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PREFACE .

COBOL was designed around 1959-60 with a purpose to provide a common language
for business applications of computers. It is now the most widely used Janguage for data
processing. To maintain uniformity and to extend the facilities, the Conference on Data
Systems Languages (CODASYL) makes recommendations, which are endorsed by the American
National Standard Institute (ANSI) and accepted all over the world. This book presents
COBOL as per the 1974 standards. Except for a few highly specialized facilities like network
communication and COPY, this book covers all features of COBOL.

This book has evolved from the extensive notes used by the author over the last five
years for the courses on COBOL Programming and Automatic Data Processing at 11T Bombay
and at some industries in Bombay. The contents have Jargely been referred by students and
trainees of differring backgrounds, and, after some initial experimentation, the present layout
of the course material has been found most satisfactory.

The book not only details rules and conventions of COBOL, but also justifies the data
processing framework integrated into COBOL. The requirements of business applications,
special nature of problems, and implications of using certain methodologies have been clearly
brought oyt. Hence, it should serve as text both for learning syntax and semantics of COBOL
and for ge&ting an insight into business problems and training in designing systems. No.
assumptions have been made about the background of readers, except for some awareness of
business organisations and their functions.

COBOL is a tool, not the target. Hence, it is necessary to orient the text towards
applications also. A number of complete, comprehensive, worked-out examples are included
which not only bring out usage of COBOL but also impart a training in utilization of
computers. Numerous, interesting, and challenging exercises are given at the end of each
chapter to test the reader in both furdamentals and practice. For the texts of this kind, it is
a[ways a source of difficulty to decide on nature of applications to be selected for examples and
exercises. To avoid too much discussion on business activities and thereby divert from the
main goal, we have selected examples and exercises from commonly familiar business
situations. In order to thoroughly exercise the students, a list of project problems is included
in Chapter 14.

It is indeed a great pleasure to acknowledge the encouragement and help I have
received from my colleagues and friends. Specifically, 1 would like to record my thanks to
Professor J. R. Issac and Mr. V.V, Kenetkar. I am also grateful to Professor S. Narasimhan,
Co-ordinator of the Curriculum Development Cenire at IIT Bombay for providing financial
support and encouragement throughout the preparation of the manuscript. And to my wife
and daughter—well, they understand my inability to express my gratitude to them!

—N.L. Sarda
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INTRODUCTION TO BUSINESS DATA
PROCESSING

1.1 NATURE OF BUSINESS

REQUIREMENTS

We all have an intuitive understanding
about the meanings of the terms ‘data’,
‘processing’ and ‘information’. Consider a
retail store and purchase of some commodities
by a customer at the store. The cost of each
commodity is calcu by multiplying its
unit-price and the quantity-purchased, and
the total cost is obtained by adding costs of
all commodities. The transaction of purchase
is thus described by data containing name,
unit-price and quantity of each commodity
purchased, the processing of data consists of
multiplications and additions, and the
information is the total-cost to be used in
charging the customer. The purchase trans-
action, in general, is characterized by the
attributes or properties called commodity
name, price and quantity. The values of these
properties for a specific purchase transaction
constitute the dara. For example, the values

pencil, 55 paise, 1 by

are data describing one purchase
purchase of 10 pencils.

The word) ‘datum’, of which the word
‘data’ is plural, means a fact, or more specxﬁ-
cally, a value of an attribute of an ‘entity’.
Aun entity, in general, may be an object,
idea; event, condition, or situation. Thus,
an ¢mwee, a product, a purchase-event

L‘J

event—the

/[ 97

are entities. A set of attributes describes
an entity. The values of these attributes
are data about the entity. Usually, we select
only those attributes of an entity which are
relevant to us. For example, the colour of
commodity purchased by the customer is not
important in calculation of the cost. Hence,
although colour is the property of commodity,
it is not relevant. Similarly, for paying the
salary to an employee, his height is not
relevant. On the other hand, his name, basic
salary, provndent -fund contrlbutxon rate are
relevant. ™

The terth “data processing’ implies trans-
formation of data for producing results useful
in carrying out the activities of business. The
result o'f. data processing is called information.
The transformations on data consist of a
sequence of operations. The sequence is also
called a ‘procedure’. Obviously, a procedure
depends on the nature of business amd the
kind of information required. A ‘data proces-
'sing system’ is a system which takes data as
input, carries out the required processing on
data, and produces the information. The
system is called ‘manu hen the processing
is performed by himan gs, and ‘automatic’
when machines are used for processing. The
situation is analogous to a manufacturing
organization producing finished products from

raw-materjal. Data are used as raw-material
(/}‘&é producing information. The difference

n .

/



between data and information is thus ‘what
exists’ and ‘what is derived’. Quite often, the
two terms are used interchangably, since there
may be multiple levels of processing.

The organization or the business acts as
an environment for its data processing system.

The data originate in, and the information is
copsumed by, the '4@' The infor-
mation is used both for the purpose of day-

to-day administration and policy decisions.
Data processing is ubiquitous, whatever may
be the nature and size of an organization.

Besides its use in producing information,
data requires to be managed. For the retail
store, the table of unit-prices must be so
organized that price of an item can ke easily
located. The table must be updated(as market
prices change, and extended when new com-
modities are introduced for sale. It is also
necessary to tr: of stocks-in-hand so
that deplefions do not come as surprise and
affect the business, to keep a list of suppliers,
to place purchase orders, and to maintain
accounts of payments. The management of
data for a retail store is not immediately
apparent because it is’onh « all scale, and
can be managed by storekeeper manually.

As the complexity of business increases,
the number of functions to be performed and
resources to be controlled also increase. A

way of managing complexity is by dividing the
%ask into éuEtask@z The business organizations .

ave hierafchies of departments and sections,

each with a well-defined area of responsibility
and authority. A manufacturing organization
may have production, procurement, sales,
account, and personnel subdivisions. Besides
having to perform specific functions, they
must interact with each other in achieving
the overall goals of the organization.

The complexity of data processing and
management of data is proportional to that
of the organization. A large number of
different-types of entities interact within the
environment. Typically, the different types
of entities are employees, products, machines,
warehouses, sales-orders, suppliers, customers,
production schedules, work orders etc.
Similarly, various kinds of information are
required for the different functions. Different
types of data, describing the different types
-of entities, must be made available for proces-
sing as transactions take place within the
organization. A transaction can be regarded

COBUL PRU
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as interaction between two or more entities.
Data originate as the result of® interaction or
activities of the entities, are processed in the
subdivisions, and flow through the established
channels in the hﬁarchﬂ&&%& organization.
For example, consider th¢ “dctivities resulting
from a sales-order : an order from a customer
is received by the sales department; the
availability of the rcquested product is
checked ; a despatch nc ice is sent to a ware-
house ; an invoice is prepared and sent to the
accounts department ; the inventory is up-
dated ; a production order is sent to the
production department ; availability of raw-
material is checked and may result in placing
a purchase c¢.der for acquiring the raw-
material ; invoice is sent to the customer
after receiving the acknowledgment of delivery ;
an entry is made in the accounts-receivable
register ; the customer account is updated ;
etc. The picture is very much different
compared to the retail store, and we find that
the transaction of a sale cannot be dispensed
with immediately. Data must be recorded
and processed to produce various kinds of
information, referred back again, and com-
municated to other depa.tments.

The processing and management of data
is very crucial for any organization. What-
ever may be the nature of organization,
government or private, profit-making or non-
profit-making, manufacturing or educational,
data processing is as important to it as any of
its other functions, or even more so. An
organization may use resources like men,
machines, energy, money, etc., but none of
these can give a complete picture of the state
of affairs. Data is the most important
resource as it is the only one which can do so.
In the past, there was -a_tendency to look,
upon data processing as a low-level, clerical
task ; however, the importance of processing
and management of data became clear as the
organizations became complex and dynamic,
as the principles of decision-maki werel
understood, and as the realization grew that
the coordination of different activities of the
organization is essential for efficient service
and use of resources. Data, in a sense, being
the past history of an organization, contains
information that can be used both in effective
administration and plannj The importance
of data processing is @reﬂected—m_the
new mname it has acquited : ‘Information
Systems’.
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1.2 DATA MANAGEMENT FUNCTIONS

Data usually originate on documents. In
a manual data processing systems, the clerical
or administrative staff collect, classify, store
in files, and wuse the documents. These
functions must be performed even in an auto-
matic data processing system. Although the

details may differ_from czrz,c,{ao{ganization_gg_
another, the basic Tunctiohs! *performed Tn
The various

managing the data are‘same.
functions are discussed below :

(i) Collection. The data originate at a
specific source in the organization. The
different types of data originate at different
sources, which may be geographically distri-
buted. The documents containing data must
be collected at the sources and passed on to
the data processing system.

(ii) Classification. The documents must
be classified into groups depending on nature
and use of data containedyjjn, them. The
classification isn\cceﬁ'ﬁm to faci-
litate systematic storage of and easy reference
to the documents. It immediately sounds
absurd to store together bio-data of employees
and addresses of suppliers of raw-materials,
or marks obtained by students and monthly
earnings of teachers. Classification essentially
groups entities of similar type ; for examples,
the groups may be all employees, all sup-
pliers, all students, etc. The entities within
each group have similar properties and
are used in similar way in the processing of
data. Data corresponding to one group of
entities is stored as a file. The term ‘file’, in
a general sense, means a collection ofdata.
A major classification of data automg(ically

takes place when an organization 1(5)ng¢
\nto_subdivisions, each having its oWn data,
rocessing system. ) oy '
P ~ i[/(u\, /'lv_<"wv" i

) v

(iii) Sorsifig. The hysica%ﬂ%rﬂ‘ei‘mg' “of
data within a class, stored as a file, is called
sorting. Data about different entities are
arranged in a specific order, based on one or
more attributes of the entities. For example,
every supplier has a name ; arranging the
supplier data in alphabetical order of supplier-
names is sorting. It makes the search for a
particular supplier within the file much easier
compared to when the file is in r%rder.
The sorting of data is a ver mon
operation in business data processing. In
many cases, re-ordering of data itself acts as
information. The supplier data may be sorted
by prices quoted by them in selecting a supplier

w4 Jlaithgind it is required to send a request for
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for placing an order, or they may be sorted by
delivery period when it is necessary to Obtain
supplies in“shortest time. Sorting is always
with respect to the values of certain property
of the entities. The supplier-name, price
and delivery period are all properties of
supplier-entities. =~ The order of sorting is
called ascending or ¢. -2nding depending on
whether the data is arranged in increasing or
decreasing order of the values of the selected
property.

(iv) Storing. It is the most" obvious
function in data management. Data must be
stored in order to refer to it in future.
The paper documents areWgether‘iJnLa
file, the files are stored into compartments of
a cabinet, etc. The paper acts as a medium
for storage of data. An automatic system
may use different media for data storage. Not
only the data within a file, but also the files
themselues must be stored-in some systematic
manner. Data are stored after their classifica-
tion and sorting for the reasons given above.
The physical way of storing data is also
called as ‘data organization’. The collection
of all data is also known as ‘data base’. Some-
times, additional data is prepared to facilitate
searching for specific data in the data base.

The book-index the end and the contents
at the beé’xﬁi@) of a book are typical
examples of the addi

(v) Retrieval. 80

;g%?%'s@ ‘%’cﬁtin g

and extracting required data from a data
base is called ‘retrieval’. The manner
of retrieving data is called ‘method of
accessing’ or ‘access mode’. There are
basically two methods of data accessing
and their use depend on the organiza-
tion of data or the purpose of retrieval.
Let us consider a simple example to illustrate
7.the two methods of accessing. A file con-
taining a list of supplier-addresses is given

(RFQ) to each of them. Starting:
rom the beginning of file, taking one address
at a time, we copy the address on RFQ.
That is, we proceed in the same sequence in
which the addresses appear in the filé, and
retrieve every address. This method of
accessing is known as ‘sequential’. On the
other hand, assume that a purchase order is
to be placed with a specific supplier, whose
address must be obtained from the file. The
name of the supplier is known. (Let us
assume that all suppliers have unique names.)
If the addresses are stored in random manner
(i.e., due to the random organization of
data), we are again forced to scan the file in

A
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sequential access mode until the desired
address is found. However, if the data is

systematically organized or an index by
supplier-name is available, it is possible to

directly locate the desired address. In the
latter case, the access mode is called ‘random’,
implying that the desired data can be located
randomly as the need arises, without going
through irrelevant data. Note that in random
access mode, data is accessed using a property
of the corresponding entity. In the above
example, name of the supplier was known.
Also note that the organization of data must
facilitate random access, and if it does not
we must use sequcntigl access mode.

(vi) Maintenance: e objective of this
function is to keep the stored data up-to-date,
or in a state reflecting the current status of
organization. It involves making changes to,
deletions from, or additions- to the existing
data. How up-to-date or current the stored
data should be depends on the application,
and has a great bearing on the method of
data processing. The employee data may be
updated once in a month (just before making
the monthly paymeénts), the stock (inventory)
updates may be weekly, and accounts receiva-

ble updates as soon as payments are received -

from customers.

(vii) Verification|Validation. The  data
entering the system must be checked for
accuracy. The term ‘verification’
ascertaining that recording of data on paper
or any other medium is correct, while
‘validation’ means making sure that recording
of data is as per the prescribed rules. For
example, ascertaining that the total-cost is
sum of individual commodity costs is verifi-

cation.,' while ascertaining that items and
quantities are according to the customer
request is validation. In practice, this fine

giistinction between the use of these two terms
1S not maintained.

important functions, the
as and

Besides these
following functions are also used
when the need arises :

(viii) Transcription. Changing the
medium on which data is recorded. It isa
common function when machines are used
for data processing, since machines usually do
not accept hand-written or typed documents
on which data is initially recorded.

(ix) Duplication. Making multiple copies

of data.
(x) Coding. Assigning unique codes to

means

entities for their identification within a class
or group of similar entities. A code may also
indicate certain properties of the entities.
For example, a salesman may be identified by
a 4-digit code, of which the first digit indicates
the region to which he is attached. A code

must both be ¢ /&TISC precxse
(xi) Editing. ttin

presentable or useful form.
(xii) Collecting|merging. Combining two
sets of similarly sorted data.

(xiii) Transmission Transmission or
communication of data or information from
one place to another.

NEED FOR IMPROVED METHODS
OF DATA PROCESSING

The management of an organization is
responsible both for administration and
planning, and for either of these functions it
needs information on which to base its deci-
sions. The necessary data processing may be
carried out manually or by using machines.
The organization operates corntinuously angr%_
such it must be continuously monitored
data processing system must be responsive
enough to supply the information when it is
needed, so that the performance of the organi-
zation and effectiveness of the decisions can
be measured and cqorrective actions can be
taken. The value of information reduces
with time, and the data processing system is
not considered satisfactory if 1t cannot
supply the information within time. Large
organizations must handle Targe Volume of
different types of data. The manual methods
of data processing often fail due to long
processing times, inconsistency, and unreliabi-
lity. Moreover, ad hoc information needs of
the management cannot be immediately
satisfied. Sometimes, the clerical costs of
processing the data are(@yorbitant and forces
the management to do wit € processing
of data. \};a

To successfully meet the mformation
requirements of the modern, complex, highly-
dynamic business organizations, it is necessary
to make use of machines for data processing.
The machines have advantages of speed,
consistency, and reliability over human beings.
Since their introduction in fifties, the compu-
ters have established themselves as a valuable
automatic tool for ddld prpocessmg

1.3 COMPUTER- BASEi) DATA PRO-
CESSING SYSTEMS

A computer dwo/nl other types of

the data in more
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machines in that it is the only one where
transformafion of energy is not an objective ;
it is a machine designed for transformation of
data. It can accept data, carry out arith-
metic/logical operations and tests on data,
and output the results of manipulation) More-
over, a computer is a —“general-purpose’
machine : it can be ‘programmed’ to achieve
desired transformations on any given data.
A computer can prepare payrolls as well as
invoices, plan production schedules and
‘maintain inventories. The only requirement
of the task for computerization is that the

P within the task be expressable in
.uriﬁm uowd form and using operations that
<an be'performed by the computer. A com-

puter can not handle unexpected situations
and cannot make non-predetermined deci-
sions. Programming a computer consists of
describing the characteristics of input and
output data, and specifying the procedure
containing sequence of operations to be per-
formed on the data. It is thus a tool which

can both supplement and complement infor-
matiois processing capability of a human.

The advantages of using a computer for
processing of data were mentioned above.
Whatever may be the tool used in data proces-
sing, the gross nature of and functions within
the data processing system are same as des-
cribed earlier. The data must be collected,
classified, sorted, stored, retrieved and main-
tained ; procedures must be defined and
‘executed’ to obtain results and to maintain
the data base. The purpose of this section
is to give a preliminary introduction to
similarities and dilferences in some of the
important aspects of manual and computer
data processing.

While a human being uses his intelligence
and experience and can interpret instructions
given to him from their context, a computer
must be instructed in precise terms and using
only those operations which are built into it.
For a computer, data is just a string of
symbols, and it is the user’s responsibility to
manipulate data appropriately. The meaning
of data or outputs from computer must be
in the mind of the user. For example, the
two expressions :

_ ,unit-price X number-of-items, and
daily-wage X number-of-days-worked

are very much similar for a computer. The
differentiation must be through our inter-
retatiomr;  While the training and experience
.of a human being can be used in instructing

him, and we can comfortably ask him ques-
tions like ‘how many employees get salary
more than Rs. 800°, a computer must be.
instructed about the procedure for obtaining
answers to such questions. The data must
be supplied in the format expected by the
computer (i.e., as per its instructions), and
even a slight deviation, so trivial as never to
be wmis-interpreted by a human, may result in
rejection of data, or even worse, may be
wrongly used.

It is the responsibility of users to assure
correctness of data and procedures supplied
to a computer. The steps in a procedure are
followed by the computer in what we may
call a blind manner. The procedure should
include steps for chiecking reasonable accuracy
of data. ‘

The source data, as said before, usually
originate on documents. Unlike humans, a
computer cannot read them directly. The
relevant data from the documents must be
transcribed onto a medium acceptable to the
computer. In Chapter 2, we will consider
media used by computers. Transcription is
also known as ‘data preparation’. Special
devices are available to perform transcription.
The results from the computer can be obtained
in printed form, requiring no transcription at
the output end. It is an added responsibility
of user to verify that no serious errors are
made during{&\e\}ﬁnscription.

The computer ées media which permit
high density of recording, permitting storage
of large volume of data in very small spadce,
thus reducing storage hand
It also uses vg i :
and very hig
enable it to carry out data management and
data processing tagks on a scale unimaginable
for humans. Thi#¥; what used to be conside-
red as too expensive in cost, effort and time -
for clerical staff can be effectively realiged

with a computer.
———— .
A computer-based data processing system

has four components corresponding to its
manual counterpart : files which contain data,
programs which incorporate description of
data and procedures, outputs which contain
the required information, and a schedule for
‘executing’ the programs indicating the
sequence in which the procedures must be
performed.

The of a file is central to the
management oOf data on a computer. The

files contain data from earlier processing, or
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data required in future processing, or both.
Data are stored within files after proper
classification : consequently, a file contains
data about entities of similar type. As men-
tioned earlier, this is so also for files manually
maintained. Data about one entity form a
‘record’; thus, a file is also a collection of
records. The records contain similar type of
data about a class of entities. A property of
an entity appears as a ‘field’ or ‘data-item’ in
the record. We can indicate the hierarchy of
existence of data in reality and in a data
processing system, and their mutual corres-
pondence as follows :

(i) In real world:

. value of
entity class— entity — op?iarr)net;tty the
y property

(ii) In data processing system :

__field or __string of

file data item  symbols

— record

(iii) An example :

all one

-employees ~ employee —1247.35

salary

Data which originate in the organization
as a result of activities or events are commonly
%é‘ed as transactio hey are transcribed
d1@ processed other files. They
may cause the programs to update data
within the existing files. File is said to be
‘off-line’ if it is not accessible to the
computer, and it becomes ‘on-line’ when
mounted on a device controlled by the compu-
ter. As with manual data processing system,
the transactions may be processed as soon as

they originate, or they may be MLm‘u_l%;g
over a period of time and processed  together.
MFWLQLA?;_Wata processing system
is called ‘on-line’ and in the latter case as
‘batch’ processing system. In both the
manual and automatic systems, the physical

organization of data is greatly influenced by
the way of processing transactions.

Fig. 1.1 shows the major steps of a com-
puter-based payroll system. Such a chart
illustrating functions and sequence of steps is
called a ‘process chart’. The steps may be
executed daily, weekly or monthly depending
on the paw of the organization.
Source,docu may be employee time cards
indicating hours worked on each day of the

- and tax-deductions for each employee.

period. The source data is first transcribed
onto a medium acceptable to the computer,
and then ‘passed through’ a program which
checks for bcorrectness of the data. The
program ok testing of conditions
which Mﬁ&ls €d by the data. The
erroneous data is rejected ; the correct data
may underga further processing, or it may be
d\e@zs_d until~ corrections are made and
received. There are two files which contain
payroll data. File 1 cantains data for
calculating earnings from the work data,
while file 2 contains the accumulated savings
It is
assumed that the data in files are sorted by
employee codes. The work data is first
sorted to bring it in_the same order as the
two files. Finally; using the work data and
salary data the earnings, savings, and deduc-
tions are calculated. The data in file 2 is
updated to include recent savings and deduc-
tions. The figure uses boxes of different
shapes for different functions. A ggctangle.
with a zig-zag bottom stand data/iniyorma-
tion on paper medium, a thombus- to indicate
a manual activity, a rectangl¢ for computer
processing, and a circlel€)r a file. The arrows

from a file indicate dirgcgion \of data trans-
4}& ol

fer.

The payroll system discussed above is an
example of batch processing. Note the
preciseness of each step. A manual system
may function exactly as in Fig. 1.1, or it may
completely process data of one employee at a
time. Once they are defined, the steps of
the process-chart are rigidly followed in com-
puter data processing.

1.4 EXAMPLE : BRANCH RECONCIL-
LATION FOR BANKS

“\ In Sec. 1.1, we pointed out that manage-
ment of data is an important function in data
processing. The purpose of this section is to
illustrate that the procedures of business data
processing are usually simple, that they are
highly repetitive in nature, and that need to
manage -Jarge volume and different types of
data is @W{Fﬁ the complexity in busi-
ness data processing.

A national bank has its branches spread
alLoLc_rth\eco‘l‘l_g;ry. There are inter-branch
transactions of various types like mail trans-
fers, demand drafts, debit notes, credit notes,
etc., each resulting in transfer of money from
one branch to another. The sending branch

classifies the transactions as debit since the
transactions reduce its balance ; the receiving
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branch on the other hand classifies them as
credit transactions. The objective of recon-
cillation is to match appropriate credit and
debit entries made by branches in their own

is very simple : it just consists of comparing
two transactions and verifying that -they
match. However, the Simple question ‘how
to locate the two matching transactions, if
they exist, in a collection of transactions’

accounts. The procedure of data progessing

| employee

Wk data ———i Transcription /,L —
1 corrected
data

dati

T

ready for L - correction 7
input
Verification erroneous
validation data
correct
data
v
sort
!
salary) Filg 1
sorted date /.
data
calculate
salary as per Total
the rules savings ;
- File 2
deductions

Report to
Accounts
Office

pay-cheques

Fig. 1.1.: Steps ina payroll system. Circles indicate files.




