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examples:

where:

value:

side efiects:

uases

commpents:

rReferences:

lambda

THE MAN-MACHINE INTSRFACE IN AF>

a lambda g

" (X;y) lambda {stat;stmt;stmt}

a 1is an ogdered-1ist of symbpols,
g 1s a group
X and y are symbols.

An n-adic function where i 1s the number of
symbols 1n the ieit argument.

¢

None

4 lambda expression may be assiygned to a syabcl,
making it a function symbol., Alternatively, the
lambda expression may ©pe used 1n place of a
function symboli in an expression.

The lambda expression is the means, 1ia SL, to

extend tue functions availabple. SL may be
extended 1in data types by deflnlag new access
machines., To accommodate new data types, o¢ld
functions must be redefined by assijning to thenm
the value of an appropriate lambda expression.
The names or tuae arguments oi the function are
given 1n the symboi list in the order in which
they must appear in an expression that uses the
function.

24243, 2.0.1.2
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examples:

where:

value:

side effects:

uses

References:

parallel

SUNMARY OF Baslic LNFIXK FORH 183

parallel g
paralliel {stmt;stumt;statj
g is a group.

4 vector whose elements are the values of the
statements Comprising the group.

None

To State that the statements cowpiising. the group

- may be executed in parallel or in any order the

machine selects,

2e203, 240¢9.2
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examples:

value:

commants:

Reterences:

parentheses

THE MAN-BACHLING INTERPFACLE IN AFS
f(stmt;stant;stmt)

a/ (b+c)

Parentheses do not i1inhibit tane implicit invocation
mechanism SO the value of a portion of code
delimited Dy parentheses 15 either the value of an
expression or a list of values of statements,

None

A pair of parentneses is used to delimit a portion
of code without 1nhipiting the impiicit iavocation
mechauisi,. ’

One speciiic use or parentaeses 1s to control the
order of execution of functions in an e€xpression.

Another speciiic use of parentheses 1s to delimit
the argument 1list of an n-adic function when n
is greater than <, and when, as 1is usually the
case, the arguments are to be evaluated belfore the
function 1s evaiuated., In SL, such a fumnction is
interpreted to Dbe a monadic function that takes
the argument i1st as 1ts argument.

To understand parentheses, 1t 1s necessary to
understand the semicolon and braces, kKead first
the page on delimiters and then the pages on
parentheses, braces, and sewmicolon.

delimiters, Woraces, semicolon

188 CONFIDsNTIAL parentheses
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example: remove X
where: X 1s an object,
value: X

side etfects: A copy of under is placed 1n tae Storage cell so
that 1f x 1s evaluated again, an error exception
1s raised.

use: To remove the contents or a sStorage cell without
destroyingy the ceidl. :

Reference: 2.1.6

remove 1M CONFIDENTIAL remcgve




examples:

where:

side etfects:

value:

uses

References:

repeat

THE MAN-MACHLING AnTORFACE AN AFS

p rLepeat g

-t

stow 1;(i<10)repeat {i+1 stow i;stut;stmt;stmt}

is a predicate, an exPress;on that evaluates to
or U

et 4T

g 1is a group or statements
i 1is an 1ianteyer
None

The left argument is evaiuated, If 1ts value is
one, the argument on the right is evaluated, Then
the left aryument 1S reevaludated and the cycle 1is
repeated., If the value of the left argument is
Zero, execution ends. The value 1s the value ot
tae last expression executed in tne rigat
argument. LI the rigybt aryument 1S not evaluated
at all, the value i3 nil.

The second exampie 15 eguivalent to , 1in PL/I:
DU I=1 TOU lu;stat;stat;stmt;END;

The extended infix form willi probably have a
DO-statement of this sort.

IBM CONFiDBNTIAL ‘ repeat
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examples:
wvhere:
value:

side effects:

comments:

replace

SUMNAKY Or woASIC INFIXL FORHM 187

X replace y
X and y are objects
The value 1s a4 copy of X.

The object y is destroyed, unless y refuses to
destroy 1itself. In tuls case, y rewalins unchanged
and an exception occurs.

Usually replace 45 used whei one argument or the
other 1s an expression taat has the vaiue of an
opject. Taen it 15 possible to make an object
that 1s a copy of a component Of another object or
by using 1asert, to add a copy of an object as a
new elemeat of another object.

Notice tnat replace changes tae whole object,
poth 4ccess wachlle and rCesourcCe, Stow, on the
other hand cudnyes only the resource.

References: Z¢e 1017, 2.0, 4

L8 CUNCIVSNTLAL replace
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.
LX)

-example:

Where:

value:

comment:

References:

select

THE MAN-MACHLING LNTERFACL IN AFS

i select x
i select X stow y
X 1s a collective opject.

i 1s a aember or a synonym for a member of the
index set of «x.

Yy 1s an object whose access machinhe 1s sultable,

An implicxtly aerined synonym for a member of the
right aryument whose index 1s the lieft argument,

Select does aot create a copy but merely
identifies some part or parts ot the collective
object that coustitutes the ~rigyht argument. To
create a copy, it 1is possible to use a stow
function as 1in the second exauwple. 4in this case,
the target y must have an access machine that is
suitable ftor the itn elemeat of X.

2.1'5, 2.60301

1588 CONFIDENTIAL select
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examples:

value:

31de effects:

comments:

Relerences:

semicolion

SUMMARY OF paS5iC LNFIX FORH 189

{stmt;stmt;stutj}
t(x35yY:2)
Semicolon does ndot have a value,

The sewmicolon 1s a deisimiter whose precedence is
lower thau any zrunction or ifunctiomnal. If two
expressions dare dadjacent, oneg @must be an operator
and the otaer must be one of its arguments,
Hovwever, 1f a semicolon 1nterveunes, they Dbeccne
two elements of a 1list, As such, they are called
statements,

The difference between a statement and an
eXxpression 1s tnat a statement 1s a member of a
group of statewments and taen, Whaen the gJroup 1is
evaluated, tae vaiue 0of a4 statemeant 1is discarded
after the executioa cursor passes the semicolon
and before evaluation ot the next statement
beygins,

The semicoion is used to deilmit the arguments of
an np-adic functioa when n>=3. Tue comma 1s not
used pecause it is reserved to be used as the name
of a function,.

To understaand the semicolon, 1t 15 necessary to
understand brdaces and parentheses. Kead first the
page on deiimiters dand then the pages on braces,
parentheses, and semircolon.

242.2, delimiters, braces, pareatheses

I8k CONPIDENTIAL semicolon
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exaumple:
where:

value:

shape

THE MAN-BACHLINL INTSKFACE IN AFS

_shape a

a 1is an array

A list of integyers of length 'r© where r is the
rank of the array (the member of dimensions) and
the 1th elemeat in the list 1is the size of the
ith dimension Oof the array.

The iist 1is CIEdtéd.‘

IBM CONFIDLNTIAL shape
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examples:

where

value:

side effects:

uses:

commaents:

Reterences:

Stow

SUMMAKY OF BaSic INFLIX #OxH 191

X Stow y

X and y are objects or are expressions that have
the value of objects.

The value 1s an object that has tane access machine
Orf y and tae resource of tne value 0Of X.

The left argument 1s evaiuated, Tnen, the right
argument 1s evaluated. Finaily, the resource of
the value 01 the right argument replaces the
resoucrce of the vaiue of the left argument.

This 1s the nocmal assignment taat taxes place 1n
languages iike PL/L.

To produce the xina of assigjhwent that appears ia
APL see replace.

2.].“' 203.5' “Ob‘“

LADBM CONPLIDENTLAL stow
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example:
where:

value:

si1de effects:

uses

comments:

Referances:

syn

THE MAN-MACHINS INDERFACE IN AFS

syn x

X is aun object,

A syanonym that provides authorization for access’

to X,
The synonywm, 4n object, 1s created.

A synonym is lixke a pointer, but it has safeguards
50 that 1t cannot be used except by requests with
the proper autuaorization. Unlike a pointer, a
synounym dutowaticaily passes aii autnhori zed
requests to the object to waich 1t points, whereas
a poihter demauds a rfurtaer operation on 1t to
produce a value.

It 4is not possible to coavert data of any other
kind to a syuonyw. Thnis protects the systen
integyrity ZIrom incursions, suca as can be
accompiished by adainy iategers to PL/I pointers,

~To yenerate a sSyunouym with fewer rights than one

already has 1t 1s necessary to use the authorize
function, '

synonyms are neeized for data base applications.

2.1.5, 2.6.3.5, 2.1.4, authorize

ik CUNFIDENTIAL syn
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From the preceding discussion and a xnowledge of APL, the
approximate meaning oif the toiiowingy will be opvious, There are
a total of 59 functions in this category. Notice that some APL
ftunctions are defined elsewhere and are not listed here. The
nyphen indicates wheu a dyadic -‘and @monadiC fuaction are related.
When the SL name differs trom the APL name, it 1s saown in
pareantheses,

Monadic byadic
plus - plus (sua)
reciprocal - divide (Juotient)
negative (minus) - minus(diifference)
signum - - times (product)
ceiling - BA X1 MU®m
floor - WiLlRUN
exponential (exp)- power
nat 4109 (1in) - loy
maynitude - residue
sin . and
cos or
tan nand
arcsin nor
arccos : iess (4t)
arctan not greater (le)
sinh equal {=9)
Cosh not less{ye)
tanh greater (ye)
arcsinn not eygual (ue)
arccosh ’
arctann
not : take
membership darop

reshape
raveil - catendte
reverse - rotate
traaspose - trauspose
grade up ' compress
grade down expand
pi times outer product
reduction (reduce) inner product

someone might argue that the circudar rfunctions arfe just oue and
not 13 tunctions. From one point o0f view, they are 13 tfunctions
With hard-to-remember names.,

Ll COwWrFIDENTIAL
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4.3.5 SL Fupctions Defined Elseshere

The following 38 functions are detfined or identitied elsewhere in
this rceport: aguire, auymeunt, base value, ciaim, connect, copy,
delay, delayed parse, destroy, free, 1identiiy, ignore, index,
. 1lnject, 1insert symbol, 1introduce, itist, 1load, locate, map,
member, monitor, name value, point, priority, quotient_remainder,
release, representation,send answer, send wmessage, signal, step,
suspend, translate({dyadic), transiate{monadic), wultimate, unidgue
name, wait answer, wait messaye.

4,3.6 Summary of Functions 5o Far Iandentified

Defined in 4.3 23
Identified by APL 59
Indentified elsewhere 38

125

4.3.7 A Measure of SL Complexity

.

The complexity of SL can be measured rougnly by comparinyg it to
APL wnich performs a much more constrained function but has large
areas otf simiiarity. To do tals Ifhe APL functions that remain
will be dientified.

There are 8 APL rfunctions thdt have Cclear conterparts amony the
SL functions mentioned: brancning {yoto), function
definition(lambaa), local variable identification(declare),
specification (replace), sice(snape), trace coatrol(monitor and
ignore), label (labei), indexiny(select), comma {(augmeat).

There are 50 more APL fuactions to do things tnat SL will do but

the reliationsinip 1s not airect either pecause the details have
not been worked out or pecause the WwOrK i1is done differently. In

some cases the work 1s actually done Dby functions already

ideatified, These are: editiung coutrol, editiny wark, display

controls, 1locked function, sStop controi, termimal input,

character input, 34 systewm commauds, 9 sSystem dependent{i-beam)

functions, In 5L all of these things wiil be done with the kind

of functions so far identafied. Taere will not be the diversity
seen in APL/360.

Finally there are 9 APL Lunctions that will probably be
programmed:

iph CONFIDuNTLIAL
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encode decode
factorial binomial coetficient
roil deal

three square roots ot sums of syuaares

No declision has been made as to which of these marginal APL
tunctions belonyg in the pasic iniix level of 5L and which snould
be programmed. It may be, for exaample, that none of the circular
functions wiil be in the machiue ilanguage., However, ail oi thenm
will bpe in the extended iatix torm and ail or <them wili be
supported where they appedar inu the various favored hign level
languages. With this information, the languages can Dbe compared
as follows:

APL/360 functions with direct SL counterparts 67
APL/360 functions SL will cover v 50
117
APL functions to be progranmed 9
126
SL functions with clearly defined APL counterparts 67
Other i1dentitied SL tunctions 54
125

Clearly more runctions #ili be added to SL, However, 1t seemns
clear tnat SL wili be oniy a iittie more complicatel that APL/ 360
while providing much more capability.

I1o6M CONFLIDENTIAL
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EXAMPLES UF SL PROGRAWNS

This chapter demonstrates tine suitability of SL as a target
language for the translation ot programs from PL/I, CUBOL,
FORTRAN, APL, &PG ana L15P, For each of taese languages, typical
program coanstructs are allustrated (alony with contextual
information when appropriate) and followed Dby an eguivalent SL
construct, The SL examples yiven are written in the basic infix
notation (refer to Section 4,3).,

Programs writtea in 3L to accoapiisn these same purposes would be
much simpler since they woulia aot involve the complexities of the
various source lanyuages.

4.5.1 Icanslations rrom PL/I

Example of simple case of PL/I DU statement:
DO I = 1 TO 10, statement_list,; ENu,
The SL code for the above is:

I=->1; {I+1->Iz1ujrepeat {statement _list}

In a somewhat more complicated case «With various data tygpes
involved in the iteration caiculation, there can Dbe rounding
problems that prohibit tne simpie initialization used above,
Furthermore the wvalue of tuae 1teration limit can be caanged
duringy the iteration so there must be a temporary. Ia this
case:

DO 1=1 TO N;

statement_list
END;

gquivalent SL group:

{declare C unigque;
{0 stow C;
feval {C select {{1 stow I }s
{i sum 1 stow I 1e N stow (j
3

Lol CONFLDmENTIAL
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}
} ra2peat {statement_list}
}
}

lhe general case of the PL/i DO statement 15 much more
complicated than the ordinary user realizes, or can utilize
often. A ftuli explanation or the linteraction of thne TO and BY
Clauses with the WHLiLE optiou, with more tnan one specification
present, may be found in the PL/I Laaguaye Specificdtions
manual (Y33-6uU03-1, pp 144-140) or the PL/L (F) Language
Reference Manual (C28-uvlU1-4, pp 3bl4-307). Tais general case
can pe prograwmmed 1in SL uasiny a sinygle skeleton (with the
possipility OL repeatiny one section as tae multigple
specifications regjuire), suostituting tfor tue names of the
variaples used in the LU statement. An example orf tais 1s shown
below:

DO I=J1 TO K1 BY L1 WHLiLE(&1),
J2 TO K< BY L2 WHiLE(EZ),
L N ;
statement_list
END;

Equivalent SL group:

{declare U Vv W C BUDY TuST unigue;
syn {statement_listjy stow BUY,
syn{signum V 1s U select{l ie U;I ye U}} stow W,
{0 stow C;
syn{eval W ana E1} stow TEST;
feval{C select {{K1 stow U,;L1 stow V;d1 stow L;TEST stow (C},
{I sum V stow 1;TEST }
3
}
} repeat BOUDY
b
{9 stow C;
syn{eval W and E<} stow Tusi,
{eval{C select ({K2 stow U;L. stow V;Jz stow I;TEST stow C};
{I sum V stow i;TEST }
}
}
} repeat BODY
}i

ipH CONFIDBNTIAL
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}

Note that the first three lines are the setup code waich need be
preseat oniy once regaraless of the number or specifications
appearing in the original PL/I DU statement. These are foliowed
by a pattern group which 1is repeated once per specliication,
separated by semicolons as necCessdry, and tecrminating with the
final right brace.

This general skeleton can pe simplified supstantially by a
compiler if the  original DU statement does not contain all of
the most gemeral options. For example, if the expressions 1n
either the TO or BY clauses are constants, tae corresponding
temporaries U and/or V can be eliminated., If the BY expression
1s a4 constant, then the entire expression "signum V 1s 0" can
be evaluated at compilie time, and the result can be used to
chose the expression to pe substituted for W, Sufficient
evaluation of constant expressions at compile time can result
in the reduction oif the general case to a4 much simpler program,
like the one shown for the simpie case of PL/L DO,

4,5,2 Translations from CUBOL

Example of EXAHINE,'LF and ALTsE statements:
EXAMINE INPUT-RECUHD TALLYIWs ALL ','.
IF TALLY IS EQUAL 10 ¢
THEN ALTER SWITCH IU PRUCESED TO EXIT.

SWITCd., GO TO,
Equivaient SL statements:
elen sum reduction (INPUTRLCORD member *,') stow TALLY;

eval ({; {8XIT} stow Xj{ TALLYL eq U ]J).

goto X;

4.5.3 Iranslations from FURIRAN

Example of ARLTHMETIC IF stateament:

IF (E) 12,56,13

IB8HM CONFIDBNTILIAL
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Equivalent SL statement:

goto(siygnum E select {12;50;13});

4.5.6 Idranslations from LISP

Example of LiSP conditional statement:

COND ({P1 ET)
(P2 E2)

(Pn  En))
Equivalent SL statement:

evai {P1 condltion‘g1;Pz condition ©2;

L]

iBM CONFPIDENTIAL
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;Pn conaition En} ;
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Part 5

A LOGLCAL IMPLEHENTATLON

A logical impiementation of the system 15 being aefined using the
Vienna Definition Method, dInitialiy the logicai implementation
will be presented in English., In iater versions of the document,
the formal notation will be introduced.

\]
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BASIC STKUCTURE

An object construct i1s a storagje cell and its conteats.

A storage_cell 1is named by an 11d d4nd coitains guede(s), a gueue
manager and an object, Iid's are unhique, not reused. An iid is
the internal ~represeantation 01 a cell name. A storage cell is
known as a puffer when the ovwnership counventions are suspended,
e€.g. 4 request is always sent in a butfter because ownership of
the object construct 1s retained by the sender until the
recipient accepts it.

A gueue contains the ilid's oi buffers wniCh Trepresent messages
being sent between object coastructs.  yYueues are organized in a
FIFO fashion. There are reguest gueues and respoanse gueues,

A reguest gJueue queues the 11d's of reguests intended for
processing by the access wachine associated witn the object ot
this object construct, Every storaye cell has at lieast one
request queue.

A response gueue queues tne i1lu's Of responses for processing by
the access machiune associated wita the object of this object
construct. A storagye cell may mave none, one, Or mOore response
jueues.,

A message whose 11d 1s placed oau a gueue 1s the communication
link to and from object constructs. There are rejuest messages
and response messages,

A gueue manager 1s assoclated witn the ueues of each storage
cell. It is the communication interface between other object
constructs and the object of this object construct. As soon as
an object coastruct is created, tae Jueue managyer can begin to
handle incominy reguests. 1The yueue managyer of each storage cell
can handle messages i1n paraiiel with the gueue managers of all
other storage <cells 1a tae sSystem. Hach gueue manager nandles
1ts amessages sequentialiy. The iogyic of queue  managing 1is
written extralingually, e.4g. 1a micro-code.

An object contains an access machine and a resource,
An access machine is associateud witn the resource of eacn object.

It is the processing interiace petween the gueue manayer and the
resource of this object, As sooa as an object construct is

iBM CONKF LDuNTIAL
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created, the access wmwachine cda begin to process 1ncoming
requests., The access machine oL eaca Object can process messages
in parallei witn the access macnines of all other owvjects in the
systenm. The a4access machine process 1S descrived by three
components. These are a procedural description, am interpreter of
the procedural description, aand a4 process status record (PSR).
The procedural description describes the processiny logic. The
interpreter proviaes the actual wotive force tfor thne process by
interpreting the procedurai description. The PSk is an area of
storage in which the interpreter records the curreant state of its
interpretation of the procedural description. The logyic of an
access machine 1s Wwritten either extralimgually or in SiL. If the
logic 1s written extraliagually, the object 1is said to be
primitive., If the logic "1s wratten in SL, the object 1is said to
be reducibple. ' :

A primitive object 1s an oObject waosSe access wachine 1s written
extralingually. All regquests sent to the gqueue mahager
associated with the storage ceil containing a primitive object
are passed by the Jueue manager €O the access machine of the
primitive object for processainy. iu fact, since the logic ot the
gqueue manager and of the aCcCess @macalne are potn written
extralingually, the functions or the Jueue mBanayer can be merged
into the functions of the access macaine for primitive obpjects.,
This is beiny aone in the loyical definition. Further, since the
procaedural description, the interpreter, and the PSR tor a
primitive object are all extralingual eutities, these components
are not separately denoted, but are jointly denoted by the object
type, €.g., a LIST-type object.

A reducible object 1s an object whose acCess machine 1s wrlitten
in SL. All requests sent to tae gueue mahagyer associated with the
storage cell contalning a reducible object are passed Dby this
Jueue manager to the interpreter of the 5L code which Dby being
interpreted willi process tine reguests. Since the procedural
description, the interpreter, amd tue PSK for a reducible object
are ali SL entities, these couponents are separately denoted by
their three 1id's.

A resource contains the undifferentiated data value owned by the
access machine,
When commuhicating wlitih foreign architectures, 1t 1is not

meaningful to transmit tae 11d Of 4 storaye <cell containing the
object of imterest. 1t 15 necessary to transalt. the object part
of a. storage cell as a piece of data. An object image 1is the
representation of the object part of a4 storage celil as data.

Parts of the logical detinition OLf SL require representing
certain hardware boxes., It 1s advantageous to represent them as
far as possible as object coastructs. Instead of belng located
via an 1iid, a 4quasl-object construct 1s located via its gid.

is¥ CONFIDENTIAL
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Q1d's are unique, not reused, dund dre distlngulshabie from 11d's,
In all other respects quasi-object constructs are treated like
object constructs., A guasi-object 1s 4 representation of an
entity requiring service vhen service 1s provided by multiplexing
a finite number of servers over a potentially infinite number of
such entities. For exaupie, the PSLINIT-type object (quasi-SL
interpreter) represeats tae rejyuirement for aardware multiplexing
of a finite set of I-poxes over all ready processes. The
QEVAL-type ob ject (quasi—-evaluant) also represeats the
requirement for hardware muitipiexinyg of a finite set of i-boxes
over all ready processes. Tae SUN-type object (quasi-sum)
represents the reqguirement for maraware wmultiplexainyg of a finite
set of adders over all ready processes.
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The user who writes a strict syntax SL prograam deals with
syntactic operators and syntactic simple operands. When his text
1s interpreted, the names he used Lor his syntactic operators and
simple operands will bDbe resolvea to some iid. 1nformally, both
operators and operands are represeinted by objects., To the user
an operator represents an oObpject which he wants to 1invoke, to
pass some arguments, to have 1t operate on the arguments, to send
back an answer, and to Juit. To tane user, an operand represents
an object which the user wants to pass as an arguaent to some
operator. '

The name, e.,y., sum, B8yu#, cieate, for a primitively detfined
syantactic operator resoives to an 11id of a storagye cell of an
object «construct whose object's object-type 1s PFUNCTION (for
primitive function) and whose resource part countains an
indication of the primitively defined operation to be pertformed,
2. 9. addition, synonym creation, object coustruction.

The name, e.y. traaslate, sin, for a reducibly defined syntactic
operator resolves to an 1id or 4 storage cell of an object
construct whose object's type is FUNCTION and whuse resource part
contains the i11d of the SL text, the iid of SL symbol table, the
iid of the SL 1link table, and the 11d of the outstanding
activation tabie. The 1interpretation of the SL text defines the
operation to Dbe perforamed, €.y, proyram translation, sine
computation, v

The name for a primitively daefined syatactic simple operand
resolves to an iid ot a storage cell of an object construct whcse
object's object type could be INTEGER, LIST, SYN, FUNCTION, ....
In the case of an INTEGE&-type object, the resource part is the
integer itseli,

The name for a reducibly derfined syntactic simple operand
resolves to an 1i1id of a storage celi of an object construct which
contains a reaucible object. T{me resource part of the reducible
object contains the 11d oI storaygye used by SL text as 1t is being
interpreted.
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Chapter 5.2

BASIC HMBCHANLISHS

5.2.1 Introduction

Some Of the most i1mportant DAas1C MSCaallsBs are those permitting
message communication between object constructs and those
permitting messaye handling by an object coanstruct.

The Jueue wWanager associated with the yueues of an object
construct can invoke the messdage com@unication mechanisms. They
are: send request uwechanisuw, forwarua request mechanlsm, and send
Cesponse mechdanisu.

The Jueue manager caia daiso invoke the messaye nandling
mechanisms. They are: wait tor rejuest, read reyuest, wait for
response, read response.

The access machine assocliatea witn the resource of an object
performs the actual processing oL tne requests aud the responses.

Conventions for the format oL a message are iatroduced. The
credator of tuae messaye, tae queue manager or the access wachiliane,
uses these conventions. They are: reguest format convention and
response format coavention.

In describing the mechauisms in  wsnjglisn, the logical steps are
iisted sequeantially. In <fact sowe o1 these steps will occur 1in
parallel, and will be 50 noted when we descripe the mecahanism in
VDL notation.

5.2.2 Hessage Lommunicatiou Hdechanlisus

5.,2.2.1 Send Request Hecnanisii

Jueue Manager

1. passes the foliowiny pardaeters Lo the send reguest
mechanism: the 11a o0f tae recipient of the regquest, the
recipient's reguest Jueue aumber, tne 1id Of the buirer

representing the reJuest message, the 11d o0f tne sender of the
request, the sender's response queue nNuUMbEL,.
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2006 A LOGICAL IMPLUNMENTATION

Send Reguest Mechanisnm

2., produces a unique msygid., /* A wsglid 15 a uniyue identitier
used to tag a reguest for the purpose of responding to it,*/

3. completes the request nmessage by adding the @msygid to the
request message., The 1id o0f the rejuest messade 1s the 1i1d of a
buffer containing a LIsi-type object. it replaces the first
subobject of this LIST- type object with a HMSGlu-type subobject
Wwhose resource part contains tae asgid produced for this regyuest
message,

4, adds an entry to the - Systewm Communication Tabie. Each entry
contains the following informatioun: the msgid, the iid of the
sender of the rejuest, tae sender's response Jueue number, the
11d of the recipient of the request, the reciplent's reguest
queue number, and the 1i1d of the reyuest message. /¥ the first
two pieces of 1pnformation are essential to messaye communication,
By keeping all these information pieces we depict the Dependency
Graph, thus aiding resource management, sSystem restoration, and
system verification */,

5, puts the 1id of the request message on the specified reguest
queue of the specified recipient,

. passes bacx to the queue manager the msygld, o

I | | | '
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Figure 5,<Z.4-1:5ystem Communication Table Butry Format
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5.2.2.2 Forwara Request Mechuanism
Queue Manager

1. passes the zroilowiny parameters to tae <forward reguest
®#echanism: the 114 of the recipient of the request, the
recipieant's request gJueue numoer, and the 1id of the buifer
representing the request wessagje.

Forward Reguest Mechanism

2. the i1iid of the reguest message 1s the 1id of a butfer
containing a LISIf-type object. Usinyg the msygid 1n the resource -
part of the MSGiD-type subobject of this LIST-type object, 1t
locates the appropriate eantry ia tae System Communication Table.

3. updates the 1id of the recipient of the request and the
recipient's reguest yueue numwber with the specitied new recipient
and new reguest gqueue numoer.

4. puts the 11d of the reguest message Oon the specliled reyuest
Jueue of the specitied recipient.

5. returns to tane queue mahager

5.2.2.3 5end Besponse Mecnaalsa

Jueu= Manager

1. passes tae foilowiny parawmeter €O the send response
mechanism: the 1i1d of the obuffer representiny tLwe Tresponse
message,

Send Response Mechanism

2, the 11d of the response message in  tane 11d o0orf a4 Dburter
containing a LIST-type object., Using the wmsygid 1n the resource
part of the MDGID-type subopject of this LiST-type object, it
locates the appropriate euntry in tae System Cowmmunication Table,
The entry in the S5SCT speciiies the 11d of the recipient of tae
response and the reciplient's response qJueue numbder., /¥ the
response yoes pack with the sawme wsyid used to tay tae rejuest to
wnich it is a responsex/,

3. puts the 11d of the Trespouse message on  the specified
response gueue of the specified recipient.
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208 A LObaCAL IMPLEMERNTATION
4, deletes the entry from tae 5ystem Communication fable

5., returns to the queue manager

5.2.3 Hessage Handling Mechanisns

—_—

5.2.,3.1 Wait Hechanisn

Queue Manager

1. passes tane foliowinyg parameters to the wait mechanism: the
Jueue number to walit on or 4 list of gueue numbers to wait on
where the list determines <he priority oruder ot message
retrieval.

Wait Mechanisnm

2, waits for an ii1d to appedar oa the speciiled gueue., /¥ Ncote
that the one wait mechanism aliows waltiny on a rejuest queue or
Ol a response queue/%,

3. when an 1id appears, it passes Dack to the gueue manager the
queue number on whicn the 11d appears.

5.2.3.2 Read Reguest ilechanisa

QYueue Manager

1. passes the following parase2ter to the read reyuest mechauwism:
the gueue number containing tme 1i1d of the buifer representiny
the request message,

Read Reguest Mechanlsn

2. Tremdves the 1irst 1id from tne specified yueue,

3., deletes the 11d from the sSpeciiied yJueue,

4. verities that 1ndeed the purfer represents a reyuest message.
he 1id of a request message is the 11d of a buftfer containing a
LIST-type object. 1t checks that tne second subobject of the

LIST-type object 1s a4 REYUESY-type object,

5., 1if yes, 1t passes back to tne Jueue manayger the 1iid of the
buffer representing the reyuest message,

iB¥ CONFIDSNIIAL



Chapter 5.2 BASIC ABCHANILISHS 209

5.2.3.3 Head Response Hechanism

Jueue Manager

1. passes the tollowing parama2ter to the read response
mechanism: the gueue nuamber containingy the 1ia of the buffer
representing the response messaye.

Bead Response Mechanism

2. removes the first iia from the speciried yueue

3, dJdeletes the 11ad rrom the specifired queue

4. verifies that 1ndeed the opufier represents a response

message. The 11d of a response message 1s the 11d of a buffer
containing a LiST-type object. it canecks that the seccnd

subobject of thne LIST-type object is not a REQUEST-type object.

5. 1f yes, it passes DbaCK tO the jueue manager the 1id of the
butfer representing the response message.,

5.2.4 Messaye Processing

Queue Manager

1. passes the following parameter to the access wmacnline: the 1id
0t tne bufifer representing the reguest or respoase message.

Access Machine

1. /* the request processinyg i04ic provided Dy an access machline
involves '1f ...then' logic: 1t reguest so and so, then pertorn
such and such, wnere sucn and such varies oy object type. For
example, what a FUNCTION-type object does to process an execute
request 1s far different trom wnat a FLOAT-type ovject does to
process an execute request. The details of what actions each
object type does as a fuunction or receiving any possible reyuest,
has yet to be defined in this model*/
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5.2.5.1 Request Format Coaventionu
Yueue Manager or Access Hachine

1. 1f the send regquest mechanism 15 subseguently going to be
invoked , tae creator of tae Ieguest messagye constructs in a
puffer a LIsT-type object. Tne first subobject must be an
UNDEF-type object., The second subobject nmust pe a uniEQUEST-type
Object whose resource parlt contalins the name of tne reyguest, The
remaining subobjects must be object types appropriate to each ot
the parameters of the regjuest. A regquest need not have
parameters but 1f 1t does then, <for example, 1f 4 parameter 1is
the 11d of some storaygye celi, tae subobject would bpe an ACC-type
object, If a paraweter 1s soume lnteyger, the subobject would be
an INTEGER-type object. /* 4 Dbulter acguired wanen some reguest
was sent to the yueue manager could be used as tne buffer in
which to construct tae reguest */.

(LiIsT

e,

» 8

Figure 5.Z.5-1:rFormat of a Reguest
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-5,2.5.2 Response fFormat conveutiou
Queue Mdanager or Access Macaine

1. If the send respoase uwecnanlsia 1S subseguentiy going to be
invoked, tihe creator c¢f the respoase message coastructs in a
buffer a LiST-type object. The tirst subobject wust be a
MSGID-type object whose resouice part contains the msgid that
came over with the request messaye to which this 1s a response.
The remaining subobjects must ove object types appropriate to each
of tne «components ot the response, /* Tne bufrer representing
the request to whicn thnils respoase message is a response should
be used as the buffer in whican to counstruct the response, The
correct msgid 1is already therex/,

o

]

Figurea 5.4.5-Z:Format of a Besponse
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Chapter 5,3

KEY PROCESSING ACTIVITIES

5.3.1 Introduction
The definition oi the basic mechanisws OfL the Jueue manager and
the definitions of the request and response processing activities
of each access machine type 1s essentialiy a logical definition
of SL., Certaln access macpine processing activities are
especially important., Some oif them are traanslation, expression
evaluation and symbol resolution, The definition Or expression
evaluation 1s described 1s described bediow.

5,3, 2 Expression Evaiuation

Bach reducible object willi cause one QSLINT-type guasi-object to
be spun off Lor the 1nterpretation of ail the statements or the
syntactic group associated with the reducible object, Each

JPARALLEL-type quasi-object wili cause one QSLINT-type
gjuasi-object to be spun o0ff ror the interpretation of each
statement or the syntactic group associated with the

QPAKALLEL-type quasi-object. 4 USLINT-type quasi-objeCt 1is Kknown
as an interpreter. '

Bach QSLINT successively spins oiff one QEVAL-type yuasi-ob ject
for each statement 1n the statement group 1t 1s processihg. A
QEVAL-type quasi-object 1is known as an evaluant,

Each QEVAL, not handling a simpie operand, spins ofr a QEVAL-type
juasi-object for each operand 1un the expression it is processing.

Access Machine of the YSLINT-type Juasi-object {the 1nterpreter)

1. /% Assume that the foilowiny parameters were passed to QSLINT
if it were called by a reducibie object:

{nH the 1i1d of an object coustruct whlcCh has a
FUNCTION-type object /% tnis 1ia 1s 1n the acccess machine
of the reducible object */., Located in the resource part of
the FUNCTION-type object 1s tihe 11d of an object construct
which has a LiSi-type ob ject., This LiSP-type object
represents the statement yroup, wocated i1n the resource part
of this LIST-type object are the 1id's of object constructs
which represent sStatements. A statement may either be a
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simple operand (SYHNBOLIEFEKENCE-type object) or a complex
operand (LiST-type opject). A complex operand is a
LIST-type object represeating an operator and its operands.
Located 1n tae resource part of a LisT-type opject,
representiny such a complex operand, is tne 113 of an object
construct which has a OSYNBULREFERENCE-type object. The
resource part of this SYMSOLREFEIENCE-type Oobject contalins a
syabol number. This SYasULRSFERENCE-type object represents
the operator. Also located in the resource part of a
LIST-type object, crepresenting a complex operand, adare the
i1id*s of object constructs representingy the arguments to the
function. These object constructs can have a
SYMBOLKEFERENCE~type object or 4 LiSI-type object.

{2) the 11d of aa object construct wanich has an UNDEF-type
object /* this 1id 1s imn the access machine of the reducible
object *x/ This UNDEF-type ob ject represenuts the
Lnterpreter workarea (IWA) wniCh 1s part of the P5K,

(3) the 1id of tue object coastruct representiang the
storage used by the 5L program belilny 1interpreted /% this iid
is 1n the resource pait oL tne reducible object */,

(4) the 11d of the object construct representing the actual
argyuments intended for the function,

Assume that the followiny parameters were passed to YSLINT it it
Were called by a QPARALLEL-type quasi-object:

(1) the 1id of an object construct which has a LISI-type
object representinyg a nested statement group

(2) the 11d of an opject counstruct wanlch aas an UNDgF-type
object /% this 1iid 1s 1a the resource part orf a LISI-type
object representing the 1uterpreter Wworkarea ot the
predecessor interpreter ®/ This UNDEF-type object
represents a4 nested interpreter workarea (iwWa).

(3) the 1i1d of tae object coastruct representing the
storage used by the 5L progras peiny 1nterpreted.

(4) the 1id of the object construct representing the actual
parameters ianteunded ror tae f[unction. */
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2. replaces the UNDEF-type object representiay an 1WA with a
LIST-type object., Tnls LIST-type object represents the (nested)
interpreter workarea., _
3. augments this LIST-type object, thus creatiny an UNDEF-type
object,

4. replaces the UNDEF-type object with a LIST-type object., This
LIST-type oObject represents the seguenciny workarea.

5, auyments this LIST-type object twice, thus creating two
UNDEF-type objects.

6. replaces eacnh UNuuF-type object with an INTEGER-type object.
The first INTEGER-type represents the statement counter. The
second INTEGEE-type object represeants the statement count.

7. 1f it were passed the 11d o0f 4an object construct which has a
FUNCTION-type object, it retrieves the LIST-type object
represeating a statement group; eise it was passed the 1id of a
LIsT-type object representiny a (nested) statement group.

8. uses the reyuest format convention and tue send reguest
mechanism to send an 1dentifiy rejuest to the LISI-type object
representing the statement group. L1t needs to «now the number of
statements it 1s to interpret.

9, wuses the walit mechanism Lo wait for tae responsa,

Access Machine of the LIST-type object representinyg the statement
group

10, uses the read reguest meCaanism to read the 1dentiry reyuest

11. /% Details of how a LIST-type object processes the 1identify
request are not described nows/

12. wuses the response format convention and the send response
mechanism to pass back a respouse to the YSLINT-type guasi-object
The response iudicates the number of statemnents to be interpreted
by the interpreter,

13. uses the wait mechanism to walt for the uext reguest.,

Access Machine of the QSLiNi-type yuasi-obDject (the interpreter)
14, uses the read response mecCnanisw to read the response.,

15. stores tne number oL statemeats 1n the resource part ot the
INTEGER-type ob ject representing tue statement count.

16. stores zero in the resourc part or the INTEGER-type object
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representing the statement couater,

17. if it were passed the 1ad of an object construct which has a
FUNCTION-type object, 1t binds tune parameters and handles the
prologue if any.

18. creates a yguasi-object construct with a WbBVAL-type
Juasi-object,

19. augments the (nestea) IWa, thus creatinyg an UNDEF type
object. This object will represent the evailuand.

20. uses the request format couvention and tne send request
mechanism to send a start rejuest to the YBVAL-type gquasi-object
just created. The parameters to start are the 11d of an object
construct whicia has a Lisf-type object representing 4 (hested)
statement, the i1i1d of an object construct which has a LIST-type
object represeunting the symbol taple, the 1id of tne {nested) IWA
just created, and the 1iid of the object construct representing
storage,

21, uses the walt mechanism to wait for a response,
AccCess Machine of the YEVAL-rtype quasi-object {(the esvaluaat)
22. use the read reyuest mecadnism to read the start regquest.

23, 1f it were passed an SYMBOLREFERENCE-type object
representing a simpie operand refereance, Lt performs steps 2s4-33.
If 1t were passed a LISi-type object represeating a complex
operand, it perforas steps 34-o0bd,

If the evaluaut were passed an SYMBULAEFERENCE-type object
representingy a simplie operand, then it -

24, uses the symboi resolution mechanisam to ivcate the 1i1d of
the storage cell of the object coustruct represented by the
simple operaad, The sywbol number 1in the resource part of the
SYMBOLREFERENCE-type object 1indicates the symbol table entry
which corresponds to the simple operand.

25, uses the reyguest format coavention and the send request
mechanism to sSend an autaorize reguest to the object construct
just located, It wvants a pointer to the object construct

represented by tane simple operand.

26, uses the wait mechanism to walit fOor a response,

Access Machlne of the object coastruct just located

27. uses the read request mechanism to read the authorizé

request.,
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28. /* Details of how the sSiuple operand processes ah authorize
request are not described now x/

29. uses the response format convention and the send response
mechanism to pass back a respoase to the QuVAL-type quasi-object.
The response indicates the i1id of an object construct which has
an METONYM-type ob ject.

30, wuses the walt meChanisSm tO Wallt LOr d4 request.
Access tlachiue of the QEVAL-type quasi-object {tne evaluant)
31, wuses the read response mechanism to read the respounse,

32, uses the send response mechanism to pass back a response to
the interpreter (USLINT) or evaluant ({(QEVAL) that iuvoked 1it,

33. destroys itself,.

If the evaluant was passed 4 LIST-type object representing a
cowplex operand, them it -

34, replaces the UNDEF-type Objec representing the evaluand
with a LIST-type object. This LiIST-type object represents the
evaluand.

35, augments this LIST-type object twice, tuaus creating two
UNDEF~-type objects.

3b. Freplaces the second UNveF-type oObject with a KEQUEST-type
object whose resource part contaius tine name evaluate,

37. uses the symbol resolution mechanlsm to locate the 11d of the
storage cell of tine object construct represented by the operator.
The symbol numper in the resource part or the
SYMBOLREFEEENCE~type object 1ndicates the symboi ttable entry
whicn corresponds to the operator,

33. uses the request tormat coavention and the sena reyuest
mechanism to send an i1dentlfy regyuest to the obpject coustruct
just located., it amust Know iLf the object construct just located
represents a function a4ud 1i S0, 1f the number ot operands
syntactically supplied 1is equai to the gumber of actuai
parameters semantically reqguired by the function,

39. uses the wait mechanism TO walt IfOr a response,
Access Machine of the object comstruct just located
40. uses the Tread reguest mechanism to read the aidentify

request.,
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41, /*Details of how tuhne oObject processes the identify reqguest
are not described now */

42. uses the response formwat coaventioan and tiae sSend response
mechanism to pass back a respoase to the QEAUL-type juasi-object.
The response iandlicates waether or not an evaluate request will be
processed and the number of semautically required parameters.

43, uses the wait mechanism to wait for a reguest.
Access Machine of the QEVAL-type quasi-object (the evaiuaut)
44, uses the read response mechanism to read tae response,

45, uses the request rLormat convention and send request
mechanism to send an ideatity reyguest to the LIST~-type object,
representing the complex operdand, sent to ‘it as a parameter., It
wants to know the number oif actual parameters syntactically
supplied.

46, uses the wait wmechanisa to wait for a response,
Access Machine of the LISi-type object

47. uses tne read Iejuest mecnanism to read the 1dentity
request.,

48. /* Details or how the object processes the identiiy request
are not described nowx/

49. uses the response rormat coavention and the sSend respoanse
mechanism to pass bdCk a response to the YsVAL-type quasi-object.
The response 1indicates the number o0t subobjects augmented Iron
this LI5T-type cbject.

50, uses the wait mechanism to wait for a reyuest.
Access Machine of the QEVAL-type quasi-object (the evaluant)
51. uses the read respouse wechainlsim to redad the response,

52, subtracts one frowm tae nuisber sent back in this response and
verifies that the number ot syntactically suppiied parameters
equals the number of semantlcaily reguired parameters,

53. tor eacn parameter i1t cCredtes a guasi-object construct with
a QiLVAL-type quasl-object,; 1t augyments tne (nested) 1WA, thus
creating an UNDEF-type object representiug an evaluana; and 1t
uses the request format convention and the send regquest mechanism
to send a start reguest to the QEVAL-type quasi-object just
created, The parameters to starlft Lpdicate the expressioan to be
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interpreted, the symbol table, the (nested) 1WA just created, and
the storagye. For eacn parameter 1t auyments the LIST-type
object, representing 1ts evaluand, thus creating UNDEF-type
objects; and it replaces these UNDEF-type opjects with BSGID-type
objects whose resource part contains the msgids of the various
start requests. /% The order oi the HSGID-type objects 1in the
evaluand reflect the order in wulch parameters willi be passed to
the function*/

54, uses the walt mechanism to walit f£Oor 4 response.
Access Machine of QEVAL-type juasi-object
55, wuses the read response mecnanism to read the response,

56. uses the @msgid of the response to locate the appropriate
MSGID-type object in its evaiuand,

57. replaces the HSucID-type object with tae object whose 1iid was
passed back in the response,

58, deletes ifrom the LisT-type object representing 1ts IWA, the
LIST-type object represeating the evaluand of tine evaluant which
just returned the Lresponse.

59, determines if 1its evaluaad contaias any outstanding
messages., If it does, 1t uses the walt mechanism to wait for a
response, and repeats steps 55-59 as necessary

/% 1f individual operand evaluation shouid be done 1n seguence
rather than 1n parallel, the evaluant performs ail the steps
53-59 for each operand */

0., uses the send request mecadbisa to seund tne evaluate reguest
to the object construct represented by the operator located via
the symbol resoiution mecananisw in step 37. /% The regyuest format
convention was adhered to in tue comstruction or this request,
since the evaiuant built up the reguest in the evaluand, */

61, uses the wait mechanism to wait foL a respoase,

62. /* Details of now a <fuanctioun processes its parameters are
not described here -- see scenarios 1 and 2 */

63. uses the read response mechanisa to read the response.

b4, uses the send respouse mechanism to pass Dpack tae response
to the interpretercr (YSLINY) or evaiuaant (QEVAL) that invoked 1t,.

65, destroys itselts

Access Machine of a JSLINT-type guasl-object
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bb. uses the read response mechanism to read the response.

07, deletes from the LIST-type object representing his IWA, the
LIST-type object representinyg tne evaiuand of the evaluant that
just returned the response,

o8. determines if there are wore sStatements in the group to be
processed by comparing the statement count with the statement
counter, If there are, it adds one to the statement counter, and
gJoes back to step 18.

69, uses tne send response Wecuanismd to pass back a respoanse
e¢lther to the reducible opnject or the YPARALLEL-type quasli-object
that cailed 1it.

70. destrojs nis 1WA
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Chapter 5.4

SCBNAKIUS

S.4.,1 Introduction

The scenarios are examples chosen to tie together iaeas presented
under Basic Structure, Basic #Hechanisms, and Key Processing
Activities.

5.4.2 Using a

-_—

Praimitive sSyntdactic Uperator

{oeeessum(a,b);ees}
Expression Evaiuation
1. /% Assume that the expression evaluation mechanisam has
reached the point where 1t 1s ready to invoke the sum functica,
passing 1t the evaiuated siample operands a and b as actual
paramaters */
2., uses the send rejuest mechanism to send tae evaluate reguest
to the object construct nameua sum waich was located via the
symbol resolution mechanism., The parameters to evaiuate are the
11d's of the object constructs named a and Db.
3., uses the walt mechanism to wait for a response,
Access Machine of tne PFUNCILLUN-type oObject (the sum function)

4, wuses the read rejuest mechanism to read the evaluate reguest.

5. creates a 4quasi-object construct Wit 4 wSUM-type
jquas.i-ob ject.,

0. uses the request format conveution and the rorward rejuest
mechanism, /* no new msgid */, to rorward a stagt reyguest to the
QSUM-type quasi-object just created. The parameters to start are
the 11d's of the object constructs named a and o.

7. uses the wait wmechanism to wait for the next request. /* The
PFUNCTION-type object 1s completely severed frouw tae Q50U type
Juasi-ob ject*/

Access Macnline of the QSUN type guasi-opject

8., uses tne redd reguest mecnanlsik to read tae start request.
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224 A& LOGICAL IMPLEMENTATION

9. /* Detalils of precisely how u5UM does the addition uf d aud b -
are not described now */

10. uses the respouse format <coavention and the send response
mechanism to pass bdack a response to the expression evaluation,
The response <consists of the 11d of the object construct which
represents the result of addiny a and b.

11. destroys itself

gxpression Evaiuation

14. uses the read response mechanism to read tine response.

13, /* Refer to the expression evaluation mechanism for detaiils
of response handling */

Figure 5.4.,2-1:Primitive Operator Flow
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Chapter 5.4 SCENAxiIUS 225

>.4.3 - Using a Reducible Symtactic Operator

{ooesSAiN(X)eas}
Expression Evaluation

1. /¥ Assume that the expression evaluation mechanism has
reached the point where it i35 ready to invoke the tunction sin,
passing it the evaluated simple operand x as an actual parameter
* / :

2. uses the send rejuest mecnanism to send the evaiuate reguest
to the object construct named siln which was located via the
symbol resolution mechanism. Lfae parameter to evaluate 1s the 1iid
of the object construct named X.

3. uses the wait mechanism to wait for a respoanse,

Access Machine orf the FUNCTIUN-type object (the sin function)
4., uses the read rejuest mechanism to read the evaluate request.
5. «creates an object construct witi an UNDEF-type object.

6., replaces the UNDEF-type object withkh an object whose access
machine contains three 11d's: tae iid of the object construct
named sin which has a FUNCIION-type object /* tne SL interpreter
will need access to the SL text and symbol table */; the 1id of
the object construct named siint whica has a PFUNCTION-type
object /* this PFUNCTiON-type object will spin off an SL
interpreter */;, and the 1id of an object construct whicn has an
UNDEF-type object /* this 1s the P5R and will be used by the SL
interpreter for its workspace */, Such an object 1s a reducible
object,

7. uses the reyguest forwmat convention and the sena reyuest
mechanism to send a start reguest to the reducible object just
created, Tane parameter to start 1s tae 11d of  the object

construct named x.

3. adds an entry to 1ts Qutstanhdinyg Activation Tabie. The entry
contains the msgid of the evaiuate rejuest just processed, the
msgid of the start reguest just sent to the reducible object, and
the 11d of the reducible ovject. /* Bacu FUNCTION-type object
must keep a record or ali spun-off r=ducible objects still active
30 tnat it can block chanye rejuests (a reguest to caange thae SL
text) until alil spun-off reducible objects nave terminated or
suspended */.

9. uses the wait mechanism to wait for the next reguest or
response. /* The FUNUCT{ON-type object is efifectively severed from
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226 A LOGICAL iMPLEMENTATION

the reducible object since the FUNCTION-type object may now
process new reguests or replies, */

Queue Manager of the Reducible Object
10, uses the read rejyuest mecaanlsm to read the start regquest,

1. uses the request format «coavention and the send request
mechanism to send an evaiuate reguest to the object coastruct
named slint which was located via the 1id i1in tae access machine
of the reducibie object., The parameters to evaluate are the 1id
of the object construct npamed sin which has a FUNCTION-type
object/* this iid 1s in the access machine of the reducible
object*/; the iid of an object coanstruct which has an UNDEF-type
object /* thls ii1d 1s in the access wmachine of thne reducible
object */; the iid of the obpject counstruct usea for storaye by
‘the interpreted SL program /* thils ild 1S in the resource part of
the reducible object */; and tue 11d of the request sent to it by
the FUNCTION-type object (tne sin functioa) /* this reguest
contains a start request type and the 1id of the object comnstruct
named x */, /* The Jueue manager associated with a reducible
object always packages up the requests sent to it and sends then
on without examination for their interpretation by SL text */

12, wuses the walt mechanism to wait for a response.

Access Machine of the PFUNCTLUN-type object (the SLINT tunction)

13. uses the read request mechanism to read the evaluate
request.,
14, creates a qudasi-object construct witha a YSLINT~type

quasi-object.

15. uses the request format convention and the forwdrd request
mechanism to send a start request to the QSLINT-typ2 guasi-object
just created. The parameters to start are aidentical to the
parameters orf the evaluate rejuest discussed 1in step 11,

16. uses the wait mechanism to walt for the next regquest. /* The
PFUNCTION-type object is completeiy severed from the QSLINT type
quasi-object */,

Access Machine of the QSLiNI-type Juasi-object

17. uses the read reqguest mechanlsm to read the stact reguest,
i8. since the object representiny the process status record
{PSR) 1is an UNDEF-type object (ir.e. 1t 1s initialized), the
JSLINT-type quasi-object Knows that 1t 15 not resuming a

suspended interpretation, but 1S Dpeginning 4 new interpretation,
Therefore, 1t binds the parameters 1intended for processing by Si
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code, and it augments the stocrage named in the resource part of
the reducible object. It binds tae parameter, the 1ii1a ot the
object <construct named x, as follows: 1t locates the symbol
number of the <formal parameter in the SL symbol table. The
property of being a formal parameter has been assocliated with the
. symbol number., 1t then locates the SL ilink table entry using the
symbol number as oiffiset, and inserts the 1id of the object
construct named x into the iid slot of the entry.

19. /* Details of interpreting SL text representangy the sin
operation are not described now, Refer to the expression
evaluation mechanism for details on interpreting SL text */,

20, uses the response format conventioan and the send response
mechanism to pass back a response to tne reduciple object. . The
response consists of the 11d of the object construct computed by
the interpretation of the SL text representinyg the sin function.

21, destroys itself

Queue Manager of the reducible object

22, uses the read respdnse mechanism to read the respoanse.

23, uses the send response mechanism to pass bpack the response
to the FUNCIION-type object (the sin function). The response
consists of the 11d of the object comstruct computed by the

interpretation of the SL text representing the sin function.

24, since the PSK indicates that an SL return function had been
interpreted, it destroys itseli,

Access Machine of the FUNCITION-type object (the sin function)
25, uses the read response mechanism to read the response,

26, uses the msgid in thae first subobject of the LIST-type
object representing the response to search the Outstanaing
Activation Table for the appropriate entry, retrieves the msgid
of the original evaluate reguest for use in step 27 and deletes
the entry.

27. uses the send response mechaulsm to pass back the response
to expression evaluation. The response consists of the 1id of
the object construct computed by the interpretation of the SL
text represented by the sin operator.

28. uses tne wait mechanisa to walt for the next reguest or
response.

BExpression Evaluation
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228 A LOGALCAL LMPLEMENTATION

29. uses the read response mechanism to read tne response.

30, /* Refer to the expresalon evaluation mecnaulbm for details
of response handllng /.

Figure 5.,4.4-2:Reducible Operator Flow
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Appendaix 1

GLOSSARY

The following words and pnrases include terms formaiiy defined 1in
the logyical architecture together with lmportant terms in the
informal discussions, Words beyinning Wwith lower case letters
are built-in objects, eitner constants or functions. Numbers in
parentheses indicate the section in which the term 1is defined,
The letters (GT) indicate teras from yraph taeory.

Access wmachine (2.1.3) The active part'oi an opject that responds
to requests upon the object,

Accessibility graph (2.1.5) A graph of all patas £for accessing
objects, It has two major subgraphs: tne ownership tree
and the chains of syaonyas.

Accessible (2.1.5) An object x 15 accessible frowm y it there is a
path in the accessibility yraph from y to X.

Activation tree (2.2.5) A tree linking activations of functions
to the activatiomns of tunctions taey cailed., It 1is a
subgraph of the dependency grapn.

Admissible 1index set (4.1.,9) 4 set of objects admissible as
indices to the access machihe of a collective object.

Argument (<.2.5) The result of evaluating an operand for a
function,

Assignment (2.1.4) An informal term for referriny to the stow and
replace functious.

authorize (2.1.5) A dyadic function that makes an authorize
request upon an object in order to obtain a synonym to the
object with a given set of rigats,

guffer (2.7.1) A temporary stordaje cell used for nolding an
object or shipping it somewhere else.

Cell name (2.1.1) An identifier that uniguely specifies a storage
cell.

Chain (GT) A graph whose edges derine a strict linear ordering of
the vertices. it 1s both a tree and a rooted tree.
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230 APPENDICES g Appendix 1

Circuit (GT) A path whose first and last vertices are identical,

Collective object (2.1.5) An object that owns storage cells
containing other objects. '

Connected graph (GT) A graph in which for any two vertices x and
Y, there exists an undirected path from x to y.

create (2.1.4) A dyadic function that creates a new object by
activating an access machine and providing a1t with initial
values for its owned resourcce,

beadlock (2.5.1) A state of the system in which a set of gqueued
requests can never bDbe resodved. it results from a circuit
in the dependency graph.

delete (2.1.6) A4 dyadic fumction tnat deletes storage cells from
-the owned resource of a collective object.

Dependency graph (2.1.3) & graph of outstanding requests upon
objects: 1f x 1is waliting for a request on y, then (X,y) is
an edge of the dependency graph.

Descriptor (2.1.3) An implementation defined represantation of an
access machine: it contains a PSR and specifies the
interpreter and procedurai description. '

Dictionary (2.24.2) For each moduie, the dictionary maintains
information about ail sSywpols: <character representaticna,
linkage, and initial attributes,

Diréctly accessible {(2.1.5) An object x is directly accessible
from y 1f there is a patna in tne ownership tree from y to Xx.

Bdge (GT) An ordered pair of vertices 1n 4 graph.

Element (2.1.5) An object residingy 1ih a storaye ceil owned Dy a
collective object.

S&lementary symbol (2.2.3) A symboi 1in program text without any
syntactically associatea operaands.

Elementary object (2.1.5) Anmn object that does not own any storage
cells; ail elementary objects are scalars. '

Environment tree (2.3.3) A rootad tree that defines search paths
‘for symbol resoiution,

evaluate ({2.1.4) A monadic fuanction that makes an evaluate
rejuest on its argument to deliver or yenerate a value,
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gxception (Z2.4.1) A respouse Dy dan acCCess machine inaicating that
the normal response cannot be mdaae,

Exteuded syntax (1.3.3) a4n 1urix notation that ilnciudes @macro
facilities to be mapped iuto strict syntax.

forest (GT) A yrdpan consisting Of one OrL wmore unconnected trees,

Function (2.1.4) An object tnat <responas to evaluate regyuests by
creating an dactivation taat computes an object as result,

Generator (2.1.7) A coilective Oobpject whose elements are computed
apon demand instead of beiny stored in the SusS.

srapn (GT) A set of points caiied vertices and or ordered pairs
ot vertices cailed euges, OUnly directed yraphs are used 1in
the discussion,

sroup (2.2.3) A 1list of statewents eanciosed 1n  braces. A4 yroup
is the external form of a mouulie.

rdentiry (2.1.4) A wonadic ifunction tanat asxs an opject to
1dent1fy its access wmachiuae,

1list (2.1.5) 4 momadic runction taat returns tae index set of a
collective object.

Incominy edge (GT) An edye (Xx,y) 1s an incoming edge with respect
to the vertex y.

Index set (2.1.5) Tne set of objects mapped by sziect reyuests
onto storage cells of a collective object.

indiractly accessible (ce1.0) An object x 1s 1andirectly
accessible from y if taere 1s a chain of synonyas from y to
X

insert (2.7.0) A dyadic fumctidn that 1aserts new storayge cells
in the owned resource of a4 coliective object.

Interpreter (Z.1.2) The motive rorce pehind a process: it
examines the P5R, aecodes the procedural description, and
puts the PSR in its uaext state,

iambda (4.2.3) a4 function tadt Cleates a uew function by binding
formal parameters to a moudule,

List (4.1.5) The most primitive type 0f collective object., 1Its
elements are iandexea Dy consecutive inteygers startiag at 0
and may be of different types.

detonym (2.1.5) An encdapsuiated synonym. It 1s used ror pointers
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in PL/L to contorm to restrictions 1iu the language
definition. :

Module (2.2.2) The machine rorw oL a group: 1t contains the text
for the group toyether with a dictiomary of aii symbols in
the group. :

ni1l (2.1.3) A primitive object taat has the properties of a zero
element list.

Object (2.1.3) Basic entity in the sSystem,; 1t has an active part
called an access machine and 4 passive part called an owned
resource.

Object base (<.1.3) Set of ail objects 1in the system.

Ubject image (Z2.1.3) An 1anternal represeantation oi an object: it
contains the descriptor of 1ts d4CCcess machine a4and a
representation of the owhed Lesource.

Orfset (2.1.1) A displacement Irom the peginuing of a table,
This term is not a formal part of tune definition.

Operand (2.<.3) Ah expression 1n proyram text that evaluates to
an argument for a runction.

Operator symbol {<2.2.3) A symboi that resolves to a tfuaction and
that has syntactically associated operands.

Outgoing edge (GT) An edge (X,y7) 1s an outgoiny edge with respect
to the vertex Xx.

Owned resource (Z2.1.3) Passive part of an object taat 1s managed
by the access macaine.

Ownership tree (2.1.5) A tree deripmed over the object base by the
ownershlp relation Dbetween coilective objects and storage
cells.,

parallel (2.2.5) A monadic functiou that causes the statements of
a module to be executed 1a parallel,

Parameter (Z4.2.3) A symbol iocai to a module thnat 1s resolved to
an argument every time tne wodule 1s activated.

Path (GT) A seyuence of vertices 0L a graph G such that if x and
y are adjacent vertices, (x,y) 1S an edge oi G.

Port (2.1.3) An object whose acCcess machine and resource connect

to a data pati through the Source-5ink Subsystem (see the
System Architecture Manuali).
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Primitive object (2.1.3) Au object that cannot be constructed
from other objects defined in the loygical architecture,

Procedural description ({<.1.2) gncoded information that detines
the states of a process and permissible state transitions,

Process (2.1.2) An automdaton tanat has three parts: a process
status recoru (PSK), a4 procedural description, and an
interpreter.,

Process status record (2. 1.2) Tne record of the current state of
a process, 1ts input, and 1ts working storayge,

Program text (<.2.3) A string of syabols,
PSR (2.1.2) Abbreviation rfor process status record,

jJuote (2.4.3) A syntactic marker tnat sSuppresses automatic
evaluation of a function,

xeady state (2.1.3) State of am access machine when it 1is ready
to respgond to a reguest.

reducible object {2.1.3) An object that can be coustructed from
more primitive objects in the logical architecture,

remove (2.1.6) A monadic tunction that removes an object from a
storaye celi without deleting the cell.

replace (2.1.86) A dyadic fuanction used for assigaments that
replace the taryet compietely.

Request (2.1.3) A pair of parameters passed to an object to
regjuest some service,

Reserved word (1.3.4) A string of twOo Or more lower case letters
used to desiynate systew aefined objects and variouas
constructions in the exteadea syntax.

Resource managyer (2.5.3) Thne object in a Subsystem that obtains
Ci1ghts to objects outsiue oI tune subsystem and allocates the
rights to other objects within 1t.

Rights (2.1.5) A set of requests that a synonym passes on to the
object it points tc.

koot (GT) The distinguished vertex of either a tree or a rooted
tree.,

Rooted tree (GT) A connected yraph ia which there 1is a

distinguished vertex wita no outgoiny edges and all other
vertices have exactliy one outyoing edye.
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Seed (GT) A tree wita one vertex and no edyes.,

select (2.1.5) A dyadic function that makes select requests on a
coilective object to map indices onto storaye celis,

Seguential synonym (2.1.8) 4 synonym that «can be sequenced
through successive elemeunts of a collective object.

SMS (2.1.1) Abbreviation for the Storage Management Subsystenm
(see the System Arcaitecture Manual).

5pace number (<.1.1) A number identifying a logical space in the
SM5. This term refers to tune implementation rather than to
the tormai definitiou.

Statement (2.2.3) A complete expression used as one element of a
module.

Storage cell (<.1.1) A logicai docation large ehough to contain
any object.

stow (2. 1.4) A dyadic function that makes a sStow regyuest on the
target to perrorm assigaments. It makes a less drastic
cnange than the replace function.

Strict syntax (1.3.2) A prefix notatlion tnat 1s wmapped one—-to-one
into the internal machine Code.

Strongly connected grapa (6T) A graph ian which for any two
vertices x and y, there exists a path from x to y.

Structure (2.1.7) A subtree oi the ownership tree toyether with
all objects accessible trom objects 1n the tree.

Subsystem {2.5.3) A subset 0of tne object base mnaving only one
point of connection with the yraphs iinkinyg the rest of the
systen.

Symboli (2.2.3) A striny of oug or wore characters.

Symbol resoiution (2.2.1) The act 0oi resolving symbois to cell
names of storage cells coutaininy objects.

syn (2.1.5) A monadic function thdat makes dan authorize request to
obtain a synonyim that responds to copy and destroy requests
itself.

Synonym (2.1.5) An o©bject that automaticaily passes reyguests to
the object whose storage celi 1t names.

System root (2.1.5) The object at the root of tae ownershlp tree;
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all objects in the systew aite directly dcecessible rrow the
system root.

Tree (GT) A connected yrapn 1n which there 1s a distinyulshed
vertex with no 1incominy edges, and all otuer vertices have
exactly one 1incoming edge.

ander (2.1.3) A primitive uaderined object,

Undirected pati (GT) A seguence Orf vertices oI a graph G such
that 1f x and y are adjaceant vertices, then eitner (Xx,y) or
{y.x) is an edge of G.

Vertex (GT) A point on a yrapia.
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INDTY

access machine
accessibility granh
accessible

acauire function
activate phase
activating a function
activation
activation chain
activation tree
admissable index set
and function

answer .

aoplyvy function
argument

argument list

array

augment function
authorize function

“authorize request

base list

base value function
basis

braces

buffer

catenate function
ceiling function
cell name

claim function
collective object
complete index set
compress function
conditional function
connect function
consumable
contained

control program
controlling process
copy function

copy request
create function
cursor

data base
data communication

31,291,229
4t ,229
44,229

107

57

58

37,68

72

73,229

229

105

147
73,106,164
229

70

53

97
40,165,229
36 '

53
105
54

65,73,94,166

27,201,229

97
1004

27,229

107

41,239

514

105
74,106,167
76,95
85,147

66

115

81

0

36

77,80,95,196,168,230

73

134
145
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INDFX

deactivate phase 57
deadlock ' 85,229
declare 169
dedicated norts 115
dedicated subsystem 116
defined ' 61
delay function 73,106
delaved narse function ‘ 65,94
delete function 48,97,170,230
delete request 36
delimiter 171
denend 35
denendency graprh 35,230
denth 52
destrovy function 80,106
destrov request 36
dictionarv 6N,23N0
difference function 10
directlv accessible 43,230
directly contained : 66
disclose function 98,172
dron function 16
element 41,230
elementary object 41,23n
elementary svmbol 63,23N0
enclose function 98,173
environment 75
environment tree ' 76,230
environmental chain 76

eq function ' 105
evaluand 59,71
evaluate function 38,1n6,174,230
evaluate request 36,68
evaluation 69,70,71,202
excention 79,231
execute nhase 57

exit function 74,106,175
exp function 1nn
exrand function 105
exnression 66
extended syntax 23,231
finite resource 87
floor function 104
free function 107
free vorts ‘ 115
free subsystem 1148
free syvmbhol : 61
function 37
functional level 121,122
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ge function
generator
goto function
group

group markers
gt function

i-dimension index
ibase function
identifyv function
identify request
igenerator function
ignore function

iid

ilist function

index function

index object arrav
index set

indexed structure
indirectly accessible
initial interpreter
inject function

inner nroduct function
insert function
insert request

insert symbol function
inter-AFS job
intercent
internretation
internreter

introduce function

job

k-list
k~-vector

label

lambda function

le function
linking

list

list function

list structure
literal svmbol

1n function

load function

load nhase

local environment
local label prototyne
local svmbhol
locate function

INDFX

105

99,231
74,106,176
65,231

65

105

53

96,177
231

36
96,99,178
81,106

27
43,96,179,231
101

55 .
42,231

52

43,231
116
81,1nA
100
47,97,180,231
36

60,95

147

81

58,70
28,231
107,148

118

54
54

181
67,95,182,231
105
76
42,231
97
52
63
100
95
57
75
62
61
101
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INDEX

log function
1t function

maagnitude

function

map function

matrix

max function
membher function

message
metonym
migration

min function
minus function

module

monitor function

name value function
nand function
ne function

nil

nor function
not function

object

ohject base
object construct
object image

offset
operand
operating

system

operator symbol
or function
outer product function

own

owned resource

ownershin

tree

narallel function

narameter

symbol

narentheses

nath
nath name
nhases

prlus function
noint function

nort

power function :
nredecessor environment

nrimitive
primitive
primitive
primitive

argument
array
index set
object

14
105

1mnu
100

- 54

104

105
147,201
41,231
156

104

103
6n,232
81,106

97

195
105
32,232
105
105

31,201,232
34,232

201
33,202,232
232

64,232

116

63,232

105

100

41
31,202,232
42,232

72,106,183,232

61,67,232
180

47,232

17

57

103

99

33,232

100

74

93

54

51
31,202,233
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priority function
nrocedural description
process

nrocess status record (PSR)
nroduct fucntion

program text

pseudo list

qeval

aslint

asum 203
quasi-activation
quasi-object
queue

queue manager

aid

quote

quotient remainder function
quotient” function

r-array

rank

ravel function
ready states

rebase function
recinrocal function
reducible object
reduction function
release function
remove function
reneat function
renlace function
renresentation
renresentation function
representative svmbol
request

request constant
reaquest function
request queue
reshane function
residue function
resolution man
resource manaqger
resource nackages
resnonse queue
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