp.t $YSUT1 * 
*****.*********** 

.' . 
•. x* C3 '" · . 

Tl\flLE 

**.*A3********* . . 
IEX30 

*****83 *******"'** 
*INtTI.&T E---046* 
* GET PPIVATE * 
* AREJ'I. REAC '" 
*FIRST ITAe AND * 
.SOURCE HCORDS * 
*********"'******* 

•• *'" 
*044. • 
• C3 *.X. 

*****('3 *********. 
*GENT F5T-----046* 
'* SCAN TIJ NFXT • 
'* SIGNIFICANT '" 
* CHARACTER • 

. '. 
D3 * • 

• *BR.llNCH * • 
• '" '!!'CCDRDINE "'. 

*.. Tr .* 
*.CHAJl.llCTER." 

"'. .. 
* •• * . 

Microfiches IEX30-l, 
IEX30-2 and IEX30-3 

FOR 

X 
*****E4********** 
*FOR ---------041* 
* SI';T SWITCH Tn '" 
*INOICATE ENTIlY * 
* TO FOR lIST '" 

**"'* * • 
•• X* C3 * · . 

ETA 
f EMO {'IF FOR STMT.' 

*****G4********** 
*FTA---------049* 
*DaETE FOR LIST* 
*IDFNTIFIER<; IN * 
* CRIDTAB 

· . •• X* (3 * · . 

n"lEGA 
f SOURCF Io\OOULF FNO) 

*****J4********** 
*OMF.GA.-------050* 
* WRITE LAST * 
*LVTAB, SUTAB AND* 
* TEXT ROWS. * 

FREEMA IN 
***************** 

*** *K 4** ******* 
* • * XCTL TO IFX31 * . 

********.****** 

X 
***"'*E 5********"'* 
*5TF p--------047* 
*WHIlF------047 '" 
* MARK FSTAR :I< 

:I< F r'''TRY T(l SH(1W * 
*OP. IN F(lR LIST* 
"'*****"'*********. 

* • 
..x* C3 :(I: 

• * 

*"'***G5********** 
*GA~MA-------o49 * 
* TRANSf'FR cC'nF * 
* PRnCEDURE * 
*1 DFNTI HER FRO"'* 
* I NP\.:T TFXT * 
***************** . 

•• x* 1:3 '* . 

RHn 

X 

*****J'5**,******** . . 
*RHO---------f")'51 * 
*RE'PlACF LAST' * * IW A ('OMMA :I< 

• * 
•• X'" (:3 * 

* • 



"J ... 
~ 
g 
Ii 
rt 
III 

en 
o 
III 
::s 
H 
H 
H 

H 
t'l 
X 
w 
o 

'" '" ... 

Chart D45. Scan III Phase - IEX30 
Overall Flow 
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>lkHlDUT2 & EOCl)T3* 

**********:t****** 

· '. '" 03 "'.X. · '. **** 
*****03 ****.***** · . *SNOT------079* 
.. SCAN T(I ~EXT .. 
'" (PERnOIl '" 

X 
ceMp .*. 
(079) f3 * • 

*****A4********** · . *cPI)---------080* 
• •• x* COMP Il ER * ..... 

* PROGRAM NO .. 0 '" 

*****84********** · . .. *cp l---------oeO* 

· . * D'3 * · . 
..... X*" COMPILER * ..... 

* PROGRAM NO 1 * 

*****C4********** 

* D~ * · . 
* * ****C5********* 

• *CP3---------080* * * 
• •• x* COMPILER * ........ X* XCTL TO IEXO;l * 

* PROGRAM NO.3 * * * 

*****04********** · . • *CP4---------C81* 
.... x* CO~PIL'ER * ....... 

* PROGRAM NO. 4 * 

· . * 03 * · . 
• *BR.ANCH *. 

.*.6CCOR1:'. TO *. . 
(SEF m:qSION M/HRJCFS IN 
APPFNf)IX V-A I V-B ANI) V-C 

"'.SOURCE/ST ACt{ .* ..... . FOR COMPILER PROGRAMS ENTF!lED 
FOR EACH PAl R OF SOURCE AND 
STACK OPERATORS. 

*.CPEIUTORS.* 
*. .* 

* •. * . SEE ALSO FIGURE 52.) 

*****~4********** · . • *CP81--------119* 
.... x* COMPllF;R * •••• 

*pROGR.AM NR.. 87 * · . 
********"'**"'*"''''** · . * 03 * · . 
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Chart 078: Compilation Phase - IEX50 

Initialization (in IEX40) 

"''''''''''''',1,2'''.''' ••• ''' ••• 
........ ,1,1 .......... * • STORE tNERR I • 

Microfiches 
IEX50-l to IEX50-7 

(Initialization: IEX40-l) 

.'. 
Aft •• 

•• IS *. 
'" • ATERETAS • 
•••• ••••• ~.PROG. I NT. E~IT. • •••• )(.:\.R~~~;EIN .:.;::. 
• .FOI!. OIR. ROLT •• .. "'............ : ..... :~:~~: ....... : 

, 
• •• ··B2 ••• ~ •••••• · . : ~:~~~A~: : 
• PRTVAH AREA. · . • "' .......... ~ .. ~ .... *. 

"'····(2·········. • GFT~AI N f('R .. 
• OPIAII OPTRICPNo. 
• nACK'S AND. 

: LASF~A~~~RESS : 

...... * •••••••••••• 

, 
:~;~:~2;:;::;.:;: 

•• CORE •• .. . . .. .. 
.,0 

·····S4*········· · . 
• CHECK RI'AD OF • 
• 'fIRST RECORD • · . · . • ...................... * 

"'····C4"' ........ .. · . • I'ItHALTZE • 
• REtORD COUNT • · . · . **."' .... "' ...... "' ... '" 

. '. 
04 •• .. .. 

• FRET AS PR(,G •• 
• INTERRUPT EXIT * 
.. FOR OIRECTORV * 

: ':~:":·OPTA~\~PTY·:. 
• R('tTiNE PI ROUT • .* ••••••••••••••• 

. ·····fZ .. ·*··.·* •• • L(,AD REGISTERS * 
.Ff"R THE REST (F* 
• THE COillPIlATl(N* 

• P>1ASE * · . ••• ***.* •••• * •• ** 

.* ••• FZ···"''''*···''' 

: t:~J~:~~~E : 

:D~~~~~:d~:~~~ : ...................... 

, 
.'. 

G2 •• .. .. 
VES •• SCURCE •• 

•••••• TEXT IN •• 
*. COR~ •• 

.... .'" .... . " 
, 

·*·"'··H2····.··.· ... • 

• READ FIRSl • 
SOURCE RECCRO . . 

, 
• •• ·.JZ ••• •••• •• * · . • INITIALIZE • 
:SOl.'I!.CE POINTER: · . ................... 

, 
••••• 1<2 •••••••••• · . 
: p~~~i~R~~M ! ............................. : 
: PBTASZ : .................. 

.. .. 
•. .* . ... 

• 00 

, 
•••••• 1'4 •••• ** ••• *. 

· O:~:~ :~~~;D 

••••• F4 •••• **.*·'" · . '" CH!"CK READ OF • 
• OPUS ":~C(,1l.D .. · . · . • •••• * •••• *"'.*.,.* 

, 
.'. 

G4 •• 

.* HlIve·. • .* TMJ ('PTAe •• NO • 
*.RFCOROS S~~N •••••• 

•• READ •• 
•. .* 

* ..• 

.' . 
H4 •• 

. * •• 
•• SOURCE ., YFS 

*. TEXT IN 
•• CORf .* .. .. 

* .•• 
• "l!l 

• READ SECOND • 
SO\JflCE RECORD . . 

, 
...... K4·*.·· ..... · .. · •. ·ItS········· • CHECK REAO OF • l(. • 

: sEc~~go;6lPCE : •••••••• X: KCn 1~l(50 : · . . ............. . ................. 

Chart 079: Compilation Phase - IEX50 
SNOT, SNOTSP and COMP 

· ... A2·····~··· · . · . · . . ............... .. 
·CT~· • 
.. S2 •• x. · .. .... . , 
*· ...... S2·········· · . 
..... . · '. • cz •• K • 

. ' . 

·07'1· • 
.C4".X. 

Microfiche IEX50-l 

....• C1............. C2 .. . ... *C3.~........ C4 .. . .... 1'.:~ •••• *.**~. 
• • ..... • • .• *. .SEPP~ 12~A3. 
• • OPNO." lEST *. OPTR • STEP SOURCF. OPT!!.. Tt5T •• f1PNO .---------------. 

.X.......... SCURr!' •••••••••• )(.PCINTE~ I eYTE .X.......... sOiJl'r~ •••••••••• x. ~FCODn f~?rQ • 
• •• CHARACTl:'R.. • • ..CHlU.CTfIl... • . .... . . .... 

••••••••••••••••• •• •• ••••••••••••••••• •• •• .*.* ••• ,.,..,.,.,.*.,.,. 

. 
····~DI ......... ·· · . • ~OVE OPEf<:ANO TIl. 

• STACK 

, 
*··*·1"1· ... *······ · . 
• SHP SOURcE * 
.POtNHR. 5 SYTES* · . · . ...................... *** 

. ** .. .. . .. x: C2 : 

'" ZETA ••••• • Z~TA 

, 
• .... ··02*.· •• ••••• 
.JSUFFER 12Ul* 
*-------------. 
• RF~D A NEW • 
• SDU1'!CE RECCRO • · . * ................ . 

.-.07<;1. • 
CC~F • 03 •. ~. · . . , 

*· ... ·03···,.·· .. ••• 
.COIlP---------. 
*FII\C HCR (IF CP. 
• C('IIRESP. Tf' * 
·SUCK/SOIJRtE • 
• ('p~pnORS • • ........... * ••• ** • 

, ··.·E3·······* .. * ~lIlNCI'· TC • 

: C~:~~~i: : 
• •••••• H •••••• 

••••• 04·· .. ••••••• .JRUFFER 1ztH. 
....------------.. 
:QI'A°R~~~R~tJ>CE: . . •................ 

. .** • .' . 
•• X*C"* 

, 
.···*fl5*··*"·*·*· . . 
• ~TEP srUIIC~ ... 
.oN NT~~ ~ SYTES. 

.' . 
•• X. r4 * 
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Chart 080: compilation Phase - IEX50 
CPO, CP1, CP3 and CPERRl 

.'. 
BI ", 

• * "'. 
NO.'I< $OU'lCE *. ....•. *~PE::~R ~ .• 

.... * 
.. YES 

.'. 
Ft *. 

.*'* SOURCE "' ... YES 
='. OPERAT!lR.. .* ....... . 

*. BEGIN .* ~ *.... .. .... 
...... *079* 

, 
"*"*"Gl*****"**** 

;~~~~~---------: 

.. 62* 

.. UPDATE PSN. * •.•.••.. 
:AtWRESS !<lEW OS": .... ; .... 

******".********* *079. 
.. B2" 

,<I1W. 

_"**A3*~*~ft*.** · . 

, 
~****B3·***"***** 
.. STC~E PROGRAM .. 
.. POINTER IN .. 

: 1~~:~~TE~~tiN : 
:*~!:;;*;:;:!~~ .. : 

, 
*"***0"'*"*"*"'*** 
:::.:~~~--------: 
.. GEN. n:OE TO .. 
:SAVE REETSHRS: 

.. "'******** ..... "' ..... 

, 
.'. 

03 *. 
.* S7 ~(K *. .* (PERnOIl *. NO 

... ~ET A, PI OR ...... . 

*. PI"l .* 
*. .* 

* •. * 
"'YES 

, 
* .... ··E3******** .... 

· . 
:RELHSE OPERANO: · . * .. * .. *******"'***** 

, 
*079 • 
.. ~2* 

PPPl:ltrr .. ~!~~t~~i~~~~~~N 
tN CBJF(T MOOUlE 

Microfiche IEX50-3 
(CPERR1: IEX50-1) 

. * " . 
VFS ." PROCFOU~E *. 

.. ..... *:IJI'PllA.T!(~ ... * 

*. ." 
* .• * 

.,0 

, 
**** .. C5 .. * .. * ........ ** 
*GFNTXT4 122!Jl* .. ___________ a 

* 6RANCH TC '" 
* TEIl:"INATICN .. 

:~~;!~~; .. ~:*;;!*: 

: .... CPE/lID.X: 

XCTt IEX510CO* 

Chart 081: compilation Phase - IEX50 
CP4 

Microfiche IEX50-3 

.'. 
*****01.2********"'* ,1.3 •• *****A.4********** 

****,1,1***"*"*"* * * .* *. * * 
, '" * STACK SOURCE .. .* SQURC~ ". YES * SWITCH m * 
* * •••••••• XII< OPFRATrn * •••••••• X*. OPE RATeR .. • .......... X* STA.TE~ENT * ....... . 

* x II< * 11<.. ARPA.V .* '" CONTEXT * 
*************** • * * *.... • * 

• • .......... ** .. * ........ * •• • * .***.**.*.*.***.* · " • **** .' . 
.. X. e1 * 

,.~ ~ 

.** .... SI***.*.**** B2 *. .** •• "3 .... *****...... P.4 " • 
* * .* *. *GFNTXTt> 122fl. .* 11<. 
* RESERVE 2 * .* PRCC~Ol'RE *. NO *------------* .* SOURCE 11<. YES • 
'" ENTRIES IN * ........ P. CC"PIlA.TION .......... X* BRA.NCt'TC ......... X ... OPERATOR = .* ...... .. 
* OPERAND STACK * *. FIRST .* aDEClARnlr:N END* *. SWITtH .* X 
'" .. ·.BlC1:~.* * * *..* ***** 
** .. *a*** .. *a* .. 11<*** * •• * ~*****'U***.***** * •• * *"7"* 

* YES * 'II) * '!o2* 

X A.~AA2 .*. A"SEl • *. 
*****C1********** *****C2***'*".'" C3 .o.. *****C4********** C~ ". 
*PBNI'DL * tGNOPOOPR 081C3* .' *. * '" .11< *. 

::~~~~~~:~?~::: ........ x:j~~~:~~~:~:i~~: ........ x*::.oH~~~~ .>'~~····x·X: OPOT = 0 : ..... ; .. x~::~~~;~;~ =.::*:~~' 
.. * * IDENTIFIER * *..* • * * * • 
***.* .... ***.*.**** ** .... ** .. *** .. *** .. ** * •• * • *.* ... ** ... *-***** 

, 
**'**Dl**"******* 
*GNOPDOPR 08103* 
*------------* 
* SUN SOURCE' * 
*INPUT roR NEXl * 
* PARAMETER * 
*"'**.** ... ** .. ** .. ** 

, 

* yes 

~*'*03*"'** .. ** .. * · . • GNCP!:IJPR. .. · . 
~*~.**~.~** •• "'* 

, 
.'. 

*···*O~·********* · . .. MOVE SOtf'CE * 
.. .... *I'(IIOfTER 5 BYTES. · . · . "*.****.**.**"*** , 

*·* .... E1* .. * ...... ** .. 
"GENTXT2 122Cl. 

*****E2*****."**" E3 *. **.**1""".***.***. 

-----------* 
*CH,RACTER ISTIC * 
.. DF PAR.o.METER * . . 
** .. * ...... ****.****. 

, 
"*·"·Fl"**·.*"*** 
: BUI~~T~ABlE : 

*HlFOR.iIIATION ON .. 
.. PARA'IETERS .. . . 
... * ... *****.****** 

.'. 
Gl *. 

• ." * • 
• YES •• SOURCE •• 
• ...... OPERATOR = ." 

-t. COMMA ." 
*. .* .. •• * ." 

........... X. , 
.'. 

*JBI!FFER 121.1.1* .* *. • * 
*------------* lETA .* S(!UPCE *. OP'I[: * 
* CHANGE SOURCE .X ........ *. + 1 .* ........ X* SAVE P]PERANO 
: INPUT BUFFER : •••• .*'" : 

, •• * 
• CPTR 

, 
·$*."F3~*~'***.** · . * ,",CVE SOURCE * 
*PCINTHll BYTE. · . · . ******** ....... **.* 

HI *. ***.*H2~*.'."* •• * 
.* *. *GE'ITXTS tl2F1* 

.* PARAII\ETER •• Y!;S *-------------.. 

..... CA~;{~EBY ••• * ........ X: C!~~A!~~:l : ..... . . 
•• • * *.**.*******.* ... * . " 

.x .......... . 

:AMBBl 
, 
.'. 

J1 *. 
: NO .*'" LAST .'*. 
...... PIIRAMETeR .* 

*.IN TABLE .* 

*. .* .... * 
* YES 

.. C4 * 

.'. 
J2 *. *.*.~J3a* .. ***~ .. ** 

.* *GEHXTS 122Fl* 
.* IS •• YES *----------• 

*. PARAMETER .* ........ X* STORE MlI! AND .. 
*. LABEL ." .. GCS~ IN • 

*. ... .FA.~A"ETf~ ENTRY* 
* •• * * .. *** .. * .. ,***,**** . '" 

AM8C4 )( 
.......... K2' •• ·*.**** 
*GENTXTS 1221'1. 

. *-------------* 

........ CAll VAlUE CA.U* 
X .ROUHNE TN FSA * . . 

** ... ************. 

*.***05*****"***· 
*(;NOI>I'OPII '1810:>* 

. *--------------* 

.. •• * SCANSf'UPCF • 
*' NPUT FrR "~XT * 
* OPERATOR * 
** .. *****.*.*.* .. ** 
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Chart 0821 Compilation Phase - IEXS( 

CP6, CP7 and CP8 

Microfiche IEXSO-3 

(CP6: IEXSO-2) 

.'. •• "**A2" .. *"...... A3 .0 ...... ,,4*......... . ... '.".'A5 .......... . 
•••• Al.......... * STACK SOURCE .. ,.., .. RESBl.VF3"" .. 

'" ".. OPERATCR." •• SC'URCf ., YES "OPERANDS. FSN .... .. 
•••••••.• x. SWITCH TC ......... X •• tPERHOR _ .......... X. AND OPTS FROM ••••••••• X. FSN" FSNH .. 
" .. STATEMENT" .. , FeR.. * FSTAB TO lAST * .. .. 

••• __ .......... .. [[NTEXT" •• ,. .. flPMO"" .. 

····SI····· .. ••• · . · . · . ....... _ ...... 

, 
.. "'.">1«;1 .......... . · . · . :SUCK SEMICOLON: •• ,: · .. ... "'."' ......•..... )( 

*0"'1<;* 
[0""'.03" .. 

..................... .. o. ................. .. .......... " ... . 

•••• 82 ••••••••• · . · . · . . ............. . 

, 
····$(2· .... ••·•• · . · . : STACIC JF - S : · . ................. 

, 
·····02··· .. •·••· · . .. SUTCH TC '" 

: EX~~~~~~N : · . .................. 

, ·····E2··· .. •.•• .. *(:lEARRG :;. . ----------. 
• GEN. eOOETO • 
*SA"E REGISTERS * · . .................. 

SNOT • , 
·079. . ". .. 

"" . 

, 
' .. .,,.. 

*e:? 

SNrT • , ..... 
*079. .,,, 

Chart 083: Compilation Phase - IEXSO Microfiche IEXSO-4 (CP12) 

CP12 and CP16 Microfiche IEX50-3 (CP16) 

• ...... 1 ......... . 

• (P12 • · . . ............. . .. , 

. .. 
Bl •• .. .. o. OPERAND •• YES •• 

• •• ~N REGlSTe: ••••••• X: F2 : . ... .... 
.'" 
, 
.'. 

t1 •• .. .. : •••• C2 ••••••••• : 

•• 0PERAHDc •• YES .CHANGE UilEflllAU 
•• TYPE PIlOC ••••••••••• X. • 

•• 10ENT. •• • • .... . . .... . ............... . 
'" 

.'. 01 •• 
•• OPNOc·. 

.* FORMAL •• NO • 
•• PARAMCALLEO •••••••••••••••••• X. 

*.BYNAME •• 
•• .* .... 

• YES 

, ·····£1··· .. ••• .. • GENTXTS 122Ft. 
~------. 
• C"EeI( IF • 
• ASSIGMENT • 
• POSSIBLE • ................. 

. '. 
: F2 :.X: .... . , , 

::~::~ •••• ;::~: : •••• F2 ••••••••• : 
_____ • "STACKSCLlIce. 

.GEN.ACT.PARAM ••••••••• X. OPERATOR • 
• CALL OR Pilot.. • 

:;!;'..':.::::': : ........... -... : 
SNOT X 

:0:: .. 

..·.A'!I" ••• • .. • • · . · . 

, 
~ 

~ .. .. . . 
• d ~ 

•••• "'. OPtY_l ." .. .. 
~ . ... 

• YES 

, 
."' ••• C'!l •••••••• "'. 

:~~-----: 
.GEN. PRCC. CALL. 
• IFOPNC.lS • 

:.::;~;.~~;:."'.: 

, 
••• •• O'!l·· ••• • .... · · .RELEASEOPERANO· · . · . .... "'''' .......... . 

, 
••••• "g ......... "'. · . 
· . .............•..• 

: .......... ,: 

.•. 
"3 •• .. . . 

..SIJUPCE •• V'ES •• 
•• (JPEIUTOR" •••••• ,.It"'. 

•• EKe.. •• .... 
t ••• 

'" 

, 
• •••• G3· ........ . 
• GENTXT4 12201. --------. 
• eIlANCI'.TO • 
• EPlLOG IlOUT. tn" 

: ...... :~! ..... "': 

, 
1l3··· •• .. . . 

•• OPEII~TIJIt .... YES 
•• I!£rAtN •••••• 

"'. ST~CK •• .. . . .. .. ,,' 

, 
: •••• J'!I ••••••••• : : ••• J ............ : 

• RELEASE • IIElEASfTWO • 
.CPfIlANceNTIlIES. • OPER.,tTIJII: •........ · . . , · . ................. · . .. .............. . . 

8AH4 ; • 
•••• *II:'!I.......... .. ••• 11,10*_ ....... 
• NOTf BLC'CK TYpe. .PBNMDt. • 

• 07Q • 

• C"'· 

• AND NC. OF. .------_ •• 
• PARAf'. IN ••••••••• X. UPDATE PBn •• 11.- - •• It". 
• PBTA!'!I. • ADIlRESSNfW. •• 

: •••••.••••..••. ! :. .... Z!!; ...... : 
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Chart 0841 compilation Phase - IEXsO 
CP1', CP18 and CP19 

••••• n ......... . · .. . ............... 

.'. Bl *. ."' ••• fl2 ......... . 
• '" *. *"LPIlST .. 

.* *. YES *------* *. OPOl"l •••••••••• X.GfN. PIIDC. CALL. 
*. .* '" tFOPND.IS .. • ,.* .. PROC. IDENT ... ··.·:0 .............. "' •• 

, , 
•••• *C1 ••• ""...... • ••• oK2._ ...... . 

....... A3 •••••••••• · . · . ............... 

, 
. '. 

•• 8:'1 •••• 

• * •• YES 
to OPtT-l •••••• 

*. ,. 
•••••••• X 

*NO •••• . . :1'3: 
, 

..... "'[3 •••••••••• 

Microfiche IEXsO-s 
(CP19: IEXsO-4) 

..... 11.'1*_ ...... . 

, 
..... BIt*."" ...... 
: ~~i~~EtI~ : 
• CTlNTEXT FROM. 
:PRDGRAMtON'TElfr: ..... _.n .. " .. " 

·07"* 
·01· .. .. .... .. 

.. .. .. RELEASEDN!; .. · . .ST[REFRPOINT* .... 
:STAO< ELSE - S :x ........ : OPERAMl : .. INU8Et. *X ••••• [3. 

:ACDRESSTABt.E: .... ................. · . ...... "' ........•. 

, 
••••• Cl •• ••• •• ··'" o • 
.. RESBIVE ONf .. 
.. LABEl ADOfI.ESS" 

;-::~: .. ::: .. : 
, 

••••• 1'1 ... • .... •• 

~~~-~~:: 
: ~~~~ t~~~~ : 
: .... ::::;: ..... : 

, 
••••• "1 ....... _·. 

• 0 • STORE PRPOINT. 
• tNLA8EL • 
: _cmessU8le: ................. 

, 
: •••• Gl** ••••••• : 

• SAVEUSEl • 
:NUM8fR IN OPOK : · . ...... n ........ . 

.... 

, ..... 
:o~~: 
00' 

. . . "' .............. . 

, 
: •••• 03 ••••••••• : 

.. IIElEASfONE .. 
• OPERAND AND ONE* 
: CP'I:F'.T(]II. : ................. .-COlli" • "1)79* .. )[:03: .-
••••• 1'3.·· •••• ••• .. ~-: 

• e3 ••••• X.GEN.PP:t:C.CAU. 
• • • tFCFNO.IS • 

.PRtlC.IOEHr •• ................. 

, 
: •••• "3 ••••••• **: 

• • • RRe_SEONE • 
: C3 :x .... :CPERANt!. DPtT.oO: · . ............ _-

Chart 0851 compilation Phase - IEXsO 
CP20 and CP2l 

Microfiche IEXsO-4 

••••• 11.1 ......... . 

._ .. · '. ·SI·.X. 
o o • 
•••• X 

oetC2 ••• 
SI •• • .... S2 •••••••••• 

•• IS •• .0JlOREC 120Al. 
.1I(IPERAND IN •• NO .-------. 

•• X.. _ •••••••••• X.GEN.ACT. PARAM. 

.. 
• OB5· 
• SI. ..... 

•• REGISTER .'" • CALL OR PROC • 

• .•..• '''' :;!~;:.:;!~::.: 
• YES • . "''''.. . .... ... . .. 
.... C2. • C2 •• X • .. "' .. 

.. •• X 
Stf4 ••• 

••••• Cl ....... ""'. C2 •• 
.SERRI 12'l!Al. •••• 
______ -* INCOMP ••• CCMPAIIE •• OIFF 

• •••• RECOROERROR .X •••••••••• TYPt:S •••••••••••••••••••• 

: 1'111.1'92: •••• • ... 

................. * .•• 

:REAt. x 
..... El· .. • ...... 
.REAlRT • 
-----* 
• ilEAl ROUTlNE • 
• IAI:I-1)S21 • · . ................. 

• ••• ~,"UAl · '. ·02·.X. 

• o • •••• x 
.'. 

02 •• .. .. 
•• OPeRAM:l •• 

•• TY"" •• . ' .. .. ..... 

INr;:::.E2.! •••••••• 

:~~~~~--: 
• ROUTItE • 
: 100HTfllI : . ............... . 

:x ........•..•..•......... : 
, ". ••••• "1 .......... . ····.F2·· ... "· ••• · . · . : .. x: R:::io~NE : • IJ(Plt1 
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:x ........................ : 

OLB2 ;COMMA 

DJG3 ; 
: ••• *(;2*.* ••• *.~: 

.. REPLACE sue" '" OBtC:>: 
*OPTR BY ASSIGN * •••••••• · ., .. .. ..... 
................... *085* 

.xo(' 
**"**02**'*."**** [13 *. 

• * .* *. 

. ... 
(4 *. 

. * *. .* TEST *. 
*. SOURfl: .* 

•• OP"~ATOR .* 
*. .* 

* •• * 

.·STEP 
04 *. 

.* *. • * tJORMAl *. Nt" 

"' .. * •• 01 ..... ··.**. 
*SET ON BIT 1 IN. 
* OPT8YTF, * 
* GENUINE FOR * : R~~~~~~ ~~o :X ..... ;:~.:"'cNEC~t~mn':. *, lOOP .* ...• 

.\oA-IILF 
····*OS·x*** •••• * 
* ~ESERVE ONI' • 
* FIIITPY IN LAT. * 
* STnll" tN IN * 
* O"EII~"l'" STArK * : LIST : • P[)SSI8L~ * •• IN LIST .* *. .* 

* * *..* *. .* 
* •••• **'*"' ..... *** ... ** .. **** .. * .. ** .. *.. *. • * * .• * 

, 
*****E 1"'*~***.' •• 

::~~~~--.::.:~: 
• FETCI' AOoRESS * 
* OF ITERATEO * 
: ... ;~!!;:;:~***: 

.'. 
Fl *. 

. * ". .• *. VES 

CP43T. , 
*090" 
*'11* 

•••• rD~~~IIG .' .* ..•......••.....•• 
*. .* 

, 
• •••• Gl***·**···* 

- -'" GENERAlE SET * 
.STEP TO ZERO 11" 
* NECE ~SARY • · -• ** •••••• *****.** 

, 
••• ~.t<l*.* •• * •• * .. 
~~~:--~:~.:: 
"STORE RET.ADO. * 
.ep~NC~ TO TTER-. 

:~!!~.~!~!;::~!*: 

, 
*'***1;2********** * GENERATE SET • 
* ST~ P Te 11' ~r * 
* ANO lOCP * 
*(eU~TEP TC CNE • 
• IF IIIECESSAPY • 
*"************* •• 

*****H2 •••••••••• 
*GENTXT2 122C!' 
*-------------* 
'BPANCH AND LIN"'* 

: T~T~~~:::~O : 
* •• * •••••••• * ••• * 

(P43T. , 
***** 
*090* 

.*. * '11* 
J 1 *. * .• *. 

.* SUSSCRIPT *. NO 
*.OPTUtIHTlOfII •••••••••• 

*. .* " '. 
* •• * * YES 

, 
.'.**11. 1********"* 

::~~~~~~~;'::~: ...... l:~;~: 
• COfllCITWNAL * ., HI· 
• ~NTRY AODRESS * 
* ......... *.*.***** 

~ 

." .. y~S 

, 
•• ***E4*··· •• ** •• 
*GE'lTXTS 12?Fl* 
*-----------* 
.. Fl"10 RETlI!l.N .. 
.. AO~ESS AIIID • 
* STORE n * 
*,.************** 

*,*,*1'4* •••• *.*.* 
• GEfII81ATF SET • 

.' •• YES • ST1'I> TO ZFRn • 
'. (DU~TtfllG .* •••••••• x* All!) tOO" • 

*. Lcrp.. 'COUNTER TO 1 TF' 
...* * fl/E(ESSA<\Y • 

•••• *.* ••••••••• * 

, 
····*G3 .. ~* .. ** .. **. · . *GEHIIATESET • 
'STEP TI' lERO IF* 
* MCESSARY * · . * •••••••••••••••• 

• •• ·*H3*.***.**** 
*GENTXT6 122E1* 
.--------* 
* ,,"CVE PETURN • 
* AOCPESS * · . *.***** •• *.**** •• 

C:~~IN~~~e~~ 
IHPATEf 

STATEfI'EHl 

*094' 
• (s. 

(P41 DWIT~~ S 
BEGINNING <'tF 

ITeRATE') 
STAT!'N!''!T 

· -"""' .. "'************ 

: A~g~~s~~;~~~ 
* LAT TIJ STACK 
******.*******.** 

-*"'*"~ •• *."'***"'* · . * (':fNl'PATF SET '" 
"'STEP TC lFII( IF* 
* fIIEfESSARY • · -* •• *-*"'*"'."'.*.*. 

••••••••••••• x. CP4"T , 
*':'",0* 
'HI' 
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Microfiche IEX50-2 

.'. 
A2 *. ****'A4*'***'**** 

.* *. *AODRELC' • 
.'" I S STEP *. YES ot---___________ * .. ~ *. ilEAL .* ...................•.........•.... X* * 

. -YES .* 

.-. 
Bl *. 

••••• COLtiTING .* 
*. lOOP .* 

. *. .* 
x * .. * ..... * .. 

*090* 

..... H;* (P4~TF : 

, 
*****c 1***.****** 

~.:~~~~~!.:~~!: . 
:Gi:LL Ag~. p:~~AM: •••••• 

:~!;;,~:*:!~;::.: 

*. .• * UJC~TE STE" * •. .* * * 
*. • * ********.**.****'" .'" 

, 
**·**B2·**"·***' • 
*ADDPELC • 
*------------.. . -
* LC-C~TE STEP '" - -* ..... ******.*.* ••• 

.-. 
C2 * . 

.* ' . 
.'" I S ~TEP *. VES 

~.*~N PEGI STE~ * •••••••.....••...••. .. 
•• • * 

'1\:0 

.-. 
Rio *. **.**e~*"'**.**.* • 

.* *. *"'FNTYTP4 In?}' .* IS STEP *. '11J *---~ ___________ * 
* •• ~N REGtSTE~ ••••••••••• X:l(·AD ~;:~ IfIITC' : 

*..* • • 
' •• * .*** •••• ****.*.* • 

:~=~~~;~**~~;:~: 
*--~-~~-----. 

* LOAD ~'10 TEST * 
.. STi"P .. · . 
..... **** •• * .. **"' .. ** 

••••••••••• x. 
, , 

**"**02**.'**"'*.* U*"*C3'~*"'.***' 

:~:~~:~~--~::~:: :::~~~--!:':~~: . 
'LOA!) STEP INTO ••••••••• X* LOAD ~ND TEST * •••••• 
: ~EG. STl-l: : STEP : 

•• ***.******...... ***.* •• ~ ......... . 

, 
.'. 

n4 *. 
.* '. 

.* fIIORMU *. '10 
•• Lnop .* ................. . 

* •• * 
.' .' 

* Y"S 

, 
-**·1;4."'··* ....... 

: E:~~~<\~~ ~~~. : 
* STnpE LIIl IIII * 
• f'PERAND STACK * · . * .. ** .... *.* ... *** •• * 

, 
**"**",4****"*'''*' 

:~~~:~--....:.:.::~: 
*STGI'OOF STEP.' 
*SR. AP!"UlD 'r-V+' 

:T~:::*;!;!.;:~": 

***"*~5**"*".**** 

:::~~:~:~-:~::: 
:T:~~~E~~At~~;E : 

:*~~;:*;:*~:;:u: 

x .. ···················································· ....................... . 
"O~* 

••. .*. .... • (;~* I)Vf2 
Gl *. (;2 '. G3 ... * .. ..* .. ""'5 ......... *'" 

.* .* IS *. .' *. * *ADnr;CNV ~ 
.* IS STEJ' *. NO .* (CNTIICL •• Nt •• NC"I'AL "'. YES X • _____________ * 

... •• •••••••• X*. VARIABLE •••••••••• X.. LtC!> .* •••••••••••••••••••••••••••••••••• X. lty~H: " 
*. •• *. REAL • * x *. ." * Ce'lT~()ttEfJ * 

* '* ..... * •• * •• *'. • *. * •• *" :n*Z!:~!:~:* ... *: 
* YES * YES * ... * * NO 

.-. 
HI *. 

.* IS *. 
.* CONTROL '. YES 

*. VARIABLE 
*. REAL 
'. •.. * 

'" 

, 
• * •• *..1 1**.*.***"* 
*GEIHXT4 12201* ot---__________ • 

*CONVERT STEP TOO. 
* INTEGER * . . 
**.******* •• ****. 

, 
*"***H2·****.*.*. 
*GENTXT4 12201* 
*------------* 
.CONVERT 5TEP Te" 

RElL • 

* ••• *** .. ****** ... * 

: G3 : 

··***H3····* .. ·*** 
_GENTXT4 122[1* 
.~~--~----- * 
"STCI'tE STEP INTO. 
: SHf;K : 

................. *. 
• ••• * 

(P45TF. '090" 
•• X. liS * 

· **.*+11"'*** •• '*'** 

~~~~~~--::~~:: 
*Ann CC'IT'l')t V~II~ 
'TO STEP. STCPE • 
*RESUtTINf;. V.' 
******.*** .... *** .. 

, ••.••••.•.• x. 

.'. 
•• J2 *. •• ;:;~;;i::'.~;;:;: 

•• Ne~"Al ... N() * ____________ • 

•• teop .* •••••••• X'STCPE STEP HIT(1* 
•• * ST~fK • ..... * .. 

• •• * .u ... *** •••• **** .. 
'm 

·093" • 

: ~\ *.x: 

, 

... *., 
(P4STF. .0",0* 

•• X. HS * 

'*t**k2*'*****." ••• *.K3 ......... *** 
*AOOCONV * *GEfllTXTP4 122S1' *-----------. *-------:---. . 
.. lCCATE ••••••••• X'~OC (CNTIIOI. VAR ••••••••••••••••••••••••••••••••• 
* (ONTROLLEo * *TO STEP. STOR~ * 

: ... ~!:l!;~* •• *: :::;~~:*!:*~; .. ~;; 

, 
.' . 

J~ '. 
.'" *. .* *. YF~ 

'. ~lFM~tlTAPY • * .... 
*. lC!G!> .* 

;t. ." 

* .• ' 
''1(' 

*0"(,' 
• '-1>47 * 1}2' 
• I)WA~l * .. 

, 
**'*'~5'''***'''''' 
OOGFNTXT6 12~q. • •••• 

:---;;~:;~-~~---: ... 1:0~~: 
:HCUlATF STFP : 

.* ••• * •••• **.* •• '" 
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CP47 

SUBSCRIPT 
INITIALIZATION 

IFIN(REMENT 
NECeSSARV 

*(1<>4* 
.. In .. 

, 
:**;:~i:~:*~~**: 
"'ENTRIES IN UT.'" 
.. STllRELN HI .. 
: (JP~RAND STACK: 

....... ** .. ** .. ** .. **** 

, 
• ..... **Jl** ............... .. 

:~~~--~~~:~: 
* SRMIICH AROUNO * 
.. INCREMENT '" . . 
............... *** .. ** ..... 

, 
*0<;11* 

.. ***A2*** ...... *** · . · . · . "' ... * ......... * .. *** 

, ... 
112 *. *****B3*t"'******* .* *. *OPDREC 120,1,1* 

. * *.NO *----------* *. COUNTING ........... X.GEN. ACT. PARAM. 
*. lOOP .* *CALlCFPROC .. 

... *. • .. '" :~:~; .. ~:.:;!~:~ .. ; 
"'YES • 

.... *" 
•• 095* 
•• X*Al* 

......... (2 .. **............. . ... *(3****"*.*** 
*ADDRELO .. *1>ENTXT4 12?Dl* 
*--------------* *-------* 
'" ......... X .. lOACSTfP INTO" 
.. lOCAlE STEP .. .. R~~'STER ST~ .. .. .... '" •• "'* ••• * ...... "' .. "'... .. ........... **.* ..... * 

.IF STEP 
• 1 PI ~EGI STEil: 

, 
**"'**02********** 
*GFNTXT6 122H* 
*-------------oo 
• Et.'!JLESS LOCP • 
'" TEST * 
" . 
*"'***"'***"''''****** 

.". 
102 *. *****E3********** 

• * *. *GENTXT4 12201* 
.*SUSSCRIPT*. YES *-------------* 

*.OPTnnZ~TlCN .* •••••••• X* * 
*. .* * STORE STEP * 
*..* * * 

* •• * ***************** 

"" 

, 
****,*2********** *****"3********** 
*~DORELO * *GENTXT4 12201* 
*--------------~ .... -----------* 
* LOC~:~u;eST : •••••••• X:~OO ~~S~T~:lUE : 

************.**** 
• IFTESTVALUf 
• I ~ IIEGI STEil 

, 
*****G2******."'.* 
• GFNTXT2 122Cl. 
*--------------'" 
*ADO TEST ~AtUE • 
* TO STEP • · " **",*.*****.",,,,,,,,,,.* 

, 

. " 
..... **.**.******* 

"'**"'*H2"'******.** •••• *IH ••• * •• *.** 
*ADDIIElO • "'GENTXT4 122D1. 
*---------------. *-.. _---------. 
*LOCATEINITlAl ••••••••• x. SUSSTRACT • 
.VALUE OR CONn.. * HITIH vnUE • 
* ~ARt ABLE.. * 
*******.****.*.*. "'***.****.*** ••• * 

• 11' ~ALUE 
.1 ~ REGISTeR 

, 
*.***J2.******.** 
.GENTXT2 122Cl. 
• --------------* 
• 51,;BTRACT • 
• INITIAL ~ALUF. • 
" . 
• ••• * ••• * ... **.** 

, 
* •• **1':2********** **.**1':3***.*.""".* 
*GENTXTb 122E1. *GENTXT2 1220* 

Microfiche IEX50-2 

, 
.'. 

~4 •• 

.* *. 
_* TEST •• flO 

•• S1JURCE •••••••• 
*.OPERATOR .* 

*. .* 
* ••• 
*COM~ 

, 
** •• *C,,*,*** •• * •• * · . .OPTSYTE BIT 1* 
*SETON.GENUINE· 
• HIR LIST * · " •• *****.***** ••• * 

, 
*****04**·*·***·* 
*GENTXT6 122101* 
*-------------* 
*BRANCH AI<O 1 IN~* 
.. TO !TERnED • 
* Sn.TEMFNT • 
.* •• ***********.* 

FRO\llCP43 
BEGINNHIC 

O~TA~;~;~~EO 

·ow,· 
*C5* 

, 
.*··*C5··'·*·**** 
'GfNTXT4 122m* .---------------. 
.RETURNAOO<\fSS· 

: ~~L~~~;~E~~R : 
•• **.*.*.*** ••• ~. 

·****V5·· .. **···*· O«;FtJTXT4 12201* 
.---------------. 
* SAVE RFTURN * 
• ADDRESS * 
" . 
........ ** •••• **.* .... 

, 
.'. 

~5 * . 
." 

NO •• STFPltl •• 
••••••••••••• x •••• *. ttST 

• Oq4* . ,~ 
. . 
• FROM SUBSCR. • 
.t'lCREMENT .x ••••••••••• 
• ROUTINE 

.".*·F4-*.·*'·***' 

" " MAI<'OtABEL 
ENTRY 

" . 
** ........ ****.** .. *. 

• CP~1T , 
***** 

:o~~ 

* .•• 
. ' . ' 

"YES 

.... ------------- .. · . "Il:ESEIlVFGPRQ .. · . .**** ..... * ............ .. 

.*·**G5* ..... * •• * •• 
*CH~NGE CC'UOlTH • 
* f'PFIl~NO T( * 
* YHUE IN * 
.. I!EGI,>TFR 

.*.**1-15*.'."."*.' 
*GF,.,-nT4 12201. 
*---------------. 
" . 
*TEST FI'P RETupta 

" . 
*.* .......... * ..... . 

.'. 
J5 *. 

•• * • 
• * SU~Sf"RI PT •• YFS 

•• OPTIMIZATICN •••••• 
*. .• 

*. • • 
••. * 

'" FROM 5U!SCRIPT _ ... 
tNITlALIZATION .094* • 
IF NO INCII~Mf'ln * 1<5 *.x. 

~098· 

*1>1· 

N~CE~SARY * • • 

O\IG4 X 
**.*.1<5"~*'* •• *.' 
.RESEIIVEENTRY' 

.-------.----* *---------------*. • HI tAr ~NO ••• 'X 

~~i~~~ 
~OUTINE 

* • •••••••• x*l[AOrOUNTFII * •••• 
*DIYIDE 6Y STEP. * GHO • . 

• ... * 
• STO~F IN TN • 
*OP",RANOST_CI<. "0<>(\" 
• • • ~4* 
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Microfiche IEX50-2 

.'. 
~1 •• 

.*.** 
*095 •• *SUBSCRIP *.NO 
.A1* •• X*.OPTIMIZATION .* •••••••••••••••••• 

.,.. ··~~T~I<~~·* 
••• * 

• YES 

x .*. 
••••• Bl ......... *.** B2 •• 
.G9<TXT6 122ft. 

**· •• A4*'.*.*.*" 
*G9<TXTS 1221'1* 
.---------~-* 

• •• x:A~~;Ce;:T;:~~o: 
*AOOSTEPTr1[.V· 
.. *** .... **.-....... 

." . 
S4 *. 

.* IS •• 
•• CONTIWl *. YES 

:-----------: •••••••• X .. :*ELE"ENTARV *:.~~ •••••• 

: INVERT SICN : ..... lOOP ... " *.; 
"" VA:~~~lE ." .* •••••••••••••••••• 

.* ••••• *.* •• **... •••• *09b* 
* YES 'Al' 

.'. 
::~~;i~~**.*.'**: .*C2 *. *. 

:--~~~~-~;~~-:x ••••• :~:.:·VA~~E l~~~l .:. 
• V~LUE • X •• • • · *..... 

.". 
01 •• 

.* ... 
.:~~*:* YAZ~~T IN *:* 

·.REGISTER •• .. .'" 
•• • * . " 
, 

·*·"·E1***"·*·"'" 
"GHHXT6 122El* 
*-----------* 
~OVF TFST ~ALLE" 
*TO 06JECT TIME" 
* STACI< * 
~ ••• * •• *.* .. *****. 

• *** .. 
.' . 
•• X.Hl" 

.'. 
Ft •• 

." .. 
• •• I~ TFST ... YES 

~ •• * .'" 

02 *. 
.* IS *. 

• NO.*CCNIRl'ltEO •• 
.x •••• *. VARIABLE .* 

*. R~At 

' . * .•• 
*YES 

*'***E2**'**"*.** 
*lRINRE • 

. *-------------.. 
•••••• ·GEN.COOETC • 

• CNVIRO I ~ FSA • · . • •• * ...... * ••••• ** 

• •• X·.VAtUEREAL .* •••••••••••••••••• 
•. .* 

* •• * ." 

, 
···*·Gl·* .. *·.· •• * 
;~~~~~~_~~2: 
• STORE TEST • 
: VALUE tNOSA : 

•••• ** .. **.*.** ••• 

" . 

.... ***G2* .......... . 

.GENTX1P4I2281. 
*--------------. 
• STOllE TEST * 
"VALUE IN (6JECl* 
• TIMESTACf(S • 
*** .... *.* ... ** ....... 

.. ~1 '" .X. • 
'*.*** :X ••••••••••••••••••••••••• 

, 
'***· ... 1.**'·"".** 
" . 
.. C!-ANGETEST * 
*YAlUEOPERANO' 
" . · . ...... **.** ••• **.* 

, 
.'. 

Jl •• ****.J2 ...... **... • •••• J3 ••• **.** ... 
.* IS *. .AOOCDNV • *HNTXTP4 122~1 • 

•• CONTROL *. YES .. --------------. *-----------.. 

*. .* .... * 
." 

, 
..····C4·*··.··· .. * 
.GFNTXT4 12201" ....--------. 
·tOAOSTE"l·nn .. 
* REGSTH .. 

" " ••• ***.*** ••••• *. 

.CP45 
• OVE2 , 

*0<)3. 
*G5' 

ADI) S"""" 
'" CI)NTllnLtFn 

VARIABLE 

*. VARIABLE ........... )(* tOCATE ••••••••• x* C[NTRCtlFC "' •••• x ••••••••••••• 
•• REAL.* • CCNTROttEO' * YARHflET{' * 

•• .. VARIABtE' • FPPO • 
•••• .. •• * ........ * ••• *.* •••• ** ....... *.**. 

"" 

••• **1<2.*........ .*".113 ••• '.*.*.* 
*AOOCON~ • .GENTXT4 12201* 

. *-----------. .----------. . 
••••••••••••••••• ,. LOCATE ••••••••• x* C[NTReLLEC * •••••••••••••••••• 

* CONTROl.LEO. WARIAetf TO REG' 

: .. *~:~~::~; ..... : : ...... ;:~ ....... : 

* ..... *C5··**·· •• •• 
-"'G""'-TXTP4 InRI. .--------------. 
"'lC'A[l STEPINTf' • 
* FPRD * 
" . 
• •••••• *.*.* •••• * 

(P45 • 
"IVI<3. 

.092 * . ",. 
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CP47 (cont#d) 

Microfiche IEX50-2 

D~E 5 
A I ". *****,112.*"******* ...... A3*** ........ . 

.* IS *. .AOOCON~" *GENTXTP4 122BI" 

·o"~· . ~ .:" ~:~:~tE ": .. :~: ..... x:----~~~;_----: ........ x:~~~~~;~~~~: 
*. REAl.* .. CONTROLLED" " V,IIRUt'lE INTO. 

* .• * : ••• ;!:~!:;;.**.*: :""'u.:::~u** •• : .. '" 
, 

••• '''Bl''·***·**** 
:~~~~~~-------: 
.. LOCATE .. 
.. CONTROlLED .. 
.. VARIABLE .. 
.......... *****."'* 

, 
*** •• C1********** 
*GENTXT4 12201* 
*-----------.... 
"LOH CONTROLLEO" 
.. VARIABLE 111m .. 
'" REE 5TH "* ....... "' ........ . "''''*0<. 

*00;6* 
*02* 

, 
e3···*. '"'***l!4*" ••• ""*"'* .* to *AOQRELO" 

• * IS TfST *. YES *--------~--* *. VALUE REAL •••••••••• X* LOCATE .. 
+. .* X.. TESTVAtU~ .. 

*. *. ...... : !... .. **** ............ : 

, 
"**"'*C3.*"'.*·*** 
"TI!TNIlE .. .. --------------.. . 
.. G~~·. CAll TO ....... . 
.. CNVIRO IN FSA .. - . ...... ~"' ...... ~ ...... ** ..... 

, 
. -. 

C4 ... ** .... C5 ..... * .......... . 
•• IS ". *Gf"'TXTP4 122 ~l. 

.. :* TF~~V:lUE .. : .. ~: •••••• x:-~~~;~;;-~;;--: 
".R~GIS""'D_ ." .. VALUE WITH .. 
....* * CCN7Rl1t VAR. .. ... " ............................... .. 

.. Y~S 

. . 
••••••••••••••••••••••••• x. , .-. , 

... 02 ...... ::~~:~r~ .. **u ...... : ..... **04 .. *· .. *_· .. • 
"GENTXTP2 122.0.1. 

... I 5 TE ST ... NO *-----------. .... -----------. 
•• • ~All'f REAt .... * ...••••. x: T~~i:~~IJE : 

.. CDMPARI' TEST .. 
• VALUI' WITH * 

...* * OPERAND • .. CONTROL .. 
" •• * .. ********** .. *** ... .. VARUSU' .. ** .......... 

• YES 

. '. 
E2 *. 

... *. 
• * I S TEST *. NO 

". VALUE INA •••••••• 
*.RF.GISTl'R .* .. .. ... .. 

• YES 

, 
** •• "'G2*."*01<~"*"" 
"AOORfU' .. 

. -. 
El ... • ...... ~4 ............. * 

... ·;ES~~AlU:· •• NO ::~~~~ __ .2.:~~: . 
". IN A .......... X.. CO~PARF * ................ X. 

".REGISTER ." *TESTVAlUE "'llH • ...f *CONTROLLED VAR." ..... .. ....................... .. 
• YES 

oI< .. * ... F" ......... * .... .. 
"GEIIlTXT2 122Cl" 

· *-------------.. . 
................. X. COMPARE * ................ X. 

*TEST1/AlUE WlTH • 
• CONTROlLEIl VAR •• ..... * .............. *~ ... . 

.-. 
G3 ... ** .... *G4* .... * .......... 

.* IS •• .GENTXT4 12201· .. -------------- .. 
lOCATE TEST • 

VALUE 
: .. x.: .. ~~~:~tE *:*~~ ...... X:-~-~~;;;~--: 

H2 •• 

YES .*'*15 TEST*' *. 

•• RE~l." .CONTROlLEO VAI!." 
".." • TO REII.t • 

". •• ..*** ••• "' ....... *.* .. 
• YES 

.*·**H4 .. • .. ** .. ·~· .. 
·AOORELO .. 

· >$---------.. 
..................... VALUE IN A .* ................. X* lOCATE • 

, 
• ..... O<;JI ........ ** .. * .... 
"GENTXTP2 InAl* 
---------* 
*lOAt TEST VAL!;E* 
: tNTO FPR2 : 

•••• "'*** •• *** .. *** 

".REGISTER •• .. ." .. .. 
-" 

*** .... J2"' .. ··**· .. ** 
*GI'NTXTP4 122B1. *--------------. 
*lOAD TEST VAllE" 
* INTO FPR2 * 

- -.... * .... * .. * ....... * .......... * 

, 

.. TE$TVAtUE .. 

- -........ ~"' ...... *."' .... 

'lWJ4 
........ J4 ...... "'....... • •• ""Jo; ........ *.* .... 
"GFNTXTP4 122Bl" *<;EI<TXT4 12201" 
.. ---------* .--------------* 
.. COMPARF .......... X .. SIGN "'ASK TO .. 
.TES TVAl UE Ii'ITII * X * REG AOR • 
.. CONTROL VAR." • * .. 
.......... *................ • .... * ...... * .. * ...... **** 

, 
.... * .. K5.* .......... . 

c~, 

'''' ... * .... K2*.*** ..... * * ...... K3"' •• * .... * .... 
• GENTXT4 12201" .GENTXTP2 I22U. . . .. ..... 
.. -----------. .-----------.. . 
:CC~~~~!B~~N~~(l: •••••••• x: c;:~~:Ewii~T : ............................... . 

.. * "097" 
*RELEASE OPERA~'I1.····"" ~5· 

: •• **"':~:~ ••• * ... ; : .. ~~~~:~; .. ~::;**: •• * .................... .. 
I!IUNCH TO ITeRATE!) STUE!'IENT 

~~ 

Chart 097: Comp~lation Phase - IEX50 

CP49 

Microfiche IEX50-3 

** .. *A2**·~**· ... 

- -- -
"'R(M 
C"4" 

... ** .. 
"097* 
.. ,,5* 

X <;~1 X 
....... **82*................. .. .. * .... B3 ....... ** .... *. ..***8""'**........... ..* .. *B~* ............... . 

:~~~:: ____ :~~:: :~~~~~ ____ : ~~~~ __ .2::~:: : RELEASE n'F. : 

*GEN. ACT. PAfUM* ........ X*lOCATE BOOLEAN .......... X* TEST SOOLEA'! .......... X* .. 

:Ci~~\~\:~~~N : : EXPRESSION: : VALUE:! .. 

*** .... ** ...... *........ .. .. *.* ........ ** .. *....... • ............ * ....... *** .. * ....... ** ........... ** ... .. 

..................................................... , .-. 
C3 " • ... *. 

NC .* SUBSCRIPT ". ............................................... ~~::~IZAT::~ ..... 
...... ~ETURN 
.097" "R(TO 

, .-. 
01 ". .. . . 

.. :* O;~~:~~R *:.~~ .............. .. 
*. . • ... ." ... .. 

·COMMA 

, 
...... ·1'1 .. •• .. *· .. ·** 
*GENTXT" 12201. 
*--~------

, 
* .... ··E2· ...... • .. ·*· .. 
*GENTXT4 122Ul* .-----------. 

" .. " 
"YES 

, 
:~::;~i: .. ··:;;;~: 
.. ------------- * 
• LrAO • 
* CONOtTrON~l .. 

: .. =~:~*!~~::;; .. : 

, 
i)'" '. 

.* •. .* ST~CK •• Wt'llF 

.. 05. SUB5CPIPT 
•• INITIAt-
* 1Z ~TTnN 

.-. 
...... * .. 0""' ...... * ... *. Il'i •• 
*GENTXTS 1221'1. .* * ______________ * 0"1' ." ... 

.. CHANGE .X........... TNCRF~ENT .* 
* COltOITIONAl .. •• 81T •• 
.. ENTRY ADDRESS * ".. • 
...... * ............ *.... . ..• 

'" : ........ . 
.. X* HS • 

.·*·.E5.· ... *.·· .. 
: ~~~~~I!:~ ~:~. -: 

~oAiT~~~~S OF: HeAD ADDRESS OF* ... rpEI!AT(,~ ••••• : ............. . .. $TO'lF IN IN .. 
.. OP~MNI) ST~rK .. 

• STATEMENT .. * .... * ............... * 

, .-. 
1'1 •• 

." *. 
." STACK ... WHILE 

•• OPERA TO!! ..... .. .. . .. .-* .... 
"UNTIL 

: Fc~~~:i:~N:OR ; 
......... * •• ** •• * •• 

.-. 
1'2 •• .. ". 

." STACK ... WHILE 
*. CPERATCR .* •••• -. •. .* 

* ••• 
"UI>TIl 

... .* 
". ." ' ... 

*UNTIl 

, 
····*1'3··· .. ·····* .GENTXT4 12201. 
*------------ * - . .8<ECUTE !lI!ANCH .. 

- -..'1''1' ••• ~.4 ..... '1' ••• 

, 
•••• .. F""' .. • ... • .. •• .. "GENTXT2 122CI. 
.-------------
"BIUNCH IF ~UI''' 

- -.... •• * •• * ....... * ..... 

. . 
.X ........................ . 

* .... • .. Gl· ...... *· .... *· 
"GENTXl'I 12201* 
.--~-----. 

, 
• .. ···G2 .. *·**·** .... 
.GENTXT4 12201. 
.-----------* 

, .-. 
G3 *. .* ... 

." SCURCE *. COMMA ..... .. ...• . *. ('PERATCR .................... . 
.ExeCUTE BRANCH .. 

. - -x **** ... * ..... * •• * ..... 

• "I'XECUTE 6RANCH .. 

. - -• x ......... * ....... * ••• 
. ** ... .- -.* Jl .. . -

*. ." ... .. 
" •• * _ 00 

..•.•••...••.• * •• 
, 

• .... ·Hl .. ·* ....... · ... 
*GENUT2 122Cl" >$---------. - . • 6RANC~ IF TRUE. - . .. ............... * ...... * •• 

: Jl :.X: 
, 

'I'o. •• O<;J 1.""" •• ** •• 
"SET 611 7 ON IN. 
.. OPTBYTE. * 
• HNUINE FOR .. 
• l tST .. 

- -.. * .......... * .......... .. 

....... H2 ........ ** ... * 
.GENTXT2 122C1. .. ---------------. - -"SRANCH rFFALSE* . -. ....................... . 

FRO~ "0<;7* • 

, 
..***H3 .... ·*· .... *· .. 
.GENTXT6 122El* 
.----------- * 
• I.'RM"CH TO * 
.. ST~TF"ENT • 

:*:~;;~!~:*~: .. : 

CP4'l • J2 ".X. • 
• .. .X ........................ . 
..... x 

EnTERS J2 ...... 

-. •• •• YES 
*.OPTlMIZATION ......... . 

•. .* x 
...* ***** SUBS1:I!IPT 

t. •• *09S" INtTlAlIZATION 
• Sl* Rct1TINE . . 

......................... x. , 
** .... 
*090* 
* G4. 

, 
• •••• H""'.**.** .... 
.GENT;H6 122El. 
*-------------* 
* lNITtALtzl; .. 
.. CONOITIONAL • 

: .. ;:~:~.:~:;;;*: 

, 
.*** 

• Jl * 

- -.. .... *.*** ..... * ...... 

.... •• *F5·*· ...... * .. •• 
*G~NTXTS 122Fl. .--------------. 
• CHANGF CONI). • 
"ENTRY A')OP!'SS ... 

: .. *.~:~:;~ ....... : 
, 

• •••• SUBSCRIPT 
"0<16" IN(R""IENT 
.. J3. ROUTINE 

• ..... RFTURN ~R 

.097. SUBSCRIPT 
"H5*TNrRFIoIENT 

.. .. Rf1UT!NF 

EXG25 ; 
··'I' .. *liS"' ...... * .... • .... 
- -• ~A~E LABFL • 

•• X" <:NTPY .. 

. -. -
,(Pion , 

*0<10* 
'G4* 



"l 

I 
CD 

o 

! ... 
t-' 

~ ... o :s 

H 

~ 
UI 
o 

N ... 
'" 

v 

Chart 098. Compilation Phase - IEXSO 
CP49 (cent-d) 

Microfiche IEXSO-3 

.... "'SUMt'-'PT 1NITIAlIZATION :0:: ........ : .. , 
'" DlE~ .... USAl ••• ,., 

111 •• 83 *. 11.0\ *. .. •• ttI, ......... . 
• KURREN,.... .* FIRST *. .* *. 

~---= • * PDR *. NO .* EI«IIY FOil. .0 yes .* NX'flIi IS *. YES uo.'" , S'A'I!MSlT •••••••••••••••••••••••••••••••••••• X.. THIS ............. REGISTER 7 •••••••••• X.ST('RI: REGISTER '" 
"'.NUMBS!. 1M.. X *.STATI!'MENT.* 11 .* II '" '" 

*.OP'AB..* ...*.,.* . '" '" * •• * to .* . * •• * ................. . 
'" YES '" NO ",*". '" '" MJ "' .... '" 

; .*. u.scz Cl *. ..."'oM:Z._ ••••••• 
• otOPEMIMG*. '" RESER~ NEil '" 

...... CKET 1M *. NO '" SU'ABC ENTItY '" *. OPTAB FOlJiID ............ OPENING 81Uate '" 
"'.IN SUfABt.* '" TO ENTIIY '" 
*..* '" '" * •• * ............... .. 

'" YES 

, ... , 
01 *. • ••• *1)2 ......... . 

• * *. '" lNS£RT FOtt '" 

; .•. 
..C3 •••• 

•• FAetOIl •• NO 

·14. . . .... 
, 

:::Crs~·:-: 
• NEX, IIE6ts'TER • 

•• CALCULATED •••••••• 
•• IN AOR •• 

• RESERVE IT • 
: IROUTtNE71 : .. .. . ... .. .............. . 

.YES 

; 
• •••• 03 ......... . 
tGENTXTS 122F1 • 

'" 85 .. .. 
, .•. 

C' ... o. lAST ... 
1Il.tt'P'ASEN'''' •• 

........ FOR ,,"IS •• 
•• 1'.S. •• 

o. .' . ... 
.YES 

••••••••••• lIi 

.'. 0' •. .. .. 
• * SUIIS0I.11'T *. NO '" STATEI'IENT" • . . :UTA!. ••• 04*!.. ...... · . tRESER't'E DeJECT • •• •• NO 

•• PREPROCESSeD ............ NUMEltlNTtI ••••••• • PRECALCULATI'D • .TIME STACK INn • 
• OPERANO anllY • 

•• Cl'UNttNG •••••• 
*. IN THIS •• '" S\i'TABC • •• RJR" • • 

STATEMENT ................. . .,,' 

:USE2 i 
••••• El ... _ •• 

• SETRIGtiT • 
• SUIISCRIPT • 
• POSlTIONBITON.X ••• 
: 1M SUT.l8C : .................. .... 

, 
..... 1'1 ......... . 
• GENERATE ADO". 
• OR - ADDEND •• 
• SUBSCRIPT • • ncmfl. TO Nlmt • · . ............. _. 

, 
.o. 

:u: 

61 •• • ..... 2 ......... . .... . . 
•• FAC11lR •• NO .S'E'T FACTtl" BIT. 

•• an ON •••••••••• lI. • ... .. . . 
•• d • • .... ._ ....... -.. 

• 'rES 

; 
••••• HI._ ...... 
.GeN'ERATEAOO". 
• OR - FACTOR •• 
• SUaSCRlPT • 
• FACTOR TO ADR • · . ................. 

, 
• ••• *"2 ......... . 
.GENERATE LOAO .. . 
• OR - FAClOl1 •• 
• SUBSCIIIPT • 
: FACT[R TC AOII : ................. 

. . 
• lI ........................... . 

:USKI i 
.. ....... 1 ... _ .. 

• tNXTtlPT U1A,. • _____ 4 

...... FnCtlNElIT • 
• OPTAB EN1JI.Y • · . ' ................ . 

• SUISSCRIPT .. COIt •• 

:.!~.::: •• ::::.: · . .. .............. . •• lOCP .•• . .. . . .. . 
• YES 

, ..... ....... 
CP4'J • t!"i. 
El(G24 •• 

, 
a··· •. .. .. , , .•. 

E!! •• ... .. 
•• STEP •• NO • 

•• ELEMENT IN ....... lI. 

.. ... E4*·· .. _· 

.MOVE SUBstIltPT. 
tOPE.A"O "OIlRES:st 
• lfno SUTABC -. 

•• SutSCRl"' •• YES 
•• INCIIEI'IENT •••••• 

•• FOR LIST •• .. .. .... 
n" 

• enlty • · . .. ............. .. ..:':CESSA~! •• 

•· .. :0 , ..... 
t(I<;I4. 

• CP47.Hl. 
X DVGlo •• 

, :--.tF3 ......... : 
.SETINCRENENT. 
• lNOICATOR CN • · . · . ............ _. 

; :_.F,.. ........ : 
• GENEftATE LOAO. 
• lASE INTO • 
: ItEGtsT1lR NXlII. : .. .............. . 

· .... .' . 

..... 
CP47 • .,. 
IHIG31.: 

•• ,: Et : • 

• • YES 
X .USG4 ••• • •• ..... G3.......... G4 .. 6S •• 

• GEMTXTS 122Ft. • •••• ..LAST •• 
.--------. II •• WHILE •• NO .*Cl8TAB ENTRY •• NO 
• CALCULnE aND ••••••••• X •• ElEMENT tM •••••••••• lI .. 1'011 11-IIS •••••• 
*STORE ASSIGMacr. ..FOR LIST .- •• F.S. •• · . .... .. .. ................. .... . ... 

• 'YES • 

u't'-'1 

SUISCR1" INCREMEffT ..... 
*O'iI8 • ·n· .. . 

, .... . . 
.8S· . 

••••••••••• lI.lI ......................... . 

. !. . 
J3 •• • .... J4t ••••••••• 

•••• • GEMBtATE Aon • 
•• INCIIEMENT •• Y£$ • INC"'EMENT Ttl • 

•• CAlCUL_TEO ........... lI. SUlstRIPT • 
•• Fe".. • ADDRESS • 

suesCRIPT • • .... .. .............. . 
'NO 

, .... . .. 
"'"3 •• ",,. •• . o. LAST •• •••• . He.. OPERAND ... YES d .0 YES 

...... CO",.IHU16 ............ ll*. COtJilTING ......... . 
•• SUBSCRIPT.. •• lOOP.. X .... .... . .... 

... •• •• •• CP47 .094*0""1 
• • IlO .1"4. 

CP4:~.:ltGt!5 
:0=: .. · 

.. . 

, . ... 
.!,.. .. 

'l:._.J.f" 

Chart 099. Compilation Phase - IEXSO 
CPSl 

Microfiche IEXSO-3 

...... 1_ ...... · . · . · . ................ 

, 
••••• 111._ •• _ •• 

~-~~ 
.'EN.ACT.PU ..... 
• CALL OR PROC • 

:~~~:.:!!::.: 

, 
.'. CI.. .._C2 ......... . 

•••• .UREIN • 
•• lPPER •• NO .-----• 

•• BOUND ........... X. GEN. C .. Ll 10 • 
.... ~"TEG~.... : CIC'lROI IN FSA : .... . ..... _ ....... . . '" 

; 
: .... 01* ...... "": 

"ESetVEOPERAICO. 
: ENTR.Y : · . ........ __ ... 

; 
..... EI ..... _ 

• lOlilet lOtJilO • 
• UPPER tDUNO • 
• SMF-ENUY 10 • 
• LAST THREE • : ••• ~::-.!:~! .... : 

, 
: •••• Fl __ •• : 

:O:~A:::~s~t,"! 
:OPERATOR STACK: . ......... _ .. . 

, 
••••• Gl ...... _ 

• SAVE SOlaCE • 
• PtlI/fT81 AND • 

: ~~~"+~~" : · . . .............. .. 
TOCPt'l: , . .... 

.nOt 
• At. . 
~ .. . : Jl: . •. 

, 
._.02 ...... _. 

. ~~~-~~~~: 

....... STOftE UPPER. 
:S(I\:NDINST .. CIt: . ............... . 

.-. 
to<;I" • ." . 
, : •••• 8' ••••••••• : 

• RESET SOURCE • 
• 'CllffER TO • 
: SOOIlCETEXT : . ............... . 

, 
• ••• tt, ......... . 

~~~: 
.CHECKIFARIIAY. 
: looMO ERROR : . ............... . 

, 

FlI(lltCnO 'fTatASStGMENT 
OF UPPER lleuJU::-1.OWER BOUND 

+1 HI SMF-ENTRY 

••• ERE' 
03 •• .. ... 04* ........ . o. •. CLCStNG. • o. ..IIIACKn • • 

"'" .. •• *05 •••••••••• · . ""ELEASE OPU .. "o. 
•• SOURCE ........... X ... B.EASE OPER"NDt ... X.AMlJOP'fRATCI. .. .. . . ..... . . 

··..c~NA ................ . 

, 
••••• 1'3 •••••• _. 
.STCRE DISPl D'F • 
.0SAENTII't'FCR. 
•. NElIT LaI"R • 
• SCUItf) IN LAST. 

: .. ~!!~:.~::~ ... : 
, 

SHOT ••••• 

, .. ... ",.. ........ . 
~~-~ 
• SA't'E tllEG. LOAD • 
• ""'lAY ElEMENT. 

:. .. ~:!~~ •••• : 

111)79. • 

•• 1!!. ESB!. ... F4*!. ...... . 

• • FU10 NEXT • 
• SMf-BintY ANO • 

................. lI*ATTACMEt) LOIllER • 

..... " ......... . 
:~~: 
• CAlCULATE .. ~ • 
.ORESS INCRE- • 

! .• :=.::~'!! •• : , 

:BOUND 1M STACK: .... ............ . 

, 
..... G4* ...... -

~!~ 
• STORE ADOItESS • 
.U1CRENEMTFACT.· 

:.:.::-::.: .. : 
, 
.' . 

M4 •• ... . . 
• NO.. LAST •• 'reS • 
.................... SMF-ENTRY ....... . 

•• ~CESs:z •• . ... . 

· . · . _ ............. . . .... · '. .ES •• X. · ' . .... . , 
.. .. tE5 •• •••••••• 
~--~~~: 
*l:"A1.1. &ETIIST('I IN • 

:FSA Ci:~FTF : .... _._ ...... 
, 

FS··· •• ._ "If'i' •• 
•• "RIIAY •• N[l 

•• lOENTIFtE!> •••••• 
•• LEFT tN •• 

.o;~~: .• 
.Y"S . . 

: JI: 

, 
.... *1>5 ......... . · . · . !"'E1.USE ePERA"": · . .. .............. . 

; .. •• tII, •••••••••• 
~~_.2~~: 
·CCP'I'IlR1Gl,.. .. L ..... 
: ARRAYSIIF : • 

.. ............... II 

: ES: 

nB3 i .•. . •. ....... 1 ..... _.. ..-J2.......... ..B •• .. ••• J"*"_... J5 .. 
• •• • •••• OTHER • • ...0 • •• • o. NEIlT •• OPTR • STEP SO","CE • •• CO".... •• NO 
tflt8.EASE OPERANO* ........ lI* OPOT _ 0 ............. CPERATI!!R .......... lItPOPtTER 1 STTf. •••••••••••• 1M S(lURCE •••••• • •• • X.. ... • • •. .. . . . .... . . ... . ................. .... _._._..... . .. . 

• lETA • YES 

, 
•••• *11:"3 ••••• ..-. 
.JIUFFER 12tAI • . --. ...... C"AMGE 1",,01 • 
: BUFFER : ............ _. 

• t(l79. 
i CIlI'P •• 0; • .. - . 

SNOT t(l7'iI. . ... . . . 



.., 
'" o 

Chart 1001 Compilation Phase - IEXSO 
CPS2 and CPS4 

Microfiche IEXSO-4 

....... 1 •••••••••• . 

• ... BI .. . .... 82.......... • ..•• 83.......... .. •.. 8~ .•..•.... 
• * *. OPENING" .... .... INSERT -.RillY" 

0* sOUllee ". BRAC~n .. STACK SPECIAl. *_ .. R~ER\lE TWO .. .. tDENTtHF.R .. 
"'. OPERATOR .......... X. ARRAY lEFT ••••••••• X.aPER.NOENTRIES ......... X. CDUNTERlf\l '" 

"' ........ *.. : .... :::::: .... : : ............... : t ... ::::: .... : 
'IOttIMMA 

· : ... Cl ......... : 

:ftI~~~~F~::n : 
t .. ~::::_: . "" . .. ..... 

*e19* 

•• 8~ · 

~ 

. 
..... c .......... ••• 
*SlUREDtSPlOF* 
*O$AENl1IYFOR* 

: ~:;; ~~~:ST : 
:.!!!;:.:::~.: 

$MOTi 
*0"/9$ 

"'.11;* 

•••• *1;5 •••••••••• · . · . ............... 

, 
.... ""5 ••• • •• •••• · . 
: ~':~~~~~E 1M : 

: STACK : ................. 

. 
;~;:::=: 
.uPUATesc. GEW.* 
*Clll TCTRACE * 
:. •• .!.:.:~! ••••• : 

. 
.... -.!'§ •••••••••• · . 
:PR~:~~D~~FlIT: · . · . . "' .............. . 

SNO:.~. 
*079. .". 

,,~ 

Chart 1011 Compilation Phase - IEXSO 
CPS6 and CPS7 

Microfiche IEXSO-4 

•••• ... 1· ........ •• .... · . · . · . 

. :* ••• l'Il .......... *:; 
• SI/ITCHTO '" : u~~:m~~N : ................... 

. .··."Cl· ..... • ... · . .STACKSOLRCE· 
• OPER ... TOR • .. . · . ................... 

.. i. • .,,.,. 
•• 1'1:'" 

"' ....... 2 ......... . 

· ............... 
, 

•• .. *82··· ...... • • U1IEPRPClNT •• 

!c~::::~~rs~ic : 
• INOPl:IIAND • 

! ..... !!!~: ..... ! 

• ..·.*C2 .......... . 
:~-~~: 
:G~:i.L ... ~!·p:~AM: 
:;~~~.~:.:;!:::.! 

••••• 02.: •••••••• 
:~A __ ~~: 
• GENERATE LeAD. 
• ACTUAL • 
• PARA"ElE~ • 
••• INFORMATION ••• 

FGAFI X 
_··E2·········· 

!~~~~~-..!.~~~: 
• RETtlRNTD • 
.FDIlMAtPARA ... 

::~!.;::!.~.:~!: 

• .'. F2 •• 

... ·SOURCE·· •• COMIOA 

•••• 0PERATtlR ...... .. 

........ SHon 

oICLOSING ..... 

• PARENT. ~~: 

, 
:-:~~:::~~~ .. : 
: o~~:~i~j:c~ : · . .............. " .. 

FGIIOll i 
• •• **H2 ......... . 
.GENERATEPRct •• 
• CAll flY • 

~~~A~~":;p::R::1)! 
:.';!~~.==;;,,: 

, 

• ••• A] ••••••••• · . · . · . 

· .' . 1'1] •• .. ... 844' ........ . 
•• Dce •• *ROUntlE] • 

.::EP~::~O .. ·:.~~~ ••••• ;--;;;:~;:D--: .... 
• •• ~DO~ES~... !ADORESS IN ADR : .... . .............. .. 

"" 

· ·····Cl ........ .. 
~~ft_' __ : 

·GEN.COOETO. 
:s ... nftfGlSTEltS! . .............. .. 

, .•. 
0] •• .. ... 0 ........... . 

•• IS •• .GEMTXTS 122Ft •• 
•• 0PEPANO.oYES .---_ X •• 

•• LAIIR Oft .......... X*LO .. O .. ODRESS ..... PG3. 
..SWlTCH •• • "RO"lL"TTO ••• 

•.•. .•.• ::::..~!~~~;:.! . .. 
, ... . .. 

E3 •• E' •• .. ••• "5 ........ .. 
•••• ..., *lM)IC"T" IN lU • 

•• IS •• YES.. •• yes • USE OF STA~D •• 
•• ope~ANO .......... )1.. STANDAItO' ..... ~ .... X. PRI![. t.l0T 1M" • 

..:~oCEru~:·.. ..:~C~;.. : SPFClll rHES : .... .... .. ............•.. 
·NO • ...,-

· • •••• 1'3 ......... . 
~EMTXH 12201. .----. 
:LO.~A:~~:.r~~ OF: · . ................. ..... · ' . 

. 
:;~:rs··~;l! 
.LOADAOO.FItO"'. 

: ~~EI:;::: : 
.ST.ItEGS*'M*FSA·· 

, 
.. •• *F!I •••••••••• 
*GENTX'TS 1221'1.. -------. : L:~ ~E~~!~ ': 
••• STtlRE.REGS •••• 

• G3 •• X. • 
• •• X .................................................. . .... . 

· ···"63····· .. •• · . · . . ............. . 

:.11: 

.... *'G!I ......... . · . oICLEARIIF.GISTfR' 
.. ............... X: 'D~ : · . .. ...... , ....... . 

<l;;~~i>~~ ...... r~i~a: .. ·l . .... ,... :. .............. : , 

i 
..... J2 ....... "'. J3 •• ~ ••• J5 ......... : 
• GENTXTS 122Fl. ••• • • ------. MI!.' L-ST •• · . *ENT1I.V IN PAR"'~ IX .......... PAR""'~ER •• : DI'OT"D 
.USTRELATIV. ..HANtlED •• 
• AOO + ICCUllin. .0 .• · . • +CHARo\CTEftlSTIC. • ••• .. .............. . 

· ..... k2 •••••••••• 
...... &ENItLO • 
X .----------. 
..... 1!fIIICATE • 

• .. • ItEL~AT1OHOF. 
• J! •• ltt,,,Ut .. OOAESS • .. . ................ . .. -

• YES 

• :'tf.S 
I'GBHl x ••• X 

.. •• *1:3 ••••• _.. 1t4.. .. •• *K5 ......... . 
• • •• WAS.. • 511ITOITI:; .. .. 
• RI1I..EASE TWO • •• COJIT£kT •• NO • CONTEXT • 1t 

: DPEuroRS : ........ X* ••• O~~~:: ............. : 'ND'~;~~~ 1M : ::;;: 

• • _OGltA",* • ..C4 • ................. .... .. ................ . . . 

~ 



"l .... 
~ o 
::T 
III 
t1 
rt 
UI 

() 

~ .... .... 
III 
rt .... 
o 
l:l 

H 

~ 
lJ1 
o 

N 
lJ1 .... 

Chart 102: Compilation Phase - IEXSO 

CPS9 

Microfiche IEXSO-4 

••••• "2........... *****,1,4*****'1""... ** •••• 5 .......... . 
...... ,1,1 •••• **... *OPDREC 12041* .* *. *GENTXT4 12201* .. GfNfRATE LeA!) .. 

• .. *--------------* .* O~fRANO *. NO *--------------* .. GflSA WITH .. 
.. • •••••••• X.GEIIl. ACT. PARA~ ••••••••• x.. IN AOR. .* ........ X. lOlD AI)!/;. 1I1TH ••••••••• X.AI)DRESS OF DSA * 

*' .. U.ll OR PRDC .. *. .* .. LAeR ADORESS '" *t N w-IICH L~IlH .. 

.... uu .... "'... :;!~;.~:.:;:;::.: * ..... *.* :**** ••••• *** ••• : : •• ~~.~;;;!:;~ •. : 
.VES 

X FICHI X .*. ••••• e2............ " ••••• 1!3~*'"·.* •• *.. . .••. B4."' •• * •••• '" B5 *. 
: RELEASE: :::~~~--:~~~: :SAVE CO~PONENT: .",'·SOURCE •• •• CO:>M~A 
: RFGlSTER lOR : •••••••• X:BRANi~ ~~ACSWF.2: •••••••• x: l:~~E~~E!~ND : •••••••• x ..... OPERATOR •••••••• 

• •• • * * *..* 
******~******.*** .*** ••• ,.,.**~*** ******'******'*** 

*07</. 
SIiC'T' ~2* 

FKF'il ~ .*. 
'****Cl*'*'****** '****C2"""'*'* "~~'C3"""*'" (4 '. *****1:5*** ••••• ** 

::~~~!~--...:~:~:: :::~~~~~---:::~:.: :::~~:~----~! .*'* LAST *'*. YES : R~lEASF All : 
"CONSTANT FOR NO* •••••••• X* COMPONENT * •••••••• X' COMPCNENT ••••••••• X'. COMPONENT .* .•...... X*SWtTCli ('PfRANOS* 

: OF COMPONENTS : ~: r.~~~~i~~: : c~~i':i~: *. .' : AND OPERAH~S : 

~,***.'******.*" • *****'**.**'** •• * * ••••••• *.~.'*'** , •• * **,**.** •• *,* •••• . " 
",***,,5***'*'**** 

:::~~:---------: 
*UPDATE S( GEN ... 
* OLL TC TRACE. 
• IF T'OST * 
***************'* 

, 
** .. *·105* ..... *.·,** · . * SW1TCH TC • 
'PR(,{;RA~ CCNHXT' · . · . • * ••• * •• ,., •••••• 

SIllDT • , 
'079* 

Chart 103: Compilation Phase - IEXSO 

CP6l 
Microfiche IEXSO-4 

ffi" '*'*'81"'**'*'*' · . * COPY OPERAND , 
* ANC INCREASS * 
*PAR_METER COUNT* · . **** .. *.******* •• 

· **.**1: 1* .... "'*.* 
* EEl SPECIFIfO * 
'CH~fI,ACTER ISHCS" 
*FRO~,PROCEOURE .. 
• IOHHIFIER • · . ••••• ******.****. 

· "**'01*"******* 
*TYPHEST 1041>2* 
*-----------* 
*TEST PARAMETER' 
* TYPE * · . .,.*.,.* .... '***.** 

· .'. 

FP8~****A2***** .. ***. 
• •• * 'LOAD1H 

* • *--------------* 

! A2 !X: ;~~E~~l~o;:~L : 

: .... ::~;~~:; ... : 

FPG2 ; 
****'82'**"**." · . 
: R~~i::~o~~'E : 

· .*'**(2'*' .... ' .. **. · . • Sill TCH TD- • 
*PRCGRAI' (CNTEXH · . · . *.*.** •• *, ... **", 

· '*···02··'····.,. 

RELEASE T~O • 
:lPERANDS 

· " .. 
~NOISP. '079* 

•• x* (4 , 

,.* .... 4*."""" •. ,. ... 3.......... ..*.. .. * 
.' . 

.11.5 '. 
.' 110 ' • • ACCII~SS *,. • *_ ____________ • 

: TRANSFER •• A4 :X:~E~!~~TiN;~~~ : 
. .. x..:' f1~R~~:~g::o ': .:~~. ... u.......... . I~ FSA * 

* •• * •• ****, •• **** 

••••• ~3 ........ *.* * G!'T FOF * 
, CUIIIIENT • 
'PARAI'ETfII 1 EEl • 
• I'AIlT) , · . .* ••••••••••• ,.,* 

.A!lII~O X 
****·B4******'.** · . LOCATE 

I'ARA~ETf<t; 

'.~UN(TION •• 

" .. ' 
• IIC 

.'. 
"" * • .' '. . 

.' IS TYPE '. NI': X 
'. (!lNVl'RSl O~ • , •••• 

'.::QUIPE~;' 

' .. * 
• YES 

, 
C~ .'. *. 

.• lie '. 

.U'IlTRl X :ADII11\8 x 

.' PPOCHlUIIE •• 110 • 
*. OR ST~NDARO .* •••• x. 

·.FUNCTION ., 
1. .' 
•.. * 

• STF 

.'. 
113 *. 

.' IS '. 

,:' P~:A~~!~P ':.~:: .. : 
'. RUL .' 

*. .* ' ... 
"0 
· * •• * · . 
•• X' A4' 

FCC4 

·**··C4*···****·· 
·G~fQ.ATE * *--------------* . 
" TRANSFER OF ••••••• 
* ADDRESS TO .. 
'PAR~"ETF.R LIST' 
" •• *.*".* ••••••• 

- •• *("~ •••• , •• * •• 
*G""TXT4 l2201' .---------------, 
'INSf"TFLAG TN* 
* I'ARA~""FII • 
,. "DOR~SS ,. 
• ••••••• *.* •••••• 

.··*05 •• ··**·,· · . 

." ••• E2........... • •• '.E3" ••••••• , e4 *. .*'.*1'5 •••••• *.,. 
.*'. '.ADTRANS 103A3' 'CDNSFL 10405* •• AilE '. 'SPEC.ACT 104Al' 

.' STANO. *.110 ,----------. *-------~. •• sPECIAL *. YES • ______________ • 
'. FL'NCTION OR .* •••••••• X* ADDRE~S , •••••••• X* ••••••••• X*. ACTIONS •••••••••• x* • 

'.1I0PROC •• * * TRANSFER' 'CONSTRUCT FLAGS' *.~EOUIRE1) .' 'SP"CTAl ACTlON~* 
'..' * *. ,. ~..* • • 

*'. '~TF , •• * •• *.* ••• * •• *. ................. *'* ':0 ........ *."'* •••• , • 

'103' • 
, 1'4 '.X. • 
• •• X ••••••••••••••••••••••••• 

*.** • 
fTC2 X .'. "OF" J .'. 

'*"'F1****""" 1'2 •• **'*.F"'***""'. F5 *. 
• * .• *. · . * RElEASE DNE .. •• TEST •• * RELEASE TlIIl * .* IS 
: OPERATOR : •••••••• x •• *.O;~:!~~~ •••• • OPERANDS ' •••••••• X •• U'~"A IN .' •••• 

, • '. SOURCE .' 
* * *... , . ... . 
• * .. *,* ........ *,... ' .. ' .t-t-,.***t-, .... *.*.. ' •• ' 

.019* SNOTSP 
• C,,*1( •• . . . 

• 't-, . 

* YES " •• · ..... . 
SNOTSP. '0-"1*' A2' 

•• X' C4 *' • 

EXP~!;;~~*; .. ***.** 5TA ;;:;~~2'~ ••• :::~, PIICGFA~ X Fl03 
' •• "G3" •• * .... ". "*"G4*'*.*'**'. · ., . F1';t 

****+-<;5*'**.'*'" 
* • * • 
* Ei~:~;~I~ : •••••••• X: R~~~~i~~NE • 

• SWITG! TO' * RELEASE FOUR • 
'PRtlGRAM CtlNTEXT ••••••••• x* OPEUNDS MHl * , *. CNE OP~RAmR * 

*GENFRAH lf~'GTI-'. 

• FUtl(Tl O~ 
CONTEXT' • · . ** ••• *,*.* ••• , ••• · . .'*' •• * ...... * •• *.* .. ' •••••• ,*, •••• , , 

.*. FUJI 
H2 '. • •••• li3.'.* .. '...... H4 *. * •• , .... <;* ••• * •• , •• 

.' 'ABS' '. *(-PDREe 120.11.1' •• *. ' , 
•• 'SIGN', •• YES *-----------, ., '. ENTlER * GFNFRATF CHl" • 

'. 'LENGTH', •••••••••• )(.GEN. ACT. PARAM* •••••••• x •• 'LENGTH' OR .' •••••••• x. 0" ENTRIES ••• X. 
'.'ENTlSR' .' • Otl (II PIIOC , *.'ENTlER' .' *F1)NCT1('tI IN "SA' 

'. •• 'CAlL C~ ~I'TUIU.I , •••• * • • 
... " •• , ••••••••• ,*'*' •.. ' .*.,.,.*.",..... x .*.. ~ NO *1JTHER .. 

'J2 '.X • · '. t-•• * x 
FLS2 .'. FTG3 .' . 

• **."'1'."' ...... ,.. J2 '. ..'UJ3 ......... , J4 •• "'.'J5"**'.".' 
* • .' *. • • .* IS '. *TRINRf • 
• HNER~TE ASS' ABS.' 'ASS' '. SIGN 'GE~U_TE SIGN' .' PARAMETER *. NO • ______________ • 
* FUNCTItlN .X •••••••••• OR 'SIGN' .* •••••••• )(. *. OF TVPE .* •••••••• X. GEN. CALL Te • · . '. .' . '. REAL • CN~I!1.0 IN FS~ • 

. ' . 
•• X. 1(4 • 

,. ., 
* .. ' 

·OlHER 
*',. •••• :*.* ..... **.*, ••• ! ... 

• 1(4 • X. 

FUl2 X :FUG2 

. ,,, 
• *.** 
.' . 
•• lI* J2* 

***'*1(2*.***'**" '** •• 1(3 •••• ' .... *.. ..... 1( ... **, ... * •• , 
*AORTRANS 103A3* 'lOADRl 104A..,.' • * REPLACF * 

· . 
..x: J2 • 

.*., .,," 
.... ··'11:5***······· 

• .' 'X .------------. ___________ • x * P1I.(1CEDtFlE' * RFtEASE THRH ••• *" 
• ADDRESS ••••••••• X' GENERATE CR.L * •••••••• X .. IDENTIFIER BV * •••••••• X' OPERANOS • '07'1* 
, TRANsFER * • FOR sr."'DARD • * OPERAND FOR •• •• ('4" 

:.*.* ... *******,,! : ... ::~~!~:!***: ::~;:!~:*:!Z~;*: !* ............... : 
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Chart 104: Compilation Phase - IEX50 

SPECIAL ACTIONS and LOADRl 
Microfiche IEX50-4 

"'***A1*"'****** 
* FS!lISPEClAt 

ACTIONS 

."'. .*. 
• ,.61 -t o .. _ •• B2 *. 

.* 110 "'.NO .* IS ".YES *. PROCEDURE -* •••••••• X*. PRQcEIH)RE .* ......•........... 
*. .* "'. SYSACT .* 

.......... * *" .... ;* 
"YES 

, 
.'. 

Ct *. 
. * tS1T*. 

NO .*TI'EFTRST*. 
••••• PARAMETER .* 

"'.!-ANClED .* 

*103* 
*F4* 

* .. * 

FSSU8R ."'. 
01 •• 

YES .* ·:AR!~ETE:·*. 
•••• *.AN INTEfER .* 

"'.CONSTANT.* 

*",. ..... * 

'" 

.fSSU9Rl X 
*****EI ........ ·.*** · . · . : SETOSN216 : · . **** .. *********** .. 

••• : •.••••• x. 

FS02 ~ 

..... .oF1*"'''··''·*'''* · . .. INDICATE U. '" 

.. I10TAII .. 

, 
*****(2******··** · . *INSERIGET/PUT· 

••••••• BITS IN IJO TAB • · . · . ••• *.**** .. "' ....... . 

, 
.'. 

C3 *. 
.* *. 

3.* TEST *.2 
..•..• * .•. P!~::~!ER .•.•.... 

-to .* 
*' ... ~ 

.'. ..... 02............ 03 *. 
: : NQ .*·:AR!~ETE:· *. 
'" SET OSN ~ 16 *X •••••••• *. INTEGER .* 
* * *.CCNSTAI'IT.* 
* * ••.• 
*********~**.***. ~ •• * 

, 
:~.**E2*'*-*".*: 

: ~:~:i~S~T~~K : 

* YES 

, 
:** .. *E3 •••• *****: 

:~~!G !:~~. i7~i:~ : 

LOADR2 
* ••• *B4****.**** • . . 
*GfTOBJECTTlMI"* 
* ADIlRESSIIF * 
*PAR~METER LI ST * . . 
****.************ 

FPB;;"**C4*:.*"'***** 
*G9ITXT4 1221)1* 
...... ------------* 
*tDADGPRIWITH" 

:p:~~~~~~~SL~~T : 
** .. ************** 

FPB22 ~ 

..****114***** .. ··"' .. 
*GENTXT6 122Et* 
*------------* 
*LOAD ~DORESS, OF* 
*lIBR.l..RTROUTINE* 
* AND BR~NCH * 
* .. *******"'."'***** 

, 
'"***EIf'"'"*"''"***· 

****05*'******* · . O<CONSTRUCT ~LAGS* · . *************.* 

, 
.'. 

.* ~UST ". 
.*~CTUH ~NO •• NC 

*. SPECIFIED .* •••• 
*. TY"E s~ •• 

*oI!lEI'IT.* .... 
+yo:s 

, 
1'5'·' •• 

.* IS·. • 
.* ACTUAL *.YE<;X 

*.PARAMETIORAN ...... 
*. ~RRAY • * 

*.TOENT.* 
* .. * 
'" 

Fl'IE24 .' • , 
**"'Gt********* 

..... **G4***.*****.. G5 *. 
***'C2***·***** · . *GENTXT4 12201* .* IS *. 

*----------* YES •• ACTUAL *. 
* 1YPE TEST * * lEST OF *x ........ *.PA1'tAM. FORfOAl.* 

• ASSIGNABIllTY. ..CAllEOIIY •• 
* * '.NAPE.* 

. '. 
H2 *. 

****Hl*'******" .* IS *. 
* NO.'STRINGIIR*. 
.. x ........... PROCEDURE .* 

******* .. *******" x *. !~ECIFI:~.* 

• * ••• Jl* ••• • •• *.* 
*CEN1XT4 11201. -------. ••• * DECLARATlIlN • 

• • ADIlRESSTO • 

x :::::;!!~.;!;:*: 
..... x 
*103* 
*F4· 

* •• * * YES 

, 
.'. 

J2 * • 

:, .. ~~*:. PRo~ioURE *:* 
*.SPECIFIED.* 

*. .• .... 
·YES 

, 

, ... 
****.H3 •• *****.** H4 *. 
*GEfil'XT4 1220t. .* *. 
.-----------* NO.* IS *. 
*E1'tRORENTII:'I' TF.X •••••••• *. PROCEOU'lE .* 
*ASSIGMENTNOT' *. SYSACT .* 
* POSStelE. * ••• 
*.**.*** ••• ****** * •• * • w, 

FRG2 X 
***".J4"**'****.* 

:~~~~~:-~::~:: 
*fNSE1'tTFlAGfF. 
*ASSIGNMENT NOT • 

:**.:~;;;:;: ••• *: 

.'. F(HIo 
*.** .. 1.**** .... ** 1<2 *. *."*'1<3.'·***** •• 
*GENTXTS 1221'1* .*IS IT A.. U01'tTRAH$ 103_3. * .... 
*___________ NO.* FORIiiAL ., VES * ________ .. +103* 
• MOVEPBN. STORE*X •••••••• *. PARAI"ETER •••••••••• X* ACCRESS * ••• ··)(.1'4. 
• REGISTffiS * •• CAUEDev.* * TRANSFER' ** 
• • *.MAIIIE.* * * 
.* ••• *.**** •• **.. *... • •••••••• *.* •• * •• 

* .. * ." 

H5 *. 
.* *. • 

.* IS •• TESX 
*. ASSIGIIIENl .* •••• 

*. :?SSTBl~ ••• 

* •• * 
'" 

FRG45 ; 
....**J5*.**** ... ** 
+CENTX14 1220t. 
*-------------* 
* INSERT 1m * 
.Asnr.MENT FLAC. · . **** .. ****** .. ***** 

, 
'***1<5*·**··*** · . 

Chart 105: Compilation Phase - IEX50 
CP62 and CP63 

** .... *A2*·*****·*· 
*"**At.*** •• *.. *OPDII:EC 120A1* 

* *--------------. 
* ........ X*CU,I. AC T. PARA~* 
* *CALLCII:PROC • 

• *.***.*****.** *CAtlCRII:ETURN' 
**.******* ••• * •• * 

.'. 
**'*'Bl*'****"*"'* B2 *. 
* * .* *. 
• RaEASE * YES.* OPERAND *. 
: RE~ISTER AOR :X ........ *. *. IN AIlR. .* 

* * * .. * 
.*.******.******* * •• * . " 

, 
.'. 

C2 *. ***"C3**'.'**.** 
.* LABEL.. *GENT)(T6 122H* 

.: "OE~ t!:~~T IN*: .~~~ ••••• X:;;~;;-~~~: 
". BLCCI< .* * ACI:RESS * 
*..* * * 

* •• * **************.** ." 

, 
*****02***_**·** 
*GENTXT4 12201* 
*------------* 
* lOAIl AOR WITH * 
* LABEL ADDRESS. · . ********.****,,*** 

, 
*"**.E2*****·**·" 
'GENTXT4 12201* *-----.-._--. 
*lOADCDSAWTTH* 
* LABEl'SOSA • · . ****, •• ,*.* .. **'** 

FXH2 ; 
*****F2********·* 
.GENTXT4 12201* 
*---------* . 
* BRANCH TO ........ 
*RETPROG1NFSA* · . *.**.***.*.*.*.** 

, 
··*· .. 03· •• **.* .... · . 

, 
***·~E3·~**·***." · . *REUAS~ OPERANII* 
'ANCOl'ER_TOR * · . · . .**.* ..... ***.***. 

*079* 
~ n* 

Microfiche IEX50-4 (CP62) 

Microfiche IEX50-5 (CP63) 

, 
."*"'84*****.*"** 

~~~~::----:::~:: 
*CEN. ~CT. P~RA~ 
*CALLORI'ROC' 
*CAlL OR RET\JRN* 
***** .. **.*** .. *** • 

.*. .*. 
C4 *. C~ *. 

.* IS *. 
*::. O:E~NO .::*~:."".x*::~::::~:F:~.::*:~~· 

* .• * ...* * .. * * .. * 
* YES *NC 

.'. 
04 ". 

.* IS *. 
.*OPER~NO IN *. VI'S 

*. A .* .... 
*.REGISTER.* 

*. .• 
" .. " ." 

, 
**"**E4*·******** 
*PDUTlNlt * 
...... ------------. · . *RESERVe HI ""R * · . *****.,,*"'*"*"**" 

, 
*****F4*'******'* 
* GENERATE CODE * 
* TO LOAOTHE • 
·OPERANf}TOA· 
.FPR fRIlUTINE2* 

:.** •• ~:*Z!*****: 

, 
"**·.G4****·***** 
*CENTXTP2122Al* 
.. -----------* 
: Ul~~~~~~~~NT : 

* POINTI * 
***** •• ********** 

, 
*****H4********"* · . • IIELEASEO'fE * 
* IlPERA1l)1I * · . · .. 
******* .. ** ... ****. 

, 
*****05**"*.""**" 
*ROU1UI!'7 * 
*---------------. . . 
: R~SERYF A GPR : 

... *** ... ***** •• ** 

, 
*****ES"*'"****·** 
.CENEfl.ATE ceDE * 
* TClOAnTHE • 
*OPfUNO TNTI' ~ * 
*GPft (RCUTlII:F'; * 
* {:R61 * 
.... *"'.***.*"',"',,* .. 

*****"0;*.******.* 
*GEI>I1XT2 122n. ......------------* 
*LOAn C(1~PLE~fNT* 
* (FIXE!)POINTJ' . . 
.******.*** •• *.** 
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Chart 1061 Compilation Phase - IEXSO Microfiche IEXSO-5 

CP64, CP6S, CP66, CP67 and CP68 (CP641 IEXSO-4) 

.... _ ... Al_ ........ "'*. · . · .. "'''''''''' ...... ''' .. 
."'. GDA83 

.",81 •••• : •••• 82 ....... "'''': 

•• OPOT _ "'. NO .• SWl1CH Til • 
•• 1 •••••••••• X. EXPRESSION. 

•• .'" • C~NTEKT • 

.'", ••• '. :."'''''''''' ••• ''''''*'''''''''.: 
'" YES 

C;CAEl i 
"'''''''''' ... 01''' .... •• ..... ·''' 
• STACK AN • 
• OPERATOR TO • 
'" INCttATE '" 
:ClmIlENTCONTEIlC"'! .. "'''' .. ''' .... ''' ..... 

G[lA(;} X 
••••• E1 ......... . · . 
• SWITCH Tn '" 
• STATEMENT. 

CONTEXT 

, 
•••• "'CZ"' ••••• •• •• . . 
: ST~~R!~~:CE 

·0"19'" 
.... Si· . 

."' •• .-3 ••••• "'''' •• · . · . · . "''''.''' ......... '''''' 

, 
: •••• e3."' ....... : 
• STACK SOURC~ • 
: OPERATOR : · . ...........•..•.. ..... 

•• 019* 
.. X. ~Z • 

····C3·······"'* · . · . · . ............... 

, 

..... A4"' •• _ ••••• · . · . .... __ ...... 

, _.··84*··" •• ••• · . 
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Chart 118. Compilation Phase - IEX50 
CP83, CP84, CP85 and CP86 
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Chart 139. ALGOL Library 

SYSACT (cont'd) 
Microfiche IBISYS-l 

....... !l •••••••••• . . 
-Sill' TO RECOO • 

•••• ••••••• 0 ••••• 0' •••••••••••••••••••••••••••••••••••••••••••••••••••• SHelFllEO 8Y • ..... 
'1!~ 

',':' 

; 
••••• el ......... . 
• let VALUE OF • 
*et.lUIiI!NT RKORD • 

•• X' 'DI"T8I. Ttl • 
: : QU".TIT'I' : . ~ .............. -.. . 

• u· . . 

• 19Il'I.:T 
•• c .. tV 

" .. .' " 0_ WHlT IS '0 "UfO '0 CUJlREHT llil •••••••••••••••••••••••••••••••••• 
'0 'CaE •• 

• 0.
0 

.... 

, : C~ : 

: INPUT 
••• ..... II 

Cl •• C2 •• • •••• C3........... •••• *C ........... . ...0 .. !HAT •• • •• .NEXTl.EC 1421"1. 
•• IS DATIl. •• NO (III. YES •• IIA~ LAH •• OUTPUT • FtLl IIMT (IF. X .------

•• S" •••••••••• )1$. 1/0 •••••••••• X.CUR"£HT II£CORD ••••••••• 1($ • 

•• SECTIONED •• VMEN NO.OF •• C!PER,nON.. • WITIl HAIIIKS • .Gf'T ""Xl RFCtIRD* 
•• •• R£COIOOS/SEC.·..· • •• • •• •• >." OUloNTlT'!' •••• ••••••••••••••••• .. .............. . 

• YES.tiIlEN NO.OF. x 
.RfCOfI.DS/SeCTION 
.< OIlANTIT~ 

, 
••••• 01 ••• • ...... 
• FILL IIEST Of • 
$(URftElH RfCORO • 
*VITti BLANKS ANO. 
• SKIP TO FrRST. 
• REC(>RC IN NflIl • 
• SECTION .. •• ..... 

.'. 
04 •• 

•• WHAT IS*. 
• NOT- •• NUMaf.!> Of' •• 
•••• •••••••• •••• •••• CORR""'T •• 

auA'fUT'I' •• RECOIIO •• .. . . . ... 
• _QUiNnTY 

, 
••••• 1'4* ........ . 

: QUANTITY : ................. 

..................................................................... 1: .X ................ . 

:1~: 

.'. 
HI '. .. . . 

• ' IS OATA •• ''0 
• •••• ta •••••••••• 

"'. SET ...... · . •• SECTII'I"EO •• · . .. .. . ............. . .... , . '" 
! &1 : 

x .;."" ....... 1.......... J3 .. 
• FtLl REST OF • .' oces •• 
• CURRENT IUCORO • ..WANT"" ••• /ItO • • 
.1I1T" IIlANII.S lMO ................................... X •• Ne.OF tUIIIRf'" ...... X. C3 • 
• Sit rp TO ftfl'5T • •• IIEtt'''O.. • • 
• ltECtlRe IN NflT • '. • • 
• SECTrON......... • ••• 

~.;;;~ 

Chart 140. ALGOL Library Microfiche IBIGPR-l 
PUT, GET, OUTPUT and INPUT 

••• ..... l ..... • •••• 

:~~~~-~~: 
• ......................................................... 0 • 
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· .. 
8Z··· •• .'. 
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Chart 141: ALGOL Library Microfiche IHIIOR-1 
OPEN, DCEXIT and OPENGP 
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Chart· 142: ALGOL Library 

CLOSEPE, CLOSE, 
CLOSEGP and NEXTREC 

Microfiche IHIIOR-1 
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APPENDIX I-a - Source Module Character Set ofter initial 
translation of the source text in the S~an 1/11 
Phl"lse. See CIS subroutine 

~ 
First Dioit Hexodecimal 

0 1 2 3 4 5 

0 + ~-

-, 
0 A Q 

(Not) 

1 - < I B R 

2 > I 
(0,) 2 C 5 

3 / 
& 3 D T 

(And) , 

5 4 ! 4 c U 
I • 

c 
0 5 (Co;"mo) 5 F V 
n 
d 

D 6 ( ) 6 G W 
; 
9 
i 7 : 7 H X 
t 

H 

• S 8 I Y 
x 
a 
d 9 9 J Z 
• 
c 
i 
m A K 
0 

I 
~ 

8 ; (Blank) L 

~ 
C {Invalid M 

harocter 

D (Point) N 

, 
E (Apos- 0 

traphe) 

F Zeta P 

Notes: 

- The invalid character (X ' 2C') is assigned to any character 
in the source module which is not represented in the standard 
character set (EBCDIC or ISO) specified in the code option. 

- The character Zeta (X'2F') is inserted at the end of every 
incut record, Offe'j=" the initial translation to internol code. 

~ 

APPENDIX I-b - Character Set of the Modification Levell 
source text output by the Scan III Phose. 

~ 0 

0 + 

I·: 
-

3 / 

S 4 . 
c 
a 
n 5 Power 
d 

D 6 ( 
i 
9 
i 
t 7 Colon 

H 
• 8 ( 
x 
0 

d 
e 9 ~ 
c 
i 
rnA Switch 
a --
I 

Semi-
S Colon 

C ~ 

D Beta 

E Pi 

F Phi 

The diarocter set does not include five-byte 
internal names representing logical constants 
and character strings stored in the Constant 
Pool See Appendix II. 

First Di it {Hexadecimo 

1 2 3 4 5 

~ Not 0 A Q 

< Impl 1 B R 

> Or 2 C S 

I And 3 D T I , 

;;; ~ 4 E U I , 

~ Comma 5 F V 

Assign ) 6 G W 

Lobel 

I 
Goto Colon 7 H X 

For ~ 8 I Y I 
I 

Step Delta 9 J Z 

Until Epsilon K -- --

While Eta L 
I 

Do End Gamma M 
! 

If Omega Rho N 
! 

Aoos- ~-
Then -- mol 0 trophe Point 

Scale 
Else Zeta Factor P 

APPENDiX I-c - Character Set of the Modification Level 2 
source text output by the Scan III Phase. 
The character set does not include five-byte 
internal names representing identifiers, 
constantsl logicol constants and standard 
procedure designators. See Appendices II 
ond III ~ 

~ First Digit (Hexadecimal) 

0 1 2 3 4 5 

0 + " Not 

1 - < Impl I 

I 
2 ... > Or 

I 

3 / I And 

S 4 7 ~ ~ 
e 
c 
a 5 Power ~ Comma 
n 
d 

D 6 ( Assign ) 
i 
9 Lobel 
i 7 Colon Goto Colon 
t -- --
!1 ( ~ e 8 For 
x 
a 
d 9 ~ Step Delta 
e --
c 
i 
m A Switch Until Epsilon 
0 

I 
Semi-

S -- While Eto 
Colon 

C Begin Do End 

D Beta If Omega 

Apos-
E Pi Then trophe 

F Phi Else Zeta 

i!; 
'0 
t1 

S 
H 
() 
t1 
til 

H 

::. 

H 
I 
() 

() 

~ 
~ 
1-3 
t1 
!l:1 
(J) 

~ 
(J) 



.5' 
'0 
ro 
::s 
0.. 
1-'
X 
H 

o 
::;' 
III 
11 
III 
(l 
rt 
ro 
11 

(fl 
(\) 
rt 
CIl 

tv 
-..I 
W 

• Character Set re!)resenting ooerotors entered in the Operatal 
Stack in the Compilation Phase. 

I~ 
First Di it (Hexadecimal) 

0 1 2 3 4 5 

0 + Not PRC 

1 - < ~ 

2 * > 0, 

3 / I And STC 

S 
4 .. ~ ~ 

e 
c 

5 Power > Alpha 0 = 
n 

d 
6 I Assign If-5 

D -
; 

9 
7 Colon Gota Then-s ; 

t 

H 8 [ Foe Eise-s 
e 
x 
a 

9 Array Step { d 
e 
c 
; A Switch Until ( 
m -- --
a 
I Semi- Monadic 

B -- Wh;le ---
Colon Minus 

C ~ Do <! 

D Beta If For: 

E P; Then I witch:=:-· 

F Ph; Else EXC 

- '- '-

Explanation of Operators 

)oerator 

Operators originating 
in the Modification 
Level 2 Source Text: 

+ 

* 
/ 

T 

Power 

Colon 

[ 
Array 

Switch 

Semicolon 

Delta 

Begin 

Bete 

Pi 

Phi 

< 
> 

* 
~ 
~ 

Assign 

Goto 

for 

Step 

Until 

'Nhile 

Do 

If 

exolonation 

Addit-ion 

Subtraction 

Multiolication 

Uivision with real quotient 

Division with integer quotient 

Power oper .. 1tor 

Left parenthesis 

Colon in the bound pair I ist of 
an (1rray declarntion 

l_eft bracket opening a subscript exaression 

Array dec I orator 

Switch declarator 

Semicolon termincting 0 statement 

Semicolon terminating a declaration 

Del imiter opening (1 comoound statement 

Delimiter opening a block 

Delimiter opel-,ing a orocedure 

Del imiter ooening a type-qualified 
Drocedure 

Equal to 

Less than 

GI-eater than 

Not equal to 

Not greater thon 

Not less than 

Assignment to 

Del imiter speci-fying a branch 

Delimiter opening a for statement 

Separator in Cl '01- list 

Del imiter terminating (I for list 

Operator opening an if clause 

SJ pera'ol 

Then 

Else 

No' 

impl 

Or 

And 

Equiv 

Special operators 
originating in the 
campi IeI' programs: 

Alpha 

If-s 

Then-s 

Eise-s 

Monodic Minus 

<{ 

For: 

Switch: -

PRC 

STC 

EXC 

f xplcmc,' ion 

Oneratar terminating an if clause 

Sequential operator in c: conditional 
statement or expression 

Negation 

Imolication 

Alternativity 

Coniunction 

Lquivolence 

Designates the bottom of the Operator 
Stock 

If ocens a conditional statement 

Then belonging to a conditional state
ment 

Else belonging to a conditionol state
ment 

Parenthesis opening an actual parameter 
I ist in a procedure statement or a func
tion designator 

Parenthesis opening an actual parameter 
list in a standard procedure statement 
or Funct-ion de~ignator 

Minus sign which specifies the negative 
quality of (In operand (as opposed to 
the operation of subtraction) 

Bracket opening a bound pair list in- an 
,--,rray declaration 

Specifies the start of a for list in a for 
statement 

Specifies the start of a switch list in a 
s~itch declaration 

Specifies a switch to the Program Con
text Matrix 

Specifies a switch to the Statement Con
text Matrix 

Specifies a switch to the Expression Con
text Matrix 

ro 
'd 
t1 
Z 
tl 
H 
>:: 
H 
I 
tl .. 
0 

~ 
~ 
0 
0-'3 
ttl 
::tl 
(fl 

ttl 
0-'3 

til 
0-'3 
~ 
0 
7l 

0 
'd 
ttl 

~ 
0 
::tl 
(fl 

c:: 
(fl 

ttl 
tl 

H 
Z 

0-'3 

~ 
0 

~ 
'd 
H 
t< 
~ 
H 
0 
Z 

'd 

~ 
(fl 
ttl 

h:J 
0 
ti 
S 

>< w 
w 
I 

00 
0 
0 
0 
I 

0 

'd 
III 

<Q 
ro 
::tl 
ro 
<: 
1-'-
til 
ro 
0.. 

0' 
'<: 

~ 
t< 
><: 
W 
w 
I 

00 
0 
0 
I-' 

I-' 
tv 
"-
I-' 
V1 
"-
cr> 
-..I 



APPENDIX II: INTERNAL REPRESENTATION OF OPERANDS 

Internal representation of identifiers, constants, strings, and logical values in the 
Modification Level 2 text. (In the fvIodification Levell text, only strings and logical 
values are replaced bv internal names; identifiers and constants are unchanged from 
their external representation, except that they are translated to the internal code in 
Appendix I-b.) 

Internal Name (5 bytes) 

<P.B. No.> 
Type <Characteristic> or 

<Displacement> <C.P. No.> 
(1/2 byte) (1 1/2 bytes) 

I. IDENTIFIERS Bytes 0 and 1 Byte 2 Bytes 3 and 4 

Dec! ared Identifi ers (Hexadecimal) 
I 

REAL CO 32 <P.B.No> < Displa~ement> 
INTEGER CO 31 
BOOLEAN CO 33 " 
ARRAY C8 06 <NOS> " 

" real C8 06 <,NOS> " , 
" integer C8 05 <NOS> " , 
" boolean C8 07 <NOS> " , 

LABEL CC 08 label No.> 
SWITCH CC OC <NOC> " 
PROCEDURE CA CO <NOP> " 

" integer CA C1 <NOP> " , 
" I real CA C2 <NOP> " 
" I boolean CA C3 • NOP> " 

CODE PROCEDURE CA 40 NOP> " 
" " I integer CA 41 NOP> " 
" " f real CA 42 " NOP> " 
" " boolean CA 43 <, NOP' " , 

Specified Identifiers 
calleCl 0):: name 

REAL C2 12 < Displacement> 
INTEGER C211 
BOOLEAN C2 13 
ARRAY CA 16 

" I integer CA 15 
" real CA 16 , 
" boolean CA 17 , 

LABEL CA 18 
SWITCH CA 1C 
PROCEDURE CA DO 

, 

" integer CA D1 " 
" 

, 
real CA D2 " , 

" boolean CA D3 " " 
STRING CB 10 " " 

Specified Identifiers 
called 0):: value 

REAL C2 22 " " 
INTEGER C221 " 
BOOLEAN C223 " 
ARRAY CA 26 " 

" real CA 26 " , 
" , integer CA 25 " 
" , boolean CA 27 " 

LABEL CA 28 " 
PROCEDURE, integet C2 E1 " 

" real C2 E2 u , 
" , boolean C2 E3 " 

II. CONSTANTS 

INTEGER CONSTANT C801 <C.P. No.> ...:: Displa~ement > 
REAL CONSTANT C8 02 " 

III. CHARACTER STRINGS 

CHARACTER STRINGS C900 00 " 

IV. LOGICAL VALUES 

TRUE C803 00 00 07 
FALSE C803 00 00 00 

All-purpose internal nome 
(replaces an invalid identifier 
pr a defective constant) 91 FF 01 00 00 

274 

~: 

<Characteristic> = 

<D ispl acement > = 

(Identifiers) 

(Numeri cal and 
logical constants 
and strings) 

<Label No.> 

<NOC> 

<NOP> 

<NOS> 

<P.B.No.> 

<C.P.Na.> 

(See Figure 10, Chapter 4) 

<Displacement in the object time Data Storage 
Area specified by the Program Block Number> 

< Displacement in the Constant Pool specified 
by fhe Constant Pool Number> 

<Displacement in the object time Label Address 
Table> 

< Number of Components - 1 > 

<Number of Parameters > 

<Number of Subscripts - 1> 

< Program Block Number of the block or procedure 
in which the ident,jfjer was declared or specified > 

<Constant Pool Number> 
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2\PPE:mIX III: EJ'rEKJAL REPRESEilTl\TIO:~ OF STlumARD PROCEDURE DESIG:'~ATORS 

• Internol representation of standard procedure designators in the Nodification level 2 text outPJt by the 
Scan 111 Phose and input to the Compilation Phase. 

Intemal Name (5 bytes) ~ Hexidecimol 

< Characteristic> <Lh!lracter of I. < D isplaeement 
Standard Procedure fannol parameters> <F.unc; of entry in label 

Designotor I !~am.1 a!'!a. I rx!~. [ hon ~ Address Toble>* 

Bytes 0 and 1 Byte 2 Byt.3 Byt. 4 

Standard Mathematical 

Functions 

ABS 88 B2 0 0 2 0 BO 

ARCTAN 88 B2 0 0 2 0 10 

COS 88 B2 0 0 2 0 OC 

ENTlER BB Bl 0 0 2 0 FO 

EXP 88 B2 0 0 2 0 lB 

LENGTH 88 Bl 0 0 0 0 EO 

LN 88 B2 0 0 2 0 14 

SIGN 88 Bl 0 0 2 0 CO 

SIN 88 B2 0 0 2 0 OS 

SORT 88 B2 0 0 2 0 04 

Standard I/O Procedures 

INARRAY BB BO 0 E 1 B 2E 

INBARRAY 88 BO 0 7 1 B 36 

IN BOOLEAN BA BO 0 B 1 B 2A 

IN INTEGER SA BO 0 9 1 B 26 

INREAL BA BO 0 A 1 B 22 

lNSYMBOL BA BO 9 0 1 B IF 

lNTARRAY 88 80 0 D 1 8 32 

OUTARRAY 88 BO 0 6 1 4 4A 

OUTBARRAY 88 80 0 7 1 4 52 

OUTBOOLEAN 88 BO 0 3 1 4 46 

QUTlNTEGER 88 BO 0 I 1 4 ·42 

OUTREAL 88 BO 0 2 1 4 3E 

OUTSTRING 88 BO 0 0 1 4 56 

OUTSYMBOL 88 BO 1 0 1 4 3B 

OUTTARRAY 88 BO 0 5 1 4 4E 

GET SA BO 0 4 1 1 5E 

PUT BA BO 0 4 1 1 SA 

SVSACT BA BO 9 1 1 2 03 

*The last two bits of byte 4 indicate the number of parameters required by the standard I/o 
procedure or funet ion. 

~: ~- Characteristic:> = 

Byt. 0: ~ ::!', 
Byte 1: X'SO' 

X'Bl' 
X'B2' 

<Operand, no assignment> 
~ Operand, > 

< I/O procedure> 
< Standard function, integer type;> 
< Standard function, reol type :.> 

-:: Character of Formal Parameters> = 

Note 

Binory 0000: 

< Function >= 

" 0100: 
xxlO: 
xxOl: 
xxll: 
Oxxx: 

1xxx: 

Byt. 3-Bit 4=1: 
Bit 5=1: 
Bit 6=1: 
Bit 7=1: 

< String> 
< Procedure (in PUT/GET) :'> 

< Real> 
< Integer:;.-
< Not array> 
< Formal and actual parameters 

must be compatible> 
< Formal and actual parameters 

must be identical in type> 

< Input procedure> 
" Output Fl'ocedure > 
<.$VSACT> 
<PUT or GET> 

All standard I/O procedures and mathematical functions (except ABS, 

~~t~I!~L~~~(i~r~~. S~~/nk~~;e:dfts~?,::, ~eiL~~~~~a~~~te~~~~~es 
responding ta the I/O pracedures and mathematical functions invoked in 

:ie:U;:g=~IT'h:r:n~~;~ni;:;;:~e:~~if: i~~~;~em~:i:~t~~e 
stored in the Label Address Table. Figure 85 shows the Label Address 
Table entry in which each entry point address is stored. 
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APPENDIX IV: COMPILE CONTROL FIELD (HCOHPr10D) 

Byte Bit Switch Bit 
No. No. Name Value Significance 

0 Compiler in normal compilation mode. 
0 0 CMT 

1 Compiler in syntax check mode. An error with severity code S (serious) has been detected. 

0 No significance. 
1 SMT 

1 Object code to evaluate an optimizable subscript expression in a for statement has been generated - used in IEX50 only. 

0 No significance. 
2 WERR 

1 An error with severity code W (warning) has been detected. The Return Code 4, indicating a possibly defective object module, is to be 
transmitted to the invoking program by the terminating routine in IEX51 • 

0 No significance. 
3 SERR 1 An error with severity code S (serious) has been detected. The Return Code 8, indicating an unsuccessful compilation, is to be transmitted 

to the invoking program by the terminating routine in IEX51. 

0 No significance. 
4 TERR 

1 An error with severity code T (terminating) has been detected. The Compiler is to be terminated (after all recorded errors have been printed 
out), and the Return Code 16, indicating an unsuccessful compilation, is to be transmitted to the invoking program by the terminating 
routine in I EX51 • 

PGR 0 The PROGRAM option has been specified. The object module is a precompiled procedure (i.e. a sub-program). 
5 

PROC 1 The PROCEDURE option has been specified. The object module is a precompiled procedure (i.e. a sub-program to be stored in a partitioned 
data set). 

SHRT 0 The SHORT option has been specified. Short precision is to be provided for real (or floating point) operands. 
6 

LNG 1 The LONG option has been specified. Long precision is to be provided for real (or floating point) operands. 

0 The current operator in the source text was preceded by another operator - used in I EX50 only. 
7 OPDT 

1 The current operator in the source text was preceded by an operand which has been entered in the Operand Stack - used in IEX50 only. 

SRCE 0 The SOURCE option has been specified. Listings of the source module and the Identifier Table are to be printed. 
1 0 NSRCE 1 The NOSOURCE option has been specified. Listings of the· source module and the Identifier Table are not required. 

LOAD 0 The LOAD option has been specified. The object module is to be transferred to the SYSIN data set for subsequent input to the Linkage 
Editor. 

1 NLOAD 1 The NOLOAD option has been specified. The object module shall not be output on the SYSIN data set. 

DCK 0 The DECK option has been specified. A card deck of the object module is to be generated on the SYSPUNCH data set. 
2 

NDCK 1 The NODECK option has been specified. A card deck of the object module is not required. 

EBCDIC 0 The EBCDIC option has been specified. The source module is in EBCDIC code, 
3 ISO 1 The ISO option has been specified. The source module is in ISO code. 

0 No significance. 
4 ERR 1 The Program Interrupt Routine PIROUT (in the Directory) was entered from the control program by reason of a program interrupt. If a second 

program interrupt occurs, PIROUT is to transfer control to the terminating routine (lEX51002) in IEX51. 
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Byte Bit Switch Bit 
No. No. Nome Value Significance 

1 0 No significance. 
5 TERM 1 The terminating routine (I EX51 002) in I EX51 has been entered. 

0 The Common Area (containing Source Buffer No. 1 and the Error Pool) has not been acquired. 
6 NOBUF 

1 The Common Area has been acquired. 

0 The Compiler has been successfully initialized (by IEX10). 
7 NOGO 1 Compilation is impossible because both the NOLOAD ana NODECK options have been specified or because a reguisite data set has not been 

opened. The Compiler is to be terminated at the conclusion of IEX10 by XCTL to IEX21 (for print out of recorded diagnostic messoges) and 
thence by XCTL to the terminating routine in IEX51. 

0 No significance 
2 0 PRT 1 An unrecoverable I/O error has occurred on the SYSPRINT data set. The Error Message Editing routine (in IEX21, IEX31 och IEX51) is to 

print diagnostic message No. 210 on the console typewriter, and the Compiler is to be terminated. 

0 The modified source text (Modification Levell or 2) exceeds the buffer length and has been transferred to a utility data set. In IEX30, a 

SPIC 
second input buffer (in addition to the Common Area) and two output buffers are required. In IEX50, a second input buffer is required. 

1 
1 The modified source text occupies less thon a full buffer and has been transmitted (by a preceding phase) in the Cammon Area buffer. 

I 

0 The Optimization Table has been constructed by IEX40. Two Optimizotion Table buffers are to be acquired at initia!ization of the Compilo-

2 NOPT tion Phase. 

1 No Optimization Table was constructed by IEX40. 

0 The SYSPRINT data set was successfully opened. 
3 PRTNO 

1 The SYSPRINT data set was not opened. The Error Message Editing routine is to print diagnostic messoge No. 201 on the console typewriter, 
and the Compiler is to be terminated. 

0 The Semicolon Count is active, i.e. it correctly reflects the position reached by the current phase in the source text. The Semicolon Count 

NOSC 
is to be included in the error pattern for error No. 209 (recorded by the Directory routine PIROUT), in the event of a program interrupt. 

4 1 The Semicolon Count is inactive, i.e. it is not related to the operation being performed by the <:!Jrrent phase. The Semicolon Count is to be 
omitted from diagnostic message No. 209. 

TEST 0 The TEST option has been specified. Code is to be generated in the object module which, if the execution time TRACE option is specified, 
will produce a printed Semicolon Count list, after execution of the object program, indicating the logical path taken through the o\:>ject 
program. 

5 NOTEST 1 The NOTEST option has been specified. Object code is not to be generated to implement the Trace facility at object time. 

0 The source module uses the 48 character set of the EBCDIC code. 
6 SET60 1 The source module uses the 60 character set of the EBCDIC code (recognized in IEXll by detection of a semicolon in the translated source 

text). The some character set is to be used in printing all source text included in diagnostic messages. 

7 (Not used) 
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N 
~ ·Program Context Matrix 

The matrix is referenced by the COMP routine in the Compilation Phase (lEX 50). 
~ 

"'.l 
0 

'0 ~ t~ 
Each matrix element specifies the compiler program to be entered for the given pair of operators in the source text and Operator Stack. 

.... >< 0 
H W 
X W 

I 

I~ 
Beta Label Pi Array" For Arith Semi- ~P.2s- <All 
~gl!2 Colon Phi Switch Goto If Else [ Assig~ ( Baal colon 

Delta ~psilon Eta End OmegQ 
Stack t.':2r.he otherop-- -- -- ReI. erators> 

<: 00 
I 0 
~ 0 .. 0 

I 

61 Rho 0 1 4 84 84 84 84 84 84 84 84 84 84 84 84 84 84 3 84 

Beta, t[ 
0 1 4 4 7 7 75 7 7 7 75 25 24 16 84 84 83 84 75 

Phi 

~gl'2 a 1 29 29 6 8 75 41 12 64 75 25 28 84 84 16 84 84 75 

Semicolon a 1 26 26 6 8 75 41 12 64 75 23 28 23 23 23 84 84 75 

'0 0 

25 
Gl '0 

~ 
PI 

1.0 
<D 

() ~ 
0 <D 
~ <: 
>-:3 .... 

!hen-s a 1 26 26 6 75 17 41 12 64 75 18 28 18 18 18 84 84 75 
rg rn 

i=3 
<D 
0. 

Eise-s 0 1 26 26 6 8 75 41 12 64 75 18 28 18 18 18 84 84 75 

Assign 27 30 26 26 27 19 20 41 21 22 22 20 28 20 20 20 84 84 75 
~ 

tf 
"< 

>d >-:3 
H Z 
X I:"' 

Switch 84 84 84 84 84 84 84 84 85 84 84 84 28 84 84 84 84 84 84 >< w 
W 

Do a 1 29 29 6 8 75 ·41 12 64 75 26 28 84 81 84 84 84 75 I 
00 

All other 
operators 31 30 31 31 31 31 31 31 31 31 31 31 28 31 31 31 84 84 22 

0 
0 
I-' 

I-' 
N 
"-.. 
I-' 
lJ1 
"-.. 
0'1 
-.J 

,Ie", 



APPENDICES V-B, V-C: DECISION MATRICES 

APPENDIX V-b - Statement Context Matrix 

~ !! 
Stack 

Goto 34 

Switch .= 34 

[ 34 

[ 34 

Array' 84 

< 34 

For 75 

For.=l 34 

~P.. 34 

Until 34 

While 34 

Colon 34 

c( 34 

!<All other 
operators ;;. 

34 

The matrix is referenced by the COMP routine in the Compilation Phase (lEX SO). 

Each matrix element specifies the compiler program to be entered for the given pair of operators in the source text and 
Operator Stack. 

( ) [ ] Comma ~!! 
Step" 

Until <'Any <Any EP.5i~~ Delta <All 

While Arith. Bool./ Do ~~I.e Colon 
other~ 

Opt.':>J ReI.OpIC> Semicolon Itfators> 

56 75 41 75 75 75 75 65 75 75 75 62 75 28 27 

56 75 41 75 59 84 75 75 75 75 75 27 84 59 27 

64 57 41 75 57 75 75 75 33 33 75 27 75 28 27 

64 75 41 38 38 75 75 75 33 75 75 27 75 28 27 

84 84 52 84 52 84 84 84 84 84 84 27 84 54 84 

64 61 41 75 61 75' 75 75 33 33 75 27 75 28 27 

75 75 41 75 75 40 75 75 75 75 27 27 75 28 27 

64 75 41 75 43 75 43 75 33 75 43 27 75 28 27 

64 75 41 75 75 75 75 45 33 75 27 27 75 28 27 

64 75 41 75 47 75 75 75 33 75 47 27 75 28 27 

64 75 41 75 49 75 75 75 33 33 49 27 75 28 27 

64 75 41 51 51 75 75 75 33 75 75 27 75 28 27 

64 75 41 75 75 84 75 75 33 75 75 27 36 28 27 

75 75 75 75 75 75 75 75 75 75 75 71 75 28 71 

APPENDtC V-c - Expression Context Matrix 

~ Not 
Stack 

Not 75 

~uiv 65 

l!!!pl 65 

And 65 

Or 65 

( 65 

!£ If-s 65 

Then 65 

Else 65 

Monadic 75 
Minus 

+ - 75 

t,: I.,. 75 

Power 75 

<Relational 75 Operator'> 

~i'\11 other 
65 operators > 

The matrix is referenced by the COMP routine in the Compilation Phase (lEX 50). 

Each matrix element specifies the compiler program to be entered for the given pair of operators in the source text dnd 
Operator Stack. 

+ * 10-
<.Rela- <All 

~uiv lJ!IpJ And Qr ( ) [ !£ Then Else - Power tiona I other op-
Optr.> erators> 

77 77 77 77 64 77 41 73 77 77 66 67 67 67 77 

76 67 67 67 64 76 41 73 76 76 66 67 67 67 76 

76 76 67 67 64 76 41 73 76 76 66 67 67 67 76 

76 76 76 67 64 76 41 73 76 76 66 67 67 67 76 

76 76 76 76 64 76 41 73 76 76 66 67 67 67 76 

67 67 67 67 64 68 41 80 27 27 66 67 67 67 27 

67 67 67 67 64 75 41 65 78 86 66 67 67 67 27 

67 67 67 67 64 75 41 73 75 87 66 67 67 67 27 

67 67 67 67 64 79 41 73 79 72 66 67 67 67 79 

63 63 63 63 64 63 41 73 63 63 63 63 67 63 63 

69 69 69 69 64 69 41 73 69 69 69 67 67 69 69 

69 69 69 69 64 69 41 73 69 69 69 69 67 69 69 

69 69 69 69 64 69 41 73 69 69 69 69 69 69 69 

69 69 69 69 64 69 41 73 69 69 66 67 67 74 69 

67 67 67 67 64 70 41 70 75 70 66 67 67 67 76 
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APPENDIX VI: COMPILE TIME ERROR DETECTION 

The following table lists the routines 
which detect syntactical errors in each of 
the phases of the Compiler. The correspond
ing diagnostic messages printed out (by the 

Error Message Editing routine in Load 
Modules IEX21, IEX31,and IEX51) are 

(listed in OS ALGOL Programmer's GUide. 

Severity Syntactical 
Error Number Cose Routine(s) which detect the error* 

Directory (IEXOO) 

209 
210 

T 
T 

PIROUT 
SYNAD 

Initialization Phase (IEXIO) 

200 

201 
202 
203 
204 
205-A 

206 
207 
208 

-B 
-C 

W 

T 
W 
W 
T 
W 
W 
W 
W 
W 
W 

Scan III! Phase (lEXll) 

1 

2 
3 
4 
5 

6 
7 
8 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
~6 
27 
28 

280 

W 

W 
W 
T 
S 

T 
W 
W 
S 

S 
W 
W 
S 
W 
S 

S 
W 
W 
T 
S 
T 
S 
S 
S 
S 
W 
S 

Option processing 
(FNDSIZE,NOTFOUND,NXTPAR) 

TSTPUNCH,TSTIN, TSTDCBRT 
Test if SYSLIN Open 
TSTPUNCH 
INEXRT 
LINEXRT 
PCHEXRT 
PRTEXRT 
ERROR200, ERROR208 
DDNAMES 
Option Processing (FNDSIZE) 

TESTLOOP, LIST, APOSTROF 
NPAFTAPO 

POINT 
LABEL, LETDEL, COLONLST 
LETDEL 
TYPE, TYPESPEC, ARRAY, SWITCH, 

PROCID, IDCHECK 
LABEL 
LABEL 
LABEL 
BEGPROC, END (PREND), SEMCO, 

STATE, FOR, CODE 
END, SEMCO, START DEL , TYPE SPEC 
DELIMIT 
EROUT 
EROUT 
CODE 
TYPE, ARRAY, SWITCH, PROCID, 

IDCHECK 
SEMCO 
COM 
SEMCO, WARNING 
BEGIN, FOR, PROCEDUR 
BEGI 
BEGI, PROCEDUR 
STRING 
CODE 
SPEC 
IDCHECK(IDVALCHK) 
IDCHECK(NOTFOUND) 
VALUE 

Routine(s) which record 
the error (on call from 
the detecting routine) 

ERROR200 

FULLPOOL 

ERROR208 

ERR1, ERR7 

ERRS 
ERROR3 
ERR4 
IERSPEC, ERR7 

ERR4 
ERR2 
ERR7 
ERRORIO 

ERR8 
ERR6 
ERRB 
ERR2C 
ERR7 
IER, ERR2, ERR2E 

ERR7 
ERR7 
ERR7 
ERR4 
ERROR21 
ERR4 
ERR7 
ERR7 
ERR7 
ERR2E 
ERR2E 
ERR7 



29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
41 
42 
43 
44 

212 
213 
215 
216 

W 
W 
W 
S 
T 
S 
W 
T 
S 
T 
S 
T 
W 
S 
T 
T 
T 
T 
S 

VALUE (VALDLB2) 
VAL UE ( VALDLB 2 ) 
ARRAY 
SEMCLST 
SEMCLST, SLASHLST 
SLASHLST 
POINTLST 
PROCID(PROCFIN) 
PROCID (PROCDEL) 
PBLCKEND 
ENDMISS 
FOR 
FIRSTBEG 
END, READRRUT, TED 
ENDMISS 
ERRORl 
ITABCLEAR, PROCID(TPROHEAD) 
COB 
LABEL, SWITCH, PROCEDUR 

ERR 7 
ERR2E 
ERR 2 
ERR2 
ERR2 
ERR 2 
ERR5A 
ERR2B 
ERR2B 
ERR 4 
ERRDR39 
ERR 4 
ERR7 
ERR9 
ERR4 
ERRO 
ERR4 
ERR4 
ERR 7 

Identifier Table Manipulation Phase (IEX20) 

45 
47 

212 
214 

S 
S 
T 
S 

Scan III Phase (IEX30) 

80 

81 
82 
83 
84 
85 
86 
87 
88 
89 

S 

S 
S 
W 
W 
S 
S 
W 
W 
W 

Compilation Phase (IEX50) 

160 
161 
162 
163 
164 

165 
166 
168 
169 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
T 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
T 

READBLK 
ALLOSTOR 
ERRNA!>lE 
ALLOSTOR 

LETTER, DIGIT19, DIGIT, DECPOIN, 
SCAQL, SCAFACT, QUOTE 

IDENT 
REAL CON 
INTCON 
REALCON 
SWILA 
INTHAN, REALHAN 
TABOFLO 
IDENT 
SWILA 

CP31, CP66, CP73, CP74, CP86 
CP31" CP73, CP74, CP86 
CP21, CP67, CP69, OPDTEST 
CP63, CP69, TARITHM 
CPO, CP4, CP6, CP34, CP54, 

CP56, CP65, CP80 
CP79 
ERRl66 
CP61, CP64 
CP30 
CP2l, CP32 
CPO, CP84 
CP64 
CP59, CP62 
CPl2, CP57, CP64 
CP8, CP24 
CP87,CP79 
CP38 
CP38 
CP41 

CP64, PLPRST 
CP4l 
CP69 
STACKOFL 

E43 
E45 
EO 
E44 

ERROR 1, QTORLT, 
INCOROP 

MOVERRO 
MOVERRO 
MOVERRO 
MOVERRO 
INCOROP 
MOVERRO 
MOVERRO 
MOVERRO 
MOVERRO 

SERR4 
SERR4 
SERR4 
SERR2 
SERR4 

SERRl 
SERRl 
SERR3 
SERR2 
SERRl 
SERRl 
SERRl 
SERR2 
SERR3 
SERR3 
SERRl 
SERRl 
SERRl 
SERRl 

S:ERR3 
&ERR3 
SERR3' 
SERRl 
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187 S CP 57, CP61, CP64, PLPRST, SERR1 
ARRTEST1 

188 S CP61 SERRl 
189 S CP61 SERRl 
190 S CP12, CP40 SERRl 
191 S CP51, SNOTSP SERRl 
192 S CP20 SERRl 
193 S CP20 SERRl 
194 S CP27, CP69, CP75 SERR2/3 
195 S CP27, CP75 SERR3 
196 S ARRTESTl SERR3 
214 S SERRSP 
216 S LATRES SERRl 

QJ2jecl: Time Table Outl2ut and Termination (I EX 51 ) 

188 S DSTAB Construction 

!2i.9;gnostic out12ut (IEX21( IEX31( IEX51> 

211 T WDIRETl 

*The name enclosed by parentheses indicate$ the particular locality within the routine in 
which the error is detected. 
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APPENDIX VII: OBJECT TIME ERROR DETECTION 

The following table lists the modules in 
which object time errors are detected. The 
corresponding diagnostic messages printed 
out (by module IHIERR loaded in main 

storage as soon as an error is detected) 
are' listed in the OS ALGOL Progr;.ammer I s 
Guide. 

o 
1 
2 

3 
4 
5 

6 
7 
8 
9 

10 

11 
12 

13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 

39 
40 
41 

Module(s) which detect the error 
(routine name inside parenthesis) 

IHISYS(SYSACT8), IHIIOR(EVDSN) 
IHIIOR (CONVERT) 
IHISYS(SYSACT4, SYSACT13), lHlIOR 

(OPEN, CLOSE, NEXTREC) 
IHIIOR(CLOSE, NEXTREC, OPEN) 
IHIlOR(ENTRYNOTTAB) 
IHllBO, IHlIDE, IHllSY, IHIIOR 

(ENDOFDATA) 
IHIIDE 
IHIIOR(OPEN) 
IHIOSY 
IHISYS 
IHIGPR(GET), IHISYS, SYSACT1, 

SYSACT2, SYSACT3, SYSACT4, SYSACT5, 
SYSACT13, SYSACT14, SYSACT15) 

IHISYS(SYSACT6, SYSACT8) 
IHISYS(SYSACT1, SYSACT3, SYSACT5, 

SYSACT7, SYSACT9, SYSACT11, 
SYSACT13) 

IHISYS(SYSACT2, SYSACT6, SYSACT8, 
SYSACT10, SYSACT12, SYSACT14, 
SYSACT15) 

IHIGPR(GET), IHISYS(SYSACT4) 
Generated Object module 
Generated object module 
Generated object module 
IHIFSA(GETMSTO) 
Generated object module 
lHIFSA(PROLOG), IHIGPR(INPUT, OUTPUT) 
IHIFSA(PROLOG), IHIGPR(INPUT, OUTPUT) 
Generated object module 
IHILSQ, IHISSQ 
IHI LEX, IHISEX 
IHILLO, IHISLO 
IHISSC 
IHILSC 
IHIFSA (PIEROUT) 
IHIFSA(PIEROUT) 
IHIFSJI,(PIEROUT) 
IHIFSA ( PIER OUT) 
IHlIOR (SYNAD) 
IHIFSA ( PIEROUT) 
IHIFSA ( CSWE 1) 
IHIFII, IHIFRI, IHIFDI, IHIFRR, IHIFDD 
IHIFSA(PROLOG, CAP1, CSWE1, LOADPP) 

IHIGPR (CAP1GP) 
IHIIOR(OPEN) 
IHIGPR(INPUT, OUTPUT), IHILOR, 

IHIOBO, IHIOIN, IHISOR 
IHI GPR (GET, PUT) 
IHIFSA(CNVRDI/ENTIER) 
IHIFSA(ALGIN), IHIIOR(OPEN), IHIGPR(OPENGP) 

Module which prints 
the error message 

IHIERR 
IHIERR 
IHIERR 

IHIERR 
IHIERR 
IHIERR 

IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 

IHIERR 
IHIERR 

IHIERR 

IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 
IHIERR 

IHIERR 
IHIERR 

IHIERR 
IHIERR 
IHIERR 
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42 
43 

IHIFSA(ALGIN) 
IHIGPR(GET, PUT, INPUT, OUTPUT) 

IHIERR 
IHIERR 
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• APPENDIX VIII - Compile Time Work Area Sizes, as a Function af the SIZE Optian 

< < < < < < 
SIZE Options: 51,200 59,392 67,584 77,824 90,112 104,448 

Work Areas and Buffers 

Identifiers T obi e: 

- in IEX10 8,184 11,924 17,754 21,054 23,584 23,584 
- in IEX20 25,000 29,500 36,500 41,000 48,000 50,000 
- in IEX30 8,800 11,500 15,000 16,000 16,000 16,000 

Subscript Table: 

- in IEX30 
(with track overflaw) 

1,400 1,400 1,400 1,400 1,400 1,400 

- in IEX40 14,000 15,400 18,200 21",000 23,800 25,200 

Left Variable Table: 

- in IEX30 800 800 800 800 800 800 
(with track overflaw) 

- in IEX40 7,200 8,000 9,600 11,200 12,800 13,600 

Optimization Table 

- in IEX40 and IEX50 224 910 1,792 1,792 1,792 1,792 

Source Text Buffers 

- used in IEXll, -30, -50 1,024 1,536 2,000 2,000 2,000 2,000 
(with track overflow) (2,048) (4,096) (6,144) (6,144) 

Critical Identifier Table 

- in IEX30 450 450 900 900 1,350 1,350 

Operatar-Operand Stack 

- in IEX50 768 3,072 6,144 6,144 6,144 6,144 

Error Poel 600 1,000 1,304 1,600 2,000 2,000 

- used in all phases 

Maximum Block Sizes 

SYSIN 400 400 400 400 1,600 1,600 
SYSPRINT 455 455 455 455 455 1,820 
SYSLIN 400 400 400 400 3,200 
SYSPUNCH 80 400 400 400 400 1,600 

< < < < < < 
120,832 139,264 159,744 184,320 212,992 6,777,216 

~ 
";! 
l"':l 

32,736 32,736 32,736 32,736 32,736 32,736 
62,000 75,000 95,000 115,000 135,000 162,000 
19,000 25,000 38,000 58,000 58,000 58,000 

S 
H 
X 

<: 
H 

1,400 1,400 1,400 1,400 1,400 1,400 
(2,800) (7,000) (7,000) (7,000) (7,000) (7,000) 
30,800 35,000 35,000 56,000 56,000 56,000 

H 
H 

n 

~ 
1,600 1,600 1,600 1,600 1,600 1,~ 

(4,800) (4,800) (6,400) (6,400) (6,400) 
16,000 19,200 24,000 25,600 25,600 25,600 

H 
I:"' 
t'j t:I:j 

0 
.... J 11 
H ;:! 

1,792 1,792 1,792 1,792 1,792 1,792 R t< 
w 

§ W 
I 

~ 00 

2,000 2,000 2,000 2,000 2,000 2,000 
(8,192) (8,192) (8,192) (8,192) (8,19:1) (8,192) 

~ 0 
0 

:;. 0 
:>;l I 
!:'J 0 

2,250 3,600 3,600 3,600 3,600 3,600 I tn 
H 'tl 
t<I III 
t1 o..Q 

6, 144 6,144 6,144 6,144 6, 144 6, 144 

2,000 2,000 2,000 2,000 2,000 2,000 

tn CD . 
:;. & 
vl <: ..... 
:::- til 

CD 
hj P. 
c:: 

1,600 1,600 1,600 1,600 3,200 3,200 ! 

1,820 1,820 1,820 1,820 3,640 3,640 
3,200 3,200 3,200 3,200 3,200 3,200 ! 

1,600 1,600 1,600 1,600 3,200 3,200 I 
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APPENDI:;: IX-A: STORAGE HAPS OF THE CONSTITUENT LOAD f-iiODULES OF THE ALGOL COMPILER 

The ALGOL compiler is composed of 
following ten load modules or phases: 

Load Module 
~~ Phase Name 

Directory 
Initialization Phase 
Scan 1/11 Phase 

the 

IEXOO 
IBX10 
IEXll 
IEX20 Identifier Table l1anipulation 

IEX21 
IBX30 
IEX31 
IEX40 
IEX50 
IEX51 

Phase 
Diagnostic Output 
Scan III PhaSe 
Diagnostic Output 
Subscript Handling Phase 
Compilation Phase 
Termination Phase 

IEXOO - Directory 

The following tables indicate the con
tents of main storage in each cf the fhases 
of the compiler, in terms of major rou
tines, work areas and tables. The flcw
chart which outlines each routine is shcwn 
in the right hand column. 

Note: T.ne Directory (Load Iviodule IEXOO) is resident in main storage during execution 
of each of the other nine load modules. 

r-----------------,-----------------------------------------------------------T---------, 
I Control Section I Contents IFlowchartl 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I Initial Entry Routine I 003 I 
I IFinal Exit Routine I 003 I 
I I Save Area I I 
I IProgram Interrupt Routine (rIROUT) I 004 I 
I I End of Data Routines (EODAD1/-2/-3/-IN) I 005 I 
I 11/0 Error Routine (SYNAD, SYNPR) I 005 I 
I IPrint Subroutine (PRINT) I 006 I 
I IData Control Blocks for SYSPRINT, SYSLIN, SYSPUNCH, I I 
I I SYSUT2 and SYSUT3 I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX00001 I Save Area I I 
I (Common I Communication Area, containing: I I 
I Work Area) IDCB addresses, EOD Routine addresses, HCOMPMOD Contrcl I I 
I IField (disp!. x '80 I), Misc. Control Inforlllation, Semicolon I I 
I ICount (displ. x '9A ' ), Area Size Table, Printed Output I I 
I IHeadings I 1 
I I Preliminary Error Pool I I 
I IData Control Block for SYSIN I I 
I IWork Area I I 
I IDa ta Control Block for SYSUT1 ~.Jork Area I I l _________________ i ___________________________________________________________ i _________ J 
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IEX10 - Initialization Phase 

.r-----------------T-----------------------------------------------------------T---------, 
1 Control section 1 Contents 1 Flowchart 1 
~-----------------+-----------------------------------------------------------+---------~ 
1 IEXOOOOO 1 (See IEXOO - Directory) 1 1 
r-----------------+-----------------------------------------------------------+---------~ 
1 IEX00001 1 save Area 1 1 
1 (Common Icommunication Area (see IEXOO) 1 1 
1 Work Area) IWork Area 1 1 
1 IData Control Block for SYSIN, Work Area 1 1 
1 1 Data Control Block for SYSUT1, Work Area 1 1 
~-----------------+-----------------------------------------------------------+---------~ 
1 IEX10000 ICompiler Initialization Routine 1007-010 1 L _________________ i ___________________________________________________________ i _________ J 

r-----------------------------------------------------------, 
IError pool 1 
Isource Text Buffer 1 1 L ___________________________________________________________ J 
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IEXll - Scan 1/11 Phase 

r-----------------T-----------------------------------------------------------r---------, 
I Control Section I Contents I Flowchart I 
r-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I (See IEXOO - Directcry) I I 
r-----------------t-----------------------------------------------------------t---------~ 
I IEXOOOO 1 I Save Area I I 
I (Common ICommunication Area (see IEXOO) I I 
I Work Area) IWork Area I I 
I IDa ta Control Block for SYSIN I I 
I I Work Ar ea I I 
I JProgram Block Number Table (PBTAB1) I I 
II Data Control Block for SYSUTl I I 
I IScope Table (SPTAB) 1 I 
I IGroup Table (GPTAB) I I 
r-----------------t-----------------------------------------------------------t---------~ 
I IEXllOOO I Initialization Routine I 013 I 
I I Transla tion and Address Tables I I 
I I Main Loop Routine (TESTLOOP) I 013 I 
I I Blank and Transfer 0Ferator Routines (BLANK and TRANSOP) I I 
I IPoint and statement Routines (POINT and STATE) I 014 I 
I I Apostrophe Routine (APOSTROF) I 015 I 
I IColon, Label and Letter Delimiter I I 
I IRoutines (COLON, LABEL and LETDEL) I 015 I 
I ISemicolon Routine (SENCO) I 016 I 
I I Error Recording Routines I I 
r-----------------t-----------------------------------------------------------+---------~ 
I IEX11001 I Change Output Buffer Subroutine (COB) I 017 I 
I Ichange Input Buffer Subroutine (CIB) I 017 I 
I I Delimi ter Routi ne (DELIMIT) I 018 I 
I I Delimit er Error Routine (EROUT) I 019 I 
I I NO RlvlAL, BOLCON, GIF, TED, and BEGIN Routines I 020 I 
I IBlock Begin Routine (BEG1) I 022 I 
I lEnd Routine (END) I 021 I 
I IFor Statement End and Program Block I I 
I lEnd Routines (FOREND and PBLCKEND) I 022 I 
I IComment Routine (COM) I 032 I 
I I For Statement Begin Routine (FOR) I 020 I 
I IType Declaration/specification Routine (TYPE) I 023 I 
I I Invalid Identifier Routine (IER) I 028 I 
I ICode Routine (CODE) I 020 I 
r-----------------t-----------------------------------------------------------+---------~ 
I IEX11002 I Parameter Specification Rcutine (SPECENT or IDCHECK) I 031 I 
I IValue Specification Routine (VALUE) 1 031 I 
I IType-Array and Array Declaration/Specification Routines 1 I 
I I (TYPEARRY and ARRAY) I 024 I 
I IArray/Switch List Routine (LIST) 1 026 I 
I 1 Switch Declaration/Specification Routine (SWITCH) I 025 I 
I I string Declaration Routine (STRING) 1 033 I 
1 I Type- Procedure and Procedure Declaration 1 I 
I IRoutines (TYPPROC and PROCEDUR) 1029-030 I 
I lEnd of Data Exit Routine (ENDMISS) I 034 I 
r-----------------t-----------------------------------------------------------t---------~ 
I IEXll003 ITermination Routine (TERMOK or EODADIN) I 034 I 
I lOb ject Code Generate subrcutine (GENERATE) I 122 I L _________________ i ___________________________________________________________ i _________ J 
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r-----------------------------------------------------------, 
I Constant Pool I 
IIdentifier Table I 
IIdentifier Table Buffer I 
IScope Handling Stack I 
I Source Text Buffer 2 I 
~-----------------------------------------------------------~ 
I Error Pool I 
ISource Text Buffer 1 I 
L ___________________________________________________________ J 

IEX20 - Identifier Table Manipulation Phase 

r-----------------T-----------------------------------------------------------~--------, 

I Control Section I Contents I Flowchart I 
~-----------------+-----------------------------------------------------------t---------~ 
I IEXOOOOO I (See IEXOO - Directory) I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOl I Save Area I I 
I (Common IColllmunication Area (see IEXOO) I I 
I Work Area) IProgram Block Table II (PBTAB2) I I 
I I Program Block Number Table (PBTAB1) I I 
I I Data Control Block for SYSUTl I I 
I I Scope Table (SPTAB) I I 
I IGroup Table (GPTAB) I I 
r-----------------+-----------------------------------------------------------+---------~ 
I IEX20000 I Initialization Routine I 036 I 
I IRead and Scan Identifier I I 
I I Table Routine (READBLK) I 036 I 
I Istorage Allocation Routine (ALLOSTOR) I 037 I 
I I Write Identifier Table Routine (WRITITAB) I 038 I 
I I Termina Hon Routine I 038 I L _________________ ~ __________________________________________________________ -L _________ J 

r-----------------------------------------------------------, 
IAddress Table I 
IIdentifier Table I 
~-----------------------------------------------------------~ 
I Error Pool I 
ISource Text Buffer 1 I L ___________________________________________________________ J 
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IEX21 - Ciagnostic OUtput 

r-----------------T-----------------------------------------------------------~--------, 
I Control Section , contents I Flowchart I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I (See IEXOO - Directory) I I 
~-----------------+-----------------------------------------------------------+---------~ 
, IEX00001 ,save Area , , 
, ICommunication Area (see IEXOO) I' 
I I Program Block Table II (PBTAB2) " 
I IWork Area I , 
, I Data Control Block for SYSUT1 I I 
I Iscope Table (SPTAB) I I 
I I Group Table (GPTAB) I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX21000 'Linking Routine I 040 I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX21001 IMessage pool I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX60000 IError Message Editing Routine 1040-043 I L _________________ ~ ___________________________________________________________ L-________ J 

r-----------------------------------------------------------, 
IError Pool I 
ISource Text Buffer 1 I L ___________________________________________________________ J 

IEX30 - Scan III Phase 

r-----------------T-----------------------------------------------------------~--------, 
I Control Section I Contents I Flowchart I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I (See IEXOO - Directory) I I 
~----------------+-----------------------------------------------------------+---------~ 
I IEX00001 I Save Area I I 
I (Common ICommunication Area (see IEXOO) I I 
I Work Area) IProgram Block Table II (PBTAB2) I I 
I IFor Statement Table (FSTAB) I I 
I I Data Control Block for SYSUT1 I I 
I IScope Table (SPTAB) I I 
I I Group Table (GPTAB) I I 
~-----------------+-----------------------------------------------------------+---------~ 

IEX30000 ITables and Constants 
IInitialization Routine (INITIATE) 046 
IGeneral Test Routine (GENTEST) 046 
IApostrophe Routine (QUOTE) 049 
IBlock Begin, Procedure Declaration~ For Statement 
land Program Block End Routines (BETA, PI PHI, FOR, and 
I EPSILON) 047 
IFor Statement End and For List End Routines (ETA and DO) 049 
I While, Step and Divide/Power Routines (WHILE, STEP 
land DIPOW) 047 
I Semi colon/Dela " Switch and Array Routines (SEMIDELT, 
\SWITCH and ARRAY) 051 
IProgram End Routine (OMEGA) 050 
10pening Bracket, CoronIa and Closing Bracket Routines 
I (OPBRACK, COMMA and CLOBRACK) 051 _________________ ~ __________________________________________________________ -L_________ ~ 
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r-----------------T----------------------------------------------------------~---------, 
I IEX30001 I Identifier Test, ITAB Search and Identifier Classification 
I IRoutines (LETTER, IDENT, and FOLI) 
I I Non-Critical Identifier, Procedure/Parameter and 
I Iswitch/Label Routines (NOCRI, PROFU, and SWlLA) 
I I Critical Identifier Routine (CRITI) 
I ICRIDTAB Entry Subroutine (CRlMA) 
I ICRIDTAB OVerflow, CRIDTAB Erasure, and CRIDTAB Update 
I ISubroutines (CRIFLOW, DELCRIV, and CRIFODEL) 
I I Subscript Scan Subroutine (SUCRIDEL) 
I ILVTAB Entry Subroutine (LETRAF) 
I I subscript Test Subroutine (SUSCRITE) 
I IOperand Test and Multiplier-operand Subroutines 
I I (OPERAND and SUBMULT) 
I ISUTAB Entry Subroutine (SUTABENT) 
I IChange Output Buffer and change Input Buffer Subroutines 
I I (OUCHA and ICHA) 
I I Invalid Operand Routine (INCOROP) 
I IError Recording Subroutine (MOVERRO) 

057 

058 
059 
060 

061 
055 
062 

052-053 

054 
053 

049 
070 

I IRead ITAB SUbroutine (I~BMOVE) 048 
I I Write SUTAB/LVTAB Subroutine (WRITE) 062 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX30002 INon-zero Digit and Zero Digit Routines I I 
I I (DIGIT19 and DIGITO) I 064 I 
I I Decimal Point Routine (DECPOIN) I 065 I 
I IScale Factor Routine (SCAFACT) I 066 \ 
I I Integer Conversion Routine (INTCON) I 067 I 
I \Real Conversion Routine (REALCON) I 068 I 
I I Integer Handling Routine (INTHAN) \ 067 I 
I IReal Handling Routine (REALHAN) I 069 I 
I IGenerate Object Code Subroutine (GENTXT) I 122 I 1.-________________ .1. __________________________________________ . ______________ -.l. _________ J 

r-----------------------------------------------------------, 
IConstant Pool I 
IIdentifier Table I 
I source Text Buffers 2- 4 I 
ICritical Identifier Table I 
I suoocript Table I 
ILeft Variable Table \ 
t-----------------------------------------------------------~ 
IError Pool I 
ISource Text Buffer 1 \ L __________________________________________________________ -J 

IEX31 - Diagnostic OUtput 

r-----------------T-----------------------------------------------------------~--------, 
I Control Section \ Contents I Flowchart I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I (See IEXOO Directory) I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX00001 I Save Area I I 
\ \Communication Area (see IEXOO) I \ 
I \Program Block Table II (PBTAB2) \ I 
I \ For Statement Table (FSTAB) I \ 
I IWork Area I \ 
r-----------------+-----------------------------------------------------------+---------~ 
I IEX31000 ILinking Routine I 071 I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX31001 \Message pool I I 
~-----------------+-----------------------------------------------------------+---------~ 
\ IEX60000 \Error Message Editing Routine I 071 I L _________________ J. __________________________________________________________ -.l. _________ J 
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r-----------------------------------------------------------, 
IError Pool I 
I Source Text Buffer 1 I L ___________________________________________________________ J 

IEX40 - Subscript Handling Phase 

r-----------------T-----------------------------------------------------------.---------, 
I Control Section I Contents I Flowchart I 
~-----------------t-----------------------------------------------------------t---------~ 
I IEXOOOOO I (See IEXOO . Directory) I I 
r-----------------t-----------------------------------------------------------+---------~ 
I IEXOOOOl I Sa ve Area I I 
I (Common ICommunication Area (see IEXOO) I I 
I Work Area) I Program Block Table II (PBTAB2) I I 
I IFor Statement Table (FSTAB) I I 
I JAddress Table (ZADSTA) I I 
I I Entry Count Table (ZCOSTA) I I 
I IWork Area I I 
r-----------------t-----------------------------------------------~-----------t---------~ 
I IEX40000 IInitialization Routine I 073 I 
I I Read SUTAB Routine I 073 I 
I I Scan SUTAB Routine I 073 I 
I I Sort SUTAB Routine (SORTSU) I 073 I 
I IRead and Sort LVTAB Routine (SORTLE) I 074 I 
I IConstruct OPTAB Routine (OPTAB) I 075 I 
I ITermination Routine (TERMIN) I 076 I 
I IWrite OPTAB Subroutine (OTACHA) I 076 I 
I IRead SUTAB/LVTAB Subroutine (READ) I 074 I 
I I Sort SUTAB/LVTAB Subroutine <SORT) I 074 I 
~-----------------t-----------------------------------------------------------t---------~ 
I IEX40001 I Compilation Phase Initialization Routine I 078 I L _________________ ~ ___________________________________________________________ ~ _________ j 

r-----------------------------------------------------------, 
IOptimization Table (OPTAB) Buffers 1 and 2 I 
ISubscript Table (SUTAB) and Left Variable Table (LVTAB) I 
IWork Area I 
r-----------------------------------------------------------~ 
IError Pool I 
ISource Text Buffer 1 I L ____________________ ---------______________________________ J 
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IEX50 - Compilation Phase 

r-----------------T-----------------------------------------------------------~--------, 
I Control Section I Ccntents I Flowchart I 
r-----------------t-----------------------------------------------------------t---------i 
1 IEXOOOOO 1 (see IEXOO - Directory> 1 1 
r-----------------t-----------------------------------------------------------+---------~ 
1 IEX00001 ISave Area 1 I 
1 (Common ICommunication Area (see IEXOO) I 1 
I Work Area) IProgram Block Table II (FBTAB2) I I 
1 IFor Statement Table (FSTAB) I I 
I 1 Program Block Table III (PBTAB3) 1 I 
I I Subscript Table - C (SUTABC) 1 I 
I IWork Area I 1 
~-----------------t-----------------------------------------------------------+---------~ 

IEX50000 1 Initialization Routine 1 I 
Iscan to Next Operator and Ccmpare Routines (SNOT and COMP) 079 1 
IChange Input Buffer and Get Next OPTAB Entry Subroutines 1 
1 (JBUFFER and NXTOPT) 121 1 
1 Error Recording Subroutines 123 1 
IGenerate call for Integer-Real and Real-Integer Conversion 1 
1 Subroutines (TRINRE and TRREIN) 1 
IGenerate Object Code Subroutine (GENERATE) 122 1 
IGenerate Store Registers Subroutine (CLEARRG) 1 
loperand Recognizer Subroutine (OPDREC) 120 1 
IUpdate DSA Fointer (MAXCH) and Semicolon Handling (SCHOL) 1 
1 Subroutines I 
1 Subroutines: ROUTINE1 - ROUTIN15 I 
IDecompose Operand (DECOMP), Stack All-purpose Operand I 
1 (STACKAPI), P.B.No. Handling (PBNHDL), Parameterless I 
I Procedure (PLPRST), Generate Load Operand (LDVWPLC)., I 
IUpdate Stack Pointers (MOVEOPTK and MOVEOPDK), I 
IArithmetic Test (TARITHM), Reserve Label Table I 
IEntry (LATRES), Array/Procedure Test (ARRTEST1) and Operand I 
ITest (OPDTEST) Subroutines 1 

~-----------------t-----------------------------------------------------------t---------~ 
I IEX50001 IDecision Matrices 1 I 
~-----------------t-----------------------------------------------------------t---------i 
I IEX50002 ICompiler Programs handling for statements: CP6, CP40, 1082-117 I 
I ICF43, Cp45, CP47, CP49, and CP81 I I L ________________ ~ ___________________________________________________________ L-________ J 

r-----------------T---------------------------------~-------------------------T---------, 
I IEX50003 1 Conlpiler Programs handling bloc~:s and compound statements, 1080-118 I 
I I procedure declarations, array declarations, switch dec- 1 I 
1 Ilarations, goto statements, subscripted variables, switcch 1 I 
I 1 designators, and close of source module: CPO, CP1, CP3, 1 I 
I ICF4, CP7, CP8, Cp16, CP24, CP25, CP36, CP38, CP41, CP51, 1 1 
I ICP52, CP54, CP56, CP59, CP62, and CP85 1 1 
r-----------------t-----------------------------------------------------------t---------~ 
I IEX50004 ICompiler Frograms handling assignment statements and pro- 1083-118 I 
1 Icedure calls: CP12, CP19, CP20, CP21, ~P22, CP23, CP33., 1 1 
I ICP34, CP57, CP61, CP64, CP71, CP83 and CPS4 1 1 
~-----------------t-----------------------------------------------------------+---------~ 
I IEX50005 I Compiler Programs handling conditional statements and 1084-119 I 
I Iconditional expressions, boolean expressions, and logical I 1 
1 lerrors: CP17, CP18, CP26, CP27. CP28, CP29, CF31, CF63, 1 I 
I ICP65, CP66, CP67, CP68, CP70, CP72, CP73, CP74, CP75, 1 1 
I 1 CP76, CP77, CP7S, CP79, CPSO, CP86 and CPS7 1 I 
~-----------------t-----------------------------------------------------------t---------i 
I IEX50006 ICompiler Program No. 69 (CP69)-handling of arith~etic 1107-112 1 
I 1 operators I I L ________________ ~ ________________________ . ___________________________________ ~ _________ J 
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r-----------------------------------------------------------, 
ISource Text Buffer 2 I 
IOptimization Table Buffers I 
loperator-Operand Stack I 
I Label Address Table I 
~-----------------------------------------------------------~ 
I Error Pool I 
I Source Text Buffer 1 I l _____________________________________________ . ______________ J 

IEX51 - Termination Phase 

r-----------------T----------------------------------------------------------~---------, 
I Control section I Contents I Flowchart I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOO I (See IEXOO - Directory) I I 
J-----------------+-----------------------------------------------------------+---------~ 
I IEXOOOOl Isave Area I I 
I (Common I Communication Area (see IEXOO) I I 
I Work Area) I Program Block Table III (PBTAB3) Work Area I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX51000 I Generate Label Address Table Routine (TRMl) I 125 I 
I IGenerate Program Block Table Routine (TRM2) I I 
I I Construct Data Set Table Routine (TRMlO) I I 
I IGenerate Data set Table Routine (TRM23) I I 
I I Generate Address Table Routine (TRM24) I I 
I IGenerate END Record Routine (TRM35) I I 
I IPrint storage Requirements Routine (TRM51) I 127 I 
I IError 188 Routine (ERR188) I I 
I I Tables and Constants I I 
I IGenerate Object Code Subroutine (GENERATE) I 122 I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX51MOO I Message· Pool I I 
~-----------------+-----------------------------------------------------------+---------~ 
I IEX51002 ICompiler Termination Routine I 126 I 
~-----------------+-----------------------------------------------------------+---------f 
I IEX60000 IError Message Editing Routine I 128 I l _________________ ~ __________________________________________________________ -L _________ J 

r-----------------------------------------------------------, 
Isource Text Buffer 2 I 
IOptimization Table Buffers I 
IOperator-Operand Stacks I 
ILabel Address Table I 
~-----------------------------------------------------------~ 
IError Pool I 
I Source Text Buffer 1 I l ___________________________________________________________ J 
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APPENDIX IX-B: STORAGE MAP OF THE OBJECT MODULE (~T EXECUTION) 

r------~---------------------------------, 
IModule I Contents , 
r-------t---------------------------------i 
I , Generated Code I 
I ,Constant Pool I 
"Instructions I 
I ILabel Address Table I 
I I Program Block Table I 
I I Data Set Table , 
I I Addresses I 
t-------+---------------------------------~ 
I Fixed storage Area I 
IIHIFSA Cammon Data Area I 

Save Area I 
Work Area I 
Branch List I 
Type Conversion Subroutines I 
(CNVIRD, ENTlER, and CNVRDI) I 
Get Main storage Subroutine I 
(GETMSTO) I 
Call Actual Parameter Routines I 
(CAPl and CAP2) I 
Prologue Routine (PROLOG) I 
Value Call Subroutine (VALUCALL) I 
Return Routine (RETPROG) I 

IEpilogue Routine (EPILOG) I 
IStandard Procedure Declaration I 
IRoutine (SPDECL) I 
ICall Switch Element Routines I 
I (CSWEl and CSWE2) , 
ILoad Precompiled Procedure sub-I 
,routine (LOADPP) , 
ITrace Subroutine (TRACE) I 
I Progranl Interrupt Routine I 
I (PIEROUT) I _______ i _________________________________ J 

.r------T----------------------------------, 
I I Initial Entry Routine (IHIFSAIN) I 
I I Initialization Routine (ALGIN) I 
, I Termination Routine (TERMNTE) I 
.------t----------------------------------~ 
IIHIIORI I/O Procedure Subroutine Pool I 
.------+----------------------------------~ 
I I standard I/O Procedures andl 
I I Mathematical Functions invoked byl 
I I the object module I 
~-----~+----------------------------------~ 
IIHIERRI Message Printing Routine (IHIERR)I 
, I Message Pool I 
.------t----------------------------------~ , , Precompiled Procedure I 
I I Constant Pool I 
I I Inst ru ct ions , 
, I Label ~ddress Table I 
I I Program Block Table I 
I , Mdresses I 
.------+----------------------------------~ 
I I Standard I/O Procedures andl 
I I Mathematical Functions invoked by, 
, , the precompiled procedure (s) , 
~------+----------------------------------~ 
, , Data Storage Area (s) , 

~-----+----------------------------------~ , I Array Storage ~rea (s) , 

.------t----------------------------------~ I , Data Control Block(s) , 
~------t----------------------------------~ I I Input/Output Buffer{s) I 
.------t----------------------------------~ I I Return ~ddress Stack (R~S) I L ______ ~ __________________________________ J 
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APPENDIX X: SUMMARY OF COMPILER PROGRAMS 

The following table summarizes the co~
piler progra.ms of the compilation Phase 
(IEX50), in terms of the operator combina
tions which activate each program, the 
operands in the Operand Stack at entry and 
exit, the errorS detected, and the subrou
tines called. 

Operand Name content 

APi Five-byte all-purpose inter
nal name 

COUNT Literal count of parameters, 
dimensions or components 

DSN Data Set Number 
DISPL Displacement of a reserved 

storage field in the current 
Data Storage Area 

FLAG Indicator whether an array 
element has been pre
processed 

FSN Serial For Statement Number 

Operators are defined in the notes 
accompanying Appendix I-d. The internal 
names of all operands declared or speci
fied in the source module are listed in 
Appendix II. Other special-purpcse oper
ands stacked by the compiler programs are 
explained in the following key. 

Operand Name Content 

LN Displacement of a reserved 
full word in the Label 
Address ,Table 

OPBT For statement classification 
byte (copied froll the For 
Statement Table) 

PARCH Two-byte characteristic of a 
parameter 

PRPOINT Saved value of the compile
time Object module dis
placement pointer PRPOINT 
(register 6) 

SUTABC Last five bytes of an entry 
in Subscript Table-C (Figure 
73) 

The symbol (CWS) in the columns headed "Stack Operator" designates one of the three con
test (matrix) switch operators £B£, ~ or ~. 
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IV ..., 
-..I 

~J_'~},? 

r-.------------T-------------------------~-----------------------------------------~-----------T----------------r------~-----T""-------------------------------------------, 

I I I Stack Operator 1 Stack Operand I Context I Source pointer I I I I 
ICP I Source r-----------I------------t----------------------r----------------------+-----r----~ stepped I Exit I Errorsl Subroutines used I 
I I Operator I at entry I at exit I at entry I at exit I entry I exit I I I I I 
f--+------------+------------+.------------+----------------------+----------------------+-----+-----+----------------+------+------+------------------------------------------1 
I 0 I~§j;,"', Begin IAlpha ~ I (Source op. I I I PRC I PRC I I SNor I 164 I GENTXT I 
I I I~ Phi Beginl stacked) I I I I I I I 173, CLEARRG, ""VEOPTK, PBNHDL, SERR I 
I I I Semicolon I' I I I I I' I , 
I I I Thews I' I I I I I I I I 
I I I);lse-s f!2 I' I I I' 'I' , 
f--+------------+~-------~~--+------------+----------------------+----------------------+-----+-----+----------------+------+------+-----------------------------------------\ 
I 1 I Label Colon IAlpha Begin I (No change) , I , PRC I PRC I , SNOT , I CLEARRG, MOVEOP'IK I 
I I I Semicolon I I I I I I I CP48 I , I 
I I ,Then-s I I ,--------------, I I I I I I , I 
I I IElse-s !!2 I I Ilabel identifier, I I I I 'I' I 
I I f------------+------------1 '--________ -------J I I I I I I , 1 
I I IBeta !'! Phi ISemicolon I I I I I I" I 
, I I I stacked I I , I I I I , , 
f--+---~--------+------------+------------t-~-------·-------------+----------------------t-----+-----+----------------t------+------+-------------------------------------------1 
I 310Ulega I Alpha I (No change) I I I PRC I PRC I I CPEND' 'GENTXT , 
I I I I I I I I I I CP84 I I I 
f--+-------~----+------------+------------+----------------------t----------------------t-----+-----+----------------+------+------t------------------------------------------\ 
I 4,IR.J:, Rhi IAlpha Beta I {Source 0v- I I r---------------T----' I PRC I PRC I until ~ is (COMP 16Q. I GENTXT I 
I I I~ Phi I stacked) I II I LN II I I found I , JBUFFER I 
I I I 'I I f---------------.L----i I I f----------------1 I LATRES, PBNHDL I 
I I I I I IIprocedure identifier II I I I I DLCOMP, MOVEOPDK, MOVEOPTK, SEI<R I I I , I I I '--___________________ J I I I I SNor I I 
I f------------1 I I f---------------------- I I I I I I 
I I.SwitcQ I I I I r---------------T----' I I I I I I 
I I I I I I I LN II I I I I I 
I I I I I I f---------------~----ll I I I I I 
I I I I I II (reserved) "I I I I I I I I I I I '--___________________ J I I I I I I 
I f~~-"-------l I I I I f-----1 I I I 
I Iru<!Y I I I I I I STC I I I I 
f-"+------------+------~-----+-----------_+----------------------t----------------------.'------r----r---------------t------+------f--------------------------------------------~ 
I I I I I I r---~---""T--, I PRC I STC I I SNOT I 164 I MOVEOPDK, ""VEOPTK, SERR I 
I 61For IBegin!!2 IFor stacked I I 'FSNIOPTEI I I I I I I I I 
I I I semicolon I I I f---.L----.L--1 I I I I I I I 
I I I I I I I (reserved) I I I I I I I I 
I I I I I I f"----------l I I I I I I I 
I I I 'I I r (reserved) I I I I I I I I 
I h~----~----_i f------------\ I '--__________ J I I I I I I I 
I. IGato I IGoto stackedl I I I I I I I I 
f--+------------+---------_--+------------+----------------------+------------------~--- f-----+-----+----------------+------+------+--------------------------------------------1 
I 7 I For ~ li I Beta h Phi I Semicolon I I I PRC I PRC I I COMP I I MOVEOPTK I 
I I I I stackecjl I I I I I I I I 
I I [ l\Ssign G I I I I I I I I I I I 
f--+------------+------------+------------+-------_--------------t----------------------f-----t-----+----------------+------+------t------------------------------------------\ 
L81Ii IBegin.Bls~sIIf-s stacked I I I PRC I EXC I ISNOT I 177 I CLEARRG, MOVEOPTI<, SERa I 
I I 1!!2 Semicolon I' I I I I I I I I 
f--+------------+-----~- - --+------------t----------------------t---------------------- f-----+-----+---~------------+------+------+--------------------------------------------i 
1121Assi!ill IBegin ~IAssign I r-------------, I I PRC I PRC I ICOMP I 176 I GENTXT I 
I I I Else;.s QQ I stacked1 (left variable I I (Nc change) I I I I I 190 I OPDREC, MOVEOPTK, STACKAPI, ROUTINEl I 
I I I Semicolon I I L ____________ -' I I I I I I I I 
f--+-----~------b--------':_--+------------+----------------------+----------------------+-----+-----+----------------+------+------+-------------------------------------------i 
1161£nd IBeta !'! Phi I I r--------------------, I I PRe I PRC I ISNOTSPI I GENTXT , 
I I IBegin I I I Fccedure identifierll (No change) I I I I I I PENHDL, PLPRST, DECOMP I 
I I I I' I f-----------~-------ll I I I I I I , 
I I I I II I LN II I I I I I I I 
I I f I I f-----------~--------i I I I I I I I I 
L I I I I I Fccedure identifierll I I I I I I I 
I f------------+------------1 I '--__________________ J I I I I I I I I 
I I~ilon I Beta I I I I I I I I I I 
I I f------------1 I f---------------------I I I I I I I 
I L Ih Phi Beginl I I I I I I I I I L __ .L ____________ .1. ____________ .L ___________ --1. ______________________ .1. ______________________ L _____ .1. _____ .1. ________________ .1.-_____ .L.. _____ .L.. ___________________________________________ J 



IV 
\0 
(X) 

..... 

r-'------------T-------------------------r-------------------------------------------~r-----------T----------------T------,.-----,------------------------------------------, 

I ISource I stack operator I Stack Operand I Context I I I I I 
I CP I Operator I------------T------------t----------------------.----------------------f-----T-----+Source pointer I Exit I Errorsl Subroutines used I 
I I I at entry I at exit I at entry I at exit lentrylexit I stepped I I I I 
t--+------------+------------+------------+----------------------+----------------------1-----+-----+----------------+------+------+----------------------------------------i 
I I I I I r-------------------, I I PRC I PRC I I SNOT I I GENTXT I 
1171Else I Then-s I Else-s I I Frccedure identifierll I I I I I I PLPRST, LATRES I· 
I I I Ireplaces II-------------T------i I r-------------,-------, I I I I I I I 
I I I IElse II I LN III I LN I I I I I I I I I I I I I L ___________ J. _____ J I L ____________ .J. ______ J I I I I I I I 
t--+------------+------------+------------+---------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------i 
I I I I I r-------------------, I I PRC I PRC I I CONP I I PLPRST I 
11BIL""il2!l!!!I~ I I I procedure identifier I I I I I I I I I 
I lEnd I I It-------------,------~ I I I I I I I I 
I I Semicolon I I II I LN II I I I I I I I I I I I I L _____________ J. ______ J I I I I I I I I 
1--+------------+------------+-----------+----------------------+----------------------+-----+-----+----------------+------+------+-------------------------------------------l 
119111 I ASsign jCNo change) I I I PRC I STC I I COMP I I I 
t--+------------+------------+------------+----------------------+----------------------+-----+-----+----------------+------+------+------------------------------------------i 
I I I I I r--------------------, I I PRC I PRC I I CONP I 192 I CP69 I 
20 I Epsilon Eta IAssign I II right variable II I I I I I 193 I OPDREC, TRINRE, TRREIN, OPDTESF, I 

I.£ill! lise I I I t--------------------~ I I I I I I I ARRTEST, SERR, ROUTINEl, ROUTINEJ, I 
I~ I I II left variable II I I I I I I ROUTINE7 I I I I I L ___________________ -' I I I I I I I I 
I t------------~ t--------------------l I I I I I I I 
I I r------, I I ,-------------------, I I I I I I I I 
I I IAssignl I II right variable II I I I I I I I 
I I t------l I II--------------------li I I I I I I I 
I I I I I II left variaole II I I I I I I I 
I I I I I I t-------------------l I I I I I I I 
I I I I I II II I I I I I I 
I I I I I II II I I I I I I 
I I t------l I I t-------------------ll I I I I I I 
I I IAssignl I II left variabl.e II I I I I I I I I L ______ J I I L __________________ J I I I I I I I 
,------------+------------+------------+---------------------+----------------------l------+-----i t------l I 
I (entry from I r------, I ,,------------------, I I STC I STc I I CF43 I I 
I I I For I ICP43) 'i II right variable II I I I I I I 
I I t------l I II------------------~ll r--------------------, I I I I I I 
I I IAssignl I II left variable III left variable II I I I I I I I L ______ J I I L ____________________ J I L ____________________ J I I I I I I 

t------------+------------+------------+----------------------l I I I I I I 
I (entry from I r------, I I I I I I t------i I 
I , I [ "CP5t<) I I I I I I CP51 I , 
I I t------l I I I I I I I I I 
I , '!,!ssignl I stacked , I I I I " I 

I I I L ______ J " I I I I " I I 
f--~-----------+------------+_-----------t_---------------------;.----------------------+-----+-----+----------------".-------".------4--------------------------------------------~ 
I I I I I r-------------------, , , PRC I PRC I I CP12 I 162 I SERR , ,21 ,Assign I Assign I Assign " left variable " (Nc change) I " I SNOT I 172 , I , I I I stacked , L _________________ J I I " I I I I 
t--+------------+------------+------------+---------------------+----------------------+----+-----+----------------+------+------+-----------------------------------------i 
1221 (Any Arithm/' Assign I (No change) I (array, Frocedure, , (No change) I PRC I EXC I I COMP I I I 
I I Boo1/ Rel , I I arithmetic or boolean I I I I I I , I 
, I Op.) , I I operand or none) , I " I I , I 
~--+------------+------------+------------+-------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------l 
,231 Semicolon I Semicolon, 'r--------------, I I PRC , PRC I I COMP I I PLPRST, SCHDL I 
I IEPSilon Eta I I "procedure identifier I , I " I I I I I IIDlg I , , L ___________________ J I I " I I I I 

t~~ig~~~:::::j~~~:~:~~~:h~:~~~~~~d:::::=:::::::::=::~t~~~~~~~~~~~~=~~~~~:~p~~~p~~~r~~~~~~~~~~~~~T~~~~P~~~T~~~~~~~~~~~~~=~~===~=~==~~======~~==~~~~l 
I I , I I r--------------------, I I PRC I PRC I I SNOT I I PLPRST, MOVEOPTK, SCHDL I 
,251§§!!icolon ,~ti Phi I Semicolon II procedure identifier II I I I I I , , 

~--;-----------;~:~~~---m-t::~=~:~m--t~===================~+-----m--------------t-----+-----+--------------+-----t------t----------m--m--------m-------------i 
I , I I I r-------------------" ,PRC PRC COMP I 166 I ERR166 
26lArray~, Semicolon I ,,(oFerand) " I , I I Phi ti I I , L ___________________ J I I I I 

t------------l I--------------------l I I I 
I , , r--------------------, I I I I 
I Assign I II (operand) II I I , 
, I II--------------------li I I , 
I I II left variable II I I I I I I L ___________________ J I I I , 
t-----------i I---------------------l I I , 
, I I r-------------------, I I I I 
I Then-s I II (operand) '" I , 
I Else-s I I t---------------,...---ll I I I 
I I I L _____________ L:~_} I I . I ! 

l_-.l ____________ .L ____________ J. ___________ -.L _____________________ .L-____________________ L ____ .L-____ .L.-______________ -J. ______ l. _____ --'- ___________________________________________ j 
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r--,------..... ----T------------------------,--------------------------------------------'r-----------T----------------,-----,-----r-----------------------------------------, 
I I Source I Stack Operator I stack Operand I Context I I I I I 
I CP I Operator l------------T------------t----------------------.. --------------------- t-----,----tsource pointer I En t I Errors I subrout ines used I 
I I I at entry I at exit I at entzy I at exit lentrylexit I stepped I I I I 
f--t------------t------------t------------t----------------------t----------------------'t-----~-----~----------------~------~------~--------------------------------------------~ 
I I I I I ,--------------------, I I I I I I I 
127 I (see I !! I II (operand) II I EXC I EXC I I COMP I 194 I SERR. STACKAPI 
I I matrices I I Il---------------------' I I I I I I 195 
I I - App.V) f------------~ I I I I I I I 
I I I Goto I I I I I I I I 
I I ~-----------~ f---------------------~ ~-----t-----~ I I 
I I I ,----------, I I r------------------, I I I I I I 
I I II Array II II (operand) II I STC I STC I I I 
I I I f----------~ I I ~------------------~ I I I I I I 
I I II '" II II (Address of lower II I I I I I 
I I I ~---------~ I II bound in current II I I I I 
I I II colon I I II DSA) I I I I I I 
I I I l __________ J I I f-------------------~ I I I I I 
I I I I II identif ier I I I I I I 
I I I I I f--------------------~ I I I I I 

I I I II COUNT II I I I I 
I I I I ~-------------------~ I I I I I 
I I I II identifier II I f-----~ I I I I L.. __________________ J I I I I 

II t~=========::~l t~::=::::::=::=::::::::=::===::~l : \ ~~~ I 
I II (CSW) II II (operand) II I I EXC I 
I I f----------11 I f--------------------~ I I I I 
I I I [II II ( reserved) I I I I I 
I I l __________ J I I f--------------------11 I I I 
I I I II (reserved) II I I I 
I I I I f--------------------~ I I I I 
I I I II (reserved) II I I I 
I I I I f--------------------~ I I I I 
I I I II array/switch ident. II I I I 

: ~------------~ ~===::::::::=::=::::======~~ : t-----1 
I I I I r-------------------, I I I STC I 
I I Array I II (operand) II I I I 
I I I I ~-------------------~ I I I I 
I I I II array identifier II I I I 
I I I I f--------------------~ I I I I 
I I I II II I I I 
I I I II II I I I 
I I I II II I I I 
I I I I f-------------------~ I I I I 
I I I I I array identifier II I I I I I I Il--_________________ J I (-----1 I 
I f------------~ f---------------------1 I I I 
I I I I ,-------------------, I I PRC I I 
I I Assign I II (operand) II I I 
I I I I ~-------------------~ I I I I 

I I I I I I left variable II I I I I I I 

~-+-----------t----------+----------{===================~-t==::::::::::::::::::::=::=::==::+---+---+--------------+----+----+-----------------------------------------1 
I I For I Do II (operand) III API II STC I I I I I I 
: ;-=--------1 - I L.. ___________________ J l~::=::=========::=======~: I I I II I : 
I I ,------, I I I I I I I I I I 
I I I For I I I I I I I I I I I 
I I~=--~I I I I I I I I I I 
I I I For:=1 I I I I I I I I I I 
I I ~=1 I I I I I I I I I I 
I II~II I I I I I I I I I 
I I L.. _____ J I I I I I I I I I I 
I f------------1 .----------------------1 I I I I I I I 
I I ,------, I I r-------------------, I I I I I I I I 
I I I For I I II (operand) II I I I I I I I 
I I f-=--~ I I ~-------------------11 I I I I I I I 
I I I For:=1 I II (step value) II I I I I I I I 
I I f-=l I Il---------------------' I I I I I I I I 
I I I until I I I I I I I I I I I 
I I l ______ J I I I I I I I I I I 

L __ L. ____________ ..L ____________ .L-___________ .L-___________________ --'- ______________________ L ____ ..L-____ ~ _______________ J. _____ -..1.. _____ ....L ___________________________________________ J 



w
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r--,.-----------~-------------------------r_-------------------------------------------·r----------~----------------T------,------,--------------------------------------------, 

I I Source I Stack operator I Stack Operand I Context I I I I I 
I CP I Operator 1------------.------------+--------------------.. --------------------- .-----T-----~ Source pointer I Exi t I Errors I Subrout ines Us ed I 
I I I at entry I at exit I at entry I at exit lentrylexit I stepped I I I I 
1--+------------+------------+------------+---------------------+---------------------t-----+-----+---------------+------+------+------------------------------------------1 
r I I ,-----, I I ,-------------------, I I I I I I I I 
I 271 I I For I I II (operand) II I I I I I I I I I I 1------1 I I '-___________________ J I I I I I I I I 
I I I I For:=1 I I I I I I I I I I 
I I I 1------1 I I I I I I I I I I 
II II~II I I I I I I I I I 
I I I L ______ J I I I I I I I I I I 
I I I------------+------------+----------------------~ 1-----+-----1 I I I I 
I I I I I r------------------, I I I I I I I I 
I I I Then I II (operand) II I EXC I EXC I I I I I 
I I I I I f--------------T----~ I I I I I I I I 
I I I I II ILNII I I I I I I I I I I I I '-______________ .L ____ J I I I I I I I 
I I ~-----------I ~---------------------~ .-----+-----~ I I I 
I I I r-----' I I ,-------------------, I I I I I I I 
I I I I (CSW) I I II (operand) II I STC I PRC I I I I 
I I I 1------1 I I 1--------------------1 I I I STC I I I I 
I I I I 1 I I II parameter II I I EXC I I I I r I I L ______ J I I L ____________________ J I I I I I I I 

I I I I r r I I I I I I 
I ' I I I . I I I I I I I 
I I I I ,---------------,.----, I I I I I I I 
I I I 1'1 I IN II I I I I I I 
I I I I ~-------------,.4----~ I I I I I I I 
I I I IIprocedure identifier II I I I I I I I I I I I '-_________________ J I I I I I I I 
1--+------------+------------1------------1---------------------~----------------------·;-----i-----i----------------,.------+------+----------------- ---------------------------~ 
I Ie I r-----' I I ,-------------------, I I I I I I I I 
I I I I. ,CSW) I I II (operand) II I I I I I I I 
I I I I------~ I I ~-------------------ll I I I I I I I 
I I I I ( I I II COUNT DSN DISPL I I I I I I I I I 
I I I L ______ J I I f-------------------~ I I I I I I I I 
I I I I list proc identifier II I I I I I I I I I r I I L _________________ J I I I I I i I I 
I I I------------~ f---------------------~ I 1-----1 I I I I 
I I I ,------, I ',-----------------, I I I I I I I I 
I I I I Arr'll:l I II (operand) II I I STC I I I I I 
I I I ~-----~ I I f------------------~ I I I I I I I I 
I t I I • I I II DISPlIl I I I I I I I 
I I I L ______ J I I .--------------------~ I I I I I I I I 
I I I I lIarray identifier II I I I I I I I 
I I I I I f------------------~ I I I I I I I I 
I I I I IlcOUNT II I I I I' I I 
t I I I I ~----------------_l I I I I I I I 
I I I I lIarray identifier II I I I I I I I I I I I L __________________ J I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I ! I I I I 
I I I I I I I I I I I 
I I 1-----------+------------+----------------------1 I I I I I 
I I t ,------, I I ,--------------------, I I I I I 
I I I I ¥or I I Q2 II (operand) II I I I I I I ~-----l I I L ____________________ J I I I I 
I I I I For:=1 I I I I I I 
I I I L ______ J I I I I I I 
I I I-----------+------------+----------------------~ I I I 
I I I I r-------------------, I I I I 
I I Switch: = I II (operand) II I I I 
I I I I ~-------------------~ I I I I 
I I I II COUNT PRPOINT II I I I I I I I '-___________________ J I I I I 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I ,--------------------, I I I I 
'" I I I I switch identifier II I I I 
I I I I ~-------------------~ I I I I 
I I I II LNII I I I 
I I I I f-------------------~ I I I I 
I I I II (reserved) II I I I I I I I I L __________________ J I I I I I 
L_.l-. ______________________ J.. ___________ -.L _____________________ ...;J.... _____________________ .L ____ .L.. ____ L _______________ .L ______ ..L _____ .....1. ____________________________________________ J 
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r-I------------T-------------------------~-------------------------------------------T-----------~----------------r------y------.--------------------------------------------, 

I I Source I Stack operator I stack Operand I Context I 1 I I I 
jCP IOperator ~------------T------------+----------------------T--------______________ ~· ... ----I----~source pointer I Exit I Errorsj Subroutines used I 
I I I at entry I at exit I at entry I at exit I entry I exit I stepped I I I I 
~--t------------t------------t------------t---------------------t----------------------t-----t-----t----------------t------t------t-------------------------------------------\ 
I I I ,------, I I r-------------------, I I I I I 
2BIDelta I I Array I I II (operand) II PRC PRC I I SNOT I SCHDL, ERR166 I 

I I f------l I I ~--------------------ll I I I I 
I I I "" I I I I lower bound in sta~k I I I I I I 
I I f------l I I f--------------------l I I I I I 
I I I I I II array identifier II I I I I 
I I I I I I f-------------------I I I I I I 
I I '------, I I I COUNT II I I I I 
I I I I f--------------------ll I I I I 
I I I I I array identifier II I I I I 
I I I I '-------------------, I I I I 
I f------------l I I I I 
I I ,------, I I I I I 
I I I Array I I I I I I 
I If------ll I I I I 
I I I '* I I I I I I I I L ______ , I I I I I 
I f------------l \----------------------l I I 
I I I I ,-------------------, I I I 
I I Switch I II (operand) II I I 
I I I I f------------------l I I I 
I I I II IN II I I 
I I I I f-------------------ll I I 
I I I II (reserved) II I I I I I I L ___________________ -' I I I 
I f------------l f----------------------l I I 
I I (See I I r-------------------, I I I 
I I matrices I II (operand) II I I I I I - App. V) I I L ___________________ , I I I I I I I 

f--t------------t------------t------------t----------------------+----------------------+-----+-----+----------------+------+------+----------------------------------------l 
I 291 Array Switch I Begin Q2 «No change) I I I PRC I PRC I I CP4 I I ERR166 I 
f--t----------· -t------------t------------t----------------------t----------------------l·-----t-----t----------------t------t------t-------------------------------------------l 
I I I (See I I ,--------------------, I I I I I I I I 
(30 I Label Colon I matrices I (No change) I I label identifier II I Pl<.C I PRC I I SNar I 169 I SERR I 
I I I - A1'P' V) I I L __________________ -' I I I I I CPB4 I I I 
f--t------------~------------+-----------_+---------------------+---------------------i·-----t-----t----------------+-----t-----t-------------------------------------------I 
I I I I r-------------------, I I I I I I I I 
(311 (See matrices - App.V) I (No change) II (operand) II (No change I PRC I EXC I I COMP I 160 I SERR I I I I I L __________________ , I I I I I I 161 I I 
f--t------------T------------+------------+----------------------+---------------------l·-----+-----+----------------+------+------t-----------------------------------------~ 
I I I (See I I ,--------------------, I I I I I I I I 
(331 (Arithrol I matrices I (No Change) II (arithmlhoo1 II (No change) I STC I EXP I I COMP I I I 
I IBool/Rel Op) I - App.V) I II ore rand) II I I I I I I I I I I I I L ___________________ , I I I I I I I I 
~--+------------t------------+------------+--------------------+ ---------------------l·-----+-----t----------------+------+------t-------------------------------------------l 
(34 III I (See I .!! I I I STC I EXC I I SNOT I 164 I CLE;ARRG, SERR, MCVEOPTK I 
I I I matrices I I I I I I I I I I 
I I I - App, V) I I I I I I I I I I 
f--+------------+------------+------------+--------------------+----------------------l·-----t-----+----------------t------t------t------------------------------------------~ 
I I I ,----------, I I r----------------.., I I I I I I I 
1361 fQl,.Q!l II Array II Colon I I lower bound I 1,--------------------, I STC I STC I I SNar I GENTXT I 
I I I f----------llstacked I f--------------------lll (Address cf lower II I I I I uPDREC, MAXCH, OPDTESF, TARITHM, I 
I I II ~ II II DISPlll1 tound in DSA) I I I I I I TRREIN, MOVEOPTK, ROUTINEB-9, I 
I I I L __________ , I I f---------------·-----ll f--------------------ll I I I I >lOUTIN15 I 
I I I I II array identifier Illarray identifier II I I I I I 
I I I I I f----..,.-------------l I f-----,--------------ll I I I I I 
I I I I II COUNT I II I COUNT I II I I I I I 
I I I I I ~----~~--------------~ I ~----~--------------ll I I I I I 
I I I I Ilarray identifier III array idem.ifier II I I I I I I I I I I L ___________________ J I L ___________________ , I I I I I I 
L_--'-____________ .1. ____________ L ____________ .1. ______________________ .1-_________________ _ __ J _____ .l.-____ .l-_____________ .... _.L ______ J. _____ -..L __________________________________________ J 
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r--~-----------T------------------------~--------------------------------------------r----------,---------------T-----~------T"""-----------------------------------------, 

I I Source I stack Operator I Stack Operator I Context I Source pointer I I I I 
I CPI Operator .------------,-----------t---------------------r----------------------f-----,----~ stepped 1 Exit I Errors I Subroutines used I 
I 1 I at entry I at exit I at entry I at exit I entryl exit I I I I I 
r--+------------+-----------+------------+--------------------t----------------------~·-----+-----+----------------+------+------+-------------------------------------------~ 
I I 1,----------,1 I ,-------------------, I I I I I I I I 
1381 II (CSW) IIsubscript expression I I I STC I PRC I ISNOTSP I 180 I GENTXT I 
I I I r----------i II--------------------li I I I I I I OPDREC. MAXCH. CLEARRG. TRREIN. I 
I I II I II (reserved) II I I I I I TARITHM. OIDTESF. SERR. ROUTINEl-3-8-9-15 I 
I I I L __________ J I t-------------------i I I I I I I I 
I I I II (reserved) 1.1 I I I I I 
I I I 11-------------------4 I I I I I I 
I I I II (reserved) II I I I I I 
I I I I r-------------------i I ,--------------------, I I I I I 
I I I II switch identifier Illdesignaticnal eXFr II I I I I I I I I '-__________________ J I L ____________________ J I I I I I 

I I I 1--_------------------+---------------------4 I I I I 
I I I ,-----------------, I I I I I I 
I I I I subs cript expressionll I I I I 
I I 11--------------------4 I I I I I 
I I II SUTABC - last part II I I I I 
I I I t-------------------~ I I I I I 
I I II subscript expression I I I I I I 
I I I t------T-------,-----4 I I I I I 
I I II DISPL I COllNTS I FLAG I I I I I I 
I I Il------.L------'------~ I ,--------~-----------, I I I I 
I I I I Jarray identifier IllsubscriFt variable II I I I I I I L ___________________ J I L ___________________ _' I I I 

I------------~ r------------f r----------------------4 r----~i r------f 
I I I I I ,-------------------, I I I I I 
I £.Q!!I!!!!! I I (NO change) I II (SUTABC - last part) II I STC I I SNOT I 
I I I I I r--------------------i I I I I I 
I I I I II subscri{:t variable I I I I I I 
I I I I II------.-------,.-----i I I I I I 
I I I I IIDISPL ICOUNTS IFLAG II I I I I 
I I I I II------'--------'------i I I I I I 
I I I I Ilarray identifier II I I I I I I I I I I L ____________________ J I I I I I I I 

~--t__-----------t------------t-----------_f----------------------r----------------------'l------t----t----------------t------t__-----t-------------------------------------------\ 
I I I I I I ,--------------------, I I I I II I 
1401 M§.is!l I For IFor:= I II controlled variable II STC I STC I I SNOT I 190 I GENTXT I 
I I I I stacked 1,-------------------, I r--------------------i I I I I I I OPDREC. MAXCH. CIEARRG. SERR. I 
I I I I IIccntrolled variable IIIFSN OPTB LN IN II I I I I I NXTOPT. LATRES. OPDTESF. TARITHM. I 
I I I I I ~--------------------i I .--------------------~ I I I I I I MOVEOPTK. ROUTINE1 I 
I I I I II FSN OPTB III DISPL DISPL II I I I I I I 
I I I I II------------------i I r-------------------i I I I I I I I 
I I I I II (reserved) IIIDISPL DISPL II I I I I I I 
I I I I II------------------i II--------------------i I I I I I I I 
I I I I II (reserved) IIIOPTIMIZATION COUNT II I I I I I I I I I I I L ___________________ J I L ____________________ J I I I I I I I 

r--+------------t------------t------------t-------------------+----------------------+-----+---- +----------------+------+------t--------------------------------------------f 
411 I (See I ,----------, I I ,-------------------, I I I 

I matrices II (CSW) II 113 opds reserved II PRC STC I SNOT I 181 
I - App. V) I r---------41 ,------------------, I r--------------------f I STC I I 184 
I II [ Illswitch identifier III switch identifier II I I 

! L _________ _' t~===================~t;===================~l i i I I II (SUTABC - last {:art) II I I 
I I I r-------------------~ I I I 
I I II subscri{:t variable II I I 
I I I.--------------------f I I I 
I I II DISPL COllNTs FLAG II I I 
I I ,------------------, I 1--------------------1 I I I 
I II array identifier Illarray identifier II I I 

GENTXT 
OPDREC, OPDTESF, NOVEOPI'K.. SERR, 
ROUTINE1, ROUT INE7 

I I I L __________________ J I L ___________ ~ _______ _' I I I I I I I 

1--+-----------+-----------+------------+---------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------i 
I I I ,----------,1 1,--------------------, 1,--------------------, I I I I 
1431 omma II For II (No change) II initial value Illcontrolled variable I STC STC I SNOT I I CP20 I 
I I ·1 r--------i I II-----.-------------~ I t--------------------~ I CP47 I I GENTXT I 
I I II For:= II Ilcontrolled variable IIIFSN I I CP49 MAXCH. OPDTESF. LATRES. TARITHM I 
I r------------f L __________ J I------------f r------------------i I r--------------------~ I I 
I I I I IIFSN OPTB LN IN IIIFSN OPTE LN LN I I I 
I I I I I t-------------------4 I r--------------------f I I 
I I ~ I I~ stackedll DISPL DISPL III DISPL DISPI I I I 
I I I I I t-------------------i I .--------------------f I I 
I I I I IIDISPL DISPL III COUNT I I I 
I I------------~ r------------f I------------------i II--------------------i I I 
I I "hile I I~ IloJ;tilrization COUNT Illoptimized elell'ents I I I : ~------------l ~~~~~~~~ _____ ~ L ____________________ J : L ___________________ J 1-----1 I 
I I QQ I IQQ I I I PRC I I L __ "--___________ ~ ____________ .L.. __________ .L.. ____________________ --L ______________________ J _____ J..-____ ~ _______________ J. ______ J. _____ -l. ___________________________________________ J 
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r-,------------,----------------------,-----------------------------------T-----------,-------------,-----,-----T-"------------------------------------------, 
I I Source I Stack operator I stack Operand I Context I Source pointer I I I I 
I CPI Operator f------------..-----------t--------------------.----------------------t-----,.----l stepped I E.xit I Errorsl Subroutines used I 
I I I at entry I at exit I at entry I at exit I entry I exit I I I I I 
f--t------------t-----------+------------+-------------------+_--------------------t-----t----t-------------+_-----+------+-----------------------------------------1 
I I I ,------, I ,------, I r------------------, I I I I I I I I 

451 Until I I For I I ru I II step value I (NO change) I STC I STC I I S1iOT I I GENTXT, GENTXP, I 
I f-----i r-----1 I r----------------I I I I I I I OPDREC, LATRES, OPDTESTF, TARI'IHM, I 
I I For:=1 I £:2ll.::1 I I controlled variable I I I I I I I ROUTINE1, ROUTINE3, ROOTINE8, I 
I r-----i f------i 1.---,----T,---------l I I I I I I ROUTIN12, ROOTIN15 I 
I I~I I Until I IIFSNIOPTBI LN LNI I I I I I I I I L ______ J L ______ J I f---+----.L--,.------l I I I I I I I 
I II IDISPL I DISPL I I I I I 1 I I 
I I r--.l---T---'-------i I I I I I I I 
I II DISPL I DISPL I I I I I I I I 
I I f--------.L--,.------i I I I I I I I 
I I I optimization I COUNT I I I I I I I I I I L ___________ .L ______ J I I I I I I I 

f--t-----------t-----------t-----------t---------------------+_-------------------+-----t----+--------------+_-----+----+--------------------------------------1 
I I I ,-----, I ,------, I r--,---------------, I I I I I I I 
1471 ~ I I ru I I I ru I II test value II I STC I STC I I SNOT I I CP45 
I I I 1-----1 I 1------1 I r-----------------iI I I I I I I GENTXT, GENTXP, 
I I I I ~I I I ru..=.1 II step value II I I-----i I I I NXTOPT, MAXCH, OPDREC, TRINIIE, 
I I I 1------1 I L... _____ J I r---------------11 ,--------------------, I I I I I I IATIlES, OPDTESF, TARITHM, MOVEOPDR, 
I I I I until I I Ilccntmlled varia!:le Illcontrolled variable II I PRC I I I I ROUTINE1, 3, 7, 8, 9, 12, 15 
I f-----------I L ______ J f-------------II---T----T-----,.----i I 1-------------------11 I I I I I 
I I I I I I FSNIOPTBI LN I LN IIIFSN II I I I I I 
I I I I I r--L----.l----'------i I f--------------------II I I I I I 
I I QQ I I QQ II DISPL III DISPL II I I I I I 
I I I I I f------T-----------11 .-------------------1 I I I I I I 
I I I I II DISPL _ I DISPL III DISPL DISPL II I I I I I 
I I I I I f------.L--,.-----i I f------------,.-------ll I I I I I 
I I I I Ilol'timizationl COUNT III I COUNT II I I I I I I I I I I L __________ .L ______ -' 11-----------.L------11 I I I I I 
I I I I I I I optimized elenent(s) I I I I I I I I I I I I I L... __________________ J I I I I I I I 
f--+------------+-----------+-----------t--------------------+_--------------------+-----+-----+---------------+_-----+-----+------------------------------------------1 
I I I ,------, I ,------, I r-----------------, I I I I I I 
1491 Comma I I ru I I I ru I II wbile value II I STC I STC I I SNOT I GENTXT 
I I I I------i I 1-----1 I r---------------i I ,--------------------, I I I I I NXTOPT, MAltCH, OPDkEC, LATRES, 
I I I I For:=1 I I ru..=.1 I I controlled variable Illcontrolled variable II I I I I SERR, MOVEOPDR, ARRTESTl, OPDTESF, 
I I I f-----i I L... _____ J Ir--T---T----.-----i if--------------------11 I I I I ROUTINE1, 7, 8, 9, 15 
I I I I lihilel I I IFSNI OPTB I LN I LN IIIFSN II I I I I 
I f-----------i L ______ J r------------If---L----.L-----.L-----I 11------------------11 I I I I 
I I I I II DISPL III DISPL II I I I I 
I I I I I r------T----------i I .--------------------i I I I I I 
I I QQ I I QQ IIDISPL I DISPL IIIDISPL I:ISPL II I I I I 
I I I I I r-------L---.------i I .------------.-------i I I I I I 
I I I I Iloptimizationi COUNT III I COUNT II I I I I 
I I I I I L _________ .L _____ J I r----------L-------11 I I I I 
I I I I I Ilopti .. ized ele .. ent(s) I I I I I I I I I I I I L _____________ ------' I I I I I I 
f--+------------+-----------+-----------t------------------t----------------------t-----t-----t---------------+------+-----+_-----------------------------------1 
I I I ,------, I r-----' I ,-----------------, I I I I I I I I 
1511 £omma I I Array I I I Array I II upper bound II I STC I STC I I SNar I 191 I Branch to CP69, return via CP66 I 
I I I r-----i I f------I 11-----------------11 ,------------------, I I I I I I CP69, CP70, CP43, CP20 I 
I I I I of. I I I 4' I I I lower bound in stacklll DISPL II I I I I I I 
I I I .------i I L... _____ J I r------------------i I f--------------------II I I I I I GENTXT I 
I I I I Colon I I II array identifier III array identifier II I I I I I JBUFFER, MAXCH, OPDREC, TRREIN I 
I I I L... _____ J I I r----T-------------f I f-----.--------------f I I I I I I I 
I I I I I I COUNT I IIICOUNTI II I I I I I I 
I I I I II-----'---------------i I f-----'---------------II I I I I I I 
I I I I I I array identifier(s) Illarray identifier(s) -II I I I I I I I I I I I L... _________________ J I L ____________________ J I I I I I I I 

;.--+------------+------------i-----------~-------------------f--------------------;.-----;.-----+---------------+_----;.------7'------------------------------------------\ 
I I I I ,------, I I I I I I I I I 
I I J I I I Array I I I I I lone byte I SNOT I I SE1<R, OPDTESF, MCVECPDR, MOVEOP~R, I 
I I I I L... _____ J I I I I I I COMP I I TARITHM I 
f--+------------+------------+------------+--------------------+----------------------i------+-----+--------------+------+------+-----------------------------------------1 
I I I I I ,------------------, I I I I I I I 
1521 Comma I Array I (No change) I I array identifier II (NO change) I STC I STC I I SNOT I 1 MOVEOPTR 
I I I I I r------------------i I I I I I I 
I I I I I I array identifier(s) II I I I I I 
I 1------------1 1------------1 L _________________ J .---------------------f I I I I 
I I I I I I ,-----------T-----' I I I I I 
I I I Ito stacked I II I DISPL II I I I I I I I I I I • ______________ L-___ -I I I I I I 
I I I I I II array ic2entifier II I I I I 
I I I I I I r----T--------------f I I I I I 
I I I I I I I Count I II I I I I 
I I I I I If-----.L------------f I I I I I 
I I I I I II array identifier(s) II I I I I I I I I I I L... _______________ J I I I I I 
L..._..L-___________ .1.-___________ .1. __________ -.L __________________ .L-_____________________ J _____ ..L-____ .1.-_______________ J. _____ --1. _____ --'-________________________________________ -.1 
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r--~-----------T------------------------,--------------------------------------------,------------T-----------------r-------r------r--------------------------------------------, 

I I Source I Stack Operator I Stack Operand I Context I Source pointer I I I I 
I CP I operator t------------T------------t--------------------r---------------------- ~-----~----~ stepped I Exit I Errorsl subroutines used I 
I I I at entry I at exit I at entry I at exit I entry I exit I I I I I 
f--+------------+------------+------------+----------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------j 
1541 Delta I Array I I I I STC I PRC I I SNOT I 164 I SCHDL, SERR I 
f--+------------+------------+------------+----------------------+----------------------i,-----+-----+----------------+------+------+--------------------------------------------i 
1561 ( I Q2£.Q I (stacked I I I STC I EXC I I SNOT I 164 I MOVEOPTK, SERR I 
I I I Switch := I I I I I I I I I I 
f--+------------+------------+------------t----------------------+---------------------t-----+-----+----------------+------+------+--------------------------------------------i 
I I I r------, I 1,--------------------, I r-----,.-------------, I I I I I I 
1571 !&!!!!lli! I I (CSW) I I (No change) II parameter IIICOUNTI PRPOINT II STC I STC I I SNOT I 176 GENTXT, GENRID, I 
I I I f------I I If----,.--------------lIf-----+--------------11 I I I 1187 OPDREC, CLEl\RRG, DECOMP, SERR, I 
I I I I 1 I I II COUNT I PRPOINr III PARCH I PRPOINT II I I I I STACKAPI, ROUTINE1, ROUTINE3 I 
I I I , ______ J I I f-----+--------------i I'-----'---------------J I I I I I I 
I I I I II PARCH I PRPOINT II I I I I I I 
I I I I I'-----'---------------J I I I I I I I 
I I I I I . . I I I I I I I 
I I I I I . . I I I I I I I 
I I I I I ,---------------T----' I r--------------,.----, I I I I I I 
I I I I II I IN III I LN II I I I I I 
I I I I I f--------------.l..---I I f---------------J...---I I I I I I I 
j I I I lilirccedure identifieriliprocedure identifier I I I I I I I 
I I I I I'--------------------J I L ___________________ J I I I I I I 
I f------------I f------------l f----------------------j f-----I f------i I 
I I I I I I r--------------------, I I I I I I 
I I) I I I Ilfunction value II I PRC I IsNOTSPI I 
I I I I I I'--------------------J I I STC I I I I 
I I I I I I I I EXC I I I I I 
r--+-----------t------------+------------+----------------------1------------------------;.----4----... +---------------...;+------+------r----------........ ---------------------------------\ 
I I I I I r------------------, I r--------------------, I I I I I I -
1591 £.Q!!!!l§. I switch:= I (No change) Iiswitch element III COUNT PRPOINT II STC I STC I I SNOT I 175 I GENTXT, GENRID, 
I I I I I r-----T--------------I I r--------------------I I I I I I I OPDREC, OPDTESF, SCHDL, STACKAPI 
I I I I II COUNT I PRPOINT III II I I I I I SERR 
I I I I 11 __ ---'-----------___ 1 II II I I I I I 
I I I I II III II I I I I I 
I I I I I f------------------~-I I I I I I I I I I 
I I I I I I switch identifier III (No change) II I I I I I 
I I I I I f---------------T----111 I I I I I I I 
I I I I II I LN III II I I I I I I I I I I f---------------~----I I L ___________________ J I I I I I I 
I f------------I f------------ll reserved I f----------------------j 1-----1 I I I 
I I "e1ta I I I'--------------------J I I I PRC I I I I I 
1--+------------+------------+------------+----------------------+----------------------+----~+-----h---------------+------+------+--------------------------------------------1 
I I I r------, I I r-------------------, I I I I I I I I 
1611 COmma I I (CSW) I I (No change) II parameter II I STC I STC I I SNOT I 168 I GENTXT, GENrXTP, I 
I I I f------I I 11----,.------.,.-----1 I r--------------------, I I I I I 187 I OPDREC, TRINRE, LDWPLC, CLEARRG, I 
I I I I < I I IICOON'II (DSN) IDISPLIII II I I I I 188 I DECOMP, OPDTESF, MCVEOPDK, STACKAPI, I 
I I i L-_____ j i I ~---..J.--------!-----~ II (No change) II I I I I 189 I ARRTEST1, SERR, ROUTINE1, 7, 10, 11, 12, I 
I I I I list prpc identifier III II I I I I I 14, 15 I 
I ~------------j ~ ___________ ~ , ____________________ J ~====================~j ~----j ~------j I I 
I I I I I I r--------------------, 1 I PRC I I SNOTSP I I I 
I I) I I I II function value II I STC I I I I I I I I I I I L ___________________ J I I EX C I I I I I 
r--+------------+------------+------------+---------------------+----------------------t-----+-----+----------------+------+------+-------------------------------------------~j 
I I I J I ,--------------------, I I I I I I I I 
1621 EpSilon Eta I Goto I II designational oFnd II I STC I STC I I COMP I 175 I GENTXT, I 
I I ~ Else-I -- I I L ___________________ J I I I I I I I OPDREC, OPDTESF, SERR I 
I I semicolon I I I I I I I I I I I 
f--+ - - - ---+------------+------------+----------------------+---------------------t-----+-----+----------------+------+----- t--------------------------------------------i 
I I I I I r--------------------, I I I I I I I I 
1631Any operator I Monadic I I I arithmetic operand II (No change) I EXC I EXC I I COMP I 163 I GENTXT, GENTXTP, I 
I I except Not I .linus I I'--------------------JI I I I I I I OPDREC, OPDTEST, ARRTEST1, SERR, I 
I I ( [If Power I -- I I I I I I I I I ROUTINE2, 4, 5, 6, 7, 11 I 
f--+----=-==+------------+------------+----------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------1 
1641 ( I (Any I (stacked I I I PRC I EXC I I SNOT I 168 I GENTXT, I 
I I I opex'ator)I I I I STC I I I I 174 I MAXCH, LATRES, CIEARRG, STACKAPI I 
I I I I I I I I I I I I I 
r--+------------+------------+------------+----------------------+----------------------t-----+-----+----------------+------+------+--------------------------------------------i 

\ \ I II 1(~~)-1 \ I r~~;;;;----------~i;~ill EXC I I II II 176 \ MOVEOPTK, SERR I 
I I I I f------j I r-------------------, I f--------------------I I I STC I I I 18) I I 
I I I I I [ I II st proc identifier II 1st Frcc identifier II I I I I 187 I I 
l_J ____________ L _________ L_'::=====~ _ _'L'::==================1~====================~L ___ L ___ L _____________ J _____ J _____ J ____________________________________________ l 
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~--~; 'j;."" 

r-"'""T------------T------------------------~--------------------------------------------T-----------~---------------T------,--------,.------------------------------------------, 

I I Source I stack Operator I Stack Operand I Context I Source pointer I I I I 
I CP I Operator t--:----------.. -----------+----------------------,.----------------------+--....:--T-----~ stepped I Exit \Errors I Subroutines used I 
I I I at entry I at exit I at entry 1 at exit \entryjexit \ I I I I 
f--+------------+------------t------------t----------------------+----------------------t-----t-----t----------------t------t------t-----------------------------------~------_\ 
1651 Not I (Any op. I ~Q! stackedl I I EXC I EXC I I SNQT I 164 I SERR, OPTK ! 
I I I except I I I I I I I I I I 
I I I arithIn. / I I I I I I I I I I 
I I I rel. op. or I I I I I I I I I I 
I I I Not) I I I I I I I I I I 
I f -----------t------------+-----------_\ I I I I I I I I 
I I II I II If-s I II stacked 1 I I I I I I I I 
f--t------------t------------t------------+----------------------t----------------------f-----+-----+----------------+----~-+------+--------------------------------------------i 
I I I I I r-------------------, I I I I I I I I 
1661 + I (Any 01'. I (Source op. II arithm operand II (NC change) I EXC I EXC I I SNOT I 160 I JEUFFER, I 
I I I except I stacked) I '-___________________ J I I I I I I I SERR, MOVEOPTK I 
I I I aritlllH. I I I I I I I I I I 
I I lop.) I I I I I I I I I I 
I I I I I I I I I I I I I 
I f------------i f------------+----------------------+----------------------i I I I I I I 
I I I I I ,--------------------, I I I I I II I 
I I - I I (source Ilarithm o~erand II (No change) I I I I I I I 
I I I I stacked) I'--------------------J I I I I I I I I 
f--+------------~------------+-----------~+---------------------+----------------------t-----t-----+----------------+------+------+-------------------------------------------1 
I I I I ,--------------------, I I I I I I I I 
1671 (See matriceS-App.V) 1 (Source libool/arithm operand II (No change) I EXC I EXC I I SNOT \ 162 I MOVEOPTK I I I I stacked) 1' ___________________ -' I I I I I I I I 
f--+------------r-----------+------------+----------------------+----------------------+-----+-----+----------------+------+------+--------------------------------------------i 
I I I I I r-------------------, I I I I I I I I 
1681 ) I ( I II bool/arithm operand II (Nc change) I EXC I EXC I ISNOTSP I I OPDTEST I I I I I I L ___________________ J I I I I I I I I 
f--+------------~------------+------------+----------------------+----------------------+-----+-----+----------------+------+------+-------------------------------------------1 
I I I I ,--------------------, I ,--------------------, I I I I I I I 
1691 (See matriceS-App.V) I I\arithm orerand Illl:::ool/arithm operand II Eke I EXC I I COMP I 163 1 GENTXT, GENTXTP, I 
I I I I'---------------------J I'--------------------J I I I I I 194 I OPDREC, MAXCH, TRINRE, ARRTEST2, SERR I 
f--+------------T------------t------------t_---------------------t----------------------~-----t_----t_---------------+------f------f-------------------------------------------1 
I I (entry from I Assign I (No change) I I I PRC I PRC I I CP20 I I ROUTINE 1-9, 11-13, 15 I 
I I CP20) I I I I I I I I I I I 
f--+------------+-----------+------------+---------------------+----------------------i-----+-----+----------------+------+------t-------------------------------------------i 
170 III Llse I I I I I EXC I STC I I CaMP I I I 
f--+------------+------------+------------+----------------------+----------------------i-----+-----+----------------+------+------+-------------------------------------------i 
1711 Epsilon Etal I (No change) I I I STC I PRC I I CaMP I I I 
I I ~nd I I I I I I I I I I I 
I I Semicolon I I I I I I I I I I I 
f--+-------- - +------------+------------+---------------------f----------------------1-----+-----+----------------+------+------+--------------------------------------------i 
I I I ,--------, I I I I I I I I I I 
1721 Else I I Else I I I I I EXC I EXC I I CP75 I I I 
I I I ~--------1 I I I I I I I I I I 
I I I I !!ssign I I I I I I I I I I I 
I I I , ________ J I I I I I I I I I I 
I I f------------1 I I I I I f-----1 I I 
I I I Else I I I I I I I CP79 I I I 
f--+------------+------------+------------+----------------------+--------~-------------1-----+-----+----------------+------+------+--------------------------------------------1 
I I I I ,---, I ,.--------------------, I I I I I I I I 
1731 II I (See II ( I II o~erand II I EXC I EXC I I SNOT I 160 I SERR, MOVEOPTK I 
I I I matrices I f-_-i I'--------------------J I I I I I I 161 I I 
I I 1- App.V) Illl Istackedl I I I I I I I I 
I I I IL--J I I I I I I I I I 
f--+------------+------------+------------+----------------------+-----------------------1-----+-----+----------------+------+------+--------------------------------------------1 
I I I I I ,--------------------, I I I I I I I I 
1741 (Any rel. I (Any re!. 1* stacked II c~erand II (No change) I EXC I EXC I I SNOT I 160 I SERR, MOVEOPTK, STACKAPI I 
I I op_) I 01") I 1'--------------------J I I I I I I 161 I I 
I I I I f----------------------+----------------------1 I I I I I I 
I I I I I I ,--------------------, I I I I I I I 
I I I I I II API II I I I I I I I I I I I I '-___________________ J I I I I I I I 
l_--L _______ '- ____ .1. ____________ .L. ___________ --1. _____________________ .1-. ____________________ J _____ .1. _____ .1. ________________ .1-. _____ .1-. _____ .1-. ___________________________________________ J 
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r-,------------T-------------------------r------------------------------------------"-----------,.----------------T-----,-----~-------------------------------------------, 

I I Source I Stack Operator I stack operand I Context I Source pointer I I I I 
I CP I operator ~------------T------------+----------------------.. --------------------+-----r-----~ stepped I Exit I Errorsl Subroutines used I 
I I I at ontry I at exit I at entry I at exit I entry I exit I I I I I 
f--t------------l.--··· --------t------------t---------------------t---------------------t-----t-----+----------------+------+------+--------------------------------------------~ 
I I I I r--------------------, I I PRC I PRC I I SNOT I 194 I SERR I 
1751 (See matrices-App. V) I (No change) II (operand) II I STC I STC I I I 195 I I 
I I I I L ___________________ J I I EXC I EXC I I I I I 
f--t-------------------------+------------+----------------------+---------------------+-----+-----+----------------+------+------+--------------------------------------------1 
I I I I r-------------------, I I I I I I I I 
1761 (See matrices-App. V) I IIboclean oFerand II I EXC 1 EXC I I COMP I 162 I GENTXT I 
I I I I r---------:-----------~ I r-------------------,1 I I I I I OPDREC, MAXCH, OFDTEST, ARRTEST2, SERR I 
I I I II boolean operand III boolean Oferand 'I I I I I I ROUTINE1, 3 I I I I Il------______________ J I l ___________________ -' 1 I I I I I I 
f--+------------T------------+------------+----------------------+---------------------+-----+-----+----------------+------+------+-------------------------------------------1 
I I I I I r-------------------, I I EXC I EXC I I COMP I 182 I GENTXT, I 
1771 (See matr- I Not I llboolean operand II (NO change) I I I I I I OPDREC, MAXCH, OPDTEST, ARRTEST1, I 
I I ices-App. V) I I I L ___________________ J I I I I I I I SERR, ROUTINE1, 3 I 
f--+------------+------------+------------+----------------------+---------------------+-----+-----+----------------+------+------+---------------------------------··---------1 
I I I I I r-------------------, I r--------------,---·Ji I I I I I I 
1781 ~ I li I Then I I boolean operand III I LN" EXC I EXC I I SNOT I 182 I GENTXT, I I I I I I L ___________________ J Il _______________ l. ___ ~1 I I I I 1 OPDREC, LATRES, OPDTEST, ARRTEsn, I 
I I f------------+------------I I I f-----~ I I I SERR, ROUTINE1, 3 I 
I I I If -s I Then- s I I I I PRC I I I I I 
f--t------------+------------+------------+----------------------+---------------------t-----+-----+----------------+------+------+--------------------------------------------1 
I I I I I r--------------------, I I EXC I EXC I I CQMP I 165 I GENTXT, GENTXTP, I 
1791 (See I Else I Ilarithm/bool/design II I I I I I 178 I OPDREC, TRINRE, OPDTEST, ARRTEST1, I 
I I matrices I I I r-------------------j I I I I I I I SERR. ROUTINE1, 3, 15 I 
I I - App. V) I I II arithm/bool/design, II I I I I I I I 
I I I I I r--------------------~ I r-------------------ll I I I I I I 
: : : : : L ________________ =~j : l~:~~~~~~:~~~:~:~_J i :: II I I : 
f--+------------+------------+------------+----------------------+--------------------l-----+-----+----------------+------+------+--------------------------------------------~ 
180 I H I ( I li stacked I I I EXC I EXC I I SNOT I 164 I CLEARRG, MOVEOPTK, SERR I 
f--f------------f------------+------------f----------------------f---------------------+----+----+---------------·-t------t------t--------------------------------------------\ 
I I I I r------------------, I I I I I I 
1811 ~ QQ I Ilrrec identifier II PRC I PRC I SNOT I I GENTXT, I 
I I I I r--------------------j I I I I I PURST I 
I I I II controlled variable II I I I I I 
I I I I f----T-----T----r----~ I I I I I I 
I I I IIFSN IOPTB I LN I LN II I I 1 I I 
I I I I f----+-----l.-T--l.----t I I I I I I 
I I I II I DISPL I D ISPL I I I I I I I 
I I I I r----.L..T----..J.-------~ I 1 I I I I 
I I I IIDISPL I II I I I I I 
I I I I f------l.------------~ I I I I I I 
I I I II cFtimization COUNT II I I I I I 
I I I I r--------------------j I I I I I I 
I I I 1 I optimized element (s) I I I I I 1 I 
I I I I I L ___________________ J I 1 I I I I I 
f--t------------+------------+------------+----------------------+----------------------f-----+-----t----------------+------+------+--------------------------------------------~ 
I I I I I ,--------------T----' I I I I I I I I 
1831 Gamma I h Phi Betal (No change) II I LN II (No change) I PRC I PRC I 8 bytes I SNOT I I GENTXT, I 
I I I I I f---------------.L..---4 I 1 1 I I I I DECOMP I 
I I I I II Free identifier II I I I I I I I 
I I I I Il-------____________ J I I I I I I I I 
,--+------------.1.------------+------------+----------------------+----------------------f-----t-----+----------------+------+------t--------------------------------------------~ 
1841(See matrices-APP.V) I I I I PRC I I ICPERR11 173 I SERR I 
I I also entered from I I I 1 STC 1 1 I I I I 
I I CP1, CP3, CP30 I I I I EXC 1 I I I I I 
f--t------------T------------t------------+----------------------+---------------------+-----+-----+----------------+------+------+--------------------------------------------1 
I I 1 I I I r--------------------,I I I I I I I 
1851 Assign I switch I switch:= I IIcOUNT PRPOINT II PRC I STC I I SNOT I I MOVEOPTK I 
I I 1 I I r-------------------, I f--------------------~I I I I I I I 
I I I I II switch identifier III II I I I I I I 
I I I I I f---------------r---~ I I II I I I I I I 
I I I I II I LN III (No change) II I I I I I I 
I I I I I r---------------l.----~ I I II J I I I I I 
I I I I II (reserved) III II I I I I 1 I 

~--~------------~------------t------------~~::::::::::::::::::::::::::=::::::::~t~::::::::=::::::::::::::::::::::::::::~-----J-----t----------------~------~------~--------------------------------------------1 
I I I I I r-------------------, I r--------------------,I I I I I I I 
1861 Else I li I Then II (OFerand) III API II EXC I EXC I I SNOT I 160 I SERR, STACKAPI I 
I I I I Il-------------------J r L ___________________ JI I I I I I I 
I I r------------+------------1 I I f-----~ I I I I 
I I I I I I r--------------------, I I I I I 1 I 
I 1 I If-s I Then-s I II unchanged/reserved II 1 PRC I I I I I 
I I I I I I l ____________________ JI I I I I I I 
,--+------------+------------+------------+----------------------+---------------------+----+-----+---------------+------+------t-------------------------------------------~ 
I I I I I r--------------------, I I I I I I I I 
1871 J<ls~ I Then I Else II arithm/bool/design II (No change) I EXC 1 EXC I I SNOT I 178 I GENTXT, I 
1 1 I I I r---------------T----~ I 1 1 I I I I OPDREC, MAXCH, LATRES, OPDTEST, I 
I I I I II I LN II I I I I I I ARRTEST1, SERR, ROUTINE 1-8, 10-12 I 
I 1 I I I L ______________ .1. ____ J I I I I I I I I 
l_-.l. ____________ ..l ____________ .l.-___________ ..l-__________________ -.l. _____________________ ...L-____ .1.-. ____ .l.-_______________ J.. _____ -.l. _____ -..l ____________________________________________ J 



Directory - IEXOO 

EODAD1 
EODAD2 
EODAD3 
EODADIN 
Final Exit 
Initial Entry 
PI ROUT 
SYNAD 
SYNPR 
PRINT 
PRINTP 

Initialization - IEX10 

DDNAMES 
FNDARSIZ 
HEAD INFO 
Opening Data sets 
Option Processing 
SPIE Macro 

Scan 1/11 - IEX11 

APOSTROF 
ARRAY 
ASSIGN 
BEG1 
BEGIN 
BLANK 
BLKAPOS 
BOLCON 
CIB 
COB 
COBSPEC 
CLOSE2 
CODE 
COLON 
COLONLST 
CON 
COMERR 
COMPDEND 
COMPFIN 
COMl'IlEND 
COMlYiALST 
COMPEND2 
COMSPEC 
DEC POINT 
DELIMIT 
END 
ENDMISS 
EODADIN 
EROUT 
Error Recording Routines 
FIRSTBEG 
FOR 
FOREND 
GENERATE 
GIF 
IDCHECK 
IDCHECK1 

APPENDIX XI: INDEX OF ROUTINES 

Descri12tion Flowchart -- Page 

22 5 200 
22 5 200 
22 5 200 
22 5 200 
21 3 199 
21 3 199 
21 4 199 
22 5 200 
22 5 200 
23 6 200 
23 6 200 

Description F1o'tlchart Page 

28 9 202 
28 9 202 
28 9 202 
28 9 and 10 202 
27 8 201 
26 8 201 

Descri12tion F1mV'chart Page 

56 15 205 
65 24 209 
56 14 204 
63 22 208 
62 20 207 
55 13 204 
56 15 205 
62 20 207 
59 17 206 
59 17 206 
59 17 206 

34 214 
65 20 207 
57 15 205 
66 26 210 
64 32 213 
64 32 213 
63 21 208 
48 34 214 
64 32 213 
66 26 210 

21 208 
62 18 206 
56 14 204 
60 18 206 
63 21 208 
48 34 214 
67 34 214 
60 19 207 
57 57 
63 63 
64 20 207 
63 22 208 

165 122 261 
63 20 207 
65 31 213 
59 

Appendix XI: Index of Routines 307 



IER 64 28 211 
ILRSPEC 64 28 211 
Initialization 52 13 204 
LABEL 57 15 205 
LEFTP].I.RL 66 26 210 
LET DEL 57 15 205 
LIST 66 26 210 
NORMAL 62 20 207 
NPAFTAPO 57 15 205 
PBLCKEND 64 22 208 
POINT 55 14 204 
PONTLST 66 27 211 
PROCEDUR 67 29 212 
PROCID 67 30 212 
QUOTE (see STRING) (see STRING) 
READ ROUT 48 34 214 
RIGHTPAR 55 13 204 
RIGTPARL 66 26 210 
SCALE 56 15 205 
SEMCO 57 16 205 
SENC60 57 16 205 
SEMCLST 66 26 210 
SLASHLST 67 27 211 
SPEC 65 31 213 
SPECENT 65 31 213 
STARTDEL 62 19 207 
STATE 56 14 204 
STRING 62 33 214 
SWITCH 67 25 210 
TED 63 20 207 
TERMNT (see EODADIN) (see EODADIN) 
TESTLOOP 54 13 204 
TRANSOP 55 13 204 
TYPE 64 23 209 
TYPEARRY 65 24 209 
TYPE SPEC 62 18 206 
TYPPROC 29 212 
VALUE 31 213 
ZETAAPO 57 15 205 

Identifier Table Manil:2ulation - IEX20 Descri r:;tion Flowchart -- Page 

ALLOSTOR 72 37 216 
CLOSE 73 38 217 
ITABPRNT 73 39 217 
Initialization 71 36 216 
READBLK 72 36 216 
WRITITAB 73 38 217 

Di!'!.9nostic out rut - IEX21 DeScril2tion Flowchart Page 

Error Mess age Editing Routine 171 40 to 43 218-219 

Scan III - ILX30 Description Flowchart Page 

ARRAY 99 51 224 
BETA 95 47 222 
CHECK 100 
CLOBRACK 96 51 224 
COMr-1A 96 51 224 
CPOLEX 94 
CRIFLOW 90 61 229 
CRIFODEL 91 61 229 
CRlMA 90 60 228 
CRITI 89 59 228 
DECPOIN 92 65 231 
DECPOINl 65 231 
DELCRIV 91 61 229 
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DIGITO 92 64 230 
DIGIT19 91 64 230 
DIPOW 99 47 222 
00 96 49 223 
EPSILON 95 47 222 
ERRORl 88 
ETA 95 49 223 
FOLI 88 57 221 
FOR 95 47 222 
GAMl-'JA 98 49 223 
GENT EST 88 46 221 
GENTXT 165 122 261 
ICHA 98 49 223 
IDE NT 88 57 227 
INCOROP 99 70 233 
INITIATE 86 46 221 
INTCON 93 67 232 
INTHAN 94 67 232 
I TAB MOVE 95 48 222 
ITABlo10P 95 48 222 
LETRAF 91 62 229 
LETTER 88 57 227 
MOVE 99 
MOVERRO 99 
NOCRI 89 58 227 
OMEGA 98 50 223 
OPBRACK 96 51 224 
OPERAND 97 54 225 
OTHOP 98 50 223 
OUCHA 99 49 223 
PIPHI 95 47 222 
PROFU 89 58 227 
QUOTE 95 49 223 
REALCON 94 68 232 
REALHAN 94 69 233 
RtlO 99 51 224 
SCAFACT 93 66 231 
SEMIDELT 96 51 224 
STEP 99 47 222 
SUBHULT 97 54 225 
SUCRIDEL 96 55 226 
SUSCRITE 96 52 and 53 224-225 
SUTABENT 98 53 225 
SWlLA 89 58 227 
SWITCH 99 51 224 
TXTTRAF 95 
WHILE 96 47 222 
WRITE 100 62 229 
ZETA 98 

Dia~nostic Output - IEX31 Description Flowchart -- Page 

Error Hessage Editing Routine 171 71 234 

Subscript Handling - IEX40 Description Flowchart -- Page 

Initialization 103 73 236 
OPTAB 106 75 237 
OTACHA 107 76 237 
READ 107 74 236 
SORT 107 74 236 
SORTLE 106 74 236 
SORTSU 106 74 236 

~ 
Scan SUTAB 105 73 236 

i#'! TERMIN 107 76 237 
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fompi lati on Phas e - IEX50 Description Flowchart -- Page 

COMP 119 79 239 
CPO 120 80 240 
CPl 122 80 240 
CP3 164 80 240 
CP4 121,127,133 81 240 

CP6 123,144 82 241 
CP7 161 82 241 
CP8 154 82 241 
CP12 151 83 241 
CP16 120,134 83 241 
CP17 154 84 242 
CP18 154 84 242 
CP19 161 84 242 
CP20 152 85 242 
CP21 151 85 242 
CP22 162 86 243 
CP23 161 86 243 
CP24 161 86 243 
CP25 161 86 243 
CP26 162 87 243 
CP27 162 87 243 
CP28 163 87 243 
CP29 163 87 243 
CP30 163 87 243 
CP31 163 87 243 
CP33 162 87 243 
CP34 156 88 244 
CP36 128 88 244 
CP38 122,130 89 244 
CP40 144 90 245 
CP41 122,130 91 245 
CP43 147 92 246 
CP45 147 93 246 
CP47 147 94,95,96 247-248 
CP49 148 97 and 98 248-249 
CP51 128 99 249 
CP52 127 100 250 
CP54 130 100 250 
CP56 122,123 101 250 
CP57 134 101 250 
CP59 122 102 251 
CP6l 137 103-4 251-252 
CP62 123 105 252 
CP63 159 105 252 
CP64 134,136,156,158 106 253 
CP65 156,158 106 253 
CP66 158 106 253 
CP67 158,159 106 253 
CP68 159,161 106 253 
CP69 159 107-112 253-256 
CP70 162 113 256 
CP71 162 113 256 
CP72 163 113 256 
CP73 163 113 256 
CP74 163 113 256 
CP75 163 113 256 
CP76 158 114 257 
CP77 158 115 257 
CP78 154,156 115 257 
CP79 157 116 258 
CP80 157 117 258 
CP81 151 117 258 
CP83 136 118 259 
CP84 163 118 259 ,C CP85 122 118 259 
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CP86 164 118 259 
CP87 156 119 259 
DHEB2 160 108 254 
DHZBl 160 110 255 
DWG3 148 98 249 
SERR 164 123 261 
GENERATE 165 122 261 
HOBl 161 109 254 
Initializa tion 118 78 239 
IPBl 160 111 255 
ISBl 160 112 256 
IUB1 160 111 255 
IlBl 160 109 254 
JBUFFER 164 121 260 
NXTOPT 164 121 260 
OPDREC 165 120 260 
SNOT 119 79 239 
SNOTSP 119 79 239 
USAl 148 98 249 
UVA1 151 98 249 

Termination Phase - IEX51 DescriEtion Flo'Wchart Page 

Error Message Editing Routine 171 128 264 
Main storage Release 169 126 263 
Object Time Table Output 167-169 125 263 
print Storage Requirements 169 127 264 

ALGOL Library DescriEtion Flo\"chart Page 

ALGIN 177 130 265 
ALGTRMN 179 132 266 
CAP 1 177 132 266 
CAP2 178 132 266 
CLOSE 184 142 271 
CLOSEGP 181 142 271 
CLOSEPE 185 142 271 
CSWE1 178 
CSWE2 179 
DCBEXIT 185 141 271 
EPILOG 177 131 266 
FSAERR 179 
GET 181 140 270 
GETMSTO 179 
INARRAY 181 134 267 
INBARRAY 181 134 267 
INBOOLEAN 182 134 267 
ININTl!;GER 182 134 267 
INPUT 181 140 270 
IN REAL 182 134 267 
INSYMBOL 182 135 268 
INTARRAY 181 134 267 
LOADPP 179 130 265 
NEXTREC 185 142 271 
OPEN 185 141 271 
OPENGP 181 141 271 
OUT ARRAY 182 135 268 
OUTBARRAY 182 136 268 
OUT BOOLEAN 182 135 268 
OUTINTEGER 182 135 268 
OUTPUT 181 140 270 
OUTREAL 182 135 268 
OUTSTRING 182 136 268 
OUTSYMBOL 183 136 268 
OUTTARRAY 183 135 268 
PUT 180 140 270 

~I. PIEROUT 179 
" \ 

PROLOG 177 131 266 v 
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RETPROG 
SPDECL 
SYSA.CT 
TRACE 
VA.LUCALL 

178 
179 
183 
179 
178 

132 
131 

137,138,139 
130 
130 

266 
266 

269-270 
265 
265 

,1 
'\ 



Indexes to program logic manuals are consolidated in the publication 
as Master Index to Logic Manuals, Order No. GY28-6717. For 
additional information about any subject listed below, refer to other 
publications listed for the same sub ject in the l\Jaster Index. 

Actual parameter 131-132,165 
Address Table 169,187 
ALGOL Compiler 

Summary 13-16 
Flowchart (overall flmv) 197 

ALGOL Library 176-186 
All-purpose internal name 274 
Area Size Table 24 
Arithmetic expression 158-161 
Arithmetic operators 44,158-161 
Array 124-131 
Array (actual parameter) 135 
Array (formal parameter 

- call by name) 132 
Array (formal parameter 

- call by value) 131,178 
Array declaration 

in Identifier Table 36-37,65-66 
in intermediate source text 44 
allocation for Storage Mapping Function 

73 
internal name 274 
object code 125-126,127-130 

Assignment statement 151-152 

Blank 55-56 
Block 33-34,41-42,75,120 
Boolean constant 

in Scan I/II Phase 45,62-63 
in Scan III Phase 95 
internal name 274 

Character codes 272-273 
Character string 

in Scan I/II Phase 30,45,62 
in Scan III Phase 95 
internal name 274 

Characteristic 36 
Code procedure 65,98,135-136 
Code tables 272-273 
Column Vector 116 
Comment 62,64 
Common Area 19,28 
Common Data Area 176 
Common Work Area 23-25 
Compilation Phase (IEX50) 

Description 108-167 
Flowcharts 238-261 

Compiler area requirements 285 
Compiler Control Field (HCOMPHOD) 24,27, 

276 
Compiler entry 21 
Compiler exit 21 
Compiler interface 21 
Compiler invocation 26 
Compiler~modules 

see Compiler phases 
Compiler options 27 
Compiler organization 13 
Compiler output 14 
Compiler phases 13 

Directory (IEXOO) 21-25 

Page of GY,3-8000-0 
Revised January 15, 1972 
By TNL GN33-8129 

Initialization (IEXIO) 26-29 
Scan I/II (IEXll) 30-68 

INDEX 

Identifier Table Manipulation (IEX20) 
69-73 . 

Diagnostic Output (IEX21) 171-175 
Scan III (IEX30) 74-100 
Diagnostic Output (IEX31) 171-175 
Subscript Handlinq (IEX40) 101-107 
compilation (IEX50) 108-167 
Termination (IEX51) 167-169 

Component (s\'Titch) 67,120-122 
Compound statement 33-34,41-42,120 
Conditional exnression 154-157 
Conditional statement 153-154 
Constant 

in Scan 1/11 Phase 45 
in Scan III Phase 77,91-94 
internal name 274 

Constant, Pool 30,52,62,74,94-95,187-188 
Context switching 161-162 
Counting Loop 80,138 
Conventions 20 
Critical identifier 82,89-90 
Critical Identifier Table 82-83 
Cyclical address increment 143-144 

Data Control Blocks 23,25,29 
Data Control Block addresses 24,29 
Data Set Table 168,190 
Data sets 14,17,28-29,35,70,77,102,110 
Data Storage Area 191-192 
DDnames 28 
Decision matrices 116,278-279 
Declarations 

entry in Identifier Table 31,34,35-38,' 
64-67 

representation in intermediate source 
text 44-45 

allocation of object time storage fields 
72-73 

internal names of declared identifiers 
274 

replacement of identifiers by internal 
names 75,88 

see also 
Array declaration 
Code procedure declaration 
Label 
Procedure declaration 
Switch declaration 

Declarator 44,64-67 
Delimiter 

initial treatment 43-A5 
internal representation 61,272 

Delimiter Table 60,61 
Diagnostic output (lEX21, lEX31, lEX51) 

Description 170-175 
Flowcharts: 

IEX21 218 
IEX31 234 
lEX51 264 

Directory (lEXOO) 
Description 21-25 
Flowcharts 198-200 

Index 313 



Elementary Loop 80,139 
End of Data 22,24,48,52,71,119 
END record 169,187 
ERET 22,24,52,71,86,103,118 
Error detection 170-171,280-284 
Error Pool 19,28,172 
ESD record 68,136,168,187 
Expression Context Matrix 116,279 

Fixed Storage Area 176 
Flowcharts 196-271 
For statement 

identification in intermediate source 
text 41-42 

classification 79-81 
object code 13'8-151 

For statement closing entry 39 
For statement heading entry 39 
For Statement Table 81,139 
Formal parameter 

see Specifications 
internal name 274 
storage field 193 
object time treatment 131-135 

Function designator 
see Type procedure 

Goto statement 123 
Group Table 45 

HCOMPMOD Control Field 
see Compiler Control Field 

Identifier 
entry in Identifier Table 35-38 
object time storage field 73 
internal name 274 
replacement by internal name 75 
see also 

Declarations 
Specifications 
Operands 

Identifier entry 36 
Identifier Group Number 41-42 
Identifier Table 30,35-41,69-70,78-79 
Identifier Table Manipulation Phase (IEX20) 

Description 69-73 
Flowcharts 215-217 

Initialization Phase (IEX10) 
Description 26-29 
Flowcharts 201-202 

Input/Output activity 16,35,70,77,102,110 
Input/Output procedure 

see Standard input/output procedures 
Intermediate storage procedure 

see Standard input/output procedures 
Internal name 

table of internal names 274 
processing 

identifiers (see Declarations and 
Specifications) 

character strings 62 
boolean constants 62-63 
constants 11,91-94 

treatment in generation of object code 
110-112 

Invalid branch 89 
Invalid character 57 
Invalid identifier 64 
I/O error 

see Unrecoverable I/O error 

314 

I/O Table 138 

Label 44-45,57,122 
Label Address Table 

compile time 118-119,167-168 
object time 189 

Left Variable Table 82 

Library 
see ALGOL Library 

Load module 188-195 
Logical error 162-164 
Logical operator 157-158 
Loop count 138 

Machine system 13 
l<lain storage (compile time use) 18,286-294 
Main storage (object time use) 188,295 
r.1athematica1 function 

see Standard mathematical functions 
Message Pool 172 
1-1odification Level 1 text 43-45 
Modification Level 2 text 84-85 

Normal Loop 80,140 
Note Table 191 
Numbers 

see Constants 

Object module 187 
Object stack 

(= extension of current Data Storage Area) 
Area) 

Operand 
internal names 274 
treatment in generation of object code 

110-112 
Operand Stack 110-113 
Operator Stack 110-113 
Ooerators (ALGOL-defined) 

~ see Delimiters 
Operators (internal) 

in Scope Handling Stack (Scan I/II Phase) 
20 

in Modification Levell text 43-45,272 
in Modification Level 2 text 84,272 
in Operator Stack (Compilation Phase) 

273 
Optimizab1e subscript expression 81,101 

see also Subscript optimization 
Optimization Table 103 
Option 

see Compiler options 

Parameter delimiter 45,57 
Precompiled procedure 46,68,187-188 

see also Code procedure 
Preliminary Error-Pool 24 
Procedure 33-34,41-42,75,131-136 
Procedure call 132-133 
Procedure declaration, 

in Identifier Table 37-38,67 
in intermediate source text 41-42,44 
internal name 274 
object code 131-132,133-134 

Program 46 
Program block 
Program Block 
Program Block 
Program Block 

heading entry 
Number 41-42 
Number Table 
Table (object 

38 

46 
time) 188-189 

( 



Program Block Table II 70-71 
Program Block Table III 119,120 
Program Block Table IV 167 
Program Context !-latrix 116,278 
Program interrupt 21,52,71,86,103,118,179 

Register save area 23 
Registers (compile time) 

register use in Compilation Phase 116 
Registers (object time) 

register use 194-195 
register control 113-115 

Relation 158-161 
Relational operators 44,160 
RLD record 136,168,187 
Return Address Stack 193-194 
Routine Index 307 
Row Vector 116 

Scan I/II Phase (IEXll) 
Description 30-67 
Flm'lcharts 203-214 

Scan III Phase (IEX30) 
Description 75-100 
Flowcharts 220-233 

Scope Handling Stack 42-43 
Scope Table 45 
Semicolon Table 38-39,63,67 
Serious error 170-171 
Source module 13,30,46 
Source text 17-19,43-46,84-85 
Special Use Bits 36,80,84,88-89 
Specification 

entry in Identifier Table 34,35-38,65 
representation in intermediate source 

text 44 
allocation of object time storage field 

72-73 
internal names of specified identifiers 

274 
replacement of identifier by internal 

name 75,79,88 
see also Formal parameter 

Specificator 44,65 
SPIE macro 26,21,22,86 
Stack operator 

see Scope Handling Stack 
Operator Stack 

Standard input/output procedures 180-185 
entries in Identifier Table 86 
internal names 275 
replacement of identifiers by internal 

names 75,88 
call (object code) 136-137 
ESO records 168 
IUARRAY 181 
INBARRAY 161 
INBOOLEAN 182 
ININTEGER 182 
INREAL 182 
INSYHBOL 182 
INTARRAY 181 
OUTARRAY 182 
OUTBARRAY 182 
OUTBOOLEAN 182 
OUTINTEGER 182 

OUTREAL 182 
OUT STRING 182 
OUTSYHBOL 183 
OUTTARRAY 183 
GET 181 
PUT 180 
SYSACT 183 

Standard mathematical functions 187 
entries in Identifier Table 86 
internal names 275 
replacement of identifiers by internal 

names 75,88 
call (object code) 136-137 
ESD records 168 
ABS 137 
ARCTAN 186 
COS 186 
ENTIER 179 
EXP 186 
LENGTH 137 
LN 186 
SIGN 137 
SIN 186 
SQRT 186 

Statement Context ~!atrix 116,279 
Storage Happing Function 125-126,128-129 

193 
String 

see Character String 
Subscript expression 77,81,96-98,101-107 
Subscript incrementation 144,151 
Subscript initialization 144,148-151 
Subscript optimization 143-144,148-151 
Subscript Handling Phase 

Description 101-107 
Flo~-lcharts 235-237 

Subscrint Table 82-83 
Subscripted Variable 126-127,130-131 
S"litch (ALGOL-defined) 120-122 
S,.,itch declaration 

in Identifier Table 37-38,67 
in intermediate source text 44 
internal name 274 
object code 120-122 

Switch designator 121-122 
Syntax Check Mode 170-171 

Terminating error 171 
Termination Phase (IEX51) 

Description 167-169 
Flowcharts 262-264 

Thunk 
(= actual parameter code sequence) 

Type declaration 36-37,44,64 
Type procedure 37,131-132 

Undeclared identifier 75,88 
Unrecoverable I/O error 22,52,71,86,103, 

118,185 

Value call 131-134,178 

~'larning error 170 

Zero-base address 124-125 

Index 315 



Y33-8000-0 

International Business Machines Corporation 
Data Processing Division 
112 East Post Road, White Plains, N.Y.I06ot 
[USA Only] 

IBM World Trade Corporation 
821 United Nations Plaza, New York, New York 10017 
[International] 



Technical Newsletter File Number 8360-26 

Re: Form No. Y33-8000-0 

This Newsletter No. Y3 3-8 0 01 

Date December 15, 1967 

Previous Newsletter Nos. None 

Iffi4 SYSTEM/360 OPERATING SYSTEM 
ALGOL Program Logic Manual 

Pages to be 
Inserted 
Front Cover and 

Inside Front Cover 

13-14 
65-66 
137-140 
149-150 
179-192 
195-196 
203-204 
207-208 
211-214 
217-218 
221-222 
227-230 
233-234 
243-244 

.249-250 
259-260 
263-268 
271-280 
285-286 
315 & Back Cover 
Reader~s Comment 

Request 

Pages to be 
Removed 
Front Cover and 

Inside Front Cover 

13-14 
65-66 
137-140 
149-150 
179-192 
195-196 
203-204 
207-208 
211-214 
217-218 
221-222 
227-230 
233-234 
243-244 
249-250 
259-260 
263-268 
271-280 
285-286 
315 & Back Cover 
Reader~s Comment 

Request 

The following additional changes should be made 

Amendment 

The constants 0.0095'86 and 0.95 x 1084 
should be changed to 0.0095'54 and 
0.95 x 10 52 , respectively 
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Paqe -----
82 

83 

112 

165 

Amendment 

In the left col~~n on lines 12 and 13, 
insert the following: "and the for 
statement is an Elementary Loop". 

In Figure 44, replace the explanation 
opposite <x> Bits 2 and 3, as follo\>1s: 
"(Binary 00. Chain Bits used in Sub
script Handling Phase)". 

In figure 54, changethe last two object 
code instructions as follows: 

A REGX, <DISP-B> (CDSA) 
ST REGX, <DISP-C> (CDSA) 

In the right column on line 3, add the 
folloY-Tina: "Load CDSA vlith Data Storacre 

J ~ 

Area base address". 
In the same column, lines 9-11, delete 
the text: "Load CDSA ,,'lith Data Storage 
Area base address". 

S~~ary of &~endments 

This Newsletter corrects various minor errors in the 
publication, which relates to release 11 of the IBl'l 
System/360 Operating System. 

Note: - Please file this cover letter at the back of the 
publication. 
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This Technical Newsletter amends the publication IBH System/360 
Operating System: ALGOL (F) Program Loaic Manual, Form Y33-8000-0. 
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margin. 
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This Newsletter reflects changes made in the logic of certain 
ALGOL Library routines, which take effect with Release 16 of the 
Operating System. 

Note: Please file this cover letter at the back of the publication. 
Cover letters provide a useful record of changes made in a publica
tion. 
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This Technical Newsletter, a part of release 21 of the IBM 
System/360 Operating System, provides replacement pages for the 
subject manual. These replacement pages remain in effect for 
subsequent versions and modifications unless specifically altered. 
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Summary of Amendments 

References to OS publications have been updated to reflect 
current titles. 

Note: Please file this cover letter at the back of the manual to 
provide a record of changes. 
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