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FOREWORD 

This manual is specifically written for the reader whose prior programming experience 

included a 1401 system. The intent of this manual is to introduce Easycoder language, 

provide familiarization with Honeywell 200 computer capabilities, describe programming 

procedures, and define Honeywell terminology. 

This manual is designed to be used as a general introduction and/or a classroom text. 

The basic organization of lessons is outlined below: 

Lesson I: Introdu~tion to Easycoder 

Lessons II and III: H-200 Hardware 

Lesson IV: Numbering Systems 
and 

Honeywell Alphanumeric Code 

Lesson V: Storage, Retrieval, and Execution 

Lessons VI, VII, and VIII: Easycoder Programming 

NOTE: Lesson IV is presented in two parts. Part I - Numbering Systems and Part II -

Honeywell Alphanumeric Code. Selective utilization of portions or all of Part I may be 

made at the discretion of the reader as determined by subject matter familiarity. 

Lessons VI, VII, and VIII concern assembly control statements, data formatting state

ments and data processing statements. Descriptions and reference tables for these state

ments are also included in the Honeywell H-200 Programmers' Reference Manual (DSI-214). 
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INTRODUCTION 

As a programmer, you will soon be working with a new but not entirely unfamiliar computer 

system. Due to similarities with your previous system, the Honeywell 200' s basic orientation 

provides an initial foundation for understanding. The purpose of this programmed text is to 

assist you in gaining insight to the extended scope and advanced performance capabilities of the 

H- 200 system. 

A programmed text is designed to encourage your active interaction and participation with the 

information being presented. In the remainder of this book, you will be given questions to 

answer and statements to complete concerning the reading material. While you should feel free 

to make any desired notes, it is important to the success of this teaching method that you: 

1. Follow instructions. 

2. Write responses as required. 

3. Check answers. 

4. Correctly re-write any wrong responses. 

5. Take your time. 

With this book you will be in the interesting position of being both the teacher and the student. 

The diagram below illustrates page format and how you are to proceed from page to page rather 

than down a page. Exceptions to this format will be stated. 

4 
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LESSON L INTRODUCTION TO EASYCODER LANGUAGE 

2 

AUTOCODER 

FREE FOR M OPERAN 0 
FIELD CODING 

TAPE ASSEMBLY 

MACRO INSTRUCTIONS 
LITERALS 

SPS II 

FIXED OPERAN 0 
FIELD CODING 

MINIMUM 4K MEMORY 
FOR ASSEMBLY 

CARD ASSEMBLY 

SPS I 
-

FIXED OPERAND 
FIELD CODING 

MINIMUM 1.4K MEMORY 
FOR ASSEMBLY 

CARD ASSEMBLY 

--

EASYCODER II 

FREE FORM OPERAND 
FIELD CODING 

TAPE ASSEM B L Y 

MACRO INSTRUCTIONS 
LITERALS 

EASYCODER I 

FREE FORM OPERAN 0 
FIELD CODING 

MINIMUM 2K MEMORY 
FOR ASSEMBLY 

CARD ASSEMBLY 

Figure 1. General Language Comparison 
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1. 

LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

TRANSITION TO EASYCODER - PROGRAMMED TEXT 

Being synonymous with "book, " the word 

require further explanation. 

in the title above should not 

CHECK THE WORD YOU WROTE IN THE BLANK BY TURNING THE PAGE . 

3 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

4 

1. TEXT 

This first "frame" demonstrates how you are to use this book. Write your responses in 

the blanks, then check them by turning the page to see the answer. 

Continue to frame 2 on the next page. 
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LESSON I. INTRODUCTION TO EASYCODER LANGUAGE 

Z. While "text" is easily understood to mean "book, " a programmed text is a special kind of 

book. As demonstrated by the first frame, a blank in a sentence allows you to write a 

t<i;~~"N $ , These responses are then checked by '1,) &,v J:A.lGr the page. 

8. The use of Basic or Extended Easycoder depends on whether the assembly program is on 

punched cards or magnetic tape. 

The assembly program for ~ A~1.c... Easycoder is on yV .... cafeJ) the 

assembly program for EXIftlIJ"t!>1t1) Easycoder is on O'\Ac..NCT'~ 

14. ASSEMBLY CONTROL STATEMENTS are listed··below in mnemonic form. Copy them on 

the notepaper just titled. 

PROG 
ORG 
MORG 
ADM ODE 
EX 

EQU 
CEQU 
HSM 
CLEAR 
END 

On the notepaper, write the complete word beside each mnemonic you recognize from 

your previous SPS or AUTOCODER experience. 

"ZO. The H- ZOO has two outstanding arithmetic capabilities not found in your previous equip-

26. 

ment. 

These are: ~inary ~ddition, whose mnemonic is 1L1L. 
~inary ~ubtraction, whose mnemonic is ~. 

By listing the mnemonics above with the arithmetic mnemonics used with SPS or 

AUTOCODER, your notes will show the full Easycoder arithmetic instructions. 

Three of the five types of Data Processing Statements have been introduced. They are: 

(l ). 

(Z) . 

_>"...;4,-,R..:..' ..;:.-1_--"-\ -"-P_Yl.:,~..;.;·, ~,,--,--\ __ 1.....::c..::..-_ INS T R U C TI ONS 

l 0 k~ C INSTRUCTIONS 

INSTRUCTIONS 

The remaining two types of Easycoder Data Processing Statements deal with: 

(4). Editing 

(5). Control (Setting WORD MARKS etc. ) 

5 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

2. RESPONSE (ANSWER) 
TURNING 

8. 

Several equivalent responses may be possible. Occasionally, alternate responses will be 
given in parentheses following the preferred response. Use reasonable judgement in decid
ing whether your response agrees with the printed answer. If it does not agree, return and 
correct your response. 

CONTINUE TO FRAME 3 

BASIC - PUNCHED CARDS 
EXTENDED - MAGNETIC TAPE 

14. PROGRAM- Operand field entry titles program listing. 

20. 

26. 

6 

':'ORIQIN-Tells assembly program beginning assignment of sequential addresses. 

MODULAR ORIQIN-Similar to above. Multiple of assigned address. 

ADDRESS MODE-Addresses to be assembled as 2 or 3 char'acters. 

'~EXECUTE-Partial program execution during loading. 

EQUALS- Tag for specified address. 

CONTROL EQUALS- Tag for specified characters. 

HIGH SPEED MEMOR Y - Obtains printed listing of memory. 

CLEAR- Removes punctuation. 

'~END-Shows end of source program. 

With SPS or AUTOCODER experience, you probably recognized those mnemonics marked 
with an ':'. COITlplete any remaining Assembly Control Statements. Utilization of these 
Basic Easycoder and additional Extended Easycoder statements are subjects of a later lesson. 

BA - BINARY ADDITION 
BS - EINAR Y SUBTRACTION 

A - ADDITION 
S - SUBTRACTION 

ZA - ZERO AND ADD 
ZS - ZERO AND SUBTRACT 

• M - MULTIPLY 
• D - DIVIDE 

• Pertains to an optional instruction. 

ARITHMETIC 
LOGIC 
INPUT/OUTPUT 
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3. 

9. 

15. 

LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

A programmed text is NOT designed to be a test that causes you to write answers in 

"frames." A programmed text DOES present information in easily understood steps called 

F& ftmiii.~ that require written ___ ....:«'--'-'E=-~""'·,,:..J?....:I:..IN.:L.::.:..>E .... ":.~ __ to help you remember the infor-

mation presented. 

The illustration below shows that many elements of ~ "'So! C. 

al s 0 found in _-=!;)to'C....JTwooJ""-=~~~,.;:;:..l:(>IL-_ 

BASIC 
EASYCODER 
LANGUAGE 

ASSEMBLY 
PROGRAM 

ASSEMBLY STATEMENTS 

OPERATION CODES 
. 

PROCESSING STATEMENTS 

FORMATTING STATEMENTS 

Easycoder language are 

EXTENDED 
EASY CODER 
LANGUAGE 

O ASSEMBLY 
PROGRAM 

In addition to Assembly Control Statements, Easycoder also uses DATA FORMATTING 

ST A TEMENTS and DATA PROCESSING STATEMENTS. 

Reserving a work area in memory or storing a constant are examples of 'J>/t-tit 

21. The second group of instructions under Data Processing Statements pertain to logic 

functions such as branching and comparing. 

Properly title this section of your· notes, copy the mnemonics below and write the full 

word for each that you recognize. 

EXT 
HA 
C 
SST 

B 
BCC 
BCT 
BCE 

27. As can be seen on the notes, space is provided for one Editing Instruction mnemonic. 

Since editing is a dual process of Move .fharacters and ~dit, the mnemonic is (i1c2 . 
This instruction is used to insert identifying symbols, punctuation, and to suppress 

unwanted zeros in a data field. 

7 



LESSON I. INTRODUCTION TO EASYCODER LANGUAGE 

3. 

9. 

15. 

21. 

27. 

8 

FRAMES 
RESPONSE 

As you know from previous experience, something you write is easier to remember than 
something you have simply read. In addition, a programmed text lets you check responses 
immediately. If you ever happen to write a wrong response, you should correct it immedi
ately. 

BASIC 
EXTENDED EASYCODER LANGUAGE 

DATA FORMATTING STATEMENTS 

EXTRACT 

HALF ADD 

COMPARE 

SUBSTITUTE 

• Pertains to an optional instruction. 

BRANCH 

BRANCH ON CHARACTER CONDITION 

BRANCH ON CONDITION TEST 

• BRANCH IF CHARACTER EQUAL 

MCE 



4. 

1 O. 

16. 

LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

One rrlOre frame about a programmed text before discussing the title TRANSITION TO 

EASYCODER. You should be able to write correct responses because you already know 

them, or because the words are presented in the same frame, or because the words have 

been pr e sent e d in a __ --p-'-..L,,~i::::..\J..::....otc:.....:..o_v__'~"___ __ _ 

The general difference then between Basic and Extended Easycoder language is whether 

the assembly program is on YVNt-ttEn 

Consequently many of the additional instructions simply provide extended control of the 

A ~\~'(\\.ool program due to its more versatile storage media. 

For instance a programmer can reserve an 80 character card input area and assign it 

a symbolic address (such as CARDIN) without knowing the actual address of the field. The 

Easycoder mnemonic RESV is the "HA-- ~Rm~'"f '1'J\/~ statement to accomplish 

this example. The full word for RESV of course is ~Q~V a 

22. As you know from SPS or AUTOCODER, a "d character" modifies and extends basic in

structions. Example: (BASIC INSTRUCTION) ~ xxx blank 

(MODIFIED WITH "d character" Z) as B xxx Z 

becomes a BAV-Branch on Arithmetic Overflow. 

Easycoder considers modifications of this sort as providing a VARIANT of a basic in

struction. Consequently, Easycoder modifying characters are referred to as 

_-,1 ... 1 .... A ..... Ru....:1-.... A..:.;t..1""-'l'--_ cha r act e r s . 

28. The fifth entry under Data Processing Statements on the notes refers to instructions 

which control the H-200. As such, they should be titled c..Pl-JIR.-. u INSTRUCTIONS. 
; 

9 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

4. PREVIOUS FRAME 
(PRECEDING) 
(PRIOR, ETC.) 

10. 

16. 

22. 

28. 

10 

You will decide how rapidly to progress through the frames. If a blank appears difficult 
to fill in, perhaps you need to pause and consider what you have learned, or reread the frame, 
or possibly review a few previous frames. In any case, the pace of proceeding through the 
text is up to you. 

PUNCHED CARDS 
MAGNETIC TAPE 
ASSEMBLY 

DATA FORMATTING 
RESERVE 

VARIANT 

CONTROL 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

5. Now, about TRANSITION TO EASYCODER: 

Your previous computer system consisted of hardware and its software in either SPS or 

AUTOCODER symbolic language. Since you are now progressing to Honeywell 200 hardware, 

it is necessary to learn about its SoP"i NA-lZ~ wri tt en in __ ..;:E~f1.:..S::.....:.Y....;c.:..;cJ=-u:::.....::c!;.:.Il~_ s ymb oli c 

11. EASYCODER language is classified into three categories: 

1. ASSEMBLY CONTROL STATEMENTS 
2. DATA FORMATTING STATEMENTS 
3. DATA PROCESSING STATEMENTS 

In your previous systems terms, "Processor Control Operations" correspond with 

EASYCODER Bss~ljl."" C-olV"lIlr.d ..... statements. Similarly, 

(SPS) Area DefinitiOn} 
or 

(AUTO) Declarative Operations 

(SPS) InstructionS} 
or 

(AUTO) Imperative Operations 

----'~:.....::(j-'-({~tr\:c..:....:I\.!...r.L..!f"...;I:..;.N~'_._ s tat e men t s . 

are like OAlA- _..L?--'-R....:..r;'--c-....;I::...rs..::...;:s_~'--4I:...:!/,."'-_ S ta t e men t s . 

17. The Easycoder mnemonics below are to be added to your notepaper under the second 

title =P~1'fr f"1~'(1"'1~"1'''''1-~ STATEMENTS. 

DCW 
DC 
RESV 
DSA 
DA 

Due to your SPS or AUTOCODER background you should probably be able to write the 

full word for each mnemonic on your notes. 

23. An advantage of the Easycoder variant character is that one or more can modify and 

-further specify the operation to be performed. In this manner, a single Easycoder instruc-

tion may have none, one, or as many V~\I...tAt"'( 

29. Many of the control mnemonics refer to H- 200 features not found in your previous equip-

ment. For this reason, the complete words for several of the mnemonics have been 

entered on the notes. Write the complete words for the remaining mnemonics you recog-

nize. 

11 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

5. 

11. 

17. 

23. 

29. 

12 

SPS or AUTOCODER 

Processor Control Operations 

(SPS) Area DefinitiOn} 
or 

(AUTO) Declarative Operations 

(SPS) Instructions } 
or 

(AUTO) Im.perative Operations 

SOFTWARE 
EASYCODER 
LANGUAGE 

EASYCODER 

ASSEMBL Y CONTROL STATEMENTS 

DATA FORMATTING STATEMENTS 

DATA PROCESSING STATEMENTS 

DATA FORMATTING 

DCW-DEFINE CONSTANT WITH WORD MARK 
DC-DEFINE CONSTANT WITHOUT WORD MARK 
RESV - RESER VE 
DSA- DEFINE SYMBOL ADDRESS 

• DA- DEFINE AREA 

• =Extended Easycoder 

VARIANT CHARACTERS 

SW-SET WORD MARK 
CW-CLEAR WORD MARK 
H-HALT 
NOP- NO OPERATION 
MCW-MOVE CHARACTERS TO WORD MARK 
LCA- LOAD CHARAC TERS TO A FIELD WORD MARK 

While much remains to be presented concerning how the statements on your notes are 
used, the following two frames show what has been taught in this section of the programmed 
text. 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

6. The term EASYCODER was chosen for H- 200 symbolic programming language for two 

reasons: 

1. The H-200 uses an~fficient!::.. ssembly SY stern. 

2. The mnemonic code used by the programmer is not difficult, therefore 

it is an f::.A s.t G-"»~ to learn and use. 

12. Each of the three classifications of Easycoder is discussed in following frames. 

18. 

24. 

Those Easycoder statements which control the assembly program are known as 

AS'il.~el.."" c..ON~""" STATEMENTS . 

.. ' 

As stated earlier, Easycoder language IS classified as three kinds of statements: 

~:~ 
And those statem~ssing 

statements. 

statements. 

data, simply called U 
statements. 

Easycoder's use of as many variant characters as required in a single instruction greatly 

reduces the number of basic INPUT /OUTPUT INSTRUCTIONS. 

Where more than ten SPS System Control Instructions 
or 

more than fifty AUTOCODER I/O Commands are used, 

Easycoder only needs two ,1.Ni>V\ / iYT>I(\J\ INSTRUCTIONS and their appropriate , 
variants. 

30. Sometimes the terms EASYCODER I and EASYCODER II may be used for brevity. 

EASYCODER I refers to B fr<:)1-c £'AS'I CoDn" and Easycoder II refers to 

i;-I:Tt:)j'Pt'V \;;.1\<:"1 ( • th II.... The word EASYCODER by itself usually implies 

both (3frS1-L and E. )<TI£W I,) ~'p EASYCODER language. 

The assembly program for EASYCODER I is on \'=V\,/c,t±en. C.fr~\)j' 

The assembly program for EASYCODER II is on _..:t'Y_".;..Au· -'G .... ~·-"Ivc.::Ii.'-1.J....>...t .:;;.( __ 

13 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

6. 

12. 

18. 

24. 

30. 

14 

EASY CODE. 

ASSEMBLY CONTROL STATEMENTS 

ASSEMBL Y CONTROL 
DA T A FORMATTING 
DA T A PROCESSING 

INPUT/OUTPUT INSTRUCTIONS 

BASIC EASYCODER 
EXTENDED EASYCODER 
BASIC (1) 
EXTENDED (II) 
PUNCHED CARDS 
MAGNETIC TAPE 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

7. H-200 symbolic programming language is of two types. A basic computer system (assem-

bly program on punched cards) uses BASIC EASYCODER symbolic programming language. 

Similarly, an extended computer system (assembly program on magnetic tape) employs 

_--'t:..--... M..;."'S..::.....:y:........:C:... . ..::u.=O:;..:E',..;;..irC....::-_ s ymb 0 li cpr 0 g r amm in g 1 an gu age. 

13. Assembly Program Control Statements can be compared to "PROCESSOR CONTROL 

OPERATIONS"used with your previous system. Examples are mnemonics such as: 

ORG 0 P-.. \C-l\o..l 

END ewo 
EX €)(~c..I1"! 

Write the complete word for each mnemonic above . .. -

19. Complete the third title on your notepaper. 

Rather than adding all the Easycoder mnemonics under this last title, it is better at this 

time to separate them into five groups according to function. 

Since the first group deals with arithmetic, the first entry in your notes should be simply 

~e.J.;R!..!...O-s....L1_+/~il1..:..~=-1..LU1! ,,~_ INS TR U C TIONS. 

25. Only two INPUT /OUTPUT mnemonics are required with Easycoder. 

!:eripheral ~ata Transfer 

and 

!:eripheral ~ontrol and Branch 

The mnemonics are: p 1:>1 and r Co (3 . 
Add them to the note s . 

31. EASYCODER consists of three kinds of statements, they are: 

1. 

2 . \:;> r1 . 'I H 

3. ')p-I \"" 

STATEMENTS. 

F: CR \'i\ 1\'\ -!·J.'v~./ STATEMENTS. 

··:H~c.~ ",S;':):IJ(' STATEMENTS. 

The five types of instructions are: a. _.l...' .......... ...,',--._'.....:..' __ --'('--_ 
b. ;k~ ~1 (' 
c. :t /oJ"Pv,/a II,' P" T' 
d. __ ~£~2:;..:i~1~.~r~~~? ______ __ 

In EAS Y CODER, a _--'1-,1 .. 0_' 'i,.,.-.L). ..... Cl..;· tJ~\_ C +i f\ e t\ c" c'Z corresponds to a ltd character" 
~~~~~~--~---

except that 

15 



LESSON 1. INTRODUCTION TO EASYCODER LANGUAGE 

7. 

13. 

19. 

25. 

EXTENDED EASYCODER 

(Return to page 5, iraIT1e 8. ) 

ORIGIN 
END 
EXECUTE 

At this tiIT1e you will begin a set of notes to construct an overview of Easycoder language. 
ReIT10ve the perforated sheet of paper at the right and cOIT1plete the first title (stateIT1ents 
that control the asseIT1bly prograIT1). 

(Return to page 5, fraIT1e 14. ) 

ARITHMETIC 

(Return to page 5, fraIT1e 20. ) 

PDT 
PCB 

(Return to page 5, fraIT1e 26. ) 

31. 1. ASSEMBL Y CONTROL STATEMENTS 

16 

2. DATA FORMATTING STATEMENTS 
3. DATA PROCESSING STATEMENTS 

(INSTRUCTIONS) 
a. ARITHMETIC 
b. LOGIC 
c. INPUT/OUTPUT 
d. EDITING 
e. CONTROL 

VARIANT CHARACTER 

MORE THAN ONE VARIANT CHARACTER MAY BE USED TO MODIFY OR FURTHER 
SPECIFY AN INSTRUCTION. (Or equivalent answer. ) 

(Continue to page 17.) ---------.... ~ 



z. 

3. 

EASYCODER NOTES 
,,..} 

(1) Af!..!1Hfll€"11C, INSTRUCTIONS 

~A ~~~A~ ____ _ 
&$ ~l~~ ____ __ 
A ~m~ ____ __ 
s :l~---------

(3) ;L/lJPoJ"r / c:;,,\~r INSTRUCTIONS 

~'~I.)~'" ~.(tPI\CV.1H. 
f'1> 1" - TIt""'SO-IJ". r c. (3. e-trr:.!ic! 

(5) C.C,J"TR..IiL-

SI - SET ITEM MARK 

CW -

CI - CLEAR ITEM MARK 

NO P - _--'-'~ J,-,o,--~r;""1 .l..P-,,[,-· !.;:R...J..t,-•. _., .... 1"-0 .... /,,""')'--__ 

• CSM - CHANGE SEQUENCING MODE 

(2) Lf ,""fc.. 

£><f-= eJiTtVtc..r 

Ii tl - tilly:: 11 f>D 

C - C&p~c: 

INSTRUCTIONS 

t3 c 1- &KA-AJC-I{?AI C.llfl>lft,N ,~r , 

ssr -,Svds1:t1vftf e cit. U"we.-t/ -:1:F CHH"'TIfI.~~»" 

(4) EDITING INSTRUCTION 

mc~ 

INSTRUCTIONS 

• CAM - CHANGE ADDRESS MODE 

• RNM - RESUME NORMAL MODE 

MCW -

• EXM - EXTENDED MOVE 

• MA T - MOVE AND TRANS LA TE 

SCR - STORE CONTROL REGISTERS 

• LCR - LOAD CONTROL REGISTERS 

• = ADVANCED PROGRAMMING OPTION 

This page is intended to provide only an introduction or overview of the elements in 

Easycoder language. Detailed discussion of those statements that appear unfamiliar or different 

will be found in later lessons. Retain this page for future reference to the material above as 

well as for information on the reverse side. 

16a 



NUMERIC ONLY 12 ZONE & NUMERIC 11 ZONE & NUMERIC 
GROUP "0" GROUP "1" GROUP "2" 

BA 
0= 0 0 
1= era 
2= 00 
3= 00 
4= 00 
5= 00 
6= 00 
7= 00 
8= 00 
9= 00 --

EXAMPLE: 

16b 

8421 BA 8421 BA 8421 
0000 A= 0 1 0001 J= 1 0 0001 
001iT 13= 01 001 0 K= 10 001 0 
001 0 c= 01 OOTT L= 10 OOTI 
05TT 15= 01 01 00 M= 10 01 00 
0100 E= 01 OTOI N= 10 OTOT 
OTOT F= Of OTTO 0= 10 OTTO 
OTTO G= 01 OTTT p= 10 OTTI 
OTTT H= 01 TOOO Q= 10 1000 
TOO6 1= 01 100I R= 10 TOOT 
TOOT - -- - -- -----

HONEYWELL ALPHANUMERIC CODE 

OCTAL-BINARY CROSS REFERENCE 

Decode BINARY 101 011 

or OCTAL 5 3 

Locate first three digits in the left vertical co1uITln. 
Locate second three digits in top horizontal co1uITln. 

SECOND THREE BITS 

\,~\. oc, - 0 1 2 :} 4 5 

! ~~~ 
000 001 010 OIl ...... 100 101 1J\~ 

. . . 

I· . 

0 000 0 1 2 .. 3 4 5 

•• 

1 001 8 9 I ::; : blank 

2 010 + A B. ,ii;'C D E 

3 011 H I ; . ) 0/0 

4 100 - J K L M N 

5 101 Q R if $ * II 

6 110 < / S T U V 

7 1ll Y Z @ 
• { CR 

6 

110 

6 

> 

F 

• 
0 

f. 

W 

• 

OZONE & NUMERIC 
GROUP "3" 

BA 8421 
S= 1 1 001 0 
T= Tl OOTT 
u= 11 01 00 
V= 11 OTOT 
W= Tl OTOT 
x= 11 OITT 
y= 11 1 000 
z= 11 TCiOT - -- ---

7 

III 

7 

& 

G 

? 

P 

: 

X 

¢ 
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LESSON II. H-200 HARDWARE 

H-200 Hardware 

Section I provided an overview of Easycoder language and served to introduce some of the 

"differences" encountered when programming for the H- 200. Certain statements, recognized as 

"new" or unfamiliar, actually reflect features not found in your previous equipment. Examples 

are: BA, EXT, HA, ADMODE, CAM, CSM, SI, etc. 

While it is realized that your primary interest is with the language of the computer, know

ledge of the computer itself serves as a foundation for programming skills. Section II of this 

programmed text is devoted to comparing the H- 200 to your previous equipment. Machine fea

tures that provide greater flexibility of programming and simultaneous performance of peripheral 

operations are introduced in this section. 

MAIN MEMORY 

~"m~i, TLi 
Unit 

I n put/Output 
Traffic 
Control 

Control Unit 

Control 
Memory 

CENTRAL PROCESSOR 

REAO
WRITE 

CHANNE 

"0 1

-

32 
3/4"Mognetic 

- Tope Units 

-0 1

-

64 
1/2" Magnetic 

.. Tope Units 

-0 1

-

64 
Drum 

.. Storage Units 

-0 1-8 Disc 
.. Storage Units 

~ "0 1-8 Card if Reader-Card 
'Ii - Punches ... ' 
II ... 0 ,-, "'.,," 

-- .. 0 ~!.'~::~." 
O 1-8 Paper 

- Tope Punches 

.. 0 Communication 
_ Contrals 

INPUT/OUTPUT UNITS 

CENTRAL PROCESSOR- - The minimum 2048 

character positions can be expanded as needed 

in modular-increments. The first added incre

ment is a 2048- character module. Additional 

modules of 4096 characters each can be added 

for a total of 32,768 character positions. 

(Double the storage capacity of the 1401. ) 

CONTROL MEMORY - - Unlike most small com-

puters, the Honeywell 200 contains a control 

memory which complements the main memory. 

There are up to 16 storage registers available, 

each capable of storing one main memory char

acte r addre s s . 

INPUT / OUTPUT TRAFFIC CONTROL- - This 

central processor element directs simultaneous 

computing and multiple peripheral operations. 

The Honeywell 200 is equipped with three read

write channels which feed data to, and accept 

data from, input- output trunks connected to the 

peripheral equipment. With these three chan

nels and the minimum eight bi- directional trunks, 

three peripheral operations can be performed 

simultaneously with central processor com

putation. Optional: eight more input- output 

trunks plus an auxiliary read- write channel. 
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LESSON II. H- 200 HARDWARE 

(Refer to the chart below to complete and check statements on page 21.) 

SYSTEM SIMILARITIES 

FEATURE HONEYWELL 200 IBM 1401 

BASIC ORGANIZATION Character oriented Character 8riented 

DATA Variable Length Fields Variable Length Fields 

INSTRUCTIONS Variable Length Variable Length 

FIELDS Word Mark Defines Field Word Mark Defines Field 

RECORDS Record Mark Defines Records Record Mark Defines Records 

.-
INFORMA TION UNITS Character: 6 Data, 1 Parity, Character: 6 Data, 1 Parity, 

and 2 Punctuation Bits. and 1 Punctuation Bit. 

FIELD LIMIT Word Mark Word Mark 

ITEM LIMIT Item Mark ---(Record Mark?) 

RECORD LIMIT Record Mark ---(Group Mark?) 

INSTRUCTION FORMAT 

OPERA TION CODE One Character One Character 

A-ADDRESS 2 or 3 Characters 3 Characters 

B-ADDRESS 2 or 3 Characters 3 Characters 

VARIANT 1 or More Characters 1 "d" Character 

NOTE: In this lesson (LESSON II H-200 Hardware) complete an entire page before proceeding. 

Check answers by referring to charts or illustrations. 
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LESSON II. H-200 BARDWARE 

(Refer to the chart on page 20 to cOITlplete and check these stateITlents.) 

1. The first entry shows that both ITlachines are "character oriented." In siITlplest terITls, this 

ITleans that a single ITleITlory location can be accessed and one ITleITlory location stores one six 

2. The next two entries show that both ITlachines store data and instructions of VA-~::! A:.et.& 
The nUITlber of ITleITlory locations require to store data or an instruction there-

fore equals the nUITlber of characters it contains. 

3. Another siITlilarity between the two ITlachines is that the liITlit of a field in ITleITlory is de-

fined with a w/f...,)) yY\""~"6' 
I 

4. An iITlportant difference exists between the two ITlachines in regard to defining a "Record" 

with a f-!'i.C--oR\:l \f\1'<'~-'< The 1401 uses an additional character whereas the H-200 

generates this punctuation as a part of the ITleITlory loc-ation storing a data character. There

fore the H-200 uses one less ITleITlory location than the 1401 each tiITle a "Record" is defined. 

5. The entry concerning units of inforITlation points out the difference ITlentioned above. How 

ITlany bits (cores) are contained in a 1401 ITleITlory location? How ITlany are there 

in an H- 200 ITleITlory location? __ ~+-__ _ 

6. In designating the liITlit of a field, both ITlachines use a 4.) o{\.y S'I\'f!(\V,. However, the 

H-200 has one ITlore \'\IN v -(>J-A~)J,.J bit per ITleITlory location than the 1401, so fur

ther grouping of data as an 1"16,(1\ is possible. It should be noted that the Honeywell IteITl 

Marks and Record Marks do not have a direct correspondence with 1401 Record and Group 

Marks. 

7. Concerning instruction forITlats, the H-200 utilizes an efficient addressing systeITl which 

permits designation of an address up to #4095 in only two characters (two ITleITlory locations). 

DeterITline the nUITlber of ITleITlory locations required for the H-200 and the 1401 to store the 

instruction shown below. 1401= 1 H-200= __ ~ ___ _ 

OP. CODE 
A 

"A" ADDRESS 
2411 

"B" ADDRESS 
1124 

8. The final point of comparison in the chart at the left was pointed out earlier as it pertained 

to peripheral instructions. The H-200 only requires two peripheral instructions (PCB and 

PDT) because they ITlay be further specified as required by appending one or ITlore 
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LESSON II. H-200 HARDWARE 

Your EASYCODER notes and the preceding chart have shown several programmer oriented 

H-200 features that are similar to your previous system. Concurrently, a few H-200 features 

were introduced which enable more efficient and more effective operation. What has not been 

indicated is the extent of H-200 superiority when both design and performance of the two systems 

are compared. The table below makes this comparison and it should also suggest some areas 

that invite your further study to take full advantage of H-200 capability. 

INTERNAL SPEED 

Cycle Time (microsec. ) 

A & B-B (5 char.) 

Compare A:B (5 char. ) 

Instructions /Second 

CONTROL MEMOR Y 

Access Time 

MAIN MEMORY 

Minimum 
Maximum 
Expandable 
Addressing 
Indirect Addres sing 
Arithmetic 

Sequence Counter 

External Interrupt 
Index Registers 

PERIPHERAL SIMULTANEITY 

1/0 DEVICES 

H-200 

2 

44 

34 

25,000 

250 nanoseconds (billionths) 

2000 characters 
32,000 characters + 
YES 
Binary 
YES 
Decimal and Binary 

3: Sequence, Cosequence, 
Interrupt Counter 
YES 
6 

Multiple Read- Write- Compute. 
Up to four peripheral transfer 
operations together with com
puting. 

Up to 16 input or output controls 
together with their devices. May 
be attached in any combination 
e. g. up to 64 magnetic tapes etc. 

1401 

11. 5 

230.0 

207.0 

4,600 

1400 
16,000 
NO 
Decimal 
NO 
Decimal 

NO 
3 

Essentially serial. 
Either Read or Write 
or Compute. 

Maximum: One card 
reader, one card 
punch, one printer, 
six magnetic tapes. 

Page 23 illustrates many possible configurations in which the H-200 may operate. The follow

ing pages show a simplified H-200 Environments illustration on which you will draw lines as con

necting wiring and also refer to the illustration to answer questions. 
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MAGNETIC TAPE EQUIPMENT 

TAP~ UNIT ~ 

t3=Jo 
t3=Jo 
t3=J 0 

o 
o 

8=J o 
~o 

8=Jo 

3/4" HIGH-SPEED TAPE 
89,000 CHARACTERS PER SECOND 

MAXIMUM 4 DRIVES PER CONTROL UNIT 

~
3/4"HIGH-SPEEDTAPE 

203.1.-2 64,000 CHARACTERS PER SECONO 

B----
:~" OO"'~'"'" 

203.1.-1 32,000 CHARACTERS PER SECOND 
MAXIMUM 4 DRIVES PER CONTROL UNIT 

1/2"" TAPE 

!ell: ON CONTROL UNIT 203B-1 A PRIMARY DRIVE IS ESSENTIAL, 
FOLLOWED BY UP TO SEVEN SECONDARY DRIVES 

EACH CONTROL UNIT OCCUPIES TWO INPUT-OR-OVTPfJT TRUNKS ON THE 

CENTRAL PROCESSOR, GIVING A TH~ORETICAL MAXIMUM OF 

64 TAPE DRIVES. 

COMMUNICATIONS 

HONEYWELL 200 CONFIGURATOR 

CENTRAL PROCESSOR 

CHARACTERS: 6 81T 
DATA 130 INSTRUCTION fORMAT! VARIABLE LENGTH. 

INTERNAL OPERATIONS: DECIMAL a BIIWARY 
MEMORY CYCLE TIME: 2 MICROSECONDS 

There a'e 8 lIanda.d Input-o.·autput t"",~,,,"lth on optional 
nt.aS Th .. ea .. 3.ead·Wflltehan ... lswllhanaplu",aI4t11 
The Trun~. a.e eachpe.man.nU, allaclled ta on4I contral un.1 
Tile Rea6-Wr.1I Cha ..... llar.anlgnedb.,pro9ramlal~ nul 
tr"n~ "'qulIN and a .. effecl,vely flOal,,'''l Chann,I •. Th.au9h 
eacnchonneiocctsslolh,C.nl.aIPraeessar,s9ranltdfo. 
2m,craSt<:ond. ,nev",y 6 ,f",qu,red Whenapl"",016i. 
,neluded !we ~L. g,v, acctn nery 6 m,erOlecondl, 
and Ihe oilier lwo h',), 12m,crollcondt 0.0. programmed 

CONTROL MEMORY: 16 R(GISTEM WITH 250 NANO' 
SECOND ACCESS 

Plll.RITYBITCHECKING. ~~: ::;;u:, ::'~:o:;I;;~n~~I' 01 ony type ,. "m,lt<! anly by 

ONE ADAPTER IS 
REQUIRED P(R UNE 

r--0a2----' 

t:L?:~?!~~~J 

201- CENTRAL PROCESSOR 

AOOtTtONAL 2048 CHARACTERS Of QUICK 
ACCfSS MEMORY (ONE UNIT ONLY) 

ADDITIONAL 409€; CHARACTERS Of QUICK 
ACCESS MEMORY, UP TO 32,768 eH. (7UNITS} 

ADVANCED PROGRAIoiMING OPTION 

PROGRAM INTERRUPT\FOR REAL-TIME 130 

COMMUN!CATIONS SYSTEWSI 

MULTIPLY /DIVIDE 

EX"mA 8 I/O TRUNKS 

AUXILIARY READ/WRITE CHANNEL 

Figure 2. H-200 Configurator 

RANDOM ACCESS EQUIPMENT 

DISCuiff1rROL 

UP TO 8 RANOOM ACCESS DRUMS 

~ 102,000 CHARACTERS PER SECOND 
ON THE AVERAGE 
~2,621.440CHARACTERSPERDRUM 

20,971,520 CHARACTERS PER CONTROL UNIT 

1,2,3,4,5,6,12, 180R24 DISCS PER CONTROL UNIT 

CAPACITY UP TO 100.8 MILLION CHARACTERS IN INCREMENTS 
OF 42 WILUON CHARACTERS 

TRANSfER RATE 23,550 TO 64,300 CHARACTERS PER SECOND 

PUNCHED CARD EQUI PMENT 

r--oiO----, 
I DIRECT I 

r-~~~~~--f 
I HOLE COUNT I 

r-~7I6¥---1 
I PUNCH fEED READ I L ______ J 

READ AT 800 CARDS PER MINUTE 
PUNCH AT 2~O CARDS PER MINUTE 

r---0i'"7----' 
I STACKER SELECT I 
L1!I~~...!U.!!C!U.J 

PRINTER EQUIPMENT 

{ 

206 9OO~1200 LPM /120 OR 132 POSITIONS 

222-1 850 LPM/96 POSITIONS 

222~! 650 LPM/108 POSITIONS 

222-3 650 LPM/120 OR 132 POSITIONS 

222-4950 LPM/120 OR 132 POSITIONS 

r--oj'j---, 
I EXTENDED PRINT I 
~_f~~£! __ ~ 
I EXTENDED PRINT I 
L"2.R_22!,-!..."!...!2.!:'--' 

t"" 
M 
Ul 
Ul 
o 
Z 
H 
H 

::c 
I 
tv 
o 
o 

::c 
~ 
::0 
tJ 
~ 
~ 
::0 
M 
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MAGNETIC TAPE EQUIPMENT 

TAPe UNIT 

UP TO 8 PER CONTROL UNIT 

203A 
3/4" TAPE 

89,000 } 
64,000 CHAR. PER SEC. 
32,000 

MAXIMUM 4 DRIVES 
PER CONTROL UNIT 

CONTROL UNIT 

203A OR 2038 

2038 
1/2" TAPE 

20,000 } 
44,500 CHAR PER SEC. 
66,700 . 
83,400 

MAXIMUM 8 DRIVES 
PER CONTROL UNIT 

COMMUNICATIONS CONTROL EQUIPMENT 

SINGLE CHANNEL 

TO ANY DESIRED 
285 ADAPTER 
{ONE ADAPTER IS 

REQUIRED PER LINE 1 

INPUT I OUTPUT 
TRAFFIC CONTROL 

MODEL 201 
CENTRAL PROCESSOR 

~ 

IlIIIIIJ 

RANDOM ACCESS EQUIPMENT 

UP TO 8 RANDOM ACCESS DRUMS 
TRANSFER RATE 102,000 CHARACTERS 
PER SECOND ON THE AVERAGE. 

CAPACITY 2,621,440 CHARACTERS PER DRUM 
20,971,520 CHARACTERS PER CONTROL UNIT 

1,2,3,4,5,6,12, Ie OR 24 DISCS 
PER CONTROL UNIT 

CAPACITY UP TO 100.8 MILLION CHARACTERS 
UNIT IN INCREMENTS OF 4.2 MilliON CHARACTERS 

TRANSFER RATE 23,550 TO 64,300 
CHARACTER PER SECOND 

PUNCHED CARD EQUIPMENT 

PRINTER EQUIPMENT 

READ AT 800 CARDS PER MINUTE 
PUNCH AT 250 CARDS PER MINUTE 

~ {20S 900-1200 LPM/120 OR 132 POSITIONS 
222- I 650 LPM /96 POSITIONS 
222- 2 650 LPM/IOe POSITIONS 

222-3650 LPM/120 OR 132 POSITIONS 
222-4 950 LPM/120 OR 132 POSITIONS 

r------------, " ------------, 
OPTION 015 INPUT OR OUTPUT TRUNKS OPTION 015 

l~t l~t l~t J~t nn n n n n n n ~~.,.. '1~'" '1~?- ~~ ... 
I I I I I I I I 
I I I I I I I I 

-!.~!:> -!.~7 --!./L,. .-!.~7 

MAGNETIC INK CHARACTER 
READER EQUIPMENT 

d 

_0 _0 _I _I _2 _2 -, -, 

Figure 3. H-200 Environment" 

~lml~lIql'" III hili III k 11,1,1,111" I,KI, ~j'II_" 41 _ ... --.--... ,"",,"-.-""--"'''''''''~' ~ .. , .... ,." .. ". 
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(Refer to Figure 3. to answer the following questions. ) 

1. An important H- 200 feature provides simultaneous peripheral operations together with computing. (Shown between the 

central processor and input/output trunks.) This feature is known as INfu\' / OI>""\~1J"'\ \'R.&xS:\Cc t.~Nit"k , 

2. The times illustrated denote that each Read/Write Channel (RWC) is granted ~ microseconds access to the central proc-

essor. Since there are three RWC's, each will have access to the central processor once out of every ~ microseconds. 

If an input or output device is not sending or receiving information during a two microsecond R WC period, the time is 

allotted to the central processor. For example, the mechanical operations of card reading, card punching, and printing a 

line require: 75 milliseconds (Reading a card at the rate of 800 CPM) 
240 milliseconds (Punching a card at the rate of 250 CPM) 

67 milliseconds (Printing a line at the rate of 900 LPM) 

However, for these three operations, transfer of information either to or from the central processor and devices only 

requires a total of 19 milliseconds. Because of RWC Traffic Control computations are performed by the central proc

essor during 73% of the time, even when maintaining full rated speeds of: 800 CPM Reading 
250 CPM Punching 
900 LPM Printing 

3. Note that peripheral devices may be connected to either 1 IJ?v\ or Oif\ \,:v'f trunks. Rather than having devices 

permanently connected to the central processor, they are alternately attached by a Read/Write Channel. 
~, 

4. While eight optional (015) input or output trunks are available, your present concern will be with the basic eight trunks 

5. 

numbered.::...2..- -~ ~ -_\ _ -?.. -::...L -3 -~ in the figure above. 

The number of a trunk should contain ~ digits. (The second digit identifies the trunks from 0 to 3 as in the figure. ) 

The first digit denotes whether the trunk is being used for r t.J Y \l1 or d \(\ Xln Whether a trunk is input from a 

device or output of the central processor to a device depends upon the type equipment attached. Assigning these first digits 

to denote input or output for various devices is explained on the next page. 

~ 

l' 
M 
IJl 
IJl 
o 
Z 
H 
H 

::r:: 
I 
N 
o 
o 

::r:: 
~ 
::0 
t;l 
~ 
~ 
::0 
M 



N 
0' 

MAGNETIC TAPE EQUIPMENT 

TAPe UNIT 

203A 
3/4" TAPE 

89.QOO} 
64,000 CHAR. PER SEC. 
32,000 

MAXIMUM 4 DRIVES 
PER CONTROL UNIT 

CONTROL UNIT 

_2038 

203B 
1/2" TAPE 

20.000} 
44,500 
66,700 CHAR PER SEC 

83,400 

MAXIMUM 8 DRiVES 
PER CONTROL UNIT 

COMMUNICAnONS CONTROL EQUIPMENT 

SINGLE CHANNEL 

MULrIPLE CHANNEL 

TO ANY DESIRED 
285 ADAPTER 
(ONE ADAPTER IS 
REQUIRED PER UHf 1 

MODEL 201 
CENTRAL PROCESSOR 

r------------x \ 7 LA ,r=:;F" ------------, 
OPTION 015 

~~~ ~~..". 4~"'" .,",.. 
I I 1 I I I I I 
I I I I I I I I 

~~,L,. ,.J,~? ,.J,~,L,. .-!.~,L,. 

MAGNETIC INK CHARACTER 
.... ~.--- -- ... -.. -.. -

_2 _3 _3 

OPTION 015 

~~~ <1~~ ..;'~,.. ~~~ 
I I I I I I I I 
I J I I I I I I 

~~~ ~~? ~j' .,.J,~,L,. 

Figure 4. H-ZOO Environments 

RANDOM ACCESS EQUIPMENT 

UP TO 8 RANDOM ACCESS DRUMS 
TRANSFER RATE 102,000 CHARACTERS 
PER SECOND ON THE AVERAGE. 

CAPACITY 2,621,440 CHARACTERS PER DRUM 
20,971,520 CHARACTERS PER CONTROL UNIT 

1,2,3,4,5,6,12,160R 24 DISCS 
PER CONTROL UNIT 

CAPACITY UP TO 100.8 MILLION CHARACTERS 
IN INCREMENTS OF 4.2 MILLION CHARACTERS 

TRANSFER RATE 23,550 TO 64,300 
CHARACTER PER SECOND 

PRINTER EQUIPMENT 

REAO AT 800 CARDS PER MINUTE 
PUNCH AT 250 CARDS PER MINUTE 

{

206 900-1200 LPM/120 OR 132 POSITIONS 
222- I 850 LPM /96 POSITIONS 
222- 2 650 LPMj 108 POSITIONS 

222-3650 LPM/120 OR 132 POSITIONS 
222- 4 950 LPM / 120 OR 132 POSITIONS 

111!"!I"~I.II'"!'I!!'~.!I~II'"!IIIII~~!lI~II!'I!,I"I'!!~11"~'~!II~I!~I~I!!ll!liq!l~II!IIII.N II 11i11111111!!IIIIII..I.II ... , 11111 1I1111II.1i' 11.111*\111111111 IIIIII!~II .~IIII I __ 1'1111'''.'.'' I "., ,,' , _ _-,_-----""-'''' 
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LESSON II. H-200 HARDWARE 

MAIN MEMORY 

CYCLE 2 

CYCLE 3 

TRAFFIC 
CONTROL 

--- .. 
.... INPUT 

or 
OUTPUT 
TRUNK 

;--

PERIPHERAL OEVICE 

PERIPHERAL 

PERIPHERAL INTERFACE CONTROL 

Figure 5. Basic Input/Output Data Path 

ALLOW CENTRAL r-:.:.:::.....-_ .. PROCESSOR ACCESS 
TO MAIN MEMORY 

ALLOW CENTRAL 
~~----~ PROCESSOR ACCESS 

TO MAIN MEMORY 

~=-===--=--=--=--=-=- ---
ALLOW CENTRAL 

)-------4 ... PROCESSOR ACCESS 
TO MAIN MEMORY 

Each cycle is two microseconds in duration; therefore, a device connected to the main 
memory via an RWC is guaranteed access to the memory once every six microseconds. 

Figure 6. Symbolic Representation of Input/Output Traffic Control 

AUXILIAR Y READ/WRITE CHANNEL 

An auxiliary read/write channel (RWC I') is available as an optional feature. In systems 

equipped with this option, up to four peripheral data transfer operations can be performed simul

taneously with computing. It is called an auxiliary channel because of the manner in which it is 

granted access to the main memory by the traffic control. RWC I' and R WC 1 are connected to 

an alternator. Every six microseconds the alternator switches to allow one of these two channels 

access to the main memory. By alternating between the two channels, each is allowed access to 

the memory once every 12 microseconds. Note that R WC 2 and R WC 3 are still guaranteed 

access to the memory once every six microseconds. 
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LESSON II. H-200 HARDWARE 

MAGNETIC TAPE 

Two complete series of magnetic tape equipment are offered for use with 

the Honeywell 200: the 204B series units process one-half inch tape, while 

the 204A series units process three-quarter inch tape. Both 203B controls 

for one-half inch tape units and 203A controls for three-quarter inch tape 

units can be included in the same system. The characteristics of the two 

series of tape equipment are summarized below. 

MAGNETIC TAPE SPECIFICATIONS 

3/4 Inch 1/2 Inch 
Tape Unit 1. 2. 3. l. 2. 3. 4. 

READ- WRITE SPEED 60 120 120 36 80 120 150 
Inches per Second 

RECORDING DENSITY 533 533 740 200 200 200 200 
Characters per Inch 556 556 556 556 

800 

TRANSFER RATE 3.2,000 64,000 SS,SOO 7,200 16,000 24,000 30,000 
Character per - 20,000 44,400 66,700 83,300 

Second 2S,SOO 

REWIND SPEED ISO 360 360 lOS 240 360 360 
Inches per Second 

INTER-RECORD GAP .67" . 67" • 67" . 45" . 6" . 7" .75" 

DATA FORMAT Honeywell variable 
4S-bit word 

CHECKING FEATURES frame and channel frame and channel parity 
parity checks and checks for read; and 

Orthotronic Control read after write 

The Honeywell 200 uses two basic peripheral instructions for all input-output operations on 

all devices. Using these instructions, the programmer may instruct the tape unit to read for

ward, write, backspace and rewind. In addition, tape units may be read backward, a feature not 

available in most other small computer systems. The utilization of 3/4-inch and 1 /2-inch mag

netic tape makes the Honeywell 200 compatible with a wide range of computers. 

The ability to perform tape operations simultaneously is enhanced by the fact that the central 

processor is involved in a tape read or write operation during only two microseconds per charac

ter transferred. The proportion of available central processor time during a data transfer inter

val shared with a tape read or write operation ranges from 82.2% to 98.6%, depending upon the 

data transfer rate of the tape unit being used. A typical tape processing interval is shown in the 

illustration below. 

FROC_ING mt1.lilVAI..$}iAUl) WlTHTA:n OPERATlON 

• • • 
Oms 

Begin Data 

132.5 ms 

Data transfer 
crossing transfer ends 
gap begins 

DEVICE: Model 204B-3 magnetic tape unit. 

OPERATION: Read or write a 2000-character record at a density 
of 200 characters per inch. 

CENTRAL PROCESSOR TIME REQUIRED: 4 milliseconds (3.00/0 
of entire processing interval). 
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LESSON II. H-200 HARDW.ARE 

CHARACTERISTICS MODEL 204B-1, 2 MODEL 204B-3, 4 MODEL 204B-5 MODEL 204B-6 
TAPE UNITS TAPE UNTIS TAPE UNITS TAPE UNITS 

CONTROL MODEL 203B-1 TAPE CONTROL MODEL 203B-2 TAPE CONTROL 

'l'APE Reels of approx. 2400 fit. of 1/2-in. My1ar
1
-base, oxide-coated tape. 

DATA FORMAT Variab1e-1enght records separated by short or 3/4-inch gap. Records consisting of 6-bit characters spaced 
at 556 or 200 pe'r inch can be read. Normally writes at 556 char/in., but "can write at 200 char/in. 

PROGRAMMED Read forward, write forward, backspace one record, rewind, rewind and release, and erase, optional 
OPERATIONS read backward and capability to translate between card irrlages in IBM even-parity tape code and H-200 

machine code. 

TRANSPORT Pneumatic capstans and tape brakes. 

CROSS GAP TIME 
Short gap 0.45 in. - 12.5 ms 0.60 in. - 7.5 ms 0.70 in. - 5.8 ms n/a 
3/4 inch gap 20.8 ms 9.4 ms 6.3 ms 5.0 ms 

READ/WRITE SPEED 36" /sec. 80"/sec. 120" /sec. 150" /sec. 

DATA TRANSFER RATE 
(NOMINAL) 
556 char/in. 20,000 char/sec. 44,400 char/sec. 66,700 char/sec. 83,300 char/sec. 
200 char/in. 7,200 char/sec. 16,000 char/sec. 24,000 char/sec. 30,000 char/sec. 

REWIND SPEED 108" /sec. 240" /sec. 360"/sec. 360"/sec. 

SIMULTANEITY Simultaneously compute and perfonTI three tape operations: read or backspace -write - rewind-compute. 
Reading or writing engages central processor for only 2 microseconds per character transferred. Central 
processor is available for other operations during 83.3 to 98.6% of transfer interval shared with tape unit, 
depending upon data transfer rate. 

INPUT/OUTPUT AREA Any main memory area. 

DATA PROTECTION Write/protect ring and manual protect switch prevent destruction by unintentional write. While writing, 
TeU generates even or odd frame parity and even channel parity. 
Checks: Writing - - Immediate read back and check of information written. 

Reading -- Frame and channel parity checks. 
Failure of any check automatically sets a program-accessible indicator. 

TRUNKS A tape control requires one input trunk and one output trunk. 

MAX. NO. OF 8 tape units per tape control; 8 tape controls per system. 
UNITS PER SYSTEM 

1Registered trademark of E. 1. du Pont de Nemours and Company (Inc. ) 

Figure 7. Half-Inch Magnetic Tape Unit Characteristics 

1 450 451 452 453 454 455 

I 3 2 5 J @ 
- \ 

""~ I ~RECORO MARK TO STOP 
TAPE UNIT TRANSFER WHEN DESIRED 

PORTION OF RECORD HAS 
ENTERED. 

,//,(// 
/~/// 

I CHANNEL 7 V V 
/ I f 

f--
CHANNEL 6 0 0 0 I 0 I 0 

...I z ~ 
\ CHANNEL 5 0 0 0 0 I 0 I ~O 

I ~~ f-- END OF ) CHANNEL 4 0 0 0 0 0 0 0 
1<.0: 

RECORD 

I O~ ~ GAP 

\ CHANNEL 3 0 0 I 0 I I I oz 

t\ 
(5 I-- } CHANNEL 2 I I 0 0 0 I 0 > 

I--

l CHANNEL I I 0 I I 0 0 I 

FRAME I 2 3 4 5 6 7 CK. 

Figure 8. Data Transfer to Half-Inch Tape Segment 
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LESSON II. H-200 HARDWARE 

Answer and check these questions by referring to the chart and illustration on page 30. 

1. An H-200-l40l "difference" is shown in the chart concerning "Cross Gap Time." H-200 

magnetic tape can conserve space by using a short end of record gap of .'1\ in., .bo in., or 

.10 in. depending on the type of tape unit. A switch on the tape control unit is engaged if 

compatability with the. 75 inch interrecord gap of your previous system is desired. 

2. A VARIANT character, selected by the programmer and written as part of a peripheral 

instruction, specifies whether frame parity (across the tape width) is to be odd or even. As 

shown in the illustration, the desired parity bits are to be appended by the tape unit in 

CHANNEL #-L. 
3. Totaling the bits in each channel with the CHECK frame bits at the end of the record 

produces longitudinal channel parity. As listed in the chart, channel parity is stated as being 

o \)};) -MlSlrl 

4. One tape frame will contain a six bit character and the parity bit from the tape unit. It 

should be apparent from the number of channels shown, that _.!.~.:.:~:.-..::u::::=..:"':::...:i>,--...:("\'l....:...:..~~c..:r{..lI\. __ is not 
( PVN c.. ,.J'I"I'f ",,-,) 

transferred from memory to tape. 

5. The only manner in which punctuation could be considered as being transferred to tape is 

, 6. 

that a Re;-c...-o(.1) mark in memory signals the tape unit to produce; a small void, then a 

check frame, and then th~ f)Jl> of gcCc:>~} ~rtP. 

Your previous system employed a GROUP mark on tape to facilitate transfer of only part 

of a tape record to memory. Similarly, an H-200 programmer may place a record mark in 

a predetermined memory location. This record mark stops transfer from tape to memory 

.. when the desired portion of a record has been read in. Check the answer to the following 

question by continuing to page 32. 

Assume that the characters shown on tape in Figure 8. are to be read into memory starting 

at location address #450. If a record mark is placed in #454, w..!@:..tsha..ra.cte:s will be. .. !.I.:.a.!l:~

ferred from the tape? 

451 452 453 454 455 456 

.J.- r 
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LESSON II. H-200 HARDWARE 

(Answer to question #6 on the preceding page. ) 

~ 450 451 452 453 454 455 ) 

I 3 2 5 J @ 
- \ 

~" I~RECORD MARK TO STOP 
TAPE UNIT TRANSFER WHEN DESIRED 

PORTION OF RECORD HAS 
ENTERED. 

,$II 
///// 

I CHANNEL 7 / V V J 7 J f--

l CHANNEL 6 0 0 0 I 0 I 0 
...I z f--

\ CHANNEL 5 0 0 0 0 I 0 I [ZO 

I ~~ f-- END OF ) CHANNEL 4 0 0 0 0 0 0 0 RECORD 
I 1/".0: 

O~ - GAP 

\ CHANNEL 3 0 0 I 0 I I I oz 

I 0 - } CHANNEL 2 I I 0 0 0 I 0 >. 

'-
- ) CHANNEL I I 0 I I 0 0 I . 

FRAME I 2 3 4 5 6 7 CK. 

NOTE: When transferring from memory to tape, the character in the memory location with a 

record mark is NOT written on the tape. 

32 

When transferring from tape!£. memory, a character WILL be sent into the memory 

location containing record mar.k punctuation. This is shown in the illustration above. 
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LESSON III. H-200 CENTRAL PROCESSOR 

The H-200 Central Processor 

The Model 201 Central Processor is the com-

puting and control center of the H-200 system. 

It houses the circuitry for arithmetic and logical 

operations, the high- speed magnetic core memo

ry' the operator's control panel, and several 

special-purpose control elements such as read/ 

write controls, etc. Functionally, the central 

processor is divided into three units: arithme

tic, control, and storage. The arithmetic unit performs such operations as addition, sub

traction, comparison, etc. The control unit directs the operation of the entire system: it 

controls the Low of information within the central proceE\.Sor; it controls the flow of information 

between the central processor and all input/output devices; it monitors the time sharing of the 

system to insure maximum operating efficiency; it selects, interprets, and controls the exe

cution of all instructions; and it governs address selection within the high-speed memory. The 

storage unit provides magnetic core storage for the instructions and operands which the central 

processor uses in processing a particular program segment. It also provides storage for the 

new data which results from the operations performed by the central processor. 

INPUT I OUTPUT 
TRAFFIC CONTROL 

CONTROL UNIT 

Figure 9. Logical Division of the Central Processor 

35 



LESSON III. H-200 CENTRAL PROCESSOR 

WORDS 
ITEMS 
RECORDS 

B 

A 

8 

4 

2 

PARITY 

PUNCTUATION 

CHARACTER 
STORAGE 

A MAIN MEMORY LOCATION 

CONTROL MEMORY 

ARITHMETIC UNIT 

CONTROL UNIT 

INPUT / OUTPUT 
TRAFFIC CONTROL 

36 

Figure 10. 

BASIC MEMORY - 2,048 character locations. 

ADDITIONAL MEMORY - One 2, 048-character ITlodule and addi
tional 4, 096-character ITlodules. 

PROCESSING UNIT - Six-bit character. Variable-length groups 
of consecutive characters forrn instruction and data fields. 

INSTRUCTION FORMAT - Variable. Typical configuration: 
operation code, two addresses, and variant character. 

ADDRESSING MODES - Direct, indirect, indexed. 

INDEX REGISTERS - Six, each capable of storing three six-bit 
characters. 

MEMOR Y CYCLE - Two ITlicroseconds to read and restore one 
character. 

MEMORY CAPACITY - 16 control registers, each capable of 
storing the address of a character position in the ITlain ITleITlory. 

CONTROL REGISTERS - Basic configuration: two operand
address registers, two instruction address registers, and up to 
eight read/write channel counters. 

ACCESS TIME - 0.25 ITlicroseconds. 

MEMORY CYCLE - 0.5 ITlicroseconds. 

OPERATIONS - DeciITlal arithITletic, binary arithITletic, logical 
operations. 

TYPICAL OPERATING SPEEDS 
5-digit deciITlal add (A + B_B) 44 ITlicroseconds. 
5-digit cOITlpare (A:B) 34 ITlicroseconds. 

PARITY CHECKING - One parity bit with each character stored 
in ITleITlory. 

PROGRAM CONTROL - Sequential selectron, interpretation and 
execution of all stored prograITl instructions. 

CONTROL PANEL - Control and display functions. 

READ/WRITE CHANNELS - Three channels standard; auxiliary 
channel optional. I/O instructions designate channel connections. 

INPUT /OUTPUT TRUNKS - Basic configuration of eight input or 
output trunks; expandable by eight input or output trunks. 

PERIPHERAL SIMULTANEITY - Up to four peripheral transfer 
operations siITlultaneous with cOITlputing. 

SUITlITlary of Central Processor Characteristics 
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LESSON III. H-ZOO CENTRAL PROCESSOR 

Figure 10. state s that basic H- ZOO memory contains _ ...... 2'--1-, .JI.4_<-I-'---".t ___ characte rs (memo-

ry locations). This number of memory locations can be expanded by a first module of 

? 0,",90 characters then additional modules of 40 1 ~ characters. 
---~~~------- -------~~----

TURN THE PAGE TO CHECK YOUR ANSWERS. o 
Besides the six cores required to store a t.~U ¥tC.1.;.ll... ' three additional cores are 

incorporated in each H-ZOO memory location. You are already familiar with the single 

core used for 2Al~~-\'1 checking. In H-ZOO terminology, the other two cores are re-

ferred to as »\.1 ~1>J \lr\i v.,l cores and are used for the separation of _ .... ~......,,~"-· .... c..<..:t;'-R~\)=---__ 

The H-ZOO assures accuracy of storage by checking for ODD parity each time a 

character is read from memory. An error would be indicated if "bad" parity (an ~ VfC.,J 

total of character "1" bits plus parity bit) should even occur. 

Does the memory location below contain_good or bad parity? 

PARITY 

o 
IM 

o 

WM CHARACTER 

100110 

It is often convenient to transfer words pertaining to the same subject into adjacent 

memory locations. They may then be treated as an ITEM. An T -((!:fY\ is defined as one 

or more related 'tJ \) f.. \> Ille mo r y __ --=!-~o_C=_.:..H.:...:r--'-'T .... , ..:..' /,J..::..... __ 

repre sented in illustrations by __ ~l)wl\J,--,t>",-=,;?~R.::.....;L::::....<1L..\.:\"J~-:i,-" t--J.:;.\.r",,' __ the high order or low order 

character as desired. 

It is 

This mark, 0 , is a combination of word and iteIll mark symbols and is known 

as a e.~ t.1{:.y mark. This punctuation is formed by using both punctuation cores in 
I 

the first memory location following the RIGHTMOST character to be transferred to a pe-

ripheral device. Character by character transfer proc eeds from Li; f 1 to -...Jll-'~","' _1::.'-,&,,--..ctic--1, 

until th e __ '¥,~\:..==-::,-",v~hw:\l",.\)",-_ rna r k iss en sed. 
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5. 

9. 

13. 

17. 

38 

BASIC - 2048 MEMORY LOCATIONS 
FIRST MODULE - 2048 MEMORY LOCATIONS 

ADDITIONAL MODULES-4096 MEMORY LOCATIONS 

CHARACTER 
PARITY 
PUNCTUATION 

WORDS, ITEMS, RECORDS 

EVEN 

THE MEMORY LOCATION CONTAINED "GOOD" PARITY BECAUSE THE TOTAL 
OF CHARACTER "I" BITS PLUS THE PARITY BIT WAS ODD. PUNCTUATION BITS 
ARE NOT TOTALED IN A PARITY CHECK. 

o RECORD 

ITEM 
WORDS 
ADJACENT 
LOCATIONS 
UNDERLINING 

LEFT (HIGH ORDER) - RIGHT (LOW ORDER) 
RECORD 

/ 
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LESSON III. H-200 CENTRAL PROCESSOR 

Core memory units are composed of planes of cores stacked in sufficient number to 

accommodate the 6 bit character format plus 2 word separation bits and I parity bit. The 

basic H-200 has 9 planes of 32 x 64 cores. 

locations 9 cores ~n depth. 

This configuration provides '1 o'-} t memory 
(32 x 64) 

The first six cores of a memory location are used for storage of any alphanumeric 

The next two cores are available as __ X..l.· -"":...:·~...;.~_f_·-,-I-,,~ . ...:.';.:...·...:!_l .... · .... '-'-'1-'_' __ bits to 

designate a word, item, or record. The ninth core represents the \;-\ l'" '/ bit used 

to check accuracy of bit storage. 

A programmer or operator can check the contents of a memory location by observing 

the CONTENTS lights buttons on the central processor control panel. An illuminated 

button represents a "1" bit. 

Which bit is not shown by a CONTENTS light button? 

A word mark is used with the H-200 in the same manner as in the 1401. It is placed 

in the high order (leftmost) memory location of an instruction or data word where it: 

1. Indicates the beginning of an instruction. 

2. Defines length of a data word. 

3. Stops instruction execution. 

(This frame does not require a written answer. ) 

o is placed in the memory location following the 

_1,-,\ ... l"--,,,C,'-+lrt_c...;;,-):.,,:>~/"'{.J..r_' __ character to be transferred. Record transfer to a peripheral device 

terminates when a _I .... ··-,,·,_·-,-_.:...i_ is sensed. 

The following frame asks you to properly draw the punctuation above and also to 

marks and underlines for marks. 
~'--"':"...:' __ -
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LESSON III. H-200 CENTRAL PROCESSOR 

2. 

b. 

10. 

14. 

18. 

40 

2048 

CHARACTER 
PUNCTUATION 
PARITY 

PARITY 

NO ANSWER REQUIRED 

® - RECORD MARK following RIGHTMOST character 
® - WORD MARK 
X - ITEM MARK 
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LESSON III. H-200 CENTRAL PROCESSOR 

The basic H-200 core martrix provides 1 ot.! <:'1 memory locations. To be capable 

of storing one character plus two word separation bits and one parity bit, each location 

must be ~ cores deep. 

State the name or purpose of each core or group of cores in an H-200 memory 

location. { 
{ 

B 

A 

8 

4 

2 

H-200 punctuation is also different in the rather obvious respects that the 1401 

cannot designate items and a 1401 "record" requires a special character in an additional 

memory location. In the H-200, setting a word mark makes the word mark core a "1". 

To set an item mark, the "j: 1~~\ 

"l's" produces an H-200 tz E cot\} 

m f';\<--\,\ core is made a "1". , 
"fr'-Pr(<"(;. , 

Making both cores 

Item marks are most commonly set in the low order (rightmost) memory location 

of a data word. Consequently, items are usually retrieved or transferred character by 

character from H '1 c.. H order to boN order until the :r: -roeY"\. marked character 

has been retrieved. 

Punctuate: 
WORD 

---.~ 
WORD 

123 

\I.:::I.:.T.:.E::.M:..:.::.. ___ ~".--

ADDRESS 
CONTENTS 

142 143 

RECORD 
ITEM/ 

What memory location would be addres sed to: 

WORD 
456 / 

1. Retrieve word 4567 )"'1"1 2. Transfer item 1234567 1"'1~1 

3. Transfer the record to peripheral device 7 1'11-
41 



LESSON III. H-200 CENTRAL PROCESSOR 

3. 

7. 

11. 

15. 

19. 

42 

2048 

9 

PARITY { (ACCURACY CHECKING) 
(SEPARATION OF WORDS, ITEMS, RECORDS) 

PUNCTUATION 

CHARACTER 

B 

A 

8 

4 

2 

(STORAGE) 

ITEM MARK 
RECORD MARK 

HIGH order to LOW order 
ITEM 

NOTE: THE DIRECTION OF RETRIEVAL WOULD OF COURSE BE REVERSED 

IF THE ITEM MARK WERE IN THE HIGH ORDER POSITION. 

141 142 143 144 145 146 147 148 149 150 

z @ B CD 2 3 @ 5 6 @ - -

1. Address 149 to retrieve word 456. 

2. Address 144 to transfer item 123 456. 

3. Address 142 to transfer the entire record. 



4. 

8. 

12. 

16. 

20. 

LESSON III. H-200 CENTRAL PROCESSOR 

H-200 magnetic core memory provides high speed-one millionth of a second-random 

access to a memory location. Your previous system gained access to a memory location 

five times slower than the H-200. Additionally, a 1401 memory location only stores 8 bi-

nary digits because it contains 8 cores. The H-200 can store .-:L 

because it has l ---'y"'--O'(\-'-'-... ..:;.f_~<-..._ per memory location. 

A 1401-H200 "difference" should be noted at this point concerning parity checking 

and punctuation cores. The H-200 does NOT include punctuation bits in its parity check. 

"Good" parity is shown if the total of character" 1" bits and the parity bit equals 

an ODD number. When a character is written into memory, the parity core is magnetized 

as a "1" or "0" to produce an iv'll total with the character" 1" bits. 

With your previous sytem, a word mark was shown in illustrations by underlining 

the proper character. H-200 illustrations use a circle around a character to represent 

a word mark. An underlined H-200 character represents the punctuation unique to the 

H-200 and therefore signifies an 1 1:;;-\(1\ 

A word or item mark core is used when the character is at the limit of a word or 

item. As shown below, mark cores are used in addresses and ----
The mark core is used in address ---------- -------

The preceding frames can be summarized by completing the blanks below and by 

drawing punctuation symbols for the X's. 

FORMAT SYMBOL 

WORD 

ITEM X 

RECORD @ -

LOCATION 

~ORDER 

or 

LeI}.) ORDER 

f~J.t.OWi/.J~ I..H5."'I 

C HHt; r-( ~,;;. T&~N5"'cl\< 

RETRIEVAL 
ADDRESS 

Lcl}JORDER 

J..G,.p>RDER 

or 

HlAfORDER 

l-\f~~ORDER 
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LESSON III. H-200 CENTRAL PROCESSOR 

4. 

8. 

12. 

16. 

20 

FORMAT SYMBOL 

WORD ® 
ITEM X 

RECORD ® 

44 

9 EINAR Y DIGITS 
9 CORES 

(Return to page 37, frame 5. ) 

ODD 

(Return to page 37, frame 9. ) 

ITEM MARK 

(Return to page 37, frame 13. ) 

WORD 
94 97 
ITEM 
100 

(Return to page 37, frame 13. ) 

LOCATION 

HIGH ORDER 

HIGH ORDER 
or 

LOW ORDER 

FOLLOWING LAST 

CHARACTER TRANSFERRED 

(Continue to page 45. ) 

RETRIEV AL ADDRESS 

LOW ORDER 

LOW ORDER 
or 

HIGH ORDER 

HIGH ORDER 
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PART I. NUMBERING SYSTEMS 

AND 

PART II. HONEYWELL ALPHANUMERIC CODE 
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I ~ - 1 - - 0 -

~ - 1 -
SWITCH I 

m - 0 -

- 1 -
I I-"~ - 0 -

1
0 = 0 (SJ = 1 

PIINCHCARD 

H+ 0 I I -I I -
I I ~ - 1 -

VOLTAGE PlLSE NO PULSE 

BINARY, OCTAL, AND DECIMAL EQUIVALENTS POWERS OF 2 

BIN. OCT. DEC. ~IN. OCT. DEC. n zn 

0 0 0 10000 20 16 0 1 

1 1 1 10001 21 17 1 2 

10 2 2 10010 22 18 2 4 

11 3 3 10011 23 19 3 8 

100 4 4 10100 24 20 4 16 

101 5 5 10101 25 21 5 32 

110 6 6 10110 26 22 6 64 

III 7 7 10111 27 23 7 128 

1000 10 8 11000 30 24 8 256 

1001 11 9 11001 31 25 9 512 

1010 12 10 11010 32 26 10 1 024 

1011 13 11 11011 33 27 11 2 048 

1100 14 12 11100 34 28 12 4 096 

1101 15 13 11101 35 29 13 8 192 

1110 16 14 11110 36 30 14 16 384 

1111 17 15 11111 37 31 15 32 768 

Figure 11. Binary Representation 
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LESSON IV. PART I: NUMBERING SYSTEMS 

Just as different languages can express the same meaning, different numbering 

systems have the capability of expressing the same quantities. To aid in understanding 

and using numbering systems adaptable to electronic computers, it is beneficial to first 

review the familiar decimal system. 

If we represent the off state of the light bulb by the binary zero (0), it is readily 

apparent the on state can be represented by the binary -1-. A string of lights in a 

systematic on and off configuration could represent any 

The most commonly used method of decimal to binary conversion is the remainder 

method. The decimal number is divided by two and that quotient and all succeeding 

quotients are in turn divided by two. The remainders of each division must be 1 or 0 

and these make up the bits of the binary number with the final remainder the most sig

nificant digit. Using the decimal 13, the remainder method is illustrated below. 

6 
(Z/13 R 

3 
1) (Z/6R 

1 
= 0) (z/3 R = 

o 
1) (Z/1 R 1) = 1101 binary 

Complement the subtrahend of the binary subtraction problems listed below. 

101111 1110111 

100101 ans. 0100010 ans. 

49. Using the powers of the base 8, convert the following octal numbers to their decimal 

equi valent. 

65408 

118 

235 8 = 

778 

47 
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LESSON IV. PART 1: NUMBERING SYSTEMS 

1. 

NO ANSWER REQUIRED 

13. 

BINARY 

25. 

NO ANSWER REQUIRED 

37. 

011010 1011101 

49. 6 x S3 = 3072 2 x S2 = 12S 

5 x S2 = 320 3 x Sl = 24 

4 x Sl = 32 5 x sO = 5 

o x SO = 0 
157 10 

3424 10 
1 x Sl = S 7 x Sl = 56 

x SO = 1 7 x SO = 7 
910 6310 

4S 
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26. 

38. 

50. 

LESSON IV. PART I: NUMBERING SYSTEMS 

Peculiar to each numbering system is the base (or radix) and the number of digits 

used in that system. The base or radix of the system indicates the number of digits 

used. The decimal system, with a base of ten, uses I Q different digits. 

A binary number is represented by a series of l's andO's called "bits" (a contraction 

of binary digits). Using light bulbs to represent the binary number 1101, which bulbs 

would be on and which one s would be off? 

Q Q Q Q 
rid r/IJ -In:- 4 ) 

In the previous example, decimal 13 was converted to binary 1101. To prove this 

answer, convert binary 1101 to decimal by using powers of two. 

+ + () + = 13 ---------- ---------- ----~---- ----------

After complementing the subtrahend, the next step is adding the complemented 

number to the minuend. Complement and add in the following problems. 

101010 = 101010 

-010101 _ 

111011 = 

-100011 _ 

111011 

For decimal to octal conversion, the easiest approach is the remainder method ex

plained in decimal to binary conversion. A division of 8 is used instead of 2. Remember, 

the last remainder is the most significant digit of the total number. 

Convert 7710 to its octal equivalent. 

ANS. __________________________ __ 

49 
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LESSON IV. PART I: NUMBERING SYSTEMS 

2. 

10 

14. 

\ I I \ I / \ I I 

~Q~ 
/ .... ~Q~ 

/ .... Q ~Q~ 
/ .... 

I I 0 I -- -- -- --
ON ON OFF ON 

26. 

(l x 2 3 ) + (l x 22) = (0 x 21) + (I x 2 0 ) =..!1 
(lx8) (lx4) (Ox2) (Ixl) 

8 4 o 

38. 

c c c ccc 

101010 111011 

101010 011100 

1010100 1010111 

50. 1158 

50 

o 
8/1 R=l 

8/"9 R=l 
8/77 R=5 
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LESSON IV. PART I: NUMBERING SYSTEMS 

The numbers of the decimal system are 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. The 

highest number represented by a single digit in a system will be one less than the fIl1(o/! JUf)!! 

The computer, of course, does not employ light bulbs, but does operate on the same 

on-off principle. Transistors are either conducting or non-conducting; magnetic tape, 

discs, and drums are magnetized or not magnetized, and cores are magnetized in one of 

two polaritie s. Punch cards are either 

Remember, the last remainder is the most significant digit in the binary number 

when converting decimal to binary by the remainder method. To ease in applying this 

rule, division can be solved thus: 

0 
2/T R 1 
2/3 R = 
2/7- R = 1 

2/15 R 1 
2/ 30 R = 0 

The previous problems were: 

101010 

-010101 

101010 

+101010 

What is the binary number? 

111011 

-100011 

l' \ \ 0 

111011 

+011100 

1010100 1010111 

It is apparent these answers are not correct. In both cases, the answer contains 

more digits than the minuend. One additional step is required. 

Convert the following decimal numbers to their octal equivalent. 

51 
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3. 

15. 

27. 

39. 

51. 

52 

BASE (RADIX) 

PUNCHED 

NOT PUNCHED 

11110 

NO ANSWER REQUIRED 

810 = 108 

8810 = 1308 

78610 = 14228 

88810 = 15708 
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LESSON IV. PART I: NUMBERING SYSTEMS 

A peculiarity of a positional number system is the manner in which we record the 

digits. The number lOis quite different in value than 01 although the s arne digits are 

us ed. The difference in value is determined by the __ ~~?~o_\---,J_~-,-\ -",-~c.:;t:Jc.:.' :-J __ of the digits in the 

whole number. 

The bistable or two state devices listed in the previous statement are adaptable to 

the e '1 w~ \\.. -! numbering system. Since the position of the digits 0 and 1 determine 

their value, this system, like the decimal system is also a "'? j ') r 11,,/;'44 v 
r ' 

numbering system. 

Convert the following decimal numbers to binary numbers using the remainder 

method. 

11 

51 

358 = -----------

The last step is called "end around carry. " 

101010 
-010101 

101010 
101010 

~~ 
10101 

111011 
-100011 

111011 
011100 

~~ 
11000 

Rule for end around carry: THE 1 IN THE HIGH ORDER POSITION (MOST SIG

NIFICANT DIGIT) IS ADDED TO THE 20 POSITION (LEAST SIGNIFICANT DIGIT). 

CONVERT THE PROBLEMS TO DECIMALS AND CHECK THESE ANSWERS. 

Explain briefly in your own words why 2 is not a valid binary number and 9 is not 

a valid octal number. 
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11 = 1011 

0 
2/1 R = 1 
2/2 R=O 
2(5 R = 1 

2/11 R = 1 

101010 = 42 

-010101 -21 

10101 = 21 

POSITION 

BINARY 

POSITIONAL 

51 = 110011 

0 
2/1 R = 1 
2(3 R = 1 
2(6 R=O 

2/12 R=O 
2/25 R = 1 
2(51 R = 1 

358 = 101100110 

0 
2/1 R = 1 
2/2 R=O 
2/5 R = 1 

2/11 R = 1 
2/22 R = 0 
2/44 R=O 
2/89 R = 1 

2/179 R = 1 
2/358 R=O 

111011 = 59 

-100011 = -35 
11000= 24 

The base or radix of a num.bering system. indicates the num.ber of digits used in 

that system., also the highest num.ber represented by a single digit in any system. is one 

less than the base. Binary has a base of 2 and the highest single digit is 1. Two does 

not exist in this system.. Octal has a base of 8 and the highest single digit is 7. Nine 

does not exist in the Octal system.. 
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Characteristic of a positional numbering system is that the value of each position 

in a multidigit number represents a specific power of the base. In the decimal system, 

the positions to the left or right of the decimal point increase or decrease by powers of 

Since binary is a numbering system with a base of two, positional value of digits 

increase or decrease by powers of ~ . 

Elementary to converting binary to decimal would be the construction of a simple 

graph of the powers of two. 

29 28 27 I 

25 24 23 22 21 20 2° 
512 

I 
256 

I 1 ~8 I 64 32 16 8 4 2 1 
1 0 1 0 1 1 0 0 

With the binary number 1 o 1 101 100 1 entered in the chart, we need only to add 

the powers of two to arrive at the decimal equivalent. What is the decimal equivalent? ~. 

What is the largest decimal number that could be represented in this chart? 10) '3 . 

Using the complementation and end around carry method solve this problem. 

SUBTRACT B FROM A. 

A. 101011 

B.OIII01 

STEP #2 ADD A, AND B COMPLEMENT 

A. 101011 

STEP #1 COMPLEMENT B 

A. 101011 

B. 

1 B. 

ANS. (STEP #3 NEXT FRAME) 

53. Define base or radix and positional numbering systems. 
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5. 

17. 

29. 

41. 

10 

TWO 

729 

1023 

THE LARGEST QUANTITY REPRESENTED BY A SERIES OF 1 BITS 

WILL ALWAYS BE ONE LESS THAN THE NEXT HIGHER POWER OF 2. 

STEP #1 

STEP #2 

101011 

100010 

101011 

100010 

1001101 

53. BASE OR RADIX INDICATES THE NUMBER OF DIGITS IN THE SYSTEM. THE POWER 

OF THE BASE IS DENOTED BY THE POSITION OF THE DIGIT. 
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The powers of ten are: 100 =1, 10 1=10, 10 2=100, 10 3=1000, etc. We commonly 

call these positions of the decimal system units, tens, hundreds, thousands, etc. Ex-

pressed as a power of ten, 10,000 would be ~9_.f. ___ _ 

18. Powers of ten are 100 , 10 1 , 10 2 , 10 3 , etc., and represent values 1, 10, 100, 1000. 

30. 

42. 

54. 

Using the powers of two, what are the decimal values of 20 , 2 1 , 22, 2 3 , 24? 

20=~ 21=~ 22=~23=~_ 24:::~ 

The basic operation performed in the arithmetic unit of the central processor is 

___ ~-J.:tL:. ~_~_,-::t\ i~_· Consequently, any numbering system compatible with electronic 

data processing must have the quality to permit calculation. 

Continuing with the previous problem 10 1 a 11 minus 011101. 

STEP #1 
COMPLEMENTING 

A. 101011 
B. -011101 

A. 101011 
B. 100010 

STEP #2 
ADD 

A. 101011 
B. 100010 

1001101 
Answer 

STEP #3 
PERFORM END AROUND 
CARRY AND ADD. 

~~ 

Convert the original problem to decimal and check your answer. 

It was mentioned that octal provides a shorthand method for dealing with binary 

numbers. To illustrate, first represent each of the 8 octal numbers as three bit binary 

numbers. If necessary, add zeroes to the left to make three bit binary numbers. 

0.= 4.= 

1.= 5.= 

2.= 6.= 

3.= 7.= 
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O. 

1. 

2. 

3. 

58 

104 

CALCULATION 

A. 101011 = 43 

B. 011101 = 29 
14=1110 

= 000 4. 100 

= 001 5. 101 

= 010 6. 110 

= all 7. 111 
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For clarity and comparison, a simple graph illustrating positional value in powers 

of the base ten and the literal description may be useful. 

thousands hundreds tens ..lnits 

10 3 or 1000 10 2 or 100 10 1 or 10 10 0 or 

~ {~ ~ 

Record the decim~l numbers 5347 and 3000 in the above graph, each digit in its 

proper value position. 

Illustrated in a simple graph as used with the decimal system, the powers of two 

and positional values are easily determined. 

Decimal Value Sixteen Eight 

Power 24 2 3 

Four 

22 

Two 

21 

Units 

2 0 

\ \ 6 \ 
(' C C; \ 

Record the binary numbers 1101 and 10001 in the graph and determine the decimal 

equivalent. 11 0 1 = ___ --l...\ ~..::-____ _ 10001 = __ ---'-'_1./..--__ 

Binary arithmetic follows the same general rules as decimal arithrnetic except that 

base two tables are used instead of base ten tables. The following are the four basic rules 

of binary addition; 0+0=0, 0+1=1, 1+0=1, 1+1=0 plus a carry of 1. 

EXAMPLE: Addl()11+1010 

c c ("c" indicates a carry) 

1011 
1010 

10101 = 
Convert the binary numbers to decimal, add and check the result. 

For practice and understanding, solve the following subtraction using comple

mentation and end around carry. 

ANS. ----

1101011 

-1011110 

10110 

-01001 

ANS. 

Any binary number may be converted to octal by dividing it into groups of three 

bits starting at the right-most bit and then converting each group into its octal equivalent 

EXAMPLE: 100/111 = 478 

To prove; convert the binary number 100 III and the octal number 47 to their decimal 

equivalents 
1001112= ____ _ 47 8 
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thousands hundreds tens 

10 3 or 1000 10 2 or 100 10 1 0r 10 

5 

3 

3 

a 

4 

o 

SIXTEEN EIGHT FOUR 

24 

1101 = 
10001 

23 

1 

a 

8+4+0+1= 13 
16 + a + 0 + a + 1 = 17 

1101011 

0100001 

~O 
1 

1101 

32 16 8 

1 a a 
4 2 

1 1 

1011 = 11 

1010 = 10 

10101 == 21 

1 

1 = 32 
4 
2 
1 

22 

1 

a 

lalla 
lalla 

~: 
1101 

64 8 

4 

units 

100 or 

TWO 

21 

a 
a 

7 = 32 
7 -

3910 

7 

o 

39 10 47 8=3910 

100111 = 3910 

60 

UNITS 

20 
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As with any positional numbering system, each digit of a multidigit number can be 

expressed as that number times its power of the base. Example: 

4,968 is (4 x 103 ) + (9 x 10 2) + (6 x 10 1) + (8 x 100). The sum of these numbers is the 

oririnal mU:.Vdigit numbe

G
· Write the decimal nu~er 6521 usin powers of the base. 

\ (P y. i () ) ) + S X I () <-) + ('1. t ! v 1.) + I X III ~ , ------~--~~---

Each digit of a multidigit binary number can be expressed as that number times its 

power of the base 2. Example: 1011 is (1 x 2 3) + (0 x 22) + (1 x 21) + (1 x 20 ). The sum 

Write the binary number 1111 of the individual digits is the decimal equivalent. 

powers of the base and de/!£. rmi~ the deci:r;nal valu). 
(-,\) '\:2 ( 

---';(-'. 1-,"'-'->-' _'"",) ~->''--_ + ( >( '). + ~ I ~ J. + 

\ 

C y ~ I) = , }s 

using 

As practice and to check accuracy, solve the following binary additions then convert 

to decimal and verify results. 

1111 

1111 

\\\\0 

1101 

1110 
\~ 

1011 

11 

i if 0 

The complementing and end around carry steps work just as effectively with any 

numbering system. Using the 9s complement, the decimal subtraction problems below 

illustrate this fact. Complete the end around carry and add. 

7632 

-5246 COMPLEMENT> 

7632 

4753 

12385 

9678 

-8422 

9678 

COMPLEMENT> 1577 

11255 

Convert the following binary numbers to octal numbers and the resultant octal 

numbers to their decimal equivalent. 

101110= 

1001101 = 

1111111111 = 

OCTAL DECIMAL 
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62 

1111 = 15 

1111 = 15 

11110 = 30 

(1 x 23) + (1 x 22) + (1 x 21) + (1 x 20) = 13 

7632 

4753 

~: 
2386 

1101=13 

1110 = 14 

11011=27 

9678 

1577 

~: 
--

1256 

101/110 = 56 8 = 46 10 

1/ 00 1/1 0 1 = 1158 = 77 1 0 

1/111/111/111 = 17778 = 1023 10 

1011=11 

11 = 3 

1110=14 
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One rule to be remembered which is applicable to any positional numbering system; 

any base (or radix) to the zero power equals one (1). 

Binary 0 is equal to decimal 0 and binary one by itself is equal to decimal 1. Since 

binary is a system using a base of two and only digits 0 and 1, any quantity over one (1) 

requires a multidigit binary number. Decimal 2 written in binary is 10. 
(l x 21) + (0 x 2 0 ) 

Whenever a column generates more than one carry, a "c" is inserted in the next 

column for each carry. Each "c" is treated as a 1 in its column. 

c c 

cccccc 
I 

10111=23 10110 1011 
Example 10011=19 Solve: 1010 III 

11010=26 111011 1011 
1000100=68 \0 J P: \ i 1:1 i 

Often a binary number may contain so many bits it becomes unwieldy and extreme

ly difficult to communicate other than in the computer. Another positional numbering 

system is used to permit communication of binary numbers without resorting to a series 

of Is and Os. This "shorthand" system is the octal numbering system using the eight 

digits 0, 1, 2, 3, 4, 5, 6, and 7. 

Convert the following decimal number s to binary using the remainder method and 

then convert the binary results to octal numbers using the shorthand 3s method. 

511 = 

426 = 

112 

BINARY OCTAL 
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64 

NO ANSWER REQUIRED 

ccccc 

10110 
1010 

111011 
1011011 

10 

NO ANSWER REQUIRED 

511 = 111111111 = 7778 

426 = 110101010 = 6528 

112 = 1110000 = 160
8 

c 

ecce 

1011 
III 

1011 
1 1101 
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Complexity of electronic circuitry necessary for utilizing the decimal system has 

resulted in a simpler two digit system for computer use. This system, having a base of 

two, must use the digits _Cl_ and 1-. 

Binary numbers may be converted to decimal numbers quite easily by the positional 

values are then added to-

111011 is equal to: 

o 

:it 
.; OJ Decimal equivalent 

---=--'---

To facilitate computer subtraction, a method involving COMPLEMENTATION 

"and END AROUND CARR Y is used. 

PROBLEM: Minuend 1101011 = 1101011 Minuend ---
Subtrahend 1011110 +0100001 (Complemented Subtrahend) 

~~ 
0001101 

Convert the problem to decimal, perform the subtraction and compare your answer 
to the complementation and end around carry answer. 

Each position within an octal number represents a specific power of the radix 8. 

What are the specific value s (decimal) of the following power s of 8? 

The shorthand octal method of converting binary number s is not by accident or 

coincidence. In the graph below you can readily see the interrelationship of each higher 

power of 8 to each third higher power of 2. 

8
4 

8
3 

8
2 

8
1 

8
0 

212 211 2
10 

2
9 

2
8 27 2

6 
2

5 24 2
3 22 21 2

0 

4096 512 64 8 1 
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o 
lx2

1
=1 

1 x 22 = 2 
o x 23 = 0 
lx2

4
=8 

1 x 25 = 16 
1 x 2 = 32 

o and 1 

59 = DeciITlal equivalent 

1101011=107 
- 1011110 = 94 

13=1101 

NO ANSWER REQUIRED 
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Just as the decimal system can express any quantity with ten digits, the binary 

system can express any quantity with the two digits--..£... and--L. 

Convert the following binary numbers to their decimal equivalents. 

10101 

110011 

101100110 = 

'l \ 

The first rule in solving subtraction by addition -- THE COMPLEMENT OF A 

DIGIT IS EQUAL TO ONE LESS THAN THE RADIX, MINUS THAT DIGIT. Following 

this rule, the decimal system uses the 9s complement and binary uses the Is complement. 

Both 9 and 1 are one less than the base 10 and 2 respectively. 

Example: The 9s complement of 6 is: 9 minus 6, or 3. 

The 1 s complement of 0 is: 1 minus 0, or 1. 

What is the 9s complement of 632? (Complement each digit) _ .... :...\;_. -_"_ 

What is the 1 s complement of 1100? 

Dealing with more than one numbering system can lead to confusion unless care is 

exercised. As examples, 236 could be either a decimal or octal number and 101 could 

be decimal, octal, or binary. If there is any room for doubt, a subscript must be ap

pended to the number. 

236
8 

is an _,.l;Ri:!;.(_··'...\, ,'::....·;;;.,, __ number. 236
10 

is a ~ \: ( .. (1' i" v number. 

101
2 

is an _-'\ .... ",-"~lJIi~II--____ number. 

As shown in your Easy~oder notes, two arithmetic capabilities of the H-200 are: 

(BA) "?t #1 d "'~ " 

(BS) ~\ tJ ¥l1i.. "~I '" - 'J \'r'~ ~ 

When these operations are explained, you will see that the preceding 58 frames 

have provided necessary background information about numbering systems. 
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o and 1 

10101 = 21 

110011 51 

101100110 358 

367 

0011 

236
8 

OCTAL 

101
2 

BINARY 

236
10 

DECIMAL 

BINAR Y ADDITION 
BINAR Y SUBTRACTION 

A numbering systems background aids understanding of several areas besides 
arithmetic operations. Examples are: Deciphering control panel lights displaying 
binary address and memory location contents. Decoding octal portions of printed 
listings. Writing binary literals or constants on coding forms. Specifying six bit 
VARIANT char acter s with two digit octal. 
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This two value system using a and 1 and called the binary numbering system, lends 

itself to computer circuitry. A common example used in explaining this two value concept 

is the light bulb. The light bulb can only be in one of two states, 

As further practice in binary to decimal conversion, list the decimal equivalents 

of the following: 

10 10 

100 1 = 

alaI 

0010 

0111 

---

0100 

000 1 = 

00 11 = 

0110 = 

1000 

---
---
---

Complementing the subtrahend of a binary subtraction problem merely involves 

changing all ones to zeros and all zeros to ones. The ones complement of 00 1110 1 is 

11000 10. 

Complement the following: 

10010 

00100 

11111 It is that simple. 

In octal to decimal conversion, as with binary to decimal, each position is assigned 

its value of the power of the base and the values are added together. Thus, 356
8 

is equal 

to: 3 x 8
2 

5 x 8
1 

6 x 8
0 

TOTAL J L 

Quite often addresses are changed by the programmer from binary to decimal or 

from decimal to binary. These changes are most easily accomplished in the following 

sequences: 

(BINARY TO DECIMAL) Convert Binary to Octal, then Octal to Decimal 

1111112 77
8

, 778 63 10 

For DECIMAL TO BINARY, convert DECIMAL to __ .... 1_--,-__ then _...;;0_,"'-,_-...... 1_' _"_ to 

g(~ \'-' {\l\j. Example, 63
10 

___ , 
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ON or OFF 

(Return to page 47, fraITle 13. ) 

1010 = 10 0100 4 

100 1 = 

0101 = 

00 10 = 

0111 

9 0001 

5 0011 = 3 

2 0110 = 6 

7 1000 = 8 

(Return to page 47, fraITle 25.) 

0110 1 

11011 

00000 

(Return to page 47, fraITle 37. ) 

3 x 8
2 

= 192 

5 x 81 40 

6 x 8
0 

= 6 

TOTAL = 238
10 

(Return to page 47, fraITle 49. ) 

DECIMAL (to) OCTAL, (then) OCTAL (to) BINARY 

63 10 =77
8

, 778=11111112 

Binary to octal and octal to binary can be accoITlplished without ITluch difficulty. 
DeciITlal to octal and octal to deciITlal is siITlplified through use of the conversion 
tables on the following pages. 
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OCTAL - DECIMAL CONVERSION 
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Notice in the table at the right, that OCTAL nUTI1bers are shown as white digits on a black 

background. DECIMAL nUTI1bers cOTI1pose the TI1ajority of the table as four digits and increase 

in seven coluTI1ns froTI1 left to right. 

DECIMAL TO OCTAL CONVERSION: 

Locate deciTI1al nUTI1ber 27 in the table (0027). 

Read to the left for the octal nUTI1ber (0030). 

Read up froTI1 the deciTI1al to deterTI1ine the low 

order octal digit (3). Answer: 2710=338 

Leading zeros TI1ay be oTI1itted. 

OC TAL TO DECIMAL CONVERSION: 

Locate octal high and low order digits. 

ExaTI1ple: octal 1054 (1050,4) = 556
10 

The conversion tables on the following 

few pages TI1ay be reTI10ved for future reference. 

As practice in their use, convert the following: 

0560 
0568 
0576 
0584 
0592 
~"I)O 

0033 
0041 
0049 
0057 
0065 
0073 
0081 
(){'\Q0 

0561 
0569 
0577 
0585 
0593 
0f;0' 

0067 
0075 
0083 

--"'I) 0091 

0562 
0570 
0578 0579 
0586 0587 
0594 0595 

0005 
0013 
0021 
0029 
0037 
0045 
0053 
0061 

0068 0069 0070 0071 
0076 0077 0078 0079 
0084 0085 0086 0087 

ooql'O 

0518 0519 
0526 0527 
0534 0535 
0542 0543 
0550 0551 
0558 0559 
0566 0567 
0574 0575 

0580 0581 0582 0583 
0588 0589 0590 0591 
0596 0597 059R 0599 

0600; -"7 

(A) BINARY 101 011 
OCTAL 

DECIMAL 

(B) DECIMAL 4 0 9 5 (On the fourth table. ) 
OCTAL 

-----
(C) OCTAL 6573 

DECIMAL 

Answers: (D) OCTAL 4000 
BINARY 100000000000 

(B) OCTAL 7 7 7 7 
BINARY III III III III 

72 

BINARY ----
(D) DECIMAL 2048 

OCTAL 
BINARY ------

(C) DECIMAL 3451 

(A) OCTAL 53 
DECIMAL 43 
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OCTAL 0000 to 0777 DECIMAL 0000 to 0511 DECIMAL 0512 to 1023 OCTAL 1000~1777 

0001 0002 0003 0004 0005 0006 0007 0512 0513 0514 0515 0516 0517 0518 0519 
0009 0010 0011 0012 0013 0014 0015 0520 0521 0522 0523 0524 0525 0526 0527 ,t\. 0017 0018 0019 0020 0021 0022 0023 0528 0529 0530 0531 0532 0533 0534 0535 ." 0025 0026 0027 t 0028 0029 0030 0031 0536 0537 0538 0539 0540 0541 0542 0543 
0033 0034 0035 0036 0037 0038 0039 0544 0545 0546 0547 0548 0549 0550 0551 
0041 0042 0043 0044 0045 0046 0047 0552 0553 0554 0555 0556 0557 0558 0559 
0049 0050 0051 0052 0053 0054 0055 0560 0561 0562 0563 0564 0565 0566 0567 

0056 0057 0058 0059 0060 0061 0062 0063 0568 0569 0570 0571 0572 0573 0574 0575 

.. , 
0040 II 
0050 .. ' . 
0060 .. " : 
0070 

0064 0065 0066 0067 0068 0069 0070 0071 0576 0577 0578 0579 0580 0581 0582 0583 
0072 0073 0074 0075 0076 0077 0078 0079 0584 0585 0586 0587 0588 0589 0590 0591 
0080 0081 0082 0083 0084 0085 0086 0087 0592 0593 0594 0595 0596 0597 0598 0599 
0088 0089 0090 0091 0092 0093 0094 0095 0600 0601 0602 0603 0604 0605 0606 0607 
0096 0097 0098 0099 0100 0101 0102 0103 0608 0609 0610 0611 0612 0613 0614 0615 
0104 0105 0106 0107 0108 0109 0110 0111 0616 0617 0618 0619 0620 0621' 0622 0623 
0112 0113 0114 0115 0116 0117 0118 0119 0624 0625 0626 0627 0628 0629 0630 0631 
0120 0121 0122 0123 0124 0125 0126 0127 0632 0633 0634 0635 0636 0637 0638 0639 

0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 

0128 0129 0130 0131 0132 0133 0134 0135 0640 0641 0642 0643 0644 0645 0646 0647 
0136 0137 0138 0139 0140 0141 0142 0143 0648 0649 0650 0651 0652 0653 0654 0655 0144 0145 0146 0147 0148 0149 0150 0151 0656 0657 0658 0659 0660 0661 0662 0663 
0152 0153 0154 0155 0156 0157 0158 0159 0664 0665 0666 0667 0668 0669 0670 0671 
0160 0161 0162 0163 0164 0165 0166 0167 0672 0673 0674 0675 0676 0677 0678 0679 
0168 0169 0170 0171 0172 0173 0174 0175 0680 0681 0682 0683 0684 0685 0686 0687 
0176 0177 0178 0179 0180 0181 0182 0183 0688 0689 0690 0691 0692 0693 0694 0695 
0184 0185 0186 0187 0188 0189 0190 0191 0696 0697 0698 0699 0700 0701 0702 0703 

0200 
0210 
0220 
0230 
0240 
0250 
0260 
0270 

0192 0193 0194 0195 0196 0197 0198 0199 0704 0705 0706 0707 0708 0709 0710 0711 
0200 0201 0202 0203 0204 0205 0206 0207 0712 0713 0714 0715 0716 0717 0718 0719 
0208 0209 0210 0211 0212 0213 0214 0215 0720 0721 0722 0723 0724 0725 0726 0727 
0216 0217 0218 0219 0220 0221 0222 0223 0728 0729 0730 0731 0732 0733 0734 0735 
0224 0225 0226 0227 0228 0229 0230 0231 0736 0737 0738 0739 0740 0741 0742 0743 
0232 0233 0234 0235 0236 0237 0238 0239 0744 0745 0746 0747 0748 0749 0750 0751 
0240 0241 0242 0243 0244 0245 0246 0247 0752 0753 0754 0755 0756 0757 0758 0759 
0248 0249 0250 0251 0252 0253 0254 0255 0760 0761 0762 0763 0764 0765 0766 0767 

0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 

0256 0257 0258 0259 0260 0261 0262 0263 0768 0769 0770 0771 0772 0773 0774' 0775 
0264 0265 0266 0267 0268 0269 0270 0271 0776 0777 0778 0779 0780 0781 0782 0783 
0272 0273 0274 0275 0276 0277 0278 0279 0784 0785 0786 0787 0788 0789 0790 0791 
0280 0281 0282 0283 0284 0285 0286 0287 0792 0793 0794 0795 0796 0797 0798 0799 
0288 0289 0290 0291 0292 0293 0294 0295 0800 0801 0802 0803 0804 0805 0806 0807 
0296 0297 0298 0299 0300 0301 0302 0303 0808 0809 0810 0811 0812 0813 0814 0815 
0304 0305 0306 0307 0308 0309 0310 0311 0816 0817 0818 0819 0820 0821 0822 0823 
0312 0313 0314 0315 0316 0317 0318 0319 0824 0825 0826 0827 0828 0829 0830 0831 

0400 
0410 
0420 
0430 
0440 
0450 
0460 
0470 

0320 0321 0322 0323 0324 0325 0326 0327 0832 0833 0834 0835 0836 0837 0838 0839 

'. 0328 0329 0330 0331 0332 0333 0334 0335 0840 0841 0842 0843 0844 0845 0846 0847 
0336 0337 0338 0339 0340 0341 0342 0343 0848 0849 0850 0851 0852 0853 0854 0855 
0344 0345 0346 0347 0348 0349 0350 0351 0856 0857 0858 0859 0860 0861 0862 0863 
0352 0353 0354 0355 0356 0357 0358 0359 0864 0865 0866 0867 0868 0869 0870 0871 
0360 0361 0362 0363 0364 0365 0366 0367 0872 0873 0874 0875 0876 0877 0878 0879 
0368 0369 0370 0371 0372 0373 0374 0375 0880 0881 0882 0883 0884 0885 0886 0887 
0376 0377 0378 0379 0380 0381 0382 0383 0888 0889 0890 0891 0892 0893 0894 0895 

0500 
0510 
0520 
0530 
0540 
0550 
0560 
0570 

0384 0385 0386 0387 0388 0389 0390 0391 0896 0897 0898 0899 0900 0901 0902 0903 
0392 0393 0394 0395 0396 0397 0398 0399 0904 0905 0906 0907 0908 0909 0910 0911 
0400 0401 0402 0403 0404 0405 0406 0407 0912 0913 0914 0915 0916 0917 0918 0919 
0408 0409 0410 0411 0412 0413 0414 0415 0920 0921 0922 0923 0924 0925 0926 0927 
0416 0417 0418 0419 0420 0421 0422 0423 0928 0929 0930 0931 0932 0933 0934 0935 
0424 0425 0426 0427 0428 0429 0430 0431 0936 0937 0938 0939 0940 0941 0942 0943 
0432 0433 0434 0435 0436 0437 0438 0439 0944 0945 0946 0947 0948 0949 0950 0951 
0440 0441 0442 0443 0444 0445 0446 0447 0952 0953 0954 0955 0956 0957 0958 0959 

0600 
0610 
0620 
0630 
0640 
0650 
0660 
0670 

0448 0449 0450 0451 0452 0453 0454 0455 0960 0961 0962 0963 0964 0965 0966 0967 
[ 0456 0457 0458 0459 0460 0461 0462 0463 0968 0969 0970 0971 0972 0973 0974 0975 

0464 0465 0466 0467 0468 0469 0470 0471 0976 0977 0978 0979 0980 0981 0982 0983 
0472 0473 0474 0475 0476 0477 0478 0479 0984 0985 0986 0987 0988 0989 0990 0991 

0700 

0480 0481 0482 0483 0484 0485 0486 0487 0992 0993 0994 0995 0996 0997 0998 0999 
0488 0489 0490 0491 0492 0493 0494 0495 1000 1001 1002 1003 1004 1005 1006 1007 
0496 0497 0498 0499 0500 0501 0502 0503 1008 100~ 1010 1011 1012 1013 1014 1015 
0504 0505 0506 0507 0508 0509 0510 0511 1016 1017 1018 1019 1020 1021 1022 1023 

Octal-Decimal Conversion Table 

73 



LESSON IV. PART I: NUMBERING SYSTEMS 

OCTAL 2000 to 2777 DECIMAL 1024 to 1535 OCTAL 3000t03777 DECIMAL 1536 to 2047 

0 2 3 4 5 6 7 ••••• 2000 1024 1025 1026 1027 1028 1029 1030 1031 1536 1537 1538 1539 1540 1541 1542 1543 
2010 1032 1033 1034 1035 1036 1037 1038 1039 1544 1545 1546 1547 1548 1549 1550 1551 
2020 1040 1041 1042 1043 1044 1045 1046 1047 1552 1553 1554 1555 1556 1557 1558 1559 
2030 1048 1049 1050 1051 1052 1053 1054 1055 1560 1561 1562 1563 1564 1565 1566 1567 
2040 1056 1057 1058 1059 1060 1061 1062 1063 1568 1569 1570 1571 1572 1573 1574 1575 
2050 1064 1065 1066 1067 1068 1069 1070 1071 1576 1577 1578 1579 1580 1581 1582 1583 
2060 1072 1073 1074 1075 1076 1077 1078 1079 1584 1585 1586 1587 1588 1589 1590 1591 
2070 1080 1081 1082 1083 1084 1085 1086 1087 1592 1593 1594 1595 1596 1597 1598 1599 
2100 1088 1089 1090 1091 1092 1093 1094 1095 1600 1601 1602 1603 1604 1605 1606 1607 
2110 1096 1097 1098 1099 1100 1101 1102 1103 1608 1609 1610 1611 1612 1613 1614 1615 
2120 1104 1105 1106 1107 1108 1109 1110 1111 1616 1617 1618 1619 1620 1621 1622 1623 
2130 1112 1113 1114 1115 1116 1117 1118 1119 1624 1625 1626 1627 1628 1629 1630 1631 
2140 1120 1121 1122 1123 1124 1125 1126 1127 1632 1633 1634 1635 1636 1637 1638 1639 
2150 1128 1129 1130 1131 1132 1133 1134 1135 1640 1641 1642 1643 1644 1645 1646 1647 
2160 1136 1137 1138 1139 1140 1141 1142 1143 1648 1649 1650 1651 1652 1653 1654 1655 
2170 1144 1145 1146 1147 1148 1149 1150 1151 1656 1657 1658 1659 1660 1661 1662 1663 
2200 1152 1153 1154 1155 1156 1157 1158 1159 1664 1665 1666 1667 1668 1669 1670 1671 
2210 1160 1161 1162 1163 1164 1165 1166 1167 1672 1673 1674 1675 1676 1677 1678 1679 
2220 1168 1169 1170 1171 1172 1173 1174 1175 1680 1681 1682 1683 1684 1685 1686 1687 
2230 1176 1177 1178 1179 1180 1181 1182 1183 1688 1689 1690 1691 1692 1693 1694 1695 
2240 1184 1185 1186 1187 1188 1189 1190 1191 1696 1697 1698 1699 1700 1701 1702 1703 
2250 1192 1193 1194 1195 1196 1197 1198 1199 1704 1705 1706 1707 1708 1709 1710 1711 
2260 1200 1201 1202 1203 1204 1205 1206 1207 1712 1713 1714 1715 1716 1717 1718 1719 
2270 1208 1209 1210 1211 1212 1213 1214 1215 1720 1721 1722 1723 1724 1725 1726 1727 
2jOO 1217 1218 1219 1220 1221 1222 1223 1728 1729 1730 1731 1732 1733 1734 1735 
2310 1225 1226 1227 1228 1229 1230 1231 1736 1737 1738 1739 1740 1741 1742 1743 
2320 1233 1234 1235 1236 1237 1238 1239 1744 1745 1746 1747 1748 1749 1750 1751 
2330 ' . 1241 1242 1243 1244 1245 1246 1247 1752 1753 1754 1755 1756 1757 1758 1759 
2340 ' : 1249 1250 1251 1252 1253 1254 1255 1760 1761 1762 1763 1764 1765 1766 1767 
2350 1257 1258 1259 1260 1261 1262 1263 1768 1769 1770 1771 1772 1773 1774 1775 
2360 · ' 1265 1266 1267 1268 1269 1270 1271 1776 1777 1778 1779 1780 1781 1782 1783 
2370 1273 1274 1275 1276 1277 1278 1279 1784 1785 1786 1787 1788 1789 1790 1791 
2400 :I 1281 1282 1283 1284 1285 1286 1287 1792 1793 1794 1795 1796 1797 1798 1799 
2410 .. 1289 1290 1291 1292 1293 1294 1295 1800 1801 1802 1803 1804 1805 1806 1807 
2420 · . 1297 1298 1299 1300 1301 1302 1303 1808 1809 1810 1811 1812 1813 1814 1815 
2430 · ' 1305 1306 1307 1308 1309 1310 1311 1816 1817 1818 1819 1820 1821 1822 1823 
2440 1313 1314 1315 1316 1317 1318 1319 1824 1825 1826 1827 1828 1829 1830 1831 
2450 1321 1322 1323 1324 1325 1326 1327 1832 1833 1834 1835 1836 1837 1838 1839 
2460 1329 1330 1331 1332 1333 1334 1335 1840 1841 1842 1843 1844 1845 1846 1847 
2470 1337 1338 1339 1340 1341 1342 1343 1848 1849 1850 1851 1852 1853 1854 1855 
2500 1345 1346 1347 1348 1349 1350 1351 1856 1857 1858 1859 1860 1861 1862 1863 
2510 1353 1354 1355 1356 1357 1358 1359 1864 1865 1866 1867 1868 1869 1870 1871 
2520 • • 1361 1362 1363 1364 1365 1366 1367 1872 1873 1874 1875 1876 1877 1878 1879 
2530 .. 1369 1370 1371 1372 1373 1374 1375 1880 1881 1882 1883 1884 1885 1886 1887 
2540 1377 1378 1379 1380 1381 1382 1383 1888 1889 1890 1891 1892 1893 1894 1895 
2550 : ' 1385 1386 1387 1388 1389 1390 1391 1896 1897 1898 1899 1900 1901 1902 1903 
2560 1393 1394 1395 1396 1397 1398 1399 1904 1905 1906 1907 1908 1909 1910 1911 
2570 ' .. 1401 1402 1403 1404 1405 1406 1407 1912 1913 1914 1915 1916 1917 1918 1919 
2600 ~ .: 1409 1410 1411 1412 1413 1414 1415 1920 1921 1922 1923 1924 1925 1926 1927 
2610 , . 1417 1418 1419 1420 1421 1422 1423 1928 1929 1930 1931 1932 1933 1934 1935 
2620 1425 1426 1427 1428 1429 1430 1431 1936 1937 1938 1939 1940 1941 1942 1943 
2630 1433 1434 1435 1436 1437 1438 1439 1944 1945 1946 1947 1948 1949 1950 1951 
2640 ' , . 1441 1442 1443 1444 1445 1446 1447 1952 1953 1954 1955 1956 1957 1958 1959 
2650 ~ :.4 : 1449 1450 1451 1452 1453 1454 1455 1960 1961 1962 1963 1964 1965 1966 1967 
2660 , . 1457 1458 1459 1460 1461 1462 1463 1968 1969 1970 1971 1972 1973 1974 1975 
2670 ' . ' 1465 1466 1467 1468 1469 1470 1471 1976 1977 1978 1979 1980 1981 1982 1983 
2700 1473 1474 1475 1476 1477 1478 1479 1984 1985 1986 1987 1988 1989 1990 1991 
2710 :.4 : I 1481 1482 1483 1484 1485 1486 1487 1992 1993 1994 1995 1996 1997 1998 1999 
2720 :. : : 1489 1490 1491 1492 1493 1494 1495 2000 2001 2002 2003 2004 2005 2006 2007 
2730 ' .. 1497 1498 1499 1500 1501 1502 1503 2008 2009 2010 2011 2012 2013 2014 2015 
2740 · ' 1505 1506 1507 1508 1509 1510 1511 2016 2017 2018 2019 2020 2021 2022 2023 
2750 1513 1514 1515 1516 1517 1518 1519 2024 2025 2026 2027 2028 2029 2030 2031 
2760 1521 1522 1523 1524 1525 1526 1527 2032 2033 2034 2035 2036 2037 2038 2039 
2770 1529 1530 1531 1532 1533 1534 1535 2040 2041 2042 2043 2044 2045 2046 2047 

Octal-Decimal Conversion Table (cont) 
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LESSON IV. PART I: NUMBERING SYSTEMS 

OCTAL 4000 to 4717 DECIMAL 2048 to 2559 OCTAL 5000to5777 DECIMAL 2560 to 3071 

2049 2050 2051 2052 2053 2054 2055 2561 2562 2563 2564 2565 2566 2567 
2057 2058 2059 2060 2061 2062 2063 2569 2570 2571 2572 2573 2574 2575 
2065 2066 2067 2068 2069 2070 2071 2577 2578 2579 2580 2581 2582 2583 
2073 2074 2075 2076 2077 2078 2079 2585 2586 2587 2588 2589 2590 2591 
2081 2082 2083 2084 2085 2086 2087 2593 2594 2595 2596 2597 2598 2599 
2089 2090 2091 2092 2093 2094 2095 2601 2602 2603 2604 2605 2606 2607 

2096 2097 2098 2099 2100 2101 2102 2103 2609 2610 2611 2612 2613 2614 2615 
2104 2105 2106 2107 2108 2109 2110 2111 2617 2618 2619 2620 2621 2622 2623 

2113 2114 2115 2116 2117 2118 2119 2625 2626 2627 2628 2629 2630 2631 
2120 2121 2122 2123 2124 2125 2126 2127 2633 2634 2635 2636 2637 2638 2639 
2128 2129 2130 2131 2132 2133 2134 2135 2641 2642 2643 2644 2645 2646 2647 
2136 2137 2138 2139 2140 2141 2142 2143 2649 2650 2651 2652 2653 2654 2655 
2144 2145 2146 2147 2148 2149 2150 2151 2657 2658 2659 2660 2661 2662 2663 
2152 2153 2154 2155 2156 2157 2158 2159 2665 2666 2667 2668 2669 2670 2671 
2160 2161 2162 2163 2164 2165 2166 2167 2673 2674 2675 2676 2677 2678 2679 
2168 2169 2170 2171 2172 2173 2174 2175 2681 2682 2683 2684 2685 2686 2687 

2177 2178 2179 2180 2181 2182 2183 2689 2690 2691 2692 2693 2694 2695 
i 2185 2186 2187 2188 2189 2190 2191 2697 2698 2699 2700 2701 2702 2703 

2193 2194 2195 2196 2197 2198 2199 2705 2706 2707 2708 2709 2710 2711 
4230 .. 2201 2202 2203 2204 2205 2206 2207 2713 2714 2715 2716 2717 2718 2719 
4240 .: 2209 2210 2211 2212 2213 2214 2215 2721 2722 2723 2724 2725 2726 2727 
4250 2217 2218 2219 2220 2221 2222 2223 2729 2730 2731 2732 2733 2734 2735 
4260 2225 2226 2227 2228 2229 2230 2231 2737 2738 2739 2740 2741 2742 2743 
4270 2233 2234 2235 2236 2237 2238 2239 2745 2746 2747 2748 2749 2750 2751 
4300 2240 2241 2242 2243 2244 2245 2246 2247 2753 2754 2755 2756 2757 2758 2759 
4310 2248 2249 2250 2251 2252 2253 2254 2255 2761 2762 2763 2764 2765 2766 2767 
4320 2256 2257 2258 2259 2260 2261 2262 2263 2769 2770 2771 2772 2773 2774 2775 
4330 2264 2265 2266 2267 2268 2269 2270 2271 2777 2778 2779 2780 2781 2782 2783 
4340 2272 2273 2274 2275 2276 2277 2278 2279 2785 2786 2787 2788 2789 2790 2791 
4350 2280 2281 2282 2283 2284 2285 2286 2287 2793 2794 2795 2796 2797 2798 2799 
4360 2288 2289 2290 2291 2292 2293 2294 2295 2801 2802 2803 2804 2805 2806 2807 
4370 2296 2297 2298 2299 2300 2301 2302 2303 2809 2810 2811 2812 2813 2814 2815 
4400 . ' 2305 2306 2307 2308 2309 2310 2311 2817 2818 2819 2820 2821 2822 2823 
4410 2312 2313 2314 2315 2316 2317 2318 2319 2825 2826 2827 2828 2829 2830 2831 
4420 2320 2321 2322 2323 2324 2325 2326 2327 2833 2834 2835 2836 2837 2838 2839 
4430 2328 2329 2330 2331 2332 2333 2334 2335 2841 2842 2843 2844 2845 2846 2847 
4440 2336 2337 2338 2339 2340 2341 2342 2343 2849 2850 2851 2852 2853 2854 2855 
4450 2344 2345 2346 2347 2348 2349 2350 2351 2857 2858 2859 2860 2861 2862 2863 
4460 2352 2353 2354 2355 2356 2357 2358 2359 2865 2866 2867 2868 2869 2870 2871 
4470 2360 2361 2362 2363 2364 2365 2366 2367 2873 2874 2875 2876 2877 2878 2879 
4500 2368 2369 2370 2371 2372 2373 2374 2375 2881 2882 2883 2884 2885 2886 2887 
4510 2376 2377 2378 2379 2380 2381 2382 2383 2889 2890 2891 2892 2893 2894 2895 
4520 2384 2385 2386 2387 2388 2389 2390 2391 2897 2898 2899 2900 2901 2902 2903 
4530 2392 2393 2394 2395 2396 2397 2398 2399 2905 2906 2907 2908 2909 2910 2911 
4540 2400 2401 2402 2403 2404 2405 2406 2407 2913 2914 2915 2916 2917 2918 2919 
4550 2408 2409 2410 2411 2412 2413 2414 2415 2921 2922 2923 2924 2925 2926 2927 
4560 2416 2417 2418 2419 2420 2421 2422 2423 2929 2930 2931 2932 2933 2934 2935 
4570 2424 2425 2426 2427 2428 2429 2430 2431 2937 2938 2939 2940 2941 2942 2943 
4600 2433 2434 2435 2436 2437 2438 2439 2945 2946 2947 2948 2949 2950 2951 
4610 ' , . 2441 2442 2443 2444 2445 2446 2447 2953 2954 2955 2956 2957 2958 2959 
4620 ~ ~ : 2449 2450 2451 2452 2453 2454 2455 2961 2962 2963 2964 2965 .2966 2967 
4630 . 2457 2458 2459 2460 2461 2462 2463 2969 2970 2971 2972 2973 2974 2975 
4640 ' . ' 2465 2466 2467 2468 2469 2470 2471 2977 2978 2979 2980 2981 2982 2983 
4650 2473 2474 2475 2476 2477 2478 2479 2985 2986 2987 2988 2989 2990 2991 
4660 I : I 2481 2482 2483 2484 2485 2486 2487 2993 2994 2995 2996 2997 2998 2999 
4670 I : : 2489 2490 2491 2492 2493 2494 2495 3000 3001 3002 3003 3004 3005 3006 3007 
4700 ' .. 2497 2498 2499 2500 2501 2502 2503 3008 3009 3010 3011 3012 3013 3014 3015 
4710 . ' 2505 2506 2507 2508 2509 2510 2511 3016 3017 3018 3019 3020 3021 3022 3023 
4720 2513 2514 2515 2516 2517 2518 2519 3024 3025 3026 3027 3028 3029 3030 3031 
4730 2520 2521 2522 2523 2524 2525 2526 2527 3032 3033 3034 3035 3036 3037 3038 3039 
4740 2528 2529 2530 2531 2532 2533 2534 2535 3040 3041 3042 3043 3044 3045 3046 3047 
4750 2536 2537 2538 2539 2540 2541 2542 2543 3048 3049 3050 3051 3052 3053 3054 3055 
4760 2544 2545 2546 2547 2548 2549 2550 2551 3056 3057 3058 3059 3060 3061 3062 3063 
4770 2552 2553 2554 2555 2556 2557 2558 2559 3064 3065 3066 3067 3068 3069 30703071 
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LESSON IV. PART I: NUMBERING SYSTEMS 

OCTAL 6000 to 6777 DECIMAL 3072 to 3583 OCTAL 7000 to 7777 DECIMAL 3584 to 4095 

•• 3072 3073 3074 3075 3076 3077 3078 3079 3584 3585 3586 3587 3588 3589 3590 3591 
3080 3081 3082 3083 3084 3085 3086 3087 3592 3593 3594 3595 3596 3597 3598 3599 
3088 3089 3090 3091 3092 3093 3094 3095 3600 3601 3602 3603 3604 3605 3606 3607 
30% 3097 3098 3099 3100 3101 3102 3103 3608 3609 3610 3611 3612 3613 3614 3615 
3104 3105 3106 3107 3108 3109 3110 3111 3616 3617 3618 3619 3620 3621 3622 3623 
3112 3113 3114 3115 3116 3117 3118 3119 3624 3625 3626 3627 3628 3629 3630 3631 
3120 3121 3122 3123 3124 3125 3126 3127 3632 3633 3634 3635 3636 3637 3638 3639 
3128 3129 3130 3131 3132 3133 3134 3135 3640 3641 3642 3643 3644 3645 3646 3647 
3136 3137 3138 3139 3140 3141 3142 3143 3648 3649 3650 3651 3652 3653 3654 3655 
3144 3145 3146 3147 3148 3149 3150 3151 3656 3657 3658 3659 3660 3661 3662 3663 
3152 3153 3154 3155 3156 3157 3158 3159 3664 3665 3666 3667 3668 3669 3670 3671 
3160 3161 3162 3163 3164 3165 3166 3167 3672 3673 3674 3675 3676 3677 3678 3679 
3168 3169 3170 3171 3172 3173 3174 3175 3680 3681 3682 3683 3684 3685 3686 3687 
3176 3177 3178 3179 3180 3181 3182 3183 3688 3689 3690 3691 3692 3693 3694 3695 
3184 3185 3186 3187 3188 3189 3190 3191 3696 3697 3698 3699 3700 3701 3702 3703 
3192 3193 3194 3195 3196 3197 3198 3199 3704 3705 3706 3707 3708 3709 3710 3711 
3200 3201 3202 3203 3204 3205 3206 3207 3712 3713 3714 3715 3716 3717 3718 3719 
3208 3209 3210 3211 3212 3213 3214 3215 3720 3721 3722 3723 3724 3725 3726 3727 
3216 3217 3218 3219 3220 3221 3222 3223 3728 3729 3730 3731 3732 3733 3734 3735 
3224 3225 3226 3227 3228 3229 3230 3231 3736 3737 3738 3739 3740 3741 3742 3743 
3232 3233 3234 3235 3236 3237 3238 3239 3744 3745 3746 3747 3748 3749 3750 3751 
3240 3241 3242 3243 3244 3245 3246 3247 3752 3753 3754 3755 3756 3757 3758 3759 
3248 3249 3250 3251 3252 3253 3254 3255 3760 3761 3762 3763 3764 3765 3766 3767 
3256 3257 3258 3259 3260 3261 3262 3263 3768 3769 3770 3771 3772 3773 3774 3775 
3264 3265 3266 3267 3268 3269 3270 3271 3776 3777 3778 3779 3780 3781 3782 3783 
3272 3273 3274 3275 3276 3277 3278 3279 3784 3785 3786 3787 3788 3789 3790 3791 
3280 3281 3282 3283 3284 3285 3286 3287 3792 3793 3794 3795 3796 3797 3798 3799 
3288 3289 3290 3291 3292 3293 3294 3295 3800 3801 3802 3803 3804 3805 3806 3807 
3296 3297 3298 3299 3300 3301 3302 3303 38083809 3810 3811 3812 3813 3814 3815 
3304 3305 3306 3307 3308 3309 3310 3311 3816 3817 3818 3819 3820 3821 3822 3823 
3312 3313 3314 3315 3316 3317 3318 3319 3824 3825 3826 3827 3828 3829 3830 3831 
3320 3321 3322 3323 3324 3325 3326 3327 3832 ~833 3834 3835 3836 3837 3838 3839 
3328 3329 3330 3331 3332 3333 3334 3335 3840 3841 3842 3843 3844 3845 3846 3847 
3336 3337 3338 3339 3340 3341 3342 3343 3848 3849 3850 3851 3852 3853 3854 3855 
3344 3345 3346 3347 3348 3349 3350 3351 3856 3857 3858 3859 3860 3861 3862 3863 
3352 3353 3354 3355 3356 3357 3358 3359 3864 3865 3866 3867 3868 3869 3870 3871 
3360 3361 3362 3363 3364 3365 3366 3367 3872 \3873 3874 3875 3876 3877 3878 3879 
3368 3369 3370 3371 3372 3373 3374 3375 3880 3881 3882 3883 3884 3885 3886 3887 
3376 3377 3378 3379 3380 3381 3382 3383 3888 3889 3890 3891 3892 3893 3894 3895 
3384 3385 3386 3387 3388 3389 3390 3391 3896 3897 3898 3899 3900 3901 3902 3903 
3392 3393 3394 3395 3396 3397 3398 3399 3904 3905 3906 3907 3908 3909 3910 3911 
3400 3401 3402 3403 3404 3405 3406 3407 3912 3913 3914 3915 3916 3917 3918 3919 
3408 3409 3410 3411 3412 3413 3414 3415 3920 3921 3922 3923 3924 3925 3926 3927 
3416 3417 3418 3419 3420 3421 3422 3423 3928 3929 3930 3931 3932 3933 3934 3935 
3424 3425 3426 3427 3428 3429 3430 3431 3936 3937 3938 3939 3940 3941 3942 3943 
3432 3433 3434 3435 3436 3437 3438 3439 3944 3945 3946 3947 3948 3949 3950 3951 
3440 3441 3442 3443 3444 3445 3446 3447 3952 3953 3954 3955 3956 3957 3958 3959 
3448 3449 3450 3451 3452 3453 3454 3455 3960 3961 3962 3963 3964 3965 3966 3967 
3456 3457 3458 3459 3460 3461 3462 3463 3968 3969 3970 3971 3972 3973 3974 3975 
3464 3465 3466 3467 3468 3469 3470 3471 3976 3977 3978 3979 3980 3981 3982 3983 
3472 3473 3474 3475 3476 3477 3478 3479 3984 3985 3986 3987 3988 3989 3990 3991 
3480 3481 3482 3483 3484 3485 3486 3487 3992 3993 3994 3995 3996 3997 3998 3999 
3488 3489 3490 3491 3492 3493 3494 3495 4000 4001 4002 4003 4004 4005 4006 4007 
3496 3497 3498 3499 3500 3501 3502 3503 4008 4009 4010 4011 4012 4013 4014 4015 
3504 3505 3506 3507 3508 3509 3510 3511 4016 4017 4018 4019 4020 4021 4022 4023 
3512 3513 3514 3515 3516 3517 3518 3519 4024 4025 4026 4027 4028 4029 4030 4031 
3520 3521 3522 3523 3524 3525 3526 3527 4032 4033 4034 4035 4036 4037 4038 4039 
3528 3529 3530 3531 3532 3533 3534 3535 4040 4041 4042 4043 4044 4045 4046 4047 
3536 3537 3538 3539 3540 3541 3542 3543 4048 4049 4050 4051 4052 4053 4054 4055 
3544 3545 3546 3547 3548 3549 3550 3551 4056 4057 4058 4059 4060 4061 4062 4063 
3552 3553 3554 3555 3556 3557 3558 3559 4064 4065 4066 4067 4068 4069 4070 4071 
3560 3561 3562 3563 3564 3565 3566 3567 4072 4073 4074 4075 4076 4077 4078 4079 
3568 3569 3570 3571 3572 3573 3574 3575 4080 4081 4082 4083 4084 4085 4086 4087 
3576 3577 3578 3579 3580 3581 3582 3583 4088 4089 4090 4091 4092 4093 4094 4095 

Octal-Decimal Conversion Table (cant) 

76 



,_, 

LESSON IV 

PART II. HONEYWELL ALPHANUMERIC CODE 

77 



LESSON IV. PART II: HONEYWELL ALPHANUMERIC CODE 

(/ 0123456789 ABCDEFGHI JKLMNOPQR STUVWXYZ a.)(-$*/,%II~ 

ZONE 12 i f 111111111 III 
PUNCHES II , 111111111 III 

NUMERIC 
PUNCHES 

80 COLUMN 
SCALE 

o...J..Lo 00 0 0 0 0 010 0 0 0 0 0 0 0 0 0 0000000000000000000 U 00000001111111100000000000001110000000000 
123456JI 91~ll\1Il14'SI6111s19ro:lnnM~DI)a~mJ'llll!115.'J~B~llj!41~l\*.I%~O~I'~~~~~~J~~W61~!~~~~6·~~IDTlil'l~n~1118~~ 

1 1 II I I I I III I I I I I I I I I I I I I I III I I I I I I 1 III I I I I I I I 1 1 1 1 1 11 1 111 1 1 I 11 I 1 1 1 1 111 1 11 1 1 111 1 1 1 

2222222222122222222222222221222222222122222222122212 2 2 2 2222222222222222222222222 

33333333333133333333333333331333333333133333333133333333333333133133131333333333 

44444444 4 ~ 4 4144 4 44 4 44 44 4 4 4 4 4 414 4 4 4 4 4 4 4 414 4 4 4 4 4 4 414 4 4 4 4 4 4 4 4 4 4 4 4 414 414 41414 4 4 4 4 4 4 4 

5555555555555155555555555555551555555555155555555155 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ,555555555 

6666666666666616666&6666666666616666~6666166666666166666~66666666666666666666666 

1777777777777771777777 i 7 7 J 7 7 7 7 7 71 7 7 7 ) 7 177717777 17 7 71 7 7 7 77777777777777777777777 17 

88888888888888881888888888888888818888888881888888 8 818 8 88888 S 811811811118 8 8888 i 8 
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Figure 12. Hollerith Punched Card Code 

ALPHABETIC CHARACTERS 

A 01 0001 J 10 000 1 S 11 

B 01 00 10 K 10 00 10 T 11 

C 01 00 1 1 L 10 00 1 1 U 11 

D 01 o 100 M 10 o 100 V 11 

E 01 o 10 1 N 10 o 10 1 W 11 

F 01 o 1 10 0 10 o 1 10 X 11 

G 01 o 1 1 1 P 10 o 1 1 1 Y 11 

H 01 1000 Q 10 1000 Z 11 

I 01 100 1 R 10 100 1 

DECIMAL DIGITS 

0 00 0000 5 00 o 10 1 

1 00 0001 6 00 o 1 10 

2 00 00 10 7 00 o 1 1 1 

3 00 00 1 1 8 00 1000 

4 00 o 100 9 00 100 1 

SPECIAL CHARACTERS 

1 00 10 10 ) o 1 1100 -= 00 10 1 1 % o 1 1 10 1 -: 00 1 100 D o 1 1 1 10 / 

Blank 00 1 10 1 - o 1 1 1 1 1 @ - 00 1 1 10 - 10 0000 , 
& 00 III 1 # 10 10 10 ( 

+ o 1 0000 $ 10 10 1 1 C
R 

; o 1 10 10 ~:, 1 0 1 100 -o 1 10 1 1 11 10 1 10 1 -- 10 1 1 10 

_ Non standard syITlbol. Printed blank by standard printer. 

Figure 13. AlphanUITleric Representation 
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00 10 

001 1 

o 100 

o 10 1 

o 1 10 

o 1 1 1 

1000 

100 1 

10 1 1 1 1 

1 1 0000 

1 1 000 1 

1 1 10 10 

1 1 10 1 1 

1 1 1 100 

1 1 1 10 1 

1 1 1 1 10 

1 1 1 1 1 1 
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LESSON IV. PART II: HONEYWELL ALPHANUMERIC CODE 

Punched card code is shown in Figure 12. (NOTE: This code should properly be 

referred to by the name of its originator, Dr. Herman Hollerith. You may have been 

accustomed to improperly calling it by a company name in your previous programming. ) 

To assure yourself that code is the same punched card code with ----------------
which you are familiar, notice the designation of digits and letters according to: no zone 

punch, 12 zone punch, 11 zone punch, 0 zone punch. 

The relationship between Hollerith groups, zone punches and the BA cores is shown 

below: 

ZONE 
BA GROUP CONTAINS PUNCHED 

0 0 0 0-9 NONE 
0 1 1 A-I 12 
1 0 2 J-R 11 
1 1 3 S-Z 0 

Write the binary digits to designate the group containing: 

4~~, E~_\_, L_'_--1L' W-L L--

Check the correctness of the chart constructed in frame 66 by referring to the chart 

printed on the reverse side of the EASYCODER NOTES PAGE (from LESSON I). 
BA 

Each letter in GROUP "3" (l 1) is numerically designated by the 8421 cores as being 

1"',,-< than the position it occupies. 
----~~~------

The octal numbering system is simply a shorthand method of expressing six bits 

by writing only two digits. It is called octal because it uses powers of 8 and is compatible 

with the binary base 2 because the -rtf r.-@poweroftwo (2 3)=----.:Oiil:·~ ____ __ 

Use the cross reference chart to locate the following characters, then write both 

the octal and binary designations. 

OCTAL 

BINARY 

H o N E Y W E L L 
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4 

E 

L 

W 

67. 

70. 

73. 
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BA 

= 0 0 

= 0 1 

= 1 0 

= 1 1 

H 
30 

011000 

If only a 
numeric 
punch is 
in any 
column it 
represents 
whatever 
number is 
punched out 

Group "0" 
BA = 00 

o N 
46 

100110 
45 

100101 

HOLLERITH 

12 Punch 11 Punch 
AND AND 
I-A 1- J 
2-B 2-K 
3-C 3-L 
4-D 4-M 
5-E 5-N 
6-F 6-0 
7-G 7-P 
8-H 8-Q 
9-1 9-R 

Group" 1" Group "2" 
BA = 01 BA = 10 

ONE GREATER (MORE) 

THIRD power of two 
2 3 = 8 

E 
25 

010101 

Y 
70 

111000 

W 
66 

110110 

o Punch 
AND 
2-S 
3-T 
4-U 
5- V 
6-W 
7-X 
8- Y 
9-Z 

Group" 3" 
BA = 11 

E 

25 
010101 

L 

44 
100100 

L 

44 
100100 
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LESSON IV. PART II: HONEYWELL ALPHANUMERIC CODE 

Hollerith code is divided into four groups referred to as Group "0" containing 0-9, 

"I" with A-I, "2" with J-R, and designated by the absence or presence of 12, 11, 0, 

Zone punches. Complete this chart. 

GROUP CONTAINS ZONE PUNCHED 

0 0-9 
I 

1 A-I 
, 

2 J-R J 

3 S-Z '-J 

65. The 8, 4, 2, 1 cores specify the numeric punch. This designates the position of 

the character within the group identified by the BA cores. Example: ~~ ~i~ ~ is GROUP 

"I", FIFTH CHARACTER, which is E. Refer to the chart at the left as needed to decode: 

BA 8421, 
12 punch & 8, 000010, 

BA 8421, 
00 0000, 

BA 8421, 
00 0000, 

12 punch & 3, 10 0110, 10 0100, 100111, 1 1 0100, 11 0011, o 1 0101, 1 0 1001 

68. 

71. 

74. 

( 

Also on the back of the Basic EASYCODER NOTES page is a reference chart for 

all the Honeywell alphanumeric letters, digits, and special symbols. The example shows 

how to decode binary 101011. Similarly, you can encode by locating a character, read-

ing the column to the left to locate the F i ((J __ V;..!c...:_' _I.;..' ,.1.2,-_ and reading the 

column at the top for the _c~") .... \;---,-(..:..0.:...:-.J--",\) __ 

The relationship between base 2 and base 8 is shown by writing the decimal values 

in this chart. 

BINARY 2
6 

2
3 

2
0 

OCTAL 8
2 

8
1 

8
0 

DECIMAL li- ~ -' 

Octal designation of six bit binary numbers is a convenience that will become familiar 

through practice. Simply remember that each octal digit is formed by a combination of 

the 4, 2, and 1 bits. Encode: 

101 

I 
? 

010 

r-

000 III 011 

--' -'-

110 110 11 1 
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GROUP 

0 
1 
2 
3 

65. 

68. 

71. 

BINARY 

OCTAL 

DECIMAL 

74. 

82 

CONTAINS 

0-9 
A-I 
J-R 
S-Z 

H-200 
COMPUTER 

FIRST THREE BITS 
SECOND THREE BITS 

2
6 2

3 

8
2 

8
1 

64 8 
- -

52 07 36 67 

ZONE PUNCHED 

NONE 
12 
11 

0 

2° 

8° 

1 
-
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66. 

69. 

72. 

75. 

LESSON IV. PART II: HONEYWELL ALPHANUMERIC CODE 

Hollerith punched card code is the basis for Honeywell's alphanumeric code. The 

character storage portion of a memory location (BA 8421 cores) designates both the 

Hollerith group and the numeric punch as binary numbers. Letting the B and A cores 

represent binary l' s or 0' s, write the two bit binary number for each Hollerith group. 

B A 
GROUP "0" (J () 

GROUP "I" " 
GROUP "2" ,. 

----
GROUP "3" ----

When a chart or table is available, Hollerith or Honeywell codes may be decoded 

or encoded easily. However, if you were without a reference, it would not be too difficult 

to construct your own chart. As an example, complete the chart on the reverse side of 

this frame. 

Notice on the chart example that two methods are shown for expressing digits. One 

method is BINARY, the other method is called ,6 (: ~ 1+ - and expresses the first three 

bits with one digit and the second __ ....... >.::.) __ _ i. ~ " ,with ,.,. I. , 
--~~~~ ---~~----

t? iL:; I 

For practice in using octal to denote six bit binary, write the following binary 

numbers as their octal equivalent. 

BINARY 010 1 0 1 0 1 0 o 0 1 1 1 0 o 1 0 1 1 1 000 

OCTAL ~ ~ ?- I --.1a- ~ -.:L ~ --- ---

Now, use each group of two octal digits to locate the appropriate characters on the cross 

reference chart that is on the BASIC EASYCODER NOTES page. 

One specific difference between 1401 alphameric and Honeywell alphanumeric code 

concerns zero and blank. 

In 1401 code, 000 000 equals blank and 001 010 equals zero. 

However in Honeywell code, zero is logically _-"C...,'(.LiG>c,_""CCj,;(...,v",,' _ and blank is a special 

s ym bo 1 code d __ v",-' .:::0_'1-----",,'-'--____ _ 

83 
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63. 

B A 
GROUP "0" 0 0 
GROUP "1" 0 1 
GROUP "2" 0 
GROUP "3" 1 

(Return to page h, frame 64. ) 

66. CHART: Hollerith Zone and Numeric or Honeywell Alphanumeric 

NUMERIC ONLY 12 ZONE & NUMERIC 1 1 ZONE & NUMERIC 
GROUP "0" GROUP "1" GROUP "2" 

B A 8421 B A 8421 B A 8421 
0 = 0 0 0000 A = J = ---- - ----
I = = = -- -- - ---- - ----
2 = = = -- -- - ---- - ----
3 = = = -- -- - ---- - ----
4 = = = 

-- -- - ---- - ----
5 = = = -- -- - ---- - ----
6 = = = -- -- - ---- - ----
7 = = = ----- - ---- - ----
8 = l. = .R. = -- -- ---- ----
9 = -- --

(Return to page"lt frame 67. ) 

69. 
OCTAL 
THREE BITS with ONE DIGIT 

(Return to page 1<b frame 70. ) 

72. 
BINARY 010 1 0 1 0 1 0 0 0 1 1 1 a 
OCTAL 2 5 2 1 6 
CHARAC TERS: E A S 

75. 

84 

(Return to page 1<& frame 73. ) 

HONEYWELL ZERO = 000 000 
HONEYWELL BLANK = 00 1 10 1 

(Continue to page 85. ) 

0 ZONE & NUMERIC 
GROUP "3" 

B A 8421 
S = 1 1 0010 

= - ----
= - ----
= - ----= - ----
= 

- ----
= - ----

Z= - ----

0 1 a 1 1 1 0 a 0 
2 7 a 

Y 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

STORAGE, RETRIEVAL AND EXECUTION 

From a programmers' standpoint, there are two obvious H-200 superiorities apparent when 

contrasted with 1401 operation: 

MEMOR Y CYCLE 

SIMULT ANEITY 

H-200 

2 microseconds 

Multiple Operations 

vs. 

vs. 

1401 

11.5 microseconds 

Serial Operations 

Simultaneity and the ability to take advantage of fast memory cycle time are made pos sible 

by the H-200's CONTROL MEMORY. Registers in control memory provide simultaneity of pe

ripheral operations with computation and also contribute to memory cycle of less than one fifth 

that of the 1401. Control memory cycle of the 16 available registers is 500 billionths of a second. 

Consequently, control memory has four complete cycles in which operations may be accomplished 

during a 2 microsecond main memory cycle. 

Some of the control memory operations performed are to assist retrieval from main memory. 

{Selecting addresses, interpreting addresses, directing retrieval, directing arithmetic functions, 

etc.} The illustration below shows how control memory operations overlap a main memory cycle 

enabling memory locations to be accessed and retrieved in only 2 microseconds~ 

MAIN MEMORY CYCLE 

2 microseconds 

RETRIEVAL OF FIRST CHARACTER 
According to the addres s contained in the 
CONTROL MEMORY: 

Instruction Address Register 
(or) A Address Register 
(or) B Address Register 

/ 2 Microseconds --------+1 

CONTROL MEMORY CYCLES PREPARATION TO RETRIEVE NEXT 

.5 microseconds CHARACTER , 
I 

I , I ' I 
I I I I I 
~.5 ---t .. of.l ___ -.5 -_ ..... ,.--.. 5 -_alol: __ t---.5 ----' 
, 1 1 1 
1 I 

,Four complete control memory cycles occur during a main rr:.t:E.:_~y cy~!e.. The control unit 

selects the appropriate register, interprets an address, etc. This prepares for retrieval or 

execution of the NEXT character while main memory is retrieving the previous character. A 

1401 requires 230. microsecon<;!,s __ ~.~._s_el~~.!LiIlterpret_, ,r~tri_eve and execute typicaL Addinstruction. 

The fast memory cycle of the H-200, aided by its control memory, can accomplish the same 

instruction in only 44 microseconds. 

It should be remembered that while H-200 central processor operations are much faster than 

the 1401, they are also SIMULTANEOUS WITH PERIPHERAL OPERATIONS. For example, the 

H-200 can simultaneously: Read or write 4360 tape records of 500 characters each, punch 250 

cards, read 800 cards, print 900 lines of 120 characters each, and execute 1,000,000 instruc

tions in one minute. 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

Prior to this lesson, reference has mostly been relative to main memory, i. e., the 

2048 memory locations of a basic H-200. The control unit uses a small memory bank for 

computer control descriptively named (:/f-J,I'--/L- rY'EP10,-=-'i 

The rule for punctuating an instruction is simpler than the several rules for 

punctuating data. Instructions are stored in consecutive memory locations with a WORD 

MARK in the leftmost (high order) memory location of each instruction. Therefore the 

o v CODE of each instruction will contain a W Q R \) 

After retrieval of the B address portion of the instruction, control memory will con-

tain the A address in the L _...l.(I_'_'I):-j):::..I.:.o(,-,,,,=-0:-"-,-__ €,";C,--:LC,lc-J( and the B address in the 

It should be remembered that these addresses 

are stored as 12 or 18 bits. 

The further specification or modification of an OP. CODE is the purpose of a 

One or more of these "modifiers" may be included 

as the rightmost memory location of the three instruction formats illustrated in frame 23. 

EXAMPLES: I OP. CODE V ARIANT I 
lOP. CODE A ADDRESS VARIANT VARIANT 

33. Six registers in control memory operate as counters and are assigned to the three 

read/write channels. All three pairs of read/write channel counters function identically. 

Therefore, only those associated with Read/Write Channell will be introduced. 
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CONTROL MEMORY 

OP. 
WORD MARK 

A ADDRESS REGISTER 

B ADDRESS REGISTER 

VARIANT CHARACTER 

NO ANSWER REQUIRED 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

Control IneInory is a Inatrix of cores providing 16 IneInory locations 18 core s In 

length. The 18 cores of each control IneInory location will store up to 3 six bit 

The control unit starts retrieving an instruction at the leftInost Inemory location, the 

OP. CODE. The cOInputer is designed to ignore the first WORD MARK sensed during 

Instruction Retrieval. Retrieval continues £rOIn left to right until the vJ~ \) Inark in the 

~ ~c- of the next instruction is sensed. 

"Two character addressing Inode" (2 IneInory locations - 12 continuousbits) 

is sufficient to address any H-200 IneInory location up to #4096. 

ExaInple: 000000001101 2 Address #13 10 

1111111111112 = Address #4095 10 

The deciInal address 757 can be stated as 

Note: A two character address Inust contain 12 bits. 

26. An OP. CODE register is part of the control unit and the purpose of a VARIANT 

34. 

character is to Inodify or further specify an operation. Consequently, in adqition to the 

nine registers of control IneInory, the ej"'''f-il,., unit Inust contain a register for both 

the ir 
i 

characters. 

Read/write channel counters are control IneInory registers which store the starting 

location and current locatio;' addresses of data being transferred. Descriptively naIned, 

they are the S. 7 A R -t r Iv ~ L ~/c.: It --(,Iv counter and the c.... V j,z i < t::-N T 

L a£ AJ T J IV counter. 
--~~J~~~~/~~---
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CHARACTERS 

WORD 

OP. CODE 

757 10 = 1011110101 2 

TO CONTAIN 12 BITS WRITTEN AS 001011110101 2 

CONTROL 
OP. CODE 
VARIANT 

STARTING LOCATION 

CURRENT LOCATION 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

The 16 memory locations in ~:[l0f-v ___ __ h-\-,-.:fGYY\-'"'-~l,-,\,-l...~y __ are called control regis-

ters. These control registers store the main memory addresses of data and instructions to 

be used by the control unit. The control unit sequentially performs the functions of se

lection, interpretation, and execution of instructions. 

As you remember, a data word is retrieved from right to left and terminates with the 

leftmost memory location which contains a WORD MARK. Instruction retrieval is opposite 

to that of data; that is, retrieval is from I-Ef~( to 

when the ~~ MARK of the next instruction OP. 

and effectively terminates 

CODE is sensed. 

The A and B address registers will each contain at least 2 six bit characters (12 bits 

l's and D's) indicating the main memory address of the operands. Using the example S, 

126, 141, the A address register would contain the binary equivalent of 126 and the B 

address register would contain the binary equivalent of 141. 

A addre s s regis ter contents 

B address register contents 

Note: Add binary zeros to the left to make complete 12 bit addresses. 

Identify each part of the instruction formats described below. 

Modified Single Character Instruction __ I "'? c CI.)"': ' )':, 

Mo di fi e d Single Op e r and In s true tion L . .::::;;::....:::;;::;;::;;::.L....:::::'J~; ~~::;;:..J 

Modified Two Operand Instruction 

I 
35. As each successive character is transferred, the current location counter is incre-

mented by one. Therefore, when transfer ceases, the address of the character position 

immediately following the last character transferred will be found in the 
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I 
lop. CODE 

I 

CONTROL MEMORY 

LEFT 

RIGHT 

126 10=000001111110 

141 10=000010001101 

OP. CODE VARIANT 

I 

A AD9RESS 

A AD~RESS 

CURRENT LOCATION COUNTER 

VARIANT 

VARIANT 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

Control memory contains 16 memory locations called 

A basic H-200 uses the 9 listed below: 
(1) Instruction Address Register 
(1) A Address Register 
(1) B Address Register 
(6) Two registers for each of the 3 Read/Write Channels. 

The remaining 7 registers are available for use with features such as 

gramming etc. 

Advanced Pro-

The first character retrieved according to the address in the Instruction Address 

Register is the OP. CODE. This single character is placed in a control unit register (NOT 

one of the control memory registers). Named for the character it contains, it is simply 

called an Ill· V 
i 

register. 

Memory beyond 4096 locations requires a change of addressing mode to "Three 

character address." This will involve '/f~i(\.( memory locations - 18 bits - for 

an operand addres s. 

28. What is the "ieast number of memory locations for the shortest instyuction? jlN0: . 

36. 

How many memory locations are required for an instruction in "2 character addressing 

mode" containing an A operand and two variant characters? 

The current location counter will contain the memory address of the next character 

to be transferred. The main memory addres s from which or to which transfer began is 

stored in the ___ <:"'..j!..-'I:.....;;.a.!....:/..;<)_·..:.7-:::J_!V:....;v~{_ 
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CONTROL REGISTERS 

OP. CODE 

THREE 

ONE 

FIVE 

STARTING LOCATION COUNTER 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

5. Basic control memory uses nine c/oNr~ rlv registers. Since a computer must 
I 

13. 

21. 

29. 

37. 

rely on instructions and the location in memory of these instructions is a prerequisite to 

their use, the first register to be considered is the __ -..::!..\-t:..!:::tJL...:t~_\.!..f(~\J~'-=-\..!.-'bi::.!l.O.l.:t!~ _______ _ 

address register. 

The OP. CODE character is interpreted by the control unit. Retrieval of the remain

ing instruction characters then follows. A common instruction format such as S, 126, 141, 

contains first the ~ GOO..... ,next the A A~~t.2..e 55. and finally the B A bP/('\:-S <;, 

This is the most common but only one of six possible formats. 

As the operation code character was retrieved, the instruction address register 

incremented by one. Since the operation code is only one character, the incremented 

instruction address register would then contain the address of the first character of the 

In summary of instruction retrieval: Retrieval of instruction characters is directed 

by the I tJ <;; 14< V t.TIOrJ ft i:JORoS register in control memory, which is incre-

mented by \ as each character is retrieved. The OP. CODE is stored in the ~ 
Operand addres ses are stored in the Hand 

-~-'--
--,0~@~v .. / __ register of the control unit. 

13 fr\)DJ< .:::<:><., e c: C!. J S7d!) of control memory. Variant characters (if present) 

are stored in the V khz.. -:):--l1lv1 register of the control unit. Instruction execution 

commences when the - ..... '''-0....,r/:'-~~v''--- mark of the next instruction OP. CODE is sensed. 

The computer operator or programmer can determine where data transfer begins 

and where it ends by referring to the __ ""S'-J-r~HJ...4.'./;(, ..... 7..1-'--",""5,,-· ... ty<...W:&~ __ .... L""--'(j<-..::c-"'tl"--rL..-:r"-"-~..!.wO--__ counte rand 

the c.. V Y3- i<.. ~l"\ counter associated with each B ~D / 

WE"k1~" channel. Besides resumption of data transfer at the proper location, these 

counters can determine length of records, etc. 
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CONTROL 
INSTRUCTION 

OP. CODE 
ADDRESS 
ADDRESS 

A ADDRESS 

INSTRUCTION ADDRESS 
ONE 
OP. CODE 
A 
B ADDRESS REGISTERS 
VARIANT 
WORD 

CURRENT LOCATION 
PRESENT LOCATION 
READ/WRITE 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

The prograrruner specifies the main memory address of the first instruction to be 

selected, interpreted and executed by the control unit. The control unit is directed to the 

proper ITlain memory location by this H \) D i?- G S So pI ac e din the _-="1-:.--1:N~S'--...I.I...lR"-",V,--,,c-_-r.!.-:..,1 '",-=-lV=---

An "A" operand is retrieved from main memory by the control unit according to its 

"A" ADDRESS in the instruction. Consequently a basic H-200 operation involving both 

"A" and "B" operands must contain -.fL and _(5__ fi.:-tu R-e<"'c),,) 

I OP. CODE 

A ADDRESS B ADDRESS 

Each time the control unit selects or retrieves an instruction character, the instruc-

tion address register increments by~. As the last character of the B address is 

retrieved, the instruction address register will contain the address of the {; ? 

of the next instruction. 

To this point in the lesson, only three of the nine control registers of a basic H-200 

control memory have been introduced. They are the -r IV .$ '11(" ( I] 0 N 

register, ~ ft- OP<Z i:c":;,) register, and (3 
-=--- ---Lt_~_V_~-=J)......:...Al...' "..:;.-::_c-'-.)""J:..-____ reg i s t e r . 

Read/Write Channel Time Sharing uses six registers, two for each channel. 

l. 

2. 

3. 

4. 

5. 

List the nine control registers of the basic H-200. 

, ~.,.. 

i'1 / ,""':' ~ 

6. 

7. 

8. 

( 

." L C 

C /..- C 
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ADDRESS 
INSTRUCTION ADDRESS REGISTER 

RWC#l 

RWC#2 

RWC#3 

A and B ADDRESSES 

OP. CODE 

INSTRUCTION ADDRESS 
A ADDRESS 
B ADDRESS 

INSTRUCTION ADDRESS REGISTER (IAR) 
A ADDRESS REGISTER (AAR) 
B ADDRESS REGISTER (BAR) 

{ 
STARTING LOCATION COUNTER 
CURRENT LOCATION COUNTER 

{ ST AR TING LOCATION COUNTER 
CURRENT LOCATION COUNTER 

{ 
STARTING LOCATION COUNTER 
CURRENT LOCATION COUNTER 
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LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

An OP. CODE is always in the first (leftmost) memory location of an instruction. 

This single character code may sometimes be a complete instruction. As such, it is 

simply illustrated as one memory location block identified as an 

.... 1 _1E-__ <:.si_o,,-,,'o 

An instruction will contain the 12 or 18 bit address of the "A" operand. Since 12 

bits are required to express any address up to #4096, storage of an ~ address up to 

#4096 will require "\ 0,j P' 
shown below. 

I 

memory locations. Identify parts of the instruction 

MEMOR Y LOCATIONS 

Three instruction formats have been discussed. Identify each part of these formats 

according to the description given. 

Single Character Instruction I / 
O? ,ClPi 

Single Operand Instruction 

Two Operand Instruction 

Time sharing permits a second peripheral device to use the central processor during 

mechanical operations of the first device. This second input or output operation can in turn 

share access to main memory with a third. Any of these data transfer operations are 

co mmunic ate d through the __ lZL:' '-'<::o-:-...:.'A..:......:'\)~ ____ I ___ \N~_,:...:Z:..::i~·_~.!...I~~'-. _ channels. 

During the execution phase, retrieval of data from memory and its transfer to the 

arithmetic unit is illustrated in this 'diagram. 
MA/NMEMORY 

•••••• 
_,.'4t:*", ---
~. " *? It CONTROL 
•• ' .;?~ UNIT •... ~ . 
••• ••• -----i 

The arithmetic unit basically consists of two 

and an _-I.V-,-' '.l<.D.!,.V::::"-""-::..=:,,--

ADDER 
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7. 

15. 

23. 

I 
I 

I 

31. 

39. 

100 

OP. CODE 

TWO (2) 

MEMORY LOCATIONS 

lOp. CODE 

OP. CODE 

OP. CODE 

OP. CODE 

A ADDRESS 

A ADDRESS 

A ADDRESS 

READ/WRITE 

OPERAND STORAGE REGISTERS 
ADDER 

B ADDRESS 



8. 

16. 

24. 

32. 

40. 

LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

The operation code (OP. CODE), a six bit character, is interpreted (decoded) by the 

control unit. For example, HALT is coded as an alphanumeric N and stored in the first 

(leftmost) memory location of an instruction. 

PARITY 

1M 

WM 

o 
o I ADD®RESS I I '"'. ~~=-!_---.!. I 0 0 I 0 I 

This block illustrates the first 
memory location of an instruction 
and therefore contains an t1 y 

HALT 
CODED AS N 

o 

CO\)E 

Just as the instruction address was stored in the instruction address register, 

the A address is stored in the _(1_ (0. \0\) ~("s." 

the main memory location of the A operand. 

Thi s addre s s indicate s 

Many of the H-200 OP. CODES may be further specified by including one or more 

VARIANT characters at the end of the instruction. For example, "Change Addressing 

Mode" is an OP. CODE telling the computer basically what to do. 

To further specify the change as 2 or 3 character addressing mode requires a 

V Af\ l.t\tJT character at the elV \) of the k NS rt(vc-rrcV . 

Data transfer between peripheral devices and the central processor is provided by 

Assignment of a channel is determined 

by a programmed instruction. After an operation is completed, the RWC can be reassigned 

to another peripheral device. 

Following retrieval from memory, operands are transferred to the _--"O£...!r_">=.<:;.:r<'-'rf..:.-'.c.IV:..-.::.',)_ 

S,-iv J ( ill: t C 

registers one character at a time. Each pair of characters in the 

registers (one character from each register) is then combined by the __ ----'P-'-r--"~:..JD'"'---"t~·O_l,"----__ 
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8. 

16. 

24. 

32. 

40. 

102 

OP. CODE 

(Return to page 87, frame 9. ) 

A ADDRESS REGISTER 

(Return to page 87, frame 17. ) 

VARIANT END INSTRUCTION 

(Return to page 87, frame 25.) 

READ/WRITE CHANNELS 

(Return to page 87, frame 33. ) 

OPERAND STORAGE 

ADDER 

(Continue to page 103.) 



r 
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41. Three units of the Central Processor are symbolized below. 

Identify each unit by writing its name in the blank at the top of the block. 

Name each of the nine control registers. 

Name the components in the unit at the bottom of the page. 

CONTROL REGISTERS 

I r N51 « IjC 11OV i DI( 4~, 3 4 

101 

'0' 1\ 
S Lc.. 

RWC I 

RWC 2 

11137 I'" I'" 1'40 1'40 I 04'1 \ 

1144'144'1444144' 14461447 R 
c....LC. 

RWC3 

~ 
ETC, TO o==J 

to. I ... I 
;,,~.i \- (, ,.t/J.) <-

'; "' I( !~:::'\: REGISTERS A j)DE'OZ 
" " -

I >1 I 
I 

103 
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41. The program of sequential instructions and the operands (data to be processed) are 

stored in memory locations within the memory unit. With the exception of operand ad-

dresses in an instruction, the block diagrams on the following pages simplify memory 

location contents by expressing them as alphabetic or decimal characters. 

INSTR. 
ADDR. 
REG. 

A 
ADDR. 
REG. 

S 
ADDR. 

CONTROL UNIT 

REG. 
--~~r---~S~TA~R~T~I~N~G-----' 

LOCATION COUNTER 
RWC I 

RWC 2 

RWC3 

ARITHMETIC UNIT 

" v 

OPERAND STORAGE 

>1 

104 

l 
I I 
REGISTERS 

I I 
I 

MEMORY UNIT 

..... :." ,. ... 

0 I 2 3 4 5 

100100 010101 100100 100110 10 I 001 111000 

97 98 99 100 101 102 

011110 000010 00110 I 000110 111110 011111 

137 138 139 140 141 142 

110 III 000001 000001 000010 000100 110111 

442 443 444 445 446 447 

110111 000010 000100 000001 000001 II 0 III 

~~ 1 2047 

~ -

ETC. TO 

J 110111 

ADDER 
.. .. --

"-

( 

) 

\ 
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42. Control unit selection of an instruction is directed by the address in the Instruction 

~ddress Register (IAR). 
~----------~-------------r------------~ 

OP. CODE A ADDRESS B ADDRESS 

1. Locate and punctuate the instruction. 

2. Change the 12 bit A operand address to decimal, write it in the proper register. 

3. Change the 12 bit B operand address to decimal, write it in the proper register. 

CONTROL UNIT 

I NSTR. 
ADDR. 
REG. 

A 
ADDR. 
REG. 

B. 
ADDR. 
REG. 

--tt--

RWC I 

RWC 2 

RWC3 

97 

) L( I 

STARTING 
LOCATION COUNTER 

ARITHMETIC UNIT 

f; " '/',/1':-;) 

>1 1 

OPERAND STORAGE REGISTERS 

>f 1 
I 

A uPClzA\01\ 

I 

I 

MEMORY UNIT 

0 I 2 3 4 5 

100100 010101 100100 100110 101001 I 11000 

97 98 99 100 101 102 

® 000010 001101 000110 111110 ® 

137 138 139 140 141 142 

)( I I 2 4 x 

442 443 444 445 446 447 

x 2 4 I I X 

~ ETC. TO ffi ~ 

.. ... 
ADDER -v 

'" 

) 

; 
\ 
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42. The OF. CODE is shown being retrieved for interpretation in the Control Unit Op. 

TR. INS 
ADD 
REG 

R. 

A 
ADD 
REG 

B 
ADD 
REG 

R. 

R. 

RW CI 

RW C2 

RW C3 

106 

Code Register. This register prepares the Arithmetic Unit to receive loperands. A and 

B operand addresses are stored in their respective registers to control the character 

transfer to the Arithmetic Unit. 

CONTROL UNIT MEMORY UNIT 

" 
I 97 I 0 I 2 3 4 5 

l 100100 010101 100100 100110 101001 111000 
141--. 

;----
l 446 __ r------ 97 98 99 100 101 102 

h~ 
(A) 000010 00 II 0 I 000110 111110 (!) ~ I STARTING 

LOCATION COUNTER r- V -- 141 446 

V- 137 138 139 I CURRENT 
140 141 142 

LOCATION COUNTER x I I 2 4 X 

I STARTING OP. CODE ./ LOCATION COUNTER REGISTER 442 443 444 J It-m, A/ I 445 446 447 

I CURRENT x 2 4 I I X ~ LOCATION COUNTER ·I:I~-I r:::J 
.Il 

I STARTING :I 'i;iI .. 
LOCATION COUNTE 

I l CURRENT~ 
LOCATION COU 

.~~ 
ETC. TO ffi ex: ~~ 

.-~~ 

ARITHMETIC UNIT 

B OPERAND 
..... I .11 1 I .. .., 

OPERAND STORAGE REGISTERS ADDER .. 

I .~ ••..•••••••. u . . U', ...... ..... ±I I 
"I I 

A OPERAND 



43. 

I NSTR. 
ADDR. 
REG. 

A 
ADDR. 
REG. 

S 
ADDR. 
REG. -

RWC I 

RWC 2 

RWC3 

LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

The IAR is incremented by one each time an instruction character is accessed. 

Retrieval continues until the Word Mark of the next instruction Op. Code is sensed. 

l. 
2. 
3. 

4. 

" 

Assume that the instruction A, 141, 446 has been retrieved. 

Appropriately increment the IAR. 
Punctuate the operand words 1124 and 241l. 
Complete the data flow lines to show transfer of the first character of each 
operand to the Arithmetic Unit. 
In the Operand Storage Registers, write the first character transferred from 
each operand. 

CONTROL UNIT MEMORY UNIT 

I 
...... 'c' 0 

I I \ 02.- I 0 I 2 :5 4 5 

I I 
100100 010101 100100 100 II 0 101001 111000 

141 

I 446 I V 
97 98 99 100 101 102 

@ 000010 001101 000110 111110 ® 

J I STARTING 
LDCATION COUNTER 

137 138 139 140 141 142 I CURRENT 
LOCATION COUNTER x (0 I 2 4 X 

I STARTING OP. CODE 
LOCATION COUNTER REGISTER 442 443 444 445 446 447 

1P I CURRENT x (2) 4 I I X 
LOCATION COUNTER '-J 

-::J 
.A 

I STARTING 
.. 

LOCATION COUNTEr 
I l CURRENT,v1 

LOCATION COU 

~~ ETC. TO ffi 00' rx D<1\... 

ARITHMETIC UNIT 

S OPERAND 
... 

I I ... 1 -
OPERAND STORAGE REGISTERS ADDER .. 

I ".I ~ 1 
·1 I 

A OPERAND 

~ 

) 

} 
\ 
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43. A pair of characters is combined in the Adder and the result is sent back to the B 

I NSTR. 
ADDR. 
REG. 

A 
ADDR. 
REG. 

B 
ADDR. 
REG. -

RWC I 

RWC 2 

RWC3 

108 

address. As shown below, 1 and 4 are combined and written back into address #446 as 

5. This procedure continues to the left until all characters have been added and written 

into memory. U:pon completion of this operation, the Control Unit refers to the incre-

mented IAR to begin retrieving the next instruction. The A Addr. Reg. and B Addr. Reg. 

decrement by one as each operand character is retrieved. They will contain 137 and 442 

at the completion of this operation. 

CONTROL UNIT MEMORY UNIT 

( "' 
I I 102 0 I 2 3 4 5 

I I 100100 010101 100100 100 II!) 101001 111000 

140 

I 445 I 
;,V 

97 9B 99 100 101 102 

0 000010 001101 000110 III 110 G) ~ I STARTING 
LOCATION COUNTER IJ 

137 138 139 140 141 142 
( I CURRENT 

LOCATION COUNTER x G) I 2 4 X 

I STARTING OP. CODE 
LOCATION COUNTER REGISTER 442 443 444 445 446 447 

~ I CURRENT 
,\\ A x ® ~ \ 1 

4 I x 
LOCATION COUNTER L,A '7 I STARTING j " 
LOCATION COUNTE 

I CURRENT 
LOCATION COU 

~ ffi ~~ ETC, TO 

ARITHMETIC UNIT 

B OPERAND 

" I I ... 1 I . .. 
OPERAND STORAGE REGISTERS ADDER 

--p 

I 
4 

'.: . ,····,·,91 4 
I . ;.', " I 

A OPERAND 
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ONTENTS 
ADDRESS 

R L 
INTERRUPT PARITY VOLTAGE FAN C8 

AcellEU 

E8 rnrn D~~@]~~ I I I I I 
HONEYWELL 200 

CONTROL MEMORY 
REGISTERS 

OCTAL 
ADDRESS 

R WC #1 CURRENT LOCATION 
RWC #2 CURRENT LOCATION 
RWC #3 CURRENT LOCATION 
IAR' (CO-SEQUENCE) 
RWC #1' 
INTERRUPT REGISTER 
WORK REGISTER 
"B" ADDRESS REGISTER 
RWC #1 STARTING LOCATION 
RWC #2 STARTING LOCATION 
RWC #3 STARTING LOCATION 
"A" ADDRESS REGISTER 
RWC #1' 
WORK REGISTER 
IAR (SEQUENCE) 
UNASSIGNED 

01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 
17 
00 

OPERATORS CONTROL PANEL 

A desired CONTROL register is displayed by illuITlinated and 

darkened light buttons. (ON=1, OFF=O) 

ExaITlple: The operator depresses the four C~NTROL light 

buttons. (BINARY 1111, OCTAL 17.) The operator then de

presses the DISPLA Y button and IAR contents are shown by the 

ADDRESS light buttons. The ADDRESS illustrated on the control 

panel above is: ('\ 

BINARY 000 101 101 111 111 
OCTAL 0 5 5 7 7 

DECIMAL 0 2 9 4 3 
...-----_._-

To view CONTENTS of ITlerrlOry location nUITlber 2943, the operator presses the upper DIS

PLA Y button. In the illustration, CONTENTS are shown as a WORD MARK and binary digits of 

an Add op. code. 1£ the operator wishes to see the following or preceding location, he presses 

the DISPLAY + 1 or DISPLAY - 1 button. CONTENTS or ADDRESS bits ITlay be altered by de

pressing the desired light buttons and then the appropriate ENTER button. 

The table above lists all sixteen CONTROL MEMOR Y REGISTERS and their' OCTAL AD-

DRESSES. Octal addresses of the nine registers discussed to this point are shown below. Write 

the naITle and state the purpose of each of these nine registers. (Answers on page 110.) 

OCT AL ADDRESS 

01 

02 

03 

10 

11 

12 

13 

14 

17 

NAME PURPOSE 

b \)\J ~) lCYV\YYt Jl~/th<b 0....,J0<..A 

\.J " :# 2 V ...,/ 
(.00 t-

,/ 

NOTE: The reITlaining fraITles. 
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(Equivalent answers are acceptable. ) 

01 R WC #1-Current Location Counter 

02 - R WC #2-Current Location Counter 

03 - R WC #3-Current Location Counter 

Used in conjunction with other counters for 

siIT1ultaneity through read/write channel tiIT1e 

sharing. Provides the current address at 

which transfer is to begin either to or froIT1 

a peripheral device during allotted 2 IT1icro

second period. 

10 - BAR-"B" Address Register - Provides IT1ain IT1eIT1ory address of B operand character. 

11 - R WC #l-Starting Location Counter 

12 - R WC #2-Starting Location Counter 

13 - R WC #3-Starting Location Counter 

Used with other counters. Contain the ad

dress at which transfer began either to or 

froIT1 a peripheral device. The nUIT1erical 

difference between the address in SLC and 

the address in CLC after transfer is COIT1-

plete shows the nUIT1ber of characters trans

ferred. 

14 - AAR-"A" Address Register - Provides IT1ain IT1eIT1ory address of A operand character. 

17 - IAR-Instruction Address Register-Provides address of next sequential instruction character 

to be retrieved. (SoIT1etiIT1es called "sequence register. ") 

110 

Registers to be discussed in the following fraIT1es: 

04-IAR' - Instruction Address Register' (SoIT1etiIT1es called "co-sequence register. ") 

05-RWC #1' - Current Location Counter' (Optional fourth read/write channel) 

06-Interrupt Register 

07 - Work Register 

l5-R WC #1' - Starting Location Counter' (Optional fourth read/write channel) 

l6-Work Register 

OO-Unassigned Register 



f 
1 

r 
I 
I 

I 
I 
1-. 
I 
I 

i 
It 
~ 

I 
I 
i 
;I 

I 
I 
i, • • Ii • i 
.1, 
I 
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44. Seven remaining control memory registers are available for special or optional use. These 

registers are, the: Instruction Address Register' (IAR') 
Interrupt Register 
Starting Location Counter (R WC #1') 
Current Location Counter (R WC #1') 
Work Register 
Work Register 
Unassigned Register 

Counting the registers previously discussed, control memory has a total of -.LL regis

ters available. 

53. The Interrupt register contains the address of the routine's first instruction for the exter-

nal devices. This register's function is similar to that of the co-sequence register. Show 

the contents of the registers below after an interrupt signal is received. 

INTERRUPT 
SIGNAL 

IAR INTERRUPT REGISTER 

PROGRAM SEQUENCE ADDRESS I L.I __ R_O_U_T_I_N_E_A_D_D_R_E_S_S ____ .....J 

62. Use of the control panel will be reviewed before discussing substituting of the Unassigned 

register. Assume that CONTENTS of a series of memory locations are to be checked starting 

with the ADDRESS in the CONTROL memory IAR. Mark the appropriate buttons ON (Binary 1) 

to select the IAR (Octal 17). 

AFTER 2nd CSM is the ad- shows the 

NTENTS 
ADDRESS 
C L 

C[NT~"'L ADORns mrn D~~@][I]w EB INTERRUPT PARITY 'IOL.TAOE FAN CB 

HONEYWELL 200 

71. Instead of using the letters IAR, it is simpler to designate the Instruction Address Regis-

ter with the single letter 1. Sim~ilar~ ';1the letter and prime mark - I' - represent the alter-
/ r--;- ! I • /l..-

nthaete~,~.), i· vu'<kvt,,=:....- l/)'? 7~' This register is often called 

5 c: £'''; 1;;;,,-,( ,-:/ regis ter. 

III 
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44. 

53. 

62. 

71. 

112 

16 

IAR INTERRUPT REGISTER 

INTERRUPT I ROUTINE ADDRESS 
SIGNAL '-. __________ --' IPROGRAM SEQUENCE ADDRESS I 

CONTENTS 
ADDRESS 
CON ROl rnrn O@]~@]~~ 

AOORESS 

ffi INTERRUPT PARITY VOLTAGE FAN CB I I I I I 
HONEYWEll 200 

INSTRUCTION ADDRESS REGISTER 
CO-SEQUENCE 



it 

.. 
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45. IAR'-sometimes called the "co-sequence" register - is an alternate instruction address 

register. The purpose of this register is to provide an _-'A'-'-'L=--r.:....!:e::...:..I'Z...:...:..!ll-cA_1.c.;<.:-::..~ __ instruction 

address for a frequently required routine. 

54. Register contents are exchanged when an interrupt signal is received. This allows the 

63. 

routine to be performed because its first instruction address is put into the :rIJS1((uc..!tp}v' 

f±t),\:d<,,~.) register. The address of the program sequence is preserved by transferring 

it to the ::L !Viele. ~\. v \":1 register. 

With the IAR selected by pressing CONTROL buttons for octal 17, the next step is to dis-

~ the address it contains. To accomplish this, the lower "1> '\ --'1..-Ai button is de-

pressed. Then, the binary number contained within the IAR appears as illuminated 

CONTENTS 
ADDRESS 
CONTROL 

RfSE- CUiTRAL rnrn D@]~@]~~ 
HONEYWELL 200 

AOORESS 

E8 INTERRUPT PARITY VOLTAGE FAN C8 

SillS( . 
I I I I I 

72. The letter A or the letters ac, are abbreviations for the A Address Register. Logically 
.J 

then, the letter B or the letters be, are abbreviations for the ~ tJp.J~f:' y /r!t1:S-J'./'-. 

1 13 
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45. 

54. 

63. 

72. 

114 

C NTENTS 
ADDRESS 
C NTROL 

ALTERNATE 

INSTRUCTION ADDRESS 
INTERRUPT 

DISPLAY 
ADDRESS 

rom O@J~@]ri1~ E8 INTERRUPT PARITY VOLT.\GE FAN CB 

HONEYWELL 200 

B ADDRESS REGISTER 

I I I I I 
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46. When an alternate instruction routine (co-sequence of instructions) is required, the IAR 

contents are exchanged with the address from the co-sequence register. This exchange of 

addresses between registers accomplishes two purposes. The address of the program 

sequence is preserved and the C'<, S ~ 0., V ~ ,-,; ( ,..: address is placed in the IAR. 

55. Upon completion of the interrupt routine, the registers are exchanged with a RESUME 

NORMAL MODE (RNM) instruction. This returns the address to the IAR so that the program 

w (i'{~ y1\A '- program sequence. 

64. The ADDRESS contained in the IAR is shown below as binary 000 000 000 101 110, which 

73. 

is octal ~ 4-- or decimal 46. 

ADOlun 

E8 INTERRUPT PARITY IJOLTAOE FAN CB 

200 
Mark the button that must be pressed to display the contents of memory location #46. 

I stand s fo r the _~h:...L.W",,:~2"'?:£:l.4.!rl.4l4<i'-)"":~::t:::-'----- ~. and I' 

for the alternate instruction address register called the ~- ~~ 

'~/..:k--- . The A Addre" Regi,'er =ay be repreoen'ed br.;;;;;er-or ~. 
The 1 er B or bc designates the r.s ifpdJ ;<e-55 ~ ~£S/,r:r/(·. 
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46. 

55. 

64. 

73. 

116 

CONTENTS 
ADDRESS 
CONTROL 

CO-SEQUENCE 

RESUME NORMAL 

OCTAL 56= DECIMAL 46 
(CONTENTS IS THE OP. CODE A) 

CENTRAL ADDRESS rom D@]~@j~~ ffi INTERRUPT PARITY VOLTAGE FAN ca 

HONEYWELL 200· 

INSTRUCTION ADDRESS REGISTER 
CO-SEQUENCE REGISTER 
A - ac 
B ADDRESS REGISTER 

SINS( 

" 5 t I 

I I I I I 
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47. With the addres s of the first instruction of the co -sequence in the IAR, retrieval and 

execution of the desired instruction routine occurs. 

Of course, in order to retrieve this desired instruction "ou -rJ:.-tJ..( ,its address needs 

to have been in the ~- $cSCj J~vU register before the exchange with the --r...NS'1{rJc /;dr-

8j)pl('C-S~ register. was accoIT1plished. 

56. As previously explained, the basic,H-200 has three read/write channels. Two control 

IT1eIT1o~y registers (counters) are associated with each read/write channel. They are called 

the S 51hZ -r 1 iJ!r .J-- 0 c 8 110'" counter and the C-- v f< k ';"vr Loc.y-ri£o)'-. 

counter. 

65. To view the following IT1eIT1ory location (#47), the DISPLAY +1 button is depressed causing 

the ADDRESS in the IAR to increIT1ent by one. With the addre s s changed froIT1 #46 to #47, 

pressing the upper DISPLAY button will show CONTENTS of IT1eIT1ory location #47. In order 

to view a preceding IT1eIT1ory location, the \)"\ S \)L-~" ~ button is depressed to decre-

IT1ent the register. 

CONTENTS 
ADDRESS 

N ROl 
R[SET C(NTII!Al .t.OORUS 

rnrnD~~@]~LB ffi INTERRUPT PARITY VOLTAGE FAN ce 

HONEYWEll 200 

74. The two registers in the control unit, but not part ofs:ontr()LIT1~:r.!1o_r_Y, __ Cire th~_Q_!:,.!._~QD:g:_ , 

and VARIANT registers. Obviously, the abbreviation V is for the \J P. «1f1tJ'" register. 

Designating the Function to be perforIT1ed, the letter F stands for the ~ CO V (; register. 
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47. 

56. 

65. 

74. 

118 

ROUTINE 
CO-SEQUENCE 
INSTRUCTION ADDRESS 

STARTING LOCATION 
CURRENT LOCATION 

DISPLAY -1 

VARIANT 
OP CODE 
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48. A "Change Sequence Mode" (CSM) instruction initiates the exchange of IAR and IAR' ad-

dresses. 

IAR I PROGRAM :EQUENCE CO-SEQUEN?E ROUTINE IAR' 

Thus, the address of the first co-sequence instruction directs the perforITlance of the 

routine and address of the prograITl sequence is 

tine, another l l-l---y:j-iJ0..\:,. SC4.J'fr ~ U: 

The address of the \)IZ(iGJq'j='tf\" (r:;~VeN0::< 

preserved. At the cOITlpletion of the rou

f\)OOl{ instruction re-exchanges registers. 

is returned to the 1 ;f((' 

57. The inclusion of an optional fourth read/write channel requires two ITlore control ITleITlory 

registers. '"One of these registers serves as a S TlnZ .. "\j,vt L- Qc-A-(r.c,,"'; 

C d VrJr<::~ the other as a t V'R,R.oJ\ l.. 0(,,8'11 piJ C"yiV'r1£1'-

66. A prograITlITler/operator ITlay want to "step through" a portion of a prograITl with DISPLAY 

+ 1 or DISPLAY -1. However, this will increITlent or decreITlent a register. If the cOITlputer 

.were started after viewing several ITleITlory locations, the register would no longer contain 

the first address. In a situation such as this, the octal 00 register ITlay be substituted for 

another register because it is U I\/!\ S£/1~.,,¢2 to a specific ITlachine function. 

75. The instruction forITlat F/A/B/V ITleans that the instruction contains an OJ) ct-Ol;.e" 

---.l1 t1 yj),f cS) ,-Ii. /bJ 1l/(e"S I , and a VH II, Tift/f. The registers involved 

are the I register for retrieval, then the \-= Ii ~ V registers for storage during 

interpretation: 
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48. 

57. 

66. 

75. 

120 

CHANGE SEQUENCE MODE 
PROGRAM SEQUENCE 
IAR (INSTRUCTION ADDRESS REGISTER) 

STARTING LOCATION COUNTER 
CURRENT LOCATION COUNTER 

UNASSIGNED 

This control memory register can be used by the programmer/operator to simulate any 

of the other fifteen registers. For example, an address from the IAR can be duplicated in 

the Unassigned register. Then, the programmer/operator can manipulate instructions with 

the control panel, through the Unassigned register, without actually changing IAR. 

OP. CODE 
A ADDRESS 
B ADDRESS 
VARIANT 
F,A,B,V. 
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49. Name the registers below and write the name of the address each contains. 

-:L. pc\~ ;:::T=}=~={(=' '==-__________ --, 
BEFO~~:IRST I PROGRAM SEQUENCE ADDRESS I I CO-SEQUENCE ADDRESS 

CSM EXECUTED ADDRESSI ADDRESS I 

DURING 
ROUTINE ADDRESS I j) I:, ADDRESS I 

AFTER 
2nd CSM ADDRESS I ADDRESS 

58. These counters keep track of where a read/write channel operation began and at which 

memory location it halted when the 2 microsecond time sharing cycle moved to the next 

read/write channel. 

An H-200 with an optional read/write channel will use a total of q: control mem-
------''----

ory registers as starting location and current location counters. 

67. To select the 00 Unassigned register, all that is required is to set all four COA/'d;jt.-
buttons to zero (OFF) and then press the display button. To load the Unassigned register 

with the desired address, the correct A 'i)\)~,- C'"S buttons are depressed and the ENTER 

button is engaged. 

NTENTS 
ADDRESS 
C N R L 

~lS[T CtN'1'I'IAL AOORESS mm D@j~~~~ ffi INTERRUPT PARITY VOLTAGE FAN CB 

HONEYWELL 200 

76. Some abbreviations used in timing formulas are shown below. Complete the entries in 

the MEANING column. 

ABBREVIA TION MEANING 

Ni The number of characters in the instruction. 

Na The number of characters in the A-field. 

Nb v ./ (/ ./ V " fj - Jl-d/ 
Nw The number of characters in the smaller field. 

NXT The addres s of tJ E.:xi sequential instruction. , 
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49. IAR 

CSM EXECUTED I CO-SEQUENCE ADDRESS 

DURING ROUTINE I CO-SEQUENCE ADDRESS 

AFTER 2nd CSM I PROGRAM SEQUENCE ADDRESS 

58. 

67. 

76. 

EIGHT 

CONTROL 
ADDRESS 

IAR' 

PROGRAM SEQUENCE ADDRESS I 

PROGRAM SEQUENCE ADDRESS I 

CO-SEQUENCE ADDRESS 

Nb- THE NUMBER OF CHARACTERS IN THE B FIELD. 
NXT-NEXT 
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50. The co.,s equence routine's first instruction addres s enters the IAR to start retrieval. 

While in the IAR, this address is incremented as each instruction character is retrieved. 

Therefore, at the completion of the routine, the IAR no longer contains the address of the 

first co-sequence instruction. Regeneration of the first co-sequence address is accom

plished with a "Branch" instruction at the end of the routine. 

Example: Assume that the co-sequence routine starts at address 

The programmer writes the first CSM instruction 
to exchange registers 

This places address #300 into the IAR. 

IAR 

2547 

300 

Continue to the back of this frame. 

#300. 
IAR' 

300 

2547 

59. Two registers are available for internal functions of control memory. For certain in-

structions, control memory can store a register's contents and transfer another address into 

the emptied register. Because control memory uses these two registers while it is accom-

plishing work, they are know as WOR,I'\. registers. 

68. After engaging the ENTER button, the number set up with the ADDRESS lights is the ad-

dress contained in the Unassigned register. Pressing the upper DISPLAY button shows the 

-'C ....... ..IlQ.LN::::-.:.,.:=""1o;:-J:::...,:·'....;C:;.::..... ___ of the memory location specified by the ADDRESS now in the Unas signed 

register. 

CONTENTS 
ADDRESS 
C N R L 

lIun CENTf'AL rnm D~~@]~[EJ INTERRUPT PARITY VOLTAGE FAN CB 

HONEYWELL 200 

77. The remaining timing formula abbreviations are shown below. Complete the entries in the 

MEANING column. 

ABBREVIATION MEANING 

JI Address of the next instruction if a branch occurs. 

'A 
p Previous A Address register setting. 

B V' ~ ......-- -./ \../ 

P 
A A Address 

B e ./ 
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MEMORY 299 \39 340 341 I 342 

50. LOCATIONS ) @ (to) # 299 
____________ J 

Co-sequence routine retrieval commences at address #300. IAR increments as each 
character is retrieved. The BRANCH instruction puts address #299 into the IAR. Memory 
location #299 precedes the first co-sequence address and contains a CSM. When this 
second CSM instruction is retrieved to re-exchange registers, the IAR will increment to 
#300. Therefore, when the registers are re-exchange, IAR' will contaiCl the proper 
address. 

~ 
~ 

CSM 
RETRIEVED 

IAR 

INCREMENTS TO 
I 300 I 

IAR' 

2547 

59. 

68. 

77. 

124 

EXECUTED 2547 I 300 

WORK 

CONTENTS 

Bp-PREVIOUS B ADDRESS REGISTER SETTING. 
B ADDRESS 



" 

51. 

LESSON V. STORAGE, RETRIEVAL AND EXECUTION 

This fraITIe reviews CSM operation in six steps. General naITIes are used for addresses 

instead of specific nUITIbers. 

STEP 1. 

STEP Z. 

STEP 3. 

STEP 4. 

STEP 5. 

STEP 6. 

IAR IAR' 

PROGRAMMER'S 
CSM EXECUTED I PROGRAM SEQUl~C~ ~D~~~ ~ C ~ ~ ~ ~ ~ C ~:~:~~~N~~}DDRESS 
CO-SEQUENCE 
RETRIEVAL STARTS 

INCREMENT A TION 
DURING RETRIEVAL 

BRANCH TO ADDRESS 
PRECEDING 1st co
SEQUENCE ADDRESS 

CO-SEQUENCE ADDRESS 

INCREMENTED ADDRESS 

CO-SEQUENCE ADDRESS - 1 

Show register contents during steps 5 and 6. 

RETRIEVE 2nd CSM 
INCREMENTING IAR 

EXECUTE 2nd CSM 

(PRESERVED) 

PROGRAM SEQUENCE AODRESS 

PROGRAM SEQUENCE ADDRESS 

PROGRAM SEQUENCE ADDRESS 

PROGRAM SEQUENCE ADDRESS 

ADDRESS 

60. Control ITIeITIory autoITIatically uses its two work registers to preserve addresses in ITIuch 

the saITIe ITIanner that a person "jots down" sOITIething to be reITIeITIbered. In. 5 ITIic;ro

seconds, control ITIeITIory can eITIpty.a register to receive another address, while preserving 

the original address by transferring it to a W oRv', ~~e..-:t..""<:,0\. 

69. Once the Unassigned register is selected and supplied with the desired starting address, 

78. 

DISPLAY +1 or DISPLAY -1 ITIay be used to "step through" the prograITI. This will incre

ITIent or decreITIent the \/ j-...lf\"'b'S1 &'/-1<.)) register but will not change any of·the other 

registers. Effectively, this register can substitute for the other registers. 

Give the ITIeaning of the follClwing tiITIing forITIula abbreviations. /' 

Ni No ~k ~ ~ />\~_~".n ~~j ~# ," %~f ." 
Na ,t/ V; \./ \/ FJ:6LOAp r~ 715£'<-' d tt-hU~~ &--~ ~~ 
Nb v \/ ,/ t/ I:: Ui Bp v 1'3......... tJ.-
Nw _v _____ ~_-:.>ff.:....:...;.~~:::.:::......:.0=-·.J.P~~)A IJ cC ,LL\.e/h 
NXT B 
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51. 

STEP 5. 

STEP 6. 

60. 

69. 

78. 

126 

IAR 

CO-SEQUENCE ADDRESS 

IAR' 

PROGRAM SEQUENCE ADDRESS I I CO-SEQUENCE ADDRESS 

ABBREVIATION 

NXT 

JI 

A 
p 

B 
p 

A 

B 

WORK REGISTER 

UNASSIGNED 

MEANING 

The nu:mber of characters in the instruction 

The number of characters in the A-field 

The nUlllber of characters in the A- or B
field, whichever is smaller 

The nUITlber of characters in the B-field 

Address of the next sequential instruction 

Add;ess of next instruction if a branch occurs 

The previous setting of the A-address register 

The previous setting of the B-address register 

A address 

B address 
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52. External devices such as communication equipment, send the central processor a demand 

signal to indicate when a specialized routine needs to be performed. Interruption of the 

program for a routine involves a register similar to the co-sequence register. Named for 

its response to an interrupt, this control memory register is called the I' .vTc RR.v 'i'f 
register. 

61. The sixteenth control memory register has an octal address of 00 and is "unassigned" 

to any specific machine function. 

Consequently, the 00 register is called the _~V>oL.::IJ::...;..-I'<..:S:..::S:.:1-:";~:.Jb&Q~' ~ __ register. It is available 

for use by a programmer or operator through buttons on the control panel. 

r< w c.. I -s /... C 

«. vJ L I ~ (.., L- c., 

vWq'f..,~~O 

79. Determine the number of microseconds used for the H-200 to execute an Add Instruction. 

Formpla: 2(Ni + 2 + Nw + 2 Nb ) 

Operands: Five characters each. 

~ 
Format F I AlB 

(Two Characters per address. ) 
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52. 

61. 

70. 

79. 

128 

INTERRUPT 

(Return to page Ill, fraITle 53. ) 

UNASSIGNED 

This control ITleITlory register can be used by the prograITlITler / operator to siITlulate any 

of the other fifteen registers. For exaITlple, an address froITl the IAR can be duplicated in 

the Unassigned register. Then, the prograITlITler/operator can ITlanipulate instructions with 

the control panel, through the Unassigned register, without actually changing IAR. 

(Return to page Ill, fraITle 62. ) 

IAR' - To Supply a co-sequence routine address for CSM. 

INTERRUPT - To supply an external device routine in response to an interrupt. 

~::g :i: } Starting and current location counters for the optional fourth read/write channel. 

WORK REGISTER Available for autoITlatic control ITleITlory preservation of register 
WORK REGISTER addresses. 

UNASSIGNED REGISTER - To substitute for other registers when increITlenting or decre
ITlenting with control panel DISPLAY + or -1. 

(Equivalent answers are acceptable. ) 

(Return to page Ill, fraITle 71. ) 

44 ITlicroseconds. 

F/A/B=5 characters. Nw =5. Nb=5 

2 {Ni + 2 + Nw + 2Nb)=2{5 + 2 + 5 + 10)=44 

(Continue to page 129.) 
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EASYCODER ASSEMBLY 

Basic Easycoder's assembly system uses two Honeywell - supplied card decks and one card 

deck punched according to a programmer's entries on coding sheets. Assembly of these card 

decks in two "runs" (Phase I and II) produces: a printed listing of the source program, a card 

deck for a "memory dump routine" - complete listing of memory contents -, and the object 

program on punched cards or tape. 

ASSEMBLY 
PROGRAM 

- ---' - -- . 

EASYCODER 
CODING FORM 

ASSEMBLY RUN NO. I 

INTERMEDIATE 
DECK 

SYMBOLIC CODING 
PUNCHED INTO CARDS 

PROGRAM 
LISTING 

MEMORY DUMP 
ROUTINE 

, " 
II' 

" 

, 'I 

I .' I) I II t '. 

" I I' I 

MACHINE LANGUAGE PROGRAM 
STORED ON CARDS OR TAPE 

~~ 
In the first assembly run, the Phase I and Source program decks 

are fed into the machine for partial conversion of the source pro

gram into an object program. The following steps are accomplished 

during this run: 

1. Mnemonic Op. Codes are translated. 

2. A tag table is generated. 

3. Sizes of operand fields are defined. 

4. Assembly control statements are processed. 

5. Errors are detected and flagged. 

6. An intermediate deck is punched. 

Notice that the source program deck is segmented by an EX card. 

This permits some processing before the remainder of the source 

program is entered. 

ASSEMBLY RUN NO.2 

PROGRAM 
LISTING 

MEMORY DUMP 
ROUTINE 

INTERMEDIATE 
DECK 

~ .. 1 __ RU_N_NO_._2_~ 

The following operations are accomplished during the second assembly run: Addresses of 

operands and constants are assigned from the tag table generated by Phase I. The memory 

dump routine - a separate self-loading deck - is punched. The object program deck and its 

loading routine are punched. A printed listing of the source to object program is produced. 
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PROGRAM 
LISTING 
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OBJECT 
PROG. 

Figure 14. Easycoder Assembly 
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11"1 INTERNATIONAL BUSINESS MACHINES CORPO«ATION 

IBM 1401 SYMBOLIC PROGRAMMING SYSTEM 

Program 
CODING SHEET Page No. ~ of ___ ~ 

Programmed by Dote ___ Identification 
" 00 

(A1OPEIIArtO I (B1OPERAt.lD J LINE COUNT LABEL OPERATlO:I, 1;;1 CHAR. I Q ADDRESS I~I "'" I!I.~J COMMENTS 
ADDRESS A~J. ;;'28 ADJ. Z,3940 , .. ,. ,314 UI'7 

0 

~ 0 , 0 
"...... 10 U.s. .... 

0 , 0 Identification ~~~ 
0 

• 0 
"'-II'-.lby 1401/1410 AUTOCODER CODING SHEET ,. '0 

0 · 0 o.te 
Page No.W of __ 

• 0 lIno L .... l ~t;~ O.;;RAND .. .. '" 
,. .. .. o • .. ,. 

0' 

· 0 01 
I · 0 

I 00 OJ 
I 

I 0 . I 

• 0 

, I 

, 0 0 
I 

.0 0' I 

, 0 O. 
I EASYCODER · 0 O. 
I 

CODfNG fORM 

0 10 I 
PROBLEM PROGRAMMER DATE "'G, OF · 0 II 

I 
CARD I OPERATION 

• 0 " 
I NUMBER ~ 

LOCATION CODE OPERANDS 

1234567B 1415 2021 ~ .. ~ 
'00 

" I 
I PROtT ExMPL £ 

" OR<> lie I 

" 
, i r ADMOOE 2 

" 
I 

I I cAM 21'1 

" 
I 

I 
CDA'R E A RESV 8¢ 

" I PU .. RE!>. 8¢ I RrW 
1.1. PRAREA RESv 121>' 

I . INI:r sw 7M 72<1 
I 

I I SERlE Of 'N I T I All :z.1 HG lNSTR,UC"fIO NS 
II 

I 

" C\ WHI~ W'L -;E BY MA "'~ OVERL~I1) 

" : : 7 PROGRAM 'FTEo. E 't ECUTI ON 
I • " I 
I 

" I I B 800T 
I " I f,X I~I T 
I " R<> !NIT 
I " I 
I " I .\ IAAlwPROGR'" 

" I 

" 
" I 

" I 

" I 

" I 
" I 

" 
" i : 
" I I 
~ 

" 
" ; 500T END 

Coding ForITl Entries 

Col. l-Z: 
Col. 3-4: 
Col. 5: 
Col. 6: 
Col. 7: 

Col. 8-14: 

Col. 15 -ZO: 

Col. Zl -6Z: 

Col. 63-80: 
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Contain page nUITlber. 
Contain line nUITlber. 
Contains a nUITlber if stateITlent is to be inserted between two lines. 
Contains an asterisk i>::LiL~trl.c;:ny_R~JIl.5!;::k~I.~1.q.1.~Jnent. 
Contains an L if an iteITl ITlark is desired in th~1(:!f!ITlost <J!cara_c!(:!!~9_~ition of 
the staternent:-conta.i.nsan'R'iran-i1:e~~ITlark isdesir!;)d.i~the ;dgbtn'lost 
c!!?:-:r.:;3;ct~i:positio.i:1:--·--q-~ ... .-

If a tag, it ITlust be no ITlore than six characters long. First character of tag 
ITlust be alphabetic. 
MneITlonic op code ITlust begin in col. 15. (Octal ITlachine language-coluITlns 
19 and 20. ) 
Operands ITlust begin in 'col. 21. A COITlITla ITlust follow all operands except 
the last operand in the line. _CoITlITle~ts an~Lrerrl,~!~f>ITlU_st:l:>~ sepa!<l:tE!.9:_!:r"0ITl 
Q.P~.rands by blank space. 
COITlITlents and reITlarks, not included in the object prograITl coding. 

Figure 15. Coding ForITls 
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EASYCODER CODING FORM DIFFERENCES 

(Answer the following questions by reference to Figure IS. ) 

1. A single line on the Easycoder coding forrn contains a total of _-,2.....:;0 __ columns. 

Therefore, the complete contents of a punched card can be recorded on one line. 

2. Logically, the first Easycoder column on a line is colu:mn number , and the ----' 
last column on a line is nu:mber 80 

The first colu:mn of an SPS or Autocoder line is number 3 -....=::.-- The last column 

of an SPS line is nu:mber S-j, because further card entries cause incorrect processing. 

Similarly, the last colu:mn in an Autocoder line is nu:mber 72' ,because card columns 

73 - 7S are required by the 1401 processor. 

3. Punched card columns l-S are used for the same purposes in the 1401 and H-200 syste:ms. 

However, greater flexibility is afforded by an Easycoder coding form than with the other 

for:ms. Line nu:mbers are not pre-printed (but nu:mbers are supplied for reference) on an 

Easycoder for:m. Deletion of an SPS or Autocoder line by scratching it out causes a line 

number to be ":missing" in the final deck of cards. 

Insertions :may conveniently be written on any of the 30 Easycoder coding lines by no

ticing the page and line nu:mber that the desired insertion is to follow. This page number is 

then entered in columns and "2 ,followed by the line nu:mber in colu:mns ':!. 

and __ 1~_-" and the insertion nu:mber in colu:mn __ "J:!..~ ___ , 

As you recall, lines 26-30 on an SPS or Autocoder for:m were to be used for insertions. 

4. Additional convenience is provided by colu:mns 6 and 7 of the Easycoder form. Colu:mn 

6 contains an asterisk if strictly a RIC ~'\'f:\IiU::.S state:ment is to be entered. Colu:mn 7 

places the unique H-200 punctuation - the "1 '1 E. yVI mark - in either the high or low order 

position. (Extended use of column 7 is available in l: x,~)vD£O Easycoder.) 

NOTE: The "COUNT" colu:mns required in SPS are not needed by Easycoder. 

S. In apparent purpose, the LOCATION colu:mns on the Easycoder form are si:milar to the 

_.......!L~lt"'-lf$.u! .. ~...:L=-__ columns of SPS or Autocoder forms. Easycoder refine:ment in this area will 

be pointed out in following frames. 

6. The size of an SPS operand field is restricted and usually is referred to as "fixed for:m". 

Operand sizes are not specified, hence they are "free for:m" on the A I,j 1"(,) C OI)0f\... 

coding sheet and l y.\ S'/ (ri t:."- coding for:m. 
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1. Entries in columns 1 - 5 may be accomplished in several fashions, depending upon pro-

grammer preference or established key punch procedure. For purposes of this book, in

dicate page 1, line 1, zero insertion, on the coding form segment below: 

EASYCODER 
CODING FORM 

PROBLEM PAYROLL PROCEDURE PROGR AM MER J E j.j DATE PAGE I OF 

CARD tl~ LOCATION 
OPERATION OPERANDS 

NUMBER ~ ~ CODE 

! 2 "3 4 5 6 7 • 1415 2021 6263 

o /Io/:c 
80 

15. An Op. Code is always found as the leftmost character of an instruction. When a tag be-

gins in the leftmost Location column (# e) and refers to an instruction, the A 'VI) R,~ 
assigned by assembly is that of the memory location containing the ~ C-oOEi, which 

is the LCFl r?~1 character of the instruction. 

29. The H-200 has larger memory than the 1401; consequently larger decimal numbers may be 

used as addresses. However, your familiarity with what were called actual addresses will 

1 e t you to use those which Honeywell refers to as _-l\~....!..!\:':::":':::'" ,:::...::\.-:.....:::u~\_~:.."' ___ addresses without 

further discussion. Similarly, what you already know about symbolics is consistent with 

Honeywell __ ....:s'=-.',J.!...:I....:).;.,\ ....:\~:::.' .:..6..!\-~'~:.....:.( __ . __ addr e sse s . 

43. If direct absolute addressing had been used instead of indexed or indirect addressing, the 

coding form would have looked like this: OPERATION 
CODE 

15 2021 

IA 31~o.415 

Refer to frames 41 and 42, then show how the coding forITl would be completed to specify: 

Indirect Addressing of the A Operand 
OPERATION 

CODE 

15 2021 

A - ~_ l' .11' ( 

OPERATION 

Indexed Addre s sing of the A Operand CODE 

15 2021 

using index register X2. ~ In '1."1+,'1 1 VI" 

57. The FROG assembly control statement was discussed at the start of this lesson. Briefly 

explain ito purpo .. and indicate whe~ it i, written/on the coding 10.<=. "//.;...J ~ ""t :f:t:~/;:;;!:;!: .xl, If ., j hit.. G u<-c,<~ t~ ,..-? 
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1. NOTE: Programmer's should complete at least the first five columns on the 

first line of each coding form. 

EASYCODER 
CODING FORM 

PROBLEM PAYROLL PROCEDURE PROGRAMMER J E H. DATE 1'5/6/64- PAGE I OF-±-

CARD H LOCATION NUMBER n 
I 2 3 4 5 6 7 , 

¢ 110110 

15. 

29. 

43. 

57. 

136 

OPERATION 
CODE 

1415 2021 

INDIRECT 

INDEXED 

OPERANDS 

#8 

ADDRESS 

OP. CODE 

LEFTMOST 

ABSOLUTE 

SYMBOLIC 

~ LOCATION 
OPERATION 

K 
CODE 

7 , 1415 2021 

A (laZ7 ) 41,5, 

~ LOCATION 
OPERATION 

R CODE 
K 
7 , 1415 2021 

A 10.l7+X2., •. 41.5, 

6263 

PROG IS THE FIRST ENTRY IN THE PROGRAM. PROG CAUSES 

ASSEMBLY TO TAKE UP TO SIX CHARACTERS WRITTEN IN THE 

OPERANDS FIELD AS THE PROGRAM NAME. 

(Or equivalent answer) 

80 
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2. 1£ prior agreement has been made with the key punch operator for duplication of the first 

entries in columns 1, 2, and 5, a programmer may complete only the line number columns 

for subsequent entries. The programmer ' s entries in columns 3 and 4 identify the '-lW( 

__ ~lJ~6~' ____ of the coding form. 

Of course, a programmer would be correct if he decided to complete all five columns for 

each of the 30 coding form lines. 

16. Constants or characters in reserved areas are usually retrieved from the rightmost to the 

leftmost character. Appropriately then, a tag which begins in column 8 and refers to a con

stant or reserved area, will have an assembly assigned address of the R-r&H1t?JP<;,j 

character. 

30. What was called "address adjustment" in your previous system is termed "relative ad-

dressing" in Easycoder. These examples: 

CARD H LOCATION 
OPERATION OPERANDS 

NUMBER n CODE 

I 2 3 4 5 6 7 8 1415 2021 6263 8O 

,1(62 1911 ig A DATIl.+SI ZE-,I 12.+ITEM-'3 
show that ""liLA-live addressing may be used with either -: ,/ p., t;'C;l." r c, or 

44. Indexing and indirect addressing require three bits for identification by the address type 

indicators. In two character addressing mode, a1112 bits are required to express addresses 

up to # 4095. (111111111111 2 = 409510) Since all twelve bits are used in two character addressing, 

no bits are available for address type indicators. Consequently, when in two character ad-

dr e s sing mode, ne ithe r ___ l",-"\J::..?,,-,,~_t"-,,J:,-,N=?:...-__ no r _--,"c..' "', J __ ' '--,",C _'-;;;;"_~.:..' ____ addr e s sing are a va il-

able. 

58. In addition to the name written in the operands field, a PROG card will contain certain 

other information to direct the assembly process. This additional punched information re

places the requirement for the "control" card that was needed with a 140l. 

You are already familiar with the mnemonic written to originate addresses. It 

causes assembly to assign subsequent addresses starting at other than location 0, and is the 

mnemonic, if\L-
I 
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2. 

16. 

30. 

44. 

58. 

138 

LINE NUMBERS 

RIGHTMOST 

RELATIVE 

SYMBOLIC 

ABSOLUTE 

INDEXING 

INDIRECT 

NOTE: Indexing and indirect addressing require an address mode greater 

than two characters. The instruction to specify the ADMODE as two, three, 

or four characters and the instruction to Change Addressing Mode - CAM -

are explained later in this lesson. 

ORG 
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3. The manner of line numbering (columns 3 and 4) is left to the programmer's discretion. 

Lines maybe numbered sequentially and continue f...·om one sheet to the next. 

Example: Alternatively, line numbers may begin again on 

CARD ll~ 
each page. In this case, line numbers could go 

NUMBER n 
I 2 3 4 5 6 7 • 

from number -"-- to number 3 d 

page. 

on each 

9$2131:4 
1¢2'3cl,s 
(1;",3";" 

17. A tag beginning in column 8 for au instruction is assigned the address of the....a.2 C<lOI;;" 

which is always the I 101 (hGSl character. 

A tag beginning in column 8 for a constant or reserved area is assigned the address of 

the &'4-<}-tt l(Y1osi c eMIle ;a'-

31. An * may be used in the operands field to signify self reference. Assembly interprets the 

* as the memory location of the Op. Code for the instruction in which the * appears. Since 

the * is a symbol, its address is considered to be a S ~/ VJ\ 13", ..... :c..c..- address. Notice that 

where an ,~ signified the rightmost memory location in your 1401 programming, the H-200 

uses an * to refer to the L i.: 1:'- 'I nl<~f- most memory location of the instruction. 
i 

45. To this point, seventy-nine of the eighty coding form columns have been mentioned in var

ious examples. What is the name and number of the column that has not been discussed so 

far? __ --'i..:.'-'-:::..,~;..;.\ ___ Column # --1r--

CARD ll~ LOCATION 
OPERATION OPERANDS NUMBER ~ ~ CODE 

I 2 3 4 5 6 7 • 1415 2021 6263 so 

1 i 

59. ORG statements may be written at any point in the program causing assembly to assign 

subsequent addresses starting with the location specified in the operands field. 

Assembly will start assigning addresses with location 0 unless an _..,.i",-,-IZ,,",L-~ __ statement is 
J /, / 

written immediately following the T J)'! Ir statement. 

l39 
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3. 

17. 

31. 

45. 

59. 

140 

1 - 30 

EXAMPLE: 

CARD B 
NUMBER n 

I 2 3 4 5 6 7 8 

? 2.191 , :9S 
¢2.1f/J21~ 
ftI"",""Qlnt 

OP. CODE 

LEFTMOST 

RIGHTMOST CHARACTER 

SYMBOLIC 

LEFT 

MARK 

COLUMN # 7 

ORG 

PROG 



4. 

LESSON VI. EASYCODER PROGRAMMING 

An asse:mbly control :mne:monic Op. Code is always the first coding for:m entry. This Op. 

Code causes asse:mbly to na:me the PROGra:m. using up to six characters fro:m the operands 

field. Abbreviate the proble:m title below and :make the proper entries on the coding for:m. 

EASYCODER 
CODING FORM 

PROBLEM PAYROLL PROCEDURE PROGRAMMER J E H . . DATE PAGE OF±-

CARD H LOCATION I OPERATION OPERANDS NUMBER K 
CODE 

I 2 3 4 5 6 7 • 1415 2021 6263 80 

I ¢ll¢lj; 1\" R0'lr IPP,'IIII, L 

18. Easycoder provides a versatility of tag address assign:ment that was not available in your 

previous syste:m. The left or right:most addres s assign:ments discus sed in the previous 

frame :may be reversed simply by starting a' tag in colu:mn 9. 

A tag beginning in colu:mn 9 for an instruction is as signed the addres s of the 

A tag beginning in colu:mn 9 for a constant or reserved area is assigned the address of 

the L -.;:;- \" '; I'()~ <., -) (' r?'1:'t'{ 1 ~ '\. 

32. The utilization of an ~, address and relative addressing is illustrated in the MCW instruc-

tion below: 

CARD n LOCATION I OPERATION OPERANDS NUMBER t ~ CODE 

I 2 3 4 5 6 7 • 1415 2021 6263 80 

I : Mew It+ 9 W,Q.R.l< 
I 

I Is ITA~ .{P ",y; 
.-"-' 

'--.,---~ 

The function of MCW instructions is to :move the field specified by the A address to that 

specified by the B address. The notation *+9 refers to the right:most character of the instruc

tion stored i:m:mediately to the right of the MCW instruction (assu:ming that two-character 

address asse:mbly has been specified). The instruction following the MCW instruction will 

be :moved to the field tagged WORK when the MCW instruction is executed. 

46. This Mark Colu:mn (#7) brings up a point that should be noted. To this point in the lesson, 

no distinction has been :made between EASYCODER and EXTENDED EASYCODER. The sub

jects discussed were applicable to both syste:ms. Certain entries in colu:mn #7 apply equally 

to both syste:ms, but Extended Easycoder - as its na:me i:mplies - :makes additional or 

use of the Mark Colu:mn. 

60. Tags :may be used with ORG state:ments but a tag :must begin in Colu:mn 8 of the location 

field if it is to be used as a sy:mbolic address. A tag should be defined prior to being used 

as a sy:mbolic address with an ORG state:ment. This :may be acco:mplished by writing the tag 

beginning in Colu:mn 8 of the location colu:mns either along with the ORG instruction or as a 

preceding entry. 

At which address will asse:mbly start assigning addresses if an ORG state:ment is not 
written? ___ ~~ __________________________________________________________________________ __ 

141 
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4. NOTE: Any name of up to six characters may be used in the operands field. 

EASYCODER 
CODING FORM 

PROBLEM PAYR01.1. PROCE"DURE PROGRAMMER J E H . . DATE IS/ ~ / b4- PAGE I OF3:... 

CARD 
NUMBER 

I 2 3 4 S 

1111 1
" ,:(1\ 

18. 

32. 

46. 

60. 

142 

~I~ LOCATION 
OPERATION 

OPERANDS 
~ ~ eOOE 

6 7 8 14 IS 2021 6263 

PRO& PAY RoL. 

RIGHTMOST CHARACTER 

LEFTMOST CHARACTER 

The examples below indicate that a programmer must take the addressing 

mode into consideration when writing an * address. 

MEMORY 
LOCATIONS 

OP. 
.CODE 

A ADDRESS 

I 

• + : 13 

TWO CHARACTER ADDRESSING 

B ADDRESS 

THREE CHARACTER ADDRESSING 

B ADDRESS OP. 
CODE 

A ADDRESS B ADDRESS 

* .Ii. tx· 

Four Character Addressing to access memory up to 65, 000 memory locations 
will be discussed later in this lesson. 

EXTENDED 

Assembly will start assigning addresses at memory location 0 unless 

directed otherwise by a ORG statement. 

80 
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5. The first mnemonic Op. Code will always be the assembly control statement, 

This causes assembly to name the program. Up to S /y characters can be entered in the 

__ ...:0::....l.y.s.8'-~'MJ;,:;;..:?;..so!..... ____ field to express the program name. 

19. The address assignments for tags are summarized below: 

A t,ag beginning in Col. 8 of an instruction refers to the LW11t1~~-r 
1 

A tag beginning in Col. 9 of an instruction refe1s to the II L&tl1 rilp.:$] 

A tag beginning in Col. 8 of a constant or reserved area refers to the 

A tag beginning in Col. 9 of a constant or reserved area refers to the 

33. Make the following comparisons between an H-200* and a 1401*: 

Kl<i-I-' Tlllo'>f 

L6~11'Yl1 s r 

v 

1. The H-200>:' references the 1-(.f1 1'1105 -r memory location of the instruc-

tion in which it appears. 

2. A programmer needs to take into account the number of characters being used to 

express an (; \)J)j(~ <'5 for the H-200. 

47. In this and subsequent frames, subjects applicable to both Easycoder and Extended Easy

coder will be presented. Any topics pertaining exclusively to Extended Easycoder will be 

indentified with the titles, "EXTENDED EASYCODER". 

One of the purposes of Column 7 is to provide a convenient method of setting ITEM marks 

without writing a SET ITEM MARK instruction. Obviously, if this column remains blank, 

tJ,i 1. -1,,/" i,' i" It , is set. 

61. The mnemonic MORG (for Modular Origin) is written when it is desired to have assembly 

start assigning addresses at the first multiple of an address written in the operands field. 

For example, if the last address assigned was location number 100, the MORG statement 

below would cause assembly to start assigning subsequent addresses at location number /J-S. 

~ 
K 

LOCATION ! OPERATION 
CODE OPERANDS 

7 • 1415 2021 62 

IMO~G 164 
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5. 

19. 

33. 

47. 

61. 

144 

PROG 

SIX 

OPERANDS 

OP. CODE 

RIGHTMOST CHARACTER 

RIGHTMOST CHARACTER 

LEFTMOST CHARACTER 

LEFT MOST 

ADDRESS 

NO ITEM MARK 

128 

NOTE: The operands field entry for a MORG stateITlent ITlust be a power 

of 2. ExaITlp1es: 2,4.8,16,32,64, ••.. etc. 
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6. When more information needs to be conveyed than is afforded by the six character name, 

subsequent lines may provide remarks (comments). An ':' is used to specify this type of 

entry and as illustrated below, the * is placed in the _--:";"":..."_f,..:;c ____ column. 

EASYCODER 
CODING FORM 

PROBLEM PAYROLL PROCEDUR~ PROGRAMMER J. E H. DATE /5/b/64 PAGE I OF~ 

CARD H LOCATION I OPERATION OPERANDS NUMBER ~ ~ CODE 

I 2 3 4 5 6 7 8 1415 2021 6263 80 

I ¢ I!¢I:~ IPR06- PA'(~OL 

, 01:~21(h I PII.,{Ro L L ElCAMPl E PRfP,AREP FoR E"OU CAT,/ OJJ ,RE" S EARCH. TE,XT800,K 200 

20. As previously stated, tags can contain up to six characters, but the first character must 

be alphabetic. 

If desired, absolute decimal addresses may be written in Location columns in place of 

tags. Briefly state in your own words how assembly tells the difference between a tag or 

an absolute address in the Location column. j/H - £ :r,<sr c.1++K.r\C\~·.,.H tkpJA!r!t;"1.Jc. 

e t} S (J t,.. v n; - n I~ ) T (' ~ i:'( i: t l(;?'C Iv v }!i c-) I :: ( 

34. Your previous system was limited to the use of only three index registers denoted as 

+Xl, +X2, and +X3. The H-200 makes six index registers available and they are specified 

on the coding form in the manner to which you are accustomed. Write the designations for 

each of the H-200 index registers: ,t f I -i 'I).. 

62. If several programmers are each writing portions of a program, different symbolic tags 

may inadvertantly be used for the same program element. Easycoder contains an assembly 

control statement to correct this situation. It is named for the operation of making 

different tags equal to one address, hence it is called an Eqv Iflr statement. 
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6. 

TYPE 

20. TAGS BEGIN WITH AN ALPHABETIC CHARACTER. ABSOLUTE 

ADDRESSES BEGIN WITH A DIGIT. 

34. 

48. 

62. 

146 

+X1 

+X2 

+X3 

+X4 

+X5 

+X6 

AN R IN COLUMN 7 PLACES AN ITEM MARK IN THE RIGHTMOST 

MEMORY LOCATION OF THE FIELD OR INSTRUCTION. 

EQUAL 

(MneInonic: EQU) 
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7. A remarks line may be written at any point in a program. Name clarification is simply 

one example of the use of a REWlA'tZ\<.S line. When this type of line is required, an~ 

is written in the ly f~ column {column # ~. 

21. In the examples below, indicate whether the tags refer to the right or leftmost memory 

location. 

I. 
2. 
3. 

4. 

5. 

6. 

LOCATION 
OPERATION 

CODE 

• 1415 2021 

fX EMPT oew. @.I(ETTAX@ 

NOV 6S 1)C @l1TH MO@ 

1.6,52 Dew i)PART,A@ 

&RoSS A TA)(' .• NET 

212:2 A I¢~ .. UI~. 
STOKoPS ST 01< toIET 

1. L most memory location. 

2. ~ most memory location. 

3. L most memory location. 

4. t,....- most memory location. 

5. V most memory location. 

6. fi most memory location. 

35. Index designators must all begin with a plus sign. However, it is not proper to introduce 

an operand with either a + or - sign. When the contents of an index register are used in the 

entire address, it should be preceded by a 0 on the coding form. In the ADD instruction 

below, write the A address as the address stored in index register six and the B address 

as a location tagged WORK. 

~ LOCATION I OPERATION OPERANDS 
~ CODE 

7 • 1415 2021 62 

~ D-r tb.~ "'-'1(( 
! 

49. item Marks set through the use of column 7 conveniently replace the necessity of 

writing a SET ITEM instruction._ Th~s convenience may bJ. utilized wh~never Item Marks 

are desired in either the ~!IC-...A or ~.tlf'tA.-:.;;;q memory location 

of an entry. 

The SET ITEM instruction (to be discussed later) is still required if the punctuation is 

to be placed in locations other than the extremes. 

63. EQU may be used in various situations other than the single example previously cited. 

However, the basic purpose of EQU is to cause a symbolic tag to be E qu Pd,.. to 

the j\-1>ntos written in the OY~1?'(j; field. 

LOCATION 
OPERATION 

CODE 

• 1415 2021 

WTHL £.OU 2(11 4 p. 
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7. 

21. 

35. 

OPERATION 
CODE 

15 

A 

49. 

63. 

148 

2021 

¢+Xf>.,WORK 

REMARKS 

TYPE 

6 

LEFT 

RIGHT 

LEFT 

LEFT 

LEFT 

RIGHT 

OPERANDS 

LEFTMOST 

RIGHTMOST 

EQUAL 

ADDRESS 

OPERANDS 

62 

"-
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8. It should be noted that the operands field begins with column # ~ and ends with column 

#~. 
The portion of a remark that continues into columns # .....!?.L to # ~ will not appear 

in the assembled object program printed listing. Write the following remark as it will 

appear in an assembled object program printed listing. 

EASYCODER 
CODING FORM 

PROBLEM PJWROlL PROCEDURE PROGRAMMER J [ I-l. . DATE \ 5 / b I ~ 4 PAGE 1 OF 4-
CARD n LOCATION 

OPERATION OPERANDS NUMBER H CODE 

I 2 3 4 5 6 7 8 1415 2021 6263 80 

I ~ ll¢l OS PROG- ~AYRO L 

2 ~ 1:02.1~* PAYRO L L EX AMPLE PR EPARED FOR EDUCA"\ON RES EARtH TEXTBOO~oO 

22. There are two conditions in which a blank OPERAND field is valid: 

1. The instruction does not require an 0 P~-.zfh.l\) . (Such as H, NOP, etc.) 

2. Operands are implicitly addressed as in chaining, where the address of the A 

operand is supplied'by the contents of the __ 11 11 Dl)X c ' .. 5 register, etc. 

36. Instead of specifying the location of a data field directly, it is sometimes useful to 

designate other memory locations, which in turn contain the address of the desired data. 

Addressing accomplished through memory locations which contain the address of desired 

data is not direct addressing. Consequently, this type of addressing is called 

_-'r::::....:.r-J;;:....;D~:t:..Jf\~\ .:::;:':..;:'-:.....1 ___ addr e s sing. 

50. WORD MARKS are automatically placed with instructions. Example: The Op. Code 

of any instruction is automatically word marked. 

What would be the resultant punctuation when an L is written in Column 7 of an instruc-

tion? 

64. In order to assign the tags, Xl, X2, X3, X4, X5, X6, to the actual addresses of the 

index registers, ADDRESSES: 4, 8, 16, 20, 24, (the absolute addresses of the registers) 

must be written in the operands field. Fill in the coding form to make the tag "X3" equal 

to the index register occupying memory locations #10, 11, and 12. 

I OPERATION 
I 

LOCATION CODE OPERANDS 

8 1415 2021 62 

)(3- Ie; J i1.,- I , I I 

149 . 

1'1 
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8. 

22. 

36. 

50. 

64. 
I 

EASYCODER PROGRAMMING 

21 

62 

63 - 80 

PAYROLL EXAMPLE PREPARED FOR EDUCATION RES 

OPERAND 

A ADDRESS 

INDIRECT 

RECORD MARK 

NOTE: A record mark is a combination of word 

and item mark. It may also be set by writing 

SW and SI instructions. 

OPERATION 
LOCATION CODE OPERANDS 

• 1415 2021 

)(3 e::QU 12. 

Refer to the following chart for frame #65. 

X 1 001 2-4 

X 2 010 6-8 

X 3 011 10-12 

X 4 100 14-16 

X 5 101 18-20 

X 6 110 22-24 

150 

62 

4 

8 

12 

16 

20 

24 
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9. If a printed listing of a11 80 card co1urrms is desired, tabulating equipment (an accounting 

machine) or a source card print routine may be used. An * is placed in Column #6 when 

on1ya remark is written. As with the 1401, remarks may also be entered fo11owing the 

last entry in the operand field. Easycoder requires one space between the last operand and 

the first remark. 

23. List the two conditions for which a blank operand field is valid. 

1. 

2. __ C"::......;pu,o,,-'-.:"-'l.;;....;;c....;. t....;' :<;.&_-_-..!..~i...l{):;.,9<:..l1.l~..c....~J::.-_ _'__.!...:...::;..::...::...:;.. __ _4~'<:..:·"":.1 ....;,-.'.:.....:::,S....;I....;<:.-:;.,··_-I. __ +--=1 _(Y~l..:.P-=L-::;.:..:1 C:..."f::....t.._..L.:-:fp4),(c>5J 1./1 
In a11 other situations, the operands field wi11 contain addresses (symbolic, absolute, 

indexed, indirect) octal variants or entries as remarks and constants. 

37. Indirect addres sing is an H-200 capability not found in your previous system. A pro

grammer encloses the indirect address in parentheses, and the program then refers to that 

address for the desired data address. Indirect addressing can be compared to additional 

indexing in excess of the six available registers. Since an indirect address can specify an

other indirect address, etc., through a!ly desired number of levels, the capability of multi

level indirect addressing is provided. Indirect addressing requires only that 1.) the indirect 

address be enclosed by parentheses, and 2.) the program is in three or four character ad

dressing. Example: 

OPERATION 
CODE 

15 2021 

It.'Icw I(DATA+2 ) ,WORt< 

51. The fo11owing minimum hardware configurations are required for H-200 systems using: 

EASYCODER EXTENDEDEASYCODER 

CENTRAL PROCESSOR 2048-character core storage 8192-character core storage 

PERIPHERAL EQUIPMENT Card reader / card punch Card reader / card punch 

Printer Printer 

3 Magnetic tape units 

65. Write the statements making tags XI through X6 refer to their correct address. 

LOCATION 
OPERATION 

CODE 

B 1415 2021 

XI - 0 1-1 
Xl I~. 
IX~. I;,v 
IA~ .~ I I I 

1)(- 11. 
f.. ~ 'V. rt.-:~ 
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9. 

NO ANSWER REQUIRED 

23. 

1. OPERANDS NOT REQUIRED. EXAMPLES: H, NOP, ETC. 

2. IMPLICIT ADDRESSING (CHAINING). 

37. 

NO ANSWER REQUIRED 

51. EXTENDED EASYCODER 

In addition to blank, L, and R, there is another set of punctuation indicators available 

to Extended Easycoder. If any of the letters A through T (excluding Land R, 0 and Q) are 

written in column 7, word marking is not automatically placed by instructions. Any punctuation 

indicator from this second set, controls the complete punctuation. 

65. 
LOCATION 

OPERATION 
CODE 

e 1415 2021 

XI EQtJ 14. 
)(2 1:,00 S 
)(3 .:qu 12-

X4 E,QU 6 I I I 

X5 E<VtJ eo 
>16 t,OU 1Z4 

152 
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10. SPS or AUTOCODER uses lines 26-30 for insertions; EASYCODER permits insertions to 

be written for any line, on any line. Indicate that a line is to be inserted between lines 16 &17. 

24. In certain cases, either or both operand addresses are written as zeros on the coding 

form. Actual addresses will then be supplied by another instruction. For example, SCR -

which is similar to SAR or SBR of the 1401 - supplies operand addresses to a Resume Nor

mal Mode instraction as part of an interrupt routine. The coding of this portion of an inter

rupt routine is illustrated on the answer side of this frame. 

38. In preceding lessons, it was shown that a "two character" address - 12 binary digits - can 

express any address from 0 to 4095. "Two character" refers to the fact that the six charac

ter bits from two adjacent memory locations form a continuous 12 bit addres s. When "three 

character" addressing is required for addresses above 4095 or for INDEXED or INDIRECT 

addressing, a total of __ -....i\~\.-'-.• "'"'t'--;..::"''-'('-. ___ adjacent memory locations form a continuous \ Z 
bit address. 

52. EXTENDED EASYCODER 

Specifically, the punctuation indicators A through T (excluding Land R, 0 and Q) set 

whatever punctuation is required. Consequently, this second set of punctuation indicators 

controls W ~\t.. \') marks, 1-J~ marks, and \=2 .. <... L ()' \.J marks, in any com-

bination of leftmost or rightmost memory locations (extremes). 

66. 

The EQU statement is often used to make other tags equal to index registers. In the pre

vious discussion of indexing, you saw that the value stored as the contents of an index regis

ter could be used to modify an address. For example, DATA +Xl, instructs the computer to 

add the value stored in Xl to the address of the symbolic tag DATA. (Continue to the answer 

side of this frame. ) 
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10. 

NOTE: Any digit in the insertion column is correct. However, it is a common practice 

to number insertions with a central digit between ° and 9. In this manner, insertions could then 

be made between the original line and the first insertion. 

24. 

Interrupt Rou 
at this point 

38. 

52. 

66. 

tine Begins 

LOCATION 

• 

RE SUME 

~ ENTER 

,"'.""''''1)'' 
'5 $131,5!1Z ,. ~.3116:~ 
'7 9131/7IfIJ ,. ;3' , 81~ 
'9 9l3jl615 

Notice these zeros. 

OPERATION / CODE 

1415 

RNM 
SCR 
sell. 
~ 
~ 
-; 

B 

2021 ./ 
..r 

¢¢¢ .9l,I&!IS.I!l' 
RESUM£+3 67 
RESUM,E +6 ,7,r1 
.... o.:u~'\( 

\~ ~~:,\'\'~~ . <, 
~v ~ 
li'ESU~£ 

THREE (3) 

18 

WORD 

ITEM 

RECORD 

! 

I 

Stores !JA" Address Register (67). 
Stores "B" Address Register (70) . 

Suppose that the tag DATA has been assigned to memory location #500 and that X2 

contains a value of 5. Retrieval of the desired operand DATA +X2 is shown below: 

£ DATA PLUS THE VALUE IN X2-T .....('(....(";1 

ADDRESS ... 1_49_8....&..._4_99......1.1_50_° .......... 1 _5_01 ........ 1_5_0_2.....&...1_5_03 ........ 1_5_04---'1i....-50_5......1.1_50_6~ 

The computer begins retrieving the operand at memory location #505. Because of 

indexing, the effective operand address, DATA +X2, has been modified without actually chang

ing the original address of DATA. 
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11. A prograITlITler should cOITlplete at least ColuITlns 1-5 on the first line of each coding forITl. 

ColuITlns 1 & 2 show e A-'ckE rJo: , coluITlns 3 & 4 show '- -:r ,vIC ~fJ .. Y,,--· __ ..... 
colutnn 5 shows ___ \l..-J.::N~$;;:.;":..;'Q:::....J\ .... k~4~t-.J::..-__ _ 

The first Op. Code of a prograITl is __ y..:.....:.o<~o::....::.& __ , This causes asseITlbly to take up to L 
characters written in the ( \'" ,,'," field as the N['11< of the PI< d«"." \ 

-~~~~---- ---~~~~--- ---~~~--~---

An "* in the !'/I'7[ coluITln indicates a line of /<":,).,;;" 'i 
--~-- ----~-- --~-~~~~"~~ 

Any extension 

of this line beyond cOluITln # (r f.. will not appear in an asseITlbled object prograITl listing. 

25. The SCR instructions ITlove three character addresses froITl each register in the fraITle 2.4 

exaITlple. A correct nUITlber of ITleITlory locations ITlust previously have been allocated during 

asseITlbly for storage of these addresses. 

Briefly, then, what do the 000! 000, of the RNM instruction indicate to asseITlbly? 
1'. !" ' " r 

(' ,/ . I, ), 

39. The high order three bits of the 18 bits available in three character addressing are used to 

indicate whether addressing is to be accoITlplished directly, indirectly, or by indexing. These 

53. 

high order three bits are illustrated below. They are called the ti l.ly,<e;:S".. -r"/P'; 

IS-BIT ADDRESS 

I· 18 BITS 

EXTENDED EASYCODER 

The punctuation indicators A, B, C, place a WM. 1M, RM, respectively in the left ITlo.st 

ITleITlory location. 

The indicators D, E, F. place the saITle respective punctuation at the other extreITle, 

that is. 

the letter 
---'---

':) sets a IN\".'\ in the e\ " r i ITlost location, 
'" 

the letter 
---''"--

sets an l: i\~ in the ~ I. ITlost location, 

the letter ," sets a 1<-- \'V\ in the It b( ITlost location. 

67. The contents of an index register could also be the address of an operand. In this case. 

it is written as 0+Xl, 0+X2. etc. It is iITlportant to reITleITlber that index designators such 

as +Xl or 0+Xl specify that the C~IVT""1'VT'S of a certain register is to be used to 

locate another address in ITleITlory. 
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11. 

25. 

39. 

53. 

67. 

156 

Columns 1 & 2 show PAGE NUMBER 
Columns 3 & 4 show LINE NUMBER 
ColuITm 5 shows INSERTION NUMBER 

PROG 

SIX 

OPERANDS 

NAME 

PROGRAM 

* - TYPE - REMARKS - 62 

ALLOCATE SIX MEMORY LOCATIONS (000,000) TO RECEIVE A AND 

B ADDRESSES FROM OTHER INSTRUCTIONS. 

NOTE: When a variant character is to be stored, the operands field 

entry should be 000,000,0. 

ADDRESS TYPE INDICATOR 

D sets a WM in the RIGHT most location. 

E sets an 1M in the RIGHT most location. 

F sets a RM in the RIGHT most location. 

CONTENTS 
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12. A sYITlbolic tag (label) is cOITlposed of froITl one to six characters, the first of which ITlust 

be alphabetic. Tags are written in the L /e.. ~ -Il/'V coluITlns # 3 through # /4 
CARD t!~ LOCATION 

OPERATION 
OPERANDS NUMBER H CODE 

J 2 3 4 5 6 7 8 1415 2021 6263 80 

I ¢ ,I; 1<1 PROG- PA'( ROL 

3 9111131111 5,. A,RT SW 1 rt4, 2
1
00 I I I I 

26. 

/ -

\1_u~J:>\ 

The operands field ITlay be blank if no operands are involved or chaining is being perforITl

ed. However, if addresses are to be supplied by another instruction, the correct nUITlber of 

Crll1hrtft"I:) should be written in the operands field. AsseITlbly will then allocate the 

of storage ITleITlory locations. 

40. In two character addressing, the cOITlputer is not involved with any address type indicator. 

54. 

In three character addressing, the high order three bits indicate either direct, indirect, or 

indexed addressing. OOO=DIRECT, 1l1=INDIRECT. Write the address type indicators as they 

appear in binary, indicating the index registers 1 through 6. 

Ci" I =Xl c I =X2 () =X3 

\ 0 () ::X 4 \ C \ =X5 \ :\. 0 =X6 

EXTENDED EASYCODER 

The reITlaining punctuation indicators (G through T) place cOITlbinatiohs of punctuation at 

both extreITles. 

COLUMN 7 

G 
H 
I 
J 
K 
M 
N 
P 
S 
T 

LEFTMOST LOCATION 

1M 
1M 
1M 

WM 
WM 
WM 
6 

RM 
RM 
RM 

RIGHTMOST LOCATION 

1M 
WM 
RM 
1M 
WM 
RM 
6 

WM 
1M 
RM 

In addition to Land R, which two letters have been oITlitted? 

letter places no punctuation at either extreITle? _N,-,,-__ 
o Which 

68. EQU is used to assign a tag to index register designators in the exaITlple below: 

This ADD instruction refers to the index register X3, which is the address of the data to 

be added to NET. 
LOCATION I OPERATION OPERANDS CODE 

8 1415 2021 62 

TAX IMU I"'H3 
lA, TAX. NET 
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12. 

26. 

LOCATION 

#8 - #14 

ZEROS 

CORRECT NUMBER 

40. Notice that the index registers occupy memory locations 2 through 24. This 

chart will be presented again in this lesson and reference will be made to the 

addresses (4, 8, 12, 16, 20, 24) of the index registers. 

54. 

68. 

158 

':", :attiElI: iEGI;!ITEQ ADt>RESS TYPE 'STQaAGE lI'IELn 
"" mmCATQa 

x I 001 2-4 

X 2 010 6-8 

X 3 011 10-12 

X 4 100 14-16 

X 5 101 18-20 

X 6 110 22-24 

EXTENDED EASYCODER 

0, Q. 

N 

4 

12 

16 

20 

24 

NOTE: The first set of punctuation indicators (blank, L, R,) is usually 

sufficient. The second set of punctuation indicators may be used at the 

programmer's discretion. 

CONTENTS 

NOTE: A tag that has been made equal to an index register designator 

of the type 0+X3, may only be used to specify the contents of the register 

and not the address of the register itself. 
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13. An Easycoder tag may begin in either the first Location column (#8) or the second Location 

column (#9). The address assigned to a tag by assembly is determined by two variables: 

1. Whether the tag begins in L 1t-'A"'11<k column # (; or # 1 
2. Whether the tag refers to an instruction or to constants and reserved areas. 

27. Previous experience has made you familiar with the several types of addresses which may 

be entered in the operands field. 

For example, any unsigned decimal number from 0 up to the limit of memory constitutes 

an absolute address. While you referred to this as an "actual" address in your previous 

system, Easycoder terminology calls it an _..If\..:....;;:e,:...~ ... ,;;,...J,lj'-',-.::t..V..l.'\.;;;..: ____ address. 

41. On the back of this frame (#41) and in frame #42 you will be shown how the computer re-

trieves indirect or indexed addresses. You are to compare frame 41 with frame 42 and de

cide which frame illustrates indirect addressing of the A addres s and which frame illustrates 

indexing of the A address. 

55. You will recall that assembly language was divided into three types of statements at the 

start of this text. These are: 

1. A- >":>\.:: •• , 'j , J Control Statements 
----~~~~~~-----

2. J.? IT ',"t Formatting Statements 

3. Data7r2....(,c-li'?-:;;:;M.:. Statements. 

The third type was separated further into five kinds of instructions. 

69. Now, fill in this coding form to make tag FICA refer to the contents of index register X6. 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

X6 E"QU 24 
IF1.Cil II": G. I) O+~ 
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13. 

27. 

41. 

STORAGE A 

CONTENTS 

INSTRUCTION -

STORAGE ADDRESS 

CONTENTS ----------____ _ 

LOCATION 

#8 or #9 

ABSOLUTE 

A-ADDRESS 

"" 1027 

_ ....... ------

00. -~ 3116 3117 3118 3119 3120 

.J (3) 9 5 6 I • 
A-FIELD 

8-ADDRESS 

412 413 414 415 

4 6 6 

8-FIELD 

This frame is an example of ',lj_. addressing of the A address. 
-~~-----

55. 

69. 

LOCATION 

8 

)(6 

Fie" . 

160 

OPERATION 
CODE 

1415 2021 

E,Qu 2"1-
f,QU 1¢'t)(6 

ASSEMBLY 

DATA 

PROCESSING 

OPERANDS 

62 
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14. Consider first a tag that starts in column #8 and l'efers to an instruction. Due to the 

direction of instruction retrieval, the address assigned to the tag by assembly will be the 
J 

memory location containing an ~ __ ""..,'~.c.pi_>_"'_' _ 

/ 

28. Identify the types of addresses in the example below: 

42. 

56. 

CARD 

The first line shows ___ ... ~-,0-,S"-,-r);;...I.-_v~",,,\<:.;;...-____ addresses. NUMBER 
I 2 3 4 5 

The second line shows __ d.::.'-'y....:I_~'_1.:;;i7..::~..;.i-_i-;....o.k'--__ addresses. ¢2.I~1 :9> 
I 

I 

lop CODE I A ADORESS I B ADORESS I 
INSTRUCTION _I 0 1010 I 10271000! 415 I 

STORAGE 

BINARY 
OIGITS 

ADDRESS ---I--..J--'----l C:=======jf;> 

CONTENTS _ 

oddr~ss Iyp~ 

mdica/or is ignor.d 

A FIELD 8 FIELD 

~Ia LOCATION 
OPERATION 

CODE 

6 7 8 1415 2021 

It\, 375 450 
S TAX.PAY 

This frame is an example of :i:- IJ I)",' j addressing of the A address. -------------------
List those of the ten Easycoder Assembly Control mnemonics you remember: c (QU ---="'--'--=-----

l ij) 

£: ! 

70. Compare the two examples below, then briefly describe the different effects of the ADD 

Instructions. LOCATION 
OPERATION OPERANDS CODE 

8 1415 2021 62 

X6 f&U ~4, 
Example #1 ,F,I ell. E,Q,U ~+X6 

A FI C A,'JX6 

LOCATION 
OPERATION OPERANDS CODE 

8 1415 2021 62 

Xl, E,Qj,U 24, 
Example #2 fl CA IE,QU ~+x 6 

A FI C A,~ Fl c,~ 
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14. 

2.8. 

42. 

56. 

70. 

162 

OP. CODE 

(RETURN TO FRAME 15, PAGE 135. ) 

ABSOLUTE 

SYMBOLIC 

(RETURN TO FRAME 29, PAGE 135) 

FRAME 41 IS AN EXAMPLE OF INDIREC T ADDRESSING 

FRAME 42 IS AN EXAMPLE OF INDEXED ADDRESSING 

PROG~ 

ORG 

MORG 

ADMODE 

(RETURN TO FRAME 43, PAGE 135. ) 

EX 

CLEAR 

EQU 

CEQU 

(RETURN TO FRAME 57, PAGE 135.) 

HSM V 

END 

EXAMPLE #1. THE DATA STORED AT THE MEMORY ADDRESS IN

DIcATED BY THE CONTENTS OF X6 WILL BE ADDED T0 MEMOR Y 

LOCATION #24. SINCE THIS IS THE ADDRESS OF X6" THE CONTENTS 

OF X6 WILL BE CHANGED. 

EXAMPLE #2. THE DATA STORED AT THE MEMORY ADDRESS IN

DICATED BY THE CONTENTS OF X6 WILL BE ADDED TO ITSELF. 

THE MEMORY ADDRESS - FICA - REMAINS IN X6 AND IS NOT CHANGED. 

(The diagram on page 163 illustrates how the computer executes Example #1) 
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71. 

LOCATION 

EXAMPLE NO. I )(6 

FIe 

OPERATION 
CODE 

OP CODE A - ADDRESS I B-ADDRESS 

INSTRUCTION ---I o 

indicaf.s 
indu r.(/.6 

A ADDRESS 
REGISTER 

3117 3118 3119 3120 
/ 

OPERANDS 

NOTE: HIGH ORDER THREE BITS 
SHOWN IN BINARY 
LOW ORDER FIFTEEN BITS 
SHOWN IN DECIMAL 

ADDER 

The A address is supplied to the A address register froIn index register X6. The B ad

dress is supplied to the B address register £rOIn the address in the instruction. A char

acter froIn each operand is sent to its respective operand storage register and is then COIn

bined in the adder. This process continues and the result is sent back to the address in

dicated by the B addres s register until the character with a word Inark has been proces sed. 

What will the total be at the cOInpletion of the ADD operation and where will it be stored? 

163 



LESSON VI. EASYCODER PROGRAMMING 

71. The total stored in memory locations 22,23,24, will be 3481. Since memory locations 

164 

22,23,24, constitute index register 6, subsequent use of this register will involve the value 

3481. The example explained was a special case where it was desirable to change the con

tents of X6. 

The coding below illustrates the second example that was written A, FICA, FICA. Note, 

however, that the appropriate format is written more efficiently as Op. Code, A Address. 

This format simply duplicates the A Address in an Add instruction. 

LOCATION 
OPERATION 

CODE 

8 1415 2021 

EXAMPLE NO.2 X6 EQU 24 
FICA f,QU ¢+X6 

IA FI CA. 

I A-ADDRESS 

3117 3//8 3//9 3120 

- -----, 1 
FICA 1 1 

r-T-'--'--' L L 
• 3//7 , 3118 13119 J 3120' -I 1 I , 1 
'-1-1- -'---1 

RESULT I. 0 1 7 1 2 J 2 , 

Lt~1~-tL1J __ _______ _ 

OPERANDS 

RESULT 

ADDER 

Characters are 
combined, then 
returned 10 the 
address indicated. 

8-ADDRESS 
REGISTER 

1 , , , , , 
I 
I 
I __ ...J 

If you are interested in another example of indexing, you may review frame #42 on page 

161 before continuing to frame 72, page 165. 
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72. The examples just presented combined a review of indexing with the use of an EQU assem-

bly control statement. This does not mean that EQU is used only with index tags. EQU was 

simply demonstrated in conjunction with indexing. 

The purpose of EQU is to make a tag written in the location columns EO/vitI..- to the 

1\\)\)Q,0z~' in the operands field. This address may be direct, indirect, or indexed. 

83. EX (for EXecute) is similar to the EX statement with which you are familiar. Briefly 

explain the purpo s e statement. 

, ~ "--

94. The first direct address specifies the lowest memory location to be cleared of punctuation 

and data bits. It_ is seFCir(ite.d fr.C>.~ __ ~!:~_ ~~_c;_~~~<!!:!ec:t_Ci<icl!~S_~_.bX_<l:~~~_ma. __ ~~_thi_El tlh~~3~sttl 

(§lecond) addres s is not also_ folJ~~~~J~YJL~~~!!l~-:,_Jh~_ dat~Ll:>jJl>_i:!Lt:p.e area specified are 

cleared to zeros. Indicate that the area from WORK to WORK + 10 is to be cleared to zeros. 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

1r,1 "."'.~ f..-I,{II "" ,""~.I/'<. 1\ 

END ~ 

105. A!t~EIla!!vely, an alphanumeric cons.tCillJI!1ay be written as follows: 

LOCATION I OPERATION 
CODE OPERANDS 

• 1415 2021 62 

I ~12.AUN IT""6~$,I. zo 

,The notation #12 A is in!erp!_ete<!~Yii_ss~~blY_~!l_l!l:e~p,i.~g~~_n~~ll_~E (#)()Lm~_~~:t"Y_ 

locations (12) to stor.e the_ ~lpg_a.Il,!meri_c:.j~Js_on~taI!t. Then, the constant to be stored is 
-..r 

specified as UNIT#6@ $1. 20. Using this type of notation, indicate that TYPE 3 is to be 

stored as a constant without a word mark. 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

In,!' # 5 4 T 'I, r. l'. 1. 
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72. 

EQUAL 

ADDRESS 

83. THE PURPOSE OF THE EX STATEMENT IS TO EXECUTE A PORTION OF 

A PROGRAM BEFORE THE ENTIRE PROGRAM HAS BEEN LOADED BY A 

LOADING ROUTINE. 

94. 

105. 

166 

A prograrnrner writes :mnerrlOnic EX in the op code field. He then writes a 

previously defined address in the operands field. This address is that which 

appears in the location field of the first instruction of the seg:ment to be ex

ecuted. 

LOCATION 
OPERATION 

OPERANDS CODE 

• 1415 2021 62 

CLEAR .vo~~ WOR\<.+ 1.12!. 

END 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

DC "'5ATYPE3 
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73. The EQU statern.ent is not required as part of a specific sequence of assern.b1y control 

statern.ents. As you rern.ern.ber, PROG is written first, and ORG follows PROG. The next 

two statern.ents that need to be written are ADMODE and CAM. ADM ODE specifies the rn.ode 

of A \)iO~","<~,> (2, 3, or 4 characters) in which to start assern.b1y. CAM actually 

eOl,-;)):'" to 2, 3, or 4 characters. 

84. Since the purpose of an EX statern.ent is to execute portions of the prograrn. before the re

rn.ainder is loaded, rn.ore coding follows an EX stateplent. 

At the END of prograrn. coding, the assern.b1y control statern.ent _--..;;E",-,-~-=-J)",,-___ is written 

in the Ope Code field of the final coding line. 

95. A corn.rn.a written following the second address indicates that the area is to be cleared with 

the character written after the corn.rn.a. Punctuation bits will always be cleared. Indicate 

that ten rn.ern.ory locations starting at address #150 are to be cleared with X characters. 

LOCATION 
I OPERATION 

CODE OPERANDS 

• 1415 2021 62 

IrA FlU!. -.6 ,s:o + (), V. 
lEND 

106. Decirn.a1 constants (signed or unsigned) are sirn.ply written beginning in colurn.n 21 of the 

DC or DCW operands field. If a sign is specified, it will be denoted in rn.ern.ory by the zone 

bits (B and A) of the rightrn.ost character. Exa~pi~-;I'~:c~./:2°~~I2.: produces 10 0010 (Oct;'l 
115: 20121 : •• 42), while IDCW IH I 2: produces 01 0010 (Octal 22) as the nghtrn.ost character III rn.ern.ory. 

The exarn.ples above dern.onstrate that a + sign is stored in the rightrn.ost rn.ern.ory location 

with the BA cores respectively __ 0_ and _I __ A rn.inus sign causes the BA cores of the 

rightrn.ost rn.ern.ory location to be ----L- and ~. 
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73. 

84. 

95. 

106. 

168 

ADDRESS 

ADDRESS MODE 

END 

The programmer: 

1. Writes END in the Ope code field. 

2. May write a previously defined address (either absolute or symbolic) 

in the location field, to indicate the location of the 80 - character 

object program loading area. If the location field is left blank, an 

80-character 1teading area is automatically reserved by the assembly 

program immediately following the last assembled instruction. 

OPERATION 
CODE 

" 
2021 

CLEAR I 5<1 
END 

I 5q ,'X 

BA 

+ = 01 

- = LQ.. 

OPERANDS 

62 

in the rightmost memory location 

NOTE: Each digit (0 - 9) in the preceding examples will be stored in memory 

as a separate character, with the sign of the group shown by the rightmost 

character. 

+ 212 in memory as 00 0010 00 0001 01 0010 

212 in memory as 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 
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74. ADMODE is an assembly control mnemonic op. code. It indicates the mode of addressing 

for assembly when either a 2, 3, or 4 is written in the operands field. Specify three 

character addressing on the coding form below. 

OPERATION OPERANDS CODE 

" 2021 62 

PRO& f'A,{ Ro L 

OLR.G Ito-os. 
I rt~.io.::: l-s 

85. A programmer writes an EX statement to execute a portion of a program. He also needs 

to have written a branGh instruction as the last entry in the segment to be executed. This 

branch instruction refers to the address in the location field (columns 8 - 14) of the END 

statement. 

At the completion of the segment being executed, the program will _--'B ..... R""I1..;.iJ--'C-'* ____ to the 

address written in the location field of the E w'S> statement. 

96. HSM (High Speed Memory) assembly control statement is used with EASYCODER but is not 

required by EXTENDED EASY CODER. HSM is written to cause a card deck of memory con

tents to be punched. This "memory dump" deck can then be used to print a listing of complete 

mernory contents when desired. If an HSM statement is written, it must immediately precede 

CLEAR and END statements. A total of no more than 10 HSM, CLEAR and END statements 

may be written for an EASYCODER system. HSM and a memory dump printed listing are 

illustrated after this les son. 

107. DC or DCW constants may also be written in decimal by the programmer, but they 

can be specified to be interpreted by assembly as a binary value. For example, when a 

two character (two memory locations) binary constant with a decimal value of 212. is de-

I" 
2

°1" : sired, it will be written as follows: o:c :;Z.8~ 12.: : The notation #2B means that the ~mber 

(#) of memory locations to be used is ;2 and the constant is to be stored as a _I_inary 

value equal to ~ /1-- in de cimal. 
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74. 

85. 

96. 

107. 

170 

OPERATION 
OPERANDS CODE 

15 2021 62 

il:>RO& PAYRoL 
IQRe;. 10'0 
I~DMODf 3 

BRANCH 

END 

The prograrntner must write a branch instruction to the address in the location 

field of END as the last instruction of the segment to be executed. Sinc~t:IJ.e 

locatiQn field of End contains the address of the gl:?iect--prograI!l_loading a,.:r::ea, 

branch returns control to the loading routine. 

NO ANSWER REQUIRED 

Data formatting statements are discussed beginning in frame 97. 

2 

B 

212 

NOTE: As a result of the statement DC #2B212 this binary number with a value 

of 212
10 

will occupy two memory locatipns as: 

000011 : 010100 

because, 27 t 2 6 t 24 t 22 = 128 t 64 It 16 t 4 21210 
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75. ADMODE is an assembly control statement, and it should always be followed by a CAM 

(Change Addressing Mode) instruction. 

Whereas ADM ODE simply directs the assem~Jy program, CAl\4j~}::~quired...J:Qact1J~lly 

Q.. r' {,-",Crt the i+D\)l)<S'):T"'~- "'-4'D.... of the computer. 

86. The location field of the END statement provides the address of the object program loading 

area. Consequently, after execution of a portion of a program, the branch instruction refers 

to the location field of the END statement. This provides the address of object program 

area. Loading then continues for the portion of the program that 

follows EX. 

97. Constants and reserved areas are defined in Easycoder with one of four data formatting 

statements. (RESV, DC, DCW, and DSA). 

Obviously, the statement that causes assembly to set aside a specified number of memory 

locations is 1Z ,,"->v A tag beginning in location column #8 of this type of statement 

refers to the ~ l-c, '"'1 most memory location. 

108. The preceding example assumed that the programmer knew the value to be 212 in decimal, 

but wanted it stored in "two characters" as the 12 bit number: 

000011010100 

However, if the situation were such that the programmer knew a binary number and wanted 

to store it as a binary number, it would be more convenient to convert the binary to octal. 

Then, octal notation would be preceded by #2C in the DC or DCW statement. In this case, 

the #2 signifies two memory locatio~s and the C specifies that the following digits are octal. 

This is illustrated on the answer side of this frame. 
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75. 

86. 

97. 

108. 

172 

CHANGE ADDRESSING MODE 

Mnemonic: CAM 

LOADING 
Refer to the illustration below to complete the sentences in frame 87. 

LOCATION 
OPERATION 

CODE 

B !415 2021 

LOAD E,Q.U 13,~. \ 
b,R<:.: 13.51 

START 1<.l1li ~~5 !,>,(SrI; 

MeW BL .• loe 

I~ 
I~ 
Ie ILOAD 
NO,P. 
lEX. START 
I~w TAl(. PAY 
~ --L.. 

LOAD lEND 
" 

The programmer: 

I 

RESV 

RIGHT 

I 

I 

OPERANDS 

I I 

I I I 

1. Writes the mnemonic code RESV in the op code field. 

62 

I 

2. Writes the number of characters to be reserved in the operands field~ 
This may be written as a decimal or symbolic entry. If a symbolic 
tag is written, it must be defined previously in the source program. 

3. May write an actual or symbolic address in the location field. The 
programmer can refer to the reserved location via this tag. 

Suppose the programmer knows the binary number. He could first 
convert it to octal and then write octal constant as follows: 

000 011 010 
~..........,.........., 

08 38 
28 

Since 2 octal digits constitute two Characters, (two memory locations) 

the DC or DCW is written: 115~ 21 : 
.1>_ : _z.t¢:324 : 
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CAM specifies whether the change should be to __ --'L-::...-__ __ ~3~ _______ , or ___ ~ ______ _ 

character addressing mode. The desired mode is indicated by the VARIANT character written 

in the operands field. 

Variant characters are written in octal so as to represent six binary digits. Therefore, 

the operands field entry of a CAM instruction will contain a total of 2.. octal digits and 

is called a 0'8-(1.:1\..,,)>: character. 

87. The first OP. CODE in frame 86 equates address #301 to tag L 011!). Since this tag is 

also the entry in columns 8 - 14 of END, the 80 character area beginning at address #301 

will be used for object program L 0 PI D}.iJ (... Assembly begins assigning sequential 

addresses at # "3'0 ' due to the d'i< L- statement. Assembly continues assigning addresses 
I 

until the '2 statement is encountered. (NOP does not affect assembly. NOP provides 

a word mark terminating retrieval of B. ) 

List the sequence of events from when assembly encounters EX until END is assembled. 

E")scC.UT 100 0 ~ ?tR. 0 ,'-I" Ihn \"/1-<. Hl'I 1... N3 <: \- 15111 f!...1' U vI" I I... 'It E" 11\J S 1 tUG Tiel'" tf If rhVc. If 
ISE?ocOVloitil':&E¥ec.uTEP· el4$fhI/(ri t'frc"1'L) To (,ot-fl"1JV<v t=rIMd~ntfi "£/.Jp"!.NS1«1!C.1U,,;-

98. Assign the tag "DATA" to refer to the LEFTMOST of 80 reserved memory locations. 

LOCATION 
OPERATION 

OPERANDS CODE 

8 1415 2021 62 

I) jl,1" 11 ",c.S II. '0 

109. In Lesson VIII you will write DC or DCW statements in octal for use as "MASKS" in con

junction with EXTRACT instructions. Write the statement defining a word marked constant 

in octal to occupy three characters (memory locations) such that all bits are lis. Tag this 

statement as MASK 3, referring to the rightmost memory location. 

LOCATION 
OPERATION OPERANDS CODE 

8 1415 2021 62 

M /t'),I( 1 1\),(. vJ ~ JC1.1 ,1111 
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76. 

87. 

98. 

109. 

174 

TWO, THREE, or FOUR Character Addressing 

TWO Octal Digits 

VARIANT Character. 

LOAD 

LOADING 

381 

ORG 

EX 

When EX is encountered, execution begins with the portion of the prograITl 
tagged "START". Execution continues until the "BRANCH" instruction is ex
ecuted. Branch refers to the location field of the END instruction. This field 
tagged "LOAD" is EQU to address #301. The loading routine for asseITlbly 
then continues with the instructions following EX. 

LOO~TlON OPERATION OPERANDS CODE 

• 1415 2021 62 

I~' RESV S0. 

NOTE: A tag beginning in coluITln 9 of a constant or reserved area 

refers to the leftITlost ITleITlory location. 

LOCATION 
OPERATION 

CODE 

• 1415 

Iw..s 10 Dew 
2021 

III 111 
~~ 

7 7 

itt3C 77.7.717 

111 111 
~~ 

7 7 

III III 
~~ 

7 7 

OPERANDS 

62 

NOT E : A tag beginning in coluITln 8 of a constant or reserved area 
refers to the rightITlost location. 
A tag beginning in coluITln 9 of a constant or reserved area refers to 
the leftITlost ITleITlory location. 
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77. The CAM variants to specify two, three, or four character addressing are octal: 

20,00,60, respectively. 

Write the ADMODE assetnb1y control statetnent for four character addressing, then 

the CAM instruction and its appropriate octal variant. 

LOCATION 
OPERATION OPERANDS COOE 

• 1415 2021 62 

Il,D,ItODf ~ 
P.1t~1 1,0 

88. It tnay be desirable to overlay the portion of a progratn that has been assetnb1ed and 

executed, thereby, utilizing tnetnory tnore efficiently. The executed portion will be 

overlaid by subsequent instructions when an appropriate ORG statetnent is written following 

the EX statetnent. The exatnp1e on the answer side of this fratne illustrates an ORG state

tnent causing the preceding executed portion to be overlaid. 

99. The DSA (Define Sytnbol Address) data fortnatting statetnent is written to store one, or 

two addresses as a constant. If desired, variant characters tnay also be written and stored. 

The assetnb1ed length of each address written in the operands field is detertnined by the 

current address tnode. 

Write the statetnent to store the A and B address ITEM - 5, PAY +X6, as a constant. 

LOCATION 
OPERATION OPERANDS COCE 

• 1415 2021 62 

10,<;11 r 1 E.'N.- 5 PtiY.d ~ 

110. Write statetnents to accotnplish the following: 

1. Reserve 80 tnetnory locations, tag the righttnost as CARDIN. 

2. Store the addresses ITEM - 5, PAY +X6 as a constant. 

3. Define 20 blank tnetnory locations as a word tnarked constant. 

4. Define TAX DEDUCTABLE as a constant without a word tnark. 

5. Define UNIT #6@$1. 20 as a word tnarked constant. 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 62 

A l,\)'" Iv ' ,,;J ,.. () 

0.<;.11. "L'ic\\I- s(l~'f.+il 
Pc .,.J lIJn f 

Dc :<1- j\.'1 ,1lEb.\l(,T.f';.~.U.I@. 
D ",,J A IIIJ r.-f,@!i. (. 1. 0 A 
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77. 

88. 

CARD ~I~ 
NUMBER ~ ~ 

LOCATION I OPERATION 
CODE OPERANDS I 

• 1415 2021 62 

fl\,DMODE 4 1 

ICAM 16QJ I 

Notice which coding will be overlaid by the re:mainder of the progra:m, then 

continue to fra:me 89. 

LOCATION 
OPERATION 

OPERANDS CODE 

I 2 :3 4 5 6 7 • 1415 2021 6263 

, ¢2~~\.I:¢ 
219S.2.:SlI.lt~ , tjZS3t 
4 1!Il41 
5 :91.51 

6 t.¢6t 
7 :0.71 
• 10,81 

9 I¢~I 

'0 11051 

" Jlli 
12 t 12i lit 

" I'~I * 
'0 t3Pi 

99. 

110. 

176 

1.0A,o f:,Qu 3.~.1 
oRG- ~gl 

STA,RT ~W 4t/J.5.5,0.ri. 
Mew 6L 1.0C 

c. 
5 

B LoAo 

~OP 
E'X. S.T.ART 
OR<7 3,8.1 

STj\,RTt ~~ TA'f. .• ~'{ I I I 

LOAD 

oS 
" 

.PRoG-RAN'I coo I tole CONTI N,UES, , , , 
,~ ~J> TQ L.I t'!,E 1>O~ I 

L 

: : : : : I :~:: ~p s /(4 tRT 2 
,~ 1 , , 

LOCATION 
OPERATION 

OPERANDS CODE 

• 1415 2021 62 

OSA lTEM-5,.PI\.Yt-XG, 

NOTE: A word :mark will be auto:matically placed at the leftmost 

character of the field. If column #7 contains an R. an item mark will 

be set at the rightmost character. If column #7 contains an L, a 

record mark will result at the leftmost character. (Word mark and 

item mark = record mark. ) 

LOCATION 
OPERATION OPERANDS CODE 

• 1415 2021 

CARDIN R,ESV 8~. 

PSA ITt:Jv\.-,5 PAY +X6 
pew lu¢ 
IDe ~TAX ,O.EDue TA.BLE@ 

IDew =UNIT#6@.i,1 .20= 

-'--'-

NOTE: Numbers 4 and 5 could be written: 

DC # 14 A TAX DEDUCTABLE 

DCW # 12 A UNIT # 6@or, number 5 

62 

could be written surrounded by any character except +, -, #, digits 
f/J - 9 or a character in the constant. 

: : : : 

eo 

I 
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78. An octal CAM variant of 20 allows ITleITlory locations to be addressed up to #4095 

(111111111111
2 

= 4 0 9510). 

A CAM variant of octal .'/J'/J provides three character addressing, in which ITleITlory loca

tions up to #32767 ITlay be addressed. Indexing and Indirect addressing are available when 

addressing is in at least three characters. Identify the naITle or purpose of the high order 

three bits shown 

One Character One Character 

1 01 1 1 1 1 1 1 1 1 1 1 1 1 

A ~\~------------------~v 
I))) a, ('->6 I'll" =1 til\>' !11W' = 32767 10 

89. If the operands field of an END stateITlent reITlains blank, the ITlachine will halt after 

cOITlpleting the loading. A prograITlITler ITlay write an address (sy=bolic or absolute) in 

the operands field of the END stateITlent. When this address is written in the operands field, 

it designates the point at which execution is to start at the cOITlpletion of loading. 

Refer to the overlaid exaITlple illustrated in fraITle 88, then write the appropriate address 

designating the point where execution is to start after loading has been cOITlpleted. 

100. Using the self reference * as the B address (indicating the leftITlost character of the 

DSA) and NET as the A address, write the stateITlent storing theITl as a constant. Indicate 

that an iteITl ITlark is to be placed at the rightITlost character. 

I~ 
K 

LOCATION I OPERATION 
CODE OPERANDS 

7 , 1415 2021 62 

lD,s.lt IN.t: 1 .1 
I 

111. Write stateITlents to accoITlplish the following: 

1. Define deciITlal - 26 as a constant without word ITlark. 

2. Define the deciITlal nUITlber 26 to be stored as a single Binary ITleITlory location 
with a word ITlark. 

3. Define binary 111111011000000000 as three characters in ITleITlory tagged 
MASK 2 without a word ITlark. 

~ LOCATION 
OPERATION OPERANDS R CODE 

K 
7 , 1415 2021 62 

P,c .:1..& 
,P,L VJ 1I.6.H. 

Inu<:, ~?- /), ~ , I: "11 '). .0. 
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78. 

89. 

10 

I 

12 

'0 

100. 

111. 

178 

'lIIl 

111.6: 
i III 
; I 2.i Iii 
II~ I~ 

j3¢i 

Ii 
7 • 

I~ 

I~ 
7 • 

ADDRESS TYPE INDICA TOR 

INDICATES DIRECT, INDIRECT, OR INDEXED ADDRESSING. 

START 2 in the END statements operand field causes execution 

to begin with the instruction on line #11. 

ICA :iIA.It,.T 

laRGo 381 
STA,R"T2. S,W rAx PA,( I I I 

h. PRO.&,RA.M .c,OD.ING, ~O~N:rLlN,1J ES, I 

~ I UP T,C L 1t~,'E 3,0 
c 

: : : : : : : : : I LOAl> ~p S1 ART,2. , 

The rules regarding END and EX statements are reviewed in frame 

90 and its answer space on. the following page. 

LOCATION 
OPERATION 

OPERANDS CODE 

1415 2021 62 

I~SA NI:.T * 

LOCATION 
OPERATION 

OPERANDS CODE 

1415 2021 62 

loe ~ 2. 6 
Dew. I#IS~6 

MAS \(2. DC ""3C 773rt>,¢~, 
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79. Indexing and indirect addressing are also available in any system with sufficient memory 

to make use of four character addressing. Four character addressing provides 24 bits, of 

which the high order 3 bits serve as address type indicators. Only the low order 16 bits are 

needed to address the locations up to #65535. 11111111111111112 = 65535 10 

90. For an END statement, the programmer: 

1. Writes END in the op code field. 

2. May write a previously defined address (either absolute or symbolic) 
in the location field, which specifies the location of the 80-character 
object program loading area. If the location field is left blank, an 
80-character loading area is automatically reserved by the assembly 
program immediately following the last assembled instruction. 

3. Writes an address in the operands field if it is desired to execute 
the object program immediately after loading. This address desig
nates the location of the first object program instruction to be executed. 
The address may be either absolute or symbolic. If the operands field 
is left blank, the machine will halt after the loading routine has been 
completed. 

101. U se o~ the data formatting statements DC (Define Con,~ant without word mark) and DCW 

D-ef",," ~ with ~ ~) should be familiar 

from your previous experience. As a convenience for the programmer, constants may be 

written in DC and DCW operands fields specifying either alphanumeric, decimal, binary, 

octal, or the number of memory locations to be set to blanks. 

112. The answer side of this frame through frames and answer sides 115 illustrate Easycoder 

card formats. 

Page 187, Figure 16 shows two and three character addressing. 

Page 188 may be used for future reference concerning the CAM instruction and its var

iants. 

You will not be required to answer any questions until page 189. 
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79. The capability of increasing rrlerrlory size to 65000 + derrlonstrates the H-200's expan

sibility and versatility of binary addressing. 

The appropriate octal variants for CAM instructions are 

THREE CHARACTER ~~, FOUR CHARACTER 6~. 

TWO CHARACTER 2.~, 

An exarrlple of efficient utilization of two and three character addressing is illustrated 

in Figure 16, page 187. 

90. For an EX staterrlent, the prograrrlrrler: 

1. Writes the rrlnerrlonic code EX in the op code field. 

2. Writes a previously defined address in the operands field. This address 
is that which appears in the location field of the first instruction of the 
segrrlent to be executed. 

3. Must have written a Branch instruction to the address specified in the 
location field of the End card as the last instruction of the segrrlent to be 
executed. Since the location field of the End card contains the address 
of the object program loading area, this Branch instruction r·eturns con
trol to the loading routine. 

101. 

DEFINE CONSTANT with WORD MARK 

112. 

180 

Bootstrap Card 

__________________ 0 59 60 -----0 79 ~ 

INITIALIZES CARD READER (CONDITIONS CARD READER I 
TO READ IN • SPECIAL", HONEYWELL, MODE) 

SETS PUNCTUATION IN 80- CHARACTER AREA 

SETS RECORD MARK IN LOCATION 60 

BRANCHES TO LOCATION 60 

PDT-READ A CARD 

PC 8 - TEST 8USY 

B- BRANCH TO 
LOCATION I 

(This routine 
remains in bootstrap 
area during entire 
loading process) 

The Bootstrap Card is the first card in the object prograrrl. The Bootstrap Card sets 
punctuation in the 80 - character area that will allow subsequent cards to be read. A 
record mark protects the routine which the Bootstrap Card sets into the area beginning 
at location 60. A read routine remains in this area during the entire loading process. 
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80. The assembly control statements discussed so far are: PROG, ORG, ADMODE, MORG, 

and EQU. The remaining assembly control statements are CEQU (Control Equal), EX 

(Execute} HSM (High Speed Memory - printed listing of memory), CLEAR, and END. 

CEQU is similar to EQU in that it is used to assign a symbolic :ft+C- to the entry 

in the II "~"",, .... ').} field. 

91. The END statement is always the last entry in a program. Immediately preceding the 

END statement, CLEAR statements may be written. As implied by the name of this op. 

code, its purpose is to _ .... C--=L-:::;.>oE~i'r..;....;.-K..-""' __ the memory area designated in its operand field. 

102. Constants are limited to a maximum of forty memory locations. When DC or DCW js 

~ed to define a constant as blanks, a number sign, #, is written in column 21 of the op

erands field. #...is followed by the number of blank memory locations desired. Indicate that 

fifteen blank memory locations are to be treated as a constant without a word mark and 

that twenty blank memory locations are to be a constant with a word mark. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

1)c. It! I ( 

j) c IV itI. l d 

113. 

1 . 59 60 • 79 80 

2 
CLEAR ROUTINE - CLEARS MEMORY AREAS 

Clear Card SPECIFIED BY PROGRAMMER 

BRANCHES TO LOCATION 60 

1 • 59 60 . 79 80 

3 

SETS PUNCTUATION FOR OBJECT PROGRAM 

LOADING ROUTINE 

CHANGES A ADDRESS OF BRANCH INSTRUCTION 

Load Card 
BRANCHES TO LOCA TION 60 
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80. 

91. 

102. 

113. 

~ 
7 • 

LOCATION 
OPERATION 

CODE 

1415 2021 

DC fit: Ui 

Inew _20 

TAG 

OPERANDS 

CLEAR 

OPERANDS 

NOTE: Tags and Lor R in column #7 may be used with 

DC or DCW statements as desired. 

62 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXX xxxxxxxxxxXXXXXXXB 

WORD MARK 
SEr BY LOAD 
CARD 

Bootstrap Area After Load Instruction 

READ CARD 
ROUTINE 

RECORD MARK 
SErBr 
BoorsrRAP 

CARD 

The object program card immediately following the Load Card is read into the first area, 
and a word mark is assigned to the op code. The first data to be read on the present card is 
the self-load routine (A).- Execution (B) of this routine loads the entry into the memory area 
specified in this particular routine. Location 60 (C) contains a PDT instruction which allows 
the read routine (i. e., PDT, PCB, and B) beginning at this location to be executed (D). The 
following card is then read (E). Subsequent cards are self-loaded in this manner, until either 
an End card or an EX card is encountered by the machine. 
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81. CEQU is used to assign a tag to an octal value written in the operands field. You re-

cently saw an octal value being appended to a CAM instruction where it specified the m.ode 

of addressing. Tags are often assigned to octal values that are used as __ '-.J;...:.fI:..:.R~"!.::.:..:~=.:\,--__ _ 

characters. Since the purpose of this type of character is control, it is appropriate to use 

a __ t","~ .. ~_g .... .J-=-____ statem.ent when assigning a tag. 

92. CLEAR is used to specify an area of m.em.ory to be cleared of punctuation and data bits 

before loading of the program.. "Lirn.its of the area to be cleared are specified in the oper

ands field as TWO direct (not indexed nor indirect) addresses. This first direct address 

specifies the lowest m.em.ory location to be cleared. Consequently, the Sec.-HI\) 

1l:r ~-=c.1 It \)\)(( c-SS ::: YG'C \;- II;; :, the H 1- &He;s1 
(\'\'<:-'-"1"'<-'1 L/CIf---VV" tobe C L.--¢;<:tnED , ;; 

103. Constants m.ay also be specified as either alphanurn.eric, decim.al, binary, or octal. 

Alphanum.eric cO_ll!lt~llts !I:I:~ ybe writt~_n _elurrounded by @ syrn.bols. A constant written 

in this m.anner can contain any syrn.bol (including space) except the @ sEb~_l. After the 

exam.ple below, write a DCW with UNIT #6 as a constant. 

i LOCATION 
1 OPERATION 

CODE OPERANDS 

1 • 1415 2021 

loe @iAX OEDuc:rA.&LE@ 

1 

114 Instruction card 

48 49 
---_" II 12 ------_. 44 415 - 159 60 ----_. 80 

INSTRUCTION OPERAND LOAD 
ROUTINE 

BRANCHES 

TO 
LOCArJON 

60 

SYMBOLIC 
COOING 

62 
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81. 

92. 

VARIANT 

CEQU 

NOTE: Instructions may use variant characters sometimes synonymously 

r~ferred to as "control characters. " 

SECOND 

HIGHEST 

DIRECT 

MEMORY 

ADDRESS 

LOCATION 

SPECIFIES 

CLEARED 

103. 

LOCATION I OPERATION 
CODE OPERANDS 

• 1415 2021 52 

IDe ~TA)t. OEDUCTABLE@ 

IOCN ~UNIT:ff6@ 

114. Constants. 

184 

48 49 
------------_.._ 44 45 - 59 60 ----- 80 

CONSTANT LOAD 

ROUTINE 

BRANCHES 
TO 

LOCATION 

60 

SYMBOLIC 

COOING 

In a Define Constant without Word Mark statement, a Clear Word Mark instruction (CW) 
is placed on the card by Assembly. This instruction clears the word mark set into the area 
by the Load Card, since the DC statement specifies that this word mark is not desired. 
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82. Instructions which use a control field may require one variant character or a group of 

control characters. As you saw previously, a single variant character is written as '). 
-'---

octal digits. Consequently an instruction with a control field of three characters will 

require a total of fo octal digits. This is the maximum number of octal digits that 

may be written in the operands field of a CEQU instruction. Refer to the illustration on 

the answer side of this frame for a CEQU example. 

93. Addresses in the operands field of a CLEAR instruction should not be indexed or 

IN:;> 1. (ZIO;"--1 However, they may be written as either absolute or symbolic addresses 

because these are considered to be V 1- I\~C 1 addresses. 

104. If the @ symbol is desired~thin t)le co~nstant, for example UNIT # 6@ $1. 20, another 

charCi.cternot in the constant.nlayl:>e chosen to surround the constant. That is, any 

character ~blank -, t, #, or the digits 0 - 9. Define UNIT # 6($)$1. 20 as a word 

marked cons tanto 

I~ LOCATION I OPERATION 
CODE OPERANDS 

7 • 1415 2021 62 

11),(' IJ A 1/:~(dE,I •. ':Ao./t. 

115. 48 49 
677-8: I • 44 45-59 60-74 757 

BRANCH TO READ ROUTINE BRANCH TO SYMBOLIC EX NOT 

LOCATION COOING USED 

SPECIFIED 

BY THE 

EXECUTED CARD PROGRAMMER 

48 49 
• 59 I 44 45 60 74 75 79 80 

EN066 9 
BRANCH TO 

OBJECT 

PROGRAM 

OR 

HALT 

END CARD 
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82. TWO (2) 

SIX (6) 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

OFLOW CEQ,V l:lfl Cal5 
Is SUB 2.. OF lOVol 

The coding above illustrates a symbolic tag. used in place of a variant character. 
CEQU directs assembly to equate the tag OFLOW of octal 05. The second line of 
coding contains a branch instruction. This specifies that the program should branch 
to location SUE2 if the condition indicated by the variant character (OFLOW) is 
present. Variant character 05 specifies that an arithmetic overflow condition should 
be tested. The coding (as an octal constant) will be explained when constants are 
discussed. 

(RETURN TO FRAME 83, PAGE 165. ) 

93. 

104. 

115. 

186 

INDIRECT 

DIRECT 

(RETURN TO FRAME 94, PAGE 165. ) 

NOTE: Any character except blank, -, +, #, or the digits 0-9, and 

not appearing in the constant, could have been chosen to surround the 

constant. 

~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

I~cw =U,N,IT4(;@.il.'2.0:: 

(RETURN TO FRAME lOS, PAGE 165. ) 

Page 187 illustrates an efficient utilization of two and three character address~ng. 

Page 188 is provided for future reference regarding CAM and its variants. 

Continue to Page 189. 
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The following illustration shows the coding which provides entry to and exit from 

a subroutine to be executed in the two-character addressing mode. Both an 

ADM_ODE statement and a CAM instruction must be coded at the b~ginning and 

end of the subroutine. However, only the CAM instructions are stored in the main 

memory. Since CAM instructions have no address portions, the manner in which 

they are stored is not affected by an ADMODE statement. 

MEMORY 

-~ 

MAIN PROGRAM 

( 3 Char. addrtJssing 
modtl) 

1----- CARD 
NUMBER 

tl~ 
~ ~ 

LOCATION 
OPERATION OPERANDS CODE 

1415 2021 

SUBROUTINE 

(2 Char. addrtlSSing 
modtl) 

r- lJ ~ 

-I- ""7777"'"' ---

- --_._-
....,.......".~ 

~CAM 

• - -.---
~...- ~ 

• 
L..-- 8 

I 2 3 4 5 6 7 • 

!/12.I¢ ':0 ia SUB 
11'6'2.: ¢ l1.lal RETURN 

Figure 16. Two and Three Character Addressing 

• • 
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ICAM ( CHANGE ADDRESSING MODE 

FORMAT OP CODE A-ADDRESS B-ADDRESS VARIANT - -
FUNCTION 

The Change Addressing Mode instruction is used in conjunction with the ADMODE 
assembly control statement. 

The CAM instruction directs the machine to interpret the address portions of all 
subsequent object program instructions as either two, three, or four-character 
addresses. The addressing mode is specified in the variant character of this 
instruction: 

v = 20 for two-character addressing, 
v = 00 for three-character addressing, 
v = 60 for four-character addressing. 

The ADM ODE statement directs the Assembly Program to assemblt; the address 
portions of all subsequent source program instructions as either two-character 
addresses or three-character addresses. 

WORD MARK: Word marks are not affected by this instruction. 

TIMING: 8 microseconds. 

NOTE: 

188 > 

ADDRESS REGISTERS AFTER OPERATION 

I - Add. Reg. A - Add. Reg. B - Add. Reg. 
NXT 

1. The CAM instruction is included in the instruction repertoire of H-200 systems 
with a memory capacity greater than 4, 096 characters or as part of an Advanced 
Programming option. Programs written for such systems must be coded so that 
the first instruction executed in the object program is a CAM instruction. As a 
general rule, the number of CAM instructions and ADMODE assembly directives 
in a program will be equal. 

ASSURE THAT FRAMES 1 - 115 HAVE BEEN COMPLETED BEFORE 

CONTINUING TO PAGE 189. 
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If the H-200 system. with which you will be working does not utilize EXTENDED EASY

CODER, continue to page 190. 

EXTENDED EASYCODER 

Inform.ation from. preceding pages applies to both Easycoder and Extended Easycoder. The 
capabilities of Extended Easycoder are available with larger system. configurations, thereby 
providing utilization of literals, an additional data form.atting statem.ent, and six m.ore assem.
bl y control instructions. 

DATA FORMATTING - DEFINE AREA - DA 

A specialized area within the m.ain m.em.ory can be defined and reserved by the DA state
m.ent. The DA statem.ent can define fields and subfields within the reserved area, and m.ay 
also define two or m.ost contiguous areas if these areas are identical in form.at. The pro
gram.m.er uses a DA statem.ent to provide: {I} The size and nam.e of the reserved area, {2} 
The num.ber of identical areas {if m.ore than one} which should be reserved, {3} The nam.es, 
lengths, and relative positions of the fields and subfields within the reserved area{s}. 

ASSEMBL Y CONTROL STATEMENTS 

Six additional assem.bly control statem.ents are available with Extended Easycoder, Som.e 
Easycoder statem.ents have been expanded for Extended Easycoder. For exam.ple, PROG as 
well as the SEG statem.ent, can identify a segm.ent within the program.; an EX statem.ent ter
m.inates a program. segm.ent. 

Segm.ent Header - SEG - This statem.ent defines the beginning of a por
tion of a program. loaded into m.em.ory and executed as a unit. If a pro
gram.m.er does not provide segm.ent identification, Extended Easycoder 
Assem.bly Program. autom.atically generates SEG statem.ents at the begin
ning of the program. and im.m.ediately following each EX statem.ent. 

Literal Origin - LITORG - Sim.ilar to the ORG statem.ent, the LITORG 
statem.ent directs assem.bly to assign sequential locations to previously de
fined literals. 

Skip - SKIP - This statem.ent controls vertical spacing of the assem.bly 
printed program. listing. 

Suffix - SFX - This statem.ent is used by the program.m.er principally 
to identify all tags in a given program. segm.ent by appending a unique single 
character suffix to each tag in the coding that follows. 

Repeat - REP - This statem.ent is used in conjuction with the constants· 
DC and DCW, and it directs the Assem.bly Program. to repeat the following 
constant the num.ber of tim.es specified in the operands field. 

Generate - GEN - This statem.ent directs assem.bly to repeat the follow
ing instruction a specified num.ber of tim.es, increm.enting or decrem.ent
ing operands as specified by th", operands field of the GEN statem.ent. 

189 



LESSON VI. EASYCODER PROGRAMMING 

EASYCODER HIGH SPEED MEMORY DUMP ROUTINE 

One of the statements which the programmer may use to direct the assembly of an Easycoder 

program is the Memory Dump statement - HSM. It must be coded immediately preceding the 

Clear and End statements in the source program. This statement directs the Assembly Program 

to produce a punched card deck before the object program deck is punched. 

THE PROGRAMMER: 

1. Writes the mnemonic code {HSM} in the operation field of the coding form. 

2. May write an address {which must have been previously defined} in the lo
cation field. This address specifies the beginning location of a memory 
area into which the memory dump routine will be loaded. If the location 
field is left blank, the routine will be loaded into the area following the 
location assigned to the last character in the object program. 

3. Writes two addresses, separated by a comma, in the operands field. 
These addresses specify the first and last locations of the memory area 
whose contents are to be listed. 

The printed listing which results from the execution of the memory dump routine {the 
memory dump} should not be confused with the printed listing produced by the Assembly Program 
as part of assembly {the program listing}. The memory dump is a listing of the actual contents 
of core memory. The program listing, on the other hand, is a listing of the object program as 
it is punched on the object deck. 

ALPHA OCTAL 

00200 JOHN JOS EPH DOE 2396 NOR TH ~ADI5 4IU304"'414662 254730"24462'" 020311061'4'4651 6330154421243162 
1 1 1 1 

OOUO ON STR. PHILADEL PHU 2' P[NNSYLV 464515626351331' 4130314U1242'43 413031211'020'" 47254'4562704365 
1 2 1 2 

00300 ANU C S OHoU. 16'2 62 47.37 01 214'31 21 15231 562 1500030440020640 0 I 060'02 15 1 '0602 0401530307150001 
31 1 1 1 1 3 1 1 1 1 

L--.J L-J L-J L-J '--____ -'1 1 1 1 1 I 1 

4 GROUPS OF 8 ALPHA CHARACTERS 4 GROUPS OF 16 OCTAL CHARACTERS 

Format of a Memory Dump 

Interpreting a Memory Dump - The H-200 memory dump routine edits and prints data and 
punctuation bit contents of the specified memory area. The dumped output is printed, 32 memory 
locations per line, in both its alphanumeric and octal representation. {Thirty-two memory 
locations are represented by 32 alphanumeric characters plus 64 octal characters.} A code 
number is printed directly beneath each location which contains a punctuation bit, designating 
punctuation in the following manner: 1 = a word mark, 2 = an item mark, 3 = a record mark. 

The leftmost four characters in each printed line represent the octal address of the first 
memory location whose contents are printed on that line. This is followed by the 32 alpha 
characters, divided into groups of eight, and then the octal representation of these 32 charac
ters, in four groups of 16. The dump illustrated above begins at decimal location 0128 which, 
in octal, is memory location 0200. 
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ASSEMBL Y PROGRAM PRINTED LISTING 

A printed listing of the assembled program contains symbolic source program statements, 

assembled (machine-language) equivalents, and error codes. Headings are printed on the first 

page of the listing. The four types of statements that may appear are symbolized below: 

PRINT .., 0"'''' ,.. "'.., 0 .., 
POSITIONS _ ~ ID ,..,..,..,.. CD CD 0> 0> ~ ~ 

INSTRUCTIONS 

CONSTANTS 

ASSEMBLY 

REMARKS 

Instructions 

r-----------------------------rT--orr-rrr--omr--r,---------
SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

SYMBOLIC CARD IMAGE 

Figure 17. Program Listing Format 

CONTROL 
CHARACTERS 

1-62: The symbolic source program entry is printed within these print positions. Any 
statements written in these positions on the coding form, are printed in this 
area. 

65-70: This area contains the actual memory address of the assembled instruction 
(the octal address of the leftmost character). 

73-74: The octal representation of the op code is printed in this area. 

77-82: The octal representation of the A-operand is printed in this area. 

85-90: The octal representation of the B-operand is printed in this area. 

93-112: This area contains the octal representation of the control characters, if any, of 
the instruction. Up to six control characters, separated by blanks, will be 
printed. 

116-120: The error codes, consisting of a series of five zeros and/or numbers from 
1 to 9, are printed in this area. If an error exists, a zero will be replaced by 
a number which denotes the following: 

1 Phase I error. 
2 Phase II error. 
3 = Tag table is filled; tag was not entered. 

The position in which the number is printed among the five zeros also has particular signifi

cance. If the number is printed in place of the: 

First zero = error in location field. Second zero = error in op code field. 
Third zero error in A-operand field. Fourth zero = error in B-operand field. 

Fifth zero = error in control character 
An example of this error coding is the following: 30100 This character that a location field 

tag was not entered in the tag table. An error was detected during phase I in the A-operand field. 
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OP CODE 
OSI-214A 

Octal 
FUNCTION TIMING PAGE NO. Mnemonic (memory cycles) 

1< ............... • 
. ARITHMETIC IN$1't'tU¢TfONS • ':, .. ' 

" . 
• 

•.•... .•..•...... ..•...•...•.• .•.•.•... ..... ....•. ·····/ii' ••....•. 
.. .. . ... '.' ................ : ......... : ...................... 

34 BA Binary Add Nj+ I+Nw+2Nb 93 
35 BS Binary Subtract Nj + I+Nw+2Nb 94 

36 A Decimal Add 
{ Ni + 2-+Nw+2Nb (no recomplement) 

Ni+ 2+Nw+4Nb (recomplement) 
89 

37 S Decimal Subtract 
{NI+2+Nw+2Nb (no recomplement) 

Ni+ 2+Nw+4Nb (recomplement) 
91 

16 ZA •• Zero and Add Ni+ I+Nw+ N b 96 

17 ZS •• Zero and Subtract Ni+I+Nw+Nb 97 

...... L.QG I~JN$TftUCT1OtijS < • . .... . .. ......•..••...•................ :.? 
31 EXT Extract ( LOllical Product) Ni + 1+3Nw 100 

30 HA Half Add (Exclusive Or) Ni+ 1+3Nw 10 I 

33 C Compare Ni+ 2 + Nw+Nb 102 

32 SST Substitute Ni+ 4 104 

55 BCE •• Branch if Character Equal Ni+4 105 

65 B Branch Ni+ 2 107 

65 BCT Branch on Condition Test Ni+ 2 108 

54 BCC Branch on Character Condition Ni+4 III 

[\ ..... ••• 

.' 

. ..CQNTROLINS'tRUCWN$ 
-:c cc--....... : ....... ." .. ' ..... .< 

22 SW Set Word Mark Ni +3 116 

20 SI Set Item Mark Ni+3 117 

23 CW Clear Word Mark Ni+ 3 118 
21 C1 Clear Item Mark Ni+ 3 119 

45 H Halt Ni+2 120 

40 NOP No Operation Ni +2 121 

43 CSM •• Change Sequencing Mode Ni+ 3 122 

42 CAM •• Chanlle Addressinll Mode Ni+2 123 

41 RNM Resume Normal Mode Ni+ 3 125 

14 MCW Move Character to Word Mark Ni +1+2Nw 127 

10 EXM •• Extended Move Ni + 1+2Na 129 

60 MAT •• Move and Translate Ni+ 3Nt 131 

15 LCA 
Load Characters to A-Field 

Ni+ 1+ 2Na 133 
Word Mark 

24 SCR Store Control Registers Ni+ 5 135 

25 LCR •• Load Control Rellisters Ni+5 136 

Iii ' .•.••. < •.•..••• .EDIT1NG . .. .... .........................» •....................... ./ > .••••.••••.. .... ... . ........ :. 

74 MCE • Move Choracters and Edit Ni + J + Na+2Nb+2X + 2Y 140 

F) ... i> ..•.•... .... ···· •• · .... ··lNPPI~q~TPVr ". ....... .. :cc •• 

.' ... .......... ... 
66 PDT Peripheral Data Transfer Ni+ l + data tronsfer time 144 

64 PCB Peripherol Control and Branch {Ni+1 (no branch) 
146 

Ni+2 (branch) 

• Individually optional instructions . 
•• Optional instructions contained in the Advonced Prollrammi.nllinstructions option. In addition to the instructions listed above, this 

option contains the following capabilities: 
I. Indexed addressinll 
2. Indirect addressing 
3. The ability to test any variant character configuration with the Branch on Character Condition instruction 
4. Read reverse capability on 204B half-inch magnetic tape units 

NOTE: The Change Addressing Mode instruction (CAM) is available in systems which include either the Advanced Prollramming Instructions 
option or a memory capacity greater than 4096 characters 
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INTRODU C TION 

This lesson presents instructions having some degree of similarity with your previous 

systems instructions. For example, SCR - Store Control Register has the same general pur

pose as SAR and SBR instructions. Of course, the H-200 may utilize or store any of its .!i 
control registers. This lesson also discusses the H-200 Branch instruction, and explains the 

versatile use of variants and alternate formats. 

The following lesson introduces instructions previously outside the limits of your exper-

ience or prior equipment ability. PDT - Peripheral Data Transfer is an example of the type 

of instruction explained in Lesson VIII. A 1401 system performs operations serially and only 

o~e at a time. Because the H-200 provides simultaneity of operations and has multiple read/ 

write channels, its peripheral instructions are more powerful than those to which you are 

accustomed. Similarly, Binary Add and Binary Subtract instructions are beyond the capabilities 

of a 1401 system: Consequently, they are also explained as part of Lesson VIII. 

Page 194 provides an index of octal or mnemonic Op. Codes and corresponding memory 

cycle timing formulas. The column titled "Programmers I Reference Manual" is included for 

your future utilization of manual DSI 214A. The Honeywell 200 Programmers I Reference 

Manual is not required in order to complete either Lessons VII or VIII. Those instructions 

not included in Lessons VII or VIII (A, S, ZA, ZS, SW, CW, H, NOP) generally parallel 

those to which you are accustomed. 

DECIMAL ADDITION 

Add instructions perform either a true add or a complement add, depending upon the alge

braic signs of the factors as shown by the zone bits (B&A cores). The zone bits in the units 

position of a field indicate the sign of the field. 

DECIMAL SUBTRACTION 

The Subtract instruction is analogous to the Add instruction with two exceptions: 

Exception 1. Before the operands are combined, the sign of the A operand is changed. 

Thus, if the initial sign of the A operand is equal to that of the B operand, the operands are 

combined by the complement add. If, on the other hand, the initial sign of the A operand is 

not equal to that of the B operand, the operands are combined by a true add. 

Exception 2. If the sign of the A operand is negative and the sign of the B operand is 

positive, the sign of the result is stored in the B field with the same zero bit configuration 

that was originally in the B field. Otherwise, the sign of the result is "normalized". 
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The result of any decimal arithmetic operation is stored with all zone bits, except those in 

the units position, set to zero. The zone bits in the units position of a field indicate the sign of 

the field according to the conventions shown in the table below: 

A field 

B field 

Result 

Type of 
Add 

OO} 
11 
01 + 

Zone bit configu
ration of B field 

True 

(+A) + (-B) = -R 

(A OPERAND) 

10119 
lORV 
True 

OO} 
11 II> + 
01 w;.y 

10., -

10 -
01 - + 
Complement 

Sign Convention Table 

(B OPERAND) 

loll; -
OO} 
~~ It + 
10 -
01 - + 
Complement 

+0078 AUGEND -0090 ADDEND 

[ convert to r 9922 AUGEND L lon' comPlomo/ I-\,gn So:M 
carry indicates true sum; B operand 
recomp1ementing unnecessary 

Complement Add With No Recomplementing 

(+A) + (-B) = +R 

(A OPERAND) (B OPERAND) 
+0178 AUGEND - 0090 ADDEND 
L=: [ convert to 1-- 9822 AUGEND 

tens complement J.,A' 0-9912 SUM 

no carry indicates sum 7 _~ ___ ~ ___ _ 
is stored in its tens- recomplement and 
complement form; change sign 
recomp1ementing is 
necessary 7 

+0088 TRUE SUM 

Complement Add With Recomplementing 

INDICATORS 

Two indicators are set at the completion of every decimal arithmetic operation: the over
flow indicator and the zero balance indicator. If a carry is generated beyond the limit of the 
B field, the overflow indicator is set to "overflow"; if such a carry is not generated, the in
dicator is unchanged. The zero balance indicator signifies either a zero or a non-zero sum. 
When a decimal operation produces a result equal to zero (regardless of the sign), the zero 
balance indicator is set to "yes"; when the result of the operation does not equal zero, this 
indicator is set to "no." A Branch instruction automatically resets the overflow indicator; 
the zero balance indicator is not affected by the Branch instruction used to test it but is reset 
only by the next decimal arithmetic instruction. 
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1. In a preceding lesson, it was pointed out that certain capital letters separated by I's 

16. 

31. 

provide a convenient method for expressing instruction formats. Remembering that the 

letter F means "function" and therefore, symbolizes an op. code, express the following 

format: 

OP. CODE A ADDRESS B ADDRESS 

_F_' _I 4 I 6 I 

C COMPARE 
OP CODE A ADDRESS B ADDRESS 

Format o. -Format 
b. -Format 
c. -

It is important to remember that the data in the ~ field is compared to an equal 

number of characters in the ~ field. The B operand word mark terminates the opera

tion unless A contains fewer characters. In this case, the ~ operand must have a 

\N II'<--'\> ""'1 ,\,',- ,because it is shorter than the ~ operaud. 

ICI I CLEAR PH!lM MARK 
!6l0lL.::) 

DP CODE A ADDRESS B ADDRESS 

Cw Format o. -Format b. -Format -c. 

Format a: The locations specified by the A and B addresses are cleared of word marks. 
The data at these locations is undisturbed. 

Format b: The word mark at the location specified by the A address is cleared. The data 
at this location is undisturbed. 

Format c: Word marks are cleared at the locations specified by the contents of the A-and 
B-address registers. The data at these locations is undisturbed. 

Clear the word mark at the location tagged ELEC I. 

~ LOCATION 

7 • 

OPERATION 
CODE OPERANDS 

62 

46. Now, take a closer look at the first three bits and answer the following questions. 

1. When checking for a WM (108 = 0010002), a branch occurs if a WM is present. Would a 

branch occur if a RM (1M & WM) were present? 
-"T'( y-e-s-/"r'n-o .... '-

2. When checking for an 1M (208 = 0100002), a branch occurs if an 1M is present. Would a 

branch occur if a RM (1M & WM) were present? --r--,-.;--
(yes/no) 

.3. When checking for a RM (1M & WM) a branch occurs if a RM is present. Would a branch 

occur if only an 1M is present? 
(yes/ no) 
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1. 

16. 

31. 

46. 

198 

~ LOCATION I OPERATION 
CODE 

7 • 1415 2021 

lew IElEC.1 

F/A/B / 

B 

A 

A WORD MARK 

B 

#1. YES 

#2. YES 

#3. NO 

OPERANDS 
62 

If any of your answers are incorrect, you can go back and find the reason some other 

time. Now, CONTINUE TO FRAME 47. 
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2. Certain instruction formats also indicate that one or more Variant characters are requir-

ed. Express the following format with letters and /'s. 

OP CODE A ADDRESS B ADDRESS VARIANT 

~/ 

17. With a compare instruction, data characters from the B field are compared bit by bit to 

the same number of characters of the A field. If the A operand is longer than the B operand, 

the characters exceeding the word mark in B are not processed. 

Three indicators may be turned on by the compare instruction. These are the: 

LOW COMPARE (B<A) 

EQUAL COMPARE (B = A) 

HIGH COMPARE (B>A) 

These indicators may be tested by a special branch instruction. The next compare resets 

the indicators. 

32. In addition to the word mark, the H-200 provides for two more punctuation marks. They 

are the d';:':. ))\ mark and the record mark. 

A group of consecutive characters, treated as a unit, is a word. An instruction address 

and a word mark define the right and left boundaries respectively. An item, (one or more 

consecutive words) is defined by an instruction address and an IT c"-'1 mark. 

47. The preceding questions may have been difficult to answer. It is sufficient to be able to 

answer the following: 

The high order bit (leftmost) is always a zero without Adv. Prog. Instructions option. 

Consequently, only the bit indicated is tested and if a RM (both 1M & WM) is present, a 

________ will occur. In other words, if only one bit is to be tested, the presence of 

the non-tested bit will not prevent a branch. 
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2. 

17. 

32. 

47. 

200 

F/A/B/V/ 

NO ANSWER REQUIRED 

Both fields rrlUst have exactly the same bit configurations to be equal. For example, 

plus zero is not equal to minus zero. (+"0" 010000, -"0" 100000) 

Comparison results and associated branch conditions are listed below: 

B< A 
B=A 
B::; A 
B>A 
BfA 
B~A 

ITEM 

ITEM 

BRANCH 

Low Compare 
Equal Compare 
Low or Equal Compare 
High Compare 
Unequal Compare 
High or Equal Compare 
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3. The fonnat F I A/B/, (F I A/B/V I when appropriate) is often referred to as, "fonnat a. " 

or "the complete format of an instruction". 

Instructions designated as "format b. " do not contain a B address. Expres s format b. 

for an instruction without a variant and an instruction with a variant._...lf--"-&....:f..~11'--__ ~!!J/J/ 
) ) 

IS. It was stated previously that arithmetic operations set two indicators (zero balance and 

overflow). These condition indicators are tested by a special branch instruction. Obviously, 

an unconditional branch instruction is not sufficient. An instruction to Branch on the Con

dition under TEST is required. 

Appropriately, the mnemonic op. code for this instruction is BCT. The letters BCT stand 

for GBfrkKtl on Co (,,1.1 ~~ 'j t ~J 1t:::S-, 

33. Grouping words to form an item simplifies data transfer within main memory and reduces 

the number of instructions needed to move consecutive words. Boundaries of the item to be 

4S. 

transferred are specified by the programmer using the 

and an _.1.,.1 -,-,' k ... ··.I.,.1 "':.J..-__ mark. 

The proper descriptions of the following BCC variants are: 

lOS = 

20
S = 

30
S = 

001000 2 Branch if 

010000 2 Branch if 

011000 2 Branch if 

o = Test only 
the bit{s) 
indicated 

1 = Test 
item 
mark 

mark or ---
mark or ---
mark. 

1 = Test 
word 
mark 

mark. 

mark. 
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3. 

18. 

33. 

48. 

Format b. F I AI 

Format b. FIA/VI 

BRANCH CONDITION TEST 

INSTRUCTION ADDRE;iS 

ITEM ': 

Without the Adv. Prog. option, a BCC may test for the three conditions above or any of 

nine other conditions. Zones may be tested for signs or comginations of punctuation and 

zones may be tested. Without Adv. Prog. option, bits V6 and VI must be zero. Conse

quently, 778 = 1111112 (among fifty-four other variants) would not be valid'. 

V =1 0 8 = 0 0 1 0 0 0 2 

V=20 8 = 010000 2 
V=308 =011000

2 

Branch if WM or RM 

Branch if lM or .RM. 
Branch if RM 
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4. Arithmetic instructions of the format F I AI are said to "duplicate A". That is, the A op-

erand is arithmetically added to itself. 

In other words, saying that the format F I AI of an __ -.!...A:...\!.,;:2..:..,-... ' _'~J..( ,-c'...,!! r.:.)-,l~_' ~ .... r ... (c~_ instruction 

" __ ..1))...1..1(,1..1 ,l..y..:\...::;...J\. ... 'ol.c,wA;::..'J..I.",::;I:.;.,."'So!.... __ A" means that the A operand is doubled. 

19. 

IBeT I BRANCH ON CONDITION TEST 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -
The op. code states that a branch is to occur if the condition being tested is present. 

Therefore, the A address specifies where the e K r\"" t~ is to go, if the condition to 

be tested by the ,/AR"1.,," Y character is present • • 

34. OP CODE A ADDRESS B ADDRESS 

I S I I SET ITEM MARK 
Format a. 

Format b. 

Format c. 

---Format a: An item mark is set at the location specified by each address. 

Format b; An item mark is set at the location specified by the A address. 

FO,rmat c: Item marks are set at the'location specified by the contents of the A and B 

address registers. (Chaining A and B) 

Set an item mark in locations PAY, and PAY + 80. Set an item mark in location ELEC 1. 

~ LOCATION 

7 B 

OPERATION 
CODE OPERANDS 

62 

49. With Advanced Programming Instructions option, a BCC variant is unrestricted. That is, 

00 8 to 778 are valid. Use the chart below and construct any variants from 00 - 77. Describe 

what each variant will test. 
"O/tO 

EXAMPLE: 41 causes a branch if NO PUNCTUATION AND B BIT IS I. -g , 

-8 
causes a branch if __________________ _ 

-8 
,causes a branch if __________________ --: 

V6 Vs V4 V3 Vz VI 

o = Test only the o = Test only the 
bit indicated Item Word bit indicated B bit A bit 

mark mark 

= Test both bits = Test both bits 
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4. 

19. 

34. 

49. 

204 

i LOCATION 

7 8 

OPERATION 
CODE 

ARITHMETIC 
DUPLICATES 

BRANCH 
VARIANT 

OPERANDS 

1415 2021 

Sl PAY,.P,,,,,,,,,-+80 
S't ELEC 1. 

62 

ANY of sixty-four variants possible for a BCC are sh,own by the two tables on the front 

and back of frame 50. Check whatever variants you constructed by referring to these tables. 

NOTE l. An X represents any octal digit. If X is 0, only the character condition de

scribed will be tested; if X is a digit from 1 to 7, the condition described ~ the condition 

indicated by the corresponding octal digit in the other table will be tested. 

NOTE 2. WITHOUT ADVANCED PROGRAMMING INSTRUCTIONS OPTION - The valid 

BCC variants are octal: 00, 02, 06, 10, 12, 16, 20, 22, 26, 30, 32, 36. 

NOTE 3. The instructions constituting the Advanced Programming Instructions option 

are identified on the index page 194. 
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5. In ~ arithmetic instructions, the format F I AI may indicate "half chaining". That is, 

the operand at the A address will be involved with the B operand whose address is currently 

in the B address register. 

Consequently, the format F I can indicate "full chaining". As its name implies, the A 

operand whose addres s is currently in the .J::.L (I D iJ Il , '",C:, -:v c I, -:L 31(;." is in-

volved with the \:. 0 ?~frNS) whose address is currently in the _5_ (11J VJC ,:::,:, 

\~ >,~ -:; c ! ~,,-

20. Suppose that the octal variant 60 is written with a BCT instruction. Convert octal 60 to 

six bits and compare it to the variant table below. 

OCTAL 6 0 

BINARY ~~ 

VARIANT BITS -~\ -~-===---;---..--
I=Test 
zero bal 

or 
overfloW' 

or 
compare 

zero 
balance 

overflow 

Which indicator will be tested? ___ ~ ___ _ 

high equal low 
compare compare compare 

35. Setting item marks does not disturb the data stored in that location. l:Jowever, if you set 
I 

50. 

an item mark _ in a location containing a word mark 0 , a R ~ C.{YL\) - mark 0 
will result. Both SW and SI instructions are required to set a 0 

OX 
IX 
2X 
3X 
4X 
5X 
6X 
7X 

Any punctuation bit configuration. 
Word mark bit B character is I (either WM or RM present). 
Item mark bit of B character is I (either 1M or RM present) 
The character at B contains a record mark. 
The character at B contains no punctuation mark. 
The character at B contains a word mark. 
The character at B contains an item mark. 
The character at B contains a record mark. (same as 3X), 
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5. 

A ADDRESS REGISTER 

B OPERAND 

B ADDRESS REGISTER 

20. 

35. 

ZERO BALANCE indicator is tested by octal variant 6~ 

VARIANT BITS I I 0 0 0 0 

I=Test of 
Zero bal. 

or zero overflow high equal low 
overflow balance compare compare compare 

or 
compare 

The first I shows that either zero balance or overflow or compare indicator is to be 

tested. The second I shows that it is the zero balance indicator that is being tested. 

RECORD 

5 0 .¥~lf~~Ilt(;ha:rader 
····(pl;;ta~J 

206 

XO 
Xl 
X2 
X3 
X4 
X5 

X6 

X7 

Any zone bit configuration. 
The A bit of the character at B is 1. 
The B bit of the character at B is 1. 
The B and A bits of the character at Bare 11. 
The B and A bits of the character at Bare 00. 
The character at B contains a positive sign (the B and A 
bits are 01. ) 
The character at B contains a negative sign (the B and A 
bits are 10). 
The B and A bits of the character at Bare 11 (same as X3). 
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6. An unconditional branch instruction causes the program. sequence to 6 K'~ 1'-1(;' from. the 

point at which it is encountered to the single address written in the operands field. 

Express the form.at of an unconditional branch instruction and state why that is neither 

P/~,( 

21. If the 1 bits show that the zero balance indicator is being tested, would this imply that a 

36. 

zero balance has occurred? 

Why? __ ""~,~, · .... I ___ -+'--_~, .-;u ...... ===r===:=::<~:,=,1:'!:-'''' .. ==):, ..J,...--,~e:.',.I;.::;J:;,:..J"""&",,r_i _<,-X.L::...4.1 __ J.l..: _:'\L"'::':;'''';-:;jI<l.oAJ:l.'~':;;' '--_______ _ 

I C I I CLEAR ITEM MARK 

CI uses the sam.e three form.ats as CWo A CI instruction will not disturb the data or 

affect word m.arks in locations. Clear item. m.arks from. locations PAY and PAY + SO, 

clear item. m.ark from. location ELEC 1. 

~ LOCATION 

7 B 

OPERATION 
CODE 

1415 

OPERANDS 

62 

51. Use the form.at F/A/B/V/, where V=20S (checking for an item. or record m.ark) to write 

an instruction as follows: 

Branch to address 3S4 if the character at 402 has the variant specified condition. 

LOCATION 
OPERATION 

CODE 

1415 2021 

OPERANDS 

62 
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6. 

21. 

36. 

51. 

208 

BRANCH 

FIAI 
UNCONDITIONAL BRANCH IS NOT AN ARITHMETIC INSTRUCTION, THEREFORE, 

BRANCH FIAI DOES NOT "DUPLICATE A". 

"HALF CHAINING" IS NOT IMPLIED BY BRANCH F I AI, BECAUSE THE ADDRESS 

SPECIFIES THE ADDRESS FOR THE BRANCH. 

(or equivalent answers. ) 

NO 
I 

THE VARIANT CHARACTER SPECIFIES WHICH CONDITION IS TO BE TESTED, 

NOT THE RESULT OF THE TEST. 

l=Test of 
zero bal. 

or zero overflow high equal low 
overflow balance compare compare compare 

or (» (= ) « ) compare 

~ LOCATION 
OPERATION OPERANDS 

~ CODE 

7 8 !415 2021 62 

Cl PAy PAYTIIO 

In nEe 1 

LOCATION 
OPERATION 

OPERANDS CODE 

8 1415 2021 62 

ace :3~4- .• .4,O.2.. 2¢, 
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OP CODE A ADDRESS B ADDRESS VARIANT 

Format: _ 

The op. code of an unconditional branch is the mnemonic B. This type of branch is used 

to interrupt program sequence and continue at another point. Word marks are not affected. 

Because no specific condition is being tested, this type of branch is 

Write a branch of this type to the location tagged SUB 6. 

I~ LOCATION I OPERATION 
eOOE OPERANDS 

7 • 1415 2021 

1& J.1?t.. 

62 

22. Refer to the chart below, and note that three compare indicators may be tested by a pro

perly constructed variant. For example, octal 41 is binary 100001. This will test the 

_..:::c.,",~'-'-_\'.:....LYl<:..:.1\.;:>{ ....... ___ indicator. A branch occurs if B<A construct the octal variants 

to: 

Branch if B is = or <.A If'? 8 (1000112 ) 

Branch if zero balance or B >A ___ t_--I,:..' ----I:S8 

l=Test of 
zeto bal. _ 

or zero overflow high equal low 
overflow balanrp. compare compare compare 

or ( » (= ) « ) compare . 
37. Recall that the 9 cores in a memory location a,re in the following order: 

ZONES 
or 

SIGNS 
P 1M WM P A 8 4 2 1 

-@ EID EID EID ® ® ® ® ® 
'---y-J V 

I , 
V 

I 

PARITY PUNCTUATION CHARACTER 

Considering only the punctuation and character cores, their corresponding bits would be 

10 00 00 0 0 if an un.~igned 0 digit was' in a memory Ie. cation with an ITEM MARK. Write 

the bits for an unsign'ed zero with a word mark .£..L. do 0 O'o-u . Write the bits for an 

unsigned zero with a record mark. lL 00 bQ 

52. In your own words, briefly state the different uses of the instructions: 

BRANCH, BRANCH ON CONDITION TEST, and BRANCH ON CHARACTER CONDITION. 
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7. 

22. 

37. 

52. 

210 

I~ lOCATION 

7 8 

UNCONDITIONAL 

OPERATION 
CODE OPERANDS 

1415 2021 

la SUB.6 

LOW COMPARE - 418 - 100001
2 

- B <A 

43 8 B/=or<A 

648 Zero Balance or B >A 

WM(/J=Ol 00 0000 

RM'/J= 11 000000 

62 

B-BRANCH is an unconditional change in program sequence frequently 
used for subroutine linkage. 

BCT - BRANCH ON CONDITION TEST is used to test the indicators or 
sense switches. 

BCC - BRANCH ON CHARACTER CONDITION is used to check punctua
tion bits and zone bits. 
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Branches are executed within the H-200 in m.uch less tim.e but in a fashion sim.ilar to the 

1401. The branch execution below uses the letters I. ac. bc, to identify the: Instruction, A, 

B, Address Registers respectively. The branch instruction form.at F I AI is retrieved, then-

I ac bc 

1. NEXT PROG. ADDRESS I I ADDRESS FOR THE BRANCHII 
L ________________________ _ L_-_-_-_-_-_-_-:Jr--------' 

ac is then m.oved into I TEMPORARIL Y STORED IN bc 

2. f 
• 

IIADDRESS FOR THE BRANCHII NEXT PROG. ADDRESS 
i 

3. I ADDRESS FOR THi BRANCHI The new address in I then directs retrieval fro.m. 
the location specified in the branch form.at F I AI. 

Write an instruction to branch to the location tagged SUM if B<A. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

~,c, 1. lJj (\' .. ..f I. 

, 

Perhaps the m.ost obvious use of SW, CW, SI, and CI concerns establishm.ent of word. 

item., and record lim.its. Another less obvious but sophisticated use of these instructions 

is to activate and deactivate a locations' punctuation cores as a "four -way electr-onic switch". 

Assum.e a program.m.er wishes to set a "switch" by program. instructions instead of 

manually pressing a sense switch. Perhaps he wishes to indicate a particular routine has 

been executed or a certain condition has been encountered in the program.. He m.ay turn 

on an "electronic switch" {punctuation bits in a selected location} with a SI or SW 

instruction. 

The final branch instruction to be discussed in this lesson is used to check for equal 

characters. That is, a branch will occur to the A address if the single character at the B 

address is the sam.e as the variant character. The Branch if Character Equal instruction 

does not require construction of specific variant bits. The variant is sim.plya character 

to be com.pared to the B address character. 

Form.ats of this instruction are shown on the answer side of this fram.e. 

211 
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8. 

23. 

38. 

53. 

212 

NO ANSWER REQUIRED 

I~ LOCATION I OPERATION 
COOE OPERANDS 

7 • 1415 2021 

Isc:r SUM 41 

NO ANSWER REQUIRED 

........ ~RANCHiE ........... . 
. CRi\RJ\C TEREqV,Al.;· 

Format 

Format 

a. 

b. 

OP CODE A ADDRESS --

62 

B ADORESS VARIANT -
Format a: The single character specified by the B address is compared to the Variant 

character. If the bit configurations of the two characters are equal, the 
program branches to the location specified by the A address. If the bit con
figurations are unequal, the program continues in sequence. 

Format b: Format b of this instruction is an illegal format unless it is immediately pre
ced by a BCE instruction which did not cause a branch. The single character 
specified by the contents of the B-address register is compared to a variant 
character specified in the previous BCE instruction. If the bit configurations 
of both characters are equal, the program branches to the instruction specified 
by the contents of the A-address register. 
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Suppose that the instruction B SUB 6 is stored in m.em.ory locations 150, 151, 152, and that 

6 refers to the routine beginning in m.em.ory location 500. Write the appropriate ad

sses in the registers below. The branch instruction form.at F I AI is retrieved, then-

I ac be 

I->? a ~() II L ________ .. _-_-_-_-_..;;..._-_-_--_-_-_-_-_~ __ .. -_-_-_-_-_-_-Jr------.-J 
ac is m.oved into I. 

f" - - - - - - - - - - - - - - - -, 

"'--______ -'" !)~ I ~I :=::=:::::1 '$::-::3 :=::=:::::::: 
500 1 ... 1 ________ ,;.-JI ... 1 ____ 1_53 ____ ,....J 

Refer to the chart in fram.e 22 as needed to write the following: 

Com.pare Item. Num.ber to 4000. If Item. Num.ber is equal to 4000, branch to location 

I~ LOCATION 
OPERATION 

CODE 

7 8 1415 

C 
aC.1 

2021 

Description 

Item. num.ber 

4000 

., tJ 1/, . t {em -
nJ1~ II'\' ) 

I 

~ 
ITEM 

CON4 

OPERANDS 

62 

~ 

An "electronic switch" is sim.pl y the 1> "lit l'u 'Prj (910' cores of a selected ty\\;;;·-ma;t,.. "I 
La ("lIr-'\ \\\1 The switch m.a y be "turned on" by a ~ instruction or a S 1-

instruction. Since it is "turned on" by these instructions, it m.ay be "turned off" by cvJ 
and ~ instructions. Show the four possible binary conditions of an electronic switch. 

~-! --'2-. ~ _, _ ~. -L L-. 

A word m.ark in the location tested has no effect on this instruction. 

Determ.ine if the character stored in the location tagged LABEL + 3 is equal to 6. If so, 

branch to the location tagged P6; otherwise continue the program. in sequence. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

(l"u p" lil1?:-"q (., 

213 



LESSON VII. EASYCODER PROGRAMMING 

9. 

24. 

39. 

S4. 

214 

I ac bc 

1·1 lS3 , , SOO 
L _______________ _ 'L-I ___ --~ 

_3 

2·LI ______________ ~I~ SOO 'IL ______ ~lS~3 ______ ~ 

3.'r-----S.....Jo
C
L-0 --------------'-IL.-_-_-_-_-_-_-_' ____ .,.J'i L. ____ 1_S3 ___ ........... 

I now contains the address to begin retrieval of SUB6 at location #500. The address to 

which the program should return after completing SUBb is temporarily stored in bc. 

Ii LOCATION 1 OPERATiON OPERANDS CODE 
K 
7 8 1415 2021 62 

Ie CON4 ITeM. 
l&CT NITEM.42. 

NOTE: Tests EQUAL 

PUNCTUATION MEMOR Y LOCATION S w./ SI CW CI ' 

1M WM 

0 0 = Both switches "off". , 
1 0 = 1M "on", WM "off". 

0 1 = 1M "off", WM "on". 

Record Mark 1 1 = 1M "on", WM "on". 

These four conditions may be tested by a Branch on Character Condition instruction. 

I~ LOCATION ! OPERATION OPERANDS 
K CODE 

7 8 1415 2021 .2 

ISeE P6 .• 1A BE L+3,.6 
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With a 1401 at the point illustrated in frazne 9, .it would be necessary to write an SBR 

instruction at the start of the subroutine. This would store bc so that a branch could be 

written at the end of the subroutine for returning to prograzn sequence (153). 

Siznilar instructions are written for the H-200. However, bc is an H-200 CONTROL 

REGISTER. To accoznplish what you know as SBR, an H-200 S16!\,W.!.rb CowriZql./ 
~ B t,."1,) -{ ... ['-- instruction is written. 

25. If the BCT octal variant has a f/J as the first digit, (EXAMPLE f/J4), why will none of the 

indicators be tested? q,~\ ~ <hod b I ~ t ~ 

--- --- -- --- --- ---
I = Test of 
zero bal. or 
overflow or 

coznpare 

The initial designation or s~llection of an electronic switch is accoznplished with a data 

forznatting stateznent and a f/J in coluznn 21. 

Write a define constant instruction to reserve one znernory location. Tag it ELECt. 

Ii OPERATION OPERANDS 
. 

LOCATION CODE 

7 • 1415 2021 62 

tE.~G\ Ii?e,. . IQ 

Deterznine if any character position in the seven-ch~racter field tagged PART contains 

the letter Q. If so, branch to the location tagged RETRO; otherwise continue the prograzn 

in sequence. 

CARD y I~ LOCATION 
OPERATION OPERANDS 

NUMBER I~ ~ CODE 

I 2 '3 4 5 6 7 • 1415 2021 62 

I : '.c..t ~Z ~.I~ Q.'Pldi.U 
I 

I I}(. ([ 
, 

I I lilt. ( 
I 1 II')., { I I I I I I I I 

i ! r~,l, t! 
I I II1.£.. « 
i ,I ~L , 

215 
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10. 

25. 

40. 

55. 

216 

STORE CONTROL REGISTER 

An exa:mple of SCR coding is shown below: 

I~ LOCATION 
OPERATION 

OPERANDS CODE 

7 8 1415 2021 62 

8 SUB 6 
S T.AX .MY .N.£X:r. clN.STRU-,c:r~\ ON 

SUB 6 CA~M 2.~ ~ART .!:,URRo.II."TIN.,E. 

RETUR."I SI:.L '8.iJ.0 .• uf;. 
?" 
,2, 
s, %00 ,END Q,F. -SUBROUT l.M.E 

THE FIRST BIT MUST BE 1, IF ZERO BALANCE OR OVERFLOW OR 

COMPARE INDICATORS ARE TO BE TESTED 

Therefore, a BCT octal variant producing a first bit of 0 is :meaningless 

AS FAR AS INDICATORS ARE CONCERNED. 

~ LOCATION 1 OPERATION OPERANDS 
~ CODE 

7 8 1415 2021 62 

\:l E C 1 IPC ¢ 

CARD ~I~ LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

I 2 3 4 5 6 7 8 1415 2021 62 

I : BeE RETRCl PARl'Q 
I 

I BCE 
I \ lecl' 
I I BCE 
i I ,aCE 
I I '~CE 
I I aCE 

--
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11. OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -SCR stores the control register designated by the octal variant character at the address 

written in the operands field. 

In the example at the left (frame 10) evidently the variant character J 0 de

signates bc. This control register (containing the address of the return point after the 

subroutine) is to be stored in memory at address # «fOr) 

I SCR I STORE CONTROL REGISTERS 

26. The testing of individual or combinations of SENSE SWITCHES occurs when a BCT octal 

variant has a first digit that will produce a first bit zero. In other words, if the first bit 

of a BCT variant character is not a 1, Sey:JS <- switches are to be tested - not k @'L'; 

"Ii ;,;-'tt (,-,-, ,or __ c=-:.!!:,;,.:'1:!.",,,-, .::./..:..t1;,.:iC-,::-;;,..!" ___ indicators. 

41. If it is desired to initially turn on the Item Mark switch, an L could be written in the MARK 

column of the DC statement. Similarly, if a Word Mark switch were desired to initially be 

on, a DCW statement could be written. 

Write the statement to select an electronic switch tagged ELEC 2 that is initially have 

both 1M and WM on. 

i LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

Ekt;-LV IQc..'l/ 0 

56. H-200 MCW and LCA instructions are used in much the same manner as their 1401 counter

parts. The difference between LCA and MCW is that: 

LCA terminates transfer with th~ word marke~ A operand character. 

MCW terminates transfer when the first word mark in either A or B is reached. 

217 
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11. 70 - Octal variant designating bc. 

26. 

41. 

56. 

218 

800 - bc to be stored at address 800 in example. 

The partial tables below and in frame 12 list the control registers designated by SCR 

variants. 

·ya;ria]'it·.qharacter 
I. ···l()¢~~) . 

... 

67 
70 
77 
64 
01 
1 1 
02 
12 

~ LOCATION 
OPERATION 

CODE 

7 • 1415 2021 

.LELEC2 [QCW SiS 

.... Cont:rolltegiste 1" 
. .. ... .... . . .. 

A-Address Register 
B-Address Register 
Instruction Address Register 1 
Instruction Address Register 2 
RWC1 - Current Location Counter 
RWC1 - Starting Location Counter 
RWC 2 - Current Location 
RWC 2 - Starting Location 

SENSE 
ZERO BALANCE 

OVERFLOW 
COMPARE 

OPERANDS 

NO ANSWER REQUIRED 

Counter 
Counter 

62 
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12. 

03 

13 

05 

15 

66 

67 

76 

60 

R WC 3 - Current Location Counter 

RWC 3 - Starting Location Counter 

RWC l' - Current Location Counter 

RWC l' - Starting Location Counter 

Interrupt Register 

Word Register 1 

Work Register 2 

Unassigned 

Continue to the answer side of this fram.e. 

27. Understanding the purpose of the first variant bit perm.its alternate utilization of the chart 

below: 

1 = Test of 
zero bal. or 
overflow or 
com.pare 

Sense 

Switch 

4 

Sense 

Switch 

3 

Sense 

Switch 

2 

Construct a BCT variant to test sense switch 4 for on. -2- 0 ....L £""'L<2....,z 

Sense 

Switch 

1 

42. An electronic switch occupies a m.em.ory location and as such, m.ay be thought of as a 

"character". The purpose of one of these "characters" is to provide four possible cond~tions 

that m.ay be set by program. instructions and then be checked by a special branch instruction. 

Since this Branch is determ.ined by a Character Condition, it is known as a Branch on 

c.. \tAAf\e.-r~ CON'/> :t1Iv~'" instruction. 

57. The following statem.ents concern an LCA instruction: 

1. This instruction (in any form.at) is the only instruction that always m.oves both a field and 

its defining punctuation m.ark. 

2. A record m.ark appearini in the A field will term.inate the operation. 

3. All punctuation (word m.arks, item. m.arks and record m.arks) initially stored in B-field 

locations will be cleared if the corresponding A field characters do not include identical 

punctuation. 

4. The B address m.ust never fall within the A field. The A address m.ay fall within the B 

field, however, if desired. 

Continue to the answer side of this fram.e. 
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12. 

27. 

42. 

57. 

Any of the 16 control memory registers may be stored in memory by SCR 

and the appropriate variant. 

Because it may be desirable to load any of these 16 control memory registers, 

a Load Control Register (LCR) instruction is available. 

OP CODE 

o. _ 

b. _ 

c. _ 

The variant above tests sense switch 4. 

CHARACTER CONDITION 

A ADDRESS B ADDRESS LOAD CHARACTERS TO 
A -FIELD WORD MARK 

Format a: The data and punctuation in the A field are transferred to the B field. 

Format b: The data and punctuation in the A field are transferred to the field specified 
by the contents of the B-address register. 

Format c: The data and punctuation in the field specified by the contents of the A-address 
register are transferred to the field specified by the contents of the B-address 
register. 
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13. ILCR I LOAD CONTROL REGISTERS 

Z8. 

43. 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -LCR variant characters which designate control registers are the same as those listed for 

SCR. The contents of the field specified by the A address (containing either a two, three, or 

four character addres s depending on the pres ent addres sing mode) are loaded into the control 

register designated by the variant. 

Refer to the preceding tables as needed to write: 

1. An SCR for RWC - 1 Current Location Counter to be stored at the address tagged CLC I. 

Z. An LCR for Instruction Address Register Z to be loaded from the address. 

Ii LOCATION 
OPERATION 

OPERANDS CODE 

7 • 1415 2021 62 

When testing for a multiple ~ switch condition with a single BCT, a branch occurs 4 
only if @ the designated switches are on. When testing multiple indicators with a single 

BCT, the branch occurs if any of the indicators shows the desired condition. 

A complete BCT variant chart is provided on the answer side of this frame. Complete 

tables of all variant combinations in the Programmers I Reference Manual. 

BRANCH ON CHARACTER· 
CQNDITION 

()P CODE A ADDRESS B ADDRESS VARIANT 

Format Q. - -Format b. _ 

Format a: The single character specified by the B address is examined for the condition 
specified by the variant character. If the condition is present, the program 
branches to the instruction specified by the A address. If the condition is not 
present. the program continues in sequence. 

Format b: The single character specified by the contents of the B ... address register is ex
amined for the condition specified by the variant character in the previous BCC 
instruction. If the condition is present, the program branches to the instruction 
specified by the contents of the A-address register. Otherwise the program con
tinues in sequence. 

Note that format b. chains the ~ and ~ addresses, but it retains the 

"M)'t~ t\-\:MIH.St:'(\.of the :VR0I\..1cl) BCC instruction 

58. Set punctuation defining the proper field, then move TAX to PAY. The rightmost memory 

location of the four character A operand is tagged TAX. The rightmost memory location of 

the four character B operand is tagged PA Y. 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

),II.! trH -.:S, 
It,{ ~ Int".?,!'" 

ZZI 
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13. 

28. 

43. 

58. 

222 

i LOCATION 
OPERATION OPERANDS CODE 

1 • 1415 2021 62 

SCR CL C1 ,01 
lCR COSEQ, .77 

SCR instructions may also be used for determining the length of records. Assume that 

it is desired to know the length of a record that has been transferred fro~ the tape unit on 

RWC #2. 

By storing the starting location counter and the current location counter of RWC #2, their 

contents could then be arithmetically subtracted. The difference between these amounts 

equals the length of the record transferred. 

NO ANSWER REQUIRED 

Refer to this chart for the next frame 

o = TestSense Not Sense Sense Sense Sense 
Switch Used Switch 4 Switch 3 Switch 2 Switch 1 

= Test Zero Zero Overflow High Equal Low 
Balance, Balance Compare Compare Compare 
Overflow 
or Compare 

Format b. chains A and B addresses. 

It also retains the VARIANT CHARACTER of the PREVIOUS BCC. 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

1 • 1415 2021 62 

5W TAX-3 
CA TAX .• PfoY 
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14. Mnemonics for the three instructions covered to this point are: e- ,Sc-I\. Leg( 
Their respective formats are: p riA/vi --; /Il/// 
A control register is designated by an octal \} A i\"i-", '\ C 1-1 t1JZ&cl tIL 

29. A multiple sense switch variant tests all designated switches for on, and the program will 

not branch until ~ designated switches are set. Conversely, a multiple indicator variant 

causes a branch if ~ designated indicator is set. The following example conditions may re

quire more than one BCT instruction. Construct appropriate BCT variants to branch if: . 

#1. Sense switches 1, 2, and 4 are on \~, 
#2. 

#3. 

#4. 

Sense switch 1 ot 2, or4 is on _-,o;;.lt\f-(J:L.I:"-1'r-'IL..0'-lG~_ 
b ,1 a 

Overflow or Bf. (UNEQUAL) A --~;::;'-~;;"'III)~~c----

Overflow or zero balance or B A l \<; 
How may BCT instructions are needed for each of the above? 

#1. I ,#2. J ,#3.' \ , #4 _____ _ 

44. Only a single punctuation core (WM) is available in a 1401 memory location. When used 

as an electronic switch it could only be checked with one BWZ / A/B/l
d 

(d character 1 causes 

branch if WM). Additionally, a 1401 BWZ for eight other conditions (word mark or zeros, 

zone checks) making a total of nine possible tests. Without Advanced Programming Instruc

tions option, the H-200 may check 12 character conditions. With the option, the H-200 may 

, check 64 character conditions. 

59. Formats of an MeW instruction are illustrated on the answer side of this frame. 
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14. 

B 

F/A/ 

SCR 

F/A/V 

LCR 

F/A/V 

VARIANT CHARACTER 

29. If any of the below are incorrect, review fra:mes 28 and 29. 

44. 

#1. Sense switches I, 2, and 4 are on. 13
8 

(001011
2

) 

#2. Sense switches 1 or 2 or 4 is on. 01
8

, 02
8

, 10
8 

#3. Overflow or B/A. 55
8 

(1011 01
2

) see note. 

NOTE: Logically, if B is either HIGH or LOW co:mpared to A, then B could ~be equal to 

A (B~A). Unequal tests are :made by testing condition of HIGH COMPARE and LOW COM

PARE indicators. 

#4. Overflow or zero balance or B<A. 718 (111001
2

) 

#1. ONE #2. THREE #3. ONE #4. ONE 

O=Test 
only the 
bit (s) 

\ ! 

IF THE H-200 WITH WHICH YOU WILL BE WORKING HAS THE j 
ADVANCED PROGRAMMING INSTRUCTIONS OPTION, SKIP 

TO FRAME 49, PAGE 203; OTHERWISE, CONTINUE TO FRAME 

45. 

l=Test l=Test O=Test only 
Ite:m Word bit indicated B bit A bit 
Mark Mark l=Test both 

indicated bits 

PUNCTUATION 

MOVE CHARACTEES TO 
WORD MARK OP CODE 

ZONES 

A ADDRESS B ADDRESS 

For:mat o. -=~~=~~~==== For:mat b. _ _ 

For:mat c. _ 

For:mat a: The data and ite:m :marks in the A field are :moved to the B field. 

For:mat b: The data and ite:m :marks in the A field are :moved to the field specified by the 
contents of the B-address register. 

For:matc: The data and ite:m :marks in the field specified by the contents of the A-address 
register are :moved to the field specified by the contents of the B-address register. 
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15. The instruction used to compare B field data to the same number of characters in the A 

field is known as the _~c.=().l..:m.u...ptr:.!.'..:."::.;.£;....-. __ instruction. This instruction has three formats. The 

first format is "complete" and does not include a variant. The second format provides 

"half chaining" and the third format allows "full chaining". 

Show and identify these formats. 

Format a. F /8/ tV is C qrr ,h.c Ie: 
Format b. r III provides ij ih.1 ~ t' (i>..:,J_I;..,~J'"_' _____ ' 

Format c. __ ... r: .... ! _____ allows __ -4t_y,,·.:;;\,... ... vc;., _____ ...:r .... ...:," .... 1' .... < '-::,." ""AJ:.JoT..j;iJ:.;;!"'~ __ , 

30. I sw t SET WORD MARl< OP CODE A ADDRESS B ADDRESS 

Format Q, --=~~=~~~==== Format b, _ _ 

Format Co _ 

Format a: A word mark is set at the location specified by each address. The data at each 
location is undisturbed. 

Format b: A word mark is set at the location specified by the A address. The data at this 
location is undisturbed. 

Format c: Word marks are set at the locations specified by the contents of the A- and B
address registers. The data at each location is undisturbed. 

Set a word mark in the location tagged ELEC I. 

I~ LOCATION I OPERATION 
CODE OPERANDS 

7 • 141fi 2021 62 

13+1 Ie li: c. J 

·45. The first discussion of BCC variants assumes a system without advanced programming 

instructions option. For the moment, only punctuation checks are considered. Refer to 

the chart in frame 44, page 224. Then, construct the proper varian{Oto write octal variants 

for the following: 

Check for a WM 000 2 = __ 0_ 8 ------
Check for a 1M 000 = 0 ------ 2 --8 
Check for a RM 000 2 = __ 0_ 8 ------

60. Formats a, b, and c: A word mark is required in the shorter of the two fields. The 

operation terminates when this word mark is sensed. Item marks initially stored in B

field locations will be cleared if the corresponding A-field characters ~ include 

item marks 

Assume that the B fields below are unpunctuated and that each A field contains a WM 

in its leftmost location. Move the A fields to the sequential B fields by the appropriate 

MCW instruction format. 

A FIELD 

150 - 155 
160 - 168 
173 - 180 
185 - 187 

B FIELD 

800 - 805 
806 - 814 
815 - 822 
823 - 825 

I~ LOCATION 

7 • 

OPERATION 
CODE 

1415 2021 

!Mew 187 ,,%,25 
l/licLA, It;(1 
I'" (t.iI if.fD c) 

~,( .... II \.\ 
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15. 

30. 

Ii lOCATION 

1 8 

45. 

60. 

/ 

Ii lOCATION 

7 8 

226 

COMPARE (mnemonic C) 

OPERATION 
CODE 

F/A/BI 

F/AI 

FI 

1415 2021 

ISW ELFC 1 

CHECK WM 

CHECK ~M 

CHECK RM 

/ 

OPERATION 
CODE 

1415 2021 

M.ew ~a.7 .•. 8,2£, 
MI'.W lJ.8.o. 
MeW 168 
Mew 1.5.5 

COMPLETE 

HALF CHAINING 

FULL CHAINING 

OPERANDS 

V = 001000 2 = 
V = 010000 2 = 

V=011000 
2 = 

OPERANDS 

62 

10 8 

20 
8 

30 8 

6Z 
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.MOVE CHARACTERS AND EDIT 

(If the H-200 system with which you will be working does ~ in

clude an MCE option, continue to LESSON VIII.) 
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OP CODE A ADDRESS 

Format _ 

FUNCTION 

IMCE I MOVE CHARACTERS AND EDIT 

B ADDRESS 

MCE is used to insert identifying symbols and punctuation, also for suppression of unwanted 

zeros in a data field. The A address contains the information to be edited. The B address 

contains a control word providing a framework for the edit operation. When an MCE is execut

ed, the data in A is moved to B. There it is punctuated and formatted according to the edit 

control word already in B. 

An LCA instruction can be used to load the control word into B. For instance, if edited in

formation is to be printed, the control word should be loaded into the print image area. The 

address of this area should be used as the B address of the MCW instruction. 

Editing is performed according to the following rules: 

Rule 1. Any character in the H-200 character set can be used in the edit control 
word. Characters having special meanings are listed below. All other charac
ters, if included in the edit control word, remain in the edited result in the posi
tion where written. 

Rule 2. A word mark in the high-order position of B controls the edit operation. 

Rule 3. The number of replaceable characters in the edit control word must be 
at least as large as the number of characters in A. 

Rule 4. Data is transferred from A, character by character, from right to left. 
If a zero suppression symbol is not sensed in the edit control word, the edit 
operation terminates when the B word mark is sensed. A zero suppression / 
symbol causes the edited result field to be scanned from left to right. During 
this scan, high-order zeros and commas are automatically replaced by blanks 
(unless an asterisk appears immediately to the left of the zero suppression 
symbol -- see rule 5). Zero suppression is terminated by any of the following: 

a. a decimal digit from one through 9, 
b. a decimal point, or 
c. the location that initially contained the zero suppression symbol. 

Rule 5. An asterisk immediately to the left of the zero suppression symbol in 
the control word causes high-order zeros and commas to be replaced by asterisks 
instead of blanks in a zero suppression operation. High-order blanks are also 
replaced by asterisks. 

Rule 6. A dollar sign immediately to the left of the zero suppression symbol 
in the control word is replaced with an A-field character causing the edited 
result to be rescanned following zero suppression. During this scan, the dollar 
sign is "floated" to the left of the high-order significant digit in the edited result. 

Note 1. Zone Bits in the units position of A are cleared to zero when moved to B. There
fore. the value of the character in the units position of A may change when moved to B. For 
example, an F in the units position of A will appear as a 6 in the result. 

Note 2.' Floating dollar sign insertion and automatic asterisk insertion cannot be performed 
in the same edit operation. 
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b (blank) 

o (zero) 

. (decimal point) 

, (comma) 

CR , CR (credit) 

o (minus) 

Note: 0 is printed 
as a minus symbol. 

& (ampersand) 

* (asterisk) 

$ (dollar sign) 

Blanks are replaced with A-field characters such that the 
rightmost character in the A field replaces the rightmost 
blank in the edit control word and all higher-order A-field 
characters replace successively higher-order blanks. 

This symbol specifies zero suppression. Its location in 
the control word is interpreted as the rightmost limit of 
zero suppression. It is replaced with an A-field character. 

The decimal point remains in the edited field in the position 
where written. 

Commas remain in the edited field where written unless 
zero suppression is specified (see rule 4). Commas in 
control word positions to the left of the high-order char
acter transferred from the A field are replaced by blanks. 

The credit or minus symbol is undisturbed if the sign in 
the units position of the A field is negative. If the sign is 
positive, the credit (or minus) symbol is blanked out. A 
credit (or minus) symbol transferred from the A field is 
not subject to sign control. 

The ampersand is replaced by a blank in the edited field. 

The asterisk remains in the edited field in the position 
where written unless it appears immediately to the left 
of the zero suppression symbol (see rule 5). 

The dollar sign remains in the edited field in the position 
where written unless it appears immediately to the left of 
the zero suppression symbol (see rule 6). 

WORD MARKS 

Both the A field and the B field must have defining word marks. The A-field word mark 

terminates the transfer of data from the A field. The B field word mark terminates the edit 

operation if no zero suppression symbol is sensed in the edit control word or if automatic 

dollar sign insertion is specified in conjunction with zero suppression. The B-field word 

mark is erased after terminating the edit. 

If zero suppression is specified, a word mark is automatically set in the location con

taining the zero suppression symbol. When this word mark is sensed during the reverse 

scan associated with the zero suppression operation it is erased, and if automatic dollar 

sign insertion is not called for, the edit operation terminates. 
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Write the result of the edits in PROBLEMS 1 - 4 below: (refer to preceding pages as needed) 

Example: 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 1. 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 2. 

@OO 0 09 9

1 ~-
@bb. bb 0 • bb&&O p l _ 

.99 

@5454986 

(}i)b b &b b &b b b 

'). ~"'I 'i -f %0 

r--------------------------------------------------.+----------------. 
Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

PROBLEM 3. 

Data Field (A Field) 

Control Word (B Field) 

Re suit of Edit 

PROBLEM 4. 

Data Field (A Field) 

Control Word (B Field) 

Result of Edit 

Result of Edits: 

PROBLEM 4. 

PROBLEM 2 

230 

@Ol045 0 
/ / / I I 

(}i)b • b ~O . b b 'dl" ***l04! 50 ! , 

+ 
@00450 

I I I 

~b. bb (j. bb &CRt 

$ l! i~ * 

@00450 

@b • b b 0 . b b &CR* 

t 4 ') (; 

@0897445 

@b b b • b $0 • b b 

~ <" n-14 .i~ 
iJ )' _ I --r J 

@Ol 0 4 50 

~b. b *0. bb 

'* .w~ ( () f. )(; 

PROBLEM 3. 

PROBLEM 1. 

@04(97/445 
4 / II I I 

@bbb • b $1. b b 
+ q • l • H 
$8,97 _.45 

ffi75 4 5/4 9 8 6 
(,,7, / I I r 

(b)bb &bb &bbb 
1 •• ~. ••• 
254 54 986 
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1. 1401 memory size is limited and its "coded" addressing may be awkward to modify 

20. 

(000 to 999, then ';00 to z99 ... !O? to R9l etc.). 

As you have seen for the H-200, two memory locations with 12 bits may address up to 

#4096. Then, 18 binary digits to #32000, 24 binary digits to #65000, etc. permits readily 

expandable memory. The H-200 addressing system is more flexible because it is based 

on B :lNAAVdigits. , 
List the word mark conventions for the following B!:iJformats: , 1i1~~ F/A/B/ I I~ 

F/A/ /1 
F/ ~4 , 

\ 

39. Possibly the Sop. code (Octal 37, 011111
2

) is to become NOP (Octal 40, 100000
2

) 

later in the program. What binary value would be required as a constant to accomplish 

this change with a HA? iii I' f ' 

Show the operands and arithmetically perform HA. 

58. CARDIN 

721 722 

J D 

B OPERAND 

A OPERAND 

HA SUM 

723 

0 

011111 

J1-L'_L!... 

+Q~fL.fl.! 

724 725 726 

E 

727 728 729 

H 4 9 

730 

Write the constant and the instruction to extract the complete character H, passing the 

numeric portions but blocking the zones of characters 4 and 9. 

CARD ~ ~ LOCATION 
OPERATION OPERANDS NUMBER CODE 

I 2 :3 4 5 6 7 , 1415 2021 6. 
I : CAROl N ~ESY 80 
I 

I SF/.. 0 RES" 4PJ' 
I I I~, 
I I IMAS~ Dc 11/ ltf'H.;71,111.1. 
: I I~, 
I I LeA I~ASK.,BFLD 
I I ~11 V"Jl1H-wt 1--'6 ~PLrb 

J 
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1. 

20. 

39. 

BINARY 

F/A/B/ WORD MARK THE B OPERAND. ALSO, WORD MARK 
THE A OPERAND IF A IS SHORTER THAN B. 

F/A/ WORD MARK THE A OPERAND. 

F/ SAME AS F/A/B/. 

B OPERAND 

A OPERAND 

HASUM 

= 

= 

= 

o 1 1 1 1 1 

1 1 1 1 1 1 

100000 ------ = 408 = NOP 

58. MASK is defined with DCW providing a word mark in the shorter operand of EXT. 

234 

CARD I~I~ LOCATION 
OPERATION OPERANDS NUMBER K 

CODE 

I 2.3 4 5 • 7 • 1415 2021 62 

I I cAROl N IRESV Sal 
I I IBnD IR.ES" 4« 
i i i~, 
I I Ilt'lAS K o.cw 1#3 r 7 7. I 7 I 7. 

i I I~, 
I I IL CA MASK 8FL 0 
I I EXT CAROl N+8 .. -Bf'I.O 

Note: The EXT A address is relative (CARDIN + 8). This could have been written 

as an absolute address (720). 
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2. Without indexing, H-200 address modification may be accomplished through an arithmetic 

capability not available in your previous equipment. Because its addresses are binary, the 

H-200 ha~ a f:"1--NAAi --+J1R-!JI-::..>L1+1'\:b'\1 ....... .u; .. _1~I<.--- capability. Operations of this type may 

be used to _ .... C"-.;..;;..cJ:£.)U:)~¥'l(.:...-!'ti--_an address as well as to accomplish other programming applications. 

21. You should recall that the opposite of binary addition is B'1 NAtZ Y ~ vB 1j( ~1JdV . 
This follows the rules: 0 + 0 = 0, 1 + 0 = I, 0 + 1 =' I, 1 + 1 = 0 with a carry of 1. 

However, producing the complement of a binary number is called c.:C O14?k¢?11Q'1T i!1/(J..I 

and re-adding a high order carry is called 6}J0 ~(8JNO cvMi.1-

40. H<:I..!L~~~~ __ 021'!!<:l?:c!s ~<:>?:taining all 1 bits will produce the comEk.ment of any binary value. 

AI3,_~n ,exal!lp1e of this, performt,?e HA~e1~~Jem~!!l1>~~i!lgthat ca~ries_,a.J"eJlot.l?XQ.£~~ated 

and"l! .. 1Y.M...in the l?h..orter o'perandJ~rrn!?:~,t~,~Uhe operation. 

B OPERAND 

A OPERAND 111111 

WM 

100101 

111111 

000111 

111111 

110010 

111111 

59. HA instructions change operands but do not propagate a carry. SST instructions can move 

or not move bits of a single character. An EXT instruction can move or not move character" 

bits or groups of characters. 

HA, SST, EXT, deal with six of nine cores in a memory location. They affect any of the 

six character bits but do not directly affect punctuation or parity. 
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2. 

21. 

40. 

59. 

236 

B OPERAND 

A OPERAND 

BINAR Y ARITHMETIC 

MODIFY 

BINARY SUBTRACTION 

COMPLEMENT ATION 

END AROUND CARRY 

111111 

WM 

100101 

111111 

WORD MARK TERMINATES o 1 10 10 

000111 

111111 

1 1 1000 

Notice that the HA sum is the complement of the B operand. 

NO ANSWER REQUIRED 

110010 

111111 

00 1 10 1 



3. 

22. 

41. 

LESSON VIII. EASYCODER PROGRAMMING 

I SA I BINARY ADD 

Unlike your previous equipITlent, the Honeywell 200 can perform binary as well as 

~c. ":t(!\i\.., arithITletic operations. Binary Add instructions (ITlneITlonic BA) ITlay be 

written in the three forITlats a, b, or c. Show each of these forITlats. 

ForITlat a. L/ .. Jj./ (; / 
ForITlat b. L/ ..f:......1 

ForITlat c. I:: / 

ISS I BINARY SUBTRACT 

The saITle forITlats and word ITlark conventions you learned with BA are applicable in 

Binary Subtract (ITlneITlonic BS) operations. Before discussing cOITlputer perforITlance of 

cOITlpleITlentation and end around carry, see if you recall how to do binary subtraction. 

Binary subtract the subtrahend 00 0010 froITl the ITlinuend 101 0 01 . 
1\\IGlI 

rOO 111 

MneITlonic SST represents the __ S.c....>v .... i?'-'-"S:....,""' .... 1-'1"-14-"'--''S .... ' __ logic instruction.. Your previous 

systeITl was able to ITlove a characters I nUITlerical or zone bits; the H-200 with its SST 

instruction can: 

1. MOVE NUMERICAL BITS OF A CHARACTER. 

2. MOVE ZONE BITS OF A CHARACTER. 

3. MOVE OR NOT MOVE ANY CHARACTER BIT EXCEPT PUNCTUATION 

AND PARIT.Y. 

60. HA, EXT, and SST are considered to be logic instructions. Another instruction provides 

greater control and is extended in function to ~ punctuation and dat~ bits. The ITlneITlonic 

op. code of this instruction is EXM, which stands for E'f 7 c}\ i) '..:1) /';1 CI vJ'" EXM 
j 

is considered to be a ?otvfjL'/1; instruction rather than a logic instruction. 

237 
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3. 

22. 

41. 

60. 

238 

DECIMAL 

F/A/B/ 

F/A/ 

F/ 

The SUBTRAHEND (number to be subtracted) 000010 is complemented: 

c c c c 
1 1 1 1 01. and then added to the minuend. 1 01 001 

COMPLEMENTED SUBTRAHEND = 1 1 1 1 01 

END AROUND CARRY 1 100110 

SUBSTITUTE 

EXTENDED MOVE 

CONTROL 

1 

100111 



4. 

23. 

42. 

61. 

LESSON VIII. EASYCODER PROGRAMMING 

The H-200 follows binary addition rules presented in Lesson IV. 

That is, 0 + 0 = 0, 0 + 1 = 1, 1 + 0 = 1, and 1 + 1 = ....sL with a "carry" of -4--' 

Binary Subtraction requires an end around carry. Since this "1" bit is always to be added, 

the computer automatically inserts a 1 bit in the ADDER at the start of BS. 

In format F/A/B/, the subtrahend is the £ a ?G:.((fh·...il) , consequently the minuend 

is the '6 0 f) ~ .. l\~-.l v. 

I SST I SQ'B.gTIl'tJ'l'E 

An H-200 SST instruction moves .2!. does not move any of the character bits stored at the 

A address to the B address. The move is specified by the programmer according to the 

variant he constructs. 

Indicate the format of the SST instruction described above. 

-t!1/#f 

OP CODE A ADDRESS B ADDRESS VARIANT - -The Extended Move instruction - (EXM) - uses one format! only and moves the A field to 

the B field under condition specified by the six bit \.l'AlZ \ fuJ) character. 
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4. 

23. 

42. 

61. 

240 

1 + 1 = .2. with a "carry" of 1. 

A OPERAND (ADDRESS) is the subtrahend. 

B OPERAND (ADDRESS) is the minuend. 

F/A/B/V/ 

SST does ~ perform its single character operation arithmetically. 

The variant 1 bits permit the movement of corresponding A character 

bits to the B character. 

VARIANT 
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5. Punctuation and parity bits are not involved with producing the SUIll for a BA instruction. 

Therefore, each ITleITlory location of the A or B operand will contribute six bits. For exaITlple, 

an operand three ITleITlory locations long would not be treated as "three characters" in a BA 

operation. Instead, it would appear as a binary value cOITlprising a total of ~ bits. 

,~ 

24. Sensing op. code BS causes the ~ operand to be cOITlpleITlented before it enters the 

adder. Op. code BS also causes a -L bit to be autoITlatically inserted in the It D)k'\ 
as the end around carry. 

43. Each 1 bit in an SST variant perITlits corresponding A character bits to be ITloved to the 

B character. The nUIllerical portion of the character at address #2396 is ITloved to address 

#3000 because of octal variant 17 in the instruction below . 

~ 
K 

LOCATION . 1 OPERATION 
CODE OPERANDS 

7 • 1415 2021 62 

IS,~T Z396 3,r/J,llIw 1.'1, 

Show the binary digits of octal 17. ~ ~ -1 i i --J...
2

1 

62. TerITlination, direction of ITlove, ITloveITlent of punctuation and/or data bits are all deter-

A prograITlITler ITlay construct 

a variant to accoITlplish and terITlinate the ITlove as required. Possible six bit configurations 

are shown in the table on the answer side of this fraITle. 
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5. 

24. 

43. 

62. 

242 

18 

Perhaps a way to visualize the difference between a decimal Add 

and BA may be as follows: 

DECIMAL ADDITION: Bits are combined character by 

character (memory location be memory location). 

BINAR Y ADDITION: Bits are combined BIT by BIT. 

A operand 

1 

ADDER 

Since variant 1 bits permit corresponding A character 

bits to be moved into the B character, 17
8

, will move 

a numerical portion of the A character: 

VARIANT CHARACTER 

VARIANT BITS 
EXTENDED MOVE (EX;M) CONDITIONS V6 Vs V4 V3 Vi. VI 

Type of Move 

l. A-field data bits-B X X X X X I 
2. A-field word-mark bits-B X X X X 1 X 
3. A-field item-mark bits-B X X X 1 X X 

Direction of Move 

l. right to left X X 0 X X X 
2. left to right X X 1 X X X 

Termination of Move 

1. automatic after single -character move 0 0 X X X X 
2. A-field word mark 0 I X X X X 
3. A-field item mark 1 0 X X X X 
4. A-field record mark 1 I X X X X 
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6. A simple distinction between decimal and binary addition is the number of bits involved 

per memory location. In decimal operations, high order two bits (B and A cores) of 00 

denote a numeric character. For example, 3890
10 

is stored in memory as four characters. 

Complete the bits in the memory locations below to show 389010 stored as a decimal value. 

ADDRESS 466 467 468 469 

B A 8 4 2 1 B A 8 4 2 1 B A 8 4 2 1 B A 8 4 2 
0 0 0 0 1 1 \ () o () CONTENTS 1 

U Sl Q .1 Q. u_ o_ S? Q - ..2.12. 1 _0 ~ - - -
'--.r---/ 

3 
~ 

o 

25. Retrieval of a BS op. code causes the A operand to be complemented and an end around 

carry 1 enters the adder. Determine the answer for the following BS as accomplished by 

the computer. Binary subtract: 

100111 from 011001 

COMPLEMENTED 
A OPERAND r-~O~l~l~O~O~l~==4-~~B OPERAND 

~------~---011000 

44. Construct an octal variant for later movement of zone bits from the character at address 

#450 to the character at address #943. Write the instruction to accomplish this move. 

i~ LOCATION 
OPERATION 

OPERANDS CODE 

1 8 1415 2021 

t:, (" 1: _ JU1:J \ Q'1 ') toO 
I 

63. An EXM variant written as octal 13 represents the binary digits: 

-2... (). 'L (j _I_.L 
V6 V5 V 4 V3 V2 VI 

62 

Refer to the chart in frame A A 

TERMrnATION(V6V5) __ ~~~~~~~~~~~~~~=~~~~~~-~~~~'~~~·~~ __ 
DIREC TION OF MOVE (V 4) ----"'4&1j.4..£:...L..==~~~-r---f,'---__.!..,_____,,__--____::-----
TYPE OF MOVE (V 3 V 2 VI) _--I--I-4~~--,~..:;::::..._~-=--~;.c.:::~=--==-==-_-'::....J.-r"---"IJ::...-. ___ _ 
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6. 

25. 

44. 

63. 

244 

ADDRESS 466 467 468 469 

BA 8421 BA 8421 BA 8421 BA 8421 
00 0011 00 1000 00 1001 00 0000 CONTENTS 
--

~ LOCATION R 
K 
7 8 

--
'-v---' 

3 

OPERATION 
CODE 

1415 2021 

--

SST 4:5¢ .. (M-3 60 

---
'---y-I 

8 

cc c 
011001 
011000 

1 
1100 10 

--

OPERANDS 

----
~ 

9 

-- ----

62 

Bits of a character already in the B ITleITlory location ITlay be changed 

with an SST instruction .. ASSUITle that the character at the address 

tagged MORP is alphanuITleric M (100100 2 ). What will this character 

be changed to by the SST instruction if fraITle 45? 

TERMINATION (V 6 V 5) AUTOMATIC AFTER SINGLE CHARACTER MOVE. 

DIRECTION OF MOVE (V
4

) LEF-T TO RIGHT. 

TYPE OF MOVE (V
3 

V
2 

VI) A FIELD WORD MARK AND DATA BITS-B. 
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7. Binary arithmetic operations use all six bits in a memory location. In other words, the 

B and A cores do not denote numeric or Hollerith groups. Instead, they have appropriate 

binary positional value. For example, convert 3890 10 to its binary value below. Show its 

storage in addresses 480 and 481, then compare to the decimal storage example in frame 6. 

I __ ~_O __ 1 __ = ___ 1 

26. A BS instruction in format F I AI duplicates A. Carries beyond the A operand word mark 

45. 

are lost in the answer. Remembering to complement and to add 1 for around carry, deter

mine the answer to the following BS instruction. 

I~ LOCATION 
K 
7 • 

ONES 

BS 111111 
C.7t.-()"t-O~ 

OPERATION OPERANDS CODE 

1415 2021 62 

DC. 'If'107 (Ol(~ MEMORY LOt:,ATION SET TO AU 1. Blrs) 

? 
<S 
< 
SST O\llES ,,~ORP ,03 

CONSTANT 

VARIANT 

"BII CHARACTER 

II B II RESULT IS, 

100100 

tt~t~~ 
.2 ~~J.l...t 

(VARIANT 1 BITS PASS BITS) 

(ALPHANUMERIC "M") 

WHICH IS THE LETTER ? 

I " 

64. Construct an EXM binary variant to: _'_L~_l_~L 

TERMINATE (V 6 V 5) with A field record mark. 

l0 '> --8 

DIRECTION OF MOVE (V 4) to be from right to left. 

TYPE OF MOVE (V 3 V 2 V
l

) A field item and data bits _B. 

Type of Move 

1. A-field data bits-B x X X X X I 
2. A-field word-mark bits-B X X X X I X 
3. A-field item-mark bits-B X X X I X X 

Direction of Move 

1. right to left X X 0 X X X 
2. left to right X X I X X X 

Termination of Move 

1. automatic after Single-character move 0 0 X X X X 
2. A-field word mark I X X X X 
3. A-field item mark 0 X X X X 
4. A-field record mark I X X X X 
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7. 

26. 

45. 

64. 

246 

o 
2 1 
2 3 
2 7 

2 15 
2 30 
2 60 

2 121 
2 243 
2 486 
2972 

2 1945 
2 3890 

R = 1 
R = 1 
R = 1 
R = 1 
R=O 
R = 0 
R = 1 
R = 1 
R=O 
R = 0 
R = 1 
R = 0 

A OPERAND 

A COMPLEMENTED 

480 

1 1 1 1 0 

I 1 1 III I 
I 
I o 0 000 
I..-c c c c C 
I 1 1 1 1 1 
I 
I 
I 
I 0 0 0 0 0 
I 

WM 

481 

0 1 1 o 0 1 0 

1 

0 

1 

1 END AROUND CARRY 
0 

Consequently, format F I AI zeros out a location when used with a BS instruction. 

CONSTANT 1 1 1 1 1 1 

VARIANT .2.. .2.. .2.. .2.. 1. 1. (VARIANT 1 BITS PASS BITS) 

"B" CHARACTER 1 0 0 1 0 0 (ALPHANUMERIC "M") 

"B" RESULT IS, 1 0 0 1 1 1 WHICH IS THE LETTER P 

VARIANT BITS 
EXTENDED MOVE (EXM) CONDITIONS V6 Vs V4 V3 V2 VI 

Type of Move ., 
1. A-field data bits-B X X X X X I 

2. A-field word-mark bits-B X X X X I X 

3. A-field item-mark bits-B X X X 1 X X 

Direction of Move 

1. right to left X X 0 X X X 

2. left to right X X 1 X X X 

Termination of Move 

1. automatic after single-character move 0 0 X X X X 

2. A-field word mark 0 I X X X X 

3. A-field item mark I 0 X X X X 

4. A-field record mark 1 I X X X X 



8. 
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An A operand of 389010 and a B operand of 200
10 

are shown below as added by decimal 

addition (mnemonic A) and bina ry addition (mnemonic BA). 

OPERATION 
COOE 

15 2021 

A 1469 

500 

00 0010 

466 467 

500 

501 

00 0000 

468 

SOl 

00 0000 

"-y-J 

o 

469 

OPERATION 
CODE 

15 2021 

lfIA. 4.81 508 

B OPERAND 507 508 

= 000011001000 

A OPERAND 480 481 

00 0011 00 1000 00 1001 00 0000 1 1 1 100 110010 

27. 

"-y-J 

3 
"-y-J 

9 

200 
+ 3890 

"-v-' 
o 

4090 Perform the addition 0 
o 0 001 100 I 000 

+ I 1 I 1 001 100 1 0 

( I 1 1 I I I I c: I " 

List thj word rr,ar~ conventions for BS in formal ~ / . 

€ .o-!?&¢.-=~A.-~ ..; J-J I f1 "It f =.....;"-.~ ) W , y 
Since the A and B addresses are not indicated on the coding form for BS in format F /, 

1 ' ') 
how are operands obtained? ti i't VO)! ..;/" ~ ;[!.~~" . 

. 7 i 
JfV V 

46. Format F / may be used for an SST instruction if it follows an SST of F / A/B/V /. In format 

F /, the A and B addresses are provided by the J±.... and £ r' ,,'i l.?...c L, '7. registers. The 

variant for format F / is the same as the preceding SST instruction. 

65. Refer to the chart in frame 64, then write an EXM instruction to move data bits from the 

field tagged CARDIN to the field tagged WORK. Move the data from right to left and ter

minate when the first item mark of CARDIN is sensed. 

~ LOCATION 
OPERATION 

OPERANDS 
~ CODE 

7 8 1415 2021 62 

E~ Cit /(')L,/J 'rJQ(~rLtl 
I 

/0 247 
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8. 

27. 

46. 

65. 

I~ LOCATION 
K 
7 8 

248 

000011001000 

+ 111100110010 

1 1 1 1 1 1 1 1 101 0 

THE B OPERAND SHOULD BE WORD MARKED AND 

THE A OPERAND ALSO, IF SHORTER THAN B. 

A ADDRESS FROM A ADDRESS REGISTER 

B ADDRESS FROM B ADDRESS REGISTER 

A and B ADDRESS 

OPERATION OPERANDS CODE 

1415 20 ~I 

EX.NI CARD I N .• WORK .4.,1 .. 

62 
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9. A total of seven m.em.ory locations are involved for decim.al addition of 200 plus 3890. In 

contras~, only four m.em.ory locations are needed for binary addition of the sam.e values. 

Scientific applications m.ay advantageously use binary arithm.etic. In your business data 

processing, you m.ay frequently use binary arithm.etic to m.odify addresses. You m.ay also 

use "counters" operating in binary. 

As a check of the previous fram.e, what does 111111111010
2 

equal in decim.al? 

28. BA and BS are used for sim.ifar purposes. BA increases an address being m.odified, 

BS j)~~&2=?v\. an address being m.odified." Sim.ilarly, BA m.~e:~ .. to incre-

m.ent a bmary counter and BS m.ay be used to c)Q ,Oik.z,. ... c~)" a .~ ".' 

f'~ Neither BA nor BS utilizes overflow or zero balance indicators. If 

a high order carry is generated, it will be lost. 

47. SST may be written in format F I to chain A & B addr",ses if the format c IIlWs1 
precedes it. The variant for form.at F / is provided by the preceding instru~n~ . T 

operates on a single character basis. Write the instructions to m.ove the num.erical portions 

of the five character field in addresses #601 - #605 to the area tagged NOZONE. 

I~ LOCATION 
OPERATION OPERANDS CODE 

K 
7 8 1415 2021 

~62 

F::;,'- "1 .' . Ii c';' JJ'U~{; ,1 
S<; 1 
,sf 

<;<; f 
c,(1 

66. H-200 versatility is exem.plified by its capability of accepting a character code that is 

foreign and converting to the com.parable H-200 character. A single H-200 instruction will 

m.ove characters having a different bit configuration and translate them. into Honeywell 

characters. The m.nem.onic op. code for this instruction is MAT which stands for In"'<&" 
and E~t...IH'e 
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9. 

28. 

47. 

66. 

250 

000011001000 2 = 

1 1 1 1 001 10 01 0 2 

111111111010
2 

200
10 

3890 10 

4090
10 

Therefore, the answer is the same whether decimal or binary 

addition is used. 

DECREASES 

DECREMENT 

BINAR Y COUNTER 

F/A/B/V/ 

VARIANT OCTAL 17 = 001111. SINCE VARIANT 1 BITS 

PERMIT A CHARACTER BIT TO MOVE, 178 MOVES NUMERICAL 

Ii' LOCATION 
K 
7 • 

OPERATION 
OPERANDS CODE 

1415 

SS,T, 

S,S,T 

IS,S,T 

ISST 

S.ST 

2021 

6~ 5" N OZ,O,N,E 17, 

MOVE 

TRANSLATE 

62 
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10. Word mark conventions for the various BA formats are given below: 

F/A/BI - The B operand should have a word mark in its leftmost memory location to 
terminate the operation. If the A operand is shorter than B, the A operand 
should also be word marked. 

F/AI -

FI -

Word mark the A operand. 

Word marks as for F I A/B/. 

In formats F I and F I AlB I, if the A operand exceeds the length of the B operand, will the 

exceeding portipn of A be processed? <~() 
I " -IJ -j,""""':.-------,.r'-' --

Why? 0 ii;·'J i'<""I j.L\ce~ , v~ , 
29. Before using BS to decrement a counter, do the following: 

48. 

67. 

Write the coding to set a binary 1 in a memory location and tag it ONE. (This will be a one 

memory location A Operand. ) 

Write coding establishing a binary counter of two memory locations containing binary for 

500
10 

and tag it COUNT. (This will be a two memory location B operand. ) 

Ii LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

O'U[ V,C,W, ';fIIj /, 
if'" OvrvT PL.v.i 11.13510 

SST instructions on the coding form line s 2 - 5 in frame 47 are chained. Show the register 

addresses below assuming NOZONE is address #700. 

CODING FORM OP. CODE A ADDRESS B ADDRESS VARIANT 
LINE REGISTER REGISTER REGISTER REGISTER 

#1 ISSTI 605 700 [ill 
#2 ISSTI &;() t\ (ptJ'1 

#3 ISSTI t,CI ') ~(1f 

#4 ISSTI "i 1./ 
ro(j 1 

#5 ISSTI If!'! ifq~ 

OP CODE A ADDRESS B ADDRESS VARIANT I VARIANT 2 IMAT I MOVE AND TRANSLATE 

- - -MAT will read a field of characters expressed in code foreign to that of the Honeywell 

product line, automatically translate into Honeywell code, and store translated values in 
t 

the same or different field. Change from one code to another involves use of a table stored 

in memory to I~ I4-NS '-ttr~ characters. 

.<' 
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10. 

29. 

48. 

67. 

252 

~ 
K 

NO 

THE B OPERAND WORD MARK TERMINATES THE OPERATION, 

THEREFORE, THAT PORTION OF A EXCEEDING B WILL NOT 

BE PROCESSED. 

(Or equivalent answer. ) 

DCW statements are used so that the A and B operands will be word marked. 

LOCATION 
OPERATION 

OPERANDS eOOE 

7 • 1415 2021 6, 

ONE Dew 1!t:1B1 ~ 

COU,NT IQCW ft2B 5O,0 

CODING FORM OP. CODE A ADDRESS B ADDRESS VARIANT 
LINE REGISTER REGISTER REGISTER REGISTER 

#1 !SSTj 605 700 lliJ 
#2 ISSTI 604 699 

#3 ISST! 603 698 

#4 ISST! 602 697 

#5 ISSTI 601 696 

TRANSLATE 
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11. Remember that BA is an arithmetic operation, then briefly explain why only the A operand 

needs a terminating word mark in format F I AI. 
i' • 

J~ i, ) }' --'0 I 
It QU"""rAl ,( sa \ -' 

30. Assume some repeating operation is being performed and the counter is to be decremented 

for each operation. Write the instruction to accomplish decrementing. 

I~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 B 1415 2021 62 

ONE: D{:..W #:lS1 
COU NT Dew *.ZB5121,0 

:;0> 

>- REOPETlTIV£. qPERAT/ON 

? 
It\'~ VII': .t.,llJrJ\' 

I f 

49. An SST instruction may be chained, and the preceding SST variant will be retained. SST 

operates on a single character basis. That is, any desired character bits in a single memory 

location may be moved into another location as specified by the 1 bits in the V ~'0hJf 
character. 

6S. A translation table is ~reated by the programmer and stored in memory. Since each 

character consists of 6 bits (ODS through 77 S), a possible fa i different configuration of 

characters may be expressed and stored as a ftf't17i/5 t.dI :rUP -rIteU. 
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11. 

30. 

49. 

68. 

254 

SINCE BA IS AN ARITHMETIC OPERATION, FORMAT F/A/ 

"DUPLICATES" A. THE A OPERAND IS THE ONLY 

OPERAND INVOLVED. 

(Or equivalent answer. ) 

~ LOCATION 
OPERATION OPERANDS CODE 

K 
7 • 1415 

OlliE DeW 
COUNT D,CW 

-;:= 

~ 
,~ 

iB.S 

2021 

41=181 I I I I 

*f2B5J/,Q! 

:> .R,£PETIT(VEQPERATION 

O.NE .. C,Q.U.NT 

VARIANT 

64 

TRANSLATION TABLE 

-6"2 
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12. A Coxnpare instruction (C 1283, 113) stored in xnexnory locations 500 - 504, is to have its 

B address "xnodified" froxn 113
10 

to 188
10

, 

Because addresses are binary, this increase of the B address by 75
10 

xnay be accoxnplished 

with a i, /L W IX!~ 1\ ",\ instruction whose xnnexnonic op. code is __ ;~. 

31. BA and BS are considered to be arithxnetic instructions. The group of instructions which 

contained BCT, BCC, BCE, etc. deal with binary digits for logic rather than arithxnetic 

operations. 

Instructions called EXTRACT (EXT), HALF ADD (HA), and SUBSTITUTE (SST) are part 

of the BCT, BCC, BCE group. Even though these instructions deal with binary digits, they 

are referred to as J,..,d ~k rather than \\ Y.l.1J\ {}\i:.~C instructions. 

50. SST operates on a single character basis, consequently word xnarks are not required to..'"' 

terxninate the operation. .. . .. 
The next logic instruction discussed (EXTRACT, xnnexnonic EXT) is sixnilar in functi~ir· 

to SST. However, EXT xnay xnove or not xnove any desired character bits frbtn o~ o~ xnore 

xnexnory locations. Because this instruction xnay involve xnore than one xnexnory.location, 

_11I-t:!....;;u"",t .... 1),--_ Ina rks are required to __ =r-,-"""ffi"--""",,,~.4J-=-''''-''~=-__ the ope ration. 

69. MAT forxnat F/A/B/V/ V
2

/ xnaybe defined as follows: 

a. 

b. 

c. 

d. 

e. 

The type of operation to be perforxned is indicated by the ---",.t:..;P ...... _ 
The xnexnory location of the field to be Moved and Translated is specified by the 

1. 
The location into which the translated characters are to be stored is specified by 

the~ hOria. 
VI and V 2 provide the base address of the --rr{tt?/S '-ttZ/~ table in xnexnory. 

A word xnark within the A-field terxninates the MAT process after the word xnarked 

character is translated. 
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12. 

31. 

50. 

69. 

256 

BINARY ADD 

BA 

LOGIC 

ARITHMETIC 

WORD 

TERMINATE 

OP. CODE 

A ADDRESS 

B ADDRESS 

TRANSLA TION 
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13. BA format F/A/BI may be used to modify the B address of the Compare instruction shown 

below: 
STORAGE ADDRESS - 5(}() 50", 50s 

COMPARE ----00.1 0 0 
INSTRUCTION ... _"""" ____ ........ _..:.. __ .... ..;;._ 

OP 
CODE 

A ADDRESS 8 ADDRESS OP I 
CODE 
OFNEXT 
INST. I 

Assume that a binary constant equal to 7510 is stored in memory and has the tag B75. 

Write the instruction changing the B address of the Compare instruction to 188
10

, 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

M 61( ;- 0L\ , 

32. EXT (Extract), HA (Half Add) and SST (Substitute) provide logic operations not available 

in your previous system. The versatility of the H-200 permits equally versatile program-

51. 

ming applications of these __ ~I..-_c....:e::.=~_·'X-'--'c..'--__ instructions. 

EXTRACT 
(Logical Product) 

EXT is non arithmetic and may be written in the standard three formats not incorporating 

a variant. 

EXT format F I AI chains the 6 addres s rather than duplicating fr. 
Addresses for format F I are obtained from the Land J2..... t~ T) j) ,<~') 

70. Three character addressing is required to specify the translation table address of the 

equivalent Honeywell code. 

The base address is formed by the two \) ~ \Q;tJ + 
The "foreign" code from the location specified by the -'±:. 

low order six bits of the translation table address. 

f}-{)(J)d(tF'?5 provides the 
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13. 

I~ LOCATION 

7 • 

32. 

51. 

70. 

258 

I OPERATION 
CODE 

1415 2021 

1M B75 t;,¢J.+ 

LOGIC 

B 

A 

OPERANDS 

A and B ADDRESS REGISTERS 

VARIANT CHARAC TERS 

A ADDRESS 

.2 
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14. To use tag B75 (in previous example) as the A operand, it must have been defined as a 

binary constant equal to 75. Considering its use in modifying an address, oult the data 

formatting op. code have been DC or DCW? Dc vi Why? /,Ivv" 

OPERANDS 

33. HA, EXT, and SST are available to the programmer to increase his flexibility of pro

gramming. Since these logic instructions are used at a programmer's discretion, their 

explanations in following frames sugge,st rather than specify applications. 

Write the full name of the logic mnemonics: 

HA, EXT, cy];l/-"ci SST, 

52. All EXTRACT instructions follow these rules and store the result at the B address. 

Bit in A-field Bit in B-field Bit in Result field 

1 1 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - ---
1 o 0 

o 1 o 
1-- - - - - - - - - - - f- - -- --------- ----

o o o 
A word mark is required for the shorter of the two ope rands. The operation terminates 

when this word mark is sensed. 

Format a: A-field is combined bit by bit with B-field. 

Format b: A-field is combined bit by bit with data specified by B address register. 

Format c: Data specified by contents of A and B address registers combined bit by bit. 

71. Any "foreign" six bit character has a binary value. For example, 1401 alphanumeric 

character "A" has a bit configuration of 110001 which equals 49 10 , The corresponding 

Honeywell alphanumeric character "A" (010001) will be stored in the forty-nineth transla

tion table address. An illustration of accessing the proper memory location in the transla

tion table is shown on the answer side of this frame. 

259 



• 

f 

LESSON VIII. EASYCODER PROGRAMMING 

14. 

33. 

52. 

71. 

260 

DCW 

THE A OPERAND (BINARY CONSTANT) MAYBE SHORTER THAN 

THE ADDRESS (2, 3, or 4 CHARACTERS) THAT IS TO BE MODIFIED. 

WHEN THE A OPERAND OF BA INSTRUCTIONS IS SHORTER. THAN THE B 

OPERAND, THE A OPERAND SHOULD BE WORD MARKED. DEFINING 

THE BINARY CONSTANT WITH A DCW ELIMINATES THE NECESSITY 

OF ALSO WRITING A SW. 

(Or equivalent answer. ) 

HALF ADD 

EXTRACT 

SUBSTITUTE 

The following frames suggest applications of these logic instructions 

and explain their operation. 

I 

NO ANSWER REQUIRED 

VARIANTI VARIANT2 

I X X xl X X X X X I 
(FOREIGN CODE J 

A-FIELD CHARACTER 

IXXXXXXI 

~BASE ADDRESS ! ,/" 
I IxXXIXXX.!f xxlxxxxxxi 

\ 3-CHA~ !rD~DR~E=S~S ____________ ~1 

ADDRESS 

CONTENTS 

{~ ". Jt " X X I} 'OsmON IN TllANSLATION TABLE 

- - - - - HONEYWELL CHARACTER 
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15. Propagation of "carries" is related to the length and word mark placement of A or B 

If operands. For example, as sume equal length operands and the B operand word marked. 

the operand values are such that their high order bits (leftmost), ~qo~ag~te a "c,arry", will 

the sum of B+A be correctly stored? ~Q Why? _-J..["'''.QNo:;;~:::\-+,,,,,;1''''.!'-'i£---,,,l<i1'-<,,,,"_Q.,J.M~~1-+1.L).J/.1~~=~~="--
!~~~~,tI? ~i~ Vi 

34. 
HALF ADD 

(exclusive 0):,) 

Half Add instructions add the A operand to the B operand without propagating carries. 

The result is stored in the B field. Basic rules for half adding are extremely simple 

since carries are disregarded. Complete this chart. 

A,.FIELD BIT I B-FIELD BIT J RESULT BIT 

1 + 1 = 0 

1 + 0 = -' 0 + 1 -'-
0 + 0 .JL 

53. Rather than using a variant to specify which bits are to be passed from the A field into' 

the B field, EXT uses a constant in the B field. Each 1 bit in the constant permits the 

corresponding A field bit to pass into B. Determine the result in the problem below. 

A FIELD 41
8

, 72
8

, 60
S 

= 100001 111010 110100 

111111 
CONSTANT IN B FIELD 03

8
, 77

8
, 148 = 000011 111111 00 11 1 1 

! ! 
000001 _U.Ls!'~~ (')oc\OO ------RESULT 

72. The translation table "base address" is established with a MORG statement. MORG 

directs assembly to assign addresses to following coding beginning with the next multiple 

of the address written in the operands field. What will the low order six bits be (regardless 

of which multiple, 128, 256, 512, ... 4096 etc. is assigned by assembly) for the MORG 

below? 

I~ LOCATION 
OPERATION OPERANDS COOE 

7 B 1415 2021 62 

i'A..&L E MOR& 64-
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15. 

34. 

53. 

72. 

262 

NO 

THE B OPERAND WORD MARK TERMINATES THE OPERATION. 
IF A CARRY IS GENERATED TO BE PROPAGATED BEYOND THE 
HIGH ORDER BIT, THE CARRY WILL BE "LOST". EXAMPLE: 
BA 77 8 , 778 . I 

:-c ...... c ...... c ...... c ...... c ..... c, 
HIGH ORDER CARRY : 1 1 1 1 1 1 

IS HALTED BY THE 

B OPERAND WORD 

MARK. 1 

THIS 1 IS LOST~ 

III 1 1 1 

111110 

A~FIELD BIT I B-FIELD BIT f RESULT BIT 

1 

1 

o 
o 

A FIELD 

CONSTANT IN B FIELD 

+ 
+ 
+ 
+ 

1 

o 
1 

o 

41
8

, 72
8

, 60
8 = 

03
8

, 778 , 148 = 

RESULT 

100001 

l!111l 
000011 

!l 
000001 

= 

= 

= 

= 

111010 

111111 
111111 

11111l 
111010 ------

110100 

111111 
001111 

o 
1 

1 

o 

\ \ \ \ 
QQQIQQ. 

PARTS OF CHARACTERS, CHARACTERS, AND GROUPS OF CHARACTERS MAY 

BE EXTRACTED BY A PROPERLY CONSTRUCTED CONSTANT "MASK" IN THE 

B FIELD OF AN EXT INSTRUCTION. 

Low order six bits = Q Q Q Q Q Q for a MORG 

of 64, regardless of which multiple is assigned • 

. THREE CHARACTERS ADDRESS 

EXAMPLE: 128
10 = 

1024
10 = 

0 0 0 I 0 0 0 0 0 0 10 0 0 0 0 0 I 1 
0 

I 
0 10 0 0 0 J 0 1 0 0 0 0 0 0 0 

I 1 
409610 = 0 0 0 I 0 0 0 0 0 o 10 0 0 0 0 0 

J I 
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16. Loss of a high order carry is prevented by using zeros in the high order position. 

35. 

Establish the required A and/or B operand punctuation for the following instruction, then 

calculate the binary SUIll. 'i 
7 • 

11600 ADDRESS 

B OPERAND 
(0077 8) 

OOOOOi 

LOCATION 
OPERATION 

CODE 

1415 

all. 

11601 

ll1lll 

ADDRESS 1172.0 

A OPERAND 
( 77 8 ) 

OPERANDS 

2021 

72JJ. 6,11.1 

00778 = 000000111111 

111111 

SUM 

The HA instrudiion uses the three standard forIllats for instructions and does not require 

a variant. Indicate these forIllats below: 

v fA Ip' J " .' /' " il7, 

(I;) i 

~/ 

54. A constant to be used as a "Illask" in an EXT instruction is constructed in relation to 

what the prograIllIller desires to pass. For exaIllple, the portion of a constant that is octal 

77 will Illove a corresponding character unchanged. 778 passes the character (in the saIlle 

relative position) without change because a 1 bit perIllits the corresponding bit to pass. 

Octal 77 = _I _1 __ \_ : ~\_ 2' therefore, all bits in the ~~--.~ character 

are perIllitted to ~. 

73. Si'nce VI and V2 of a MAT instruction specify the translation table base address, the 

MORG 64 stateIllent Illay be tagged. Then, this tag Illa y be written in a MAT instruction 

instead of the two _-"V...;.lI-.;....I\"",1.-'"-I-rft"-lrJ;;:,...:.\ ___ characters to specify the 

of the translation table. The six bits in the LovJ order of the address designate 

62 

a specific position of the translation table and are supplied by the foreign -..:c..~t=tM.l,..!JL!,l..8:c;I..:...:::.~..!..(...:;..:R ....... __ 
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16. 

35. 

54. 

73. 

264 

The word ITlark in address #600 (B operand) terITlinates the operation. 

The A operand (address #720) is word ITlarked because it is shorter 

than B. 

ADDRESS 

B OPERAND 
(0077

8
) 

ADDRESS 

A OPERAND 
(77

8
) 

I~ LOCATION 
K 
7 8 

#600 

000000 

#720 

111111 

OPERATION 
OPERANDS CODE 

1415 2021 

SW 72.0. uU 
8A 7UI 

#601 

llll11 

F/A/B/ 

F/A/ 

F/ 

6,O1 

cccccc 
00778 = 000000111111 

77 8 = ____ 1_1_1_1_1_1 

SUM = 0 0 0 0 0 111111 0 

Octal 77 = 111111 2 therefore, all 

bits in the CORRESPONDING character are 

perITlitted to PASS. 

VARIANT 

BASE ADDRESS 

LOW order 

CHARACTER to be TRANSLATED 

62 
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17. The word mark of a shorter A operand does not terminate the BA operation, it simply 

stops supplying bits. This is sometimes referred to as "zeros implied" by an A operand 

word mark. 

ACTUAL ZEROS TO 
PROVIDE FOR CARRY 

ZEROS IMPLIED BY A 
OPERAND WORD MARK 

[) 
[) 

000000111111 B OPERAND = 00778 

,--------, 
~~:::.Q.QS_:.52Jll1111 A OPERAND = 778 

Inadvertantly supplying unrelated adjacent bits is prevented by word marking an A operand 

that is shorter than a B operand. The A operand word mark means that _-,l,,-~==-I_/' __ are 

YIN'-;"!:' , .. ,f 

36. HA is a logical rather than arithmetic instruction. The major difference is in the F I AI 
instruction format. Rather than "duplicating" the A oper~nd, the·B operand is "chained". 

The B operand addres s is obtained from the t~ ;,) ,'.; 0 ,.." Ii ,;~ 2}f ?" 

55. Octal 17 as a mask in the B field of an EXT instruction will pass the N Uill at L<.."portion 

of a corresponding character and block the ~bits. This passing and blocking is 

accomplished due to the binary digits of 178 equaling --2L ~ L L L _'_ 2 . 

74. Construction of a translation table is not difficult. The foreign characters to be translated 

are listed in ascending order of their binary values. The equivalent Honeywell characters 

(to be enter(ed into the translation table) are then listed to correspond with the order of the 

foreign cole. For example: 

FOREIGN CODE 1401 CHARACTER H-200 CHARACTER H-200 OCTAL 

000000 blank blank = 0 0 1 1 0 1 15 

000001 1 1=000001 01 

000010 2 2=000010 02 

etc. etc. etc. etc. 

001010 f/J f/J = 000000 00 

001011 # # 101010 52 

etc. etc. etc. etc. 
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17. 

36. 

55. 

74. 

266 

ZEROS 

IMPLIED 

B ADDRESS REGISTER 

NUMERIC 

ZONE 

001111 2 

NO 

THERE IS NOT A DIRECT RELATIONSHIP BETWEEN 1401 BINARY 

CHARACTER VALUES AND H-200 CHARACTERS. IT IS FOR THIS 

REASON THAT TRANSLATION IS REQUIRED. 

(Or equivalent answer. ) 
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18. BA instructions may be used to incrernent a binary counter which is counting sorne re-

peating operation. Write the appropriate instruction on line 6 below. 
CARD B LOCATION 

OPERATION 
OPERANDS NUMBER CODE 

I 2 3 4 5 6 1 • 1415 2021 6263 eo 
, I i ONE Dew *'1EH PUTS A BINARr 1. IN A M&MoRY i..OCATION 
2 I I e O.UN.T. Dew "ZB~ (!,ETSTWO i..OCATION-$ TO (lJ AS A 81NARY COUNT~R. 
, i i ~ 
4 I I ~. 
• i : ,~ / 
6 I I 1/l.,A ilNtO. C~).r 
1 I I .I ;: 
• I I / 
9 I I 

'0 ! 

37. HA forrnats require a word mark defining the l.irnit of the shorter operand. Suppose that 

at sorne point in a prograrn the op. code of an instruction is to be changed to another op. code. 

To accornplish this, with a HA instructitrn, will a SW instruction be required? Vi) 

Wh y? . () \/ CAr~ ~L1'" AyN /I'~..J-

56. Notice which bits (all, nurneric, zone, etc.) will be passed by each two octal digits in 

, 

rnask specified below. MASK is loaded into the area tagged BFLD so that the constant (MASK) 

will not be changed by the EXT operation. Continue to the answer side of this frarne. 

CARD +I~ LOCATION 
OPERATION 

OPERANDS NUMBER t ~ CODE 

I 2 3 4 5 6 1 • 14 f5 2021 62 ., eo 

I !MASK Dew itF4C 77 I 7¢¢6¢ 
I 

I ~ 
I i leA IMAS K BFL D 
I I EXT CARDlfoj.8FL.D 

75. Honeywell characters may be enterred into the translation table using octal (#16C ..... ) 

or alphanurneric (#32A . ... ) DC statements as shown below. 

CARD n LOCATION NUMBER t ~ 
I 2 3 4 5 • 1 • 

I I TABlE 
I 

I 
i i 
I I 

: : 
CARD n LOCATION NUMBER t ~ 

I 2 3 4 5 • 1 • 

I i TASL.E 
I 

I 

OPERATION 
CODE 

1415 2021 

M,oR<7 4-
DC #/6CI5010~03¢.~d,5 
D,e 'if: 1.6C 16616.2..6.36.4-.65 
O,c #F/6C.4,04-.1.4.243.4.4.4,5. 
~C #I~CI 72fZaZ324e5 

OPERATION 
CODE 

1415 2021 

I"'ORG- 64 
DC *3 2.A.b 12 3 45,678 9¢,'JI: 

) 

} V 1 V 2 BASE ADDRESS 

} 

OC TAL DESIGNATION OF 64 
H-200 CHARACTERS IN 1401 
SEQUENCE 

} VI V 2 BASE ADDRESS 

i I DC #3 2.A- J K LM NO PQ.R I,t 
} ALPHANUMERIC DESIGNATION 

OF 64 H-200 CHAR., 1401 SEQUENCE 

A total of G.1 rnernory locations will be required in either case. H-200 characters 

are entered in I~u I sequence because this is an exarnple of Ii-(l I translation. 
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18. The BA instruction {on line 6} increments the counter as each card is read until the 

I 

2 

3 

4 

5 

• 
7 

8 

9 

10 

37. 

56. 

75. 

268 

number of cards equals the value in the location tagged TOTAL. 

CARD 
NUMBER 

I 2 3 4 5 

I 
~ 

I J 

i i 
1 1 

I I 

I I 
I _I 

I I 

1 I 

I 

CARD 
NUMBER 

I 2 3 4 5 

I 
~. 

I I 

i. I 
I 1 

il~ LOCATION 
OPERATION 

OPERANDS CODE 

• 7 8 1415 2021 6263 

~~ 

o.N.E DCW ftt:1 B 1 P(Jrs A BINARY 1. IN A M~MORY lOCATION 

COUNT DCW. 1# 2. B0. SETS TWO I.OCATIONS To t,1 AS A BINARy COUl'fTER 

REAO POT CARP.I,N .•. 5.1 ..4.1 . THfSE; iI'J~TRIJCTIONt$ CAUS~ TJ./£ 
PCB \'II; .¢".¢.,41 l.~ CARD RfAI)ER TO REfW A CflI?D 

PC B fRROR~.0 4,1 .4 I AND THEN CHECK FOR ERRORS ETC. 

BA ONE COUNT A . BINARY.1 IS ADP(O To TJ.lE C9UNTER. 
C TOTAL..COUNT THE VALIdc. IN TQTAL IS CoM PP.-[?E{) To TIl COVNTfR 

BCT "'EXT 14.Z 6RANC,H IF AN (QUAL,. COMPARE IS {ND/CATp£) 

B READ 6RANC/'l TO RfAD ANOTHER C~f?D IF UNEQUAL o IlIl PARE' 
~EXJ ~ PROGRAM CONTIN{JES 

NO 

AN OP. CODE IS A SINGLE CHARACTER. THEREFORE, IT IS 

THE SHORTEST POSSIBLE OPERAND, AND ALREADY CONTAINS 

A WORD MARK. 

{Or equivalent answer} 

Refer to the coding form below to answer frame #57. 

LOCATION 
OPERATION OPERANDS CODE 

6 7 8 1415 2021 6263 

MAS K Dew 
~ 
LeA 
EXT 

#4C 77 1 7~06~ 

INlASK. SFLD 
CARDIN.8FLD 

64 

1401 

1401 

80 

80 
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19. In the previous example, suppose that the binary value in the locations tagged TOTAL 

equals 12910 . Show the binary contents of the location tagged COUNT when the program 

continues to NEXT. 

38. As an example of HA, suppose that a decimal add op. code (~nemonic A, octal 36) is to 

be changed to become a decimal subtract op. code (Mnemonic S, octal 37). The address of 

the op. code A is #500. Determine what binary value is needed as the constant for the HA 

instruction below: 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62 

NEWOP OC ~ ! g ''''AlIISWE~ 
l~. 
I~ 
HA NEWOP ,50.0 

57. For example, the first character at CARDIN ,will have all of its six character bits passed 

into BFLD because 77 contains all 1 bits. 

17 will pass the __ l\j;;;..v~,iY\--,,~,-· _\.....:c.:...-- portion of the second character of CARDIN and 

the ?·o N'<- bits. 

00 will r3 L '-'C\\ the second character of C ttgp i loJ • 

60 will I) Ik') the 7:.. {j \"':- bits of the 1 H ,. ,I character of r ~ ;1 \J and block 

the __ Nt.=,.;~::.r..~tJ1 ... \_\ .,;;L-,--_ portion. 

76. Assume MORG 64 has been accomplished and tagged TABLE to refer to the base address 

of VI V 2. Also assume a translation table has been filled with H-200 characters written in 

the foreign code sequence. 

Write an instruction to move and translate from the area tagged FCODE into the area 

tagged HCODE. 

I~ LOCATION 
OPERATION 

OPERANDS CODE 

7 8 1415 2021 62 

1;IA1 lic-JDt,. ,1t,GO,II,~, 1,/\,.,,\.6 
I 
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19. 

38. 

57. 

76. 

270 

I~ 
K 

000010000001
2 

(Return to frame 20, page 233) 

Since octal 36 (011110) is to be changed to octal 37 (011111) 

a binary constant of 1 is required. 

LOCATION 
OPERATION OPERANDS CODE 

1 • 1415 2021 

NEWOP DC ~IBI 

3 
~. 
HA NEWOP 5.tlJ0 

(Return to frame 39, page 233) 

62 

17 will pass the NUMERIC portion of the second character of CARDIN and 

BLOCK the ZONE bits. 

00 will BLOCK the second character of CARDIN. 

60 will PASS the ZONE bits of the THIRD character of CARDIN and block 

the NUMERIC portion. 

(Return to frame 58, page 233) 

~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

1 • 1415 2021 62 

It<\AT Fe ODE HeQD,E. TABLE 

MAT is written in format F/A/B/V
l 

V
2

, where the A field contains characters 

to be translated and the B field is the area for the translated characters to be 

stored. MAT terminates with the character in A or B that is word marked. 

(Continue to page 272) 
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272 

Format a. 

Format b. 

Format c. 

OP CODE ---
A ADDRESS 

FUNCTION 

B ADDRESS 

CHANGl: SEQUENCING 
MODE 

Format a: The A address is loaded into the A-address register and the B address is loaded 

into the B-address register. Contents of the 1- and II.-address registers are 

interchanged, and the program branches to the instruction whose op code address 

was previously stored in the II-address register. 

Format b: The A address is loaded into the A-address register. The B address is chained 

from the B,:tddress register. 

Format c: Both A and B addresses are chained from the A and B-address registers. 

WORD MARKS - Formats a, b, and c: Word marks are not affected by this instruction. 

CSM instruction execution is explained in Lesson V, along with the 16 control memory 

registers. However, the H-200 contains an automatic change sequencing mode instruction 

referred to as flOp. Code Trapping". This capability is available when the addressing 

mode variant (CAM) is specified as octal 24, 04, 64, for two, three, and four character 

addressing respectively. 

Op. code trapping involves the record marking of a non standard operation code. Sensing 

of a record marked op. code has the effect of an automatic CSM instruction, in that it causes 

I and II registers to be interchanged. For example, the letters M (multiply) and D (divide) 

could be record marked and then used as appropriate op. codes. 

In the example of M and D above, the II register would contain the address of a co-sequence 

routine to determine whether the trapped op. code (record marked) is an M or a D. After 

determining whether the desired operation is multiplication or division, the co-sequence 

routine branches to the address of an appropriate multiply or divide subroutine. 

Upon completion of the specified subroutine, the contents of I are restored and II is again 

loaded with its co-sequence routine address. The program then continues in sequence as 

directed by the I register. 
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IRNM I RESUME NORMAL MODE 

OP CODE A ADDRESS B ADDRESS VARIANT 

Format - -
FUNCTION 

Certain conditions, such as transfer of information to or from a remote data communica-

tion device, make it necessary for the main program to be interrupted. The H-200 can be 

equipped with an interrupt indicator which is automatically turned on when an interrupt 

signal is sensed. For example, a communication control can generate an interrupt signal 

whenever it requires access to the main memory. When an interrupt signal occurs, the 

following activities are automatically initiated: 

1. The instruction being executed is completed. 

2. The interrupt indicator is turned on. 

3. Settings of arithmetic and comparision indicators are preserved in auxiliary 
storage areas. 

4. Contents of the I-address and the interrupt register are interchanged. The 
program branches to the instruction whose address was initially stored in 
the interrupt register. 

5. The machine switches to three-character addressing mode if the normal 
sequence of instructions is stored in the two-character addressing mode. 

The interrupt indicator remains on during execution of the subroutine. It indicates to the 

central processor that a priority routine is being performed and any further interrupt signals 

should be rejected. Upon completion of the subroutine, the normal sequence of instructions 

can be returned to via an RNM instruction. This instruction reverses the effect of activities 

2, 3, 4, and 5 listed above. 

The Resume Normal Mode instruction should be coded with zeros in the A address, the 

B address, and the variant character. The first two instructions in the interrupt subroutine 

should be SCR instructions which store the contents of the A- and B-address registers in 

the A and B addresses of the RNM instruction. Immediately following these two instructions 

there should be a routine to test for the previous variant character and to store that character 

in the variant field of the RNM instruction. Thus, the coded zeros of the RNM instruction are 

replaced by the contents of control memory registers, providing re-entry to the ma,in 

program. 

EXAMPLE: After the execution of the RNM instruction, the interrupt register contains 
the address of the op code which immediately follows the instruction. The sample coding 
below illustrates a convenient method of restoring the starting address of the interrupt sub
routine (ENTER) in the interrupt register when the normal program sequence is resumed. 
Note that the first two instructions of the subroutine are SCR (Store Control Registers) in
structions which store the contents of the A- and B-address registers in the A address 
(RESUME + 3) and the B address (RESUME + 6) of the RNM instruction. 
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INPUT/OUTPUT OPERATIONS 

Simultaneity of peripheral operations together with central processor computing is 

achieved through the principle of "time sharing" illustrated in Lesson II. Input/output 

operations require acces s to memory for only a fraction of the total time required for 

mechanical functions of peripheral devices. Consequent! y, central processor time is 

shared among the read/write channels. If no time is required by a peripheral unit, 

the central processor is granted additional computing time. 

It should be remembered that units are permanently connected to any of 16 input or output 

trunks. However, the programmer has complete freedom to assi'gn or reassign read/write 

channels by means of program instructions. When the programmer writes an input/ output 

instruction, he specifies, among other things; the read/write channel over which data 

transfer is to take place, and the peripheral control that is to receive or transmit data. 

MAIN TRAFFIC 
MEMORY ~ CONTROL < Itwee) ..... -,-/<~V-.. 

TRUNK 

CARD 

READER 

As soon as data transfer is complete in the example above, R WC 2 is automatically 

removed from the interface. The programmer may then reassign RWC 2 to another 

peripheral control in another input/output instruction if desired. 

Transfer of information between memory and a peripheral device is either input to or 

output from the central processor. Regardless of whether the operation is input or output 

and whichever device is to be directed, the H-200 uses a single instruction.. The mnemonic 

op. code of this single input/output instruction is PDT, which stands for Peripheral Data 

Transfer. 

Another instruction is used in conjunction with PDT to either set up controls, Qr for 

testing the condition of peripheral devices. These dual operations of initial ~ontrol of 

devices and subsequent testing of devices have the mnemonic op. code PCB. This op. 

code represents the function of Peripheral Control and Branch. 

At the conclusion of the following frames (which primarily discuss card reading), you 

will be directed to the appropriate section of the Programmers I Reference Manual for 

information concerning other peripheral devices. 
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1. Transfer of data to or from peripheral units is accomplished by ?-n instruction w!f~ 

mnemonic op. code PDT. The letters P, D, T, stand for eo~ ~ 
~ The several tasks accomplished by this instruction involve specifying 

the memory location at which transfer is to begin, designating the read/write channel, 

identifying the control unit, and when more than one device is controlled, the particular 

device is also selected. 

13. The purpose of CI is to designate which read/write channel is to be used and whether it 

should be interlocked or not. If a PDT is to be p00rmed on RWC #1 and th~ sy!?tem contains 

optional R WC #1', CI MUST show interlocking. ------ ~ 

Advisedly, programmers may interlock RWC #1 even if the system does not contain 

RWC #1'. In this manner, programs will not have to be reviewed and CI's rewritten if 

optional R WC #1' is acquired later. 

25. In a "small" H-200 system~ of a particular 

-200 s ste>J format -: / A/Cl~ if a programmer 

know the busy status of a . / ~ ~. 
I 

37. An initializing PCB controls a peripheral device in much the same manner that switches 

or dials might be manually set to control a device. Consequently, an initializing PCB is 

written at the start of a program (and whenever operation of a device is to be changed). 

Format of an initializing PCB is the same as that of a PDT.. Briefly state the purpose 

of each part of the PCB format: F/A/Cl/C2/C3 - Cn/. 
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1. 

13. 

25. 

37. 

276 

PERIPHERAL DATA TRANSFER 

NO ANSWER REQUIRED 

ONE DEVICE MAYBE ASSOCIATED WITH EACH R WC IN A SMALL 

H-200 SYSTEM. 

(Or equivalent answer. ) 

READ/WRITE CHANNEL 

F / A/CI/C2 /C3 - Cn / 

F is the op. code causing the cOITlputer to perforITl PCB. 

A is the address for the branch, if conditions specified by control characters are not satisfied. 

CI specified the read/write channel. (00) 

C2 designates input or output of a particular trunk connected to the desired peripheral device. 

C3 - Cn are control characters, the nUITlber of which depends on the needs of the device. 

(Or equivalent answer. ) 
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The other instn-~ith PDT has the mnemoni~ PCB. The letters P, C, 

B, stand for 1./ ~ ~ and ~ . The purpose of 

PCB is to either control or test a peripheral unit and to provide a branch address in case 

control can not be effected or the test is not as desired. 

14. As pointed out earlier, assignment of RWCls with control character Cl is at the discre-

tion of the programmer. 

C2 1 s purpose is to designate an input or ourputtrunk to which some control unit is 

attached. The programmer writes C2 for either an input or output trunk as determined 

by the type unit attached to the trunk. As examples: A card reader provides _.;;"L::.JN=...:..?....:I.I:... .. -'-__ 

to the central processor and is attached to an 'I-NNr -rf< oJJn. A card punch 

receives () V ,)Pvr' from the central processor and is attached t~ anc:J vi 'P\J, -r tVMS 

26. PCB instructions need not specify any particular RWC. If control character Cl is written 

as f/Jf/J, Cl has no effect. The control unit connected to the input/output trunk designated by 

C2 will then be tested. PCB format F/A/f/Jf/J/C2/ causes the program to branch to the A 

address if the control unit specified by control character -L.1.... is busy. f/Jf/J as Cl means no 

garo / 1N«.1-1~ CIHtNJ\lw is to be tested. 

38. Timing of peripheral operations is the next subject to be discussed. Consider the purely 

MECHANICAL functions of a card reader whose times are shown below. 

TIME 0 ms 

CAROREAO 
OPERATION 
INI TIA TEO 

75 MILLISECOND CARD READ OPERATION 
I I 

21 ms 65 ms 

ROW TRANSFER 
BEGINS 

ROW TRANSFER 

ENOS 

The first interval of --2:..\- milliseconds is called acceleration time. 

75 ms 

CARO REAO 
OPERA nON 

TERMINATES 

The Kmilli-

second interval between the end of row transfer and-termination of the card read is decelera-

tion time. Since these operations are purely ill E. c.\\ \\ J \ L~ V functions of the card 

reader, the control processor is free for a total of ~milliseconds. 
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2. 

14. 

26. 

38. 

278 

PERIPHERAL CONTROL BRANCH 

INPUT 

INPUT TRUNK 

OUTPUT 

OUTPUT TRUNK 

Note: Units providing both input and output (tape units, etc.) 

are attached to both an input and an output trunk. 

C2 

READ/WRITE CHANNEL 

21 

10 

MECHANICAL 

31 
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3. In functioning as either a control or test of peripheral units, PCB may be used in three 

applications. It may initialize a unit, such as setting the card reader to read Hollerith code, 

etc. It may test a unit to see if it is still busy with a pervious instruction. It may check 

etc. for errors such as illegal card punches or hole ~~ount errors, 

Listing the three useSEf CB, it first can . . A a unit, PCB can also test 

a unit to see if it is still , or PCB cancheCkfO _ .... ~_AArl'Y.=.;=-.:;...__ In all three 

applications, PCB provides the dress of a ~. 

15. The purpose of Cl is to specify which RWC is to be used and whether it should be 

interlocked (5X
S

) or not (lX
S

)' In Lesson II, you saw the second I/O control character 

(C2) used as a trunk designation. A basic H-200 has four pairs of input/output trunks 

that are designated: 00&40, 01 &41, 02&42, 03&43. 

Do you remember what was meant by a first digit of O? ~\JT~V'\ /' _=---=-....... ..x...=--__ 

lrJ \ ,,h 

A first digit of 

27. Peripheral Control and Branch instructions (mnemonic L ~L) may be written 

in the same format as PDT. Show this format below and identify its parts. 

£/ _lL...I M/ h/ .£3...- oj / 

fr-O');j2.,< "" ... ') of branch I. Tests or control functions 
~ c.(o\:£ t WI ~ 
_ .... g"'"c-::t\-Q.:....::. ... /"'wf.,,:::.....;"'-i:,--/....:.,.:;-channe 1 

depending on the needs of 

Input or output 1"~ vN K. designation the particular U0IHif 

39. With 21 millisecond acceleration and 10 millisecond deceleration, the.central processor 

. is not involved for a total of 31 milliseconds. THis amount of time is automatically assigned 

to the central processor. 

Transfer of 12 card rows occurs during the remaining 44 millisecond interval. However, 

central processor time of only. 320 milliseconds is required to transfer one card row. / 

Calculate the amount of central processor time u.sed to transfer all 12 rows. "?_"d' V /)1,L..~>t.. 
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3. 

15. 

27. 

39. 

280 

INITIALIZE 

BUSY 

ERRORS 

BRANCH 

C2 (trunk designation) first digit of 0 = OUTPUT 

C2 (trunk designation) first digit of 4 = INPUT 

PCB 

F I A I Cli ,C2 I C3 - Cn I -- -- -- -- -- --
~ 

LTests 

OP. CODE I I 
ADDRESS of branch ______ ---J or control functions 

READ/WRITE channel-----------' 

Input or output TRUNK designation----....J 

depending on the needs of 

the particular DEVICE. 

3.84 MILLISECONDS 

Note: For siIllplicity, this tiIlle will be referred to as "nearly 

4 Illilliseconds" in subsequent fraIlles. 
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I/O CONTROL CHARACTERS 
PERIPHERAL DATA TRANSFER 

OP CODE A ADDRESS CI C2 C3 - Cn 
(Printer) 

- - - ,...---, .---, 
I I I .... ---~ '-- - -' 

The op. code of a PDT instruction sets up the operation to be performed. The A address 

shows either from which or to which main memory address transfer will occur. The Input/ 

Output Control Characters Cl and C2 (variants) designate the desired read write channel and 

peripheral control unit respectively. Because the needs of devices differ, the number of 

"1.1-..lPV\ / () v\N~ C ' ..... \RII\" c... f11t1l:J4yT~ beyond C2 varies. 

16. C2 designates the trunk number (from 0 to 3) with its second digit. Whether this is 

INPUT (4) to the central processor or OUTPUT (0) of the central processor is shown by the 

first digit of C2. 

Write C2 1 s showing central proces sor input and output for each trunk. 

CP INPUT = ~,!{L,~, t./'J. 
CP OUTPUT = 00 ,~, C"J~, </) . 

28. After a PDT instruction, it is necessary to test to see if the PDT has been completed or 

if the peripheral device is still busy. A PCB C3 of octal 10 tests busy. Remembering that 

no read/write channel needs to be tested, write a PCB instruction to branch on itself if the 

card reader attached to trunk #1 is still busy. 

~ LOCATION 
OPERATION OPERANDS 

~ CODE 

7 • 1415 2021 62 

PDT CARDII\l 51 ,41 
P,c,1, lI~o,"'f \J. 

I I I 

40. The card reader performs mechanical movement and card reading for 75 milliseconds. 

The central procellsor is only involved for nearly 4 milliseconds to transfer information. 

Consequently, 71 out of 75 milliseconds is automatically granted to the central processor 

during a card read interval. 

Assuming an average instruction execution time of 40 microseconds (.04 milliseconds), 

approximately how many instructions can be executed by the central processor during a 
,.-' 

card read? /,"''1\ 
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4. 

16. 

28. 

40. 

282 

I~ 

INPUT/OUTPUT CONTROL CHARACTERS 

CP INPUT 40, 41, 42, 43 

CP OUTPUT 00, 01, 02, 03 

In the PCB, * is the self reference for the PCB itself. Therefore, 

the program will wait until the device on trunk #41 is no longer 

busy (10). 

OPERATION \ 
OPERANDS LOCATION CODE 

7 8 1415 2021 62 

PDT CA.R DIN .fit 41 
ReB I1t¢¢ .,41 ~d. 

A C1 of 00 means no R WC needs to be tested. 

1775 instructions with 

average execution times of 40 micro

seconds could be accomplished during 

a card read operation. 
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5. In format F/A/Cl/C2/C3 - Cn/ of a peripheral data transfer instruction: 

F refers to the m.nem.onic op. code e j) T 
A is the A \?~f E'?'j either to or from. which transfer occurs. 

Control characters Cl and C2 (to be explained in the following fram.es) are found in every 

PDT instruction, regardless of the type of peripheral device being directed. 

The num.ber of control characters beyond C2 (That is, control characters .-U.. through 

~ depends on the needs of the particular device. 

17. The purposes of Cl anq ~2 sbould not be eenr!11!1ed. 

Cl specifies which ~ / \JJB~I!£ channel is desired and ~ first digit of 5 m.eans that 

it is to be -Z ~~""Qkrs: -=-3;4 

C2 designates which of the four input/output -,-reViJl< . .s is to be used. 

For C2, a first digit of 0 m.eans 1Ii=r P<l! of the 
( 

c..~g4 ? g,(..cs':.~ 
a first digit of 4 m.eans -;ftJrv,) to the CIOVmd:k ?~6- ~~ ~S' 2 (\. 

29. A PCB with an * as the A address causes the program. to branch and \IJ 1lI"l-1 

device being tested for busy has com.pleted its PDT. 

Write a branch on self PCB to check the busy status of the card punch below. 

16 LOCATION 
OPERATION , ......... 

OPERANDS CODE 

7 • 1415 2021 62 

PDT PCHOUT I 2- 9S1 
~cA , 00 011 IJ 

until the 

41. The H-200 is m.uch faster than the 1401 even if the H-200 is intentionally (and unnecessarily) 

caused to operate in a serial m.anner just for the sake of com.parison~ As you know, the 1401 

operates serially. That is, a card m.ay be read, then processed, then the next card is read. 

Even with processing overlap, the tim.e available to the 1401 central processor does not com.

pare to the tim.e autom.atically granted to the H-200 central processor during a card read. 

Continue to the answer side of this fram.e. 
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5. 

17. 

29. 

~ LOCATION R 
K 
7 • 

OPERATION 
CODE 

PDT 

ADDRESS 

C3 - Cn 

Cl = READ/WRITE channel. 

51 is INTERLOCKED R WC #1. 

C2 = Input/output TRUNKS. 

OX = OUTPUT of the CENTRAL PROCESSOR. 

4X = INPUT of the CENTRAL PROCESSOR. 

(X could be any trunk from 0 to 3) 

WAIT 

OPERANDS 

1415 2021 62 

POT PC H 0 U T 12 ell 
PCB ~ 1250 J~l ~.~ 

41. You will be given an illustration of H-200 simultanity at the end of this lesson, ~n which 

information from a card is processed, formatted, written on tape, and printed by the printer 

during a single card read interval. This simultaneity is accomplished while maintaining the 

full rated speed of card reading. 
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6. ForITlat F/A/Cl/C2/ is used for all PDT instructions. However, the nUITlber of 

___ ~...;:CI;.;.~~.;..,;;;;..:;..:::; __ -",C:;.....LJH:M,-,-,,-,,-.... flc.;L..::::,","~.=..:;;..o.. ___ beyond C2 will vary depending upon the needs of the 

particular device. Cl, C2, and any additional CIS are written as two digit octal variants. 

The nUITlber of these octal variants beyond C2 depends on the N\iEW'2 of the particular 

yeJ\( , For exaITlple, a printer and a tape unit require different types of control. 

18. Suppose a card reader and a card punch are attached to the #1 pair of input output trunks. 

Write the C2 to designate the card reader. ~L Write the ci to designate the card 

punch . .....2..-l-

30. The PCB instruction in the preceding fraITle has the forITlat F/A/Cl/C2/C3/. Briefly 

list the purpose of each of its eleITlents. 

F/ (PCB) __ ~i~p~c~oo~~~ ______________________________________________ __ 

A/ (*) ).rl.t RG Fo/.~C-r A 

Cl/ 

C2/ 

C3/ 

(00) 

(01) 

(10) le5j 

42. The following coding shows two areas of ITleITlory being reserved to contain card reader 

inforITlation. The area tagged CRBI (Card Reader Buffer #1) receives card input. Later, 

this inforITlation ITla y be ITloved to CRB2 to perITlit the next card to enter CRBl. 

~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

eRSt RESV 816 
CJl.B2 RESV ~~ 

~ 
pc-a 51' 0'" . ,0 0 AI, .l."1 .1, /, ~.t.,. 

I 
Write the instruction initializing the card reader on trunk #1 to branch to location STOP if 

inoperable. If operable, set to read Hollerith (27) and eject cards with hole count errors 

(21) or illegal punch (22). 

"----
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6. 

18. 

30. 

42. 

286 

CONTROL CHARACTERS 

NEEDS of the DEVICE 

CARD READER C2 = 41 because a card reader provides input 

(4) to the central processor. 

CARD PUNCH C2 = 01 because a card punch requires output 

(0) from the central processor. 

F I (PCB) 

AI (*) 

OP. CODE TO SET UP OPERATION. 

SELF REFERENCE A ADDRESS. 

DO NOT TEST ANY RWC. cll (00) 

C21 (01) 

C31 (10) 

TEST DEVICE CONNECTED TO OUTPUT TRUNK #I. 

TEST FOR BUSY. 

I~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 • 1415 2021 62 

C.RB1 RESV s.¢: 
CR.B~ RESV s.¢ 

I~ 
PCB S"O P .ai(j .41;> 7 ;a1 2.Z 



LESSON VIII. EASYCODER PROGRAMMING 

7. The writing of the op. code PDT and selection of the A address to which or froIn which 

transfer should occur needs little explanation. As Inentioned previously, the H-200 is not 

liInited to specific reserved processing areas as is the 1401. An H-200 prograInIner 

deterInines where, how Inany, what size, and how to tag the reserved ?K.o(.,~'5U 

1tt~ he will us e for the A fh h g ctn in a £JL J- instruction. 

19. With a card reader and card punch assigned to trunk #1, write the following: 

Read a card into IneInory starting at location CARDIN using RWC #1 interlocked. 

Punch a card with the inforInation froIn the location tagged PCHOUT using R WC #2. 

~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

PDf too k1.1> J.."J.r n 41. 
Ip,,~ 1 't.-lIu,T' 1.2. ,Ill , 

31. If conditions other than busy (Hole Count Error, Illegal Punch, etc.) are to be tested, 

they should be accoInplished with another PCB. The control character for Hole Count 

~rror is octal 41, for Illegal Punch it is octal 42. Write a' PCB to branch to the location 

tagged ERRORI if an HCE is found in the preceding card read on trunk below. 

i~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

PDT CA~DI» 5'1 4t 
~CB ltd.lIl ... 4.1 1.~, 

~.v.e ~(?P..ifu , •. 0 (J ,,1./ /",11. t 
f I ./ 

43. Set a word Inark at CRBl, then write a PDT to read a card into CRBI using interlocked 

RWC#l, card reader attached to trunk #1. 

I~ LOCATION 
OPERATION OPERANDS 

CODE 

7 • 1415 2021 62, 

eRS1 R£SV Iso' 
CRB2 iJ?,E 1i'J I!I~ 

I~ 
PCS STOP ¢¢ 41 'l7 .2.1 2.2., 

K,W C.R~ I 
!P,Dr ~R(?'A, 057 4/. 

J " 
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7. 

19. 

31. 

43. 

288 

PROCESSING AREAS 

ADDRESS 

PDT 

A programmer specifies which read/write channel is to be used by 

constructing Cl after he has written the op. code and A address. 

I~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62 

POT CARDI~ 5141 
POT PCHOUT 1Z iii 1 

~ LOCATION 
OPERATION 

OPERANDS R CODE 
K 
7 8 1415 2021 62 

P,l>T CAROl t.i.51 .. 41 
PCB 'II' os oJ ,4- lui, 
PCB ERRoR 1 -<il1"6-.. 41 .41 

~ LOCATION 
OPERATION OPERANDS 

K 
CODE 

7 8 1415 2021 62 

CRB.1 REGV sci 
CRB2. RE~V 8.¢'. 

~ I~ 

PCB STOP~ 41 2.7 21 2.2. 

S,W CRSl 
PDT eRB1 51 41 
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LESSON VIII. EASYCODER PROGRAMMING 

8. Because three read/write channels (fOK~th RWC l' option) are available, the first 

control character (Cl) specif~es which / !riAl-it. e rt1t1l~~ is desired. Con-

trol character Cl is easily constructed in its two digit octal fonn. The rightrrlOst digit 

specifies which of the three R WC I S is desired. Given the leftrrlOst octal digit, construct 

Cl for: RWC #1 = 118 

RWC #2 = l)LS 

RWC #3 = 1 ~ S 

20. A card read or card punch operation terminates when either of two situations is encoun-

tered. 

1. All 90 columns have been read into or from memory. 

2. A record mark is sensed in memory. 

Establish the punctuation to terminate a card· read with the fortieth column read into the 

area tagged CARDIN .. Then, write a PDT to read a card using interlocked RWC #1 and the 

card reader on trunk #1 

~l~ LOCATION 
OPERATION OPERANDS CODE 

6 7 • 1415 2021 

tI "\.R ~ tiJ.+."},'t. 
),\. r;» Il..DUI.-tJ'I. 
Ip,1I1 c:-/t':Q.\)~ .-(blll 

32. Explain each element of the instruction PCB ERRORl, 00, 41, 41. 

F / (PCB) 

A/ 

Cl/ 

(ERRORl) 

(00) 
C2/ (41) 

C3/ (41) 

62 

44. Write the instruction to wait (branch on itself) and check the card reader for busy (10). 

~ T.hen, write an instruction to branch to the location tagged ERROR if BCE (41) or ILP (42). 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

C,&81 lR,fSV s¢ 
Cl1.,B.<!. RES\! . 80 

l~ 
PCB SiO P ,¢~ 4.1 .2.7 .. 2..1 H .. 

SiN CR81. 
PDT CR8i 5.1 .4.1 
p.(~ if: 00 ,".110. 
\t,d~ C;h,R., <1 0 '#-,1 ."'.1 ,If" 
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8. 

20. 

32. 

44. 

290 

I~ LOCATION 
OPERATION 

K 
COOE 

7 • 1415 

SW 

Sl 
POi 

F/ (PCB) 

A/ (ERROR1) 

C1/ (00) 

C2/ (41) 

C3/ (41) 

READ/WRITE CHANNELS 

C1 for R WC #1 = 1 1. 8 

2021 

CAROl N+3~ 
CARD I ,111+39 
CARD I ,\II 51 

RWC #2 = 11 8 

RWC #3 = 11 8 

OPERANDS 

41 

OP. CODE TO SET UP THE OPERATION 

ADDRESS FOR BRANCH 

NO R WC IS TO BE TESTED 

( 

62 

TEST THE DEVICE ATTACHED TO INPUT (4) TRUNK #1 (1) 

TEST FOR A HOLE COUNT ERROR 

POSITION IN THE INSTRUCTION AS EITHER C2 OR C3 DETERMINES WHETHER 41 

DESIGNATES INPUT TRUNK #1 OR TEST CONTITION HCE. 

(Or equivalent answer. ) 

Note: The busy test has been tagged TEST for subsequent reference. 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

CR.Bl IR,ESV 8¢ 

CRB2 RESV 80 
I~ 
RC6 STOP ,aid <1.1 P7 21 22. 

Slti CRSt 
PDT eRBi 51 ,41 

TE'S:r PCB trlCIJ 4i HI, 
PCB ERROR,.~.41 41.,4.2, 



LESSON VIII. EASYCODER PROGRAMMING 

9. The optional fourth read/write channel (RWC #1') is designated with a second octal digit 

of 5. As such, Cl for RWC #1' is written .J-:{g. 
When RWC #1' is available, it will alternate 2 micro-second memory cycles with RWC #1. 

21. You should remember the distinction for a record mark when information is being read 

into or out of memory. When information is transferred into memory, transfer terminates 

with the memory location containing the record mark. When information is being transferred 

out of memory, transfer termina tes at the memory location before the record mark. 

Establish punctuation to terminate a card punch after 40 characters have been transferred 

from the area starting at address #201. Then, write a PDT to punch a card using R WC #2, 

card punch attached to trunk #1. 

Ii LOCATION 
OPERATION OPERANDS CODE 

7 8 1415 2021 62 

~,W ?'''il 
~,:C ~., , 
l.'Q1 1/,2 III 

I 

33. PCB control characters of octal 10, 41, and 42, test a card reader for busy, I~ 
o/lIH GJ?~ and Illegal Punch (ILP) respectively. A PCB containing control 

character 10 as a test hould be written separately from a PCB testing 41 and/or 42. What 

is the difference between the two forms of PCB shown below. 

F/ A/ Cl/ C2/ C3/ C4/ 

Form #1. PCB ERROR f/Jf/J 41 41 42 

Form #2. { 
PCB ERRORl f/Jf/J 41 41 

1(0!1;#/1- Wt PCB ER~~ f/Jf/J 41 

¥t~· :PMA ;fodl fJ--c..~ & 
.-j:t'1.- ./ 0/ 7 

* 
..... ./' ~! ~ V" V 

45. When a card has been read into CRBl, an LCA can be written to move CRBI information 

into CRB2. Because the next card to be read has an acceleration interval of 10 milliseconds, 

there is more than enough time to retrieve the PDT, ~perform the LCA of the first card. 

Write the PDT to read the next card into eRBl. Then, write an LCA to move the previous 

information from CRBl +79 into CRB2 +79. 

- :--:-
: : SW ("'RBt 
I I PDT CRBi 51,.41 
: I TES:r ?C.S *~a5 4.1 uS, 
i I 
I I 

10 I : 
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9. 

Cl for R WC #i I = ~ 8 

21. #201 through #240 equals 40 characters. Therefore, the forty-first memory location 

33. 

is record marked . 

. ~ LOCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 • 1415 2021 62 

SW 241 

H !2.4 \ 
PDT 201 .12- 01 

The format F/A/Cl/C2/ contains all the control characters needed for a card read or 

punch. Other types of peripheral equipment use additional control characters. These are 

listed in the Programmers I Reference Manual to which you will refer later. 

FORM #1 

FORM #2 

HOLE COUNT ERROR 

BRANCHES TO ONE LOCATION IF EITHER HCE OR ILP. 

BRANCHES TO A LOCATION IF HCE, ANOTHER LOCATION IF ILP. 

(Or equivalent answer. ) 

45. Note: If the LCA is written on line 9, acceleration time of the card will not be used to 

advantage. 

CARD H LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

I 2 3 4 5 6 7 • 1415 2021 6263 .. 
, I : tR,S I ~ESV i¢' 

I 
I eR,B 2. RES.v 8.~ 

I I ~ 
I I PCB STO P .. f6P. 41 .• 2-7 21 2.2. .IN.1T.lAL.IZES CARD I\'E APE R 
i I sw CRBI sns .1\ FLD WM FOR SU is.SE,q.U ENT LCA 
I I PDT C RBI .. 5.1 4- I REI\OS CA~D IN~O CR81 

7 I I ns:r PCB it" r/J.~, ,.4.1 1.0 WA 1 TS VN.1l L CA.R.D RE AD IS COMPLETE 
8 I I PCB ERROR .. 160 • .4.1.<11 .42 TEST S FoR HCE AND ILP 
9 I I PDT ~BI~51 .4\ S1 AR-,- S NEXT READ t~ ITo CRP.I 
0 I I\CA CRB 1+79 CRB2.+n MOVES PREVIouS INFO TO C RBf 
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10. Availability of R WC #1' introduces a concept called "interlocking". It is pos sible to con-

struct a Cl for RWC #1 that will exclude RWC #1' froITl sharing alternate ITleITlory cycles. 

"Interlocking" teITlporarily reITloves RWC #1' and perITlits R WC #1 to operate undistrubed. 

Exclusion of R WC #1' is accoITlplished by :r /':=I\ilt.1.:C '-I< 1.~J R WC #1 with a 

specially constructed Control Character Cl. 

22. Now that you have written PDT instructions for a card read and a card punch, it is 

appropriate" to discuss the instruction which tests to see if a PDT has been cOITlpleted and 

if any errors were detected. What is the ITlneITlonic op. code for the instruction used to 

either control or test a PDT? L-"'-~ 

34. The preceding fraITles discussed PCB as used to test a device. PCB is also used to 

control (INITIALIZE) devices. A partial table of card reader initializing control characters 

is illustrated on the answer side of this fraITle. 

46. Refer to the coding forITl in fraITle 45 and notice that the previous card inforITlation has been 

ITloved to card read buffer area #2 (CRB2). Another card read interval is just beginning 

into CRB 1 for the PDT on line 10. 

The coding to be written following line 10 will process the inforITlation now in CRB2. 

Because acceleration tiITle is being used advantageously, ITlore than 75 ITlilliseconds are 

available to the central processor before a full card can enter CRBI. 

If the coding on lines 9 and 10 were reversed, how ITluch tiITle would still be available to 

process CRB2 before a full card has been read into CRBl? ___ ITlilliseconds. 
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10. 

22. 

34. 

46. 
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INTERLOCKING 

Note: A Cl of 518 "interlocks" RWC #1. 

The first digit excludes R WC #1'. 

The second digit designates R WC #1. 

A Cl of 518 is not to be confused with the Cl of 15 8 which designates RWC #1'. 

PCB 

(Peripheral Control and Branch) 

Control Character Function 
(octal) 

Control Functions 

27 Branch if device inoperable. If operable, set control unit 
to read Hollerith code. 

26 Branch if device inoperable. If operable, set control unit 
to read special code. 

21 Branch if device inoperable. If operable, set control unit 
to reject cards with hole-count errors automatically. 

22 Branch if device inoperable. If operable, set control unit 
to reject cards with illegal punches automatically. 

75 Milliseconds 

75 milliseconds is equal to 37,500 memory cycles. As ]TIuch processing as 

reasonably desired may be accomplished and still maintain the full rated speed of 

card reading. At the end of the desired processing, a branch is simply written to 

return to TEST and test for busy. This loop continues until the last card has been 

read and proces sed. 



LESSON VIII. EASYCODER PROGRAMMING 

11. Does illustration A or B show interlocking of R WC #1 to exclude R WC #l'? 5 --=---
RWC TIME SHARING (2 microsecond intervals) 

A. RWC #1 RWC #2 RWC #3 RWC #1' RWC #2 RWC #3 

I I 
RWC #3 

I 
RWC #1 RWC #2 RWC #3 B. I RWC #1 I RWC #2 I 

I I I I 
Write a CI for each R WC in illustration A . ./ ~ 

Write a CI for each R WC in illustration B. II 

23. The shortest format of a PCB is when the only test to be performed concerns the status 

of a read/write channel. Asking, "Is such and such a read/write channel busy?" and 

providing the alternative, "If busy (performing some operation) branch to the location 

specified", is accomplished by the format F / A/Cl/. 

F / is the J.£.. c.../»f PCB. 

A/ is the \\ ')'S)Q.S::'?'" for the ~ ~'\\\'\( ~ 
Cl/ specifies the ,Xc;n1) / W~lf~ CttttN/ItIf'r.- to be tested. 

35. An initializing PCB is similar to manually setting switches and dials to control a device, 

except that initializing PCB's are accomplished with program instructions. 

Format F/A/Cl/C2/C3 - Cn/ is written for an initializing PCB, and RWC is designated 

(00). Assume a card reader is attached to trunk #1, then refer to the preceding table to 

write an initializing PCB to read Hollerith code. Tag the instruction INIT, write the A 

address as a tag of HALT. 

: LDCATION 
OPERATION 

OPERANDS 
K 

CODE 

7 8 1415 2021 62· 

L.t.l.!' "( ~,cQ I/htl-1. ,d,o.II.I •. 'I..1. 

47. Write the instruction to branch back to TEST after the desired processing. 

PROBLEM PRooR ME AM R DATE PAG E OF 

CARD a LDCATION 
OPERATION OPERANDS NulllBER CODE 

I 2 3 4 5 6 7 8 1415 2021 6263 

I eR,Bl RESV' 80' 
I 

I CR82 R,ESV g¢' 
I i ~ 
I I PCB STO P ,(JrJ +.1 2.7. 2,1 22-
1 : Sill( CRBl 
I I PDT CRSl 51 41 
I I TEST PCB if: .,rjt/J, .,41 V6, 
i I PCB E"~ROR ,r/)ii .4.14-.1 ..4f 
I I POT eRSt 51 41 

'0 ! I..,C.A CR61.+79 CR62+7~, 

f I OD,..'" If::,o.c',IAJLL At::" .Jll'cI:Jn:o. ,J H.&:rl,I:tA ill. A. T'/rAAI 
', .. . 

" 
i I --- ,'; 

I I 

80 
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LESSON VIII. EASYCODER PROGRAMMING 

11. Illustration B shows interlocking for R WC #1 to exclude R WC #1' from alternate 

read/write cycles. 

23. 

35. 

47. 

Without interlocking, Cl for R WC #1 = 118 

RWC #2 = 128 

RWC #3 = 138 

RWC #1' = 15
8 

Without interlocking, Cl for RWC #1 = 518 RWC #2 = 128 RWC #3 = 138 

\'I LOCATION R 
K 

7 e 

INLT 

I OPERATION 
CODE 

1415 2021 

OP. CODE 

ADDRESS for the BRANCH 

READ/WRITE CHANNEL 

OPERANDS 

\PC.'e. HAL T 0.0 .. 4.1 27 
62 

CARD ! ~ LOCATION 
OPERATION 

OPERANDS NUMBER CODE 

123456 7 e 14 IS 2021 6263 

I (RBi RESy 8.11. 
I 

I C~8Z RESV ~¢ 
I I g, 
I I ~C.B. IS.TO P. ¢¢ .• 41~Z7 .• 21~Z.Z 
i I SW CR81 
I I PDT eRSl 51 41 
I I TEST f:C B \11:¢¢ ,4.1 1O, 
I I PCB E'R R 0 i;?, ,Ii ib .4-.1 '11 .,42 
I 1 ~DT eRB1 51 41 

,0 ! LeA CRB1 t 79~ CR8Z+7q 
, i i POflf'C,<:;;.C. 'Mr.l. £It;:'.r.'' R? I AI J::t'lJ;;),AA lJ. "rJ/'I AI 

" T I , I I Ie irES} I I , I I 
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12. If necessary, refer to frame 11 to answer the following: 

In a system without optional RWC #1', RWC #1 is granted ~ microseconds every 

-L microseconds. 

With RWC #1' and R WC #1 not interlocked, RWC #1 is granted _'l..-m.icroseconds every 

-f....k. microseconds. 

In a system with RWC #1', but RWC #1 interlocked, R WC #1 is granted 2-- microseconds 

every --k- microseconds. 

24. PCB format F / A/Cl/ may be used in a "small" H-200 system having a limited number of 

peripheral devices. Each device may as well always be assigned a certain read/write 

channel, if the system does not contain more peripheral devices than read/write channels. 

For example, an H-200 system with only a card reader, card punch, and printer would 

have little need for the programmers' freedom of RWC reassignment. (Of course, the 

programmer could change R WC as signrnents if desired. ) 

Continue to the answer side of this frame. 

36. In the case of a card reader initializing PCB, control character C3 must be octal 27 

(Hollerith code). Initializing PCB's will branch to the A address if the device is inoperable. 

Write an initializing PCB for the following: 

4S. 

Branch to the location tagged STOP if the card reader attached to trunk #1 is inoperable. 

If operable, set to read Hollerith code and to automatically reject cards with hole count 

errors (2l
S

). 

I~ LOCATION 
OPERATION OPERANDS CODE 

7 • 1415 2021 62 

IPce rut> , tl.CI 4:1 ~12.1 

Briefly explain what is accomplished by each line of coding in frame 47. 

Line #1 

Line #2 

Line #4 

Line #5 

'Line #6 

Line #7 

Line #S 

Line #9 

Line #10 

Line #11+ 

Last Line 
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12. 

W/O RWC #1', RWC #1 is granted 1 microseconds every imicroseconds. 

With RWC #1', RWC #1 not interlocked, RWC #1 is granted ~microseconds 

every £ microseconds. 

With R WC #1', R WC #1 interlocked, R WC #1 is granted ~ microseconds 

every i microseconds. 

(Return to frame 13, page 275. ) 

24. If there is no need to change R WC assignements (to accommodate more peripheral devices) 

the same RWC may always be assigned to a particular device. In effect then, testing of a 

RWC channel for busy actually checks whether its associated device is busy, WHEN 

APPLIED TO A SMALL SYSTEM PCB. In a larger H-200 system (where multiple peripheral 

devices are accommodated by the programmers' freedom of RWC reaSSignment) PCB format 

F/A/Cl/ only checks status of a RWC and does not imply the status of a particular device. 

36. 

48. 

298 

(Return to frame 25, page 275.) 

~ LOCATION 
OPERATION 

OPERANDS CODE 

7 • 1415 2021 62 

~CE STOP ,~¢.41 .27.2.1 

(Return to frame 37, page 275.) 

Line #1 RESERVE 80 MEMORY LOCATIONS, TAGGING THE LEFTMOST CRB1. 

Line #2 RESERVE 80 MEMORY LOCATIONS, TAGGING THE LEFTMOST CRB2. 

Line #4 INITIALIZE CARD READER (TRUNK #1), HOLLERITH, REJECT HCE &,ILP. 

Line #5 SET WM IN CRBl FOR THE A FIELD OF THE SUBSEQUENT LCA. 

Line #6 READ CARD INTO CRBl USING INTERLOCKED R WC #1, TRUNK #1. 

Line #7 WAIT IF CARD READER BUS Y. 

Line #8 TEST FOR HOLE COUNT ERROR OR ILLEGAL PUNCH. 

Line #9 STARTS NEXT CARD READ. 

Line #10 MOVE PREVIOUS INFORMATION FROM CRBI TO CRB2. 

Line #11+ PROCESS CRB2FOR UP TO 75+ MILLISECONDS. 

Last Line BRANCH TO TEST CARD READER FOR BUSY (LINE 9 PDT). 

(Continue to page 300. ) 
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SIMULTANEITY AND DOUBLE BUFFERING 

The preceding PDT and PCB frames explained an operation involving only one read/write 

channel and a single peripheral unit. The concept of double buffering was also explained. 

A card was read into a card read area then moved to a card read buffer area (-CRBI--+CRB2). 

This provided more than 75 milliseconds to process the information from CRB2 while the 

next card entered CRBI. 

On this and the following page, the principle of double buffering is expanded. Three 

peripheral units (card reader, tape unit, and printer) are operated simultaneously on three 

read/write channels and roughly 60 milliseconds of processing time is provided while main

taining full speed of card reading! 

The coding form below establishes two buffer areas in memory for each peripheral unit. 

Punctuation of these areas is not detailed in this example. Read the coding and notice that 

it is EXECUTED, then continue to page 301. 

EASYCODER 
CODING FORM 

PROBLEM SIMUL.ANEOUS C~R.O RE~O TAPE WR.ITE. d PRINi PROGRAMMER T E.LLlO'T DATE IS vULY Iqb4 PAGE I OF~ , J 

CARD I~ LOCATION 
OPERATION OPERANDS NUMBER CODE 

.2 ,41 1115, .",121. ,62163, .8< 

11011 1111:1.1 Ip,ROG IOBLBU,F 
I I 

i i IAnMODE 12 
Ii 

i [ ICAM 12 
I I .. 
I I eRB' IRESV IS0 
i I 
I I CR,82. IR.E.SV. 8~. 

10 I i 
I i i TP,&I IRoE.SV. 16(6 

12 i i 
3 I I TP,B2 IRESV 16~, 

14 I I 
5 I I PR,SI IRESV 1'2.01 

16 I I 

7 I i PR,B2. ~E,S'J 112¢ 
, 

• I I 
9 i i IN!,T 11 "k ..... " e"' ..... ,. !1u.tdLt"r1 ".,.,,,.. CT,. 
0 I i II v', ... •• .... "'~ - -'. 
I I I 
2 i I IRC~ ~,¢" .IPP21 ,R,EWIN,D. ,T.APE PKI}I ~ J 
3 I I 

24 I I Ip,ca ~ ,~¢AI.'l.1 .~I ,sET ,tAR D, .R.E,A.D ,ER, ~T,Q j-IQ,hL,~ -:t ~ ~ ~lQ REJECT, 
5 I ! ~ 

6 I : I~DT &f. . (H . ,(JJz r:i7, SK.IP ,TO HEADOF, ,FO.RM .Q/It PRj ~T~R. 
7 I i 
• I \ I~ ISQQ"T: ,tBRANC.l ~To. LOAD' NG ROU,T.I NE I&.,Fl,ER HUT E.x.l 

I 
-, 

9 

0 I i lEX ItNlT LE,X,~C,U,LE. FRD.MIN.lT THROUGH la,~,T,\ 

300 
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\I 

12 

I. 

I. 
17 I. 
" 
20 

I 

22 

23 

2. 
5 

2. 
27 

• 
• 
0 

LESSON VIII. EASYCODER PROGRAMMING 

Following execution of the coding on the preceding page, the six buffer areas CRB1, CRB2, 

TPB1, TPB2, PRB1, PRB2 are reserved in memory. The coding below is then overlaid on 

the preceding coding for more efficient utilization of memory. Instructions on this coding 

form are assembled and the operations illustrated below the form take place. Review the 

form and illustration. 

Note: Even including additional coding for the tape unit and printer, nearly 60 milliseconds 

are available as PROCESSING TIME with card reading at full rated speed! 

EASYCODER 
CODING FORM 

PR OBLEM S\MULTAN~OIl~ r"~o RE.AO TAPr:. WRI"'E. & PR''''T PROGRAMMER ,ELLlO,l DATE 15 JUL'( Lq6~GE~OF~ • , 
CARD 

NUMBER 

I 2 3 4 5 

1()2.!01~ 
I ~ 

i i 
I I 

i I 
I I 
I l 
I I 

I I 

! : 
I I 

jl 
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 l 

~ Ii LOCATION 
OPERATION OPERANDS CODE 

• 7 • 1415 2021 6263 80 

STAAT 

iE,~T 

P/it.Ql.e.$.s 

ORea Hll:t OVER-LA'!' PREY I ouS LY ,E.')(.ECUTE 11>. SE.G.MENl 

~OT eRBI 5"1 4.1 .R~A.O CARD I ~TO, CARD RE.AO B UF,r,ER ~I 

~,C8 ~ .,(Ja ,,4.1 ,I~, WAIT ON CARD REA,oJaR B,uSYJ 

pce ERRO~ J)Jk A\ ~4cl TeST, FOR CARD. RE.AO ERROR. ,(IHe,E,) 

PDT CR8t 5"1 .. 4.1 STAR.l NEX,T CAR-D. REAO, 

ILeA eR8 J + 79 .. CR>B2 t:79 QUJVNG. ACCELEAATION, MO,V,E PRI D.R e.RBI TO, C.I2B.2. 
liNG T~" rt~ 
PCB 

pea 

Il C,II. 

PDT 

P,CS 

PCB 

LC.A 

~,OT 

'6 

* jJ (/I .. I1Jl', 1 WA.IT ,ON ,TAPE, WRITE B,U,S;-(. 

ERR.o~2 .00. ,016 ,.4.1 TEST FO" TAP,!:. WRI:TE E..R.RoIR 

ITp.B I.tsq,TP B 2+ 5:9, MOVE. 1>A-;rA, ToO, ,TAP~ 8,UFF£R 

ITpf>.Z, .,OS.Z l)lJ, 61 W~@.I T,E, :LAP EER~,/Itt--Lp,a2 

~(/Jf/J. .'(/)'Z If/>, WAIT DN p~,IIJ;rJ:.R eusy 

ERRO~O.t/J. ,$2. .40, l.En FOR PRJ N.lER .1= Rk'I\Ii!. 

t>R61.+,\.\.q. e,~B.2.tllq, ~VE t>~ 1.A. TO p,~ T 6J.lfrF:~ 

PR6t. .. ~,.3 ... 0.t .2..1 

1:EST 

CARD' ~ 
READER L-('J..._CR

_
B

_
' 
___ -' 

TAPE A 
UNIT ~,-_TP_B_2_-, 

. PRINT, F,RO~ P .az. 

.6.AANCH TO TEST ,CARt> ,RE,A,O 

BUFFER AREAS 

r-----
--+ 

L-__ .... _IIIII-' ,."-:"f---
" I ,. I 

I 
I 
I 
I 

PRllmR q ... _P_R._2 ______ ~ 
, 

,",2 

lit 'fI;2,. 

e.,R, 6.U~'f. 

. 
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LESSON VIII. EASYCODER PROGRAMMING 

Lesson VIII explained input/output operations as related to card reading and punching. 

Coding for the other peripheral units PDT's and PCB's is explained in the Honeywell 200 

Program.m.ers' Reference Manual DSI-214A. 

As an exercise, you m.ay refer tape unit or printer PDT's and PCB's illustrated on the 

preceding pages to their appropriate explanations in the INPUT /OUTPUT section of the 

Program.m.ers' Reference Manual. 

The table of contents for this program.m.ed text lists fram.e and page num.bers of instruc

tions presented in Lessons VII and VIII. 

A table of respective page num.bers for the Program.m.ers' Reference Manual is given 

on page 194. 
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