























































































































































































































































































































































































































































































































The quotes indicate that the word INTEREST
itself is to be moved to the area name ACTION.
Thus INTEREST is identified by the quotes as
being an alphameric literal.

There are six verbs that handle all of our input-
output problems. In terms of the 1401, the verb
ACCEPT calls for data to be read from cards.
This would normally be written in the form AC-
CEPT data-name FROM CARD READER, where
we would write the name of the card record for the
data-name. Printing and punching are handled
by the DISPLAY verb. Here, we write the word
DISPLAY, followed by the names of the data to
be printed, followed by the word UPON, followed
by the word PRINTER or CARD PUNCH.

The verbs OPEN and CLOSE have the same
meanings that they have in the Autocoder Input-
Output Control System. That is, OPEN checks
labels and positions tape to read the first tape block.
CLOSE handles the trailer label and rewinds the
tape.

The COBOL equivalent of the I0CS GET is
called READ and performs exactly the same funec-
tions; that is, it makes available an input record
either by advancing to a new record if records in
the block remain to be processed or by actually
reading a tape block if all records in the input area
have been processed. The routine compiled from
the READ verb performs the same error checking

ADDITIONAL PROGRAMMING METHODS 161

and checks for the end of the file. We specify in
the source program what should be done if the end
of the file is reached by writing the words AT END,
followed by any imperative statement.

The COBOL equivalent of the IOCS PUT is
called WRITE and performs the same function.
We are not required in using READ and WRITE
to determine whether the object program will use
indexing or a work area and similar matters. All
such considerations are handled by the COBOL
processor.

Examples of these verbs appear in the program
of the next subsection.

This has by no means been a complete exposition
of the COBOL language. It is hoped, however,
that this discussion, together with the extended
example that follows, will provide some insight
into the nature of COBOL programming and its
advantages.

11.7 COBOL Program for Inventory
Control Case Study

Figure 11.18 is a COBOL program to carry out
the operation described in the block diagram of
Figure 10.1. Since the program is written in Eng-
lish it is largely self-explanatory.
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PROGRAMMING

PROCEDURE DIVISION. v
OPEN INPUT OLD-MASTER-FILE, OUTPUT NEW-MASTER-FILE.
ACCEPT TRANSACTION-CARD FROM CARD-READER.

MASTER-READING. READ OLD-MASTER-FILE RECORD AT END GO TO
WRAPUP-TEST.

COMPARISON. IF PART-NUMBER OF OLD-MASTER IS GREATER THAN
PART-NUMBER OF TRANSACTION-CARD GO TO WRAPUP-TEST.

IF PART-NUMBER OF OLD-MASTER IS EQUAL TO PART-NUMBER OF
TRANSACTION-CARD GO TO CODE-TESTING-ROUTINE OTHERWISE
GO TO MASTER-WRITING.

CODE-TESTING-ROUTINE. GO TO RECOUNT, RECEIPT, ORDER, ISSUE
DEPENDING ON TRANSACTION-CODE. MOVE ‘BAD CLASS
CODE JOB HALTED' TO MESSAGE.

DISPLAY MESSAGE ON PRINTER. STOP 1.

RECOUNT. MOVE TRANSACTION-QUANTITY TO QUANTITY-ON-HAND.
GO TO REORDER-ROUTINE.

RECEIPT. ADD TRANSACTION-QUANTITY, QUANTITY-ON-HAND.
SUBTRACT TRANSACTION-QUANTITY, QUANTITY-ON-ORDER.

GO TO REORDER-ROUTINE.

ORDER. ADD TRANSACTION-QUANTITY, QUANTITY-ON-ORDER.
GO TO REORDER-ROUTINE.

ISSUE. IF QUANTITY-ON-HAND IS NOT LESS THAN TRANSACTION-
QUANTITY GO TO SUBTRACTION-ROUTINE. MOVE
QUANTITY-ON-HAND TO MESSAGE-A. MOVE PART-NUMBER OF
TRANSACTION-CARD TO MESSAGE-B. MOVE TRANSACTION-QUANTITY
TO MESSAGE-C. DISPLAY MESSAGE ON PRINTER. MOVE
TRANSACTION-QUANTITY TO QUANTITY-ON-HAND.

SUBTRACTION-ROUTINE. SUBTRACT TRANSACTION-QUANTITY,
QUANTITY-ON-HAND. MULTIPLY UNIT-PRICE BY TRANSACTION-
QUANTITY GIVING TOTAL-PRICE. ADD TOTAL-PRICE, :
YEAR-TO-DATE-SALES.

REORDER-ROUTINE. IF QUANTITY-ON-HAND 4 QUANTITY-ON-ORDER
IS GREATER THAN REORDER-POINT GO TO LAST-CARD-ROUTINE.
MOVE PART-NUMBER OF TRANSACTION-CARD TO CARD-1. MOVE
MASTER-CODE TO CARD-2. MOVE REORDER-QUANTITY TO CARD-3.
DISPLAY CARD ON CARD-PUNCH.

LAST-CARD-ROUTINE. IF LAST-CARD GO TO REPLACEMENT-ROUTINE.
ACCEPT TRANSACTION-CARD FROM CARD-READER. GO TO
COMPARISON.

REPLACEMENT-ROUTINE. MOVE HIGH-VALUE TO PART-NUMBER OF
TRANSACTION-CARD.

MASTER-WRITING. WRITE NEW-MASTER FROM OLD-MASTER. GO TO
MASTER-READING.

WRAPUP-TEST. IF LAST-CARD GO TO CLOSEOUT. MOVE
‘FILE OR DATA ERROR JOB HALTED’ TO MESSAGE.

DISPLAY MESSAGE ON PRINTER. STOP 2.

CLOSEQUT. CLOSE OLD-MASTER-FILE, NEW-MASTER-FILE. MOVE ‘JOB
FINISHED’ TO MESSAGE. DISPLAY
MESSAGE ON PRINTER. STOP 3.

Figure 11.18. COBOL program for inventory control case study.



APPENDIX] . IBM 1401 INSTRUCTIONS WITH
SYMBOLIC PROGRAMMING SYSTEM
MNEMONICS

Not all of the instructions listed here have been where it is shown as “d,” consult the appropriate
discussed in the text. For those which have been table below for meanings.
introduced, the page number of the detailed de- Instructions involving special features not found
scription is given. on a basic 1401 are marked with *.

Where no d-modifier is shown, none is required;

INPUT-OUTPUT INSTRUCTIONS

Actual SPS Op
Instruction Op Code d Code d Page
Read a Card 1 R 36
Write a Line 2 w 36
Write Word Marks 2 0O W Od
Write and Read 3 WR 96
Punch a Card 4 P 36
* Read Punch Feed 4 R P R
Read and Punch 5 RP 97
Write and Punch 6 WP 97
* Write and Read Punch Feed 6 R WP R 97
Write, Read, and Punch 7 WRP
* Start Read Feed 8 SRF
* Start Punch Feed 9 SPF
ARITHMETIC INSTRUCTIONS
Actual SPS Op
Instruction Op Code Code Page
Add A A 43
Subtract S S 44
Zero and Add 0 ZA 80
Zero and Subtract 0 Z3
* Multiply @ M 56
* Divide % D
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LOGIC INSTRUCTIONS

Magnetic tape

Disk file

stop switch off

* End of reel

* Tape error

* Read/Write parity-check or
read back check error

* Wrong-length record

* Unequal address compare

* Any disk storage error

* Access inoperable

Actual SPS Op
Instruction Op Code d Code d Page
Branch B B 63
Branch If Indicator On B d B d 64
Branch If Character Equal B d B d 119
(contents of B address
compared with d-modifier)
Branch If Word Mark
and/or Zone vV d BWZ d 67
Compare C C 67
d-modifier for Branch If Indicator On Instruction
Blank Unconditional
/ Unequal compare: B £ A
S * Equal compare: B = A
Comparison T * Low compare: B < A
R (] * High compare: B > A
Overflow Z Overflow
Last card A Last card switch
B * Sense switch B
C * Sense switch C
. D * Sense switch D
Sense switches E * Sense switch E
F * Sense switch F
LG * Sense switch G
(@ Carriage channel 12
. 9 Carriage channel 9
Printer P * Printer busy
LR * Carriage busy
6 Reader error with I/0 check
_ stop switch off
I/0 errors (6] Punch error with I/0 check
stop switch off
|+ Printer error with I/0 check
stop switch off
‘Processor error % Processing error with process check
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DATA CONTROL INSTRUCTIONS

Actual SPS Op

Instruction Op Code Code Page
Move Characters to A or B Word Mark M MCW 34
Load Characters to A Word Mark L LCA 55
Move Characters and Suppress Zeros Z MCS 65
Move Characters and Edit E MCE 58
Move Numerical D MN
Move Zone Y MZ
Set Word Mark , SwW 35
Clear Word Mark O Cw 35
MISCELLANEOUS INSTRUCTIONS
Actual SPS
Instruction Op Code d Op Code d Page
Control Carriage d CcC d 93
Select Stacker d SS d 72
No Operation NOP 78
Clear Storage CS 37
Halt H 66

o SzZRHA

* Store A-address Register SAR
* Store B-address Register SBR
* Modify Address MA

MAGNETIC TAPE INSTRUCTIONS

A-address is of the form 9%, Ux where x is the tape unit number

Actual SPS Op
Instruction Op Code d Code d Page
Read Tape M R MCW R 107
Write Tape M w MCW w 107
Read Tape with Word Marks L R LCA R
Write Tape with Word Marks L w LCA w
Control Unit U d CU d 108
* Move Characters to Record or p MCM
Group Mark
* Move and Insert Zeros X MIZ

d-modifiers for Control Unit Instruction

Backspace Tape Record
Skip and Blank Tape
Write Tape Mark
Rewind Tape

Rewind Tape and Unload

CSEELCL
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DISK STORAGE INSTRUCTIONS
A-address is of the form 9,FX where

X = 01is used with operation code M for Seek Disk

X = 1 specifies single record

X = 2 specifies full track

X = 3 is used with operation code M for Write Disk Check

Actual SPS
Instruction OpCode d Op Code d Page
Seek Disk M MCW 126
Read Disk M R MCW R 127
Write Disk M w MCW W 128 .
Read Disk with Word Marks L R LCA R '
Write Disk with Word Marks L W LCA W




APPENDIX 2. AUTOCODER OPERATION CODES

DECLARATIVE OPERATIONS

Mnemonic
Op Code Description
DA Define Area
DC Define Constant (No Word Mark)
DCwW Define Constant With Word Mark
DS Define Symbol
DSA Define Symbol Address
EQU Equate
IMPERATIVE OPERATIONS
Machine Language
Mnemonic
Type Op Code Description Op Code d-char.
Arithmetic A Add A
D Divide Yo
M Multiply @
S Subtract S
ZA Zero and Add &
ZS Zero and Subtract —
Data MBC Move and Binary Code M B
Control MBD Move and Binary Decode M A
MCE Move Characters and Edit E
MCS Move Characters and Suppress Zeros Z
MIZ Move and Insert Zeros X
MLC } Move Characters to Word Mark M
MCW a
MLCWA Move Characters and Word Marks L
LCA to Word Mark in A-Field
l\l\igNS} Move Single Numerical Character D
ﬁIZJZS} Move Single Zone
MRCM Move Characters to Record Mark P
MCM or Group Mark-Word Mark
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Machine Language

Mnemonic
Type Op Code Deseription Op Code  d-char.
Logic B Branch Unconditional B
. BAV Branch on Arithmetic Overflow B Z

BBE * Branch if Bit Equal w d
BC9 Branch on Carriage Channel 9 B 9
BCV Branch on Carriage Overflow (12) B @
BE Branch on Equal Compare (B = A) B S
BEF Branch on End of File or End of Reel B K
BER Branch on Tape Transmission Error B L
BH Branch on High Compare (B > A) B U
BIN * Branch on Indicator B d
BL Branch on Low Compare (B < A) B T
BLC Branch on Last Card (Sense Switch A) B A
BM Branch on Minus (11-zone) v K
BPCB Branch Printer Carriage Busy B R
BPB Branch Printer Busy B P
BU Branch on Unequal Compare (B £ A) B /
BW Branch on Word Mark v 1
BWZ * Branch on Word Mark or Zone \Y d
BCE * Branch if Character Equal B d
BSS * Branch if Sense Switch On B A-G
C Compare C

1/0 BSP Backspace Tape U B

Commands Cu * Control Unit U d
DCR Disengage Character Reader U D
ECR Engage Character Reader U E
LU * Load Unit L d
MU * Move Unit M d
P Punch 4
PCB Punch Column Binary 4 C
R Read 1
RCB Read Column Binary 1 C
RD Read Disk Single Record M R
RDT Read Disk Full Track M R
RDW Read Disk Single Record With L R

Word Marks
RDTW Read Disk Full Track With L R
Word Marks

RF Read Punch Feed 4 R
RP Read and Punch 5
RT Read Tape M R
RTB Read Tape Binary M R
RTW Read Tape With Word Marks L W
RWD Rewind Tape U R
RWU Rewind and Unload Tape U U
SD Seek Disk M
SKP Skip and Blank Tape U B
SPF Start Punch Feed 9
SRF Start Read Feed 8
w Write 2

* d-character must be coded in the operand of the instruction.
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Machine Language

Mnemonie

Type Op Code Description Op Code  d-char.
WD Write Disk Single Record M w
WDC Write Disk Check M
WDCW Write Disk Check With Word Marks L
wWDT Write Disk Full Track M W
WDTW Write Disk Full Track With L w

Word Marks
WDW ‘Write Disk Single Record With L W
Word Marks
WM Write Word Marks 2 |
WP Write and Punch 6
WR ‘Write and Read 3
WRF Write and Read Punch Feed 5 R
WRP Write, Read and Punch 7
wT Write Tape M W
WTB Write Tape Binary M w
WTM Write Tape Mark U M
WTW Write Tape With Word Marks L w
Mis- CC * Carriage Control F d
cellaneous CCB * Carriage Control and Branch F d

CS Clear Storage /
cw Clear Word Mark (]
H Halt .
MA Modify Address #
NOP No Operation N
SAR Store A-Address Register Q
SBR Store B-Address Register H
SS * Select Stacker K 1,2,4,8
SSB * Select Stacker and Branch K 1,2,4,8
SW Set Word Mark s

* d-character must be coded in the operand of the instruction.

CONTROL OPERATIONS

Mnemonic

Op Code Description
CTL Control
END End
ENT Enter New Coding Mode
EX Execute
LTORG Literal Origin

ORG Origin




APPENDIX 3. CARD AND COMPUTER CHARACTER
CODES

Prints Defined Character Card BCD Code| Prints Defined Character Cerd BCD Code
As Code As Code
BLANK C G G 1-27 BA 421
. . 12-3-8 BAS 21 H H 12-8 BAS
0 O 12-4-8 | CBA84 I 1 12-9 CBAS 1
( Left Parenthesis (Special Character) | 12-5-8 | BAS4 1|| — |! (Minus Zero) 11-0 B 82
< Less Than (Special Character) 12-6-8 | BAS842 J J 11-1 CB 1
$# Group Mark (Note 1) 12-7-8 | CBA8421|| K |K 11-2 CB 2
& & 12 CBA L L 11-3 B 21
$ $ 11-3-8 | CB 8 21 M M 11-4 CB 4
* * 11-4-8 B 84 N N 11-5 CB 41
) Right Parenthesis (Special Char.) 11-5-8 [CB 84 1 [0} (6} 11-6 B 42
; Semicolon (Special Character) 11-6-8 [ CB 842 P P 11-7 CB 421
A Delta (Mode Change) 11-7-8 [ B 8421 Q Q 11-8 CB 8
—_ | — 11 B R R 11-9 B8 1
/ / 0-1 C A 1 + #+ Record Mark 0-2-8 A8 2
’ , 0-3-8 | C A8 21 S S 0-2 C A 2
% % 0-4-8 A84 T T 0-3 A 21
= Word Separator 0-5-8|C A84 1 U U 0-4 C A4
' Apostrophe (Special Character) 0-6-8 | C A842 v v 0-5 C A41
" Tape Segment Mark . 0-7-8 A8421 w (W 0-6 A 42
= ¢ Cent (Special Character Note 2) A X |[X 0-7 C A 421
to|# 3-8 81 | Y |Y 0-8 {C A8
@ 48 |C 84 Z |z 0-9 A8 1
Colon (Special Character) 5-8 841 0 0 0 C 82
> Greater Than (Special Character) 6-8 842 1 1 1 1
4/ Tape Mark 7-8 |C 8421 2 |2 2 2
& ?  (Plus Zero) 12-0 CBAS8 2 3 3 3 C 21
A A 12-1 BA 1 4 4 4 4
B B 12-2 BA 2 5 5 5 C 41
C C 12-3 CBA 21 6 6 6 C 42
D D 12-4 BA 4 7 7 7 421
E E 12-5 CBA 41 8 8 8 8
F F 12-6 CBA 42 9 9 9 CcC 81

The 18M 1401 has the ability to read MLP card codes in the read feed only. The 1401 ignores the 8-9 punches when they appear in the
same column. The 1401 does not punch out MLP card codes.
Note 1. If specified, this code can be made compatible with 705 Group Mark Code (12-5-8).
Note 2. The A-bit coding must be program generated in the rBm 1401 (it canot be read from a card; it can be punched as a zero).
used in conjunction with the C-bit to indicate a blank position on tape that was written in even-bit parity.
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APPENDIX 4. INSTRUCTION TIMING DATA

System Timings

System Timings

Key to abbreviations used in formulas

La = Length of the A-field

Number of significant digits in Divisor (Excludes high-order 0's and

Number of characters back to right-most *‘0” in control field

Forms movement times. Allow 20 ms for first space, plus 5 ms for

Lp = Length of the B-field
L¢ = Length of Multiplicand field
L1 = Length of Instruction
Ly = Length of Multiplier field
Lq = Length of Quotient field
Lr = Length of Divisor field
Lg =
blanks)
Lw = Length of A- or B-field, whichever is shorter
Lx = Number of characters to be cleared
Ly =
Lz = Number of 0's inserted in a field
I/0 = Timing for Input or Output cycle
Fm =
each additional space
Tm = Tape movement times
% = Number of fields included in an operation

opP

Operation Code Formula
Punch a Card 4 0115 (Lt + 1) 4+ I/0
Read a Card 1 0115 (Ly + 1) + I/0
Read and Punch 5 0115 (L1 4 1) + I/0
Select Stacker K |.0115 (L1 + 1)
Set Word Mark , .0115 (L1 + 3)
Start Punch Feed * 9 0115 (L1 + 1)
Start Read Feed * 8 0115 (L1 + 1)
Store A-address Register * Q 0115 (Ly + 4)
Store B-address Register * H 0115 (L + 4)
Subtract (no recomplement) S 0115 (L1 + 3 + La + Lp)
Subtract (recomplement) S .0115 (L1 + 3 4+ La + 4Lp)
Write a Line 2 0115 (L1 + 1) + I/0
‘Write and Punch 6 0115 (Ly + 1) + 1/0
Write and Read 3 .0115 (L1 + 1) 4 1I/0
‘Write, Read and Punch 7 0115 (L1 + 1) 4+ 1/0
Zero and Add ? .0115 (Lt + 1 4 La + L)
Zero and Subtract ! .0115 (L1 + 1 + LA + Lp)

Operation C?)ge Formula Tape Operations
Add (no recomplement) A .0115 (Lt + 3 + LA -+ Lp) Tm — Tape movement can be determined from the following:
Add (recomplement) A 0115 (L1 + 3 4+ La + 4Lp) N = Number of Characters
Branch B 0115 (L + 1) C = Character Rate
Branch if Bit Equal * W |.0115 (L1 + 2) 729 II at 200 cpi = .067 ms
Branch if Character Equal B 0115 (Ly + 2) at 556 cp = .024 ms
Branch if Indicator On B 0115 (Ly 4+ 1) 729 IV at 200 cpi = .044 ms
Branch if Word Mark at 556 c¢pi = .016 ms
and/or Zone vV |.0115 (L1 + 2) 7330 at 200 cpi = .139 ms
Clear Storage / 0115 (L 4+ 1 + Lx) at 556 cpi = .050 ms
Clear Word Mark g |.0u5 Ly +3) 729 Model II, Read 10.7 + CN ms = TAU interlocked
Compare C |.0115 (Lt + 1 4 La + Ly) 10.5 + CN ms = Processing interlocked
Control Carriage Folous@+n+F Write 11.7 + CN ms = TAU interlocked
Control Unit . U (015 (@Lr+1) + T 7.5 + CN ms = Processing interlocked
g;‘l’}ode aver.) % gﬂg EE _‘t f)"' 7LrLq + 8Lo) 729 Model IV, Read 6.8 + CN ms = TAU interlocked
Load Characters to A . . 6.7 + CN ms = Proces'sing.interlocked
Word Mark L |.0115 (L1 + 14 2L Write 7.8 4+ CN ms = TAU m.terl.ocked
Modify Address * # 1.0115 (L1 + 9) 5 4+ CN ms = Processing interlocked
Move Characters to A or 7330 Read 20.5 4- CN ms = TAU interlocked
B Word Mark M |.0115 (Lt + 1 + 2Lw) 7.7 4+ CN ms = Processing interlocked
Move Characters and Edit | E |.0115 (Ly + 1 4 La + L + Ly) Write 20.3 + CN ms = TAU interlocked
Move Characters to Record 5 4+ CN ms = Processing interlocked
or Word Mark * P |.0115 (L1 + 1 4 2La) Rewind
Move Characters and 729 Model II = 1.2 minutes/reel
Suppress Zeros Z |.0115 (Ly + 1 + 3La) 729 Model IV = .9 minute.s/reel
Move and Insert Zeros * X |.0115 (L1 4+ 1 + 22L4 + 3Lg) 7330 (High Speed) = 2.2 minutes/reel
Move Numeric D }.0115 (L1 4+ 3) Skip and Blank Tape
Move Zone Y |.0115 (L1 + 3) (add to subsequent write time)
Multiply (aver.) * @ |.0115 (L1 + 3 + 2L¢ + 5LoLy + 7La) 729 Model I = 40.5 ms
No Operation N (0115 L+ 1) 729 Model 1V = 27 ms

7330 = 103 ms

Backspace (after Read)
729 Model II = 46 + CN ms
729 Model IV = 33 4+ CN ms
7330 = 428 4 CN ms

Backspace (after Write)

729 Model IT = 52 4- CN ms
729 Model IV = 37 4 CN ms
7330 = 435 + CN ms
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APPENDIX 5. IBM 1401: CONFIGURATION
ASSUMED IN TEXT

The operations described in the text would re- High-Low-Equal Compare

quire a machine with the equipment listed below. Indexing Feature
1BM 1401 Processing Unit with 4000 characters sy 1402 Card Read Punch

of storage. 18M 1403 Printer with 132 printing positions
Sense Switches M 1405-1 Disk Storage Unit
Multiply-Divide feature 1M 1407 Console Inquiry Station
Print storage 4 1BM 729-IV Magnetic Tape Units
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GLOSSARY

Terminology in the computing field is not yet fully
standardized. Every attempt has been made in this book
to use terms in their most common meaning, but it should
be realized that variations do exist. Furthermore, this
listing is not intended to be complete or rigorous; it is
intended simply to provide a basic vocabulary.

Absolute Coding. Coding in which instructions are
written in the basic machine language, that is, with
absolute addresses and actual operation codes.

Accumulator. A storage register where results are ac-
cumulated.

Addition Record. A record that results in the creation
of a new record in a master file being updated.

Address. A label, name, or number that designates a
register, a location, or a device where information is
stored; the part of an instruction that specifies the
location of an operand.

Address Computation. Computer operations that result
in the creation or modification of the address parts of
instructions.

Alphameric. Characters that may be either letters of
the alphabet, numerical digits, or certain special sym-
bols.

Analog Computer. A computer that represents variables
by physical analogies in continuous form, such as
amount of rotation of a shaft and amount of voltage.
Contrasted to digital computer: the difference is some-
times expressed by saying that an analog computer
measures, whereas a digital computer counts.

Arithmetic Unit. That component of a computer in which
arithmetic and logical operations are performed.

Assemble. To translate a routine coded in a symbolic
machine language into absolute machine instructions
and to assign machine storage for those instructions
and for data; usually done by the computer under
control of an assembly routine. Distinguished from
compile by the fact that assembly produces one ma-
chine instruction from one symbolic instruction,
whereas compiling produces (in general) many machine
instructions from one pseudo instruction.

Batch Processing. The system of processing in which
a number of similar input items are grouped for
processing during the same machine run.

Binary Digit. One of the symbols 0 or 1. A digit in the
binary scale of notation, usually called a bit.

Blank. The character that results in storage from read-
ing an input record such as a card column which con-
tains no punches; the character code in storage that
will result in not printing in a given position.

Block. A group of records, words, or characters handled
as one unit. Used in this book primarily to denote a
group of records on magnetic tape.

Block Diagram. A graphic representation of the logical
sequence of procedural steps for processing data.
More detailed than & flow chart; a flow chart shows
the over-all steps to be performed, whereas a block
diagram shows the details of how to perform each
step.

Blocking. Combining two or more records into one
block; usually refers to tape operations.

Branch. A point in a routine where one of two or more
choices is selected under control of the routine, that
is, a conditional transfer.

Buffer Storage. Any device that temporarily stores in-
formation during a transfer of information. From a
programming standpoint, refers to a device for match-
ing the speeds of internal computation and an input
or output device, thereby permitting simultaneous
computation and input or output.

Card Field. A fixed number of consecutive card columns
assigned to a unit of information.

Cell. See Location.

Chaining. (1) 1401 instruction addresses: a technique
of omitting one or both addresses of an instruction with
the omitted address being supplied by the previous
contents of the corresponding address register. (2)
Disk storage: a system of storing records in a disk file
in which each record belongs to a chain (group of
records) and has a linking field for tracing the chain.

Character. One of a set of elementary symbols which
may be arranged in ordered groups to express informa-
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174 IBM 1401 PROGRAMMING

tion; these symbols may include the decimal digits
0 through 9, the letters A through Z, punctuation
symbols, special input and output symbols, and any
other symbols that a computer may accept.

Checkout. The process of determining the correctness
of a computer routine, locating any errors in it, and
correcting them. Also the detection and correction
of malfunction in the computer itself.

Closed Subroutine. A subroutine not stored in the main
path of the routine. Such a subroutine is entered by
a branch operation and provision is made to return
control to the main routine at the end of the sub-
routine.

Code. To write instructions for a computer either in
absolute or in some other language.

Collate. To merge items from two or more similarly
sequenced files into one sequenced file without neces-
sarily including all items from the original files.

Collating Sequence. The sequence into which the al-
lowable characters of a particular computer are ranked.

Compare. To examine the representation of two groups
of characters to discover identity or relative magnitude.

Compile. To produce a machine language routine by
translation from a program written in some non-
machine language. See also Assemble.

Compiler. A special machine language routine used to
perform compiling operations.

Complement. Usually a complement represents the nega-
tive of a quantity. For example, the three-digit tens
complement of 026 is 974.

Computer. Any device capable of accepting information,
processing it and providing the results of these proc-
esses in acceptable form. In this text the term is
always meant to imply a stored program digital com-
puter.

Console. A part of the computer where most of the
external controls for a computer operation are exer-
cised and where most of the indicators of internal
operation are located.

Control Card. A card which contains input data or
parameters for a specific application of a general
routine.

Control Field. The field of information by which a
record in a file is identified and/or controlled.

Control Panel. The panel that uses removable wires to
direct the operation of some computers and punched
card equipment. Not used in the 1401.

Control Total. A sum formed by adding together some
field from each record in an arbitrary grouping of
records; may have some significance as a number;
used for checking machine, program, and data reli-
ability.

Control Unit. The portion of the hardware of the com-
puter that directs the sequence of automatic opera-
tions, interprets the coded instructions, and initiates
the proper signals to the computer circuits to execute
the instructions.

Core Storage. A form of high speed storage in which
information is represented by the magnetization of
ferromagnetic cores.

Data Processing. A generic term for all operations car-
ried out on data according to precise rules of pro-
cedure; a generic term for computing in general as
applied to business situations.

Debugging. See Checkout.

Deletion Record. A record that results in the deletion
of some corresponding record from a master file.

Detail File. A file to be processed against a master file.

Digital Computer. A computer in which information is
represented in discrete form, such as by one of two
directions of magnetization of a magnetic core or by
the presence or absence of an electric pulse at a cer-
tain point in time. Contrasted with analog computer.

Document. Any representation of information that is
readable by human beings; usually on paper.

Edit. To rearrange information for machine output or
input. To prepare for publication, that is, delete,
rearrange, select, or insert data as needed.

Execute. To carry out an instruction or perform a
routine.

Field. A set of one or more characters which is treated
as a whole; a unit of information.

File. A collection of records; an organized collection of
information directed toward some purpose.

File Maintenance. The processing of a master file re-
quired to handle changes in it. Examples: changes
in number of dependents in a payroll file, the addition
of new checking accounts in a banking application.

Fixed Word Length. Refers to a computer in which a
computer word always contains the same number of
characters. Contrasted with variable word length.

Flow Chart. A graphic representation of the sequence
of processing operations required to carry out data
processing. More general than a block diagram; a
flow chart shows the sequence of processing steps,
whereas a block diagram shows in detail how to carry
out each step.

Form. A printed or typed document that usually has
blank spaces for the insertion of information.

Format. The predetermined arrangement of characters,
fields, lines, page number, punctuation marks, etc.
Refers to input, output, and file information.

Generate. To produce a complete routine from one
which is in skeleton form under control of parameters
supplied to the generator routine.

Hardware. The mechanical, magnetic, electric, and elec-
tronic devices from which a computer is constructed.

Hash Total. A control total that has no meaning in
itself as a number.

Header Label. A magnetic tape block at the beginning
of a tape, which identifies and describes the informa-
tion on the tape.

Home Record. The first record in a chain of records,
using the chaining method of disk file organization.



Housekeeping. Operations in a routine which do not
directly contribute to the solution of the problem at
hand but which are made necessary by the method of
operation of the computer. Examples: Loop testing,
setting of word marks.

Index Register. A register that contains a quantity that
may be used to modify addresses automatically (and
for other purposes) under direction of the control
section of the computer.

Initialize. To execute the instructions immediately prior
to a loop, which set addresses, counters, data, ete., to
their desired initial values.

Input.  Information transferred from auxiliary or ex-
ternal storage into the internal storage of a computer.

Instruction. A set of characters which as a unit causes
the computer to perform one of its operations. An
instruction may contain one or more addresses accord-
ing to the number of references to operands in storage
contained in the instruction.

Internal Storage. Computer storage for data and in-
structions, from which instructions can be moved di-
rectly to the control unit for execution.

Interpret. (1) To print on a punched card the informa-
tion punched in that card. (2) To translate non-
machine language to machine language.

Interpretive Routine. A routine that decodes instructions
written in nonmachine language and immediately exe-
cutes those instructions, as contrasted with a compiler,
which decodes the nonmachine language and produces
a machine language routine to be executed at a later
time.

Key. See Control Field.

Label. (1) In SPS programming the symbolic location
of a word. (2) In magnetic tape operations a record
magnetically recorded on a tape to identify its contents
to a computer routine.

Library. An organized collection of standard and proven
routines and subroutines which may be incorporated in
larger routines.

Linkage. A technique for providing interconnections be-
tween a main routine and a subroutine.

Location. A place in storage where a unit of data or
of an instruction may be stored.

Lloop. A coding technique whereby a group of instrue-
tions is repeated with modification of some of the
instructions within the group and/or with modifica-
tion of the data being operated on. Usually consists
of initialization, computing, modification, and testing,
although not necessarily in that order.

Machine Language. A language for writing instructions
in a form to be executed directly by the computer.
Contrasted to symbolic coding languages and to pro-
cedure-oriented languages.

Macro-Instruction. A machinelike source language state-
ment which can produce a number of machine instruc-
tions when compiled.
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Magnetic Disk. A storage device in which information
is recorded on the magnetizable surface of a rotating
disk. A magnetic disk storage system is an array of
such devices with associated reading and writing heads
that are mounted on movable arms.

Magnetic Drum. A storage device in which information
is recorded on the magnetizable surface of a rotating
cylinder.

Magnetic Tape. A storage system in which information
is recorded on the magnetizable surface of a strip of
plastic tape.

Master File. A file of semipermanent referance informa-
tion which is usually updated periodically.

Memory. See Internal Storage.

Merge. To combine items from two or more similarly
sequenced files into one sequenced file, including all
items from the original files.

Microsecond. One millionth of a second.

Millisecond. One thousandth of a second.

Mnemonic Operation Code. An operation code written
in a symbolic notation that is easier to remember than
the actual operation code of the machine. Must be
converted to an actual operation code before execution,
which is done as part of an assembly, interpretive, or
compiling routine. .

Object Routine. The machine language routine which is
the output after translation from the source language.
The running routine.

Off-line. Pertaining to the operation of input or output
devices or auxiliary equipment not under direct control
of the central processing unit.

On-line. Pertaining to the operation of input or output
devices under direct control of the computer.

Open Subroutine. A subroutine that is inserted directly
into a larger routine where needed.

Origin. The absolute storage address of the beginning
of a program.

Output. Information transferred from the internal stor-
age of the computer to output devices or external
storage.

Overflow. (1) The generation of a quantity beyond the
capacity of a register. (2) A record linked to a home
record in the chaining method of disk file organization.

. Parameter. A quantity to which arbitrary values may

be assigned; used in subroutines and generators speci-
fying such things as record size, decimal point location,
and record format.

Parity Check. A checking technique based on making
the total numbers of ones in some grouping of binary
digits odd (or even). Whenever such a group is read,
it is presumed to be correct if the number of ones is
still odd (or even).

Procedure-Oriented Language. A source language
oriented to the description of procedural steps in ma-
chine computing.
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Processor. A program of instructions that carries out
the translation from a source language program to an
object program. Includes compilers, assemblers, re-
port program generators, etc.

Program (verb). To plan the method of attack on a
specified and defined problem for computer solution.
Distinguished from coding by the fact that coding
is writing instructions, whereas programming is char-
acterized by the drawing of flow charts.

Program (noun). A group of related routines which
solve a given problem.

Pseudo-Instruction. A symbolic representation of infor-
mation to an assembler or a compiler; not an instruc-
tion to the computer, although for convenience it is
often written in the same general format as a computer
instruction.

Random Access Storage. Storage in which the time re-
quired to obtain information is relatively independent
of the location of the information most recently ob-
tained.

Read. To transfer information from an input device to
_internal storage.

Real Time Computation. A data processing arrangement
in which the computer is required to be able to supply
information to a physical or business activity when-
ever the information is demanded.

Record. A collection of fields; the information related
to one area of activity in a data processing activity;
files are made up of records.

Register. A device that can hold information while or
until it is used. May consist of core storage.

Report Generation. A technique for producing complete
machine reports from information that describes the
input file and the format and contents of the output
report.

Rewind. To return a tape so its beginning.

Routine. A set of computer instructions that carries out
some well-defined function.

Run. One routine or several routines automatically
linked so that they form an operating unit during
which manual interruptions are not normally required
of the computer operator.

Software. All the programming systems required for an
effective data processing operation, in addition to the
hardware of the computer system itself. Includes as-
semblers, compilers, and utility routines.

Source Language. The language used to specify com-
puter processing; translated into object language by
an assembler or compiler.

Storage. Any device into which information can be
transferred, that will hold information, and from which
the information can be obtained at a later time.

Stored Program Computer. A computer that can alter
its own instructions in storage as though they were
data and later execute the altered instructions.

Subroutine. A routine that may be incorporated into a
larger routine.

Switch. A symbol used to indicate a branch point or a
set of instructions to condition a branch for later
execution.

Symbolic Coding. Coding in which instructions are
written in nonmachine language. That is, coding using
symbolic notation for operators and operands instead
of actual machine instruction codes and addresses.

Systems Analysis. The analysis of a business activity
to determine precisely what must be accomplished and
how to accomplish it.

Trailer Label Block. A block that follows one or more
other blocks and contains data pertinent to the pre-
ceding blocks.

Transaction File. A file containing current information
related to a data processing activity; it is usually used
to update a master file.

Update. To modify a master file according to current
information, often that contained in a transaction file,
according to a procedure specified as part of a data
processing activity.

Utility Routine. A standard routine used to assist in the
operation of a computer. For instance, a conversion
routine, a print out routine, a tape reading routine, ete.

Variable Word Length. Refers to a machine in which
the number of characters comprising a computer word
is not fixed.

Word. A set of characters which is treated as one unit
and has one addressable location.

Working Storage. A portion of internal storage used
for input data, immediate results, or output.

Write. To transfer information from internal storage
to an output device or to auxiliary storage.

Zero Elimination. The process of eliminating nonsignifi-
cant zeroes to the left of significant digits, usually
before printing.
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ANSWERS TO SELECTED
EXERCISES

It is seldom that there is only one correct answer to processing required by the problem statement, but there
a problem in programming. The answers shown here are in most cases many other acceptable solutions.
are correct in the sense that they will carry out the
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CHAPTER 1
1.

Read a
card

$— month
total

b

Store district #
$ —district total

b

Store man #
$—month total

Y

Add $ to
district and
month totals

1—count

Print man #,
total, and count

Same district?

Print district #
and total

Add $ to man,
district, and
month totals

Add 1 to count

Add $ to
month total




Read a
card

$— month
total

Y

Store district #

ANSWERS TO SELECTED EXERCISES

$ - district
total

.

Store man #

Print all
totals

Halt

Add $ to
district and
month totals

$—man
total

Print man #
and total

Same
district?

Print district #
and total

Add $ to

Add $ to man,
district, and
month totals

month total
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5.

Sales reports

Punch

Verify

Transaction file

Sort on
salesman
number
M Unmatched
District-worked erge sales cards
file
Gang punch
district
Combined
District-worked Sort on
— product
cards will reject number
Merge Unmatched
Unit price file sales cards
3

b.
E D

I

1401 > Sales summary
by product
Original New sales
sales cards cards
(Discard) To salesman and

district summarization



CHAPTER 2

Read a
sales record

Read a
master record

Multiply price
by units sold

Print product
# and
sale price

CHAPTER 3
1.1234567 2376563
1 1
800 200
4.5028 62320
) 1
497 508
6.
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IBM 1401 PROGRAM CHART

FORM X 24.6437.0
PRINTED IN U.S.A.

Program:
Programmer: Date:
O Step|  Inst. Instruction Effective No.
© Remarks of Characters
No.| Address |p 277 B d nst] Dota|Total
080
/80
| 00/
/
M 080 | /180
4
IBM 1401 PROGRAM CHART ol
Program:
Prog Date:
O Step| Inst. |5 Instruction R . E“ecﬁve‘No.
No | Addes emarks of Characters
Pl A/ B |d Inst.| Data|Total
080,
299
332
., 00/ | 0/0
21015 |(0/9
11023 | 230
M 008 | 208
M O0/2 222
Al O/8 | 235
A| 022 | 235
Al026 | 235
O 2
I — p——
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CHAPTER 4

1. START 0333
REPEAT - 0349
ROUND 0400
TOTAL 0411
READI 0010
PRINTI 0209

3.

PG LIN CT LABEL OP A OPERAND B OPERAND D LOC  INSTRUCTION
1 010 ORG 0500

1 020 4 ABC C8 0080 0500 / 080

1 030 4 C8 0299 0504 / 299

1 040 4 CS 0332 0508 /

1 050 7 SW Al —004 A2 —004 0512 , 001 006
1 060 7 SW A2 —004 Bl —003 0519 , 911 207
1 070 1 BCD R 0526 1

1 080 7 A Al TOT 0527 A 005 571
1 090 7 A A2 TOT 0534 A 010 571
1 100 7 S A3 TOT 0541 S 015 571
1 110 7 A HALFD TOT -—001 0548 A 572 570
1 120 7 MCS TOT —002 B1 0555 Z 569 210
1 130 4 W BCD 0562 2 526

1 140 Al DS 0005 0005

1 150 A2 DS 0010 0010

1 160 A3 DS 0015 0015

1 170 B1 DS 0210 0210

1 180 6 TOT DCW * 000000 0571

1 190 1 HALFD DCW * 5 0572

1 200 END ABC / 500 080
CHAPTER 5

DATA1 < DATA2

DATAL : DATA2

DATA1 = DATA2

DATA1—- BIG

DATA2 — BIG e~




ANSWERS TO SELECTED EXERCISES 185

. (Continued)

O O O

IBM 1401 Symbolic Programming System
Coding Sheet

Program Page No. LI.Tl of
Programmed by Date Identification Lo o 1 1
(A) OPERAND (B) OPERAND
LINE  |COUNT LABEL OPERATION ; ;| d COMMENTS
ADDRESS * CA”D‘J“' H ADDRESS + CA':J"' H
3 5|6 7(8 13f14 16[17 23 27|28 34 N 38] 39|40 55
] [ |
ool | M€ |DATAL 0 DATAZ2 | 1 L e e
t [ )
ovzol |, |8 | |BTHER | | , P T S B 1
1 )
sl | McWpATA | |BT6 . i,
[} ] I | 1
0,4,0 . - { A.RJQU.”‘D- [ PR S S W U N N SR P S S S S S WA ST WA SO VY S S S
1 |
050}  |ATHER MCWDATAZ | i ,_, BI6 1, e
1 ]
ool MRAUwD |, v T
1 [ [
oz o0 by by b L ey S S R T
— R 1t | 11
PageNo.IT;Tlof
(A) OPERAND (8} OPERAND
LINE |COUNT LABEL OPERATION ; ;| d COMMENTS
ADDRESS t iHD“JR‘ 2 ADDRESS t CA"D‘JR' g
3 5|6 7[8 13|14 16[17 23 . 27|28 34 ) 38)|39]40 55
g ] [ |
o 10l L. ., |65, 10080 , 1, PSR A S ey
I [ [
oye0) |, ,,1€5 10480 i, R T R e
1 ] ]
°9,3,0 L Loy Cus! 0|219|9| P B R PR L i [ P SR SN SN S SR T W S SN SN S SR |
f (] |
0,4,0 L TR S W' C,S, 0.3.3.2. P B B PSS T B P SO S DU S W R S SO T SO SO S ¥
) [ [
°,5,0 L R T S,W, 010141/1 PR B B P U SR S S A T P T S T S SUNS S N Y S RS ST S
R ! 0 o
°0,6,0 L I S R S 1 : PR ST TS SRS R S R TN S U S S N N B P S T G ST SN T R B S|
1 1} ] 1
oriol v | |IBWMEPUNCH v | 0023 |, i | Kl oo ]
| [ [
oo of |, M.C:W0.0.8.0. R 0240 i ., . e .
[ [
°0,9,0 L TR S S W 1 /4.R,¢.U,N,D| I P TR SR S S N B S P P S S S S S SR N Lot
1 ] ]
o] . |PUNCH. MCWOOED . | . | 0740 i .. e
| (I [
‘1,10 1 IR R S PJI P S ST S S S TR PR S S S TN S A S S Y N T VAR VAT ST SN SN SN S SN SN T SR S
| (B )
t,2,0 1 A|R|¢|U|N|D 1 T S S S T S | 1 P SRS RS SR NS SN N N 1 [ | TS SO S SR WY SR S S
I [ T
LTI L | P SO S R N T Lo [ T P T S S S S S T ,
et 1 | [ B B
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Housekeeping

Read a card

(schedule)

Select stacker

v

Store model #,
and quantity

V

Zero —>
cost accumulator

Read a card

Same model? Select stacker Print cost total

Get total parts
requirements

Punch
exploded parts

requirement
card

Multiply to
get total cost

v

Add to cost
accumulator

No Yes Print cost total | Halt




. (Continued)

ANSWERS TO SELECTED EXERCISES

Page No. \TTI of

(A) OPERAND (B) OPERAND

LINE  |COUNT LABEL OPERATION AODRESS +] cnar g ADDRESS 4| cHar. [g d COMMENTS
3 5|6 718 13]14 16 {17 23 ADJ. 2_7 28 34 ADJ. 3-8 39]40 35
0, 1,0 ‘EstMMgi aa&a‘;:\, b HOUSEKEEPING , , .
0, 2,0 ... lcs lo/.80 i, e N
0.3,0 ... lcs 0299 ., i b .
o sol |, ., . lcs o332 i . . e
o.5,0]| | .. lew ooy 0006, . i i | L .

060 T lswloos/ i 1looail i .
0,7,0 e . . oW 0034 '\ . |03/ 1 e

0,8 0 R b b READ .5CHED CARD
0,50 R T e v L S ELECT, ST.ACKER,
Loof  ISCHCDO |LCAR/ |1 PROONG | | PREDUCT NMUMBER
Lo o o mewlr2, v Ty QUANT ITY SCHED,.,
2.0 pAé7Eb%£WZER¢'EE" CSTACC | . ZERD CPST ACCUM.
;3,0 ITa STASTLATE 11 R R | T PSS B SR R :IJ [ T T T
a0 ......ai R/« 1. . PR¢DN¢1 L SAME PROD NP @
S I &: PRINT, i | . | o L NG-NEW SCH CARD.
6.0 e JLCAlRE L PARTN¢! . YES - PART, CARD |,
7.0 e, LCARY, 4 L DESC VG SETUP, PUNCH ARE
veol b, %ﬂW2ﬂ%.<!l.. MUL T, (004 | |GET, TBTAL @TY. .
'19'°x111|||;x\5:|:w::11 MIUILA7-I/I::|4L P SRR WOUS SN S SN YU S ST S Y W |
coof L |, ., MCWMULT /. | | TR TRTY | . | o

2ht.,of 1IIIAPIi L :ill L|)||::Il pUNC"/‘|E'\/PanT RE@
, P L
[v,,,. __.‘,, A1 L 1 i |l i . 1 1 L 1 i 1 1 1 1 1 1 1 1 ) 1 1 L 1 1 A 1 1 1 1 1 L 1 1 1

PogeNo.ITLZ_Iof
(A) OPERAND (;i) OPERAND

LINE  [COUNT LABEL OPERATION AODRESS +| cmar [g ADDRESS +| cmar. [g d COMMENTS
3 5|6 718 13]t4 ‘|s 17 23 ADJ 2—7 28 34 ADJ. 3-8 39|40 55
o o] . Zgwagx.,E:.J, MULT. 2 (006l | |SETUP CBST MULT..
o0 |\, M |RE T ULT2 | e

o a0l Ly 4; MULT, i, , | lcsTAcC |, 40D .70 . CP5T ACC..
0,4,0 B L LAST L U Al L AST. CARD @ . .
ool (1 1B PARTCO | . b b NP-READ NEXT, CD
0,6,0 PRINT, Séﬁ ey v L I SELECT STACKER
oriol |y ??ﬁgﬁgamﬁ:.l, 5?5%’”"J* SETUP PRINTING , |
°|‘x°x|||l|||1llx::lj; 11:A7‘|2::1+ |||||1x|1x1|.4|;
0,9,0] ...#LL£MEQLZ.li.;,PRJMK&I.A 70740 . . . . .. ]
ool 4, quaarAcc::.g PRINTS3 | , | COST, . .
ol I 7?Aga9aob5:1g, e b, PRINT AND BRANCH
] 2 0 1 ] i :

Y B RGN 7711 5 A 7 ,’325%?;:'* e
el T iCMES LT T TR RINT S L
sol Lo, IMCEICSTACC | | IPRINTS | | | e
',6,0] .|||M1 ||||:I|,J; |||||.l:|1 T RS NS SN SR WA WY A S SN S S SR T
7,00 AILITII/{I:”ALrl::AJ; 11.[.1:1‘ R S R SR S ST SN VHUNY S ST S SO S N
S B ! A_:;! ! !
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6. (Continuved)
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Page No. - } of

(A) OPERAND (B) OPERAND
LINE |COUNT LABEL OPERATION +| cHaR. S +| cmar | g d COMMENTS
3 516 718 13114 16 )17 ADORESS 2_3 ADJ. i:l 28 A00RESS y ADJ. 3_8 39)40 55
o 10} , IR/ . DS 10005, e e
0,20  |R2 . . |OSI 106009, [\ | L ) o T
0,3,0 R3. . . los! loo0 1 .. N e
o.s0| , R4 . .  lDs! 10030 1| | T e
0,50l ., IRS ., |bs lo0o33 | 1 | b e
0,8,0 R6 ., ., . |bs' |looss | || . . e b e
or.0| , |PRBONEIDS, 07,05 |1 | e e e e
o.0,0|  |PARTNBlOS 107,70 ' | | b e
o,s,0|  |DESC . DS |0/30 .\ | e b e e
100|085 TAT.RQTYIDCWO /35 | | . | b e e
v, 0 |08MULT. I, \DCWx . L b e
L2 0l/ OMULT.2 |DCW\I¥ | . 11 T b S S T
1,3,0l07|CST.ACClDCwWI* . . . | I 1 | L L o
L+ 0 |0SIPRINT.IOCWO205 | | | | v b
s 0 |04|PRINT2IDCWO2 13 | | | | | e e
1,6, 0|08lPRINT 3DCW 0225 |, | | | e L e
L1,0|07|ZERS . |lDCwl¥ ., . | 10000000 ., || . e
e 0 |04QTY | locwx T e b e
1,9,0 0|65101[|T| L DIC:W*I PO S : l\ Ll 0.-;4 Lo : : TR T T WY RS N T [ T T S SR N
2,00 . L f,/V:DE.X.p,S.U.M: i L L { :'. , T
R ] I_i ] ] . —
CHAPTER 6
1. PageNo.l_l_leof
(A) OPERAND {8) OPERAND
LINE |COUNT LABEL OPERATION +| cHar |8 +| cmar g d COMMENTS
3 5|6 7[8 13]14 1617 AopRess 2-3 ADJ. 2_7 28 AODRESS 3-0 ADJ. :!_8 3940 85
oiio|  ISTART, IR "1 . b
o2 0| | |PA |ZERME '\ | ACCUM | | . | INITLALIZE , . . .
osol 1o \McWINTADD | . | | 40D INS5+003 78T AL & ADORESS
0,4,0 AD DI NSIA | 10000, , | | ACCUM =007 VARIABLE ADDRESS
osol ..., A YIFIVE V1 . | ADDINS+003 | MODIFY VAR . ADDR
osol . l.. . le. VIADDINS+003| |[TEST. . ' 1 .. COMP._ ADDR W 0.73,
ozl . 1., . . |8 400 INS | . . b BR_IF, N@BT DONE, .
ool Ll ..., M Yler .t TlAccum T MULT, BY. 1. /12 . ..
ool ... la "lFrrve 1. lTlaccum —oos5 | lrRdunDp, . . . . . . ..
ool b, ., IMCiSlACCUM —1006| |0.2/6 , | | | | SETUP . . . . . . . . .
ool b IMClSl0008, V| |l0208 1| AND |
12,0 N A R ) o R PRINT . . . ., )
13,0 8 e AsT, v Al e AST CARD. Q. . .,
a0 B YV sTART I N M¢l,,,,.,,,,, L
s  LAST ¥ 1Tle . =oo3 | . .. . 1. YES, . .
_I .-S ° /‘4 AICACIULMX ch:w *I 1 i g 1 : : 1 L 1 J— 1 1 : l 1 1 L1 1 1 1 1 1 1 L 1 1 1 1 i1 1
10|01 |\ZERG, | |DCW|¥_ . | (0, b e b R
e o |O3INTADDDCW % 1 '0/3 | . . 1 e
Jdlee 003 7-IE|5ITA L DLCIIW *n Lol : :01713 S T R : :g L PR SO SR TS N S SO A S AT S B Bt
20 o lO/|FIVE | |DCWx , , |15 | N e
loelcs ., locwl¥® ., . i 10833133 . . | | I
,,,,,, e L |ENDISTART, | | | T I e
1 [ [
- Lol 0 |;LIJIA‘_-:VV |-:11:'ln PR S SR NS TS S SN TR TS SO R SR SR S |




Add 20 to
index 1

Put zero in
index 1

Read a
card

Move from
card area
to tape area

Last
in group of
20 cards?

Write
tape record

Write
tape record
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{A) OPERAND

{B) OPERAND

LINE  [COUNT LABEL OPERATION ADDRESS +| cnar Tg ADORESS +| cHar. g d COMMENTS

3 56 7|8 13(14 Ils 17 23 ADJ. 2-:1 28 34 ADJ. 3_8 39/40 55
o 0|l 87T ART, lSW 000/ | I | | | T S ET._CARD AREA WM
0, 2,0 | ZERINDMCWI ZERS , | | . | I NDEX I | I NI TIALIZE INDEX|
0,3,0 L AﬂfiA,[), L /a ! TR S S : : Ll L1 : : L PR R SO SR T S SR N S S S S 1

o Imewloozo VY | log20 .t Ul lrNDEXED MPVE . | |
0,50 ) B ' \WRITE/ | | | N N Al LAST, CARD Q@ . . .

os0f |, |V IINDEXS | |TEST 1, NG LAST IN GRPUP
0,7,0 1 1 1 1 1 1 éi : “/l?u[|7-né?|:2: :441 1 1 1 1 11 : : ; 1 55 nslté?tf;n 1 L L 1 ! (Y L [T .
oo, 0| , |, , |A }|[TWENTY | , | |[ZINDEX I | , | NS MBDIFY INDEX,
ool |, |B | |READ | |\ .

vo0| | \WRITE /| While, tage /tetsr T T

ool | M Ve S =003l | v L IFINAL STEA . .,
2ol  \WRITER| WiAle tfape Sepord e

ol L, B L IZERIND, |, N e

L+0|03|ZERG , |DCW¥, 000 |, ., e ,

‘,8,0 67153 j:/K lz £;|)(|/ ZJIC:IPV c’kcylé3l£9l f : : 1 R S S : : L1 L L PR N T T L1

,6,0 ‘7153 7:£i:;|7-| s [Z‘::“/ * [ : :53‘61 0 PR S : : L1 [ R U S PRI Lol

L1, 0 |OQITTWENT Y DCW¥ |, . | 120, A N R e

',8,0 x. Ly éa/v:l) 55;7'14119L2_| : JAAJ 1 Lo : : | ! T T R Lo Ll

1, 9,0 L Lot L ; R B B : : L PR S T N : :': s 1 PR VR RN SRS VAN ST S SN SU T T U ST U
IS B 1 - [
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CHAPTER 7

Page No. IT‘Tj of

(A) OPERAND (B) OPERAND

LINE  |COUNT LABEL OPERATION ADDRESS + C:Dzﬁ g ADDRESS + c,::,R ] d COMMENTS

3 sle 7|8 1314 18]z 23 - le72s 34 - |3e|39]40 85
T I meslacer. v, | 0007 it | e
o,2,0| , - . MCWSTATE | | | | 00/4 . i\, . R R L
0,3, 0 . L S,WE D,A,T,E, :—:0,0,2 D.A,T‘E. L :":0,0‘¢ S S SO S T S S S S T N R
0,4,0 . L M,C:s D,AlT,E, L :-:0,0,3 0,0‘/,.9. : : ; L PN O S N S R P S S S T R
0,5,0| , o MC\SIDATE, =00/ (0022 ., | | . e
o,s,0 | MCW\DATE, | | . 0024, b T
0,7, 0 L L C,W: D,A,T,E. . :":0,0,2 DJA.T,E. . :—:0,014 I T T SR B! MR S S
0,8, 0 T LCAEDLI T, | V| 0036, , i , ., T R
o.s o o, MCEIDVE ., | | . 0036 || , R S
oo Sl T S R L e
Y I N k-2 e
vzo [ A R T R A S
1,3 0|09 \EDI T, DCWI¥ | 11, e b T R R S S
1,80 s L L : PR RS T S : : L1 R S : i L S S R WO SN ST SN SN T ST SO S SR S 1




Housekeeping

Read a
card

0—- total

b

Move account
number
to previous
account number

Add $ to
total

Same
account
umber?

Yes

Skip 1 line
Skip to new
page after

printing total

Turn
switch on

Halt
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3. (Continued)

Page No. - of

job time as to be completely negligible. The most
important consideration in estimating this job is
whether the processing between cards can be done
within the 10 ms of processing time; if not, the card
reader will slow down to 400 cards/min. In this case,
however, the processing requires less than 1 ms, so
there is no problem. The reading of a five-card group
will take 5X 75 = 375 ms. The printing of a sum-
mary line for a group requires 100 ms, but to this
must be added the waiting time until another starting

(A) OPERAND (B) OPERAND

LINE  [COUNT LABEL OPERATION ADDRESS + CAH;,R' 2 © ADDRESS + CAHDAJR. ] d COMMENTS

3 5|6 7|8 13{i14 16[17 2 N 27}28 34 3 38} 3%[40 55
ool €, . MCWSWPN, [ ISWITCH & . SET. _SWITCH N .
o 2,0 | 1.11:B‘:D;|||4;::4_1 S L:“J;l P S S S S R R | P S SR
0.3, 0|06|ZER PSS, DCW¥ ., | 10000000 , , i, S
o+ 0067TPTAL IDCWI¥ 1., 1 A
s o/ OEOLT, | IDewl¥ v T 00 v e
o o|05PRACNGDCHI¥ | , v 1, ey
eiof (SWON . 1DCW¥ , VW ||, 1 N
200 o |ENDISTART. \ . || .. ., 1!, e

] RS L ]
Page No.lT._z_l of
{A) OPERAND (B} OPERAND

LINE  |COUNT LABEL OPERATION CHAR, |2 +] o [g d COMMENTS
3 5(6 718 13[14 16|17 A0DRESS ::3 ADJ. 2—1 ADORESS 34 ADJ. 3_9 39]40 55
o.i,0] , \START. |SW, 000/, , | 0023, ., |\, HOUS EKEEPLING . .
0,2,0 L T S T Rn: lIJ;::II II||I:14LV P TR T WA S SRS S SR SO TN
o.sol A, MCWZERBS |\ | \TETAL || INITIALL.ZE ACCUM
0,40 . IMCW000S5, L | PRACNG | | PREYV ACCT N@ . . .
0,50 , |\, . . MCS00OS i . | |020%5 || | ACCT... NG . . . ., .,
0,6,0 Lo Ledlepr T, V0 @216 1 ), SET. UP EDOLT. . . .

o rol v, ., IMCE0O023 i, 02/6 . | ., e
0,8,0 [ S R Y Wl:llllj;::J_L TN SN WA S AN A S 1 P S SO SR N |
o0l |y, A, 10028 '\, , | |[TBTAL | | A.CCUM.. AMﬁUMT
1,0,0 S S Bn: C. |L41::14L AA;IIIJ::IM A st CAPD .Q....
ll‘lolxlllARL:Allll::il ::x. Mxx.u.. 1 1
L20 e C 0005 . . | |PRACNS | . SAME. ACCT.. Nb . .@
13,0 e BB e S|\ VES ., . .

el oo ee | SN JING - SPACE 1 LINE
vseod Lo | CAlEDLT, 0 L 0216 ., SET. UpP EDLT . . . .
ool o IMCETETAL L | 0246 1 L | R i
el e e b T AlsET. up _SKIP . . ..
1,8,0 L S ”/x : T ST : : 1 Lol 1 1 : : L PR]11N7'I |AND| JSK‘Z':P-;:
'(9,0.5.”’.1.7.01 :AAAIII:=II 11|||::|| [N SN Y N NN SN VRN S VR SN SN N TN
2,001 IKKAAHJ;:*LII :‘100: 11:11::1| P SR SOV WA S SR S W S SR SR SN S SV
L—~— o

. The housekeeping is so small a fraction of the total point in the card-reading cycles is reached. Since

one starting point will have been passed, we must
wait for another, so that the reading of another card
after printing will not begin until 150 ms after the
end of reading the card before printing. The effec-
tive time for reading five cards and printing the sum-
mary line is therefore 375+ 150 = 525 ms. With
2000 groups of five cards each, the total time to do
the job is thus

2000 X 525 ms = 1,050,000 ms = 1050 sec = 17.5 min
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CHAPTER 8
1.
0--count
Skip to
new page
Read a
tape record
Halt
Add 1
to count
NX%Y
cheNo.l_l_L_z_Joi
(A) OPERAND (B) OPERAND
LINE  |COUNT LABEL OPERATION ADORESS +| oman |3 ADORESS 4] car. gd COMMENTS
3 5|6 7(8 13114 16|17 23 ADJ. 2-7 28 34 e 3-8 39140 55
o.i0]  |START WCWZERFS 1 . | |[CHUNT | | | INIT., CAUNTER . .
0,2,0 e ee . R N S [\SKIP T@ NEW PAGE
03,0 , [READ, , IMcWZu /. . i\, , | |PRINT . | |RIREAD FRIM TAPE |
[} [ |
0, 4,0 PRI T //‘A‘L.T. N P B | : L KEIVD ,o,Fl ,REE‘L, AQ. P
o s.0f |, . mCWBLANK | PRINT +050 | NG. ERASE GROUPM
0,6,0 P Sy W. l P L : : - TR St | : L PRINxf_._A,,L; k. et d e
ool |, ., |ADDIGNE . . it | | |CGUNT '\ | . e
o0 |, |C ; COUNT, | | FLFRTY. + i , . P.;G‘E. FuUuLL @ )
o,o,0| v |, |B READ . i, \ L NG . )
rool B START. | .. i IyEes o
ol JHALT, | KV HALT, L0 TR B B ‘ . ‘ . Ly
1,20 0:2 ZIERJ¢JSI Dnc}W*J Loa ot " :0101 n [ : : - 1 N i (R
,3,002[COUNT, DCWI % , 5 &, R R . ot i
a0l IPRINT. (DS 02041, | | | . Lo o o .
1, 5,010/ |BLANK, D,C!W*, T L . L . . ) N .
'|6|°0|/ ¢.ME_| L DC:W*T NI L: 1/| ! I Ll : : R ! FR i
1, 7,0 0.2/:.1-./:-7-|y| DM* P S : :5‘101 L Lt : :‘ L1 L
1,8, 0 L PP R ELN:DslTIAlRITJ : | P ! L : : n I Lol Lo
'1,9,0 L L L 1 E Lo 1 :' {‘. 11 I n E E ! ' " t A S
5. In the path coming out of the box “Compare Part write a bad code message. If such an addition record

Numbers” labeled M > T, insert a test to insure that
the transaction code is a zero. If it is, set up the trans-
action information in master-record format, PUT the
record in the new master tape, read another card, and
return to the comparison. If the code is not zero,

should happen to have the same part number as a
master record in the master file, the classification code
test will prevent writing it. Modifying the program
should not be difficult; in the interest of space, it is
not shown.
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OFF

> Halt

18M O

Program
Programmed by

Date

O O FORM X24.1350-1
PRINTED IN U.S.A.

Identification cu o .

1401/1410 AUTOCODER CODING SHEET 76 80
Page No.ITl?l of

h2,

Line Label <Eperaﬁovi OPERAND
3 5|6, I15[16 20[21 25 30 35 40 45 50 55 60 65 790
o0, |START | . BPENA,B,C. . o 0o\, s e
0.2 L GET A A
os | .. ...\, GET. 1B . . . . .. . .. o )
o [COMP_, | |C .. |AEMPNS . BEMPMSE . . . . . . ... COMPARE EMP _NUMBERS, . . . . .
o5 | .. 1., . |8L |BPUT e BRANGH IF B IS LOW  _, .
06 APUT |  WPUT M, C oot et e e L
A NN A T
0.8 B/, L W@p WePuT . SWITCH B . . ,
ool ot 8. legup . ... ,
o 182 . WP WALT . v END BF REEL ENTRY FGR A .
bl IMCW  BRANCH AL o ... . SET. SWITCHES Al .. .. ..

]

ew  |BRANCH A2 ... . AND A2, G T8 BPUT .. . ..

3,

£
[

—PuT 18,0 o

OOV T SO VA S S ST U SN G S S0 SNV SN0 S S S S S G T S S S BN S S S S S B S S 1

>

N1
L N

-

e ot W BET B e .
s WL WBP BRUT v OWITCH AL
Wl B GBMP L e e
v A2 . WP HALT i END BF REEL ENTRY_FAR B,
1.8, L. \MCW_ \BRANCH,B/I, , o\, SET, SWITCHES B/ ., . ... . ..
L9, i MCH | BRANCH,B2 . . . . ... . ..... AND B2 . . ., . .. ..., .
2,0, lllxlilllilllAIPIUIZIIlllllllAllllAllJlllllllll|llll'llllllllllIAAL
e WALT W HALT o
2,2, APIAIMC:MIIAD‘CWII@IBIQIXRJJIIILIIJILAAIIJ_IIIIII)IIK\lklllllllllllllllll
2,3, N : ..E.MD.;5|T.AIRA7:‘xn.u...:n..|‘1|4.x|144:.|L|11|:n1|||A|.|A|xx||
2,49, : PR U UUN SO ST SRS W U WY ST S WY WS TAE WU RS VA TN AN SN S WU AN Y ST S GAY NS ShT ST S S SN ST ST SN SUS S SN VAN ST S W S ST S0 NS S N SO S W U
1

e

— e ee—————
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CHAPTER 9

18M O O Oz
Program Identification oo o
Progr. d by 1401/1410 AUTOCODER CODING SHEET 76 80
Page No.LoJ of
Date (K3 ]
Line Label perati OPERAND
I3 S|6 B (13 0[21 25 30 35 40 45 80 1] 10
0.1, i MCH \THD., MULT+6 ., . ., .\ ., .. sathe AND e
0.2 ! MRy IKEY MULT . . R CMULTIPLY /(EY BY. 0..2 ........
03 | 40D, . |BASE MULT =/ . . ., \ ADD BASE ADDRESS., .
0,4, T MCW WulTe ), DISKAD =] . —. . ... SET UP SEEK ADORESS. . ,
o5, |, ., 1, |50 |DISKAD-7 ., A .. L SEEK TRACK, | o o v v i
0.6, L. RD ,  \WDISKAD-7 . .. ... .. e . READ DISK | I A
or V.o i A
o8, | ., ! N e e e
T e e e
o [TW v, loew |2 ., ., . ... e X i e
10, |BASE | |, . |DCH._, 50000, N
-‘z.MUlTl..‘DC,&LLO.O.O‘O.O.QO.....‘.A...‘...... .........
13, 1D/SKAD . IDCW.  100000000.L . . . oo GRW/P MARK . TO I?IG//.T. .......
l.‘......l.xi..A:lntln.;;nn.xnnn nnnnnn P N ST N SO S N TS S ST S S T S S U S S S S ST G S S T
|

FORM X24-1350-1
PRINTED IN U.S.A.

18M O

Program

O

Identification .
76

80
Page No.LI_I?J of

Programmed by 1401/1410 AUTOCODER CODING SHEET

Date

Line OPERAND

3 5| 021 25 30 35 40 45 50 55 60 65 70
. .o KEY-2 KEY-5 . . ... COMPUTE | e

0.2 L. MCW_ KEY-6 WBRK_ .\ .\ ... TRACK o
0.3 .. lADD_|KEY-3. WBRK . . . . . ... _ ADDRESS, |

0.4 A ADD_ |KEY, WBRK . . . . . .. .. e . o )
0.5 . |sH . wdRK-2 . T3 DIGITs BNLY .
0.6 U MeH WeRK .OISKAD -2 . . MAVE T8 DISK ADDRESS. . )
07 Ll C,W..W.@QK.Z.......‘.‘. - e
0.8, o lso . 1br5k40-7 .. . .. e _ SEEK TRACK N

0,9, 1. |RD .  DISKAD-Z ... .. READ TRACK ZEPQ‘,‘i,,,‘,,,
1,0 i NCW KEY =2 KEY S o e L
Ll \MEW, | FTRST, ABC . e INITIALIZE 1.09P ADDRESS .
2, ARC. . 1. . |C . .  |0000,KEY. . .. .. - , FIND MATCHING KEY . . .. . .. ..
13, o L BECVWRING e
ol ool lADD. \TEM ABC+3 , . . . ... . _MODIFY ADDRESs .. . . . .
sl 8 ABC e N@ TEST-ASSUME WILL BE FIND
16 |FIND |, |sW . l4BC+/ . Lo SET UP, ADDRESS | . . . . . . L
el U |MCW_ABC+3. DEE+3 . . . . JF SECTOR . . .
L8, .. |G ABCHL NUMBER
e Lo L. .l .  |DISKAD=/ .. . ... N VSET UP e
20, |, V1. MCW | 0000,01ISKAB=) oy G TRACK
2.1, ol ew . \DISKAD-/. . o s .... ADDRESS . . .. e
22, | .1, . RO |DISKAD-S |, i REAQ.CORRFCT TRAQK .
i ;.7".:.‘. Lo L1y Ll 1y N U N S S SN S T UG VA U S S ST EN SO AT SR U SHT IS VA S G S |







INDEX

A-address, 33
A-address register, 40, 41
A-register, 41
Absolute address, 47, 48
Access arm, 123
Accumulator, 10, 68
Actual address, see Absolute address
Add instruction, 43
Address, 31, 32, 39, 47, 111

disk storage, 125, 132
Address modification, 75, 79
Address part of instruction, 33
Algebraic operations, 44, 68
Ampersand, 90
Assembly, 50
Assembly listing, see Post listing
Augmented operation code, 111
Autocoder, 47, 111, 126, 151, 167

B-address, 33

B-address register, 40, 41

B-box, 84

B-register, 40, 41

Backspace Tape instruction, 107, 108

Batch processing, 10, 122

Binary digit, 29

Bit, 29, 103

Blank (character), 34, 36, 90

Block, magnetic tape, 103, 112

Block count, 112

Block diagram, 3, 7, 8, 69

Blocking, of tape records, 112

Blocking factor, 112, 120

Body of control word, 90

Branch instruction, 48, 49, 57, 62, 63

Branch If Character Equal instruction,
119

Branch If Indicator On instruction, 44,
62, 64, 66, 94, 108, 129

Branch If Word Mark and/or Zone in-
struction, 67, 68

Brush, 23

Buffering, 97

Calculation, 2
Card codes, 170

Card column, 13
Card loader, 101
Card punch, 7
Card punching, 18, 95, 161
Card reading, 17, 33, 95, 153, 161
Card to disk routine, 134
Card to tape, 20
Card verifier, 7
Carriage control, 64, 92
Central processing unit, 16
Chain Addition Program, 134
Chaining, disk storage, 132

of instruction addresses, 42
Chain Loading Program, 134
Chain Maintenance Program, 134
Chain printing mechanism, 18, 19
Channel, carriage tape, 92
Character, 14, 29, 32
Character adjustment, 49
Character coding, 29, 103, 104, 170
Character density, magnetic tape, 105
Character rate, magnetic tape, 105
Checking, see Error checking
Checkout, program, 3, 146
Clear Disk Storage routine, 134
Clear Storage instruction, 36, 37
Clear storage program, 101
Clear Word Mark instruction, 34, 35
Closed subroutine, 100
CLOSE macro-instruction, 112, 114, 161
COBOL, 154, 156
Coding, 3, 150, 154
Collating, 3, 71
Collator, 5, 24
Color stripe, 14
Column, card, 13
Comma, 90
Comments, 59, 159, 160
Compare instruction, 66, 67, 68
Comparison, 64, 66
Compatibility, 21
Compiler, 111
Computation section of loop, 79
Conditional branch, 62, 154, 158
Console, 1401 Processing Unit, 17, 101
Control card, 101

Control Carriage instruction, 92, 93, 96
Control field, 2, 10

Control level, 10

Control panel, 15, 26
Control section, 23, 40
Control total, 8, 20, 113, 141
Control Unit instruction, 107
Conversion, file, 4, 141, 148
Core, 29

Corner cut card, 14

Count field, 49

Credit amount, 90

D-character, 33, 41, 62, 111

DA macro-instruction, 116, 120

Data division, 154, 157, 159

Data processing, 2

DC pseudo-instruction, 52

DCW pseudo-instruction, 49

Deblocking, 112

Decimal point, 90

Decision, 3, 33, 151

Decision table, 151

Define Area macro-instruction, 116, 120

Define Constant, 52

Define Constant with a Word Mark, 49

Define I0CS macro-instruction, 112

Define Symbol, 50

Define Tape TFile macro-instruction,
112, 113, 118

Density, magnetic tape, 105

Desk checking, 146

Detail file, 5

DIOCS macro-instruction, 112

Disk file utility routines, 134

Disk storage, 122

Disk storage addressing, 125, 132

Disk storage instructions, 125

Disk-to-card routine, 132

Disk-to-tape routine, 134

Documentation, 149

Dollar sign, 90

DS pseudo-instruction, 50

DTF macro-instruction, 112, 113, 118

" Dual level sensing, 21

197
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E-phase, 41, 75

Early card read, 95

Editing, 2, 20, 89

Effective address, 86

End-of-reel spot, 64, 105

END pseudo-instruction, 50, 54, 101
Environment division, COBOL, 157
Equal compare, 64, 66

EQU instruction, 116

Error checking, 17, 18, 28, 64, 103, 141
Error routine, 114

Execute phase, 41, 75

Execution of instructions, 41, 75
Expanded print edit, 91

Extension, of an amount, 6, 11, 26
External storage, 31

Field, 14, 31
File, 2

magnetic tape, 106
File conversion, 4, 141, 148
File protection ring, 106
Fixed length record, 112
Fixed word length, 31
Flow chart, 3, 7, 151
Format, 89
Form control, 92
Form design, 89, 146
FORTRAN, 152
Full track read, 126
Function, FORTRAN, 154

GET macro-instruction, 112, 114, 161
Grocery wholesaler example, 135
Group mark, 106, 110, 111, 116, 126

Halt instruction, 66, 70
Hardware, 13

Hash total, 113

Head, magnetic tape, 104

Header label, 113

Heading line, 94

High compare, 64, 66
High-Low-Equal compare device, 66
High-Order position, 39, 51

Hole count, 18

Home record, in disk storage, 132
Horizontal check character, 104

I-address register, 41

I-phase, 41, 75

IBM 83 Card Sorter, 23

IBM 85 Collator, 24

IBM 729 Tape Unit, 21, 105

IBM 1301 Disk Storage Unit, 122, 125

IBM 1401 Data Processing System, 1,
16

IBM 1402 Card Read Punch, 17, 94, 95

IBM 1403 Printer, 18, 92, 96

IBM 1405 Disk Storage Unit, 21, 122

IBM 1407 Console Inquiry Station, 22,
23

IBM 7330 Tape Unit, 21, 105

IBM Charting and Diagramming Tem-
plate, 7

IBM punched card, 13

Indexed disk storage, 133

Indexing accumulator, see Index reg-
ister

Index register, 84

Initialization Section of loop, 79

Input/Output Control System, 110, 111,
113, 161

Instruction, 31, 33, 38, 63, 75, 163

Instruction phase, 41, 75

Internal storage, 31

Interpreter, 14

Interrecord gap, 103, 105

Inventory control example, 116, 127,
139, 152, 161

IOCS, see Input/Output Control Sys-
tem

Key, see Control field
Keypunch, 7

Label, tape, 113

Label table, 53

Last card switch, 63, 64, 68
Line number, 51

Linkage, subroutine, 100, 160
Listing, 2

Literals, 111, 159, 160, 161
Load button, 101

Load Characters to A Word Mark, 54
Load point, magnetic tape, 105
Location, 31

Location counter, 53

Loop, 75, 78

Low compare, 64, 66
Low-order position, 32, 51

Machine-oriented language, 154
Macro-instruction, 106, 111, 113
Magnetic core, 29, 32

Magnetic tape, 18, 23, 103
Master file, 2, 19, 116

Master file creation, 141, 148
Memory, 31

Memory dump routine, 101, 147
Merging, 3

Minus sign, 30, 90

.Mnemonic Operation code, 48, 111, 163,

167

Modification section of loop, 79

Move Characters and Edit instruction,
55, 58, 90

Move Characters and Suppress Zeros
instruction, 63, 65, 89

Move Characters to A or B Word
Mark instruction, 33, 34

Multiply instruction, 55, 56

Negative quantity, 90
No-Operation instruction, 78

Normal punch pocket, 18
Normal read pocket, 18
Numerical bits, 29
Numerical punch, 13

Object program, 47, 50, 52, 112, 154
OP-register, 40

OPEN macro-instruction, 112, 113, 161
Open subroutine, 100

Operating instructions, 149

Operation code, 33, 48

ORG pseudo-instruction, 53

Origin, 53

Overflow, 64

Overflow record, in disk storage, 132

Page heading, 94

Page number, 51

Parallel operation, 148

Parity bit, 29

Parity checking, 21, 30, 103

Partial chaining, 42

Parts explosion and summary example,
70

Pass, 24, 53

Payroll example, 54

Phase, of instruction execution, 41

Photo-sensing markers, magnetic tape,
105

Picking sequence, warehouse, 135, 136

Pilot operation, 148

Plus sign, 30

Post listing, 50, 147

Print area, 36

Printer carriage control, 92

Printing, 18, 96, 161, 154

Print storage, 64, 98

Procedure design, 1

Procedure division, COBOL, 154, 157

Procedure-oriented language, 154

Procedures manual, 149

Processing time, 95

Processing unit, 16, 23, 40

Processor, 47, 50, 52

Program, 3, 31

Program checkout, 146

Program identification, 51

Program loading, 101

Programming, 3, 151

Program switch, 77, 116, 117

Pseudo-instruction, 52

Punch a Card instruction, 35, 36, 95

Punch area, 35

Punch feed read, 18

Punch release, 95

Punch start time, 95

PUT macro-instruction, 112, 114, 161

RAMAC, 123

Random access file processing, 10

Random access storage, 4, 10, 21, 23,
122



Read a Card instruction, 35, 36, 93, 94
Read and Punch instruction, 97
Read area, 35
Read Disk instruction, 126, 127
Read release, 95
Read start time, 95
Read Tape instruction, 107
Record, 2

magnetic tape, 103, 112
Record count, 112
Reel, magnetic tape, 103, 106
Reflective spot, magnetic tape, 105
Register, 40
Relative sensitivity level, 104
Report, 89, 154, 156
Report file, 2
Report Program Generator, 154
Restart procedure, 113
Rewind, magnetic tape, 105, 108
Rewind Tape and Unload instruction,

109

Rewind Tape instruction, 108, 109
Rounding, 49
Routine, see Program
Run manual, 149

Sales statistics example, 4, 11

Sector, disk storage, 123

Seek Disk instruction, 125, 126

Select Stacker instruction, 72

Sense switch, 64

Sequential access file, 4

Sequential file processing, 4, 10, 122, 143

Set Word Mark instruction, 34, 35

Sign, 30, 43, 68

Skip and Blank Tape instruction, 108,
109

Skipping, of form, 92, 96

Sorter, 5, 23

Sorting, 2, 5, 10, 19, 23, 71, 116, 122, 142

Source data, 2, 7

Source program, 47, 50, 52, 112, 152, 154,
157

Spacing, of form, 92, 96

Speed, see Timing

SPS, see Symbolic Programming Sys-
tem

Stacker selection, 18, 28, 71

Stacking, 7, 18

Start and Stop time, magnetic tape, 105

Start button, 63

Status portion of edit word, 90

Storage, 31

Storage of instructions, 38

Storage print routine, 101, 147

Store B-Address Register instruction,
100

Stored program computer, 75

Subroutine, 100, 160

Subtract instruction, 44

Summarization, 2

Summary line, 94

Switch, program, 77, 116, 117

Symbolic address, 47

Symbolic instruction, 52

Symbolic Programming System, 47, 52,
101, 151, 154, 163

System analysis and design, 1, 28, 151

Tape, carriage, 92
Tape blocking, 112
Tape-controlled carriage, 64, 92
Tape head, 104
Tape label, 113
Tape mark, 105, 108
Tape to card, 20
Tape-to-disk routine, 134
Tape unit, 105
Template, charting and diagramming, 7
Test data, 147
Testing, program, 3, 146
Testing section of loop, 79
Three-character address, 32, 48, 53
Timing, input and output, 17, 94, 99,
171
instruction, 99, 171

INDEX 199

Timing, magnetic tape, 105, 171
program, 98

Tracing, 148

Track, disk storage, 123

Trailer label, 112

Transaction file, 2, 4

Transition card, 54, 101

Two-gap head, 21, 104

Unconditional branch, 49, 62, 154, 159
Unequal compare, 64, 66

Unit record equipment, 10

Unmatched detail, 5, 27

Unmatched master, 5, 71

Updating, of files, 2

Utility programs, 100, 101, 134

Variable instruction length, 33
Variable length record, 112
Variable word length, 31
Verifier, 7

Wholesale grocery example, 135

Word, 31

Word mark, 29, 30, 32, 33, 37, 39, 62, 70,
101, 106, 127, 137

Work-flow chart, 7

Working storage, 112

Write a Line instruction, 36, 96, 98

Write and Branch instruction, 49

Write and Punch instruction, 97

Write and Read instruction, 96

Write Disk Check instruction, 126, 129

Write Disk instruction, 126, 128

Write, Read, and Punch instruction, 97

Write Tape instruction, 106, 107

Write Tape Mark instruction, 107, 108

Zero and Add instruction, 80
Zero suppression, 55, 62, 89
Zero zone, 13

Zone bits, 29, 43

Zone punch, 13



A GUIDE TO FORTRAN PROGRAMMING {
DANIEL D. McCRACKEN, McCracken Associates, Inc.

This book provides a quick, effective way to master Fortran, an efficient and widely
used computer language. It provides a grasp of Fortran programming that will
enable you to solve scientific or engineering problems with a computer—no matter
how limited your understanding of the computer itself and its operation. 1961.
88 pages.

PROGRAMMING BUSINESS COMPUTERS

DANIEL D. McCRACKEN, McCracken Associates, Inc., and
HAROLD WEISS and TSAI-HWA LEE,

both of General Electric Company, Phoenix.

An introductory book that covers programming from analysis to coding with an
emphasis on business data processing, written by people who have had first hand
experience in procedures, analysis, programming, coding, machine operation,
teaching, and machine design. While suitable for teaching basic programming,
it has a wealth of organized material on advanced techniques. 1959. 510 pages.
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DIGITAL COMPUTER PROGRAMMING

DANIEL D. McCRACKEN ‘,‘
Here Mr. McCracken gives a general introduction to computers plus the practical s .
details necessary to work with specific machines. Carefully avoiding technical - L
jargon, he clears up many of the points that are especially troublesome to new-

comers to automatic computing and gives the basic elements necessary to a sound :‘;‘

understanding of current and future computer programming. 1957. 253 pages.
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