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FOREWORD

Welcome to the Hewlett-Packard Computer Programming Course. We
are very pleased to have you attend this training program and we will do

our best to make your stay with us interesting and profitable.

About Hewlett-Packard

The Hewlett-Packard Company specializes in the manufacture of instru-
ments and systems to satisfy many of the measurement and computation
needs for science and industry. Today, Hewlett-Packard provides over
1500 different products for electronic, chemical and medical instrumen-

tation applications.

Since its founding in Palo Alto almost thirty years ago, Hewlett-Packard
has grown from a two-man operation into a world-wide organization of
more than 12,000 people, with an annual sales volume exceeding $225
million. The company and its affiliates now have more than a dozen
manufacturing plants including facilities in the United States, Western
Europe and Japan. Sales and service offices are located in nearly every

major city in the free world.

About the Computer Programming Course

The HP Computer Programming Course has beendeveloped to train per-
sonnel in the use and operation of the HP computer systems. The course
curriculum has evolved to its present level primarily as a result of sug-
gestions by the many thoughtful and interested students who have pre-
ceded you. In line with Hewlett-Packard's corporate-wide policy regard-
ing the quality of its training support, much time and effort has been ex-
pended toprovide you with this planned program for learning about com-
puters and computer programming in general, and specifically about the
Hewlett-Packard equipment which you already have or are planning to

purchase.

Our experience, after training in excess of 300 students, has shown that

our student experience profile breaks down as follows:

1. 60% having no previous experience in computers.
2. 23% having less than one year experience,

3. 17% having more than one year experience,

Based on these figures we have attempted to orient the level of training
to the 60% group while still including some degree of challenge to the

students with some previous computer programming experience.

Our overall objective is to prepare each of you for the task you face in
utilizing the computer system to solve your individual application prob-
lems. In order to achieve this objective the combined efforts of both

student and instructor will be required.

For those of you with no previous experience the road will not be easy;
however, the objective can be reached provided you make every effort
possible to communicate with your instructors by your questions during
and after class sessions. We believe you will find your individual in-

structors to be capable and interested in your desire to learn.

For those of you who have had some previous experience in programming
a computer, the training program will provide answers to questions you
may have and provide the "hands on' experience with the Hewlett-Packard
software systems. Since your training program will be an easier one to
adjust to we would like to ask your help in training those classmates of
yours who may be having difficulty. By your willingness to contribute
your ideas and efforts, the attainment of our objective goals to success-
fully prepare all of you for the tasks you face, upon leaving us, will be
assured.

Training Staff
Cupertino Division
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HEWLETT - PACKARD

COMPUTER PROGRAMMING COURSE
(BJECTIVES:

1. TEACH THE STUDENT HOW TO CREATE
SIMPLE FORTRAN AND ASSEMBLY LANGUAGE
COMPUTER PROGRAMS.

2. PROVIDE EACH STUDENT WITH "HANDS ON"
COMPUTER EXPERIENCE.

3. TEACH THE STUDENT HOW TO USE STANDARD
HEWLETT-PACKARD SOFTWARE.
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HEWLETT-PACKARD

COMPUTER PROGRAMMING COURSE

LESSON PLAN
LESSON I - Introduction to computers
LESSON L - Introduction to HP FORTRAN
LESSON I - The HP symbolic editor program
LESSON I¥ - FORTRAN control statements
LESSON X FORTRAN programming techniques
LESSON MT - Introduction to HP computer hardware
LESSON MIIL - Introduction to the HP Assembler program
LESSON MIII - Assembler pseudo instructions
LESSON IX - Assembler programming techniques
LESSON X_ - HP Basic Control System, I.0.C. section
LESSON XI - HP relocating loader, configuration routines

LESSON XII - Introduction to HP BASIC
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HEWLETT-PACKARD
COMPUTER PROGRAMMING COURSE

TRAINING AIDS .

1. OVERHEAD SLIDES
2. STUDENT TRAINING MANUAL
3. CLASSROOM EXERCISES

4. HOMEWORK ASSIGNMENTS

. COMPUTER LABORATORY EXERCISES
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THE ABACUS

THE HISTORY OF COMPUTER DEVELOPMENT PROBABLY
STARTED WITH THE INVENTION OF THE ABACUS. THIS DEVICE
WAS CREATED IN CHINA APPROXIMATELY 600 BC.

i

0123456789

T

THE ABACUS

IT SHOULD BE NOTED THAT THE ABACUS IS STILL USED
EXTENSIVELY IN THE ORIENT.

1-4



Programming Course LESSONT
Students Manual Introduction to Computers

LOGARITHMS

IN THE EARLY 17th CENTURY JOHN NAPIER INVENTED
LOGARITHMS AND ALSO A MULTIPLICATION TABLE THAT WAS
REPRODUCED ON PIECES OF BONE AND SUBSEQUENTLY
REFERRED TO AS "NAPIERS BONES".

"NAPIERS BONES"
SHORTLY AFTER THE INVENTION OF LOGARITHMS WILLIAM

OUGHTRED INSCRIBED LOGARITHMS ON SLIDING PIECES OF
WOOD AND THE SLIDE RULE CAME INTO EXISTENCE.

15
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PASCAL’S ADDING MACHINE

- IN 1642 BLAISE PASCAL, A FRENCH MATHEMATICIAN
BUILT WHAT WAS PROBABLY THE WORLDS FIRST DESK
CALCULATOR.

PASCAL'S ADDING MACHINE (1642)

THIS MACHINE WAS DESIGNED TO HELP PASCAL'S FATHER IN
KEEPING THE BOOKS OF THE FAMILY STORE.

1-6
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BABBAGE’'S CONTRIBUTION
THE NEXT MAJOR MILESTONE WAS CONTRIBUTED BY
CHARLES BABBAGE. IN 1822 BABBAGE DEMONSTRATED HIS
"DIFFERENCE ENGINE, A MACHINE DESIGNED TO PREPARE
TABLES SUCH AS COMPOUND INTEREST, LOGARITHMS AND
TRIGONOMETRIC FUNCTIONS, WITHOUT THE HELP OF A
HUMAN OPERATOR.

BABBAGE'S DIFFERENCE ENGINE (1822)
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THE PUNCHED CARD

In 1890 Herman Hollerith invented the punched card.
The original motivation for this invention was a desire
to speed up the job of taking the census of the United States.
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The format used to describe alphanumeric data in modern
computers is called H or HOLLERITH format.
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STEPS TO THE MODERN COMPUTER

IN 1939 SAMUEL WILLIAMS OF BELL LABS BUILT THE RELAY
COMPUTER. THIS WAS THE FIRST ELECTRICAL DIGITAL COMPUTER AND THE
FIRST BINARY MACHINE.

IN 1944 PROFESSOR HOWARD AIKEN DESIGNED THE HARVARD MARK I.

THIS WAS THE FIRST OF THE LARGE SCALE GENERAL PURPOSE RELAY COMPUTERS
BUILT DURING THIS PERIOD.

IN 1946 J.P. ECKERT AND DR. J.W. MAUCHLY OF THE MOORE SCHOOL OF
ENGINEERING DEVELOPED THE ENIAC. THIS WAS THE FIRST ELECTRONIC
DIGITAL COMPUTER AND IT CONTAINED 18,000 VACUUM TUBES.

THE ENIAC

1-9
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THE MODERN COMPUTER

By the 1950's IBM and others were marketing vacuum tube
computers that would perform 60 operations per second.

In the late 1950's and early 1960's vacuum tubes gave way
to transistors and faster memories were built.

1

Ir

HEWLETT - PACKARD
COMPUTERS

2114 21168

2115A

2116A

In 1966 HEWLETT-PACKARD entered the computer market

- and has since contributed a fclmuly of low cost high—speed computers
using integrated circuits.
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COMPUTERS MUST BE PROGRAMMED

ASSUME THE FOLLOWING PROBLEM IS TO BE SOLVED BY A
GIRL USING A DESK CALCULATOR —

y- A+B
C+D
IN MOST CASES THE GIRL WOULD HAVE TO BE PROVIDED WITH
A PROCEDURE TO SOLVE THE PROBLEM. |
FOR EXAMPLE.

STEP 1. ENTER VALUE FOR C.

sTep 2. ADD THE VALUE OF D.

STEP 3. WRITE DOWN INTERMEDIATE RESULT.

STEP 4. ENTER VALUE FOR A.

sTEP 5. ADD THE VALUE OF B.

sTerp 6. DIVIDE BY THE VALUE ACHIEVED IN STEP 3.
STEP 7. WRITE DOWN THE FINAL RESULT.

IN A SIMILAR MANNER COMPUTERS ARE'PROGRAMMED" TO SOLVE
PROBLEMS.
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SPEED AND INTERCOMMUNICATION

A DESK CALCULATOR IS CAPABLE OF PERFORMING COMPLICATED
MATHEMATICAL PROCESSES SUCH AS DIFFERENTIATION AND
INTEGRATION, HOWEVER, THE TIME REQUIRED TO SOLVE COMPLEX

PROBLEMS USING THIS METHOD BECOMES PROHIBITIVELY LONG.

ADVANTAGES OF A STORED PROGRAM DIGITAL COMPUTER

1. SPEED - performs millions of operations in seconds.

2. INTERCOMMUN[CAT[ONS - digital data can be received

or transmitted by the computer.

PAPER TAPE
READER

HIGH-SPEED
LINE
PRINTER

HEWLETT - PACKARD
COMPUTER

—

TELETYPE

PAPER TAPE
PUNCH
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COMPUTER BLOCK DIAGRAM

PERIPHERAL DEVICES

CONTROLS ALL DATA
TRANSFER OPERATIONS
BETWEEN REGISTERS
AND MEMORY

ACCEPTS DATA FROM _ |

-T" INPUT SECTION OUTPUT SECTION
T
|
17 CONTROL | _J ARITHMETIC
UNIT UNIT

[——

MEMORY

~~PERIPHERAL DE-

PRESENTS DATA TO

VICES

PERFORMS ALL
COMPUTER ARITH-
[~ METIC AND LOGIC-
AL OPERATIONS.

CONTAINS ALL
™ PROGRAM DATA
AND INSTRUCTIONS

A BASIC COMPUTER
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INTRODUCTION TO NUMBER SYSTEMS

HEWLETT - PACKARD computers operate on numbers in
binary form; therefore, it is essential that we:

O A N~

REVIEW THE DECIMAL NUMBER SYSTEM
INTRODUCE THE BINARY AND OCTAL NUMBER SYSTEMS

INTRODUCE BINARY ARITHMETIC
INTRODUCE NUMBER SYSTEM CONVERSION METHODS

DISCUSS THE LIMITS OF THE COMPUTER'S ABILITY
TO HANDLE LARGE NUMBERS
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NUMBER SYSTEMS

0,1,2,3,4,5,6,7,8,9 ARE THE TEN NUMERALS OF THE

DECIMAL SYSTEM. DECIMAL VALUES LARGER THAN 9
REQUIRE MORE THAN ONE DIGIT. FOR EXAMPLE, THE
DECIMAL NUMBER 109 REALLY STANDS FOR.

(1x109) +(0x10") +(9x109)

(HUNDRED'S) + ( TEN'S ) + ( ONE'S)

(100 J4( 0 )4( 9 ) =109,

IN GENERAL!
ANY NUMBER= Nxb"+Nxb"™™ -+ Nx b®+Nxb' + Nxp°
WHERE N= DIGIT

b = BASE
b°= 1 (BY DEFINITION )
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BINARY NUMBERS

® and 1 are the TWO numerals of the binary system. Binary values

larger than 1 require more than one digit. For example, the BINARY
number 1101101 really stands for:

(1x2% + (1x2%) + (0x2% + (1x2%) + (1x2%) + (0x2") + (1x29

(SIXTY- (THIRTY- (SIXTEEN'S) (EIGHT'S) ( FOUR'S) (TWO'S) (ONE'S)
Four'ss T Ttwo's)y T + + +

(64) + (32) + (0) + (8) + (4) + (0) +(1)=109,

THEREFORE:
1101101, = 109,,
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OCTAL NUMBERS

0,1,2,3,4,5,6,7 ARE THE EIGHT NUMERALS OF THE OCTAL
SYSTEM. OCTAL VALUES LARGER THAN 7 REQUIRE MORE
THAN ONE DIGIT. FOR EXAMPLE, THE OCTAL NUMBER
155 REALLY STANDS FOR!

(1x8%) +(5x8') +(5x8%)

SIXTY
( FOUR'S) + (EIGHT'S) + ( ONE'S )

(64 )+( 40 )+( 5 )= 109,

THEREFORE —

110%10%,= 1554 =109,

1-17
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BINARY/OCTAL RELATIONSHIP

HEWLETT-PACKARD COMPUTERS HAVE 16 BINARY DIGITS. (BIT)

WHEN BINARY DIGITS (BITS) ARE ARRANGED IN GROUPS OF 3, OCTAL
VALUES CAN BE READ DIRECTLY.
(SIGN)

15 , 14 13 12

doodoodoceleceece

WHERE EACH O =0 1 ° s
AND EACH . = 4
000~  + @00
olel B - @O®
O®O - . @O0
Cee - - 00®
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NUMBER SYSTEM CONVERSION METHODS

PROGRAMMERS MUST LEARN THE FOLLOWING NUMBER SYSTEM
CONVERSION TECHNIQUES:.

CONVERSION METHOD

BINARY TO OCTAL BY INSPECTION

OCTAL TO BINARY BY INSPECTION

OCTAL TO DECIMAL BY FORMULA

DECIMAL TO OCTAL BY FORMULA
REMEMBER:
OCTAL IS USED TO REPRESENT BINARY NUMBERS MORE EFFICIENTLY
SIGNF—— number value >|

15441312 1110 9 8 7 6 5 4 3 2
1

0000000001101

1 0
0 1 — BINARY
— _

0 0 0 1 5 5 — OCTAL
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® TO CONVERT THE OCTAL NUMBER 155 TO DECIMAL, PROCEED IN
THE FOLLOWING WAY,

1. Multiply the most significant octal digit by 8

2. Add the next least significant octal digit, then multiply the
result by 8

3. Continue using step 2 above until the least significant digit
is reached

4. The least significant digit is added to the total but the result
is NOT multiplied by 8.

EXAMPLE:

155
CONVERT 1555 TO DECIMAL S
+5 |

13
x8 |

104

+5

109,, DECIMAL RESULT

OCTAL TO DECIMAL CONVERSION

1-20
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TO CONVERT THE DECIMAL NUMBER 109 TO OCTAL PROCEED IN
THE FOLLOWING WAY.

4, Divide the decimal number by 8 and write 8&4'5 REMAINDER

down the remainder. 13

2. Divide the quotient of the previous step by
8 and write down the remainder.

8 /13- +5 REMAINDER

3. Repeat step 2 until the "“new’ quotient

b 8L1—+’I REMAINDER
ecomes zero. o)

READ

OCTAL

VALUE
4., The octal value is read as follows:

THE LAST REMAINDER IS THE MOST SIGNIFICANT OCTAL DIGIT.
THE FIRST REMAINDER IS THE LEAST SIGNIFICANT OCTAL DIGIT.

10940= 1 558

DECIMAL TO OCTAL CONVERSION

1-21
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BINARY ARITHMETIC

® In the computer a special logic circuit performs addition
using binary arithmetic. Actual computer numbers are 16 'BITS"
long, however, for simplicily the following example uses only

6 "BITS”
EXAMPLE RULES OF BINARY ADDITION
/j/VGE 'CARRIES Gl x | Y| [sumicay
1 1
X 001110 0]0]0f |O]0
o|lo]1 1
sum O 1 1011 o111 o)
| 1lolo 1
1 o1 0
1110 0
BERE 1

1-22
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TWO’'S COMPLEMENT NUMBERS

HEWLETT-PACKARD COMPUTERS USE THE TWO'S COM -
PLEMENT ARITHMETIC TECHNIQUE. THE PROCESS OF
"TWO'S COMPLEMENTATION" CHANGES A POSITIVE IN-
TEGER VALUE TO NEGATIVE AND VICE-VERSA.

NOTE: IF SIGN =0, NORMAL FORM (POSITIVE)

: IF SIGN =1, TWO'S COMPLEMENT FORM
| FOR EXANFLL. | (NEGATIVE) |
SIGN VALUE
o141 14 0 1 1 A NORMAL NUMBER (POSITIVE)
] U

0 THE ONE'S COMPLEMENT {ﬁt‘[ O BECOME T
1 ADD ONE
1 THE TWO'S COMPLEMENT (NEGATIVE)

1-23
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COMPLEMENTATION TECHNIQUES

The decimal number 109,, when converted fo octal appears
as 155,. The example shows the two's complement
operation performed on this value.

EXANPLE

SIGN BINARY OCTAL
0000 000 001 101 101 «(posiTive) Q00155

11111111 110 010 010 (comNEent) 1177622

0 |000 000 000 000 001 (abbone)  O|000O1
11111 111 110 010 011 (1,NESATIVE ) 1177623

NOTE THE MOST SIGNIFICANT OCTAL DIGIT REPRESENTS A SINGLE
BIT. TO COMPLEMENT WITH OCTAL NUMBERS REMEMBER —

1 — COMPLEMENT THE SIGN DIGIT. (1 or 9)

2 — TAKE THE EIGHTS COMPLEMENT ON THE REMAINING
DIGITS.

1-24
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NEGATIVE NUMBER CONVERSIONS

TO CONVERT A NEGATIVE DECIMAL NUMBER TO 16 BIT
MACHINE FORM.
1. ASSUME THE DECIMAL VALUE IS POSITIVE

2. CONVERT TO OCTAL FORM
3. TAKE THE TWO'S COMPLEMENT. (OR EIGHT'S COMPLEMENT)

TO CONVERT TWO'S COMPLEMENT NUMBERS TO DECIMAL
FORM.

1. TAKE THE TWO'S COMPLEMENT.

2. CONVERT TO DECIMAL

3. AFFIX A MINUS SIGN TO THE DECIMAL RESULT

1-25
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HARDWARE SOFTWARE

A COMPUTER SYSTEM IS COMPOSED
OF HARDWARE AND SOFTWARE

1-26
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PERIPHERALS PERIPHERALS
—==7 ——=1 = r-—=1 ———1 r-—-
L_T_J L_T_J I._T_.I L_T_J — L_T_J
} 1 [l 1 { |
INTERFACES FOR INTERFACES FOR
e PUNCHED TAPE READER e TYPEWRITER
INPUT | o wagNeTic TaPE e MAGNETIC TAPE OUTPUT
e DIGITAL VOLTMETER © DVM PROGRAMMER
INSTRUCTION
REGISTER » [ A-REGISTER |
CONTROL ARITHMETIC
2‘3{’,3?2’; < [ B-REGISTER ]
MEMORY ADDRESS of1]2]
REGISTER
CORE MEMORY
MEMORY DATA (4096 LOCATIOF;JS)
REGISTER .

BASIC ELEMENTS OF COMPUTER HARDWARE
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COMPUTER WORD FORMAT

DATA FORMAT (INTEGER)
15 [14 [13 12|11 1o |9 ]88 [ 7|6 |5 |4 |3]2]1]0O
[SIGN INTEGER

of1j]o 1 |jO0ojO 1|1 }j1]O]1]1]1 |1

EXAMPLE: - 2357,

INSTRUCTION FORMAT ( MEMORY REFERENCE INSTRUCTION)

1514 [13[12]141[10] 9] 8 [7 |6 |5 [4a]|3] 2]1]0
O/t |INSTRUCTION|Z/| MEMORY WORD ADDRESS

(of1[1]oJoJofoJoJ1]ojofoJofojo]oO]

EXAMPLE: "Loap ResISTER "A" WITH THE CONTENTS OF -

LOCATION 200g'
FULL ADDRESS FORMAT

15 [14[13[12]11 |10 9] 8|7 |6 ]5[4a|3]2]1]0
0/;| PAGE ADDRESS MEMORY WORD ADDRESS

[oJoJo 414 ]1]a]1]1]Jo]lo]o]Jo]o] o]
EXAMPLE: memory aopress 177004

1-28
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MEMORY |
ADDRESSING & DATA TRANSFER CONCEPTS
MEMORY DATA REGISTER

I

7700 444

1

MEMORY ADDRESS REGISTER

1.) ASSUME MEMORY ADDRESS 77004 CONTAINS 1001110000111100
4+——16 BITS —»

2. ) ALL DATA TO AND FROM THE MEMORY PASSES THROUGH THE
MEMORY DATA REGISTER — READING WORD 77004 PUTS
1001110000111100 IN THE MEMORY DATA REGISTER.

3) MEMORY ADDRESS REGISTER — HOLDS THE NUMBER OF THE WORD
ADDRESSED IN MEMORY — TO READ THE CONTENTS OF MEMORY

ADDRESS 7700g THE NUMBER 7700¢g IS PLACED IN THE MEMORY ADDRESS
REGISTER.

1-29
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COMPUTER REGISTERS

MEMORY ADDRESS REGISTER
—L —

|

CORE MEMORY

: [

MEMORY DATA REGISTER

3

l ARITHMETIC
INSTRUCTION REG. AND
LOGIC ™
UNIT
A
PROGRAM COUNTER
W —r
A REGISTER ( ACCUMULATOR)
—
B REGISTER (ACCUMULATOR)
—

1-30
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COMPUTER INSTRUCTIONS

COMPUTER INSTRUCTIONS TAKE TWO BASIC FORMS. ONE
FORM IS HUMAN ORIENTED, WHILE THE OTHER IS MACHINE
ORIENTED. THE COMPUTER TRANSLATES FROM "MAN" TO
"MACHINE" LANGUAGE.

FOR _EXAMPLE!

INSTRUCTION
A

N ,  OPERATION|ADDRESS
LDA J COMPUTER 060 | 2 00s

ASSEMBLY PROCESS

THE ABOVE INSTRUCTION MEANS; "LOAD REGISTER A WITH
THE CONTENTS OF MEMORY LOCATION J". THE ASSEMBLY

PROCESS CONVERTS "LDA J" TO THE MACHINE INSTRUC-
TION 060200sg.

NOTE: IN THIS EXAMPLE "J" IS ARBITRARILY REPRESENTING MEMORY
LOCATION 200g.
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INSTRUCTION EXECUTION SEQUENCE

MEMORY ADDRESS REGISTER EXAMPLE MEMORY ADDRESS REGISTER
000100 LDA J=060200 (> 000 200
v v
CORE MEMORY CORE MEMORY
MEMORY DATA REGISTER MEMORY DATA REGISTER \
060 200 060 200
INSTRUCTION . INSTRUCTION >
REGISTER ADDER ETC. |~ AESLSTIR ADDER ETC.
» 060 >
PROGRAM COUNTER PROGRAM COUNTER
000100 —> 000 100
A- ACCUMULATOR A - ACCUMULATOR
i
B - ACCUMULATOR B - ACCUMULATOR
—>
) L )
a. Instruction is Read from Memory b. End of Fetch Phase

INSTRUCTION IN LOCATION 100 - FETCH PHASE

1-32A
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INSTRUGTION EXECUTION cont'd
MEMORY ADDRESS REGISTER EXAMPLE MEMORY ADDRESS REGISTER
000 200 LDA J = 060200 ([ 000 101
v ¥
CORE MEMORY CORE MEMORY
t ! 1 v
MEMORY DATA REGISTER MEMORY DATA REGISTER
—> orr 777 ) orr 7177
T > T M
ADDER ETC. | ADDER ETC.
060 »> 060 > |
PROGRAM COUNTER PROGRAM COUNTER
—) 000100 —> 000 101
A- ACCUMULATOR A - ACCUMULATOR
—> 077 777 —> 077 777
B - ACCUMULATOR B - ACCUMULATOR
| » ‘ — —
c. Instruction is Executed d. End of Execute Phase

INSTRUCTION IN LOCATION 100 -EXECUTE PHASE
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CORE MEMORY

17 CORE PLANES PER
MODULE. EACH CORE PLANE
SUPPLIES ONE BIT OF THE
COMPUTER WORD. (16 DATA
BITS + PARITY BIT).

4096 —word
Core Module

4096 CORES PER MEMORY
PLANE. ONLY ONE CORE ON
EACH PLANE IS INTERROGATED
WHEN A MEMORY LOCATION

IS ADDRESSED.

Memory Plane
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TYPES OF COMPUTER INSTRUCTIONS

THERE ARE THREE TYPES OF COMPUTER INSTRUCTIONS —

\/ﬁ;emory Reference
Wﬁeg/'s/er Reference

%puf /output
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MEMORY REFERENCE INSTRUCTION
— USED FOR —

READING DATA FROM MEMORY
STORING DATA IN MEMORY
ARITHMETIC OPERATIONS
LOGIC OPERATIONS

ALTERATION OF PROGRAM COUNTER
CONTROLLING PROGRAM LOOPS

l—— 6 BITS ple 10 BITS »!
15(14 131211[10(9(8 7 6|5 4 3|2 1 O]

INSTRUCTION MEMORY ADDRESS I
\ ) ‘r I\ v )

SELECTS 41 OF 14 INSTRUCTIONS SPECIFIES THE MEMORY WORD ADDRESS
AND DETERMINES ADDRESSING MODE ‘
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REGISTER REFERENCE INSTRUCTIONS

> MOVE DATA WITHIN AND BETWEEN
ACCUMULATORS

> CLEAR OR COMPLEMENT ACCUMULATORS

P TEST BITS IN ACCUMULATORS

INSTRUCTION
FORMAT «——— 4 BITS——»|1BIT |= 11 BITS , >

INSTRUCTION A/B MICRO INSTRUCTION

\ / - /
v Vv

/ DETERMINES THE OPERATION

THE CODE 0000 IN THESE BITS TO BE DONE
IDENTIFY WORD AS REGISTER

REFERENCE INSTRUCTION

SPECIFIES
A OR B REGISTER
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INPUT/OUTPUT INSTRUCTIONS

READ DATA FROM DEVICES
OUTPUT DATA TO DEVICES
CHECK STATUS OF DEVICES

15 1413421110 9|18 7 6(5 4 352 1 0

INSTRUCTION VB INSTRUCTION [/0 SELECT CODE
\ Y ’BYJ\ Y\ I\ v J

THE CODE 1000 IDENT- DETERMINES SPECIFIC
IFIES WORD AS AN OPERATION TO BE PER-
INPUT/OUTPUT INSTRUC- FORMED.

TION,

SPECIFIES IDENTIFIES WHICH INPUT OR
A OR B REGISTER OUTPUT DEVICE THE INSTRUC-

TION REFERS TO.
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HP -INTERFACE CARD

I/0 Interface cards are simple toinstall or rearrange
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PRIORITY INTERRUPT SYSTEM

FOR EXAMPLE.

THE INTERRUPT SYSTEM ALLOWS THE COMPUTER TO PERFORM
USEFUL WORK WHILE A PERIPHERAL DEVICE IS COMPLETING
A CYCLE. EACH INTERRUPTING DEVICE IS UNIQUELY IDENTI -
FIED AND ASSIGNED APRIORITY TO PREVENT SIMULTANEOUS
INTERRUPT REQUESTS FROM MORE THAN ONE DEVICE.

ASSUME PROGRAM "A" IS A LARGE INTEGRATION ROUTINE, AND PRO-
GRAM "B" IS A ROUTINE THAT HANDLES PAPER TAPE INPUT DATA.

NORMAL OPERATION COMPUTER MEMORY

wpn V777,
moesesa Ve 1)

ECUTION.
W\rroceai’s \\

INTERRUPT
INTERRUPT CAUSES EXECUTION
OF PROGRAM "B' TO BEGIN. PRO-

GRAM "A' RESUMES OPERATION
AT THE COMPLETION OF PROGRAM

B L]
INTERRUPT PAPER TAPE
SYSTEM INPUT

INPUT CHANNEL

t
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INPUT/OUTPUT DATA TRANSFERS

Data transfers that do not use the interrupt system are made under
program control. The controlling program must cause the compuler
to "WAIT" for the slower per/pﬁera/ device. The steps ina non- interrupt

data input program are:

- TURN THE INTERRUPT SYSTEM OFF.
- START THE DEVICE AND TURN THE READY FLAG OFF

WAIT FOR THE DEVICE READY FLAG TO COME ON.(WAIT LOOP)
- WHEN THE FLAG COMES ON, TRANSFER DATA TO COMPUTER.

- HAS ALL THE DATA BEEN TRANSFERRED ?
NO, GO TO STEP 2
YES, GO TO STEP 6

6 - HALT THE COMPUTER

O P wWN -~
!

NOTE: THE COMPUTER WILL SPEND THE MOST TIME ON STEP.3
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COMPUTER SOFTWARE

SOFTWARE IS THE GENERAL TERM GIVEN TO ALL PROGRAMS
AND ROUTINES THAT EXTEND THE CAPABILITY OF THE COM-
PUTER. SOFTWARE CAN BE DIVIDED LOOSELY INTO FOUR
CLASSES:
1. TRANSLATORS — PROGRAMS WHICH TRANSLATE HUMAN —
ORIENTED LANGUAGES INTO MACHINE
LANGUAGES.
2, CONTROL SYSTEMS — PROGRAMS WHICH TAKE CARE OF ALL

FUNCTIONS ESSENTIAL TO OPERATION
OF THE COMPUTER SYSTEM.

3. UTILITY ROUTINES — PROGRAM EDITORS, PROGRAM DEBUG-
GING ROUTINES, HARDWARE DIAGNOSTICS.

THE ABOVE SOFTWARE IS NORMALLY SUPPLIED BY THE COM-
PUTER MANUFACTURER.
4._APPLICATIONS PROGRAMS — THESE ENABLE THE COMPUTER

TO BE EFFECTIVE IN A SPECIFIC
APPLICATION.

APPLICATIONS PROGRAMS ARE NORMALLY CREATED BY THE USER.
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HEWLETT-PACKARD SOFTWARE

TRANSLATION PROGRAMS

FORTRAN, ALGOL and"BASIC"'COMPILERS
HP SYMBOLIC ASSEMBLER

CONTROL SYSTEM
BASIC CONTROL SYSTEM

UTILITY ROUTINES
SYMBOLIC EDITOR
LIBRARY ROUTINES
DEBUGGING ROUTINE
PREPARE CONTROL SYSTEM
HARDWARE DIAGNOSTICS
PREPARE TAPE SYSTEM
SYSTEM INPUT OUTPUT DUMP
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PROGRAMMING LANGUAGES

MACHINE ASSEMBLY COMPILER
LANGUAGE LANGUAGE LANGUAGE
0410001400100001 LDA A D=A+BtC
0400004400100010 ADA B
04100001400400041 ADA C
0144004400400400 STA D

THE ASSEMBLER PERFORMS THE COMPILER PERFORMS
THIS TRANSLATION THIS TRANSLATION
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ASSEMBLY PROCESS

PASS 1

EWLETT-PACKARD

_PASS 2 COMPUTER
fsource” ~~ "1

USER PROGRAM IN BINARY
LANGUAGE

-——
-

USER PROGRAM WRITTEN l

IN ASSEMBLY LANGUAGE

ASSEMBLY
LISTING

1. ASSEMBLER PROGRAM IS LOADED INTO THE COMPUTER.

2. SOURCE PROGRAM IS PROCESSED BY THE ASSEMBLER, PRODUCING THE
8géERg'g_'zﬁOGRAM TAPE AND THE ASSEMBLY LISTING IN A TWO PASS
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ASSEMBLY LISTING

A B C 0
| e, e -
0001 ASMB,R>L,R
0002 00000 NAM SQDEM
0003 ENT SQFNT
0004 EXT ¢DIOes+IORe»«DTA.,SQRT,.10C.
0005*
0006 CoOM A(2)
0007
0008 00000 000000 SQENT NOP
0009 0000t 01600SX JSB .10C.
0010 00002 020002 OCT 20002
001t 00003 026001R JMP *x-2
0012 00004 O00OO4SR DEF MSG
0013 00005 000016 DEC t4
001 4%
001S 00006 016005X JSB .10C.
0016 00007 040002 0CT 40002
0017 00010 002020 SSA
0018 00011 026006R JMP *-3
0019x*
0020 00012 002404 SQ1i CLA, INA
0021 00013 006404 CLB, INB
0022 00014 016001X JSB +DIO0.
0023 0001S 000000 ABS O
0024 00016 000022R DEF SQ2
0025 00017 016002X JSB +10R.
0026 00020 016006X DST A
00021 000000C
0027%
0028 00022 016007X SQ2 DLD A CALL SQUARE ROOT
00023 000000C
0029 00024 016004X JSB SQRT
0030 00025 016006X LST A
00026 000000C
0031 00027 002404 CLA, INA
0032 00030 002004 INA
0033 00031 006400 CLB
0034 00032 016001X JSB .DIO.
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LESSONL

TPROGRAM

PROGRAMMER

Statement

|
—L el

SOURCE PROGRAM IN FORTRAN

N

YIINPLIT IDIAITIAM /D)

110)( | T/5[, 4IX) /@1 |15, 141X} [/11e[( L5, IX]) |/ 111@1(L[5, 11X/ [1@[(|I]5],11X])

AXP/ZA@CLS], XD/ A TS, AXD L/ eTS], XD /A0 (LI5], [1(X])

1010/( 1)5/])])

/171" lolu[TiPlulT] IDIAITIAL"[/])

THIS| I[|S| |A] |SAMPILIE| |FIOIRITIRIAIN| PIRIOIGIRIAM

PIRIOGIR/AM [T|O] |SIOR|T| |1/0/9] |INTIE|GIE|R|S
PRIO|G|RIAIM| [SIOIR[T

DIIMEINIS|LIOIN] IN|(11]0/0])

WRITIE|(6],,110/0])
REEIAD[(5],110[2])IN

WRITITIEI(]6],[1]011))

EINANER G ERALRAD

DIO| 120 K[=lL|,[1/0/0

DIO] 12]9] [J|=[1],1919

Ni([J])]=|TTIEMP

/4 9/(]15

119 |LITIEMIP|= N (K])

20| ICONTITINUIE

1100 [FORMAT
110/1] |FORMAT

1102] [FORMAT
10/5] [FlORIM[AIT

Introduction to Computers
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— FORTRAN COMPILATION PROCESS

FORTRAN COMPILER
PASSA1

FORTRAN COMPILER
PASS 2

HEWLETT- PACKARD HEWLETT-PACKARD
COMPUTER COMPUTER
e
® USER PROGRAM ® USER PROGRAM IN
WRITTEN /N FORTRAN BINARY LANGUAGE

LANGUAGE

A 4

COMPILE LISTING ASSEMBLY LISTING

® L/STING OF EACH SOURCE ® ASSEMBLY LISTING OF FORTRAN CODE
PROGRAM STATEMENT :

1 — FORTRAN COMPILER PASS1 IS LOADED INTO THE COMPUTER

2 - SOURCE PROGRAM TAPE IS PROCESSED, BY THE COMPILER, PRODUCING THE INTERMEDIATE
TAPE AND THE COMPILE LISTING.

3 — FORTRAN COMPILER PASS 2 IS LOADED INTO THE COMPUTER
4 — INTERMEDIATE TAPE IS PROCESSED, PRODUCING THE OBJECT PROGRAM TAPE & THE ASSEMBLY LISTING
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USING THE BASIC CONTROL SYSTEM

THE B.C.S. IS USED TO LOAD OBJECT PROGRAMS PRODUCED BY THE FOR-
TRAN COMPILER AND THE SYMBOLIC ASSEMBLER.

(1) LOAD THE B.C.S. TAPE

INTO THE COMPUTER.
SYSTEM

() PROCESS (LOAD) THE
OBJECT OBJECT PROGRAM TAPE.

~— [HewET-pichane BRoned LianaRy mou.

REQUIRED LIBRARY ROU-

COMPUTER TINES.

LIBRARY

NOTE. THE BASIC CONTROL
SYSTEM ALSO CONTAINS

SUBROUTINES THAT ARE
USED TO CONTROL THE
INPUT/OUTPUT EQUIPMENT.

Y

RELOCATING
LOADER
LISTING
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UTILITY PROGRAMS

NAME
FORTRAN-LIBRARY -

PREPARE CONTROL SYSTEM -

HARDWARE DIAGNOSTICS -

SYSTEM INPUT OUTPUT DUMP -

PREPARE TAPE SYSTEM -

SYMBOLIC EDITOR

FUNCTION

Used primarily with compiler object programs.
Standard mathematical subroutines for evaluating
SIN, COSINE, SQUARE ROOT and other

functions are found in the library.

Used to create a BASIC CONTROL SYSTEM
tailored to a specific hardware configuration.

Used primarily in hardware maintenance to check
the operation of the computer or peripheral
equipment.

Used to provide input-output flexibility for all
HEWLETT-PACKARD standard software
systems.

Used to create a magnetic tape operating
system.

_ Used to make insertions, deletions, or
replacementsin source languoge program tapes.
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EXAMPLE OF PROGRAM EDITING

ORIGINAL SOURCE EDIT FILE, SHOWING CODING NEW SYMBOLIC FILE

PROGRAM NEEDED TO DELETE STATE- (SOURCE PROGRAM)
MENTS 2 THROUGH 4 FROM  PRODUCED BY EDITOR

SOURCE PROGRAM

~ N ~ "

]Lobel %peration 10 Operand %_ubel Opgroﬂon ]Lubel O%eraﬁon A Operand
oW PRSET) LTI
C;M:A’ I:N:A: et /eD'H2:’4 + +——+— L+-Q+-A— PRSE
S:T:A T:G:N:T:::: .::' + ] H——+—t R;A=R ::45:::1‘*J
L,DgB'C,N}T”__ bttt + + ——— it —————
+ ReA:R !-:'ﬁ 4 bt +— +———t———+——+
OSSN NN DORSNNY . \ oo
—— J S~ ——
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EDITING PROCESS

SYMBOLIC EDITOR

HEWLETT — PACKARD
COMPUTER

SYMBOLIC FILE
(NEW)

SYMBOLIC FILE
(ORIGINAL)

1 - SYMBOLIC EDITOR PROGRAM IS LOADED INTO THE COMPUTER
2 - THE EDIT FILE IS LOADED INTO THE COMPUTER

3 - THE ORIGINAL SYMBOLIC FILE IS PROCESSED, PRODUCING A NEW SYMBOLIC FILE

NOTE: LISTING A SYMBOLIC FILE REQUIRES A SECOND PASS
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r FORTRAN/ASSEMBLER
PROGRAMMING ENVIRONMENT

BASIC
ASSEMBLER CONTROL
OR FORTRAN SYSTEM

HEWLETT—PACKARD HEWLETT-PACKARD

OURCE OBJECT PROBLEM
F§R GGRAM COMPUTER PROGRAM COMPUTER RESULTS

SOURCE
PROGRAM

LIBRARY
ROUTINES

HEWLETT-PACKARD
COMPUTER

SYMBOLIC
EDITOR
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S.1.O. CONFIGURATION PROCESS

(SYSTEM INPUT OUTPUT)

PHASE 1

N N

S.I.0.
TELEPRINTER
DRIVER !

\_/A

HEWLET—PACKARD

O
TAPE READER I0.
(DRIVER_— 2| COMPUTER TAPE

S.1.0
TAPE PUNCH
DRIVE 3

STANDARD SOFTWARE SYSTEMS

PHASE 2
(optional)
FORTRAN
ALGOL
ASSEMBLER

SYMBOLIC EDITOR

iEWLETT‘PACKARD ~CONFIGURED"

STANDARD SOFT-

COMPUTER WARE SYSTEM

STANDARD
SOFTWARE
SYSTE 2
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B.C.S. CONFIGURATION PROCESS

(BASIC CONTROL SYSTEM)

P. C.S.
PREPARE CONTROL

T~ YSTEM

INPUT/OUTPUT
DRIVER(S)
/—\j
T S~
INPUT/OUTPUT HEWLETT - PACKARD "CONFIGURED"

BASIC CONTROL
CONTROL SYSTEM COMPUTER SYSTEM

3 >

RELOCATABLE
LOADER

4

A BASIC CONTROL SYSTEM IS "TAILORED" TO THE HARDWARE CONFIGURATION
OF THE SYSTEM.

1. THE P.C.S CONTROL PROGRAM IS LOADED

2. THE INPUT/OUTPUT DRIVER (S) MODULE IS PROCESSED.

3. THE INPUT/OUTPUT CONTROL SYSTEM MODULE IS PROCESSED
THE RELOCATABLE LOADER MODULE IS PROCESSED
THE "CONFIGURED" B.C.S. TAPE IS PRODUCED.
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THE COMPONENTS OF A COMPUTER PROGRAM

MOST COMPUTER PROGRAMS CONSIST OF THREE PARTS
2 -9
1 a3 &

e /

+ X @OMPARE
COMPUTATIONS l

/ outeur \
> ® ]
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EXAMPLE - DEFINING THE PROBLEM ‘
PROBLEM : SOLVE Y=A+B%X TR v
WHERE: A8B ARE ENTERED ON THE KEYBOARD ‘— l
INPUT X TAKES ON THE VALUES:
XI -INITIAL VALUE OF X 2. A:E:ID;";")““))
,l XF - FINAL VALUE OF X :B.XLXF,
XD-INCREMENTAL VALUE FOR X l
COMPUTE 3 INITIALIZE
* X=XL
Y SOLUTION STEPS ,l
1. ASK FOR A, B, XI, XF, XD
OUTPUT
ey 2. READ A, B, XI, XF, XD 4. CompuTE 10,
3. INITIALIZE (X = XI) Y=At+B*X
4. CALCULATE (Y = A + B¥ X)) l
N° 5. WRITE X AND Y 8
6. IF X<XF, GO TO STEP 7. 5| WRITE
YES IF X=XF, GO TO STEP 9.
7. ADD XD TO X
8. GO TO STEP 4 9,
PAUSE
9. PAUSE X=X+ XD PAU SE
10. WHEN RUN IS PUSHED,

GO TO STEP 1.
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EXAMPLE-  CODING THE PROGRAM

LABEL |C STATEMENT /

7
FTN, LB
e P

!A 2 1 3 2 _ 2 Il ] L s 'y L : : +

| PROGRAM, SCALE | | V., , ., (STARY)
A WRITEZ , 200 f’.f’f"'fﬁ?) -
2.0 FORMAT( "ENTER IA.,.B' xr.. X.F,, . X.D."7.7.7.7) Y
N N gt } + [ ' —t :lln::!,f/ ASKFOR
!:: READ(1[’!*)'A'.:B"=XI|QXFlilx Dl g : 1 1 ! '14 DATA
——s et :::e-:':':!/
et X=X I, —t——+— At '/l/ READ
A Y A+BXX, .y Y
NN e Y | L_INITIALIZE ]
o 'WRIT'E'('Z"30)X Y, . . ] >
i ,r;—q—;—|—u4,—|—l—h.-o—+—4—o-—+—+—4— Y
2@ FORMAT( " (,X,Y) = "2F12.4) COMPUTE
T E (x'x‘F*)'r'..s::;I’fff. ' y
s : : WRITE
BB IREND ' ANSWERS
o INCREMENT |—<TEST
8| PAUSE 7 +

. { PAUSE

. .60 _T0o. 1]

. [[END ZJ/
—t ENDS,
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COMPILING THE PROGRAM

-————

ks S~ ASSEMBLY LISTING
o FINOE® T T~ee JSB .DLD.
~———""7" ~ » DEF 00555
PROGRAM SCALE AN JSB .FMP
A . .FMP,
| Y=A+BXX \_| DEF 00557
\
W \ JSB ,FAD.
HEWLETT-PACKARD LISTING AND \ DEF 00561
g%%%%ﬁéM 8-k DIAGNOSTICS \\ JSB .DST.
2 COMPUTER DEF 00563
\
o O~ HEWLETT-PACKARD \
lo) Oo o 8‘K \
o © o OO \\
R COMPUTER \
FORTRAN INTERMEDIATE ‘ ¥
PASS 1 OUTPUT DATA -~
o ° °O° o o
o 00 %0°
]
RELOCATABLE
FORTRAN
Load the FORTRAN pass - 1 tape. PASS 2 . E'IR%%I:J\SBJECT

Read the SOURCE program.

Load the FORTRAN pass - 2 tape.
Read the INTERMEDIATE tape.

At this point compilation is complete.

whobdbb-
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LOADING THE OBJECT PROGRAM

RELOCATABLE
OBJECT
PROGRAM_@

LOADER
LISTING AND
MEMORY MAP

@

3IC CONTROL L’[W'.[”" P ACKARD

AS
%YSTEM @ COMPUTER :
M ——
! | ABSOLUTE \;
— —1 BINARY

L{OPTIONAL) _ |

LIBRARY
ROUTINES @

1 - LOAD THE BASIC CONTROL SYSTEM TAPE.
2 - PROCESS THE OBJECT PROGRAM TAPE .

3 - PROCESS THE LIBRARY TAPE.

4 - THE LOADER LISTING ENDS WITH THE MESSAGE "¥RUN".

5 - DEPRESSING THE "RUN" PUSHBUTTON ALLOWS PROGRAM EXECUTION TO BEGIN.
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.

SRR R R

EXAMPLE — THE PROGRAM IN EXECUTION

ENTER A, B, XI, XF, XD

% 1‘4%%00

2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8,0000
9.0000
10.0000

n
s

-

< <<=

- -
N S P S S St o S St

AR XXX XXX

-

< <<=

[ L [ T I [ N | N (N [

-

=
<

PAUSE
ENTER A, B, XI, XF, XD

2,4,1,10,1
ST,
(X,Y) = 2.0000
(X,Y) = 3.0000
(x,Y) = 4.0000
(X,Y) = 5.0000
(x,Y) = 6.0000
(x,y) = 7.0000
(X,Y) = 8.0000
(X,Y) = S.0000
(x,Y) = 10.0000
PAUSE

<

t

3.0000
5.0000
7.0000
9.0000
11.0000
13,0000
15.0000
17.00 00
19.0000
21.0000

<

6.0000
10.0000
14.0000
18,0000
22,0000
26.0000
30.0000
34,0000
38,0000
42,0000

THE REQUEST FOR VALUES

OPERATOR’S RESPONSE

THE COMPUTED ANSWERS

THE PROGRAM PAUSES
THE RUN BUTTON IS PUSHED

TELETYPE KEYBOARD FUNCTIONS

@ = Carriage Return Key
€F) = Line Feed Key
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Objectives

Introduction to FORTRAN
FORTRAN Operating Environment
The FORTRAN Character Set

The FORTRAN Coding Form

Using the FORTRAN Coding Form
FORTRAN Statement Label Rules
Comments and Continuation Statements
The FORTRAN Language Components
Statements

Functions

Constants

Variables

Operators

Arithmetic Statements

FORTRAN Arithmetic

LESSON II
INTRODUCTION TO HP FORTRAN

2-1
2-2
2-3
2-4
2-5
2-6
27
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15
2-16

Algebraic Operations in FORTRAN
A Word of Caution

Legal Intermixing of Integer and Real Values

Evaluation Problem

Summary

Sample Probllem - In Line Coding
The READ Statement

The WRITE Statement

The FORMAT Statement

The “l"" Format

The “F"" Format

Using the “1”" and “F’* Format
Free Field Input

Sample Problem - Free Field Data Input
The Quote (* ") Format

Sample Problem - Data Output

2-17
2-18
2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-26
2-27
2-28
2-29
2-30
2-31
2-32
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LESSON II OBJECTIVES

THE PRIMARY OBJECTIVE OF LESSONTII IS:

EXPLAIN JUST ENOUGH OF FORTRANS DO’S AND DONT’S
TO ENABLE THE STUDENT TO:

1 - WRITE A SIMPLE FORTRAN PROGRAM

2 - KEYPUNCH THE PROGRAM

3 - COMPILE THE PROGRAM

4 - LOAD AND EXECUTE THE PROGRAM

THE METHOD OF ‘"LEARNING BY DOING’’ WILL BE USED WHENEVER
POSSIBLE IN THIS COURSE.
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AN INTRODUCTIONT0 ———=

FORMmuia TRAN siLation

FORMULATED STATEMENT

X=B¥B-4.%A%C

YOU WILL.:
1) GET ACQUAINTED WITH FORTRAN

2.) WRITE FORTRAN PROGRAMS
3.) OPERATE THE COMPUTER
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|

FORTRAN OPERATING ENVIRONMENT

COMPILE PHASE

PROB
[FORTRAN ]
SOURCE HEWLETT-PACKARD
CODING __ PROGRAM CONPUTER LISTINGS

RELOCATABLE LOAD PHASE
LIBRARY

HEWLETT-PACKARD ANSWERS EXECUTE PHASE
COMPUTER

gl
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[

A THROUGH Z
@ THROUGH 9
SPACE
= EQUALS
+ PLUS
- MINUS
% ASTERISK
/ SLASH
() PARENTHESES
, COMMA
$ DOLLAR SIGN
DECIMAL POINT
' QUOTATION MARK

THE FORTRAN CHARACTER SET
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[ 2116 A FORTRAN CODING FORM

PROGRAMMER DATE PROGRAM I PAGE OF

STATEMENT

o —ZOn|

C  Label
1 7 10 15 20 2 30 ¥ 40 45 50 55 &0 &5 70 75 80

g
! 5 10 15 20 25 30 35 40 45 50 55 0 65 70 75 80
#= ZERO O=APHA O §OR 1= ONE I= ALPHAT LINE TERMINATED BY RETURN / LINE FEED (R/LF)
2=TWO 2 = ALPHA 2 LINE IS DELETED BY RUBOUT BEFORE R/LF
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S

o LABEL g STATEMENT ’
1 5 7 10 15 20 25 30 ‘ 35
Flrinl. ] lal.l8
PIrlolc|r[alM] [FlolrlTIN
1| [R[elalol 4], b RL, [T[HIE[T]A
x[=[rRl be lclols|dTln[elr]a])
v|=[r| be| Is|tIn|c]TIn]ET[AD
wirlz|TlEl([2], 3D [X],[¥ /
31 [FlojlrMIAITICI" XL IYD ] J=1"],]2IF]1]2]. [4])
-~ PlA{U|SIE
clol [Tlol 11
E[N[D
EIN|D[s
- 1 ]
~ | | T T~— T~
1 TT1
1 567 10 15 20 25 : 30 35
?=ZERO O=ALPHA O IOR1=0ONE I=ALPHAIL LINE TERMINATED BY RETURN/LINE FEED
2=TWO Z=ALPHAZ LINE IS DELETED BY RUBOUT BEFORE R/LF]

USING THE FORTRAN CODING FORM
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3.

EXAMPLES

FORTRAN STATEMENT LABEL RULES

LABELS ARE USED FOR REFERENCE BETWEEN PROGRAM STATEMENTS.

THE LABEL MAY CONSIST OF 1-4 NUMERIC DIGITS PLACED IN ANY OF
THE FIRST FIVE POSITIONS OF A STATEMENT LINE. NO DUPLICATE
LABELS ARE PERMITTED.

THE NUMBER IS UNSIGNED AND IN THE RANGE 1TO 9999. THE LABELS
DO NOT HAVE TO BE IN NUMERICAL SEQUENCE.

IMBEDDED SPACES AND LEADING ZEROS ARE IGNORED.

IF NO LABEL IS USED THE FIRST FIVE POSITIONS OF THE STATEMENT
LINE MUST BE BLANK.

-t
| [
ol
H

_alUl

VALID LABELS

(o0 ]|=
o]

s pow
Hiu|@ S|
(¢ |l o] [6,]{{s]{76]

OO

} INVALID LABELS
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COMMENTS AND CONTINUATION STATEMENTS

COMMENTS ARE IDENTIFIED BY THE CHARACTER "C" IN COLUMN 1.
POSITIONS 2-72 MAY CONTAIN THE COMMENT.

CONTINUATION STATEMENTS ARE IDENTIFIED BY ANY CHARACTER OTHER
THAN "SPACE OR ZERO" IN COLUMN 6 AND DO NOT CONTAIN A "c*

IN COLUMN 1.

UP TO FIVE CONTINUATION LINES PER STATEMENT ARE PERMITTED.

COLUMNS 7-72 MAY BE USED FOR THE CONTINUATION STATEMENT.

EXAMPLES:
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THE FORTRAN LANGUAGE COMPONENTS

‘/ccommm
1234

FIXED POINT FLOATING POINT

MEGA
'\(vnuu:sm/’

% MULTIPLICATION >

+ ADDITION
< 4———(OPERATORS)———>< / DIVISION

— SUBTRACTION EXPONENTIATION

I
) EXECUTABLE TYPES
@TA"MENTS e ARITHMETIC

e CONTROL
e INPUT/OUTPUT

SERVICE
MATH
LOGICAL

NON-EXECUTABLE TYPES
(FUNCTIONS) * SPECIFICATION

® SUB-PROGRAM
® FORMAT

29
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STATEMENTS

1.) EXECUTABLE TYPES 2.) NON-EXECUTABLE TYPES
A - ARITHMETIC A - SPECIFICATION
B - CONTROL 1. DIMENSION

1. 60 TO 2. COMMON
3. EQUIVALENCE
2. IF
3. DO
5. PAUSE 1. FUNCTION
6. CONTINUE 2. PROGRAM
7. RETURN 3. SUBROUTINE
8. END
C - FORMATS
C- INPUT/QUTPUT . QUOTE
1. READ 2 I
FREE- FIELD 3. F
FORMATTED 4, SLASH
2. WRITE 5 H
3. REWIND 6. X
4. BACKSPACE 7. E
5. END FILE 8 A
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i

ROUP

SERVICE

MATH

LOGICAL

FUNCTIONS

TYPE

TRANSFER SIGN
FLOAT
FI1X

ABSOLUTE VALUE
EXPONENTIAL

NATURAL LOGARITHM
TRIGONOMETRIC SINE
TRIGONOMETRIC COSINE
TRIGONOMETRIC TANGENT
HYPERBOLIC TANGENT
SQUARE ROOT
ARCTANGENT

BOOLEAN AND
BOOLEAN OR
BOOLEAN NOT

SYMBOL

SIGN
FLOAT
IFIX

ABS
EXP

ALOG
SIN

COS
TAN
TANH
SQRT
ATAN

IAND
IOR
NOT




Programming Course

LESSONIT
Students Manual

Introduction to HP FORTRAN

CONSTANTS

oreeators | =ANY QUANTITY REPRESENTED BY A NUMERIC VALUE

STATEMENTS
FUNCTIONS

REPRESENT INTEGER NUMBERS. THERE

FIXED POINT CONSTANTS IS NO DECIMAL POINT. THE NUMBER

MUST BE IN THE RANGE -32768 TO +32767. THE VALUE IS REPRESENTED
BY ONE COMPUTER WORD.

EXAMPLES— T1,-5, +132, 697, 1234, 32745

REPRESENT REAL NUMBERS. THERE

FLOATING POINT CONSTANTS pmysy se A DECIMAL POINT.  THE

NUMBER MUST BE IN THE RANGE -10%TO 410°®. THE NUMBER YIELDS
A PRECISION OF SEVEN DECIMAL DIGITS AND IS REPRESENTED BY

TWO COMPUTER WORDS:
THE FRACTION PLUS SIGN UTILIZES 24 BITS.
THE EXPONENT PLUS SIGN UTILIZES 8 BITS.

EXAMPLES—  1.,76, -1,523, 442,47, T9.

NOTE:. |IN FORTRAN ... 3 IS NOT THE SAME AS 3.

ARE
THEREFORE 3'+5 NOT pur 35 ARE
543 PERMITTED

3 +5. PERMITTED

2-12
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vARIABLES | = ANY QUANTITY REPRESENTED BY AN
ratemeane | ALPHANUMERIC SYMBOL
FIXED POINT VARIABLES THEY REPRESENT INTEGER NUMBERS,

THERE IS NO DECIMAL POINT, THEY RANGE FROM -32768 TO 132767

EXAMPLES: I, JK,L,M, N, IKE, JOHN, KEN,

FLOATING POINT VARIABLES  tHEY REPRESENT REAL NUMBERS.

THEY ARE IN FLOATING POINT REPRESENTATION,
THEY RANGE FROM -103%10 +10%8,

EXAMPLES: A, B, *H,0,P - Z, ALPHA, BETA, SIGMA,

NOTE. A VARIABLE NAME IS COMPOSED OF 5 OR LESS ALPHANUMERIC
CHARACTERS.
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CONSTANTS
VARIABLES

oPERATORS | = SPEGIAL CHARACTERS USED TO REPRESENT
runcrions | ARITHMETIC OPERATIONS +-% / Xk

WHEN OPERATORS ARE USED IN A STATEMENT TO FORM AN EXPRESSION,
THE COMPILER EVALUATES THE EXPRESSION FROM LEFT TO RIGHT AND
PERFORMS THE ARITHMETIC OPERATIONS IN THE FOLLOWING SEQUENCE:

CLASS 1 - * EXPONENTIATION

CLASS 2 - * MULTIPLICATION
/ DIVISION
CLASS 3 - + ADDITION
- SUBTRACTION

OPERATIONS MAY BE GROUPED BY THE USE OF PARENTHESES.

EXCEPTION: WHEN USED; EXPRESSIONS WITHIN PARENTHESES ARE
= EVALUATED FIRST, THEN**, THEN * AND /, THEN + AND-.

2-14
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CONSTANTS
VARIABLES

sTATEMENTs |- EXECUTABLE TYPES

FUNCTIONS

ARITHMETIC GENERAL FORM: Xz B
MUST BE A VARIABLE ——I T T——MUST BE AN EXPRESSION

STANDS FOR ‘“'REPLACE"

AN EXPRESSION IS A COMBINATION OF CONSTANTS AND /OR
DEFINITION VARIABLES SEPARATED BY OPERATORS.
LABEL |C STATEMENT /
EXAMPLE 1 3.6 7 —~7
A7 X,z A+B,/,C¥% %3 -DXE, .
. r e A= . E e, o S, e

WOULD BE SOLVED IN THIS ORDER
X=A+B/CxX%X3—-DXE

[ (2) 1 :
L f4\ ~ 3
o/ @ |
| /6\ &/ \
&/

2-15
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FORTRAN ARITHMETIC

FORTRAN ARITHMETIC IS VERY SIMILAR TO CONVENTIONAL
MATHEMATICAL NOTATION. ONE IMPORTANT DIFFERENCE
CONCERNS THE LEFT SIDE OF THE EQUAL SIGN. IN FORTRAN,
THE TERM ON THE LEFT SIDE OF THE EQUAL SIGN MUST BE
SINGLE VALUED.
ONE MIGHT SOLVE FOR X/5:
X/5=C2%+Y?
IN FORTRAN, THIS IS NOT PERMITTED, THE ABOVE MUST BE WRITTEN:
X = 5. %(CHH2+Y¥N2)
— ADDITIONAL EXAMPLES —

CONVENTIONAL NOTATION FORTRAN NOTATION

FOR EXAMPLE:

X=3Y X=3%Y
N=6(K-2) N= 6%(K-2)
X+4=2Y Y=(X+4.)/2.
Y.Z,X ]
233 Y=2%((X+Z)/3.)
AT =2 Z = AXX(X+Y)
_
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ALGEBRAIC OPERATIONS IN FORTRAN

ALGIEBRA OPERATION FORTRAN STATEMENT
X=Y+Z Addition X=Y+2Z
X=Y-Z Subtraction X=Y-2Z
X=Y+Z Multiplication X=YXZ
X=Y/Z Division X=Y/Z
X= Y% Raise to a power X = Y¥¥Z
X=VY Square Root X = SQRT(Y)
X=ef Natural Anti-Log X = EXP(Y)

X = SIN(Y) Sine X = SIN(Y)
X = COS(Y) Cosine X = COS(Y)
X = TAN'(Y) Arc Tangent X = ATAN (Y)
X = TANH (Y) Hyperbolic Tangent X = TANH (Y)
X = LN (Y) Natural Log X = ALOG (Y)

2-17
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A WORD OF CAUTION! !'!

THE USE -OF REAL AND INTEGER VALUES WITHIN AN
EXPRESSION MUST NOT BE MIXED.

INTEGER VALUES SHOULD BE USED IN INTEGER EXPRESSIONS

AND

REAL VALUES SHOULD BE USED IN REAL EXPRESSIONS

VALID EXAMPLES

N X< & Xx —

INVALID

5
5.@
I+3

X+3.0
I+J %XK-3
X+YXZ-3,0

EXAMPLES

X
J
Y

5+ X%J - X IS A REAL VARIABLE

S+ 1 ¥Y - I IS AN INTEGER VARIABLE
K/72.5 - 2.5 IS A REAL CONSTANT

ZXA/5 - 5 IS AN INTEGER CONSTANT

" non

2-18
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LEGAL INTERMIXING OF INTEGER AND REAL VALUES

EXPONENTIATION:
A REAL NUMBER MAY BE RAISED TO AN INTEGER POWER:
X=BX*I
AN INTEGER NUMBER MAY NOT BE RAISED TO A REAL POWER:
J=I X% R

ACROSS THE EQUAL SIGN

AN INTEGER MAY BE SET EQUAL TO A REAL EXPRESSION:
I=X
A REAL NUMBER MAY BE SET EQUAL TO AN INTEGER:
X=I |
EXPONENTIAL AND CONVERSION LIBRARY ROUTINES

RTOI REAL NUMBER TO INTEGER POWER

.RTOR REAL NUMBER TO REAL POWER
JITOI INTEGER TO INTEGER POWER

INTEGER TO FLOATING POINT CONVERSION
FLOATING POINT TO INTEGER CONVERSION

2-19
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i

EVALUATION PROBLEM

GIVEN:
THE FORTRAN STATEMENT: X=AXB*xC/D

PROBLEM:
WHICH OF THE FOLLOWING IS A CORRECT INTER-
PRETATION OF THE STATEMENT GIVEN ?

[AX%B]¢

a) X=[a%B]'%®Y ¢) x= S

b) X=A*[B(°’°’] d) X = A*éB)C

RULES:
@ EXPRESSIONS IN PARENTHESES ARE EVALUATED FIRST

@ THEN %, THEN % AND /, THEN + AND —.

| @ STATEMENT SCANNING IS FROM LEFT TO RIGHT

2-20
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SUMMARY

EVALUATION OF STATEMENTS

Y B ¥ SIN(G+C)/ SQRT(R)
I_©__I @— |
1 L @J ' /o) |
L r.,\ O 1
o )\
&)
=\ 2\
Z = A%B %c**n' z '.c\ae(e/ijl(éaeaeo)l)ﬂ
& @W
Z =SQRT( (R XSIN(THETA))%*2 + (R COS(THETA))**Z)
1 ™ ] J L (7).
4 | % L ~ — |
| @ ]

VARIABLE NAMES |

® INteger names start with 1,J,K,L,M,N
® REAL names start with A through H and O through Z

® Names have FIVE or LESS alphanumeric characters, the first being a letter

FORTRAN LIBRARY FUNCTIONS INCLUDE:

Y = SQRT (X) Y = COS (X)
Y = EXP (X) Y = TAN (X)
Y = ALOG (X) Y= ATAN (X)
Y = SIN (X) Y = TANH (X)

2-21
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SAMPLE PROBLEM -

PROBLEM

SOLVE Y=A+B-X

IN-LINE CODING

Where A=1, B=2 AND X=1,2,3,4,5....

11

10

SN WP o~

NOTE:

Y TAKES THE VALUES 3,5,7,9,1113,

12 3 45 6 78 9

X

Students Manual
SOLUTION
LABEL |C STATEMENT (
1 5|6]7
W — A4.=:1:':Q,' ———t
L B=2.0 .., .,
el IX=4.0
Lo 23 [Y=A+BXX , |
| X200,
45 L_=:A;+:B=*!X' —
4 P x1=.3.'L01 PR S
35| [Y=A+B¥XX _
el X=4.0
32 [Y=A+BXX
ETC

2-22
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CONSTANTS
VARIABLES
OPERATORS

sTATEMENTs | = EXECUTABLE TYPES

FUNCTIONS

INPUT/OUTPUT — THE READ STATEMENT

THE READ STATEMENT READS DATA FROM AN INPUT DEVICE

GENERAL FORM: READ (UN, FN) V1,V2,..,VN

\ T 4
““UNIT REFERENCE NUMBER"’ ““DATA LIST” IT SPECIFIES

WHAT DATA IS TO BE
1 MOVED

5

KEYBOARD UNIT
STANDARD INPUT UNIT

““FORMAT STATEMENT NUMBER"’

THAT DESCRIBES HOW THE DATA
IS TO BE MOVED

EXAMPLE.

LABEL |C STATEMENT
1 5|6{7

READ THE VAI.UES FOR IX AND Y FROM THE KEYBOARD
AS PER FORMAT STATEMENT #7

MEANS

2-23
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CONSTANTS
VARIABLES
OPERATORS

sTATEMENTS | = EXECUTABLE TYPES

FUNCTIONS

INPUT/OUTPUT — THE WRITE STATEMENT

THE WRITE STATEMENT WRITES INFORMATION ON AN OUTPUT DEVICE

GENERAL FORM: WRITE (UN, FN)V4,V2, .., VN
“"UNIT REFERENCE NUMBER’ e '
TELEPRINTER OUTPUT = 2 ___j L— w_IL_AAT_T_A II-)':TTA "Ilssp':(c)ln::
PUNCH OUTPUT = 4
LIST OUTPUT = 6 MOVED

" FORMAT STATEMENT NUMBER"’
THAT DESCRIBES HOW THE DATA
IS TO BE MOVED

EXAMPLE: | LABeL |[c STATEMENT W

1 5|6(7

RITE(2,47)12,PHI

MEANS
WRITE THE VALUES OF I2 AND PHI ON THE TELETYPE AS PER FORMAT

STATEMENT #17

2-24
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CONSTANTS
VARIABLES
OPERATORS

sTATEMENTS | = NON - EXECUTABLE TYPES

FUNCTIONS

- FORMATS — THE GENERAL SPECIFICATIONS

A FORTRAN FORMAT S'.'ATEMENT TELLS
1- The length of the fields - I.E. the number of characters allocated to
each variable in the data list

2- The mode of the values - L.E. fixed or floating point
3- Position of the decimal point- only for floating point

GENERAL FORM.

FORMAT (IW, FW.D.)

FIXED POINT VALUE —JI I NUMBER OF DIGITS AFTER ''.”

FIELD LENGTH FIELD LENGTH
FLOATING POINT VALUE

EXAMPLE. LABEL |C STATEMENT
: 1 5|67

PR W S A U S SRS U SN SN SHN SN SHN SHN SR S S 1
...... T

__1. : is:g FfofR:M .Tn( 11n4|1.rF:1:®#.':4.r): : r U T T )
MEANS ORMAT LA P88
THE FIRST VALUE IS FIXED POINT (INTEGER) 4 CHARACTERS LONG
THE SECOND VALUE IS FLOATING POINT 10 DIGITS LONG WITH 4 DIGITS AFTER '.”

2-25
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CONSTANTS
VARIABLES
OPERATORS = ~F
coreators | = NON-EXECUTBLE TYPES
FUNCTIONS
FORMATS — 1HE I FORMAT
THE I FORMAT IS USED TO DEFINE THE SPECIFICATIONS OF INTEGER
VALUES.

LABEL |C STATEMENT I

1 5|67

L ;lL IF,‘KZ”I ff:'.fffff""'.f:

SN ENOCOMSIAEERESRRRREREN

+ +—t Ki='r4?5i30 llil:illlii:liiil)

t -+—+ L=275 +——t—tt+—t Tttt T
THls WRITE(2 1967)1’.J.’.K:’L N
FORMAT ——b 1967 FORMAT(15,15,15,140)

+—4 +— xi’ivnliiil‘|ﬁiT|]—llrﬁ'
DEFINES ————» INTEGER DATA SPECIFICATIONS

85 4539 ., ., , 275
15 >|e—15 > | 110 —>

Programming Course
Students Manual
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oremators | = NON-EXECUTABLE TYPES

STATEMENTS
FUNCTIONS

FORMATS — THE F FORMAT

THE F FORMAT IS USED TO DEFINE THE SPECIFICATIONS
OF FLOATING POINT VALUVUES.

LABEL |C STATEMENT
1 5|6i7
R R ey
THIS FORMAT N WRITE(2 40)A,A,,4AL,A . e
10 F
DEFINES FLOATING POINT DATA SPECIFICATIONS
1 L | T | LI 1 1 1 LI | 1 L) ] | | 1
345.678 345,67 345, 606|345 ,
I W (U U NNV NN YO DR B | 11 . 1 1
@——Fss »4 F10,2 »|e F6.1 >l F4.2 —»|
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EXAMPLE! usiNG THE T ANDF FORMAT
WITH A READ STATEMENT

READ FROM THE PHOTOREADER IX AND SAL
IX IS 4 CHARACTERS LONG
SAL 1S 8 CHARACTERS LONG, 3 OF WHICH

ARE AFTER THE DECIMAL POINT

ASCIl CODE LABEL [C STATEMENT
~ ] 5(6|7
‘ [ - n I T N T N N PRI v L
l® oo'{oo Yy 1 PP e
lee | eooeoe ol 2 NP B A
| ol eoe 3 o RJELAJD(S,,IGZ) I
' ll o [ ] I -4 SLER B
|...q|.... ...I 5 et b + +
|90 0000000000, 6 .. 62 FJOJR,MAT( I4 F8
7 P B LML P L P FLER.

l..n.. . } P S PR — lll;LllIlJ{JllJ
3215 1236 .79 3 o
IX SAL

2:28
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FREE FIELD INPUT

FREE FIELD INPUT PERMITS THE READING OF NUMERIC DATA WITHOUT
A DEFINITIVE FORMAT STATEMENT. DATA ITEMS ARE SEPARATED BY SPACES
OR A COMMA. THE ASTERISK (¥) CHARACTER IS USED IN PLACE OF THE

FORMAT NUMBER IN THE READ STATEMENT TO DEFINE THE FREE FIELD
MODE OF INPUT.

EXAMPLE: USING FREE FIELD INPUT, READ VALUES FOR ILX AND SAL

ASCI CODE

C STATEMENT
5|6j7

| VU W WS WIS WA N SR N SNUNPUSIUNT VU SR N TR T N |
-ttt et T

I I N NN N N S ]

READ (5, %) LX . SAL

v~NooPup >

N
t
3 | 1
Y Tttt - —
e, ™
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SAMPLE PROBLEM -

FREE-FIELD DATA INPUT

PROBLEM: READ FOUR NUMBERS FROM THE KEYBOARD AND
CALCULATE THE SUM, AVERAGE AND PRODUCT.

SOLUTION
LABEL [C STATEMENT )
1 617
Lgrjj *J.A*.%-!:-.LA:J.B: J.c::DfJ.
| SUM=AXBACED ., .,
[ BVe=SUMzae
| PROD - AXBXCXD, , ,,
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OPERATORS

STATEMENTS | — NON-EXECUTABLE TYPES

CONSTANTS
VARIABLES

FUNCTIONS

FORMATS — tTHE QUOTE FORMAT

THE QUOTE FORMAT IS USEFUL FOR WRITING MESSAGES AND HEADINGS ON

AN OUTPUT DEVICE. TO ACCOMPLISH THIS YOU ENCLOSE THE MESSAGE IN
QUOTATION MARKS.

EXAMPLE.

THE FOLLOWING STATEMENTS WILL GENERATE CODING TO PRODUCE MESSAGES
ON THE TELETYPE:

VALUE OF IKE=XXXX

LABEL C STATEMENT

1 5|67 TELETYPE
e W’R'IfoEfUzj.L@:)f . |

24 FORMAT("HP-DATA HP-DATA PRODUCTS
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SAMPLE PROBLEM-DATA OUTPUT

USING THE I,F AND QUOTE FORMATS WITH A WRITE STATEMENT.

EXAMPLE!

WRITE ON THE TELETYPE THE HEADING

IIJ K".

THEN WRITE THE VALUES OF J

AND K WHERE J IS 3 CHARACTERS LONG
AND K IS 2 CHARACTERS LONG.

SAY J=354
K=62

J K
35462

]

TTY
OUTPUT

NOW, WRITE THE HEADING "VALUE"

AND THE VALUE OF V,

XX.XX (SAY 1.75)

J K
35462
VALUE
1.75

WHERE V IS

TTY
OUTPUT

STATEMENT

C 4

FORMZW(

Ylf'ﬁ' LJ

EQBMAT( K™

+-

lllllll T l l

WRITE 2
lll|lJ;lx

l|1¢
T T

WRL,TE ( 2., 37) V

I I l l }

FORMAT(fNALUEi)

lllll

||l||| j

FORMAT(FS.@) /

""" T

2-32




The HP symbolic editor program




Objectives
The Symbolic Editor System
Edit Process

Editor Rules and Formats

LESSON III

THE HP SYMBOLIC EDITOR PROGRAM

3-1
3-2
3-3
3-4

Statement Insertions
Statement Deletions
Statement Replacements

Symbolic File, List/Copy Functions

35
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LESSONTITC
The HP Symbolic Editor Program

LESSON Il OBJECTIVES

TO INSTRUCT THE STUDENT IN THE USE OF THE
HEWLETT - PACKARD SYMBOLIC EDITOR PROGRAM.
MASTERING THE USE OF THE SYMBOLIC EDITOR
WILL ALLOW THE STUDENT TO CORRECT ERRORS
IN SOURCE LANGUAGE PROGRAMS BY REPLACING,

DELETING OR INSERTING THE APPROPRIATE

STATEMENT (S).
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THE SYMBOLIC EDITOR SYSTEM

DEFINITION _____A software program for maintenance

functions associated with development of
compvuter programs.

PURPOSE ______ Provides a method for editing and updating
symbolic source language programs or files.

MAJOR PROGRAM CAPABILITIES

1) Provides for the insertion, deletion and replacement of:

® Entire source statements

® Characters within a source statement

2) Provides a listing of a source program

3) Produces an updated source tape

32
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The HP Symbolic Editor Program

:
!

SYMBOLIC FILE

SYMBOLIC
EDITOR

()

HEWLETT-PACKARD
COMPUTER

]

SYMBOLIC FILE
(NEW

LISTING

EDIT PROCESS
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EDITOR RULES AND FORMATS

» ALL CONTROL STATEMENTS BEGIN WITH THE
CHARACTER SLASH (/).

P ALL STATEMENTS ARE TERMINATED BY A CARRIAGE RETURN,
- LINE FEED CODE. (CR,LF)

» THE EDIT FILE IS TERMINATED BY A (/E) CONTROL
STATEMENT.

> ALL STATEMENTS ARE REFERRED TO BY THEIR SEQUENCE
IN THE SOURCE FILE.

STATEMENT EDITING CHARACTER EDITING
/e, r, [,rp] wherei /ee, r,c [,cz] where:
e = An editing code: I,DorR ee = An editing code! CI,CD,or CR
r's = Sequence numbers in the r = Sequence number in the range
range 1 through 9999. 1 through 9999.
ro, if specified, must be ' - o
¢s = Character positions within the
greater than r,. record that are fo be edited.
Blank positions must be inciuded
in the character count. An edit-
ed statement MAY NOT exceed
72 characters.

34
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STATEMENT INSERTIONS

M/-D—L—E—-" If we wanted to insert four statements into the original source program
following statement number 3

(symbolic file)7

BROGRAMMER Iﬂ?OGRAMMER PROGRAMMER
Label Operation Operand Label Operation Operand Label Operation Operand
1 5 0 15 5 10 15 1 S 10 15
1|R[E|A|D L|D|A} [PIR[SIE|T /||, (3 RIE(A|D L|D|A| |P[RI|SIE(T
2 CM|Al,[TIN|A ClL|A C|MlA[, [T[N|A
3 |S|T|A| |T|G|N|T NIE|X|T| | [R|AIR S{T|A| |T|GN|T
4 JMIP| (WIA]LT S|T|C| |1{3|B|, |C CIL|A
WA 1T S|F(S| {1|3|B N|E X |T R[|AR
/|E S|TiC| |1{3|B], |C
Al T S|F|S| |1[3|B
JIMIP| (WAL T

This coding would be necessary to
create an updated file (edit file)

NOTE. REFERENCES TO LINE NUMBERS
MUST BE SEQUENTIAL AND Such that the editor can produce a

UNIQUE. new symbolic file (new source program)
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STATEMENT DELETIONS

If we wanted to delete statement numbers 2, 4,5 and 6
from the original source program

(symbolic file)

EXAMPLE:

fPROGRAMMER PROGRAMMER ' PROGRAMMER

1 Label 5 Operufion10 Op%and | Label 5 Opemﬁon10 Opelrsond : Label 5 Operotionm Opeilgmd
1|R|EJA|D LID|A| |P|R[SIE|T /|D|,[2 R|E|A|D L[D|A| [PIRIS|E
2 CIM[A|,{I|N]A /|D|,|(4{,]|6 S|TIA| |TIGIN(T
3 S|T|IA| |TIGIN|T /|E WA LT S|FIS| [1/3|B
4 clLia ' J|mlp| (Wali [T
SIN[E|X|T RiA|R
6 SiT|IC| [1/3|B|, |C
T(WaAlL|T S|F|s| (1|3|B
8 JIMP | WIAILT

This coding would be necessary to
create an updated file (edit file)

Such that the editor can produce a
new symbolic file (new source program)
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STATEMENT REPLACEMENTS

LXAMPLE: 1 we wanted to replace statement numbers 1 through 3 and
6 and 7 from the original source program

(symbolic file)7

[PROGRAMMER [PROGRAMMER ' [PROGRAMMER

Label Operation Operand Label Operation Operand Label Operation Operand

1 5 10 15 1 5 10 15 1 5 10 15
1[R[e[a[o] | [L[o]a] [PIr[s[E[T /RILT1 LT3 r(e{alo{ | [L|o[8| |P[R]s]E
2 cmlal,[tinfa rEE[alp| | [Llols] lp[r[s el ciL]a
3 s|t|a| [Tle[n|T /|r, 16|, |7 nelx [T] | [R]AlR
4 clL|a sirlc| [1]s8], [c s|tic| [1!5/8], [c
s|n(e|x{T{ | [R|alr alifr] | Islels] [1]s]B wlali {r] {[s{Fls| [1|5]B
6 s{tic| [1]3]g], [c /le J(mlp| (wlali [T
7\wlal 1] | [s[Fls| T1]|z[B
8 Jm{p] Twlali|r
[

This. coding would be necessary to
create an updated file (edit file)

Such that the editor can produce a
new symbolic file (new source program)
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SYMBOLIC FILE LIST/COPY FUNCTIONS

SYMBOLIC
SOURCE FILE

SYMBOLIC
SOURCE FILE

[PROGRAMMER /
/
Label Operation Operand LISTING
5 -~ 10 15
/LN LT 0001 READ LDA PRSET
/E 0002 CMA, INA
i 0003 STA  TGNT
0004 CLA
N 0005 NEXT RAR
/E) 0006 SsTC 138,C
\\
N /
OPY
OF SYMBOLIC
SOURCE FILE

]
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The GO TO Statement

The IF Statement

Sample Problem - Using the “IF"" Statement
The Two Branch “IF"* Statement

Summary

The PAUSE Statement

Subscript Notation -

The DIMENSION Statement
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4-4
45
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49

Subscripted Variables in FORTRAN Arithmetic
Statements

Sample Problem - Compute the Sine for 360 Angles

The DO Statement

Using the DO - Problem # 1

Using the DO - Problem # 2

The CONTINUE Statement

Using the DO - Problem # 3

Nested DO Loops
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413
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LESSON IV OBJECTIVES

TO INTRODUCE SOME ADDITIONAL CAPABILITIES OF FORTRAN.

1 - TRANSFER OF PROGRAM CONTROL FROM ONE
FORTRAN STATEMENT TO ANOTHER.

2 - MAKING LOGICAL DECISIONS BASED ON THE
RESULTS OF AN EVALUATED EXPRESSION.

3 - EXECUTING A GROUP OF FORTRAN STATEMENTS
A SPECIFIED NUMBER OF TIMES.

4 - CREATING AND OPERATING ON ARRAYS OF DATA
USING VARIABLES WITH SUBSCRIPTS.
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CONSTANTS
VARIABLES
OPERATORS
STATEMENTS | -—
ATEMENTS | — EXECUTABLE TYPES
CONTROL — THE GO TO STATEMENT
LABEL C STATEMENT J
GENERAL FORM 1 s5le|7 }
GO TO N ey | A=.0 ]
t STATEMENT H———— b
NUMBER v 1 8=2-9 . ...
T XEAe ]
oo/
. 45 Y:-,A:+;B;-)(-jx; o
Y=A+B¥X +——+—1 +———+—————
A=A X=X E .0
B=2 e B
X=1,2,3,4,5,.0000 ., .| |60 TO 45 |,
M S L 74

NOTE: THE "GO TO’’ STATEMENT IN THIS EXAMPLE ALLOWS THE
PROGRAMMER TO REPEAT THE CALCULATION INDEFINITELY.
Y TAKES THE VALUES: 3,5,7,9,11,13,15. . . . .
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTs| — FXFCUTABLE TYPES

FUNCTIONS

CONTROL — THE IF STATEMENT

GENERAL FORM

STATEMENT TO "GO TO”

IF(E)N1,N2,N3 DEPENDING UPON THE
— 2 EVALUATION OF E
AN EXPRESSION __? T___ IF E<0.. GO TO N,

IF E=0..6O TO N,

IF E>0.. GO TO N,

EXAMPLE
LABEL |C STATEMENT ]
1 ~ slel7
- ILF5(5X+-:1:0!':)L.1_1
1T SAYS:

IF X - 10.<@ THEN GO TO STATEMENT 11
IF X - 10.=0 THEN GO TO STATEMENT 83
IF X - 10.>0 THEN GO TO STATEMENT 35
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SAMPLE PROBLEM - usiNG THE "IF" STATEMENT

PROBLEM
SOLUTION

SOLVE: Y=A+B*X

WHERE. A=1, B=2

AND X=1,2,3,4,5,6, LABEL |C STATEMENT /
,8,9 &10 ! 367

e A
o (B2.0
: | + x:=51|’.ml ! } : } 1
S| v=arsxx
1 X.-lX.'l'.‘l g T 1 }

e | {LFUX210,.0,5,.5,,3, ,

PR S SN N S TN ST W N S N [ 1 ] [ :/
_3[ [CONTINUVE _ . .,

NOTE!Y TAKES THE VALUES 3,5,7,9,11,13,15,17,19 & 21 ONLY!!
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THE TWO BRANCH IF STATEMENT

GENERAL FORM:

IF (E) N4, N, STATEMENT TO "GO TO”
DEPENDING UPON THE
AN EXPRESSION——J t EVALUATION OF E
IFE<@® GO TO N,'
EXAMPLE! IFE=0 GO TO N,
LABEL |[C STATEMENT
1 5/6|7

--------------------

IF X -18. < @ THEN GO TO STATEMENT 1
IF X -18. =0 THEN GO TO STATEMENT 83

NOTE:

HAS THE SAME EFFECT AS
IF (E) Ny, N2, N,
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SUMMARY
SAMPLE ‘
PROBLEM WRITE A SET OF STATEMENTS TO PERFORM THE FOLLOWING:
READ TWO VALUES FROM THE KEYBOARD AND CALCULATE THE SUM.
IF THE SUM IS POSITIVE; TYPE OUT THE SUM.
IF THE SUM IS NEGATIVE; TYPE OUT THE WORD “REJECT".
PROGRAM A LOOP FOR CONTINUOUS PROBLEM SOLUTIONS.
SAMPLE LABEL |C STATEMENT /
SOLUTION 1 567
2 R;E;A:D:(:":’:*:)&A:J:B.L: A ———+ J
..l lsum=A+B . e
. | ILF(SuUM)10,20 . . . .

20 WRITE(2, 100)SUM . .

. 1,00 FORMAT (("SUM="F10.4)

[l I 1 1
LI | it T T T

- -

. ... ll6o 1O 5 .
1o WRITE(2,200) . =
200 FORMAT ("REJECT") . |
. ,.. lleo 10 5 ]
DR RO NN —

RULES: READ/WRITE statements: indicate the UNIT NO., FORMAT NO. and the
DATA LIST elements. Using an (%) for the format no. of @ READ
statement indicates the FREE-FIELD INPUT mode.

IF statements: TRANSFER CONTROL to one of TWO or THREE branches.
The TWO branch IF represents NEGATIVE and NON-NEGATIVE. The

THREE branch IF represents NEGATIVE, ZERO and POSITIVE NON-ZERO.
These two statements are equivalent:

| IF(N)1g, 29 IF(N)16, 29, 2¢
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS

FUNCTIONS

CONTROL —
GENERAL FORM

- EXECUTABLE TYPES

THE PAUSE STATEMENT

PAUSE

EXAMPLE

WHEN THIS STATEMENT IS EXECUTED THE

ON THE TELEPRINTER AND THEN HALT.
THE COMPUTER WILL RESUME EXECUTION AT THE NEXT FORTRAN STATEMENT.

CONSIDER A PROGRAM WHICH MUST PROCESS DATA READ FROM A TAPE PLACED
IN THE PHOTOREADER.
1. WRITE A MESSAGE ON THE TELEPRINTER REQUESTING THE DATA TAPE.
2. PAMSE THE OPERATOR WOULD NOW PUTY THE DATA TAPE IN THE
PHOTOREADER, AND PRESS RUN.

““PAUSE”’
IS PUSHED

COMPUTER WILL WRITE
WHEN THE RUN BUTTON

AT SOME TIME THE FORTRAN PROGRAM MAY:

LABEL STATEMENT

7

FORMAT("LOAD
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SUBSCRIPT NOTATION

\| ANALYSIS: /

IN ALGEBRA, SUBSCRIPTS ARE WRITTEN:
a4 X+a, X2+a3X3, ,, .,

IN FORTRAN, THE EQUIVALENT EXPRESSION WOULD BE:
A1) XXHTA(2) %X X %% 2+ A(3) %X %% 3 . .

GENERAL FORM:

< (I) = B
FIXED OR FLOATING _f

POINT VARIABLE NAME I ANY EXPRESSION

SUBSCRIPT

INTEGER CONSTANT, VARIABLE,OR CERTAIN EXPRESSIONS
« A SET OF SUBSCRIPTED VARIABLE

QUANTITIES IS CALLED AN ARRAY
- THE INDIVIDUAL QUANTITIES OF THE ARRAY ARE CALLED ELEMENTS

EXAMPLE

4-8

A
() 127.2 -~
ARRAY NAME ELEMENT NAME QUANHH//(z)— 13.6 -
A (1) 127.2 (3)F 25.4 -
A A (2) 13.6 I
A (3) 25.4 (1) 38
I() a8 (2)[ 2516
L I(2) 2516 —C —"(3) 32767
I (3) 32767
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CONSTANTS

VARIABLES
OPERATORS

STATEMENTS| — NON - EXECUTABLE

FUNCTIONS

SPECIFICATION — THE DIMENSION STATEMENT

GENERAL FORM: DIMENSION A(5),I1(7),B(5)
VARIABLE NAME - NUMBER OF ELEMENTS

A DIMENSION STATEMENT MUST APPEAR BEFORE THE FIRST EXECUTABLE
STATEMENT OF THE PROGRAM.
e

EXAMPLE. A (1)

LABEL STATEMENT
] sle A (2)

L

T

4 j-

+ -L ++ 1+ T+ T

A (4)

A
SRAM_SAM _ 10
LMENS, ITQ.—F.P.HLH_._._H_»L._HH_; ITTYETEY wors N N
) N ;1‘-. » L
4

bt \A(S)_
bt ——+ (1(1)
I (2)
I(3)
I(4)
I(5)
I(6)
I (7)

> [oFPEEPoo

4+ 4 4
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' SUBSCRIPTED VARIABLES IN FORTRAN ARITHMETIC STATEMENTS

X o> <

=N =D

+
@
x

* 213’4!5’617

LABEL |C STATEMENT

1 5|6|7

s PROGRAML DEMO4 |
| DIMENSION Y (7)),
——t—t Az, 0 e |
t———t bt ——— {
., . 1B=2.0 o]
D B K
N —y 1
ol [V (I = A+B XX, |
o [IF(I-7)20,.30 |
EEY) EREHT TN }
KX ]
——t .e}:+,+..:.:j
+—t—t—t— Gﬁo.' !T'roi 1,0 ~+——t 'rII
39| [PAUSE, )
N — N
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A SAMPLE PROBLEM — COMPUTE THE SINE FOR 369 ANGLES

PROBLEM: FiLL AN ARRAY WHICH HAS 360 ELEMENTS WITH THE

TRIGONOMETRIC SINE OF THE NUMBER OF DEGREES CORRESPONDING
TO THAT ELEMENT.

SOLUTION:
LABEL C STATEMENT (
1 5(6]7
. DIMENSION, SINE(360), . ./
S I‘ZT«:':;’E:L;';;ET..;*W
MK RAD‘ ‘F l_o' AT ('I')'*'@' 'ro CHACNI

‘:r:ez: "J';=;%1'::= ——+

- reL X F— 3

L. 0 I I+4J 4 S NN TN NS N T 1 3
Tt 1T LNt pum ) ‘Fﬁvl
+—t+——t —+—+ ——t——————t———t
. GO. .TO..4®.. ....... o/
—tt v--w..-——vﬁf7
——t=+ +—+——

41113.0 PAUSIAAALJIIAII)‘L]_
—t—t ——t—tt +—t—t—tt

| T RN W 1 :llJ*ll'ALf%e‘;l/

LA s M T

/‘-——-’ ——
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS | - EXECUTABLE

FUNCTIONS

INDEXING

CONTROL — THE DO STATEMENT PARAMETERS

~ =
DO N I=J,K, L«——INCREMENTAL VALUE

WHERE N IS _ Al TERMINAL VALUE
GENERAL FORM WHERE N 1S I INITIAL VALUE
, NUMBER ~ INDEX
EXAMPLE. VARIABLE
NAME
. sumom,“““]
., .| Ibo 5 J=1,10,1]
.. SlIsumM=sum+x,
= ' B

e SET J =1, ( INITIAL VALUE). DO ALL STATEMENTS DOWN TO AND
INCLUDING STATEMENT 5 ( THE RANGE OF THE “DO’).

e ADD 1 (INCREMENTAL VALUE) TO J.
o IF J 10, (TERMINAL VALUE) RE-EXECUTE THE STATEMENTS IN THE RANGE.

IF J> 10, THE "'DO’ IS SATISFIED AND CONTROL PASSES TO THE
NEXT STATEMENT IN SEQUENCE.
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USING THE DO PROBLEM #1
PROBLEM: SOLVE : Y=A + B * X

Where A=1 B=2
And X =1,2,3,4,5,6,7,8,9,10
SOLUTION:
LABEL STATEMENT
5|6|7
+——t—+ A::;L.':Q,.'fﬁ'-::i
B=2.0 ..., ..
I Ix=1.0
e DO 5 I=1,10
L L |Y=AEBXX
DG ENENCOR NS
1 S | s ‘:/

IF THE INCREMENTAL VALUE OF THE "'DO” IS 1, IT NEED NOT BE
SPECIFIED.
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USING THE DO — PROBLEM #2
PROBLEM:
ASSUME THAT ARRAY X CONTAINS 100 VALUES. FIND THE SUM.

SOLUTION:
LABEL c STATEMENT \
1 51617
o DIMENSION X(100))
+ L — S{Usﬂf.@;..@;_ l } t '4
S BRI KNI
+ jgljp S ULMJ.E.S.LU,M:A.X.L( 'I¢)' +— ']
1} P1A;U:SE.j%::%4'r$t£J
At ﬁ"f"'f'f'r}4:!1/
4 T | |- “‘—_—//

RULES: = —

| THE LABEL WHICH TERMINATES THE DO LOOP IS ON A STATE-
MENT WHICH IS PART OF THE LOOP

® THE LABEL WHICH TERMINATES THE DO LOOP MAY NOT BE ON
A "'GO TO’” , “IF’,"RETURN”’, "'STOP", “*PAUSE’, OR "'DO"”
STATEMENT.
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CONSTANTS

VARIABLES
OPERATORS

STATEMENTS | - EXECUTABLE

FUNCTIONS

CONTROL—THE CONTINUE STATEMENT

GENERAL FORM. CONTINUE

THE CONTINUE STATEMENT IS A DUMMY FORTRAN STATEMENT WHICH IS
USED TO PROVIDE A LEGAL TERMINATION FOR A ''DO’” LOOP WHEN
THE LAST STATEMENT WOULD OTHERWISE BE A :

GO TO, IF, RETURN, PAUSE, STOP OR ANOTHER ‘DO’ STATEMENT.

EXAMPLE:
INVALID ‘''DO’’ LOOP VALID ''DO’’ LOOP
S'U'M'-'Q"'Q::::...,:-:::: t S'U'M':.D..Q%"'!:::!::::" I
1 D.O. .1.0. .I. ,11 ,1,@,0L —t—t—t— i Do 1® I 1'1{1500' } } i}
| [SUM=SUMIDELTA . | ISUM= SUM+'D,E,L_T:A, , ENES
19| [LF(SUM-500.)10,290,20 1, IF( SUM-500.)10, 52=o= 22
20| [We=d A, L 10| CONTINVE .
NN 2O e
/-—J . [
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USING THE DO PROBLEM #3

PROBLEM: WRITE a FORTRAN program which reads 16¢ numbers

from the photoreader and calculates the sum, average, and RMS
valve.

GIVEN: The RMS value = the square root of the sum of thesquares
of the difference between the mean value and the individual data

points:
120 _o
RMS i///Z(Xr-X)
i=1 100
SOLUTION:

[PR,OGRAM, DEMO6. , . , ., . .

I:L: IDIMENSIONJ |x(1ﬁg)||||:;;:4|1.1|1;|:l:1144l : .I
o DI WRITE(2, 4,
A FORMAT( INSERT DATA TAPE LN ‘PR iPUSH IR, o)
:::: IPAUSEI|1111111111411 VS T WY ST R SN R DY TS WY TR SUY WY NN SO SIS DU N |
:':: SUMQQ ..... ——t— it e +—t

'::: Don |2| |I| |‘|l9l10 [ [P N S T R | T O TR IOUN U W T S NP |
e ULREAD(.S'-X-')IXZ('I).L BRI NEEE
L SUMSSUMEX (L) (L ey
2 CONTINUE

AT BVE=SUM/ABD.,
:5 S'U'MsQlﬂllﬂllllAllllAlll::: bt 4 +—t

-
-

3], SUMSQ=,S,UMST [ X[ L1 ,—A V6,1 ¥ %2
| RMS=SQRT (,SUMSQ/100 .
WRLTE,(2, 4) SUM, AVS,, RMS, |

lllll

- e e e 4 b L 4

Il PAUSEII:III]-::I:]:I-.lll!:!.

-----

60, ,10, 5, "":;::!!ii.;i!!!

>
Ik
o1
JEJL
i35
>
[—{]-
i
C
;
l
TnF
-l
s
01
\
>
<
Q
" |
-'l'l
.;
S
OI
\
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NESTED DO LOOPS

RULE: It is permissible for one 'DO’’ loop to contain another
"“DO’’ loop within its range; however, care must be given to
avoid illegal transfers. Generally, it is required that all state-
ments in the range of the inner 'DO’ also be within the range
of the outer 'DO’’.

/‘/F— —-?;INER AND OUTER [
[ INNER

OUTER LOOPS MAY END AT | ILLEGAL
R THE SAME POINT UATION

7
» [ IDO0O 10 N=1,10 . . [
LY (N)=A+BXX(N) ]
— | [po 2@ J=41,415
—> 19 |T=T+1
> 20 AL=T . . '

T T
L

4-17
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Objectives

The “E"” Format

The Format Repeat Factor

The Slash (/) in a Format

The “X" Format

The “A" Format

Additional Free-Field Input Capability
Examples - Free-Field Input

More Information on Subscripts

Sample Problem - Using a Two Dimensional

Array

Sample Problem - Using ““Nested DO Loops”’

Two Dimensional Array Conventions

LESSON X
FORTRAN PROGRAMMING TECHNIQUES

5-1
5-2
5-3
5-4
5-5
5-6
57
5-8
5-9

5-10
5-11
5-12

Input/Output of Entire Arrays in Natural Order

Input/Output of Entire Arrays in Row Order

Sample Problem - Finding the Largest Element
in an Array

Subscript Expressions

Introduction to Subroutine and Function
Subprograms

Subroutine Subprograms

Subroutine Examples

A Sample Subroutine Problem

Function Subprograms

Integer and Real Functions

A Sample Function Problem

5-13
5-14

5-15
5-16

5-17
5-18
5-19
5-20
5-21
5-22
5-23
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LESSON Y OBJECTIVES

TO INTRODUCE SOME ADDITIONAL CAPABILITIES OF FORTRAN.

THESE INCLUDE:

1 - SOME ADDITIONAL FORMAT SPECIFICATIONS FOR MORE
INPUT/OUTPUT FLEXIBILITY.

2 - MORE "'FREE FIELD’ INPUT CAPABILITIES.

3 - TWO DIMENSIONAL ARRAYS

4 - ARRAY’INPUT/OUTPUT TECHNIQUES

5 - SUBROUTINES AND FUNCTION SUBPROGRAMS.
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS
FUNCTIONS

- NON_EXECUTABLE

FORMATS — THE E FORMAT

CENERAL FORM

E w.d

SPEC IFIES 44 4
E FORMAT

FIELD WIDTH INCLUDING

SIGNS, DECIMAL POINT,

NUMBER OF DIGITS TO THE
RIGHT OF THE DECIMAL POINT

PROPER OUTPUT WILL

AND EXPONENT. NOTE:
ALWAYS RESULT IF w2d+7
OUTPUT EXAMPLES
NUMBER FORMAT PRINTED AS REMARKS
+10,4365 E10.3 AANAD4E+D2
—12.34 E12.3 AAA—A23E+02
—10.4365 E7.5 H886868 w<d+7
INPUT EXAMPLES
NUMBER FORMAT CONVERTED VALUE REMARKS
+1.2345E2 ES.3 123.45 Decimal point overides
format
1234 E4.2 12.34 Format inserts decimal
point
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS
FUNCTIONS

~ NON-EXECUTABLE

FORMATS THE FORMAT REPEAT FACTOR

] |
A FORMAT SPECIFICATION CAN BE USED“n TIMES BY USING THE REPEAT

FACTOR IN FRONT OF THE SPECIFICATION, AND PROVIDING THE PROPER
PARENTHESES TO EFFECT THE DESIRED REPEAT COUNT.

EXAMPLE 1
- el [ N N | [ L Il ' ,- .l

3 l "
1,00

RS IINCREIY

+ +

FLORMAT (FA0,..2, 15 F19,.2

2,00 [FORMAT, (3, (F10,.,2 2 M s
i NN N
eb——t—
THE TWO FORMATS SHOWN ABOVE ARE EQUIVALENT.
EXAMPLE 2
' WRITE ON THE TELEPRINTER:
THE TIME IS XX:XX:XX.

s 1 P SN I SR UUN N WD NN B DHI W SRS TN VSN NN WU VT WA U SN SN SN SR WA G SN RN SR S S S U N 1
——— | WRITE(2,10.)IHH, IMM, 188 & bty
" 1 [ 1 [l 1 L N L N [

A FORMATL
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CONTENTS
VARIABLES

STATEMENTS | — NON-EXECUTABLE

FUNCTIONS

FORMATS T1HE SLASH(/) IN A FORMAT

THE SLASH (/) CHARACTER IS USED TO INDICATE THE END OF ONE RECORD
AND THE BEGINNING OF ANOTHER. THE CLOSING PARENTHESIS OF THE FORMAT

STATEMENT INDICATES THE END OF THE INPUT/OUTPUT OPERATION.

@ 0 © 0 6 ¢ © 0 0 & 0 0 O 0 o o & ®© o ° o O o o 0 v 6 0o 06 o o
APrs9653.123CRHNs567891.954CRD

EXAMPLE <12345
THESE STATEMENTS %
PRODUCE

THIS
RESULT

STATEMENT

1 5167
. |Ig, Apme Q,L,”,” R
/F1,0 F1on3)l.}

wpz FORMAT(I6/F10 .3/F10.3),

------------

P TR

i wR;TEjgpnp24)I
10,24 FORMAT (" THE, :V:ALL,U:E! OF
1 I16/"INPUT TEST OVER") .

L6/ INPUT TEST OVER ), , .,

T, 15"

] L} 1
L

THE VALUE OF I IS 12345

INPUT TEST OVER
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS | — NON EXECUTABLE

FUNCTIONS

FORMATS — THE X FORMAT

EXAMPLE

AN INPUT DATA TAPE HAS THE FOLLOWING FORM:
WEIGHTAA T8 AAPRICEAA $1.98 AA TOTALA A $19.80
THE FORTRAN STATEMENTS SHOWN WILL CAUSE THE PUNCTUATION MARKS

TO BE IGNORED.

THE X FORMAT IS USED TO INSERT SPACES IN OUTPUT DATA AND CAN BE USED
TO IGNORE ALPHA CHARACTERS AND PUNCTUATION MARKS ON INPUT.

GENERAL FORM.' REPEAT COUNT X IDENTIFIER

LABEL STATEMENT
5|67

)

READ(5 104)1,A,B

)

T 104 FORMAT(BX 12¢ﬁ®x'Fh 2, 10X, F5.2)

l i 1 i b 1 $- -t : + 4 : "

[

I
o o =

RESUI.T. I CONTAINS l¢, A CONTAINS 1. 98 B CON'I'AINS 19.80

o
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CONSTANTS
VARIABLES
OPERATORS

STATEMENTS | — NON- EXECUTABLE

FUNCTIONS

FORMATS -THE A FORMAT

THE A FORMAT CAUSES ALPHANUMERIC DATA ON AN EXTERNAL MEDIUM
TO BE TRANSLATED TO OR FROM ASCIL FORM IN MEMORY.

GENERAL FORM. r A

w
REPEAT COUNT 4 1 t FIELD
IDENTIFIER

FOR _EXAMPLE. ASSUME AN INPUT DATA TAPE CONTAINS:

l¢—1GNORED ——>|12 |I1|< 5A2 »

AZZ213-ABCXABC137-2Z2%Z9 @\\

~ RESULTS

C label \ \( ( ASCIl DATA IN MEMORY)
1 567 10 15 R5

DIMENSION IB(5) , | I2
READ.(,5, 100 (2, (D, LD o
. 100 FORMAT,(A10,, AT,

e

NOTE:
FIELD| % -)(- % IGNORED ON INPUT
SPACES ON OUTPUT
A IGNORED ON OUTPUT
MEMORY ZERO ON INPUT
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ADDITIONAL FREE-FIELD INPUT CAPABILITY

FREE-FIELD INPUT permits the reading of ASCIl numeric
data items without a definitive format statement. Special symbols
included with the data items direct the formatting.

SPECIAL SYMBOLS:
( SPACE) (,)

DATA ITEM DELIMITERS

(/) = RECORD TERMINATOR

(+)(-) = SIGN OF ITEM

C.IE)(H)(=) = FLOATING POINT NUMBER
= OCTAL INTEGER

(@)
(ll. . .Il)

~ COMMENTS
RULES:
® FREE-FIELD is indicated when an ASTERISK is used instead of a
format statement number in the READ statement.
® A DATA ITEM is any continuous string of numeric and special
I symbols occurring between two commas, a comma and a space
or two spaces. The data value corresponds to a list element.
® Two consecutive commas indicate that no data item issupplied
for the corresponding list element. The current value of the list
element in memory is unchanged.
® An initial comma indicates the first list element is to be skipped.
° A@@terminctes each input data line record.
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EXAMPLES . FREE-FIELD INPUT

#1 - DATA TYPES

READ (5,%) A, B, C, II, JJ, K, L

o

/@EALS) (NTEGERS) (OCTALS
@_@?’@140-3),/(.31451), %a@}%@, (@177), (@5460) (CR)(LF)

#2 - SPECIAL SYMBOL USAGE MEMORY

RESULTS
READ (5,%)A,B,C,I, X, Z Al 17.4 —
*Sarrms ) (COMMENTS) (reRuinaton) o [ UNCHANGED 7
/ C 570. -

17.4 ,()57E1 , ("COMMENT") 395, (gﬁscom) ENDER(ED =

3.4, 315E-1 R xF 34 A
Zr 31.5 -

5-8



Programming Course
Students Manual

LESSON XY

FORTRAN Programming Techniques

MORE INFORMATION ON SUBSCRIPTS

® IN HP FORTRAN AVARIABLE MAY HAVE ONE OR TWO SUBSCRIPTS.

FOR EXAMPLE: Y (I) = A + B -C OR X (I,J) = A+ B -C

@ THE SECOND SUBSCRIPT IMPLIES THAT THE ARRAY HAS TWO DIMENSIONS.

® A TWO DIMENSIONAL ARRAY CAN BE VISUALIZED USING ROWS AND COLUMNS.

® THE LEFT SUBSCRIPT YIELDS THE ROW NUMBER.

® THE RIGHT SUBSCRIPT YIELDS THE COLUMN NUMBER.

® THE SIZE OF A TWO DIMENSIONAL ARRAY IS EQUAL TO THE PRODUCT OF

THE SUBSCRIPTS

EXAMPLE

2 DIMENSIONAL

ARRAY *'X”
LABEL C STATEMENT C OlLU|M N}. o
RWF T35 T31 Y
1 51617
, DIMENSION X(3,3) e 1
I < I =43. I | 4 i . ' i L1 TR S | i 1 1 1 1 [ : 1 '
L) v v . v ¥ L] L A L L LA T v ¥ T ¥ L] L] L L L 2
—+ + J:=:2::.L:.#::‘:'J.:+4:'.3:4::!:{
o X T,,9) =SQRT(ALPHA+GAMMA) / 3 *
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SAMPLE PROBLEM: USING A TWO DIMENSIONAL ARRAY

PROBLEM: Assume the existence of a two dimensional array SCORE
(6,3) which is filled out to contain the scores of 6 students for each
of 3 quizzes. Write a series of statements which finds the average
score of student 4.

SOLUTION:
LABEL STATEMENT
5(6|7 ARRAY SCORE
DIMENSION.J'S]C'O'RjE(6.,.3,) S
— N L [T S P a1 ,Ro 142 3
T sUM=e. e, !
o 2
c o 1 PO 10 11,3 . STUDENT }) 3
—— — | et NOMBER XXX
R .1 .® SUM SU-M.+|S|C10R|E.(|4|’ III)I . 5
-t +—t+—t ———t— ; ————t—t { L:j\ - 6
PR W T A.V|G-;ls|U|M/|3 gl | I - W S N | |
S N R Quiz
— — NUMBER
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SAMPLE PROBLEM

LESSONXY
FORTRAN Programming Techniques

- USING

“‘NESTED DO LOOPS”

Assume the existence of a two dimensional

array SCORE (6, 3)
which is filled out with the scores of 6 students for each of three

quizzes. Find the composite average.
LABEL |C STATEMENT (
1 5(6|7
L DIMENSI,O,N, SCORE,(643,)=,,!41
c sum, THE ELEMEN,TS,,JLTI,,,
LI B | 1 1 v v | IS B AL RN B
4ttt
e SUM:=0 .0
+———+ l:%{#:l-.éiié—:%l%!!:%kf+/
PRt [ Dlol 1 |®¥ #IISLTJQ:=4_1H.GA b} bl N L
. |Ioo 46 1QZ-4,3 .. . =
y T Tttt L I | L 5 5 1 71 1 1
! + L.;lllll ll:lLl}£!1|L1.=7111/
1.9 SUM sum+s&4 (ISTU,.,102) /
+———+ At 4Ll!'ﬂ;!L/
et A1,V=G1,= SJ,UJ'M/T.LB.%iﬁ.j : .y/
—— e ———
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2 DIMENSIONAL ARRAY CONVENTIONS srravia

IN MEMORY
101
RULE: 201
TO FILL A TWO DIMENSIONAL ARRAY IN 281
ARRAY LA COLUMN ORDER THE ROW SUBSCRIPT 501
COL'UMN 0 6 VARIES MOST RAPIDLY. 102
1 2 3 4 5 Ao 202
[ L
c|y LE: 202
1/101|102| 103(104{105 9| I| S 402
LIg|Y TO FILL A TWO DIMENSIONAL ARRAY IN 502
R 2 201)2021203(2041205|M b ) ROW ORDER THE COLUMN SUBSCRIPT ;%?,
0 ol 9 VARIES MOST RAPIDLY. \ 303
w 3/301|302|303|304/305 g1 o
(1) DIN(R .
4|401402(403|404|405|R|N| & PROBLEM: ?83
R|g FILL ARRAY "IA’’ IN COLUMN ORDER. 504
5 L —_— TE——_—..
501 502 |503|504(505|{| & | U 304
RoW oroER— \| 8 © SOLUTION: [ 404 |
OUTER LOOP INNER LOOP i PROGRAM AR, R AY, L 504
ROW SUBSCRIPT(I)]COL SUBSCRIPT (J) DIMENSION, TA(5 .57 ;855,
. 1@8; J‘Igg- BIEI NN 305
— DO, 100 I.=1.. 205 |
T08 [ LATIL I T05% 505
SUMMARY: —~
TRANSMIT ARRAY | OUTER LOOP CONTROLS |INNER LOOP CONTROLS
BY COLUMN COLUMN SUBSCRIPT (J) |[ROW SUBSCRIPT (I)
BY ROW ROW SUBSCRIPT (1) COLUMN SUBSCRIPT (J)
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INPUT/OUTPUT OF ENTIRE
ARRAYS IN NATURAL ORDER

® When a Dimensioned variable name is used in an input-output
list without subscripts, the entire array is transmitted.
Example: write the contents of array IA in natural order.

PROGRAM
ROGRAM OUTPUT ARRAY IA
[ lProsRam pEos  \Bui 1 uevoay
—+—+— D!I:M:EsN:S;IJESN; j-I;A;r(; ;':5;) ; ;g?li 501
—+—+ W!Rl.IsT!E:( :24,’ f‘+ ,@gL,HA_L;L ' 231* 301
‘1'0J® FlOIRlMlAlTl( |I|6|)| [ R I Y 501 401
— " 102 > 501
202 COLUMN (J) c 102
302 1+ 2 3 a s /199 202
402 _lrj L. 300
502 1] 151 h102{103 |104 |105§ [E |s 205
. . 203 L[} |8 502
@ The array is output in column 303 2| 201 [202 [203 [204[205| (6 | 103
order from sequential memory a4 i 219 N 203
locations-THIS IS NATURAL ORDER 104 | W 3301]302/503504|305/D 1 303
204 (D) s N (B 403
304 4| 401 |402/403 |404(405| " [N 503
a04 R 104
105 515014502|503(504(505| ¥ b | 204
@® The single format specification is ggg : ROW ORDER —» g B. 404
used repeatedly until all 495 OUTER Loop _Jinner oor | 504
transmitted 552
405
505
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| INPUT/OUTPUT OF
ENTIRE ARRAYS IN ROW ORDER

® If natural order (column) is not to be used, subscripting
information must be provided.

Example: write the contents of array IA in row order.
PROGRAM:

———t ::filii-LifJ-ﬁi.L%—#;%%f*,;;,*14.4w.!lw'ﬁLj ARRAY 1A
B VT T T B PnRLoj;GLRLAJ;MI SD!EIM:O.ZI [P R | YT S G DY U SN TGN TN T NN SN N N | ./ ']:N—Mg‘—oﬂ
sy .| IDIMENSION TA(S5.,5) . . . . _ . . ¢ 10
i | WRITE (2,101 ) ((IACT,J),J=1,5),T=1,, 301
LB | T T T ¥ ¥ T + Y T 1 g L e | T ™7 T ¥ L) -~ T ¥ Y T T v L L
101 |[FORMAT (I6) . . . @ @ ., -~ OuTRUT 401
- ey A DATA 501
101 102
COLUMN (J) $ }8§/ 202
1. 2 3 &4 s ol5| 124 302
® The array is output in row +Mo1l102l103 104 10?8 Ty 199 402
d . LIEl's 202 502
order from non-sequential nitlgl 203 103
R
memory locations. 2|201|202{203|204{205|y § i 282 203
g Oolp (I) 331 303
w 3/301{302|303|304|305|R 3% 203
(1) X R
EINlel 34s 503
4|401|402(|403|404|405| }|¥ s| a0 104
® The single format specification 1: 8 493 204
is used repeatedly until all 5]501]502 503 [504]505 Sl& 305 igz
elements of the array are S ROW ORDER ———¥% \|P é 28;_ 504
. OUTER LOOP INNER LOOP , 503 105
transmitted. ROW SUBSCRIPT(I)|COL SUBSCRIPT (J) N Ssgg 205
305
405
505
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SAMPLE PROBLEM : FINDING THE LARGEST ELEMENT IN AN ARRAY

CASE 1 A ONE DIMENSIONAL ARRAY X(232) FIND THE LARGEST VALUE
IN ARRAY X

SOLUTION: ASSUME THAT THE FIRST IS THE LARGEST ELEMENT. COMPARE

THE SECOND NUMBER WITH THE FIRST. IF THE SECOND IS LARGER
THAN THE FIRST, EXCHANGE VALUES. IF THE FIRST WAS LARGER,

COMPARE THE THIRD VALUE WITH THE FIRST, ETC.

BIG: X, (

Il 1 : $ I it 1

o DO m

| ol i
v LN o

1
I

1

L

L
L1
T T
| I—
LN
i

w_n- T

5
o CO’NTIN;UIE. s
4—4‘—'\_"‘/

CASE 2 A TWO DIMENSIONAL ARRAY Y (25,34) FIND THE LARGEST
VALUE IN ARRAY Y

SOLUTION: sAME TECHNIQUE AS ABOVE

| BIGEY(A,4)
... lIbo 4®'f11-'4',;21511211121j
v+t DO MO J=4,34
N fFﬁ(TBjIGj (I, ,J))5,10
RS EDRCECAHRONEESNEEREEE
10 C:OENJ,I,NU*E“Z;::"“"'
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SUBSCRIPT EXPRESSIONS

ALLOWABLE FORMS:

A SUBSCRIPTED EXPRESSION IS RESTRICTED TO THE FOLLOWING
ALLOWABLE FORMS.

~

n THE VALUE OF THE SUBSCRIPT EXPRESSION, EVEN WITHOUT

{r_mi . THE ADDED OR SUBTRACTED CONSTANTS, MUST NEVER BE LESS
ien THAN 1, OR GREATER THAN THE VALUE SPECIFIED WITHIN

m¥i-n) THE DIMENSION STATEMENT.

where m and n— REPRESENT INTEGER CONSTANTS
and i——————> REPRESENTS AN INTEGER VARIABLE

' ASSUME THAT WE WANT TO TAKE THE
_EX_A"LfLE_‘ 3,5,7,9,1,.... elements out of

array A and put them into the 1, 2, 3, 4, 5
elements of array B.

SOLUTION: ARRAY A1 ARRAY B

- 1
LABEL C STATEMENT 2 2
=1 ==
=1 » ;‘/ 4
T BTN AA(2xI+1) [ 6 S

R I 5 K e — 7

oo LECT- ,51)20 '20.10 8

T @[ PAUSE, ., i, e

1




Programming Course LESSONY
Students Manual FORTRAN Programming Techniques

INTRODUCTION TO
SUBROUTINE AND FUNCTION SUBPROGRAMS

PROGRAM MAIN SUBROUTINE INPUT (X)
[ ] o
. / .
o o

CALLINPUT (X)— END
od—
[ J
[ )

| [x=%Sum(a &) — [FuncTioN sum (a, B )

®
. ————————— |en0  °
@

END

® SUBROUTINES and FUNCTIONS are subprograms that are
EXTERNAL to the main program and perform a specific
operation.

® SUBROUTINES may or may not require parameter (argument)
data.

® FUNCTIONS must have at least one parameter and produce
a single value that is returned in the function name.
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SUBROUTINE SUBPROGRAMS
SUBROUTINE DECLARATION |

GENERAL FORM: SUBROUTINE B AMA\A) (@, G Gz, « « -, @ )
SUBROUTINE CALL SUBROUTINE NAMI—I DUMMY PARAMETERS

(OPTIONAL)

GENERAL FORM: CALL BAAMN (A, Az, A3, . .., Ay)

ACTUAL PARAMETERS
(OPTIONAL)

EXAMPLE:

SUBROUTINE

MAIN PROGRAM // e
PROGRAM, SUMIT/ /. / SUBROUTINE,
READ (A1, %)A,.B/ / /\ ([ [Z=X+Y,

CALL _SsuM (A ,B,C)\\ [END

L, .
(100 FORMAT ("THE SuUM ="

(. [ [END,
~— 11

THE '"CALL SUM’’ TRANSFERS CONTROL FROM THE MAIN PROGRAM TO THE
SUBROUTINE.

THE ﬁ%ﬂ%ﬁ% OF THE ACTUAL ARGUMENTS IN THE MAIN PROGRAM REPLACE
THE GUMENTS OF THE SUBROUTINE.

THE SUBROUTINE OBTAINS ARGUMENT VALUES ( A, B ) FROM THE MAIN
PROGRAM, COMPUTES A+ B AND STORES (C) IN THE MAIN PROGRAM.
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SUBROUTINE EXAMPLES
THE PROGRAMS SHOWN WILL PRODUCE IDENTICAL RESULTS

o+t | PROGRAM SUMA,

LI s b —t+——t—ri}

EXAMPLE 1 H*f cj-zlA:_HB::.-.--.tﬁ.1:=4'f-r‘r4

:jfl WRITE(Z :11Q:ﬂ: !c: A——
IN LINE Y. F'OR'M'K"'(T"' THE, SUM=,"F.10.4.)
;;ﬁr;IE:N'D;;::;;:::L::J.L“
[— |
.| IPROGRAM SUMIT . . . . [
.., | IREAD(1,%)A,B ., . = .
EXAMPLE 2 T SO (A e e *{
. I WRITE(2,1d401C
EXTERNAL 00| FORMAT( " THE \SUM="F10.4
+———t [EN.D ; '
| JSUBROUTINE SUM(X.Y  2) .
'J.LL Z:::‘)(4-"'Y"': ::T¢;5:;4+4;’7
N If-:.N.D.LfI'.u,...........
SR I B >

ACTUAL ARGUMENTS (A,B,C) "'REPLACE’’ DUMMY ARGUMENTS
(X,Y,Z) WHICH ARE USED TO WRITE THE SUBROUTINE
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—

A SAMPLE SUBROUTINE PROBLEM

PROBLEM:
Teletype and considers them R and THETA.
CONVT (R, THETA, X,Y) which

in radians.

the Teleprinter. Write the subroutine.

Write a program which reads two numbers from the
It calls SUBROUTINE
returns X and Y as rectangular
components of the polar vector R, THETA. Assume that THETA is
The program should write the value of X and Y on

SOLUTION:
. |IPROGRAM DEMOS . ]
1 READ(4 X)R, THEIALLL,:Iif;;;[LTZTf: )
[ [CALL, CONVT(R, THETA, X, v) o
CWRITE(2.,2) X, Y,
2| [FORMAT (" (Xx,Y) =" 2F1®‘§L,,,, L L)
— Ilenp o o
T LI L L L ML L AL R LA DRELERE AL B L AL A
— N | 1 ! RS PR VR TP N R
o suéRHUTINE CONVT(RAb'ANpLE,xpgﬁb;yprij
. | [XC,ORD:= RAD*COS(ANGLE)""; B
' YCORD=RADXSIN(ANGLE) . .. . . . . . .. .
. LIEND_ SENNESSAEINNNREENE0RRININNNININEES
A -ttt — St e

. R, Tuzmmur PARAMETERS
. X,Y ARE OUTPUT PARAMETERS
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FUNCTION SUBPROGRAMS
FUNCTION DECLARATION

GENERAL FORM: FUNCTION B AAAA (a, ,02, @3, ..., a, )=6€

NAME OF THE FUNCTION DUMMY PARAMETERS ARITHMETIC
EXPRESSION

FUNCTION CALL

GENERAL FORM: Y = B AAAA ( A, Az, A3, . . ., An)

(ACTUAL PARAMETERS)

MAIN PROGRAM FUNCTION SUBPROGRAM

PROGRAM ADDIT,
READ(1 )A“g

Y| o | 1 } 3 }
| +—t —t

THE FUNCTION DECLARATION ESTABLISHES (A, B) TO BE DUMMY PARAMETERS.

THE PROGRAM CALLS THE FUNCTION AND PROVIDES ACTUAL PARAMETERS (A, B)
THE (A, B) IN THE PROGRAM AND THE (A, B) IN THE FUNCTION ARE NOT THE SAME.
THE MODE OF THE DUMMY PARAMETERS (REAL AND/OR INTEGER) USED IN THE FUNCTION
DECLARATION MUST CORRESPOND TO THE MODE OF THE ACTUAL PARAMETERS USED IN THE
FUNCTION CALL.

I — - -
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| INTEGER AND REAL FUNCTIONS

® INTEGER FUNCTIONS START WITH THE LETTERS 1, J,K,L,M,N
o REAL FUNCTIONS START WITH THE LETTERS A-H AND O-Z

EXAMPLE 1 A FUNCTION TO FIND THE LARGEST OF TWO INTEGERS.

JJEUNCTION 18I6.(J.K)
by | LRI -KI10.,20 oy CAUSES A RETURN TO

10/ |]IB1G=K

PR -1 FINDN U N S NS U U N |
—— T

T TIRETURN ML . THE CALLING PROGRAM.
_ 2P| |IBIG=J ;T S |
" IEND NN ISR

EXAMPLE 2 A FUNCTION THAT COMPARES AN INTEGER AGAINST A HIGH AND
LOW LIMIT, AND:

SETS I =+ 1 1F DATA = HIGH LIMIT
I=-1 IF DATA < LOW LIMIT
I = g IF DATA IS WITHIN I.IMITS
S e o T B MR — f———
ﬂ;!iflﬁgncrxpu ICMPR(XHI“XLO DATA),L#
4! It I 1 + .J.AAL. + 4|.‘|r 4
ey IE(DATA xn1)1oque 1oal I:=,%;:
10 I‘—lo"*'|!'.'.".7151" ,L’:i ——t
i | ILF.(DATA-X10)20,20 100 . . . .
20 --1""L:+“ﬁ}€l.]‘.‘r%!§,',:;
el licmpr=1
| |; END1;;:!ﬁL4’+14111LJiJ,;rgjL
EXAMPLE 3 a ”REAI.” FUNCTION TO COMPUTE THE HYPOTENUSE OF A RIGHT
TRIANGLE.
TIFUNCTION HYPOT(YUEY’:’j"
. IInypoT= SQRT (X¥X+YXY,) S
s END..T.. SOEENENRENEEN
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A SAMPLE FUNCTION PROBLEM

THE PROGRAM SHOWN BELOW WILL EVALUATE A QUADRATIC EQUATION AND
PRINT ONE ROOT IF THE DISCRIMINANT IS POSITIVE. THE FUNCTION DISC (A,B,C,I)
EVALUATES SQRT (ABS(B*B—4."A*C) ) AND RETURNS:

I =1 FOR A POSITIVE DISCRIMINANT
¢ -1 FOR A NEGATIVE DISCRIMINANT

THE PROGRAM

1 P R|OGIR.AIM |Q.U|A|D| L . L " L L 1 N M M } + I N " } W

'{{|[READ(5,%)A ,B,C -~~~/
|l |rROOT1:=(-B+DISC(A,B,C,I)) /(2 %A) _ /

f I.F;(‘ifl)|3A'l2I.‘.JL1LLLL| .;TreJJLLLI{

:2 w.RJfTIEI(IZI’T1IQJQI 1R0|0IT11| ——t 1 L 1 + S N L 1 N " L—S

1,00 [FORMAT ("ROOT ONE =" ,E43.7) 7~

N :3 PLALUISLE: I l 1 I JI 1 “ . L : 1 ' : I ' L 1 I L L 1 : " /

I L .l G:Ol JT:0;11 i l | : 1 ,: 1 : M 4 i 1 ) L —: rJ -+ ALJ_\

T T L] ¥ L 1 v il T T T 1 Ll LS L4 T L] v v ¥

1+‘r E:Nﬁg;%:::%'ﬁf%;+f"r'ﬁ' — J**'/

»_,__—\_*/——/\
THE FUNCTION NOTE: FUNCTIONS CAN RETURN
: : : } i : i 1 $ : i i T i : t + } { Fl J' + MORE THAN ONE VALUEQ
" JJ]rFuNcTION DISC(A,B,C,I1)/
S X =B¥B—-4.%A¥C =~ 7 T\ THE RESULTS OF FUNCTION
Ml B RN e "‘DISC’’ ARE RETURNED
lJrFCxVY1o0,20 ) TO THE MAIN PROGRAM
Aol T =-4 N USING THE A & B

I X ==X 7 REGISTERS WHILE I IS
2'0 DrIrSTc‘g'erﬁR'T'(‘x ) L L STORED IN THE MAIN

= E:N!D' A 7/ PROGRAM USING THE

} A PARAMETER LIST.
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LESSON VI OBJECTIVES

THIS LESSON IS A DISCUSSION OF THE HARDWARE CAPABILITIES
OF HEWLETT PACKARD COMPUTERS, AND IS A PREREQUISITE TO
H ANY DISCUSSION OF THE HEWLETT PACKARD ASSEMBLER PRO -

GRAM. LESSON VI WILL PROVIDE A KNOWLEDGE OF THE

HARDWARE CAPABILITIES OF THE COMPUTER THAT IS ESSENTIAL

TO THE ASSEMBLY LANGUAGE PROGRAMMER.
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COMPUTER WORDS

~COMPUTER WORDS ARE USED TO REPRESENT:

—=mmp DATA WORDS — STORE DATA USED IN COM -
| PUTATION SUCH AS! 5, 10,
+32767, —32767.

—smmlp INSTRUCTION WORDS-ARE ORDERS THAT TELL THE
MACHINE WHAT TO DO -SUCH
AS ADD, SHIFT OR STORE DATA.

—=p ADDRESS WORDS - ARE USED TO SPECIFY A 15
BIT MEMORY ADDRESS VALUE
IN THE RANGE 0-3276710.
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FIVE BASIC WORD FORMATS -

ARE USED IN HP COMPUTERS TO REPRESENT
INSTRUCTIONS, ADDRESSES AND DATA.

4. Memory_ Reference Instruction

%114 13 12 41 |1 10| 9 8 7 6 5 4 3 2 1 0
D/1 OoP Z/C WORD ADDRESS

2. Register Reference Instruction
5 14 13 412 11 10[9 8 7 6 65 4 3 2 1 0

OP MICRO OP
3. Input-OQutput Instruction
15 14 13 172 1 10 9 8 7 6 5 9 3 2 1 0
oP sSuB OP SELECT CODE

4, Full Address
5] 14 13 42 11 40| 9 8 ¢ 6 65 4 3 2 1 0
D/1 PAGE ADDRESS WORD ADDRESS

5. Data (single-precision integer)

%5114 43 12 41 10 9 8 7 6 5 4 3 2 1 0
[SIGN INTEGER
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1

COMPUTING OPERATIONS

ASSUME THE FOLLOWING INITIAL CONDITIONS.

1.

2.

A PROBLEM CONSISTING OF . COMPUTER INSTRUC-

TIONS IS STORED IN SEQUENTIAL MEMORY LOCATIONS.

THE MEMORY ADDRESS OF THE FIRST INSTRUCTION

IS PLACED IN THE COMPUTER" PROGRAM COUNTER"
REGISTER.

PROGRAM_EXECUTION FOLLOWS THIS SIMPLE PATTERN.

(o))

|

1.
2.

PN

READ (FETCH) AN INSTRUCTION FROM MEMORY.
DECODE THE INSTRUCTION. IF THE INSTRUCTION IS
NOT A MEMORY REFERENCE TYPE, GO TO 4.

READ THE OPERAND FROM MEMORY.

. EXECUTE THE INSTRUCTION.

INCREMENT THE "PROGRAM COUNTER" REGISTER.
GO TO STEP 1.
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‘A BASIC COMPUTER

1| MEMORY

PROGRAM INSTRUCTIONS
PROGRAM DATA

ARITHMETIC
UNIT

TIMING CIRCUITS
MEMORY ADDRESS REGISTERS
MEMORY DATA REGISTERS

PROGRAM COUNTER REGISTER

/ INPUT

0 DEVICE

0
OUTPUT

;«

R

0

ACCUMULATORS
ARITHMETIC
AND

LOGICAL
CIRCUITS

INPUT/OUTPU
DEVICE

2| CENTRAL PROCESSING UNIT

1 MEMORY CONTAINS ALL PROGRAM INSTRUCTIONS AND PROGRAM
CONSTANTS (NUMBERS)

2 THE C.P.U. CONTROLS AND DIRECTS ALL COMPUTER OPERATIONS.

3 THE ARITHMETIC UNIT PERFORMS ALL LOGICAL AND ARITHMETIC
OPERATIONS, AS DIRECTED BY THE C.P.U.

4 THE 1/O DEVICES, DIRECTED BY THE C.P.U., TRANSFER DATA OR
INSTRUCTIONS TO OR FROM MEMORY.
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COMPUTER INSTRUCTIONS

ON THE NEXT FEW SLIDES THE COMPUTER'S INSTRUCTION
EXECUTION SEQUENCE WILL BE DISCUSSED. A BRIEF REVIEW
OF COMPUTER INSTRUCTIONS IS SHOWN.

FOR EXAMPLE

INSTRUCTION
A

( \
LDA J — L, OPERATIO?\1ADDRESS

COMPUTERS 060 200s

TRANSLATION;
LOAD REGISTER "A" WITH THE CONTENTS OF MEMORY LOCATION
"J" REMEMBER, THE COMPUTER ONLY UNDERSTANDS 060200.
LDA J IS STRICTLY FOR OUR BENEFIT.

NOTE! IN THIS EXAMPLE "J" IS ARBITRARILY REPRESENTING MEMORY
LOCATION 200s.
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EXAMPLE
(LDA J =060200)

LESSONVE

Introduction to HP Computer Hardware

INSTRUCTION EXECUTION

MEMORY ADDRESS REGISTER

000100

v

CORE MEMORY

|

MEMORY DATA REGISTER

060 200

v

INSTRUCTION
REGISTER

PROGRAM COUNTER

000 100

A- ACCUMULATOR

B - ACCUMULATOR

ADDER ETC.

MEMORY ADDRESS REGISTER

000 200

v

CORE MEMORY

1 v

MEMORY DATA REGISTER

060 200

INSTRUCTION

REGISTER

060

ADDER ETC.

PROGRAM COUNTER

000 100

A - ACCUMULATOR

B - ACCUMULATOR

—>

{

b. End of Fetch Phase

a. Instruction is Read from Memory

INSTRUCTION IN LOCATION 100 - FETCH PHASE
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EXAMPLE

(LA 080500)  INSTRUCTION EXECUTION cont'd

MEMORY ADDRESS REGISTER

~—>

000 200

!

CORE MEMORY

T v

MEMORY DATA REGISTER

7 1r7

!

INSTRUCTION
REGISTER

060

PROGRAM COUNTER

000 100

>
ADDER ETC.

A- ACCUMULATOR

7777

B -~ ACCUMULATOR

—

c. Instruction Executed

INSTRUCTION IN LOCATION 100 -EXECUTE PHASE

6-7B

MEMORY ADDRESS REGISTER

000 101

—

v

CORE MEMORY

1 !

MEMORY DATA REGISTER

17777

INSTRUCTION
REGISTER

060

PROGRAM COUNTER

000 101

ADDER ETC.

A - ACCUMULATOR

e

B - ACCUMULATOR

d. End of Execute Phase
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b

i ¥ WEMORY ADDRESS )
TIMING . r
GENERATOR| #E40 ./ WRITE "L DECODER ]
? ‘
i ”
HP - Computer i MEMORY
L"-‘--"—-w}—-- 2 )
BLOCK I- REC J¢ .
DIAGRAM _ )
READ .

&1 FUNCTION
——<4—] STORE

] >——— 1 -RecisTER

J
i >——{ P-REGISTER ||
]—

F{ >——+{ M-REGISTER ED__A_#_,
‘J. - - e wey

= )—— a-recisTer ]

T 8- REGISTER
BUS] ]
P___\ 1
_______ [
ADD LEXTEND] [OVERFLOW] |
Slhe [T T e ‘
compL] | [ SWITCH REGISTER
SHIFT ]
__._.%_.L-J R BUS
TBUS ’
\——»{ INPUT/OUTPUT [>T SELECT CODE )
CONTROL | s
AR e
Yy ¥
[c]F] BuFFER | [C]F| BUFFER |
DATA T IN DATA our
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|
|
1

L SECOND

I MODULE .
4K 5 6]
BASIC Page-4]
MODULE 3
4K 2]
17 (_EACH PAGE CONTAINS 102440 LOCATIONS )
Page-0
OCTAL

MODULE| PAGE crom T 70
BASIC 0 o |01777

" 1 02000 |03777

" 2 |04000 |05777

" 3 |06000 |07777
SECOND] 4 [10000 44777

" 5 12000 13777

! 6 14000 |15777

" 7 |16000 {47777

MEMORY ADDRESSING (8K)
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MEMORY
6000 — 7777
4000 — 5777
2000 — 3777
0000 — 1777
15114143 (12 [11]J10] o8 |76 |5 [a3[2]1a10
D PAGE
/I ADDRESS WORD ADDRESS
3 0000 — 1777
2 0000 — 1777
1 0000 — 1777
0 ‘ 0000 — 1777

MEMORY ADDRESS REGISTER
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f

| MEMORY REFERENCE INSTRUCTION

| 15 [ 14 417109 0
D4| op cobE (24| MEMORY ADDRESS
Q) ® ©)
; ;
3
2 2 2
INSTRUCTION INSTRUCTION INSTRUCTION
A 1 <«—1—(INDIRECT ADDRESS)+
DATA 1 OR
SATA «—(INDIRECT ADDRES9+}—
9 ¢ )
ZERO PAGE CURRENT PAGE INDIRECT
(BIT 10=0) (BIT 10:=1) (BIT15=1)

MEMORY ADDRESSING MODES
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CURRENT PAGE CORE
MEMORY
T —REGISTER
1514 |43[12|11[10] 9|87 |6|5]4|3]|2]|1]0
D/1| OP-CODE 2 WORD ADDRESS
o|1,10/0,1:1/00,1/0,0,0(0,0,0
0 6 3“i 1 0 0
3
/1 oP-CODE |Z/c] [D/1[PAGE ADDRESS WORD ADDRESS
o{14,10|0,1f(0/j0,0|4,4,1{(410,0,110,0,0{0,0,0
(DNSTRUCTION M) _EMORY ADDRESS REGISTER
REGISTER
NOTES:

INSTRUCTION TRANSFERRED FROM MEMORY TO THE T-REGISTER.
@ BITS 10-15 TRANSFERRED FROM T-REG. TO THE I-REG.

@ BITS 0-9 FROM T-REG. ARE MERGED WITH BITS 10-15 OF THE
M - REG.

MEMORY REFERENCE INSTRUCTION DECODING
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CORE
MEMORY
ZERO PAGE (i)
T-REGISTER
15(14(13[{12|11 |10 |9|8|T(6|5|4|3|2[1]|0
[1] op-copbE  [Z/c WORD ADDRESS
01 1000}1 004|/000|000O0
0 6 1 1 1 0 0
3
D/1 cl |Y1| PAGE ADDRESS WORD ADDRESS
0] 1L410 O“O 0] 0,0 0,0,0 1 OLOL'I OIOLO 0,0,0

(DNSTRUCTION MEMORY ADDRESS REGISTER

INSTRUCTION TRANSFERRED FROM MEMORY TO THE T-REGISTER.
BITS 10-15 TRANSFERRED FROM T-REG. TO THE I-REG.

©® 0

BITS O-9 TRANSFERRED FROM T-REG TO THE M-REG AND BITS
10-15 OF M—REG ARE CLEARED TO ZERO-.

MEMORY REFERENCE INSTRUCTION DECODING
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CORE INDIRECT PART I
MEMORY
T-RE%TER
15]14|43|12|11{10]| 9|8 |7 |65 ]4[3]2]1 |0
[24| oP-CobE [/c WORD ADDRESS
1{1,1,0/0,111]00,1]0,0,0{0,00
1 6 1 1 1 0 0
3
/1 ODE _[2/c| [0/1[PAGE ADDRESS WORD ADDRESS

111,1,0l0,1]||olo,0[1,1,1]1|0,0,1]0,0,0/0,0,0

(DNSTRUCTION ~ (WEMORY ADDRESS REGISTER
NoTEs: REGISTER

INSTRUCTION TRANSFERRED FROM MEMORY TO THE T-REGISTER.

BITS 10-15 TRANSFERRED FROM T-REG.TO THE I-REG.

©@E O

BITS 0-9 FROM T-REG. ARE MERGED WITH BITS 10-15 OF THE M-REG.
BIT 15 OF 1-REG. = 1 CAUSES ANOTHER CYCLE TO BEGIN.

MEMORY REFERENCE INSTRUCTION DECODING
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CORE INDIREGT PART IT
MEMORY
) T—REGISTER
15 (14 (13 [12|411(10|{9 (B8 | 7|6 {54 |3|2(1 |0
)/1| PAGE ADDRESS WORD ADDRESS
0|0 00|10 |0/0O0O0O0O[0OO0O0|O0O 0O
0 (o] 4 0 o] o]

[PA] op-cooe[Z/c PAGE_ADDRESS WORD ADDRESS

111 ,1,0]/0,1] [o]o,0]/0,1,0|0{0,0,0{0.0,0[000
(DNSTRUCTION  (WEMORY_ADDRESS REGISTER

vores, RESISTER

(&) THE 15 BIT ADDRESS IS TRANSFERRED FROM MEMORY TO THE "I"-REGISTER

(5) BITS 0-15 TRANSFERRED FROM T-REGISTER TO THE M-REGISTER.

I-REG IS NOT CHANGED
MEMORY REFERENCE INSTRUCTION DECODING
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|

PAGE 3 PAGE 3

J

PAGE 2 PAGE 2

J

INDIRECT ADDRESS |_

C PAGE 1 PAGE 1
3 INDIRECT ADDRESS .
E PAGE 0 PAGE 0
—
MEMORY ADDRESSING MEMORY ADDRESSING
(DIRECT) (INDIRECT)

MEMORY ADDRESSING REVIEW

6-16



LESSON YT Programming Course
Introduction to HP Computer Hardware Students Manual

A UNIQUE FEATURE OF H-P COMPUTERS IS THE ABILITY TO
ADDRESS THE "A" OR"B" REGISTERS DIRECTLY. THE METHOD
USED TO PROVIDE THIS FEATURE WAS TO MAKE REGISTER
"A" SYNONYMOUS WITH MEMORY ADDRESS @ AND REGISTER
"B" SYNONYMOUS WITH MEMORY ADDRESS 4.

THEREFORE

MEMORY ADDRESS @ IS THE "A" REGISTER.
MEMORY ADDRESS 1 IS THE "B" REGISTER.

EXAMPLE
LOAD THE "A" REGISTER WITH THE CONTENTS OF THE
"B" REGISTER.
MNEMONIC MACHINE CODE
LDA 1 060001

ADDRESSABLE REGISTERS
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/® COMPUTER ARITHMETIC OPERATIONS

THE BASIC ARITHMETIC OPERATION OF THE COMPUTER
IS THE INTEGER ADD. IT IS IMPORTANT THAT THE PRO-

GRAMMER UNDERSTAND HOW THE MACHINE PERFORMS
THIS BASIC OPERATION.

FOR EXAMPLE, ADA Y MEANS.

TO THE CONTENTS OF REGISTER "A" ADD THE
CONTENTS OF MEMORY LOCATION Y. THE SUM
REPLACES THE PREVIOUS CONTENTS OF
REGISTER "A" |

2~ ADDEND (CONTENTS OF LOCATION Y)
MEMORY DATA REGISTER (T) I 3

22—
IS SET FOR LADDER

ACC A -
EXT{END FLOl\;JMUL TOR OVER IRCUITS SuM

ACCUMULATOR REG. (A orB) 1

y AUGEND (REGISTER CONTENTS)
OVER-~-

| FLOW | |5 SET FOR ARITHMETIC OVERFLOW
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[

S MEMORY
Ojojojofjofojojo|ofo|Oo|0O|O 1
[ 1 & & 1 1§ [ [ [ |
0o O O[1{1 (1111114111111 ]1]1
OVFLO E 15 A OR B REGISTER
INSTRUCTION

|: ADD ] POSITIVE OVERFLOW CASE. THE CARRY IN TO BIT 15
CHANGES THE SIGN. THE ADDITION OF TWO POSITIVE

NUMBERS CANNOT CORRECTLY PRODUCE A NEGATIVE
RESULT. THE OVERFLOW LAMP IS ON.

MEMORY

O NOANOREORNON NOR NN NOR ROR NORNORNON &
| I L L 1T § [ [ | AFTER

0|]0]0(0j0fO}]O|O}|O|O}|O]|O]O

A OR B REGISTER 0

POSITIVE OVERFLOW
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[

MEMORY
110]0(0|0]0O0|0|0O |0 O 0 O
O 0 110(0]0(0 |0 (O |O|O 000

OVFLO E 15

INSTRUCTION

[ADD]

A OR B REGISTER

BEFORE

NEGATIVE OVERFLOW. NO CARRY IN TO BIT 15 CHANGES
THE SIGN. THE ADDITION OF TWO NEGATIVE NUMBERS

CANNOT CORRECTLY PRODUCE A POSITIVE RESULT. THE
OVERFLOW LAMP IS ON AND THE CARRY FROM BIT 15

WILL SET E TO 1.

AFTER

MEMORY
110{0]0j0]0}j0|0O|O 010|0 0
OVFLO  E [ 1 1 | | [ T 1 1 1T 1 1
1 010|0(0|0O|O|O|O]O 0|0|O 1
0

NEGATIVE OVERFLOW
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MEMORY
Ol114 {12111 |44 42|11 ([1]1

w

BEFORE

0 0 11111{1(111{0]0|0|O0O|1[1[1]0(O|O

OVFLO E 15 A OR B REGISTER 0

INSTRUCTION

[ ADD ] A POSITIVE NUMBER ADDED TO A NEGATIVE NUMBER
(OR THE CONVERSE) WILL NEVER SET THE OVERFLOW

CONDITION. IT IS POSSIBLE HOWEVER TO SET "E" TO
1 WITHOUT THE OVERFLOW CONDITION.

S MEMORY
o111 (112|111 [111]1[1]11][1]1]1

OVFLO E [ ¢ 1 T I [ 1 [ 1 [ [ | [ [ | aFTeRr
0 1 O(111(111]1]0[0|O0O[O[1]|1|0]|1[1]A1
15 A OR B REGISTER 0

ADDITION OF POSITIVE AND NEGATIVE NUMBERS
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MEMORY A/B REGISTER RESULT "OVFLO" "E"REGISTER
+ + + NO )
+ + —_ YES /)]
+ - + NO 10R @
— + + NO 10R 0
-_ — — NO 1
— — + YES 1

.x.

INCREMENT INSTRUCTIONS.

TABLE OF CONDITIONS

OVFLO, E REGISTERS CAN BE SET BY ADD OR

(STATUS OF "OVF" & "E" REGISTERS)

6-22

6-22



Introduction to the HP Assembler program




Objectives

Introduction to HP Assembly Language
Compilers and Assemblers

The Assembly Language vs FORTRAN
From Problem to Program

Problem Definition

Assembler Coding Form

Assembler Program Operations
Assembler Processing - Pass 1
Assembler Processing - Pass 2
Assembly Listing

The Assembler Character Set

The Control Statements

Using the Assembler Coding Sheet
Examples of Labels

Special Use of the Asterisk in the Label Field
Remarks Field

Relative Addressing

Symbol Definition

Clear Accumulator — CLA/B
Complement Accumulator — CMA/B
Clear, Complement the Accumulator — CCA/B
Increment the Accumulator — INA/B

Subtract Example

LESSON VI
INTRODUCTION TO THE HP ASSEMBLER PROGRAM

7-1
7-2
7-3
7-4
7-5
7-6
7-7
7-8
7-9
7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19
7-20
7-21
7-22
7-23
7-24

‘E’ Register Instructions — CLE, CME, CCE
Decision Making Instructions

Skip on Zero — SZA/B

Skip Sign Positive — SSA/B

Example - A Test for Positive/Negative”
Skip on L.S.B. Zero — SLA/B

SEZ Instruction

RSS Instruction

Alter-Skip Instruction Combining Guide
Example - A Combined Alter-Skip Instruction’
Accumulator Left Shift — A/BLS
Accumulator Right Shift — A/BRS

Rotate Accumulator Left — R(A/B)L
Rotate Accumulator Right — R(A/B)R
Example - “A Test of Bits 14 & 15"

‘E’ Right with Accumulator — ER(A/B)

‘E’ Left with Accumulator — EL(A/B)
Accumulator Left Rotate Four — A/BLF
Shift-Rotate Instruction Combining Guide
Example - “A Combined Shift-Rotate Instruction”
Logical Truth Table

The AND Instruction

The Compare Instruction — CPA/B

A Compare Instruction Example

7-25
7-26
7-27
7-28
7-29
7-30
7-31
7:39
7-33
7-34
7-35
7-36
7-37
7-38
7-39
7-40
7-41
7-42
7-43
7-44
7-45
7-46
7-47
7-48
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LESSON VII OBJECTIVES

THIS LESSON PROVIDES A BRIEF OVER VIEW OF ASSEMBLY
LANGUAGE PROGRAMMING AND INTRODUCES THE INDIVIDUAL
ASSEMBLER INSTRUCTIONS. THE ASSEMBLER INSTRUCTIONS ARE
LIKE TOOLS IN A TOOLBOX. LEARNING HOW TO USE EACH
“TOOL” IN THE TOOLBOX IS THE JOB OF THE ASSEMBLY
I.ANGUAGE PROGRAMMER.

THE PRIMARY OBIJECTIVE OF LESSON VII IS TO PROVIDE
ENOUGH ASSEMBLER "'TOOLS”’ TO ENABLE THE STUDENT

TO WRITE A SIMPLE ASSEMBLY LANGUAGE PROGRAM .
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r

INTRODUCTION TO HP
ASSEMBLY LANGUAGE

THE FORTRAN, STATEMENT, X=B% B-4.%AX%C
PRODUCED THE FOLLOWING ASSEMBLY LANGUAGE CODE:

SYMBOLIC CODE EXPLANATION
| DLD B LOAD B (INTO ACCUMULATORS)

FMP B MULTIPLY B (B2)

DST X STORE RESULT TO X
DLD RM4 LOAD MINUS 4. (-4.)
FMP A MULTIPLY A (-4.A)
FMP C MULTIPLY C (-4.AC)
FAD X ADD X (B2-4,AC)

DST X STORE RESULT TO X
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COMPILERS AND ASSEMBLERS

"FORTRAN LANGUAGE"
INPUT

H-P COMPUTER

FORTRAN

COMPILER
PROGRAM

COMPILER
OUTPUT

"ASSEMBLER LANGUAGE"

H-P COMPUTER

NOTES:

ASSEMBLER
PROGRAM

OUTPUT OF THE COMPILER BECOMES THE ASSEMBLER INPUT
OUTPUT OF THE ASSEMBLER IS IN MACHINE LANGUAGE

ASSEMBLER
QUTF MACHINE LANGUAGE

062000
042001
072002

SOLUTION

THE HP FORTRAN COMPILER (PASS 2 SECTION) CONTAINS
A VERSION OF THE HP ASSEMBLER PROGRAM.
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THE ASSEMBLY LANGUAGE
VS FORTRAN

WHY TEACH ASSEMBLY LANGUAGE WHEN FORTRAN
IS AVAILABLE ?
ANSWER

1. ASSEMBLY LANGUAGE IS USED FOR ALL HP
SOFTWARE DEVELOPMENT.

2. CERTAIN PROGRAMMING APPLICATION PROBLEMS
ARE DIFFICULT OR IMPOSSIBLE TO SOLVE USING
FORTRAN.

3. USER DEVELOPED ASSEMBLER LANGUAGE SUB-
ROUTINES CALLED BY FORTRAN MAIN PROGRAMS,
ENHANCE THE TOTAL CAPABILITY OF THE COM-
PUTING SYSTEM.

THE HEWLETT-PACKARD SYMBOLIC ASSEMBLER PROVIDES
"MEMORY PAGE FREE" PROGRAMMING AND IS A VERY

EFFICIENT METHOD OF CREATING MACHINE
LANGUAGE COMPUTER PROGRAMS.
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THE TEN STEPS FROM PROBLEM
TO PROGRAM

STEP 1 - DEFINE THE PROBLEM,
STEP 2 - PREPARE A FLOWCHART SOLUTION,
STEP 3 - WRITE AN ASSEMBLY LANGUAGE PROGRAM.

STEP 4 - KEYPUNCH THE SOURCE LANGUAGE TAPE USING A
TELEPRINTER.

STEP 5 - LOAD THE ASSEMBLER PROGRAM INTO THE HP COMPUTER.
STEP 6 - ASSEMBLE THE SOURCE PROGRAM.

STEP 7 - LOAD THE BASIC CONTROL SYSTEM INTO THE HP COMPUTER.
STEP 8 - LOAD THE ASSEMBLER PRODUCED BINARY OBJECT TAPE.
STEP 9 - (OPTIONAL) LOAD LIBRARY ROUTINES.

STEP 10 EXECUTE THE OBJECT PROGRAM,
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PROBLEM DEFINITION

1. USING ASSEMBLY LANGUAGE TECHNIQUES WRITE
A PROGRAM TO COMPUTE IANSR=J +K

Where J=1572640
K=927940

2. FLOWCHART SOLUTION

START

LOAD REGISTER
A'WITH

CONTENTS OF
CATION "J" |

ADD TO REG."A"
THE CONTENTS
OF LOCATION "K'

v ,
STORE REG."A" 4

TO MEMORY
LOCATION"IANS
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ASSEMBLER CODING FORM

HP ASSEMBLER CODING FORM

%
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ASSEMBLER PROGRAM OPERATIONS

PASS1

HP COMPUTER

INPUT/OUTPUT

g

PASS 1 OPERATIONS
CREATE A "SYMBOL

TABLE" IN THE AVAIL-
ABLE MEMORY AREA.

ASSEMBLER
SYMBOLIC SOURCE PROGRAM SYMBOL TABLE
TAPE (ASCIT) LISTING
PASS 2 HP COMPUTER

[ -

SYMBOLIC SOURCE
TAPE (ASC II)

INPUT/OUTPUT
DRIVER PROGRAMS

P rr— 2 |

ASSEMBLER
PROGRAM

—p
__’ ASSEMBLY
LISTING

1 ]

OBJECT TAPE
(BINARY)

NOTE: ASSEMBLER PRODUCED OUTPUT IS OPTIONAL.

PASS 2 OPERATIONS

RELATE THE SOURCE
DATA TO THE SYMBOL
TABLE, AND PRODUCE
THE BINARY OBJECT

TAPE AND THE AS-
SEMBLY LISTING.
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ASSEMBLER PROCESSING
PASS 1

PROGRAM LOCATION COUNTER = |PLC LABEL OPCODE  _OQPERAND
8
AsSMB,R,B,L ,T

NAM SETS P.L.C. TO @ @ NAM SAMPL
< ASSEMBLER SYMBOL TABLE >| @ ENT START
"K" IS ASSIGNED THEVALUE® | @ | K DEC 9279
"9 " " 1 11 J DEC 15726
"LANSR" u T 2 | 2| IANSR OCT ©
"START" " 3 | 3| START NOP

4 LDA J

5 ADA K

6 STA TIANSR

7 HLT 778B

10 JMP START+1

END START

NOTE. ONLY STATEMENTS WITH LABELS CREATE SYMBOL TABLE ENTRIES,
THE SYMBOL VALUE IS ASSIGNED BY THE PROGRAM LOCATION COUNTER.
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ASSEMBLER PROCESSING

PASS 2

LOCATIONsg CONTENTSs LABEL OP CODE OPERAND
20000 NAM  SAMPL

ENT  START
00000 022077 --K DEC 9279
00001 036556 | r-J DEC 15726
00002 000000 |! IANSR OCT @
00003 000000 || START NOP
00004 062004R | | oA
00005 042000R ADA K
00006 072002R STA  IANSR
00007 102077 HLT 778
00010 026004R JMP  START+1

END START

NOTE: MEMORY REFERENCE INSTRUCTIONS SEARCH THE SYMBOL TABLE TO
FIND THE PROPER OPERAND VALUE.

MNEMONIC CODES ARE CONVERTED TO THEIR BINARY EQUIVALENT.
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PAGE

0001
K

J
IANSR
START

ASSEMBLY LISTING

2001

R 000000
R 000001
R 000002
R 000003

¥% NO ERRORS¥

PAGE

0001

OOO3IASTERISK IN COL 1

0002

ASMB,R,8,L,T

ASMB,R,B,L,T
POO2%THIS 1S A SAMPLE ASSEMBLY LANGUAGE PROGRAM

INDICATES " COMMENT' STATEMENT

000 4%PROGRAM TO COMPUTE |ANSR=J+K,WHERE J =15726,K=9279

2005 %
0006
@007
0008
0009
0010
2011
o012
2013
0014
0¢15
2016
2017
3¢ NO

00000

00000 022077
20001 036556
20002 000000
90003 000000
00004 062001R
20005 042000R
00006 072002R
00007 102077
00010 026004R

ERRORS¥

NAM
ENT
K DEC
J DEC
1ANSR OCT
START NOP
LDA
ADA
STA
HLT
JMP
END

SAMPL
START
9279
15726
0

J

K
IANSR
778
START+1
START

REMARKS FIELD

PROGRAM NAME IS SAMPL .
THIS DEFINES THE "ENTRY POINT

K IS DEFINED AS A DEC CONSTANT
J IS DEFINED AS A DEC CONSTANT
RESERVES A MEMORY CELL FOR |ANSR
THIS IS THE ENTRY POINT

LOAD J INTO REGISTER "A"

ADD CONTENTS OF K TO REGes "A"
STORE J+K TO MEMORY CELL IANSR
HALT THE COMPUTER

TRANSFER CONTROL TO START+14

END OF PROGRAM, CONTROL TO ENT PT
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[

THROUGH Z
THROUGH 9
PERIOD
ASTERISK
PLUS

— MINUS

, COMMA

() PARENTHESES
SPACE

e >

+ %

ALL CHARACTERS ARE ASCII CODE

THE ASSEMBLER CHARACTER SET
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LABEL OP CODE  OPERAND REMARKS

ASMB,R,B,L,T
NAM TEST 1
BEGIN NOP
LDA COUNT
JMP GO
NUM OCT -12
COUNT OCT ?
GO PROGRAM  CONTINUATION

END BEGIN

THE CONTROL STATEMENT MUST BEGIN IN COLUMNA, AND
IT MUST BE THE FIRST PHYSICAL STATEMENT OF A
SOURCE PROGRAM.

ASMB IDENTIFIES ASSEMBLY INPUT
A/R ABSOLUTE OR RELOCATABLE PROGRAM,

B BINARY OBJECT TAPE REQUESTED
L ASSEMBLY LISTING REQUESTED
T LISTING OF SYMBOL TABLE REQUESTED
END MUST BE THE LAST PHYSICAL STATEMENT OF A PROGRAM

THE CONTROL STATEMENTS
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-

LABEL FIELD

1

Label

S

Operation
10

Operand
15

20

25

ONE TO FIVE
30} CHARACTERS, THE

SiMiB

R,

FIRST OF WHICH
MUST BE ALPHA-

IGIA

BETIC OR THE

NIT

PERIOD.

P —

OPERATION FIELD

olZ|C|O

ALWAYS A THREE

O|O|<«|W”
OO [4[> D

LETTER MNEMONIC
{ CODE. COMMA IN

COL, 1@ EXTENDS

OPERATION FIELD
FOR COMBINABLE

INSTRUCTIONS.

OPERAND FIELD

ALPHANUMERIC

1 CHARACTERS, MAY
EXTEND TO COL

52.

1

9=ZERO

5

10

0=ALPHA O

15

20

25

30

IOR1=ONE 1I=ALPHAI LINE TERMINATED BY RETURN/LINE FEED (R/LF)

2=TWO Z=ALPHAZ LINE IS DELETED BYRUBOUT BEFORE R/LF

USING THE ASSEMBLER CODING SHEET
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LABEL OP CODE OPERAND

112131415
A
A
VALID BlcD
LABELS |*[1]2]3|4
Al-111]1213
- |A|B FIRST CHARACTER NUMERIC
BICI112!3 6 CHARS..,TRUNCATED TO ABC 12
INVALID
LABELS |A|B|¥|cC ASTERISK ILLEGAL
AIB|C NO LABEL, FIRST BLANK

TERMINATES LABEL FIELD.

EXAMPLES OF LABELS
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SPECIAL USE OF THE ASTERISK
IN THE LABEL FIELD

@ Asterisk in column 1 identifies a comment statement.

@ Positions 2 —80 are available for comments.

@®Comments appear in the assembly listing exactly as they
appear in the source program.

@®Comments are not processed by the assembler and use no
storage.

NOTE: POSITIONS 1 — 68 ONLY WILL BE PRINTED ON
THE 2752A TELEPRINTER.

EXAMPLE:

LABEL OP CODE OPERAND
COLUMN 1/2/314/5

X*(TH[I|S| IS AN EXAMPLE OF WRITING A COMMENT
¥|S[TIAITIEMENT
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Labe! Operation Operand Remarks

1 5 10 15 20 25

AlsimB]|, IRr[, IL
N|A|M| |S|A{M|{B TIH|E| |R|EIM
Ci|L|A S|E|P|A|RIA|T
CIMA O(P|E|R|AIN|D
I[NIA L{E|A|S|T] |0

A bm—

THE REMARKS FIELD EXTENDS FROM THE OPERAND FIELD TO THE
80th CHARACTER. THE ENTIRE STATEMENT LENGTH SHOULD NOT

EXCEED 52 CHARACTERS. REMARKS SHOULD BE OMITTED IF THE

FOLLOWING STATEMENTS ARE USED WITHOUT OPERANDS: NAM,
END, HLT, SOC, SOS.

REMARKS FIELD
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.

PROGRAM
LOCATION
COUNTER

2001
2002

2003
2004

2005
2006

LABEL

COUNT

OP CODE OPERAND | REMARKS
LDA COUNT
STA COUNT-1
JMP *+3
oCT o
DEC -25
HLT

IN THIS EXAMPLE THE % HAS A VALUE OF 2003 THEREFORE
¥ + 3=2006. ¥ EQUALS THE VALUE OF THE P.L.C. WHEN IT IS

ENCOUNTERED IN THE ASSEMBLY,

RELATIVE ADDRESSING
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A SYMBOL USED IN THE OPERAND FIELD MUST BE DEFINED
ELSEWHERE IN THE PROGRAM IN ONE OF THE FOLLOWING

WAYS:
LABEL OP CODE OPERAND
LDA ALPHA

]

|
AS A LABEL ;
IN A MACHINE ALPHA NOP  —
OPERATION
OR, AS A LABEL ALPHA DEC 100
OF A PSEUDO
OR, IN THE COM ALPHA (10)
OPERAND FIELD EXT ALPHA
OF A COM OR EXT
OR, AS A LABEL AL PHA MPY  ——
OF AN ARITHMETIC
PSEUDO.

SYMBOL DEFINITION
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INSTRUCTION

[ CLA/CLB]

SIGN
MSB LSB

1]0(1]0]1]O|t]O|1]O0]1{O0O}|1]O|1]O] BEFORE

A OR B REGISTER

CLEAR THE INDICATED REGISTER. ALL 16 BITS ARE SET
TO @. OVFLO, 'E’ ARE NOT AFFECTED.

SIGN
MSB LSB

0OjJ]0|0]|O0O]JO|O0O|O0O]|]O|O|O}JO|0O|O]|JO|O|O]|AFTER

A OR B REGISTER

CLEAR ACCUMULATOR

1
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=

INSTRUCTION

[ CMA/CMB]

COMPLEMENT ACCUMULATOR

SIGN
MSB LSB

tj1f{1|{1]Jojojojo|1}|1]j1]1]|0]0O|O]|O| BEFORE

A OR B REGISTER

COMPLEMENT THE CONTENTS OF THE INDICATED REGISTER.
THIS IS A 1I’s COMPLEMENT. ALL ©@'s BECOME 1's. ALL 1’s

BECOME @’s. OVFLO, ‘E' ARE NOT AFFECTED.

SIGN
MSB LS8

ojojo|ojt1lt1]l1]1]l]0O0]jojOlO]|1]1]|1]|1] AFTER
A OR B REGISTER

7-21



LESSON V1T Programming Course
Introduction to the HP Assembler Program Students Manual

SIGN
MSB LS8

fjoj1jojt1joj1joj1|jo}j1]O0]j1]0|1]|O]| BEFORE
A OR B REGISTER

INSTRUCTION

[ ccasccs ] CLEAR AND THEN COMPLEMENT THE INDICATED REGISTER.
ALL 16 BITS ARE SIT TO 1. OVFLO, 'F' ARE NOT AFFECTED.

SIGN
MSB LSB

11 pafr 1111 1|1] AFTER

A OR B REGISTER

CLEAR,
COMPLEMENT THE ACCUMULATOR

7-22



LESSONVIT

Programming Course
Introduction to the HP Assembler Program

Students Manual

SIGN

MSB LS8
X X oj|of[OoO|J]O}jO|jO|O|JO|O|lO}O}|O|O]1]1]1 | BEFORE
OVFLO E A OR B REGISTER
INSTRUCTION
[ INA/INB ] INCREMENT THE CONTENTS OF THE INDICATED REGISTER
BY 1. OVERFLOW CAN BE SET AS A RESULT OF THIS

OPERATION. IF A CARRY IS GENERATED FROM BIT 15,
X=10R 9 THE E REGISTER WILL BE SET TO 1 ALSO.

SIGN

MSB LSB
X X O|J|O|Of(O0]O0O]|]O|O}JO|O|O}|O]|O0O]|1}]0O}|O|O | AFTER
OVFLO E A OR B REGISTER

INCREMENT THE ACCUMULATOR
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PROBLEM: compute Z=X-Y

LABEL OP CODE OPERAND REMARKS
REGISTER “A” :
o|o|o|o]1]o0|e LDA Y LOAD Y
177|767 | CMA 1'S COMPLEMENT
17777 0| INA 2'S COMPLEMENT
o|o|a|o|2]|o0]|= ADA X SUBTRACT
o|o|o|o|2]|0 | STA Z Z=X-Y
JMP STOP JUMP AROUND

§ ocT 1o CONSTANTS

X oCT 30

z ocT @ (20)

STOP CLA

SUBTRACT EXAMPLE

“
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INSTRUCTION

o]

E OR] O BEFORE

[
[]

CLEAR THE CONTENTS OF E, E IS RESET TO £, THE
CONTENTS OF THE OTHER REGISTERS ARE NOT ALTERED BY
ANY 'EF' REGISTER INSTRUCTIONS.

AFTER

INSTRUCTION

o]

1| ]

EI o I OR | 1 BEFORE

COMPLEMENT E, 0 BECOMES 1,1 BECOMES O

EE E AFTER
m’[‘-&g-‘]'-‘l-" E[{,:l oR ZI BEFORE
CCE

‘E’ REGISTER INSTRUCTIONS

CLEAR AND THEN COMPLEMENT E

ED _,I AFTER
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THE ABILITY TO MAKE LIMITED DECISIONS BASED ON PRE-DEFINED
CONDITIONS IS VERY IMPORTANT IN COMPUTER PROGRAMS.

FOR EXAMPLE

IN ORDER TO IMPLEMENT THE DECISION
SYMBOL ONE OR MORE MACHINE INSTRUC-

TIONS ARE REQUIRED.

IS
REGISTER
A=0

THE INSTRUCTION CODE TO IMPLEMENT
THIS DECISION WOULD BE:

SZA (SKIP IF REG."A" 1S ZERO)
LABEL OPCODE OPERAND REMARKS

’ NOTE: ALL HP COMPUTER "SKIP-TYPE
SEA 1S REG A=07 INSTRUCTIONS WORK IN THIS
JMP N ZERO NO MANNER
JMP ZERO  YES °

DECISION MAKING INSTRUCTIONS

7-26



Programming Course
Students Manual

LESSON MIL
Introduction to the HP Assembler Program

INSTRUCTION

[ SZA/SZB]

SIGN
MSB LSB

SKIP
0l]0[0|0]JO|O0O[O]O|O|O|O]O|OJO|O|O| ConDiTION

A OR B REGISTER

THIS INSTRUCTION TESTS THE CONTENTS OF THE INDICATED
REGISTER. IF THE TEST CONDITION IS PRESENT (16 ©'S) THE
NEXT SEQUENTIAL INSTRUCTION IS SKIPPED. ANY CONDITION
OF THE REGISTER OTHER THAN 16 'S CAUSES THE NEXT
SEQUENTIAL INSTRUCTION TO BE EXECUTED. THE CONTENTS
OF THE A, B, E, OR OVFLO REGISTERS ARE NOT AFFECTED BY
THIS INSTRUCTION.

LSB
ol1]ol1]ol1]o]1|of1]o]1]o] ROKIF

A OR B REGISTER

SKIP ON ZERO

7-27



LESSON VII

Programming Course

Introduction to the HP Assembler Program Students Manual

INSTRUCTION

[ SSA/SSB :I

X=10R0O

SIGN
MSB LSB
SKIP

OIX XXX IX|X]IX|{X|X]|IX|X|X]X]|X]|X ] CONDTION

A OR B REGISTER

THIS INSTRUCTION TESTS THE CONTENTS OF BIT POSITION
15. IF BIT 15=0 (POSITIVE) THE NEXT SEQUENTIAL
INSTRUCTION IS SKIPPED. IF BIT POSITION 15=1 (NEGATIVE)

THE NEXT SEQUENTIAL INSTRUCTION IS EXECUTED. THE
CONTENTS OF A,B,E, OR OVFLO ARE NOT AFFECTED BY

THIS INSTRUCTION.

SIGN
MSB LS8
NO SKIP

1TIX[X [ XX XXX XIX]IX|[X]|X]X]|X]|X]| CONDITION
A OR B REGISTER

SKIP SIGN POSITIVE
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EXAMPLE

PROBLEM.
READ A 16 BIT VALUE FROM THE CONSOLE

SWITCH REGISTER. IF THE VALUE IS POSI-
TIVE TAKE THE 2's COMPLEMENT. IF THE
VALUE IS NEGATIVE, CONTINUE THE PROGRAM.

SOLUTION.

Label 5 so_geratioqo Op‘egond 20Remarks 25 30
LIT|A] |1 RIE|A[D| [SIW[I|T|C|H] |RIE|G|I|S|TIE|R
S|S|A L|S| [V{AJLIUIE| [P|O|S|I|T|I{V|E|?
J[M|P| [C|O|N|T N|O
C|MjA YIE|S|, |TIA|IKIE| [C|O|M{P|L[EIMIEIN(T
I|N|A AD|D| {O|NIE f‘
N|T clojn|T{ziN[ule] [P[rjo]s|R]A]M |
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SIGN
MSB LSB

X x| x |x|x|[x|xIx|x|x]|x|[x|x]|x|x]|o]3Noiron
A OR B REGISTER ‘

INSTRUCTION

l: SLA/SLB] THIS INSTRUCTION TESTS THE CONTENTS OF BIT POSITION 8.
IF THIS BIT IS & THE NEXT SEQUENTIAL INSTRUCTION IS
SKIPPED. IF BIT POSITION & CONTAINS A 1 THE NEXT
SEQUENTIAL INSTRUCTION IS EXECUTED. THE CONTENTS OF
A, B, E, OR OVFLO ARE NOT AFFECTED BY THIS INSTRUCTION.

N LSB
NO SKIP
XXX XXX X AX XX X AX XX V1) ~onpiTIoN

A OR B REGISTER

SKIP ON L.S.B. ZERO
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INSTRUCTION

[ssz] SKIP THE NEXT SEQUENTIAL INSTRUCTION IF
THE 'E' REGISTER IS &

SKIP NO SKiP
E CONDITION E CONDITION

SEZ INSTRUCTION
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INSTRUCTION

[rs]

EXAMPLES:

REVERSE THE SKIP ‘SENSE’ FOR ALL SKIP
INSTRUCTIONS. AN RSS USED WITH A SKIP
INSTRUCTION COMPLEMENTS THE SKIP CONDITION.

RSS
SEZ , RSS
SZA , RSS
SLB , RSS
SSA , RSS
SSA , SLA , RSS

RSS INSTRUCTION

Programming Course
Students Manual

UNCONDITIONAL SKIP

SKIP IFE% @

SKIP IF A% @&

SKIP IF LSB OF B # &

SKIP IF MSB OF A # &

SKIP IF MSB AND LSB OF A =1
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OP CODE
CLA ; CLE
CMA - ¢ [SEZ] 9 < CME ~oe[SSA]e[SLAlINA Jg[SZA J4[RSS]
CCA CCE
cLB CLE
CMB ¢ [SEZ] ¢ JCME q[sSBle[SLB]4[INB Jq[sZB JJRSS]
ccs CCE

1. INSTRUCTIONS ARE COMBINED FROM LEFT TO RIGHT IN THE ORDER SHOWN

2. IF TWO OR MORE SKIP CONDITIONS ARE INCLUDED, A SKIP OCCURS
IF EITHER OR BOTH CONDITIONS ARE PRESENT: EXCEPTION, SSA/B, SLA/B,

RSS; BOTH CONDITIONS MUST BE MET.

COMBINING GUIDE
ALTER - SKIP INSTRUCTIONS

7-33




LESSONVII Programming Course
Introduction to the HP Assembler Program Students Manual

EXAMPLE

PROBLEM:
TEST A VALUE IN REGISTER "B".

IF ODD AND NEGATIVE JMP XYZ
IF EVEN OR POSITIVE JMP ABC

~SOLUTION:

Label Operation 0 Operand Remarks

15 20 25 30
S|s|Bf,|S|L|B|,|R|S|S
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SIGN

MSB LSB

tjo|1{of1]0{110}1]0}J1]0O]|1]0}|1]|0O]| BEFORE
A OR B REGISTER

LOST

INSTRUCTION

l: ALS/BLs:I SHIFT THE INDICATED REGISTER LEFT 1 BIT ARITHMETICALLY,
THAT IS, BITS & THRU 14 SHIFT LEFT. SIGN, BIT 15,1S NOT
D — AFFECTED. BITS SHIFTED OUT OF BIT POSITION 14 ARE LOST.
OVFLO, 'E' REGISTER ARE NOT AFFECTED.

LSB
1j110]1]of1]oj1jof1}O0]1]O]1]0]0O] AFTER
A OR B REGISTER

ACCUMULATOR LEFT SHIFT
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F

4

LS8
ojtj1]1rjojojojtj1}]140

-
-
o
o

BEFORE

A OR B REGISTER I-—— LOST

INSTRUCTION

ARS/BR SHIFT THE INDICATED REGISTER RIGHT 1 BIT ARITHMETICALLY,
S THAT IS, BITS 14 THRU @ SHIFT RIGHT. SIGN, BIT 15,1S NOT

. AFFECTED. BITS SHIFTED OUT OF BIT @ ARE LOST. A COPY
OF BIT 15 (SIGN) IS SHIFTED INTO BIT 14. OVFLO, 'E’ REGISTER
ARE NOT AFFECTED.

SIGN
MSB LSB

11111 1}J]0jO0|O0O}1]1|1]O]O|O]1]1]1]|AFTER

A OR B REGISTER

ACCUMULATOR RIGHT SHIFT
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SIGN
MSB LSB
11111101010 |11 ]110]JO0O[|O]|1]1]1]|0O] BEFORE
A OR B REGISTER !
INSTRUCTION
[ RAL/RBL] ROTATE THE INDICATED REGISTER LEFT 1 BIT. BIT 15 1S
ROTATED AROUND TO BIT POSITION &. NO BITS

Q ARE LOST. OVFLO, 'E' NOT AFFECTED.

SIGN
mMsS8 LS8
111jo0ofjojojrj1rjtrjofojo|1|111|0]| 1] AFTER

A OR B REGISTER 1

ROTATE ACCUMULATOR LEFT
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SIGN
MSB LSB

tj1j1jojojoj1j1j1j0j0j10| 11} 1] O]|BEFORE

' A OR B REGISTER

INSTRUCTION
I: RAR/RBR] ROTATE THE INDICATED REGISTER RIGHT 1 BIT.

BIT @ IS ROTATED AROUND TO BIT POSITION 15.

NO BITS ARE LOST. OVFLO, 'F NOTI AFFECTED.

MSB LSB
Oj111jojojojt|11jJ]o0joOjoO}j1 |1 ]1]|AFTER

A A OR B REGISTER

ROTATE ACCUMULATOR RIGHT
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EXAMPLE

PROBLEM: o
TEST BIT 15 OF THE A" REGISTER.

IF BIT 15 =1, JMP TO LOCATION BUSY
IF BIT 15 =0, TEST BIT 14 -
IF 8IT 14 =1, JMP TO LOCATION ERROR
IF BIT 14 =0, (PROGRAM CONTINUATION)

SOLUTION:
Label 5 Operotionw Ope‘lrgnd 20Remurks 30
S|S|A B{I|T| (1{5]=|1
JIM|P| [BIU[S|Y Y |E{S
R| AlL N|o
S|S|A B{I|T| [1|4]=1
JIM|P| [E|R|R|O|R Y|E|S
PI’-?OGRAMh CIO{N|TI{I|N{UIA|T|I|O|N
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SIGN
MSB
ob—=l1l1|1110]O0|lO|1]1|1]1]0|lO0]O)1]1] 1] BEFORE
ET A OR B REGISTER
INSTRUCTION

[ ERA/ERB] ROTATE THE INDICATED REGISTER RIGHT, 1 BIT, WITH THE
EXTEND REGISTER (‘E’). BIT @& IS ROTATED INTO ‘E’ AND

/‘\ CONTENTS OF ‘E' ARE ROTATED INTO BIT POSITION 15.
b NO BITS ARE LOST. OVFLO IS NOT AFFECTED.
SIGN
MSB LSB
ftH—o11]1|110j0]O0O}1]1]1}|J1]|O]|JO}JO|1] 1] AFTER
Ef A OR B REGISTER

‘E’ RIGHT WITH ACCUMULATOR
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SIGN
MSB LSB
1} =—4O0JO0O|O0O|1]J1[1]O0]JO0O]|]O]1]1]|1]O0]O]|0O]|O]| BEFORE
E A OR B REGISTER J
INSTRUCTION

[ ELA/ELB] ROTATE THE INDICATED REGISTER LEFT, 1 BIT, WITH THE
EXTEND REGISTER (‘E’). BIT 15 IS ROTATED INTO 'E' AND
CONTENTS OF ‘E’ ARE ROTATED AROUND TO BIT POSITION

@g. NO BITS ARE LOST. OVFLO IS NOT AFFECTED.

@

SIGN

MSB LSB
Ol=—HolO]1]|1]4]0]O]|O]|1]|1]11]0]|]O0OlO|O| t]| AFTER
E A OR B REGISTER 1

‘E’ LEFT WITH ACCUMULATOR
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SIGN ‘
MSB LSB
tft1{t1jojojojtrj1jt1jojoj1|1]1]1|0| BEFORE

A OR B REGISTER f

INSTRUCTION

[ A'-F/B'-F:l ROTATE THE INDICATED REGISTER LEFT 4 PLACES. NO BITS
ARE LOST. BIT 15, 14, 13, 12 ARE ROTATED AROUND TO

@ BIT POSITIONS 3, 2, 1, O RESPECTIVELY. OVFLO, ‘E' ARE

NOT AFFECTED.

F42,

LSB
oOjojtjtrp1jojopt1|1|1t1]0}1]1]1]|0] AFTER
A OR B REGISTER ‘

ACCUMULATOR LEFT ROTATE FOUR
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EE

ALS ALS
ARS ARS
RAL RAL
RAR f RAR
1 AR (O [CLE]’[SLA] ’ | ALR
ALF ALF
ERA ERA
ELA ELA
BLS BLS
BRS BRS
RBL RBL
RBR RBR
BLR (! [C"E] ’ [SLB] ' B
BLF BLF
ERB ERB
ELB ELB
COMBINING GUIDE
SHIFT-ROTATE INSTRUCTIONS
J
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F EXAMPLE

PROBLEM:
CLEAR BiT 0. TEST BIT 1 AND JUMP TO LOCATION

"SAM" IF BIT 1 IS A ONE. RESTORE ALL BITS TO THEIR
ORIGINAL POSITIONS IN THE REGISTER.,

SOLUTION:
Label Operation Operand Remarks
1 5 10 15 20 25 30
E|IR|Al,{CILIE],|S|L{A|, |E|LI]A
AM

\..—-—\
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A MEM ORY AND IOR XOR
REGISTER LOCATION
m %

O O O O O

LOGICAL TRUTH TABLE
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LABEL OP CODE | OPERAND
AND MASK
MASK oCT 77
Ir T T ! T T ! 1 1 Tl I 1 IT 1 1
MEMORY 0 000000000 1 11 111
BEFORE
1 ] L] L L 1 LI T 1 LI L T T 1 !
'A'REGISTER[|1 14 o0 0 0 1 0 1 1 14 0 4 1 1 0 1
1 | | 1 1 | 1 L L 11 L 1 | ]
1 ! | ki |
lr T T g T T E T ] Tl T LI il 1 ]
MEMORY O 00O OO 00 OO0 1 1 11 1 1
I,||II1IJ|I'III‘1|I‘I!I|I'Illl AFTER
'A' REGISTER ©0000O0O0OO0O0OO0OO 11101
| 1 i I T

THE AND INSTRUCTION
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MEMORY

11111]110]0|0|0]0|0}0|0|0O|O|O|O||EquaL,

SKIP

11111111010} 0}J0]0]0}J0}]O}0O}J01}J0]}]0O
A OR B REGISTER )

INSTRUCTION COMPARE THE CONTENTS OF THE SPECIFIED REGISTER
[CPA/B Y] AGAINST THE CONTENTS OF MEMORY LOCATION Y. IF

ALL 16 BITS COMPARE (EQUAL) THE NEXT SEQUENTIAL
INSTRUCTION IS EXECUTED. IF THE COMPARE FAILS,
(UNEQUAL) THE NEXT SEQUENTIAL INSTRUCTION IS
SKIPPED, -

MEMORY

1111111101 0]0]J0}J0}0}J0O0|O0O|O|O}]O]|O

[UNEQUAL,
SKIP

11111]0]10J0]0}0}J0}JO0O}|O|O}|O]|O|O]|O
A ORB REGISTER

THE COMPARE INSTRUCTION
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A COMPARE INSTRUCTION
EXAMPLE

THE CONTENTS OF REGISTER "A" ARE UNKNOWN. DEVISE
A PROGRAM SEGMENT THAT WILL TEST THE STATUS OF BITS
3 THROUGH 6. IF THIS FIELD CONTAINS THE OCTAL VALUE
‘42, TRANSFER TO A LABEL CALLED TRUE. IF THIS FIELD
CONTAINS ANY OTHER VALUE THE PROGRAM SHOULD CON-

TINUE. REGISTER "A” CONTENTS

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q
XIX | XXX [X[XIX[{X[?2]?2]|?2]|?2}X]|X|X
567 10 15 20 25 30 35 40 45 50

AINID| [Mi1]7]0 1[slo[L]a]T]e] I8[i[T]s] [3[ [TIHRIoIu[GIH]6

CIPIA IM112]0 DIOJE(S|™A["|CIOIM|P[AIRIE] [TIO] [TIEISIT] |VIAJLIUIE]?

JIMP| |TIR[UIE YIE[S], [J[UlM[P{ [7lo[ |TIRIU[E] [RIOulT]IIN]E

JIM[P| [FIAILISIE N[O[, [CloINITIIIN[UE] [PIRIO[GIR]AIM

o[CIT| [1]7]0 O[CITIAIL] [MJA|STK

olc|T] [1[2[0 O[CITIAIL] [TIE[SIT] IVIAIC]UIE
E |

- >/
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Objectives

Introduction to Input/Output
Input/Output Structure

Select Codes and Interrupt Addresses
Select Code Assignments

A Typical 1/0O Interface Card

Data Transfers

The Halt Instruction — HLT

1/0 Data Transfer Example

The Increment Skip-Zero Instruction — ISZ
A Program Loop Example

The Block Starting Symbol — BSS Pseudo Instruction

LESSON VIII
ASSEMBLER PSEUDO INSTRUCTIONS

8-1
8-2
8-3
8-4
8-5
8-6
8-7
8-8
8-9
8-10
8-11
8-12

Indirect Addressing

The DEF Pseudo Instruction

Pseudo Instructions ENT and EXT
Object Program Linkage

The Jump Subroutine Instruction — JSB
A JSB Example

The EQU Pseudo Instruction

The Common Pseudo Instruction —- COM
Using the COM Pseudo Instruction
Common Storage

ASCI| Character Codes

The ASC Pseudo Instruction

8-13
8-14
8-15
8-16
8-17
8-18
8-19
8-20
8-21
8-22
8-23
8-24
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LESSON VIl OBJECTIVES

THE OBJECTIVES OF LESSON YIII ARE:

1 - INTRODUCE THE STUDENT TO BASIC I/0 OPERATIONS.

2 - PROVIDE THE STUDENT WITH MORE ASSEMBLY
LANGUAGE PROGRAMMING *“‘TOOLS’ IN THE FORM OF
ASSEMBLY DIRECTING PSEUDO INSTRUCTIONS.

3 - INTRODUCE THE TECHNIQUES OF LOOPING AND
INDIRECT ADDRESSING.
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15 ——m8M—12 1 65 (o)
110}0}0O INSTRUCTION SELECT CODE

I/0 INSTRUCTION FORMAT

INPUT/OUTPUT DEVICE — A PHYSICAL DEVICE CAPABLE OF TRANSMIT TING
AND/OR RECEIVING COMPUTER DATA.

I/0 INTERFAGE CARD — A COMPUTER ELECTRONICS CARD THAT PROVIDES THE
PHYSICAL AND ELECTRICAL CONNECTION BETWEEN
THE DEVICE AND THE COMPUTER.

1/0 CHANNEL — THE RECEPTACLE IN THE L/O CARD CAGE THAT HOLDS
THE I/0 INTERFACE CARD.

SELECT CODE — IDENTIFIES A PARTICULAR I/0 CHANNEL.

INTERRUPT LOCATION = A MEMORY LOCATION IN THE RANGE 4-77g, EACH SELECT
CODE IDENTIFIES AN INTERRUPT LOCATION.

INTERRUPT — A PHASE OF COMPUTER OPERATION.

INTRODUCTION TO INPUT/QUTPUT
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INPUT/ QUTPUT STRUCTURE

THE STRUCTURE OF THE HEWLETT-PACKARD COMPUTER PROVIDES
2 DISTINCT METHODS OF INPUT -OUTPUT DATA TRANSFER OPERATIONS,

1 — NON-INTERRUPT METHOD

The user commands the I/0 device to cycle and then
programs a loop that “waits” for the device cycle to

complete.

ADVANTAGE - easy to use
DISADVANTAGE - inefficient

2 - INTERRUPT METHOD
The user commands the I/0 device to cycle and continues
execution of the"'main" program. The completion of the device
cycle will interrupt the main program and transfer control to
a subroutine that will handle the actual data transfer.

ADVANTAGE — efficient
DISADVANTAGE - requires more programming effort.
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13 DEVICE
13 <=
12
10 12 DEVICE
M 1/0
EMORY "o DEVICE
| 1/0
10 DEVICE

N

) PLUG-IN
I/0 CHANNELS Tae

SELECT CODES AND INTERRUPT ADDRESSES
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oot | ocahon FUNCTIONAL ASSIGNMENTS

0] NONE ENABLE/DISABLE I/O AND INT. SYST.
1 NONE SWITCH REGISTER

2 NONE DMA CH1

3 NONE DMA CH?2

4 4 - POWER FAIL

5 5 — MEMORY PROTECT

6 6 — DMA CHA1

7 7 - DMA CH2
10 10 - I/ODEVICE HIGHEST PRIORITY
T7 T7 I/0 DEVICE LOWEST PRIORITY

SELECT CODE ASSIGNMENTS
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A TYPICAL 1/0 INTERFAGE CARD

Programming Course
Students Manual

8-6

COMPUTER 1/0 DEVICE
DATA - v
FROM (TO)
r/f/‘l/ — | DATA
REGISTER
bit
7|6 |5]a]3 1| 0
L//J/,L)’
— |\ DATA
! INTERRUPT TO (FROM)
REQUEST il
SIGNAL
INTERRUPT : q)
ENABLE >
SIGNAL %
STC {CONTROL (1) }+¢ —»={FLAG (1)
FLIP-FLOP (@)| | | cLF{FLIP-FLOP (@) FLAG
* F(0) ENA SIGNAL (FROM)
ST BLES
CLF(0) INHIBITS SeNAR o)
mnemonic instruction function
STC (sc) SET CONTROL FLIP-FLOP START DEVICE
CLC (s¢) CLEAR CONTROL n n CLEAR DEVICE
STF (sc) SET FLAG noow SET FLAG, "READY"
CLF (sc) CLEAR FLAG noon CLEAR FLAG, "BUSY"
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DATA_TRANSFERS
T o[ o[ ]

(8 BIT DEVICE)

14 6 3 3

BEFORE

olo 1

+ 3 I
INSTRUCTION 1 1o o 8 BIT DEVICE
[LIA/B(sc)] BUFFER

A OR B REGISTER

ojojoto1o0 AFTER

8 BIT DEVICE

INPUT DATA BUFFER

BEFORE

INSTRUCTION , 8 BIT DEVICE
[OTA/B(sc)] BUFFER

A OR B REGISTER

ololoioilo AFTER

8 BIT DEVICE
OUTPUT DATA BUFFER
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1 0] 2 0] 7 7
1Foo]o1o]ooo|1 1 1[11 11 Q)

“T" REGISTER .
INSTRUCTION

HLT (sc).C THIS INSTRUCTION WILL HALT THE COMPUTER. THE
! INSTRUCTION WILL BE DISPLAYED IN THE "T"REGISTER.

THE(SC) OPTION ALLOWS THE SELECTION OF L/0 ADDRESSES
0-77. THE, C OPTION ALLOWS THE FLAG BIT OF THE
SELECTED DEVICE TO BE CLEARED.

(1) SHOWS HALT INSTRUCTION DISPLAY; SC=77g, NO (C)
OPTION.

@ SHOWS HALT INSTRUCTION DISPLAY: WITH (C)OPTION
TO CLEAR FLAG ON DEVICE @@ (TURN OFF INT. SYST.)

4|oooro11looopoo]ooo@

"T" REGISTER

THE HALT INSTRUCTION
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LABEL OPCODE _OPERAND  REMARKS
CLF )
STC 108, C START READER
WAITA SFS 108 FLAG=17?
JMP WALT4 NO
LIA 108
ALF, ALF
STC 108, C START READER
WAIT2 SFS 108 FLAG=1?
JMP WAIT2 NO
MIA 108

INHIBIT THE INTERRUPT SYSTEM

YES, LOAD DATA IN "A"
POSITION IN HIGH "A"

YES, MAKE 16 BIT WORD

1/0 DATA TRANSFER EXAMPLE
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MEMORY

{1 ]a]]|1]o] BEFORE
(NO SKIP CONDITIO|

1Al a1 1]1]1] AFTER

MEMORY

JINSTRUCTION INCREMENT THE CONTENTS OF MEMORY LOCATION
[ ] Y AND TEST FOR ZERO. IF Y IS EQUAL TO

ISZ ¥ ZERO THE NEXT SEQUENTIAL INSTRUCTION IS SKIP-

PED. IF Y IS NOT EQUAL TO ZERO, THE NEXT SEQUEN-
TIAL INSTRUCTION IS EXECUTED,

MEMORY

1111411111111 111111111111 1] BEFORE

o~

SKIP CONDITION)

O0|0]O|O|0O|0O]O]O|OJO]O]|O|O|O|O|O| AFTER
MEMORY

THE INCREMENT-SKIP ZERO INSTRUGTION
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MULTIPLY THE CONTENTS OF REGISTER "B" BY THE CONTENTS OF
REGISTER “A.

NOTE: Register "A"can be linked to Register "B' through Register "E .

REGISTER "B" e REGISTER "A"

5413 M2M[MO[9 |8 [7 |6 |5 |4 2 |1 15 13M2[M1M0|19 B [T 6151432 11 [0
ClPEEFMPFTEPEPEET P L

STORE REGISTER
“8" 10 LOC"M" LABEL OP CODE OPERAND REMARKS
v START[ [sTBI M. . ., . SAVE B
INITIALI251 L 44 L,D,Bl M2,0, | , SET COUNTER
ROTATE COUNTER [ 1 S|T|B 'ClN [T|R| 1 TO MlNUS 208
_ v o leeBl [y, CLEAR B
CLEAR it LIOIOIP| C IL IE 1 1 1 | 1
REGISTER B I W N R SIL[A I Y W .
i | T | AIDIB I'\Al I I | 1
ADD CONTENTS Ca s E,R,B L1
oF'm'ToRrec™d] "~ " T ERA[ [, . . |
| Ly I1,5.Z] ICN,T,R, , ADD 1 TO CNTR, ZERO?
L1y JMP] [L,OO,P, , NO, STAY IN LOOP
ROTATE' arﬂ I HET YES, HALT COMPUTER
REGISTERS RIG! N J MP S,T,A,R,T,
. IM. Lol 1 Olg_LT Ql S I
@ M2 .0, , oC,T| [1,7,7,7,6,0 MINUS 204
No C.N,T,R, OCT| 2, , , WORKING COUNTER
YES

A PROGRAM LOOP EXAMPLE
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THE B 5SS PSEUDO INSTRUCTION

N

BLOCK STARTING 'SYMBOL

FOR FXANFLE:
20000
00000 200000
01000 200000
01001 002400
01002 006400

LOCATION CONTENTS LABEL OPCODE OPERAND REMARKS

THIS PSEUDO WILL CAUSE THE ASSEMBLER TO
ALLOCATE A BLOCK OF MEMORY LOCATIONS TO

A PROGRAM. THE CONTENTS OF THE MEMORY
BLOCK CAN NOT BE DETERMINED WHEN THE OBJECT
PROGRAM IS LOADED FOR EXECUTION AND MUST BE
TAKEN INTO CONSIDERATION BY THE PROGRAMMER.

NAM BLOCK
ENT START
[ BUFFR BSS 512] SET ASIDE 512 MEMORY
START NOP LOCATIONS
CLA
cLB
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A

INDIRECT ADDRESSING

THE ASSEMBLER PROGRAM WILL SET THE INDIRECT
ADDRESSING BIT (415) FOR ALL MEMORY REFERENCE
OPERANDS TAGGED WITH THE ",I" DESIGNATOR.

FOR EXAMPLE

LOCATION CONTENTS LABEL OPCODE OPERAND REMARKS

2000 gg2g214 ADRES ocT . 2021 OCTAL CONSTANT
201 @ i P6290¢ LDA ADRES PICK UP OCTAL CONSTANT
2¢11 162000 - LDB ADRES,I  PICK UP DECIMAL CONSTANT
[ ) [ )
[ ] [ J
[ ) [ ]
2021 Q77777 DEC 32767 DECIMAL CONSTANT
[ ]
[ ]
END
NOTE: AFTER EXECUTION OF CODING
REGISTER "A" = 002021
REGISTER"B" = 077777
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THE DEF PSEUDO INSTRUCTION

THE DEF PSEUDO DEFINES THE MEMORY ADDRESS OF
A PROPERLY DEFINED SYMBOL. THE ASSEMBLER GENERATES
A 15 BIT MEMORY ADDRESS IN THE OBJECT PROGRAM

WHEREVER THE DEF APPEARS.

fOR EXAMPLE:

LOCATION CONTENTS LABEL OPCODE OPERAND REMARKS

00000 NAM SAMPL

00000 0001 14R ADRES DEF TABLE DEF ADDRESS OF TABLE
ENT START
00001 000000 START NOP
00002 066000R LDB ADRES GET ADDRESS OF TABLE
00003 160001 LDA 1,1 LOAD "A" THRU"B"
° i . . (GET FIRST TABLE VALUE)
[ ] [ J [ ] [ ]
® ® [ ] [ ]
[ [ ) [ ] ®
00114 000000 TABLE BSS 100
END START
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LESSON VIt

L

Assembler Pseudo Instructions

PSEUDO INSTRUCTIONS ENT AND EXT

ENTry roinT ano EXTERNAL PSEUDO INSTRUCTIONS
PROVIDE OBJECT PROGRAM LINKAGE CAPABILITY.

FOR EXAMPLE

PROGRAM "A" IS TO BE EXECUTED FIRST WITH CONTROL

THEN PASSING TO PROGRAM"B".

SEGMENT 1
LABEL OPCODE OPERAND
NAM PROGA
ENT START
EXT SAM
START NOP
JMP SAM
END START

SEGMENT 2
LABEL OPCODE OPERAND -
NAM PROGB
ENT SAM
SAM cLA
END

|
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5 l
0BJECT PROGRAM LINKAGE

OBJECT PROGRAM LINKAGE IS ACCOMPLISHED BY THE
RELOCATING LOADER. THE LOADER CREATES LINKAGES
ON THE BASE PAGE BY MATCHING "ENT" POINTS WITH J
"EXT" SYMBOLS. THE LOADER TRANSFERS TO THE LAST
PROGRAM LOADED THAT HAS A VALID "END" RECORD.

FOR ENAMPLE:

MEMORY MAP

BASIC CONTROL SYSTEM
/ (RELOCATING LOADER)

woaver transeers | |/ /11 /////// /1 1/

CONTROL TO -
L PROGRAM PROGRAM B PROGRAM A" TRANSFERS
a" CONTROL TO
v PROGRAM
PROGRAM A “8"“

‘

ENT START EXT SAM )
END START ENT SAM
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|

THE JUMP SUBROUTINE INSTRUCTION (JSB)

THE JUMP SUBROUTINE INSTRUCTION (JSB) PROVIDES A METHOD TO
EXECUTE A "SUBROUTINE" AND RETURN TO THE PROPER POINT IN THE
"MAIN PROGRAM". TO PERFORM THIS FUNCTION 3 DISTINCT OPERATIONS
ARE REQUIRED.

() - PRESERVE THE RETURN ADDRESS.

(@) - TRANSFER CONTROL TO THE SUBROUTINE.
® - RETURN TO THE "MAIN PROGRAM®

EXAMPLE:
MAIN PROGRAM SUBROUTINE
LOCATION LABEL OP CODE OPERAND LOCATION LABEL OP CODE OPERAND
102
100 LDA I 200 [cmP  NeF |
104 | JSB CMP | 201 CMA
102 ADA J 202 INA
103 HLT 203 JMP  CMP,I
104 I ocCT 1
105 J oCT 7
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A JSB EXAMPLE

A SUBROUTINE TO CLEAR THE "A" AND "B" REGISTERS IS
“SHOWN AS AN EXAMPLE. THE SUBROUTINE IS "ENTERED"

FROM 3 DIFFERENT POINTS IN THE "MAIN PROGRAM,'

MAIN PROGRAM SUBROUTINE
LOCATION LABEL OP CODE OPERAND LOCATION LABEL OP CODE OPERAND
2000 SSA . %3000 CLEAR NOP
2001 JSB  CLEAR 3001 CLA
2002 INA 3002 CLB
. ‘ 3003 JMP  CLEAR, I
2077 JSB  CLEAR
2100 ADA 4
2401 ADA K
2500 JSB  CLEAR
2501 HLT
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FOR EXAMPLE:

LOCATION

00000
00017

00000
00001

00002
00003
00004
00005

NOTE:

THE EQU PSEUDO INSTRUCTION

CONTENTS

000009
103717
102317
D26002R

102517
126000R

READR
START

OPCODE

NAM
EQU
ENT
NOP
STC
SFS
JMP

LIA
JMP

OPERAND

THE EQU PSEUDO INSTRUCTION EQUATES THE
OPERAND SYMBOL TO THE LABEL FIELD.

REMARKS

CHAR
178 READR "EQUALS" 17B
START

READR,C
READR
% -1
READR
START,I

THE VALUE OF THE LABEL "READR" DEPENDS ENTIRELY ON THE OPERAND
OF THE EQU PSEUDO INSTRUCTION.

ALL OPERAND REFERENCES TO THE "READR"

SYMBOL ARE ASSIGNED THE VALUE 17g.

|
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THE COM PSEUDO INSTRUCTION

THE COM PSEUDO RESERVES A BLOCK OF STORAGE LOCATIONS THAT MAY BE USED IN
COMMON BY SEVERAL SUBPROGRAMS.

GENERAL FORM:

I COM I name, (size,l), name, (sizez), ey nomen(sizen) REMARKS

EACH NAME IDENTIFIES A SEGMENT OF THE BLOCK FOR THE SUBPROGRAM IN WHICH THE
COM STATEMENT APPEARS.

STORAGE LOCATIONS ARE ASSIGNED CONTIGUOUSLY

THE LENGTH OF THE BLOCK IS EQUAL TO THE SUM OF THE LENGTHS OF ALL SEGMENTS
NAMED IN ALL COM STATEMENTS IN THE SUBPROGRAM.

TO REFER TO THE COMMON BLOCK OTHER SUBPROGRAMS MUST ALSO INCLUDE A COM
STATEMENT.

AT LOAD TIME; THE SUBPROGRAM WITH THE GREATEST COMMON DECLARATION MUST BE
LOADED FIRST. !
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LABEL OP _CODE OPERAND
NAM PROGA

s START NOP

E LDA TABLA

M :

E '

N CPM TABL1 (19) ,TABL2 (10), TABL3(10)
T [}

" END START

S

(E; NAM PROGB

gl COoOM TABLA (15), TABLB (15)
N 1

T ]
ngh END

S NAM PROGC

£ STA TABLX

M !

E '

;{ COM TABLX (8), TABLY (11)
llc" :

END

USING THE COM PSEUDO
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COMMON
LOCATION PROGA PROGB PROGC

TABL1 TABLA TABLX A

COMMON

STORAGE
sLock

TABL2
WORD #13 = hﬁBL2+2| =  |TABLA+12|

15
16 TABLB
17
18 30
19 * * ~ LOCATIONS
20 TOTAL
21 TABL3
22
23
24
25
26
27
- 28

% Y Y
"COMMON STORAGE

g:awmﬂmwbuwa

]
E
o0,
I:QJ
+
H
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TAPE CHANNELS

ASCII OCTAL CODE

87

-

654 * 321
N (S

CHARACTER CODES )]
{.____...._,
o112 7304 5|67
00 | NULL | SOM | EOA | EOM | EOT | WRU | RU |BELL
O1 | FE |HTAB | LF [V.TAB|FORM | CR | SO | SI
02 | oc | x-oN TSSE X-OFF TOAFPFE ERROR| SYNC | LEM
03 | s¢ | st | s2 | s3 | s4a | ss | se | s7
04 |[SPACE| | " $ % & !
05 ( ) * + , - /
06 | 9 1 2 3 4 5 | 6 7
07 8 9 i < = > ?
10| @ A B ¢ 0 E F 6
11| # 1 J K L M N 0
% p Q R S U W
13 X \ 4 C \ ] 4 | —
14
15
16
17 1 ack |t | Esc | Ro
Example: Character 'S
Octal 1 2 3
Binary 01 010 Ol
Tape Channels 87 654 * 321

(*Feed hole)
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THE ASC PSEUDO INSTRUCTION

THE ASC PSEUDO IS USED TO DEFINE ALPHANUMERIC CONSTANTS.

FOR EXAMPLE.

ASSEMBLER
GENERATED ASCII
CONSTANTS

9531014

LABEL OPERATION OPERAND {
1 5 10 15 20 25 30
L [ INAM[TESTA,
®
DI N BON B BB
. 1IcPA] JASTER,_
e | WWMPL IX+6 |
1.4 1 PEE'Y i " L Py
DN I BSSESSBIES
f o) DN .
ASTERl JASCl M, XX,
[ ]
N 0N I S S .
. i BN EEE
MESSA] [ASC] |9, VALID-XX _ERROR-YY . . .7
i L " . /

0461114

042055«

P54130 ¢

020040 4

042522 <

251117 &

9510554

254531 &«
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LESSON IX

ASSEMBLER PROGRAMMING TECHNIQUES

Objectives

Address Modification

Subroutines

Calling Sequence

Direct Transfer of Parameters

FORTRAN Compatible Assembler Subroutines —
The FORTRAN Call

FORTRAN Compatible Assembler Subroutines —
The Assembly Language Subroutine

Floating Point Numbers

Arithmetic Pseudo Instructions

9-1
9-2
9-3
9-4
9.5

9-6

Arithmetic Pseudo Instructions

MPY — Fixed Point Multiply Example
DIV — Fixed Point Divide Example
Floating Point Arithmetic

Math Library Functions

Using a Library Function

Data Conversion

The Formatter

Formatter Calling Sequence Selector

Using the Formatter

9-10
9-11
9-12
9-13
9-14
9-156
9-16
9-17
9-18
9-19
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LESSON IX OBJECTIVES

THE OBJECTIVES OF LESSON IX ARE TO TEACH THE

STUDENT SOME BASIC PROGRAMMING TECHNIQUES.

THESE INCLUDE:

e ADDRESS MODIFICATION

e SUBROUTINES
ARITHMETIC PSEUDO INSTRUCTIONS

INPUT/OUTPUT TECHNIQUES (FORTRAN 1/0)
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LESSON IX

ADDRESS MODIFICATION

ADDRESS MODIFICATION IS AN IMPORTANT PROGRAMMING

TECHNIQUE.

A PROGRAM TO SUM THE CONTENTS OF 10

SEQUENTIAL MEMORY LOCATIONS.

FOR EXAMPLE:

REMARKS
20 25 30
VI SO T N B

15

NAM MODA1,  , =

OPCODE OPERAND
10

LABEL
5

1

1 H 1l e
1

T

PO

W)

IZ -

—f
17T J<tu
R
le] [-]=]
I 1=
1=[ 1=lo
Twl T-o]

PYUY DI WY S N1
1t

. CLEAR, A .

"LOAD ADDRESS OF TABLE

'LE,
ki

¥

4, T0 ADDRESS, . . .

.~ ADD INDIRECTLY, THRU. ,

T

N

. ADD

., IS COUNTER ZERO? ., .

_ 'CONTINUE, . . . .
. YES, HALT, COMPUTER, , .

, , PROGRAM RESTART,

L
1

N0,

VALUE

OUNT.

NN

T
4
y

, WORKING COUNTER ,

el 'l 3 i
so—_

} Y-l

EQU

EN.T| [START, .

LOD'A[ CNT

STAl ICNTR, |

[C.L

A

L
(5

LD Bl [PNT.R ,

ADAl |B
INB[ [

ISsZ| CNTR . .

JMP| ILOOP

L,
JMP] |START +1,
-10

D'EC

BS S| [A '

DEF|[[TABLE

.01 110,
END[ [START, .

'R [N.OP

TA

L[0/0.P.

{-

CINT. |

CINTR.
PINTR

T|AB,L.E] [DEC

B

S
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FOR EXAMPLE.

SUBROUTINES

SUBROUTINES ARE WRITTEN TO DO A SPECIFIC JOB. MOST
SUBROUTINES REQUIRE DATA (PARAMETERS) FROM THE MAIN PROGRAM.

A SUBROUTINE TO COMPUTE THE ABSOLUTE VALUE OF THE CONTENTS
OF REGISTER "A'

LABEL OP CODE OPERAND

— e ——
1ABS NOP

SSA, RSS

JMP IABS,I

CMA, INA

SSA

CMA

JMP

REMARKS

AL O

NO, A = ANSWER

YES, COMPLEMENT VALUE
DID A =

YES, SET A=077777

100000

NO, A=ANSWER

93
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-

LABEL OP CODE OPERAND

ONE PARAMETER LDA NUMBR
CALLING JSB IABS
SEQUENCE (RETURN) |
TWO PARAMETER LDA ADDRS
CALLING LDB COUNT
SEQUENCE JSB READ
(RETURN)
THREE OR MORE JSB CONVT
PARAMETER OCT 7
CALLING DEF BUFFR
SEQUENCE DEF CNTR
(RETURN)

REMARKS

CONVERT (NUMBR)
TO ITS ABSOLUTE VALUE

BUFFER ADDRESS IN "A" REGISTER
COUNT IN "B" REGISTER
TRANSFER TO READ ROUTINE

TRANSFER TO CONVERT ROUTINE
CODE WORD

BUFFER ADDRESS

COUNTER

CALLING SEQUENCE

(TECHNIQUES FOR TRANSFER OF PARAMETER DATA TO SUBROUTINES)
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MAIN PROGRAM

.

JSB CONVT
—» OCT 7
— » DEF BUFFR
— |— » DEF CNTR
— |~ —» (RETURN)

-

SUBROUTINE

CONVT NOP

LDA CONVT, I
STA SAVE 1
ISZ CONVT
LDA CONVT, I

STA SAVE 2
ISz CONVT
LDA CONVT, I
STA SAVE3

1SZ CONVT

JMP CONVT,I
SAVE1 OCT @

SAVE 2 oT @
SAVE 3 ocT @

DIRECT TRANSFER OF PARAMETERS
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FORTRAN COMPATIBLE
ASSEMBLER SUBROUTINES

PART 1 - THE FORTRAN CALL

FORTRAN MAIN PROGRAMS MAY COMMUNICATE WITH ASSEMBLY
LANGUAGE SUBROUTINES. THIS FEATURE IS POSSIBLE ONLY IF
THE SUBROUTINE IS COMPATIBLE WITH THE STANDARD FORTRAN
CALLING SEQUENCE.

FOR EXAMPLE.

FORTRAN GENERATED ASSEMBLY LANGUAGE CODING

REMARKS

JSB SAM TRANSFER TO "SAM
,///'DEF ¥%+4 DEFINE RETURN ADDRESS
CALL SAM (J,K,L) DEF J DEFINE ADDRESS OF J
DEF K DEFINE ADDRESS OF K
DEF L DEFINE ADDRESS OF L
( RETURN)

THE ACTUAL TRANSFER OF DATA ITEMS IS THE RESPONSI-
BILITY OF THE SUBROUTINE
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FORTRAN COMPATIBLE
ASSEMBLER SUBROUTINES

PART 2 - THE ASSEMBLY LANGUAGE SUBROUTINE

A FORTRAN LIBRARY ROUTINE CALLED .ENTR MAY BE

USED TO TRANSFER THE ADDRESSES OF THE PARAMETERS
FROM THE MAIN PROGRAM TO THE SUBROUTINE.
FOR EXAMPLE.

OPCODE OPERAND REMARKS

S AM
SAM
. ENTR

LOCATION FOR ADDRESS OF PARAMETER

(1] " " " " ‘E
POI

FE . E

E ADDRESS

mz
Z>
—-=<

RY
NS
IN

NTR
I OF FIRST PARAMETER
"1
1

SAM,I RETURN TO MAIN PROGRAM

cProczoomom
LHOOMUOL OV MX
VP>>>TNomonnn-

NOTE: MAIN PROGRAM AND SUBROUTINE PARAMETERS MUST AGREE AS
TO TYPE:

REAL OR INTEGER

9-7



LESSON IX
Assembler Programming Techniques

FLOATING POINT NUMBERS

Programming Course
Students Manual

FLOATING POINT NUMBERS USE TWO MEMORY LOCATIONS IN THE

FOLLOWING FORM.

15 14

S

M.S.B. OF FRACTION WORD 1

15

8 7 1 0

FLOATING POINT NUMBERS HAVE A RANGE IN MAGNITUDE OF

APPROXIMATELY -10%®8 TO 1038
FOR EXAMPLE. THE GREATEST POSITIVE FLOATING POINT NUMBER WOULD BE:

THE FRACTIONAL VALUE (MANTISSA) OF THE FLOATING POINT NUMBER IS
IN THE EXAMPLE ABOVE THE VALUE OF

THE MANTISSA IS APPROXIMATELY 1. THE EXPONENT VALUE IS 27-1(127),
THE VALUE OF THE NUMBER IS 1x2'27. BY RAISING 2 TO THE 127th POWER
(USING A LOG TABLE) IT BECOMES APPROXIMATELY 1.7x1038

ALWAYS IN THE RANGE O0<n<".

L.S.B. OF FRACTION EXPONENT |S|WORD 2

o1114141111111111

1

1711111111111 111

0
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ARITHMETIC PSEUDO INSTRUCTIONS

AN ADDITIONAL SET OF PSEUDO INSTRUCTIONS ARE INCLUDED IN THE
ASSEMBLER TO ALLOW THE PROGRAMMER TO CONVENIENTLY USE
THE ARITHMETIC SUBROUTINES DEVELOPED FOR THE COMPUTER.

ALL OF THE ARITHMETIC PSEUDO INSTRUCTIONS HAVE THE FOLLOWING FORM:

LABEL OPCODE OPERAND

FOR WHICH
THE ASSEMBLER
ARITH GENERATES

PSEUDO M

JSB l:ARITHMETIC ROUTINE]

DEF M

REFERENCES TO ARITHMETIC PSEUDO INSTRUCTIONS DO NOT HAVE
TO BE DECLARED AS EXTERNAL SYMBOLS.
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ARITHMETIC PSEUDO INSTRUCTIONS

PSEUDO  FUNCTION OPERATION

MPY FIXED POINT MULTIPLICATION (A) X(m)— (BX ms8 and ALsB)

DIV FIXED POINT DIVISION (Bxwmse and ALsB)/(m)—s A,

remainder — B
FAD FLOATING POINT ADDITION (AB) X(m, m+1) — AB
FSB FLOATING POINT SUBTRACTION (AB)/(m, m+1)— AB
FMP FLOATING POINT MULTIPLICATION (m, m+1) + (AB) — AB
FOV FLOATING POINT DIVISION (AB—(m, m+1) — AB
DLD DOUBLE LOAD (m) and (m+1) — A and B
DST DOUBLE STORE (A) and (B) — m and m+1
LEGEND:
A=Reg. A m=Operand
B= Reg. B MSB/LSB= Most/Least
+=Sign Significant Bits
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MPY - FIXED POINT MULTIPLY EXAMPLE

|« REGISTER"B" >|+ REGISTER "A"———»

1544 13121110 9,8 7 6,5 4 3,2 1 0|15,14131241 10 98 7 6,5 4 3,2 1 0

s|30 ,29—27 26—24 23—21,20—18 47—15 14—12 M— 9,8 — 6,5— 3

EXAMPLE 1 11 10 9 8 7 6 5 4 3 2

MULTIPLY 7x 3
LDA SEVEN

0 0 0

MPY THREE

EXAMPLE 2

MULTIPLY (-1)x 1
LDA NGONE

- MPY ONE

N =X m e O ==X

FORMAT OF PRODUCT
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DIV - FIXED POINT DIVIDE EXAMPLE

| ————"8" REGISTER > |« “A" REGISTER ————>|
30[29|28le7|26|25[04|23]22]24|20 19|18 }17]16] 15 |14]13]42}14 [10] 9 [8 [ 7|6 [ 5[4 [3]2 |41 ] o
D | v | D E N D

S

EXAMPLE
DIVIDE 15BY 6

CLB— |

LDA FIFTH
DIV SIX

"A"REGISTER "B"REGISTER
QUOTIENT REMAINDER

RESULTI> 0O 0 0 02 0O 0 0 O 3
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FLOATING POINT ARITHMETIC

EXAMPLE: CONSIDER THE FOLLOWING ASSEMBLY LANGUAGE STATEMENTS
LABEL OP CODE OPERAND REMARKS

DEC 3000.
Y DEC 25.
A DEC 265.
B DEC 10@. (THE DECIMAL POINTS WILL CAUSE
c BSS > THE ASSEMBLER TO CONVERT THE
NUMBERS TO 32 BIT FLOATING
z BSS 2 POINT REPRESENTATION)
* TO CALCULATE X xY
DLD X
FMP Y
DST y4 Z= X*Y
* TO CALCULATE A/B
DLD A
FDV B

DST C
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MATH LIBRARY FUNCTIONS

TO PERFORM THE FOLLOWING OPERATIONS: 3 THE FOLLOWING INSTRUCTIONS
(FLOATING POINT QUANTITIES) CAN BE USED:

Y = ABS (X) ABSOLUTE VALUE EXT (NAME)
Y = ATAN (X) ARCTANGENT LDA X

Y = ALOG (X) NATURAL LOG LDB X +1
Y = COS (X) COSINE JSB (NAME)
Y = EXP (X) Y-=eX STA Y

Y= SIN (X SINE STB Y +1
Y = SQRT (X} SQUARE ROOT

Y= TAN (X)) TANGENT

Y = TANH (X) HYPERBOLIC TANGENT

NOTES ,
e LIBRARY FUNCTIONS MUST BE DEFINED AS EXTERNAL (EXT) SYMBOLS.
e THEY MAY ONLY BE REFERENCED BY RELOCATABLE PROGRAMS.

EXAMPLE: FIND THE SQUARE ROOT OF QUANTITY "X" AND STORE TO LOCATION “Y"

METHOD1 METHOD 2
EXT SQRT EXT SQRT
LDA X DLD X
LDB X +1 JSB SQRT
JSB SQRT DST Y
STA Y

STB Y+1
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USING A LIBRARY FUNCTION

PROBLEM STATEMENT

FIND THE HYPOTENUSE OF A RIGHT TRIANGLE
WHERE: HYPOT= SQRT(X2+Y2)

PROBLEM SOLUTION
LABEL OP_CODE OPERAND REMARKS

NAM
EXT
BSS
BSS
BSS
BSS

NOP
DLD
FMP X2 = X*X
DST
DLD
FMP Y2 = Y*Y
FAD X2 4+ Y2

JSB
DST HYPOT = VX2 +Y?2

END
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DATA CONVERSION

EXTERNAL(INPUT) INTERNAL(COMPUTER) EXTERNAL(OUTPUT)
ASCII — BINARY — ASCIT

THE DATA CONVERSION PROCESS IS NOT APPARENT TO THE
FORTRAN PROGRAMMER.

FOR EXAMPLE; c STATEMENT
5167
ASCIT CODE READ(5,%)1X . ., ..
T HRY
'o ° | ol 2
(2 AS A RESULT OF THE READ STATE -
leooe | |5 MENT MEMORY LOCATION "IX" wouLD
AR - CONTAIN 0062174
| o0 :. : P
IX @ 1. HOW WAS THE CONVERSION PERFORMED?
6 2. HOW CAN A PROGRAMMER PERFORM THE
MEMORY EQUIVALENT OPERATION USING
IX B)@GI?W"]B ASSEMBLY LANGUAGE?
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THE FORMATTER

THE FORMATTER IS A LIBRARY ROUTINE DESIGNED PRIMARILY TO PROVIDE
DATA CONVERSION AND INPUT-OUTPUT CAPABILITY FOR FORTRAN PROGRAMS.
ASSEMBLY LANGUAGE PROGRAMS MAY USE THE FORMATTER BY CODING THE
CORRECT CALLING SEQUENCE AND PROVIDING THE PROPER PARAMETERS.
THE FORMATTER HAS 7 ENTRY POINTS.

THE FORMATTER CONTAINS 7 SUB-PROGRAMS, EACH DESIGNED TO
PERFORM A SPECIFIC PART OF THE TOTAL INPUT-OUTPUT OPERATION.
FOR EXAMPLE:

FORMATTER

.DIO.
( DECIMAL_INPUT/QUTPUT)

(BINARY 'INPU'I:/OUTPUT)

.IOR.
(INPUT/OUTPUT REAL)

dO0I.
(INPUT/OUTPUT INTEGER)

.RAR.
( REAL ARRAY)

JIAR.
(INTEGER ARRAY) _

.DTA.
( TERMINATOR)
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ARRAY ?

A

INITIAL CALL

CLA (unit=0)

CLB,INB (in} or CLB {out)
JSB.DIC.

DEF (huffer)

DEF {format)

DEF (end of list)

in - ASCII to binary
out - binary to ASCI|

DATA CALL DATA CALL DATA CALL DATA CALL
LDA (= of elements) LDA (= of elements) JSB.10L. JSB.IOR.
LDB (array address) LDB (array address) STA DST x
JSB.RAR. JSB.IAR.

Students Manual
< iNPUT CALLING SEQUENCE SELECTOR SUTPUT >
START SAMPLE OF A ZREE FIELD" INTEGER INPUT CALL :SAMPLE OF A REAL NUMBER OUTPUT CALL START
EXT +DIO.,.101. EXT +DIO.,.10R.,.DTA.
UNIT OCT 1 UNIT 0CT 2
1 BSS 1 X 0CT 877777
* 0CT 177776
FORMATTED ? START LDA UNIT FMT  ASC 45(E13.6/)
CLB, INB *
JSB +DIC. START LDA UNIT
ocT 2 cLB
DEF END JSB .DIO.
RMATTED ?
JSB . I101. DEF FMT 2
STA I DEF END
END (program continuation) pLD X
J$B . 10R.
\ 4 JSB .DTA.

INITIAL CALL INITIAL CALL* INITIAL CALL® END  (program continuation) INITIAL CALL* INITIAL CALL
LDA unit LDA (unit) LDA (unit) LDA {unit) LDA {unit)
CLB,INB CLB,INB CLB,INB LB CLB
58.810. JSB.DIO. JSB.DID. SAMPLE OUTPUT 1S8.010. JSB.BIO,

0cTp DEF {format) DEF (format)
DEF (end of list} DEF (end of list) «172141E+39 DEF (end of tist)
> l > *For internal conversion only ¢ N
v substitute the following —

TERMINATION CALL
JSB.DTA.

ARRAY ?

)\ l

I

h
DATA CALL DATA CALL DATA CALL DATA CALL
LDA (= of clements) LDA (= of elements} LDA DLD x
LDB (array address) LDB (array address) JSB.ICL. JSB.IOR.
JSB.RAR. JSB.IAR.

] |
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USING THE FORMATTER

EXT ¢IO0OCeseDI0es¢I0les+eRARes«IARe5»+BI0«5+.DTA.

*DATA STORAGE AND CONSTANTS
*

BUFFR DEC 1525354355+6,75859510

N DEC 10

UNIT2 OCT 2

UNIT4 OCT 4

IARRY DEF BUFFR

FMT2 ASC 16, C""PRINT ELEMENTS 3,5,AND 7*/315)

*CALLING SEQUENCE TO PUNCH AN INTEGER ARRAY IN BINARY FORM
*

LDA UNIT4 LOAD"A"WITH UNIT #

CLB ® TO "B" FOR OUTPUT

JSB «BIO. INITIAL CALL (BINARY)

LDA N # OF ELEMENTS

LDB IARRY ARRAY ADDRESS

JSB +IAR. DATA CALL

JSB +DTA. NO MORE ITEMS ON DATA LIST

*CALLING SEQUENCE TO PRINT THE 3RD, S5TH» AND 7TH ELEMENTS OF BUFFR
*

LDA UNIT2 LOAD "A*" WITH UNIT#

CcLB @ TO "B* FOR OUTPUT

JSB «DIO. INITIAL CALL (FORMATTED)

DEF FMTZ2 ADDRESS OF ASCII FORMAT STRING

DEF EOL3 END OF LIST ADDRESS

LDA BUFFR+2 GET 3RD ELEMENT

JSB +101. DATA CALL

LDA BUFFR+4 GET STH ELEMENT

JSB .I01. DATA CALL

LDA BUFFR+6 GET 7TH ELEMENT

JSB .I01. DATA CALL

JSB +DTA. NO MORE ITEMS ON DATA LIST
EOL3 (Program Continuation)

9-19



HP Basic Control System,.O.C. sectionn




Obijectives

Introduction to the Basic Control System

Basic Control System

BCS Modules

Simplified 10C Block Diagram

Unit Reference Numbers

Example of an Initial Equipment Table
Example of Upgrading the System
Logical to Physical Translation Process
Simplified 1/0 Operation
Input/Output Requests

(Teletype) 8 Level Tape

8 Level Paper Tape (Binary)
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10C Call (Parameter 1)

Allowable Combinations of Read/Write Functions
Command Reject

Example Call to 10C

Example of 10C Calling Sequences

Status Request (Device)

Coding Example to Check Status Conditions
Status Request (System)

Clear Request (Device)

Example of a Clear Request

Clear Request (System)

Internal Conversion Example
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LESSON X OBJECTIVES

THE OBIJECTIVES OF LESSON X ARE:

1 - TO INTRODUCE THE STUDENT TO THE HEWLETT-PACKARD
BASIC CONTROL SYSTEM.

2 - TO INSTRUCT THE STUDENT IN THE USE OF THE
INPUT/OUTPUT CONTROL (IOC) AND I/0
EQUIPMENT DRIVER SUBROUTINES.
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INTRODUCTION TO
THE BASIC CONTROL SYSTEM

THE BASIC CONTROL SYSTEM PROVIDES 2 MAIN FUNCTIONS
TO THE COMPUTER SYSTEM.

1. Provides a flexible, systematic structure to handle
input/output requests from system and user
programs.

2. Provides the loading and linking capability required
for relocatable object programs produced by FORTRAN
and the ASSEMBLER.
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W

LOADED USING THE
BINARY LOADER

THE BASIC CONTROL SYSTEM ALWAYS RESIDES IN UPPER MEMORY

BASIC CONTROL SYSTEM

THE BASIC CONTROL SYSTEM IS AN ABSOLUTE PROGRAM

ON PAPER TAPE

MEMORY

BINARY LOADER

BASIC
CONTROL

SYSTEM

PAGE (n)

PAGE (n-1)

PAGE 1

PAGE @
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THE BASIC CONTROL SYSTEM IS MADE UP OF THREE

INTEGRAL PARTS

1 INPUT OUTPUT CONTROL
2 /0 DRIVERS

3 ARELOCATABLE LOADER

V777777000 7770770700077

INPUT OUTPUT
CONTROL

I/0 DRIVERS

RELOCATABLE LOADER

BCS MODULES

PAGE (n)

PAGE (n-1)

PAGE |

PAGE 9

n |
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— RE— w
SIMPLIFIED IOC BLOCK DIAGRAM
USER I/0
REQUEST
! I /70 CHANNEL #
I0C
I/0 1/0
DRIVER # —’<—’ DEVICE #
EQUIP. TABLE I/0 I1/0
| ENTRY 1 DRIVER #2 g @‘ | pEVICE #2
|_we{ ENTRY 2
1 ENTRY 3
| DRIVER #3[ “—"1 bevicE #3
1/0 - 1/0
DRLVER #a —’@ | DEVICE #4

(M The user requests an I/0 operation using a logical unit number.
@ 1I0C finds the logical unit entry in the equipment table.

® The equipment table entry contains the address of the driver.
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| 4 i

UNIT REFERENCE NUMBERS

IN ORDER TO ALLOW NEW INPUT/OUTPUT HARDWARE l
7O BE INTEGRATED INTO THE COMPUTER SYSTEM, USER
REQUESTS TO IOC NEVER REFER TO THE PHYSICAL I/0
DEVICE CHANNEL NUMBER. EACH I/0 DEVICE IS ASSIGNED
A LOGICAL NUMBER CALLED THE UNIT REFERENCE
NUMBER -

UNIT REFERENCE NUMBERS REFER TO ONE OF TWO
TABLES:

1 - STANDARD UNIT TABLE
2 - EQUIPMENT TABLE
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EQUIPMENT TABLE

UNIT REFERENCE
NUMBER g I/0 CHANNEL(S)8 DEVICE
7 14 TELEPRINTER
10 15 H.S. TAPE READER
11 16 H.S. TAPE PUNCH

® o o
/
[ ] [ ] [ ]

EACH I/0 DEVICE MAKES ONE ENTRY IN THE EQUIPMENT
TABLE, HOWEVER THE FIRST ENTRY IS ASSIGNED UNIT
REFERENCE NUMBER 7.

EXAMPLE OF AN INITIAL EQUIPMENT TABLE
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EQUIPMENT TABLE

UN&LJSE%RSENCE I/0 CHANNEL (S )8 DEVICE
7 16 TELEPRINTER
10 17 H.S. TAPE READER
11 20 H.S. TAPE PUNCH
12 14715 MAGNETIC TAPE

L

ALTHOUGH NEW CHANNEL ASSIGNMENTS FOR THE DEVICES ARE
SHOWN, REFERENCES TO UNIT 7 WILL STILL BE ROUTED TO THE

TELEPRINTER. THE EQUIPMENT TABLE PROVIDES THE LOGICAL/PHYSICAL

FLEXIBILITY REQUIRED TO CHANGE OR UPGRADE A COMPUTER INSTALLA-
TION WITHOUT CHANGE TO EXISTING PROGRAMS.

EXAMPLE OF UPGRADING THE SYSTEM
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1/0
STANDARD UNIT EQUIPMENT TABLE DRIVER  CHANNEL DEVICE
TABLE
d CHANNEL NUM. TELEPRINTER
KEYBOARD S EQUIP STATUS LEPRI
1 INPUT ) TXMISSION LOG DRIVER  [{16)=——= TELEPRINTER
DRIVER ADDRESS
TELEPRINTER
2 OUTPUT )
TABLE ENTRY
HIGH SPEED HIGH SPEED
3 PL"‘;gg':gM Y joOH—TOR READER L o1 "ReaDER  [H{7)}e———] PAPER TAPE
Y DRIVER READER
4 PUNCH
OUTPUT
TABLE ENTRY HIGH SPEED HIGH SPEED
5 INPUT 11){—FOR PUNCH >  PUNCH PAPER TAPE
DRIVER PUNCH
TABLE ENTRY
LIST ) FOR DEVICE DRIVER FOR
6 OUTPUT 2 (N) DEVICE (N) H(n)———{ DEVICE (N)

LOGICAL TO PHYSICAL
TRANSLATION PROCESS
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F

READ/WRITE OPERATION ?
WHAT DEVICE ?

WHERE IS THE DATA ?
HOW MANY WORDS /CHARS ?

'

IOoC

I/0
DRIVER

Programming Course
Students Manual

SIMPLIFIED LO OPERATION

I/0 DRIVER

INITIATOR
SECTION

BUSV NO
YES

COMMAND
Y REJECT

CONTINUATOR
SECTION

I/0-
4 DEVICE
|
|
PRIORITY
o INTERRUPT
70 MAIN
Y rocram
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EXT JO0C.
JSB JIOC.
R IVER OR DEVICE. BUSY OCT  ( <FUNCTION><SUBFUNCTION><UNIT REF>)
ILLEGAL CALL OR DMA
%’3@”%‘%&"2}#&’;‘&?@'&%} JMP  (REJECT ADDRESS)
DEF (BUFFER ADDRESS)
DEC (BUFFER LENGTH OR COUNT)
IF THE REQUEST IS ACCEPTED |
WILL RETU ™
LOCATION FOLLOWING THE PROGRAM CONTINUATION

COUNT PARAMETER

INPUT OUTPUT REQUESTS
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123456 ABCDEF

1 — -1
2 — -2
3 — — 3

— — FF
F4F_ — s
5 — — 5
6 — — 6
7 — - 7
8 — — 8

1) LEVELS 1 - 7 CONSTITUTE THE ASCIlI CODE

THE DRIVERS WITHIN BCS REMOVE THE 8th LEVEL ON INPUT
AND PUNCH THE 8th LEVEL ON OUTPUT WHEN READING/WRITING

2

L

3) CARRIAGE RETURN, LINE FEED IS THE ASCIl END OF RECORD MARK

4) A ‘RUB OUT’ CHARACTER FOLLOWED BY C.R., L.F. WILL CAUSE
THE DRIVER TO IGNORE THE PRECEDING RECORD

(TELETYPE) 8 LEVEL TAPE
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F BITS
[ /,r o 0{0 o o{ ¢ 8
] ) I o o|lo0 o o 0 1 9
o] O O?EO o 0|0 O o oio 600 60 oo o 2 lo
\O_O_V-O__()/((:OOOO()}IOOOOOOOOO oooz::zooolo 3“
E.O.R. o °° 0/: E.O.R.[© ©°|©° o | 4 12
o o /: o olo o o: 5 13
o?} o olo o ol'o 6 14
! ° ° ° ! 715
* \3\ ﬁ
15|14 13 12|11 10 9 876 5 4 3|2 | O 15{14 131211 10 9|8 7 6|5 4 3|2 1 O
0O({0 O O|O O O|]OOO|[O0O O O[|! OO of41 00({O I /OO0 1|1 OO]1 1 1
8 BIT WORD COUNT FORMAT 16 BIT BINARY WORD FORMAT
A VARIABLE LENGTH BINARY RECORD A FIXED LENGTH BINARY RECORD
(SHOWN WITH 4 WORDS) (SHOWN WITH 4 WORDS)

1. Feed frames prior to the first character are ignored by the driver.
Therefore the 1st frame of a binary record must be non-zero.

2. Four feed frames separate binary records.

3. To output a record in variable binary form, the number of words in
the data block must be in the range 1<n<255,,. The second frame
of the word count * is ignored on input.

4. Variable binary input uses the word count, or the specified buffer
size to terminate transmission, whichever value is smaller,

8 LEVEL PAPER TAPE (BINARY)
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IOC CALL (PARAMETER 1)

LABEL OPCODE OPERAND

EXT .I0C.
JSB .I0C.
OCT 10005
JMP *-2

DEF BUFFR
DEC =10

15 12_11 9 8 7 6 5 0

FUNCTION

m UNIT REFERENCE

”

READ O1
WRITE 02

P=1

CODE (OCTAL)

PRINT TTY
INPUT

(KEYBOARD READER)

v=1 VARIABLE
BINARY INPUT

UNIT REFERENCE VALUES

STANDARD UNIT NUMBERS 1-6
OR
UNIT REFERENCE NUMBERS 7-n

m =1 BINARY
=0 ASCII
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15 12 8 65 0
7 SUB /1111111777777
e s s )
OPERATION
READ ASCII RECORD O 1 O O
READ ASCII RECORD o 1 0 4
AND PRINT
READ BINARY RECORD o 1 0 1
READ VARIABLE LENGTH o 1 0o 3
BINARY RECORD
WRITE ASCII RECORD O 2 0 0
WRITE BINARY RECORD O 2 O 1

ALLOWABLE COMBINATIONS
OF READ/WRITE FUNCTIONS
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COMMAND REJECT

LABEL OPCODE OPERAND

AN I/0 REQUEST THAT IS REJECTED JSB .I0C.
WILL CAUSE IOC TO RETURN CONTROL HERE ©C¢T XXXXX
<z » JMP *-2
THE CAUSE OF THE REJECT WILL BE DEF ADDR
RETURNED IN THE B REGISTER. DEC COUNT
A - REGISTER
15 14 8 7 0o
A EQUIPMENT TYPE STATUS
B - REGISTER

.15

N R

d =1 DEVICE OR DRIVER BUSY
c=1 DMA CHANNEL NOT AVAILABLE
d=c =0 ILLEGAL FUNCTION OR SUBFUNCTION
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LABEL OP CODE OPERAND REMARKS
EXT JOC.
| |
| |
| i
JSB .I10C.
OCT 10005 READ ASCII, STD INPUT
JMP *-2
DEF TABL ADDRESS OF BUFFER
DEC 10 NUMBER OF WORDS
|
|
|
I
TABL BSS 10
|
|
|
END
1 - THE ADDRESS OF THE FIRST WORD OF THE BUFFER IS DEFINED

USING THE DEF PSEUDO.

2 - THE NUMBER OF WORDS/CHARACTERS TO BE TRANSFERRED
IS DEFINED BY:
WORDS = A POSITIVE VALUE
CHARACTERS = A NEGATIVE VALUE

EXAMPLE CALL TO IOC
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LABEL OP _CODE OPERAND REMARKS
EXT .IOC. .JOC. EXTERNAL
LINE BSS 36 36 WORD PROGRAM BUFFER
COM BKB (100) 100 WORD COMMON BUFFER
READ1 JSB IOC.
oCT 10005 READ ASCII
JMP *x-2
DEF LINE PROGRAM BUFFER
DEC =72 72 ASCII CHARS
WRITE 1 JSB .I0C. WRITE BINARY
OCT 2011
JMP *$-2
DEF BK COMMON BUFFER
DEC 100 100 BINARY WORDS

EXAMPLE OF 10C CALLING SEQUENCES
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STATUS REQUEST (DEVICE)
15 12 5 0
FUNCTION 04 UNIT~-REFERENCE

(CALLING SEQUENCE)

JSB .I0C.
OCT <FUNCTION> <UNIT—REF>

I0C WILL RETURN TO THE MAIN PROGRAM
WITH WORD 2 OF THE EQT IN THE
A REGISTER, AND WORD 3 OF THE EQT
IN THE ‘B’ REGISTER.

15 1413 87 0
A= a EQUIP TYPE STATUS

yd / /
/O-READY ZAN HP ASSIGNED # SUCH AS ZPHYSICAL STATUS OF THE

1-READY WITH @0 FOR TTY, 01 PHOTO- I/0 DEVICE.

ERROR READER ETC.

2-BUSY

15 14 0
B=| m TRANSMISSION LOG

AN

0=ASCII —# OF WORDS/CHARACTERS TRANSMITTED.
1=BINARY »
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LABEL OP CODE  OPERAND  REMARKS

COMMAND INITIATION

READ JSB LOC.

- ocCT 10015 READ ASCII

JMP REJECT
DEF INBUF BUFFER ADDRESS
DEC -20 20 CHARACTERS
JMP STAT

REJECT SSB IS DRIVER BUSY?
JMP READ YES, RE-INITIATE COMMAND
JSB ABORT NO, GO TO ERROR ROUTINE

INBUF BSS 10

STATUS CHECKING

STAT JSB .10C.
OCT 40015 REQUEST STATUS
SSA IS DRIVER BUSY 2
JMP STAT YES, LOOP UNTIL FREE
RAL NO, ROTATE & TEST BIT 14
SSA, RSS ANY ERROR ?
JMP PROCS NO, CONTINUE PROCESSING.
ALF, ALF YES, POSITION BIT 5
RAL FOR STATUS TEST
SSA EOT CONDITION 2
JMP ENDPR YES, GO TO EOT ROUTINE
JSB ABORT NO, GO TO ERROR ROUTINE

CODING EXAMPLE TO CHECK STATUS CONDITIONS
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STATUS REQUEST (SYSTEM)

15 12 5 0

FUNCTION UNIT REFERENCE
g 1 9 9 7/ 2

CALLING SEQUENCE

JSB .10C.
OCT 40000
(RETURN)

I0C WILL RETURN TO THE MAIN PROGRAM WITH REGISTER “"A’’:

POSITIVE - No system devices are busy
NEGATIVE - A system device is busy

ﬂ
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THE SECOND WORD CONSISTS OF THE FOLLOWING:

15

12 1 65

FUNCTION / UNIT- REFERENCE
o 2 7

THE ONLY OTHER PARAMETER REQUIRED IS THE UNIT-REFERENCE
NUMBER.

THE CLEAR REQUEST TERMINATES A PREVIOUSLY ISSUED INPUT OR

OUTPUT OPERATION BEFORE ALL DATA IS TRANSMITTED. IT HAS
THE FOLLOWING FORM!

(CALLING SEQUENCE)

JSB I0C.
oCT <FUNCTION> <UNIT-REFERENCE>

CLEAR REQUEST (DEVICE)
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READM JSB
OCT
JMP
DEF
DEC
JSB

CLRRD JSB
ocT

LABEL OP CODE

OPERAND

.10C.
10401
%*-2
MSG
-T2
TIMER

J0C,

REMARKS

OPEN TTY INPUT CHANNEL

READ FROM KEYBOARD

BUSY, TRY AGAIN

DATA' BUFFER

72 CHARACTERS MAX

RTN TO TIME OPERATOR RESPONSE

CLEAR REQUEST
ON UNIT 1

EXAMPLE OF A CLEAR REQUEST
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The second word consists of the following:

15 1211 65 o

”M”/////////////////////////, T REFERENGE __

CALLING SEQUENCE

Jss .IOC.
ocCT @
(RETURN)

THE SYSTEM CLEAR REQUEST CAUSES I0C TO CLEAR ALL
DEVICES AND DRIVERS DEFINED BY THE EQUIPMENT TABLE. THIS
MAKES ALL DEVICES AVAILABLE FOR INITIATING AN OPERATION.

CLEAR REQUEST (SYSTEM)
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INTERNAL CONVERSION EXAMPLE

*CALLING SEQUENCE TO INTERNALLY CONVERT A REAL ARRAY (BINARY)

*TO ASCII AND OUTPUT WITH A CALL DIRECTLY TO .IOC.
*

EXT «I0Ces+DIO¢s+RAR.,.DTA.

ENT START
J§~‘~Ez“‘**~ START NOP

CLA UNIT =0 MEANS INTERNAL CONVERSION
CcLB @ TO "B* FOR OUTPUT
JSB «DIO. INITIAL CALL (FORMATTED)
DEF ABUFR ADDRESS OF BUFFER FOR ASCI1 DATA
DEF FMT4 ADDRESS OF ASCII FORMAT STRING
DEF EOLS END OF LIST ADDRESS
STORAGE AND CONSTANTS LDA N #OF ELEMENTS
LDB RARRY ARRAY ADDRESS
ﬁig ié'z"""’9"lg‘ JSB +RAR. DATA CALL
JSB «DTA. NO MORE ITEMS ON DATA LIST
ggg 5‘0 LDA CNT INITIALIZE COUNTER
STA CNTR
0CT 3 LDA ADDRS PICK UP BUFFER ADDRESS
ASC 3,(F6.2) STA POINT INITIALIZE ADDRESS
BSS 30 JSB .I0C. CALL .10C.
DEF ABUFR 0CT 20002 OUTPUT ON UNIT #2
DEF BUFFX JMP %=-2 REJECT
OCT 9 BUFFER ADDRESS
DEC -6 6 ASCII CHARACTERS
JSB .10C. STATUS CHECK
OCT 40002 UNIT #2
sSsSa BUSY?
JMP %-3 YES, CHECK STATUS AGAIN
LDA POINT NO» MODIFY BUFFER
ADA P6 ADDRESS TO OUTPUT
STA POINT NEXT ELEMENT
1SZ CNTR IS CNTR 0?
JMP LOOP NO» OUTPUT NEXT ELEMENT

(Program Continuation)
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Objectives

The Relocatable Loader
Loader Provided Linkages
Memory Map 1

Memory Map 2

Memory Map 3

Memory Map 4

Loading Example
Loader Listing
Absolute Binary Output
Loader Diagnostics

Halt Index, Binary Output Option
Prepare Control System (P.C.S.)

P.C.S. Overview
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Standard Unit Numbers

P.C.S. Operations

Initialization Phase

Loading the I/O Equipment Drivers
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The Relocating Loader Module
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S.1.0. Memory Map

Configuring a Program System
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LESSON XI OBJECTIVES

THE PRIMARY OBJECTIVES OF LESSON XI| ARE:

1. TO DISCUSS THE OPERATION OF THE HP RELOCATING
LOADER IN MORE DETAIL AND DESCRIBE ADDITIONAL
LOADER FEATURES.

TO TEACH THE STUDENT HOW TO USE THE
“"CONFIGURATION’’ ROUTINES—

PREPARE CONTROL SYSTEM.
SYSTEM INPUT/OUTPUT DUMP.
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THE RELOCATABLE LOADER:

® LOADS RELOCATABLE OBJECT PROGRAMS.

® ESTABLISHES COMMON STORAGE BOUNDARIES.

® PROVIDES LINKAGES WHEN THE OBJECT PROGRAM
IS LOADED ACROSS PAGE BOUNDARIES.

® WILL PUNCH AN ABSOLUTE BINARY TAPE OF THE
OBJECT PROGRAM. (OPTION)

® PROVIDES A MEMORY LISTING OF PROGRAM
BOUNDARIES AND THE ABSOLUTE ADDRESS OF ALL

‘ENT’ POINTS DECLARED IN THE SOURCE PROGRAM,

® PROVIDES A ‘LOAD AND GO’ FEATURE OR THE
OPTION OF MANUAL ENTRY OF THE STARTING
ADDRESS.
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LABEL OP CODE OPERAND
E
1776 DEF B
PAGE O 1777 DEF A
PAGE 1 ABSOLUTE START OF PROGRAM
|
|
157 £ 17771
LDA K 17771
ADA 1776,1
PAGE 1 4
PAGE 2 ADA c
JMP X
A BSS 1
B BSS 1
C BSS 1
X LDA A
HLT

IN THE EXAMPLE, SYMBOLIC TERMS ARE USED FOR SIMPLICITY
AND TO DESCRIBE THE ‘EFFECT’ OF THE LOADERS ACTION.

LOADER PROVIDED LINKAGES
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07777 OR 17777
07700 OR 17700

02000

00000

iNPUT/ OUTPUT[') CONTROL
AN
EQUIPMENT DRIVER
SUBROUTINES

>

7
\\\}@ ;\Q
\\\\ GRAN

s> - BASIC BINARY LOADER

BASIC CONTROL SYSTEM

o> _SYSTEM LINKAGE

MEMORY MAP 1

2 __ RESERVED LOCATIONS
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Orr77 OR 17777
07700 OR 17700

NON-RELEASABLE
PORTION OF
LOADER

PROGRAM RELOCATION
BASE

ozooo\'\

INPUT/OQUTPUT CONTROL
AND
EQUIPMENT DRIVER
SUBROUTINES

00

PROGRAM A

BASE PAGE
RELOCATION

BASE __,——?

BASE PAGE PROGRAM A SEGMENT

00000

MEMORY MAP 2

-~ __LINKAGE AREA

s> ~SYSTEM LINKAGE

BASIC BINARY LOADER

BASIC CONTROL SYSTEM

RESERVED LOCATIONS
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T
07777 OR 17777 s+ _~BASIC BINARY LOADER
07700 OR 17700 INPUT/OQUTPUT CONTROL
AND
BASIC CONTROL SYSTEM
NON-RELEASABLE BN T TR
PORTION OF | >¥Emvaives ]
LOADER — ([
COMMON AREA FOR A &B ONLY

coMMmon = F—-—-—-—-—————————— COMMON BLOCK
RELOCATION COMMON AREA FOR A,B8C
BASE

s, “7 __-PROGRAM AVAILABLE

PROGRAM C MEMORY
PROGRAM B
PROGRAM A
02000
LINKAGE AREA

TS VLSS L T T T R T OO NV U U TR S O U CUSSNSTY BASE PAGE

BASE PAGE PROGRAM C SEGMENT AVAILABLE MEMORY

BASE PAGE PROGRAM B SEGMENT

s> _~SYSTEM LINKAGE

00000 4?7 _-RESERVED LOCATIONS

MEMORY MAP 3
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I . -

BASIC BINARY LOADER

INPUT/OUTPUT CONTROL

EQUlPMEI\?’INDDRIVER BASIC CONTROL SYSTEM

SUBROUTINES

1 COMMON BLOCK
PROGRAM AVAILABLE LTI T T LT T T T
MEMORY .______5 PROGRAM D
PROGRAM B
PROGRAM A
02000

LINKAGE AREA

AMEALAAEHARAR TN RR RN ANN NN NN NN N NN L
PROGRAM E BASE PAGE

AVAILABLE MEMORY
PROGRAM C

SYSTEM LINKAGE

“C—RESERVED LOCATIONS

MEMORY MAP 4
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LABEL OP CODE OPERAND REMARKS
ASMB, R,B, L, T
NAM PROGA
EXT .IOC.
ENT BEGIN |
START NOP
BEGIN MPY SAM PROGA
) SEGMENT
STA MIKE
COM MIKE (512)
END START
ASMB, R,B,L, T
NAM PROGB
EXT FLOAT, BEGIN
JSB FLOAT
LDA TABL PROGB
COM TABL (255) SEGMENT
JMP BEGIN
END

LOADING EXAMPLE
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QZ—-0-r AMOPOr

LOADER MESSAGES

PROGA
02000
LOAD
PROGB
03003
LOAD
MPY
FLOAT
LOAD
MPY

04007

FLOAT
04120
PACK
04125
*LST

JOC.
-MEM.
BEGIN
MPY
FLOAT
PACK
*COM
15112
*LINKS
01773
*RUN

03002

04006

04117

04124

04231

17515
16113
02001
04007
04120
04125

16111

01777

COMMENTS

PROGRAM ‘A"’ IS LOADED
MORE PROGRAMS?

YES, LOAD PROGRAM 'B”
LIST UNDEFINED EXT SYMBOLS; SW.© UPZ{PRESS RUN

MORE PROGRAMS? YES, LOAD FROM LIBRARY

LIBRARY ROUTINE

LIBRARY ROUTINE

FLOAT CALLS .PACK

PRINT LOADER SYMBOL TABLE?
SW. 15=0 , YES-SW. 15=1, NO.

ENTRY POINTS WITH ABSOLUTE ADDRESSES

COMMON STORAGE BOUNDS

LOADER PROVIDED LINKAGES
READY TO EXECUTE
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RELOCATABLE
OBJECT TAPES

RELOCATABLE
LOADER
L
|
B ABSOLUTE
A BINARY OBJECT
3 TAPE

BINARY OUTPUT OPT/ION SWITCH 14=1

THE LOADER PRODUCES THE ABSOLUTE BINARY OBIJECT TAPE DURING
A 'PSEUDO LOAD’ OPERATION. THE ABSOLUTE BINARY TAPE CAN BE

LOADED BY THE BINARY LOADER.

ABSOLUTE BINARY OUTPUT
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MESSAGE EXPLANATION ACTION

*LO1 CHECKSUM ERROR REREAD THE RECORD
*LO2 ILLEGAL RECORD RIGHT TAPE? REREAD THE
RECORD
*LO3 MEMORY OVERFLOW REVISE PROGRAM
“*LO4 LINKAGE AREA OVERFLOW REVISE LOADING ORDER,
OR REVISE PROGRAM
*LO5 LOADER SYMBOL TABLE REV|SE PROGRAM
| OVERFLOW
*LO6 COMMON BLOCK ERROR LOAD PROGRAM CONTAINING
Current common de- THE LARGEST COMMON BLOCK
claration exceeds initial FIRST
common declaration
*L07 DUPLICATE ENTRY POINTS REVISE PROGRAM
*LO8 NO TRANSFER ADDRESS LOAD STARTING ADDRESS IN

‘A’ REGISTER, PUSH RUN.

*LO9 RECORD OUT OF SEQUENCE REASSEMBLE PROGRAM OR
RELOAD BCS AND TRY AGAIN

LOADER DIAGNOSTICS
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‘T’ REGISTER EXPLANATION ACTION
HALT 66 (102066) TAPE SUPPLY ON REPLENISH TAPE
2753A PUNCH SUPPLY , PUSH RUN
IS LOW
HALT 55 (102055) A LINE IS ABOUT TURN PUNCH OFF,
TO BE PRINTED PUSH RUN

ON THE BINARY
OUTPUT DEVICE

HALT 56 (102056) A LINE HAS BEEN TURN PUNCH ON,
PRINTED WHILE PUSH RUN
THE PUNCH UNIT
WAS OFF

HALT INDEX, BINARY OUTPUT OPTION
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WHAT IS IT?

A COMPUTER PROGRAM WHICH PROCESSES RELOCATABLE
MODULES OF THE BASIC CONTROL SYSTEM AND PRODUCES
AN ABSOLUTE VERSION OF B.C.S. TAILORED TO THE SPECIFIC

HARDWARE CONFIGURATION.

WHAT DOES IT D02
IT CREATES AN OPERATING SYSTEM CONSISTING OF THE INPUT/QOUTPUT
SUBROUTINE (I.0.C.), THE RELOCATABLE LOADER (LDR) AND THE
REQUIRED PERIPHERAL EQUIPMENT INPUT/OUTPUT DRIVER

SUBROUTINES.

PROCESSING ENVIRONMENT

\/
I/0 PREPARE CONTRO
DRIVER (5)
(1oc. ] HEWLETT— PACKARD
BASIC CONTROL
MODULE ™|l compuTER SYSTEM
L
RELOCATING
LOADER MODULE
4 ASR-33/35
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P.C.S PROVIDES THE CAPABILITY OF CREATING A COMPLETE
BASIC CONTROL SYSTEM IN THE COMPUTERS MEMORY.

LAST WORD AVAILABLE—
MEMORY
(LWAM)

FIRST WORD AVAILABLE—
MEMORY
(FWAM)

BASIC BINARY LOADER

I1/0 DRIVER # 1

I/0 DRIVER #*2

1/0 DRIVER &3

170 DRIVER #4

INPUT OUTPUT CONTROL

RELOCATING
LOADER MODULE

AVAILABLE MEMORY

PREPARE CONTROL
SYSTEM

BASE PAGE
AVAILABLE MEMORY

SYSTEM LINKAGE

INTERRUPT LINKAGES

INTERRUPT LOCATIONS

MEMORY

WHEN ALL INDIVIDUAL ELEMENTS ARE PRESENT IN MEMORY.
P.C.S. WILL PUNCH AN ABSOLUTE BINARY VERSION OF THE
COMPLETE BASIC CONTROL SYSTEM.
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PLANNING THE SYSTEM

THE FIRST CONSIDERATION TO BE MADE IS THE PHYSICAL
PLACEMENT OF THE I/0 INTERFACE CARDS. CHANNEL #10
HAS THE HIGHEST PRIORITY, # 11 NEXT HIGHEST, ETC.
GENERALLY, THE DEVICE THAT GENERATES THE GREATEST

NUMBER OF INTERRUPTS PER UNIT OF TIME IS ASSIGNED
THE HIGHEST PRIORITY.

FOR EXAWPLE:

ASSUME A COMPUTER SYSTEM IS MADE UP OF THE FOLLOWING UNITS:

1. - READ/WRITE MAGNETIC GHER<— PRIORITY ——» L OWER
TAPE (REQUIRES TWO it e

INTERFACE BOARDS)

2.- HIGH-SPEED PAPER TAPE
READER

3.- HIGH-SPEED PAPER TAPE
PUNCH

4.- TELEPRINTER (ASR-33)

I/0 CARD CHANNEL ASSIGNMENTS
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WHEN AN I/0 DEVICE CAUSES AN INTERRUPT IT FORCES THE
COMPUTER TO EXECUTE THE CONTENTS OF THE INTERRUPT

LOCATION. SINCE ALL INTERRUPT LOCATIONS ARE ON THE
BASE PAGE AND THE 170 DRIVERS ARE IN HIGH MEMORY THE
TRANSFER TO THE DRIVER MUST USE INDIRECT ADDRESSING.

FOR EXAMPLE.

16
15

1/0 I/0 — 14
DEVICE CHANNEL 13
TELEPRINTER — 12 > 12
TAPEPUNCH — 1 1]

TAPEREADER — 10 & 10

MEMORY

————p4 1.01 TAPE READER DRIVER

—=1 1,02 TAPE PUNCH DRIVER

I.00 TELEPRINTER DRIVER

J—

FWAM

—

DEF 1I1:00

DEF 1L1.02

DEF I1'01

JSB 15,1

JSB 14,1

JSB 13,1
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EQUIPMENT TABLE NUMBERS I

EQUIPMENT TABLE NUMBERS BEGIN WITH 7. EACH DEVICE
IS ASSIGNED A SEQUENTIAL OCTAL NUMBER. WITHIN THIS
FRAMEWORK THE INITIAL NUMBER ASSIGNMENTS ARE

ARBITRARY.
fOR EXANPLE:
EQT
1! ENTRY - PHOTOREADER 7 =
m
2" ENTRY - TAPE PUNCH S S &
39 ENTRY - TELEPRINTER ST TEIES
4™ ENTRY - MAG TAPE ST/vE/ 8/ 8/ &
SSISS/§/&/ 6
~EC &? NS <&
~

FQURMENT _, 112|710

11-17



LESSON XTI : Programming Course
HP Relocating Loader, Configuration Routines Students Manual

INTERRUPTS, LINKAGE, DRIVER 1.D.

INTERRUPT LOCATION— P.C.S. WILL CAUSE A COMPUTER INSTRUCTION TO BE
STORED HERE. (USUALLY A JSB, I)

LINKAGE LOCATION — R.C.S. WILL CAUSE THE ADDRESS OF THE CONTINUATOR
SECTION OF THE I/0 DRIVER TO BE STORED HERE.

DRIVER IDENTIFICATION — THE SYMBOLIC NAME OF THE I/0 DRIVER
INITIATOR SECTION ENTRY POINT.

INTERRUPT IDENTIFICATION — THE SYMBOLIC NAME OF

THE I/0 DRIVER CONTINUATOR
SECTION ENTRY POINT.

FWAM — THE FIRST WORD OF AVAILABLE MEMORY.

NOTE: DRIVER AND INTERRUPT
IT%ECgsszgfss 'SQ'EEDD STJ:;P' DRIVER IDENTIFICATION
A
BE UNIQUE. INTERRUPT LOCATION
LINKAGE LOCATION
INTERRUPT IDENT.

EQUIPMENT
TABLE —*
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STANDARD UNIT NUMBERS
The standard unit numbers are simply
pointers to the appropriate equipment
table entries.
DRIVER IDENTIFICATION [D.21{ — |D.01]|D.02{D.00
INTERRUPT LOCATION wlnunfiw2]i13] 14
LINKAGE LOCATION 15|16 17] 2021
To Ossign standard units INTERRUPT IDENT. 1.21]C.21{1.01{1.02]|1.00
m#
place a checkmark at the EQUIPMENT 19 7110 11
intersection of the standard TABLE —*
unit table number (x-axis),
and the correct equipment UEJ?N%?SEE
table number (y-axis) |
1.| KEYBOARD INPUT /
2| TELEPRINTER ouTPUT v
3] PROGRAM LIBRARY v'
4| PUNCH ouTPUT v~
5| INPUT v~
6] LIST OUTPUT v~
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P.C.S. OPERATIONS

THE NEXT FEW CHARTS WILL DESCRIBE A SIMPLE B.C.S.
CONFIGURATION. THE SYSTEM WILL CONSIST OF A COMPUTER
SYSTEM WITH 8K OF  MEMORY AND THE FOLLOWING PERIPHERALS:

1. READ/WRITE MAGNETIC TAPE — I/0 CHANNELS 10,1

PHOTOELECTRIC PUNCHED PAPER
TAPE READER — I/0 CHANNEL 12

2-
3. HIGH SPEED PAPER TAPE PUNCH — I/0 CHANNEL 13
q.

TELEPRINTER (ASR 33) — I/0 CHANNEL 14

THE ACTUAL CONFIGURATION PROCESS MAY BE DESCRIBED IN EIVE
PHASES.

PHASE 41— INITIALIZATION
PHASE 2-— LOADING THE I/0 EQUIPMENT DRIVER

PHASE 3— LOADING THE IOC MODULE

a. CREATING THE EQUIPMENT TABLE
b. CREATING THE STANDARD UNIT TABLE

PHASE 4- LOADING THE RELOCATING LOADER MODULE
a. ESTABLISH THE INTERRUPT LINKAGES

PHASE 5-— PUNCH THE ABSOLUTE OUTPUT TAPE
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r 1
INITIALIZATION PHASE

THE P.C.S. PROGRAM INITIALIZATION PHASE

COMMUNICATIONS REMARKS

HS INP? Is H.S. inputunit available ? ) ESE ENTRIES
17 Channel number of photo-reader \ ﬁgfgezoﬁfzgn

HS PUN? Is H.S punch available ? SYSTEM.
20 Channel number of tape punch

FWA MEM? Request first word address of available memory
22 First word following required interrupt locations

LWA MEM? Request last word address of available memory

17677 Word preceding basic loader (8K memory)

* LOAD Request to load first BCS module
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LOADING THE 1O EQUIPMENT DRIVERS

COMMUNICATIONS REMARKS
D.21 _— MAGNE"’IC TAPE DRIVER PROCESSED¥
16220 17677 ~—————p MEMORY BOUNDS OF THE DRIVER
% LOAD '—————————» REQUEST TO LOAD NEXT MODULE
D.O1
156661 16217 PHOTO-READER DRIVER PROCESSED
% LOAD
D.02
15351 15660 TAPE PUNCH DRIVER PROCESSED
% LOAD
D.00 ‘ TELEPRINTER DRIVER PROCESSED

14615 1535@

% LOAD

* WHEN PRESENT, THIS DRIVER SHOULD BE
LOADED FIRST DUE TO ITS LARGE S/IZE
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_
COMMUNICATIONS REMARKS
roc I0C MODULE
14376 14614  — 105 JoD
% TABLE ENTRY — EQUIPMENT TABLE
EQT? UNLT #
:g:g:g; — 1;’) DRIVER IDENTIFICATION |D.21] — [D.21|D22[D.00]
14,0.-00 - 11 INTERRUPT LOCATION 01 1211314
10.D. 2 1 - 12 LINKAGE LOCATION 1511617 [20] 21
/E INTERRUPT IDENT. 1.21(C.21|1.01[1.02|1.00
EQUIPMENT 19 7 1o |
sQT? — > STANDARD UNIT TABLE —*
-KYBD? TABLE
14
-TTY? STANDARD
11
LB 7 UNIT TABLE
7
-PUNCH? 1.| KEYBOARD INPUT /
10
;INPUT? 2.| TELEPRINTER OUTPUT /
-LIST?
" 3| PROGRAM LIBRARY v
4.! PUNCH oUTP
DMA? — = DIRECT MEMORY ouTPuT v
P ACCESS OPTION.
O INDICATES DMA 5| INPUT v~
NOT AVAILABLE.
% LOAD 6. LIST OUTPUT v~
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THE RELOCATING LOADER MODULE

DRIVER IDENTIFICATION |D.21| — |D.01]D.02|D.00 MEANING ENTRY POINT LIST
INTERRUPT LOCATION w2134 —_— '
LINKAGE LOCATION 1516 [ 17] 20|21 | ADDRESS OF SYSTEM TABLE .SQT. 14347
INTERRUPT IDENT. 1.21]c.21/1.01[1.02]1.09] ADDRESS OF EQUIP. TABLE -EQT. 14355
===l /0 DRIVER — .21 16220
INITIATOR f: "é: : ;ﬁ ;g
COMMUNICATIONS AND ’
D.01 15661
CONTINUATOR o1 15776
LOADR ENTRY POINTS D.02 15351
12115 14346 1.02 15465

MAINTAINS COMPATABILITY BETWEEN BUFR 14544
BUFFERED AND UNBUFFERED VERSIONS [ 100" 44615
OF 1.0.C. y

INTERRUPT LINKAGE? I,00 14771

ADDRESS OF .TOC. ENTRY POINT .IGC. 14376

DMA STATUS WORD CH #1 DMAC1 14613
19,15,1.21 - DMA STATUS WORD CH #:2 DMAC2 14614
11,16,C.21 - ADDRESS OF I/0 ERROR HALT IOERR 44572
12,17, 1.01 (ERROR) SYSTEM TABLE LINK WORD XSQT 14611
¥UN NAME 0% 0 EQUIPMENT TABLE LINK WORD XEQT 14612
12,17,1.04 RELOCATING LOADER ENTRY POINT .LDR, 13601
13,20,1.02 - ADDRESS OF MEMORY TABLE % MEM, 14342 |
14,21,1.00 - LOADER SYMBOL TABLE ADDRESS LST 12141
/E — LIST TERMINATOR

¥SYSTEM LINK
0022 00153

* MEMORY TABLE
FWABP
LWABP
FWAM
LWAM

%BCS ABSOLUTE OUTPUT
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ADDITIONAL P.C.S./B.C.S. CAPABILITIES

SETTING CONSTANTS INTO INTERRUPT LOCATIONS

10,15, 1.0 @

11,16,1.0 4

12,17,1.92 | LOC. CONTENTS,
13, 166713 These entries will cause PC.S. to do this 13 106713
14, ¢ - 14 000000

SPECIFYING INTERRUPT AND/OR SYSTEM ROUTINES AS EXTERNAL

11,16,1.804 Original input entry.

¥ UN NAME P.C.S. diagnostic message.

| Response to establish the name as external.
11,16,1.03 Response to indicate a corrected input entry.

SPECIFYING 1/0 DRIVERS AS EXTERNAL
I/0 DRIVER ? PC.S. diagnostic message indicating the referenced
D. XX driver has not been loaded .
! Response to define the driver as external

% UNDEFINED symBOoL: PC.S. diagnostic caused by specifyinga driver as external.
XX XX The computer will halt, Push run to continue.

Each undefined symbol is given the dummy address 77777.
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SYSTEM INPUT-OUTPUT DUMP ROUTINE

(SYSTEM INPUT QUTPUT)

PHASE 1

S.I1.0.
TELEPRINTER

ORIVER |

oy \UETPUORARD| e

(ORIVER 2 COMPUTER $,10. DRIVER

NS N

S.I.0
TAPE PUNCH
DRIVE 3

STANDARD SOFTWARE SYSTEMS PHA_\SE 2
(optional)
FORTRAN

ALGOL
ASSEMBLER

SYMBOLIC EDITOR T ONFIGURED

S.I.0 DRIVER

et IS HEWLETT-PACKARD]_

ANDARD SOFT-

WARE SYSTEM
oo ) COMPUTER

SOFTWARE

SYSTE 2
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| . —
S1.O0. MEMORY MAP

07700 OR17777 BASIC BINARY LOADER
TELEPRINTER DRIVER
s.I.o. P -
H DRIVERS HOTO-READER DRIVER

TAPE PUNCH DRIVER

PROGRAM AVAILABLE MEMORY

2000

BASE PAGE AVAILABLE MEMORY

106| LWA OF AVAILABLE MEMORY

105| FWA OF AVAILABLE MEMORY

104 KEYBOARD INPUT DRIVER ADDRESS |

103] PUNCH OUTPUT DRIVER ADDRESS

102| LIST OUTPUT DRIVER ADDRESS

101 | INPUT DRIVER ADDRESS

100/ STND SOFTWARE SYSTEM JMP INST.
0| 1/0 RESERVED LOCATIONS
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ﬁ

CONFIGURING A PROGRAM SYSTEM

THE SYSTEMS TO BE CONFIGURED

ASSEMBLER SYSTEM

SYMBOLIC EDITOR SYSTEM

FORTRAN COMPILER SYSTEM-PASS 1 TAPE ONLY
ALGOL COMPILER

THE S.I.0. DRIVERS (ONLY PROVIDED WHEN I1/0 DEVICE ORDERED)

e TELEPRINTER
e TAPE READER
e TAPE PUNCH

THE PROCEDURE (BASIC BINARY LOADER USED FOR ALL MODULE LOADING)
1. LOAD A DRIVER. (THE TELEPRINTER MUST BE LOADED FIRST)(PHOTOREADER SECOND)(PUNCH LAST)

2. PLACE THE ADDRESS 2 INTO THE P-REGISTER; SET SWITCHES 5-0 OF THF SWITCH REGISTER
TO THE CHANNEL NUMBER ASSOCIATED WITH THAT DEVICE AND PRESS RUN.

REPEAT ABOVE STEPS FOR EACH DRIVER TO BE INCLUDED.
LOAD THE PERTINENT PROGRAMMING SYSTEM.
LOAD THE S.I.0. DUMP ROUTINE.

PLACE THE ADDRESS 2 INTO THE P-REGISTER & SET SWITCH 15 OF THE SWITCH REGISTER
TO OBTAIN THE FOLLOWING OPTIONS:

0 = OUTPUT TO CONTAIN ONLY S.I.0. DRIVERS AND SYSTEM LINKAGE TABLE.
1 = PROGRAM SYSTEM IS TO BE INCLUDED ON OUTPUT.

7. PRESS RUN TO COMMENCE PUNCH-OUT.
8. MULTIPLE COPIES MAY BE OBTAINED BY REPEATING FROM SWITCH 15 SETTING OF STEP 6.

o o p oo
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Objectives

Instant BASIC

BASIC Operating Environment

Using HP BASIC

The BASIC Language Components
Statements

Functions

Constants, Variables, Line Numbers
Executable Statements — LET and PRINT
Example - Using the LET and PRINT Statements
The GO TO Statement

The |F Statement

Input/Output Statements READ and DATA
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121
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12-4
12.5
12-6
12-7
12-8
12-9
12-10
12-11
12-12
12-13

Example - Using the READ and DATA Statements
The INPUT Statement

Example - Using the INPUT Statement

The FOR and NEXT Statements

Example - Using the FOR and NEXT Statements
Using Subroutines

System Control Statements

Helpful Hints

Data Formatting

The Tab Feature

Error Diagnostics

Single Terminal BASIC
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12-16
12-17
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12-19
12-20
12-21
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LESSON XTI OBJECTIVES

THE PRINCIPLE OBJECTIVES OF LESSON XII ARE:

1. TO INTRODUCE THE STUDENT TO THE ELEMENTS OF
THE HEWLETT- PACKARD SINGLE TERMINAL BASIC
COMPILER.

2. TO PRESENT THE LANGUAGE AND OPERATING
CAPABILITIES IN SUFFICIENT DETAIL TO PERMIT THE
STUDENT TO CREATE SOLUTIONS TO SIMPLE PROBLEMS
WITH RELATIVELY LITTLE INSTRUCTION TIME REQUIRED.

3. TO ILLUSTRATE THE EASE AND FLEXIBILITY OF USING
THE SYSTEM, BY PROVIDING SAMPLE PROBLEM
SOLUTIONS, FOR ANALYSIS, AND SUGGESTIONS FOR
PROGRAMMING.

NOTE: THE "BASIC’ LANGUAGE WAS DEVELOPED BY DARTMOUTH COLLEGE,
UNDER THE DIRECTION OF PROFESSORS JOHN G. KEMENY AND
THOMAS E. KURTZ. THE HEWLETT-PACKARD BASIC COMPILER IS AN
ADAPTATION OF THAT DEVELOPMENT.

121
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' HEWLETT PACKARD

~ Instant basic

(SINGLE TERMINAL SYSTEM)

_sayes time _ |
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BASIC OPERATING ENVIRONMENT

PROBLEM

12-3

BASIC COMPILER

HEWLETT- PACKARD
COMPUTER

ANSWER
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USING THE HP BASIC LANGUAGE

NOTE
READY
10 FORN = 1 TO 7 1. CONVERSATIONAL MODE
20 PRINT N, SQR (N) 2. EACH STATEMENT MUST HAVE
31 NEXT N A STATEMENT NUMBER WHICH
43 PRINT "DONE" lDENT'FlES |TS SEQUENCE WITHlN

THE PROGRAM.

FREE FORM —SELF TEACHING
ALL STATEMENTS ARE TERMINATED

BY
5. THE HIGHEST NUMBERED STATEMENT
MUST BE AN END STATEMENT.

50

END

H o
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THE BASIC LANGUAGE COMPONENTS

CONSTANTS

ADDITION
SUBTRACTION
MULTIPLICATION
DIVISION
EXPONENTIATION

eEXECUTABLE ,
eSYSTEM CONTROL 85‘5%&%%231-

FUNCTIONS

125
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STATEMENTS

EXECUTABLE

ARITHMETIC
o LET

CONTROL
® GOTO

o IF
e FOR
® NEXT

e END

INPUT/ OUTPUT
e READ

e DATA

® PRINT

e INPUT

SYSTEM CONTROL

e LIST
e RUN
e SCRATCH

e STOP
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FUNCTIONS

SIN (X)

COs (X)
TAN (X)
ATN (X)
EXP (X)
LOG (X)
ABS (X)
SQR (X)
INT (X)

SGN (X)

SINE X
COSINE X

TANGENT X

ARCTANGENT X

eX

Ln x

Absolute value of x
VX

INTeger part of x

Sign of x

12-7
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CONSTANTS

ALL NUMBERS ARE REPRESENTED IN THE COMPUTER IN
FLOATING-POINT FORMAT. THE RANGE IS —10%® 10 1038

EXAMPLES: 3,5, 7, -65

1.5, 14.7E- 2, .45E7, 1000

VARIABLES
GENERAL FORM: X A
WHERE oKX MUST BE A LETTER (A-2Z)

A MUST BE A NUMERIC (0-9)

EXAMPLES: 82, k2, k6, r7, z, F

{ LINE NUMBERS ]
1 < Line # < 9999
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STATEMENTS 4> EXECUTABLE

ARITHMETIC — the LET statement

GENERAL FORM line # LET variable = formula
EXAMPLE: 152 LET X = 12.0
301 LET A1 = 4 +3 % X
451 LET Z =

(TAN(X) 1t A1)/788.98

INPUT-OUTPUT — the PRINT statement

CENERAL FORM:  tine  pRINT  formols
message
EXAMPLE: 657 PRINT Af; X

737 PRINT TAN(X); (4%5) t2; A1
808 PRINT “START PROCESS", A1%COS(X), 367
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EXAMPLE

CENTIGRADE TO FAHRENHEIT CONVERSION

°F

1490
130
120
119
100

] [ L 1 [ [l

F=9/5 C+32

FOR C=0,20, 40,60
FIND THE VALUE OF F

10 20 30 40 50 69

°C

12-10

10
20
30
35
a9
a5

150
1585

60
170

—-—

LETC=0

LET F = 9/5%Ct32

PRINT "FOR C = ";C;"THEN F= ";F
LET C= 20

LET F= (9/5)%C+32

PRINT "FOR C = “;C; "THEN F=",F

LET C= 60

LET F= 9/5%C +32

PRINT "FORC= ";C; "THEN F= "
PRINT 9/56%C+ 32

ETC
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THE GO TO STATEMENT

CENERAL FORM:  tinew co otne #  EXAMPLE: 101 60 To 35
EXAMPLE:

F=9/5 C+32

LETC = @

LET F = 9/5%C + 32

PRINT "FOR C ="; C; "THENF ="+ F
LETC = C+ 20

FOR C=0,20,40,60 G0 TO 20
FIND THE VALUE OF F END

1 ' 1

10 20 30 4050 69 °C
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THE IF STATEMENT

GENERAL FORM line # IF {Iormulo} {felation}{formula} THEN {ine #}

EXAMP‘_E 10 IF (A+B)XC < T+ 2 THEN 461
EXAMPLES: 20 1F k > 4.7 THEN 34

F=9/5 C+32

°F 30 IF X < = SQR(6932) THEN 99
149 |

130 }

120 }

ner 10 LET C =9

100}

20 LET F = 9/5%C + 32
90 |
80 39 PRINT "FORC ="; C; "THEN F="; F

FOR C=0,20,40,60 _
FIND THE VALUE OF F 40 LET C = Ct20

60

50 50 IF C < = 6@ THEN 20
a0} 60 PRINT "“THAT IS IT"
32

99 END

1 i 1 3 [} L

10 20 30 40 50 69 °C
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INPUT OUTPUT STATEMENTS

THE READ STATEMENT
THE DATA STATEMENT

GENERAL FORM: line # READ {vorioble,vorioble,vorioble....}

line # DATA 4qvalue,value,value........... }

EXAMPLE! e an a2, a3, aa }

DATA 2, 13, 4, 8, 1.TE2

Al =2 A3 = 4
A2= 13 A4 =8
A5 = 1.TE2
READ A1, A2, A3, A4, A5

DATA 2, 13, 4

EXAMPLE.

DATA 8, 1.7E2
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EXAMPLE

F=9/5 C+32

READ C1, C4, CO

DATA @, 60, 20

LET C = C1

LET F = C%9/5 + 32

PRINT "FOR € ="; C; "THEN F =" F

FOR C=0,20, 40,690 LET C = C + Co
FIND THE VALUE OF F IF C < = C4 THEN 40

END

1 ' i N 'l A

10 20 304050 60  °C
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THE INPUT STATEMENT

GENERAL FORM.

line # INPUT {Varioble },{ variable },{ variable } |

EXAMPLES.

35 INPUT Al, A2, A3

56 INPUT B1, B, C, X, A(3)
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120
ne
100
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EXAMPLE

F=9/5 C+32

FOR C:=0,20,40,60
FIND THE VALUE OF F

10 20 30 40 50 60

°C

12-16

20
30
40
50

70
99

INPUT C1,C4,C@

LET C = C1

LET F = C¥9/5 + 32

PRINT "FOR C ="; C; "THEN F =" F
LET C = C + C®

IF C < = C4 THEN 40

END
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THE FOR AND NEXT STATEMENTS

GENERAL FORM.

line # FOR {Variable} = {formulé} TO {formulé} STEP {formulo}
line # NEXT {Vorioble}

EXAMPLE.

FOR A3 = B+7 TO B+21 STEP 2

NEXT A3

EXAMPLE.

FOR A7 = 3 TO 10 STEP 1
LETA9=A7 § 2
PRINT A7, A9

NEXT A7
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EXAMPLE

F= 9/5 C+32 READ C1, C4, CO
DATA ©, 60, 20
FOR C = C1 TO C4 STEP CO
PRINT "FOR C ="3 C; "“THEN F ="}
PRINT C%9/5 + 32
NEXT C
PRINT "“FINISHED"

FOR C=0,20,40,60 END

FIND THE VALUE OF F

1 L - 1 L i

10 20 30 4950 60  °C
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USING SUBROUTINES

THE GO SUB STATEMENT

GENERAL FORM. 6o sus tine#

THE RETURN STATEMENT

_G_ENERAL FORM. RETURN

EXAMPLE ® PRINT "READ FIRST SET OF VALUES"

20 GO SUB 666
30 PRINT "READ SECOND SET OF VALUES"
49 GO SUB 666
50  PRINT "READ THIRD SET OF VALUES"
55 GO SUB 666
60 GO TO 777

INPUT A, B,C

IFA<=0 THEN 777

IFB< =@ THEN 777

IFC<=@QTHEN 777

RETURN

END

12-19
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SYSTEM CONTROL STATEMENTS

LIST

SCRAICH

P GENERAL FORM:

EXAMPLE: vLisT

EXAMPLE! vLisT

LIST {Iine #}

30 LIST FROM STATEMENT 30 UNTIL
THE END STATEMENT

LIST THE ENTIRE PROGRAM

RUN

o10P

P GENERAL FORM:

SCRATCH
IT DELETES THE CURRENT PROGRAM
IN MEMORY

P GENERAL FORM.

RUN
IT STARTS EXECUTION OF THE PROGRAM

P GENERAL FORM:

STOP
IT STOPS EXECUTION OF THE PROGRAM

12-20
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HELPFUL HINTS

FREQUENTLY TYPING ERRORS TAKE PLACE AND
CORRECTIONS ARE NEEDED, THEREFORE.

1. ALT MODE KEY DELETES CURRENT LINE

EXAMPLE 37 LET A-B+C\*STYPED BY BASIC TO INDICATE
DELETION

2. < DELETES THE PREVIOUS CHARACTER
EXAMPLE 42 FER < <« OR X=3 TO7 STEP 0.1

(42 FORX=3 TO7 STEP @.1)

3. TO DELETE A LINE, TYPE THE LINE # WITH
EXAMPLE 151 '

12-21
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DATA FORMATTING

(SPECIAL USE OF THE COMMA AND SEMI-COLON)

WHEN USING PRINT COMMANDS THE TELETYPE IS DIVIDED INTO 5
ZONES STARTING AT POSITIONS 9, 15, 30,45, AND 60.

COMMA-CONTROLS PRINT ZONES FROM POSITIONS @, 15, 30,45 AND 60.
SEMI-COLON - INHIBITS ZONE SPACING.

1. . 2. | 3. | 4.
i EXAMPLES | |
35 FOR X=4 TO 10 STEP 2 '35 FOR X=4 TO 10 STEP 2135 FOR X=4 TO 10 STEP 2|35 FOR X=4 TO 10 STEP 2
60 PRINT X, X + 1 le@ PRINT X, X + 1, |40 PRINT X; X + 1 |4¢ PRINT X35 X + 1§

70 NEXT X |70 NEXT X l7Q NEXT X l70 NEXT X
| | ‘

|
IOUTPUT RESULTS :

DATA A4 A S A4 A5 A6 AT A8 X AASAG A TAB A9 AMMOM1
6 7 9 410 M1
8 9
10 11

PRINT

POSITIONS O 15 0O 15 3045 60 0 061218 24 3036 42

-
3o
O— >
, 20 N0

NOTE: A= space
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THE TAB FEATURE

GENERAL FORM:  taB (Pos #)

EXAMPLE. PRINT THE MESSAGE "THREE" BEGINNING IN
POSITION 36 AND THE VALUE FOR 10+3 tIN
| POSITION 48

17 PRINT TAB (36), "THREE", TAB(48), 10+3t2

THREE A19

!

Position Position

36 48
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ERROR DIAGNOSTICS
FORMAT: ERROR XX IN LINE NN

9 MISSING OR IN
10 MISSING PARAMETER IN DEF STATEMENT.
1 MISSING ASSIGNMENT OPERATOR.

12 MISSING THEN.

13 MISSING OR INCORRECT FOR-VARIABLE._
14 MISSING TO.

15 INCORRECT STEP IN FOR STATEMENT.
16 CALLED ROUTINE DOES NOT EXIST.

17 WRONG NUMBER OF PARAMETERS IN CALL STATEMENT.
18  MISSING OR INCORRECT CONSTANT IN DATA STATEMENT.
19 MISSING OR INCORRECT VARIABLE IN READ STATEMENT.
20 NO CLOSING QUOTE FOR PRINT STRING.

21  MISSING PRINT DELIMITER OR BAD PRINT QUANTITY.

22 ILLEGAL WORD FOLLOWS MAT,

23 MISSING DELIMITER.

24 IMPROP O ———
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SINGLE TERMINAL BASIC

LOADING INSTRUCTIONS

FOR 1
@ LOAD ADDRESS 017700
® ENABLE LOADER

® PRESS PRESET & PRESS RUN | ASIC COMPILER
e1S "T"REG = 1020772

®NO - LOADING ERROR, RESTART
© YES -PROTECT LOADER

EXECUTION OPTIONS

‘FOR OPTION A

®PLACE SOURCE PROGRAM ON FR.
® TYPE PTAPE
PROGRAM IS READ FROM PR.

& COMPUTER TYPES "READY"

BASIC SOURCE
PROGRAN

my H-P COMPUTER

m ___@__’ H-P COMPUTER

FOR OPTION B

®TYPE "PLIST"
®PROGRAM IS PUNCHED ON PAPER 1c0PY OF SOURCE
TAPE & COMPUTER TYPES "READY DROGRAM

FOR OPTION C

®PLACE SOURCE PROGRAM ON TTY RDR

®TYPE “TAPE

®PROGRAM IS READ FROM TTY & COMPUTER TYPES
READY

FOR 2

©LOAD ADDRESS 000100
®PRESS PRESET/ PRESS RUN
®"READY" ON TTY

12-25
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