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Preface

This book is written for the student who has had some
exposure to data processing systems and who is inter-
ested in learning to program and operate the 1BM
1440 Data Processing System, It is assumed he has some
knowledge of computers and programming acquired
either by having satisfactorily completed the 1BM Basic
Computer Systems course or an equivalent course; or
through actual but limited experience in programming.

Before studying the material in this book, the student
should know the meaning of terms such as: actual
codes, symbolic codes, input, output, core storage, ad-
dress modification, indexing, compiler, block diagram-
ming, source program, object program, record layout,
binary-coded decimal — terms defined in the Basic Com-
puter Systems course,

The present book contains Part 1 which through the
generous use of examples covers most aspects of pro-
gramming the 1440 Data Processing System. It is in-
tended as a supplement to classroom instruction in the
1BM 1440 Basic Programming Course and its contents
therefore closely parallels subjects covered in the 1440
course.

. Chiefly, these subjects are the Autocoder (pro-
grammer’s) language, the techniques of programming,
and the system in general. The book will be repub-
lished in the future to include Part 2 which will

explain those details one must know to operate the
computer and to test one’s program.

Questions to test comprehension follow each section.
Answers to the questions will be found in the Appendix
at the back of the book. The student’s ability to com-
plete these test questions indicates readiness to proceed
to the next section. Upon successfully completing Part
I, the student will be able to write his own programs
for the 1440 in Autocoder language.

Each section in this book builds upon the previous
section. Therefore the student will find it to his advan-
tage to study the material and to complete the exercises
in the order presented. Students with considerable pro-
gramming experience on other systems may wish to re-
view the questions and problems to determine at which
point they will begin their study.

The programming examples represent the author’s
solutions to the problems. The student may find solu-
tions that differ from the author’s. This is possible, for
seldom is there only one acceptable solution. Look
upon the author’s solutions simply as a guide.

Additional reference material covering the subjects
described in this book may be found in the Systems
Reference Library for the 1BM 1440 Data Processing
System and in the M 1440 Autocoder (Preliminary
Specifications) Systems Bulletin.
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Programming the IBM 1440 Data Processing System

Section 1

Components of the 1440 Data Processing System

Before directing our attention to programming the 18m
1440 System, we will describe the 1440 components, the
characteristics of core storage, and the capabilities and
capacities of the system. This background is essential
to learning to program the system.,

Every data processing system has various compo-
nents. These are classified as input devices, output de-
vices, and combination input/output or processing de-
vices. The data to be processed by the system is known
as input because it is entered into the system through
an input device. The data already processed leaves the
system through an output device and therefore is known
as output,

In the 1440 System, input and output data can be in
typewritten form, or in the form of punched cards or
magnetized spots on disks. Output in the form of a
printed report is further possible.

Processing in the 1440 is performed by the 1M 1441
Processing Unit. The 1440 combination input/output
devices are the 1BM 1442 Card Read-Punch, the 18m 1311
Disk Storage Drive, and the 1M 1447 Console. The
1BM 1443 Printer is an output device only. Figure 1
shows the complete system. To understand the func-
tions of the components and the part they play in the
complete data processing operation, let us examine
each unit individually.

1441 Processing Unit. The 1441 provides the pro-
grammer with control over the other components of the
system. It contains the logic as described by its stored
program and sufficient storage to perform its functions
among which are the arithmetic operations. In sum-
mary, then, the three functions of the 1441 unit are:
(1) Control, (2) Storage, and (3) Arithmetic.

1442 Card Read-Punch. The 1442 provides the sys-
tem with input from punched cards and output in the
same form.

1443 Printer. The 1443 is used to print high-volume
output.

1311 Disk Storage Drive. The 1311 utilizes disk packs
to provide storage for large amounts of output. The
output stored in the disk packs becomes input to the
system.

1447 Console. The 1447 provides external control
over the 1440 Data Processing System. It can be
equipped with a typewriter for keyboard input to the
system and also for use as a low-volume output printer.

The relationship of the 1441 Processing Unit to the
other components of the system is shown in Figure 2.
The arrows in the figure indicate the direction in which
data moves from component to component, as directed
by the processing unit. They show that:

1. Data can be read from the card in the read-punch
into the processing unit. From this unit the data
can be moved as output to disk storage, or to the
printer, or to the console printer, or to the card
read-punch, or to any combination of these, as
required

2. Input data from disk storage can be read into the
processing unit and moved from there as output
to the printer, or to the console I/O printer, or
to the card read-punch, or to disk storage, or to
any combination of these, as required

3. Input data keyed in at the typewriter can be read
into the processing unit and moved from there as
output to the card read-punch, or to disk storage,
or to the printer, or to the console I/O printer,
or to any combination of these, as required.

IBM 1441 Processing Unit

The 1BM 1441 Processing Unit has provision for from
4,000 to 16,000 positions of core storage, in increments
of 4,000. Each position is capable of storing an alpha-
betic, numerical, or special character. Characters are
coded in binary-coded-decimal form. When we discuss
core storage in a later section, we will have more to say
about Bcp coding.

Components of the 1440 Data Processing System 5



1442 Card Read-Punch

1447 Console
Model 2

Figure 2. Flow of Data through 1440 System

Each position of core storage is addressable; that is,
may be addressed by a program instruction, The data
in the location addressed may be used by the computer
in performing an arithmetic operation or may be
moved to or from the addressed location. Variable
length fields as in the 1440 allow greater use and flexi-
bility in storing data and these variable fields can be
handled by most program instructions. The program

1311 Disk Storage Drive, Model |

131l Disk Storage Drive,Model 2

1443
Printer

instructions are stored within the unit to perform the
operations of input/output, arithmetic, and logic.

IBM 1442 Card Read-Punch

Card reading and punching functions are provided in
one unit and have a single card path. The cards are
read or punched, proceeding serially from column 1 to




column 80. This diagram shows the path of the card
through the read-punch.

Card .
Cornering Punc'hmg Reading
Position Station Station

Hopper

Card
Capacity
Stacker 1 1200
Stacker 2
(Optional
on
Model 1)

Note: Stacker Capacity
1300 Cards

The card must pass the reading station before it can be
punched. Cards are read at the reading station — col-
umn by column — by means of a solar sensing unit, con-
sisting of twelve solar cells, one for each punch position
in a card column.

Solar Cells

As each column is read, the character is converted from
card code to its binary-coded-decimal representation
and is stored in core storage. Any area in core storage
may be used to store the card data as determined by a
stored program instruction.

The 1442 Card Read-Punch is available in two
models: Model 1 is equipped with one card stacker
and Model 2 with two card stackers to allow card selec-
tion. The second stacker is available with the Model 1
as a special feature. A comparison of the card reading
and punching speeds for the two models is shown in
the following table.

Operation Model 1 Model 2
Reading only 300 cpm 400 cpm
Reading and then:

Punching first 10

columns 180 cpm 270 cpm
Punching first 20

columns 130 cpm 210 cpm
Punching first 30

columns 103 cpm 172 cpm
Punching first 40

columns 84 cpm 146 cpm
Punching first 50

columns 62 cpm 112 cpm
Punching first 80

columns 50 cpm 91 cpm

At these card speeds, a minimum of 75 milliseconds
of calculating time is allowed for the Model 1 between
the reading and punching of each card, and 55 milli-
seconds for the Model 2.

Two 1442 Card Read-Punches can be attached to
the system. This configuration allows the card reading
function and card punching function to be performed
on separate units, thus providing additional flexibility
as the application requires.

IBM 1443 Printer

A single, stored program instruction can cause up to
120 positions of core storage to be read out of storage
and printed. Therefore, the instruction or instructions
to assemble a complete line of printing within an area
in storage should precede the print instruction.

The standard character set for the printer comprises
52 characters, each printable in all 120 printing posi-
tions. Two different 52 character sets, designated Type
Fonts A and H, are available. A listing of the special
characters associated with Type Fonts A and H follows:

16 Special Characters

Card 12 12 12 11 11 11 0 0 0 12 11 0

Codes 3 3 4 8 4 1 8 4 0 O 2 2 5
8 8 8 8 8 8 8 8 8 8 8

Type Font A & P — $ , % / # @ ? ! = D

Type Font H + ) - $ , ( /= ? ! + b

Components of the 1440 Data Processing System 7




Each has the 26 letters of the alphabet, the 10 num-
erals, and 16 special characters.

Note: The numbers at the head of each column are
the card codes for the special characters.

Type Font A mounted on a single type bar is the
standard character set. The type bar is operator inter-
changeable, i.e., the operator can remove a type bar of
a particular font and replace it with a type bar of a
different font.

A character set is repeated several times on a type
bar. During printing, the type bar travels on a hori-
zontal plane. When the character on the type bar
matches the character desired in the print position,
printing occurs. All positions are printed in this man-
ner.

The rated speed of a Model 1 printer equipped with
the 52-character set is 150 lines per minute. This speed
includes a period of 24 milliseconds for calculating
time.

In addition to the 52-character set, a 63-character set,
a 89-character set, and a 13-character set are available
as special features. These sets also are operator inter-
changeable. Their rated printing speeds are:

Model 1
(lines per
Set minute)
13 character 430
39 character 190
63 character 120

At these speeds, 24 milliseconds is allowed for calcu-
lating.

In addition to the 120-position printing line, a 144-
position printing line is available.

Normally, each application prescribes its own format
for printing a form. To position a form in its prescribed
format, a separate tape must be prepared. This tape,
working in conjunction with the stored program, con-
trols the carriage that positions the form for printing.

IBM 1311 Disk Storage Drive

As many as five disk storage drives are available to the
1440 Data Processing System. On these drives can be
mounted individual disk packs with a storage capacity
of 2,000,000 alphameric characters per disk. In this
way there can be made available to the system, con-
tinually and at any one time, a total of 10,000,000

characters of data. The disk packs can be removed by
the operator and replaced with others, in effect provid-
ing the system with unlimited storage. '

Another feature of the disk packs is their interchange-
ability. A disk pack from one disk drive can be inter-
changed with one from another disk drive, either in
that same system or in another 1440 system.

The replaceable disk pack offers both unlimited se-
quential storage and random storage. Records for a
particular application can be stored sequentially or
randomly or both randomly and sequentially. Retrieval
in either manner is also possible. Random records can
be retrieved sequentially or sequential records can be
retrieved randomly. However, the latter method re-
quires that the programmer provide a table lookup.

The disk pack weighs approximately ten pounds and
consists of six 14-inch disks. Each disk surface with
the exception of the upper surface of the top disk and
the lower surface of the bottom disk is used as a re-
cording surface. Therefore, ten readable surfaces are
provided by a disk pack.

Mounted vertically on a disk drive is a comb-type
access assembly with five access arms on each of which
there are two read-write heads. The access assembly is
used to position the read-write heads on the disk sur-
faces (Figure 3). Each of the access arms, with its two
read-write heads, moves between the bottom surface of
a disk and the top surface of the next lower disk, and
is capable of reading or writing data on both of these
surfaces.

G



100 revolves are referred to as a cylinder, because of their
Cylinders cylindrical appearance when represented as in the il-
lustration. A cylinder, in this sense, Is a quantitative
concept rather than a physical component. It may be
considered to be a three-dimensional entity compris-
ing a particular track on each of the ten disk surfaces.
There are 100 cylinders, numbered 00 to 99, in a disk
pack (Figure 3). The read-write heads can be posi-
tioned at any one of these 100 cylinders.

Each track is divided into 20 equalsize sections
known as sectors. Every sector contains a 5-digit address
and provides storage for either 90 characters of data
with word marks or 100 characters of data without word
marks.

All sectors are addressable. Therefore a disk pack
provides 20,000 addresses that may be accessed for read-
ing or writing of data. This figure is arrived at in the
following way:

20 addresses X 10 tracks = 200 addresses
er track er cylinde er cylinder
As the disk revolves, a read-write head passes over P percylder percy
a circular band on the surface of the disk — this is 200 addresses X 100 cylinders = 20,000 addresses
called a track. The ten tracks that are exposed simul- per cyl- per
taneously to the ten read-write heads as the disk pack inder disk pack
00 Cylinders 99

Comb-Type
Access Assembly

Five Access Arms

Read-Write Heads

Disks

Figure 3. Read-Write Heads Positioned at one of the 100 Cylinders

Components of the 1440 Data Processing System 9



The 5-digit sector address which precedes each sector
in a disk pack is called the disk sector address. The
sector addresses are in numerical sequence within the
track, cylinder, and disk pack. Figure 4 shows the layout
of sector addresses for each track of cylinder 00 on the
number 0 disk drive. The sector-address ranges for the
five disk drives are:

Disk Drive
Number Address Range
0 00000-19999
1 20000-39999
2 40000-59999
3 60000-79999
4 80000-99999

The average time required to seek a sector address
is 250 milliseconds; the maximum time, 400 millisec-
onds. A seek is the operation of positioning the read-
write heads (access assembly) at a specific cylinder on
a disk drive. For each seek, the access assembly must
first retract to its home position (outside cylinder 00)
and then move to the selected cylinder. A Direct Seek
(special feature) is available which eliminates the
return-to-home motion of the access assembly, thus
reducing access time. With this special feature, the
average access time is 150 milliseconds; the maximum
time, 250 milliseconds.

Addresses 00000-00199

e

7
%3)0003800019000000000'
0005800039000200002'
00059/50040/0004|°

AN 0 '
0079/00060[0006

™ 90095l00080[00081

AN

AN

s

00139 21
00120001
°°'59001400014'//

00179]p 61
0160001
90199/00180/00181

Figure 4. Layout of Sector Addresses by Track for Cylinder 00
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IBM 1447 Console

The 1447 Console is offered in two models: the Model 1
is equipped with keys, lights, and switches only. The
panel on this console allows the operator to:

1. Start and stop the computer.

2. Initiate the loading of a program into core storage.

3. Display data from core storage.

4. Restart the program after an error condition has

caused it to stop.

5. Alter instructions in core storage.

The operation of the keys, lights, and switches on the
1440 will be covered in Part 2 of this book.

The Model 2 has, in addition, a Console I1/O Printer.
The printer provided by this feature can be used to
enter data into core storage and to type out data from
core storage. In addition, the operator can use the
printer to initiate an inquiry, that is, to request that a
certain disk record be printed. Because inquiries are
under control of the stored program, the programmer
must provide the inquiry test instructions and sub-
routines necessary to get the record.

Any of the 63 characters that are permissible in core
storage can be printed out by the Console 1/0O Printer.
Its character rate is 14.8 characters per second. Nor-
mally, this printer is used to type error messages, ex-
ception notices, or inquiries.

Core Storage

In describing the 1441 Processing Unit, we mentioned
that the 1441 uses core storage to store data and instruc-
tions. At this point, we will describe some character-
istics of core storage such as coding, organization, and
the addressing scheme, for a knowledge of these char-
acteristics will strengthen the programmer’s foundation.

Character Coding

Characters are represented in core storage in binary-
coded-decimal form. Each character is composed of a
unique combination of binary digits, or bits as they
are called; one character to one position in core stor-
age. A position in core storage has a 7-bit structure,
which is designated CBA 842].

The four rightmost bits (8421) are called numerical
bits, because they correspond in a way to the numerical
punches in card coding. Similarly, the BA bits corre-
spond to the zone punches in card coding and are called
zone bits. The C bit is the check bit that is generated
within the system to give each character an odd or even
count of bits, depending on whether the system uses
odd or even parity.

The 1440 system uses an odd number of bits and
the parity check consists of checking for this odd con-
figuration of bits. It is an internal self-checking device



of the computer for providing it with a high degree of
assurance that it is operating correctly.

Table 1 shows the card codes and corresponding
binary-coded-decimal form of the 64 characters (this
includes a blank character) that can be entered into
core storage. Note that the letters A-I have zone bits
AB, corresponding in a way to zone punch 12. Simi-
larly, the letters J-R have zone bit B, corresponding to
zone punch 11. The letters S-Z have zone bit A, corre-
sponding to zone punch 0. The numbers 0-9 are repre-
sented by the numerical bits, 8-4-2-1, alone.

In addition to the seven bits which we have discussed,
there is an eighth bit, called the word mark (WM),
that is associated with each position of core storage.
This bit defines the leftmost position of a data field and
the first position of an instruction, Usually, the word

mark is placed in the leftmost position of a data field.
When it is present in a position of storage, the bit
combination in that position is adjusted to maintain
an odd number of bits. For example, the letter A, when

a word mark (XIOII) is present, appears as:
w
C BA 1 M

or when the word mark is absent, as:
BA 1

The bit configuration of each character shown in
Table 1 is adjusted in the same manner. Zone bits or
numerical bits of a character do not change: the con-
figuration of the character changes only with respect
to the C bit, which is either added or not added.

Table 1. Character Codes in Ascending Sequential Order

Binary Code Binary Code
Defined Character g;‘:’i z “Ta Y aTalz Defined Character (C:g:ii c AN Y NEIE
Blank C G 12,7 B[A 41 2(1
. Period 12,3,8 B| A 8 2 H 12,8 B|A 8
X Llozenge 12,4,8 |C| |B[A[ |84 I 12,9 |c| [8[a] |8 ]
C Left Bracket 12,5,8 Bl A 8|4 | Minus-Zero 11,0 B 8 2
< Less Than 12,6,8 B|A 8412 J 1,1 C B 1
¥ Group Mark 12,7,8 |C B| A 842 K 11,2 C B 2
& Ampersand 12 C Bl A L 11,3 B 2|1
$  Dollar Sign 11,3,8 |c| |8 8| |2 M 1,4 |c| |8 4
*  Asterisk 11,4,8 B 84 N 11,5 B 4 |1
3] Right Bracket 11,5,8 |C B 84 o 11,6 B 412
; Semicolon 11,6,8 |C B 814 P 1,7 C B 4{2|1
A Delta 11,7,8 B 8|4 Q 1,8 C B 8
Minus Sign 1 B R 11,9 B 8 1
Diagonal 0,1 C A +  Record Mark 0,2,8 A 8 2
’ Comma 0,3,8 C A 8 2 S 0,2 C A 2
% Percent Sign 0,4,8 A 84 T 0,3 A 2|1
v Word Separator | 0,5,8 C A 814 U 0,4 C A 4
\ Left Oblique 0,6,8 C A 814 \' 0,5 A 4 1
H Segment Mark 0,7,8 A 814 w 0,6 A 4| 2
b Substitute Blank | 2,8 A X 0,7 C A 4| 211
# Number Sign 3,8 8 2 Y 0,8 C A 8
@ At Sign 4,8 C 8|4 z 0,9 A 8 1
: Colon 5,8 8|4 0 Zero 0 C 8 2
> Greater Than 6,8 8142 1 1 1
Y~  Radical 7,8 C 8142 2 2 2
? Plus-Zero 12,0 C BiA 8 2 3 3 C 2|1
A 12,1 B| A 4 4 4
B 12,2 B| A 2 5 5 C 4 1
C 12,3 C Bj A 2 [ 6 C 4| 2
D 12,4 B|A 4 7 7 4 2]
E 12,5 -C B|A 4 8 8 8
F 12,6 C B| A 4|2 9 9 C 8 1

Components of the 1440 Data Processing System 11




Organization and Addressing

Instructions must be placed in core storage before they
can initiate operations. The data that is to be processed
must also be placed in core storage to be operated upon.
Therefore, both data and instructions are in core stor-
age during operation of the program. The allocation of
areas in core storage for input data, output data,
constants, and work areas is determined by the pro-
grammer. Figure 5 shows how 1000 positions of storage,
numbered 000-999, can be subdivided into areas. None
of the areas is fixed in storage; i.e., the print area, for
example, is not always assigned positions 001-120; it
could just as easily have been assigned positions 801-
920.

The Autocoder system of programming provides
certain instructions to aid the programmer in defining
areas. If these instructions are used, storage assignment
is automatically performed by the Autocoder processor
while the object program is being assembled. Auto-
matic assignment of storage is described in greater
detail in Sections 2 and 3.

Each position of core storage is addressable by a
unique 3-digit mixed alphameric address code. For the
most part the programmer need not concern himself
with these codes when programming in the Autocoder
language. The coded addresses and their decimal
equivalents for the first 4000 positions of core storage
appear in Figure 6. Decimal numbers

0 through 15999

are used when coding a program in Autocoder lan-
guage. When the object program is assembled, these
numbers are converted into 3-digit machine language
codes.

The first one thousand 3-character addresses are
coded in machine language as numbers between 000
and 999. Addresses of 1000 and over are handled in a
special manner to fit into the 3-character format. The
numerical bits of the three characters represent the
units, tens, and hundreds position of the address. The

001 099
- Print Area

100 120 199
Print Areq ——pt@———————Punch Area 7i

200 249 299
Read Area oot ==

301{ 399
™ Constants >|J

400 415 499
L Ll: Program ,_I

500 599
- Program —i

6(10 699
- Program —-i

700 799
| Program ;IJ

800 820 899
Iq—— Program 7I - Work Area —JI

900 999
Work Area :}

Figure 5. Allocation of Areas in Core Storage
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Coded Addresses in Storage

Equivalent

Decimal

Addresses
000 to 999
1000 to 1099
1100 to 1199
1200 to 1299
1300 to 1399
1400 to 1499
1500 to 1599
1600 to 1699
1700 to 1799
1800 to 1899
1900 to 1999
2000 to 2099
2100 to 2199
2200 to 2299
2300 to 2399
2400 to 2499
2500 to 2599
2600 to 2699
2700 to 2799
2800 to 2899
2900 to 2999
3000 to 3099
3100 to 3199
3200 to 3299
3300 to 3399
3400 to 3499
3500 to 3599
3600 to 3699
3700 to 3799
3800 to 3899
3900 to 3999

3-Character Addresses

No zone bits

A-bit

using 0 zone

B-bit
using 11 zone
A-and B-bits

using 12 zone

* Letter O followed by zero zero

[‘ 000
$00
/00
S00
T00
uoo
V00
W00
X00
Y00
L Z00
[~ 100
Joo
K00
L00

MO0
<

NOO
*Q00
P00
Qo0
L ROO
[~ 200
AQ0
BOO
Co0
D00
E00
FOO
Goo
HOO

| 100

to 999
to 399
to /99
to S99
to T99
to U99
to V99
to W99
to X99
to Y99
to Z99
to 199
to J99
to K99
to L99
to M99
to N99
to O99
to P99
to Q99
to R99
to ?99
to A99
to B99
to C99
to D99
to E99
to F99
to G99
to H99
to 199

Figure 6. Core Storage Address Codes

zone bits B and A of the leftmost character
values of 2 and 1, respectively, and are used to represent
the thousands position of the address for addresses up
to 3,999. The address

0123

are given

is represented in storage as

__lL

—-w.-poo}w

whereas the address

is represented as

|
1

3L
H

1L
i

.—-M.Aoo:»w]

1

Parity (C) bits are not shown.

Addresses over 3,999 are handled by using the zone
bits of the rightmost character similarly. The B and A
bits of this character are given values of 8 and 4, re-
spectively, and are combined with the bits from the
leftmost character to represent the thousands and ten
thousands positions of the address.

Bit Values
Leftmost Zone Rightmost Zone
B=2 B=38
A=1 A=4

Therefore, the address
5486

is represented in core storage as

B]_ T 11
Al Al | Al
8 [ 18|
417 1 9
N
Ll

The coded address range for addresses 4,000 through
16,000 is shown at the top of the following page.

Comgponents of the 1440 Data Processing System 13



Section 1.
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14

Equivalent

Zone Bits over

Decimal Hundreds Char-
Address acter Position
4000 to 4999 No zone bits
5000 to 5999 A bit (zero zone)
6000 to 6999 B bit (11 zone)
7000 to 7999 A, B bits (12 zone)
8000 to 8999 No zone bits
9000 to 9999 A bit (zero zone)
10000 to 10999 B bit (11 zone)
11000 to 11999 A, B bits (12 zone)
12000 to 12999 No zone bits
13000 to 13999 A bit (zero zone)
14000 to 14999 B bit (11 zone)
15000 to 15999 A, B bits (12 zone)

Zone Bits over
Units Character

3-Character

Position Address Range:
A bit (zero zone) 00 to 99Z
A bit (zero zone) 0 to Z9Z
A bit (zero zone) 10== to RIZ
A bit (zero zone) P04 to 19Z
B bit (11 zone) 00! to 99R
B bit (11 zone) =+0! to Z9R
B bit (11 zone) 10! to RIR
B bit (11 zone) ?0l to I9R
A, B bits (12 zone) 00? to 991
A, B bits (12 zone) =+0? to Z91
A, B bits (12 zone) 10?7 to RYII
A, B bits (12 zone) ?0? to 191

Questions

High-volume printed output is normally obtained
from
a. 1443 Printer
b. 1447 Console 1/0 Printer

If input data is used as output—as, for example,
when listing from cards—does this input data go
through the processing unit?

. Can a record which is stored in the processing

unit be stored on the disk, be printed out, and
be punched into a card?

. How many alphabetic characters can be stored in

4,000 positions of storage?

Which statement is true?

a. A card must pass the punching station before
it can be read.

10.
11.

b. A card must pass the reading station before it
can be punched.

. What are three of the fundamental functions of

the processing unit?

How many characters with word marks can be
stored in one disk sector? How many characters
without word marks?

. What is the range of sector addresses on cylinder

00 of the second disk drive?

What are the five digits that precede each data
sector called?

Are all positions of core storage addressable?

Besides identifying the first position of an instruc-
tion, what is another function of the word mark?




Introduction to Programming

Section 2

In Section 1 we described the components of the 1BM
1440 Data Processing System and the characteristics
of core storage. In this section, we will concern our-
selves with the fundamentals of programming and the
methods of programming the 1440 itself. This will in-
volve an exploration of the purpose of programming
and its functions in data processing. Finally, we will
point out the programming details that the program-
mer must pay attention to, the form that he will use
in writing a program, and the method he will employ
to describe data.

Purpose of Programming

Data processing by any method requires that an orderly
procedure of steps or operations be followed. This pro-
cedure must be translated step-by-step into a series of
instructions, arranged in logical sequence, which the
computer can perform. The series of instructions is
known as a program.

Function of the Programmer

There are two major tasks a programmer must perform
to develop a program:
1. To establish the requirements of the problem and
the requirements of the solution.
2. To write the program for the computer to follow.
The first task, a systems study, requires that the pro-
grammer define the problem in the broad sense: choose
the machine or computer configuration; and establish
the format or layout of report forms, records, and cards.
The second task requires that, preliminary to the
actual writing of the program, the programmer define
the problem in a step-by-step analysis and work out the
logic of the program in the documented form of block
diagrams or the recently developed decision tables or
by using both. Either form of documentation is ac-
ceptable: both are immeasurable aids.
In the programming examples presented in this book,
we have provided both forms of documentation, leaving

it up to the student to choose the one he is more fa-
miliar with or the one he prefers.

Language of Programming

Problems for the computer can be coded in actual ma-
chine language (absolute) if the programmer knows
the language of the particular computer; however, even
beyond the problems of the machine language itself,
the method is often difficult in other respects: in assign-
ing storage locations, in correcting or modifying pro-
grams, and in cross referencing within a program. For
these reasons, other languages have been developed.
We shall use the language called Autocoder for it most
nearly eliminates these difficulties. The use of Auto-
coder language almost completely precludes the pro-
grammer’s need to know how the computer operates on
each and every instruction or how the data is repre-
sented in storage. Therefore, we will delay describing
machine functions until we have presented the prin-
ciples of programming.

In summary, the advantages of using Autocoder
rather than machine language for our program are:

1. We can use symbolic addresses in the coded pro-
gram in place of actual addresses.

2. We can replace actual codes in the coded program
with mnemonic operation codes that are de-
scriptive and more meaningful.

3. The processor, while it is translating our symbolic
source program into an actual (machine lan-
guage) object program, edits our source program
and uncovers coding errors,

Here is a specific set of actual machine language
instructions.

M%G1 Al2R
AA25 AS85
AA30AS3S
MA 3 5D335
M9% G1 D12P
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If we write them in Autocoder language, they will
look like this:

Operation Operands
R I, RDAREA
A AFIELD, SUM
A BFIELD, SUM
MLC SUM, PCFIELD
P PCAREA

Each line represents one instruction. These instructions
direct the computer to do the following:
No.ltellsitto Read a card into the storage read
area which is symbolized by

“RDAREA.”

No. 2 Add amount of “AFIELD” to amount
“sum.”

No. 3 Add amount “BFIELD” to amount
“sum’™

No. 4 Move the amount ‘“sumM” to its

punching location symbolized by
“PCFIELD.”

No. 5 Punch a card from the data at the
punch area symbolically represented
by “PCAREA.”

From this example, we can see that operands of an

instruction are written immediately adjacent to one
another and are separated only by a comma, a require-
ment of the Autocoder language.
. These Autocoder instructions must be transcribed
into punched cards, for it is the cards that become the
actual input (source program) that the processor will
assemble as an object program to be run by the com-
puter. The object program produced by the Autocoder
processor contains its own loading instructions; that
is, it has instructions for automatically loading itself
into its assigned areas of storage when it is entered into
the 1440 system,

We may want to edit our source program to uncover
coding errors and to be able to correct these errors
before proceeding to produce the object program in
card form. The edit pass produces an edited program
listing. With this listing, we can correct our mistakes,
again process the corrected input cards (the source
program), and produce the final object program in
both card and list form,

16

Edit
Pass Source Program
\
Edited
1440 Program
System =™ Listing
(Using Autocoder Processor)
|
|
|
|
'
Use
/' to correct
As;ernbly Source Program - ———— Source Program
ass

N

Y

Object Program

1440

System
(Using Autocoder Processor) » Program
Listing

The program listing gives the original Autocoder
instructions, the assembled instructions, the error mes-
sages, and the assignment of storage for instruction
and data. This listing is used later to debug the pro-
gram. Debugging is testing the program for errors until
all errors (bugs) are eliminated. Figure 7 depicts the
steps thus far described.

In our description of Autocoder language, we showed
some operations and operands and referred to these as
program instructions. No mention was made of any
particular format in which these instructions should be
written because the purpose of the example was to
illustrate the difference between machine language and
Autocoder language. If we wish to write these Auto-
coder instructions properly for machine use, we will
have to write them in the format prescribed by the
Autocoder coding sheet.

G



Over-all
System Study
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Documentation

Detailed Documentation,
Decision Tables
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Block Diagrams

Program Writing,
Program Using
Autocoder
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E) 0 1440 Data Processing
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Processing System To Produce
System Object Program and
Listing
Y
Object
Program
Listing

Figure 7. Steps in Preparing an Object Program

Use of Autocoder Coding Sheets

The programmer enters all program entries on the
Autocoder coding sheet (Figure 8). The column num-

_ bers on the coding sheet indicate the punching format

for all input cards in the source deck. Each line of the
coding sheet is punched into a separate card. The func-
tion of each field of the coding sheet is explained, as
follows:

Page Number (Columns 1-2)

This entry provides sequencing for coding sheets.

Line Number (Columns 3-5)

This entry provides sequencing for lines within a cod-
ing sheet. The first 25 lines are prenumbered 01-25. The
source program cards must be in ascending line num-
ber order when they become input to the system.

Label (Columns 6-15)

A symbolic label can have as many as six alphameric
characters. The first letter of the label is always written
in column 6; the character contained in this position
must be alphabetic,

Operation (Columns 16-20)

Mnemonic operation codes are written in this field,
starting in column 16. Table 2 shows the Autocoder
mnemonics for declarative operations, imperative op-
erations, and control operations. Declarative operations
are described as being those that are used to reserve
areas and to store constants. Imperative operations are
those that are converted, one for one, into instructions
or program steps in the object program. Control opera-
tions are those that enable the programmer to exercise
some control over the assembly process.

Operand (Columns 21-72)

The operand field in an imperative instruction can
contain:

1. The actual or symbolic address of the data to be
acted upon, as directed by the command in the
operation field. (NoTE: a label that appears as an
operand is considered a symbol.)

2. The actual data to be operated upon; data in this
form is referred to as a literal.

3. The address constant, i.e., the symbol which repre-
sents the actual 3-character address that is assigned
to the corresponding label. (A plus or minus sign
must always precede an address constant so that
the processor can distinguish it from a symbolic
address.)

Operands in Autocoder language are always sepa-
rated by commas. The statement that follows demon-
strates the use of commas. This instruction causes data
specified by the A operand (actual address 3101) to be
added to the data specified by the B operand (actual
address 140) .

Label perati OPERAND
isjie 4

b A 3101,,140, . PR

I
Al " N P S

Introduction to Programming 17



IBM

Progron}

INTERNATIONAL BUSINESS MACHINES CORPORATION

Identification  —

Programmed by IBM 1401,1410, AND 1440 DATA PROCESSING SYSTEMS 80

Page No.I_L_J' 3 of

Date AUTOCODER CODING SHEET
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Figure 8. Autocoder Coding Sheet

Note that the first and second operands of an impera-
tive statement are referred to as the A and B operands.
A third operand is called the d-modifier. The next state-
ment is an example of a statement that contains all
three operands.

Label perati OPERAND
1516 olzt 3 3 4

N o BCE ENTRYA,, SWIT.CH, 2 i PR

t
i A PPN ey P

This instruction, when assembled, tests the storage
location equivalent to switcH for a digit 2 and branches
to the location equivalent to ENTRYA for the next in-
struction, provided swiTcH contains a 2. The digit 2 is
the d-modifier. Only certain Autocoder operations re-
quire a d-modifier. They are indicated by 1 in Table 2.

The programmer can include a remark or comment
anywhere in the operand field, if he leaves at least two
blank (nonsignificant) spaces between the remark and
the operand. If he added a comment to the previous
statement, it would appear as follows:

Label perati
1S}t I

BCE ENTRYA, SWITCH, .2 TEST, ,SW. _,FOR ,A DI GILT 2, AND BRANCH ,

OPERAND
3 3% 40 L} 50 EH] $0 [}

M S ST a LA L P " P
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Table 2. Autocoder Mnemonic Operation Codes
Mnemonic Mnemonic Mnemonic
Operation Description Operation Description Operation Description
Code Code Code
DECLARATIVE OPERATIONS
DA Define Area BCE Branch If Character Equal wWDCO Write Disk with Sector Count Overlay
DC Define Constant BSS Branch If Sense Switch On WDCOW Write Disk with Sector Count Overlay
DCW Define Constant with Word Mark C Compare RDTR Regde\?s/zr#rmiﬂ:ecor a*
DS Define Symbol BIN Branch If Indicator On RDTRW Read Disk Track Record with
DSA Define Symbolic Address BBE Branch If Bit Equal* Word Marks*
EQU Equate INPUT/OUTPUT TYPE RDTA Read Disk Track Record and Address*
RDTAW Read Disk Track Record and Address

w Write a Line with Word Marks *
IMPERATIVE OPERATIONS WS Write a Line and Suppress Spacing WDTR Write Disk Track Record*
ARITHMETIC TYPE WCP Write Console I/O Printer WDTRW Wr':'"tzrll()si:k Track Record with Word
A Add RCP Read Console I/O Printer WDTA Write Disk Track Record and Address *
D Divide™ R Read to Group Mark with a Word Mark WDTAW Write Disk Track Record and Address
M Multiply* P Punch and Feed with Word Marks *
S Subtract PS Punch and Stop
ZA Zero and Add ] Load Unit* MISCELLANEOUS TYPE
z$ Zero and Subfract MU Move Unit* cc Control Carriage *
DATA CONTROL TYPE e Write Disk Check cs Clear Storage
MCE Move Characters and Edit WDCW Write Disk Check with Word Marks cw Clear Word Mark
:

SDLW Scan Disk Low Equal with Word Marks * MA Modify Address*
MLCWA M?:;ncxgg?:lfgrs and Word Mark SDE Scan Disk Equal* NOP No Operation
MLNS Move Numerical Portion of Single Character | SDEW Scan Disk Equal with Word Marks* SAR Store A Address*
MLZS Move Zone Portion of Single Character SOH Scan Disk High, Equal* SBR Store B Address*
MRCM Move Characters to Record Mark or SDHW Scan Disk High, Equal with Word SS Select Stacker*

Group Mark with a Word Mark Marks*

LOGIC TYPE $D Seek Disk SW Set Word Mark
B Branch Unconditional RD Read Disk Sector(s)
BAY Branch on Arithmetic Overflow RDW Read Disk Sector(s) with Word Marks
BCY Branch on Carriage Channel 9 RDT Reod Disk Track Sectors with Addresses CONTROL OPERATIONS
BCV Branch on Carriage Channel 12 RDTW Ret\:: %ish:?(:k Sectors with Addresses and CTL Control
BE Branch on Equal Compare (B = A) WD Writ:rDisk Sector(s) END End
BH Branch on High Compare (B8 > A) wDW Write Disk Sector(s) with Word Marks EX Execute
BL Branch on Low Compare (B < A) wDT Write Disk Track Sectors with Addresses LTORG Literal Origin
BU Branch on Unequal Compare (B # A) WDTW Write Disk Trkcck Sectors with Addresses and | XFR Transfer
BLC Branch on Last Card (Sense Switch A) RDCO Rergog’isﬁh\:"“; Sector Count Overlay Jos Job
BPB Branch Printer Busy RDCOW Read Disk with Sector Count Overlay and ORG Origin
BW Branch on Word Mark Word Marks SFX Suffix
BWZ Branch on Word Mark or Zone +

* Indicates a Special Feature

# Indicates that the programmer must supply d-modifier in Autocoder Statement




A comment in no way affects the assembled machine
language instruction, however it does appear on the
program listing opposite the assembled instruction.

In preparing a program, it is necessary to determine
the constants and storage areas that are needed, and to
define them. Usually this step is completed before the
program is written; however, it may be accomplished
as the program is being written.

Symbolic Assignment of Core Storage

In Autocoder language, assignment of symbolic names
(labels) to data fields, constants, or instructions re-
lieves the programmer of the problem of keeping track
of actual storage locations. The programmer should
assign names that are meaningful. For example, he
might label a 6-position field reserved for withholding
tax as wHTAX. A word of caution—once he has assigned
this label, he must be careful not to assign it to two
different fields,

The Autocoder processor program assigns the actual
storage locations as it produces the object program.
The Processor has a location assignment counter for
this purpose. The counter is set at 210 at the start.
Each time the processor assigns an area, the counter
is incremented by the number of positions in that area.
The last number in the assignment counter is the ad-
dress of the area.

A 4-position constant (for example, ABcp) is assigned
the address 213, provided the assignment counter was
set at 210 when the statement defining the constant
was encountered. Subsequent statements will be as-
signed storage in the order in which they are encoun-
tered. The Autocoder language contains control in-
struction that allow the programmer to preset the
counter to a particular address or to change the setting
of the counter during assembly. Thus, the programmer
can start the assignment of storage at any address he
specifies,

There are no permanently assigned areas within core
storage except for storage positions 0087-0099 which are
used by the Indexing feature (a special feature) . Areas
for input and output are assigned by the processor to
areas which it selects (unless specified otherwise) and
with one restriction. The leftmost position of an area
reserved for printing on the 1443 Printer must be an
address that ends with 01 (XXO01).

The Autocoder instructions used to create constants
and to reserve areas in core storage are known as
Declarative operations. Here we describe some of the
ways to write these instructions and show how the
processor operates upon them.

20

Storage Assignment with Declarative Operations

DCW Define Constant with Word Mark

This operation is used to create alphameric or
numerical constants, address constants, or
blank areas, in core storage as part of the object
program. A word mark is automatically added
to the leftmost position of the created field.

A numerical constant can be given a plus or.
minus value by preceding it with a + or — sign
in the statement in which it appears. Numeri-
cal constants take the following form

Label perati OPERAND
1 15)i6 021 30 35 40 L1 50
CONST,l, , , , |DCW , [+1.234, A N ,
CONsST 2 . |DCW  |-5632 e ey
CONST.3 DCW . 1234567 R
i
L n " it " n Pt P T S Y

where the constant itself may be any number of
characters. The address that is associated with
the label of the constant will be that of the
rightmost position of the constant itself. An
alphameric constant or a blank constant can
also be defined; these constants must be pre-
ceded and followed by an “at” (@) sign.

Label ISIsperun ), 2 50 % o O:;ERAND
CONST,4 ., . .|DCW . |®@ERROR. _MESS AGE. 1@
CONST,5! , . |DCW JANUARY, 28, ,1,962@, s
CONST.6! pCew @ e
L . e e

CONST®6, which is a 9-position blank field, can
also be defined by the following statement;

Label perati OPERAND
154 021

CONST.6] DCW__[#9 e .
]

where the # symbol precedes the number that
tells how many blank storage positions are to
be defined.

DC Define Constant

This operation is the same as the DCW opera-
tion except that a word mark is not added by
the processor to the leftmost position of a field
being defined. The statements are written in
the same manner as DCW statements.

O



DS

Define Symbol

This operation is used to reserve an area of core
storage and to associate a label with the ad-
dress of that area. Unlike the DCW or DC op-
eration, the DS operation does not load any
data as part of the object program.

6

Label J.Fpercni OPERAND
15)i6 20|21 25 30 3% 49 45 59
ACCUM, | bs 10 L., RS .

U S

In the example given, the number of positions
to be reserved is ten, as specified by the value
of the number in the operand field.

A field within a field is called a subfield. mo
and pAy are subfields of the paTE field. In the
example, the rightmost position of the subfields
is written in column 21. Word marks are not
generated by the processor for subfields.

A word mark is automatically generated in
the leftmost position of each field, provided
there are two numbers in the operand field and
these are separated by a comma. The data gen-
erated by the statement appears in the object
program as:

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb blgbbbbbbbbbbl_)bbbb%_t\

where b represents a blank position with a
word mark, b represents a blank position, and

G .. . .
M represents a position which contains both

DA Define Area
a group mark and word mark, The address of
L. the rightmost position of each field is associated
The DA operation is used to define an area for o .
. with its corresponding label.
input or output and to place a group mark -
with 2 word mark in a position immediately The following statements show how three
to the right of the area. This operation is un- similar areas, each followed by a record mark,
like the declarative operations described so far, can be defined.
where the address associated with the label is
the rightmost position of the area. The address e —— OPERAND
of a label associated with a DA statement is the T N LY T
leftmost position of the area. Entries following Name Lo e
the DA entry are used to define fields and sub- RALE . 2ot — ) .
fields that fall within the limits of the area. For
example, the statements
These statements generate
G
bbhbb-t-bbbbb-=bbbbb - M
Line Label perati OPERAND
3 303 15016 0f21 30 35 40 4
o1, ITEM , | DA . 1X53,G. . LAYOUT. .OF ITEM CARD as a part of the object program. The number
ODE, , | 1.1, P . . .
- ATE | .5 FLELD ) in column 21 in the operand field specifies the
X . Bt USUBFIELD ..y number of times the fields should be repeated.
0,5 AY, ), e P ,SUBFIELD, , N
0.6 NO, | 16, 8
o7 CLASS ., |, . 0.3 . .
0.8 |UP, L 14, .19 . " I
os TYS ., |.. . 0,22 . e EQU Equate
1.9, QTYBO, | .. 25, . e
L, AMT, L) £.31, - .
(33T S B -¥- P A This operation is used to assign a label to an
1,3, I TMNO, | B8y 45, \ 4 s P R :
S hTY TTY e e actual or a symbolic address. It allows the pro-
15, CUSNO, |, 19,53, ; e grammer to assign different labels to the same
16 T . IR M- A

storage location and to refer to the storage loca-
tion by either name. No storage is reserved and
no data is loaded as part of the object program
when this operation is used.

reserve a 53-position storage area followed by
a group mark with a word mark. The first posi-
tion of the area becomes the first field, the sec-
ond through fifth positions become the second
field, etc.

Introduction to Programming 21



Suppose, for example, that the symbol MANNO
is assigned the address 1234 by the processor.
When the EQU operation is encountered, the
label mnp1v will be assigned the same address
(1284) .

Section 2. Questions

1.

What are the two major tasks of a programmer?

2. What is the name of the programming language

we use in writing instructions for the 1440 system?

3. Area definition statements are used for which of

5.

22

these?

a. to instruct the machine to perform arithmetic.
b. to assign storage areas for data.

c. to control the processor function.

d. to write instructions for the computer.

If the statement shown above is entered in a pro-
gram, will subsequent statements using the symbol
READIN be addressing:

a. the leftmost position of the area reserved?

b. the rightmost position of the area reserved?

DCW __ |@DEC, ,1.@

Label ;Epemﬁqq
[F[]] 2081 25 30 3%

The following statement equates the label
NETPAY to an actual address.

Label perati OPERAND
1311 i
EQU _ 180

Nt

INETPAY!
I

L PSS S S S S P P

In this example the address of the constant as-
sociated with the label pATE will be:
a. the address of the leftmost position of the
constant.
b. the address of the rightmost position of the
constant,
. What is the difference in the result of these two

statements?

8. Correct the following statements.

Label perati
5|6 0J21 30 35 40
CONST 1| DCW_J@ ERROR LISTING, , a .,
b TH L. W, 11234560 i
_DATE, | DC le. DEC 9 @ .
L A, , ., 2962, 720, ,, R
EADIN| D Peso e
T : IDCW, EF.E.B.R.UA RY . R R
a " b a4 " P da a4
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Programming a Basic Job

Section 3

Since we are now familiar with the programming tools
that are used in planning and coding a job, we will
proceed to program a basic job. In this job, two factors
are to be read from a card, added together, and the
total punched into the same card.

Figure 9 shows the format of the input cards, Field B
is to be added to field A and punched into field C.
Whenever possible, the field or fields that are to be
punched should be located near the column-1 end of
the card. This arrangement minimizes the time re-
quired to punch each card and thereby maximizes card
throughput. The term card throughput refers to the
number of cards per minute that can be processed by
the system for any given job.

Block diagram, Figure 10A, and decision table,
Figure 10B, initiate the program with the reading of a
card.

The second step is finding the total of A plus B and
punching the result. The third step is a test for last
card. The fourth step is a branch back to the first
action (read a card). These four steps are repeated
for each card until all cards are processed.

Twelve Autocoder statements (see Figure 11) consti-
tute the coded program. The first three statements de-
fine the core storage area into which the card is read;
the next two statements define the area from which the
card is punched; and the remaining seven statements
are the imperative statements that make up the pro-
gram instructions. This ordering of the statements is
only one possibility; the imperative statements could
have been written or could have appeared first and
been followed by the five declarative statements.
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Figure 9. Card Format forA 4 B =C
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__.( Read Card

—

Crossfoot
A+B=C

Y
Punch Card

Halt

Figure 10A. Block Diagram for A4 B=0C

A detailed analysis of the coding sheet is given in
Figure 11. Line 01 of the coding sheet reserves 24 posi-
tions in storage and one additional position for a group
mark with a word mark,

Reserving an Area for Card Reading. The
number of positions the programmer re-
serves must equal the highest-numbered card
column to be read. In this example, the
highest-numbered card column is 24 (see
Figure 9) . The label RpAREA will be assigned
the address equivalent to the leftmost posi-
tion of the read area when the program is
assembled,

Lines 02 and 03 assign the labels AFIELD and BFIELD
to the addresses of the A and B factors, respectively.

** START
1_'HAS LAST CARD BEEN PROCESSED ? v
!
2 EREAD CARD X
|3 SETC =A X
H +B X
4 \PUNCH CARD X
5_IsTOP K
I

Figure 10B. Decision Table for A + B=C

In effect, the two fields within the read area are defined
and word marks are placed in the leftmost positions of
the fields to identify their limits. Because the processor
initiates assignment of storage, the read area will start
in storage position 210 and will extend into higher-
numbered positions, as shown:

A Field B Field

e —
bbbbbbbbbbbbbbbbBbbbbbbBM

210

Line 04 reserves a 9-position punch area labeled
PCHARA and sets a group mark with a word mark in the
position to the immediate right of the area.

Reserving an Area for Card Punching. An
area reserved for punching must contain the
number of positions equal to the highest-
numbered card column to be punched. The
position to the right of this area must con-
tain a group mark with a word mark.

Line Label peratiov:I- OPERAND

3 56 15)t6 20J2t 25 30 35 40 45 _90 55 _60 65
o, [RDAREA ., [pA [1X24,G ... DEFINE READ AREA
o2 AFTELD! . | 0 10, 00 e
03 |BEIELD . R | 0 X
0,4 PCH‘A_RAAI . pbA | 1X9,G _  DEFINE PUNCH .A‘R.E.A,..,.J_L...L
05 |CERIELDI . o o 08 e o ot e e e e e
o6, |[START, |, ., .JR ., , |1, RDAREA _ =~ READ ,A ,CARD ,INTO READ AREA
or. t .., .1, . lza  [AFIELD,CFIELD, .,,. GRQSSFOOT . . . . . . . o
o8, |, . 1. A .  IBFIELD.CFIELD « 4 it ottt it et ettt e e e
os. | . ..., ,. . |PS., |1, PCHARA .,,,.,.,., RUNCH FROM PUNCH AREA
o l,,, i  .lmyc . lHALT,.....,...:,., TEST FOR ,LAST, CARD . . . ..., .,
e et B ISTART ey
2 HALT, 1o M e c G BND
T T T T I S S

Figure 11. Coding Sheet for A + B=C
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Line 05 assigns the label crieLp to the address

_ equivalent to the rightmost position of the field to be

punched. A word mark is set in the leftmost position of
this field, thus identifying its limit.

After assembly, the combined read and punch areas
reserved by the first five statements will appear as:

A Field B Field C Field

bbbbbbbbbbbbbbbbbbbbbbbe bbbbbbbe

210

Line 06 initiates a card reading operation that causes
card columns 1-24 to be read into core storage, starting
at position 210. The first group mark with a word mark
encountered terminates the transfer of data to storage.

Card Reading Operation. In a card reading
operation, the A operand (1) is a constant
that specifies card reading is to be performed
by the 1442 Read-Punch, Unit Number 1.
If the constant (A operand) contained a 2,
the card reading operation would be per-
formed instead by Unit Number 2 (special
feature) . The symbol RDAREA specifies the
address in core storage where the storing of
data starts (position 210), i.e., where the
data from card column one is stored. We
will want to branch back (return) to this
instruction from another point in the pro-
gram, therefore we must give it a label. The
label sTART causes the address of the instruc-
tion to be saved for further use during the
assembly of the object program.

Line 07 is a ZA statement which resets to zeros the
field in the punch area containing the C factor and
then adds the A factor into the cleared area.

Zero and Add Operation. In a ZA statement,
the A operand specifies the field to be added
whereas the B operand specifies the field to
be cleared (reset to zeros) . Data to be added
is transmitted, starting with the rightmost
position. A word mark terminates the opera-
tion,

Word Marks in Arithmetic Operations. The A-field
word mark stops data transfer from the A field. The B-
field word mark stops the operation and data transfer.

Therefore, if both fields are of equal length, only the
B-field word mark must be present. If the A field is
shorter than the B field, a word mark must be present
in both fields,

We will find that this use of word marks is the same
for all other arithmetic operations with the exception
of multiply and divide (special features). In our ex-
ample, word marks have been set in the leftmost posi-
tion of the fields by the DA statements. These word
marks are not erased or affected by an arithmetic op-
eration,

Line 08 adds the B factor to the A factor to produce
the total C.

Add Operation. In an Add (A) operation,
the data addressed by the A operand is
added to the data addressed by the B oper-
and, digit by digit, starting in the rightmost
position. The total that is developed re-
places the data previously stored at the B
address.

The use of word marks in an Add opera-
tion is the same as in the ZA operation just
described.

Line 09 initiates a card punching operation. The A
operand indicates that the punching is to be performed
by the Read-Punch, Unit Number 1. The B operand
PCHARA is the address of the leftmost position of the
core storage area to be punched.

Card Punching Operation. The A operand
specifies which Card Punch unit is to be
used: code 1 for Punch unit, Number 1 and
code 2 for Punch unit, Number 2. Punching
starts with the addressed position and con-
tinues through higher-numbered positions
until a group mark with a word mark termi-
nates the operation. Either the PS operation
code (Punch and Stop) or the P operation
code (Punch and Feed) can be used to start
the punching operation.

If the PS operation code is used, the card
remains at the punching station after punch-
ing is completed until the next card is read
or until a P operation code is given. If the P
operation code is used, the card after being
punched is ejected from the punching sta-
tion into the stacker and another card is fed
past the reading station to the punching
station.
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Line 10 tests the last card indicator by use of a BLC
operation code,

Branch on Last Card Operation. The A
operand (HALT) directs a branch to the in-
struction labeled HALT, if the Last Card indi-
cator is on. If it is not on, the next sequential
instruction is executed. The BLC statement
provides the logical means for ending the
program after the final card has been proc-
essed.

Test for Last Card. In the 1440 system the Last Card
indicator turns on, when the last card passes the reading
station, if Sense Switch A is in the oN position. In most
programs the last card test normally follows the series
of instructions which process the data read from a card.
In our job, we want to direct the program to halt or
end when the last card indicator is found to be on. The
fact that it is on indicates that the last card of the deck
has been processed and punched.,

Line 11 causes an unconditional branch to the in-
struction labeled sTART, i.e., it causes the program to
return to the card reading instruction to begin the
sequence of steps again.

Branch Unconditional Operation. The B
operation is used at the end of a'series of in-
structions. It always causes a branch to the
address of the instruction specified by the A
operand.

Line 12 provides the Halt instruction that causes the
program to end. This statement is labeled so that it
may be branched to from another point in the pro-
gram. When the last card condition is sensed (see line
10 of the coding sheet), the program branches to the
Halt instruction.

Halt Operation. In every program, the pro-
grammer must provide a Halt (H) instruc-
tion to stop the computer after it has proc-
essed the data. No operands are required for
this operation.

If the Halt instruction is written with an
operand, the program will branch, when the
Start key is depressed, to the address speci-
fied by the operand.

26

Arithmetic Sign Control and Overflow

Sign Control. Since two of the arithmetic instruc-
tions, Zero and Add (ZA), and Add (A), have been
described, it is appropriate at this time for us to con-
sider arithmetic sign control and overflow.

Algebraic signs of fields within the computer are
indicated by the zone bits in the rightmost position of
the fields,

A positive field may be represented in any one of
three ways:

by an A bit only,
by both A and B bits,
by no A and B bits.

For example, a positive 123 may appear in core stor-
age as:

B|_T_1_1 [B_J_1B] [B]_T_1]
Al T | Al NIEY Al
87T 7 81T 170 8171 7]
N I e Y A e T
2 |2|‘2'j 2| T212] 9 :Iz_‘l_z—_',
17T pargTd pfirdm

A negative field is indicated in one way only:
by a B bit.

A negative 123 will appear as:

[B]
A
8
4
2

I
==
1
=
[ |

A field containing all zeros can be positive or nega-
tive. If a positive zero field and a negative zero field
are compared by the computer, the computer will
recognize them as being unequal because the zone bits
in the units position of the two fields are not alike.
The programmer, therefore, must take into account
the bit configuration of positive and negative fields
when comparing fields that have been added or sub-
tracted. We will delve deeper into this subject in the
next section when we describe the Compare operation.

Overflow. When an arithmetic overflow occurs, the
zone bits in the leftmost position of the field (specified
by the B operand) are altered to signify the overflow.
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For example, a field containing 999 to which a 1 is 3. How many positions of core storage must be re-

added, thereby causing an overflow, will appear in served for reading card columns 30-48?
storage as:
——— 4. Which of these numerical digits stored in core
BT :
1 storage are positive?
AAIT ]
8| 8l8lsl B
a7 a A
22913 2
e S
L]

|
|
|
I_
L
-
ro

The overflow has caused an A bit to be set in the left-

most position. The zone bit configurations associated c. B
with the first overflow and subsequent overflows are: 2
Overflow Zone Bits 5. In an Add operation where the A field is shorter
First A bit than the B field,
Second B bit a. only the leftmost position of the B field must
Third A and B bits contain a word mark.
Fourth No A or B bits b. only the leftmost position of the A field must
Fifth A bit contain a word mark.
Sixth B bit c. both fields must contain a word mark in their
Seventh A and B bits leftmost positions.
Eighth No A or B bits d. neither field requires a word mark. . .
e. both fields must contain a word mark in their
Additional overflows repeat the zone bit configura- rightmost positions.
tion of the first four overflows, as shown. In addition
to the manipulation of the zone bits for overflows, an 6.
Overflow indicator is turned on when the first overflow
occurs. Testing the indicator with a Branch instruction
turns it Off‘ Line Label perati
o, IBEGIN, ;| ISI;, 011, RDAREA
j zA . |A.B
o3 ] A D..B
0. L A E..B,
o5 i Ps ., 1, PCHARA ... ...
Section 3. Questions or e Tagern
1. When the last card indicator turns on, the last L SIOE i i

card

a. is at the reading station ready to be read.

b. issitting in the card hopper.

c. is beyond the punching station or in the card
stacker.

d. is passing the reading station. In this program a label is given to line 01 so that:

2. Which Autocoder operation code is used to define a. the address of the read area will be assigned
a punch area in core storage? to the label BEGIN.
a. BCE b. the program will have a starting point.
b. DC c. a later program step can branch to the Read
c. DA instruction.
d. ZA d. the start of the program can be identified.
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Programming the Card System

Secﬁon 4

In Section 3 we saw an example of a program written
in Autocoder language for a basic job of reading two
factors from a card and punching the result into the
same card. In this section we will describe a series of
Autocoder programs that involve operations with the
Read-Punch, the Printer and, of course, the Processor.
These problems illustrate many programming prin-
ciples and are designed to broaden the student’s pro-
gramming knowledge and ability.

In the last section, the A operand was used to specify
the address of a particular field. Likewise, the B oper-
and was used to specify the address of a second field.
Henceforth, we will refer to the fields which are as-
sociated with the A and B operands as the A and B
fields, respectively.

Programming Example 1.
Detail Printing from Cards

Detail printing from cards is printing from each card
as it passes through the Card Read-Punch, All 80
columns of the card can be read and printed or only
certain fields may be printed.

Figure 12 shows the format of the cards to be read
in our example; those fields marked with a ¥ are to
be printed. Figure 13 shows the order in which the
fields will appear on the printed line in the listing.
This listing . contains a column headed “invoice
amount.” The invoice amount is not read from the
card: it is the sum of the discount allowed plus the
amount paid. The sum (invoice amount) and the
decimal points and commas that appear in the amount
columns are generated by the program.

'Customer No. Invoice Entry,  Date

Customer Name

Entry Invoice
Date Invoice
Number

Entry

Customer Name

Mo |Day|s: Mo |Day

=
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Number Class | 2 | ‘No 0| Allowed Paid
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Figure 12. Card Format for Detail Printing
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1 ©

ACCOUNTS RECEIVABLE
REGISTER
CUSTOMER INVOICE| DISCOUNT | AMOUNT [ INVOICE
NUMBER CUSTOMZR NAME NUMBER ALLOWED PAID AMOUNT
09285 COVENTRY 0IL 11509 5.93 587.02 592.95
09285 COVENTRY OIL 12292 9.51 941.46 950.97
21217 CRESCENT BELT CO 11511 3.36 332.27 335.63
21217 CRESCENT BELT CO 12263 1.22 120.53 121.75
29031 DENNIS MFG CO 11615 4,40 435,72 440,12
29031 DENNIS MFG CO 11676 7.22 715.00 722.22
29134 DEPOSIT DIST CO 09689 6.45 638.95 645,40
29134 DEPOSIT DIST CO 11605 2.72 268.97 271.69
29134 DEPOSIT DIST CO 12234 5.59 553.74 559.33
30327 GENERAL MFG CO 09352 11,21 1,116.03 [1,127.24
ot s T-11 16-37 45-149 55-60 63-70 73-60

Figure 13. Form Layout for Detail Printing

Figure 14A, block diagram, and Figure 14B, decision
table, give a general description of the program. In
the description, the program proceeds to assemble a
line of information for printing, after reading a card.

\

Read Card

Assemble
Print Line

Page
Overflow
?

Skip to
Next Form

Halt

Figure 14A. Block Diagram for Detail Printing

The assembled line is printed and a test is made to
determine if the end of the form (assuming a continu-
ous form is used) has been reached. If an end-of-form
condition is indicated, a skip to the first line position
of the next form must be initiated. After printing of
one card is completed, the test for last card is per-
formed. If the Last Card indicator is on, the program
halts; if it is off, the next card is read and the steps of
the diagram are repeated.

The Coding sheets (Figure 15) contain the state-
ments that make up the program for detail printing
this example. Line 01 defines the starting address of
storage assignment. Lines 02-08 define the print area,
lines 09-14 define the card read area, line 15 reserves a
work area, line 16 establishes a constant to be used by
the program, and lines 17-25 and 01-11 (second coding
sheet) constitute the program itself.

** START
1 'HAS LAST CARD BEEN PROCESSED? _||N|N|Y
| 2 |CARRIAGE OVERFLOW INDICATOR ON ?||N |Y |~

|

3 | READ CARD xlx

4 | PRINT XX

5 | SKIP TO NEXT FORM X

6 :GO TO START XX

7 'HALT X
]
1

Figure 14B. Decision Table for Detail Printing
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PogeNo.I(T).%lof_&.
ﬂ Label peration| OPERAND )
3 5[6 15{16 20]21 25 30 35 40 45 50 55 60 65 70
ov|.....1.. lorRG. . l401, . BEGIN, T.HE ASSIGNMENT OF STORAGE WITH POS 401, , .
02 |PRLINE! ... |DA . |2%80..G. .. .DEELNE PRINTING AREA « ot oo et e
0.3 C‘U.SNO.L{.‘. ooy 1 s GSURFILELDS 20 (CUS TOMER NUMBER, 0 0 000 0 g 0,
04 |CUSNAL .. | ... 87 v v iy CUSTOMER JNAME 4 o o 0ivi o
0,5, |INVNO Li e 49 e e e INVOICE NUMBER L
o6, DISCL, 1, | .. . .l600 0 v v iy, DISCOUNT ALLOWED o 4\ ittt i
07, JAMTPDLI .« , .| .\ 1700 o o AMOTENT PATD e e e
o8, UNAMTLI . . .| .., . [80 4 vy vy in sy INVOICE AMOUNT. + o0 v otoone sy |
09 |[RDAREA ., . DA , [1x73.,.G ...  .DERI.NE .CARD READING AREA. . . o oo it
1o lcusNacl .| ... 8,29, .. ..., FIELDS:.CUSTOMER NAME. : . o\ o0 ot ii oo,
L INvNOC o 184880 e L I NVOI,CE NUMBER: o o vv ot onis oy
12 |cusnoct | 39,48 . . ~ CUSTOMER NUMBER . .
3. prscc .ol 63,87 o v i o, DIS.COUNT, NUMBER: « o vt it e
1,9, IAMTPDC| , , L. . 168,73 v, AMOUNYT PALD ey
15, |[ACCUM |, IDCW , [#8, 0 v ae e
16, ICTRLWD| , . , IDCW , |@B B0 BB@ o o o oo oo oot oo e e e e
7. ISTART, | . .  JR . .  [1L,,.RDAREA ., .. ... READ A CARD « 4 0\ v ottt ottty
1.8, ‘..‘.;. MLC , [CUSNOC, . CUSNO. L, .+ ASSEMBLE PRINT LINE .., L L4 g
o | MG L ICUSNAC,, CUSNAL: 4 4 oot iv v o et e L
20 | il LC , JINVNOC , INVINOL |\ o 1 b vt it b td v e
A LCWACTRLWD, . DISCL, \ 4 4\ i\ 4 iy v a o toeit e e e ottt a ]
2,2, ||||Iil|lMCEIDJIS&AQA'DAIISCLIIAAIAIAAJllllJillllJIlllAAIIIA 1 Lo L
23, |, CTRLWD , AMTPDL, 4 & 0 0ovv v v o0yt oa e g a AV
24, | .., . 1. ., |MCE , JAMTPDC, , AMTPDL | \ . \ .\ i 4t 4 ot ittt ottt
25, a1 zA L IDISCCLACCUM L e

PageNo.l%l%lof_Oz_
Line Label peration OPERAND
3 S|6 15[16 20j21 25 30 35 40 45 50 55 60 65 70
ov. | ., o0, . A, ., |AMTPDC, ACCUM . .\« o\ \y (s, . e
o2 |, .. . |MLCWA|CTRLWD,INAMTL |\ o v\ v ytn ittt et e
03 el AGCUM  INAMTL \ o\ v v vy v vt i s et eeeeee )
o5, Vo W, |PRLINE v vy s PRINT A LINE 4 ot ettt et
o6 .. ..,1, . .lBev loFLO. , ., ..., .,.,. TEST, FOR CHANNEL TWELVE , . . . .. .. ...
lorfv vt g LSTCED L BRANGH TO LSTCD,. o
08, IORLO. , . ..lcc . A+ v v v vs vy oy SKIP .TO. FIRST: LIN.E NEXT. .FORM ]
o9, |LSTCD |, , . |BLC, ,JHALT o . . .y .\, . TEST. .FQR LAST. CARD:. « + st ot ,
[N AL.‘lllA‘ B .  ISTART v v w0 a0 v o BRANCH TO, START o v 4« 0 b v 3 0 00 g ]
L HALT i e e ENDy PROGRAM. s b e e e

Figure 15. Coding Sheets for Detail Printing

Line 01 starts the assighment of storage at position
401 with an origin statement.

30

Origin Operation. The ORG statement pro-
vides the programmer with a means of con-
trolling storage assignment. The address
specified in the operand field is the starting

address. If this statement were not present
at the beginning of the program, the proc-
essor would automatically start assignment
with position 210. An ORG statement can
be inserted at any point in a program if
the programmer desires to assign subse-
quent addresses beginning at the address
specified in the operand field.



Suppose a field such as customer number appears in
the read area and the print area. We could use cusno
as the label for the read area field and cusn for the
label for the print area field, but we would have to re-
member which of these we assigned to which and this
is difficult to do in a large program. Of course, we could
continually check ourselves by referring to our last use
of the label but this procedure is time-consuming and
subject to error. For this reason we use a technique
that involves a mnemonic suffix to the label.

Unique Labels with Suffixes. Where the names of
two or more fields are similar but must be designated
by unique labels, it is only natural to expect that the
label associated with each will be similar. For example:
the field “customer number” which is located in both
the read and print areas may be expected to have the
label cusno. However, no two fields can be designated
by one label.

The customer number field in the read area must be
distinguishable from the customer number field in the
print area. By using the technique of adding a c suffix
for card read and an [ suffix for print /ine to the base
cusNo, we develop

cusNoc for customer number in the read area
cusNoL for customer number in the print area

This technique of suffixing can be extended to yield
other advantages; for once we have established a suffix
for an area, we can give it to all fields in that area.
For example,

CUsSNOL for customer number in the print area
CUSNAL for customer name in the print area
INVNOL for invoice number in the print area
piscr. for discount allowed in the print area

Besides distinguishing one label from the other, the
common suffix provides an easy clue to, and identifica-
tion of, an entire group of labels. A single-digit suffix
has been used in our examples. Two-digit suffixes can
be used if they are more meaningful or prove more
descriptive,

Line 15 causes a 6-position storage area to be re-
served. A word mark is set in the leftmost position of
this field. The # symbol precedes the number that in-
dicates how many blank positions are to be defined.
The field established by this statement is used in the
program to accumulate “invoice amount.”

Line 16 defines the 8-position alphameric constant
that will be used by the program to perform its print
edit function. The print edit function includes zero
suppression and the insertion of decimals and commas
in the amount fields. The alphameric constant must be

preceded by and followed by an @ symbol. The char-
acter b is used to indicate blank positions within the
constant.

Line 17 causes card columns 1-78 to be read into
core storage.

Line 18 is an MLC operation which moves the A-
field data to the B field. The “customer number” is
moved from the read area to the print area; the A-field
word mark governs the move since no word mark was
set in the B field (print area).

Move Characters to A or B Word Mark
Operation. The A and B operands in an
MLC operation represent the addresses of
the respective A and B fields. The data is
moved, starting with the rightmost digit of
the field and continuing to the left until a
word mark is encountered in either field
(A or B) . Word marks in either field remain
unchanged., The A-field data remains: un-
changed by the move operation.

Line 19 causes “customer name” to be moved by an
MLC operation from the read area to the print area.
Line 20 causes the “invoice number” field to be moved
from the read area to the print area.

Line 21 is an MLCWA operation that moves the data
from the A field to the B field. The constant (sym-
bolized in our example by cTRLWD) is set up in the
print area preliminary to performing an edit instruc-
tion.

Move Characters and Word Mark from A
Field Operation. In an ML.LCWA operation,
the A-field word mark is used to terminate
the movement of data from the A field to the
B field. Unlike the MLC operation in which
either word mark terminates the move, in
the MLCWA only the A-field word mark
can stop the movement of data. In addition,
the A-field word mark is transmitted to the
B field and word marks contained in the B
field prior to the move are erased.

Line 22 is an MCE operation for moving data from
the A field (discount allowed) to the B field and for
modifying the data by the contents of the B field (con-
trol word) . This control word was previously set up
in the print area by line 21.
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Move Characters and Edit Operation. The
MCE operation, often referred to as the
“editing” operation, is provided so that
amount fields can be punctuated for read-
ability. Dollar signs, decimals, and commas
which are not punched in the card may be
produced by this instruction. In addition,
insignificant leading zeros can be suppressed
and special characters inserted.

In an MCE operation word marks are re-
quired in the leftmost position of both
fields (A and B). When the instruction is
executed, the B-field word mark is removed,
the data from the A field is inserted into the
character positions occupied by blanks or
zeros in the B field, and the high-order zeros
in the data are replaced with blanks.

To demonstrate the use of the control
word with an edit instruction, let us assume
that the B field contains

b,bb0.DD (control word)
and that the A field contains:
00003

After the MCE instruction is executed, the
field will contain:

bbbbDH.03

Blanks in the control word are replaced
with characters located in corresponding
positions of the A field. The zero in the con-
trol word is used for zero suppression and is
replaced by a corresponding character from
the A field. The rightmost zero in the con-
trol word is the rightmost limit of zero sup-
pression.

The comma in the control word remains
undisturbed unless zero suppression takes
place and no significant numerical char-
acters are to the left of the comma. The
period is retained in the edited data in the
same position it occupied in the control
word. The characters from the word mark to
the rightmost blank in the example shown
are considered to be the body of the control
word.

If the control word looked like this:
$b,HHOBHCR**

the characters from the word mark to the
rightmost blank would be the body of the
control word and the remaining characters

would be the status portion of the control
word. The dollar sign in the body portion is
left in the same position in the edited data.

The CR in the status portion remains at
the completion of editing if the data edited
was negative, If the data was positive, the
CR is deleted. If the status portion con-
tained a minus sign in place of the CR, the
minus sign would be treated in the same way.
Asterisks are usually used to indicate a class
of totals and they remain after editing,

A few examples of MCE operations follow.

A Field B Field B Field
(before) (after)
00123 b bb0 D bbb1.23
000123 D b0DBD dbb1.23
12345 BBHOBD b123.45
123456 . bb0.BD 1,234,56
12845 §b, b0BD $bb123.45
123456 $b, BHOBD $1,234.56
00123 ( negative)  B,bb0bb—  Bbbb1.23—
00123 bbboBb—  BbHH1.23b
00123 (negative) bH,bb0.BBCR BbbH1.23CR
00123 b,bb0BBCR  BbBDH1.23bd
00123 b, bb0bb**  Bbbb1.23**

Note that the dollar sign and asterisks are
left undisturbed in their positions in the B
field. However, the CR or — (minus) sign is
deleted when the field is positive.

Lines 23-24 move the control word to the “amount
paid” print area; amount paid is then moved and
edited in the same area. This editing operation is sim-
ilar to the one performed by lines 21-22,

Line 25 resets to zeros the field labeled accum before
adding the “discount allowed” to that field.

Line 01 (page 02) adds the “amount paid” to the
AccuM field.

Lines 02-03 set up the control word and move and
edit the “invoice amount” from the accum field to the
print area.

Line 04 is a control carriage operation which con-
ditions the carriage to double space after the next print
operation,

Control Carriage Operation (Forms Skip-
ping). The CC operation is used to control
carriage spacing and line skipping on a re-
port form. In this type of statement, only the
operation code (CC) and a d-modifier are re-
quired (no addresses need be specified) .
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Any of the following six d-modifiers can
be used to control vertical spacing of the
form

Number of

d-modifier Spaces

] 1

K 2 % Immediate

L 3

/ 1

S 2 % Delayed

T 3

Immediate means that the carriage will be
spaced at the time the d-modifier is encoun-
tered in the program; delayed means the
space will be taken after the next print in-
struction is encountered,

It is essential when using either type of
spacing to remember that normally the
printer automatically skips one space after
printing. If an immediate space is used, the
carriage spaces as many lines as are called
for by the d-modifier. Thus, if a J is written,
one space is skipped. After spacing, the line
is printed and then the form automatically
skips one space (when the W operation
code is used to initiate printing) .

If delayed spacing is called for by a diag-
onal (/),S, or T, the total number of spaces
skipped after printing will be the number
of spaces prescribed including the one that
normally occurs. Thus, a control carriage
(CC) operation with a d-modifier of diag-
onal (/) has no net effect, since only one
space is specified and the carriage automat-
ically skips one space, The d-modifiers S and
T call for two and three spaces, and have
the net effect of increasing the skipping by
one or two additional spaces.

Whenever a control carriage operation is
used for forms skipping, a control tape must
be prepared for that particular form. The
control tape has twelve columns of positions
(channels) indicated by lines (see Figure
16) . Holes are punched in each channel
throughout the length of the tape, which is
ordinarily the same length as one form of a
continuous form. These holes indicate the
end of the form or places in the form where
skipping is to start or stop.
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Figure 16. Continuous Form and Control Tape
for Detail Printing

The d-modifier is used in the CC state-
ment to control vertical skipping of the
form; i.e., to specify which channel of the
tape is to stop skipping.

Immediate After Printing
d Skip to d Skip to
1 Channel 1 A Channel 1
2 Channel 2 B Channel 2
3 Channel 3 C Channel 3
4 Channel 4 D Channel 4
5 Channel 5 E Channel 5
6 Channel 6 F Channel 6
7 Channel 7 G Channel 7
8 Channel 8 H Channel 8
9 Channel 9 1 Channel 9
0 Channel 10 ? Channel 10
# Channel 11 . Channel 11
@ Channel 12 X Channel 12
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The punched tape is looped into a con- 0 "

. abel perati

tinuous band and mounted on the tape read- B QE %‘ £ e —3%- O (
ing mechanism, as shown in Figure 17. A
pin feed associated with this mechanism ad-

vances the tape through the carriage in syn- . o '

. ap & 8 Y causes a skip to channel 1 to be initiated

chronism with the printed form. The effect .

. . after the next line is printed.
is exactly the same as if the control holes

(channel punches) were punched along the !
edge of each form.

Line 05 prints the assembled print data starting with
position 401, which was assigned by the processor as a
result of the Origin statement that appears in the
beginning of our program.

Write a Line Operation. The code for a

Write a Line operation is W. The operand

specifies the leftmost position of the print

area, which must have an address ending in

01. The addressed core storage position is

printed in print position 1; subsequent

higher-numbered core storage positions are

printed in print position 2; etc. The posi-

tion immediately to the left of the group

mark with a word mark is the highest-num-

bered storage position that is printed. After

a line is printed, the carriage automatically

skips a space. The WS operation code (Write ( \‘ -
a Line and Suppress Spacing) can be used
in place of the W operation code if it is de-
sired to suppress the automatic spacing after
printing.

Line 06 is a BCV operation which is used to sense
the end of a form and to branch to the instruction that
initiates a forms skip.

Branch on Carriage Channel 12 Operation.
The BCV operation tests the carriage chan-
nel 12 indicator. This indicator is turned on

Figure 17. Tape Reading Mechanism of the Tape- . .
J Cogtrolled Cirriage P when a hole is sensed in channel 12 of the

carriage control tape and is turned off when
any other channel hole is sensed. If the in- i
dicator is on when tested, the program
branches to the address of the instruction
If the statement given is specified by the A operand. If it is off, the

program goes to the next instruction.

Label peraﬁoi
6 1516 20J21 25 30 35
B o ce . . |1 X
R D .

: e Line 07 causes an unconditional branch to the ad-

dress of the instruction labeled LsTcD. _—
an immediate skip to channel 1 of the con- Line 08 causes the form to skip to a new page. The (_ s
trol tape is initiated, however, the statement end of the previous page was sensed by line 06. The
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continuous form and carriage control tape are shown
in Figure 16. In this problem we have chosen channel ]
to represent the first printing line of a page. There-
fore, a skip to channel 1 is initiated when channel 12
is sensed.

Line 09 tests for last card and initiates a branch to
Halt after the last card is processed.

Line 10 causes an unconditional branch to the ad-
dress of the instruction labeled sTART.

Line 11, labeled HALT, causes the program to end
after the last card is processed and the last line has
been printed.

Programming Example 2.
Detail Printing with Three Classes of Totals
Detail printing with three classes of totals is similar
in many respects to the detail printing program ex-
plained previously. For that reason, we will explain
only those concepts that are different or new.

Figure 18 shows the fields, indicated by check marks
(¥), that are to be detail-printed on the report form.

The order in which the fields appear on the report
form is shown in Figure 19. Note that “item amount”
is printed in the amount column for each detail line,
“total amount by sub ledger” is printed each time the
sub ledger account number changes, “total amount by
general ledger” is printed each time the general ledger
account number changes, and “total amount by de-
partment” is printed each time the department number
changes. Therefore, we have three classes of totals.

1. Total bysub ledger
2. Total by general ledger
3. Total by department

After each total the form advances one extra space.
Class one, two, and three totals are identified by one,
two, and three asterisks, respectively.

Figure 20A, block diagram, and Figure 20B, de-
cision table, describe this program in general. The pro-
gram starts with the resetting of the accumulators to
zeros, the turning off of switch 2, and the reading of a
card. The accumulators referred to are not true ac-
cumulators. They are merely areas in core storage

/ PAYABLES DISTRIBUTION

Invoice Our Gen | Sub ‘_'§) Due

ate ndor endor A > Le a er 5 2 ate . = em
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Figure 18. Card Format for Detail Printing with Three Classes of Totals
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EXPENSE DISTRIBUTION
By Department or Branch
Account No| Our Date A .
Dept Invoice moun
,_Gej'; f;gbg Number| Mo | Day

82431 | 112 | 12066 | 12 | 10 300.00
82431 | 112 | 12153 | 12 | 28 300.00
600, 00%
821431 | 113 | 12066 | 12 | 10 150.00
82431 | 113 | 12066 | 12 | 10 150,00
821431 [ 113 | 12066 | 12 | 10 125.00
82(431 | 113 |12153 | 12 | 28 150,00
82(431 | 113 {12153 { 12 | 28 150,00
82|431 [ 113 |12153 | 12 | 28 125,00
850.00%
821431 | 114 [ 12066 | 12 | 10 50,00
82431 | 114 | 12066 | 12 | 10 75.00
821431 | 114 | 12066 | 12 | 10 50.00
821431 | 114 | 12153 | 12 | 28 50,00
82|431 | 114 [ 12153 | 12 | 28 50.00
82431 | 114 | 12153 | 12| 28 75.00
350.00*
821431 [ 520 [ 12149 | 12 | 28 360.43
360.43%
82431 [ 700 [ 12082 | 12 | 14 2.25
2,25*%
821431} 750 | 12003 | 12 | 01 100.00
100,00%
82431 | 810 [ 12112 | 12 | 18 70.20
T70.20%
821431 | 850 | 12043 { 12 | 07 24,75
24,75+

2357.63%*
82(432 ] 841 | 12151 | 12 | 28 1792.86
1792.86*

1792,86%*

4150, 4grwx

Print
Positions  1-3 5=-7 9-11 13-17 19-20 22-23 25-36

Figure 19. Form Layout for Detail Printing with
Three Classes of Totals

designated for accumulating totals. The steps per-
formed thus far by the program may be termed in:tial-
izing steps, so called because they are performed only
once during the program and are used to get the pro-
gram started.

As indicated in the next square in the block diagram,
the control fields (department number, general ledger
number, and sub ledger number) are read from the
first card of the deck and from each card that follows
a total and are stored in a work area. These numbers
in the work area will be used by the program to recog-
nize changes in control field numbers. Switches 1 and 2
will be used to remember the classes of totals taken.
After a total is taken, the particular switch will be
reset to its off status.

36

The next step is to assemble a detail line and print
data. The next step is to test for last card. If the final
card has been processed, three classes of totals will be
required. Before the totals are taken, Switch 3 is turned
on to remember the last card condition. After the
totals are taken, Switch 3 is tested to end the program.
The item amount will be added into each of the three
accumulators. After the test for last card, another card
is read. When this is done, the three control fields in
the card and the three control fields in work storage
are compared one at a time. If the fields are found to
be equal, no totals are required and the program can
loop back to assemble and print another detail line.
If any control field is found to be unequal, a total or
totals will be required. To properly set the switches, it
is important to start comparing the control fields with
the most significant control field (department num-
ber) and to end with the least significant control field
(sub ledger number). The first unequal comparison
does not turn on a switch, whereas the second and
third unequal comparisons turn switches 2 and 1 on,
in that order. '

Before a class one total can be printed, the print
area must be cleared to blanks. This is required because
the area from which the detail line is printed is the
same area from which the total lines are printed. If
this area is not cleared, portions of the detail line data
will be printed erroneously along with the totals.

The class one total is assembled in the print area, is
printed, and its associated accumulator is reset to
zeros. If switch 1 is found to be on, this means that only
a class one total is required, and the program will go
back to the process of assembling another detail line.
If switch 1 is off, a class two total is assembled, printed,
and its associated accumulator reset to zeros. Switch 2
will be tested. If it is found to be on, which means that
class one and class two totals are required, the program
returns to assemble another detail line, If switch 2 is
found to be off, a class three total is printed and its
associated accumulator reset to zeros. The program
will return to assemble the next detail line, unless
switch 3 is on.

In our example you will find that a switch is merely
a position of core storage designated SW; when a word
mark is placed in that position, the switch is on. When
the word mark is removed, it has the effect of turning
it off,

The four program coding sheets for detail printing
with three classes of total are shown in Figure 21. These
are used to define storage areas, work areas, constants,
and the program instructions.

Line 01 starts the assignment of storage with position
401.

U



Y
Reset
Accumulators
to Zeros and
Turn Off Switch 3

Read
Card

Store
Control
Fields, Turn
Off Switches
1and 2

Yes

Y

Clear Print
Area,
Assemble
Class One
Total, ond
Reset Accumulator
One to Zeros

Y

Assemble

Detail

Print Line

and Add

Item Amount

to Accumulators

Turn On
Switch 3
(To Remember
LC Condition)

Turn On
Switch 2
Class 2 Total)

Turn On
Switch 1
(Class 1 Total)

Assemble

Class Two

Total, and

Reset Accumulator
Two to Zeros

Assemble

Class Three

Total, and

Reset Accumulator
Three to Zeros

(Last Card
Processed?)

Figure 20A. Block Diagram for Detail Printing with Three Classes of Totals

Halt
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** TEST CONTROL CHANGE
1 : DEPT. NO. READ IN VS DEPT. NO.
| PREVIOUS CARD ==
2 i GEN LEDG NO, READ IN VS GEN LEDG |
|__NO. PREVIOUS CARD Ci#E =
3 | SUB LEDG NO, READ IN VS SUB LEDG |
E NO. PREVIOUS CARD 1A
:
4 ) PRINT DEPT TQTAL X
5 3 PRINT GEN LEDGER TOTAL x|x
|__6 ! PRINT SUB LEDGER TOTAL XX X

1

L

Figure 20B. Decision Table for Detail Printing with
Three Classes of Totals

Lines 02-09 describe the print area and lines 10-17
describe the card read area. Line 18 defines an edit con-
trol word. Lines 19-21 reserve three 3-position work
fields for the control field numbers. Lines 22-24 set up
three 8-position accumulators. Line 25 (page 1) and
lines 01-02 (page 2) reserve three positions of storage
to designate the three switches to be used by the pro-
gram.

Lines 03-05 are Subtract (S) operations which reset
the three accumulators by subtracting each from itself.
The result is the same as if we had performed the fol-
lowing arithmetic:

123
123
000

Subtract Operation. In a subtract operation,
the data addressed by the A operand is sub-
tracted from the data addressed by the B
operand, digit by digit, starting in the right-
most position. The result that is developed
replaces the data previously stored at the B
address,

The subtract operation is terminated by
the word mark in the leftmost position of
the B field. If the A field is smaller than the
B field, both fields require a word mark.

Line 06, a CW statement, turns off switch 3 by re-
moving the word mark.

38

Clear Word Mark Operation. The CW
statement clears the word mark at the ad-
dress specified by the A operand or the word
marks specified by the A and B operands
without disturbing the data.

Line 07 reads a card. Lines 08-10 are MLC statements
which move the three control fields to working storage.

Lines 11-12 turn off switches 1 and 2 by removing
word marks. The CW statements on lines 11 and 12
could have been combined and written as a single
statement, thus:

Label perati
6 : 156 20021 30 35
e P CW, JSW 1,8W2,

i

In this case, the word marks at both addresses (SW1I
and SW2) would be cleared by a single statement. In
effect, removing these word marks is equivalent to turn-
ing off these switches.

Lines 13, 14, and 15 are MCS statements which move
the three control fields — department number, general
ledger number, and sub ledger number — to the print
area and eliminate the high-order zeros from each field.

Move Characters and Suppress Zeros. The
MCS statement is similar to the MLGC state-
ment in certain respects, i.e., it is designed
to move data. However, zeros to the left of
the leftmost significant digit of the data are
eliminated and replaced by blanks. Removal
of nonsignificant zeros is considered an edit-
ing function. The word mark in the leftmost
position of the A field defines the size of the
field; B field word marks are erased.

Lines 16-18 are MLC statements which move the
invoice number, month, and day to the print area.
Line 19 moves the edit control word to the amount
field (print area). Any asterisks in the amount field
from a previous total will be eliminated by the move.

U
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Page No.I%%l of .04

Line Label peration| OPERAND

3 5/6 1516 Q21 25 30 35 490 45 $0 5% 60 ___ 65 70

o1, S ORG . 401 ., , ., ... .. START STQORAGE, ,ASS. I, GNME T POS,., 1,00

02 BRLINAEL;_; A 0 11x36,G ., ., DEFINE PRINT LINE N S A ST
03 |DEPTL | e 8 e v FIELDS : DEPARTMENT, NO, 0000 0,
04 |GENL , | e e e vy GENERAL LEDGER NO. .,
°5LSAUBL.1.H+..A11.~....-xuu-‘.‘....xwm.gg&qm_;_._uw%
06 |[LNVNOL , , | vt ey o UNVOICE NOL L
o7 IMOL L . 1. .. ). .LLQLM..HJ,LJLL,.L....HMQLNT.H.H...........,..,..u.
08, |DAYL ... . 2 e e DAY
09 JAMNTL .o ol 1806 e ot e e e e AMOUNT st e e e
1.0, IRDAREA | DA . . |1,X70uG .. ..., DEFINE CARD READING AREA ., ., ., . . .,
LMo b2 oo  FIBLDS,:, , MONTH ., 0 oo
2 IDAYC o0 e B e e e e e DAY e e
13, JI.NYNQQ ., 232 T e e e INVOLCE NQ
14 |GENC 0.0 |0 180,32 0 i v e o, GENERAL ,LEDGER NO. . , ., , ., ., .
5 SUBC. 1ol 08800850 o e e o w o, SUB LEDGER NG . ..., ...,
L6 IDEPTC | ., | .., . . 136,38 .00y,  DEPARTMENT NO , ., ., , , .,
vt laMNTG L o 16400 00 i o AMOUNT
18, [CTRLWD _ ., [DCW  [@BbHBHbO.BBDDDBE , , , , EDIT CONTROL WORD . ., . . ., . . .
19, [DEPTW |, DCW, |#8 4. .a. ., DEFINE, WORK AREAS, . . . . ., . .. . .,
20, |GENW , |,  IDCW , [#3, v v u e
20, ISUBW, o 1, IDGW 880 o e e e e
22 |ACCUML , , , |DCW, I#8 . 4 W, 1., , DEFINE ACCUMULATORS, , , . , , ., ,  ,, .,
23, [ACCUM2!  , , IDCW . |#8, | \ v\ oyt u ottt et et
2.9, [ACCUMS! , . IDCW o {8 o oo oo v e oo oty e e
25 [swi oo ey DEFINE, SWITCHES, 0o

Page No.l%%l of 04

Line l Lobel fperotion OPERAND

3 56 . 15)16 2021 25 30 35 40 45 50 55 60 65 70

o\ P W2, . DC, L P S S S L o
02 |SW3 1. pc W1 . . ... X e e

03 START, i .. |s. . ., CEUWMJWWM
o4 | o i 0S8 . JACCUMZ2,ACCUME \ 4t oot e e . .

os |1 4s;,AA,(‘.r,rm.q..ArmLMa,L,LL..J.A..A......44.,“..,“.4,....

0.6, | . N l X CW., 6 , SW3, | S TURN SWITCH 3 OFF ‘(‘LC. ‘C‘O‘NJB‘I‘TIIAO‘N)

ot oot IR, |1, RDAREA, v ooy READ A GARD o it o s
0.8, TO RE, ‘L . IMLC DEPTC,,DEP TW , , ., ., STORFE, LONTROL, FIELDS , ., ., oy 4
o9 | vt IMLC JGENCLGENW. & v v v v v o i e
1,0 JLJ;.LJLLA_A LC BUBC.SUB W « o 00 0w 0 0w a0 o0 0 0 ey e g
LI .g.it._AC.W S BW1 e s o TURN SWITCHES, ONE, AND, TWO OFF ., ., .
V2 e e CW L BW e e e e e e
13, ASSEM, | ., . |MGS ., DEPTC.DEPTL, .. .., .. ASS EMBLE DETAI.L PRINT, LINE , ., , , |
e | oo i, IMCS L IGENCL,GENL, v v e i e b e b e e e
s, le vy iy IMGS, BUBCLSUBLL o o vy v e e
6 |t IMLC L, JINVNOCLINVINOL |\, 0 v oy ooty v e e
bt i IMLG , MOC MOL o o e e e
18, | . Cl s IMLG DAYCLMOC, o oty e e e e e
el e IMLOCWACTRILWO, AMNTL | oy oy 0w
20, 0.0 01, . |MCE , WMNTC,AMNTL=3: 4 4 4 o v ot vttt e ot a st a1
200, |y ... 1A, .,  AMNTC,ACCUM1 , ., ,, ADD ITEM AMOUNT TO ACCUMULATORS, .
22 Lo e A AMNTC ACCUM2 o v o et e b e e e
{Z,.J lAlll‘lAlJ A AMNTCG, ACCUMS 4 w0 00y a0 00 a0 a0y g I S S U WY
2o, | v W, PRLINE ., 4,0, PRINT, DETAIL, LINE .\, oy,
25 o BLC  [SETSW3 . ., ., ., ~ TEST FOR LAST CARD , ., .

Figure 21.

Coding Sheets for Detail Printing with Three Classes of Totals
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3Line5 . Label 'sfperah:g ) 2 s - v OPERAND
45 50 55 60 65

ovelo o wiy. R, B.RDAREA, ., .., ..., READ A, CARD, , ., ., , . .. ..., ’o
02 4__4_%. L 1C . ,  DEPTC,DEPTW , ., - COMPARE DEPARTMENT NO, , , ., .,
03 | BU , TOTAL ., ., . . N e e
oe | ... .. c. . |GENG,GENW .. ....... GOMPARE GENERAL .LEDGER. NO. ... ... |
0.5, e BU ,  |SETSW2 e e e e )
0.6, *MJLJ} dc . . |SUBC,SUBW. , . ., ... . . GOMBARE ,SUB, .LE.DGERJAO,,LAJL.....A
0.7 4,,4L14‘_.B.El.ASS!EM:L'#LIJ;LJLIJAIIAIlllllllllJLlJInglllllllL‘xL
0.8 el Isw ., lsw1, o TURN SWITCH, ONE, ON, \ ittt
09 | vt B MO AL o e e e e
ro |sETSwa ., . Isw . . Sw2. ......,..,,....., UOBN, SWLTCH TWO ONi s s ot ettt s
rulToTAL L. les lAMNER o w i u .  CLEAR, PRINT AREA, . v vt it o
e |t IMLCWACTRLWD, AMNTL . .. .. ASSEMBLE .TOTAL CLASS, ONE . . .4, o\ .., |
03l IMLG @R BBAAMNTL, L oy e e e e e
'l 1, IMGE | JACCUMI, AMNTLA3, o\ 4 v v o i ey
s, e v, S0, JACCUML,ACCUMY, ., , RESET, ACCUMULATOR, ONE, .TO, ZEROS, ., |
'Asl1A‘l‘i1lxCVCJJ_J2lljllIJJAALLJI_IALIIDIIIIIJLJJIIIIlJLle‘|||A14L||L||L
e W L PREINE, e e
18, |, IBW TORE ,SW2, 4 o v 0 0y v v u v e i e e
19, |, et  IMLCWACTRLWD,AMNTL , , ,,  , ASS EMBLE TOTAL CLASS TWO ., , .., ,.
20, 0,0 a1, IMLG @A AB @ AMNTL o o e e e e
2, vty IMGE , JACCUM2, AMNTLSS, o 0 v vy v vt v v oo e e e
22 |0 ol , ]S, JACCUM2,ACCUM?2, ,,,, , RESET, ACCUMULATOR, TWQ .TQ ,ZE,ROS, , . |
LSLI IA‘:IAICCIJI24‘[‘;‘1““ll‘l“‘l‘lll‘\‘l]l\‘\|J;l_‘;LllJllll4LlJJA‘L
sz b lil‘AWl‘lllPRALIIANEAIll‘llLlJLlALliuLl_LiLlJ)JJLII||lll“illlllllL
25, B s ORE, SWR L

PageNo.Li!li:JofL
Line Label Eperoru OPERAND
3 56 15)i6 20121 30 35 40 45 $0 55 60 65 70
o1 ol MLCW,ACTRL‘WDA.AJ\_’IN.TL b1, L ASSEMBLE, TOTAL, CLASS ,THREE, , , ., , . |
0 2 L Ll MLC-, ***@,é NT[L\ll\l\_AALxlIlA T WD N T W | FUED U T N - U S U N N G S
o3 | .. i, |lMmcE |accumMs . AMNTL-38 .. ..o N
Y S ... laccuMs, ACCUM3, .., ,  RESET, .ACCDMLM
05, | . ce . le o, R S .
0.6, .L.,Ai \WA..PR.LxInN.E.;x-Anzn_A-AAJAAJA_A4LnnA:JA_nglx;.AAnnn.AJ..;..
o7, | .. .. i... BW . . lHALT.SW3 ., .., ..., . LAST CARD PROCESSED? , ., ,, ., .,
08, | . il B VISTORE e e e e e e e a4 s
os |SETSWS, . Isw . |sws ., ., .,..,.,.. ... ,TURN SWITCH 3 ON., ., .., ., ., ., ,,,
1.0, ‘....;.. B TOTAYN 00 0w vav o b e e e e e e
v marnr, b M BTART e e
Figure 21. Coding Sheets for Detail Printing with Three Classes of Totals (contd.)

Line 20 moves the amount to the print area. The B
operand is address-adjusted so that the position im-
mediately to the left of the printing positions which
print the asterisks can be addressed. In our example,
if the position addressed by AMNTL, which is the loca-
tion of the rightmost asterisk, had been assigned ad-
dress 688 by the processor, then AMNTL minus 3 would
be 685, the position to the left of the asterisks.
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Address Adjustment of an Operand. Address adjust-
ment is used by the programmer to tell the processor
to arithmetically adjust the address of an operand. The
programmer indicates address adjustment should be
performed by writing a plus (+) or minus (—) sign
after the symbol. The processor then assigns an address
that is a given number of positions away from the spe-
cific address, the specific address being the address as-
sociated with the label.

)
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If the storage position 1000 has been assigned to the
symbol ArPHA and the programmer writes two operands
ALPHA + 40
ALPHA — 30
the processor then assigns to these operands the ad-
dresses

1040
970.

Lines 21-23 add the item amount to each of the three
accumulators. Line 24, a Write a Line operation (W),
prints a detail line from the detail data in the print
area. Line 25 tests for last card. Line 01 (page 3) reads
a card into the read area.

Line 02, a Compare operation (C), causes the con-
tents of the A and B fields (department numbers) to
be compared.

Compare Operation. In a Compare state-
ment, the rightmost position of the A and B
fields is addressed by the A and B operands,
respectively. The data in the fields, starting
with the rightmost position, is compared
until a word mark is encountered in either
field. If the B field is longer than the A field,
in which case a word mark will be encount-
ered in the A field first, an unequal compare
results. If the data in the A and B fields is
the same, the equal indicator is turned on.
If they are not the same, either the high or
low indicator is turned on as well as the un-
equal indicator.

When the value of the B field data is less
than the value of the A field data (B < A),
the low indicator turns on. When the value
of the B field data is greater than the value
of the A field data (B > A), the high indi-
cator turns on.

Comparing is not restricted to numerical
fields. Alphabetic and alphameric fields can
also be compared. The fields compared must
have the same bit configuration to be equal.
For this reason, comparison of a plus zero
and a minus zero results in the unequal
indicator being turned on.

To determine high or low comparisons,
the programmer should remember that the
character rank (collating sequence) from
lowest to highest is

1. blank

2. special characters

3. letters (A-Z)

4. numbers (0-9)

The following comparisons of A and B
fields show the indicators that are set as a

result.
Indicators
A Field B Field Unequal High Low
01 02 X X
02 01 X X
J K X X
1 1K X X
K J X X
1K 1] X X
ACA ABA X X
123 124 X X

Line 03, a BU operation, tests the Branch Unequal
indicator. If the department numbers are unequal,
the program will branch to the instruction labeled
TOTAL.

Branch on Unequal Compare Operation.
If the Branch Unequal indicator is on when
tested by this instruction, the program
branches to the address specified by the op-
erand.

Lines 04-05 function similarly to the previous two
lines. In this case, however, the fields compared con-
tain general ledger numbers and the branch is to the
instructions labeled SETSW2.

Line 06 compares the sub ledger numbers, and line
07, a BE operation, causes the program to branch to
the instruction labeled assEwm, if the sub ledger numbers
are equal.

Branch on Equal Compare Operation. If
the Branch Equal indicator is on when
tested by this instruction, the program
branches to the address specified by the
operand.

Line 08 turns switch 1 on by setting a word mark
in a position of storage. The effect of line 08 is to set
a switch that can be tested by another program step
at a later time.

Set Word Mark Operation. This operation
causes a word mark to be set in the position
of core storage designated by the A operand.
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The character is unchanged in a position
where a word mark is set. Two word marks
can be set by a single SW operation, provided
both the A operand and B operand contain
an address. The following statement will
cause word marks to be set in storage posi-
tions 501 and 532.

Label perati
s — 15)i6 20f21 25 30 35
N S W [5 01,532 .
|
P L n i R T R |

Line 09 causes an unconditional branch to the in-
struction labeled ToTAL (start of total routine). Line
10 turns switch 2 on by setting 2 word mark at the
address symbolized by SW2. Line 11, a CS operation,
clears the print area of all data and resets the area to
blanks.

Clear Storage Operation. The CS operation
causes storage to be set to blanks and word
marks to be removed, starting at the address
specified by the operand and continuing
through lower-numbered positions until an
XX 00 address is encountered, i.e., an address
that ends in zero-zero. The following state-
ment

results in clearing storage positions 482
through 400, whereas the statement

Label peration|
1sjis olz1
CS 40,0,

would clear storage position 400 only. As
many as 100 positions can be cleared by a
single CS statement.

Line 12 moves the edit control word to the amount
field in the print area. Line 13 moves a single asterisk
to the print area to identify the total as a class one total.
Since the A operand is a literal (@*bb@), it is pre-
ceded and followed by an at (@) sign. Line 14 moves
the class one total to the print area and edits it. Line 15
resets accumulator 1 to zeros. Line 16 conditions the
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carriage so that it skips two spaces after the next print
instruction. Line 17 causes the class one total to be
printed. Line 18, 2 BW operation, tests switch 1 which
is represented by a word mark and branches to the
instruction labeled sTORE if the word mark is present.
In effect, this is the instruction that tests switch 1.

Branch on Word Mark Operation. The BW
operation tests the position specified by the
B operand for a work mark and, if the word
mark is present, branches to the address of
the instruction specified by the A operand.

Lines 19-25 are similar to lines 12-18. They assemble
and print a class-two-total line identified by two
asterisks.

Lines 01-06 (page 4) assemble and print a class three
total identified by three asterisks.

Line 07 tests switch 3 for a word mark. If the word
mark is present (meaning that the last card has been
processed) , the program branches to the instruction
labeled HALT.

Line 08, a B operation, is used to initiate an uncon-
ditional branch to the instruction labeled STORE.

Lines 09-10 turns on switch 3 to remember the last
card condition and branches to the start of the total
routine which is labeled TOTAL.

Line 11 ends the program after the last card has
been processed.

Programming Example 3.

Reading/Punching and Multiplication by
Repetitive Addition

This programming example introduces two new opera-
tions. In this example an amount field is read from each
card. The discount is calculated, by repetitive addition,
at a certain discount rate (.07) and the discount is
punched. The card format is as follows:

Card columns 1-4 discount (XX.XX)

5-9 amount (XXX.XX)

When multiplication is performed using program-
med repetitive addition, the problem

123.45
X .03

3.7085

G



is accomplished by adding the number 123.45 to a
specific area of storage three times, thus

00000
+12345

12345
+12345

24690
+12345

3.7035 (result)

Likewise, the multiplication:

123
X .28

—

28.29

is done by adding the number 123 to an area three
times. The multiplicand is then shifted left one posi-
tion, and added two more times.

0000
+ 123

0123
+ 123

0246
+ 123

0369
+123

1599
+123

2829 (result)

Programmed division is performed in a similar man-
ner, except that repetitive subtraction is used in place
of repetitive addition.

Figure 22A, block diagram, and Figure 22B, decision
table, describe this program. In them the first functions
shown are reading a card and testing for last card. The
next is the setting of the repetitive-addition count to 7
and the resetting of the accumulator to zeros. The
accumulator is an area of storage used to accumulate
discount amount.

The discount amount is calculated by adding the
amount to the accumulator the number of times desig-
nated by the count (in this case, 7). Each time the

—ll Read Card

Set Count

to7
]

Reset

to Zeros

Accumulator

to

Add Amount

Accumulator

Subtract
Constant |
from Count

Count

unch

and Rate

Equalis Zerg
?

Yes

Discount Amount

Halt

Figure 22A. Block Diagram for Reading/Punching and

Multiplication by Repetitive Addition

** START

1!HA D2

2 | SET ITERATION COUNT =7

Ll

3 ESET ACCUMULATOR = ZERO
41GO TO ITERATION
;

5 | GO TO STOP
i

|
* ITERATION

1} SET ACCUMULATOR + AMOUNT

»

2 | SET ITERATION COUNT — 1
| 21SET.
3! TO

- TEST ITERATION COUNT
T

_1 ' ITTERATION COUNT = ZERO ?

_2!

| __3 ! MOVE ACCUMULATOR TO DISCOUNT

| 4 | PUNCH DISCOUNT

R

5 1 GO TO START
1
]

Figure 22B. Decision Table for Reading/Punching and

Multiplication by Repetitive Addition
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amount is added, the count is reduced by one. When
the count reaches zero, the discount amount is moved
from the accumulator to the punch area and the card
is punched. Then, the next card is read and the pro-
gram is repeated.

Figure 23, the coding sheet for this example, contains
the 18 statements required to ¢ode this program. Lines
01-04 define the card reading and punching areas of
storage. Lines 05-06 reserve positions in storage, and
lines 07-18 constitute the program itself.

Lines 01-02 define the read area. Lines 03-0¢ define
the punch area. Line 05 reserves one position of storage
labeled count, and line 06 reserves six positions of
storage labeled accum. Line 07 reads a card.

Line 08 moves the literal “7” to the position symbol-
ized by counT. The plus sign in front of the 7 designates
it is a positive numerical literal.

Move Numerical Portion of Single Char-
acter. The MLNS operation moves the nu-
merical bits (8421 bits) from the position of
storage addressed by the A operand to the
position of storage addressed by the B oper-
and. No word marks are needed in either
position because only a single digit is trans-
mitted. The A field character is unchanged
by this operation. Also, the zone bits (AB
bits) of the B field character remain un-

Line 09 resets the accumulator to zeros. Line 10 adds
the amount to the accumulator. Line 11 subtracts a
literal “one” from the count.

Line 12, a BCE operation, tests the position symbol-
ized by couNT to determine if the count has reached
zero. If it has, the program branches to the instruction
labeled pcH. If not, it proceeds to the next instruction.

Branch If Characters Equal Operation. The
BCE operation is used to test a specific posi-
tion of storage for a particular character and
to branch if that character is present, If that
character is not present, the program pro-
ceeds to execute the next instruction.

The position to be tested is indicated by
the B operand and the particular character
is the d-modifier. The address to which the
program branches is indicated by the A oper-
and. Note that the d-modifier character and
the character to which it is compared must
have the same combination of bits to be
alike.

Line 13 branches unconditionally to the instruction
labeled muLT. Line 14 moves the product, the “dis-
count amount,” to the punch area. Note that the two
rightmost digits of the product are dropped because of
the A operand being address-adjusted. Line 15 punches
a card. Line 16 tests for last card. Line 17 branches
unconditionally to the instruction labeled sTART. Line
18 ends the program after the BLC operation (line

changed. 16) senses the last card.

PogeNo.L?:_‘zJofJ_
Line Label Eperotion OPERAND
3 sl6 15]ie 2021 25 30 35 45 50 55 60 65 70
o 1. IRDAREAI . . DA, . 1x9.,.G .+ oy D E ELNE READ A REA N S S PR
o2 AMOUNT . |, 15,00 e
03 [PCHARA DA,  11x4,G .., ,.,,, DEFINE PUNCHAREA ., . . . . ., .. . .
o IDISC i b e
05 |COUNT, |, IDCW , 1 e e e e aa
06, [ACCUM |, , . [DCW 146, 0\t ot e o e
07 |START, | . . . |R . . |1, RDAREA ... ..  BEAD. .CARD. 1« v\ttt io ot ettt et o e e e
o | .. ... 1. . IMLNS |+7,COUNT, ,,. . ., . SET, COUNT, ,TO, S EVEN (. . . . . .
0,9, e al. 08 lACcCUM, ACCUM ., . RESET ACCIMILLATOR TO: .ZEROS. . + o 4 o o 10 o]
o [MULT , .. . |A ., . . |AMOUNT .ACCUM .. ADD, AMQUNT .TO. ACCUMULATOR
ool eyt s 41, CQUNT ., . .., SUBTIRAC.T. .GONSTAN.T. .ONE ,EROM .COUNT. . . . |
2 | ..., i., .. |BCE , |[PCH,.COUNT, 2 .. ., COUNT EQUAL ,PLUS, ZERO.? + « s o ot v vs o4, ]
03, b BV IMOLT e e e e
14 PCH i  ,IMLC  |ACCUM-2,DI,8C |\, 4ttt e
5, ..y, {PS |1, PCHARA ., .,  PUNCH CARD . .\, .\ttt i,
6 .., 0., . |BLC HALT , ., ,,,, TEST ,FOR, LAST CARD ., . . . . ., ., . . . .,
v b B TART, L e e e
Ve MHALT L 0 VW | e e

Figure 23. Coding Sheet for Reading/Punching and Multiplication by Repetitive Addition
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Programming Example 4.
Multiple-Field Crossfooting with Control Register
This payroll application has as its objectives to:
1. Crossfoot each current earnings card and to punch
the resulting gross earnings.
2. Accumulate a total of gross earnings by depart-
ment and to print that total.
3. Sequence-check the card deck by department num-
ber and to stop processing if a sequence error is
detected.

The card format of the current earnings card is as
follows:

Card columns 14-16 department number (XXX)

35-39 gross earnings (XXX.XX)

40-43 miscellaneous earnings
(XX.XX)

44-48 regular earnings (XXX.XX)

49-52 extra shift earnings
(XX.XX)

53-56 overtime premium earnings
(XX.XX)

Miscellaneous, regular, extra shift, and overtime earn-
ings are added together (crossfooted) to obtain gross
earnings.

This application combines card reading, card punch-
ing, and printing functions in one program. No new
operations are described or used. A listing of the opera-
tions thus far used follows:

DA Define Area
DC Define Constant
DCW Define Constant with Word Mark
DS Define Symbol
EQU Equate
A Add
S Subtract
ZA Zero and Add
MCE Move Characters and Edit
MCS Move Characters and Suppress Zeros
MLC Move Characters to A or B
Word Mark

MLCWA  Move Characters and Word Mark
from A Field

MLNS Move Numerical Portion of
Single Character

B Branch Unconditional

BCV Branch on Carriage Channel 12
BE Branch on Equal Compare

BH Branch on High Compare

BL Branch on Low Compare

BU Branch on Unequal Compare
BLC Branch on Last Card

BW Branch on Word Mark

BCE Branch If Character Equal

C Compare

w Write a Line

WS Write a Line and Suppress Spacing

R Read Card to Group Mark with
Word Mark

P Punch and Feed

PS Punch and Stop

CC Control Carriage

CS Clear Storage

Cw Clear Word Mark

H Halt

SW Set Word Mark

ORG Origin

Figure 24 shows the format of the control register.
The leading zeros in the department number column
are suppressed.

Figure 25A, block diagram, and Figure 25B, decision
table, describe Programming Example 4 in a general
way. The initializing steps called for in this program
are to read a card and to turn off the switch. The next
steps are to store department number in a work area,
and to reset the accumulator. The earnings are cross-
footed to gross earnings and the gross earnings amount
is punched. The gross earnings amount is added to
the accumulator to accumulate the total department
€arnings.

The Iast card indicator is tested. If the indicator is
on, the switch is turned on, a line is assembled and
printed, the switch is tested, and the program ends.
iIf the last card indicator is off when first tested, the
next operations performed are to read another card
and to check department sequence.

To check sequence, the program compares the de-
partment number in the read area and the depart-
ment number in the work storage area. If the numbers
are equal, signifying there is no change in the control
number, the program branches back to repeat the
crossfoot operation. If the result of the compare is high,

Dept. No. Dept. Total

1098.67
457.83
785.45

1945, 35

[ury
= ooumWw

Printing

Positions 5-7 13-20

Figure 24. Control Register for Multiple-Field Crossfooting
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Turn OFff
Switch

Store Depart-
ment Number
and Reset

Accumulator

l

Crossfoot
to Gross
Earnings

Punch
Gross E.

Add Gross
to Department
Total

Turn On
Switch
(To Remember
LC Condition)

Skip to

Channel 1
Assemble Immediate
Print Line
t Halt
Print
(Last Card
Processed ? )

Figure 25A. Block Diagram for Multiple-Field Crossfooting
with Control Register

this condition means there is a change in control num-
ber (department change) and the cards are in ascend-
ing order. If this is the case, the program proceeds to
assemble a printing line and to print. After printing,
the switch is tested. If it is on, the last card has been
processed and the program is directed to halt. If it is
off, the program proceeds to test for carriage channel 12.
A skip is initiated to channel 1 of the carriage tape,
provided channel 12 was sensed. This is to allow for
page overflow. If the result of the compare is low, it
signifies the cards are in descending order, therefore
out of sequence, and the program is stopped.

After a line is printed, the program branches back to
the beginning of the program loop where department
number is again stored and the accumulator is reset to
zeros,
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** START

L

1 READ CARD X

2 GO TO INITIALIZE X
i

]

1
** INITIALIZE
T

L 1 SET DEPT TOTAL = ZERO
|_2 IMOVE DEPT NO READ IN TO DEPT NO_|
|' WORK X
3 TO CROSSFOOT X
|_** CROSSFOOT
| 1 SET GROSS = MISC x|
i + REG X,
I: + EXTRA Xi
| +0.T, X .
2 EPUNCH GROSS X ‘
3 'READ CARD X i
4 'SET DEPT TOTAL + GROSS x| |
| 5 GO TO TEST DEPT CONTROL CHANGE !X

1

)

T

** TEST DEPT CONTROL CHANGE : ]

11 _HAS LAST CARD BEEN PROCESSED ? NNNY
]

_2 DEPT NO READ IN VS DEPTNO WORK |\ =/<!>}
3 GO TO CROSSFOOT - X
4 'co TO SEQUENCE CHECK HALT X
5 |GO TO CONTROL REGISTER X|x
]
_**CONTROL REGISTER :
|_1 {HAS LAST CARD BEEN PROCESSED? | N|N'Y
j ? E Y-
3 ISKIP TO NEXT FORM X,
4 WRITE PRINT LINE XXX
5 G0 TO INITIALIZE
6 !GO TO STOP X

L

4 —— —'

Figure 25B. Decision Table for Multiple-Field Crossfooting
with Control Register

Figure 26 consists of the coding sheets containing
the forty-three statements used to code this application.
Line 01 starts the assignment of storage with the ad-
dress 401. Lines 02-15 define areas and constants, and
the remaining lines compose the program.

Line 01 starts assignment of storage.
Lines 02  define the printing area.
-04
Lines 05  define the card reading area.
-10
Lines 11 define the card punching area.
-12
Line 13 reserves a 7-position accumulator labeled
ACGUM.
Line 14 defines an edit control word constant.
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Page No.lil).x?ll of 02

Line Label peration| OPERAND
3 sle 56 20|21 25 30 35 40 45 50 55 60 65 70
T

oui‘..;..1LL‘O‘RG.4‘0.1.‘;L‘....L+.-\-.-.A....‘... NS S SN
o2z |PRLINE .. |DA . [1x20.G ... ..,  DEFINE PRINTING, ,AREA , . .. . .. . . .,

0.3 DAE;P;EAL,I_K e DEPARTMENT,
0.4 OTALLI . . o120 e TOTAL e e
o5, |RDAREA DA [1x56,G . DEFINE CARD READING AREA =~~~
o6, |IDEPTC |, .| .,, 114,16, ., .. ,,,. ., DEPARTMENT , ., ., . . .| L

07, IMISCC, | ., .. . 140,43 ., . ., ,, . , MISCELLANEQOUS, EARNJINGS. ., ., . .. ..
08 IREGC | LJ_L . 144,48, | . REGULAR, EARNINGS | |
os |EXTRAC 49,52 . .. . . EXTRA SHIFT EARNINGS
oiforte ... | ... . 158,56 ..., 4,,,., OVERTIME, EARNINGS . ., . .\ 0000,
I,I, |PCAREA, , , . DA, . , [1x89,G ,..,,,,, DEFINE CARD PUNCHING AREA , ., . . ... . .,
12 |gROsSs¢ . . .| ... . BBL.B9, . . ..., ..  GROSS, EARNINGS, . ., o
13, IAGCUM |, . DCW, , BT o vy vt v o e e e e
1,4, |CTRLWL , , , DCW, , @BIDB0.BB @ o o 0 oo v v ot vy e e e
1,5, DEPITW;JJIDtcml#l3llllIl||l|1|ilﬂll—LllLJ;llilllllAL\IAIAlllxlulxxllj
swiTcH , .,  iDC, . M#11  .,, ,,,, DEFINE SWITCH ,  , ., ,, vy,
7. |sTART, |, . IR ., |1, RDAREA, ., .. .\, . READ CARD |, .\ i\ it
v, | .. .. 4. lew . lswitcH ., .,..,,.,..,, TURN SWITCH OFF, ., ., .,
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Figure 26. Coding Sheets for Multiple-Field Crossfooting with Control Register
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Line 15

Line 16
Line 17
Line 18

Line 19

Line 20
Line 21

Lines 22
-24

Line 25
Line 01
(page 2)
Line 02
Line 03
Line 04

Line 05

Line 06

Section 4.

reserves a 3-position work area for depart-

ment number storage.
reserves a 1-position work area as a switch.
reads a card.

turns the switch to its off status by remov-
ing the word mark at the position labeled
SWITCH.

stores the department number in a work
area.

resets the accumulator to zeros.

zero-and-adds miscellaneous earnings to
the gross earnings field in the punch area.

add the regular earnings, extra shift earn-
ings, and the overtime earnings to the
gross earnings field (punch area) .

punches the gross earnings amount into
the card.

adds gross earnings to the accumulator
(field symbolized by accum) .

tests the last card indicator and branches
to the instruction labeled sETsw.

reads a card.

compares the department number in the
work area with the department number
read from the card.

branches back to the crossfoot routine
(labeled crossF), provided the result of
the compare operation showed the depart-
ment numbers to be equal.

branches to the halt instruction labeled
SEQERR, provided the department number
in the read area proved to be lower (of
lesser value ) than the department number
in the work area. This condition (A field
< B field) represents a step down in card
sequence.

Questions

1. Which of the following operations is best suited
to move an edit control word to a field prior to
editing?

a. MCE
b. MCS
c. MLC
d. MLCWA

2. What is the result of editing the two fields shown,
using edit control word [$b,bb0.bb—]?

18

Fields Before Edit Fields After Edit

000001 (negative)
643625 (positive)

Line 07 moves the department number from the
work area to the print area and suppresses
leading zeros,

Lines 08  setup the control word in the “department

-09  total” print area, and move and edit this
amount from the accumulator to that area.

Line 10 prints a department total line.

Line 11 tests the position labeled switcH for a word
mark and branches to the halt instruction
labeled Enp, provided the word mark is
present.

Line 12 branches to the instruction labeled orLo
if the channel 12 indicator is on.

Line 13 branches unconditionally to the instruc-
tion labeled sTORE.

Line 14 skips the form immediately to channel 1
of the carriage control tape.

Line 15 branches unconditionally to the instruc-
tion labeled STORE.

Lines 16  turn the switch on by setting a word mark

-17  in the position labeled switcH and
branch to the instruction labeled AssEM,
which starts the print routine.

Line 18 ends the program.

Line 19 halts the program for a sequence error.
Note that separate Halt instructions are
provided for the program-end halt and
the sequence-error halt although a single
halt instruction could have been used.
Separate halt instructions allow the com-
puter operator to observe which halt in-
struction is being displayed at the console
and make it easier for him to find the
reason for the halt. If only a single halt
were provided, the reason for the halt
would not be isolated.

3. The instruction to cause skipping after printing
a line

a. must appear before the printing instruction.

b. must appear after the printing instruction.

c. can appear before or after the printing instruc-
tion.

d. must appear before and after the printing in-
struction.

e. none of the above.

4. Is it true that a hole in channel 1 of the carriage

control tape can be used to initiate a carriage
skip?
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5.

10.

Which of the following statements is not true of

the print operation?

a. The position immediately to the left of the
area to be printed must contain a group mark
with a word mark.

b. The addressed core storage position is printed
in print position 1.

c. The operand specifies the leftmost position of
the print area.

d. A group mark with a word mark must follow
the highest-numbered core storage position to
be printed.

e. The Autocoder operation code for Write a
Line is W.

Does the carriage skip automatically take place

when the carriage channel 12 indicator is found

to be on by the BCV operation?

Using address adjustment, write a statement that

will move only the 123 portion of the field labeled

SUM to a 3-position field labeled ToT.

1234567 sum is the address of the rightmost

position

. If the contents of the position of storage desig-

nated SW1 is a digit 1 with a word mark and
the following Branch on Word Mark instruction
is executed

which'is the location the program advances to?
a. the next sequential step.

b. sTEPX.

c. SWI1.

Write an instruction that will test the storage
position labeled copk for the letter R, and will
branch to the instruction labeled starT if the R
is present.

Given the following block diagram, write a pro-
gram on. an Autocoder program sheet that will
read gross earnings from the cards, accumulate
a total of gross earnings for all cards, and print
this total.

11.

12.

13.

Read o
Card

Add
Gross to
Total

Print
Total

Use these labels in the area definition state-
ments.

RDAREA - for read area
GROSS for gross earnings field
PRAREA for print area
TOTAL for total field

Gross earnings amount is to be read from card

columns 1-5, and the total is to be printed in print

positions 1-7.

A Compare operation compares two fields and

a. if they are equal, branches to the instruction
specified by the A operand.

b. sets an indicator, which may be tested by subse-
quent instructions.

c. if they are unequal, branches to the address of
the instruction specified by the B operand.
After comparing field A to field B, does the com-
parison result in an equal or unequal condition?

Field A Field B
a. 0000 (unsigned) 0000 (positive)
b. 0000 (unsigned) 0000 (unsigned)
c. 0000 (unsigned) 00bb (unsigned)
d. 123] (unsigned) 1231 (unsigned)

Write instructions to clear to blanks the following
storage positions:

800-999

600-625

500-501

200 only
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Programming with Disk Storage

Section 5

The sample programs we developed in previous sec-
tions were based on a system composed of a Card Read-
Punch, a Processing Unit, and a Printer. In this section
we will study ways to use the supplemental storage
provided by the 1311 Disk Storage Drive, and we will
program some basic disk storage operations in Auto-
coder language.

The 1311 Disk Storage Drive supplements the core
storage area at a reasonable and acceptable cost. Like
core storage, disk storage can be used to store program
instructions, tables, and data records. It can also serve
as a working storage area; i.e., an area for storing inter-
mediate results, input data, and output data.

It is advisable in large programs to store the most
infrequently used subroutines in disk storage, because
it takes a certain amount of time to read these sub-
routines into core storage where they can be operated
on. Using disk storage in this way permits the program
to execute its functions in the shortest amount of time.

Some applications require large rate tables. If the
tables are stored in disk storage rather than core stor-
age, more core storage is made available for the pro-
gram and for the input and output areas.

Data records may be stored in disk storage in either
a sequential or nonsequential (random) manner.

Sequential Method

For sequential storing, virtually unlimited storage is
available. As soon as one disk pack is filled to capacity,
it can be removed and replaced by another.

Data records that are stored sequentially usually
contain some control field, for example, account num-
ber, that is in the same sequence as the sequence in
which the records are stored. This control field makes
it easy for the computer to scan the sequence of records
and update or post changes to the records.

Sequential storing of data is usually used when:

1. Transactions to be processed are in a given se-

quence (same order as records) .
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2. Most of the records require processing for any
given application.

3. Unlimited storage is needed for the records.
4. Sequential reports are required by the user.

The term ‘“‘sequential searching” implies that each
record, starting with the first, must be scanned to
locate a specific record. However, indexing may be
used to eliminate the scanning of every record. Index-
ing is a method of cross-referencing a control field with
a disk storage address through the use of a table. By
scanning the table, the computer can obtain the ad-
dress of the record and thus locate the record without
sequential searching.

Nonsequential (Random) Method

For nonsequential storing, data records have no par-
ticular sequence so far as control information or con-
tents is concerned. However, if these data records
contain a control field that can be used as the actual
disk address, they can be stored by direct addressing
and retrieved in the same way. If direct addressing is
not possible, a form of indirect addressing may be
used. In indirect addressing, some technique must be
employed for converting the control field to the disk
address. A number of such techniques known as ran-
domizing techniques are available.

The nonsequential (random) method of data stor-
age is usually used when:

1. Sorting of transactions in a given sequence is un-
desirable, or not possible before processing.

2. A low percentage of the records is used during
processing (low activity for many records) .

3. The maximum number of disk records to be made
available at one time for processing will fit within
an established disk storage area.

4. Nonsequential reports are required by the user.

)
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1311 Disk Storage Operations

Disk storage instructions consist of five basic opera-
tions:

Seek

Read

Write

Write Disk Check

Scan Disk (special feature)

The Read, Write, and Scan Disk operations have num-
erous variations that increase their effectiveness. A
general description of the various Disk Operations
follows.

Seek Operation

The Seek operation consists of an instruction that di-
rects the read /write heads to the proper cylinder on
the disk pack. Data on the disk records is not acted
upon by this instruction. The seek instruction merely
positions the access arms at the proper cylinder.
The Seek instruction is followed by a read instruc-
tion or a write instruction. The operand of this in-
struction specifies the core storage address of the Disk
Control Field (described under READ DISK OPERATION) .

Read Disk Operation

The Read Disk operation transfers data from disk stor-
age to the core storage area of the processing unit.
The core storage area where the data is to be placed
must be defined by an instruction that precedes the
seek or read instruction. This area is defined thus:

Disk Control Data
Field Field
A A

[ T —
NN EENEE

f

Alternate Core Sector First
Code Sector Count Data
Address Character

The Disk Control Field determines the location in disk
storage of the data to be used and determines the num-
ber of disk sectors in the data record. The number of
positions in core storage reserved for the data field
must be large enough to contain all the data read from
the disk. The group mark with a word mark at the end
of the data field defines the total length of the area
reserved,

The Sector Count part of the disk control field speci-
fies the number of disk sectors that are to be read or
written by the instruction.

The Core Sector Address part of the Disk Control
Field contains the disk address of the data to be read
or written. If more than one sector is read or written,
the address of the first sector is specified.

The disk address of the data indicates which storage
drive is to be used by the system for an instruction, as
shown in the examples below.

Address Block Selects Disk Drive

00000-19999 0
20000-39999 1
40000-59999 2
60000-79999 3
80000-99999 4

If the disk address on a disk pack does not correspond
to the number of the disk storage drive it is located on,
then a Disk Alternate code is used.

This coding provides the flexibility to operate upon
any block of disk addresses, regardless of which disk
drive the pack is located on, and, when the occasion
requires, to have more than one Disk Pack containing
the same disk addresses on-line at once.

The selection of a particular Disk Storage Drive is
made by using the following Alternate codes:

Alternate Code Selects Disk Drive

0 0
2 1
4 2
6 3
8 4

For example, if address block 60000-79999 is located
on Disk Drive 4 (instead of Disk Drive 3), the Alternate
code in the Disk Control Field will be 8.

When this flexibility is not required, the drive is
selected directly from the core sector address and an
asterisk (*) is placed in the Alternate Code part of
the Disk Control Field.

Write Disk Operation

The Write Disk operation transfers data from core
storage to disk storage. An area in core storage is set
aside for the Disk Control Field, which specifies the
disk storage drive to be used, the disk address where
the data is to be written, and the number of sectors to
be written on.

The data to be transferred to disk storage is located
immediately to the right of the Disk Control Field. If,
for example, 100 character records are to be written
into core storage, 110 core storage positions will be
reserved; 9 positions for the Disk Control Field, 100
positions for the data, and one position for a group
mark with a word mark.
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Write Disk Check Operation

A Write Disk Check instruction must immediately
follow each Write Disk instruction. The Write Disk
Check operation causes the data just written in disk
storage to be read and compared with the original
source data in core storage. When the disk data does
not compare, bit-by-bit and character-by-character, with
the core storage data from which it was written, a Disk
Error indicator is set.

Scan Disk Operation (Special Feature)

This feature provides the system with the ability to
make a rapid search of a disk pack for a specific code
or condition (such as data or account number) that
is stored within the data itself. Only one seek and one
scan disk instruction are required to cause the program
to search through an entire cylinder (200 sectors) . The
scan can be made to compare the search argument with
the data, on the basis of the argument being low or
equal to the data, equal to the data, or high or equal to
the data,

The program can be directed to scan (search) all
records in a file, or all records in a cylinder, or any
specific number of records. The Disk Control Field
contains the address of the sector where the scan is to
begin and the maximum number of sectors to be
scanned.

Four Modes of Read or Write Disk Operations

Read instructions and Write instructions have four
modes:

Address Mode
Sector Mode

Sector Overlay Mode
Track Record Mode

It is possible to transfer data, with or without word
marks, in any of these modes.

Address Mode

This mode of operation allows sector addresses re-
corded in disk storage to be changed. It transfers both
data and disk sector addresses to and from the file, one
complete track at a time. The sector count must be
set to 020 (sectors are transferred in blocks of twenty) .

The operation requires that the Disk Control Field
contain an address of one of the sectors within the track.
This address must be satisfactorily compared with its
counterpart in disk storage before the transfer can take
place.

To write in the Address Mode, the Write Address
key-light on the number 0 Disk Storage Drive unit must
be set to the oN position.

52

Sector Mode

The Sector Mode is the normal mode of operation.
Read and Write operations in the Sector Mode transfer
data, but do not transfer disk sector addresses. The
number of sectors to be handled within one operation
is designated in the Sector Count part of the Disk Con-
trol Field.

Each sector is transferred only upon absolute com-
parison of sector addresses in Disk Storage with those
in the Disk Control Field. The Core Sector Address
in the Disk Control Field is automatically increased
by one for each sector transferred and thereby supports
the comparison of successive sector addresses. Similarly,
the Sector Count is reduced by one and indicates by
a 000 setting that the required operation has been com-
pleted. .

If a group mark with a word mark is sensed in the
Record field before the sector count reaches zero, the
operation is terminated. Likewise, if the sector count
reaches zero before the group mark with a word mark
is sensed, the operation is terminated. Either of these
events will result in the Wrong Length Record indi-
cator being turned on,

The Wrong Length Record indicator is tested by a
Branch If Indicator On instruction. It is reset by the
next Disk operation.

Sector Count Overlay Mode

The Sector Count Overlay mode of operation allows
a record to indicate the number of sectors it contains
by modifying the Sector Count portion of the Disk
Control Field. This technique permits better utiliza-
tion of disk storage in sequential-type applications
having variable size records. In all cases, the variable
size records must be in increments of 100.

When such a record is read into the processing unit
in the Sector Count Overlay Mode, the first data char-
acter transferred from disk storage is stored in the
leftmost position of the Sector Count part of the Disk
Control Field instead of the position immediately to
the right of the Disk Control Field. When a record is
stored in disk storage from core storage, the trans-
mission of data starts with the leftmost position of the
sector count field.

In the normal operation of read and write instruc-
tions, the Sector Count in the Disk Control Field is
decremented by one each time a sector is read from or
written into the file. At the same time the Sector Ad-
dress in the Disk Control Field is incremented by one.
The operation is stopped when the sector count reaches
zero. Incrementing and decrementing are automatic
functions of the processing unit.
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Initially, the Sector count must be set to a number
greater than 001 before a read operation in the Sector
Count Overlay mode is executed. The Sector Count
Overlay mode cannot process records containing only
one sector.

Track Record Mode (Special Feature)

Normally one 100-character record is written in or read
from each of the 20 sectors of a track. The Track
Record mode makes it possible to read or write one
record in place of the twenty sectors of a track. This
record consists of a 5-position address and 2980 posi-
tions of data. The Track Record mode can also be used
in the address mode to transfer the 5-digit address with
the data.

Reading and Writing with Word Marks

In all reading and writing operations, the data to-
gether with word marks may be read from, and written
into, disk storage. When word marks are written on
the file, the data is written in 8-bit Bcp coding. The use
of 8-bit coding reduces the number of characters that
can be stored on a sector from 100 to 90, and reduces
the total number of characters on a disk pack from
2,000,000 to 1,800,000. In the Track Record Mode,
the maximum number of characters on one track is
reduced from 2980 characters to 2682 characters.

Fixed and Variable Length Records
Fixed length and variable length records can be stored
in disk storage. The sector mode is used to process

fixed length records. The sector count of the Disk Con-
trol Field in this mode is constant and indicates the
number of sectors contained in the record, The Sector
Count Overlay mode is used to process variable length
records. In this mode, the record itself contains the
sector count. Because each record can contain a dif-
ferent sector count, the length of each record can be
variable.

Format of Disk Storage Statement
The disk storage statement takes the following form,

Label peration|
T 15[16 20021 25 30 35
L OP, ADDR —
|
1

where op is one of the disk mnemonic operation codes
and AppR is the address of the leftmost position of the
Disk Control Field used in the operation.

The mnemonic operation code to be used for all
seek operations is:

SK  (Seek Disk)

Read, Write, and Write Disk Check mnemonic op-
eration codes are shown by mode in Table 3.

The Scan Disk (special feature) mnemonic opera-
tion codes are given in Table 4.

Table 3. Mnemonic Operation Codes Used for Read, Write, and Write Disk Check Operations by Modes

Modes

SECTOR ADDRESS SECTOR OVERLAY TRACK RECORD
Operation (special feature)

(data (data and (data and data data and

only) addresses) sector count) only addresses
READ DISK
without WM * RD RDT RDCO RDTR RDTA
with WM RDW RDTW RDCOW RDTRW RDTAW
WRITE DISK
without WM wD wDT WwWDCO WDTR WDTA
with WM WDwW wDTW wDCOW WDTRW | WDTAW
WRITE DISK CHECK
without WM wWDC wDC wDC WDC wDC
with WM WDCW wDCW WDCW WDCW WDCW

*WM = Word Mark
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Table 4. Mnemonic Operation Codes for the Scan Disk Operation

This operation compares the Argument to the Data for one of the conditions shown in this table.

Condition
Operation
Low or Equal Equal High or Equal
SCAN DISK
(Special Feature)
without WM SDL SDE SDH
with WM SDLw SDEW SDHW

Disk Check Indicators

Several disk check indicators provided on the 1440
system are automatically turned on to indicate disk
storage conditions or errors. It is up to the programmer
to test the indicators in his program to identify the
condition or error and to specify the course of action
to be followed by his program.

A description of the six disk check indicators follows.

Any Disk Condition

This indicator is set in unison with any other disk check
indicator. It is reset by the next programmed disk
storage operation. It can be tested by a Branch If
Indicator On instruction.

Access Busy

This indicator is set when reference is made to a Disk
Storage Drive that is in a Busy status. The programmed
disk operation is terminated. The indicator is tested
by a Branch If Indicator On instruction. It is reset
upon completion of the next programmed disk stor-
age operation.

Access Inoperable
This indicator is set when reference is made by a disk
operation to a Disk Storage Drive that is in a Not
Ready status. Because the access is in a Not Ready
status, the disk operation is terminated.

The Access Inoperable indicator is tested by a Branch
If Indicator On instruction. It is reset by the next
programmed disk storage operation.

Disk Error

This indicator is set when a parity error is detected
during a Read or Write Disk operation, or when an
Unequal Compare or parity error occurs during a
Write Disk Check operation. The indicator is tested
by a Branch If Indicator On instruction. It is reset
by the next programmed disk storage operation.
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Wrong Length Record Check

This indicator is set when a 000 Sector Count and the
group mark with a word mark fail to correspond at the
end of a Read or Write or Disk Check operation. This
indicator is also turned on if data records read from
disk storage or written to disk storage are not in even
increments of 100 characters. The indicator is tested
by a Branch If Indicator On instruction. It is reset by
the next programmed disk storage operation.

Unequal Address Compare

This indicator is set (1) if a disk data transfer is
initiated and the sector address does not compare and
(2) after the data transfer process begins, if the next
sector address in physical sequence fails to compare, i.e.,
the sector address of the Disk Control Field and the
next disk address are unequal. The indicator is tested
by a Branch If Indicator On instruction. It is reset by
the next programmed disk storage operation.

Format of Branch If Indicator On Instruction

The Branch If Indicator On instruction can be used
to test any of the indicators contained in the system.
Included in these indicators are the six Disk Check
indicators. The instruction used to test these indicators
takes the following form

Labe! tperoﬁm
6 . islie of21 25 30 35
- ol B.IN I NS.T.,.d " "
!
- il T

Lo

R

where BIN is the actual mnemonic operation code,
INST is the address of the instruction which the pro-
gram branches to if the indicator is on, and d is the
d-modifier character which identifies the indicator to
be tested. A list of the d-modifier characters that can
be used with this instruction is given in Table 5.
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Table 5. d-modifier Characters Used with Branch If Indicator On Operation

*

*

*

*

*

(Sense Switch A)
Sense Switch B
Sense Switch C
Sense Switch D
Sense Switch E
Sense Switch F
Sense Switch G
Access Inoperable
Access Busy
Printer Busy

Unequal Compare (B # A)
Equal Compare (B = A)
Low Compare (B < A)
High Compare (B > A)

Disk Error
Wrong Length Record
Unequal-Address Compare

d-modifier

character Indicator Reset by
bl Unconditional Branch
9 Carriage Channel 9 Branch Test
@ Carriage Channel 12 Branch Test
A "Last Card" Switch Manual

Next Disk Storage operation
Next Disk Storage operation

Next Compare or

Disk Storage operation

Next Disk Storage Operation

Any Disk Condition

Overflow

N <XsT< CcHOvN » ~ZQOmTmmoONHw

Check Switch off

? Read Error

* Printer Error

Processing Check with Process

If 1/O Check Stop
! Punch Error Switch is off

Branch Test
Branch Test

Reset by Test; must
be reset before next

operation

* Special Feature

Testing the Disk Check Indicators
The programmer should always test the Access Busy
indicator after the first disk (seek, read, write, etc.)
instruction following a seek. If this test is omitted, the
disk instruction which follows the seek can be negated
(not acted upon) without being detected. If this in-
dicator is on when tested, it means that the disk in-
struction was negated. The program can then be in-
structed to branch back to repeat the negated disk
operation. If the indicator is off when tested, the pro-
gram may proceed with the next instruction, for the
test indicates that the disk operation has been per-
formed.

The Any Disk Condition indicator makes it possible
to make one check for any disk errors, and if the in-
dicator is off, to proceed with the normal program.

If the indicator is on, only then is it necessary to test
the other indicators to find out which error condition
is present. A good practice in coding a disk operation
is to follow it always by a test of the Any Disk Condition
indicator.

The programmer can write one subroutine to test the
indicators and use this common subroutine after every
disk operation, and thus save program storage space.
In such a subroutine, it is desirable to have a program
loop which will cause the disk operation to be re-
peated (up to three times) if the Disk Error indicator
is on. By repeating the operation, the error in some
instances may be corrected automatically by the com-
puter without operator intervention, thus saving
valuable computer time.
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For the other indicators (Access Inoperable, Wrong
Length Record, or Unequal Address Compare) it may
be desirable to halt the program if any of these is on.
The program should then try to re-execute the disk
storage operation when the Start key is depressed. It
should be noted that an on condition of the Unequal
Address indicator can be caused by a cylinder overflow;
ie., by attempting to read or write beyond the capacity
of a cylinder. In some applications, the programmer
may want to write beyond the capacity of a cylinder.
If he does he must give another seek instruction to get
to the next cylinder; and then, a second read or write
instruction to continue the operation which initially
caused the cylinder overflow.

Programming Example 5.

Storing Records in Disk Storage

In Programming Example 5, we will read name and
address data from cards, two cards for each address,
and store the name and address record in disk storage.
We will use a control field from the card for direct
addressing, that is, use the control field as the sector
address. Figure 27 shows the format of input cards.
Customer number, which will also become the direct
address, is the same number in both cards. Codes 1 and
2 in column six identify the first and second cards of a
name and address record.

In Figure 28A, block diagram, and Figure 28B,
decision table, we can see that the card code determines
the course of action to be followed in the program.
Card code 1, the customer name and address part of the
record, is assembled and a seek instruction is initiated.
Card code 2, the city and state part of the record, is
assembled and the disk record is written into disk stor-
age from core storage. Figure 29 is a record layout
which corresponds to the 100 characters of a sector.

The Write Disk operation is followed by a Write
Disk Check operation, as it must be. Note that certain
parts of the disk control field are changed when the
write command is given; the sector address is incre-
mented by one and the sector count is decremented by
one. Therefore, the disk control field must be restored
to its original value before the Write Disk Check can
be given. The Any Disk Condition indicator is tested
following the Write Disk Check operation. If it is on,
the program halts. The program would not halt at this
point if we had inserted in our program a subroutine
for testing the individual indicators, as described
earlier.

Figure 30 is the program coding sheet. First, a card
reading area (66 positions) and disk record area (100
positions) , each followed by a group mark with a word
mark, are defined in core storage. The disk control field,
defined by a DCW statement, immediately precedes the

cust NOE CITY & STATE
8
00000/0/000000000000000000000000000000/00000000000000000000000000000000000000000000
1234 5[6[7 0 891011121314 151617 181920212223 24 252627 28.29.30 31 32.33 34 35 36|37 38 394041 42 43 M 4545 47 46 4950 51 52 53 54 55 56 57 SS9 60 616260 GA B 6 6TQREITVTI R B HTSTE TN W9 M
11

CUST NO. g CUSTOMER NAME ADDRESS 22

U

33

060000j0000000000000000000000000000000000000000000000000000000000000,00000000000000 44
123 45]6]78 81011121314151617181920212223 2425262728 29 30 31 32 33 34 35 36/37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 6162 63 64 6566/6768697071 7273 47576 17 18 19 %0
IRRRRIIR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R IR R R R R R RN 55
22222)2(1222222222222222222222222222222{222222222222222222222222222222{22222222222222 66
33333(3(333333333333333333333333333333(333333333333333333333333333333/333333333333133 11
AA4 4444444444444 44444444444444444444)44444444444444444444444444444444444444044444 88
§555555(555555555555555555555555555555/555555555555555555555555555555555555555555855 99
66666/6666666666666666666666666666666666666666666666666666666666666(66666666666666 "
TITIT11711700712 0717011100101 11119\1711711701711071117711117171717177111711111771171111111171
888880868888888888088808888888888808883888886888880888888808088888886888888888888888
99999/9999999999999999999999999999999999999999999999999999999999999199999999998999
1234 5/8)7 8 91011121314 1518171819 20212223 24 25 26 27 28 29 30 31 32 3) 34 35 337 38 39 40 4142 43 44 45 45 47 48 49 50 51 52 5 54 55 56 57 58 59 60 61 62 63 64 65 66/67 60 69 1071 1213 M 75 7677 18 79 90

Figure 27. Name and Address Cards for Storing Records in Disk Storage
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Halt
KInvalid|

Code)

Move Disk Move
Address and City and State
Sector Count to to Record

Disk Control Field

Write
Seek Disk
Record

Move
Customer No,
i_' Name, Address,

to Record

Restore
Disk Control
Field

N t

\£
o = > Halt
?

Off

Halt

Figure 28A. Block Diagram for Storing Records in Disk Storage

record-defining statements. This arrangement of state-
ments is necessary to assign the disk control field the
nine positions to the immediate left of the 100-position
record area. Note that records are written in the sector
mode; therefore, the sector mode operation code
mnemonics are used.

Programming Example 6.

Printing Name and Address Labels

from Disk Storage

This problem may be considered an extension of the
previous one where we loaded name and address rec-
ords into disk storage. Here, we will use the finder cards
which contain the customer number (direct disk ad-
dress) in columns 1-5 to select the disk records to be

** START
1 |HAS LAST CARD BEEN PROCESSED? _||N
2 |READ CARD X
3 ico TO TEST CARD CODE X
41GO TO END OF JOB HALT X

!

*4 TEST CARD CODE
1 ‘:(‘ARD CODE EQ1

2 :CARD CODE EQ 2

]

2 [

T
3 |SET CORE SECTOR ADDR EQ CUST.NO.||X

4 |SET SECTOR COUNT EQ 001 X
i

5 (MOVE CUST.NO.,NAME,ADDRTO |
'RECORD: CORE X

T
6 |MOVE CITY,STATE TO RECORD;CORE

7 |WRITE RECORD:CORE TO DISK
8 | DO TEST DISK INDICATORS
9 |SET SECTOR COUNT EQ 001
10 |WRITE CHECK RECORD: DISK
| 11 1DO TEST DISK INDICATORS
12 !GO TO START X

13 |GO TO ERROR HALT
1

LR

|
+
i

]

t

T
K s
1 :ARE ANY DISK INDICATORS ON ? NYY
2 [IS ACCESS BUSY INDICATOR ON?

1
3 WRITE RECORD TO DISK AGAIN X

4 EHALT X

5 :RETURN XX

Figure 28B. Decision Table for Storing Records in Disk Storage

printed. The format of the disk record will be the
same as it was in the last example (Figure 29).

Figure 31 shows the format for the three name and
address labels that are to be prepared simultaneously
from one record. The channel 1 punches in the carriage
control tape are used for carriage skipping to the first
line of the addresses.

In Figure 32A, block diagram, and Figure 32B,
decision table, note that the address (customer num-
ber) in each card is used to select the record. After
the record is read into core storage, the customer num-
ber in the record and the customer number in the finder
card are compared to see if they are equal.

b sl 35l36 65jee. 95| 100}
Icustl  Customer | Address | City and State | |
No Name

Figure 29. Record Layout for Storing Records in Disk Storage
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Page No.lOTI?lJ of 02

Line Label peration OPERAND
3 5|6 15{16 2021 25 30 35 40 45 50 55 60 65 70
0 1, RDARE_A: . DA | 1x66,G | N . DEFINE CARD READING A‘R‘E‘A o
02 |CUSNOC! . .| ... B v oo CUSTOMER, NUMBER |, , , 000y
03 |CODEC, | R [ oo o v CODE, | e
0.4 |INAMEG | .. . l7.86,, . ., ..., NAME OR CITY & STATE, ., . . . . . ..
05 [ADDRC, | , , | ., , ,137.66,, ..., ..., ADDRESS, \ \, \ \ 4\ 4 sy vt
06, |[DSKCTF| , , . |DCW_, l@*bbb:55.0.01.8 ., DLSK CONTROL, FIELD CONSTANT . ., ..., .. ..
o7 | . 1 ... {bA |  11x100,G , ,, DEFINE DISK RECORD ., ., . .
o6 |[CUSNOR, . . .} .. .5 , .\, ., 0y, o, .., CUSTOMER NUMBER ., , , . . . . . . . . o .,
09, INAMER |, | . I35 , .\ iuu o O NAME
1o [ADDRR, |, { .. . 165 ..., .,  ADORESS, , o
11, |CLTYSR, | | oo les L CITY, & STATE
1.2, [START, | . [R {1, RDAREA = READ CARD , ., ', ittt ittt ]
03 !..,.,,., ,|BCGE |CARD1,CODEC, K1 , , CARD CODE 1 ,? |
e | . .. . IBCE , |CARD2 . CODEC. .2 . CARD CODE, 120 2 | o\ oot o et e i
0S5 ey, /B START, oo ooy . HALT JFOR I NVALI,D CODE , . ., .\ oy,
16 |GARD1, ., ., |[MLC , [CUSNOC, DSKCTF,-3, . MOV,E, ,DISK, ADDRESS, ,TO,_DI SK, CTRL FI LD
7 L \ ) MLNS [@1@,DSKCTF, ,,  ,,, MOVE S ECTOR COUNT TO DIS K CTRL FI LD
18, |, i, . . |SD ., IDSKCTF-8, .\ .\ 4 SEEK, \ v 0ttt v
to |, .y, ,|MLC, K INAMEC ,NAMER ,,  ,, MOVE CUSTOMER NAME AND , , . , ., ., . ., |
20, | MLC , K6 |ADDRC, ADDRR, , , , , . ADDRESS, TOQ RECORD, , . . .., . ... .1l
2.1 o i, . (B, [START . ., .., ,,,, BRANCH UNCONDITIONALLY TOQ START k6 |
|2.2 CARD2, |, . . INAMEC,CITYSR ., ., , MOVE CITY ,& STATE ,TO RECQE&B_L_;_._A_J_L_L,A
23, |WRITE |, , WD  , |DSKCTF-8 ., ... , WRITE, DLSK RECORD, , . ., . . (. \ .\ c.0. -
2.4, L BIN WRITE,N. . v, ..« ..BRANCH IF, ACCESS, BUS3Y, .
25 1, . ._L} —— LNS @1@, D3 KCTF, ., E2S TORE, DISK, CONTROL, FLELD L _j__‘_]
Page No.L‘Q.LZZJ of 02
Line Label J?peroﬁon OPERAND
3 5|6 15|16 20]21 25 30 35 40 45 50 55 60 65 70
0.1, et A @1,@ DSKCTF S8 e by
o2 | ., .., . |wpnc |DSKCTF-8 .,,,,. , CHECK DISK WRITING ,
o3 |...,,i. . .BIN |DSKERR,Y ,,.,,,,, BRANCH ,I.,F ANY ERROR .
o4 | ..., ,,i,,.|BLC JusTCD,,.,,,,.,.,,, TEST FOR LAST CARD .~
0.5, N l ... B, ., ISTART, ., , . ., .., ., ,BRANCH ,UNCONDITIONALLY TO START, . . ..
o, |[DSKERR , , , |H,  START , , ,. ., , HALT FOR DISK ERROR
or |LsTeD, | ., |H ., START ..., .,,,.., HALT ,FEOR ,LAST CARD , . .

Figure 30. Coding Sheets for Storing Records in Disk Storage

58

PN
S



3

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO.
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y,

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF.

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF,

DELIVER TO

ROGER CARR
1132 N EDDY STREET
SANTA CLARA, CALIF.

Figure 31.

B FROY, FROM : FROM
- GENERAL MANUFACTURING CO, GENERAL MANUFACTURING CO, GENERAL MANUFACTURING CO.
- ENDICOTT, N.Y. ENDICOTT, N.Y, : ENDICOTT, N.Y.
|
: DELIVER TO DELIVER TO | | DELIVER TO
z ‘ JOHN PAGE JOHN PAGE I'| Joun paGE
1682 FLORENCE DRIVE 1682 FLORENCE DRIVE | | 1682 FLORENCE DRIVE
EAU CLAIRE, WISC. EAU CLAIRE, WISC. | | EAU CLAIRE, WISC.
|
_______________________________ S
FROM FROM | FROM
GENERAL MANUFACTURING CO. GENERAL MANUFACTURING CO. | | | GENERAL MANUFACTURING CO.
ENDICOTT, N,Y. ENDICOTT, N.Y. ' ENDICOTT, N.Y.
DELIVER TO DELIVER TO { | DELIVER TO
LARRY SHAMUS LARRY SHAMUS : LARRY SHAMUS
2121 JOHNSTON WAY 2121 JOHNSTON WAY | | 2121 JOHNSTON Way
SAN JOSE, CALIF. SAN JOSE, CALIF, | | SAN JOSE, CALIF.
________________________________ .’_______._..._._.___._.__

FROM
GENERAL MANUFACTURING CO,
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO.
ENDICOTT, N.Y.

FROM
GENERAL MANUFACTURING CO,
ENDTCOTT, N.Y.

DELIVER TO

JAC WYMAN
1358 EARL AVENUE
ENDICOTT, N.Y,

DELIVER TO

JAC WYMAN
1358 EARL AVENUE
ENDICOTT, N.Y.

DELIVER TC

JAC WYMAN
1358 EARL AVENUE
fENDICOTT, N.Y.

]

N

]

}ooooo

oo oo oloo o oo

o0 o0 o o

Printing _
Positions

1-30

33-63

66-96

Form Layout for Printing Name and Address Labels from Disk Storage

Programming with Disk Storage
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** START
L L)

Read . 1 'HAS LAST CARD BEEN PROCESSED? _|IN[Y
Card 2 \READ CARD
3 |SET CORE SECTOR ADDR EQ CUST. NO.|X
|
t
Assemble ! 2001
Second Line |2 (GET CUSTOMER RECORD: DISK
of Three Labels |6 1DO TEST DISK INDICATORS
|7 IDO COMPARE CUSTOMER NO.
[}
Move Cust. _&Mm
No and Sector 9 1GO TO START
Count to Disk T |
Control Field 10 ;GO TO HALT X
Il
I | *.TEST DISK INDICATORS
Assemble |
Seek Third Line ' Y& XY
of Three Labels 2 IS ACCESS BUSY ON? Y|N
2 IS ACCESS
3! E : DISK AGA X
4 'HALT X
Read |5 RETURN X X
Disk o !
Record . E MER NO.
ST 1 /CUST, NO: CARD VS CUST. NO. DISK _|= ¥
ip to
Channel One 2 EHALT X
of Carriage 1
Conftrol Tape
Figure 32B. Decision Table for Printing Name and Address
Labels from Disk Storage
No
Halt
Yes In this programming example, we could have printed
the name and address labels for each customer, one
after the other, rather than printing the three at one
Halt Halt time. However, more computer time would have been

Assemble
First Line of
Three Labels

Figure 32A. Block Diagram for Printing Name and Address
Labels from Disk Storage

This check also verifies that the right record was read.
In all disk read operations it is good programming
procedure to have some field of data in the record such
as part number or customer number, which can be
compared to a given field to verify that the correct
record was read.

60

used to do it this way. Often, it is advantageous to print
copies side by side when the printing capacity allows
such operation. Figure 33 is the coding sheet for this
program.

Programming is the process of preparing a logical
set of instructions for the computer to follow. There
are many programming systems in existence; Autocoder
is but one. Since the 1440 uses Autocoder, we have ex-
plored this particular programming system in this
book.

Not all functions of the 1440 Data Processing System
or of the Autocoder programming system are explored
nor are the programming solutions in this book the
only acceptable ones. But we have presented the funda-
mentals which will allow the student programmer to
go on to attempt to program a greater variety of jobs
and more difficult jobs.

If possible, the student programmer should work
with an experienced programmer in developing the
first few programs. If not, he should get the help of an
experienced programmer and get him to check the
accuracy of his programs. In the end, though, it is
practice that counts.

P
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Page No.l.?.alt.l of 02

Line Label Epe ati OPERAND

Sl6 0J21 25 30 35 40 45 $0 $5 60 85 10
o | ... 1 . |lorG, ,l401, ... . STARTS THE, ,ASSIGN OF ,STORAGE, W [TH .ADDR 40.1,
0.2 PR.ARF.A[ N A 1.X96.. .G . . DEFRINE PRINTING, AREA, | PRI P & 444 4oy
0.3 LAB],.:. 1. 3o 0., ,, FIRST NAME AND ADDRES S IiABEL
04 |LAB2 . 1. .. .. 68 ... .. .. . SECQND NAME . AND ADDRESS, LABEL.,. , , ., ,, ., ..,
o5, (LAB3, , 1. .| ... . ]ps6 . .THIRD NAME, AND ADDRESS LABEL , , , ., ., .., ..
06, |DSKCTF|, . . DCW  |l@xpdb550021@8 ., DISK, CONTROL FLELD CONSTANT, , , . ., . . ., ., .
o7 ool . . DA, 11x100.G  DEFINE DISK, RECORD \ \ i it v e ettt i
oe ICUSNOR) , . . | .., 11,5 ,,.,,.,, CUSTOMER NUMBER , . , , . .\, oy,
0.9, R: ol 16,85, , . NAME, e e
1o |[ADDRR, |, . .| ... . [86.65 .. .., ADDRESS, .\ iyt i i
1 ICITYSR ., . ... 166,95 ., CITY & STATE, ., , ., .\ syt it i
12 |RDAREA DA [1x5,G ..  DEFINE CARD READING AREA . .~ .
13 |lcusNoC L . lmiu.LA,,.C.U.S.T.O.MERJLMRFR
‘4 ISTART, i ., . R . . 1, BDAREA: . .. .. .. READ A CARD ., . . ., iy,
s |.. .. ... . Myc  |cUSNOR,DSKCTF-3, ., MOVE .CUST, NO, ,TO DISK CONTROL FIELD
6. . . ., MLNS |@.@ DSKCTF SEC,TOR, UNT, .(,1), TO, D.SKCTF
el ot . !sD,,  DSKCTF-8, ..o, SEEK e
18, |READ | RD , |DSKCTF-8, . ,..,,.,,, READ DISK REGORD ., ., ., .., ., .\ ., ,., . . ..
19 ceeitl. .. BIN.READ.N. .. ..,.., ., , TEST ACCESS BUSY INDICATOR ,b . .
20|, , .. 1, |BIN DSKERR..Y .,...,.,., .TEST ANY, DISK .CONDLT.ION I NDLCATOR. .|
2.1, ca ... lC .., CUSNOR,CUSNQG . .. .COMPARE, CUST. N.OS. RECORD, ,AND ,CARD , |
22.|...,,1,, . BU, WRONGR , ,.,,,,,,,,, BRANCH, ,LF, UNEQUAL ., ., .., , ..., ..,
2,3, N C . NAMER,LAB1, , ., ,, MOVE NAME TO ,FIRST LABEL ., 6 . .,
Y D T lMLg. AMER, LAB2, ., ., , MOVE NAME TO SECOND LABEL ., ., ., ., ]|
es [, .., ), IMrc |NAMER,LABS . .. MOWE \NAME TO THIRD LABEL .. ... .., |

Page No.g‘.l.g_l of 02

Line I Label ‘Eperuﬁoi OPERAND
3 sle : 1s|ie 2021 25 30 35 40 45 50 55 60 85 70
o1 |, 1., . W .. |PRAREA, . ., ... .,, PRINT FIRST LINE ., . . ., .
02 A
0.3 ceeai...|MLC  |ADDRR, LABZ2, ,, MOVE, ADDRESS, ,T.0, SECOND LABEL, .. .. ..
0.4 . l...MLC  |ADD A
os, |..,, 1, ,. W , [PRAREA. , .., ... .., PRINT SECOND LINE, . i\ i0 ittt
0,6, Li.. . MLC [CITYSR,LAB1 ,, ., ,, MOVE, CLT.Y. & STATE TO. FIRST. LABEIL
or |l v i . IMLC  lCITYSR, . LAB2 .. MOVE, CITY. & STATE ,TO .S.ECOND. .LABEIL
0.8 1., .MLC  lcITYSR, LABS L MOVE, CITY. & STATE TO, THIR.D .LABEI
oo, |, .. i, . W, [PRAREA . ., . .. . PRINT THIRD LINE ... . 0 .\ .\ ... ...
10 et € 0 .. ...,  SKIP TO FIRST LINE OF NEXT LABEL, CHN1
O N LC,  ILSTCD( v v v v w1y, TEST FOR LAST CARD . |\ oy ot e i
2 |, ..y, . B, BTART ,,,.,,,,,, BRANCH UNCONDITIONALLY, TO, START, . . ...
13, |LsTCD, |, , . W,  ISTART ., . ..,..,., ., HALT FOR LAST, CARD:. « t 0\ v ottt
QL‘WRO,NG.RQ,H H ., ,BTART, OB, WRONG RECORD. . . . .\, 5000 00y,
.sDKER,R;HAH.LMS.'I‘.A.R.T...,......LH.A.LT‘.FQ,RA.an.‘E,RR.O\R..
Figure 33. Coding Sheets for Printing Name and Address Labels from Disk Storage
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Section 5. Questions

62

1.

List two other items, besides data records, that
could be stored in disk storage.

Is it true that the sequential storage method of
storing records offers the advantage of unlimited
storage capacity?

. List the three parts of the disk control field.

. An area of core storage reserved for reading a

disk record must be followed by a group mark
with a word mark and immediately preceded by
a. an asterisk.

b. the disk control field.

c. a group mark with a word mark.

After a disk record is read into an area of core
storage from disk storage, what are the two changes
that must be made to the disk control field before
the record can be written back to its original loca-
tion in disk storage?

If a disk pack containing address block 00000-
19999 is located on disk drive 2 instead of disk

drive O, the disk alternate code in the disk control
field should be

Z€ro

. eight

twelve

four

seven

o0 g

. Write an instruction which will test the Unequal

Address Compare indicator and, if it is on, branch
to the instruction labeled TEST.

. The Access Busy indicator must be tested

a. only once during a program.

b. after every disk operation.

c. after a disk read or write operation.

d. after the first disk (seek, read, write, etc.) in-
struction following a seek instruction.

. The number of tracks within a disk cylinder is

. 100
. 10
1000
99

Ao ow

o~

0)
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Section 1.
1.
2.
3.

Answers and Solutions
1443 Printer
Yes. All data goes through the processing unit.

Yes. Data from the processing unit may be moved
as output to any one output device or any com-
bination of output devices.

4. 4000 characters

11.

. a. Control

A card must pass the reading station before it

can be punched.
b. Storage c. Arithmetic

90 characters with word marks
100 characters without word marks

. 20,000-20,199 (address range)
. Disk Sector address

. Yes. Each position of core storage has a unique

address.

To identify the leftmost position of a data field.

Section 2. Answers and Solutions

1.

AN

&

a. Establish the requirements of the problem and
the requirements of the solution.
b. Write the program for the computer to follow.

Autocoder.
b. To assign storage areas for data.
a. The leftmost position of the area reserved.

b. The address of the rightmost position of the
constant,

To specify that the constant is alphameric.

. The leftmost position of the first constant will

be given a word mark by the processor, whereas,
the second constant will contain no word mark.

Label 2ﬁpera'i
15 ol21 25 30 35 40
CONST1, ., |Dcw ., [@ERROR ,LISTING, ,. ., @ , |
EQURTH . . . [DCW, . 123456, . « o0 o0t en.
DATE , | bc e
el A 29627200
READIN . . . DA X80 , .. ., ., .. . .
DATE, , | DCW, , @ FEBRUARY®, ., ., . ., . . "
I
o aaa |

Appendix

Section 3. Answers and Solutions

1

2.
3.

. d. is passing the reading station.
c. DA (Define Area) operation code.

49 positions of core storage are required: 48 posi-
tions are used for data and a 49th position con-

tains a group mark with a word mark.

Answers a and b are both positive.

B
a. A equals plus 2
2

b. 1; -equals plus 2

c. both fields must contain a word mark in their
leftmost position.

c. a branch to the address of the instruction
specified by line 01 can be performed by a later
program step.

Section 4. Answers and Solutions

1

. d. MLCWA (Move Characters and Word Mark
from A Field). This operation moves the word
mark along with the edit control word to the print
field. The word mark is required in the control
word for editing.

. Fields after edit

$bbbbb.01—
$6,436.25

. ¢ can appear before or after the printing instruc-
tion. If the CC instruction appears before the
print instruction, a skip-after-printing d-modifier
is used. If the CC instruction appears after the
print instruction, an immediateskip d-modifier
is used.

No.
. a. is not true.

. No; a CC instruction must be executed to provide
the skip.

Appendix 63




11. b. sets an indicator which may be tested by sub-

sequent instructions.

OPERAND
s I D 12. a. Unequal
s b. Equal
il i P . Al 4 P A I Y SR |
c. Unequal
d. Unequal
8. b. sTEPX
13.
Lobel perati j OPERAND
OPERAND «
. ... lcs 999 CLEARS, 999-900 N
) START,CODE..R . o cs 89,9, CLEARS, 899:-800. i\ 0\, ..,
o | N N P | cs 625, CLEARS, 625-600. .. .
ot cs 501 ..., CLEARS, 501:-500, . .4, ..,
I cs .. l20 CLEARS, 200, ONLY, . 0.\ .y
10. N NN N
Line Label perati OPERAND
5 { 1 35 40 4 -1 60 [ 1] 70
o1, . ORG, , 401 v o oo i R
oz |PRAREA) DA_,_ 1X7, 6 DEFLNE THE .PRINT, AREA
o3 [TOTAL, LS SO Lo TOTAL FIELD ,,, . ., - R

0.4 DAREA DA . 1X5.,.G

0,5, IGROSS

DEF LNE TLH‘E._&A.B.D._&EAA__ABLA._A_._A_._H_M_._
1.,.5 i . GROSS, EARNINGS FIELD , ., , ., ,

PR

b - --E-F-F+-

06 |START, R, .. |1, RDAREA . READ A, CARD , ., . N i PP
0.7 . A_ ., |GROSS, TOTAL ,, ADD GROSS TO TO,_‘A,L e et
0.8 o |BLC , IPRINT, o s .., JHAS THE LAST CARD, BEFN PROCESSED 2
09, | .. B ..., |START BRANCH ,UNCONDITIONALLY .TO ,START,
10 PR[NL o w PRAREA, , BRINT THE TOTAL , . . ., o
L el H. .. N oo . HALT {END OF PROGRAM), . ., ., .

I
1.2 L PR S . n

Section 5. Answers and Solutions

1. a. program instructions
b. tables

2. Yes

3. a. access code
b. core sector address
c. sector count

4. b. the disk control field

5. On the read operation the core sector address was
incremented by the number of sectors read and
the sector count was decremented to zero. The
core sector address and sector count must be re-

64

stored to their original values before the record
can be written back to disk storage.

6. d. four

7.

Label perati
15)i6 0

. il BI N, TEST, X

8. d. after the first disk (seek, read, write, etc.) in-
struction following a seek instruction.
9. b. 10 tracks

)



Access assembly ... ... 8
Access Busy indicator ......... ... 54
Access Inoperable indicator ............. ... ool 54, 56
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