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Preface

Programming the 1900 Series in COBOL is a training manual in COBOL
programming on the ICL 1900 Series computers. It is intended for use
on ICL COBOL training courses and is therefore not a reference manual
and is not intended to be used long after the termination of the
course.

The manual should meet the needs of all trainee programmers in full
and Compact COBOL. It does not assume any previous knowledge of
the 1900 Series or of programming. All the major full COBOL facilities
are included. Direct access programming is also dealt with, but the
manual provides only a starting-point and is not comprehensive in this
field.

The structure of the manual is as follows, Chapters 1 to 3 provide a
basic introduction to the 1900 Series and to flowcharting. Chapter 4
introduces the COBOL language and its main features. Chapters 5to 7
deal with the four divisions of a COBOL program, and the main body. of
programming. Chapter 8 describes steering lines and the compilation
process, Chapter 9 makes some points about efficient program writing
and testing and Chapter 10 introduces subroutines. Chapter 11 is a
description of direct access. Chapter 12 introduces SORTing, Chapter
13 describes segmentation and lastly, Chapter 14 deals with some less
common features of COBOL.

It is stressed that this manual is essentially a training document and is
not a complete description of COBOL facilities. For authorative
definitions, reference should be made to the reference manual COBOL.

The following acknowledgement is reprinted from the COBOL 1965
Report issued by the U.S. Department of Defence.

Any organization interested in reproducing the COBOL report and
specification in whole or in part, using ideas taken from this report as
the basis for an instruction manual or for any other purpose, is free to
do so. However, all such organizations are requested to reproduce this
section as part of the introduction to the document. Those using a
short passage, as in a book review, are requested to mention COBOL in
acknowledgement of the source, but need not quote this entire
section.

COBOL is anindustry language and is not the property of any company
or group of companies, or of any organization or group of
organizations.

No warranty, expressed orimplied, is made by any contributor or by the
COBOL Committee as to the accuracy and functioning of the
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programming system and language. Moreover, no responsibility is
assumed by any contributor, or by the committee, in connection
therewith.

Procedures have been established for the maintenance of COBOL.
Enquiries concerning the procedures for proposing changes should be
directed to the Executive Committee of the Conference on Data
Systems Languages.

The authors and copyright holders of the copyrighted material used
herein

FLOW-MATIC (Trademark for Sperry Rand Corporation),
Programming for the Univac (R) i and Il, Data Automation Systems
copyrighted 1958, 1959, by Sperry Rand Corporation; [BM
Commercial Translator Form No. F28-8013, copyrighted 1959 by
IBM; FACT, DSI 27A5260-2760, copyrighted 1960 by Minneapolis-
Honeywell

have specifically authorized the use of this materizi in whole or in part,
in the COBOL specifications. Such authorization extends to the
reproduction and use of COBOL specifications in programming
manuals or similar publications.
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Chapter 1

§
/

Basic 1900 concepts

INTRODUCTION

A computer may be regarded as consisting of a central processor and &
number of peripherals. Within the central processor are performed the
tasks of manipulating data (data processing) for which the whole
machine is designed; these tasks are controlled by a precise and logicai
set of instructions (or program) which has been prepared by a
programmer. The function of the peripherals is to transfer the data to
and from the central processor.

The most important part of the 1900 central processor is the store, in
which the data and program instructions are represented in binary
form. The store is divided into units known as store locations or words
and the size or capacity of the store is expressed in terms of the number
of locations it contains; this is calculated in multiples of 1,024, for
example, 8 x 1,024 = 8,192 locations. However, it is more usual to
abbreviate the capacity term by the use of K, for example, 8K = 8,182

Before data can be processed it must be converted intc a form
acceptable to the central processor {this also applies to the prograii
instructions which operate on the data). Similarly when the results ¢f
the processing are extracted from the machine these must be
converted back into a form which human beings can read. The
handling of these processes (known respectively as /nput and output) is
performed by machines called peripherals.

The main input peripherals on the 1900 are the card reader and the
paper tape reader, which transfer to the central processor data and
program instructions punched in coded form in cards or paper tape.
The most important output peripheral is the line printer.

In addition to the above machines, often referred to as s/ow
peripherals, there are also magnetic devices to and from which
transfers can be made at greater speed. These devices are most often
used as a form of backing store to contain data, such as records, which
may be required on more than one computer run. They include
magnetic tape, cassette tape, magnetic discs and the magnetic drum;
the two latter are known as direct access devices. All these machines
are called fast peripherals.



The tangible machinery of the computer, that is, the central processor
and the peripherals, is known as hardware. Software refers to any
intangible system for controlling the operations of this machinery;
thus, strictly speaking, any program can be called ‘software’, although
in practice the name is usually reserved for programs or parts of
programs prepared and supplied by the manufacturers of the
computer.

A special case of such software is Executive, the program which must
be permanently in the store of all 1900 central processors while they are
switched on, and which controls certain of their activities. Executive
(which will be more fully described in Chapter 2 of this manual) is
unusual in that certain facilities are available to it; from the point of view
of the programmer, in fact, its operation can be regarded as equivalent
to the operations of hardware.



THE BINARY SYSTEM

Within a 1900 Series computer both the data to be processed and the
program instructions which perform the processing take the form of
numbers which are represented electronically. The methods used,
however, mean that such numbers must be represented in binary form.

Whereas the notation we use for arithmetic in everyday life (the decimal
systemi of notation) involves the use of ten different symbols (the
figures 0 to 9) the binary system requires only two. in writing these are
represented by the symbols O and 1 and within a computer they may be
represented, for instance, by a circuit which can only be in one of two
distinct states; one state would then be allocated to the same function
as the symbol 0 and the other state to the symbol 1.

The differance between the decimal system and the birary system can
be expressed in mathematical terms by saying that the decimal system
has a ‘radix’ of ten, whereas the binary system has a ‘radix’ of two.

A decimal number, for example 689, consisis of a combination of
digits: reading from right to left each digit indicates a successively
higher power of ten. Hence 689 could also be regarded as.

six hundreds + eight tens + nine ones
or in mathematical notion as

(6 X102 + (8 x 10Y) + (9 x 109
In a binary number, however, although the digits are arranged in the
same order, each binary digit indicates not a power of ten but a power
of two. In binary notation the symbol 1 indicates that a particular power
of two is present and the symbol 0 indicates that it is absent. Hence the
binary number

101
could be regarded as

one eight + one four + no twos + one
and could be written in mathematical notation as

(1 x2%) + (1 x22)+(0x2) + (1 x 29
or more simply

23+ 22 4 20
in decimal notation this could be written

8+4+ 1(=13).
Each O or 1is known as a binary digit or bit. A group of a fixed number of
such bits makes up one computer word. In storage, each 1900 word is
contained in a location accommodating 24 bits and identified by an
address, one of a consecutive series of numbers, which may be
expressed in decimal or in binary. The contents of a word may be

moved (or copied) to another word by means of appropriate program
instructions.



Binary arithmetic

Although, when written, a binary number contains more (often many
more) digits than a decimal number there are two main advantages in
employing the binary notation inside the computer: it is more
economical of storage than any ‘coded’ representation of decimal
numbers and simpler circuitry is required to carry out the arithmetic
operations described below.

Although there is no need for the programmer to have detailed
knowledge of the physical means by which arithmetic is performed
inside the computer, an appreciation of the basis of such operations
can be gained by considering more examples demonstrating binary
arithmetic, using the notation already defined.

Addition of binary numbers can be performed by the same method as
addition of decimal numbers, by adding together the individual digits,
starting from the right, and effecting a ‘carry’ when necessary. In the
case of binary numbers, however, since each column of bits indicates
only a power of two, this ‘carry’ will occur whenever two 1's are added
together. Hence the rules for binary addition can be summarized as
follows:

0+0=0

0+1=1

1+0=1

1+ 1=0andcarry 1

1+ 1+ carry = 1and carry 1

An example of such a binary addition can be most clearly demonstrated
by showing first the ‘partial sum’ and the ‘carries’ separately, and then
the result of adding in the carries:

1101 13
+ 1001 + 9

0100 12
11 1
10110 22

Although it would be physically possible to perform direct subtraction
within the computer, the design of the machine is greatly simplified if a
method known as complementary subtraction is used. Under this
method one number can be subtracted from another by adding to the
first number the complement of the second.

The complement of any particular number may be defined as the
number which needs to be added to it in order to produce a zero answer
(discounting the extra digit, which such an addition will produce).
Hence, in decimal notation, the complement of 33 is 67, since the two
numbers together add up to 100 and the new digit produced is
discounted. If therefore we wish to subtract 33 from, for example, 80,
one way of doing this would be to add to 80 the complement of 33, that
is, 67. This would result in 147, or, if the extra digit is discounted 47.

The complement of a binary number can be formed by changing every
0in the numberto 1 and every 1to 0, and then adding 1. {In effect, this
amounts to copying down the number, starting from the right-hand
end and, after the first 1, reversing 0's and 1's.)

In order to subtract 1010 {(decimal 10) from 1101 (decimal 13) the
complement of 1010 is first formed and then this is added to 1101.

1101
+ 0110 (complement of 1010)

10011




Octal

THE 1900 WORD AND THE
. PROGRAM AREA

If we disregard the extra digit at the left-hand end of the number and the
two non-significant zeros the answer is binary 11 {decimal 3).

Although the programmer (as distinct from the machine for which he
writes his program) does not have to work in binary he occasionally
needs to write down a number in binary notation. Since a large number
in binary contains a great many bits this is usually done more concisely,
using a shorthand method known as octal.

In octal representation (which implies counting in eights) the bits of a
binary number are considered in groups of three biis. Hence the highest
number which can be represented in one group is binary 111, or 7 in
decimal and octal notation, and a 24-bit cornputer word in which every
bit was a 1 would be represented in octai as 77777777 (or eight groups
of 7).

Decimal symbois for numbers beiow 7 can aiso be used to represent
other binary patterns which appear in the table which follows. This
table assumes, for the sake of clarity, a computer word ot 12 bits; the
three columns show:

1 The binary number as a simple string of bits.

2 The binary number with the bits grouped in threes.

3 The octal equivalent.

The table also demonstrates that octal numbers are preceded by a hash

mark ( # ), and that leading (that is, non-significant) zeros are usually
omitted, as in the second and fourth examples.

Binary Binary (grouped|) Octal
111111111000 m 1M 111 000 #7770
000000111000 000 000 11 000 #70
111111001011 111 mm 001 011 #7713
000000110100 00C 000 110 100 #64
1001001101061 100 100 110 101 #4465

The unitin which a 1900 computer holds data and program instructions
in binary form is the word of 24 bits. Each word or location (on the 1300
Series the two ierms mean the same thing) in store can be referred to
(addressed) in one of three different ways:

1 By an absolute number or absolute address which is used by
Executive and by hardware but never by the programiner. This
number indicates the position of the location in the store as a whole
(that is, including the area occupied by Executive).

2 By a number which is assigned to it for the purposes of a particular
program. Under this system the first location used in a particular
program is assigned the relative address 0 and all succeeding
locations are numbered consecutively from this starting point.

The absolute address of the starting point is known as the Datum of
that program. During the running of the program Executive establishes
the absolute address of each location used in it by adding its relative
address to the Datum; the absolute address can then be used by
hardware for its operations.



Format of the word

Data words

BINARY INTEGERS

BINARY FRACTIONS

3 By a name composed by the programmer himself under the rules of
the COBOL language. In COBOL these names refer to fields within a
record, and the field boundaries do not necessarily coincide with
word boundaries.

Note: All the above names and numbers are ways of referring to a
location; they should be carefully distinguished from the contents of
that location, thatis, a binary pattern which may be an item of dataor a
coded program instruction.

The 24 bit-positions in each word are also numbered from B0 to B23. In
a graphical representation B0 is the bit-position at the extreme left; it
will be the most significant bit of the number. B23, the least significant
bit of the number will be at the extreme right, as for example

B0,B1,B2........... B21,B22,B23

(Similarly, when two or more words are represented on paper the word
with the lowest address in the program is given the left-hand position.)

Other aspects of the format of each word depend upon the category
into which the word falls; the two main categories are words which
contain data (data words) and program instruction words.

When the data contained in a word is held in the form of a binary integer
that is, a whole number, (as distinct from a fraction), the least
significant bit of the integer occupies B23 of that word.

When the integer is positive, BO of the word is always zero. (Hence the
highest positive number which can be accommodated in one word is
2%_1, or in decimal, 8,388,607, since an addition of 1 to this would
involve overspill into BO.)

When the integer is negative, BO is always 1. This is because every
negative number is held inside the machine as the complement of the
corresponding positive number and, as described in the previous
section, a binary complement is formed by inverting every 1 and every 0
after the least significant 1. Hence BO (always 0 in a positive number)
becomes 1. The addition of a negative number and the subtraction of
the corresponding positive number by means of the complement are
essentially the same operation, as they are in conventional decimal
arithmetic.

The following table shows the format of some positive and negative
numbers within a 24-bit word (B0 is shown, detached, on the far left).

Decimal Binary

+1 0 00000 000000 000000 000001
+10 0 00000 000000 000000 001010
-1 1 mm 1111 11t 1M
-10 1 1M 111111 111111 110110

A binary fraction is usually held in one word. A binary point is
conventionally considered to stand between BO and B1 of the word
although it is not physically represented in the machine; bit positions to
the right of the binary point represent2-,2-2, 23, thatis, %2, %, s and
so on, reading from the left.



DOUBLE-LENGTH WORKING

As with integers, B0 is 0 if the fraction is positive and 1 if the fraction is
negative; the following table shows the representation of some binary
fractions.

Fraction Decimal form Binary form

+ %2 +.5 0 10000 000000 000000 000000
+ +.125 0 00100 000000 000000 000000
— % —.5 1 10000 000000 0CCO0C 000000
- —.125 1 11100 00000C 000C00 000000

The fact that there is no physical difference in the representation of
fractions and integers means that the programmer is responsible for
ensuring the validity of the arithmetic operations for which he is writing
instructions; for example, he should never add a word containing an
integer to a word containing a fraction.

A binary number which is too large to be contained iti one word of store
can be placed in two (or even more) adjacent words. The ieast
significant bit of the number will then occupy B23 of the word with the
higher number in the program (the right-hand word in a graphical
representation). The sign-bit (indicating whether the number is positive
or negative) will be BO of the left-hand word while B0 in the cther word
{or words) is set to zero and has no significance in the number.

\' Word 1

80
(sign-bit)

MIXED NUMBERS

CHARACTERS

823 80 B23
(ignored) {least significant bit of number)

A mixed number (a combination of an integer and a fraction) can be
held in binary either as separate binary patterns for the integer and the
fraction, or as a scaled-up integer. Thus 8.75 can be held as 8 and .75 or
as 875.

A data word may also be regarded as four units of six bits. These are
conventionally numbered n0 to n3, from left to right.

Within each of these units the six bits may assume one of the 64
different binary configurations {from 000000 to 111111). It is therefore
possible to use such units to represent 64 numeric, alphabetic and
special {(for example, full stop) characters, the numbers 0 to 9 being
represented by their usual binary form and other characters being
represented by an agreed code. See Appendix 2 for the 1900 Series
Internal Character Code.

It is in this format of four characters to each word that data is usually
stored in the machine immediately after the input process and
immediately before it is output. The hardware of the machine cannot
perform arithmetic directly on numeric characters, so that character
fields must be converted to binary before arithmetic can take place,
while answers in binary must be converted to character form before
they can be output. However, any program produced by a COBOL
compiler will include steps to perform such conversions where
necessary.

Note: Character form is used mainly with slow peripherals; data used
for arithmetic on tape or disc should be held in binary form. in the
interests of program efficiancy, conversion to binary of character fields
used in arithmetic should be kept to a minimum. For details of
techniques to achieve this, see Chapter 9.



Program instruction words

The layout of store

ACCUMULATORS
(LOCATIONS 0 TO 7
INCLUSIVE)

The words which contain the instructions of a 1900 program also
consist of configurations of 24 bits.

These words have two main types of format, depending on whether the
instruction is a normal instruction or a branch instruction.

A normal instruction consists of:

Bits Function
BOto B2 A binary number referring usually to an accumulator.
B3to B9 A function-code which indicates the particular

operation to which the instruction refers (for
example, addition or subtraction).

B10and B11 A number which refers to a modifier if one is
required.

B12toB23 Txe relative address of a word in core store con-
taining the data on which the instruction is intended
to operate.

A branch instruction differs in that no modifier is ever specified; the
function code occupies B3 to B8 and B9 to B23 refer to the address of a
word containing the instruction to which the branch is to be made.

The area of store with which the programmer is concerned (that is, the
locations that follow the area occupied by Executive) can be
represented by a diagram such as that below:

Accumulators

Reserved words

Lower store

Program operation store

Upper store

In the following description, the limits of each of these areas are defined
in terms of the relative addresses and not the absolute addresses of the
locations concerned.

The format of a program instruction word allows for the addresses of
two locations containing data to be quoted. One address can be
accommodated in the last twelve bits (B12 to B23) of the instruction
word; this address may be any number up to 4,095, which is the largest
number which can be held in binary in twelve bits.

The other address must be one which can be contained within the first
three bits of the instruction word; it must, therefore, be one of the
locations numbered 0 to 7, since the number 8in binary (1000) occupies
four bits. These first eight locations are known as accumulators
{‘accumulator’ is conventionally abbreviated to X); when any operation
involves two sets of data, one of these sets must first be placed in an
accumulator so that the instruction word may make reference to it.

Some operations (for example, those which shift individual bits within a
word) can only be performed on data held in an accumulator.



RESERVED LOCATIONS
(LOCATIONS 8 TO 44
INCLUSIVE)

LOWER STORE

THE PROGRAM OPERATION
STORE

UPPER STORE

"THE HARDWARE OF THE
1900 SERIES

This part of store consists of locations used by Executive or by various
software packages which facilitate input and output processes. These
locations must not therefore be used by the programmer except when
employing such software.

Lower Store, usuaily abbreviated to Lower, can be defined as the
remaining locations in store which can be addressed directly by a
program instruction word. This may therefore include ali the locations
up to and including the location with the relative address 4,095; the
actual size of Lower will, however, depend on the requirements of the
particular program concerned.

Data contained in Lower falls into two categories:

1 Lower presets. These are constant {or ‘preset’} values which are
required (or likely to be required) each time the program is run and are
therefore specified by the programmer as the conterts of certain
addresses when the program is written. An example might be a tabie
of tax rates in a program written to calcuiate employees’ pay.

2 Lower variables. This is data which varies during the running of the
program and cannot therefore be directly specified by the
programmer who merely allocates and names sufficient locations to
contain the required data. In a payroli program such variables might
include the number of hours worked by the employees concerned.

The remaining locations beyond those occupied by Lower variables
may be used to contain program instructions. Referencing these
locations is not a problem since a branch instruction word which
performs the addressing of other instruction words is provided with
fifteen bits for this purpose and can contain numbers up to 32,767 in
binary.

Data, as well as program instructions, can be held in any store locations
which are available beyond location 4,095; this is known as Upper Store
or Upper. The referencing of data in Upper is described in Chapter 9.

Data stored in Upper is also divided into Upper presets and Upper
variables.

The 1900 Series of computers is provided with the facility known as
standard interface. This takes the form of a multi-pin plug and socket,
and is the standard connection between the central processor and the
peripheral devices. The control requirements of each kind of peripheral
are designed to fit within this pattern, allowing great flexibility in the
attachment of peripherals to a central processor; and the processor
itself may be changed, within certain limitations, for a more powerful
model, without disrupting the entire system.
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Peripherals

BASIC DEFINITIONS
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Central processors differ mainly according to:
1 The size of core store (expressed in multiples of 1,024 words).
2 The speed at which program steps are performed.

3 The extent to which certain functions are carried out by hardware
operations or by software.

(For programming purposes, however, the differences included under
3 are not of great importance.)

The current 1900 range of central processors have sizes of core store
varying from 4K to 256K words. The store cycle times of these
machines, in other words the time which the processor requires to
access a location in store, is usually measured in nanoseconds.

All these processors except the 1901 and 1901A have facilities for the
running of more than one program at a time.

Peripheral devices, as explained earlier in this chapter, transfer data to
and from the central processor.

The 1900 Series has a wide range of peripherals, which fall into two
classes. Slow peripherals include card readers and punches, paper tape
readers and punches, and line printers; fast peripherals include
magnetic tape and various direct access devices.

Among the speeds available on slow peripherals are the following:

Card readers . 300, 900 and 1600 cards a minute
Paper tape readers : 300 and 1,000 characters a second
Card punches : 33, 100 and 300 cards a minute
Paper tape punches . 110characters asecond

Line printers : 300, 60Q and 1,350 lines a minute.

This section provides a brief introduction to each type of peripheral, the
form in which data is transferred and certain characteristics and
facilities which are of interest to programmers. Direct access devices,
however, will only be given a brief mention. A separate chapter,
Chapter 11, is devoted to direct access with COBOL.

For full details of 1900 peripherals, reference should be made to the
following ICL 1900 Series manuals: Basic Peripherals (for slow
peripherals), Magnetic Tape, and Direct Access.

Certain basic terms relating to peripheral transfers in COBOL are
defined here; further information on their particular application in
COBOL programming is given in Chapter 6.

Data on an input or output peripheral unit is held as a continuous
stream of material known as a file. For example, a pack of cards or a set
of printed lines could be regarded as a file. The term signifies not the
medium itself (for example, cards or magnetic tape) but a set of related
data, as it is held collectively on the device.



buffer

record

field

SLOW PERIPHERALS

Card peripherals

Each file has its own buffer, an area of store in Upper or Lower data into
which input data is read from a peripheral. Similarly, output data is
written from the buffer to the peripheral unit. There will normally be one
buffer per file, although two can be specified if required. This technique
is known as double buffering and can increase the transfer rate, since
while one buffer is being processed, the other can be filled or emptied.

A buffer holds one unit of input or output. This may be a record (see
below) or, as in the case of magnetic devices, a number of records. The
programmer does not deal directly with the buffers, but instead he
considers each file to have a record area; this will contain the next
record after the previous one is read, or it is where the next record is
built up before it is written. The record area may or may not be the
actual buffer for the file. This varies according to the type of peripheral,
and as to whether double buffering is being used. At any event, it need
not concern the programmer.

Files of data held on peripherals are divided logicaily into subdivisions
known as records. For example, a punched card or a line of print might
constitute a record. This is the basic unit of input or output for the
programmer, in other words, the unit in which data is transferred for
processing; (on magnetic peripherals, the physical unit of input or
outputis a block or bucket which may contain many records, although
each record is still processed separatelyi.

Records are further divided into smalier sections called fields, such as
different items on one card, or within a line of print. in a record giving
details of an article to be sold, the fields might consist of colour, weight,
size and price.

Data is represented on peripheral devices in a form which varies
according to the type of peripheral. Slow peripherals are sometimes
known as character peripherals, because their input and output
involves data in character rather than in binary form. The nature of card
peripherals, paper tape peripherals and the line printer is considered
below.

Data can be input or output represented on cards, which are punched
by a card punch and read by a card reader. Each card contains 80
columns, each of which corresponds to a single character. A card can
therefore take up to 80 characters. A card column consists of 12
punching positions, some of which are punched with holes in a pattern
which represents a character. Each character has a unique combination
of holes punched in different positions, according to the 64-character
1900 Card Code. This code is given in full in Appendix 3.

Card reading starts at column 1 and can be stopped at any character if
no further data is required from that card. Card punching must always
be exactly 80 characters.

To indicate to the program that a pack of cards is complete and has
been read, an extra card is placed at the end of the pack, punched with
four asterisks in columns 1 to 4. (This must be followed by a blank card
if double buffering is used.)

11
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Another medium for input and output is paper tape; this is punched
with data by a paper tape punch, and the data is read by a paper tape
reader. Standard paper tape is known as 8-track tape. Although
5-track, and other kinds of tape, can be handled by paper tape
peripherals, COBOL programs will usually only be concerned with
8-track tape. This sort of tape is so called because it has eight possible
punching positions in each frame on the tape. One of these is used for
parity checking, an automatic check on the validity of the punched
pattern, and the remaining seven tracks are reserved for data.

Each character is represented by one frame of the tape punched with a
combination of holes in the seven positions. Characters recorded on
8-track paper tape must be chosen from the 1900 Paper Tape Codes,
which are given in Appendix 4. This code, in full has 128 punching
patterns, but because the 1900 character has only six bits, only 64
combinations can appear in internal machine code. All the alphabetic
and numertc characters and common symbols can be represented but it
is wise to avoid the use of the symbols $ T and<—in data input to the
object program.

As described above, each character in the 8-track paper tape code
consists of seven data bits plus a parity bit. On the other hand, in the
1900 internal machine code, each character is represented by six bits.
To be able to accept data into store from paper tape, the tape reader
drops each parity bit (after checking to ensure that parity is correct) and
then converts each seven-bit character into a six-bit character in store.

Since only 64 combinations are available in a character position in
store, and 128 combinations are possible in a paper tape frame, certain
characters which are different on the tape become the same pattern in
store.

Where ambiguity could arise, shift symbols are introduced to
distinguish between the characters which have identical bit
combinations. The paper tape reader inserts a shift character in front of
the data character in core store. Thus some single characters on the
paper tape, with the addition of the shift symbol, become two
characters in the computer store.



Line printers

Paper tape control loop

COBOL. is normally limited to use of the aipha shift which contains all
the normal 64-character set. Since these characters can be assumed o
be in alpha shift, no shift character is necessary. Therefore the
programmer need not usually concern himself with the other
characters requiring shift symbols. An exception to this, however, is
the newl/ine character, which is used to mark the end of variable length
paper tape records. The newline has to be held in store as two
characters, because it belongs to delta shift, and will therefore be read
into store as #76 32, which would print as $*. The shift character #76 is
inserted by the tape reader (or by the program on output) to distinguish
between newline and the asterisk character, which is also read into
store as #32. The important point to note is that two character
positions must always be allowed for newline in store.

Both input and output records on paper tape may have a maximum of
4095 characters. Records may be either fixed or variable length. Fixed
length records must all have the same number of characters, unfilled
positions being punched with space characters. For variable length
records, the actual number of characters in each record is punched,
followed by a newline, by which the tape reader recognises the end ot
the record. In this case, records must not exceed 4093 characters and
the newline {two characters).

The end of the paper tape file will be indicated by a special character
punching of four asterisks followed by a newline (two newlines if
double buffering is used).

Data in character form is usually output on the line printer. 1900 line
printers are able to print either 96, 120 or 160 characters per line, butin
COBOL, the normal print record should be 120 characters long. 96 or
160 characters are however acceptable if the printer used is of this
specification. Each characterin store is printed as a separate character,
and will belong to the normal 64-character set. It is usual to fill out each
line in store with space characters (#20) at the right hand end, to equal
the length of line on the printer; however, this is only essential on some
models of printer.

The spacing of the paper must be controlled when output is made on
the line printer. The paper used for printing is divided into forms by
horizontal perforations; forms can vary in depth, but the most common
is 4bcms deep. Sprocket holes are punched down the sides of the
paper.

In order to plan the spacing of printed documents, it is essential for the
programmer to know the position on the form at any time and to
determine exactly where items are to be printed. Spacmg can be
controlled by a paper throw of one or two s o5 gnecd
in the program and performed by a softvir Too: or l,j, a
hardware facility known as a paper tape loop.

This loop is an 8-channel tape into which holes are punched to control
the vertical format of printing, each channelindicating a position on the
print page. The effect of this is that the printer can be instructed to
space lines until a punching is detected in a specified channel of the
loop. At this point, spacing stops and printing will begin.

13
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The printer is equipped with a reading head, which senses the holes in
the loop and transmits signals to the control electronics in the printer.
When the paper is fed into the printer, the appropriate loop is selected
by the operator and put on the printer. The two are then lined up so that
a punching is sensed in the first channel of the loop at the position of
the first line of a printing form. Therefore, every time the paper is
moved one or more lines, the loop moves one or more sprocket holes.
Whenever a paper throw of more than two lines is required, the
program can initiate a throw which continues until halted by a hole
sensed in the specified channel of the loop.

On the loop, seven channels are available to COBOL users (or five on
the 2401 printer).

Channel 1 is head of form, which represents the first print line of a
document. When the printing is set up, the control loop is
automatically positioned so that the hole punched in channel 1 is under
the sensing head. Channels 2 to 7 are used to represent stopping
positions on the paper; as a result of a paper throw, movement
continues until a hole is detected in the specified channel. As far as
COBOL is concerned, it is best if punchings to halt paper throw in the
body of the form are all in the same channel chosen from channels 2 to
7. Channel 8 is not used in COBOL.

The programmer keeps a note of the point he has reached on the form
by means of a /ine count, which he sets to the appropriate number of
lines on the form. The count is then reduced by one each time the
printer spaces a line.

The use of the paper tape loop and the line countin COBOL is explained
under WRITE in Chapter 7.

It has already been shown that fast peripherals are used to store data on
magnetic media, at a much greater input/output rate than slow
peripherals. Magnetic devices preserve data stored by a program;
unlike slow peripherals, they are not used to transfer data directly
between the human user and the central processor, but are an
important storage medium in addition to the computer store.

Fast peripherals consist of magnetic tape and direct access devices.
The latter are described in Chapter 11.

Data is written from store to magnetic peripherals by what is basically a
simple copying process. On 7-track magnetic tape, for example, each
frame has six data bits, and one word can therefore be held on the tape
in four frames. This facilitates the copying of character or binary fields,
or a mixture of both, on to the magnetic medium as a series of words.

Magnetic tape input and output is handled by a set of subroutines
called the Magnetic Tape Housekeeping System (MTH), which
minimises the operations carried out by the programmer. These
subroutines are incorporated in any COBOL program which requires
magnetic tape during compilation.

MTH calls on Executive to open magnetic tape files for input, and to
close them after output. It also organises output records into blocks,
and unpacks blocks of records on input. This process is described
below. MTH also deals automatically with continuation reels.



Data is held on peripheral devices in the form of units called records.
However, when magnetic tape is input or output, data is presented to
or received from the computer in manageable sections called blocks. A
block normally holds a number of records, the guantity depending on
the length of the block and the record size. The main limitation on the
size of a block is that a complete block must be held in store at one time.
When a block has been read into an input buffer, each record in the
block must be unpacked and processed in turn. As described on page
11, each peripheral file has its own buffer, a medium of storage for
records before and after processing. Similarly, when a block is written
to magnetic tape, the program must pack the required number of
records together in the buffer, before writing the block. In COBOL,
packing and unpacking are handled automaticaily.

Although there is no specific limit on the size of a block, it is inadvisable
for blocks to be greater than 512 words lonig, as 1300 utility programs,
for example, sort programs, can only handle blocks up to this size.

The standard layout for magnetic tape must be used for any tape files
handled by COBOL programs. This layout is illustrated below.

Gap Gap Gap Gap
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biock

Trailer
labet

RN

A magnetic tape file, divided into blocks, must also contain a header
label, a start of data sentinel and a trailer label as shown above.

The header label is used at the beginning of a file to provide essential
information about the file. |t contains three items of interest to the
programmer:

1 The name of the file.

2 The generation number, a number given to distinguish one version of
the file from another, as for example, an input from an identically
named output file.

3 The retention period, the number of days for which the file is to be
regarded as valid data. After this period, the data on the file may be
erased and the tape used for something else. This information is only
required for output files.

All this information must be provided for MTH in order that it may
identify input files, or write a new header label for output files.

15
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The start of data sentinel is a marker on the tape, with a length of two
blocks, which shows whgre the data starts. User sentinels are a similar
sort of marker that can be used to divide sets of blocks.

The trailer label marks the end of data on the tape, and indicates
whether there is a continuation reel, that is, another tape which follows
on continuously from the current tape. It aiso contains a count of the
number of data blocks on the tape, which is written and checked by
MTH when the tape is read.

Magnetic tape standards as described above also apply to cassette
tape. This comprises magnetic tape in cassettes, normally for use with
small 1900 machines. In this case, the Cassette Tape Housekeeping
System is used.

Direct access devices are so called because they enable data to be
accessed readily at any position on the file without running sequentially
through the whole file to find the required material.

The main types of direct access device are Exchangeable Disc Store
(EDS), Fixed Disc Store (FDS) and Fixed Exchangeable Disc Store
(FEDS) on the 2903 and 2904.

1900 direct access is controlled by a similar package to the Magnetic
Tape Housekeeping, called the Direct Access Housekeeping System
(DAH). This provides the same kind of facilities as MTH, and will be
added to a COBOL program during compilation if required. More
information on DAH is given in Chapter 11,

A block of data on magnetic tape or direct access devices contains one
or more records. Each record must start with a word count word
which contains a count in binary of the size of the record in words,
including the word count word itself.

On output from a magnetic device, there is no need for the COBOL
programmer to place a value in the word count word, as the object
program will contain steps which automatically insert the correct value
so long as the word count word contains zero. After the record has
been moved to the output buffer, the word in the record area will be
zeroised, again automatically. However, there may be cases where a
given record can vary in size. The programmer should then calculate
the size of the particular record in words, and insert the correct value
before outputting the record.

Program instructions for 1300 computers are written not in the form of
binary numbers (by which they are eventually represented inside the
machine) but in one of a number of programming languages. Among
the languages available are:

PLAN General purpose language
CcoBOL

RPG $ Commercial languages

(2903/4)

FORTRAN } . o

ALGOL Mathematical/scientific languages



Commercial languages

Such languages enable the programmer to state his requirements ina
symbolic manner using alphabetic names and characters instead of
numeric references only. in some languages (for example, COBOL) this
use of alphabetic names enables the program to be written entirely in a
restricted form of English.

A program written in accordance with the programming language is
known as a source program; a special purpose program, known as a
compiler, assembler or translator is employed to convert the source
program into the entirely numerical ‘'machine code’ or object program.
Programming languages cffer these advantages:

1 Programs can be written and tested in a shorter time.
2 Documentation of the program will be available in a readable form.
3 The maintenance and revision of programs is simplified.

4 The computer procedure is more easily understood by people not
trained in machine code.

5 Some languages can be used on different types of computers and
thus permit the exchanges of ideas and programs among computer
users.

When writing in a programming language the programmer does not
usually have the same detailed control over his program as when using
machine code, but the advantages listed above considerably outweigh
this fact. Some languages are intended for use on one type of machine
only, and these usually give the programmer a much closer control over
the final program. In the 1900 programming system this function is
performed by PLAN, which is the basic programming language of the
1900 series.

A language such as PLAN, which is written for a particular type of
machine, is known as a fow-level language, whereas languages that
may be used on more than one type of machine are said to be
high-level. The main point of distinction is that in a low-level language
each instruction in the source program usually corresponds to one
instruction in the object program, whereas in high-level languages one
instruction in the source program may generate a number of object
program instructions. It is possible however for program segments
written in PLAN to be combined with segments written in other
languages, and in particular PLAN is used in association with COBOL
and FORTRAN.

COBOL and RPG have separate compilers each of which is capable of
generating a number of machine instructions from one statement in the
source program. They therefore represent higher Iavel languages than
PLAN.

COBOL is a common business language which is used in association

with many types of computer throughout the world and which
enables the programmer to state his requirements in basic English.

17



Mathematical scientific

languages

The compilation procedure

For programming problems of a mathematical or scientific nature,
several languages are available, including FORTRAN. In such
languages, arithmetic operations to be performed on data are written
as a series of source program statements using a notation similar to
standard mathematical formulae. Apart from the basic operations of
addition, subtraction, multiplication, division and exponentiation,
there are also facilities for performing trigonometric and logarithmic
functions.

Each language in the 1900 programming system has its own compiler;
however, conversion is not made directly into the machine code, but
into a semi-compiled form. See Chapter 8. The full procedure is as
follows:

Phase 1. A program can be written as a number of parts or segments,
each of which will be compiled separately using the appropriate
compiler.

Phase 2. The semi-compiled segments are combined by means of a
special purpose program known as a consolidator (alternatively this
function may be performed by the compiler itself). COBOL segments
may be combined with segments written in other languages, and also
at this stage any required /library subroutines {see below) are
incorporated. The output from the consolidator is the final object
program, with all cross references between segments consolidated and
‘leader’ information prepared for use when the program is loaded to
store for running.

The diagram below demonstrates the sequence:

PLAN CcOBOL FORTRAN ALGOL
Compiler .
(Assembler) Compiler Compiler Compiler

'

| '

Subroutines

18

. Library
Consolidator ¢

subroutines

Object program

In the source program there are facilities for automatically
incorporating /ibrary subroutines; these are software routines
produced and supplied by ICL which save the programmer the trouble
of writing his own instructions for certain very commonly required
operations.



Such subroutines are generally held on magnetic tape or discs in semi-
compiled form with appropriate ‘leader’ information. When a
subroutine is called for in the source program, the consolidator
arranges for the subroutine to be included in the object program during
Phase 2 of compilation.

In addition, complete packages of subroutines are available to handle

input and output from both magnetic devices and slower peripherals.
These are MTH and DAH as defined earlier in this chapter.

19






Chapter 2 Executive and the central processor

All computers in the 1900 Series use an Executive program as part of
the control of the machine. {tis in many ways irrelevant to the user that
this control is performed by program and not by hardware. This is
evident from the fact that programs are interchangeable between all
processors in the series, even though the division of functions between
hardware and software is different in the various cases.

The Executive program may in fact be regarded simply as a permanent
part of the machine, a means whereby the designer has been able to
make a machine with more convenient facilities than if hardware alone
had been used.

It is used in four main fields of activity:

1 Control of peripheral devices and execution of peripheral transfer
requests.

2 Provision of extracode facilities.

3 Control of multiprogramming {(except on 13801 and 1901A
processors).

4 Communication with the operator and execution of operator
directives, including loading programs and deleting them.

The processor is capable of working in two modes, Executive and
Normal. This need not concern the user at all, as Executive mode will
cccur only when Executive is being obeyed.

Entry into Executive may arise either as the result of a program carrying
out an instruction which involves Executive action in its implementa-
tion {a voluntary entry by the program), or because of some situation
normaily outside the central processor, of which Executive should be
aware (an /nvoluntary enity). The commonest examples of the two
types are program instructions which call for peripheral transfers, and
signals from peripheral units that transfers have been completed. in
either case Executive is entered at the appropriate one of two fixed
entry points and indicators are set which allow the cause of the entry to
be determined. The return link to the current program is stored within
the program’s area while the interruption is in progress.

(These interruptions should not be confused with the hesitations
during which data is transferred between the store and peripheral
devices. Hesitations are serviced entirely by hardware, and may occur
while the machine is in Normal or Executive mode.)
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When the computer is running in Executive mode, certain orders are
allowed to address the peripheral electronics, both for the purpose of
determining their state at any time, and also for setting them in order to
initiate some action. in the majority of cases the addressing is done by
sending control codes across the standard interface to the device; the
device then either transmits back a reply, or takes action appropriate to
the codes.

In some circumstances, the device itself may initiate the transmission
of information to Executive. If the computer is running in Normal
mode, this will immediately result in an interruption which forces an
entry to Executive. If at the time of the event the computer is already
‘interrupted’ the interruption is delayed until the current Executive
process is completed. The device number of the unit causing the
interruption is set up as a bit in a special word. Executive scans the word
to obtain the number, and then by means of a request code causes the
device to transmit further details as to the cause of the interruption.
Commonly the cause will be the completion of a transfer; other
possibilities vary with the type of peripheral, but include such things as
parity failure on reading paper tape, magnetic tape, or direct access
device, reading error or hopper empty or stacker full on card reader,
paper low on printer, and so on.

Aninstruction requesting a peripheral transfer is written into a program
in the same way as a normal instruction. When it is detected during
program running, the function code indicates that Executive action is
required, and a voluntary entry is made in the manner described above.

Executive then analyzes the instruction, first to see that it is a transfer
request (since all voluntary entries are dealt with in this way), and then
to determine the type and number of the peripheral involved.

The instruction indicates a word or group of words in the program’s
area which defines the peripheral unit and the core store addresses to
be used in the transfer.

Before the transfer is initiated certain checks are performed:

1 Isthe transfer order valid? Is the peripheral allocated to this program,
or could the transfer overwrite Executive {(or, on a multiprogram-
ming machine, another program)?

2 Is the peripheral unit in question available to carry out a transfer? (it
may, for instance, still be busy carrying out a previous one.)

3 If this transfer were started, would the input/output hesitation
system be liable to overloading, resulting in lost data? Executive
checks for possible overloading of the hesitation system on the
smaller processors.

4 |f the peripheral unit is one that shares a data channel with other units
(for example, magnetic tape), is the channel available?

So long as these checks are all successful the transfer can be initiated,
and control returnped to the program which made the request.

If the data area does not lie within the store limits of the program or the
peripheral addressed is not allocated to the program, the instruction is
illegal. The program is suspended awaiting operator action, and a
message is printed on the console typewriter.



EXTRACODES

MULTIPROGRAMMING AND
DUAL PROGRAMMING

The sequence of events

If the peripheral unit is busy the program is suspended awaiting
availability of the unit. On all machines except the 1901 and 1801A
another program may be entered. If the transfer would be liable to
overload the input/output system, the program is suspended until one
of the current transfers finishes, when a further attempt is made.

In the case of no channel being available, the procedure is similar to that
for the device itself being busy, except that in the multiprogramming
case Executive must make a note of the first request refused for this
reason at any one time. This avoids a high-priority program completely
shutting ocut ene with lower priority.

When a peripheral transfer finishes, the unit gives rise to an involuntary
Executive entry (as described above). If a program is suspended
awaiting compietion of the transfer, the suspension is removed.

internal operations, as well as those affecting peripherals, may actually
be performed by Executive subroutines (which are known as
Extracodes). The function codes of such instructions are detected by
the hardware, and a voluntary entry is made. As described above, the
instruction is made available to Executive, which analyses it and carries
out the appropriate actions. Examples of Extracodes include multiply
and divide {on some smaller processors) and floating point operations
{on non-scientific processors).

Many programs use the central processor for only a small proportion of
the time during which they are being run; the rest of the time is
occupied by peripheral transfers to or from the machine. In order to
avoid the central processor standing idle, facilities are available on all
1900 machines except the 1901 and 1901A to enable two or more
programs to be run at the same time; thus while one program is
engaged in peripheral transfers another can use the processor. This
system is controlled by Executive.

Under the multiprogramming system each program is assigned a
priority number by the programmer. At the start of a run the program
with the highest priority is entered. When that program is suspended
the program with the next highest priority is entered, and so on. This
procedure, which is supervised by Executive, can best be illustrated by
a simple example, in which only two programs, A and B, are involved.

Assuming that program A has the higher priority this program wiill
always use the central processor until it requires a peripheral transfer to
take place. When this happens it issues an instruction which transfers
contro! to Executive and Executive initiates the transfer. Program A
then continues until it needs to use either the data which is being read in
by the peripheral (in the case of transfer from input peripherals) or the
area of store from which the data is being transferred (in the case of
transfer to an output peripheral).

If, however, the transfer is still taking place, then program A cannot
proceed and control is passed to Executive which ascertains the
program with the highest priority which can proceed (in this case, since
there are only two programs, this will of course be program B).
Program B is then allowed to use the central processor until either:

1 The peripheral transfer is completed, in which case program A is
‘re-activated’ since it has higher priority, or
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2 Program B itself requires to make a peripheral transfer. In this case
use of the central processor will be passed to whichever program
finishes its transfer first.

The sequence of events is shown in the diagram below:

PROGRAM A PERIPHERAL PROGRAM A
ACTIVE TRANSFER ACTIVE
PROGRAM B
ACTIVE

The combination of programs which will make most efficient use of
computer time is sometimes termed the optimum program mix. Such a
mix can be obtained if the programmer assigns priority numbers to the
programs involved according to some well-defined system.

The only important factor to be considered in such a system is the
proportion of time for which each program invoived is occupied in
peripheral transfers or in using the mil/ (the arithmetic unit in the central
processor); a program which needs to spend a great deal of time in
peripheral transfers is said to be peripheral-limited, whereas one in
which a high proportion of actual processing takes place is said to be
mill-limited.

If, in the exampie described above, program A were a mill-limited
program there would be few interrupts (or periods during which A was
suspended because of a peripheral transfer}) and hence program B
would rarely be entered. If, however, program A were peripheral-
limited then it is possible that this program would be suspended
frequently so that program B could be entered and obeyed. The extent
to which one program in a multiprogramming system prevents others
being entered is said to be the degree of Jockout exercised by that
program.

Since the degree of lockout is determined by the number of times a
program is suspended, and a program is mostly suspended as a resuit
of waiting for a peripheral transfer to be completed, then the degree of
lockout may be shown as the ratio between program mill time and total
run time. The higher the degree of lockout exercised by a program, the
lower the priority which should be assigned to it (so that it will not
prevent other programs from being entered); hence the priority number
of a particular program may be calculated from the simple formula:

mill time
100 - -
estimated mill time total run time
If the multiprogramming example were expanded to include three

programs (A, B and C) with the characteristics given below then the
priority number of each program could be calculated as follows:

Program A
Milt :ir‘ne = 50 seconds
Estimated run time = 10 minutes {600 seconds)

100 (1_,,50_) =92
600



Allocation of store

Program B
Mill time = 2 seconds
Estimated run time = 15 minutes (900 seconds)

Program C
Mill time = 100 seconds
Estimated run tirmme = § minutes (300 seconds)

100 N
100 (1_—3'0”0') = 67

Program B would therefore have the highest priority, program A would
have a lower priority and program C would have the lowest priority of
alt.

Apart from the initial assignation of priority numbers by the
programmer the procedure of muitiprogramming is wholly supervised
by Executive. One important aspect of this supervision is store
allocation.

As has been describad in Chapter 1, each location in store used in a
particular program is addressed relative to the first word of that
program (the Datum of the program). However, when the program is
loaded each word used in it will occupy a specific location in the store
which will bear its own absolute address; the latter number will be
relative to the store as a whole {including that section of it occupied by
Executive) and wili not be known to the programmer. Since, however,
the absoclute address must be available to hardware, Executive arranges
for the hardware to ‘caiculate’ it for each word of the program, by
adding to the relative address of that word the absolute address of the
Datum for that program.

The same process is followed when, during muitiprogramming, two or
more programs are loaded one after the other. As each program is
loaded Executive checks that sufficient store space is available for it; it
then ‘aliocates’ an area in store to that program. Executive then sets
into a hardware register the absolute address corresponding to word 0
{the Datum of the program); this number is then added to the relative
address of each word used in the program. The last address used in the
program {called the Limit) is also set by Executive and hardware checks
that no reference is made by that program to a store location with an
absolute number higher than the one borne by Limit.

In this way when a group of programs are loaded together each one is
‘protected’; there is no fear that, for example, instructions in one
program might be used to operate on data stored for use of another
program. The layout of two programs stored together may be
illustrated by the diagram below:

0 Datum 1 Datum 2
Executive Program 1 Program 2 Free area
0 n Q nt | O n2
Limit 1 Limit 2
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OPERATOR
COMMUNICATION

input messages
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When one of a group of programs is ‘deleted’ then the area of store
which it occupies is released; this may leave a gap between two
remaining programs. It is, however, convenient that all unused store
should be in a continuous area for allocation to new programs and that
all existing programs should be densely packed in store. Therefore
Executive ensures that any gap is automatically eliminated by moving
later programs and amending the values to which Datum and Limit are
set for those programs.

Every peripheral within a particular data processing system bears an
absolute number; within a program, however, each peripheral used in
that program is assigned a relative number by the programmer.

When a program is loaded, Executive must first check that sufficient
peripherals are available. The correspondence between the relative
numbers of the peripherals involved and the absolute numbers is then
retained by Executive in the form of a list, which is referred to in ail
Executive processes involving programs. There is therefore no risk of
two or more programs accidentally addressing the same peripheral
unit.

When a program is deleted, ali the peripherals assigned to it are
released and become available to another program.

All operator communication on 1300 Series computers (except basic
1901 and 1901A) takes place through a console typewriter. This
automatically gives a permanent record of all communications in the
sequence in which they occurred, a feature which is valuable in any
installation but particularly so in multiprogramming operation. The
typewriter is used both to inform of unusual situations within the
machine, peripheral units, and programs, and also as the means
whereby the operator directs Executive to load, activate, and delete
programs. For the latter purpose, a set of standard messages is used
which are recognizable by Executive and also intelligible as part of the
printed record.

The format of input messages requires that certain elements be present
in a set sequence; extra words or characters may be inserted to improve
the readability of the printed version, provided that the framework is
correct. The following rules determine the framework, and also
indicate how the decoding is performed within Executive.

1 The type of message is defined by a key word.

2 The program referred to is identified by a four-character name,
preceded by the symbol # .

3 Other information, such as peripheral unit numbers or entry points,
is all numeric. If there is more than one character in a message, they
may be separated by any non-numeric character or characters.
These numbers are assumed to be decimal, unless immediately
preceded by the symbol * in which case they are interpreted as octal
numbers.

The details of the procedure for inputting a message are slightly
different on the smaller processors. However, the same basic steps
must be followed.

1 The operator presses the INPUT key to indicate that he wishes to
insert a message.



LOAD

FIND

2 Unless Executive requires the typewriter for an output message, it
signals that it is ready to accept by outputting a new line and three
spaces. The INPUT key is illuminated.

3 The operator then types his message and, if he is satisfied that it is
correct, presses the ACCEPT key. At any time prior to this, the
operator may cancel the message by pressing the CANCEL key. A
message being input will also be cancelled automatically if Executive
wants to output a message. The whole procedure must then be
repeated.

4 Executive examines and decodes the message. If acceptable, it types
OK in reply. if there is an error in the form of the message, or the
program name, it types ERROR X (where X defines the type of error).

On multiprograraming processors all messages (except PRINT
PRIORITY LIST) include the name of a proegram, identified by being
immediately preceded by the symbol #.

The following list gives the main types of message which may be input
to Executive. It is emphasised that these brief definitions do not include
the full message formats; they are intended merely to show the
communication which can be made between the operator and
Executive. For full details of console operating with Executive, the
appropriate reference manuals should be consulted.

Each message begins with a key word, followed by a program name
and, normally, certain other fields.

The LOAD message causes a specified program to be read into store
from the peripheral whose unit number is given. Parameters may also
indicate peripherals to be assigned to the program, and a special
request may be made for storage allocation.

Example
LO #JACK 4 *3600

JACK is the program to be loaded, 4 is the unit number of the input
peripheral and *3600 is the number of words of store required (in
octal).

Note: This message is not used by an operator to load a program
directly from magnetic file storage. The FIND message is used for this
purpose.

This message is used to load programs held in magnetic file storage (for
example, magnetic tape or E.D.S.).

For magnetic tape, Executive loads the first program held on the
specified file, or alternatively, it loads a named program from a second
named file (in particular, when it is required to search a library tape). For
other forms of magnetic storage, Executive automatically loads a
search program to carry out the same procedure. As with LOAD,
parameters can also specify peripherals to be assigned to the program
and/or storage allocation.

Example
FI#JACK # TAPE

A file named TAPE is searched until a program named JACK is
encountered.
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ON

OFF

ALTER

GO

SUSPEND

DELETE
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These two messages set to 1 or 0 (respectively) a specified bit of word
30in store of the named program. Word 30 is reserved for this purpose.
Each bit position acts as a switch enabling the operator to affect the
running of the program, for example, in monitoring procedures.

Example
ON #JACK 9 10 21

JACK is the program name and bits, 9, 10 and 21 of word 30 are set to
1.

This message is used to alter the contents of a specific storage location
in a program, so that it contains a given value, which may be either a
decimal or octal number. The message is obeyed without suspension of
the program running in store.

Example
AL #JACK 3742 * 35631123

JACK is the program name, 3742 is the address of the word to be
altered and *35631123 is the new contents of the word.

If a program is suspended this message causes the program to restart
from the point at which it stopped. Alternatively, it can be used to
activate a program initially, or to restart a program at the storage
location specified.

Examples
GO # JACK

JACK is the name of the program to be restarted.
GO # JACK 20

JACK is the program name and 20 the specific location where the
program is to be restarted.

This message causes the program to be suspended until the operator
restarts it with a GO message.

Example
SU#JACK

Program JACK is suspended.
This causes Executive to delete the program from the processor. A
DELETED message is produced. On a multiprogramming machine all
programs in highly numbered store locations are moved to fill in the
space originally occupied by the deleted program.

Example
DE # JACK

JACK is the program to be deleted.



DUMP

OUTPUT

GIVE

TAKE

This message has two different meanings. If no unit number of a
peripheral is specified Executive searches currently assigned tapes fora
scratch tape. When this is found, a specified program area is written to
itin binary format. If a unit number of a slow peripheral is specified, the
program area is written to this peripheral.

Example
DU # JACK 6

JACK is the program to be dumped and 6 the unit number of a card or
paper tape punch.

This message has two versions. The first causes the contents of a
specified word in a program to be output on the console typewriter.
{Word 8 may be output if it is suspected that the program is looping.)
The second outputs an area of store to a line printer, card or paper tape
punch, starting from the location specified.

Examples
OU # JACK 4764

JACK is the program name and 4764 the address of the word to be
output.

OU # JACK 9647 500 7

9647 is the start address, and 500 the number of words to be output.
7 is the unit number of the peripheral to which the data is to be
output.

The allocation of peripherals to a program is often dealt with by
Executive when the program is first loaded. This message, however,

. allows one particular peripheral of a group to be assigned to a program

(for example, if a system has two paper tape readers, one of which has
been set up to read in non-standard format). Executive is instructed
which peripheral to assign.

Example
Gl #JACK 40

JACK is the program name, 4 is the unit number of the peripheral to
be allocated, and O is the programmer’s symbolic number for the
peripheral.

This causes the specified peripheral to be removed from the program,
and to be made available for general use.

Example
TA #JACK 6

JACK isthe program name and 6 the unit number of the peripheral to
be removed from JACK.
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PRINT PRIORITY LIST

REVISE PRIORITY

Output messages

This message causes Executive to type out on the console typewriter in
priority sequence the priority of each program in the machine. The
program name is typed followed by the priority number. Unit numbers
of peripherals currently assigned to the program are also given.

Example
PR
0JACK99 6 26 28 29
OALPH90 7 24 26

PR is the key word. JACK and ALPH are the two programs running
in the processor. 99 and 90 are the priorities of the programs. All
other numbers are the unit numbers of the peripherals currently
assigned to # JACK and # ALPH.

This message revises the priority of the program and changes its
position in the priority list. A revised priority list is then printed.

Example
RE # JACK 93

changes the priority of JACK to 93.

Output messages may originate either from Executive or from a
program within the machine. In general, they will be found to be self-
explanatory and there will be little difficulty in interpreting them. There
are some minor differences between the larger and smaller processors,
but operating procedures are largely the same.

Output messages are offset to the left compared with messages typed
in by the operator; they may be divided into four categories. Some
examples of each category are given below, but these are not intended
as an exhaustive list.

1 MESSAGES OUTPUT IN REPLY TO INPUT MESSAGES

All input messages are acknowledged by an Executive output
message which indicates whether the input message is acceptable.

If the message has the correct format and can be obeyed, OK is typed
out. If the message is incorrect, ERROR X is typed, where X is a
character indicating the type of error.

2 MESSAGES OUTPUT ON PROGRAM LOADING

At the time of loading a program, the core allocation is output by the
message CORE nnnn. A loading allocation list containing details of
each peripheral is also typed. For a multiprogramming machine, a list
of the priorities assigned to each member of the program is
produced.

When program loading is complete, the message HALTED : — LD is
output giving the program name. The operator then normally
activates the program with a GO input message.

If an input message requesting the loading of a program is
unacceptable to Executive, the word FAULT is output following the
message and indicating the nature of the fauit.



3 MESSAGES OUTPUT DURING A PROGRAM RUN

Various messages from Executive can be output to inform the
operator of the state of a particular program currently held in the
processor. All these messages originated by the program start with
the program name, followed by a word indicating the type of
instruction which caused the printout.

Some of these messages are as follows:

DELETED is output either as the result of a program instruction
for the deletion of a program or in response to a DELETE input
message. It can be followed by up to forty characters explaining the
situation.

DISPLAY is output as the result of a program instruction to report an
event in the specified program.

HALTED is output as the result of a program instruction requesting
the suspension of a program. Again, the situation may be explained
by a character string.

ILLEGAL reports a programming error, giving the type of error and
the address of the rejected instruction.

LOAD is a request from the program to load a specified tape.

4 MESSAGES OUTPUT ON PERIPHERAL OCCURRENCES

Certain messages are output by Executive to report on peripheral
occurrences. These start with the program name followed by UNIT,
the unit number and a word defining the type of event. Some of the
most common are described below.

BUSY informs the operator that a requested action, particularly the
deletion of a program, cannot take place immediately due to the
activity of a peripheral.

ERR indicates that following a transfer failure on magnetic tape the
maximum number of attempts has been made to transfer the data.

FALL indicates the failure of an automatic check; for example, that
after a parity failure the maximum number of attempts has been
made to transfer the data.

FIX requests the operator's attention on the specified peripheral
(for example, if it has been accidentally disengaged).

FREE is output as the result of a program instruction requesting the
release of a specified peripheral from the program’s allocation.

USED AS is output as the result of an instruction requesting the
allocation of a specified peripheral as a program’s unit n.

For an example of a console log, see Chapter 8.
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Chapter 3

/

INTRODUCTION

AIMS OF THE FLOWCHART

OUTLINE FLOWCHARTS

Flowcharting

The actual writing of a program on COBOL coding sheets should
always be preceded by the design of flowcharts. These are drawn up by
the programmer on the basis of the Program Specification, which
contains definitions of input and output, definitions of procedures,
criteria for choice of procedures, reference tables and other nacessary
information.

A 1900 computer follows the method known as sequential operation.
This means that all the program instructions are obeyed in strict
sequence until a branch instruction is reached which may take the
program into another sequence. The programmer’s flowchart is a
method of displaying the logical sequence in graphical form. it has two
main functions:

1 To help the programmar develop the logic of the solution to the
programming problem.

2 To communicate this solution clearly and concisely to others.

The outline flowchart is the programmer’s first attempt to represent a
programming problem in graphical form; it might be the first stage in
the process of breaking down a problem or, in the case of a
comparatively simple problem, both the first and the final stage. When
ateam of programmers is engaged on a single programming project the
outline flowchart will usually be drawn up by the project leader.

An outline flowchart has the following functions:

1 To give a diagrammatical solution to the problem in a clear and
concise manner.

2 To show each distinct logical path to be taken, depending on the
type of record or major difference in data condition, which will lead
to a significantly different sequence of actions.

3 To show all input and output functions, so that the reading and
writing of each record may be traced.

4 To show all entry points, halts and other actions to be provided by
the program.

in addition, the outline flowchart usually has a fifth function:

5 To demonstrate breakdown of the program into precisely defined
segments.
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THE DIRECT METHOD
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Itis the task of the project leader or leading programmer to consider the
value of dividing a particular program into segments; however this
technique, known as segmentation, is generally applied in all but the
smallest programs.

Segmentation in 1900 terms as described here should not be confused
with segmentation in COBOL terms, which implies overlay. See
Chapter 13.

The advantages of segmentation are as follows:

1 The task of programming can be divided amongst a team of
programmers.

2 The program can be more easily amended: segments can be
expanded or removed completely and new segments can be inserted
without interfering with the rest of the program. (This is achieved
during compilation by two special routines, supplied by ICL, which
are used to ‘update’ the source program.)

3 Testing can be carried out on separate segments of a program
independently and/or simuitaneously, thus considerably reducing
the elapsed time for testing the complete program.

4 The technique of overlaying can be used. (This will be explained
more fully in Chapter 13.)

If a program is to be segmented two methods are possible, the Direct
Method and the Tree Method.

In this method the segments are in series with an interface between
each pair, so that control is passed from the end of one directly to the
beginning of the next.

Such a series of segments is illustrated by the diagram below:

Segment A

+— Interface

Segment B

Segment C

Segment D

The Direct Method



THE TREE METHOD

DETAIL FLOWCHARTS

This method is of general application but is particularly necessary for
overlay programs; it involves the use of a control segment or steering
segment, which transfers control to each of the other segments in turn
and has control returned to it after each segment has been used.

The method is illustrated by the diagram below which can be linked to a
tree in that it has a control segment for a ‘trunk’ and segments
‘branching’ from it.

Segment B

Segment C

.
—
)

Segment D

Control segment (A}

11

Segment E

1T

The Tree Method

The following points should be borne in mind once it has been decided
to segment the program:

1 Too many small segments will absorb unnecessary effort in
compilation and the arrangements of test data.

2 If there are only a few large segments, the whole purpose of
segmentation (that is to break the program down into manageable
units) will be defeated.

3 Arecord should be maintained of what each segment is supposed to
do.

After the completion of the outline flowchart it is usually necessary to
draw up a series of flowcharts to show individual segments or routines
of the program in greater detail. The purpose of these flowcharts,
known as detail flowcharts, is as follows:

1 To settle the programming techniques to be used.
2 To provide clear directions for coding.
3 To make the coded program readily intelligible to others.

Although only one level of detail flowcharting is normally required, a
particularly complicated segment can be broken down still further,
flowcharts being prepared of routines or groups of instructions within
the segment. Detail flowcharts should differ from outline flowcharts in
that while the narrative used in the latter is problem oriented, that is,
uses the terminology of the task for which the program is designed,
that in the former is machine-oriented, that is, is capable of easy
translation into the programming code which is to be used.
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FLOWCHART SYMBOLS

Arithmetic, Transfer or
Other Process

Subroutine

Input/QOutput

Preparation
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The following symbols which are in accordance with the ECMA
standards for program flowcharts, are used when flowcharting.
Symbol size may be varied but the shape must be easily recognisable.
These symboils are all contained on the ICL flowcharting template.

|

The process should be described briefly within the box. This
description may cover several connected operations, provided there is
no intervening decision or entry of flow from another part of the
program. For example

Calculate current
total sales =
Qty. A+ Qty. B

This is regarded in the same way as any other process, except that it is
given a name, and is the subject of a separate detailed flowchart (unless
it is @ standard library routine). The name should be written in the
rectangle. Other details are best given in a schedule of subroutine
specifications attached to the outline flowchart. Note that subroutines
may be used within subroutines.

Details of the input or output process required are written within the
symbol.

This symbol represents modification of an instruction or group of
instructions which changes the program itself, for example, set a
switch, modify an index register or initialize a routine.



Decision

The normal form of this symbol provides for one entry and two or three
exits: if more are required (which may happen, for instance, in
determining action according to class-of-record or similar codes), a
horizontal line is drawn through the bottom point of the diamond, and
the exits spaced along this line (as in the example below).

Test
Card type

Stop/Start
This symbol will usually contain one of the following standard
narrations:
ENTRY beginning of run
E.O.R. successful end of run
STOP abandonment
HALT pause for operator action
BEGIN entry to subroutine
LINK exit from subroutine
STOP and HALT points should be numbered inside the symbol for
reference, and for operator communication.
Connectors

Connectors are used in pairs as substitutes for flow lines that would be
awkward to draw or that would pass from one page to another;
connectors which indicate that flow is to pass to another part of the
chart are known as tail connectors and are offset to the right of the main
line of flow. Connectors to which the program jumps are called head
connectors and are offset to the left.

37



Comment

FLOWCHART DESIGN

FLOWCHART REFERENCING

Referencing method
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The illustration below shows both kinds of connector as they might
appear in an outline flowchart: rules for labelling connectors are given
later in this chapter.

N

This symbol is used to add descriptive notes or comments to a
flowchart. It is particularly useful for identifying segments.

Flowcharts are drawn on A4 or A3 sized paper, subject to the limitation
that no page may contain more than 25 boxes. The general direction of
flow is from top to bottom, left to right of the page.

Flowcharts must be clearly titled, dated, labelled and referenced with
the author’s name.

All text associated with a symbol is written in block capitals. Where
possible the text is written within the symbol, but if this is not practical
the text may be written in a comment symbol.

Each box on a flowchart is given a reference letter or letters. If a box is
expanded to a lower level chart, it must also contain an asterisk.

The boxes on the outline flowchart are referenced by a single letter in
the range A to Y. The letter Z is reserved for subroutines, which are
referenced from the beginning of the program as ZA to ZY, ZZA to ZZY
and so on.

At the next level the reference of the first box on the page and the page
identity are the same as that of the box which is being expanded. The
references of other boxes on the page are formed by suffixing the page
identity with the letters A to Y. For example if box D on the outline
flowchart is being expanded, the first box of the expansion flowchart is
referenced by D and the second box by DA, the third by DB and so on. f
Again boxes which require further expansion contain an asterisk and
the next level flowchart is referenced in the same way. If box DB is
being expanded the boxes in the expansion flowchart will be referenced
by DB, DBA, DBB and so on.
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Referencing connectors

Restrictions

EXAMPLE FLOWCHART

Tail connectors are given the same letter as the symbol to which the
branch is made.

Head connectors, however, are given the same letter as the symbol
from which the branch was made.

F ]
_/ <

To avoid any two pages having the same identity, the first box on any
detailed flowchart page must not be expanded.

The number of boxes per page is limited to 25 as there are only 25
available letters. However, it is recommended that there should be no
more than 20 boxes per page in the first instance. This allows
alterations to be made without extensive relabelling.

A magnetic tape master file contains customers’ names, addresses,
balance of payment and other details arranged in rising sequence of
customer account number. Details of further transactions are punched
into cards which are also in rising sequence of customer account
number; there will only be one card (at most) per customer. The main
file is to be updated to give a new balance of payment for each
customer.

There are no new records, that is, there should always be a main file
record for each card and the card file should end before the magnetic
tape file. Some main file records will not be amended, that is, will have
no corresponding card.

Figure 1 shows the flowchart for this problem. This is an outline
flowchart but most of it is sufficiently detailed in a simple problem like
this for the programmer to code directly from it. Only two boxes L and
O need further expansion and these specify the error procedures.

Box A unsets a switch. This could correspond with setting a field to
zero. This switch is set, that is the field is set to non-zero by box Q when
the card file ends and is used for two purposes:

1 To control the sequence so that the remainder of the records on the
input magnetic tape file, which have no amendments, are copied to
the output tape.
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DECISION TABLES

The format of a decision table

2 To check that the card file has already ended when the magnetic tape
file ends. If it has not, an error condition has occurred and box O
handles it.

Box B makes a card reader available, finds a spare output tape and
labels it, and finds the old main file tape.

Boxes C to F obtain a record from each of the input files and check each
one to see if the end of that file has been reached. The sequence,
READ-END? is the same as the COBOL READ verb.

According to the relative state of the two account number fields and
the end switch, appropriate processing occurs.

If the tape account number is greater than the card account number,
that is the answer box | is NO, then there is no main file record
corresponding to the card account number. This error is handled by
box L.

At the end box P releases the card reader, writes an end label on the
output tape and rewinds it. The input tape will be rewound
automatically when the end label is read.

Decision tables can be of value to the programmer before he produces a
flowchart, to help him plan its layout, and also after he has written a
flowchart to enable him to check that every case has been catered for.
It has been argued that a decision table approach rather than a
flowchart should be used to formulate a solution before coding a
program.

A decision table consists of four sections:
The condition stub (or condition statement).
The action stub (or action statement).
The condition entry.
The action entry.

These four sections are arranged in the table as follows:

Condition stub Condition entry

Action stub Action entry

It is conventional, as shown above, to divide the table into four
quadrants, divided by double vertical and horizontal lines.

The condition stub lists all the variables in a problem and the condition
entry is split into columns, one column for each combination of
conditions (or rules). The action stub lists the actions that may be
taken, and the action entry is split into columns which line up with the
columns of the condition entry and show the actions to be taken for a
given set of conditions.

Consider the following example:
In a credit control application it is decided to approve an order if credit is
0.K. or if pay experience is favourable or if special clearance has been

obtained. Otherwise the order is not approved.
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The decision table for this problem is as follows:

ORDER APPROVAL RULE 1 |RULE 2 |RULE 3| RULE 4
Credit 0.K.? Y N N N
Pay experience
favourable? - Y N N
Special clearance
obtained? — - Y N
Ah‘ ot
Approve order X X X —
Do not approve order — - - X
n

Notice that not all possible combinations are shown in this table,
because if one condition holds others are irrelevant. When using a
decision table to check a flowchart it is advisable to produce a table
with columns for each and every combination of conditions and then to
eliminate the impossible or irrelevant entries and produce a minimum
size table. If this is done, it is advisable to add another condition entry
column headed ELSE and specify the action to be taken if an impossible
combination does occur. An ELSE column may also be used to mean ‘If
none of these conditions occur do this'.

The maximum number of columns in a table is 27 where nis the number
of conditions. To keep tables to a reasonable size for complex cases,
the conditions in any one table should be limited to three or four and
lead via the action entry to a further table which can quote further
combinations of conditions and actions.

Example

A Punter wishes to select one horse to back out of three possibles A, B
and C. A can be expected to win if the race is less than 1 miles and if
he won last time out. B is likely to win a longer race but only then if the
going is soft. C has a chance if the going is hard and the wind is in the
West. if he decides that no horse has a chance, he will buy a beer
instead.

A full decision table for the logic used by the Punter is shown below.

1 21314516789 |10}]11(12]13[14]15(16
Race under 1% miles Y| Y[ Y]Y|[Y|]Y]Y|Y|IN|INI|[NI|NI|NIJ|NI|INI|N
A won last time Y| Y[ Y] Y[ N|N|N|N|YI!YI|Y |YI|IN|NININ
Going soft Y|l Y[ N|IN[Y]Y{N|N|Y|{Y |[N|NI|Y]|Y |NIN
Wind in the west YIN|]Y|IN]JY|INJYIN[Y|INIJY |[N|{Y|NI{YI|IN

—= —= =

Back A =T X1 X X | X
Back B X | X X | X
Back C X X X
Buy Beer X | X X X X
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COBOL pre-processor

This table can be reduced to four columns plus an ELSE column since if
some conditions hold, others are irrelevant. To be exact, rules 1, 2, 3
and 4 can be expressed in one column, rules 9, 10, 13 and 14 in another,
rules 7, 11 and 15 in two columns and the rest covered by ELSE.

1 213 1|4 ELSE
B — : S VR S—
Race under 1% nmules Y| N| N
A won last time Y | - - N
Going soft -1 Y I N | N
Wind in the west -4 -1 Y lY
Back A X
Back B X
Back C X1 X
Buy Beer X

The flowchart for this problem is as shown in Figure 2.

ICL has produced a piece of software called a decision table pre-
processor which will accept from most media either a free-standing
decision table or one embedded in a COBOL source program, and
output a program in a format suitable as output to a COBOL compiler.
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Chapter 4

CODASYL AND COBOL

Introduction to COBOL

CODASYL (Conference on Data Systems Languages) and COBOL
{Common Business Oriented Language) were conceived at a meeting
held in 1959. At that time the following general objective was stated:

“The current experience of users of electronic data processing
equipment indicates that a major problem in the efficient utilization
of such equipment lies in the inability to state the data processing
application in such a way that computer programs are developed and
maintained with a minimum of time and programming effort.

“COmmon Business Oriented Language, independent of any make
or model of computer, open ended, and stated in both an English
notation and a narrative form, would do much to solve or to
ameliorate this problem. Such a language would also simplify and
speed up the solution of the related problem of training personnel in
the design of data processing systems and in the development of
computer programs for such systems.

“In general, the development of a common language would serve to
benefit the user in the following situations.

in developing data processing systems for existing computers, it is
important that these systems be capable of processing on future.
more powerful computers of any manufacturer with a minimum of
conversion costs.

"“Full documentation of present systems in a form conducive to
making changes and additions with minimum expenditure of time
and cost is necessary in order to meet effectively the rapidly
changing and expanding requirements of management.

“The need to produce a large number of computer programs in &
short period of time often requires the augmentation of
programming staffs by the addition of relatively inexperienced
programmers.”’

On May 28 and 29, 1959, a meeting was held in the Pentagon in order to
consider whether it would be desirable and feasible to establish a
common programming language for commercial applications.
Representatives from users both in private industry and in the United
States government, computer manufacturers and other interested
parties were present.

The result of the meeting was an agreement to go ahead with the
project and to establish three committees, short range, intermediate
range and long range, to pursue the matter. The short range committee
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was given the task of developing an immediate language and was
instructed to take the best of three existing language-compiler
systems, FLOWMATIC, AIMACO and Commercial Translator and to
produce a language superior to any of these.

By September 1959 the short range committee had specified a
language which they considered superior to existing language compiler
systems. This language specification was further modified and by
December 1959 COBOL existed as a language which was not identified
with any manufacturer and which presented advantages for both
government and private industry users. COBOL as it then existed was
specified in a report published by the United States Government
Printing Office and has since become known as COBOL-60.

The second official version of COBOL, COBOL-61, was published in
1961. It was not completely compatible with COBOL-60 but it is the
version which was generally impiemented and it forms the basis for
most COBOL compilers in use today. Other versions of COBOL since
then have consisted basically of COBOL-61 with various additional
facilities and maodifications.

The effort to define a COBOL standard began in January 1963 and
currently involves the United States of America Standards Institute
(USASI), the European Computer Manufacturers Association (ECMA)
and the International Organization for Standards (iISO). The USASI
issues the COBOL Information Bulletin at regular intervals and has just
produced a new COBOL Standard.

THE PHILOSOPHY OF COBOL The task of specifying COBOL was undertaken because of the
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computer user's need for a problem-oriented, machine-independent
language for commercial applications. To be successful such a
language should have certain characteristics. Programs written in the
language should be capable of easy conversion from one machine to
another; the language should be easily understandable in format and
notation; it should provide good program documentation; and it should
be capable of specifying data processing problems in such a way that
an implementation of the language by means of a compiler can produce
efficient object code.

COBOL is a language for programmers. It is not intended for use by
people unfamiliar with computers. The attributes of the language make
it more feasible for use by applications-oriented personnel and make it
easier to teach to novices, but an understanding of programming and
data processing concepts is a pre-requisite to the writing of efficient
COBOL programs.

The principal benefit of COBOL is the ability to write programs quickly
and efficiently. Since COBOL has a vocabulary and syntax which is
close to English, its programs are rather easier to write than other
programming languages. In view of this, the speed of writing and
testing can be increased by up to 40%. As regards efficiency, COBOL
programs should not use significantly more core or take much longer to
run than the same program written in a low level language. In fact, a
skilfully written COBOL version is likely to require about 10% more
core space than a PLAN version using conventional software, and may
take slightly longer to run. However, for the commercial user this is
outweighed by the increased speed of writing and testing and by other
major benefits which improve the overall efficiency of processing;
these occur in the fields of documentation, comprehensibility and
compatibility.

The completeness of program documentation produced by a COBOL
compilation is dependent upon the particular compiler and upon the
amount of thought and effort expended by the programmer. Because



of the narrative nature and Englishiike syntax of the language,
however, a certain amount of documentation is inherent. If the user
establishes programmer guidelines so that data names and procedure
names are consistent and meaningful, the listings produced by a
compilation, together with the source program, will constitute a good
basis for documentation. Generally, the quality and quantity of
documentation produced by the use of COBOL is superior to that of
other languages. This superiority is very important for the maintenance
and revision of production programs.

The organization of the language, both as to data hierarchies and
procedure statements, results in COBOL being much easier to teach
and understand than machine-oriented languages or assembly
systems. This attribute makes COBOL very useful for man-to-man as
well as man-to-machine communications. However, it is necessary to
keep in mind the importance of comprehensive training, including basic
computer logic and programming fundamentals as well as COBOL
training itself.

While COBOL is not a completely machine-independent language, it
closely approaches this goal. Any computer manufacturer can take the
COBOL specification, and write a compiler program to translate
programs written to this specification into the machine code of his
particular machine. Any user, therefore, who has access to a COBOL
compiler can use COBOL source programs. However, some degree of
care is necessary to produce highly compatible programs.

The changes which need to be made to a source program compiledon a
different machine from that on which it was written vary considerably.
They depend upon such factors as store layouts and above all, the
features implemented by the compilers. The manufacturer may select
those features of the COBOL language which he considers most useful,
to produce a compiler. The features inciuded in compilers may vary,
and this may call for re-coding of programs written for a different
machine. However, re-writing will in any case be far less than complete
rewriting at assembly language level.

The degree of machine-independence in the different parts ofa COBOL
program is considered later in this chapter.
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Figure 3 A CCBOL program sheet
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THE COBOL PROGRAM

)

SHEET

COBOL programs are written on standard program sheets, which are
designed to accommodate the different elements of the program. It is
of first importance to become familiar with the layout of a program
sheet, and a sample is given in Figure 3. As shown, headings including
title, programmer, sheet number and date are printed at the top of the
page. These details will have no effect on the actual program but the
programmer may enter them on the sheet if he wishes.

First of all, it may be seen that the program area on the sheet is divided
vertically into 80 columns, and horizontally into a number of lines, so
that each line of the program may be punched into an 80-column card
or a block on paper tape. Each of the 80 columns in each line is used for
the insertion of a separate character or symbol. Alphanumeric
characters are always entered in printed capitals.

The program sheet is further divided vertically into five distinct areas,
which have the foliowing contents:

Columns
1t06 Sequence number
7 Continuation indicator
8to1i Headings
12t072 Program sentences or statements
731080 Identification columns

The sequence number in columns 1 to 6 is optional. It contains a
number given to the corresponding program line, which must be part of
an ascending sequence though not necessarily consecutive. If used,
the numbers should advance in steps of 100 to leave room for the
insertion of other entries, should this prove necessary. If a sequence
number is punched in the first line of program (on cards or paper tape}
the compiler checks that each subsequient entry is in ascending order. if
there is no sequence number against the first entry, the compiler inserts
numbers in steps of 100 and ignores any numbers against subsequent
entries.

The continuation indicatorin column 7 takes the form of a hyphen. Itis
used to indicate that a word or literal appearing first on the line is
continued from the previous line. Continuation lines normally begin in
column 12, and no spaces may occur at the right-hand end of the
previous line. Unless there is a continuation indicator beside a line, the
end of the previous line is treated as the end of a word. Column 7 is also
used for comment, see Chapter 5.

Columns 8 to 72 are occupied by the COBOL source statements which
must be written according to the rules given in the following chapters.
Headings {Section and Division headings, file and paragraph names)
and one or two other entries must begin in column 8. COBOL. sentences
or statements, the main body of the program, begin in column 12.
These define data to be processed, and specify action to be taken.

The identification columns, columns 73 to 80, are again of most vaiue
on cards, and are even then optional. They are used primarily as a
means of identifying the source program on cards, by writing the same
characters on each line in the same positions. Subsequently, the
compiler checks for these characters on each card, to ensure that ali
cards belong in the pack. In this way it is possible to detect stray cards
from other programs. If the first card of the source program is left blank
in columns 73 to 80, no check is made, so that these positions can be
used for comments. In both cases the contents of thé columns are
included on the source program printout, but do not affect the object
program.
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STRUCTURE OF THE
PROGRAM

A COBOL source program is written in four parts, each of which serves
a specific purpose and must always be present in the order stated.
These parts of the program are known as divisions, and are briefly -
defined below. At this pointit is also stated to what extent each division
is machine-independent.

The /dentification Division is usually the shortest division, and merely
identifies the program. It supplies an identifying name which can then
be used to refer to the compiled version, and related details if required.

This division is totally machine-independent. However, since it does
not produce object code, this independence is not of great
consequence to the user.

The Environment Division describes the hardware used by the
program, in other words, the actual data processing equipment. It
specifies the computer used to compile the source program and
execute the object program, as well as the peripheral devices needed. It
also sets an upper limit to the size of the program in that it prints an error
message if the figure is exceeded.

Since the contents of this division depend entirely on the equipment
used, it is completely machine-dependent. It must therefore be
amended each time the computer assigned to the source or object
program is changed, but as the Environment Division is not extensive,
rewriting should not be great.

The Data Division describes the format of all the data used during
processing. For each input and output file, it indicates the exact nature
of each record, and of each field or group of fields within the record,
defining the number of characters; whether an item is numeric,
alphabetic or alphanumeric; where a decimal point is located; how an
item is edited and similar information. In short, the Data Division
contains a precise description of all the data input to or output from the
object program. It may also be used to define working areas which are
used by the program for processing.

This division is compatible between machines in so far as the data
described is compatible. For example, changes will be required in the
Data Division if the user is converting from a character machine to a
word machine.

The Procedure Division contains the actual program sequence, the
operations performed upon data described in the Data Division. The
interaction of these two most important divisions, involving a logical
sequence of actions and calculations, produces the results required.
Instructions in the Procedure Division are expressed in meaningful
English words, statements, sentences and paragraphs, which are
translated by the compiler into machine code program steps.

This division is almost entirely independent of the type of computer
used, but it does depend on other divisions in the source program,
since it refers to information contained in them. However, certain
changes may need to be made in so far as the language is dependent
upon the hardware; if, for example, the collating sequence of a new
machine is different from that of the machine currently in use, certain
statements in the Procedure Division will have to be rewritten.



EXAMPLE PROGRAM

Identification Division

Environment Division

In order to familiarise the beginner with the nature of a COBOL pro-
gram, and to clarify the functions of the four divisions, a simple
example program is examined in this section. This program is shown in
full, in Figure 4. At this stage, it is sufficient to understand the basic
structure of a COBOL program, but a knowledge of individua!
operations is unnecessary. Each division is fully dealt with in a later
chapter.

The example programinvolves a pack of cards, each of which contains
the following data:

Columns

1-3 Numeric reference number {maximum size 999)
4--5 A (maximum size 99)

7—8 B {maximum size 99)

The last card of the pack is punched with four asterisks in columns
1—A4. Itis required to read the cards, and to write a record to magnetic
tape for each card, consisting of the following fields:

Numeric reference number
C (equal to A + B, maximum size 999)

The output magnetic tape is to have a file name of JOB HOURS in the
header label, and a retention period of 21 days. There are to be 50
records per block.

The program is described division by division, with reference to the
sequence numbers in columns 1 to 6.
100200 These sntries give the division heading and then assign
a name to the program. The name given is EXAMG9.
The first four characters identify the program during the
run, and the iast two comprise a priority number if the
program is run on a multiprogramming machine.
This division has two sections, the Configuration Section which deals
with the source and object computers used, and the /nput-Output
Section which selects peripheral devices for input and output and
relates them to specific files of data.

300 Gives the division heading.
400 Heads the Configuration Section.
500 — 600 These lines specify the source computer used for

compilation of the program, and the object computer
used for running it; here, as in most cases, the two are
the same, ICL 1904s.

700 Specifies a maximum size for the final program, in
words. This entry is of value for documentation. An
error message is printed out if the size is exceeded.

800 Heads the Input-Output Section.

900 Gives the heading FILE-CONTROL to the paragraph
which selects files to hold data and allocates
appropriate peripherals to them.

1000— 1100 These lines name an input file, called CDIN, and an
output file, called MTO; the names are chosen by the
programmer and are used for subsequent reference in
the program. CDIN holds the data in the pack of cards
on a card reader which is associated with it; this is
allocated in line 1000. The RESERVE 1 clause arranges
for the file CDIN to be read using double buffering
which will speed up reading considerably. MTO is
associated with a magnetic tape deck, and is used to
hold the data which is written to it, after being read
from the cards and processed.
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Data Division

This division again has two sections, the File Section, which gives full
information about each input and output file, and the Working-
Storage Section, which defines working areas in the computer store,
for processing of input data.

As explained in Chapter 1, input and output data is heid on files, which
are divided into records, and fields within records. The Data Division is
laid out in terms of files, as assigned in the Environment Division, and
its purpose is to define the details of each file. This involves describing
each type of record within the file {records are grouped according to
type; for example, in a file consisting of issues and receipts, there
would be two types of record, an issues record and a receipts record).
in the case of the example pragram, there is only one type of record for
each file. Within each record, the Data Division defines each field,
which can be further subdivided inte sub-fields. A field which is itself
subdivided is called a group field, and a field which is ot subdivided is
called an elementary field. A field can be only one character iong, for
example, a sales area number, or many characters long, for example,
an employee’s name. The programmer must produce an exact
definition of each item of data at its lowest level, and this is essential if
the Procedure Division staternents are to be correctly translated by the
compiler.

1200 Heads the Data Division.

1300—2800 These entries comprise the File Section of the division.
1300 is the section heading. For each file there is a File
Description entry, which gives the name of the file, and,
in the case of disc and magnetic tape files other
information. After this, one record description is given
for each type of record in the file. This gives a name t¢
the record, and names each of the fields and sub-fields
within the record. Each field is described by what is
called a PICTURE clause {abbreviated to PIC) which is
written following the fieid and which gives a shorthand
description of its size and nature. The hierarchy of the
record is denoted by /evel numbers; record names are
given the number 01, fields 02, subfields 03, and so on,
untii the lowest elementary tield has been defined.

1400 This is the File Description entry of the card file CDIN. It
begins with the abbreviation FD, and then names the
file.

1500 This gives the name IN-DATA to the record in CDIN and

assigns it an 01 level number.

1600—1900 These entries describe all the fields within the record; as
they are all primary divisions of the record, they have 02
level numbers. Each field is written on a separate line.
Although the contents of a field may vary in actual
valug, the format of the field must be identical in each
record. That is to say, it will always have the same
number cf characters of the same type. Line 1600
defines a reference number with the name REF-IN. This
has three numeric characters specified by PIC 999.
Each 9 represents a numeric character.

Line 1700 defines a number called FACTOR-A, whose
Picture, PIC 99, shows that it has two numeric
characters. FACTOR-B is another number with an
identical Picture.

The name FILLER given in line 1800 does not refer to a
normal field, but indicates that there is a space on the
file between FACTOR-A and FACTOR-B. PIC X would
usually indicate one alphanumeric character, but used
with FILLER it signifies that the program is not
interested in the contents of this position. It will not be
referred to in the Procedure Division.
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20002800

2100
2200
2300
2400
2500

2600— 2800

2900— 3000

These lines give a similar file description of the output
magnetic tape file and also supply additional
information about the tape. 2000 is the File Description
entry.

Indicates that all the records in the file have the same
fixed length.

Indicates that a block on the tape can hold 50 records
(see Chapter 6).

Indicates that the tape contains standard header and
trailer labels.

VALUE OF ID gives the name on the header label which
is to be written on the tape, in this case ‘JOB HOURS"”.
ACTIVE-TIME IS 21 specifies the number of days for
which the magnetic tape is to be retained before being
used for something else.

The record description for MTO is similar in structure to
that of CDIN. Only one type of record, OUT-DATA,
is to be written to the tape file.

The rest of the record consists of the reference number
which was part of CDIN, and a number called FACTOR-
C. The reference number must be distinguished from
the identical field in the input file, and so it is given a
different-name, REF-OUT, though it has the same
Picture. FACTOR-C is a quantity with the Picture 999,
denoting three numeric characters. This quantity is
produced as a result of processing, as will be seen in the
Procedure Division.

None of the fields in OUT-DATA are subdivided, and
they therefore all have the level number 02.

These lines comprise the Working-Storage Section,
which may be used to allocate an area or areas for the
accumulation of results during the program, or the
storing of values which remain constant. In fact, this
section is not always necessary as sometimes
calculations can be done in the input or output record
areas. 2900 gives the section heading, and 3000
allocates an area called WORK-AREA of three numeric
characters, to be set aside for processing. Single fields
in the Working-Storage Section may have the special
level number of 01. The way in which WORK-AREA is
used will be shown in the Procedure Division. In this
example the WORK-AREA is not strictly necessary,
since the calculation could have been done in the
output record area.

The Procedure Division specifies operations to be performed on the
data described in the Data Division. As the Data Division has a
hierarchial structure consisting of files, records and fields, so the
Procedure Division has a similar structure.

The most elementary unit in the division is a statement, which is one
operation calling for some kind of action; for example, ADD A to B. A
statement always begins with a COBOL verb which has the form of an
imperative verb in English. Each verb is followed by other words which
are the operands; these are sometimes records or fields defined in the
Data Division, or they may be literal quantities. A verb and its operands
form what is known as a specific verb format.



Statements may be combined to make COBOL sentences; a sentence
may consist of just one or a number of statements terminated by a full
stop. In theory, any number of statements can be included in a
sentence, but single-sentence statements are recommended, as this
leads to clearer layouts, and assists error detection.

In COBOL, a group of sentences can be combined to form a paragraph.
Sentences will be grouped according to the logical structure of the
program, and each paragraph must be given a paragraph name. It is
often required to jump from cne point in the program to an earlier one,
as a result of some test, or in order to use the same statements several
times. According to the rules of COBOL, it is only possible to branch
within a program to the first statement of a paragraph. This therefore
determines where one paragraph ends and another begins.

When segmentation is used, as explained in Chapter 13, paragraphs are
grouped together in sections. However, these will not be considered
here.

3100—4300 These lines contain the Procedure Division statements
of the program starting with a division heading. There
are three paragraphs, each introduced by a paragraph
name,

3200—-3300 PARA-ONE openstheinput and output files, CDIN and
MTO. Al files must always be opened before
processing, and closed afterwards. Opening the files
involves allocating to the program the peripheral
devices specified in the Environment Division, on which
the files are held, labelling procedures are also carried
out for magnetic tape files.

3400—4000 CALC is the chief processing paragraph, which deals
with input and output records, and performs inter-
mediate calculation. The statement
READ CDIN AT END GO TO LAST-PARA
reads each record in the file consecutively, until all have
been read. At the end, the program branches to LAST-
PARA. Although the statement instructs the program
to read the file, one record is read at a time and the
procedures in the paragraph performed. Then the
program returns to CALC and reads the next record.
As each record is read, the program tests to see if it is
the end card, (punched with four asterisks) in which
caseitgoesto LAST-PARA. if the record is not the last
card, an output record is built up from it. REF-IN is
moved straight to the output area REF-OUT. FACTOR-
A is then moved to WORK-AREA which has been set
up as a working area. Then FACTOR-B is added to the
contents of WORK-AREA (in other words FACTOR-A)
to give a third quantity, FACTOR-C, which has been
defined under MTO. The output record is then written
to MTO, the magnetic tape file. Note that whereas the
file name CDIN was read, the record name OUT-DATA
is written. GO TO CALC, finally returns the program to
to read the next record.

4100--4300 After all the records are read and the end card is
detected, the program branches to a final paragraph,
LAST-PARA. The statement CLOSE CDIN MTO closes
the files. This involves writing a trailer label and
rewinding on magnetic tape, and releasing both the
peripherals from the program STOP RUN then stops
the program, and END OF RUN appears on the console
typewriter,
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DATA NAMES

Rules for data names

As explained each input and output file, record and field defined in the
Data Division is given a name and this is fundamental to programming
in COBOL. The name is known as a data name, and is a mnemonic:
name devised by the programmer to describe a variable item of data.

First, a data name must be distinguished from a data item. A data item
consists of one or more characters, which may be numeric digits,
letters of the alphabet, or any symbols allowed on the 1900 Series. A
space or blank is also regarded as a character. The item is characterised
by its class and length; it may be numeric, alphabetic or alphanumeric,
and it may have any number of characters, but once its length has been
defined in the program, this length cannot be changed during
processing. Each data item must also be given a name to distinguish it
in the program, and this is the purpose of the data name. It is therefore
important that the name should be unique within the program; another
item with the same name would cause confusion.

Whereas a data item consists of an actual value of quantity, a data
name is a symbol by which the item is referenced. For example, if an
item of data called CODE is to be processed, action can be taken on the
contents of CODE without knowing its actual value at the time. The
contents of CODE may also be different, say, for each record. The
advantage of referring to the data by a name is that general procedures
can be set up to handle any data within reasonable limits without its
precise nature being known. An item which has the name GROSS-
PAY can be referenced for each employee, even though its contents
are different every time an employee’s wages are calculated.

While data names comprise file, record, field and certain other names,
paragraph and section names must also be invented for each paragraph
and section within the program. These are known as procedure names.
They can either follow the rules for data names given below, or they can
be a string of up to 30 numeric characters. They must be unique within
the program, and must not be the same as any data name or condition
name (see Chapter 6).

A data name must conform to the following rules:

1 It must not be a reserved word. Reserved words, a complete list of
which is given in Appendix 5, are words which have a precise
meaning in the COBOL language and can only be used in that
context. However, since only a few reserved words are hyphenated it
is suggested that the programmer should use hyphenated data
names as far as possible.

2 It must not exceed 30 characters chosen from the following range:
0to9
AtoZ
— (hyphen)
A data name must contain at least one alphabetic character and must
not begin or end with a hyphen. Spaces are not permitted and
separate elements must be connected by a hyphen.

3 It must normally be unique within the program. (However, if the
same name refers to more than one data item, the name must be
qualified. See Chapter 14.)

Examples
The following are examples of valid data names:
GROSS
LIST—14
9010B
TOTAL—UNITS-—-ISSUED



COBOL CONVENTIONS

The following are examples of invalid data names:
TOTAL UNITS ISSUED  (Spaces not permitted: this would not
be interpreted as one data name)

—LIST14 {must not begin with a hyphen)

ACCESS (COBOL reserved word)

7764 — 1 (must contain at least one alphabetic
character)

Since the syntax and format of a COBOL program is of the utmost
importance, it is essential for CODASYL to define precisely how the
language is to be written. Given such a definition, the compiler is able to
tranglate cotrect statements and detect erroneous ones. A set of
conventions which define the format of each COBOL element is
therefore in use, and this is also used throughout the manual.

This section lists the conventions in the language specification, and
also draws attention to some other rules which should be followed in
writing a COBOL program. The reader will gradually realise the
importance of the items listed.

1 All words in capitals underlined must be written exactly as shown,
and must aiways be present when the function of which they are a
part is used. These are key words or reserved words, which have a
special meaning to the compiler.

For example,
MEMORY integer WORDS

An error message will appear if the underlined words are absent or
incorrectly speit in a statement.

Underlining is not necessary when writing in actual COBOL source
program.

2 Allwords in capitals not underlined are used for readability only, and
may be written or not as the programmer wishes. These are known
as optional words.

For example,
RECORDING MODE IS V

3 Allwords in lower case letters represent generic terms for material to
be supplied by the programmer. These may be identifiers which
inctude data names and procedure names or /iterals which are values
directly quoted in a statement (see Chapter 7).

For exampile,
ADD data— name--1 TQ data— name—2
SUBTRACT literal—1 FROM data—name—1

4 When material is enclosed in braces, thus

i

thisis an indication that a choice must be made from the possibilities
given.

For example,
ADD {data—name—1} TO data—name—2

literal —1

9



5 When materialis enclosed in square brackets [ ], this means that it is
an option which may be included or omitted as required.

For example,
MULTIPLY data—name—1 BY data—name—2 [GIVING
data— name—3]

Brackets can be nested, and are evaluated by starting at the outer
pair and working inwards. If material is enciosed in braces within
square brackets, this means that the whole entry is optional, but that
if it is used, a choice must be made between the possibilities given.

6 Three full stops, thus, ..., indicate that any number of items may be
included in a format as shown.

For example,
ADD {data—— name— 1} {data— name——Z}. .. TO data—name—n

literal—1 literal—2

The following conventions should be followed when writing a COBOL
program:

1 The letter O should be distinguished from the digit zero, by writing
O as

e
and zero as
0

2 Theletter | should be distinguished from the digit one, by writing | as
[
and one as
1

3 Care should also be taken in writing 2 and Z, 6 and G, which may
easily be confused. The use of continental sevens (?) and Zs (Z) may
also avoid ambiguity.

4 The use of full stops is very importantin a COBOL program, and they
must always be written as shown in a format, and must be followed
by at least one space. In general, a full stop must follow all division
and section headings, and paragraph names; each file description,
and each record description entry; each COBOL sentence.

5 Semi-colons and commas may be written at any point in the source
program for the sake of readability. They must always be followed by
a space, and are ignored by the compiler.

6 Hyphens must always be included in key-words as shown.

It is important to realise that the rules concerning punctuation and the
writing of key-words are essential to the success of a COBOL program.
With a high level language, where one source instruction generates
many object code instructions, a small mistake may lead to a useless
object program. Common errors include missing full stops, missing
hyphens, and key-words written wrongly.



Chapter 5

IDENTIFICATION DIVISION

PROGRAM —ID entry

ldentification and
environment divisions

This chapter deals with the identification and Environment Divisions of
a COBOL program. Several of the Environment Division options will be
further explained in later chapters. The use of the Environment Division
for files held on direct access devices is described in outline in Chapter
11. Further options available in the division, but less commonly used,
are given in Chapter 14.

This brief division exists principally to give the program a name to
identify it at run-time, and a priority number for multiprogramming
purposes. Extra facilities are available for adding documentary
comments if required.

The basic format of the division is as follows:

IDENTIFICATION DIVISION.

PROGRAM—ID. Program name.
As with all division names, the heading must be written exactly as
shown on one line of coding sheet, beginning in column 8. It must be
followed by a full stop. (Note that a space must always follow a full
stop.)

The heading must be followed on the next line by the PROGRAM-—ID
entry. PROGRAM—ID should again start in column 8, and must
inciude the hyphen and full stop as shown. On the same line is written a
program name, devised by the programmer according to the rules
below:

1 1t must have exactly six characters.

2 The first character must be alphabetic, the next three alphanumeric
(alphabetic or numeric), and the last two numeric.

3 1t must be followed by a full stop.

The first four characters are allocated as the name of the object
program at compilation; thus they allow the program to be located and
loaded into store at run-time, by means of operator and Executive
action.

The last two characters comprise a priority number, which is used if the
program is run on a multiprogramming machine. This must be numeric,
and in the range 01 to 99. It is essential that a priority is given if
compiling a program for use on multiprogramming machines. Should
the priority number be omitted, the compilation printout will show
message number 800, and a priority of 01 will be given to the program.
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Documentation facilities

Even if multiprogramming is not used, two numeric characters must
always be present, although in this case any number will suffice.

Examples

The following are examples of valid program names:
COST71.
X78943.
T3SR02.

The following are examples of invalid program names:
COST71 (full stop omitted)
345109. (first character not alphabetic)
GAMEPAQ. (last two characters not numeric)

This must appear in the correct format, with no spelling
mistakes, after the priority number and before the next
division heading.

Some useful comments might be the author of the program,

the date the program was written or the name of the instal-

lation.
The information will be listed on the compilation listi
but have no affect on the object orogram,
The date of actual compilation is always supplied by the compiler and
written at the head of the compilation printout.

Example
The following example shows a typical Identification Division:
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Comment lines

An asterisk in column 7 denotes a comment line. The contents of the
line will appear on printed output but are otherwise ignored by the
compiler. Continuation indicators cannot be used to describe
continuation comment lines. Each comment line must be denoted by
an asterisk in column 7. Comment lines can appear in any division after
the Identification Division header.

Example

-
-
-
b

TJAFJkAH-JléNn Nykxslrtel"'{'kl lllllLilllllL [
RAAM-IIDrIAIBlCnQ{d‘l111111lxltl111111 l

b
-
—

llllllllllllllllllllllllllllllllll L.l

..
L
-
-

~_L—~

L5 LPﬁgﬁh&kM lUPlDlAlTlESJ 58 MAHWETJkl lTlAIPEl L1l

ols, 7 1MF1912LM&|7T bxl\‘ Jﬁf‘{ 11

MY ngA’NI@'IEkJ 72 lTHL_LLIEﬂLé lPkIIWITIELQ U l Ll

—

-
L ——
5
B
=
L

llllllllllllllLllj_lllllllljllllll}lll

-
-

62

It is possible to supply information concerning the program.



ENVIRONMENT DIVISION

Configuration Section

SOURCE—COMPUTER
PARAGRAPH

OBJECT —~COMPUTER
PARAGRAPH

This division provides a standard means of expressing information
about the hardware required for a particular program. It always
contains two sections: the Configuration Section specifies the details
regarding the source and object computers used with the program; the
Input/Output Section specifies the names of all files to be used with the
object program, and the peripherals to be assigned to the files.

The format of the division is as follows:
"ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
SOURCE-—-COMPUTER.

OBJECT ~-COMPUTER.
SPECIAL~-NAMES,

INPUT —QUTPUT SECTION.
FILE—~CONTROL.

Bivision, section and paragraph headings, as shown above, must be
written exactly as shown, each on a new line starting in column 8.
Particular care should be exsrcised in the placing of full stops and
hyphens.

This section may consist of three paragraphs, the Source —Computer
Paragraph, the Object— Computer Paragraph and the Special —Names
Paragraph. The first two must always be present, but the third is
optional.

This paragraph has the format
SOURCE—COMPUTER. ICL—190n.

Its purpose is to tell the compiler which type of computer is being used
to translate the source program. The line must start in column 8 and at
least one space must precede the ICL entry. ICL—190n specifies a
member of the 1900 Series, where n is a numeric character, as for
example, ICL 1903. The A series should not be specified. The ICL entry
can alternatively be written on a new line, starting in column 12,

ICL-2903 or ICL-2904 should be specified, if appropriate.

This paragraph can be larger than the previous one and has the format
OBJECT—~COMPUTER. ICL—190n
MEMORY integer WORDS
[SEGMENT —LIMIT IS integer]

CARD—READER

PAPER —READER
[ASSIGN OBJECT—PROGRAMTQ { CASSETTE

EDS

CORE—EDS

A full stop must be written at the end of the last entry in the paragraph.

The OBJECT —COMPUTER entry telis the compiler which computer is
to be used to run the object program. This entry begins in column 8, but
all other entries begin in column 12. The rules given under SOURCE—
COMPUTER PARAGRAPH also apply here, including the fact that the
A Series should not be specified.

The compiler examines the last digit of the computer number to see if
the machine is a 1904 (or above) or a 1903 (or below). On earlier 1900
machines this was the point at which some functions which were
Extracodes on smailer machines were carried out by hardware on the
larger processors. Examples included movement of large amounts of
data, and multiplication. The compiler can produce a more efficient
object code program if it knows whether some functions are performed
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by Extracodes or by hardware. On current 1900's some machines below
the 1904 have certain of these Extracode functions done by hardware.
If the program is to be run on such a machine; it is worth specifying
1904 even if it is, say, a 1901S.

The next statement, the MEMORY clause, is used to state the
amount of storage in words available to the object program. The
number of words given must be a whole number. It cannot be greater
than store size minus the amount taken up by Executive.

Note that the amount of store allocated to the object program may be
larger than that used to compile the source program. For example, a
program may be compiled on a 16K machine for running on a 32K
machine; the MEMORY SIZE would then be about 2700 in the
OBJECT—-COMPUTER clause.

If the object program requires more store than is stated, a message
* 645 COMPUTER SIZE EXCEEDED

is printed out. However, the program will still compile, and can be run

so long as sufficient store is available.

The SEGMENT—LIMIT clause is used only when a program is ,
segmented. Such a program is divided into segments consisting of one
or more sections; each section is given a priority number, sections in
the same segment having the same number. The clause specifies that
sections with priority numbers less than the integer specified are held in
the permanent area of storage. The integer must be in the range 0 to 49.
Sections with priority numbers equal to or greater than that stated are
overlaid, that is they are copied into core each time they are called by
the program.

If this clause is not specified in the Environment Division, the segment
limit is taken as 50; sections with priority numbers below 50 then
become permanent sections.

A full description of segmentation is given in Chapter 13.

The ASSIGN OBJECT—-PROGRAM clause is again used only for
segmented object programs. It specifies to the compiler the type of
peripheral on which the object program is to be held and from whichiitis
to be overlaid. A special overlay package is incorporated in the object
program.

This clause is normally relevant only when the medium from which the
program is overlaid is different from the medium on which the compiler
is held. If the clause is omitted, the same backing store is assumed; for
example, an object program compiled by an E.D.S. compiler will be
overlaid from E.D.S. The overlay package used is that appropriate to
the medium on which the compiler is held.

The effect produced by the clause depends on the compiler, and on the
peripheral specified. CARD —READER and PAPER —READER are for
documentation purposes only. TAPES and EDS each produces its own
overlay package, and results in the program being held on the medium
specified .

CORE—EDS can be specified. On loading the object program, the
overlay segments normally held on E.D.S. will be held in store instead
(in Upper data). This is a method of running programs which occupy
more than 32K in store. These would otherwise require the use of a
1900 feature called ‘Extended mode’.

For further details of this clause, see the COBOL reference manual.



Example

A typical portion of the Environment Division, showing Source and
Object— Computer paragraphs, is shown below
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SPECIAL—-NAMES
PARAGRAPH

This provides a means of giving mnemonic names to hardware units, so
that the name can be used, for example, in ACCEPT and DISPLAY
statements, to allow input to the program from the card reader or
output to the printer. Names can also be given to channels of the printer
control loop, and to switches on the consoie typewriter. Some detail of
this paragraph is given here, but cross-reference should be made to
other specified parts of the manual.

The paragraph has the format
[SPECIAL —NAMES.]
[hardware —riame integer [TYPE type—number]
IS mnemonic —name] ...
[CHANNEL —n IS mnemonic —name] ...
ON STATUS IS condition—name }
QFF STATUS IS condition—name

{hardware -- name{

It consists of a heading which must be written as shown, followed by
one or more clauses with the above formats. The three clauses shown
correspond to the three options available. Of course, the same clause
may occur more than once in a paragraph. The Special —Name entry
must begin in column 8, and all other entries must begin in column 12.
A fuli stop must be written at the end of the last entry in the paragraph.

A mnemonic name is a name defined by the programmer using the rules
for data names (see Chapter 4). It must be unique within the program
and in this context is used to identify a hardware device. The relevant
device is then referred to by this name in the Procedure Division.

The first clause assigns mnemonic names to peripheral devices, where
the hardware name must be one of the following:

CARD--READER

CARD—PUNCH

PRINTER

PAPER - READER

PAPER —PUNCH

The integer written after the hardware name indicates that the
peripheralis the nth of that type assigned to the program. {This enables
the programmer to ensure that the device is or is not the device
assigned tc a specified file.) The mnemonic name is a pseudonym for
the peripheral identified in the same clause. This name refers to the
device in the Procedure Division, when it is required to accept into the
program a small amount of data held on a peripheral, or to display
similar data on an output peripheral.



Data can be accepted from a card reader or paper tape reader, and can
be output on a card punch, paper tape punch or the line printer. Details
of these operations, and of how the mnemonic name is used are given
under ACCEPT, and DISPLAY, in Chapter 7.

The TYPE option allows a particular model of the peripheral device to
be specified by means of the type number. For example, type number
110 denotes a card reader with binary image facility, operating at 900
cards a minute; 001 denotes a line printer with 96 print positions,
operating at 300 lines a minute. A complete list of type numbers
acceptable to the compiler is given in the COBOL reference manual. If
the TYPE option is omitted and the computer has more than one type of
the peripheral named, the type is assigned arbitrarily. Further details of
this option are given at the end of this chapter.

The second clause assigns mnemonic names to the channels of the
paper tape loop used to control line spacing on the printer. See Chapter
1, for a description of the loop. CHANNEL is followed by n which is an
integer in the range 1 to 7, specifying a channel number. The mnemonic
name is a pseudonym for the channel, and is used with the WRITE verb
to control spacing on a printing form. See WRI/TE. This facility may be
of value when compiling COBOL. programs written for other machines.

In the third clause, the hardware device must be a switch in word 30 of
the program area. These switches can be set by operator action on the
console typewriter. The program may need to test whether one of
these switches is in the ON or OFF state, and branch accordingly. The
two states of the specified switch can be given condition names, so
that it can be tested using the statement.

IF condition name

The Special—Names paragraph gives a name to the switch in either of
the two states. If the ON state is named, the value of the condition is
true when the switch is on, and false when it is off. If the OFF state is
named, the reverse is true.

The condition name can be used in a switch status condition, wherever
a condition is permitted in the Procedure Division. See Chapter 7,
“CONDITION NAME CONDITIONS".

In this clause, the hardware name must have the format

BIT—nn
where nnisinthe range 0 to 23. Each bit represents a switch in word 30
of the object program, and a 1 bit value corresponds to ON, while an 0
bit value corresponds to OFF. The condition name follows the rules for
data names (see Chapter 4).

Example
The following example shows a Special — Names paragraph including
all the possible options. '
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Input-output Section

FILE—CONTROL .
PARAGRAPH

The Input—Qutput Section normally consists of a single paragraph,
the File—Control paragraph, which is written immediately after the
section heading

INPUT —QUTPUT SECTION.

This paragraph describes the peripheral units used to hold input and
output data, and allocates them to files. Each file referred to in the
Procedure Division must be named here and associated with a specific
peripheral. For example, if a pack of cards is to be read, the paragraph
allocates the cards to a card reader.

The paragraph has the following format:
FILE—CONTROL. linteger— 11 TAPES

SELECT file-——name—1 TAPES integer—2
ASSIGN TO hardware—nameinteger—3
(RESERVE 1). [TYPE type —number]

[SELECT file--name—2 ...].

After the paragraph heading, which must be written as shown starting
incolumn 8, a SELECT...ASSIGN statement must be given for each file
used by the program, starting in column 12. A full stop must follow each
select assign statement.

Each file used must be given a name, the file name is a data name
devised by the programmer according to the rules.

Each file name is included in a statement which assigns it to the
appropriate peripheral. If the file is to be written to or read from
magnetic tape, the TAPES option is used. The preceding integer
indicates the number of tape units to be assigned to a file. Within the 1900
2903/4 series itis notnecessary to specify more than one tape unit,

as any continuation reels needed are automatically allocated. The
integer is therefore always 1, and is included only for documentation

and compatibility.

Allocation of magnetic tape units to files takes place dynamically in
1900 COBOL,; that is, those units which are next available are allocated
as they are needed. There is no means of allocating a particular unit to a
file.

If the file is on a slow peripheral or on direct access, the hardware
name given in the statement must be one of the following:

CARD —PUNCH integer

CARD —READER integer

PRINTER integer

PAPER —READER integer

PAPER —PUNCH integer

EDS integer (Exchangeable Disc Store)

The integer after the hardware name must be a whole number; this
must start at 1 for each type of peripheral; it identifies the unit as the
first, second (and so on) of the type assigned to a program. When a file
is opened in the object program, the allocation is automatic in that it is
assigned to the next available peripheral device (aithough the
programmer can override the automatic choice; see below).
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The device chosen in this way becomes the program’s integer device of

this type, where integer is the number given in the SELECT...ASSIGN

statement. For example, ‘
SELECT LPO ASSIGN PRINTER 4

does not mean that the file is assigned to the fourth printer, but merely

that it is to be assigned to a printer referred to as 4.

As mentioned above, the programmer can select a specific peripheral
to be assigned to a file. The TYPE option enables a particular model of a
given peripheral to be used, if there is more than one kind available to
the program.

-The phrase
TYPE type-number

is written immediately following the hardware name in the appropriate
statement. The number after the word TYPE is equivalent to the
property code. This indicates that the unit assigned must have at least
the properties defined by the property code, even though the unit may
in fact be capable of more than the stated action. For example, a
minimum speed of peripheral transfer may be required, a card reader
with binary image, or a printer with a minimum number of print
positions.

The property code for each device consists of nine bits which are
interpreted by Executive at run time. The number written by the
COBOL programmer is the octal equivalent of this, in other words a
three digit number. For example, the statement
SELECT ISSUES ASSIGN CARD—READER 1 TYPE 000

allocates to the file ISSUES a 300 cards per minute card reader without
binary image. A full list of type numbers and the devices they represent
is given in the COBOL reference manual in Chapter 4.

It should be noted that the TYPE option can only be used for character
peripheral devices, and not for magnetic tape or direct access devices.

For efficient programming it is often desirable to create double
buffering for certain files. In COBOL this is achieved by simply adding
RESERVE 1 at the end of the SELECT...ASSIGN statement. This is all
that is necessary to obtain double buffering; RESERVE 1 causes two
buffer areas to be assigned to the file. While the data of one buffer area
is being processed, data can be transferred to or from the other area,
thus increasing overall speed.

The decision to double buffer is dictated by the program. Generally,
slow peripherals used throughout a program will be double buffered.
There is no advantage in double buffering a fast peripheral if the speed
of the program is controlled by input/output of siow peripherals; in
addition, the fast peripherals usually have large block sizes and the
storage required to double these is uneconomic.

Example
A typical Input-Output Section is given below.
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Chapter 6

The data division

As explained in Chapter 4, the Data Division describes the format of ali
the data used during processing. It was discussed how data items are
given data names, and how data is organised into files, records, group
fields and elementary fields. In this way all the internal storage available
to the program is divided up and names assigned to each area. This is
achieved by making an exact description of all external files held on
peripherals, presented to or produced by the program. This chapter
deals fully with the elements of the Data Division. Further detail of less
common features is given in Chapter 14. For direct access devices,
additions to the rules given in this chapter are given in Chapter 11.

The purpose of the Data Division is to give the compiler program
sufficient information about files, records and fields to allow it to
translate the Procedure Division statements correctly. [t determines the
coding generated by a verb such as ADD, MOVE or READ; this coding
will vary according to the nature and size of the fields being acted upon.
For example, in the simple statement
ADD A-IN TO A-OUT

the machine code required to carry out this operation will depend on
whether A-IN and A-OUT are numeric, whether they are in character or
binary form and so on.

If A-IN and A-BUT are each only one word long, and their contents are
in binary notation, then the addition could be performed in two
machine code steps. On the other hand, if they are both long fields in
character form, and if the decimal points do not line up, then the
addition could take thirty steps. Therefore the size and nature of each
field to be processed determines the program steps which are inserted
in the object program by the compiler.

The compiler will build up a table from the Data Division entries
showing each data name and the various characteristics of each field.
Then, as it compiles the Procedure Division, it will look up this table for
each data name, in order to generate the coding to handle the data in
the field.

Because of this, it is essential to remember that all names referred to in
the Procedure Division must have been defined in the Data Division.
The one exception is a name given to an item of hardware in the
Special-Names Paragraph of the Environment Division. As a general
rule, however, no names should be used which have not had a
definition given to them in the Data Division. It is also advisable,
particularly on small machines, to keep data names as short as possible,
so that the table of entries is kept down to a reasonable size and does
not occupy too much store.
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STRUCTURE

The Data Division begins with a division heading, and is then divided
into two main sections. The File Section gives all the detail required by
the compiler about input or output files held on peripheral units and
handled by the program. It describes each file in terms of the records
which it comprises. Every field within a record is defined at its lowest
level. The Working-Storage Section describes working areas to be set
aside for processing, and defines constants, items of data whose
values are the same throughout the program. There is also a Linkage
Section which describes subroutine parameters, but this will not be
considered until Chapter 10.

The outline structure of the division is shown below.
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In addition to the general rules for writing COBOL there are specific
rules for writing the Data Division, as follows:

1 Division and section headings must begin in column 8 and must be
written exactly as shown in the diagram above, including hyphens
and full stops.

2 The FD of a file description must be written beginning in column 8.
The level numbers of record descriptions can begin anywhere after
column 7 and can be inset. All other file and record description
entries must begin in column 12 or later.

3 A file description must be terminated by a full stop after the last
entry.

4 Each record description entry (record name or field description) must
begin on a new line and must be terminated by a full stop.



THE FILE SECTION

As stated above, the File Section defines input and output files and
records processed by the program. It has one entry for each file, and
this consists of a file description entry (FD) giving the name of the file
and information about it, followed by one record description for each
type of record in the file. If a file contains several record types, this
means that there are different structures in which data is organised,
which are read or written as the file is handled. The computer must be
programmed to deal with each separately, as the varying nature of
the records will necessitate different coding by the object program. it
should however be noted that there is only one record area per file; thus
different record types are merely views of the same area. The order in
which files and records within the files are defined is arbitrary, but it is
usual to define input files before output files. The structure of the File
Section is shown diagrammatically below.
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A file description is a COBOL sentence which gives information about a
data file and precedes record descriptions for that file. A number of
options may be included but there are basically two types of file
description.

1 for files held on slow peripherals.
2 for files held on magnetic peripherals.

These two categories will be described separately.
The format of this file description is as follows:

ED file—name
[DATA RECORDS data—name—1 ([data—name—2...] ].

FD must begin in column 8, but other clauses must startin column 12 or
later.

Since a file description is always in the form of one COBOL sentence, a
full stop must follow only the final clause.

This clause introduces each file description. FD is followed by a file
name devised by the programmer, which will already have appeared in
the Environment Division, in a SELECT...ASSIGN clause. Thus a
specified peripheral will have been assigned to the file.
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The DATA RECORDS clause There is another extra clause which may be added as useful

documentation, particularly for a file with several record types. It is
written as ‘
DATA RECORDS data—name—1 {data—name—2 ...]

Its purpose is to list the names of the records, which must be the same
as those given in the record description, and are devised according to
the rules for data names. Ali records in the file share the same area of
store, so that the record type has to be determined by test before fields
within it can be located.

The DATA RECORDS clause is recommended for all files with more
than one record type. The order in which records appear is
unimportant. The record names need be separated only by spaces, but
note that the omission of the hyphen in a name will cause it to be
interpreted as two records.

An example of a file description for a slow peripheral file is given below.

MAGNETIC TAPE

RN N,
il L. | aTa pECECDS. BAck-Axie dear-Box. | . .. .. ].
I T T e
N R T N T T T e

The file description for magnetic peripherals also comprises a COBOL
sentence followed by a full stop. It has the following format:
ED file—name

v

[RECORDING MODE is {5} ]

[BLOCK CONTAINS integer RECORDS }]
CHARACTERS

[LABEL RECORDS STANDARD [WITH GENERATION—NOI]

ID .
[VALUE OF{lDENT‘HC ATION} IS literal— 1]

[ACTIVE—TIME IS literal —2]

[DATA RECORDS data—name—1 [data—name—2 ...] ] .

FD (File Description) This clause introduces each file description. See above for details.

The RECORDING MODE clause This entry causes the compiler to allocate an extra word of storage at

the beginning of the record area for the file, and the object program, on
obeying an input statement, will insert a count word at the beginning of
each record and set the appropriate value in it. This count word is not
accessible to the user program and is not set to zero after the record has
been written. RECORDING MODE F means that all the records in the
file have the same fixed length. RECORDING MODE V means either
that the records in the file may have different fixed length records or
that one or more records may containan OCCURS ... DEPENDING ON
clause.

THE BLOCK CONTAINS clause This entry indicates the size of a block on a magnetic tape file, and
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therefore the size of the buffer required in store, as the file is read or
written block by block.
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by the generation number, which varies from run to run and is supplied
by the operator at run-time. It may be given in one of two ways.

If ACCEPT FILE KEYS is used in the Procedure Division (sece
Chapter 7), and WITH GENERATION-NO specified in the file
description, the generation number is read from cards or
paper tape when ACCEPT is obeyed.

The message
SET FILE nn GENERATION NO IN WORD O

is typed out on the console; files are numbered for reference in
messages of this kind. The operator must then use the ALTER
typewriter directive to alter word O of the program so that it contains
the value of the generation number specified on the job instruction
sheet. He then types GO, the number is extracted from word O by the
object program, and is used to check or write the tape. There is a halt in
the program for each file requiring a generation number, if the operator
has to type the number on the console.

The VALUE OF ID clause This entry must be present for a magnetic tape file when the LABEL
RECORDS clause is included in the file description. It is used to check
the identification on the header label of an input file, and is written to
the new label of an output file.

The clause has the format

VALUE OF {ID IS literal—1

{IDENTIFICATION }

where literal—1 must be a non-numeric literal of up to twelve
characters. This value is the same as the name on the file’s header label,
but is not necessarily the same as that chosen by the programmer to
refer to the file in the program.
For example,

VALUE OF ID IS “PAY—-WEEK "

Foraninputfile, the VALUE OF ID is compared with the actual value of
the label identification read into the computer at run-time. For an
output file, a header label is written to the tape containing the
identification given.

Since the identification is a literal, it must remain the same every time
the program is run. Different versions of a file are distinguished by
means of the generation number.

The ACTIVE-TIME entry This entry is needed only for output files, and specifies the number of
days for which the magnetic peripheral is to be retained before being
used for something else. Its format is

ACTIVE—TIME IS literal—2
where literal — 2 is an unsigned numeric literal not greater than 999 (see
Chapter 7 literals). For example,

VALUE OF ID IS “CONTROL—3010"" ACTIVE—TIME IS 7

The Active—Time is then written to the file’s new header label, and will
ensure that the file is not overwritten before the time has expired.

If the value of the Active—Time is not specified, an Active— Time of

zero is assumed, implying that the file is not needed after the program
has been run.
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Although it is not usual to specify this entry for input files, its absence
will cause the message.

FILE MAY BE LOST ON CLOSING
to appear on the compiler listing. This message can be ignored.

Note: Both VALUE OF ID and ACTIVE— TIME can now specify a data-
name instead of a literal. This enables the user to vary the name of a
magnetic tape each time the program is run. Data-name must be defined

within the Data Division and have a value inserted in it
before the tfile is opened.
Record description The first record description for a file starts on the line following the file

description. As shown in Chapter 4, records consist of group fields and
elementary fields. The function of the record description is tb give a
name to each part of the record and to describe each in turn so that the
compiler can, as it were, form a picture of the data in the record. The
hierarchy of fields must be seen in relation to fevel/ structure which is the
basis of the record description. The purpose of this system is to show
the relative importance of fields within a record.

It must above all be emphasised that there is only one record area for
each file. However many records there are within a file, these all occupy
the same area of store in turn. Different record descriptions are
therefore different views of this one area of store. The record area is
allocated according to the size of the longest record, and each record
occupies the area in turn as it is processed.

LEVEL STRUCTURE Level structure is used to show the organisation of group fields and
elementary fields within a record. In order to set up the table of data
names in store, the compiler must be told what level of importance
each name has; whether it is a record, group field or elementary field.
The programmer must also be able to see the structure of each record.

This is done by writing a /level number beside each name, indicating its
importance. Record names are given the lowest number 01, and each
subdivision in the record has its own level number. The record is
normally splitinto a number of fields which are given the number 02, If a
field is subdivided, the names of these subfields have the number 03. if
a subfield is further divided, the divisions will have the number 04, and
so on, until the lowest elementary field has been defined. Level
numbers can go as far as 49,
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Suppose that a record called CLOCK — CARD gives the date, a man’s
name, his employee number and the number of hours he worked. The
following fields are present in the record: ’

DATE

DAY

MONTH

YEAR

NAME

SURNAME

FIRST—INITIAL

MIDDLE—INITIAL

EMPLOYEE—NO

HOURS

This list of names is meaningless to the compiler unless the way it is
organised is made evident, as shown below.

CLOCK-CARD

DATE

NAME EMPLOYEE-NO HOURS

DAY [MONTH| YEAR

SURNAME

FIRST-INITIAL MIDDLE-INITIAL

It can now be seen that within the record CLOCK—CARD there are
four first-level fields. DATE and NAME are group fields in that they
each contain three sub-fields. DAY, MONTH and YEAR are part of the
group DATE and SURNAME, FIRST—INITIAL and MIDDLE—
INITIAL are part of the group NAME. EMPLOYEE—NO and HOURS
are both elementary fields as they are not subdivided. Similarly all the
sub-fields here are elementary fields. (if they were further divided they
would themselves be group fields.)

On the coding sheet the example would therefore be written as follows.
It is common but not essential to indent level numbers according to
importance, to convey the data structure more clearly to the eye.
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The record must always be defined in this fashion, with all of a group
field’s subdivisions given in sequence down to the lowest level, before
the next group field is specified. A group includes all elementary fields
or smaller groups beneath it, until a level number numerically less than
or equal to the number of that group is reached. Thus a reference to
CLOCK— CARD will involve all the listed items. A reference to DATE
will involve DAY, MONTH and YEAR, and so on.
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THE PICTURE CLAUSE
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The fact that the precise structure of a record is determined by the
processing carried out on it may mean that parts of the Data Division
cannot be completed until after the Procedure Division has been’
written. It is wise to leave room on the COBOL sheets to aliow the Data
Division to be changed.

It may be that the view of the data required by one part of the Procedure
Division is quite different from that required by another. in this case two
or more record types must be declared, each providing a different
breakdown of the record area. This operation is described under
MULTIPLE RECORD TYPES later in this chapter.

In addition to naming each part of the record, and giving it a level
number, its size and nature must also be conveyed to the compiler. A
record description consists of a series of COBOL sentences, each
comprising a data name and a level number, some of which are
followed by a clause which enables the compiler to form a logical
picture of the entry. This clause is known as the PICTURE clause and
has the format

{EI__C_: } s any allowable combination of up to thirty

PICTURE characters and symbols

The abbreviated form, PIC, can conveniently be used in 1900 COBOL.
The character string following PIC defines the amount of storage the
field will occupy and gives it characteristics. Basically, it consists of a
number of characters which give information about the class, size and
decimal point position of an item. The number of characters in the
string indicates the size of the field, and the type of character written
denotes the nature of the data. These characters are considered below.
Other editing characters may also be included and these are described
later in this chapter.

- 9 represents a numeric character chosen from the numerals 0 to 9. For

example,

PIC 99999.
shows that the field has five numeric characters. Note that there must
always be a space between PIC and the next character, and that the full
stop is necessary unless there are further clauses which relate to this
field.

Alternatively,

PIC 9(5).
could have been written. The number of characters can be abbreviated
(particularly when there are an unwieldly number in the Picture) by
writing the number of times the character appears enclosed in brackets
after the character itself. There should be no spaces within the
bracketed entry.

X represents any alphanumeric character chosen from the 1900 Series
Internal Character Code given in Appendix 2. For example,
PIC XXXXXX.
or
PIC X(6)
shows a six-character alphanumeric field.

A represents an alphabetic character chosen from the letters A to Z and
space. For example,

PIC AAA.
or

PIC A(3).
denotes a three-character alphabetic field. A is less commonly used
than 9 and X.



Certain operational characters given below are also used to denote the
presence of a decimal point and the signed value of a fieid. it should be
noted that these do not normally affect the number of characters in an
item in store by taking up a character position.

V indicates the location of an assumed decimal point. For example, the
Picture below informs the compiler that a five-digit numeric item has
two places of decimal:

PIC 999Vv99.

When the fieid is involved in arithmetic, the machine code treats the
first three characters as whole numbers, and the last two as decimal
places.

V can appear as the last character in a Picture but it is unnecessary,
since a decimal point is assumed at the right of the Picture when the
item is an integer.

S must form part of the Picture of any field which may contain a
negative value. It is used to indicate that the value is signed and is
written in the most significant position. For example,

PIC S9999.
denotes a four-digit nureric field.

In the example, the sign may or may not be held as a separate
character, according to the Usage of the item (see pages 92 to 93).

It must be emphasised that if a negative value is put into a field which
does not have S inits Picture, the sign will be ignored, and the item held
as a positive value. S is therefore of the greatest importance in a

Picture.

P indicates the position of an assumed decimal point when it lies
outside the item in storage. It acts as a scaling character, which
indicates that the characters held in store are to be adjusted by a power
of 10. The number of Ps to the right or left of the Picture show how
many positions to right or left the decimal point is located. In this way
store can be used more economically. If for example a value is always to
be an exact humber of hundreds, there is no need to hold the zeros in
store with a Picture of

PIC 9999.
Instead the field can be held as

PiIC 99PP.
which takes up only two character positions in store. Any value in this
field will always be multiplied by 100 before being used in arithmetic.

P is of limited value from an economic point of view since the storage
saved in holding the factor will be lost later in the extra steps needed to
adjust the factor before arithmetic.

Examples

Some examples of PICTURE clauses using the characters described are
given below. It is important to remember that while the number of
characters and symbols in a Picture is limited to 30, the clause must not
be used to describe an itern whose size is more than 120 characters.
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Picture Number of Size of item Class Characters Interpreted by
characters in storage the compiler
and symbols
in Picture

AAAAAA | 6 6 Alphabetic MNOPQR MNOPQR

A(6) 4 6 Alphabetic MNOPQR MNOPQR

XXX XX 5 5 Alphanumeric AB284 AB284

X(5) 4 5 Alphanumeric AB284 AB284

999 3 3 Numeric 284 284

9(3) 4 3 Numeric 284 284

S999 4 3 Numeric 473 (plus) 473

S999 4 3 Numeric 473 {minus) -473

99Vv999 6 5 Numeric 28447 28.447

V999 4 3 Numeric 284 .284

99P 3 2 Numeric 71 710

Not all clauses in a record description require PICTURE clauses. Only
elementary fields should be defined in a Picture, group fields which are
subdivided (including the 01 record name) do not have Pictures
attached to them. Thus the items in a record are defined by Pictures at
their lowest level. Every field which is not subdivided must have its
Picture, even an 01 level if this has no fields within it.
This rule is illustrated by the record description given below. Note that
each clause, whether or not it contains a Picture, must be followed by a
full stop.
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All the rules for using the PICTURE clause are summarised later.
As described earlier, each record or field is assigned a level number
which is followed by a data name. Sometimes, however, what is
known as a Filler can be used instead of a data name. This is a special
field name written as FILLER, which indicates to the compiler that a
field will not be addressed in the Procedure Division. It is important to
remember that FILLER is not a data name, and cannot appear in the
Procedure Division.
FILLER FILLER is used to denote fields which are to be ignored or are to be left

blank. On input files, fields defined by FILLER will be ignored (perhaps
because they contain information not required by the current
program). On output files, Filler fields are also ignored but there are two
particular cases:



1 On the card punch, FILLER will be used for all card columns which
are to be blank, to pad out the record size to exactly 80 characters.
Each group of blank columns will be indicated by FILLER in the
record description.

2 Onthe printer, the number of print positions left blank between fields
will be shown by FILLER. The purpose of this is to provide spacing
and to pad out the record size to 120 characters or the size of the print
line. (Alternatively, on buffered printers, the record size need only
be the length of the actual data.)

In both these cases, there must be Procedure Division statements to
move spaces into these positions before the record is written. Since the
Filler fields cannot be addressed directly, spaces are usually moved to
group fields in the record or to the record name itself. The correct
number of spaces as specified by FILLER will then be inserted in the
record.

The following example shows a record ITEM —TOTAL which is to be
output on a line printer. Data is only to be printed in certain positions,
and the rest are occupied by spaces. Note that the name FILLER must
be followed by a PICTURE clause, indicating the number of characters
left blank. By convention X is used to indicate a character position. No
editing symbols will of course be included.
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MULTIPLE RECORD TYPES

As may be seen, FILLER has the same level number as the items with
which it is grouped in the record.

Record descriptions in a file are merely different views of the same area
of store, since there is only one record area. Sometimes these different
views are known as a remapping of the record area. This section
considers the concept in a little more detail.

The following example from a Data Division shows parts of two record
descriptions in a slow peripheral file called CDIN.
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The first record gives an address, FIELD — 1, to the first two characters
of the record area, which are regarded as numeric, and an address,
FIELD —2, to the next three characters, which are regarded as
alphanumeric.

The second record remaps the same five characters, and includes the
sixth, quite differently. A—FIELD is the address of the first three
characters which are numeric, and B —FIELD refers to the next three,
which are also numeric.

Whenever the programmer wishes to address any of this part of the
record area, he will use the field name which will give him the correct
characters viewed in the way he requires. If he discovers that he needs
to address these five characters as, say, one numeric field, he must
insert a third record description in the Data Division, starting with an
entry such as
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If an input file has several record types, there should be at least one field
in the same position in each record to indicate the type. After reading a
record, the program will then examine this field and branch to
appropriate Procedure Division statements which refer to the fields in
the correct record description.

In output files, the most obvious example of multiple record types is to
build up different formats for output on the line printer. When
producing an invoice, for example, the layout of fields in

name and address lines

heading lines

detail lines

total lines
will all differ. Within the output file, each of these kinds of data will be
given a separate record description. The programmer will build up the
correct data in the output area by using the field names appropriate to
the record he is creating. The record can then be printed by a WRITE
order; in the case of the printer (and punches) it does not matter which
record name is specified.
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THE WORKING-STORAGE Once files and records have been defined in the File Section, it is

SECTION possible by means of Procedure Division statements to move data from
an input to an output file, to add two items of an input file and record
the result in an output file, and so on. In most programs it is also
necessary to accumulate intermediate resuits and create constants for
use by the program. Storage for this purpose is allocated in the
Working -- Storage Section, and will be available to all sections of the
program while it is being run.

Working-storage areas are described in exactly the same way as in the
File Section: records and fields are named, and characterised by the
Picture clause. Other symbols and clauses used in the File Section,
described under Editing Symbois later in this chapter are also applicable
to the Working-Storage Section.

Following the section heading, WORKING-STORAGE SECTION,
there are two types of storage which may be allocated in this section,
these are known as contiguous storage and non-contiguous storage.

Contiguous Storage Contiguous storage is the name given to areas reserved for fields which
are grouped together in a level structure to form records. This method
may be used, for example, to set up tables of constants (see
OCCURS iater in this chapter}, or to duplicate the format of an input or
output record which raquires working-storage.

As many records as are necessary can be defined. Records are defined
exactly as in the File Section. However, if a record is identical to one in
the File Section, the data names must be distinguished from those in
the original record. This can be done without changing the names, by
adding a hyphenated suffix to the original names. For example, a
record defined in the File Section as shown below:
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could appear in the Working-Storage Section in the following form.
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it should be noted that numeric items used to hold subtotals or
intermediate results can usefully be described as COMP SYNC RIGHT
(see later in this chapter).
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Non-contiguous storage Non-contiguous storage is allocated to elementary fields which are

independent of any other field and are used in isolation.

It is conventional to write any non-contiguous entries first in the
Working-Storage Section, followed by contiguous record entries, as
shown below.
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VALUE clause

This clause allows fields in the Working-Storage Section to be set to
particular values at the start of the program; in other words, it allows
constants to be set up. It has the format

VALUE IS literal
where the literal can be numeric, as for example,

VALUE 7521
or, non-numeric, as for example,

VALUE “TOTAL"

The rules for literals are given in Chapter 7 “LITERALS’ but it is
sufficient to say here that non-numeric literals must be bounded by
quotation marks. A figurative constant (see page 112) can be
substituted for a literal.

While VALUE clauses containing numeric literals are used during
processing and in arithmetic operations, non-numeric literals are often
used to output headings on printed documents. See WRITE, Chapter

7.
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The last example shows an 01 level used to specify a heading.






EDITING AND USAGE

Editing symbols

86

Conversion of data from one form to another is often required in a
COBOL program, especially before output. The Picture of an output or
working-storage field can change the way in which the data read into it
is stored, although the actual value remains the same. Such conversion
is carried out by steps generated by the compiler, which ensure that
when data is moved to a field it takes on the form dictated by the
PICTURE clause and usage clauses of the receiving field. This applies
when data is MOVED into a field, or when a new field is used to hold the
result after the arithmetic operation. (It does not apply when data is
READ into a field.)

There are two ways in which data can be converted from the form it
takes in the source field, before the operation, to the form it takes in the
result or receiving field, after the operation.

1 EDITING this provides a means of inserting in a Picture certain
symbols which clarify the data and show the form it takes in output.
For example, they can indicate where the decimal point is located
and whether it has a negative value. Editing symbols make data
meaningful to the human user, and are used especially in output via
the line printer.

2 USAGE this determines the way in which data is stored in the
receiving or resuit field, by certain clauses placed after the Picture
of the item. Data is usually stored in a standard way, but for program
efficiency it may be convenient to specify, for example, whether an
operational sign occupies a separate character.

When the programmer determines the form of an output or working-
storage field, he must select those editing symbols and usage clauses
which force data to take on the form he requires when it is moved into
the field. The distinction between the Picture of this type of field and an
input field is that the latter gives an accurate description of data as it is
held. Thus data is not changed in any way, and when the input file is
read by a READ instruction, data is simply transferred into store. No
conversion takes place, so that the Picture symbols and usage clauses
must define the item exactly as it stands.

As with the PICTURE clause, editing and usage must only be applied to
elementary fields. The editing described here operates when data is
placed in an elementary field, or when it is moved from elementary fieid
to elementary field. Different effects are achieved when a group field is
moved to a group field, and editing does not take place. Instead, each
group field is regarded as an unedited alphanumeric elementary field
and the rules for moving between fields of this type are obeyed. This
rule applies when the elementary fields in the group have editing
symbols or usage clauses in their descriptions. See MOVE, Chapter 7
for details of moving fields.

The PICTURE clause has been considered up to now as a means of
specifying the size and nature of the field. Further symbols can also be
added to the character string to specify editing requirements. When
data is moved to a result or receiving field it is often useful to make the
result more meaningful. This can be achieved by zero suppression,
insertion of characters and report signs. These, for example, suppress
leading zeros, and insert punctuation, the decimal point and a positive
or negative sign.



ZERO SUPPRESSION

* Asterfsk

When the compiler sees these requirements in the Picture of a field,
they are recorded in the Data Division tables. Later, when the field is the
receiving field of a Procedure Division statement, the conversion to
machine codes takes editing into account and inserts steps to achieve
the required result.

The various symbols which may be used are classified as follows:

Zero suppression 2

*

Insertion characters , comima
. full stop

Reportsigns

CR
DB

Each symbolis considered separately in this section. It should be noted
that only numeric fields may use all the above symbols. Alphabetic and
alphanumeric fields may use only the insertion characters 0 and B. It
should also be noted that ali fields including numeric fields, which
contain editing symbols, are classified as alphanumeric.

When the Picture of a result field contains Z in certain positions, leading
non-significant zeros in these positions are altered to space characters.
Zis written instead of 9 for each digit which is to be zero-suppressed.

For example, if a Picture were written as

PIC ZZZ99.
then zeros would be suppressed down to the last two digits, and the
result 00004 would appear as 04.

if the field contained zeros, two zeros would be printed.

Examples
Result field
Source data Picture Edited result
01234 79939 1234
00012 29999 0012
01234 22799 1234
00000 272999 000
00000 22777 {blank)
10001 22999 10001

The insertion of asterisks follows exactly the same procedure as zero
suppression, except that leading zeros are replaced by asterisks which
appear in the result field. This operation is known as asterisk fill or
cheque protect.
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INSERTION CHARACTERS
, Comma

. Full Stop

Examples

Result field
Source data Picture Edited result
12345 ***99 12345
00123 **9g9 **123
00012 **999 **012

The main use of the comma in a field is to improve the legibility of
printed output. A comma will be inserted in the result field in the
position shown in the Picture, but it may not appear as the right hand
character. For example,

PIC 99,999
would result in a value of 12345 being printed as 12,345.

Commas can also be combined with Zs. For instance,

PIC ZZ,2Z9.
If there are no significant digits to the left of the comma, the comma
itself is suppressed and replaced by a space character.

On the Continent, a comma often serves as a decimal point.

Examples

Result field
Source data Picture Edited result
12345 99,999 12,345
00012 99,999 00,012
00012 29,999 0,012
00012 ZZ,999 012

The main use of the full stop is to represent a decimal point on printed
output. The decimal pointis not normally represented in store and must
be inserted before output, occupying a separate character position.
The stop as a decimal point must always be accompanied by V in the
Picture, to indicate to the compiler the position of the point. This is
because a full stop has no special significance to the compiler. V can be
placed before or after the stop. For example,
PIC 99V.9
will interpret the value 606 as 60.6.

If a full stop is used without V, the result will not represent a decimal
point, but will merely improve legibility. This use is common on the
Continent.

Examples

Resultfield
Source data Picture Edited result
150325 9,999V .99 1,603.25
160668 99.99.99 16.06.68
123456 9.999V,99 1.234,56
00456 2ZZN .99 4.56

The second example shows the full stop being used to denote a date.
The third shows the continental use, where the full stop is merely for
clarity and the comma represents the decimal point. As seen, the
compiler positions the decimal point wherever thereisa V, and the stop
or comma is incidental.

A single pound sign can be placed in front of a sterling field to produce a
pound sign in that position of the result field. For example,

PIC £9,999.
will output the value 0162 as

£0,162



The £ sign can also be floated, to print in front of the most significant
non-zero character. £ is placed in each position where non-significant
zeros are to be suppressed.

PIC ££999.
would print the field 0012 as
£012
Examples
Result field
Source data Picture Edited result
12345 £99999 £12345
00012 £99939 £00012
00012 fEEEEL £12
00012 £EL£89 f12
00012 £££999 £012
$ The dollar sign placed in front of a monetary field operates in exactly the
same way as the pound sign. For example,
PIC $999
will print 370 as
$370
The dollar sign can also be floated.
Examples
Result field
Source Picture Edited result
37025 $999.99 $370.25
01250 $$$9.99 $12.50
B Space characters can be inserted in a field for clarity by using the
special character B. If Bis used in a Picture, a blank will be inserted in
the field in that position. For example, to place a spacein a sterling field,
PIC £££B99.
would result in 01309 being printed as
£13 09
Examples
Result field
Source data Picture Edited result
010769 XXBXXBXX 010769
1325 9BB9IB9BBIY 1325
JOHNBROWN AAAABAAAAA JOHN BROWN
B can also be used to insert spaces between fields in a print record,
instead of using Filler. The part of a record description given below
requires spaces to be moved to Filler fields in the Procedure Division.
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However, this could be written by the following statements, which
require no Procedure Division action at all.
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REPORT SIGNS

+ Plus

— Minus

Floating + and —

This way of representing spaces could take longer at run time, since the
spaces are inserted each time the fields are receiving fields. Using Filler,
it may be possible to move spaces into the Filler fields only once.

If this character is used in a Picture, a zero will be inserted in the position
shown. This operates in the same way as does B.

Examples

Result field
Source data Picture Edited result
12345 9909099 1203045
12345 0999930 0123450
00012 2772200 1200

Note: The use of B and O is very inefficient, it would be better to
describe the record as shown in the first example.

Report signs are printed to indicate the plus or minus value of an item.
They are used to replace the S which would normally be necessary for a
field which might contain a negative value.

A plus sign placed in the first or last position of a Picture will cause a
plus sign to be printed if the item is positive, or a minus sign if the item is
negative. For example,

PIC +999.
will print 203 as

+203

—203
Examples

Result field

Source data Picture Edited result
78901 + 99999 + 78901
78901 (minus) + 99999 —78901
68351 (minus) 99999 + 68351 —
00000 +9(b) + 00000

A minus sign is used in a similar way to the plus sign. Aminus is inserted
if the field is negative, but plus is replaced by a space if the field is
positive. For example,
PIC —999.
would print 203 as
203
or —203

If plus and minus signs are placed before an item, they can be floated in
the same way as the £ sign described on page 00. Leading non-
significant zeros will be suppressed in each position where + or — is
placed.



CR and DB

Rules for using the PICTURE
clause

Examples

Resuit field
Source data Picture Edited result
12345 + + +999 112345
00123 + + + 999 + 123
00012 (minus) + + + 899 —012
00123 — - --999 123
00123 (minus) -~ - ~--999 —123
00001 SO — 1

Instead of denoting a negative field by a minus sign, a field can be
foliowed by the characters CR or DB, which must appear as the last two
characters in the Picture. if the value of the item in the source field is
negative, CR or DB will appearin the result field. If the value is positive,
they will be replaced by spaces. For example,

PIC 999D8B.
or PIC 999CR.
would cause 175 to print as

175
if positive,

175D8
or 175CR
if negative.

Examples
Resuft field
Edited result
12345CR
12345
1DB

Picture
99999CR
99993DB
27777208

Source data
12345 (minus)
12345

00001 (minus)

There are certain rules which must be observed when the PICTURE
clause and editing symbols are used. These rules are summarised
below.

1 The number of characters and symbols in a Picture is limited to a
maximum of 30.

2 The PICTURE clause must not be used to describe a field with a size
of more than 120 characters.

3 All characters other than operational characters (V S and P) are
counted in determining the size of an item.

4 The Picture of a field must always be large enough to contain the
longest possible answer plus any insertion characters or report signs.
One character should be allowed for
£,.+—
and two characters for CR and DB.

5 A field is alphanumeric if its picture contains any of the
editing characters.

6 Once data has been edited it should not be involved in further
arithmetic, and should be moved only to a field containing Xs. The
data should still be available in its unedited form in some other field.
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Usage clause

92

The table given below shows the combinations of symbols which can
be used to form Pictures. To find out whether a pair of symbols can be
combined, locate the preceding symbol in the left-hand column, and
the following symboi along the top of the table. The entry in the table
corresponding to the pair will indicate whether it is a valid or invalid
combination. This information applies not only if the symbols are
adjacent but also if they appear in the same Picture.

1t should be noted that $ and O are not included; $ follows exactly the
same rules as £, and O as B.

The key to the table is as follows:
Blank square Combination is invalid.

v Combination is valid.

L Combination is valid provided the second of the
symbolsis the last character in a Picture (except for
a P).

9 Combination is valid provided a 9 does not follow
the second of the two symbols.

1 Combination is valid provided the first symbol

occurs only once.
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As mentioned earlier, the compiler can be told about the nature of the
datain a field by means of a usage clause added to the description of an
elementary field. Usage can be used to determine the way data is to be
held, in an output or working —storage field, but may only describe
data as it is already held, in an input field. For example, COMP should
be used to define an input field held in binary on magnetic tape.



DISPLAY

DISPLAY -3

The usage clause is largely machine-orientated, as it depends on the
format of data as held within the store of the particular machine. Usage
as applied to the 1900 Series and handled by its COBOL compilers is
described in this section. It should be noted that the clauses listed may
have different meanings if they are used on other computers.

The following types of usage corresponding to different forms of data
are recognised by 1300 compilers:

DISPLAY

DISPLAY -3

COMPUTATIONAL (abbreviated to COMP)

SYNCHRONIZED (abbreviated to SYNC)

in general, DISPLAY indicates character fields of various kinds and
COMP indicates binary fields. A usage clause is sometimes followed by
the SYNC clause.

These clauses are usually written immediately following the PICTURE
clause of the appropriate field, preceded by a space.

This denotes a field containing numetric or alphanumeric characters,
each of which is represented in store by a 1900 six-bit character.

With any field whose Pictureis X or 9, DISPLAY is assumed if no usage
clause appears. There is therefore no need to use DISPLAY, as this is
the standard mode of storage.

if any DISPLAY field could contain a negative value (represented by S
in the Picture) the negative sign would be held by overpunching of the
left hand character. If this character in a negative field is in the range 1
to 9 it will be held, combined with the sign, as a letter from the range J-
to R. If it is zero, it will be held with the sign as the quotes character "’

Thus, 3041 would be held as
3041

if positive, or
1041

if negative.

This is used to describe a field when the negative sign is always held as a
separate character in the most significant character position. This does
not, however, affect the size of the Picture. —3041 would be heid as

L{0Oj4 {1

with DISPLAY, or

—-13(0}41

with DISPLAY —3, but in either case the Picture is

PIC S9999.
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COMP This clause indicates a field held in binary, which must have a Picture
made up of 9's. Arithmetic on the 1900 Series is performed on binary
values. When calculations are performed on DISPLAY items the
compiler converts the data to binary form for processing and back to
character form afterwards. However, it is convenient to keep the
number in binary form if, for example, output results on magnetic tape
are to be used as input for subsequent runs. In this case the field is
declared as COMP and conversion is only performed once, before the
field is used for processing, instead of before and after each
calculation.

A COMP field must be a numeric field. When a field could contain a
fraction, a COMP field scales up the value of the fractional places to
hold it as an integer. The value 12.34 would have a Picture

PIC 99Vv99 COMP.
and would be held as 1234. Decimal points are aligned when COMP
fields are involved in arithmetic.

A figure held in characters can be converted to binary by moving it to a
field described as COMP. If it is to be used for calculation, it is useful to
set up a field in the Working — Storage Section. For example, an input
field called DAYS —LATE is shown below.

J S N N W | lllqslplﬁly§l-l<bj7z.€lé1l.q191191'11lllllllllllJlAlLlllll]l{
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To convert DAYS —LATE to binary and perform arithmetic on it, a
COMP field called PAY —DEDUCTION is declared in Working —
storage. An instruction which moves DAYS—LATE to PAY-—
DEDUCTION will make the necessary conversion. Note that
COMP cannot be used to describe an input field which is not already
held in binary, but only a result or receiving field.

ot L Ay -leepudriren \Pzc 999 ComA. L L L
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SYNC

The SYNCHRONIZED clause (abbreviated to SYNC) provides a
convenient way of allocating storage to binary fields described as
COMP.

In a word machine like the 1900 Series the compiler allocates
consecutive storage for Data Division items, without regard to the
beginning and end of words; that is, an item may begin in the middle of
one word and end in another. This method of storage is economical,
but if a field is referred to in the Procedure Division, the compiler must
generate object program instructions to extract and combine the two
parts of the field. When a field is referenced several times it is useful to
allocate storage more conveniently. This can be done by declaring a
field as

SYNC RIGHT

following COMP. These clauses specify that an item is to be
synchronized, that is, to be stored in one or more complete computer
words.

SYNC RIGHT is normaily used for numeric binary fields. Each item is
stored within one or more complete words, starting at the right hand
end of the least significant word. This means that three fields described
as would be stored so that A1, A2 and A3 are each in a separate word.
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If an output item, such as a field cutput to magnetic tape, is described
as SYNC RIGHT it will be released to the peripheral in synchronized
form. For example, if a field in character form occupied five characters,
that is, over one word, moving it to this field before output’

02, drem-A £rc 19(s). lcomp ISync \Rzem.. . . L., .. |..

11111111[11Ll|liLlelAlIl,l._pl__,#,Jh,Lxll11111[411;A-,AL<L,,1,

would cause it to be released for output in binary form right justified in
one word.,

If this output item were to be used subsequently for input, COMP
SYNC RIGHT would again have to be included in the input field
description, otherwise the compiler would not be aware of the format
of the data.

95



COMP SYNC RIGHT As a general rule for efficiency, an input data field which is involved in

arithmetic more than once should be converted to binary in a COMP
SYNC RIGHT working —storage field with the same Picture as the
item. The item is then moved to this field once, before it is used in
calculations.

If, for example, an input field were defined as

oz Ackcenrace |Prc dave. | .| ... L. . ... L%
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the following working —storage field would be set up:
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OCCURS

This would ensure that the field were synchronized in one word of
store. As a result, the minimum number of machine code steps would
be required to translate statements handling WORK —STORE.

Any answers in binary can easily be converted into character form for
output, by being moved to an output DISPLAY field.

Note: When arithmetic is performed on the 1900 Series it is always on
complete words. Describing fields as SYNC thus enables the compiler
to perform arithmetic without worrying whether the field occupies the
whole word or not. No check is made at run time to see whether the
result field is large enough unless the ON SIZE ERROR clause (see
Chapter 7) has been included. If a field is negative the sign is
propagated up to bit 0 of the word(s).

It is often necessary in the Data Division to describe a series of items
which are exactly the same in size and format. The only difference
between any two items is that the actual values they contain at run-
time are different. These items can be defined by giving a field
description to each one. This method is quite practicable for a few fields
but cumbersome for a large number, and this is where the OCCURS
clause can be used, enabling identical items to be defined in one line of
the Data Division. OCCURS can be used either in the File Section or
Working — Storage Section.

For example, a card consists of six different quantities, one for each
day of the week. The following record description might be written for
these items (assuming that there were no spaces between fields).
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Using the OCCURS clause, however, one field entry is written,
followed by the number of times the item appears in contiguous
storage. This clause has the format

OCCURS integer TIMES
Notice that TIMES is optional. The above example could now be
expressed as shown.
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One collective name is given to all the fields, and this causes storage to
be reserved for six quantities, one for each day, of four digits each.
Notice that the rest of the record is unchanged.
Data laid out with an OCCURS clause is often described as a table.
Subscripts Since all fields now have the same name, they must somehow be

distinguished when they are addressed in the Procedure Division. This
is done by qualifying the name by what is known as a subscript. The
subscript may be either a literal (see Chapter 7 “LITERALS”’) or another
data name, and is written in brackets immediately following the general
data name for the fields. Thus the format of a subscript is

literal
data-name-1
data-name-2

The rules for spacing of the brackets are given below, under rule 3.

Using this method, any one of the fields included in the OCCURS
clause can be identified in one of two ways.

First, the subscript may be a numeric literal. Each field is therefore
assumed to have a number, so that the most significant field is 1, the
second 2 and so on. If it is required to refer to the fifth item in the
example above, WEEK —AMOUNT{(5) would be written. The compiler
then locates the correct item in store. The Procedure Division
statement
ADD WEEK —-AMOUNT(5) TO QUANTITY.

would therefore cause the quantity for day 5 (FRI—AMOUNT in the
first example above), to be added to the contents of QUANTITY.

Alternatively, the name of another field may be used as a subscript, if
the item required is indeterminate. This name will be a data name,
denoting a field which is used to hold a reference to the item. For
example,
ADD WEEK —~AMOUNT(DAY)} TO QUANTITY.

names a field, DAY, whose current value must be in the range 1t0 6. If
the value of DAY is 1, WEEK—AMOUNT (DAY) means WEEK —
AMOUNT(1), and so on. With this second method, the same
procedure statement can be used to refer to any of the six fields,
depending on the value of DAY. This is particularly useful when the
field wanted is unknown at the start of a program, for example, when it
depends on the fulfilling of conditions.
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RULES FOR SUBSCRIPTS The rules for using subscripts are summarised here:

1 A literal or the contents of a data name used as a subscript must be
a positive whole number. The compiler does not check that the
subscript is within range; the programmer must do this.

2 When a subscript is represented by a data name, this name must be
defined in the Data Division.

3 A subscript or set of subscripts must be enclosed in brackets
immediately following the item referred to. There can be a space (or
not) before the first bracket, but there must be a space after the
second bracket. Inside the brackets, there should be no space
between the first bracket and first character, and the last character
and second bracket, but there must be a space between subscripts if
there is more than one.

OCCURS with Group fields So far only elementary fields used with OCCURS have been

mentioned. OCCURS can however also be used to describe group
fields.

Taking another example of a six-day week, imagine a clock-card,
containing hours worked, and total earnings for each day. Instead of
writing out the fields for each day, the following description could be
given:
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The name FILLER is given to the group field because it will not be
addressed in the Procedure Division. If this was necessary, the field
would have to be given a name as shown below.
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In the first example, FILLER cannot be addressed by a statement at all,
but there will be six pairs of fields, HOURS —WORKED and TOTAL —
EARNED held sequentially in store. These items can be subscripted, so
that
HOURS —WORKED(2)
refers to the second field containing daily totals, and
TOTAL—EARNED(6)
to the sixth field containing earnings. Alternatively, a data name could
be used, as for example,
HOURS —WORKED(REFERENCE)
where REFERENCE contains a number from 1 to 6.

In the second example, the group field can be addressed in a statement
such as

MOVE DAY —DATAI(6) TO ASSESSMENT.
This has the effect of moving the sixth group field, consisting of
HOURS —WORKED (6) and TOTAL—EARNED(6), to an area called
ASSESSMENT.



Two and three-level tables All the examples given above are of one-dimensional tables. A two-
dimensional table can be defined by using OCCURS at two different
levels, that is, by describing a tabie within another table.

For example, suppose a quantity field were required for each day of a
five day week in a four week month. The following Data Division shows
how such a table could be set up, defining four fields called WEEK,
each containing five fields called DAY —QTY.
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This causes storage space to be reserved for twenty three-digit
quantities. It should be noted that only the lowest level requires a
PICTURE clause. Any quantity can now be addressed in the Procedure
Division by means of two subscripts, the first giving the week, and the
second the day. Therefore, the fifth day of the second week can be
addressed as
DAY —QTY (2, 5)
Notice that the subscript of the group field is addressed first. Similarly,
DAY —QTY(SUB—1, SUB—2)
could be used, assuming that SUB—1 and SUB—2 are fields
containing the week number and day number respectively.

WEEK can be addressed as a group name in the Procedure Division, but
must always have a single subscript. Thus,

WEEK(2)
refers to the five quantity fields of the second week.

Similarly, OCCURS can be used with a three-dimensional table.
Consider the above example, if a quantity for the day and week were
required for a thirteen month year. A table to handle this could be set up
by the following statements:
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This lays out 260 three-digit fields sequentially in store.

To address a DAY —QTY field, a three-level subscript must be used.
The field for the fifth day of the second week of the tenth month would
be addressed as

DAY —QTY(10, 2, 5)
or

DAY —-QTY(SUB—-1, SUB—-2, SUB—3)
assuming that three subscripts have been set up to refer to the month,
week and day.

A three-dimensional table is the maximum that may be used in COBOL,
but there is no need for the lowest level to be an elementary field. The
following example shows an example where there are three fields for
each day of a year.
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Uses of OCCURS
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The processing of multi-level tables is considered under complex
PERFORM, Chapter 7. It is important to remember that when a multi-
level table is involved, two or three subscripts must be set up and if a
subscript is involved, this must be advanced.

So far, the rules for OCCURS have been illustrated. This section gives
some common applications of OCCURS. Further uses with
REDEFINES are given at the end of this chapter.

Most of the examples in this chapter have considered OCCURS used
with input records. However, exactly the same procedure is followed if
OCCURS is used with a working —storage or output field.

It should be noted that OCCURS cannot be used at 01 level, nor can it
be combined with the VALUE clause. This second restriction applies to
elementary fields within a group field defined by OCCURS, as well as to
the group field itself.



TABLE LOOK—UP

Table look-up is the selection by means of a subscript, of one of a series
of constants laid outin a table. A tabie of constants can only be setupin
the Working —Storage Section, as described earlier in this chapter
under “VALUE clause’’, and is used to hold values. These values,
placed in the record area at the beginning of the program, can form a
basis for calculation in other parts of the program.

The procedure for locating a constant within a table is exactly the same
as that for variable items. Consider the part of a Working—Storage
Section and the part of a Procedure Division given below.
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An analysis is to be made of employment figures at six factories.
Assuming that suitable constants have been placed in the six areas of
store called MEN —EMP, a figure in the range 1 to 6 is held in another
field, FACTORY. The Procedure Division statement adds a variable
quantity, WOMEN —EMP, into one of the six fields, according to the
current contents of FACTORY.

In addition to the use of OCCURS shown above, subscripting may also
be used to save steps in the object program. If the same process is to be
carried out on a series of identical items, all of which are available at the
same time, it may be possible to use the same procedure for each item.
In this case, subscripting in COBOL is equivalent to modification in
assembly languages it enables one statement or set of statements to
process each item in turn.

The factors which are required to be processed, and any resuit fields,
must be laid out as a table using the OCCURS clause. Each factor is
then processed by means of a subscript loop. This is a group of
Procedure Division statements which deals with the elements of the
table one by one, storing the answers in the result table. As the
processing statements refer to all the items, procedures must also be
included to advance the subscripts, that is, to move on to the next item,
and to count the number of times the loop has been obeyed, so that an
exit is made at the right moment. ‘
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Take a simple example, where an input record has twelve identical
fields, each containing a price and quantity. Assuming that the group
field is not to be addressed, the following definition can be written.
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For each field, the price is to be multipiied by the quantity and the result
stored in a further field. Result fields are set up in the Working—
Storage Section, also in the form of a table. Storage is also set aside for
a count of the number of times the loop is performed, as shown below.
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All these procedures are fully explained in Chapter 7, but their general
functions are self-explanatory. Before the loop is performed for the first
time, 1 is moved to the area called COUNT. This means that COUNT
can be used to contain the subscript; when the firstitem is processed, it
is located by referring to the 1 contained in COUNT. Similarly, 1 is
added to COUNT each time the loop has been run through, so that it
holds the number of the next subscripted items. Each pair of items is
multiplied and stored in the correct TOTAL — COST field. At the end of
the loop, a test determines whether COUNT is less than 13. If it is less,
there are still items to be processed, but if it contains 13, all the items
have been processed; the program then passes out of the loop and
continues to the next statement in the program.



REDEFINES itis often useful to have several different descriptions of the same area
‘ of store. This is a concept which has already been met in connection
with records; the different types of record in a file are different views of
the same record area. Similarly, this principle can be applied at the field
level by means of the REDEFINES clause. This enables fields or groups
of fields to be viewed in more than one way. Procedure Division
statements can then perform different operations on the separate
views of an item.

The REDEFINES clause has the format
level —number data—name-—1 REDEFINES data—name —2

which indicates that the field or fields described by data—name —1 are
an alternative view of those under data—name—2. Both definitions
must have the same level number and must occupy precisely the same
amount of store. REDEFINES may be used to define either group fields
or elementary fields, but it may not be used at 01 level in the File Section
{(different records automatically redefine an area of store).

For example, in the following clauses, REDEFINES is used with
elementary fields.
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in this case, the second Picture of the field can be written on the same
line after the REDEFINES clause. A—FD, a five-character alpha-
numeric field is redefined by QTY, which has five numeric digits (note
that the V does not take up a character position). The two views may be
different in their nature, but the items must be the same size. Whenever
the areais referred to as A— FD in the Procedure Division, the first view
will be taken by the compiler; whenever it is referred to as QTY the
second view.

A whole group of fields can be redefined, as shown in the example
below.
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In this exampie, the group field GIRO—ACC redefines the area
BANK —ACC, and the whole structure of sub-fields is reorganised. The
area of store is allocated quite differently in the second description, and
these definitions will be taken when the fields are addressed as
GIRO—ACC. REDEFINES is used in this way either when the same
data is to be organised and referenced in two different ways, or when
part of a record can contain more than one type of data.

pu
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Rules for REDEFINES

Uses of REDEFINES

It must be emphasised that VALUE must not be used in the same entry
as REDEFINES, nor in a sub-field of an entry containing REDEFINES.

The rules for REDEFINES are summarised as follows:

1 This clause may not be used to redefine records (01 level) in the File
Section. It may however be used for records in the Working—
Storage Section and the Linkage Section.

2 The level number of data—name —1 must be the same as that of
data—name—2.

3 The REDEFINES clause must immediately follow data—name—1.

4 The entries giving the new description of the area must immediately
follow the REDEFINES entry.

5 There must be no other field with the same, or a numerically iess level
number between data—name--1 and data—name—2,

6 When redefining 02 levels or below, data—name—1 and
data—name—2 must be of the same size. Only 01 levels {in the
Working — Storage Section) may be of a different size.

7 A VALUE clause may not be used with a REDEFINES entry, or with
any of the sub-fields redefined.

There are many applications of REDEFINES in addition to those given
above, and two of the most common are considered here.

When two or more types of record in a file are almost identical, it is
often unnecessary to declare several record types. It may well be
possible to declare one record type and cover the differences with
REDEFINES. The following example shows a record which includes
two layouts of data, where only one field needs to be redefined.
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REDEFINES also enables an operand to be built up from two or more
parts, or to be dissected down to the character level. In the first case,
two or more values which were separate fields in a record could be
redefined as a complete field. In the second instance, it might be
required to examine each character of a numeric field to ensure that
there is no alpha punching, but also to treat the data as one field for
arithmetic.



An exampie of this is given below.
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The description of CHARS could be abbreviated by using the
OCCURS clause, and thus the examination of each character couid be
done by a subszcript loop (see the end of this chapter).
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REDEFINES USED WITH Finally, three major applications of REDEFINES also require OCCURS,

OCCURS

Filling of tables

and these are considered in this section.

As explained earlier, it is often necessary to set up tables of constants
using OCCURS, and use them as a basis for calculation.

These constants can only be given in the Working — Storage Section.
Data can be set up in separate fields with the VALUE clause, and then,
since the VALUE clause cannot be associated directly with OCCURS or
REDEFINES, the fields can then be redefined in the form of a table. This
table can then be addressed by a subscript in order to locate any of the
constants held in it.

Consider the entries given below.
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Data validation

in this example, five identical fields are filled by the VALUE clause; the
whole group field SEP is then redefined as TABLE, and can be
addressed by a subscript such as

TABLE(3)
This is the address of the field THREE which contains 200.

Note: In the example the data names ONE to FIVE could have been
FILLER, as they are never referenced in the Procedure Division.

it may be required to hold the characters of a single operand separately
in order to check their validity. This situation is common when a field
must contain, say, only numeric characters, or characters within a
certain range.

For example, a six-character code number must consist of any
combination of the letters A to F and the digits 0 to 9. The code is
required as one field, but each character must also be tested to see if it
is valid. The code can therefore be defined as follows:
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It can now be treated as one six-character field, CODE—NO, or six
identical fields, CHARS, of one following statements check the
individual characters, following statements check the individual
characters.
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Each CHARS field is referenced by SUB and is moved into WORK for
testing. A check is made to see that WORK is not greater than 9 in the
collating sequence; if itis, a further test is carried out to ensure that it is
in the range A to F. Note the use of relation conditions {Chapter 7) and
numeric literals (Chapter 7). SUB is advanced each time a character has
been checked.

In cases like this, where the same entry must be extracted from a table
on several occasions, it is most efficient to move the factor once into a
work field and to use this field for processing.

Although thisis a simple example, the principle is an extremely valuable
one which can save a large number of steps.

Scanning data for an end REDEFINES can often be used with OCCURS to scan variable length

marker paper tape records for an end marker. Non-significant zeros and spaces
are frequently omitted when data is punched on paper tape, the items
being separated instead by special characters.

For example, a paper tape record might consist of the following fields:

A code . 6 characters
A quantity : 1 to 6 characters
Newline : 1 character

This record will therefore occupy between 9 and 14 characters in store
(since newline is held as the two characters t *). The quantity digits in
any record must be moved, right-justified, to a six-character numeric
field for processing.

The program entries given below show how this task can be
accomplished. The record is defined in the File Section, with a field
CODE, and the remainder of the record held in REST. The paragraph
COUNT — SIZE counts the number of digits in REST until it reaches the
newline. The next paragraph moves the digits from REST one by one to
the working —storage field DIGIT, by means of the two subscripts
COUNT and SUB. When COUNT is exhausted, the program passes out
of the loop. An alternative view of the working —storage field is QTY
PIC 9(6) which can be used in arithmetic.
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This is a simple example. However, records containing more than one
variable length field may not require many more statements since one
routine could be used for all numeric items by means of the PERFORM
statement or a subscript loop. A second routine would be needed for
variable length alphanumeric items.

In the last two examples COBOL is forced to work at the character level.
PLAN, however, is a more suitable language for such processing. ICL
provides standard subroutines written in PLAN to handle records
containing variable length items. See Chapter 10, ‘‘variable length data
handling’’.
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Chapter 7

STRUCTURE

Basic verbs

The procedure division

As explained in Chapter 4, the Procedure Division contains the actual
steps which inform the computer what operations or procedures are to
be executed on data described in the Data Division. It has a hierarchial
structure similar to the Data Division, in that it is organised into
sentences, statements and paragraphs. The interaction of these
operations with files, records and fields produces the required results.

The most elementary unit of a procedure is a statement introduced by a
COBOL verb. This consists of a single logical operation, which the
compiler performs upon with the help of data names, literals or other
operands. For example,

ADD ATO B

GO TO START

One or more statements terminated by a full stop forms a COBOL
sentence. These statements could be separated by commas or semi-
colons, as for example,
ADD A TO B; GO TO START.

This constitutes a sentence, and is written starting in column 12. In
general, for simplicity of program testing and correction, single-
statement sentences are advisable where logically possible. For the
same reason, each sentence should start on a new line.

Sentences are grouped together to form paragraphs, and the
Procedure Division must contain at least one paragraph. Each
paragraph begins with a paragraph name, which is either a data name
or is numeric and is written beginning in column 8. The number of
paragraphs in a program, and the way in which they are grouped
depends upon the logical structure of the program. In COBOL it is only
possible to branch to a paragraph name; therefore any sentence to
which a branch is made must come first in a paragraph. A paragraph,
then, usually consists of a number of sentences which are connected
and performed as a whole.

If the program is segmented, the Procedure Division must be further
divided into sections according to the rules given in Chapter 13.

This chapter deals with the fundamental processing verbs of the
Procedure Division, that is, those which allow basic arithmetic
operations and movement of data within the store. Only the most
useful facilities are described here; more complex procedures are given
in Chapter 13. The verbs are described under the following headings:

These verbs undertake primary functions of arithmetic such as ADD
and DIVIDE, and basic operations in the program, such as the
movement of data and stopping of the program.
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Sequence control/

Peripheral verbs

Miscellaneous verbs

RULES FOR WRITING THE
PROCEDURE DIVISION

110

These verbs include conditions, where the course of action depends on
the result of the condition, and other verbs which control the sequence
of program steps, such as PERFORM and GO TO.

These regulate input and output data to and from peripheral devices.
They also enable files of data to be opened for processing or closed
after processing.

These perform miscellaneous functions not included under the
headings.

Before the verbs are described, a section is included on literals and
figurative constants, which rarely occur in the Data Division, but are
frequently used as operands in the Procedure Division.

In addition to the general rules for writing COBOL given at the end of
Chapter 4, there are specific rules for writing the Procedure Division as
follows:

1 The heading PROCEDURE DIVISION must be written beginning in
column 8 and terminated by a full stop.

2 The next entry must be the first paragraph name (or section name if
the program is segmented).

3 All paragraph names must be written on a new line starting in column
8and termined by a full stop. Paragraph names must be unique, and
must be either numeric or data names devised according to the rules
for data names in Chapter 4.

4 The first sentence of a paragraph may be either written on a new line
starting in column 12, or on the same line as the paragraph name. In
this case, at least one space must follow the full stop at the end of the
paragraph name.

5 Sentences must be written between columns 12 and 72, and may if
necessary extend to a second line. If a word is split over two lines, a
hyphen must be written in column 7. Each sentence must be
followed by a full stop.

6 Each sentence may begin on a new line in column 12, or may follow
the previous sentence on the same line. At least one space must
follow the full stop at the end of the previous sentence. However, it is
recommended that each sentence should begin on a new line.

7 Statements grouped within a sentence may optionally be separated
by commas or semi-colons, for readability. There must be at least
one space after acomma or semi-colon. Sentences consisting of one
statement only are recommended.



LITERALS

Numeric literals

Because data in COBOL is constantly changing, it is generally referred
to by data names. However, it is also possible to refer directly to data
which remains the same throughout the program, by creating a
constant of the required value. For example, in a payroll application, a
factor of 1.5 used in calculating overtime pay need not be given a data
name but can be referred to directly. In the statement
MULTIPLY 1.5 BY EXCESS —HOURS.

1.5 is an example of a /iteral. Literals can be written directly into the
Procedure Division, or alternatively, they may be used with the VALUE
clause in the Data Division. Three types of literal exist in COBOL.
Numeric literals consist of numeric values and non-numeric literals
consist of any character string; figurative constants are a third type of
literal, where certain symbols are given fixed data names.

A numeric literal must consist of characters taken from the digits 0to 9,
the decimal point and the minus sign. It must contain at least one digit,
but must not exceed 120 digits in length. Where a numeric literal is
involved in arithmetic, it must not exceed 18 digits.

If no sign is given the literal is assumed to be positive. The negative
sign, if used, must appear in the left hand position, with no spaces
between the sign and the first digit. A decimal point may appear
anywhere except as the right hand character and is treated as an
implied decimal point. This means that the decimal point is not stored
as a character, but is taken into account when the literal is used in
calculation.

The following are examples of valid numeric literals:
4019
1.25
7
0.620
—9.55

The following are examples of invalid numeric literals:
123. {must not end with decimal point)
— 10 (no space allowed after sign)
£370 (£ sign not allowed)

Example
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Non-numeric literals
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A non-numeric literal is a character string which must be enciosed in
quotation marks. The character string may consist of any 1900
character, including numeric and alphabetic characters, spaces and
symbols, with the exception of quotation marks. The maximum length
for non-numeric literals is 120 characters, excluding the surrounding
quotation marks.

When a literal extends over more than one line of the coding sheet, a
continuation indicator must be entered in column 7 of the second, and
any subsequent, line. In this case, quotation marks must appear in
column 12 of the second line, and the first character following marks
the start of the continuation. No quotation mark is needed at the end of
the previous line.
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The following are examples of non-numeric literals:
“INCOME TAX CALCULATION"
“MAN-—-HQOURS 24"

"-2.73"
“(SUB—TOTAL)”

It can be seen from the above examples that numeric and non-numeric
literals can have the same appearance except for the quotation marks.
Itis essential not to confuse the two; — 12.5 would be stored in a totally
different way from “—12.56".

Examples
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Non —numeric literals are often used to output headings on the line
printer, as shown in the second example. See WRITE, later in this
chapter.

Figurative constants Certain constants used frequently in programs have been assigned
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fixed data names. Such constants are called figurative constants. The
most commonly used of thdse are ZEROS and SPACES.

ZEROS represents one or more of the character 0, depending on the
context, and is used to replace a numeric constant. The statement
MOVE ZEROS TO TOTAL.
where TOTAL is a five-character field, is equivalent to
MOVE 00000 TO TOTAL.

SPACES represents one or more spaces depending on the context; it
replaces a non-numeric literal ** '’ of any length. The statement
MOVE SPACES TO OUT —FIELD.
is the same as
MOVE gy’ TO OUT—FIELD.
where OUT —FIELD is two characters long.

These constants are used to zeroise the contents of a field, or to
space-fill a field. When ZEROS or SPACES are moved to or compared
with an item, the character is always repeated so as to be equal to the
size of the item. However, when they ara not associated with another
item, as for example when used with DISPLAY a single character is
generated.



BASIC VERBS Basic verbs in COBOL include arithmetic verbs, and verbs performing
other primary functions.

The foliowing verbs provide the means of performing arithmetic in
COBOL:

ADD

SUBTRACT

MULTIPLY

DIVIDE

COMPUTE

Some general rules should be noted. Arithmetic can be performed in
COBOL only on elementary fields. Each data name must refer to an
unedited numeric field, except that the resuit field may be edited. Each
literal must be a numeric literal. In general, if a field receives the result of
an arithmetic (or MOVE) operation, its previous contents are lost; all
other operands are unchanged.

The ADD verb There are three forms of the ADD statement, as follows:

1

l>
O
w)

{cli_ata—-name—1} TO data—name —2.

iteral

This format adds the contents of data—name—1 or the literal to the
contents of data—name—2 and stores the result in data—name —2.
The previous contents of data—name —2 are overwritten. The second
operand may not be a literal as it will store the resuit.

Examples

ADD OVERTIME TO TOTAL—HOURS.

OVERTIME TOTALHOURS
Before 1 3 4 0
After 1 3 5 3

ADD 14 TO STOCK.

STOCK
Before nE
After 1139

2 ADD {data—name—1} {data—name—z

literal — 1 literal — 2 } GIVING data—name—3.

This format adds two data names or literals and stores the result in a
further field, specified after GIVING. Data—name—1 and
data—name—2 remain unchanged, but the contents of
data—name —3 are overwritten. The GIVING option is used when it
is required to form the sum of two items yet retain each item in store.
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Examples
ADD OVERTIME HOURS GIVING TOTAL—HOURS.

OVERTIME HOURS TOTAL-HOURS

Before | 1 | 3 alo 111 ]

After [1]“31 ;4 0 0[5 ]3

ADD COSTS 330 GIVING EXPENSES.

COSTS EXPENSES
Before [4/0]0 010] 9
After  [4]o]o 713]0

Both the above formats can be used to add more than two operands.

DD data—name—1] fdata—name—2 data—name—n
literal — 1 literal—2 = \literal—n

TO data—name —x.
This adds all the given data names or literals, storing the result in
data—name —x.

ADD data—name—l} data—name—2 data—name—n
— Qliteral —1 literal—2 " Qliteral—n
GIVING data—name —x.

This adds data names and literals (except data—name—x) which are
stored in data—name —x.

The maximum number of multiple operands which can be handled in
one ADD (or SUBTRACT) statement is nine. Although the use of
multiple operands will give shorter coding in the source program, it may
not save steps in the object program. This point also applies to many
other COBOL facilities.

Examples

ADD EXPENSES FEES 25 TO WAGES.

EXPENSES  FEES WAGES

gefore [3[0JoJo] [1]2]o] [5]o]o]o
atter  [3]0JoJo] [1]2]o] [8]1]4]s]

ADD 10 COSTS FEES GIVING EXPENSES.

COSTS FEES

Before (0(6]112(0{1 210]|0j0{010

after  [o]6]1]2[0]1] [2]o]o[0]o]o

EXPENSES
Before [1]2]3[4[5]6]

After 261112111




The SUBTRACT verb

3 Less commonly, a third format of ADD can be used.

data—name— 1| fdata—name—2
ADD {literal—1 }{IiteraI—Z } data—name —n.

This adds together all the operands and stores them in the last
operand. It operates in exactly the same way as format 1.

For example,
ADD COST—PRICE PURCHASE —~TAX 30 PROFIT.
All the items are added and the result stored in PROFIT.

There are two forms of the SUBTRACT statement, as follows:

data—name—1
1 SUBTRACT {“teral_1 } FROM data—name —2.

This format subtracts the contents of data—name —1 or the literal
from data—name —2, and stores the result in data—name—2. The
second operand may not be a literal since it will store the result.

Examples
SUBTRACT 1 FROM COUNT.

COUNT

Before | 3|m l
atter [2 ]9 ]

SUBTRACT OVERTIME FROM TOTAL —-HOURS.

OVERTIME TOTAL—HOURS

Before 1 3 ] EE

After 113 3 7

data—name—1 data—name—2
2 SUBTRACT {Iiteral—— 1 } FROM {Iiteral——Z }
GIVING data—name—3.
This format subtracts one operand from another and stores the result

in a third field, whose contents are overwritten. Data —name—1 and
data—name — 2 remain the same.
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Examples
SUBTRACT EXCISE FROM PROFIT GIVING FINAL—PROFIT

EXCISE PROFIT FINAL-PROFIT

Before |2 {0 {0 910140 020

After 21010 9(0(0 71010

SUBTRACT COSTS FROM 313 GIVING PROFITS.

COSTS PROFITS

Before |4 {0 |1 91919

After 410 |1 -0i{81!8

Note that in the final example the result (—088) is stored as a
negative quantity. In this case the result field should have had an S
in its Picture.

Like the ADD statement, SUBTRACT can be used to handle multiple
operands.

data—name— 1\ fdata—name—2 data——name—n}
SUBTRACT {Iiteral—1 }{Iiteral—Z } {Iiteral—n

FROM data—name—x.

This adds together all the data—names and literals before FROM, and
subtracts them from data—name—x, in which the result is stored.

data—name— 1} Jdata—name—2 data—name—n
SUBTRACT {Iiteral -1 } {Iiteral —2 } {Iiteral— n }

FROM data—name—x GIVING data—name—y.
This adds together all the data names and literals before FROM, and
subtracts them from data—name—x. The result is stored in
data—name—y and data—name—x remains the same.

Examples
SUBTRACT 15 TAX GRAD—-PENS NAT—INS FROM GROSS—PAY.

TAX GRAD-PENS  NAT-INS GROSS—-PAY

Before |3|0|0 11210 1(510 3{0101{0

After |3lofo] |1 {2 ]o|l1|s]|o| |2]a]|1]s

SUBTRACT 15 TAX GRAD—PENS NAT—INS FROM GROSS—PAY
GIVING NET—PAY.

TAX GRAD-PENS  NAT-INS GROSS—PAY  NET-PAY

Before |30|0 11210411510 3({0(0}|0}] ([1]{2!13][4

After 3{0}0 11210 {1}5)0 3100 |0]|2{4|1]|5
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The MULTIPLY verb

The DIVIDE verb

The MULTIPLY statement has two formats.

1 MULTIPLY Jdata—name—1 By {data—name——Z}
- {litera|——1 = \literal—2

GIVING data—name—3.
This format multiplies two data names or literals and stores the resuit
in data— name — 3. The contents of data— name — 3 are overwritten,
but data—name—1 and data—name—2 remain the same.
Examples

MULTIPLY 12 BY CODE GIVING NUMBER.

CODE  NUMBER

Before 3 5 1

After 3 316

MULTIPLY VAL BY QUANTITY GIVING TOTAL.

VAL QUANTITY TOTAL

Before 111 1 0 31211

After 11 1 0 11110

2 MULTIPLY ‘.’a‘a"“ame“1} BY data—name — 2.
————— literal — 1 -

Two data names are multiplied, and the result stored in the second.
Examples

MULTIPLY LENGTH BY BREADTH.

LENGTH BREADTH
Before 1120 0116
After 11210 1191210

MULTIPLY cannot handle multiple operands.

The DIVIDE statement has four formats.

data—name—1 data—name—2
1 DIVIDE {Iiteral—1 } '—'?‘—T—O{uterau—-z }

GIVING data—name—3.
One data name or literal is divided into another, and the result stored

in data— name—3. Data—name— 1 and data—name—2 remain the
same, but the contents of data—name—3 are overwritten.
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Examples
DIVIDE SPEED INTO DISTANCE GIVING TIME.

SPEED DISTANCE TIME

Before 113 319 810

After 113 319 0,3

DIVIDE LENGTH INTO AREA—1 GIVING BREADTH.

LENGTH AREA -1 BREADTH

Before 112 1 2 5 9 7

After 112 1121 5 110

Note in the second example that the remainder is discarded, and can
only be obtained by calculating AREA—1—(LENGTH X BREADTH).

data—name—1
2 DIVIDE {Iiteral—1 } INTO data—name—2.

Data—name—1 or literal — 1 is divided into data— name—2, and the
result stored in data—name—2.

Example
DIVIDE 12 INTO NUMBER.

NUMBER

Before 11512

After 0112

DIVIDE cannot handle multiple operands.

DIVIDE ... REMAINDER 3 DIVIDE ‘?a‘a‘”ame”} INT {qa‘a“"ame“z GIVING
literal — 1 — \literal—2 _——

data—name—3 [REMAINDER data—name—4].

Data—name—1 or literal—1 is divided into data—name—2 or
literal — 2. The result is stored in data— name— 3 and the remainder in
data—name—4.

Example
DIVIDE 2 INTO B GIVING RES REMAINDER REM

B RES REM
Before 113 00 112
After 113 0|6 0|1
also: —
data—name—1 data—name—2
4 DIVIDE {Iiteral-—1 } BY {Iiteral——Z } GIVING

data—name—3 [REMAINDER data name—4].
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The COMPUTE verb

Compiler action with
arithmetic verbs

The compute verb combines several arithmetic statements together.

COMPUTEdata—name—1 = (data—name—2
literal— 1
arithmetic
expression

For example

COMPUTEA =B + C
would be the same as

ADD B C GIVING A.

The arithmetic expression may be made up of: —

() brackets
** exponentiation
multiplication
/ division
+ addition
— subtraction
and are evaluated in that order.

*

It is most useful when calculating square roots

Example
COMPUTEA =B* b

A B

Before 1156 2(5

After 015 215

All arithmetic verbs can be used on fields in either character or binary
form. The maximum length of an operand is eighteen decimal digits.

Because the 1900 Series has a binary adder, the compiler must include
in the object program steps to convert character operands to binary
before processing; further steps must convert a binary result to
characters if the receiving field is in character form.

If afield is to be used for arithmetic several times, it is uneconomical to
convert it each time it is processed. The number of conversions can be
reduced by holding in binary form each factor which is used in more
than one arithmetic statement. See Chapter 9 “SYNCHRONIZATION"
for details.

Any numeric field can have one or more decimal places, where the
position of the decimal point (or binary point for binary fields) is
specified in the Data Division (See Chapter 6 “THE PICTURE
CLAUSE"). This information enables the compiler to generate an
object program in which fields are aligned at the decimal point. The
decimal point does not, however, take up space in store.
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The ROUNDED clause

The SIZE ERROR clause

120

A negative number is usually held in absolute form with a sign. This sign
may either be in a separate character position on the left, or it may be
combined with the most significant digit, according to the usage of the
item. See Chapter 6 "'Usage clause’’.

Two further options are available for use with all arithmetic verbs, as
described below.

ROUNDED can be used after any arithmetic verb to prevent the loss of
excess digits in a result field. If a resuit field includes more decimal
places than its Picture in the Data Division, excess digits are lost or
truncated. When the ROUNDED option is used, the result is rounded
up to the nearest integer or to a required decimal place.

Rounding is accomplished by adding 5 to the right hand digit which will
be lost and then truncating the digit. For example if 618.89 had been
stored in an area described as having only one decimal piace, 5 would

be added to the item to make it 618.94. The 4 would then be lost and the
item stored as 618.9.

Examples

In these examples, the assumed decimal point is indicated by an arrow.

ADD BALANCE TO NET ROUNDED.

BALANCE NET
Before 4,8171(6 1/0(0 |1
After alsl7l6] [1]alg]e

If the ROUNDED option were not used, the result would be 14.886
which would be truncated to 14.88.

MULTIPLY COST BY QUANTITY GIVING TOTAL ROUNDED

COST QUANTITY TOTAL

o o S
Before | 2 | 5 | 7|2 0 |1 [7 ol 7 1j
4 $ }

After 2|5 (7120 (1{{5]1 6|6

Without the ROUNDED option, the result would be 516.57, truncated
to 516.5.

The SIZE ERROR option has a function similar to the ROUNDED
option. It allows the user to specify action if the result of an arithmetic
statement contains more digits to the left of the decimal point than are
specified in the area assigned to store it. If this happens, a size error
occurs and the most significant digits may be lost or the program
mutilated.

The clause has the format

ON SIZE ERROR
which is written after the last operand of an arithmetic verb (or after
ROUNDED if thisis present). It is followed by an imperative statement,
normally a GO TO statement, see later in this chapter, leading to a
routine to deal with a size error if this occurs. When the arithmetic
statement has been performed, SIZE ERROR causes the number of



The MOVE verb

characters in the result to be checked against the area designed to hold
it. If the area is too small, the imperative statement is obeyed and a
branch is made to an error routine. In this case, no answer will be
obtained in the result field, and the original contents of the operands
will remain unchanged.

itis advisable to use a SIZE ERROR clause if the size of the resulit field is
undetermined. However, it is better practice to ensure that the resuit
field is large enough.

Note that SIZE ERROR only checks for truncation on the left; if
ROUNDED is not used as well, any loss of decimal places will be
ignored.

Examples

MULTIPLY COST BY NUMBER SIZE ERROR GO TO CORRECT.

COST NUMBER

Before 215 510

After 2|65 1 125

Here two quantities are multiplied, and two characters of store are
allocated to the result. However, as the product exceeds two digits, the
most significant digit of 125 cannot get into NUMBER. When this
situation occurs, SIZE ERROR causes a branch to a routine called
CORRECT which will attempt to deal with the situation.

The following verbs, MOVE, STOP and DISPLAY, are also
fundamental to COBOL. They move data from one area to another,
stop the program and display small amounts of data on the console.

The movement of data from one place in to another is one of the
most common operations in a program. The MOVE verb is used
specifically for this purpose.

The simplest form of the MOVE statement is as follows:

data—name—1
MOVE {Iiteral } TO data—name—2.

This moves the contents of data—name— 1 or the literal to a receiving
area, data—name—2. After MOVE is executed the contents of the
receiving area is overwritten, but the source field remains as before.

As shown in Chapter 6, data transferred from a source field attempts to
take on the form specified in the receiving field. The contents of the
receiving field are determined by the Picture of the source field, and by
the editing and usage of the receiving field.

In its simplest form, the MOVE statement transfers data between
elementary fields of the same class and usage.

When a transfer is made between numeric fieids, the decimal points of
the source and receiving fields are aligned. The character immediately
before the point in the source field is aligned with the character before
the point in the receiving field. If the receiving field is too small, excess
digits to left or right are truncated. If the receiving field is larger than
the source field, the spare positions are zero-filled. If both fields are
signed, the sign is placed in the leading character position of the
receiving field.
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Examples

In the following examples, the assumed decimal point isindicated by an
arrow.

MOVE A—IN TO A—QUT.

A—IN A—BUT

Before |5|1/0|9|7 1(0{0{0| 2|3
, {

After 5(110(917 5(110|9{7|0

Before |5/1/0|9|7|6 11010/0(2{3

After 5/110{9{7|6 9|7{6|0|0|0

When a transfer is made between alphanumeric or alphabetic fields,
the characters of the source field are moved into the corresponding
positions in the receiving field, starting with the left hand position. If the
source field is shorter than the receiving field, spare character positions
are space-filled. if it is longer than the receiving field, excess characters
in the source field are ignared.

Examples
MOVE NAME—IN TO NAME—-OUT.

NAME —IN NAME —-QUT
Before [BjR|O[W|N Wi I{L1S |OIN
After |B{R{O|{W|N B|R|OjW|N|V

Before W|I|[L{S|O|N B [R|O]WIN

After [W{IIL|S|O|N WitIL|S |O

In addition to moving an item of data from one area of storage to
another, MOVE can also be used with muitiple destinations. Its format
is as follows:

MOVE {?ata—name—1} TO data—name—2data—name—3...
iteral
data—name—n.

Data—name—1 or the literal is moved to two or more areas,
data—name—2, data—name—3 and so on. The item can then be
accessed in any of these areas. For example,

MOVE SPACES TO LP—QTY LP—PRICE LP—RATE.
will fill LP—QTY, LP—PRICE and LP—RATE with spaces.

The most common use of MOVE, as described here, is between
elementary fields. It may however be necessary to move data between
group fields, or from group fields to elementary fields. Similarly, data is
normally moved between fields of the same type, but it is also possible
to move, say, a numeric to a binary field, or a field with one type of
usage to another. The rules for all these types of movement are
complicated, and are set out in detail in Chapter 10 of COBOL.



The STOP verb

This verb causes the program to hait. Its format is

RUN

STOP {Iiteral}
STOP RUN should always be the last obeyed statement in the object
program, and brings the program to a permanent hait. A check is made
that all files are closed before the program is suspended, and the
message

HALTED: — END OF RUN
appears on the console. The program can then be restarted only at the

beginning.

STOP literal causes a temporary halt of the program, while waiting for
operator action. The literal is communicated to the operator on the
console. It may be numeric or non-numeric and may have a maximum
of forty characters (including spaces}. For exampie,

STOP “ERROR DETECTED".

When the operator types GO, the program continues with the
statement following STOP.

Messages should be kept as short as possible. When a long pause is
necessary, the program should print a short message referring the
operator to the operating instructions where the message is given in
full. Undue use of the console can make the speed of the computer
operator—dependent.

The DISPLAY verb The DISPLAY verb is used to output small amounts of data. It allows

literals or the contents of fields to be typed out on the console without
halting the program, and is of particular use in program testing.

DISPLAY can take two forms, as follows:
data—name-— 1} jdata—name—2 data—name—n
1 DISPLAY {IiteraI—T }{literal——Z } {literal-n }

This is the simplest format of DISPLAY, which is followed either by
field names, literals or a combination of both. Literals may be
numeric or non-numeric. This information is then displayed on the
console. The maximum number of characters (including spaces)
which can be printed by one DISPLAY statement is forty.

Fields are displayed in the same order as in the DISPLAY statement,
on the same line and without spacing, unless this has been inserted
by a figurative constant or non-numeric literal.

Examples
L T | i ¢l DAIASIHLIALZL L/izl';lﬁsz'l L.t & I ford L ll, O S T S J,J,,J_QLL~L_L_L_LA_LJ._J_L_L_L_L~J
ool prsAcay. (breRATER ACTIOM NMeEEDED . | | ] )

DISALAY T6TAL-IGRoSS s TOTAL-QTY.o. . | . .. 1. . . 1.

| J
1.t ._L._[”L_L_l,L‘J_A_L,LJ__l__L Lodod ,J_; Lo l ot 14 chod ;»LJ RTINS S U W S T Ak
" A A i A " " i l — e [ R . J;‘[; e o - l e " A I } - n e - l A d 3 1 L e l i
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Iif TOTAL—-GROSS and TOTAL—AQTY contained 999 and 111
respectively, the following message would appear:
999111

DISALAY, TeTAa c-leressl " " lTerad-@Ty. . . .|
DIrsPLAY TerAc-6Re .asl,. SPACES, TO.TR¢-QTY... |
i
|

U VS D W S ..I,A,lal.tIlll_llll,,,l,,ll,l,lllAlllllil,lI\llAlA;Jlkll
e l

JROU S U S T 4 1

SRR GRS SN S T |

| t l
i1 1 l.l. Loa A_;l;J,J,J_,_L,J_.L,I AJL Aedos kot l [ S SN | B SO S S B P T N

would both display

999 111
| IorsAeny 7oTAl IS " TerAc-QT .. L. L.
[ S B ES Y lll llk]llll[llkill'lLJLAIAl_LL_J_LJ,L‘LL_J__A__LA$__LJ_[LJ.LLl
U N U S lll llllllll[lAllllllAlljjll#k1A‘VVIL,I.LIAL_LJ__L_A._L_L,LAJ;L
would display
TOTAL IS 111.

2 This is an extended form of the DISPLAY statement.
DISPLAY data--—name UPON mnemonic—name.

The data name, whose contents may exceed one word in length, is
displayed upon mnemonic—name; this identifies a peripheral
defined in the Special —-Names Paragraph of the Environment
Division. As described in Chapter 5 ‘SPECIAL—NAMES
PARAGRAPH", peripherals can be given names by the statement

PRINTER

CARD—PUNCH integer [TYPE type—number]
PAPER—PUNCH

IS mnemonic—name.

When mnemonic— name is specified after DISPLAY, data is output
on the appropriate peripheral. Unlike ACCEPT, DISPLAY does not
release the peripheral. Consequently mnemonic— name can refer to
a peripheral which has been assigned to a file. DISPLAY can then be
used before the file is opened but not after it has been closed, since’
the CLOSE statement releases the peripheral.

Example

oo | ISPEC A VAmEs

o L erIMTER /| IS, TEST-PRINTAR. | L L
1.,
N
|

N erdE-comMrree. Lo
oLV ISEL AT PRINTOUT, ASSITGN 76, PRINTER |/... . . | . ..

llsill]l{lllllLJlljllllllll'11‘llLllkllllAi

|
} IR J_“
o BTSSPy RESULT YPOM TEST- PRIMTER. | . | . ..
|
|

S W l J S S Wt l I S 1 I W T I U —Y _A_LL,L_M.LLL,AL L,.L.AY,J_J;..L.DL Ll.x,l.x LLJ L
I S W I B D W l ) U S—— I YU — 1J At L I Y SN S U P SR Y W G o b I_L.L.).,L A.! Lot

The above example prints test results on a printer which is also
allocated to afile. A file PRINTOUT is allocated to PRINTER 1, which
is given the name TEST—PRINTER in the Special—Names
Paragraph. Before the file is closed the contents of RESULT are
displayed upon TEST—PRINTER.
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DISPLAY WITH USAGE The following rules apply when DISPLAY is used on fields for which

usage clauses have been specified.

A COMP field is not dispiayed in binary form, but as if it had been
defined by DISPLAY — 3, as a decimal number with a preceding sign if
required.

Group fields to be displayed must start on a 1900 Series character
boundary and must be a whole number of characters long. Each
character is displayed separately and is treated as alphanumeric.

The ACCEPT verb The ACCEPT verb provides a method of inputting a small amount of

data which varies from one run to another, such as a week number or
period number.

There are two formats of the ACCEPT statement:

1 ACCEPT data—name.

This format causes data to be read from the console and stored
in the area defined by data—name. This area cannot be greater
than one word in length. The data accepted can either be four
alphabetic characters or a decimal integer in the range 0 to 8,388,607,
depending on whether the receiving field is defined as alphabetic or
numeric. It is moved according to the rules for alphanumeric items
or numeric literals.

When an ACCEPT statement is encountered in a program, the
message

COBOL ACCEPT (SEE JOB SHEET)
is typed out on the console. The program halts and the operator

types in the information requested followed by GO. The data is then
stored in data—name.

For example,

W T S S §

Alclclqplrl 1,11151”1.1I‘lllll;;L_l,._L,,Jllllll JlllILLl!llLJllll(

T S . |

R S U N

JJlllllllllLJLL_dl_l_l !lllllll 11!1L11il] lllll
1

.,l odd b
U l | I S W | l 1 1 L l LooL b L,,,l J U G W \ S SO W ¥ i WO S S I 1

i 2%

2 ACCEPT data— name FROM mnemonic— name.

Receives data from a specified peripheral identified by mnemonic —

name. The peripheral is then released by the program. Data may

exceed one word in length. If the datais shorter than the area defined

‘ by data— name, itis padded out to the required length with spaces in
N the usual way.

The mnemonic name is associated with the peripheral in the
Environment Division, and will have been specified in the Special —
Names paragraph by the entry

{CARD READER

PAPER — READER} integer [TYPE type— number] IS mnemonic—name.

Mnemonic-—name is invented using the rules for data names, and
must be unique within the program. TYPE allows a particular model
of the peripheral to be specified.
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Since the card reader cr paper tape reader is released after the data
has been accepted, the integer given to it should not be the same as
the number given to a device of that type in a SELECT ... ASSIGN'
statement. When there is only one card reader or paper tape reader,
it should be given one numberin the SELECT ... ASSIGN clause and
a different number in the Special—Names paragraph. This wil!
prevent the ACCEPT statement from closing the file.

Example

The following example gives the mnemonic name CARD—X to a
card reader. Data is then accepted from CARD—X and is stored in
the area defined by ITEMS. Note that the card reader in the Special —
Names paragraph is given a different number from that assigned to a
fle CARD—IN in the file— Control paragraph.

AAAAAAAAAAAAAAAAAAA

SPElc|rAL. 1wmrsi , ,qmdb READER 2| IS clmep x.l L

FTL)E|- cer@dtll,X1IL1‘.IL.1.I,.,ll,.,llulA

| |s€edeT cArp-1M AssTien cArp-raarsr 1. .

IAI “%ILLA‘,lJ111A,,_L.,Lft2mw1

pROKCIEPURE DIViIrSTOM. | .

O S W L L l Al L

) U W S S

OSSR U W't

SO W SN VO S
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L.
|
1
NP SN AR T
| |

.| Pecdnr riems Arem <orp-X- .
_1,,J_ L_Alillll_l_ll._LAl.lll Aﬁlan
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3 A variant of format 2 is

ACCEPT FILE KEYS FROM mnemonic—name.

This is used to read disc or magnetic file generation numbers from
acard reader (or paper tape reader) punched in a format described in
COBOL, Chapter 12. This is an alternative to the operator typing in
the data from the console.




SEQUENCE CONTROL Itis often necessary in a program to depart from the sequence of events
as written. This process can either depend on the result of some
condition, or it may constitute a branch to a procedure or series of
procedures in another part of the program, before returning to the
normal sequence. The principal verbs which enable the user to do these
things are the IF statement and the PERFORM verb. Both of these are
available with a number of options.

The IF statement The IF statement provides the most common means of departing from
the normal sequence of program operations. It should be noted that in
COBOL, IFis treated as a verb, as some kind of action is always called
for when it appears in the program.

A vital feature of any programming language is the ability to test items
of data and to select, as a result of this test, one of several routes
through the program. This facility is provided by conditional
statements introduced by [F.

An IF statement has the format
|IF condition imperative statement(s).

When the statement is encountered in the program, the next step or
steps are determined by whether the condition is satisfied. if it is
satisfied, control passes to the imperative statement, which is then
performed. Afterwards, controlis returned to the statement following
the IF statement in the program. However, if the condition is not
satisfied, the imperative statement is ignored and control passes
straight to the sentence following the IF statement.

Conditions and imperative statements may take a variety of forms, as
discussed in the next section. However, a simple example of the use of
IF is given below.

Example
Consider the following Procedure Division statements:

V ! : | ] ! ' ‘
L1 L l ADD, FLELD-A, Teo RESWUILT -0 b v vl o coba oo
: | i ‘
P P EE RESU LT EREATER 1“'{”1‘11'4,1 AHIQA’GIMIUI“L lHAelV‘lEl RESU LT 718, |
H | i ! | | | ) !
b o BXCESS -FTELD ) TR T R S R S S E S U T S O
P " ‘i “I‘erlﬂsx HasS rri:lQl'lQl_ElClnglpl'L L i S S R R SO L S
After FIELD— A is added to RESULT, the condition
IF RESULT GREATER THAN MAXIMUM
has to be tested. The flowcharting for this condition would be shown

thus:

Is
RESULT
greater than
MAXIMUM

No

MOVE RESULT
TO EXCESS — FIELD

4

WRITE
MASTER-RECORD
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Conditions

RELATION CONDITIONS

128

If RESULT is greater than MAXIMUM, the imperative statement
MOVE RESULT TO EXCESS—FIELD

is executed. The program then executes the WRITE statement. If

RESULT is equal to or less than MAXIMUM, the program ignores the

imperative statement and passes directly to the WRITE statement.

Notice the importance of full stops in the example. When the condition
is true, every statement up to the first full stop is obeyed. However, if
the full stop after EXCESS — FIELD were omitted, WRITE MASTER—
RECORD would also be interpreted as part of the conditions statement,
and would be ignored if the condition were faise.

As stated above, several types of condition can be used after an IF
statement to test the nature of a field of data. Some of the most
common are considered here.

A relation condition makes a comparison between two given values.
The format of the IF statement condition containing all possible
relations is as follows:

GREATER THAN
data-—name—1 LESS THAN data—name-—2;
literal — 1 EQUALTO literal —2
IE ) Arithmetic IS (NOTI 2> arithmetic
Expression < expression
imperative -
statement

One value is tested to see if it is greater than, less than or equal to
another. Relations may be written in full, but the relational operators

><and = are more often used as substitutes. There must be at least
one space on either side of the operator; that is, = counts as a word.
Both the values compared must be numeric or alphanumeric, but both
cannot be literals.

A relation test of numeric values makes an algebraic comparison. The
length of the item in terms of the number of digits is not significant; for
example, —7 is greater than —43, and 24 is equal to 0024.

When a test is made of alphanumeric values, it is necessary to know
whether the ietter A is greater or less than the letter E, whether the digit 1
is greater or less than the letter A, and so on. This is determined by the
fact that each character has an arithmetic equivalent, which is used to
form a collating sequence. In 1900 COBOL, a character has a value
greater than another if it appears later in the character code given in
Appendix 2.

When one alphanumeric field is compared with another, the contents of
the two fields are compared character by character, starting with the left
hand character. If the first character of one field has a value greater than
that of the other, the field to which it belongs has a greater value. If the
two characters are the same, the next character in each field is compared
and so on. Where one field is shorter than another and the other
characters are equal, the shortest will be less in value.

For example
FRED: is greater than FRED



The following exampies illustrate these rules:
JONES is greater than JOHNS
JAMESV Vis less than JAMESON
ABCDEF is greater than ABC123
ABC123 is less than ABC456
123ABC is less than ABC123
1ABCDE is less than 2ABCDE
TABCDE is less than A999939

If one of the operands is a literal, it is considered to be of the same class
as the field with which it is compared, and the preceding rules therefore

apply.
The values of conditions using relational operators are summarised in the
table below.
Value of condition
Operator First Second Operands
operand operand equal
greater greater
GREATER THAN true false false
>
NOT GREATER
NOT > false true true
LESS
< false true false
NOT LESS
NOT < true false true
EQUAL TO
= EQUALS false false true-
NOT EQUAL TO
NOT = true true false
Examples

The following are examples of relation conditions used with IF in the
Procedure Division.

U G T W §

A EXRENSIES, < |FRarFNTS, SUSTRAAT, vent FRert |,
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SIGN CONDITIONS These are special cases of relation conditions, which determine

whether a numeric item is positive, negative or zero. The format of a
sign condition is as follows:

(POSITIVE
IF data—name IS [NOT] ({NEGATIVE
ZERO

POSITIVE, NEGATIVE and ZERO are more economical ways of writing
GREATER THAN, LESS THAN and EQUAL TO ZERO.

Examples

‘[ L lgll__l.‘ AMCif; 1”071 'paslq Lo d) J_HRD IJSISLUELSj {equ L1 4.

1.1

. >J o’ 111‘,1—”6 qu dﬁS‘//. J b ). J__J._l L1L l',t,,L,L,.,L

1]
|
|

| rF A necAT Ve move izeres| 7o, coonr . L, L]
| U W DU S il lll||'lfllllll,_llll,,lllll!l,ll!lllll\lllkllllll<
These are used to test whether an item contains a certain class of
character only. This test may be carried out for alphabetic or numeric
characters. A class condition has the following format.
CLASS CONDITIONS IFdata—name IS [NOT] fALPHABETIC
NUMERIC

The ALPHABETIC test is available for alphabetic, alphanumeric
or group fields. The field is examined to see if it contains
characters from the set A to Z and space. If it does, the
value of the condition is true. Not alphabetic has the
opposite effect; the condition is true only if any of the
characters include A to Z and space. Group fields can only
be tested if they start on a character boundary and occupy

a whole number of characters.
For example, the following statement tests NAME to see if it is

alphabetic.
l o ’ l e mame Acpupberic move wame 1o, advres. |,
[V VS SN VRO S . L L,.J. | S T W l_ ) S O '_J.,l,fl_ § W l;l 4 1 ,L,,l Y ol 1 1 1 L. ) I 1 1 1 l,‘J PO S l L_1 | QO l.‘

It could have been written if NAME had been defined in any of the ways
shown below, in other words if it were an alphanumeric, alphabetic or
group field.

oz Mﬁmi_g_ AI-( 1’\/1{r )1 L1 Ll 1L l Looddo L.

oz M”F’ l FE T l " _,L«L,J..A.J_,L_,, L L_,l,l, TR
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The NUMERIC test can be applied to a numeric or alphanumeric
field. The field is examined to see if it contains only
characters from the set O to 9, together with a possible
sign. If it does, the value of the condition is true. NOT
NUMERIC has the opposite effect; the condition is true if
any characters are not in the range O to 9 and possible sign.
If a field is defined as numeric, leading spaces are counted as zeros. If a
field LENGTH contains

v IvIv]s]
and is defined as

PIC 9(4)
it is taken as numeric. However, if it is defined as

PiC X(4)
then it would not pass the numeric test, as it does not contain all
characters from the range 0 to 9. The statement

o L WE LENGTl NUAERIC MOVE LENGTYH| To DETATLS

* 1
SO VN T Lo

VS S W B | AJJ LALliJJllll14_‘111111111*_L_,v'lLll[llLLlllll!lJXL_L,\__.Lj

can be applied to LENGTH, whether it is defined as numeric or
alphanumeric.

Uses of class conditions Class conditions are most commonly used for vetting data.
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CONDITION NAME As described in Chapter 6 ‘“condition names"”’, a field called a condition

CONDITIONS

name can be declared in the Data Division using an 88 level. This allows
a name to be given to the required condition, that is, that the field
contains one of a specified number of values. By means of the name,
the truth of the condition can be tested in the Procedure Division using
a normal |F statement.

The condition name is set up by defining the field to be tested and then
using an 88 level immediately after the definition. The 88 level entry
specifies the value or values which the field must contain if the
condition is true. This is the only place where a VALUE clause may
appear in the File Section. Several entries may be included if several
ranges of values are required for the same field, so long as each entry is
given is own name. The condition name written after the 88 level is
used with the IF statement to test the condition. If one of the values
appears in the field previously defined, the condition is true.

Example
A field, AREA — 1 must contain one of a number of values at a certain
point in the program, if a branch in the Procedure Division is to be
made. The foliowing statements set up a condition name, TEST, under
AREA - 1in the Data Division, giving the required range of values. The
statement

IF TEST GO TO CALC.
then tests the contents of TEST: if it contains one of the values
specified, the condition is satisfied.
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CONDITIONS
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Note that separate values can be combined with a range specified by
THRU. 92 THRU 97 indicates a consecutive range of numbers, from 92
to 97 inclusive.

The use of condition names saves program writing, but does not
economise on object code.

As explained in Chapter 5 “SPECIAL—NAMES PARAGRAPH",
switches in word 30 of the program area can be tested to see if they are
in an ON or OFF state, by means of condition names. The format of a
switch status condition is

IF condition name imperative statement
where the switch has been named in the Special— Names paragraph of
the Environment Division. For example, suppose switch-x has been
assigned the name FLAP for ON status. The Statement

IF FLAP GO TO ROUTINE—1.
will transfer control to ROUTINE— 1 if the switch has been set to ON. If
the switch is OFF the program continues in sequence.






GO TO s frequently used after a SIZE ERROR clause in an arithmetic
statement (see earlier in this chapter); in this case it gives a branch to
a routine set up to deal with the error condition, if the result of a
calculation is too large to fit the field. For example,
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GO TO paragraph—name-—1 paragraph—name —2...
paragraph—name—n DEPENDING ON data—name.

This is used to transfer control to a paragraph depending on the
value of a given item stored in data— name. Data— name must be an
elementary item defined in the Data Division as an integer; it must
contain a number in the range 1 to n, where n is the number of
paragraphs referred to in the statement. GO TO will then cause a
branch to paragraph—name-— 1 when the value in data—name is 1,
to paragraph —name —2 when the valueis 2, and so on. If the value is
zero or exceeds n, the GO TO statement is ignored, and control
passes to the next statement.

Paragraphs need not be referred to in the same order as they appear
in the Procedure Division.

Example

Eachrecord in afile contains a field giving a tax code in the range 1 to
5. According to the contents of the field in each record, the program
will branch to one of five different paragraphs at a certain point. If the
field contains any other value the program branches to an error
routine. This is referred to in a second GO TO statement, which is
executed if GO TO ... DEPENDING is ignored.
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Thisis the IF ... ELSE format, which specifies two courses of action,
one when the condition is satisfied and the other when it is not. In
effectit works in much the same way as IF with GO TO, where the
program either branches to another paragraph, or continues in
sequence. However, IF ... ELSE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>