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CHAPTER 1. Introduction 

This chapter will introduce the CS2600 course and 

explain the way it will be presented. Section 1.1 gives a 

course description and lists prerequisites. Section 1.2 

describes the course environment and explains how this 

manual is to be used. 

1 
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1.1 Course Description and Prereauisites 

CS2600, titled "Self-Study in a Programming Language" 

by the course catalog, is a one credit hour, self-paced 

course. It is designed to present the syntax and 

applications of one of several programming languages such as 

COBOL, FORTRAN, PL/I and PASCAL. If COBOL (COmmon Business 

Oriented Language) is chosen, this course will provide you 

with the knowledge needed to design and code basic COBOL 

programs. 

The prerequisite of CS2600 is CS2071. It is assumed 

that the student knows how to design and code structured 

programs in at least one other high-level language. 

1.2 The Course - A Self-Paced Environment 

CS2600 is a self-paced, self-study course in which you 

will learn to program using COBOL. This manner of 

presentation has advantages and disadvantages. Self-paced 

means that you, the student, may study and progress on your 

own time schedule for the most part. The one factor that 

prevents this from being a truly self-paced course is that 

programming assignments will be scheduled. They will be due 

on specific dates as assigned by the course coordinator. 

Self-study means that you are chiefly responsible fer 

studying and learning the material on your own. The course 

coordinator is available to answer questions but should be 

consulted only when absolutely necessary. 



3 

The MANUAL 

This manual was specifically written for use in CS2600 

to help you learn COBOL. It should serve as your main guide 

through CS2600. It is a programmed text and, as such, 

should be studied in a sequential manner. You will find 

that topics presented in Chapter 4, for example, will assume 

that you have mastered the topics of the previous chapters. 

The COURSE COORDINATOR 

The course coordinator will direct the course, make 

programming assignments, grade assignments and, most 

importantly, serve as a person you may consult if you have a 

problem. It should be stressed that if you have a problem 

you should make every attempt to solve it yourself using 

this manual and, if necessary, other textbooks and manuals. 

If you can not solve the problem using these resources then 

the course coordinator should be consulted. 



CHAPTER 2. The Basic COBOL Program 

This chapter is designed to introduce you to the COBOL 

language. Section 2.1 will present and answer a few 

questions about the COBOL language, its creation, and use. 

Section 2.2 will show you a very basic COBOL program and 

discuss the hierarchical structure of the language. You 

will also be introduced to the COBOL coding form. Finally, 

a self-test, designed to help you check your progress, is 

provided. 
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2.1 What is COBOL? 

In this section we will briefly discuss the following 

topics: 

1. What is COBOL - a definition 
2. When was COBOL created? 
3. Why was COBOL created? 
4. Is COBOL similar to any other programming language? 

Although this information is not vital in learning to 

program in COBOL, the answers to these questions should give 

some insight into why COBOL is structured the way it is. 

1. What is COBOL - a definition 

COBOL (Common Business Oriented 
level English-like programming 
business data processing 
characteristics of the language 

Language) is a high 
language designed for 

applications. Four 
are: 

(1) It is a high-level language indicating that it is 
people-oriented. 

(2) The 
that you 

characteristic of being English-like means 
should find it a fairly natural language to 

use in programming. 

(3) COBOL was developed as a language for business 
data processing applications, not for scientific use. 

(4) COBOL is a self-documenting language. 
much needed feature in business where 
personnel change frequently. 

2. When was COBOL created ? 

This is a 
programming 

COBOL was developed in 1959 under the supervison of the 
CODASYL (Conference on Data Language Systems) 
committee. This committee was, and still is, composed 
of members from government, business, computer 
manufacturers, universities and users. There have been 
various revisions of the language since its first 
development to add improved features. 

3. Why was COBOL created ? 

Programming languages are developed to meet the needs 
of specific users. In the case of COBOL it was 
developed and is used primarily by the business world. 
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Remember that computers were invented and used 
originally by scientists and mathematicians, and not by 
businessmen. Therefore the early programming languages 
were math-oriented, not business-oriented. When the 
business world began to use computers, a business-
oriented language was needed. COBOL was one attempt to 
satisfy their requirements for a data processing 
language. 

4. Is COBOL similar to any other programming language ? 

The answer depends on how closely you look at the 
language when you compare it to others. You will find, 
if you are familiar with another programming language 
and understand the concepts of programming (data 
concepts, I/O formatting, how basic instructions work, 
etc.), that COBOL will be similar in many respects 
(probably not syntactically, but conceptually). To 
program well in COBOL you must think through, design 
and structure your program. Thi$ is true when using 
any programming language. 

Now that you have answers to a few questions about what 

COBOL is, who created it, and who uses it, we will proceed 

to an example program and see what the language looks like. 
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2.2 An Example COBOL Proaram 

This section will present a simple COBOL program as an 

example to allow us to begin to discuss the language. 

Specifically, you will learn: 

1. The four divisions of a COBOL program. 
2. The function each division serves. 
3. The hierarchical structure of the COBOL language. 
4. Basic facts on coding and the use of the coding form. 

This section introduces you to the COBOL language and will 

give you an intuitive feeling for what a COBOL program must 

consist of. It does not try to explain every detail of the 

program; that will come later. 

2.2.1 The Example Program 

The listing of the first program we will examine is 

given on the next two pages. This program is designed to do 

I/O (input and output). This means that the program will 

cause the computer to read an input record from the input 

file and then to write the data to the output file as an 

output record. This process will be repeated until all the 

cards have been read and written. Now look at the program 

and see what COBOL looks like. 



Line 
Ref 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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EXMTPLE PROGRAM #1 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. I .... o .... I .... o .... I .... o .... I .... o .... I .... o 

IDENTIFICATION DIVISION. 
PROGRAM-ID. EXAMPLEl. 

ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 

SELECT CARD-IN-FILE ASSIGN TO UT-S-SYSIN. 
SELECT PRINT-OUT-FILE ASSIGN TO UT-S-SYSOUT. 

DATA DIVISION. 
FILE SECTION. 

FD CARD-IN-FILE 
LABEL RECORDS ARE OMITTED. 

01 CARD-REC PIC X(80). 

FD 

01 

PRINT-OUT-FILE 
LABEL RECORDS ARE 
PRINT-REC. 
05 FILLER 
05 DATA-OUT 
05 FILLER 

OMITTED. 

PIC X(ll). 
PIC X(80). 
PIC X( 42). 

WORKING-STORAGE SECTION. 
77 NO-MORE-RECORDS-FLAG PIC X(3). 

(continued on next page) 
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EXAMPLE PROGRAM #1 (continued) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 7 8 ... 2 . . I .... o .... I .... o . . . . I .... o . . . . I .... o .... I .... o 

28 PROCEDURE DIVISION. 
29 
30 MAIN-LINE. 
31 OPEN INPUT CARD-IN-FILE, 
32 OUTPUT PRINT-OUT-FILE. 
33 PERFORM !NIT-ROUTINE. 
34 READ CARD-IN-FILE 
35 AT END 
36 MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 
37 PERFORM WRITE-READ-PROCESS 
38 UNTIL NO-MORE-RECORDS-FLAG = 'YES'. 
39 CLOSE CARD-IN-FILE, PRINT-OUT-FILE. 
40 STOP RUN. 
41 
42 !NIT-ROUTINE. 
43 MOVE 'NO' TO NO-MORE-RECORDS-FLAG. 
44 
45 WRITE-READ-PROCESS. 
46 MOVE SPACES TO PRINT-REC. 
47 MOVE CARD-REC TO DATA-OUT. 
48 WRITE PRINT-REC. 
49 READ CARD-IN-FILE 
50 AT END 
51 MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 
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Each COBOL program is broken into four major parts 

called Divisions. Each division performs a specific 

function as follows: 

IDENTIFICATION DIVISION (lines 1-2 of example) 
This division serves to identify the program to 
the computer by giving the program a name. 
This program is named EXAMPLEl. It also may 
serve to supply part of the program's internal 
documentation. 

ENVIRONMENT DIVISION (lines 4-9 of example) 
This division describes the computer equipment 
that the program will execute on. 

DATA DIVISION (lines 11-27 of example) 
This division explicitly defines all the 
storage (computer memory) that the program will 

.use for data. The input/output areas and the 
areas used for intermediate results must all be 
defined in this division. 

PROCEDURE DIVISION (lines 28-51 of example) 
This division contains the program 
instructions. These instructions will reflect 
the logic of the program. 

Every COBOL program must have these four divisions and they 

must occur in the above specified order. 

2.2.2 The Hierarchical Structure of the COBOL Elements 

The hierarchical structure of a COBOL program refers to 

the way in which it is divided and then further subdivided. 

Divisions are divided into sections (except for the 

IDENTIFICATION DIVISION), sections are divided into 

paragraphs. In the PROCEDURE DIVISION, paragraphs are 

divided into sentences and sentences can be composed of one 

or more statements. In the other three divisions, 
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paragraphs are divided into entries and entries may be 

composed of one or more clauses. Both statements and 

clauses are further subdivided into words (see FIG 1). The 

structure of a COBOL program can be loosely compared to an 

English composition subdivided into main topic heading, 

sections, paragraphs, sentences, statements, clauses, and 

words. 

DIVISION 
I 
I 

SECTION 
I 
I 

PARAGRAPH 
I 
I 

(in PROCEDURE DIVISION) I (in other DIVISIONS) 
r----------------------~----------------------1 
I I 

SENTENCE ENTRY 
I I 
I I 

STATEMENT CLAUSE 
I I 
L----------------------T----------------------~ 

FIG 2.1 

I 
I 

WORD 

Hierarchical Structure of the COBOL Elements 
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The following is a brief description of how to 

determine and identify a Division header, a Section header, 

a Paragraph header, an Entry, a Clause, a Sentence, and a 

Statement. 

DIVISION A Division header must have the word 
DIVISION following the specific division name 
(remember there are only four such headers). The 
Division header must start in the A-Margin (the A-
Margin is columns 8-11 inclusively) and must be on 
a line by itself. 

SECTION - A Section header must have the word SECTION 
following the specific section name (i.e. INPUT-
OUTPUT SECTION, FILE SECTION, etc.). The Section 
header must start in the A-Margin (the A-Margin is 
columns 8-11 inclusively) and must be on a line by 
itself. 

PARAGRAPH - A Paragraph header can be of two types: 

• a COBOL reserved word header (a word that the 
compiler understands and which the user can only 
use in the compiler understood context). 

Examples of COBOL reserved word paragraph 
headers in Program #1 are PROGRAM-ID and FILE-
CONTROL. 

• a user-defined paragraph header (you make up the 
name to suit your purpose). 

Examples of user-defined paragraph headers in 
Program *1 are MAIN-LINE, INIT-ROUTINE, and 
WRITE-READ-PROCESS. 

Paragraph headers must begin 
(columns 8-11 inclusively). 

in the A-Margin 

ENTRY - In the IDENTIFICATION, ENVIRONMENT, and DATA 
DIVISION, paragraphs are composed of entries (not 
sentences). Each entry is composed of one or more 
clauses and will end with a period. An example of 
an entry is 

SELECT CARD-IN-FILE ASSIGN TO UT-S-SYSIN. 

CLAUSE - In the above example there are two clauses, 
the SELECT and the ASSIGN clause. 



13 

SENTENCE - A Sentence in COBOL is a combination of one 
or more statements. A sentence must begin in the 
B-Margin (columns 12-72 inclusively) and end with a 
period. Examples of some sentences are: 

OPEN INPUT CARD-IN-FILE, 
OUTPUT PRINT-OUT-FILE. 

PERFORM INIT-ROUTINE. 

READ CARD-IN-FILE 
AT END 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

STATEMENT - A Statement begins with a COBOL verb (for 
our purposes, a verb is a reserved word used in the 
PROCEDURE DIVISION as the action of an instruction 
like MOVE, ADD, READ, PERFORM, etc.) and does not 
end with a period. Above we used 

READ CARD-IN-FILE 
AT END 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

as an example of a sentence. In this sentence the 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG 

is an example of a statement within a sentence. 

WORD - There are three types of COBOL words: Reserved 
Words, User-defined Words, and System Names. 

Reserved Words - Words that have special predefined 
meanings in COBOL and, in particular, to the 
COBOL compiler. Examples of reserved words are: 
ADD, PERFORM, AT, END, PROGRAM-ID, DATA, 
ENVIRONMENT, SECTION, etc. A complete list of 
reserved words may be found in Appendix B. 
These words enable you, the prcgrammer, to write 
programs using a high-level English-like 
language. The compiler knows their meaning and 
will generate the appropriate machine language 
instructions based on the particular reserved 
word. -

User-defined Words - These are words the programmer 
creates. They are used for such items as: 

a.. Program name 
b. Fi le names 
c. Record names 
d. Data names 
e. Paragraph names 
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The rules for creating user-defined words will 
be covered in Chapter 3. Examples of user-
defined words are: EXAMPLEl (program name), 
CARD-IN-FILE (file name), CARD-REC (record 
name), DATA-OUT (data name), and MAIN-LINE 
(paragraph name). 

System Names - Names supplied by the hardware manu-
facturer to allow certain elements in the COBOL 
program to correspond with various hardware de-
vices in the computer system. They are similar 
to reserved words but are supplied by the 
manufacturer to specify what type of hardware 
device is being used by the program. In Example 
Program #1 there are two system names: UT-S-
SYSIN and UT-S-SYSOUT. The UT and S specify 
that the devices are utility devices and are 
sequential. The SYSIN specifies system input; 
the SYSOUT specifies system output. 

The Coding Format 

In discussing the coding format of a COBOL program, we 

will first explain the notation used in Example Program #1 

so there will be no confusion due to its notation. In the 

example program there is a rule at the top of the page. The 

rule is not part of the code, but is a column reference. It 

starts with column 07 and goes to column 60. (Due to the 

width limitation of the page of this manual, it can not go 

from column 01 to 80 as a normal coding form would.) The 

line reference is not part of the code either, but it is 

included so that this manual may refer to specific lines in 

the discussion of the code. This notation will be used 

throughout the remainder of the manual. 

Writing or coding a COBOL program is normally done on a 

COBOL coding form. The form is 80 columns wide and 24 lines 

long. Each line you write on the coding form will be keyed 



, 

15 

as one record of a file. This file, which now represents 

your program in machine-readable form, is the source file or 

program. 

There are five margins or areas into which the 80 

columns of the coding form are divided. These areas are as 

follows: 

Columns 1 - 6 Sequence Numbers 
The first six columns may be used for sequence 
numbers. The first three digits should contain the 
page number of the coding form and the last three 
digits the line number. 

Column Numbers 
Line 
Ref 

1 2 3 4 
•••• 1 •••• 0 .... 1 •••• 1 •••• 1 •••• 0 ..... 1 •••• 0 

1 
2 
3 

001010 IDENTIFICATION DIVISION. 
001020 PROGRAM-ID. EXAMPLEl. 
001030 

The above example shows page 1 (001) with the first 
three lines (010, 020, and 030). Notice that the 
line numbers are incremented by ten. This is so 
you may insert additional lines of code without 
renumbering the original ones. Sequence numbers 
are OPTIONAL, but if used they MUST be in ascending 
order. Their use is recommended when working in a 
card environment. If your cards are dropped or 
shuffled they may be easily reordered correctly by 
using the sequence numbers. It is not necessary to 
use these columns when entering a program via a 
terminal. 

Column 7 Continuation or Comment 
This column can serve one of two purposes: 
Comment - An asterisk (*) in column 7 will make the 

line a comment line. The compiler will not 
translate this line as part of your COBOL 
program. You may write any thing you wish in 
columns 8-80. This is very useful for program 
documentation. 

Continuation - A hyphen (-) in column 7 indicates a 
continuation of a nonnumeric literal. 

Columns 8 - 11 A-Margin 
Columns 8, 9, 10, and 11 compose 
(referred to as the A-Area in some 
have already discussed how certain 

the A-Margin 
texts). We 

COBOL en~ries 
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(division headers, section headers, 
headers) must begin in this area. 

Columns 12 - 72 B-Margin 

and paragraph 

Columns 12-72 compose the B-Margin (also referred 
to as the B-Area in some texts). We have already 
discussed the fact that certain COBOL entries 
(sentences) must begin in this area. 

Columns 73 - 80 Card Deck Identification 
Columns 73-80 are not checked by the compiler and 
their use is OPTIONAL. The programmer is free to 
put anything in these columns or leave them blank. 
A traditional use for this area is for program 
deck identification. By doing this the programmer 
can look at any card in the deck and tell what 
program he is holding. It is not necessary to use 
these columns when entering a program via a 
terminal. 
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2.3 SELF-TEST INSTRUCTIONS 

On the following page, and at the end of subsequent 

sections, you will find a self-test. These tests, although 

not completely comprehensive, are designed to summarize the 

most important concepts and facts that have been covered. 

They will be used throughout the text to help you evaluate 

your progress and your understanding of the material. 

These tests will only benefit you if you use them 

correctly. On a sheet of paper write the answer to each 

question. When you have completed ALL the questions, check 

your answers. The correct answers will appear on the pages 

following the questions. Remember these tests are a tool 

for you. Use them correctly and they will be helpful. 

Due to the exact nature of the material covered in this 

course, it is important to interpret your test results as 

follows: If you miss a question(s) DO NOT continue to the 

next section or chapter until you learn why the given answer 
/ 

is correct. This may mean restudying all or part of the 

material associated with the self-test question(s) missed. 

The 100% mastery level is necessary for two reasons: (1) 

information tends to build on previously learned 

information, and {2) when you write programs this exactness 

will be demanded by the computer. You will find that if you 

are honest with yourself and restudy where necessary, you 

should progress smoothly through the course. 
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2.4 SELF-TEST 

1. The word COBOL is an abbreviation for 

2. Give three characteristics of the COBOL language. 

3 . 

4. 

All COBOL programs are composed of (a number) of 

divisions. In the space below list the name of each 

division and write a brief description (in your own 

words) of its function. 

In the hierarchical structure of the COBOL language 

are divided into 

are divided into 

are divided into SENTENCES 

SENTENCES are divided into 

are divided into 
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5. The three types of words in COBOL are: 

and 

6. 

7. 

COBOL programs are written on forms. 

Each line on the coding form represents one 

the file. 

in 

8. The coding form is broken into 

or margins. 

(a number) areas 

9. The optional areas of the coding form are the 

and the 

10. The A-Margin begins in column 

begins in column 

and the B-Margin 

11. Name the three headers that must start in the A-Margin. 

headers 

headers 

headers 
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SELF-TEST ANSWERS 

1. common Business Oriented Language 

2. a high-level language, 
an English-like language, 
a self-documenting language, and 
a business-oriented language 

( 1 ) 
(2) 
(3) 
(4) 
Any three of the four characteristics are correct. 

3. four 

IDENTIFICATION DIVISION 
This division identifies 
by giving the program a 
to supply part of 
documentation. 

the program to the computer 
name. It can also be used 

the program's internal 

ENVIRONMENT DIVISION 
This division describes the computer equipment the 
program will use. 

DATA DIVISION 
This division explicitly defines all the storage 
that the program will use for data. 

PROCEDURE DIVISION 
This 
which 

division contains 
will tell the 

perform. 

the program 
computer what 

4. Divisions are divided into Sections 
Sections are divided into Paragraphs 
Paragraphs are divided into Sentences 
Sentences are divided into Statements 
Statements are divided into Words 

instructions 
actions to 

5. Reserved Words, User-defined Words, and System Names 

6. coding 

7. record, source 

8. five 

9. Sequence numbers (columns 1-6 ) and 
Card Deck Identification (columns 73-80 

10. 8 (A-Margin), 12 (B-Margin) 

11. Division headers, 
Section headers, and 
Paragraph headers 



CHAPTER 3. Data Concepts 

This chapter is designed to introduce you to various 

data concepts that you will be dealing with while using the 

COBOL language. Section 3.1 p~esents and defines the data 

groupings used in the COBOL program. Section 3.2 will 

explain how to explicitly define an elementary data item in 

COBOL. Section 3.3 will discuss the importance of the 

record in COBOL and explain how it is defined in the 

program. Section 3.4 will continue the discussion of the 

record in COBOL in more detail. Section 3.5 will present 

the three types of constants used in COBOL and give examples 

of them. There will be self-tests throughout this chapter 

to help you monitor your progress. 

21 
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3.1 Data Groupings 

In this section we will discuss how data is organized 

in a computer system. The groupings of data we will be 

concerned with are: 

are: 

1. File, 
2. Record, 
3. Data item (a data item also called a "field" 

may be classified as either a group 
data item or as an elementary data 
item) 

The definitions of a file, a record, and a data item 

FILE - A collection of related records. 

Example - an inventory file, 
a medical file 

RECORD - A collection of related data items. 

Example - one inventory record from the inventory 
file, 
a medical record from a medical file 

DATA ITEM - One item of information 

Example - quantity on hand in the inventory record, 
age in a medical record 

To help you get a better feeling for these groupings, 

look at the following example of a manual filing system. On 

the first day of class, an instructor passes out this 3 x 5 

card to each student (FIG 3.1). He asks the students to 

fill in each of the ITEMS of DATA which compose the STUDENT 

INFO RECORD. He then collects all the cards. This 

collection of 3 X 5 cards is the instructor's STUDENT INFO 

FILE. 
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r----------------------------------------------1 

(1) 

( 2) 

STUDENT 

STUDENT NO. 

STUDENT NAME 

INFO RECORD 

r-T-T_T_T_T_T_T_T_1 
lll213IOIOlllll2131 
L-~-~-~-~-~-~-~-~-J 

LAST 
r-T-T_T_T_T_T_T_T_T_T_T_1 
IJIOIHINISIOINI I I I I I 
L-~-~-~-~-~-~-~-~-~-~-~-J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r-T-T_T_T_T_T_T_T_T-1 I 
I FIRST I s I T I E I V I E I I I I I I I 
I L-~-~-~-~-~-~-~-~-~-j I 
I I 
I r-T-1 r-T-1 I 
I (3) AGE 11191 (4) BIRTHDATE MON 10171 I 
I L-~-j L-~-j I 
I r-T-1 I 

·I DAY 11111 I 
I L-~-J I 
I r-T-1 I 
I YEAR 16131 I 
I L-~-J I 
I I L----------------------------------------------J 

FIG 3.1 A Sample 3 X 5 Student Info Record 

The above example, although it is a manual system, 

demonstrates the concepts of data groupings. The STUDENT 

INFO FILE is a collection of related records that all 

contain student information. Each record in the file 

represents an individual student's information. If there 

are twenty students in the class, there will be twenty 

records in the file. Each record is a collection of related 

data items. The data items are related since they give 

information about an individual student. 
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The data items of the STUDENT INFO RECORD can be used 

to illustrate group data items and elementary data items. 

Group Data Item - A data item (field) that is subdivided. 

Elementary Data Item - A data item (field) that is NOT 
subdivided. The elementary data item is the smallest 
unit of data that can be accessed~~ COBOL program. 

An example of a group data item is STUDENT NAME. STUDENT 

NAME is subdivided into LAST and FIRST names. LAST and 

FIRST names are both examples of elementary data items 

because neither are further subdivided. STUDENT INFO RECORD 

is composed of two group data items and seven elementary 

data items (see FIG 3.2). 

Group data items are subdivided into elementary data 

items to allow you to access the individual parts 

(elementary data items) which compose the whole item (group 

data i tern). For example, BIRTHDATE is a six position data 

item of the form rnm/dd/yy. If you are not required to 

access any of the components of BIRTHDATE (month, day, or 

year}, it does not need to be subdivided further. If you 

are required to access the components, then BIRTHDATE will 

have to be subdivided. 

In computer systems, input files are normally stored in 

a machine readable form on a storage medium (cards, tapes, 

disks, etc.). The storage medium you will be using in this 

course, for your input files, will consist of 80-column 

records. Each record may contain up to 80 characters of 

data (one character of data per column). This collection of 
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records will contain the input data for the program and is 

called the "input" or "data" file. The COBOL program is a 

file too. It is the "program filen and will be processed as 

an input file by the COBOL compiler. This means you will be 

working with two types of files: the program file, and the 

data file. 

Data is entered in a record based on a specified format 

or record descripttion. The record description divides the 

record into fields. When a record is keyed data values are 

entered in the appropriate fields. The data values from the 

3 X 5 STUDENT INFO RECORDs could be keyed into an 80-coulmn 

record using the following record description. 

COLUMN DATA ITEM 
DATA ITEM POSITION TYPE ----

STUDENT NO. 1 - 9 ELEMENTARY 

STUDENT NA.lVIE 10 - 31 GROUP 
LAST 10 - 21 ELEMENTARY 
FIRST 22 - 31 ELEMENTARY 

AGE 32 - 33 ELEMENTARY 

BIRTHDATE 34 - 39 GROUP 
MON 34 - 35 ELEMENTARY 
DAY 36 - 37 ELEMENTARY 
YEAR 38 - 39 ELEMENTARY 

unused 40 - 80 

FIG. 3.2 80-Column record Description 

In summary, files are composed of records, and records 

are composed of data items or fields. There are two types 

of data items: the group data item and the elementary data 

item. 
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3. 1. 1 SELF-TEST 

1. 

2. 

A 

A 

is a collection of related records. 

is another name for a data item. 

3. A six-digit stock number is composed of a department 

number (first 2 digits) and an item code (last 4 

digits). Item code is a(n) 

while stock number is a(n) 

4. A record is a collection of related 

data item 

data item. 

5. The smallest unit of data a COBOL program can access is 

a(n) 

SELF-TEST ANSWERS 

1. file 

2. field 

3. elementary, group 

4. data items 

5. elementary data item 
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3.2 Specifying Data Items 

This section deals with how you explicitly define and 

reserve computer memory (storage) for variables in a COBOL 

program. Remember that this is done in the DATA DIVISION of 

the program. We will discuss how to form data names and 

PICTURE clauses to accomplish the definition of memory. 

3.2.1 The Data-name 

A data-name is a user-defined name for any unit of data 

(file, record, group data item, or elementary data item) 

used in a COBOL program. The data-name supplied will be 

associated with a specific memory location of the computer 

(e.g. data-name AGE= memory location 73). This allows you 

to refer to storage location 73 by its symbolic address of 

AGE. Each data-name you create must be unique within the 

COBOL program (except in some special cases which will not 

be discussed in this text). The data-names you define in 

the DATA DIVISION will be used in the PROCEDURE DIVISION to 

access the data values in memory. All data-names used in 

the PROCEDURE DIVISION must be declared here. 
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The user-defined data.-names must conform to certain 

rules. 

RULES FOR FORMING DATA-NAMES 

1. 1 to 30 characters may be used for any data-
name. 

2. Data-names may contain letters, numbers, or 
hyphens (-). No other special characters are 
permitted (i.e.%, #, &, /, etc.). Embedded 
blanks (blanks within a data-name) are not 
allowed. 

3. 

4. 

A hyphen (-) 
name. 

may not begin or end a data-

A data-name must contain at 
alphabetic character. 

least one 

5. A data-name can not be a COBOL reserved word 
(See Appendix B for a complete list). 

The following data-names are examples of valid data-

names. 

Valid 
Data-name 

EMPLOYEE-ADDRESS 

DEPARTMENT-NO 

EARNED-PERCENTAGE 

HSK-100 

DIVISION-NUM 
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The following data-names are invalid for the reason 
given: 

Invalid 
Data-name 

-ADDRESS 

Reason 

Begins with a hyphen 

DEPARTMENT NO Has an embedded blank 

EARNED-% 

123-33 

DIVISION 

% is a special character 

Does not contain at least 
one alphabetic character 

A COBOL reserved word 

HINT - You can usually avoid COBOL reserved words by 
hyphenating the data-name. For instance, INPUT and 
RECORD are both COBOL reserved words; and if you try 
to use them as data-names, the compiler will give you 
an error. If you use them in data-names like INPUT-
RECORD, WAGE-RECORD, PERSONNEL-INPUT, they are legal 
data-names (notice the hyphen). 

When choosing a data-name it should not only conform to 

these rules, but should also be a meaningful name to you and 

others who may read the program. For example, in choosing a 

data-name to represent a data item containing a student 

number, use a data-name such as STUDENT-NUMBER, STUDENT-NO, 

or STUDENT-NUM. Names such as S-N, S-NO, or SNUM are too 

vague. 
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3.2.2 The PICTURE Clause 

When you specify an elementary data item in COBOL you 

not only have to give it a name, but also a length and data 

~- The length indicates how many storage locations you 

are reserving and the data type indicates what type of data 

will occupy these locations. 

COBOL uses the PICTURE clause in the DATA DIVISION to 

specify the length and data type of an elementary data item. 

There are three basic data types: 

NUMERIC - The field may contain the digits 0 
through 9 and an optional operational sign (+ 
or-). These fields will normally be used in 
arithmetic. 

ALPHABETIC - The field may contain the letters A 
through Zand blanks (also called spaces). 

ALPHANUMERIC The field may contain letters, 
digits, and other special characters (e.g. -, 
), (, *, &, $, #, etc.). The alphanumeric 
field can hold anything an alphabetic field 
can hold and more, so we usually use it 
instead of the alphabetic type. 

In the PICTURE clause the following symbols are used to 

indicate the data type of an elementary data item: 

9 for numeric fields 
A for alphabetic fields 
X for alphanumeric fields 

The length of an elementary data item is indicated by the 

number of 9's, A's, or X's used in the PICTURE. The three 

examples below show how data items are declared in the DATA 

DIVISION. 
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EXAMPLE 1 (Numeric field) 

WEEKLY-PAY PICTURE 99999. 

EXAMPLE 2 (Alphabetic field) 

LAST-NAME PICTURE AAAAAAAAAA. 

EXAMPLE 3 (Alphanumeric field) 

LICENSE-PLATE-NO PICTURE XXXXXX. 

Example 1 defines WEEKLY-PAY as a five-digit numeric field. 

Example 2 defines a ten storage position alphabetic field 

with a data-name of LAST-NAME. Example 3 defines a six 

storage position alphanumeric field with a data-name of 

LICENSE-PLATE-NO. 

The PICTURE clauses given in the above examples are 

rather lengthy. COBOL allows a shorter notation for PICTURE 

clauses. A shorter reserved word, PIC, can be used in place 

of PICTURE. The data type and length may also be specified 

using a shorter notation. You designate the data type (one 

character, a 9, A, or X) followed by a length factor in 

parentheses. 

For example: 

WEEKLY-PAY 

can be shortened to 

WEEKLY-PAY 

PICTURE 99999 

PIC 9(5) 

Note that the 9 indicates a numeric field and the 5 tells 

the length of the field. This shorter notation, in most 

instances, will save time when coding. In fields where the 

length is three positions or less, this is not the case. 
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For example, it is easier to code a one-position numeric 

field as PIC 9 instead of PIC 9(1). 

In this section you have learned how to explicitly 

define memory by means of the PICTURE clause and the data-

name. Data-names are defined in the DATA DIVISION and used 

in the PROCEDURE DIVISION to access the defined memory 

locations. Every elementary data item must be given a 

PICTURE clause in COBOL. The PICTURE clause specifies the 

length and the data type of a memory location that is 

associated with an elementary data item. 
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SELF-TEST 

Files, records, group data items, 

items must all be given 

program. 

and elementary data 

-names in a COBOL 

2. State what, if anything, is wrong with the following 

data-names. 

a. READ 

b. EMPLOYEE-# 

c. -AMOUNT 

d. AVERAGE SCORE 

e. PAY-CATEGORY 

f. 1040-11 

3. Every data item must have a PICTURE 

clause. 

4. A PICTURE clause specifies the and 

of a data item. 

5. The three data types are and 

6. The characters that may be contained in a numeric field 

are 

7. The characters that may be contained in an alphanumeric 

field are 

8. The characters that may be contained in ar:. alphabetic 

field are 
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9. The symbols used in the PICTURE clause are: 

for an alphabetic field 

for an alphanumeric field 

for an numeric field 

10. Files, records, and group data items (can / cannot) 

have a PICTURE clause. 

11. We access data in the PROCEDURE DIVISION by the 

given to them in the DATA DIVISION. 



35 

SELF-TEST ANSWERS 

1. data 

2. a. READ is a COBOL reserved word 

b. the # in EMPLOYEE-# is a special character 

c. a data-name may not begin or end with a hyphen 

d. a data-name may not contain an embedded blank 

e. PAY-CATEGORY is correct 

f. a data-name must contain at least one alphabetic 

character 

3. elementary 

4. length, data type 

5. numeric, alphabetic, and alphanumeric 

6. the digits 0 through 9, and the plus and minus signs 

7. the letters A through Z, 

the digits 0 through 9, and 

all the special characters 

8. the letters A through Z, and a blank 

10. A is used for the alphabetic field 

X is used for the alphanumeric field 

9 is used for the numeric field 

iO. cannot 

11. data-names 
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3.3 Defining a Record 

In this section we will discuss how to define the 

structure of a record in a COBOL program. The structure of 

a record indicates what data items appear in the record, the 

order in which they appear, and how the data items are 

related to one another. 

3.3.1 Why Define a Record? 

Why do we have to define the record and its structure 

in the COBOL program? COBOL is a record-oriented language 

with the unit of input and output being the record. This 

means that when we perform an input operation (the READ 

statement), the contents of one entire record from the input 

file will be transfered into the computer's memory. When we 

perform an output operation (the WRITE statement}, the 

record image we have built in memory will be transfered to 

an output device. The key concept to be aware of is that we 

must reserve and define a contiguous area of the computer's 

memory for the contents (data) of these records to reside. 

The idea of reserving a contiguous area of memory for a 

record to reside in is known as buffering the record in 

memory with that area of memory being called the buffer. 

When we define the record in the COBOL program we are 

creating a buffer for the contents of the record to reside. 
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3.3.2 How to Define a Record 

The following record descriptions are based on the 

80-column record. Please note that the concepts and method 

for defining records will apply to any length record. 

The structure of a record can be viewed as a hierarchy 

of the data items which compose it. In the following 

examples we will supply the data items with data-names. Be 

aware that this would normally be your responsibility as the 

programmer. For example, the INFO-RECORD contains four 

fields with data-names of INFO-NAME, INFO-ADDRESS, INFO-SEX, 

and INFO-MAJOR. INFO-RECORD will be on an 80-column record 

as follows: 

COLUMN FIELD 
DATA-NAME POSITION LENGTH DATA TYPE 

INFO-RECORD 
INFO-NAME 1 - 25 25 ALPHANUMERIC 
INFO-ADDRESS 26 - 55 30 ALPHANUMERIC 
INFO-SEX 56 - 56 1 ALPHANUMERIC 
INFO-MAJOR 57 - 80 24: ALPHANUMERIC 

The hierarchical structure of the INFO-RECORD is as follows: 

Level 1 

Level 2 

INFO-RECORD 
I 

r------------T------~------T----------1 
I I I I 

INFO-NAME INFO-ADDRESS INFO-SEX INFO-MAJOR 

Note how the hierarchical structure is formed. The first 

level is the major grouping of data, the record itself. The 

second level is the four fields that compose the record. 

We express this hierarchical structure in terms of 

level numbers in COBOL. Level numbers are used to indicate 
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which data items are grouped under others. The following 

example shows how you would define the record structure of 

the INFO-RECORD in COBOL. 

00 1 2 3 4 5 6 
78 ... 2. -1- ••• 0 .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 

01 INFO-RECORD. 
05 INFO-NAME 
05 INFO-ADDRESS 
05 INFO-SEX 
05 INFO-MAJOR 

PIC X(25). 
PIC X(30). 
PIC X. 
PIC X(24). 

The level number 01 must be used to indicate the physical 

record (in our example it is INFO-RECORD). The level number 

01 must begin in the A-Margin. Other level numbers such as 

02,03, ... 48~49 are used to indicate the lower-level 

(subordinate) data items. These level numbers may begin 

anywhere in the B-Margin. 

The level at which a data item resides in the hierarchy 

is indicated by its level number. Data items on the same 

level of the hierarchy must be assigned the same level 

number. In our example, all four data items are at level 2 

in the hierarchy, therefore they must all be assigned the 

same number, 05. We chose 05 as our level number, but we 

could have used any level number from 02 to 49 and been 

correct, too. 

Each line in our example is considered to be an entry. 

All entries must be terminated by a period. The period must 

immediately follow the last character of the entry (i.e. no 

embedded blanks). 

The f ollcwing record description example illustrates 
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the use of the COBOL reserved word FILLER. Suppose we have 

the following record description for an 80-column record. 

COLUMN FIELD 
DATA-NAME POSITION LENGTH DATA TYPE ----
STUDENT-RECORD 

STUDENT-NO 1 - 9 9 ALPHANUMERIC 
not used 10 - 19 10 
STUDENT-NAME 20 - 44 25 ALPHANUMERIC 
not used 45 - 80 36 

The 'not used' under the DATA-NAME means that the data in 

columns 10 - 19 and 45 - 80 of the 80-column record are of 

no interest to us. In other words, the columns exist in the 

80-column record, but we will never want to refer to them. 

In defining the record, all data fields must be 

specified whether they will be referred to or not. The 

FILLER entry is used to specify data fields in the record 

which will not need to be referenced. The COBOL reserved 

word FILLER may be used instead of having to create a data-

name for this field. A FILLER will always have a PICTURE 

clause associated with it. The PICTURE clause will specify 

the length and data type of the field. The length will be 

the number of positions that are not of interest. The data 

type can always be alphanumeric, because you do not care or 

know what type of data will come through this area. 

The FILLER entry acts as a place holder when defining 

records. Do not confuse the function of the FILLER with 

that of a user-defined data-name. You may not access the 

storage area associated with FILLER as you could with a 

user-defined data-name in the PROCEDURE DIVISION. For 
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example, to say 

MOVE FILLER TO OUTPUT-INFO. 

is invalid. 

Following is the hierarchical structure and the COBOL 

code necessary to define the STUDENT-RECORD. 

Level 1 STUDENT-RECORD 
I 

r------------T------~------T----------1 
I I I I 

Level 2 STUDENT-NO FILLER STUDENT-NAME FILLER 

00 1 2 3 4 5 6 
78 ... 2 .. 1 •••• 0 .... 1 .••• 0 .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 

01 STUDENT-RECORD. 
05 STUDENT-NO 
05 FILLER 
05 STUDENT-NAME 
05 FILLER 

PIC 9(9). 
PIC X( 10). 
PIC X(25). 
PIC X(36). 

The hierarchical technique for describing records can 

be applied to a record of any length (i.e. not just 80 

positions) and any complexity (i.e. number of levels in the 

hierarchy). 
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SELF-TEST 

The COBOL reserved word is used to denote 

an area of a record that will not be processed or 

referenced in the COBOL program. , 

2. COBOL is a -oriented language. 

3. The hierarchical structure of a record is expressed in 

COBOL by using 

4. 

5. 

Level numbers 01 must begin in the -Margin. 

Level numbers range from to with the level 

number being used to_ indicate the record. 
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Use the following record description for an 80-column order 
record to answer questions 6 - 7. 

COLUMN 
FIELD DESCRIPTION POSITION DATA TYPE 

Sales record 
Salesman Name 1 - 25 Alphanumeric 
Salesman Number 26 - 30 Numeric 
Item Order Number 31 - 37 Alphanumeric 
Quantity Ordered 38 - 40 Numeric 
Item Description 41 - 80 Alphanumeric 

NOTE: You will have to choose the data-names. 

6. Draw the hierarchical structure of the sales record. 

7. Show how the sales record would be coded in COBOL. 
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Use the following record description for an SO-column stock 
record to answer questions 8 - 9. 

FIELD DESCRIPTION 

Stock Record 
Item Stock Number 
not used 
Quantity Sold 
Reorder Point 
not used 

COLUMN 
POSITION DATA TYPE 

1 - 10 Alphanumeric 
11 - 30 
31 - 35 Numeric 
36 - 40 Numeric 
41 - 80 

NOTE: You will have to choose the data-names. 

8. Draw the hierarchical structure of the stock record. 

9. Show how the stock record would be coded in COBOL. 
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SELF-TEST ANSWERS 

1. FILLER 

2. record 

3 . level numbers 

4. A-Margin 

5. 01 to 49, 01 

6. Sales Record 
I 
I r-----------T-----------T------------T----------1 

I I I I I 
Salesman Salesman Item order Quantity Item 

Name Number Number Ordered Description 

7. 00 1 2 3 4 5 6 
78 ... 2 .. 1 .••• 0 .... 1 .... 0 .... 1 •... 0 .... 1 .... 0 .... 1 .... 0 

01 SALES-REC. 
05 SALESMAN-NAME 
05 SALESMAN-NUMBER 
05 ITEM-NO 
05 QUANTITY-ORDERED 
05 ITEM-DESCR 

PIC X(25). 
PIC 9(5). 
PIC X(7). 
PIC 9(3). 
PIC X(40). 

8. Stock Record 
I 

r-----------T--------~--T------------T----------1 
I I I I I 

Item stock not Quantity Reorder not 
Number used Sold Point used 

9. 00 1 2 3 4 5 6 
78 ... 2 .. 1 .... 0 .... 1 .... 0 .... 1 .... 0 .... 1 .... 0 .... 1 .... 0 

01 STOCK-REC. 
05 ITEM-NUMBER 
05 FILLER 
05 QUANTITY-SOLD 
05 REORDER-POINT 
05 FILLER 

PIC X(lO). 
PIC X(20). 
PIC 9(5). 
PIC 9(5). 
PIC X( 40). 

NOTE: Your data-names in questions 7 and 9 could be 
different, but just remember data-names should be 
meaningful. 
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3.4 More Complex Record Descriptions 

In this section we will continue the discussion on how 

to define a record in a COBOL program. We will examine a 

more complex example and develop the COBOL code associated 

with it. We will also discuss some standard practices in 

coding a record. We will end by pointing out some 

precautions you should exercise when coding a record 

description. 

The following example illustrates a more complex record 

structure. We will look at a more detailed version of the 

INFO-RECORD. INFO-RECORD will be on an 80-column record as 

follows: 

COLUMN FIELD 
DATA-NAME POSITION LENGTH DATA TYPE 

INFO-RECORD 
INFO-NAME 

LAST-NAME 1 - 15 15 ALPHANUMERIC 
FIRST-NAME 16 - 25 10 ALPHANUMERIC 

INFO-ADDRESS 
STREET-ADDR 26 - 41 16 ALPHANUMERIC 
CITY-ADDR 42 - 53 12 ALPHANUMERIC 
STATE-ADDR 54 - 55 2 ALPHANUMERIC 

INFO-SEX 56 - 56 1 ALPHANUMERIC 
INFO-MAJOR 57 - 80 24 ALPHA1'J1JMER IC 
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The hierarchical structure of the INFO-RECORD is as follows: 

Level 1 INFO-RECORD 
I 

r------------T------..L------T----------1 
I I I I 

Level 2 INFO-NAME INFO-ADDRESS INFO-SEX INFO-MAJOR 
I I 

r------i_, r- - _..L_ --T- --- -1 
I I I I I 

LAST-NAME I STREET-ADDR I STATE-ADDR * LEVEL 3 * 
I I 

FIRST-NAME CITY-ADDR 

Below, the INFO-RECORD is coded as it would be in a 

COBOL program. Please keep the above hierarchical structure 

in mind as you study the COBOL code. 

00 1 2 3 4 5 6 
78 ... 2 .. I .... o .... I .... o .... I .... o .... I .... o .... I .... o 

01 INFO-RECORD. 
05 INFO-NAME. 

10 LAST-NAME PIC x ( 15) . 
10 FIRST-NAME PIC X( 10) . 

05 INFO-ADDRESS. 
10 STREET-lillDR PIC X( 16). 
10 CITY-ADDR PIC X( 12). 
10 STATE-ADDR PIC xx. 

OS INFO-SEX PIC x. 
05 INFO-MAJOR PIC X(24). 

As the record description becomes more detailed, so 

does its hierarchical structure representation. The process 

of describing the hierarchy in the COBOL language is not 

complicated if you remember the rules we have discussed so 

far. The following is a summary. 
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Summary of Rules for Defining Records 

• The level number 01 is used exclusively to 
describe a record entry (level 1). 

• 7he level number 01 entry must begin in the A-
Margin. 

• 

• 

Level numbers 02, 03, ... 48, 
describe subordinate data items 
lower). 

Level numbers 02, 03, ... ,48, 
begin in the B-Margin. 

49 are used to 
(level 2 and 

49 entries must 

• Group data items must never be described'with a 
PICTURE clause. 

• Elementary data items must always be described 
with a PICTURE clause indicating the data type 
and length of the data item. 

• All 01 through 49 entries must end with a 
period. 

• Successive levels of subdivision (i.e. level 1, 
level 2, level 3, etc.) should be indicated by 
successively higher level numbers (i.e. 01, 05, 
10, 15, etc.). 

3.4.1 Standard Coding Practices 

It is common practice to indent each higher level 

number four spaces to the right of the level that precedes 

it to make the record structure more readable. For example, 

level number 01 starts in column 8, level number 05 is 

indented to begin in column 12, level number 10 is indented 

to begin in column 16, and so on. 

The PICTURE clauses may start in any column following 

the data-name as long as there is at least one space between 

them. For neatness and program readability, we will always 
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start the PICTURE clauses in the same column (in the example 

it is column 35). Remember we cannot code past column 72, 

so you will normally choose a starting column between 

columns 35 and 45. 

3.4.2 Precautions and Observations 

When you define a record, your definition in COBOL must 

be an accurate one. The PICTURE clauses of the elementary 

data items must add up to total the record length. In the 

above example you will see that 15 + 10 + 16 + 12 + 2 + 1 + 

24 = 80 which is the length of the INFO-RECORD. The correct 

record length does not guarantee that you have made no 

mistakes in defining the record, but it is a quick check. 

It is a good idea to double check the lengths for each 

PICTURE clause. 

One thing we have not mentioned is the length and type 

associated with a group data item. The group data field has 

a data-name, but no explicit PICTURE clause associated with 

it. What are you referencing when you use this group data-

name? The group data-name has an implicit PICTURE clause 

(remember you do not write it, but it is understood). The 

length associated with the group data-name is the sum of the 

lengths of the elementary data items that compose the group 

·~ i~ern. The data type associated with the group data-name 

will always be alphanumeric. Even if all the elementary 

fields are numeric the data type of the group field will be 

alphanumeric. If we refer to the INFO-RECORD we are 

referring to an 80 position alphanumeric field. If we refer 
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to INFO-NAME we are referring to a 25 position alphanumeric 

field. If we refer to INFO-~.DDRESS we are referring to a 30 

position alphanumeric field. This subject will be covered 

in more detail when we discuss the MOVE statement. 
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3.4.3 SELF-TEST 

1. The PICTURE clauses in the COBOL record description 

must add up to total the length. 

What, if anything, is wrong with the following two entries? 

2. 

3. 

01 CARD-REC. 
05 IN-DATE 

10 IN-MONTH 
10 IN-DAY 
10 IN-YEAR 

05 FILLER 

Answer 

01 CARD-REC. 
05 IN-DATE 
05 FILLER 

Answer 

PIC X(6). 
PIC XX. 
PIC XX. 
PIC XX. 
PIC X(74). 

PIC X(6) 
PIC X(74) 

Use the following entries to answer questions 4 - 6 

01 CARD-REC. 
05 NAME-IN. 

10 LAST-NAl"\llE PIC x ( 15) . 
10 MIDDLE-INIT PIC x. 
10 FIRST-NAME PIC X(lO). 

05 FILLER PIC X( 4) . 
05 DATE-HIRED. 

10 YEAR-HIRED PIC xx. 
10 MONTH-HIRED PIC xx. 
10 DAY-HIRED PIC xx. 

05 FILLER PIC X( ) . 

4. CARD-REC is an BO-column record. What should the length 

of the last FILLER be ? 

5. NAME-IN is a(n) data item and has (a 

number) of storage positions associated with it. 

6. MIDDLE-INIT is a(n) data item and has 

(a number) of storage positions associated with it. 
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Use the following record description for an 80-column 
employee record to answer questions 7 - 8. 

COLUMJ."'J 
FIELD DESCRIPTION POSITION DATA TYPE 

Employee record 
not used 1 - 10 
Employee number 

Division 11 - 12 Alphanumeric 
Department 13 - 14 Alphanumeric 
Branch 15 - 15 Alphanumeric 
Individual 16 - 20 Alphanumeric 

not used 21 - 25 
Social security number 26 - 34 Alphanumeric 
Salary 35 - 40 Numeric 
not used 41 - 80 

NOTE: You will have to choose the data-names. 

7. Draw the hierarchical structure of the employee record. 

8. Show how the employee record would be coded in COBOL. 
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SELF-TEST ANSWERS 

1. record 

2. The group data item named IN-DATE may not have a 
PICTURE clause. 

3. Failed to use periods correctly. 

4. 44 

5. group, 26 

6. elementary, one 

7. Employee Record 
I 

r-------T--------T-----~-----T------------T-------1 
I I I I I I 

not Employee not Social Security Salary not 
used Number used !Number used 

I 
I r-------T-------T-------1 

I I I I 
Division I Branch I 

I I 
Department Individual 

8. 00 1 2 3 4 5 6 
7.s ... 2 .. I .... o . . . . I .... o .... l .... o .... I .... o .... I .... o 

01 EMPLOYEE-REC. 
05 FILLER PIC X( 10) . 
05 EMPLOYEE-NUMBER. 

10 EMP-NUM-DIV PIC xx. 
10 EMP-NUM-DEPT PIC xx. 
10 EMP-NUM-BR PIC x. 
10 EMP-NUM-INDIV PIC X( 5). 

05 FILLER PIC X( 5). 
05 EMP-SSNUM PIC X( 9). 
05 EMF-SALARY PIC 9(6). 
05 FILLER PIC X( 40). 

NOTE: Your data-names could be different, but just remember 
that data-names should be meaningful. 
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3.5 Three Types of COBOL Constants 

This section introduces the three types of constants 

used in COBOL. They are: 1) numeric literals, 2) nonnumeric 

literals, and 3) figurative constants. A constant is a form 

of data required for processing which is not dependent upon 

input to the program (i.e. it is specified and used directly 

in the program). The value of a constant remains unchanged 

throughout the execution of the program. 

3.5.l Numeric Literals 

A numeric literal is a constant which is used for 

arithmetic operations. 

RULES FOR FORMING NUMERIC LITERALS 

1. A numeric literal may contain a maximum of 18 
digits. 

2. If a plus or minus sign 
placed to the immediate 
with no embedded blanks. 

is used it must be 
left of the number 
If no sign is given 

the number is assumed positive. 

3. A decimal point may be placed in the number, 
but it may not be the last character of the 
literal. 

The following are examples of valid numeric literals. 

+125 
-75 
36 
1. 25 
0.96 or just .96 
1. 0 

The following is an example of how a numeric literal would 
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appear in the PROCEDURE DIVISION. 

ADD -11.5 GROSS-WEIGHT GIVING NET-WEIGHT. 

The following are examples of invalid numeric literals 

for the reasons stated. 

3.5.2 

Invalid 
Numeric literal 

$100.00 

1,500 
13-
200. 

4 

Reason 

No special symbols like the 
dollar sign are allowed. 
Comma not allowed. 
Sign on wrong side. 
Decimal point may not be the 
last character. 
Embedded blanks are not permitted. 

Nonnumeric Literals 

A nonnumeric literal is a constant which is not used 

for arithmetic operations. 

RULES FOR FORMING NONNUMERIC LITERALS 

1. A nonnumeric literal may be composed of a 
maximum of 120 characters including blanks. 

2. In WATBOL nonnumeric literals must be 
enclosed in either single quotes (') or 
double quotes ("), but not a combination of 
both (i.e. 'ABC" is invalid, but 'ABC' or 
"ABC" is correct). The quotation marks are 
used to tell the compiler that this is a 
nonnumeric literal. They are not considered 
as part of the literal. 

3. A nonnumeric literal may consist of any 
character, including one of the two types of 
quotes, as long as the literal is enclosed by 
the other type of quote (i.e. 11 SAM'S" and 
'THE "BIG" NIGHT' are both valid). 
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literals. 

'HELLO' 
"INVALID RECORD" 
"PETE'S PLACE" 
'$100.00' 
'123' 
'hello there' 
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are examples of valid nonnumeric 

The printing of a nonnumeric literal results in just 

those characters within the quotations being printed. For 

example if we printed the literal 'HELLO THERE' we would get 

HELLO THERE, '$100.00' would print as $100.00, "PETE'S 

PLACE" would print as PETE'S PLACE, and so on. The example 

'123' is not to be confused with a numeric literal. You can 

not perform arithmetic using '123' because it is a 

nonnumeric literal. 

3.5.3 Figurative Constants 

A figurative constant is a COBOL reserved word which 

represents a specific value. We will discuss two such 

figurative constants: ZEROS and SPACES. 

ZEROS is a COBOL reserved word with the value of all 

zeros. In the example 

MOVE ZEROS TO FIELDl. 

the field with data-name FIELDl will be filled with zeros. 

The figurative constant ZEROS has a numeric data type and 

must follow the rules for numeric data (discussed later). 
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ZEROS, ZERO, and ZEROES are equivalent figurative constants 

and may be used interchangeably in the PROCEDURE DIVISION. 

SPACES is a COBOL reserved word with the value of all 

blanks (or spaces). In the example 

MOVE SPACES TO FIELDA. 

blanks will be placed in FIELDA. The figurative constant 

and must follow the SPACES has an alphanumeric 

rules for alphanumeric data 

data type 

(discussed later). SPACES and 

SPACE are equivalent figurative constants and may be used 

interchangeably. 

In conclusion, there are three types of constants in 

COBOL: numeric literals, nonnumer:i,c literals, and 

figurative constants. 
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3.5.4 SELF-TEST 

1. data does not change within the program. 

2. Data fields that are used in the PROCEDURE DIVISION 

must be defined in the DIVISION. 

3. The three types of constants used in COBOL are 

, and ---.,.-------
4. In the following examples identify the constant type. 

a. I 233-33 I 

b. 11.0 

c. 'SPACES' 

d. ZEROS 

e • I 100. QI 

5. What, if anything, is wrong with the following numeric 

literals ? 

6. 

a. 34 

b. 22. 

c. 76+ 

d. 1,023 

e. 10120 

What, if 

nonnumeric 

a. HELP 

b. 

anything, 

literals ? 

c. 'THE 'BIG' BAND' 

d. I 106 1 

is wrong with the following 
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constants. 
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are two examples of figurative 

8. A figurative constant is a COBOL 

that represents a specific 

9. In the statement 

MOVE 'MONDAY' TO FIELDB. 

MONDAY is a 

FIELDB is a 

DIVISION. 

10. Printing the 

and must be defined in the 

'SPACES' will print 
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SELF-TEST ANSWERS 

1. Constant 

2. DATA 

3. numeric literals, nonnurneric literals, and figurative 
constants 

4. The constant types are: 

a. '233-33' nonnumeric literal 
b. 11. 0 numeric literal 
c. 'SSPACES' nonnumeric literal 
d. ZEROS figurative constant 
e. '100.0' nonnumeric literal 

5. The reasons are as follows for the numeric literals 

a. 34 correct 
b. 22. decimal point may not be the 

last character 
c. 76+ sign must be on the left 
d. 1,023 commas are not permitted 
e. 10120 correct 

6. The reasons are as follows for the nonnumeric literals 

a. HELP must be in quotes to be a 
nonnumeric literal 

b. correct, the literal represents 
three blanks 

c. 'THE 'BIG' BAND' cannot use the same type 
quote both in the literal 
and to denote the literal 

d. '106' correct 

7. ZERO, ZEROS, and ZEROES 

SPACE and SPACES 

8. reserved word, value 

9. nonnumeric literal, 

data-name, DATA 

10. nonnumeric literal, SPACES 



CHAPTER 4. The COBOL Program in More Detail 

This chapter presents a more detailed explanation of 

the COBOL program in Section 2.2. Section 4.1 will present 

and explain the seven COBOL statement formats used in the 

example program. Section 

program, line by line, 

4.2 

in an 

will explain the example 

effort to consolidate the 

information presented thus far and demonstrate how it all 

fits together. Section 4.3 will explain how to submit a 

COBOL program. There will be self-tests throughout this 

chapter to help you check your progress. 

60 
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4.1 The First Tools - Statement Formatting 

This section explains the COBOL format notation used in 

this text. We will then discuss the format and function of 

the seven COBOL statements used in the PROCEDURE DIVISION of 

Example Program #1 of Section 2.2. 

4.1.1 The COBOL Format Notation 

The COBOL format notation is used to express the syntax 

of the COBOL language. The format notation is a short-hand 

notation used to convey the syntactic requirements and 

options of the language. The chart on the following page 

lists the different notation symbols with an explanation of 

their meaning. The formats with their notation express the 

exact way in which the COBOL entry must be coded for the 

COBOL compiler to accept it. 
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COBOL FORMAT NOTATION 

NOTATION 

Uppercase word 
underlined 

Uppercase word 
not underlined 

Lowercase 

Brackets 

Braces 

Ellipsis 

Punctuation 
Period 
Comma 
Semicolon 

EXAMPLE 

READ 

IS 

identifier-1 

[ ROUNDED ] 
/" ..., 
~ THROUGHJ 
(_ THRU 

MEANING 

Required reserved word 

Optional reserve word 

Word or entry must be 
suppied by the programmer 

Optional entries 

Alternative features, but 
one must be chosen 

Repetition of entry if 
programmer desires 

Required punctuation 
Optional punctuation 
Optional punctuation 
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The following is an example of how to interpret the format 

notation used to describe the syntax of a statement in 

COBOL. The format notation of the PERFORM THRU statement 

is as follows: 

r------------------------------------------------------------1 
I r J l I I PERFORM procedure-name-1 I 2 THROUGH procedure-name-n I I 
I I THRU I I I L -- j I 
L------------------------------------------------------------J 
The above format is interpreted as follows: 

• The word PERFORM is required (uppercase and 
underlined). 

• The word procedure-name-1 is required and you, 
the programmer, must supply it (lowercase). 

• The brackets indicate that the THRU portion of 
this format is optional, but necessary if the 
complete varsion of this statement is to be 
used. 

• The braces indicate that you may use either 
THROUGH or the shorter version THRU, but you 
must use one of them. 

• The last word procedure-name-n (lowercase) is 
another name you will have to supply once you 
use THRU or THROUGH. 

In the following discussion of the statements used in 

the PROCEDURE DIVISION the notation will not be explained in 

this much detail. You should refer to the notation chart if 

necessary to interpret these statements. 
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4.1.2· Some Basic PROCEDURE DIVISION Statements 

We will examine the formats of the seven statements 

used in the PROCEDURE DIVISION of the Example Program #1 of 

Section 2.2. The presentation will show the format of the 

statement, give an example of its use, briefly define its 

function, and then give a more detailed discussion of the 

statement. This presentation is designed to introduce you 

to the function of seven COBOL statements: OPEN, READ, 

WRITE, MOVE, PERFORM, CLOSE, and STOP. 

Before we start this discussion, we will recap what you 

should have learned thus far about the PROCEDURE DIVISION. 

• The PROCEDURE DIVISION contains the program 
instructions (statements) detailing to the 
computer what actions to perform and in what 
order. These instructions will reflect the 
logic of the program. 

• The PROCEDURE DIVISION is divided into 
paragraphs, paragraphs are divided into 
sentences, sentences are composed of one or 
more statements, and statements are made up of 
words (both reserved and user-defined words). 

• Paragraph headers are user-defined and must 
begin in the A-Margin. 

• All sentences must begin in the B-Margin and 
end with a period. 

We will now begin discussing the specific statements that 

are used in the PROCEDURE DIVISION. 
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4.1.2.1 OPEN 

OPEN Format 
r-----------------------------------------------1 
I OPEN [INPUT file-name-1 [,file-name-2, ... ]] I 
I ~~[OUTPUT file-name-3 [,file-name-4, ... ]] I 
L-----------------------------------------------J 
Example 

OPEN INPUT CARD-IN-FILE, 
OUTPUT PRINT-OUT-FILE. 

Function 

• The OPEN statement instructs the operating 
system to make the file or files available to 
the program for processing. 

• The OPEN statement indicates 
serve 'as input files and 
serve as output files. 

Discussion 

which files will 
which files will 

Before a file may be processed (i.e. read or written), 

it must first be OPENed. The first function of the OPEN 

statement is to instruct the operating system to make the 

specified files available for the program to process, which 

is termed readying the files. To ready the files the 

computer operating system must make the I/O devices (card 

reader, line printer, tape drive, etc.) on which the file 

resides (for input files) or will reside (for output files) 

available to the program. 

How does the computer system know which specific I/O 

devices will be needed by the program? This information is 

specified by the SELECT and ASSIGN clauses in the 

ENVIRONMENT DIVISION and the Job Control Language (JCL) that 
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is associated with your program (JCL will not be discussed 

in this course except to the 

run your COBOL programs.) 

processed by the program 

clause associated with it. 

extent necessary to submit and 

Every file that is to be 

must have a SELECT and ASSIGN 

The SELECT clause lets you, the 

programmer, choose a name to be used for the file in the 

COBOL program. The ASSIGN clause is used to associate or 

assign that program file name to a specific physical file on 

a specific I/O device. In the example program (Section 2.2) 

these entries are: 

SELECT CARD-IN-FILE ASSIGN TO UT-S-SYSIN. 

SELECT PRINT-OUT-FILE ASSIGN TO UT-S-SYSOUT. 

The program file name CARD-IN-FILE is assigned to the system 

input device; and the program file name PRINT-OUT-FILE is 

assigned to the line printer. 

Each program file name specified in the ENVIRONMENT 

DIVISION must also be described in the DATA DIVISION. The 

FD entry (file description) performs this function. The FD 

entry describes certain characteristics about the file and 

also establishes an area of memory as the I/O buffer area 

for the file. 

entries are: 

In the example program (Section 2.2) the 
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FD CARD-IN-FILE 
LABEL RECORDS ARE OMITTED. 

FD PRINT-OUT-FILE 
LABEL RECORDS ARE OMITTED. 

In this course, the FD entry will always be this simple 

because we will limit our work to system input and output 

files. The FD entry will only be composed of the file name 

and the required LABEL RECORDS clause. The LABEL RECORDS 

clause is used to instruct the computer system as to whether 

or not to check (or process) the labels of a file. Files on 

magnetic storage mediums usually have labels which contain 

summary information about the file. System input and output 

files do not have labels and by specifying, LABEL RECORDS 

ARE OMITTED, we are indicating this to the computer system. 

The second function of the OPEN statement is to specify 

files as either input files or output files. In the 

statement the required words, INPUT and OUTPUT, are used to 

accomplish this task. In the example 

OPEN INPUT CARD-IN-FILE, 
OUTPUT PRINT-OUT-FILE. 

CARD-IN-FILE is specified as an input file and PRINT-OUT-

FILE as an output file. 

One of the first tasks usually performed in a COBOL 

program is to OPEN the files. Remember, files must be 

OPENed before they may be processed. 
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4.1.2.2 SELF-TEST 

1. Before a file may be processed it must first be 

2. The OPEN statement makes the available to the 

program and defines them as either or 

3. The program file name specified in the OPEN statement 

must also be specified in the clause in the 

ENVIRONMENT DIVISION and in a entry in the DATA 

DIVISION. 

4. The ASSIGN clause in the ENVIRONMENT DIVISION assigns 

the user-defined to a specific on a 

specific device. 

5. The OPEN statement must be coded in the -Margin 

which begins in column 

6. Write the OPEN statement as it would be coded to 

specify the file EMPLOYEE-WORK-FILE as an input file 

and EMPLOYEE-REPORT-FILE as the output file. 

SELF-TEST ANSWERS 

1. opened 

2. file(s), input or output files 

3. SELECT, FD 

4. file name, file, I/O 

5. B, 12 

6. OPEN INPUT EMPLOYEE-WORK-FILE, 
OUTPUT EMPLOYEE-REPORT-FILE. 



69 

4.1.2.3 READ 

READ Format 
r--------------------------------------------------1 
I READ file-name AT END imperative-statement(s) I 
L--==-=-=-----------=-=--=::-::---------------------------J 
Example 

READ CARD-IN-FILE 
AT END 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

Function 

• The READ statement transmits the data from one 
entire record of the input file on the input 
device to the input storage buff er area 
associated with the file in the computer's 
memory. 

• The READ statement checks for the end-of-file 
condition of the file. 

Discussion 

After an input file has been opened, it may be read. A 

READ statement will transmit the data from one entire record 

of the input file on the input device (assigned in the 

ENVIRONMENT DIVISION) into the input storage buff er area 

(defined in the DATA DIVISION). Basically, the READ 

statement gets a record into a buffer area within the 

computer's memory so the program may process it. 

The AT END clause of the READ statement checks for the 

end-of-file condition. The end-of-file condition occurs 

after the program has read all the records of the input file 

and then tries to READ another (non-existent) record. In 

other words, it indicates that the program has processed the 
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entire file. This clause is a required part of the READ 

statement in COBOL. 

You may have one or more imperative statements 

associated with an AT END clause. An imperative statement 

is one that specifies unconditional action (e.g. MOVE, 

WRITE, ADD, etc.). These statements indicate the actions to 

be taken only when the end-of-file condition occurs. 

example, 

READ CARD-IN-FILE 
MEND 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

when the end-of-file condition occurs, the statement 

MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

In the 

will be executed. This statement is not executed while 

there are still more records in the file to be READ and 

processed. It is only executed after every record in the 

input file has been READ and another READ is attempted. 

This means that if a file is composed of 20 records, then 

the end-of-file condition will occur on the 21st attempt to 

READ from that file. 

The READ statement results in the transfer of a record 

into the program so it may be processed. The execution of 

one READ statement will cause one entire record from the 

input file to be transferred into the memory reserved as the 

input buffer area for the file you are reading. 
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4.1.2.4 WRITE 

WRITE Format 
r----------------------1 
I WRITE record-name I L----------------------J 
Example 

WRITE PRINT-REC. 

Function 

• The WRITE statement transmits the data from 
the output storage buffer area in the 
computer's memory to the output file on the 
output device. 

Discussion 

The WRITE statement transmits the data that are in the 

output storage buffer area (defined in the DATA DIVISION) to 

the output file on the output device (assigned in the 

ENVIRONMENT DIVISION). Simply stated, it is the way to move 

data (a record image) out of the computer's memory into an 

output file as one output record on an output device. 

It is very important to note that you READ ~ file, but 

you WRITE a record. The record name used in the example 

program is PRINT-REC. It has a level number of 01 

indicating that it is the data-name of the entire record 

buffer area. PRINT-REC has 133 storage positions associated 

with it. This 133 storage position area is the output 

buffer area for the file PRINT-OUT-FILE. The FD entry makes 

this association between the program file name and record 

name. PRINT-OUT-FILE was established as a program output 
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file by the OPEN statement and assigned to the line printer 

by the SELECT and ASSIGN clauses in the ENVIRONMENT 

DIVISION. This means that when the statement 

WRITE PRINT-REC. 

is executed the data in the 133 storage positions of memory 

referred to by the data-name PRINT-REC will be transmitted 

to the line printer as one print record. 

The WRITE statement is the way to move a record out 9f 

the computer's memory into an output file. While the WRITE 

statement nearly performs the opposite action of the READ 

statement, it is very important to always remember: 

r-----------------------------1 
I I 
I YOU READ A FILE, BUT I 
I YOU WRITE A RECORD I 
I I L-----------------------------J 
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4.1.2.5 MOVE 

MOVE Format 
r----------------------------------------------------------1 
I MOVE Sidentifier-17 TO identifier-2 [,identifier-3 ... ] I 
I (literal _5 I L----------------------------------------------------------J 
Example 

MOVE CARD-REC TO DATA-OUT. 
MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 
MOVE SPACES TO PRINT-REC. 
MOVE CARD-REC TO DATA-OUTl, DATA-OUT2. 

Function 

• The MOVE statement copies data from one area 
of the computer's memory (the sending field) 
to another area of memory (the receiving 
field). 

Discussion 

The MOVE statement transmits a copy of data from one 

area in memory (the sending field) to another area in memory 

(the receiving field). It is important to note that after 

the MOVE statement has been executed the sending field still 

contains the same information it did before the MOVE 

statement was executed. This is because the MOVE statement 

does not actually MOVE data, but transmits a copy of it. 

In the format of the MOVE statement, the words 

'identifier-1' and 'identifier-2' refer to data-names. They 

would be replaced by actual data-names that are defined in 

the DATA DIVISION of the program. The word 'literal' is an 

alternative sending field (as indicated by the braces) and 

may be a numeric literal, a nonnumeric literal, or a 
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figurative constant. Multiple receiving fields may be 

specified in a MOVE statement. These receiving field can 

only be a defined data-names - variable identifiers. 

The MOVE statement will be discussed in greater detail 

in Chapter 5. For now it is enough to know that the MOVE 

statement transmits a copy of the data contained in the 

sending field to the receiving field. 

data around in computer memory. 

It is the way to move 
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4.1.2.6 SELF-TEST 

1. Before a file may be read or written it must first be 

2. Every READ statement must specify a(n) clause. 

3. The READ statement transmits data to the input storage 

buff er area defined in the 

checks for the 

DIVISION and also 

condition. 

4. The AT END clause tells the computer what to do when 

5. An input file is composed of 50 records. The AT END 

clause will activate its associated statements on the 

(a number) attempt to execute the READ statement. 

6. The READ statement reads a , whereas the WRITE 

7. 

8. 

9. 

statement writes a 

A statement causes one entire to be 

transmitted into the input storage buffer area from an 

file. 

A statement is used to transmit a copy of the 

data from the 

the computer's 

field to the field in 

statement causes one entire record to be 

transmitted out of the program's storage 

buff er area to an file. 

10. The sending field of a MOVE statement may be either a 

or but the receiving field may 

only be a 
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SELF-TEST ANSWERS 

1. opened 

2. AT END 

3. DATA, end-of-file 

4. the end-of-file condition occurs. 

5. Slst 

6. file, record 

7. READ, record, input 

8. MOVE, sending, receiving, memory 

9. WRITE, output, output 

10. data-name, a literal, data-name 
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4.1.2.7 PERFORM 

Two formats of the PERFORM statement will be examined 

in this discussion: the simple PERFORM and the PERFORM 

UNTIL. 

The Simple PERFORM Statement 

PERFORM Format 
r------------------------------1 
I PERFORM procedure-name I L------------------------------J 
Example 

PERFORM INIT-ROUTINE. 

Function 

• The PERFORM statement causes program control 
to be shifted to the procedure-name (paragraph 
name) where the statements within the 
paragraph will be executed. 

• The PERFORM statement 
control to be shifted 
following the PERFORM 
execution continues. 

then causes program 
to the statement just 

statement where program 

Discussion 

The simple PERFORM statement is a control statement 

equivalent to the CALL statement of some other languages. 

The normal control flow of execution in a COBOL program is 

sequential from the first instruction to the last. By the 

use of the various control statements provided in all 

programming languages, such as the PERFORM statement, we can 

alter this normal sequential mode of control in various 

ways. 

The PERFORM statement causes the program control to be 

shifted to the named paragraph. At this point the 
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statements of the paragraph are sequentially executed from 

the first to the last. Then program control is passed back 

to the statement following the PERFORM statement. For 

example, in the following code the flow of the program 

control is indicated by the lines. 

r---> PERFORM INIT-ROUTINE. 
READ CARD-IN-FILE 

sequence of execution ------>-------->--------, 
I 

I 
I 
I 
I 

AT END 
MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

I 
I 
I 
I 
I I 

I 
I 

INIT-ROUTINE. <----------------------------------J 
MOVE 'NO' TO NO-MORE-RECORDS-FLAG. 

I I 
L_ - - - - - - - - - - _J 

The PERFORM INIT-ROUTINE shifts control to the INIT-ROUTINE 

paragraph. The statements in this paragraph are executed 

(one statement in this example), then control is passed to 

the READ statement which is the statement following the 

PERFORM statement. 

It is important to understand what a paragraph is and 

what it consists of (i.e. where it starts and ends). A 

paragraph is a group of sentences (one or more) preceded by 

a paragraph name. A paragraph consists of all the sentences 

from the one immediately following the paragr.aph name until 

the one just before the next paragraph name or the end of 

the program. Paragraphs are used to organize COBOL 

statements into units or modules that may be executed by a 

single PERFORM statement. 
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The PERFORM UNTIL Format 

r-------------------------------------------1 
I PERFORM procedure-name UNTIL condition I L-------------------------------------------J 
Example 

PERFORM WRITE-READ-PROCESS 
UNTIL NO-MORE-RECORDS-FLAG = 'YES'. 

Function 

• The PERFORM UNTIL statement performs the named 
paragraph UNTIL the specified condition tests 
true, at which time program control is passed 
to the next sequential statement after the 
PREFORM UNTIL statement. 

Discussion 

The PERFORM UNTIL statement transfers program control 

in the same manner as the simple PERFORM with one exception: 

the PERFORM UNTIL is a conditional control statement. The 

named procedure will be executed UNTIL the condition becomes 

true. In the example, the WRITE-READ-PROCESS paragraph will 

be executed repeatedly until the condition, NO-MORE-RECORDS-

FLAG = 'YES', is true (i.e. until the contents of NO-MORE-

RECORDS-FLAG is 'YES'). 

The PERFORM UNTIL statement sets up a loop structure in 

which the named paragraph will be executed zero or more 

times. The condition is tested prior to transferring 

control to the named paragraph (i.e. pretested). If the 

condition is true on the initial execution of the PERFORM 

UNTIL statement (i.e. the very first time it is executed) 

control will be passed to the next sequential statement 

after the PERFORM UNTIL statement (i.e. the zero loop case). 
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The simple PERFORM and the PERFORM UNTIL formats are 

used extensively in COBOL when writing structured modular 

programs. The structure and modularity of programs and the 

design of such programs will be discussed in more detail in 

Section 4.2.7. 

4.1.2.8 CLOSE 

CLOSE Format 
r---------------------------------------1 I CLOSE file-name-1 [,file-name-2 ... ) I 
L---------------------------------------J 
Example 

CLOSE CARD-IN-FILE, PRINT-OUT-FILE. 

Function 

• The CLOSE statement instructs the 
system to release the named files. 
are no longer available for I/O. 

Discussion 

computer 
The files 

The CLOSE statement essentially performs the opposite 

action of the OPEN statement. The OPEN statement gets 

access of the files for the program, and the CLOSE statement 

releases the files. All files that have been OPENed must be 

CLOSEd. Releasing the files is usually one of the program's 

last functions. 
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4.1.2.9 STOP RUN 

STOP RUN Format 
r----------------1 
I STOP RUN I 
L---=-=-=-=-~------J 

Example 

STOP RUN. 

Function 

• The STOP RUN statement instructs the computer 
to terminate the program . 

. Discussion 

The STOP RUN statement will be the last statement 

executed in the program. This does not mean that it will be 

the line physical statement or the last line coded in the 

program, but the last logical statement. The STOP RUN 

statement tells the computer that the program has finished 

and should be terminated. 
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4.1.2.10 SELF-TEST 

1. The simple PERFORM will transfer program control to the 

named where all its statements will be 

and then control passed to the next 

sequential following the 

2. The simple PERFORM will cause the statements of the 

named paragraph to be executed 

time ( s) . 

(a number) 

3. The PERFORM UNTIL statement will execute a named 

paragraph or more times. 

4. The PERFORM UNTIL statement will execute the named 

5. 

6. 

1. 

2. 

3. 

4. 

5. 

6. 

paragraph UNTIL the tests to a value of 

Every file that is OPENed must also be 

to terminating the program. 

prior 

The statement tells the computer to 

terminate the program and must be the 

executed. 

SELF-TEST ANSWERS 

paragraph, executed, statement, PERFORM 

one 

zero 

condition, true 

CLOS Ed 

STOP RUN, last 

statement 

statement 
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4.2 A Detailed Explanation of the Code 

In this section we will discuss Example Program #1 

(Section 2.2) in further detail. This section is designed 

to consolidate the information presented thus far and to 

demonstrate how it fits together to form a COBOL program. 

The main emphasis of this section is to explain and 

illustrate the essential elements in coding a complete COBOL 

program. At the end of this presentation, you should have a 

full understanding of the necessity and function of each of 

the 51 lines of code which compose this example COBOL 

program. 
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4.2.1 Notes on Coding 

Before we examine the specifics of the COBOL program we 

will first review some rules that you should pay attention 

to in the code. 

• Division, section and paragraph headers must 
all begin in the A-Margin and immediately be 
followed by a period. 

• The FD entry and level numbers 01 and 77 must 
begin in the A-Margin. 

• Entries and sentences must begin in the B-
Margin and end with a period. 

• At least one space must always follow a 
period. 

• The programmer will supply data-names for file 
names, record names, and all data items 
defined in the DATA DIVISION. 

• Blank lines should be inserted in the code to 
make the program more readable. 

These rules are given as a reminder; they will not be 

repeated in the explanation. 
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Line 
Ref 

1 
2 
3 
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The IDENTIFICATION DIVISION 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. 1 •••• o .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 

IDENTIFICATION DIVISION. 
PROGRAM-ID. EXAMPLEl. 

The example program contains the minimum entries of an 

IDENTIFICATION DIVISION. They are the division header (line 

1) and the PROGRAM-ID paragraph (line 2). The main function 

of the IDENTIFICATION DIVISION is to identify the program to 

the computer system. This function is accomplished by 

giving the program a name in the PROGRAM-ID paragraph. The 

name of the example program is EX..n.MPLEl. 

The program name is supplied by the programmer. The 

WATBOL compiler requires that the name have a maximum of 

eight characters consisting only of letters (A-Z) and digits 

(0-9). The rules for forming the program name may vary from 

one compiler to another. 

The format of a complete IDENTIFICATION DIVISION is 

given in FIG 4.1. These additional six paragraphs are 

optional (as indicated by the braces). They can be used to 

provide useful information about the nature of the program 

(i.e. who wrote it, when was it written, etc). This is a 

form of documentation, and because it is a physical part of 

the program code, it is referred to as "internal program 

documentation". 
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r--------------------------------------------------1 
I I 
I ~IDENTIFICATION DIVISION.} I 
I (ID DIVISION. I 
I I 
I PROGRAM-ID. program-name. I 
I I 
I [AUTHOR. [ comment-entry ] ... ] I 
I I 
I [INSTALLATION. comment-entry ] ... ] I 
I I 
I [DATE-WRITTEN. comment-entry] ... ] I 
I I 
I [DATE-COMPILED. [ comment-entry ] ... ] I 
I I 
I [SECURITY. [ comment-entry] ... ] I 
I I 
I [REMARKS. [ comment-entry ] ... ] I 
I I 
L----------------------------------~---------------J 

FIG 4.1 INDENTIFICATION DIVISION FORMAT 

The following code illustrates the use of these optional 

paragraphs. 

IDENTIFICATION 
PROGRAM-ID. 
AUTHOR. 
INSTALLATION. 
DATA-WRITTEN. 
DATE-COMPILED. 
SECURITY. 
REMARKS. 

DIVISION. 
EXAMPLEl. 
BEN C ROBINSON. 
VPI&SU. 
.~UGUST 23 I 1982. 

GENERAL CLASSIFICATION. 
FIRST EXAMPLE PROGRAM OF 
THIS COURSE. 

You will note in the example above that the DATE-

COMPILED paragraph does not contain a comment entry. The 

compiler will replace any comment entry with the date on 

which the compilation is done. This date is helpful when 

you have several compiler listings and wish to find the most 

current one. 

The IDENTIFICATION DIVISION is the shortest and 
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simplest of the four divisions. It provides the program 

with a name and can be used also to specify various optional 

internal documentation. The coding of this division will 

not vary greatly from program to program except to change 

the program name and any optional information. 
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4.2.3 The ENVIRONMENT DIVISION 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. I .... 0 .... 1- ... 0 .... I· ... 0 .... I· ... 0 .... I .... 0 

4 ENVIRONMENT DIVISION. 
5 CONFIGURATION SECTION. 
6 INPUT-OUTPUT SECTION. 
7 FILE-CONTROL. 
8 SELECT CARD-IN-FILE ASSIGN TO UT-S-SYSIN. 
9 SELECT PRINT-OUT-FILE ASSIGN TO UT-S-SYSOUT. 

The ENVIRONMENT DIVISION describes the computer and 

information resources that the program will need in order to 

execute. This division is composed of the division header 

(line 4), the CONFIGURATION SECTION header (line 5, 

discussed in Chapter 7), the INPUT-OUTPUT SECTION header 

(line 6), the paragraph header (line 7), and the SELECT and 

ASSIGN clauses for the two files (lines 8 and 9). 

In the FILE-CONTROL paragraph of the INPUT-OUTPUT 

SECTION the I/O devices needed by the program are defined. 

The SELECT/ASSIGN entry has the following format: 

r----------------------------------------------1 
I I 
I SELECT file-name ASSIGN TO system-name. I 
I I L----------------------------------------------J 

The SELECT clause is used to specify a program file name 

while the ASSIGN clause assigns this file name to an I/O 

device. In the example program, the file name CARD-IN-FILE 

is assigned to the system input device and the file name 

PRINT-OUT-FILE is assigned to the line printer. The 

SELECT/ASSIGN entries provide the COBOL program with a link 

to the physical file on the physical I/O device. 



89 

4.2.4 The DATA DIVISION 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. j •••• o .... I .... o .... I· ... o .... 1- ... o .... I .... o 

DATA DIVISION. 
FILE SECTION. 

FD CARD-IN-FILE 
LABEL RECORDS ARE OMITTED. 

01 CARD-REC PIC X( 80). 

FD PRINT-OUT-FILE 
LABEL RECORDS ARE OMITTED. 

01 PRINT-REC. 
05 FILLER PIC X( 11). 
05 DATA-OUT PIC X( 80). 
05 FILLER PIC X( 42). 

11 
12 
13 
14 
15 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

WORKING-STORAGE SECTION. 
77 NO-MORE-RECORDS-FLAG PIC X(3). 

The DATA DIVISION defines and describes the computer 

memory that will be used by the program. The DATA DIVISION 

contains two sections: the FILE SECTION (lines 12-23) and 

the WORKING-STORAGE SECTION (lines 25-26). 

Every file that is specified in the ENVIRONMENT 

DIVISION must be described with an FD entry (file 

description) in the DATA DIVISION. Each FD entry (lines 

14-15 and 18-19) will also have an I/O buffer area 

associated with it (lines 16 and 20-23) . Record 

descriptions are used to reserve and define these I/O areas. 

The OPEN statement will explicitly define these areas as 

either input areas or output areas depending on whether the 

associated file is opened as an input or output file. CARD-

IN-FILE has an 80 storage position area named CARD-REC 
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associated with it which will serve as the input buffer area 

for this file. When a READ of this file is executed, the 

data from one entire record will be transmitted into this 80 

storage position area (named CARD-REC) in the computer's 

memory. PRINT-OUT-FILE has an 133 storage position area 

named PRINT-REC associated with it which will serve as the 

output buffer area for this file. When a WRITE to this file 

is executed, the data located in the 133 storage positions 

(named PRINT-REC) will be transmitted out of the computer~s 

memory to the line printer. It is important to note that 

records may only be read into or written out of the memory 

defined in the FILE SECTION of the DATA DIVISION. 

The WORKING-STORAGE SECTION is used to define all 

additional memory which the program will use, i.e. all 

memory other than the input and output areas defined in the 

FILE SECTION. Storage needed for such things as 

intermediate results in computations, counters, program 

flags, etc. must be defined in the WORKING-STORAGE SECTION. 

In the example program, we need only one data item that 

is not part of either the input or output record areas. 

This data item will be used as a flag (a two state 

indicator) in the program logic of the PROCEDURE DIVISION. 

This data item is a three storage position alphanumeric 

field with a data-name of NO-MORE-RECORDS-FLAG. It is given 

a level number of 77 which indicates that it is an 

independent data item. An independent data item is a data 

item which is not part of a record. It is just a single 
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data item which is not related to any other data items. All 

level 77 data items must be coded at the beginning of the 

WORKING-STORAGE SECTION and begin in the A-Margin. 

To summarize, in the DATA DIVISION, you define the 

memory that the program will use. It is divided into two 

sections: the FILE SECTION and the WORKING-STORAGE SECTION. 

The FILE SECTION describes the files with an FD entry and 

associates an I/O buffer area to hold a record of that file 

in the computer's memory. The WORKING-STORAGE SECTION is 

used to define all other memory that the program will 

require. Because the DATA DIVISION describes the memory 

used by the program, it will change from program to program. 
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4.2.5 SELF-TEST 

1. Every IDENTIFICATION DIVISION must contain at least two 

lines of code. They are the header and the 

paragraph. 

2. The main function of the IDENTIFICATION DIVISION is to 

give the program a 

3. The six optional paragraphs of the IDENTIFICATION 

DIVISION are used to provide 

for the program. 

4. The ENVIRONMENT DIVISION specifies the 

the program will need in order to execute. 

5. The INPUT-OUTPUT SECTION of the ENVIRONMENT DIVISION 

contains the 

contains the 

paragraph. This paragraph 

entries which establishes the 

link between the programmer-supplied file names and the 

physical file on an I/O device. 

6. The DATA DIVISION defines and describes the computer 

that will be used by the program. 

7. The DATA DIVISION is composed of two sections. The 

first section is the SECTION and it serves 

to describe the files with a(n) entry and define 

a(n) buffer area for a record of this file to 

reside in memory. The second section is the 

SECTION in which all other data items 

which are not part of the or a~eas in 

the SECTION will be defined. 
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8. A data item which is not related to any other data item 

is called a(n) data item and is defined at 

the beginning of the SECTION of the 

DATA DIVISION with a level number. 

SELF-TEST ANSWERS 

1. division , PROGRAM-ID 

2. name 

3. internal program documentation 

4. computer resources 

5. FILE-CONTROL, SELECT/ASSIGN 

6. memory 

7. FILE, FD, I/O 

WORKING-STORAGE (don't forget the hyphen) 
input, output, FILE 

8. independent, WORKING-STORAGE, 77 
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4.2.6 The PROCEDURE DIVISION 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2. - I· ... 0 ... - I· ... 0 .... 1- ... 0 .... I· ... 0 ... - I· ... 0 

28 PROCEDURE DIVISION. 
29 
30 MAIN-LINE. 
31 OPEN INPUT CARD-IN-FILE, 
32 OUTPUT PRINT-OUT-FILE. 
33 PERFORM INIT-ROUTINE. 
34 READ CARD-IN-FILE 
35 AT END 
36 MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 
37 PERFORM WRITE-READ-PROCESS 
38 UNTIL NO-MORE-RECORDS-FLAG = 'YES'. 
39 CLOSE CARD-IN-FILE, PRINT-OUT-FILE. 
40 STOP RUN. 
41 
42 !NIT-ROUTINE. 
43 MOVE 'NO' TO NO-MORE-RECORDS-FLAG. 
44 
45 WRITE-READ-PROCESS. 
46 MOVE SPACES TO PRINT-REC. 
47 MOVE CARD-REC TO DATA-OUT. 
48 WRITE PRINT-REC. 
49 READ CARD-IN-FILE 
50 AT END 
51 MOVE 'YES' TO NO-MORE-RECORDS-FLAG. 

The PROCEDURE DIVISION is the action division of a 

COBOL program. Statements in the PROCEDURE DIVISION tell 

the computer what to do and in what sequence to do it. In 

the preceding section, we discussed the function of the 

seven statements used in this division. The example program 

will illustrate how they are combined and used to accomplish 

the function of this particular program. 

The example program performs I/O. This means that the 

statements of the program will instruct the computer to read 

one record of the input file from the system input device 

and then to write the data contained in the record to the 
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line printer. This process will be repeated until all the 

records have been read and written. 

In this presentation of the PROCEDURE DIVISION, the 

function of each of the statements will not be stressed as 

much as what happens when the computer executes them as a 

complete program. In other words, you should pay particular 

attention to the logic of the program. 

The first statement to be executed in the PROCEDURE 

DIVISION is the OPEN statement (lines 31 and 32). This 

statement will make the I/O devices available to the 

program. It will also establish CARD-IN-FILE as an input 

file and PRINT~OUT-FILE as an output file. The simple 

PERFORM statement will be executed next. This statement 

will cause the statements of the !NIT-ROUTINE paragraph to 

be executed. The MOVE statement (line 43) of the INIT-

ROUTINE will initialize (give a beginning value to a data 

item) NO-MORE-RECORDS-FLAG with a value of 'NO'. 

NO-MORE-RECORDS-FLAG is an independent data item used 

as a flag in this program. We will use flags in the COBOL 

program as two-state indicators with each of the states 

having a specific meaning. The two states of NO-MORE-

RECORDS-FLAG are 'YES' and 'NO'. If the NO-MORE-RECORDS-

FLAG field contains 'NO' (which it initially does), this 

means that there are more records to be processed. If the 

NO-MORE-RECORDS-FLAG field contains 'YES', this means that 

there are no more records to be processed. 

This flag plays a very important role in the logic of 
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this program. It indicates the status of the processing of 

the input file: a value of 'NO' indicates that the program 

has not completed processing the file, a value of 'YES' 

indicates that the program has finished processing the file. 

It is important to note that once this flag is initialized 

to the value of 'NO' that only one of the two READ 

statements can change its value from 'NO' to 'YES'. 

The next statement to be executed is the first of the 

two READ statements in the program (lines 34-36). The 

function of this READ statement is to read, or attempt to 

read, the first record from CARD-IN-FILE into memory. There 

are two possible outcomes whenever a READ statement is 

executed: (1) there will be no records to read and the AT 

END clause will be activated, or (2) there will be .a record 

to read. Let's examine each of the two cases and explain 

the actions caused by their occurrence at this point in the 

program. 

The NO INPUT RECORDS Case 

If the AT END clause is activated on this first 
READ, this means there were no records at all to 
read. In this case the MOVE statement, which is 
associated with the AT END clause, will move 'YES' 
to NO-MORE-RECORDS-FLAG. When this flag is 
interrogated, it will indicate that there are no 
more records to be processed. (In this case there 
were no records to be processed at all.) 
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The THERE ARE RECORDS Case 

The second (and probably more common) situation is 
that the READ is successful and the data from the 
first input record are transmitted into the input 
area of the computer's memory. Note in this case 
that the flag is not altered. The value is left 
as 'NO' indicating that the program has not 
finished processing the file. 

This READ statement is very important in the file processing 

logic. It is called a priming READ because it gets the 

basic process started. It also checks for the 'No Input 

Records' case. 

The ne~t statement to be executed is the PERFORM/UNTIL 

statement (lines 37-38). It is a conditional control 

statement in which the condition (NO-MORE-RECORDS-FLAG = 
'YES I) is tested before control is passed to the named 

paragraph (WRITE-READ-PROCESS). This paragraph will be 

executed repeatedly until the condition tests to a value of 

true. The actions (or flow of control) that occur when this 

statement is executed is directly dependent on the results 

of the previous READ statement (i.e. which case -EOF or not-

actually occurred). In other words, what occurs when the 

PERFORM/UNTIL statement is executed depends on the current 

value contained in NO-MORE-RECORDS-FLAG. 

If the 'No Input Records' case has occurred, then the 

contents of NO-MORE-RECORDS-FLAG has been changed from its 

initial value of 'NO' to 'YES'. This means there were no 

records at all to process. The condition of the 

PERFORM/UNTIL statement will test true (i.e. NO-MORE-

RECORDS-FLAG = 'YES' is true) which means the WRITE-READ-
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PROCESS paragraph will not be executed. In that case this 

is the correct action, because there was no record read in 

to be written out. Control passes to the next statement 

following the PERFORM/UNTIL which is the CLOSE statement 

(line 39). The CLOSE statement will release the I/O 

devices. The next statement, STOP RUN, will be the last 

statement executed. It will terminate the program. 

If the priming READ was successful (the second case), 

then the contents of NO-MORE-RECORDS-FLAG is still 'NO'. 

This means that there is at least one record to process and 

that it is now in the input storage area of the computer's 

memory. The PERFORM/UNTIL condition will test false (i.e. 

NO-MORE-RECORDS-FLAG= 'NO' is false), so the WRITE-READ-

PROCESS paragraph will be executed and continue to be 

executed repeatedly until the condition tests true. 
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The WRITE-READ-PROCESS paragraph is the paragraph that 

will actually process the records of the input file. The 

paragraph does the following: 

• The first MOVE statement (line 46) moves spaces 
to the 133 storage position area named PRINT-
REC. This is done to clear the output line 
area. 

• The next MOVE statement (line 47) moves the data 
(a copy of) contained in the 80 storage 
positions input area named CARD-REC to DATA-OUT 
(a field in the output area). 

• The WRITE statement (line 48) will transmit the 
data in the 133 storage position output area 
named PRINT-REC to the line printer where it is 
printed as one print record. 

• The READ statement (lines 49-51) will read, or 
attempt to read, the next input record from the 
file. 

The READ statement is the last statement of the WRITE-

READ-PROCESS paragraph. After it is executed, control is 

passed back to the PERFORM/UNTIL statement (lines 37-38). 

Here the condition will be tested again. As long as the NO-

MORE-RECORDS-FLAG contains 'NO', the WRITE-READ-PROCESS 

paragraph will be executed. Eventually the end-of-file 

condition will occur and the flag will be set to 'YES' 

(indicating no more records to process). When this occurs, 

the PERFORM/UNTIL condition will test true. At this time 

control will pass to the CLOSE statement. The files will be 

closed and the STOP RUN statement will execute and terminate 

the program. 
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Perhaps if we trace the sequence in which the verbs of 

this program will be executed for several small input decks 

it will help clarify the logic of the program. Here is a 

listing of all the verbs executed in the 'No Input Records' 

case: 

OPEN 
PERFORM 
MOVE 
READ 
PERFORM/UNTIL 

CLOSE 
STOP 

(of the !NIT-ROUTINE) 
(the priming READ; sets flag) 
(tests condition and does not pass 
control to the named paragraph) 

Here is the sequence of verb execution for an input 

file with only one record: 

OPEN 
PERFORM 
MOVE 
READ 
PERFORM/UNTIL 

MOVE 
MOVE 
WRITE 
READ 
PERFORM/UNTIL 

CLOSE 
STOP 

(of the !NIT-ROUTINE) 
(the priming READ; does not set flag) 
(tests condition and passes control 
to the named paragraph) 

(the performed READ; sets flag) 
(tests condition and does not pass 
control to the named paragraph) 
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Here is the sequence of statement execution for an 

input file consisting of two records: 

OPEN 
PERFORM 
MOVE 
READ 
PERFORM/UNTIL 

MOVE 
MOVE 
WRITE 
READ 
PERFORM/UNTIL 

MOVE 
MOVE 
WRITE 
READ 
PERFORM/UNTIL 

CLOSE 
STOP 

(of the INIT-ROUTINE) 
(the priming READ; does not set flag) 
(tests condition and passes control 
to the named paragraph) 

(the performed READ; does not set flag) 
(tests condition and passes control 
to the named paragraph) 

(the performed READ; sets flag) 
(tests condition and does not pass 
control to the named paragraph) 

From this presentation you should now realize the 

central importance of the PROCEDURE DIVISION. Although the 

other three divisions are required and serve necessary 

functions, it is in the PROCEDURE DIVISION that the work of 

the program is accomplished. In this division you code the 

statements that tell the computer what actions to perform 

and in what order to perform them. Through the use of these 

statements you define the logic of the program to meet the 

data processing requirements of the application. 

Recall that a program is: 

Process 
Input ------------> Output 

and that the PROCEDURE DIVISION defines the process. 
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4.2.7 The Basic Logic of Sequential File Processing 

The example program, although very simple, illustrates 

the basic program structure and logic required to process a 

sequential input file (e.g. a card deck) in a COBOL program. 

It is very important that you fully understand this program 

structure, because it will serve as the basis for all the 

programs developed in this course. The following 

presentation will summarize this basic program structure. 

The first paragraph of the PROCEDURE DIVISION is the 

MAIN-LINE paragraph. We chose this paragraph name (you 

could give it a different name, but it should reflect this 

function) because the statements which compose it provide 

the main processing control structure for the program. In 

other words, the mainline paragraph controls the sequence of 

when and how many times each of the other paragraphs of the 

program will be performed. 

A program to process a sequential file will always have 

a mainline paragraph, and it should consist of the following 

operations: 

Preliminary operations 
PERFORM/UNTIL 
Wrap-up operations 
STOP RUN 

The preliminary operations include such things as opening 

the files, initializing data items, and carrying out the 

priming READ for the input file. Remember the priming READ 

will either be successful and transmit the first record of 
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the file into the computer's memory or else it sets the flag 

indicating that there are no records to be processed. 

The next major statement in the mainline paragraph is 

the PERFORM/UNTIL statement. The major work of the program 

is carried out by the paragraph named in this statement. We 

will refer to this paragraph as the 'processing paragraph' 

of the program. The processing paragraph will contain a 

READ with an AT END clause that will set the flag to 

indicate that the file has been completely processed. The 

setting of this flag will stop the repeated execution of the 

processing paragraph because the condition of the 

PERFORM/UNTIL will test true. Control is then passed to the 

wrap-up operations. 

The wrap-up operations are tasks that must be done 

prior to terminating the program. In simple programs the 

wrap-up operations may consist only of closing the files, 

but as programs become more complex, these tasks will also 

become more complex. The STOP RUN is the last statement 

executed. It terminates the program and gives control of 

the computer back to the operating system. 

One of the basic tasks of almost every COBOL program is 

to process each and every record of the input file. This 

task is easily and efficiently accomplished by the program 

structure described above. In this course every program 

that you design and code will employ this program structure 

as its basis. 
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4.2.8 SELF-TEST 

1. The PERFORM statement will execute the 

statements of the -paragraph one time. 

2. The READ statement insures that if the end-

of-file condition occurs on the very first attempt to 

READ the file, the will be set to indicate this 

state by the clause of the READ statement. 

3. The 'processing paragraph' is the paragraph named in 

the statement in the 

paragraph. 

4. The paragraph named is the 

processing paragraph in the example program. 

5. A structured COBOL program will have a mainline 

paragraph consisting of the following operations: 
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6. If the example program were executed with an input deck 

consisting of eight records how many times would each 

of the following statements be executed? 

a. OPEN 

b. simple PERFORM 

c. the performed READ 

d. WRITE 

e. CLOSE 

f. the priming READ 

g. PERFORM/UNTIL 
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SELF-TEST ANSWERS 

1. simple, named 

2. priming, flag, AT END 

3. PERFORM/UNTIL, mainline 

4. WRITE-READ-PROCESS 

5. The mainline paragraph should always consist of the 
following operations: 

Preliminary operations 
PERFORM/UNTIL 
Wrap-up operations 
STOP RUN 

6. If the example program were executed with an input deck 
of eight cards the following results would occur. 

a. OPEN One time; it is part of the preliminary 
operations and should only be executed once. 

b. simple PERFORM One time; 
preliminary operations. 

It is also part of the 

c. The performed READ Eight times; The priming READ 
will input the first record and the priming READ 
will input the next seven, but it will also be 
executed an eighth time when it finds the end-of-
file condition. 

d. WRITE Eight times; This statement will be 
executed one time for each of the eight input 
records. 

e. CLOSE One time; It is part of the wrap-up 
operations. 

f. the priming READ One time; Remember its function 
is just to get the process started. 

g. PERFORM/UNTIL Nine times; This statement is 
executed once for each input record and then and 
additional time after the flag has been set. This 
last execution makes the test and gets a result of 
true which terminates the repeated execution of the 
named paragraph. 
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4.3 How to Submit~ COBOL Program 

This section will explain how to compile and execute a 

COBOL program. In this course the WATBOL compiler (a COBOL 

compiler written at the University of Waterloo, Ontario, 

Canada) will be used to compile your program. The 

compilation and execution of your COBOL job will be done 

under the QUICKE system .~a job class designed to provide 

quick turnaround for small jobs). This section will present 

the information necessary to use these facilities. 

The file you submit to the system (called a job in the 

system) consists of three distinct catagories of records. 

They are: 

1. The source records The source records 
compose the COBOL program. 

2. The data records - The data records or input 
records contain the data that the program will 
process as input. 

3. Job Control Language (JCL) records JCL 
provides information about the job and the 
computer resources it will require. 

These three types of records form the submittal file which 

will be read into the computer system. 
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Below, the records of the submittal file are shown in 

the order that they must occur when submitted. 

SAMPLE SUBMITTAL FILE 

Card Column Numbers 
0 00 1 2 3 4 5 6 
1 ... j .78 ... 2 .. 1 •.•. 0 .... 1 •••. 0 .... 1 •.•• 0 .... 1 .•.• 0 .... 1 ••.• 0 

//CS2600xx JOB Snnnn,WATBOL,CLASS=Q,Lastname.F.M,L=lOOO 
/*KEY yyyy 
//WATBOL Lastname.F.M,PAGES=l2,TIME=9,LINES=60 

the source records are placed here (COBOL program) 
//DATA 

the data records are placed here 

The first three records are JCL cards: the JOB card, the KEY 

card and the WATBOL card. In order for you to use these 

cards in your own submittal file certain information on them 

will have to be replaced to reflect your own unique 

information. On the three records, you must replace: 

xx with anything of the form A through Z, 
0 through 9, and/or#, @, $. It is 
suggested that you use your initials. 
ex. CS2600BR 

nnnn with the four digits of your 
subaccount number. 
ex. Sl807 

Lastname.F.M with your lastname, first initial 
and middle initial. 
ex. ROBINSON.B.C 

yyyy with your locking key. 
ex. UC:4 
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A complete example of the three JCL cards follows: 

Card Column Numbers 
0 00 1 2 3 4 5 6 
1. .. I .78 ... 2 .. 1 •••• 0 .... 1 •••• 0 .... 1 .••• 0 .... 1 •••• 0 .... 1 •••. 0 

//CS2600BR JOB Sl807,WATBOL,CLASS=Q,ROBINSON.B.C,L=l000 
/*KEY UC:4 
//WATBOL ROBINSON.B.C,PAGES=l2,TIME=9,LINES=60 

the source records are placed here (COBOL program) 
//DATA 

the data records are placed here 

The double colon card(::) is the last card in the submittal 

file. It serves as an end-of-file indicator for your file 

and is required. 

Once you have keyed these five JCL records and 

sequenced them in the submittal file correctly, you are 

ready to submit the file to the system. The WATBOL compiler 

will compile the program, and if there are no errors, it 

will be executed. The results, a compiler listing of your 

program with some statistics and the program output, will be 

printed on a line printer. If the program does have errors 

you will get a diagnostic listing of the program on the line 

printer. You should correct the errors and then resubmit 

the file. This process may need to be repeated several 

times. 
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EXERCISE 1. A Keying Assignment. 

This exercise is designed to: 

• give you practice in keying a complete COBOL 
program which, if keyed correctly, will have no 
errors 

• provide an opportunity for you to become familiar 
with the WATBOL compiler statistics and messages 

• provide you an opportunity to use the JCL of 
Section 4.3 to create a submittal file 

• provide you an oportunity to become familiar with 
the I/O devices which you will be using in this 
course. 

You are to key the 51-line example program of Section 2.2 as 

your source file. 

The data file should consist of the following six records. 

Column Numbers 
0 00 1 2 3 4 5 6 
1. .. 1.78 ... 2 .. 1 .... 0 .... 1 •••• 0 .... 1 .... 0 .... 1 .... 0 .... 1 .... 0 

THIS IS THE FIRST COBOL ASSIGNMENT. 
IT IS AN I/O PROGRAM. 

XY..X XXX XXX XXX 
ABCDEFGHIJ 

1234567890 

You will need to key the five JCL records and put them in 

their correct sequence to form the submittal file. Run the 

job on the system and turn in your listing when it is 

running correctly. That is, when the message '***** THERE 

ARE NO STATEMENTS FLAGGED IN THIS COMPILE' is obtained. 



CHAPTER 5. More on Data 

This chapter presents a more detailed discussion of the 

data concepts introduced in Chapter 3. Section 5.1 explains 

how numeric values with operational signs and decimal points 

are represented and stored. Section 5.2 explains how to 

print (output) such numeric data. Section 5.3 discusses the 

operation of the MOVE statement, which was introduced 

briefly in Chapter 4. Section 5.4 illustrates how the 

WORKING-STORAGE SECTION is used. Section 5.5 presents a 

sample COBOL program illustrating the topics covered in this 

chapter. Self-tests are provided throughout the chapter to 

help you monitor your progress. 

a programming assignment. 
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The chapter concludes with 
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5.1 Numeric Data Items 

This section will continue the discussion of how 

numeric data items are defined in a COBOL program. You will 

recall from Section 3.2 that a numeric field is defined with 

the PICTURE symbol 9. There are two additional numeric 

PICTURE clause symbols used to define numeric fields. They 

are the implied decimal point (PICTURE symbol V) and the 

operational sign (PICTURE symbol S). This section will 

explain and illustrate their functions. A brief description 

will be provided on how data is keyed into a record which 

will be used as input to a COBOL program. 

5.1.1 The implied Decimal Point (V) 

in COBOL actual decimal points are not physically 

present in numeric data. Instead, the decimal point's 

position is implied by the programmer in the data item's 

PICTURE clause specification. There are three reasons for 

this: First, the decimal point would occupy a storage 

position (both on the input medium and also in the 

computer's memory) and thus increase the field storage 

requirement. Second, actually keying the decimal point 

takes time. Third, keying a physical decimal point would 

increase the number of key strokes which subsequently 

increases the chance of a keying error. 

The position of the implied decimal point is indicated 

by placing the PICTURE symbol V at the desired position in 

the string of 9's of the PiCTURE clause. The V divides the 
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numeric field into an integer portion (the 9's to the left 

of the V) and a decimal portion (the 9's to the right of the 

V). Consider the use of the PICTURE symbol Vin the 

following examples: 

Assumed 
Data Item Memory Numeric 
Definition Contents Value 

r-T-T-1 
77 FLDl PIC 99V9. 1710151 70.5 

L_...1.._...1.._J 

r-T-1 
10 FLD2 PIC V99. 11161 .16 

L_...1.._J 

r-T-T_T_l 
05 FLD3 PIC 9V999. 171910101 7.900 

L_...1.._...1.._...1.._J 

r-T-T-1 
77 FLD4 PIC 999V. 1110101 100. 

L_...1.._...1.._J 

Note that the PICTURE symbol V does not occupy a 

storage position. The number of storage positions reserved 

for a numeric data item is equal to the number of 9's in the 

PICTURE clause. Since a numeric value may logically contain 

only one decimal point, only one V is allowed in a numeric 

PICTURE clause. If no V is present, the value is assumed to 

be an integer. In the PICTURE clause of FLD4 above, the V 

is unnecessary and should not be included. 
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5.1.2 The Operational Sign (S) 

The PICTURE symbol S instructs the computer to maintain 

an operational sign on a numeric field. Signed numeric 

fields are capable of containing either positive or negative 

values. If a numeric field is unsigned, that is no S is 

specified in its PICTURE clause, any value stored in that 

field will always be considered as having a positive value. 

To specify a numeric field as signed, the PICTURE 

symbol S is placed as the first symbol of the PICTURE 

clause. Only one S may be used when specifying a signed 

numeric field, and it must precede all other PICTURE 

symbols. For example, in the data item definition 

77 FLDl PIC S999. 

FLDl specifies a three storage position signed numeric 

field. 

The actual sign (or more precisely the representation 

of the sign) of a numeric value is included in, or is part 

of, the right-most digit of the numeric value. The sign is 

said to be embedded in the numeric value. This means that 

the right-most digit of a signed numeric field not only 

contains a digit but also the operational sign of the 

number. This embedded sign capability is accomplished using 

a built-in code which the computer employs when working with 

signed numeric fields. In the following examples and 

throughout this text, the sign of a numeric value will be 

represented symbolically by placing a + or - symbol over the 

right-most digit of the signed numeric field. Consider the 
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use of the PICTURE symbols S and V in the following 

examples: 

Assumed 
Data Item Memory Numeric 
Definition Contents Value 

77 FLDl PIC S99. 
r-T-gl 
121 I +25 
L_.l._J 

r-T-T::.1 
10 FLD2 PIC S9V99. 1112151 -1.25 

L_.l._.l._J 

r+1 
OS FLD3 PIC SV9. 171 +.7 

L_J 

r-T-T-T.=l 
77 FLD4 PIC S99V99. 111010101 -10.00 

L_.l._.l._.l._J 

Note that the symbol S, like the symbol V, does not occupy a 

storage position in the examples above. The number of 

storage positions reserved for a numeric field is always 

determined by the number of 9's present in its PICTURE 

clause specification. 

When should you specify a numeric field as signed? 

Generally, you should specify a signed field for: 

1. FILE SECTION fields (i.e. 
and output record areas) 
carry a sign. 

fields of the input 
that might possibly 

2. Numeric fields defined 
SECTION that will be 
operations. 

in the WORKING-STORAGE 
used in arithmetic 

You may wonder why it is necessary to sign a numeric field 

in the WORKING-STORAGE SECTION if you know it will never 

contain a negative value. This is done because some 

compilers will generate more efficient object programs when 
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signed numeric fields are used. The object programs may be 

more efficient in that they will execute faster or reside in 

a smaller memory area or both. 

5 .1. 3 Keying A Data Record 

In this section, procedures will be defined for keying 

both numeric and alphanumeric data into records which will 

be used as input to the COBOL program. In particular, we 

will examine how a numeric value is entered in a numeric 

field which is specified with an implied decimal point 

and/or an operational sign. The discussion of how to encode 

a numeric sign assumes you are using an 80-column punched 

card as your input medium and a card reader as the input 

device. If you are using a terminal, the numeric value is 

signed using a different technique which is a bit more 

complicated and will not be covered in this text. The 

instructor of the course will provide the input data records 

if you are using terminals rather than cards. 

Data are not randomly punched in an 80-column record, 

but must be placed in specific columns to conform to the 

record description. The record description indicates the 

number of fields contained in the record and also the 

location of each field within the record, length, and format 

(i.e. its PICTURE clause or an English description of it). 

Examine the following record description: 
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Field Column Field Field 
Description Position Length Description 

Student Record 
Student Number 1-3 3 PIC 999 
not used 4-10 7 PIC X(7) 
Grade 1 11-13 3 PIC S999 
Student Level 14-16 3 PIC 99V9 
not used 17-19 3 PIC xxx 
Grade 2 20-22 3 PIC 5999 
Final Average 23-27 5 PIC S999V99 
Instructor Name 28-40 13 PIC X( 13) 
not used 41-80 40 PIC X(40) 

The input data must be keyed in the 80-column record 

according to the record description. For instance, the 

student number is a three position, numeric field which must 

be keyed in columns 1-3. Column positions 4-10 are not 

used; any data entered in this area will be inaccessible to 

the program under this particular record description. Grade 

1 is a three position, signed numeric field which must be 

keyed in columns 11-13 of the record, and so on. 

The first step when entering a numeric value in a 

numeric field of a record is to perform the necessary 

decimal alignment. The decimal alignment is based on the 

field's specification (i.e. its PICTURE) and is accomplished 

by the following steps: 

1. Align the physical decimal 
numeric value with the implied 
of the numeric field. 

point of the 
decimal point 

2. If the numeric value needs leading or trailing 
zeros to fill out the field, add them. 
Remember, ~ blank is not a valid character in 
a numeric field and will cause the program to 
terminate abnormally with a run-time error. 

3. Key the resulting digits of the numeric value. 
Remember, the actual decimal point of a 
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numeric value is never keyed in a numeric 
field. 

For example, to enter the numeric value 6 in the student 

level field of the student record you would: 

Align the physical decimal point to the implied 
decimal point. (In this case the physical decimal 
point is understood.) 

PIC 99V9 
6 

The value 6 needs one leading and one trailing 
zero to fill out the field. 

PIC 99V9 
06 0 

The numeric value 060 is then punched in columns 
14-16. 

To enter signed numeric data using the 80-column card 

as your input record, the following technique is used: A 

numeric value is signed by overpunching the right-most digit 

of the numeric value. This is accomplished by punching a 

single ~ard column twice. The second punch overpunches the 

first. When signing a numeric value, punch the digits of 

the numeric value, using the process described above. 

Backspace one position and punch the second character in the 

card column to sign the value. To sign ~ value as negative, 

the character - is overpunched. it is only necessary to 

overpunch negative values, because unsigned values are 

assumed to be positive. For example, to enter the nurneric 

value -25 in the grade 1 field of the student record you 

would: 
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Align the physical decimal point to the implied 
decimal point. (In this case both decimal points 
are understood.) 

PIC 8999 
25 

The value 25 needs one leading zero to fill out 
the field. 

PIC 8999 
025 

Now enter the value 025 in card columns 11-13, 
then backspace one position so that you are in 
card column 13 again. You then overpunch the 5 
(the right-most digit in the field) with the 
character - to specify the value as -025. 

To enter alphanumeric data, the rule normally used is 

that the data value to be keyed is left justified in the 

field. For example, to enter the data value SMITH in the 

instructor name field (column positions 28-40) of the 

student record you would key the S in column 28, the M in 

column 29, and so on. Column positions 33-40 would be left 

blank. 

Care should be taken when preparing the input data for 

a program. If the input data are not punched in the correct 

columns and in the correct format, the program will not 

execute as expected. The program may execute to completion, 

but the results may be useless. There is a saying in 

programming for this occasion: "garbage in, garbage out". 
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5.1.4 SELF-TEST 

1. Name and list the function of the three numeric PICTURE 
clause symbols used in COBOL. 

a. 

b. 

c. 

2. Given the following PICTURE clauses, specify the number 
of storage locations each will reserve. 

a. PIC 99V9 e. PIC 9(3)V9(4) 

b. PIC X(7) f. PIC S9(3) 

c. PIC SV99 g. PIC S9(3)V 

d. PIC S999 h. PIC xxxx 

3 . Write the PICTURE clause for a five-position signed 
numeric field with one integer position and four 
decimal positions. 

4. Write the PICTURE clause for a four-position unsigned 
numeric field with just one decimal position. 

5. 

6. 

Using the PICTURE clauses below, 
value that would be keyed for 
numeric value. 

indicate the numeric 
each corresponding 

a. numeric value 33.9 and PIC 99V999 

b. numeric value 30 and PIC 999999 

c. numeric value 6.0 and PIC 999V9 

When keying an alphanumeric value as input, it is 
normally justified in the field. 
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7. Given the following data values, show the minimum 
PICTURE clause it would take to contain them. 

a. numeric value 178 

b. alphanumeric value FORD CARS 

c. numeric value 73.45 

d. numeric value -12.45 

d. numeric value -12888 

SELF-TEST ANSWERS 

1. a. 9 The PICTURE symbol 9 reserves one storage 
location in which a numeric digit (0-9) may be 
placed. 

b. v The PICTURE symbol v is used to specify the 
position of the implied decimal point in a 
numeric field. 

c. s The PICTURE symbol s is used to specify that an 
operation sign should be maintained for a 
numeric value in a numeric field. 

2. a. 3 e. 7 
b. 7 f. 3 
c. 2 g. 3 
d. 3 h. 4 

3. PIC S9V9999 

4. PIC 999V9 

5. a. 33900 
b. 000030 
c. 0060 

6. left 

7. a. PIC 999 
b. PIC X(9) 
c. PIC 99V99 
d. PIC S99V99 
e. PIC S9(5) 
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5.2 Basics of Printing Numeric Data 

As we have seen, COBOL programs use implied decimal 

points and embedded signs in numeric values. We are, 

however, accustomed to seeing and working with numeric 

values which contain physical decimal points and signs. 

Therefore, when generating reports which contain numeric 

values, these values should be printed with physical decimal 

points and signs when appropriate. In COBOL the process of 

converting the numeric representation to a printable form is 

called editing. This conversion is performed prior to 

printing the numeric value. This section explains how 

editing is performed to obtain decimal points and signs 

necessary for values which will be printed. 

5.2.1 The Decimal Point 

In COBOL a physical decimal point is obtained by 

editing a numeric value prior to printing it. The PICTURE 

symbol"." (period) is called an edit symbol and is used to 

accomplish this editing function. A field that is specified 

using an edit symbol is called an edited field. Editing 

means that certain operations will be performed on data that 

are placed in the edited field. The specific editing that 

will occur depends on the specific edit symbol(s) specified 

in the field's PICTURE clause. 

To specify a physical decimal point in 

PICTURE symbol"." is used. The symbol"." 

the PICTURE clause at the position where 

a field the 

is placed in 

the physical 
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decimal should appear. The edit symbol II II instructs the 

COBOL program to do two tasks: (1) place a physical decimal 

point in the storage position indicated by the PICTURE 

clause, and (2) perform the proper decimal alignment between 

the implied decimal point and the actual decimal point. The 

following example illustrates what occurs when a numeric 

value is moved to an edited field with the symbol " " in its 

PICTURE clause. 

MOVE FLDl TO FLD2. 

77 FLDl PIC 99V9. 

77 FLD2 PIC 99.9. 

CONTENTS 
BEFORE MOVE 

r-T-T-1 
1112181 
L_..1.._..1.._J 

r-T-T_T_l 
101010101 
L_..1.._..1.._..1.._J 

CONTENTS 
AFTER MOVE 

r-T-T-1 
1112181 
L_..1.._..1.._J 

r-T-T_T_l 
11121. I 81 
L_..1.._..1.._..1.._J 

Note that the physical decimal point, unlike the implied 

decimal point, is actually present and occupies a storage 

position in the edited field. Thus the PICTURE 

specification for FLD2 reserves four storage positions. 

This symbol should not be confused with the period which is 

used for punctuation purposes in the COBOL language. This 

symbol is a PICTURE symbol, not a punctuation mark. 

5.2.2 The Operational Sign 

Section S.1- explained the representation used for 

signed numeric values. This representation is not suitable 

for printing. The printed value must contain a physical 

minus sign. In COBOL this editing function is accomplished 

using an edit symbol and by editing the numeric value prior 
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to printing it. There are two edit symbols which may be 

used to obtain physical operational signs: the "-" (minus 

sign) edit symbol, and the + (plus sign) edit symbol. 

The edit symbol "-" is specified when printing negative 

values. The "-" symbol may be placed as either the 

rightmost or leftmost PICTURE symbol of an edited field 

specification (e.g. -99 or 99-). The "-" edit symbol 

instructs the computer to place a physical minus sign in the 

position specified if the value in the sending field is 

negative. If the value of the sending field is positive, 

zero, or unsigned~ the position will be filled with a blank. 

Consider the use of the "-" edit symbol in the following 

examples. 

MOVE FLDl TO FLD2. 

FLDl 
Specification 

a. Sign on left 

77 FLDl PIC S999. 

77 FLD2 PIC -999. 

b. Sign on right 

77 FLDl PIC S999. 

77 FLD2 PIC 999-. 

CONTENTS 
BEFORE MOVE 

r-T-T.=.l 
1112131 
l_..L_..L_J 

r-T-T_T_l 
101010101 
l_..L_..L_..L_J 

r-T-T::.l 
1112131 
l_..L_..L_J 

r-T-T_T_l 
101010101 
l_..L_..L_..L_J 

CONTENTS 
AFTER MOVE 

r-T-T::.l 
1112131 
l_..L_..L_J 

r-T-T_T_l 
1-1112131 
L _ _!__...L_.l. _ _.I 

r-T-T.::l 
1112131 
l_..L_..L_J 

r-T-T_T_l 
1112131-1 
l_..L_..L_..L_J 
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c. Unsigned sending field 
r-T-T-1 

77 FLDl PIC 999. 1112131 
L_..L_..L_J 

r-T-T_T_l 
77 FLD2 PIC -999. 101010101 

L_..L_..L_..L_J 

d. Use of multiple editing symbols 
r-T-T-1 

77 FLDl PIC S99V9. 1112131 
L_..L_..L_J 

r-T-T_T_T_l 
77 FLD2 PIC -99.9 10101010101 

L_..L_..L_..L_..L_J 

r-T-T-1 
1112131 
L_..L_..L_J 

r-T-T_T_l 
I 1112131 
L_..L_..L_..L_J 

r-T-T-1 
1112131 
L_..L_..L_J 

r-T-T_T_T_l 
1-11121. 13 I 
L_..L_..L_..L_..L_J 

Note that the edit symbol 11 - 11 reserves a storage position in 

the edited field. This position is filled on a conditional 

basis with either a blank, if the value is positive, or a 

minus sign, if the value is negative. 

The edit symbol "+" is specified when printing positive 

and negative values. The "+" symbol may also be placed as 

either the rightmost or leftmost PICTURE symbol of an edited 

field specification. The "+" edit symbol instructs the 

computer to place the corresponding physical sign in the 

position specified. Examine the following illustrations of 

its use. 

MOVE FLDl TO FLD2. 

Field 
Specification 

a. Sign on left 

77 FLDl PIC S999. 

77 FLD2 PIC +999. 

CONTENTS 
BEFORE MOVE 

r-T-T=.1 
1112131 
L_..L_..L_J 

r-T-T_T_l 
101010101 
L_..L_..l._..J._J 

CONTENTS 
AFTER MOVE 

r-T-T.=l 
1112131 
L_..L_..L_J 

r-T-T_T_l 
1-1112131 
L_..L_..L_..L_J 



126 

b. Sign on right 
r-T-T=""! r-T-T.:1 

77 FLDl PIC 5999. 1112131 1112131 
L_...l.._...l.._J L_...l.._...l.._J 

r-T-T_T_l r-T-T_T_l 
77 FLD2 PIC 999+. 101010101 1112131-1 

L_...l.._...l.._...l.._J L_...l.._...l.._...l.._J 

c. Unsigned sending field 
r-T-T-1 r-T-T-l 

77 FLDl PIC 999. 1112131 1112131 
L_...l.._...l.._J L_...l.._...l.._J 

r-T-T_T_I r-T-T_T_l 
77 FLD2 PIC +999. 101010101 1+1112131 

L_...l.._...l.._...l.._J L_...l.._...l.._..L_J 

d. Use of multiple editing symbols 

77 FLDl PIC S99V9. l~T;Ttl r-T-T}l 
11121 I 

L_...l.._...l.._J L_...l.._...l.._J 

r-T-T_T_T_l r-T-T_T_T_l 
77 FLD2 PIC +99.9 10101010101 1+11121.131 

L_...l.._...l.._..L_..L_J L_..L_..L_...l.._...l.._J 

The edit symbol "+" differs from the edit symbol "-" in that 

the plus sign is printed if the value is positive or zero. 

The main function of editing is to convert numeric 

values into a representation that is suitable for printing. 

It is imoortant to note that the contents of an edited field -- -- -- ---- ---- --- -- --
are no longer~ numeric value. Once a value has been edited 

it contains nonnumeric symbols such as the physical decimal 

point and therefore is considered to be alphanumeric in 

type. This means that an edited field can not be used in an 

arithmetic operation, except as the resulting field of an 

arithmetic operation (to be covered in Chapter 6). 
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5.2.3 SELF-TEST 

1. Given the following PICTURE clauses label each as 
either numeric or edited and specify the number of 
storage positions each reserves. 

a. PIC 99- e. PIC .9+ 

b. PIC 99 f. PIC S9V9 

c. PIC S99 g. PIC -99.99 

d. PIC +99.9 h. PIC 99.99+ 

2. Define a 77-level data item called FLDl as an edited 
field capable of receiving upto a three digit integer 
value. FLDl should be defined so as to only sign 
negative values placing the sign to the left of the 
digits. 

3. Given the following field specification and memory 
contents show the result of the following MOVE 
statement. Draw your own boxes for the results. 

MOVE FLDl TO FLD2. 

FLDl PIC 

a. PIC S999 

b. PIC S9 

c. PIC S99V99 

d. PIC S99V99 

FLDl 
CONTENTS 
BEFORE MOVE FLD2 PIC 

r-T-T.p 
1510101 
L_..L._..L._J 

r-T-T-T•l 
151412101 
L_..L._..L._..L._J 

r-T-T-T.::.l 
111210111 
L_..L._...l.._..L._J 

PIC -999 

PIC +9 

PIC 99.99 

PIC -99.99 

FLD2 
CONTENTS 
AFTER MOVE 
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SELF-TEST ANSWERS 

1. a. edited 3 e. edited 3 
b. numeric 2 f. numeric 2 
c. numeric 2 g. edited 6 
d. edited 5 h. edited 6 

2. 77 FLDl PIC -999. 

r-T-T_T_l 
3 . a. I 1s10101 

L_..L_..L_..L_J 

r-T-1 
b. 1-161 

L_..L_J 

r-T-T_T_T_l 
c. 15141. 121 o I 

L_..L_..L_..L_..L_J 

r-T-T_T_T_T_l 
d. 1-11121.10111 

L_..L_..L_..L_..L_..L_J 
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5.3 The MOVE Statement 

In Chapter 4 we presented the format and function of 

the MOVE statement. The format is 

r----------------------------------------------------------1 
I MOVE 5identifier-1J TO identifier-2 [,identifier-3 ... l I 
I (literal I L----------------------------------------------------------j 
Recall that the function of the MOVE statement is to 

transmit a copy of the data from the sending field to the 

receiving field. 

In this section we will examine the operation of the 

MOVE statement in greater detail. The MOVE operation·rnay be 

broken into two catagories: ( 1 ) the alphanumeric MOVE and 

(2) the numeric MOVE. This classification is based on the 

receiving field's specification or type. Both types of 

MOVEs transfer data from one storage location to another, 

but the way in which this transfer is performed is 

different. This section will explain and illustrate the way 

both types of MOVEs operate. 

5.3.1 The Alphanumeric MOVE 

An alphanumeric MOVE is a MOVE in which the receiving 

field is alphanumeric in type. The sending field of an 

alphanumeric MOVE may be (1) an identifier with an 

alphanumeric specification, ( 2 ) an alphanumeric literal 

(e.g. 'HELLO' or SPACES) or (3) a numeric field. The 

alphanumeric MOVE operation is performed according to the 

following rules: 
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ALPHANUMERIC MOVE RULES 

1. In an alphanumeric MOVE, data 
from the sending field to the 
from left to right. This 
justified. 

is transmitted 
receiving field 

is called left 

2. If the sending field is shorter in size than 
the receiving field, the rightmost nonfilled 
positions of the receiving field are filled 
with blanks. This is called blank filled. 

3. If the sending field is longer in size than the 
receiving field, the operation is complete when 
the receiving field has been filled. This is 
called truncation. 

These rules can best be understood by illustration. Pay 

particular attention to the PICTURE clauses of both the 

sending and receiving fields. 

MOVE FLDA TO FLDB. 

Field 
Specification 

a. Left to right data movement 

77 FLDA PIC XXX. 

77 FLDB PIC XXX. 

CONTENTS 
BEFORE MOVE 

r-T-T-1 
IAIBICI 
L_...l.._...l.._J 

r-T-T-1 
ICIDIEI 
L_...l.._...l.._J 

b. Receiving field larger (blank filled) 

77 FLDA PIC XXX. 

77 FLDB PIC X(S). 

r-T-T-1 
IAIBICI 
L_...l.._...l.._J 

r-T-T_T_T_l 
IXIYIZIRISI 
L_...l.._...l.._...l.._...l.._J 

c. Sending field larger (truncation) 

77 FLDA PIC x(4). 

77 FLDB PIC XX. 

r-T-T_T_l 
IAIBICIDI 
L_...l.._...l.._...l.._J 

r-T-1 
IXITI 
L_...l.._J 

CONTENTS 
AFTER MOVE 

r-T-T-1 
IAIBICI 
L_...l.._...l.._J 

r-T-T-1 
IAIBICI 
L_...l.._...l.._J 

r-T-T-1 
IAIBICI 
L_...l.._...l.._J 

r-T-T_T_T_l 
IAIBICI I I 
L_...l.._...l.._...l.._...l.._J 

r-T-T_T_l 
IAIBICIDI 
L_...l.._...l.._...l.._J 

r-T-1 
IAIBI 
L_...l.._J 

These rules apply whether the sending field is a 
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literal or a numeric field as shown in the following 

examples: 

a. Sending field is an alphanumeric literal 

MOVE 'XYZ' TO FLDA. 

77 FLDA PIC XXX. 

b. Sending field is a numeric 

MOVE 95 TO FLDA. 

77 FLDA PIC XXX. 

CONTENTS 
BEFORE MOVE 
r-T-T-1 
IXICI I 
L_.l._.l._J 

literal 

CONTENTS 
BEFORE MOVE 
r-T-T-1 
IXICIEI 
L_.l._.l._J 

c. Sending field is a figurative constant. 

MOVE SPACES TO FLDA. 

77 FLDA PIC X(4). 

CONTENTS 
BEFORE MOVE 
r-T-T_T_1 
IXIRIEIDI 
L_.l._.l._.l._J 

CONTENTS 
AFTER MOVE 
r-T-T-1 
IXIYIZI 
L_.l._.l._J 

CONTENTS 
AFTER MOVE 
r-T-T-1 
19151 I 
L_.l._.l._J 

CONTENTS 
AFTER MOVE 
r-T-T_T_1 

I I I I I 
L_.l._.l._.l._J 

In example (c), the figurative constant SPACES causes enough 

spaces to be transferred to FLDA to blank it out entirely. 

This will always be the case. The figurative constant will 

have an implied length equal to that of the receiving field. 

5.3.2 The Numeric MOVE 

A numeric MOVE operation is (1) the movement of a 

numeric field to another numeric field, or (2) the movement 

of a numeric literal to a numeric field. There are two 

types of numeric MOVEs: the integer MOVE and the decimal 

MOVE. An integer MOVE is a numeric MOVE in which neither 

the sending nor receiving field specification contains a 

decimal point. A decimal MOVE is a numeric MOVE in which 
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either the sending or receiving field specification does 

contain a decimal point. The numeric MOVE, like the 

alphanumeric MOVE, has certain rules which define its 

operation. They are given as follows: 

NUMERIC MOVE RULES 

1. When an integer MOVE is executed 
transmitted from right to left. This 
right justified. All nonfilled 

data is 
is called 
leftmost 

filled positions of the receiving field are 
with zeros. This is called zero filled. 

2. When a decimal MOVE is executed data are 
transmitted from right to left before the 
decimal point and.from left to right after the 
decimal point. If the sending or receiving 
field does not contain a decimal point, then an 
assumed decimal point is understood to be on 
the right of the units position for this 
numeric item and the above data movement 
description applied. All nonfilled leftmost 
and rightmost positions of the receiving field 
are filled with zeros. 

3. If the sending integer or decimal field is 
longer than the receiving integer or decimal 
field, truncation will occur. 

Rules 1 and 2 may be summarized to state that for a numeric 

MOVE the movement of the data is in an outward direction 

with respect to the decimal point. In the following 

examples pay particular attention to the PICTURE clauses of 

both the sending and receiving fields. 
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MOVE FLDl TO FLD2. 

Field CONTENTS CONTENTS 
Specification BEFORE MOVE AFTER MOVE 

a. Integer MOVE (integer to integer) 
r-T-1 r-T-1 

77 FLDl PIC 99. 11121 11121 
L_..L_J L_..L_J 

r-T-T-1 r-T-T-1 
77 FLD2 PIC 999. 1214151 1011121 

L_..L_..L_J L_..L_..L_J 

b. Decimal MOVE (decimal to decimal) 
r-T-T.=l r-T-T.;.l 

77 FLDl PIC S99V9. 1413151 1413151 
L_..L_..L_J L_..L_..L_J 

r-T-T_T_T~l r-T-T_T_T..=l 
77 E'LD2 PIC S999V99. 11111211111 10141315101 

L_..L_..L_..L_..L_J L_..L_..L_..L_..L_J 

c. Decimal MOVE (integer to decimal) 
r-T-T-1 r-T-T-1 

77 FLDl PIC 999. 1516121 1516121 
L_..L_...J.._J L_..L_..L_.J 

r-T-T_T_l r-T-T_T_l 
77 FLD2 PIC 99V99. 111110101 161210101 

L_..L_..L_..L_.J L_..L_..L_..L_.J 

d. Decimal MOVE (decimal to integer) 
r-T-T.::l r-T-T.=.l 

77 FLDl PIC S99V9. 1711141 1711141 
L_..L_...J.._..J L_...J.._..L_.J 

r-T-T.::l r-T-T.=l 
77 FLD2 PIC 8999. 1111121 1017111 

L_..L_..L_.J L_..L_..L_.J 

When performing a numeric MOVE, the programmer must be 

aware of the size of the fields involved in the MOVE, and 

whether the fields are signed. If a signed numeric value is 

moved to an unsigned numeric field, the siqn of the value _......_ 

will not appear in the unsigned field. The unsigned field 

will contain the absolute value of the signed value. 

Examine the following illustration. 
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MOVE FDLl TO FLD2. 

77 FLDl PIC S99. 

77 FLD2 PIC 99. 

After the MOVE statement is 

CONTENTS 
BEFORE MOVE 

r-T.::.l 
11171 
L_.l._.J 

r-T-l 
Io Io I 
L_.l._.J 

executed, 

CONTENTS 
AFTER 

r-T~l 

11171 
L_.l._.J 

r-T-1 
11171 
L_.l._.J 

FLD2 contains an 

unsigned value (i.e. 17 not -17). This result may or may 

not have been what the programmer intended or expected from 

this MOVE statement, but it is what occurs. 

It is very important to be aware of the sending and 

receiving fields' specifications when using the MOVE 

statement. These specifications will provide you with 

information to determine whether this will be an 

alphanumeric or numeric MOVE, to know if truncation will 

occur, and so on. Since you, as the programmer, code the 

field specifications you may control these effects. 

Sometimes you will want to truncate a numeric or 

alphanumeric value or to have access to the absolute value 

of a number. By understanding how the MOVE statement 

operates you may use it correctly to accomplish the desired 

results. 



135 

5.3.3 SELF-TEST 

1. G.iven the following field specification and memory 
contents, show the results of the following MOVE 
statements. Draw your own boxes for the results. 

MOVE FLDl TO FLD2. 

FLDl PIC 

a. PIC S999 

b. PIC 9 

c. PIC S99V99 

d. PIC S99V99 

e. PIC X.XXXX 

f. PIC XXXXX 

FLDl 
CONTENTS 
BEFOR MOVE 

r-T-T.::.1 

FLD2 PIC 

1510101 PIC -99999 
L_..L_..L_J 

r-T-T_T_1 
1514121bl PIC 99V999 
L_...!..._..L_..L_J 

r-T-T-T.;1 
111210111 PIC 99 
L_..L_..L_..L_J 

r-T-T_T_T_1 
IHIAIPIPIYI PIC XX 
L_..L_..L_..L_..L_J 

r-T-T-1-T-1 
IHIAIPIPIYI PIC X(lO) 
L_..L_..L_J.._..L_J 

FLD2 
CONTENTS 
AFTER MOVE 

2. Given the following field specifications specify the 
result of each of the MOVE statements. Draw your own 
boxes. 

a. MOVE 'BOY' TO FLDA. 
77 FLDA PIC X. 

b. MOVE -22j TO FLDA. 
77 FLDA PIC S9(4). 

c. MOVE ZEROS TO FLDA. 
77 FLDA PIC 9V99. 

d. MOVE SPACES TO FLDA. 
77 FLDA PIC X(6). 
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SELF-TEST ANSWERS 

1. a. 
r-T-T_T_T_T_1 
1-10101s10101 
L_.L_.L_.L_.L_.L_J 

r-T-T-1 
b. 161 I I 

L_.L_.L_J 

r-T-T_T_T_1 
c. 15141210101 

L_.L_.L_.L_.L_J 

r-T-1 
d. 11121 

L_.L_J 

r-T-1 
e. IHIAI 

L_.L_J 

r-T-T_T_T_T_T_T_T_T_1 
f. IHIAIPIPIYI I I I I I 

L_.L_.L_.L_.L_.L_.L_.L_.L_.L_J 

r-1 
2. a. IBI 

L_J 

r-T-T-T-'.:-1 
b. 101212131 

L_.L_.L_.L_J 

r-T-T-1 
c. 1010101 

L_.L_.L_J 

r-T-T_T_T_T_1 
d. I I I I I I I 

L_.L_.L_.L_.L_.L_J 
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5.4 The WORKING-STORAGE SECTION 

The DATA DIVISION was described as the division in 

which all storage is reserved and defined for use by the 

COBOL program. It was explained that the DATA DIVISION has 

two sections: the FILE SECTION, and the WORKING-STORAGE 

SECTION. The FILE SECTION is the section in which all input 

and output buffer storage areas for files must be defined. 

The WORKING-STORAGE SECTION contains all fields which are 

not part of the input or output areas, but which are 

necessary for program execution (i.e. switches, counters, 

record images, etc.). Up to this point we have made little 

use of the WORKING-STORAGE SECTION. We will now examine how 

this section may be more fully utilized. Specifically, the 

VALUE clause and its function will be explained. This 

section will also present the technique for building and 

using output record images which are defined in the WORKING-

STORAGE SECTION. 

5.4.1 The VALUE Clause 

When a program begins execution the contents of the 

memory locations defined in the DATA DIVISION are undefined. 

Remember, all the PICTURE clause specifies is the type and 

number of storage locations to be reserved. The field 

specification does not define the contents of these 

locations. This means that you may not assume that a data 

item contains a particular value unless you have initialized 

it to that value. Recall from Example Program #1 that 
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before we began to READ and process 

INIT-ROUTINE was first executed. 

initialize the end-of-file indicator, 

'NO'. 

the input file, the 

Its function was to 

WS-NO-MORE-RECORDS-

Not until the MOVE FLAG, to a beginning value of 

statement of the INIT-ROUTINE is executed can we be certain 

that WS-NO-MORE-RECORDS-FLAG actually has a value of 'NO'. 

In COBOL there is an alternative way to perform the 

initialization described above. Initialization may be 

accomplished by specifying a VALUE clause with the data item 

when it is defined. A VALUE clause is an optional entry 

when defining a data item. It may only be specified for 

independent (i.e. level 77 data items) and elementary data 

items in the WORKING-STORAGE SECTION. It must be placed 

after the PICTURE clause of the data item to be initialized. 

For example, to initialize the data item WS-NO-MORE-RECORDS-

FLAG to a value of 'NO' using a VALUE clause, you would 

code; 

77 WS-NO-MORE-RECORDS-FLAG PIC XXX VALUE 'NO'. 

When program execution begins in the PROCEDURE DIVISION, WS-

NO-MORE-RECORDS-FLAG will contain the value 'NO'. The MOVE 

statement of Example Program #1 is no longer necessary if a 

VALUE clause is specified. 

The value specified in the VALUE clause may be either a 

literal or a fi~~rative constant. A VALUE clause is 

equivalent to performing a MOVE operation in which the value 

is the sending field and the data item is the receiving 
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field. For this reason the same rules apply when using a 

VALUE clause as do when performing a MOVE statement. The 

type of value specified in the VALUE clause must match the 

type of the data item it is to initialize. Only numeric 

literals or the figurative constant ZEROS may be specified 

as a value for a numeric data item. Only alphanumeric 

literals or a figurative constant may be specified as a 

value for an alphanumeric data item. Consider the use of 

the VALUE clause in the following examples. 

Data 
Name 

a. 77 WS-SCNT 

b. 77 WS-SCNT 

c. 77 WS-END-UP 

d. 77 WS-END-UP 

e. 77 WS-PERIOD 

f. 77 WS-MIN-COST 

g. 77 WS-TEMP-CONST 

Field 
Specification 

PIC 999 VALUE 0. 

PIC 999 VALUE ZEROS. 

PIC X(S) VALUE I 

PIC X(S) VALUE SPACES. 

PIC X VALUE ' ' 

PIC 999V99 VALUE 70.00. 

PIC S999V9 VALUE -33.6. 

Memory 
Contents 

r-T-T-1 
1010101 
L_..L_..L_.J 

r-T-T-1 
1010101 
L_..L_..L_.J 

r-T-T_T_T_l 
I I I I I I 
L_..L_..L_..L_..L_.J 

r-T-T_T_T_l 
I I I I I I 
L_..L_..L_..L_..L_.J 

r-1 
I . I 
L_.J 

r-T-T_T_T_l 
10171010101 
L_..L_..L_..L_..L_.J 

r-T-T-T.=.1 
101313161 
L_..L_..L_..L_.J 

Note that examples (a) and (b) are equivalent ways of 

initializing WS-SCNT to a value of zero. Examples (c) and 

(d) are also equivalent forms and will initialize WS-END-UP 

to spaces. Example (f) illustrates how to initialize a 

numeric field which contains an implied decimal point. 

Example (g) shows how a signed field is handled. 
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The programmer should be aware that truncation and 

numeric sign loss may occur just as they may when performing 

MOVE statements. Recall that these results may occur due to 

receiving field specification. Consider the following 

illustration. 

77 WS-NUMBER PIC 99 VALUE -176.3. 

In this example, the programmer wanted to initialize WS-

NUMBER to a value of -176.3. The field specified for WS-

NUMBER may only contain a two-position unsigned integer 

number. Based on the rules for numeric MOVEs the field is 

initialized to 76 and not to -176.3. You must be aware of 

the field specifications involved when specifying a VALUE 

clause to avoid errors. 

5.4.2 The Output Record Image 

The WORKING-STORAGE SECTION is composed of two parts: 

77 level data items (independent data items}, and group 

items. We discussed the use of VALUE clauses with 77 level 

data items in the previous subsection. All 77 level data 

items must be coded first in the WORKING-STORAGE SECTION. 

Group items follow the 77 level data items and are coded on 

the 01 level. Group items are records and as such may be 

subdivided using the level numbers 02 through 49 to 

represent the desired hierarchy. 

One major use of group items in the WORKING-STORAGE 

SECTION is to define the storage areas for output record 
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images. Once the output record is built, this area is said 

to contain an "image" of the output record -- it contains an 

exact copy of the physical output record. The term 

"building a record" simply means the process of placing data 

in this defined storage area. 

There are two reasons for building the output record 

image in the WORKING-STORAGE SECTION. First, VALUE clauses 

may be used to efficiently initialize all of the nonvariable 

fields of the record. By specifying VALUE clauses a number 

of MOVE statements are eliminated from the PROCEDURE 

DIVISION. This makes the code more readable. Second, it 

may be necessary to build and output several different types 

of records having different fields and record hierarchies to 

a single file. The output buffer area for a file is capable 

of holding only one record at a time. If the program builds 

the record in this area it is only possible to build and 

output, at most, one record at a time. This limitation can 

be avoided by defining and building the output records in 

the WORKING-STORAGE SECTION. This technique will be 

illustrated in more detail in Chapter 7 when report 

generation is discussed. 

The output record images we will be working with are 

133 characters or storage positions in length. The record 

images are being built for output to a line printer. The 

first character of each record is reserved and will contain 

a carriage control character. This character is generated 

by the operating system and is used to instruct the printer 
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as to spacing. The programmer is free to use the remaining 

132 characters as desired. 

The technique for using output record images is 

illustrated in the following example which is based on a 133 

character output record. First, the record is defined in 

the WORKING-STORAGE SECTION to look exactly like the record 

to be output to the line printer. 

01 WS-OUTPUT-RECl. 
05 FILLER PIC X(ll) VALUE SPACES. 
05 WSR1-SSNUM3 PIC xxx. 
05 FILLER PIC X VALUE I - I 

05 WSR1-SSNUM2 PIC xx. 
05 FILLER PIC X VALUE I - I 

05 WSRl- SSNLJM4 PIC xxxx. 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-FIRST-NAME PIC X( 10). 
05 FILLER PIC X VALUE SPACES. 
05 WSRl-MIDDLE-INIT PIC x. 
05 FILLER PIC X VALUE I I 

05 FILLER PIC X VALUE SPACES. 
05 WSRl-LAST-NAME PIC x ( 15) . 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-STUDENT-AGE PIC 999. 
05 FILLER PIC X(67) VALUE SPACES. 

The record, WS-OUTPUT-RECl I contains both variable and 

nonvariable data. VALUE clauses are specified for each of 

the nonvariable data fields. Next the record image must be 

built. This is accomplished by moving data into the 

variable fields of the record. The following PROCEDURE 

DIVISION MOVEs perform this task. 

BUILD-OUTPUT-RECORD. 
MOVE IR-SSNUM-3 
MOVE IR-SSNUM-2 
MOVE IR-SSNUM-4 
MOVE IR-FIRST-NAME 
MOVE IR-MIDDLE-INIT 
MOVE IR-LAST-NAME 
MOVE IR-STUDENT-AGE 

TO WSR1-SSNUM3. 
TO WSRl-SSNUM2. 
TO WSR1-SSNUM4. 
TO WSRl-FIRST-NAME. 
TO WSRl-MIDDLE-INIT. 
TO WSRl-LAST-NAME. 
TO WSRl-STUDENT-AGE. 

Once the record has been built, it may be MOVEd to the 
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output buffer area of the FILE SECTION. Finally, a WRITE is 

performed to output the record to the line printer. This is 

acornplished by the following two lines of code. 

MOVE WS-OUTPUT-RECl TO OR-BUFFER-AREA. 
WRITE OR-BUFFER-AREA. 

The printed line (or record) will look exactly like the 

record which was built in the WORKING-STORAGE SECTION. This 

is the reason why we call the WORKING-STORAGE record an 

output record image. 
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5.4.3 SELF-TEST 

1. VALUE clauses may be used only in the 

2. The function of a VALUE clause is to a 

data item to a specific value. 

3. The use of VALUE clauses are (mandatory/optional). 

4. The value specified in a VALUE clause may either be a 

or a 

5. If a data item is be to initialized and a VALUE clause 

is not specified then a operation must be 

performed in the PROCEDURE DIVISION to initialize it. 

6. Show how the following independent data items would be 
coded in the WORKING-STORAGE SECTION using VALUE 
clauses for initialization. 

7. 

a. A three position signed integer field named WS-CNT 
initialized to a value of negative 500. 

b. A seven position alphanumeric field named WS-NAME 
initialized to a value of BILL. 

c. A six position numeric field (three integer and 
three decimal positions) named WS-NUM initialized 
to a value of 36.123. 

Independent data items must be coded in the 

WORKING-STORAGE SECTION followed by 

which are coded on the 01 level. 
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8. The first position of an output record always contains 

a character which is used by the 

to determine the proper spacing to be 

used. 

SELF-TEST ANSWERS 

1. WORKING-STORAGE SECTION 

2. initialize 

3. optional 

4. literal, figurative constant 

5. MOVE 

6. a. 
b. 
c. 

77 WS-CNT 
77 WS-NAME 
77 WS-NUM 

PIC S999 VALUE -500. 
PIC X(7) VALUE 'BILL'. 
PIC 999V999 VALUE 36.123. 

7. first, group items 

8. carriage control, line printer 
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5.5 An Exarnole Program 

Example Program #2 is designed to illustrate the way 

the topics presented in this chapter are used in a COBOL 

program. This example is similar in function and logic to 

Example Program #1. Its function is to perform I/O (i.e. 

read a record and print a line). The basic logic is as 

described in Chapter 4 for processing a sequential file. 

For this reason a detailed discussion of the program will 

not be presented. Particular attention should be paid to 

the following areas: 

1. Signed input field (line 33) 

2. The output buffer in the FILE SECTION (line 41). 
This is a single 133 position area into which output 
record images will be MOVEd and ~hen printed. 

3. The use of the VALUE clauses in the WORKING-STORAGE 
SECTION (lines 43 - 66). 

4. The output record image defined in the WORKING-STORAGE 
SECTION (lines 46 - 66). 

5. Edited output field (line 65). 

6. The BUILD-RECORD-ROUTINE (lines 90 - 99). 
This module performs the necessary MOVEs to build the 
output record image. 

7. The MOVE and WRITE statements (lines 83 - 85). 
These statements cause the output record image to be 
written on the line printer. 
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EXAMPLE PROGR~~~ #2 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. I· ... 0 .... I - ... 0 .... I .... 0 .... 1 .... 0 .... I· ... 0 

1 IDENTIFICATION DIVISION. 
2 PROGRAM-ID. EXAMPLE2. 
3 AUTHOR. BEN C ROBINSON. 
4 INSTALLATION. VPI & SU. 
5 DATE-WRITTEN. 09-27-82. 
6 DATE-COMPILED. 
7 SECURITY. NONE. 
8 REMARKS. THIS IS THE SECOND EXAMPLE PROGRAM 
9 USED IN CS2600. 

10 
11 ENVIRONMENT DIVISION. 
12 CONFIGURATION SECTION. 
13 INPUT-OUTPUT SECTION. 
14 FILE-CONTROL. 
15 SELECT INPUT-FILE ASSIGN TO UT-S-SYSIN. 
16 SELECT PRINT-FILE ASSIGN TO UT-S-SYSOUT. 
17 
18 DATA DIVISION. 
19 FILE SECTION. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

FD 

01 

INPUT-FILE 
LABEL RECORDS ARE OMITTED. 
INPUT-STUDENT-REC. 
05 IR-STUDENT-NAME. 

10 IR-LAST-NAME 
10 IR-MIDDLE-INIT 
10 IR-FIRST-NAME 

05 FILLER 
05 IR-STUDENT-SOC-SEC-NUM. 

10 IR-SSNUM-3 
10 IR-SSNUM-2 
10 IR-SSNUM-4 

05 IR-STUDENT-FIN-AVE 
OS IR-COURSE-NAME 
05 IR-STUDENT-AGE 
05 FILLER 

PIC 
PIC 
PIC 
PIC 

PIC 
PIC 
PIC 
PIC 
PIC 
PIC 
PIC 

(continued on next page) 

X( 15) . 
x. 
X( 10) . 
X( 4). 

xxx. 
xx. 
xxxx. 
S999V99. 
X(lS). 
999. 
X( 18) . 
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EXAMPLE PROGRAM #2 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 7 s ... 2 .. I .... o .... I .... o .... I .... o . . . . I .... o .... I .... o 

37 
38 FD PRINT-FILE 
39 LABEL RECORDS ARE OMITTED. 
40 
41 01 OUTPUT-REPORT-REC PIC X(l33). 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

WORKING-STORAGE SECTION. 
77 WS-NO-MORE-RECORDS-FLAG PIC X(3) VALUE 'NO'. 

01 WSRl-STUDENT-REPORT-REC. 
05 FILLER PIC X(ll) VALUE SPACES. 
05 WSR1-SSNUM3 PIC XXX. 
05 FILLER PIC X VALUE I - I 

05 WSR1-SSNUM2 PIC XX. 
05 FILLER PIC X VALUE I - I 

05 WSR1-SSNUM4 PIC X..'CTX. 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-FIRST-NAME PIC X( 10). 
05 FILLER PIC X VALUE SPACES. 
05 WSRl-MIDDLE-INIT PIC X. 
05 FILLER PIC X VALUE I I 

05 FILLER PIC X VALUE SPACES. 
05 WSRl-LAST-NAME PIC X(l5). 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-STUDENT-AGE PIC 999. 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-COURSE-NP..ME PIC X(l5). 
05 FILLER PIC X(6) VALUE SPACES. 
05 WSRl-STUDENT-FIN-AVE PIC -999.99. 
05 FILLER PIC X(33) VALUE SPACES. 

(continued on next page) 



149 

EXAMPLE PROGRAM #2 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. I· ••• 0 .... 1 •••• 0 .... 1 •••• 0 .... 1 •••• 0 .... I •••• 0 

68 PROCEDURE DIVISION. 
69 
70 MAIN-LINE. 
71 OPEN INPUT INPUT-FILE, 
72 OUTPUT PRINT-FILE. 
73 READ INPUT-FILE 
74 AT END 
75 MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 
76 PERFORM WRITE-READ-PROCESS 
77 UNTIL WS-NO-MORE-RECORDS-FLAG = 'YES'. 
78 CLOSE INPUT-FILE, PRINT-FILE. 
79 STOP RUN. 
80 
81 WRITE-READ-PROCESS. 
82 PERFORM BUILD-RECORD-ROU':):'INE. 
83 MOVE WSRl-STUDENT-REPORT-REC TO 
84 OUTPUT-REPORT-REC. 
85 WRITE OUTPUT-REPORT-REC. 
86 READ INPUT-FILE 
87 AT END 
88 MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 
89 
90 BUILD-RECORD-ROUTINE. 
91 MOVE IR-SSNUM-3 TO WSR1-SSNUM3. 
92 MOVE IR-SSNUM-2 TO WSR1-SSNUM2. 
93 MOVE IR-SSNUM-4 TO WSR1-SSNUM4. 
94 MOVE IR-FIRST-NAME TO WSRl-FIRST-NAME. 
95 MOVE IR-MIDDLE-INIT TO WSRl-MIDDLE-INIT. 
96 MOVE IR-LAST-NAME TO WSRl-LAST-NAME. 
97 MOVE IR-STUDENT-AGE TO WSRl-STUDENT-AGE. 
98 MOVE IR-COURSE-NAME TO WSRl-COURSE-NAME. 
99 MOVE IR-STUDENT-FIN-AVE TO WSRl-STUDENT-FIN-AVE. 
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EXERCISE 2. An .!LQ Program 

In this exercise, you will write a COBOL program using 

the specifications given below. 

INPUT RECORD DESCRIPTION 

Field 
Name 

Quantity 

Quantity 

Quantity 

Quantity 

Customer 

1 

2 

3 

4 

Name 
Last name 
First Name 
Mid. Init. 

Control Group 
Unused 

Field 
Specification 

signed numeric field 
3 digit integer 
unsigned numeric field 
4 digits with 2 decimal places 
signed numeric field 
2 digits with 1 decimal place 
signed numeric field 
2 digit integer 

15 alphanumeric characters 
10 alphanumeric characters 

1 alphanumeric character 
3 alphanumeric characters 

PROCESS NARRATIVE 

Field 
Position 

1-3 

4-7 

8-9 

10-11 

12-26 
27-36 
37 
38-40 
41-80 

The function of this program is to perform I/O. Each 

record of the input file should be processed in the 

following manner: 

1. Read an input record. 

2. Use the data from the input record to build two seperate 
output record images. 

3. Write the first output record image to the line printer. 

4. Write the second output record image to the line 
printer. 

OUTPUT DESCRIPTION 

As stated in the process narrative, the program will 
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write two output records (or lines) for each input record 

that is read. The output records should contain the data 

listed below: 

RECORD 1 
Customer Name - The customer name should appear in the 

order -- first name, middle initial (with period), 
last name -- with one space separating the fields. 

Quantities 1 through 4 - The quantities should be 
edited to include any necessary decimal points. 
Signed fields should be edited to print signs for 
both positive and negative values. 

RECORD 2 
Control Code - Control code is a six character code. 

The first three characters of this code are the 
first character of the first name, the middle 
initial, and the first character of the last name. 
The last three characters of the code are the three 
characters of the control group field. For 
example, the control code for a customer named JOHN 
C SMITH with a control group value of SSR would be 
JCSSSR. Building this code will involve truncating 
the first and last name fields. 

Quantities 1 through 4 - Print only the integer value 
of these quantities and physically sign only 
negative values. 

The following illustrates how the data of the two 

records should be aligned. 

JACK D. JOHNSON 
JDJ78T 

+176 
176 

96.01 
96 

-3.2 -19 
-3 -19 

The report data of Record 1 should be centered with the same 

number of spaces to the left of first name as there are to 

the right of quantity 4. The report data of Record 2 should 

be aligned to Record 1 as illustrated. 



CHAPTER 6. Arithmetic in COBOL 

Arithmetic computations are performed in COBOL using 

arithmetic verbs. Sections 6.1 and 6.2 explain the simple 

arithmetic verbs ADD, SUBTRACT, MULTIPLY, DIVIDE and 

COMPUTE. A sample COBOL program illustrating the use of 

these verbs is presented in Section 6.3. Self-tests are 

provided throughout the chapter to help you check your 

progress. The chapter concludes with a programming 

assignment. 
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6.1 The Simple Arithmetic Formats 

The simple arithmetic verbs of COBOL are ADD, SUBTRACT, 

MULTIPLY and DIVIDE. These verbs perform the arithmetical 

operations that their names imply. Each of the verbs has 

several formats in which it may be coded. Each of the 

formats will be explained, and examples will be given to 

illustrate their operation. 

6.1.1 The ADD Statement 

The ADD statement causes two or more numeric data 

values to be added and the result stored. The ADD statement 

has two formats. 

Format 1 

ADD 5identifier-1J 
(literal-1 [{' identifier-21 ... J 

,literal-2 j 
TO identifier-m [ROUNDED) 
--[,identifier-n [ROUNDED) ... ) 
[ON SIZE ERROR imperative-statements) 

Format 2 

ADD ~identifier-12 ~,identifier-2L [~,identifier-3l ... -J. 
(literal-1 J ( ,literal-2 J (,literal-3 S 

GIVING identifier-m [ROUNDED) 
[, identifier-n [ROUNDED) ... ] 

[ON SIZE ERROR imperative-statements) 

Format 1 contains the reserved word "TO" and, for this 

reason, it is often called the "TO format". Similarly, 

format 2 is called the "GIVING format". 
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Format 1 Explanation 

As the format notation of the "TO format" indicates, 

there may be one or more operands specified prior to the 

"TO" and one or more operands specified after the "TO'. 

When the "TO format" is specified, it operates as follows: 

1. The operands prior to the "To" are first summed. 

2. This sum is then added to each of the operands 
specified after the "TO". 

The following example illustrates the operation of the "TO 

format". 

EXAMPLE 1. 

ADD A TO B. 

BEFORE 
AFTER 

Value of 
A B 

10 
10 

6 
16 

The operands prior to the "TO" are summed (in this case 

there is only one operand, A) and this result is then added 

to each of the operands following the "TO'', with the result 

being stored in that operand's associated memory location. 

It is important to note that after execution of the ADD 

statement the value of the data items following the "TO" no 

longer contain the values they did prior to the ADD. These 

data items contain the result of the addition after the 

statement is executed. This is shown in Examples 2 and 3. 



EXAMPLE 2. 

ADD A, B TO C. 

EXAMPLE 3. 

BEFORE 
AFTER 

ADD A, B TO C, D. 

BEFORE 
AFTER 
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Value of 
A B C 

A 

4 
4 

11 
11 

3 
3 

Value of 
B C 

1 
1 

12 
17 

2 
16 

D 

-3 
2 

The format notation for format 1 indicates that you 

have a choice when specifying the operand(s) prior to the 

II TO II • These operands may be either numeric data items or 

numeric literals. You do not have a choice, however, when 

specifying the operands after the "TO". These operands must 

be numeric data items, i.e. data items which are defined 

with only the PICTURE symbols 9, S and V. In the 

illustration below, 

ADD 55 TO A. 

is a valid ADD statement, but 

ADD A TO 55. -

is incorrect. Remember, the result of the ADD operation, 

when using the "TO format", is stored in the memory 

associated with the operand(s) after the "TO". 
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Format 2 Explanation 

The second format of the ADD verb is the "GIVING 

format". When this format is specified, addition will be 

performed as follows: 

1. The operands prior to the "GIVING" are first summed. 

2. This sum is then stored in the operand(s) specified 
after the "GIVING". 

The following example will illustrate this 

operation. 

EXAMPLE 1. 

ADD A, B GIVING C. 

BEFORE 
AFTER 

Value of 
A B C 

5 
5 

7 
7 

3 
12 

format's 

Note that the value contained in the data item named C does 

not enter into the addition operation. The memory 

associated with data item C is used only to store the result 

of the addition operation. For this reason the data item(s) 

specified after the "GIVING" may be either numeric or 

numeric edited data items. The PICTURE specification may 

contain the symbols ".", "+n, "-" and others that will be 

presented later. For example, the statement 
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CONTENTS CONTENTS 
ADD A, B GIVING C. BEFORE ADD AFTER ADD 

r-T-T-1 r-T-T-1 
77 A PIC 99V9. 1110181 1110181 

L_..L_..L_.J L_..L_..L_.J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1017131 1017131 

L_..L_..L_.J L_..L_..L_.J 

r-T-T_T_l r-T-T_T_l 
77 C PIC 99.9. 101010101 1118 I . 111 

L_..L_..L_..L_.J L_..L_..L_..L_.J 

It is possible to use an edited field in this manner because 

it does not take part in the addition operation. It is only 

used to store the final result. 

6 .1. 2 The ROUNDED Option 

The following addition example illustrates how field 

size specification can affect the result of an arithmetic 

operation in COBOL. 

CONTENTS CONTENTS 
ADD A TO B. BEFORE ADD AFTER ADD 

r-T-T-l r-T-T-1 
77 A PIC 9V99. 1114181 1114181 

L_..L_..L_.J L_..L_..L_.J 

r-T-T-l r-T-T-1 
77 B PIC 99V9. 1017131 1018171 

L_..L_..L_.J L_..L_..L_.J 

The true result of this computation is 8.78, but since B can 

accommodate only one decimal place, it is truncated to 8.7. 
Truncation, in many cases, may not produce an acceptable 

result. For this reson COBOL provides the ROUNDED option. 

The ROUNDED option may be specified with all COBOL 

arithmetic verbs. If this option is specified in the 

arithmetic statement, the computed result will be rounded 
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before it is stored. If the ADD statement above were 

altered as 

ADD A TO B ROUNDED. 

the result stored in B would be 8.8. Normally, rounding is 

preferred over truncation when performing computations. 

Thus, the ROUNDED option should be specified in arithmetic 

computations if the operands involved could possibly result 

in values being truncated. 

6 .1. 3 The ON SIZE ERROR Option 

What value should be stored in data item A? 

ADD 20 TO A. 

77 A PIC 99V9. 

CONTENTS 
BEFORE ADD 

r-T-T-1 
1910151 
L_..L_..L_J 

CONTENTS 
AFTER ADD 

r-T-T-1 
I? I? I? I 
L_..L_..L_J 

The true result of this computation is 110.5; however, this 

value is too large to be stored in field A. This situation 

is termed a size error. So, what is stored in field A? In 

COBOL, the leftmost integer portion of the computed value 

will be truncated to a size which may be stored in the 

resultant field. Thus, in this example, the value 10.5 will 

be stored in field A and not the correct value of 110.5. 

This type of error result should not go undetected. 

Size errors may occur when performing any arithmetic 

operation if the field specifications used in the 

computation cannot accommodate the largest possible integer 

result. COBOL provides the ON SIZE ERROR option which, if 
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specified, will automatically check for this situation. It 

also will check for division by zero. When the ON SIZE 

ERROR option is specified, you will also specify one or more 

Imperative statements (i.e. nonconditional statements). 

These statements specify the action you wish to perform if 

an ON SIZE ERROR is detected. For example, 

ADD 20 TO A CONTENTS CONTENTS 
ON SIZE ERROR BEFORE ADD AFTER ADD 
PERFORM TO-LARGE-RTN. 

r-T-T-1 r-T-T-1 
77 A PIC 99V9. 1910151 1910151 

L_..l._..l._J L_..l._..l._J 

As previously stated the above example will cause a size 

error to occur. Since the statement is specified with the 

ON SIZE ERROR option the imperative statement will be 

executed. In this case a paragraph named TO-LARGE-RTN will 

be executed. Note that when a size error occurs the values 

contained in the fields remain unchanged. 

Size errors may occur: (1) as a result of programmer 

carelessness when defining the data item's specification ,or 

(2) as a result of the values involved being larger than the 

programmer had planned. In either case, the error is not 

detectable until the program is actually executed. This is 

termed a run-time error. If the ON SIZE ERROR option has 

not been specified, it will go undetected at that time. For 

this reason it is advised that this option be specified with 

all arithmetic computaions. 
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6.1.4 SELF-TEST 

Indicate the results which would occur when each of the 
following ADD statements is executed. 

1. ADD A TO B, C. 
Value of 

A B C 

BEFORE 13 -3 7 

AFTER 

2. ADD A, B GIVING C, D. -Value of 
A B C D 

BEFORE 3 8 6 2 

AFTER 

3. ADD A, B, C TOD, E. 
Value of 

A B C D E 

BEFORE 0 6 -3 11 7 

AFTER 

4. ADD 15, A GIVING B. 
Value of 

A B 

BEFORE 3 7 

AFTER 

5. ADD A, B, C GIVING D. 
Value of 

A B C D 

BEFORE -3 -4 -10 -7 

AFTER 
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Indicate the results which would occur when each of the 
following ADD statements is executed. 

6. ADD A TO B ROUNDED. 

77 A PIC 9V99. 

77 B PIC 99V9. 

CONTENTS 
BEFORE ADD 
r-T-T-1 
1412111 
L_.L_.L_J 

r-T-T-1 
1117131 
L_.L_.L_J 

7. ADD A, B TO C ROUNDED, D. 

77 A PIC 9V99. 

77 B PIC 99V9. 

77 C PIC 99V9. 

77 D PIC 99V9. 

CONTENTS 
BEFORE ADD 
r-T-T-1 
I 513161 
L_.L_.L_J 

r-T-T-1 
1115131 
L_.L_.L_J 

r-T-T-1 
1011101 
L_.L_.L_J 

r-T-T-1 
1011101 
L_.L_.L_J 

7. ADD A, B, C GIVING D ROUNDED. 

77 A PIC 9V99. 

77 B PIC 99V9. 

77 C PIC V999. 

77 D PIC 999. 

CONTENTS 
BEFORE ADD 
r-T-T-1 
1515101 
L_.L_..L_J 

r-T-T-1 
1110101 
L_.L_..L_J 

r-T-T-1 
1515151 
L_.L_.L_J 

r-T-T-1 
1012101 
L_.L_.L_J 

CONTENTS 
AFTER ADD 
r-T-T-1 
I I I I 
L_..L_.L_J 

r-T-T-1 
I I I I 
L_..L_..L_J 

CONTENTS 
AFTER ADD 
r-T-T-1 
I I I I 
L_.L_.L_J 

r-T-T-1 
I I I I 
L_..L_..L_J 

r-T-T-1 
I I I I 
L_.l.._..L_J 

CONTENTS 
AFTER ADD 
r-T-T-1 
I I I I 
L_..L_..L_J 

r-T-T-1 
I I I I 
L_..L_.l.._J 

r-T-T-1 
I I I I 
L_..L_.L_J 

r-T-T-1 
I I I I 
L_.l.._...L_J 
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Indicate the results which would occur when each of the 
following ADD statements is executed. 

9 . ADD A TO B ROUNDED 
ON SIZE ERROR 
MOVE 0 TO B. 

77 A PIC 9V99. 

77 B PIC 99V9. 

10. ADD A, B GIVING C. 
ON SIZE ERROR 

CONTENTS 
BEFORE ADD 
r-T-T-1 
1510101 
L_.L_.L_J 

r-T-T-1 
1818131 
L_.L_..L_J 

MOVE 1 TO WS-ARITH-ERR. 

77 A PIC 9V99. 

77 B PIC 99V9. 

77 C PIC 99V9. 

CONTENTS 
BEFORE ADD 
r-T-T-1 
1915101 
L_.L_.L_J 

r-T-T-1 
1915151 
L_.L_..L_J 

r-T-T-1 
1110101 
L_.L_.L_J 

77 WS-ARITH-ERR PIC 9 VALUE 0. 
r-1 
101 
L_J 

CONTENTS 
AFTER ADD 
r-T-T-1 
I I I I 
L_.L_..L_J 

r-T-T-1 
I I I I 
L_.L_.L_J 

CONTENTS 
AFTER ADD 
r-T-T-1 
I I I I 
L_.L_..L_J 

r-T-T-1 
f I I I 
L_..L_.L_J 

r-T-T-1 
I I I I 
L_..L_..L_J 
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SELF-TEST ANSWERS 

1. 13 10 20 

2. 3 8 11 11 

3. 0 6 -3 14 10 

4. 3 18 

5. -3 -4 -10 -17 

6. After execution the values are: 

A 4.21 
B 21. 5 

7. After execution the values are: 

A 5 .36 
B 15.3 
c 20.7 
D 20.6 

8. After execution the values are: 

A 5.50 
B 10.0 
c . 555 
D 16 

9. After execution the values are: 

.'t:;,. 5. 00 
B 93.3 

10. After execution the values are: 

A 9.50 
B 95.5 
c 10.0 
WS-ARITH-ERR 1 
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6. LS The SUBTRACT Statement 

The SUBTRACT statement causes one data item or the sum 

of two or more data items to be subtracted from one or more 

data items. The SUBTRACT statement has two formats. 

Format 1 

SUBTRACT Sidentifier-11 r),identifier-2}. ·]FROM 
(literal-1 J L(,literal-2 

identifier-m [ROUNDED] [,identifier-n [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 

Format 2 

SUBTRACT { identifier-1 l \{, identifier-2? .. :] 
(literal-1 J L(,litera1~2 j 

FROM 

.$"identifier-ml 
(literal-m J 

GIVING identifier-n [ROUNDED] 

[,identifier-a [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 

Format 1 is called the "FROM format" and format 2 the 

"GIVING format". 

Format l Explanation 

The "FROM format" causes subtraction to be performed in the 

following manner. 

1. First, the operands prior to the "FROM" are summed. 

2. This sum is then subtracted from each of the 
operands specified after the "FROM". 

The next example illustrates the operation of the "FROM 

format". 



EXAMPLE 1. 

SUBTRACT A FROM B. 

BEFORE 
AFTER 
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Value of 
A B 

3 
3 

10 
7 

The operands prior to the "FROM" are summed (in this 

case there is only one operand, A) and this result is 

subtracted from each of the operands following the "FROM". 

The result is stored in that operand's associated memory 

location. Just as in the "TO format" of the ADD statement, 

the results of the subtraction operation will replace the 

original contents of the operands following the reserved 

word "FROM" when the statement is executed. Several 

examples follow to clarify the "FROM format" operation. 

EXAMPLE 2. 

SUBTRACT A, B FROM C. 

EXAMPLE 3. 

BEFORE 
AFTER 

SUBTRACT A, B FROM C, D. 

BEFORE 
AFTER 

A 

4 
4 

Value of 
A B C 

1 
1 

13 
13 

Value of 
B C 

2 
2 

12 
6 

2 
-12 

D 

20 
14 
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Format 2 Explanation 

The second format of the SUBTRACTION verb is the 

"GIVING format". When this format is specified, subtraction 

will be performed as follows: 

1. First, the operands prior to the "FROM" are summed. 

2. This sum is subtracted from the operand 
following the "FROM". 

3. This result is stored in the operands 
following the "GIVING". 

This format's operation is illustrated below. 

EXAMPLE l. 

SUBTRACT A FROM B GIVING C. 

Value of 

BEFORE 
AFTER 

A B C 

3 
3 

7 
7 

9 
4 

Note the alternatives given for operands in the format. The 

operands which appear before and after the reserved word 

"FROM" may be either numeric data items or numeric literals. 

The operand after the "GIVINGn may be a numeric data item or 

an edited numeric data item. (Remember, this field does not 

participate in the computation but serves only to store the 

result.) Several examples follow to clarify the "FROM 

format" operation. 



157 

EXAMPLE 2. 

SUBTRACT A, B FROM C GIVING D. 

EXAMPLE 3. 

BEFORE 
AFTER 

A 

4 
4 

Value of 
B C 

10 
10 

25 
25 

SUBTRACT A, B, C FROM D GIVING E. 

BEFORE 
AFTER 

A 

4 
4 

Value of 
B C 

-4 
-4 

8 
8 

D 

2 
11 

D 

30 
30 

E 

22 
22 

The ROUNDED and ON SIZE ERROR options function in the 

same manner with the SUBTRACT statement as they did with the 

ADD statement. 
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6 .1. 6 SELF-TEST 

Indicate the results which would occur when each of the 
following SUBTRACT statements is executed. 

1. SUBTRACT A, B FROM C. 
Value of 

A B C 

BEFORE 12 7 -2 

AFTER 

2. SUBTRACT A, B FROM C GIVING D. 
Value of 

A B C D 

BEFORE 2 8 23 2 

AFTER 

3. SUBTRACT A, B FROM C, D, E. 
Value of 

A B C D E 

BEFORE 0 5 10 15 5 

AFTER 

4. SUBTRACT A, 4 FROM 15 GIVING B. 
Value of 

A B -----------------------
BEFORE -3 7 

AFTER -------------------------
5. SUBTRACT A, B, c FROM D. 

Value of 
A B c D 

BEFORE -3 -4 -10 0 

AFTER 
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6. SUBTRACT 2, 2.1 FROM A GIVING B ROUNDED. 

CONTENTS CONTENTS 
BEFORE AFTER 
SUBTRACT SUBTRACT 
r-T-T-1 r-T-T-1 

77 A PIC 9V99. 1416151 I I I I 
L_..L_..L_J L_..L_..L_J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1117131 I I I I 

L_..L_..L_J L_..L_..L_J 

7. SUBTRACT A FROM 1000 GIVING B ROUNDED 
ON SIZE ERROR 
MOVE 0 TO B. 

CONTENTS CONTENTS 
BEFORE AFTER 
SUBTRACT SUBTRACT 
r-T-T-1 r-T-T-1 

77 A PIC 9V99. 1510101 I I I I 
L_..L_..L_J L_..L_.l._J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1818131 I I I I 

L_..L_..L_J L_..L_..L_J 

SELF-TEST ANSWERS 

1. 12 7 -21 

2. 2 8 23 13 

3. 0 5 5 10 0 

4. -3 14 

5. -3 -4 -10 17 

6. After execution the values are: 

A 4.65 
B 0.6 

7. After execution the values are: 

A 5.00 
B 0 
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6 .1. 7 The MULTIPLY Statement 

The MULTIPLY statement causes two numeric data items to 

be multiplied. The MULTIPLY statement has two formats. 

Format 1 

MULTIPLY ~ identifier-lJ. 
l_li teral-1 

BY identifier-2[ROUNDED] 

[,identifier-3[ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 

Format 2 

MULTIPLY Ji identifier-1} 
(_li teral-1 

BY { identifier-2 l 
l_literal-2 ~ 

GIVING identifier-3 [ROUNDED] 
[,identifier-4 [ROUNDED] ... ] 

[ON SIZE ERROR imperative-statements] 

Format l Explanation 

When format l is used multiplication will be performed 

in the following manner. 

1. The value of the identifier-1 or literal-1 is 
multiplied by the value of identifier-2. 

2. This result is stored in identifier-2. 

The operation of the format 1 MULTIPLY is illustrated below. 

EXAMPLE l. 

MULTIPLY A BY B. 

BEFORE 
AFTER 

Value of 
A B 

3 
3 

5 
15 

Identifier-2 is used both to compute the multiplication 
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result and to store this result. For this reason, 

identifier-2 may only be a numeric data item. Identifier-1 

may be a numeric data item or a numeric literal. Additional 

examples follow to clarify the operation of this format. 

EXAMPLE 2. 

MULTIPLY A BY B, C. 
Value of 

A B C 

EXAMPLE 3. 

BEFORE 
AFTER 

2 
2 

MULTIPLY 8 BY A. 
Value of 

A 

BEFORE 4 
AFTER 32 

Format 2 Explanation 

10 
20 

2 
4 

When format 2 is used, multiplication will be performed 

in the following manner. 

1. The value of the identifier-1 or literal-1 is 
multiplied by the value of identifier-2. 

2. This result is then stored in identifier-3. 

Study the following examples to clarify the operation of the 

format. 
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EXAMPLE 1. 

MULTIPLY A BY B GIVING C. 

EXAMPLE 2. 

BEFORE 
AFTER 

Value of 
A B C 

3 
3 

7 
7 

9 
21 

MULTIPLY 3 BY A GIVING B, C. 

BEFORE 
AFTER 

Value of 
A B C 

10 
10 

9 
30 

25 
30 

The ROUNDED and ON SIZE ERROR options function in the same 

manner with the MULTIPLY statement as they did with the ADD 

statement. 
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6 .1. 8 SELF-TEST 

Indicate the results which would occur when each of the 
following MULTIPLY statements is executed. 

1. MULTIPLY A BY B GIVING C. 
Value of 

A B C 

BEFORE 10 7 -2 

AFTER 

2. MULTIPLY 5 BY A, B, C. 
Value of 

A B C 

BEFORE -2 8 20 

AFTER 

3. MULTIPLY A BY B GIVING C, D. 
Value of 

A B C D 

BEFORE 0 5 11 15 

AFTER 

4. MULTIPLY A BY -2 GIVING B. 
Value of 

A B 

BEFORE -3 2 

AFTER 

5. MULTIPLY A BY B ROUNDED. 

CONTENTS CONTENTS 
BEFORE AFTER 
MULTIPLY MULTIPLY 
r-T-T-l r-T-T-l 

77 A PIC 9V99. 1311111 I I I I 
L_.l._J.._J L_.l._J.._J 

r-T-T-l r-T-T-1 
77 B PIC 99V9. 1110151 I I I I 

L_.l._.L_J L-.l.-.L_J 
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6. MULTIPLY A BY 100 GIVING B 
ON SIZE ERROR 
MOVE 99 TO B. 

CONTENTS CONTENTS 
BEFORE ADD AFTER ADD 
MULTIPLY MULTIPLY 
r-T-T-1 r-T-T-1 

77 A PIC 9V99. 1s10101 I I I I 
L_.l._.l._J L_.l._.l._J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1818131 I I I I 

L_.l._.l._J L_.l._J..._J 

SELF-TEST ANSWERS 

1. 10 7 70 

2. -10 40 100 

3. 0 5 0 0 

4. -3 6 

5. After execution the values are: 

A 3.11 
B 32.7 

6. After execution the values are: 

A 5.00 
B 99 
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6.1. 9 The DIVIDE Statement 

The DIVIDE statement causes the division operation to 

be performed with two numeric data items. The DIVIDE 

statement has two formats. 

Format 1 

DIVIDE ~identifier-ll INTO identifier-2 [ROUNDED] 
(_ li teral-1 --..S 

[,identifier-3 [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements]. 

Format 2 

DIVIDE {identifier-IL ~ INTOl 5 identifier-21 
(literal-1 ~(BY } (literal-2 ~ 

GIVING identifier-3 [ROUNDED] 
[,identifier~4 [ROUNDED] ... ] 

[ON SIZE ERROR imperative-statements]. 

Format 1 Explanation 

When format 1 is used division will be performed in the 

following manner. 

1. The value of identifier-1 or literal-1 is 
divided into the value of identifier-2. 

2. This result (quotient) is then stored in 
identifier-2. 

The following example illustrates the operation of the 

format 1 DIVIDE statement. 



EXAMPLE 1. 

DIVIDE A INTO B. 

BEFORE 
AFTER 

176 

Value of 
A B 

3 
3 

15 
5 

The contents of identifier-2 are destroyed as a result 

of the division operation (i.e. the result is stored in its 

place). Examples are given to clarify the operation of this 

format. 

EXAMPLE 2. 

DIVIDE A INTO B, C. 
Value of 

A B C 

EXAMPLE 3. 

BEFORE 
AFTER 

2 
2 

DIVIDE 5 INTO A. 
Value of 

A 

BEFORE -20 
AFTER -4 

10 
5 

60 
30 
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Format 2 Explanation 

In the format 2 there is a choice given as to whether 

the reserved word "INTO" or "BY" is specified. If the 

reserved word "INTO" is chosen, the division will be 

performed in the following manner. 

1. The value of the identifier-I or literal-I is 
divided into the value of identifier-2 or literal-2. 

2. This result is then stored in identifier-3. 

If the reserved word "BY" is used the division will be 

performed as follows. 

I. The value of the identifier-I or literal-1 is 
divided~ the value of identifier-2 or literal-2. 

2. This result is then stored in identifier-3. 

Study the following examples. 

EXAMPLE I. 

DIVIDE A INTO B GIVING C. C <-- B/A ) 

Value of 
A B C 

EXAM?LE 2. 

BEFORE 
AFTER 

3 
3 

12 
12 

DIVIDE -10 INTO A GIVING B, C. 

BEFORE 
AFTER 

Value of 
A B C 

10 
10 

9 
-1 

25 
-1 

2 
4: 
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EXAMPLE 3. 

DIVIDE A BY B GIVING C. ( C <-- A/B ) 

BEFORE 
AFTER 

Value of • 
A B C 

10 
10 

5 
5 

25 
2 

The ROUNDED and ON SIZE ERROR options function in the same 

manner with the MULTIPLY statement as they did with the ADD 

statement. 
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6.1.10 SELF-TEST 

Indicate the results which would occur when each of the 
following DIVIDE statements is executed. 

1. DIVIDE A BY B GIVING C. 
Value of 

A B C 

BEFORE 30 6 -2 

AFTER 

2. DIVIDE A INTO B GIVING C. 
Value of 

A B C 

BEFORE 10 40 0 

AFTER 

3. DIVIDE A BY B GIVING C, D. 
Value of 

A B C D 

BEFORE -14 -2 11 15 

AFTER 

4. DIVIDE A BY 22 GIVING B. 
Value of 

A B -----------------------
BEFORE 22 2 

AFTER -------------------------
5. DIVIDE A INTO B ROUNDED. 

CONTENTS CONTENTS 
BEFORE AFTER 
DIVIDE DIVIDE 
r-T-T-1 r-T-T-1 

77 A PIC 9V99. 1315101 I I I I 
L_.l._.l._J L_.l._.l._J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1110141 I I I I 

L_.l._.l._J L_.l._.l._J 
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6. DIVIDE A INTO B 
ON SIZE ERROR 
MOVE 1 TO B. 

CONTENTS 
BEFORE ADD 
DIVIDE 
r-T-T-l 

77 A PIC 9V99. 1010101 
L_...L_...L_J 

r-T-T-l 
77 B PIC 99V9. 1418101 

L_...L_...L_J 

SELF-TEST ANSWERS 

1. 30 6 5 

2. 10 40 4 

3 . -14 -2 7 7 

4. 22 1 

5. After execution the values are: 

A 3.50 
B 3.0 

6. After execution the values are: 

A 0 
B 1 

CONTENTS 
AFTER ADD 
DIVIDE 
r-T-T-1 
I I I I 
L_...L_...L_J 

r-T-T-l 
I I I I 
L_...L_...L_J 
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6.2 The COMPUTE Statement 

Computations in COBOL may also be performed using the 

COMPUTE statement. After studying Section 6.1, you may 

wonder why an additional arithmetic verb is necessary if 

COBOL supports only the elementary arithmetic operations. 

The COMPUTE statement is included for two reasons. First, 

the COMPUTE statement allows the programmer to express 

fairly complicated arithmetic computations, involving 

several different arithmetic operators, in a single 

statement. A computation which might require coding several 

simple arithmetic verb statements can be expressed by coding 

a single COMPUTE statement. Second, the COMPUTE statement 

provides an additional operator, exponentiation, for which 

there is no equivalent simple arithmetic verb. 

The format of the COMPUTE statement is 

COMPUTE identifier-1 [ROUNDED] 
[,identifier-2 [ROUNDED] ... 1 

--(numeric-literal 1 

= j identifier-n ~ 
larithmetic-expression) 

[ON SIZE ERROR imperative-statements]. 

The COMPUTE statement, when executed, operates as follows: 

The right hand side of the equality 
computed, and the result is stored 
identifiers on the left hand side. 

sign is 
in the 

The following examples illustrate the COMPUTE statement's 

operation. 
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EXAMPLE 1. 

COMPUTE A = 22. 
Value of 

A 
-----------------

BEFORE 3 
AFTER 22 

-----------------
EXAMPLE 2. 

COMPUTE A = B. 
Value of 

A B 
-----------------------

BEFORE 2 10 
AFTER 10 10 

-----------------------
EXAMPLE 3. 

COMPUTE A = B + c - D. 
Value of 

BEFORE 
AFTER 

A 

3 
8 

B 

10 
10 

c 

2 
2 

D 

4 
4 

These examples illustrate the use of the right hand 

side alternatives of a COMPUTE statement: Example 1, the 

numeric literal; Example 2, the numeric identifier; and 

Example 3, the arithmetic expression. When alternative one 

or two is chosen as the right hand side of the COMPUTE 

statement and the ROUNDED and ON SIZE ERROR options are not 

specified, the results are identical to executing a MOVE 

statement. The equivalent MOVE statements for Example 1 and 

2, respectively, are: 

MOVE 22 TO A. 

MOVE B TO A. 

Example 3 illustrates the more common use of the 



183 

COMPUTE statement that of performing an arithmetic 

computation. The remainder of this section will discuss and 

illustrate the COMPUTE statement when this alternative is 

specified. 

6.2.1 Forming Arithmetic Expressions 

Arithmetic expressions look very much like algebraic 

expressions. They may be composed of numeric data items, 

numeric literals and operators. The operators used in an 

arithmetic expression are shown in the following table. 

Operator 

.+ 

* 
I 
** 

Meaning 

addition 
subtraction 
multiplication 
division 
exponentiation 

Syntactically, a COMPUTE statement requires that a space 

come before and after each operator as well as the equality 

sign. For example, 

r-T-T_T_T_T_T_T_T_T_T_T_T_T_T_T_l 
ICIOIMIPIUITIEI IAI 1=1 IBl+ICI .1 
L-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-J 

is incorrect and will result in a syntax error. The 

following COMPUTE statement illustrates how it should be 

specified. 

r-T-T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_l 
ICIOIMIPIUITIEI IAI 1=1 IBI l+I ICI .1 
L-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-J 

is correct. 
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6.2.2 Arithmetic Expression Evaluation 

To use arithmetic expressions correctly it is necessary 

to understand the way in which these expressions are 

evaluated. For example, does the following COMPUTE 

statement 

COMPUTE A = B + C / D. 

mean 

B + C c 
A = ------- or A = B + 

D D 

Suppose, B, C and D have the values 2, 4 and 2, 

respectively. Under the first interpretation, A would 

contain a value of 3. Under the second interpretation, A 

would contain a value of 4. The order in which the 

operations are performed makes a difference in the result 

obtained. 

In COBOL, arithmetic expressions are evaluated from 

left to right using the operator precedence rules listed 

below. 

Operator 

** * and I 
+ and -

Precedence 

highest 

lowest 

All exponentiation is performed first, then multiplication 

and division. Addition and subtraction are performed last. 

In the COMPUTE statement 
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COMPUTE A = B / C - D ** 3 + E '* F 

the order of evaluation will be: 

1. D ** 3 
2. B I c 
3. E * F 
4. (Step 2 results) - (Step 1 
5. (Step 4 results) + (Step 3 

Study the following examples. 

EXAMPLE 3. 

'COMPUTE A= B + C ** D 

Steps in evaluation 
1. C ** D 

which is 10 squared or 100 
2. B + (Step 1 result) 

10 + 100 or 110 

results) 
results) 

3. So, the value of A will be replaced 
by the value 110 

EXAMPLE 4. 

BEFORE 
AFTER 

COMPUTE A = B - C / D 

Steps in evaluation 
1. C ID 

A 

3 
110 

Value of 
B C 

10 
10 

10 
10 

which is 10 divided by 2 or 5 
2. B - (Step 1 result) 

10 - 5 or 5 
3. So, the value of A will be replaced 

by the value 5 

BEFORE 
AFTER 

A 

3 
5 

Value of 
B C 

10 
10 

10 
10 

D 

2 
2 

D 

2 
2 

The normal order of evaluation may be altered by the 

use of parentheses. The rule is that all operations within 
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parentheses will be performed first. If there are two or 

more operators within the parentheses, the normal order of 

evaluation will be used to determine the result of the 

parenthesized expression. Spacing rules must be observed 

when using parentheses. Blanks or spaces may not follow a 

left parenthesis or come before a right parenthesis. 

Suppose that you.wanted to code a COMPUTE statement for the 

following algebraic expression. 

B + C 
A = -------

D 

In this case, the addition should be performed before the 

division. To alter the normal order of evaluation, you 

would code the following statement. 

r-T-T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T_T __ 
ICIOIMIPIUITIEI IAI 1=1 I ( IBI l+I ICI) I I/I IDI ·' 
L-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~-~--

Notice the spacing involved in coding this statement. 
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6.2.3 SELF-TEST 

Indicate the results which would occur when each of the 
following COMPUTE statements is executed. 

1. COMPUTE A= B * C. 
Value of 

A B C 

BEFORE 30 6 -2 

AFTER 

2. COMPUTE A= B - C * D. 
Value of 

A B C D 

BEFORE -14 20 3 5 

AFTER 

3. COMPUTE A= B + C ** .5 * D. 
Value of 

A B C D 

BEFORE 14 -2 16 3 

AFTER 

4. COMPUTE A = B / 3 * 5. 
Value of 

A B 

BEFORE 22 18 

AFTER 
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5. COMPUTE A ROUNDED = B I (C + 2). 

CONTENTS CONTENTS 
BEFORE AFTER 
COMPUTE COMPUTE 
r-T-T-1 r-T-T-1 

77 A PIC 9V99. 1315 IOI I I I I 
L_..L_..L_J L_..L_..L_J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1617101 I I I I 

L_..L_..L_J L_..L_..L_J 

r-T-T-1 r-T-T-1 
77 C PIC 99V9. 1110101 I I I I 

L_..L_..L_J L_..L_..L_J 

6. COMPUTE A = B + 1000 
ON SIZE ERROR 
MOVE 1 TO B. 

CONTENTS CONTENTS 
BEFORE ADD AFTER ADD 
COMPUTE COMPUTE 
r-T-T_T_l r-T-T_T_l 

77 A PIC 9999. 191919191 I I I I I 
L_..L_..L_..L_J L_..L_..L_..L_J 

r-T-T-1 r-T-T-1 
77 B PIC 99V9. 1418101 I I I I 

L_..L_..L_J L_..L_..L_J 

Write an equivalent COMPUTE statement for each of the following 
algebraic expressions. 

7. B - C 
A = ----- + D 

4 

8. 2 2 
A = A + B 

9. B - C + D 
A = --------- + 7 

E 

10. A = 44.3 
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SELF-TEST ANSWERS 

1. -12 6 -2 

2. 5 20 3 5 

3. 10 -2 16 3 

4. 30 18 

5. After execution the values are: 

A 5.58 
B 67.0 
c 10.0 

6. After execution the values are: 

A 1048 
B 48.0 

7. COMPUTE A = (B - C) I 4 + D. 

8. COMPUTE A = A ** 2 + B ** 2. 

9. COMPUTE A = (B - c + D) I E + 7. 

10. COMPUTE A = 44.3. 
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6.3 An Example Program 

Example Program #3 is designed to illustrate the use of 

topics presented in this chapter. This program's function 

is to process a customer purchase file and produce an output 

listing. Each record in the file contains a customer name, 

a customer number and three quantity fields. Each quantity 

field contains the number of units purchased of either items 

one, two or three. The unit prices of item 1, item 2 and 

item 3 are $5.00, $10.00 and $2.50 respectively. 

The program will process each of the purchase records 

in the following way: for each input record read an output 

line will be built and printed. Some of the fields in the 

output line must be computed from the values on the input 

record and thus involve using the arithmetic verbs. The 

structure and logic of this progarn are very similar to the 

previous example programs, and therefore a detailed 

discussion of the program will not be given. Particular 

attention should be paid to the following areas: 

1. Use of a nested PERFORM statement (line 84). 
The term 11 nested" means that this PERFORM statement is 
contained within a paragraph (BUILDRECORD-RTN) which is 
itself being performed. 

2. The COMPUTE statements of the CALCULATE-RTN (lines 
86-95) . 
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EXAMPLE PROGRAM #3 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 7 8 ... 2 .. I .... o .... I .... o .... I .... o . . . . I .... o .... I .... o 

1 IDENTIFICATION DIVISION. 
2 PROGRAM-ID. EXAMPLE3. 
3 AUTHOR. BEN C ROBINSON. 
4 INSTALLATION. VPI & SU. 
5 DATE-WRITTEN. 06-10-83. 
6 DATE-COMPILED. 
7 SECURITY. NONE. 
8 REMARKS. THIS IS THE THIRD EXAMPLE PROGRAM 
9 USED IN CS2600. 

10 
11 ENVIRONMENT DIVISION. 
12 CONFIGURATION SECTION. 
13 INPUT-OUTPUT SECTION. 
14 FILE-CONTROL. 
15 SELECT INPUT-FILE ASSIGN TO UT-S-SYSIN. 
16 SELECT PRINT-FILE ASSIGN TO UT-S-SYSOUT. 
17 
18 DATA DIVISION. 
19 FILE SECTION. 
20 
21 FD INPUT-FILE 
22 LABEL RECORDS ARE OMITTED. 
23 01 INPUT-CUSTOMER-REC. 
24 OS IR-CUST-NAME PIC X(lO). 
25 05 IR-CUST-NUM PIC X(6). 
26 05 IR-PURCHASE-QTY. 
27 10 IR-QTYl PIC 99 .. 
28 10 IR-QTY2 PIC 99. 
29 10 IR-QTY3 PIC 99. 
30 05 FILLER PIC X(58). 
31 
32 FD PRINT-FILE 
33 LABEL RECORDS ARE OMITTED. 
34 01 OUTPUT-REPORT-REC PIC X(133). 
35 

(continued on next page) 
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EXAMPLE PROGRAM #3 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. I~ ... 0 .... I· ... 0 .... 1- ... 0 .... I - ... 0 .... I - ... 0 

36 WORKING-STORAGE SECTION. 
37 77 WS-NO-MORE-RECORDS-FLAG PIC X(3) VALUE 'NO'. 
38 
39 01 WSRl-CUSTOMER-REPORT-REC. ' '----._ 

40 05 FILLER PIC X(40) VALUE SPACES. 
41 05 WSRl-CUST-NUM PIC X(6). 
42 05 FILLER PIC X(4) VALUE SPACES. 
43 05 WSRl-CUST-NAME PIC X(lO). 
44 05 FILLER PIC X(4) VALUE SPACES. 
45 05 WSRl-QTYl PIC 99. 
46 051 FILLER PIC X(4) VALUE SPACES. 
47 05 WSR1-QTY2 PIC 99. 
48 05 FILLER PIC X(4) VALUE SPACES. 
49 05 WSR1-QTY3 PIC 99. 
50 05 FILLER PIC X(4) VALUE SPACES. 
51 05 WSRl-QTY-TOT PIC 999. 
52 05 FILLER PIC X(4) VALUE SPACES. 
53 05 WSRl-QTY-COST PIC 9999.99. 
54 05 FILLER PIC X(39) VALUE SPACES. 
55 
56 PROCEDURE DIVISION. 
57 
58 MAIN-LINE. 
59 OPEN INPUT INPUT-FILE, 
60 OUTPUT PRINT-FILE. 
61 READ INPUT-FILE 
62 AT END 
63 MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 
64 PERFORM WRITE-READ-PROCESS 
65 UNTIL WS-NO-MORE-RECORDS-FLAG = 'YES'. 
66 CLOSE INPUT-FILE, PRINT-FILE. 
67 STOP RUN. 
68 

{continued on next page) 
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EXAMPLE PROGRAM #3 (CONTINUED) 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .• I .... o .... I .... o .... I .... o .... I .... o .... I .... o 

WRITE-READ-PROCESS. 
PERFORM BUILD-RECORD-ROUTINE. 
MOVE WSRl-CUSTOMER-REPORT-REC TO 

OUTPUT-REPORT-REC. 
WRITE OUTPUT-REPORT-REC. 
READ INPUT-FILE 

AT END 
MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 

BUILD-RECORD-ROUTINE. 
MOVE IR-CUST-NAME TO WSRl-CUST-NAME. 
MOVE IR-CUST-NUM TO WSRl-CUST-NUM. 
MOVE IR-QTYl TO WSRl-QTYl. 
MOVE IR-QTY2 TO WSR1-QTY2. 
MOVE IR-QTY3 TO WSR1-QTY3. 
PERFORM CALCULATE-RTN. 

CALCULATE-RTN. 
COMPUTE WSRl-QTY-TOT = IR-QTYl + IR-QTY2 + 

IR-QTY3 
ON SIZE ERROR 

MOVE 0 TO WSRl-QTY-TOT. 

COMPUTE WSRl-QTY-COST = (IR-QTYl * 5) + 
(IR-QTY2 * 10) + (IR-QTY3 * 2.50) 
ON SIZE ERROR 

MOVE 0 TO WSRl-QTY-TOT. 



194 

EXERCISE 3. An Arithmetic Program 

In this exercise, Write a COBOL program using the 

following specifications. 

INPUT RECORD DESCRIPTION 

Field Field Field 
Name Specification Position 

Sales Monday unsigned numeric field 1-5 
5 digits with 2 decimal places 

Sales Tuesday unsigned numeric field 6-10 
5 digits with 2 decimal places 

Sales Wednesday unsigned numeric field 11-15 
5 digits with 2 decimal places 

Sales Thursday unsigned numeric field 16-20 
5 digits with 2 decimal places 

Sales Friday unsigned numeric field 21-25 
5 digits with 2 decimal places 

Salesperson's unsigned numeric field 26-28 
Pay Percent 3 digits with 3 decimal places 

Unused 29-30 
Salesperson's 15 alphanumeric characters 31-45 

Name 
Unused 46-80 

PROCESS NARRATIVE 

The function of this program is to process the input 

file (SALES FILE) and to produce an output report (PAY 

REPORT). The input SALES FILE should be processed in the 

following manner: 

1. Read an input record from the SALES FILE. 

2. Use the data from the input record to build an output 
record image. This will involve moving some data 
directly from the input area to the print line image, 
but will also require performing the following 
calculations: 

SALESPERSON'S PAY= TOTAL SALES TIMES PAY PERCENT. 

where TOTAL SALES = SUM OF EACH DAYS SALES. 
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AVERAGE SALES PER DAY = TOTAL SALES DIVIDED BY FIVE. 

3. Write the output record image to the line printer. 

OUTPUT DESCRIPTION 

There will be one line of output printed for each 

record processed. The output record should should be 

structured to contain the data listed below: 

Output Record Image 

Salesperson's Name 
Sales Monday 
Sales Tuesday 
Sales Wednesday 
Sales Thursday 
Sales Friday 
Total Sales (for the week) 
Average Sales (per day) 
Salesperson's Pay (weekly) 

* All numeric quantities appearing on the report should be 
edited to include any necessary decimal points. 

The report data should be neatly presented on the 

printed report (i.e. report data evenly space and centered 

on the f orrn). 



CHAPTER 7. Formatted Reports 

This chapter discusses how formatted reports are 

produced in COBOL. Section 7.1 presents additional editing 

PICTURE symbols commonly used in printed reports. Section 

7.2 explains the basic program logic employed to produce a 

formatted report. The extended WRITE statement is also 

covered in this section. Section 7.3 discusses the topic of 

program documentation. Section 7.4 is a sample COBOL 

program which produces a formatted report. This program 

illustrates topics covered in this chapter. Self-tests are 

provided throughout the chapter to help you monitor your 

progress. The chapter concludes with a programming 

assignment. 

196 
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7.1 Additional Editing Symbols 

If you recall from Section 5.2, it may be necessary to 

edit data prior to printing it on a report. Section 5.2 

presented an introduction on numeric data editing. The use 

of the PICTURE symbols for obtaining decimal points (symbol 

".") and operational signs (symbols 11 - 11 and "+") were 

explained. In this section the use of six additional edit 

symbols will be presented. A description of each follows. 

7 .1.1 Zero Suppression Qy Blanks: Z 

In business reports the leading zeros of numeric values 

are normally replaced by blanks. This is done to make the 

value easier to read. To accomplish this task in COBOL, the 

editing PICTURE symbol Z is used. 

When the symbol Z is specified in a PICTURE clause, it 

must precede any PICTURE symbol 9. The symbol Z causes the 

leading zeros of a numeric value to be replaced with blanks. 

The following examples illustrate the operation of the 

editing symbol Z. 

EXAMPLE 1. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T-T-1 r-T-T-1 
77 FLDl PIC 999. 1012101 1012101 

L_..L_..L_J L_..L_..L_J 

r-T-T-1 r-T-T-1 
77 FLD2 PIC ZZ9. 1211101 I 12101 

L_..L_..L_J L_..L_..L_J 

FLDl has one leading zero. When this value is moved to 

FLD2, an edited field containing the symbol Z, this leading 
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zero is replaced by a blank. 

EXAMPLE 2. 

77 FLDl 

77 FLD2 

EXAMPLE 3. 

77 FLDl 

77 FLD2 

MOVE FLDl TO FLD2. 

PIC 999V9. 

PIC ZZZ.9. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_l 
111410131 
L_..L_..L_..L_J 

r-T-T_T_T_l 
13121113111 
L_..L_..L_..L_..l._J 

MOVE FLDl TO FLD2. 

PIC 99V99. 

PIC zzz.z. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_l 
101010101 
L_..L_..L_..L_J 

r-T-T_T_T_l 
11111113111 
L_..L_..L_..L_..L_J 

CONTENTS 
AFTER MOVE 

r-T-T_T_l 
111410131 
L_..L_..L_..L_J 

r-T-T_T_T_l 
1114101.131 
L_..L_..L_..L_..L_J 

CONTENTS 
AFTER MOVE 

r-T-T_T_l 
101010101 
L_..L_..L_..l._J 

r-T-T_T_T_l 
I I I I I I 
L_..L_..L_..L_..L_J 

Example 3 illustrates the use of the PICTURE symbol Z on the 

right of the decimal point. The value of FLDl is zero. 

When moved to FLD2, all the zeros are replaced by blanks. 

The decimal point is a~so replaced by a blank in this case. 

7 .1. 2 Zero Suppression ~ Asterisks: "*" 

In business reports, leading zeros are sometimes 

replaced with asterisks. Asterisks are used as a protective 

effort, e.g. with money amounts which appear on payroll 

checks. The edit PICTURE symbol * is used to accomplish 

this. 

When the symbol "*" is used, it must precede any symbol 

9. The PICTURE symbol "*" will cause the leading zeros of a 

numeric value to be replaced by asterisks. Although the "*" 
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and Z symbols operate in a similar fashion, they may not be 

used in combination in a PICTURE clause. Examples follow to 

illustrate the use of the "*" symbol. 

EXAMPLE 1. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T-T-1 r-T-T-1 
77 FLDl PIC 999. 10101s1 10101s1 

L_J.._...l.._J L_J.._J.._J 

r-T-T-1 r-T-T-1 
77 FLD2 PIC **9. 1811101 I* I* 151 

L_...l.._...l.._J L_...l.._...l.._J 

EXAMPLE 2. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T-T_T_l 
77 FLDl PIC 99V99. 101410131 

L_...l.._...l.._...l.._J 

r-T-T_T_T_1 
77 FLD2 PIC **.99. 13121113111 

L_...l.._...l.._J.._.l._J 

EXAMPLE 3. MOVE FLDl TO FLD2. 

r-T-T_T_1 
101410131 
L_...l.._...l.._.l._J 

r-T-T_T_T_1 
1*141.10131 
L_...l.._...l.._...l.._...l.._J 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T-T_T_1 
77 FLDl PIC 99V99. 101010101 

L_...l.._.l._...l.._J 

77 FLD2 PIC **·** 
r-T-T_T_T_1 
12121413111 
L_.l._J.._J.._J.._J 

r-T-T_T_1 
101010101 
L_.l._...l.._...l.._J 

r-T-T_T_T_1 
l*l*l·l*l*I 
L_.l._...l.._.l._...l.._J 



7 .1. 3 Comma Insertion: II II 
I 
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Commas may be inserted into a numeric field by using 

the editing symbol II II 
I • The following examples demonstrate 

its use. 

EXAMPLE 1. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

77 FLDl 

77 FLD2 

EXAMPLE 2. 

r-T-T_T_l 
PIC 9999. 131214131 

L_..L_..L_..L_.J 

r-T-T_T_T_l 
PIC 9,999. 10171113111 

L..L_..L_..L_..L_J 

MOVE FLDl TO FLD2. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_T_l 
77 FLDl PIC 9999V9. 11121112111 

L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
77 FLD2 PIC 9,999.9. 1111[1[2[112111 

L_.J._.J._..L_..L_..L_..L_J 

EXAMPLE 3. 

77 FLDl PIC 

77 FLD2 PIC 

MOVE FLDl TO FLD2. 

9999V9. 

9,999.9. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_T_l 
10101s12101 
L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
101010141212161 
L_..L_..L_..L_..L_..L_..L_J 

r-T-T_T_l 
131214131 
L_..L_..L_..L_.J 

r-T-T_T_T_l 
131,1214131 
L_..L_..L_..L_..L_.J 

CONTENTS 
AFTER MOVE 

r-T-T_T_T_l 
11121112111 
L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
Ill, 1211121.111 
L_..L_..L_..L_..L_..L_..L_J 

CONTENTS 
AFTER MOVE 

r-T-T_T_T_l 
10101s12101 
L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
101, 101s121.101 
L_..L_..L ... ..L_..L_..L_..L_J 

Edit symbols Z or"*" can be used with the "," PICTURE 

symbol. Example 3 can be made more readable by suppressing 

leading zeros. 
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EXAMPLE 4. MOVE FLDl TO FLD2. 

77 FLDl PIC 9999V9. 

77 FLD2 PIC Z,ZZZ.9. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_T_l 
10101s12101 
L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
IOIOIOl41212161 
L_..L_..L_..L_..L_.l.._..L_J 

CONTENTS 
AFTER MOVE 

r-T-T_T_T_l 
10101s12101 
L_..L_..L_..L_..L_J 

r-T-T_T_T_T_T_l 
I I I 1s121. Io I 
L_..L_..L_..L_..L_..L_..L_J 

In this case the zero suppression also suppresses the comma 

which is not required. 

7 .1. 4 Dollar Sign Insertion: "$" 

A dollar sign is obtained in an edited field by placing 

a single "$" as the leftmost symbol of the field. For 

example, 

EXAMPLE 1. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T-l r-T-l 
77 FLDl PIC 99. 13121 13121 

L_..L_J L_..L_J 

r-T-T-1 r-T-T-l 
77 FLD2 PIC $99. 1219111 1$13121 

L_..L_..L_J L_..L_..L_J 

The edit symbol "$" can be used in conjunction with other 

edit symbols as is illustrated below. 
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EXAMPLE 2. MOVE FLDl TO FLD2. 

77 FLDl PIC 99V99. 

77 FLD2 PIC $ZZ.99. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_l 
101213141 
L_..L_.l._..L_J 

r-T-T_T_T_T_1 
1011101211121 
L_..L_..L_..L_..L_..L_J 

EXAMPLE 3. MOVE FLDl TO FLD2. 

77 FLDl PIC 99V99. 

77 FLD2 PIC $**.99. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_1 
101019151 
L_..L_..L_..L_J 

r-T-T_T_T_T_1 
1011101211121 
L_..L_..L_.l._..L_.l._J 

CONTENTS 
AFTER MOVE 

r-T-T_T_1 
101213141 
L_.l._.l._.l._J 

r-T-T_T_T_T_l 
1$1 121.13141 
L_.l._.l._.l._.l._..L_J 

CONTENTS 
AFTER MOVE 

r-T-T_T_1 
101019151 
L_.l._.l._..L_J 

r-T-T_T_T_T_l 
1$1*1*1-19151 
L_.l._..L_.l._..L_.l._J 

The "$" edit symbol, in the examples above, is used in 

a "fixed dollar sign" mode. Fixed means that the "$" will 

always be placed in the same location. An alternative mode 

is "floating" the $. When a "floating dollar sign 11 is 

specified, the "$" will appear next to the leftmost nonzero 

integer digit of the numeric value being edited. To float a 

dollar sign, the "$" symbol is specified in the same way 

symbols Z or "*" are specified. For example, 
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EXAMPLE 4. MOVE FLDl TO FLD2. 

77 FLDl PIC 9999. 

77 FLD2 PIC $$,$$$. 

CONTENTS 
BEFORE MOVE 

r-T-T_T_l 
10101s121 
L_.J.._.J.._.J.._J 

r-T-T_T_T_T_l 
1010101412121 
L_.J.._.J.._.J.._.J.._.J.._J 

CONTENTS 
AFTER MOVE 

r-T-T_T_l 
10101s121 
L_.J.._.J.._.J.._J 

r-T-T_T_T_T_l 
I I I I$ Is 121 
L_.J.._.l._J._.l._.l._J 

7. 1 .. 5 Debit and Credit Symbols: DB and CR 

The edit symbols "CR" (credit) and "DB" (debit) are 

used to indicate negative values. The "CR" or "DB" symbol 

may only be placed as the rightmost symbols of a PICTURE 

clause. If the value being edited is negative, the two 

spaces reserved by the edit symbols will contain either the 

letters "CR" or "DB". If the value being edited is 

positive, two soaces will be placed in the positions 

reserved by the edit symbols. Study the following examples. 

EXAMPLE 1. MOVE FLDl TO FLD2. 

77 FLDl PIC S99. 

77 · FLD2 PIC 99CR. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T.;.l 
13121 
L_J._J 

r-T-T_T_l 
121911131 
L_J._J._.J.._J 

r-i;::1 
I 3121 
L_.J.._J 

r-T-T_T_l 
l312ICIRI 
L_J._J._J._J 
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EXAMPLE 2. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

77 FLDl PIC S99. 
r-Tf-1 r-T~1 
10121 101 I 
L_.J.._.J L_.J.._.J 

r-T-T_T_1 r-T-T_T_1 
77 FLD2 PIC 99CR. 121911131 10121 I I 

L_.J.._.J.._.J.._.J L_.J.._.J.._.J.._.J 

EXAMPLE 3. MOVE FLDl TO FLD2. 

CONTENTS CONTENTS 
BEFORE MOVE AFTER MOVE 

r-T=1 r-T.:1 
77 FLDl PIC S99. 14131 14131 

L_.J.._.J L-...1..-.J 

r-T-T_T_1 r-T-T_T_1 
77 FLD2 PIC 99DB. 121019131 l413IDIBI 

L_.J.._.J.._.J.._.J L_.J.._.J.._.J.._.J 
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7 .1. 6 SELF-TEST 

For each of the test items, show the results that would 
occur when the following MOVE statement is executed. Draw 
your own boxes for the results. 

MOVE FLDl TO FLD2. 

FLDl FLD2 
CONTENTS CONTENTS 

FLDl PIC BEFORE MOVE FLD2 PIC AFTER MOVE 

1. r-T-T_T_l 
PIC 999V9. 101218141 PIC ZZZ.9. 

L_..1.._..l.._..l.._.J 

2. r-T-T_T_T_l 
PIC 99999. 10101415181 PIC **,**9. 

L_..l.._..l.._..J.._..l.._.J 

3 . r-T-T_T_l 
PIC 99V99. 101019151 PIC $$$.99. 

L_..J.._..J.._..l.._.J 

4. r-T-T_T_T_l 
PIC 99999. 11121415181 PIC $ZZZZ9. 

l_..l.._..l.._..l.._..l.._.J 

5. r-T-T~l 

PIC S999. 10121s1 PIC Z99DB. 
L_..J.._..J.._.J 

6. r-T-T.::.l 
PIC S999. 1615141 PIC 999CR. 

L_..J.._..l.._.J 

7. r-T-1 
PIC 99. 11121 PIC $$$. 

L_..l.._.J 

8. 1;1;111 PIC 5999. PIC +ZZ9. 
L_..J.._..I.._..! 



r-T-T_T_T_l 
1. I 12181.141 

L_.L_.L_.L_.L_J 

r-T-T_T_T_T_l 
2. 1*1*1*1415181 

L_.L_.L_.L_.L_.L_J 

r-T-T_T_T_T_l 
3. I I 1$1.19151 

L_.L_.L_.L_.L_.L_J 

r-T-T_T_T_T_l 
4. 1$11121415181 

L_.L_.L_.L_.L_.L_J 

r-T-T_T_T_l 
s. I I 2151 I I 

L_.L_.L_.L_.L_J 

r-T-T_T_T_l 
6. l61514ICIRI 

L_.L_.L_.L_.L_J 

r-T-T-1 
7. 1$11121 

L_.L_.L_J 

r-T-T_T_l 
8. 1+1 12141 

L_.L_.L_.L_J 
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7.2 Producing Reports in COBOL 

To produce a printed report in COBOL requires more than 

editing the data correctly for readability. Reports should 

have proper headings and subheadings. The format should be 

neat and easy to understand. Double spacing may be required 

for some printed lines of the report; other lines of the 

report may require triple or single spacing. This section 

covers these topics and explains the program logic used to 

produce a simple, formatted report. 

7.2.1 The Extended WRITE Statement 

Up to this point in the text, the simple WRITE 

statement has been used to transfer print images from the 

program output buffer area to the line printer. The simple 

WRITE statement is adequate only if the report is single 

spaced. For more complex reports involving various spacing 

requirements the extended WRITE statement must be used. The 

complete format for the WRITE statement is given below. 

r------------------------------------------------------1 
I WRITE record-name [FROM identifier-1] I 
I -- I 
J [S BEFORE I ADVANCING l integer-1 LINES / l I 
I (AFTER j identifier-2 LINES t I 
I mnemonic-name ..J .J I L------------------------------------------------------J 
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The "FROM" Option 

The first optional feature of the extended WRITE 

statement is the "FROM" option. When FROM is specified, the 

contents of identifier-1 are moved to the record-name area 

in the FILE SECTION of the DATA DIVISION. The WRITE is then 

performed. The "FROM" option is equivalent to performing a 

MOVE statement followed by a WRITE statement. For example, 

the statement 

WRITE OUTPUT-REPORT-REC FROM WSRl-CUSTOMER-DETAIL. 

is equivalent to the two following statements 

MOVE WSRl-CUSTOMER-DETAIL TO OUTPUT-REPORT-REC. 
WRITE OUTPUT-REPORT-REC. 

The "ADVANCING" Option 

The "ADVANCING" option of the extended WRITE statement 

enables the programmer to control spacing of the paper 

(called forms) on the printer. This allows the production 

of reports involving various spacing requirements. 

The option has several variations depending on the 

alternatives which are specified. If the reserved word 

"BEFORE" is chosen, the record image will be printed before 

the printer advances the form. If the reserved word "AFTER" 

is chosen, the record image will be printed after the 

printer advances the form. 

The amount the printer advances the paper is determined 

by the alternative specified after the reserved word 
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"ADVANCING". The first two alternatives, integer-1 and 

identifier-2, may be used to advance the form a specified 

number of lines. If integer-1 is chosen, it must be a 

positive integer less than 100. If identifier-1 is used, it 

must contain a value of a positive integer less than 100. 

Consider the following examples. 

EXAMPLE 1. WRITE PRINT-REC BEFORE ADVANCING 2 LINES. 

position before WRITE --> line a (contents of PRINT-REC) 
line b 

position after WRITE --> line c 
line d 

EXAMPLE 2. WRITE PRINT-REC AFTER ADVANCING 2 LINES. 

position before WRITE --> line a 
line b 

position after WRITE --> line c (contents of PRINT-REC) 
line d 

EXAMPLE 3. 77 WS-TRIPLE PIC 9 VALUE 3. 

WRITE PRINT-REC AFTER ADVANCING WS-TRIPLE LINES. 

position before WRITE --> line a 
line b 
line c 

position after WRITE --> line d (contents of PRINT-REC) 
line e 

To single space, you would code the following statement. 

WRITE REPORT-REC AFTER ADVANCING 1 LINES. 

Notice that in this statement the reserved word LINES is 

used and not LINE. This is correct in COBOL. You may 

wonder why this option would be used at all if only single 

spacing were required. The reason is that when the 

"ADVANCING" option is specified for any printer WRITE 
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statement, it must be specified with all the printer WRITE 

statements. 

The third alternative used to control the amount the 

form will space is the mnemonic-name. Printer spacing is 

The tape will have controlled by a carriage control tape. 

holes punched in what are called channels. Each channel is 

used to detect or cause a particular type of spacing (e.g. 

sense the bottom of the form, so skip to the next page, or 

skip to line six on the next page). We will only be 

interested in Channel 01, called COl, which instructs the 

printer to space to the top of a new page. (Note: COl is 

read g zero one, not an alpha "2"). 
In the SPECIAL-NAMES paragraph, you may equate a 

mnemonic-name to COl. You will supply the mnemonic-name 

using the rules for forming data names. 

entry is as follows. 

SPECIAL-NAMES. COl IS TOP-OF-PAGE. 

The SPECIAL-NAMES 

The mnemonic-name is TOP-OF-PAGE. You may use a different 

one, but remember it should be meaningful. 

Now that a mnemonic-name, TOP-OF-PAGE, has been equated 

to COl, it may be used as follows. 

WRITE REPORT-REC AFTER ADVANCING TOP-OF-PAGE. 

This WRITE statement, through the use of the mnemonic-name, 

will cause the form on the printer to be advanced to the top 

of a new page. The contents of REPORT-REC will be printed. 
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The ability to advance to a new page in this way is a 

necessity when generating a report. 

The extended WRITE statement will normally be the form 

used in most COBOL programs. Remember, if the print output 

only requires single spacing and you do not have to control 

paging, the simple WRITE is adequate. If you are producing 

a more complex report, involving various spacings and 

paging, the extended WRITE must be used. 
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7.2.2 SELF-TEST 

For each of the following WRITE statements, indicate on 
which line the print record will be printed. Indicate, 
also, where the form will be positioned after the statement 
is executed. Assume that line a is the first line on the ---top of a page and that the mnemonic-name NEW-PAGE is equated 
to COl. 

1. WRITE PRINT-REC AFTER ADVANCING 4 LINES. 

2. 

3. 

line a 
position before WRITE --> line b 

line c 
line d 
line e 
line f 
line g 
line h 

WRITE PRINT-REC BEFORE ADVANCING 

line a 
line b 

position before WRITE --> line c 
line d 
line e 
line f 
line g 
line h 

WRITE PRINT-REC BEFORE ADVANCING 

line a 
line b 

position before WRITE --> line c 
line d 
line e 

line a 
line b 
line c 

3 LINES. 

NEW-PAGE. 
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4. MOVE 1 TO WS-SP. 
WRITE PRINT-REC AFTER ADVANCING WS-SP LINES. 

line a 
line b 

position before WRITE --> line c 
line d 
line e 
line f 
line g 
line h 

5. WRITE PRINT-REC AFTER ADVANCING 2 LINES. 

1. 

2. 

position before WRITE --> line a 
line b 
line c 
line d 
line e 
line f 

SELF-TEST ANSWERS 

line a 
position before WRITE --> line b 

line c 
line d 
line e 

position after WRITE --> line f (contents of PRINT-REC} 
line g 
line h 

line a 
line b 

position before WRITE --> line c (contents of PRINT-REC) 
line d 
line e 

position after WRITE --> line f 
line g 
line h 
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3. 
line a 
line b 

position before WRITE --> line c (contents of PRINT-REC) 
line d 
line e 

position after WRITE --> line a 
line b 
line c 

4. 
line a 
line b 

position before WRITE --> line c 
position after WRITE --> line d (contents of PRINT-REC) 

line e 
line f 
line g 
line h 

5. 
position before WRITE --> line a 

line b 
position after WRITE --> line c (contents of PRINT-REC) 

line d 
line e 
line f 
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7.2.3 The Formatted Report 

We are now ready to discuss the details involved in 

writing a COBOL program to produce a report. We will 

examine the parts of a simple formatted report. The program 

logic required to produce this report will be explained. 

The Parts of a Report 

A simple report can normally be separated into three 

parts: (1) the headings, (2) the detail lines and (3) the 

footing or total line. Report headings provide identifying 

information about the report. There are two types of 

headings used in reports: major headings and minor headings. 

Major headings provide such information as the company name, 

report title and other types of general information about 

the report. Minor heading are used to indicate or label the 

data fields being printed. 

In simple reports, for each input record read, there 

will be a corresponding line printed. Each line is called a 

detail line of the report. 

A requirement of some reports is that a final total 

line be printed. This line is obtained by accumulating 

certain information from each of the detail records as they 

are processed~ ·The following is an illustration of the 

parts of a report just described. 
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major ---T-> ABC COMPANY 
headings L-> INVENTORY REPORT 

minor ---T-> COST/ TOTAL 
headings L-> ITEM NO QUANTITY UNIT COST 

r- 00002 3,000 $.05 $ 15.00 
detail I 00006 500 $.01 $ 5.00 
lines I 00011 100 $1.00 $100.00 

L_ 00226 5,000 $.04 $200.00 
total 
line -----> TOTALS 8.600 $320.00 

This example also illustrates the spacing (both 

horizonal and vertical) which must be considered when 

designing a report. The report design process is done prior 

to coding the program using Printer Spacing Charts. These 

charts are 133 positions across and have 20 to 30 lines. 

You should position the heading, detail, and total lines on 

this sheet so that the minor headings are evenly spaced and 

centered over the detail data fields. The report, as a 

whole, should be centered on the page. Once this is 

accomplished, you may use the Printer Spacing Chart to guide 

you in coding each individual record. 

The example above requires that six record images be 

defined in the WORKING-STORAGE SECTION of the program. 

There are two record images for each line of the major 

headings, two for each line of the minor headings, one for 

the detail line, and one for the total line. The sum of the 

fields composing each record image should total to 133 

storage positions. Remember, the first position of a 133 

position print record is used by the printer for spacing 

purposes. Although you reserve 133 storage positions, you 

may only use positions 2 through 133. 
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The Report Program Logic 

Additional program logic is required to produce a 

report in COBOL. The program must be coded to accomplish 

the following tasks in addition to any other processing that 

is required. 

1. When the first input record is read, the 
program should cause the printer to advance to 
the top of a new page and print the headings 
before printing the first detail print record. 

2. When the page is filled with detail print 
records, the program should cause the printer 
to advance to the top of the next page and 
print the headings and the next detail record. 

3. When all the input records have been read and 
processed, the program should cause the totals 
to be printed. The totals are accumulated 
throughout the program as each input record is 
processed. 

Each of the tasks will be discussed starting with task 2. 

Task 2 is accomplished using the concept of a line 

counter. A line counter is a numeric field defined in 

WORKING-STORAGE. It is used to keep track of the number of 

lines printed on a page. Each time a detail print record is 

written, the line counter is incremented by one if single 

spacing is being used. For example, 

WRITE OUTPUT-REPORT-REC FROM WSRl-CUSTOMER-DETAIL-REC 
AFTER ADVANCING 1 LINES. 

ADD 1 TO WS-LINE-CNT. 

The line counter, WS-LINE-CNT, is tested prior to 

building and writing each detail print record to determine 

if the value it contains (i.e. the number of lines already 



218 

printed on the page) exceeds the line limit. The line limit 

is a number less than or equal to the maximum number of 

lines that may be printed on a page. The maximum number of 

lines printed on a page is approximately 60. Normally a 

line limit of 50 to 55 lines is adequate. 

To test the line count against the line limit, a 

conditional statement, called an IF statement, is used. The 

IF statement will be discussed in detail in Chapter 8. For 

now, we will examine one particular use of it. The 

following statement performs the line limit test. 

IF WS-LINE-CNT > 51 
PERFORM HEADING-ROUTINE. 

This IF statement tests the condition (WS-LINE-CNT > 51) to 

determine if it is true or false. If the condition is true, 

the statement following the condition, PERFORM HEADING-

ROUTINE, is executed. This occurs only when WS-LINE-CNT is 

greater than 51 indicating that the page is full. At this 

time, the forms on the printer are advanced to the top of a 

new page and the headings printed. This is done by the 

statements in a paragraph whose function is to produce major 

and minor headings. The following is an illustration of 

such a paragraph. 
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HEADING-ROUTINE. 
WRITE OUTPUT-REPORT-REC FROM WSRl-MAJOR-HEADING-1 

AFTER ADVANCING TOP-OF-PAGE. 
WRITE OUTPUT-REPORT-REC FROM WSRl-MAJOR-HEADING-2 

AFTER ADVANCING 1 LINES. 
WRITE OUTPUT-REPORT-REC FROM WSRl-MINOR-HEADING-1 

AFTER ADVANCING 2 LINES. 
MOVE SPACES TO OUTPUT-REPORT-REC. 
WRITE OUTPUT-REPORT-REC AFTER ADVANCING 1 LINES. 
MOVE 5 TO WS-LINE-CNT. 

Note that the last statement of this paragraph, the MOVE, 

resets WS-LINE-CNT to 5. The program flow returns to build 

and print the next detail print record. 

If the condition is false, indicating that the page is 

not full, the IF statement will cause the HEADING-ROUTINE to 

be bypassed. Program control flows to the next sentence 

following the IF, and the next detail print record is built 

and written. 

Task 1 is to print headings on a new page before the 
; 

first detail print record is written. As discussed above, 

the routine which performs headings is executed when WS-

LINE-CNT is greater than 51. In order to have this 

condition true at the beginning of the program, WS-LINE-CNT 

can be initialized to a value of 52. This causes headings 

to be produced the first time the IF statement is executed, 

and thus, before the first detail print record is written. 

This technique is called "forcing" the headings. 

Task 3 involves accumulating totals. This task 

requires the use of ADD statements and accumulators. The 

accumulators are numeric fields defined in the WORKING-

STORAGE SECTION. They must be initialized to zero either in 
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the initial processing routine of the PROCEDURE DIVISION or 

by a VALUE clause. One accumulator is defined for each 

field you wish to accumulate. Each time an input record is 

processed, the values that are to be accumulated are added 

to the appropriate accumulator field. Thus the accumulator 

fields contain a running total of the data accumulated. 

After all input records have been processed, the 

accumulators are moved to a record print image in WORKING-

STORAGE. This record print image is then written to the 

printer as the total line. 
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7.2.4 SELF-TEST 

1. The three basic parts of a report are 
and 

2. The following example report would require that 
record images be defined in the 
SECTION of the program. 

EMPLOYEE 
NUMBER 

222-11-2453 
222-11-2467 
222-11-2569 

NEW COMPANY 
PERSONNEL REPORT 

BLACKSBURG, VA. 

EMPLOYEE NAME TITLE 

ABBOT, J. E. CLK3 
SMITH, J. B. MANl 
JONES, T. E. CLKl 

DATE 
HIRED 

01-14-72 
11-10-81 
12-09-80 

3. Charts are used to design report 
layouts and serve as the basis for coding each of the 
required record images. 

4. In the following statement 

IF WS-LINE-CNT > 54 THEN 
PERFORM HEADING-ROUTINE. 

54 is called the The paragraph, 
HEADING-ROUTINE, will only be executed when WS-LINE-CNT 
has a value of ~~ or greater. 

SELF-TEST ANSWERS 

1. headings, detail lines and total lines 

2. six, WORKING-STORAGE 

3. Printer Spacing 

4. line limit, 55 
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7.3 Internal Program Documentation 

A subject that is very important, but which has not 

been given a great deal of attention in this text, is that 

of internal program documentation. All programs, no matter 

what language they are written in, need to include internal 

program documentation. Program documentation is the process 

of commenting on various portions of the code to aid 

individuals in understanding the code. These comments serve 

to focus attention on a specific physical location in the 

code, e.g. the beginning of each new DIVISION, or to clarify 

the function of a particular portion of code. 

It takes extra time to document a program well, but it 

is worth the time spent. Documentation provides an English 

interpretation of the function and logic of a program. In 

business, data processing documentation is a must. One 

person may write a program, but another person may have to 

perform a logic modification to the program at a later time. 

If the person who wrote the program documented it well, 

modification will be much easier for the second person. 

Also, it takes less time to modify well-documented code. 

For these reasons professional programmers are usually 

required to document their programs according to a specific 

set of standards determined by their employer. Good 

documentation saves money in the long run, because it saves 

time. 

Internal program documentation benefits you and others. 

It helps you write better code because more thought goes 
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into your work. It helps others, technical and 

nontechnical, to understand and comprehend the function of 

your code. Documenting a program effectively is a skill you 

will want to develop. 

Comment cards are used to document a COBOL program. A 

card is specified as a comment card by placing an asterisk 

in column 7. This permits you to place any form of comment 

in columns 8 through 72 of such a card. 
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7.4 An Example Program 

Example Program #4 is designed to illustrate the logic 

and code needed to produce a formatted report in COBOL. 

This example is a modification of Example Program #3 

(Chapter 6) . The original function of Example Program #3, 

to process a customer purchase file, is still the task to be 

accomplished. The major difference is that Program Example 

#4 has been modified to output a formatted report. 

Particular attention should be given to the following areas: 

1. Use of internal program documentation (throughout) 

2. SPECIAL-NAMES specification (lines 21 - 22). 
Channel 01, COl, is equated to the mnemonic-name TOP-
OF-PAGE. 

3. The line counter is defined (line 52). 
Note that WS-LINE-CNT is given an initial value of 52. 
This is done to force the printing of the heading 
before the first input record is processed. 

4. Two numeric fields defined (lines 53 - 54). 
These fields will contain a numeric (i.e. not edited) 
result of the computations to determine total quantity 
and cost, respectively. These values will be added to 
the proper accumulators in obtaining the total line. 

5. Definition of the accumulators (lines 56 - 61). 
The amounts from each detail record will be added to 
the appropriate accumulator to keep a running total. 
These totals will be printed after all detail records 
have been processed. Note that each is given an 
initial value of zero. 

6. Definition of the heading lines (lines 63 - 81). 
Note the use of the VALUE clauses and the space 
relationship between the various items which compose 
each record image. A Printer Spacing Chart is used to 
simplify the design of the report. 

7. Definition of the detail line (lines 83 - 98). 

8. Definition of the total line (lines 100 - 113). 
Note the use of the VALUE clauses and the space 
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relationship between the various items that compose 
each record image. A Printer Spacing Chart is used to 
simplify the design of the report. 

9. Use of IF statement (lines 148 - 149). 
The IF statement tests to see if the page is full. 

10. Increment line counter (line 154). 

11. 

The value in WS-LINE-CNT is incremented each time a 
detail print record is written. 

Heading routine (lines 159 - 168). 
This paragraph causes headings to be written on the top 
of a new page. Note that the line counter is also 
reset in this paragraph. 

12. Accumulation of final totals (lines 188 - 192). 

13. 

Each time an input record is processed, the values will 
be added to the appropriate accumulator. 

Control shifted to produce the total line 
The total line is not produced until 
portion of the main line logic of the 
right before the program terminates). 

(line 143). 
the Wrap-up 

program (i.e. 

14. Total line produced (lines 194 - 201). 
The function of this paragraph is to build and write 
the total line. 



Line 
Ref 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
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EXAMPLE PROGRAM #4 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. 1 •••• 0 .... 1 ••.• 0 .... 1 •••• 0 .... 1 •••. 0 .... 1 ••.• 0 

*************************************************** 
* IDENTIFICATION DIVISION * *************************************************** 

IDENTIFICATION DIVISION. 
PROGRAM-ID. EXAMPLE4. 
AUTHOR. BEN C ROBINSON. 
INSTALLATION. VPI & SU. 
DATE-WRITTEN. 06-10-83. 
DATE-COMPILED. 
SECURITY. 
REMARKS. 

NONE. 
THIS IS THE FOURTH EXAMPLE PROGRAM 

USED IN CS2600. 

*************************************************** 
* ENVIRONMENT DIVISION * *************************************************** 

ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SPECIAL-NAMES. 

COl IS TOP-OF-PAGE. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 

SELECT INPUT-FILE ASSIGN TO UT-S-SYSIN. 
SELECT PRINT-FILE ASSIGN TO UT-S-SYSOUT. 

*************************************************** 
* DATA DIVISION * *************************************************** 

DATA DIVISION. 
FILE SECTION. 

(continued on next page) 
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EXAMPLE PROGRAM #4 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 7 8 . . . 2 . . I . . . . o . . . . I . . . . o . . . . I . . . . o . . . . I . . . . o . . . . I . . . . o 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

FD INPUT-FILE 
LABEL RECORDS ARE OMITTED. 

01 INPUT-CUSTOMER-REC. 
OS IR-CUST-NAME 
05 IR-CUST-NUM 
05 IR-PURCHASE-QTY. 

10 IR-QTYl 
10 IR-QTY2 
10 IR-QTY3 

05 FILLER 

FD PRINT-FILE 
LABEL RECORDS ARE OMITTED. 

01 OUTPUT-REPORT-REC 

WORKING-STORAGE SECTION. 
77 WS-NO-MORE-RECORDS-FLAG 
77 WS-LINE-CNT 
77 WS-QTY-TOT 
77 WS-QTY-COST 

01 WS-ACCUMULATORS. 
OS WS-QTYl-ACCUM 
05 WS-QTY2-ACCUM 
05 WS-QTY3-ACCUM 
05 WS-QTY-TOT-ACCUM 
05 WS-QTY-COST-ACCUM 

01 WSRl-MAJOR-HEADING-1. 
05 FILLER 
05 FILLER 

. I ABC COMPANY'. 
05 FILLER 

01 WSRl-MAJOR-HEADING-2. 
05 FILLER 
05 FILLER 

I SALES REPORT I • 

OS FILLER 

PIC X(lO). 
PIC X(6). 

PIC 99. 
PIC 99. 
PIC 99. 
PIC X(58). 

PIC X( 133). 

PIC X(3) VALUE 'NO'. 
PIC 99 VALUE 52. 
PIC 999 VALUE 0. 
PIC 9999V99 VALUE 0. 

PIC 9999 VALUE 0. 
PIC 9999 VALUE 0. 
PIC 9999 VALUE 0. 
PIC 999999 VALUE 0. 
PIC 999999V99 VALUE 0. 

PIC X(61) VALUE SPACES. 
PIC X(ll) VALUE 

PIC X(61) VALUE SPACES. 

PIC X(61) VALUE SPACES. 
PIC X(l2) VALUE 

PIC X(60) VALUE SPACES. 

(continued on next page) 
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EXAMPLE PROGRAM #4 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. 1 .••• 0 .... 1 ••.. 0 .... 1 •.•• 0 .... 1 .••• 0 .... 1 .•.• 0 

75 01 WSRl-MINOR-HEADING-1. 
76 05 FILLER PIC X(32) VALUE SPACES. 
77 05 FILLER PIC X(41) VALUE 
78 'CUST NO CUST NAME QTYl QYT2 
79 05 FILLER PIC X(27) VALUE 
80 'QTY3 . TOTAL COST'. 
81 05 FILLER PIC X(33) VALUE SPACES. 
82 
83 01 WSRl-CUSTOMER-DETAIL-REC. 
84 05 FILLER PIC X(32) VALUE SPACES. 
85 05 WSRl-CUST-NUM PIC X( 6). 
86 05 FILLER PIC X(4) VALUE SPACES. 
87 05 WSRl-CUST-NAME PIC X(lO). 
88 05 FILLER PIC X(4) VALUE SPACES. 
89 05 WSRl-QTYl PIC Z9. 
90 05 FILLER PIC X(7) VALUE SPACES. 
91 05 WSR1-QTY2 PIC Z9. 
92 05 FILLER PIC X( 7) VALUE SPACES. 
93 05 WSR1-QTY3 PIC Z9. 
94 05 FILLER PIC X(8) VALUE SPACES. 
95 05 WSRl-QTY-TOT PIC ZZ9. 
96 05 FILLER PIC X(7) VALUE SPACES. 
97 05 WSRl-QTY-COST PIC Z,ZZ9.99. 
98 05 FILLER PIC X(31) VALUE SPACES. 
99 

100 01 WSRl-TOTAL-LINE. 
101 05 FILLER PIC X( 36) VALUE SPACES. 
102 05 FILLER PIC X(l7) VALUE 
103 I GRAND TOTALS I • 

104 05 WSRl-QTYl-TOT PIC Z,ZZ9. 
105 05 FILLER PIC X(4) VALUE SPACES. 
106 05 WSR1-QTY2-TOT PIC Z,ZZ9. 
107 05 FILLER PIC X(4) VALUE SPACES. 
108 05 WSR1-QTY3-TOT PIC Z,ZZ9. 
109 05 FILLER PIC X(4) VALUE SPACES. 
110 05 WSRl-QTY-TOT-TOT PIC ZZZ,ZZ9. 
111 05 FILLER PIC X(4) VALUE SPACES. 
112 05 WSRl-QTY-COST-TOT PIC $$$$,$$9.99. 
113 05 FILLER PIC X(31) VALUE SPACES. 
114 

(continued on next page) 
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131 
132 
133 
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146 
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158 
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EXAMPLE PROGRAM #4 (CONTINUED) 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. 1 .••• 0 .... 1 •••• 0 .... 1 .••• 0 .... 1 •••• 0 .... 1 •••• 0 

*************************************************** * PROCEDURE DIVISION * 
*************************************************** 

PROCEDURE DIVISION. 

MAIN-LINE. 
*-----------------------------------------------* * PRELIMINARY OPERATIONS * *-----------------------------------------------* 

OPEN INPUT INPUT-FILE, 
OUTPUT PRINT-FILE. 

READ INPUT-FILE 
AT END 

MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 

*-----------------------------------------------* 
* PROCESSING THE INPUT-FILE RECORD BY RECORD * *-----------------------------------------------* 

PERFORM WRITE-READ-PROCESS 
UNTIL WS-NO-MORE-RECORDS-FLAG = 'YES'. 

*-----------------------------------------------* 
* WRAP-UP (OR BEFORE STOP) OPERATIONS * *-----------------------------------------------* 

PERFORM TOTAL-LINE-ROUTINE. 
CLOSE INPUT-FILE, PRINT-FILE. 
STOP RUN. 

WRITE-READ-PROCESS. 
IF WS-LINE-CNT > 51 

PERFORM HEADING-ROUTINE. 
PERFORM BUILD-RECORD-ROUTINE. 
WRITE OUTPUT-REPORT-REC FROM 

WSRl-CUSTOMER-DETAIL-REC 
AFTER ADVANCING 1 LINES. 

ADD 1 TO WS-LINE-CNT. 
READ INPUT-FILE 

AT END 
MOVE 'YES' TO WS-NO-MORE-RECORDS-FLAG. 

(continued on next page) 
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EXAMPLE PROGRAM #4 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 7 8 . . . 2 . . I . . . . o . . . . I . . . . o . . . . I . . . . o . . . . I . . . . o . . . . I . . . . o 
159 HEADING-ROUTINE. 
160 WRITE OUTPUT-REPORT-REC FROM WSRl-MAJOR-HEADING-1 
161 AFTER ADVANCING TOP-OF-PAGE. 
162 WRITE OUTPUT-REPORT-REC FROM WSRl-MAJOR-HEADING-2 
163 AFTER ADVANCING 1 LINES. 
164 WRITE OUTPUT-REPORT-REC FROM WSRl-MINOR-HEADING-1 
165 AFTER ADVANCING 2 LINES. 
166 MOVE SPACES TO OUTPUT-REPORT-REC. 
167 WRITE OUTPUT-REPORT-REC AFTER ADVANCING 1 LINES. 
168 MOVE 5 TO WS-LINE-CNT. 
169 
170 BUILD-RECORD-ROUTINE. 
171 MOVE IR-CUST-NAME TO WSRl-CUST-NAME. 
172 MOVE IR-CUST-NUM TO WSRl-CUST-NUM. 
173 MOVE IR-QTYl TO WSRl-QTYl. 
174 MOVE IR-QTY2 TO WSR1-QTY2. 
175 MOVE IR-QTY3 TO WSR1-QTY3. 
176 PERFORM CALCULATE-ROUTINE. 
177 
178 CALCULATE-ROUTINE. 
179 COMPUTE WSRl-QTY-TOT, WS-QTY-TOT = 
180 IR-QTYl + IR-QTY2 + IR-QTY3. 
181 
182 COMPUTE WSRl-QTY-COST, WS-QTY-COST = 
183 (IR-QTYl * 5) + (IR-QTY2 * 10) + 
184 (IR-QTY3 * 2.50) 
185 ON SIZE ERROR 
186 MOVE 0 TO WSRl-QTY-TOT. 
187 
188 ADD IR-QTYl TO WS-QTYl-ACCUM. 
189 ADD IR-QTY2 TO WS-QTY2-ACCUM. 
190 ADD IR-QTY3 TO WS-QTY3-ACCUM. 
191 ADD WS-QTY-TOT TO WS-QTY-TOT-ACCUM. 
192 ADD WS-QTY-COST TO WS-QTY-COST-ACCUM. 
193 
194 TOTAL-LINE-ROUTINE. 
195 MOVE WS-QTYl-ACCUM TO WSRl-QTYl-TOT. 
196 MOVE WS-QTY2-ACCUM TO WSR1-QTY2-TOT. 
197 MOVE WS-QTY3-ACCUM TO WSR1-QTY3-TOT. 
198 MOVE WS-QTY-TOT-ACCUM TO WSRl-QTY-TOT-TOT. 
199 MOVE WS-QTY-COST-ACCUM TO WSRl-QTY-COST-TOT. 
200 WRITE OUTPUT-REPORT-REC FROM WSRl-TOTAL-LINE 
201 AFTER ADVANCING 2 LINES. 
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EXERCISE 4. A Report Program 

Write a COBOL program using 

specifications. 

INPUT RECORD DESCRIPTION 

Field 
Name 

Quantity at 
beginning of 
month 

Quantity sold 
week 1 

Quantity sold 
week 2 

Quantity sold 
week 3 

Quantity sold 
week 4 

Returns for the 
month 

Unused 
Salesperson's 

ID number 
Unused 

PROCESS NARRATIVE 

Field 
Specification 

unsigned numeric field 
5 digit integer 

unsigned numeric field 
4 digit integer 
unsigned.numeric field 
4 digit integer 
unsigned numeric field 
4 digit integer 
unsigned numeric field 
4 digit integer 
unsigned numeric field 
3 digit integer 

6 alphanumeric characters 

the following 

Field 
Position 

1-5 

6-9 

10-13 

14-17 

18-21 

22-24 

25-30 
31-36 

37-80 

The function of this program is to process the input 

file (SALES FILE) and to produce a formatted output report 

(PAY REPORT). Each input record of the SALES FILE should be 

processed in the following manner: 

1. Read an input record from the SALES FILE. 

2. Use the data from the input record to build an output 
record image. This will involve moving some data 
directly from the input area to the detail print line 
image. It will also require performing the following 
calculations: 
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QUANTITY SOLD THIS MONTH = QUANTITY SOLD WEEK 1 + 
QUANTITY SOLD WEEK 2 + QUANTITY SOLD WEEK 3 + 
QUANTITY SOLD WEEK 4 - RETURNS FOR THE MONTH. 

QUANTITY AT END OF MONTH = QUANTITY AT BEGINNING 
OF MONTH - QUANTITY SOLD THIS MONTH. 

3. Accumulate the following values for the total line. 

Quantity at beginning of month 
Quantity sold week 1 
Quantity sold week 2 
Quantity sold week 3 
Quantity sold week 4 
Returns for the month 
Quantity sold this month 
Quantity at end of month 

4. Write the output record image to the line printer. 

OUTPUT DESCRIPTION 

The report should be produced with headings, detail 

lines and a total line. It should be neatly spaced and 

centered. Use the following as the major heading. 

<skip a line> 

SMA INC. 
MONTHLY SALES REPORT 

BLACKSBURG, VA. 

< required minor heading > 

You may choose your own minor heading. Be descriptive in 

your choices and label all columns. The detail line should 

contain the following data items in the order listed. 

Detail Output Record Image 

Salesperson's ID number 
Quantity at beginning of month 
Quantity sold week 1 
Quantity sold week 2 
Quantity sold week 3 
Quantity sold week 4 
Returns for the month 
Quantity sold this month 
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Quantity at end of month 

* All numeric quantities appearing on the report should be 
edited to include any necessary edit symbols. 

The "total line" should contain all the fields 

specified when the accumulation process was described. 

There should be one blank line left between the last detail 

print record and the total line. 

The final run of this assignment program should contain 

enough input data reco 1rds to demonstrate the paging logic. 



CHAPTER 8. Control Statements and Other Topics 

Section 8.1 presents the conditional If statement and 

the types of tests that may be performed using this 

statement. Section 8.2 explains the REDEFINES clause of the 

DATA DIVISION and its function. Section 8.3 briefly 

discusses two additional PERFORM statements formats and 

their operation. Example Program #5, an input data 

verification program, illustrates the topics covered in this 

chapter. Self-tests are provided throughout the chapter to 

help you monitor your progress. 

a programming assignment. 
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The chapter concludes with 
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8.1 The IF Statement 

The IF statement is a conditional statement. It 

instructs the computer to perform specific operations if 

certain conditions occur. This gives the programmer a tool 

to alter the normal sequential flow of program execution. 

The IF statement is a useful and powerful statement in 

programming. 

This section explains the IF statement and the tests it 

can perform: r'elational test, sign test, class test, 

condition-name test and compound test. 

The Operation of the IF Statement 

The format for the IF statement is: 

IF condition ~ statement-1 ( [). OTHERWIS~1 5 statement-2 11 
(NEXT SENTENCE) (ELSE j (NEXT SENTENCEJj 

There are several variations of the IF statement. The 

first variation is to specify the IF statement with the ELSE 

option. When executed, the condition will be evaluated 

first, as in all IF statements. If the condition is true, 

control will pass to the statement following the IF. If the 

condition is false, control will pass to the statement 

following the ELSE. In either case, control is then passed 

to the sentence following the IF statement. This control 

flow is shown in FIG 8.1. 

.. 
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IF condition ---->----1 
I I condition 

condition true I I false 
v I 

r-----------1 I 
r---<----1 statement I V 
I L-----------.1 I 
I ELSE I 
I r-----------1 I 
I I statement I <----.! I L ___ T _______ _J 

I I 
L---->-------1 

I 
v 

next sentence following the IF 

FIG 8.1 Control flow of IF statement. 

An example of an IF statement of this form is: 

IF WS-CNT = 11 
ADD 1 TO WS-CNT 

ELSE 
ADD 2 TO WS-CNT. 

MOVE WS-CNT TO WSRl-CNT. 

If WS-CNT is equal to 11, the statement ADD 1 TO WS-CNT is 

executed next. Control is then passed to the sentence 

following the IF statement, MOVE WS-CNT TO WSRl-CNT, which 

is executed. IF WS-CNT is not equal to 11, the statement, 

ADD 2 TO WS-CNT, is executed instead. Control is then 

passed to the sentence following the IF statement. 

A second alternative, the NEXT SENTENCE option, is 

termed a "no op" statement. Although it is a statement, it 

causes no operation to be performed. The IF statement 



IF WS-CNT = 11 
NEXT SENTENCE 

ELSE 
ADD 2 TO WS-CNT. 
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MOVE WS-CNT TO WSRl-CNT. 

executes as follows. If WS-CNT is equal to 11, then control 

passes to NEXT SENTENCE. NEXT SENTENCE causes nothing to 

occur. Control is passed to the sentence following the IF 

statement. If WS-CNT is not equal to 11, the action 

described in the previous example will occur. 

If NEXT SENTENCE is used after the ELSE, 

equivalent to specifying no ELSE. The statements 

and 

IF WS-CNT = 11 
ADD 1 TO WS-CNT 

ELSE 
NEXT SENTENCE. 

MOVE WS-CNT TO WSRl-CNT. 

IF WS-CNT = 11 
ADD 1 TO WS-CNT. 

MOVE WS-CNT TO WSRl-CNT. 

perform the same operations. 

it is 

The final way an IF may be coded is by not specifying 

the ELSE. For example, 

IF WS-NUM > 30 
MOVE 5 TO WS-SNUM. 

MOVE WS-SNUM TO WSRl-SNUM. 

When this statement is executed, the condition is evaluated. 

If it is true, the statement MOVE 5 TO WS-SNUM is executed. 

Control then goes to the sentence, MOVE WS-SNUM TO 
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WSRl-SNUM, which follows the IF statement. If the condition 

is false, control is passed to the sentence following the IF 

statement. Only when the condition is true will the 

statement, MOVE 5 TO WS-SNUM, be executed. 

IF statements may be coded with more than one statement 

before or after the ELSE. 

IF WS-NUM > 30 
MOVE 5 TO WS-SNUM 
ADD 1 TO WS-CNT 
MOVE WS-CNT TO WS-CNTl 

ELSE 
ADD 4 TO WS-CNT. 

MOVE WS-SNUM TO WSRl-SNUM. 

If the condition is true, the three statements following the 

IF are executed. If the condition is false, the statement 

after the ELSE is executed. In either case, control 

eventually passes to the next sentence following the IF 

statement. 

The use of the period is crucial in the IF statement. 

It indicates the end of the statement. If a period is 

accidently placed in an IF statement, it will change the 

intended logic. The following examples are composed of the 

same statements, but will cause different results when 

executed. 

Version 1 

IF WS-NUM > 30 

ELSE 
MOVE WS-CNT TO WS-CNTl 

ADD 1 TO WS-CNT 
ADD 4 TO WS-CNT. 

MOVE WS-SNUM TO WSRl-SNUM. 

Version 2 

IF WS-NUM > 30 
MOVE WS-CNT TO WS-CNTl 

ELSE 
ADD 1 TO WS-CNT. 
ADD 4 TO WS-CNT. 

MOVE WS-SNUM TO WSRl-SNUM. 
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In version 2 the statement, ADD 4 TO WS-CNT, is executed 

regardless of the outcome of the IF statement's condition 

because of the period following the statement. You should 

be careful when coding IF's to avoid this kind of problem. 

8 .1.1 Relational Test 

The relational test causes two operands to be compared. 

The format of this test is 

t identifier-1 l 
literal-1 
arithmetic 

expression-1 

relation 
operator ~ identifier-2 5 

literal-2 
arithmetic 

expression-2 

where the relation-operator may be any one of the following: 

IS [NOT J ~ GREATER THAN; 
LESS THAN 
EQUAL TO 

The symbols >, < and = may be used also to represent their 

English equivalents. When coding a relational-operator, it 

must be preceded and followed by at least one space. 

The following are several valid and invalid examples. 

EXAMPLE 1. 

IF WS-COUNT IS LESS THAN 45 
MOVE WS-COUNT TO WSRl-COUNT. 

Valid example. 



EXAMPLE 2. 

IF WS-DAYS =3 
ADD 1 TO WS-CNTl 
ADD 1 TO WS-CNT2. 
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Invalid example: A space is required after 
the relational operator = 

EXAMPLE 3. 

IF WS-DAYS - 2 IS GREATER THAN 5 
SUBTRACT 10.00 FROM WS-BONUS. 

Valid example: An arithmetic expression 
may be used in a relational condition. 

There are specific rules and restrictions that must be 

observed when using a relational test. The data items that 

participate in the comparison of the relational test must be 

of the same ~- For the statement, 

IF WS-A IS EQUAL TO '246' 
MOVE 'ABC' TO WS-B. 

to operate correctly, the data item WS-A must be defined as 

an alphanumeric field. 

Numeric values, whether contained in a field or 

specified as a literal, are compared logically by the 

relational test. For instance, the values 

77 WS-NUMl 
77 WS-NUM2 
77 WS-NUM3 
77 WS-NUM4 

PIC 9999 VALUE 0035. 
PIC S99 VALUE +35. 
PIC 99V9 VALUE 35.0. 
PIC 99 VALUE 35. 

and the numeric literals 

35.00000 
+00035 
35 
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are all considered to be equal. The different 

representations (i.e. length and decimal point placement) do 

not effect the comparison operation. It is the algebraic 

value which is being compared. 

If one or both operands in a relational test are 

nonnumeric, the comparison is performed as though both were 

nonnumeric. The nonnumeric comparison is based on a 

predefined sequence. This sequence is called the collating 

sequence of the computer system. The collating sequence for 

IBM systems/370 is: 

space 
special symbols 
A through Z 
0 through 9 

lowest 
I 
I 

highest 

Thus A is less than B, B is less than C, and so on. The 

space is considered to be less than any other character. 

A nonnumeric comparison compares values from left to 

right on a character-by-character basis. This comparison 

continues until either two characters are found to be 

unequal or all characters have been compared. If data items 

with different lengths are being compared, the shorter item 

will logically be extended with spaces to equal the larger. 

The comparison is then performed. Several examples follow 

to clarify this operation. 
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EXAMPLE 4. IF FLDl IS LESS THAN FLD2 
MOVE 1 TO WS-FLD. 

77 FLDl PIC XXX. 

77 FLD2 PIC XXX. 

FIELD CONTENTS 

r-T-T-1 
IBIOIYI 
L_J.._J.._J 

r-T-T-1 
IBIOITI 
L_J.._J.._J 

The condition will test false. 
Explanation: The Y of FLDl is greater than the T of 

FLD2, not less than. 

EXAMPLE 5. IF FLDl = FLD2 
MOVE 1 TO WS-FLD. 

77 FLDl PIC XXX. 

77 FLD2 PIC X(S). 

FIELD CONTENTS 

r-7-T-1 
IDIOIGI 
L_J.._J.._J 

r-T-T_T_T_1 
IDIOIGI I I 
L_J.._.l._.l._.l._J 

The condition will test true. 
Explanation: D is equal to D, O is equal to 0, 

and G is equal to G. Logically, two spaces will be 
concatenated to FLDl and the comparison completed. 
Space equals space and space equals space, so the 
two data items are equal. · 

EXAMPLE 6. IF FLDl IS GREATER THAN FLD2 
MOVE 1 TO WS-FLD. 

77 FLDl PIC XXX. 

77 FLD2 PIC XXX. 

FIELD CONTENTS 

r-T-T-1 
IDIEIFI 
L_.l._J.._J 

r-T-T-1 
IAIBICI 
L_J.._J.._J 

The condition will test true. 
Explanation: D is greater than A, so the test is true. 
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8 .1. 2 SELF-TEST 

For each of the following IF statements, indicate "the flow 
of control when executed based on the values given. Place 
an "X" by the statements that would be executed. 

1. A has a value of 14 
B has a value of +0007 

a. IF A < B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

b. IF A IS EQUAL TO. B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

c. IF A IS GREATER THAN B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

2. A has a value of -12.7 
B has a value of 33.000 

a. IF A IS EQUAL TO B 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

b. IF A IS LESS THAN B 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 



3. 77 FLDl 
77 FLD2 

a. 

b. 
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PIC X(4) VALUE 'JOHN'. 
PIC X(6) VALUE 'BILL 

IF FLDl IS LESS THAN FLD2 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl 

ELSE 
NEXT SENTENCE. 

ADD WS-NUMl TO WS-NUM2. 

IF FLD2 IS LESS THAN FLDl 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl 

ELSE 
NEXT SENTENCE. 

ADD WS-NUMl TO WS-NUM2. 

4. Write an IF statement to compare WS-A to WS-B. If WS-A 
is greater than WS-B, add 3 to WS-B, else add 2 to WS-
C. 

5. Write an IF statement to compare WS-A to WS-B. If WS-A 
is equal to WS-B, program control should pass to the 
next sentence, otherwise add 4 to WS-C. 

SELF-TEST ANSWERS 

1. a. IF A < B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
x MOVE A TO WS-NUM2 
x MOVE B TO WS-NUMl. 
x ADD WS-NUMl TO WS-NUM2. 



b. 

c. 

2. a. 

b. 

3. a. 

b. 

x 
x 
x 

x 
x 
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IF A IS EQUAL TO B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF A IS GREATER THAN B 
MOVE A TO WS-NUMl 
MOVE B TO WS-NUM2 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

X ADD WS-NUMl TO WS-NUM2. 

x 
x 
x 

x 

IF A IS EQUAL TO B 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF A IS LESS THAN B 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

X ADD WS-NUMl TO WS-NUM2. 

x 
x 

x 
x 

IF FLDl IS LESS THAN FLD2 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl 

ELSE 
NEXT SENTENCE. 

ADD WS-NUMl TO WS-NUM2. 

IF FLD2 IS LESS THAN FLDl 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl 

ELSE 
NEXT SENTENCE. 

X ADD WS-NUMl TO WS-NUM2. 

4. IF WS-A > ws-B 
ADD 3 TO WS-B 

ELSE 
ADD 2 TO WS-C. 

5. IF WS-A = WS-B 
NEXT SENTENCE 

ELSE 
ADD 4 TO WS-C. 
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8 .1. 3 Sign Test 

The sign test is used to determine whether a numeric 

value or the result of an arithmetic expression is positive, 

negative, or equal to zero. The format of this test is 

t identifier ~ 
arithmetic 

expression 
IS [NOT] f POSITIVEJ 

NEGATIVE 
ZERO 

Several examples follow to demonstrate its operation. 

EXAMPLE 1. IF FLDl IS POSITIVE 
MOVE 1 TO WS-FLD 

ELSE 
MOVE 2 TO WS-FLD. 

FIELD CONTENTS 

77 FLDl PIC 999. 
r-T-T-1 
1110171 
L_..L_..L_J 

The condition will test true. 
Explanation: Since FLDl is unsigned it is assumed to 

be positive. 

EXAMPLE 2. IF FLDl IS NEGATIVE 
MOVE 1 TO WS-FLD. 

FIELD CONTENTS 

r-T.=1 
77 FLDl PIC S99. 11101 

L_..L_.J 

The condition will test true. 
Explanation: FLDl is a signed numeric field and 

does contain a negative value. 
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EXAMPLE 3. IF (FLDl - FLD2) IS EQUAL ZERO 
NEXT SENTENCE 

ELSE 
MOVE 4 TO WS-FLD. 

FIELD CONTENTS 

77 FLDl PIC 999. 
r-T-T-l 
1011111 
L_...L._...L._..J 

77 FLD2 PIC 999. 
r-T-T-l 
1011101 
L_...L._...L._..J 

The condition will test false. 
Explanation: The expression, FLDl - FLD2, will be 

evaluated first. This result is 1, so the test 
is false. 

8 .1. 4 

NOTE: The contents of FLDl and FLD2 are not 
disturbed by this test. 

Class Test 

The class test is used to determine whether a data item 

is numeric or alphabetic. This test is often used to insure 

that data to be processed has been keyed correctly. The 

format of this test is 

identifier IS [NOT) S NUMERIC l 
(_ ALPHABETIC ) 

A data item is numeric if it contains only the digits 0 

through 9 with or without an operational sign. An 

alphabetic data item contains one or more of the characters 

A through Z or spaces. 

There are specific rules for using the class test. The 

numeric test cannot be applied to a field which is specified 

as alphabetic (i.e. PICTURE symbol A's). Table 8.1 

specifies valid forms of the class test. 
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Data Type Class Test PICTURE 
Symbol NUMERIC ALPHABETIC 

Numeric 
Alphabetic 
Alphanumeric 

9 
A 
x 

valid 
·~invalid 

valid 

Table 8.1 Valid Forms of the Class Test 

invalid 
valid 
valid 

A value contained in an alphanumeric field may be tested to 

determine whether it is numeric or alphabetic. Later in 

this chapter, we will see that this is useful when checking 

for keying errors. Several examples follow to demonstrate 

the use of the class test. 

EXAMPLE 1. IF FLDl IS ALPHABETIC 
MOVE 1 TO WS-FLD 

ELSE 
MOVE 2 TO WS-FLD. 

FIELD CONTENTS 

77 FLDl PIC XXX. 
r-T-T-1 
IAI IBI 
L_..L_..L_J 

The condition will test true. 
Explanation: The value in FLDl, "AB", is composed of 

letters and a space. 

EXAMPLE 2. IF FLDl IS NUMERIC 
NEXT SENTENCE 

ELSE 
MOVE '***' TO WSRl-ERR-FLDl. 

FIELD CONTENTS 

77 FLDl PIC XXX. 
r-T-T-1 
1512111 
L_..L_J._J 

The condition will test true. 
Explanation: The contents of FLDl is numeric, so 

the condition will test true. 
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EXAMPLE 3. IF FLDl IS NUMERIC 
NEXT SENTENCE 

ELSE 
MOVE '***' TO WSRl-ERR-FLDl. 

FIELD CONTENTS 

77 FLDl PIC XXX. 
r-T-T-1 
IAl21ll 
L_.l._.l._J 

The condition will test false. 
Explanation: The contents of FLDl is not numeric. 

8.1. 5 

The "A" in the leftmost position of FLDl causes 
this class test to be false. 

Condition-name Test 

The condition-name test causes a condition variable to 

be evaluated. Condition-names, level-88 entries, are 

defined in the DATA DIVISION to be used later in the 

PROCEDURE DIVISION of the COBOL program. 

are specified using the following format. 

88 condition-name ~VALUE IS 2 
2_ VALUES ARE .S 

Level-88 entries 

literal-1 r S THROUGH1 li teral-2] L ( THRU _) 

[ li teral-3 rs THROUGH 1 
( THRU j 

literal-4] ] ... ] 

A condition-name gives a name to a specific value a 

data item may assume. An example is the best way to 

demonstrate the use of condition-names. 

Suppose a company has a program that processes employee 

records to collect certain statistical information. An item 

of interest is where the employee lives. A location code, a 
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one digit numeric field, is used. If it contains a 1, the 

employee lives within ten miles of the company. If it 

contains a 2, the employee lives farther than ten miles from 

the company. The program performs one routine for location 

code 1 employees and a different one for location code 2 

employees. This can be accomplished by the following code. 

IF WS-LOCATION-CODE IS EQUAL TO 1 
PERFORM ROUTINE-A. 

IF WS-LOCATION-CODE IS EQUAL TO 2 
PERFORM ROUTINE-B. 

These statements accomplish the stated task but, an 

alternative is to use condition-names. The condition-names 

are associated with the data item field WS-LOCATION-CODE. 

05 WS-LOCATION-CODE PIC 9. 
88 TEN-MILES-OR-LESS VALUE 1. 
88 MORE-THAN-TEN-MILES VALUE 2. 

The following PROCEDURE DIVISION statements could be coded 

to accomplish the location code test. 

IF TEN-MILES-OR-LESS 
PERFORM ROUTINE-A. 

IF MORE-THAN-TEN-MILES 
PERFORM ROUTINE-B. 

The meaning of the statements is clarified. 

A condition-name name may be associated with several 

values or a range of values. For example, 
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05 WS-GRADES PIC X. 
88 VALID-GRADE VALUE 'A' THRU IE' I • 
88 EXCELLENT VALUE 'A'. 
88 GOOD VALUE 'B'. 
88 FAIR VALUE I c I• 
88 RETAKE-COURSE VALUE 'DI I I E' I • 

The following are several examples using these condition-

names. 

EXAMPLE 1. IE' VALID-GRADE 
NEXT SENTENCE 

ELSE 
MOVE 'BAD CARD' TO WSRl-ERR~MSG. 

FIELD CONTENTS 

r-1 
77 WS-GRADE PIC x. IBI 

L_...I 

The condition will test true. 
Explanation: The condition-name VALID-GRADE will test 

the contents of the field WS-GRADE to see if it is 
between 'A' and 'E'' (i.e. is it 'A', 'B', 'C', 
'D' or 'E''). If WS-GRADE contains any of these 
values, the test is true. 

EXAMPLE 2. IE' VALID-GRADE 
NEXT SENTENCE 

ELSE 
MOVE 'BAD CARD' TO WSRl-ERR-MSG. 

FIELD CONTENTS 

r-1 
77 WS-GRADE PIC x. IGI 

L_..J 

The condition will test false. 
Explanation: The condition will test false because 

the value contained in WS-GRADE, 'G', is not in 
the range of 'A' through 'F'. 
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EXAMPLE 3. IF FAIR 
PERFORM FAIR-GRADE-ROUTINE. 

FIELD CONTENTS 

r-1 
77 WS-GRADE PIC x. ICI 

L_.J 

The condition will test true. 
Explanation: The condition-name FAIR is equivalent to 

the relational condition WS-GRADE = 'C', so the 
the condition test true. 

EXAMPLE 4. IF RETAKE-COURSE 
PERFORM RETAKE-COURSE-ROUTINE. 

FIELD CONTENTS 

r-1 
77 WS-GRADE PIC x. ICI 

L_.J 

The condition will test false. 
Explanation: The condition-name RETAKE-COURSE causes 

the value contained in WS-GRADE, 'c', to be compare 
to "D' and 'F'. Since the value 'C' does not equal 
either, the test is false. 

When condition-names are used, they must conform to 

certain rules. 

1. A condition-name must always be coded on 
and is always associated with the data 
precedes it. 

the 88-level 
item which 

2. A condition-name is formed using the rules for forming 
programmer-supplied names. 

3. A condition-name must always be specified with a VALUE 
clause. The VALUE clause must be a literal consistent 
with the PICTURE clause of the data item in the 
preceding field. 

4. Condition-names are never specified with PICTURE 
clauses. The level-88 entry does not define or reserve 
storage, it just gives a name to a specific value. 
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The advantage of using condition-names is that, if used 

effectively, they increase the ease of programming and the 

readability of the program code. 
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8 .1. 6 SELF-TEST 

For each of the following IF statements, indicate the flow 
of control when executed based on the values given. Place 
an "X" by the statements that would be executed. 

1. 77 A PIC S9 VALUE 0. 
77 B PIC S9 VALUE -3. 
77 c PIC S9 VALUE 2. 

a. IF A IS NEGATIVE 
ADD 1 TO A 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

b. IF A IS ZERO 
NEXT SENTENCE 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

c. IF B IS POSITIVE 
MOVE A TO WS-NUMl 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

d. IF C IS POSITIVE 
MOVE A TO WS-NUMl 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

2. 77 A PIC xxx VALUE 'ABC'. 
77 B PIC xxx VALUE I 3A7 I. 
77 c PIC 999 VALUE 12. 

a. IF A IS ALPHABETIC 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-A 
MOVE B TO WS-B. 

ADD WS-NUMl TO WS-NUM2. 



255 

b. IF B IS NUMERIC 
MOVE B TO WS-NUM 

ELSE 
MOVE '***' TO WSRl-A-ERROR. 

ADD WS-NUMl TO WS-NUM2. 

c. IF C IS NUMERIC 
MOVE B TO WS-NUM 

ELSE 
MOVE '***' TO WSRl-A-ERROR. 

ADD WS-NUMl TO WS-NUM2. 

3. 05 WS-MARITAL-STATUS 
88 SINGLE 

PIC 9. 
VALUE 1. 
VALUE 2. 
VALUE 3. 

88 MARRIED 
88 DIVORCED 

a. WS-MARITAL-STATUS has a value of 2. 

IF SINGLE 
PERFORM SINGLE-ROUTINE. 

ADD WS-NUMl TO WS-NUM2. 

b. WS-MARITAL-STATUS has a value of 2. 

IF MARRIED 

ELSE 

ADD 1 TO WS-MARRIED-CNT 
PERFORM MARRIED-ROUTINE 

ADD 1 TO WS-OTHER-GROUP. 
ADD WS-NUMl TO WS-NUM2. 

c. WS-MARITAL-STATUS has a value of 1. 

IF DIVORCED 
ADD 1 TO WS-DIVORCED-CNT 

ELSE 
ADD 1 TO WS-TOTAL. 

ADD WS-NUMl TO WS-NUM2. 

4. Write an IF statement, using a sign test, to test if 
WS-A is positive. If WS-A is positive, move WS-A to 
WS-B, else subtract 3 from WS-A. 
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5. Write an IF statement, using the class test, to test if 
WS-A is numeric. If WS-A is numeric, move 3 to WS-B, 
else move 4 to WS-B. 

SELF-TEST ANSWERS 

1. a. IF A IS NEGATIVE 
ADD 1 TO A 

ELSE 
x SUBTRACT 2 FROM A 
x MOVE A TO WS-NUMl. 
x ADD WS-NUMl TO WS-NUM2. 

b. IF A IS ZERO 
x NEXT SENTENCE 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

x ADD WS-NUMl TO WS-NUM2. 

c. IF B IS POSITIVE 
MOVE A TO WS-NUMl 

ELSE 
x MOVE A TO WS-NUM2 
x MOVE B TO WS-NUMl. 
x ADD WS-NUMl TO WS-NUM2. 

d. IF C IS POSITIVE 
x MOVE A TO WS-NUMl 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

x ADD WS-NUMl TO WS-NUM2. 

2. a. IF A IS ALPHABETIC 
x NEXT SENTENCE 

ELSE 
MOVE A TO WS-A 
MOVE B TO WS-B. 

x ADD WS-NUMl TO WS-NUM2. 
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b. IF B IS NUMERIC 
MOVE. B TO WS-NUM 

ELSE 
x MOVE '***' TO WSRl-A-ERROR. 
x ADD WS-NUMl TO WS-NUM2. 

c. IF C IS NUMERIC 
x MOVE B TO WS-NUM 

ELSE 
MOVE '***' TO WSRl-A-ERROR. 

x ADD WS-NUMl TO WS-NUM2. 

3. a. IF SINGLE 
PERFORM SINGLE-ROUTINE. 

x ADD WS-NUMl TO WS-NUM2. 

b. IF MARRIED 
x ADD 1 TO WS-MARRIED-CNT 
x PERFORM MARRIED-ROUTINE 

ELSE 
ADD 1 TO WS-OTHER-GROUP. 

x ADD WS-NUMl TO WS-NUM2. 

c. IF DIVORCED 
ADD 1 TO WS-DIVORCED-CNT 

ELSE 
x ADD 1 TO WS-TOTAL. 
x ADD WS-NUMl TO WS-NUM2. 

4. IF WS-A IS POSITIVE 
MOVE WS-A TO WS-B 

ELSE 
SUBTRACT 3 FROM WS-A. 

5. IF WS-A IS NUMERIC 
MOVE 3 TO WS-B 

ELSE 
MOVE 4 TO WS-B. 
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8 .1. 7 Negated Conditions 

All the tests discussed so far had the word NOT as an 

optional part of their formats. A condition can be negated 

by specifying the reserved word NOT. 

statement 

IF WS-CNT IS NOT EQUAL TO 11 
ADD 1 TO WS-CNT. 

For example, 

will be true when WS-CNT contains any value except 11. 

Negation can be summarized as follows: 

Condition 
Result 

true 
false 

NOT Condition 

NOT (true) 
NOT (false) 

Negated 
result 

false 
true 

The following examples illustrate the use of the NOT. 

EXAMPLE 1. IF WS-CNT IS NOT GREATER THAN 55 
ADD 1 TO WS-CNT 
MOVE WS-CNT TO WS-SAVE 

ELSE 
ADD 5 TO WS-CNT. 

FIELD CONTENTS 

77 WS-CNT PIC 99. 

The condition will test true. 
Explanation: The value of WS-CNT, 14, is not greater 

than 55 so the condition is true 
(i.e. NOT (false) -->true). 

the 
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IF WS-NUM IS NOT NUMERIC 
MOVE 'BAD CARD' TO WSRl-ERR-MSG 

ELSE 
ADD WS-NUM TO WS-TOTAL. 

FIELD CONTENTS 

r-1 
77 WS-NUM PIC 9. 151 

L_J 

< 

The condition will test false. 
Explanation: The value in WS-NUM is numeric so the 

contidition is false (i.e. NOT (true) --> false) 

EXAMPLE 3. IF WS-NUM IS NOT POSITIVE 
PERFORM LOW-GRADE-ROUTINE. 

FIELD CONTENTS 

r.::.1 
77 WS-NUM PIC S9. I 31 

L_J 

The condition will test true. 
Explanation: The value of WS-NUM, -3, is negative 

so NOT POSITIVE results in true 
(i.e. NOT (false) -->true). 

EXAMPLE 4. 05 WS-NUM PIC 9. 
88 VALID-NUM VALUE 1 THRU 4. 

IF NOT VALID-NUM 
PERFORM ERROR-ROUTINE. 

r-1 
WS-NUM contents 161 

L_J 

The condition will test true. 
Explanation: The value of WS-NUM, 6, is not in the 

range 1 through 4 given by the condition-name so 
the condition is true (i.e. NOT (false) -->true). 



260 

Negated conditions should be avoided whenever possible. 

They often add confusion to the program logic. 

8.1.8 Compound Test 

A compound test is a test that involves two or more 

simple tests in a single IF statement. It is constructed 

using simple tests and the logical operator (or connectors) 

OR and AND. 

The Logical Operator OR 

The logical operator OR means "either or both''. For 

example, in the statement 

IF WS-A IS EQUAL TO 5 OR WS-A IS EQUAL TO 15 
PERFORM ROUTINE-A 

ELSE 
PERFORM ROUTINE-B. 

If SWS-A is equal to 5 or 15, the compound condition is 

true, and ROUTINE-A will be performed. IF WS-A is neither 5 

nor 15, ROUTINE-B will be executed. Table 8.2 summarizes 

the results that occur when an OR is the connector in a 

compound condition. 

Condition 1 
Result 

true 
true 
false 
false 

Condition 2 
Result 

true 
false 
true 
false 

Result of 
OR 

true 
true 
true 
false 

Table 8.2 Result of the Logical OR 
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The Logical Operator AND 

The logical operator AND means "both". For example, in 

the statement 

IF WS-A IS EQUAL TO 5 AND WS-B IS EQUAL TO 15 
PERFORM ROUTINE-A 

ELSE 
PERFORM ROUTINE-B. 

ROUTINE-A will only be performed if WS-A has a value of 5 

and WS-B has a value of 15 (i.e. both simple conditions are 

true). If either simple condition is false, ROUTINE-B will 

be performed. Table 8.3 summarizes the results that occur 

when an AND is the connector in a compound condition. 

Condition 1 
Result 

true 
true 
false 
false 

Condition 2 
Result 

true 
false 
true 
false 

Result of 
AND 

true 
false 
false 
false 

Table 8.3 Results of the Logical AND 

More Complex Comoound Conditions 

Compound tests can involve more than two simple 

conditions in which both ANDs and ORs are used. For 

example, the compound condition in the statement 

IF WS-A > 10 OR WS-A = 10 AND WS-A < 20 OR WS-A = 20 
PERFORM ROUTINE-A 

ELSE 
PERFORM ROUTINE-B. 
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is composed of four simple conditions connected by ANDs and 

ORs. How is this compound condition evaluated? As was the 

case with arithmetic expressions, there is a definite order 

used when evaluating compound conditions. 

The simple conditions that make up a compound condition 

are evaluated from left to right in the following order: 

!. Arithmetic expressions. 
2. Relation-operators. 
3. NOT condition. 
4. AND - the conditions surrounding the AND are 

first evaluated and then the AND is evaluated. 
4. OR - the conditions surrounding the OR are 

first evaluated and then the OR is evaluated. 

For instance, examine the statement below and its order of 
evaluation. 

IF WS-A > 10 OR WS-B + 3 = 4 AND WS-C < 10 

Steps of Evaluation 

1. WS-B + 3 is evaluated, giving some intermediate 
result, say Xl. 

2. Xl = 4 is evaluated, giving some truth value, 
say Tl. 

3. WS-C < 10 is evaluated, giving a truth value , 
say T2. 

4. Tl AND T2 is evaluated giving a truth value T3. 
5. WS-A > 10 is evaluated, giving a truth value, 

say T4. 
6. T4 OR T3 is evaluated, giving a final truth 

value which is the result of the condition test. 

Parentheses may be used in compound conditions to alter 

the normal order of evaluation. All conditions within 

parentheses are evaluated together. If parentheses are 

nested, the inner most parenthesized condition will be 

evaluated first. Evaluation will continue in an outward 

direction from there. For instance, the order of evaluation 
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in the example can be altered so that the OR will have 

precedence over the AND. 

IF (WS-A > 10 OR WS-B + 3 = 4) AND WS-C < 10 

Care should be taken when constructing compound 

conditions to understand the order of evaluation. If there 

is any doubt, use parentheses to make sure. Do not make the 

conditions overly complicated. Complicated conditions may 

shorten the code needed, but they can be more troublesome in 

the long run. Logic errors may occur which are difficult to 

find in complex conditions. 
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8.1. 9 SELF-TEST 

For each of the following IF statements, indicate the flow 
of control when executed based on the values given. Place 
an "X" by the statements that would be executed. 

1. 77 A 
77 B 
77 c 

a. 

b. 

c. 

d. 

2. 77 A 
77 B 
77 c 
a. 

PIC S9 VALUE -3. 
PIC S9 VALUE 2. 
PIC S9 VALUE -3. 

IF A IS NOT = B 
ADD 1 TO A 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF A IS NOT < B 
NEXT.SENTENCE 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF B IS NOT ZERO 
MOVE A TO WS-NUMl 

ELSE 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF C IS NOT NEGATIVE 
MOVE A TO WS-NUMl 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

PIC XXX VALUE 'ABC'. 
PIC XXX VALUE '3A7'. 
PIC 999 VALUE 12. 

IF (A< 'CCD') AND (A< 'AAA') 
NEXT SENTENCE 

ELSE 
MOVE A TO WS-A 
MOVE B TO WS-B. 

ADD WS-NUMl TO WS-NUM2. 
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IF (A< 'CCD') OR (A< 'AAA') 
MOVE B TO WS-NUM 

ELSE 
MOVE '***' TO WSRl-A-ERROR. 

ADD WS-NUMl TO WS-NUM2. 

IF ((A= B) AND ((C < 14) OR (C < 3))) 
MOVE B TO WS-NUM. 

ADD WS-NUMl TO WS-NUM2. 

3. 05 WS-MARITAL-STATUS 
88 VALID-STATUS 
88 SINGLE 

PIC 9. 
VALUE 1 THRU 3. 
VALUE 1. 

88 MARRIED VALUE 2. 
88 DIVORCED VALUE 3. 

a. WS-MARITAL-STATUS has a value of 1. 

IF SINGLE OR DIVORCED 
PERFORM ROUTINE-A. 

ADD WS-NUMl TO WS-NUM2. 

b. WS-MARITAL-STATUS has a value of 2. 

IF NOT (SINGLE OR MARRIED) 
ADD 1 TO WS-DIVORCED-CNT 
PERFORM ROUTINE-B 

ELSE 
ADD 1 TO WS-OTHER-GROUP. 

ADD WS-NUMl TO WS-NUM2. 

c. WS-MARITAL-STATUS has a value of 1. 

IF NOT DIVORCED 
ADD 1 TO WS-OTHER-CNT 

ELSE 
ADD 1 TO WS-DIVORCED-CNT. 

ADD WS-NUMl TO WS-NUM2. 

4. Write an IF statement to test if WS-A is equal to zero 
or WS-A is greater than seven. If either condition is 
true, move WS-A to WS-SAVE, else control flows to the 
next sentence. 
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5. Write an IF statement, using NOT in the condition, to 
test if WS-A is positive and nonzero. If the test is 
true, add 1 to WS-PCNT, else add 1 to WS-NCNT. 

1. a. 

b. 

c. 

d. 

2. a. 

x 

x 

x 
x 
x 

x 

x 

x 
x 
x 

x 
x 
x 

SELF-TEST ANSWERS 

IF A IS NOT = B 
ADD 1 TO A 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF A IS NOT < B 
NEXT SENTENCE 

ELSE 
SUBTRACT 2 FROM A 
MOVE A TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF B IS NOT ZERO 
MOVE A TO WS-NUMl 

ELSE 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF C IS NOT NEGATIVE 
MOVE A TO WS-NUMl 

ELSE 
MOVE A TO WS-NUM2 
MOVE B TO WS-NUMl. 

ADD WS-NUMl TO WS-NUM2. 

IF (A < I CCD I ) AND (A < I AAA I ) 

NEXT SENTENCE 
ELSE 

MOVE A TO WS-A 
MOVE B TO WS-B. 

ADD WS-NUMl TO WS-NUM2. 



b. 

c. 

x 
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IF (A< 'CCD') OR (A< 'AAA') 
MOVE B TO WS-FLDl 

ELSE 
MOVE '***' TO WSRl-A-ERROR. 

X ADD WS-NUMl TO WS-NUM2. 

x 

IF ((A= B) AND ((C < 14) OR (C < 3))) 
MOVE A TO WS-FLDl 
MOVE B TO WS-FLD2. 

ADD WS-NUMl TO WS-NUM2. 

3. a. IF SINGLE OR DIVORCED 

b. 

c. 

X PERFORM ROUTINE-A. 
X ADD WS-NUMl TO WS-NUM2. 

IF NOT (SINGLE OR MARRIED) 
ADD 1 TO WS-DIVORCED-CNT 
PERFORM ROUTINE-B 

ELSE 
X ADD 1 TO WS-OTHER-GROUP . 

. _X~ ADD WS-NUMl TO WS-NUM2. 

IF NOT DIVORCED 
x ADD 1 TO WS-OTHER-CNT 

ELSE 
ADD 1 TO WS-DIVORCED-CNT. 

X ADD WS-NUMl TO WS-NUM2. 

4. IF WS-A IS = 0 OR WS-A IS > 7 
MOVE WS-A TO WS-SAVE. 

5. IF WS-A IS NOT NEGATIVE AND 
WS-A IS NOT ZERO 

ADD 1 TO WS-PCNT 
ELSE 

ADD 1 TO WS-NCNT. 
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8.2 The REDEFINES clause 

The REDEFINES clause is used to define a field in the 

DATA DIVISION in two or more ways. Although this is a data 

topic, its presentation was postponed until the IF statement 

had been discussed. This sequence was chosen because it is 

often necessary to perform a conditional test to determine 

which specification should be used to access the data. This 

point will be clarified later in this section. 

In COBOL, a single storage area may be defined in two 

or more ways with each having a unique data name. This is 

done using the REDEFINES clause. For example, four memory 

locations can be defined as alphanumeric and numeric in the 

following way. 

05 WS-NUM-X PIC X(4). 
05 WS-NUM REDEFINES WS-NUM-X PIC 9(4). 

It should be stressed that the above definition only 

reserves four memory locations. The use of the REDEFINES 

clauses allows these four locations to be defined and used 

in two ways. If the data name WS-NUM-X is used to access 

this memory, it will be considered as a four-position 

alphanumeric field. On the other hand, if WS-NUM is used to 

access the same four locations, they will be treated as 

numeric storage locations. 

The REDEFINES clause may be used to redefine group 

items. In the following example, the eight memory positions 

are subdivided differently into elementary fields. 



269 

05 WS-EMPLOYEE-NO. 
10 WS-A PIC XX. 
10 WS-B PIC XX. 
PO WS-B PIC X(4). 

05 WS-ENUM REDEFINES WS-EMPLOYEE-NO. 
10 WS-X PIC X. 
10 WS-Y PIC X(7). 

This technique is used to examine specific portions of a 

field. For instance, in the example above, the usual way 

the employee number is subdivided is given by WS-EMPLOYEE-

NO. Suppose that all valid employee numbers must begin with 

an 'A'. Using the first definition, you can not access only 

the first position of the field. When you access WS-A, you 

are accessing two memory locations. Using the redefined 

area, it is simple to perform this test. 

IF WS-X IS EQUAL TO 'A' 
NEXT SENTENCE 

ELSE 
MOVE 1 TO WS-ERROR. 

The field, WS-X, is the first location of employee number 

and ~an be tested to determine if it contains the value 'A'. 

Redefinition is a means of conserving storage. The 

files we have worked with have been composed of a single 

record type, i.e. every record had the same fields. This is 

not always the case. One file may contain several different 

record types with each having a different record 

description. In files of this type, there will be one 

field, the type field, in each record to identify its type 

(e.g. 1 for sales record, 2 for purchase record, and so on). 

A single storage area can be defined and then redefined to 
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accommodate each type record. The type field is tested to 

determine the proper redefinition to use to access the 

record. 

When using the REDEFINES clause, the following rules 

must be observed. 

1. The REDEFINES clause must immediately follow the data 
name. 

Incorrect Corrected 

05 B PIC X REDEFINES A. 05 B REDEFINES A PIC X. 

2. The redefining data item must immediately follow the 
redefine item and have the same level number. 

Incorrect 

05 A PIC X. 
05 E PIC X. 
05 B REDEFINES A PIC 9. 

Corrected 

05 A PIC X. 
05 B REDEFINES A PIC 9. 
05 E PIC X. 

3. The redefined item must have the same length as the 
item it is redefining. The only exception to this rule 
is when an 01-level item is redefined in WORKING-
STORAGE. 

4. VALUE clauses may not be specified with redefining 
items. 

5. 

Incorrect 

05 B REDEFINES A PIC X 
VALUE I G'. 

Corrected 

05 B REDEFINES A PIC X. 

01-level records 
redefined. But, 
redefined. 

in the FILE SECTION may not be 
02 through 49 level data items may be 
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8.2.1 SELF-TEST 

1. If the same storage location is to be used for two 

different purposes, it must be in the DATA 

DIVISION. 

2. Define the following DATA DIVISION entry so that it may 

also be accessed as a numeric field with two decimal 

places 

05 WS-AMOUNT-X PIC X(5). 

Examine the following DATA DIVISION entries. If it is 
incorrect, rewrite the corrected version. If it is correct, 
indicate this by writing "Valid". 

3. 05 WS-A PIC X(4). 
10 WS-B REDEFINES WS-A PIC 9(4). 

4. 05 WS-AMOUNT PIC 99V9. 
05 WS-AMT REDEFINES WS-AMOUNT. 

10 WS-AMT-1 PIC X. 
10 WS-AMT-2 PIC XX. 

5. 05 WS-LOC PIC XXX. 
05 WS-NUM REDEFINES WS-LOC PIC 999 VALUE 0. 
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SELF-TEST ANSWERS 

1. redefined 

2. 05 WS-AMOUNT REDEFINES WS-AMOUNT-X PIC 999V99. 

NOTE: Your data name may be different from WS-AMOUNT. 

3. 05 WS-A PIC X(4). 
05 WS-B REDEFINES WS-A PIC 9(4). 

4. Valid. 

5. 05 WS-LOC PIC XXX. 
05 WS-NUM REDEFINES WS-LOC PIC 999. 
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8.3 Two Additional PERFORM Statements 

Chapter 4 introduced the simple PERFORM and the PERFORM 

UNTIL statements. It was explained that these statements 

could be used to alter the sequential flow of control in a 

program. You should be familiar with the operation of these 

statements. 

In COBOL, there are two additional PERFORM statements: 

the PERFORM TIMES statement, and the PERFORM VARYING 

statement. These statements, like the simple PERFORM and 

the PERFORM UNTIL, are used to alter program control. 

The PERFORM TIMES Statement 

The PERFORM TIMES statement executes a named procedure 

zero or more times. The format for this statement is: 

PERFORM procedure-name-1 [f :g::::~u~ procedure-name-2] 

$identifier-li 
(integer-1 J 

The statement 

TIMES 

will cause the named procedure 

(procedure-name-1) to be performed a specific number of 

times. The number of times performed is specified either by 

a numeric literal (integer-1) or by the value contained in a 

numeric data item (identifier-1). Examples follow to 

illustrate its operation. 
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<STATEMENT 1>. 
PERFORM ROUTINE-B 5 TIMES, 
<STATEMENT 2>. 

ROUTINE-A. 
<STATEMENT 3>. 

ROUTINE-B. 
<STATEMENT 4>. 
<STATEMENT S>. 

ROUTINE-C. 
<STATEMENT 6>. 

Explanation: The statement, PERFORM ROUTINE-B 5 TIMES., 
will shift program control to the first statement 
after the paragraph named ROUTINE-B. The statements 
4 and 5 will be executed repeatedly five times. 
Control will then pass to statement 2, the next 
statement after the PERFORM TIMES statement. 

EXAMPLE 2. 77 WS-NUM PIC 9 VALUE 3. 

<STATEMENT l>. 
PERFORM ROUTINE-B WS-NUM TIMES, 
<STATEMENT 2>. 

ROUTINE-A. 
<STATEMENT 3>. 

ROUTINE-B. 
<STATEMENT 4>. 
<STATEMENT 5>. 

ROUTINE-C. 
<STATEMENT 6>. 

Explanation: The PERFORM statement will cause the 
statements of ROUTINE-B to be executed three 
times. This is because WS-NUM contains a value 
of three. The control flow then passes to 
statement 2. 
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The PERFORM VARYING Statement 

The PERFORM VARYING statement is similar to the DO 

statement in FORTRAN and the FOR statement in BASIC. The 

format for this statement is: 

PERFORM procedure-name-1 ~~~UGHJ procedure-name-2] 

VARYING identifier-1 

BY ~ identifier-3 ] 
(_numeric-literal-2 

FROM Sidentifier-2 1 
-(nurneric-literal-lJ 

UNTIL condition-1 

The PERFORM VARYING statement operates according to the 

following steps. 

1. Identifier-1, a numeric data item, is set to an 
initial value given by identifier-2 or numeric-
literal-1. 

2. Procedure-name-1, 
executed. 

the named paragraph, is 

3. Identifier-1 is incremented by the value 
specified by identifier-3 or numeric-literal-2. 

4. The condition is tested. If 
control will flow to the 
statement following the 
statement. If it tests flase, 
will be repeated again. 

it tests true, 
next sequential 

PERFORM VARYING 
steps 2 through 4 

This statement will always execute the named paragraph 

at least once due to the order in which the steps are 

performed: initi~lize (step 1), perform (step 2), increment 

(step 3) and test (step 4). The condition is not ~ested 

.... . 1 un c...l _ after the paragraph name has been executed . An 

example follows to clarify the operation of this statement. 



276 

EXAMPLE 3. 77 WS-NUM - PIC 999. 

<STATEMENT 1>. 
PERFORM ROUTINE-B 

VARYING WS-NUM FROM 1 BY 1 
UNTIL WS-NUM = 100. 

<STATEMENT 2>. 

The operation of this example can be traced using the 

steps listed above. 

(STEP 1) WS-NUM is initialized to a value of 1. 

(STEP 2) ROUTINE-B is executed. 

(STEP 3) WS-NUM is incremented by 1. 

(STEP 4) The condition, WS-NUM = 100, is tested. WS-NUM 
contains a value of 2 at this point. The 
condition is false. Execution returns to STEP 2 
and continues. 

(STEP 2) ROUTINE-B is executed again. 

(STEP 3) WS-NUM is incremented by 1. 

(STEP 4) The condition, WS-NUM = 100, is tested. WS-NUM 
contains a value of 2 at this point. The 
condition is false. Execution returns to STEP 2 
and continues. 

This PERFORM VARYING statement will cause ROUTINE-B to be 

executed 99 times. If it were to be executed 100 times, the 

statement could be changed as follows. 

77 WS-NUM PIC 999. 

<STATEMENT 1>. 
PERFORM ROUTINE-B 

VARYING WS-NUM FROM 0 BY 1 
UNTIL WS-NUM = 100. 

<STATEMENT 2>. 

The PERFORM VARYING statement is the most powerful form 

of the PERFORM statements. It is also the most complicated 

to construct. 
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8.3.1 SELF-TEST 

For each of the following PERFORM statements, indicate the 
number of times the named paragraph will be executed based 
on the values and statements given in each exercise. 

1. PERFORM ROUTINE-COPY 11 TIMES. 

2. 77 WS-CNT PIC 99 VALUE 0. 

ADD 3 TO WS-CNT. 
PERFORM ROUTINE-B WS-CNT TIMES. 

3. 77 WS-NUM PIC 99 VALUE 14. 

4. 

SUBTRACT 6 FROM WS-NUM. 
ADD 1 TO WS-NUM. 
PERFORM ROUTINE-B WS-NUM TIMES. 

77 WS-A PIC 99·VALUE 0. 

PERFORM ROUTINE-A 
VARYING WS-A FROM 1 BY 2 
UNTIL WS-A > 5. 

5. 77 WS-CNT PIC 99 VALUE 65. 

1. 11 

2. 3 

3. 9 

4. 3 

5. 1 

PERFORM ROUTINE-A 
VARYING WS-CNT FROM 1 BY 1 
UNTIL WS-CNT IS NOT = 4. 

SELF-TEST ANSWERS 
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8.4 An Example Program 

Example Program #5 verifies that each of the input 

records of the input file contains valid data and produces a 

validation report. In business, it is common practice to 

verify any sort of input data that has been keyed. The 

fields of each of the input records are tested to insure 

that the data is valid. For example, the contents of a 

field may be tested to insure that it contains a valid 

numeric value or a valid alphabetic value. Tests may also 

be performed to assure that values fall within specific 

ranges or are equal to a specific value. 

The validation process does not identify all types of 

keying errors (e.g. the value 132 instead of 123 in a 

numeric field), but it does identify many obvious ones. The 

records found to contain invalid data will be rekeyed and 

revalidated. 

In Example Program #5, particular attention should be 

given to the following areas: 

1. Use of level-88 entries (lines 44, 46 and 54). 

2. Numeric switch (line 45). 
A one-position numeric field can function as a switch 
or flag just as an alphanumeric field can. In this 
example, if WS-ERROR-FLAG contains a value of 0, this 
indicates that no error has occurred. If it contains a 
1, a validation error has occurred. 

3. Use of REDEFINES clause (lines 56 - 57). 
This storage must be redefined as alphanumeric so that 
it can receive either spaces (test true) or asterisks 
(test false). 

4. WS-RECORD (lines 48 - 58). 
This area will contain a copy of the input record. The 
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validation test will be perfo~med on the data in this 
area, field by field. If the data is valid, spaces are 
moved to the field to bland it out. If the data is 
invalid, asterisks are moved to the field. After all 
the fields are verified, this record will either be 
blank (the case for a valid input record) or contain 
asterisks in some of the fields (the case of the 
invalid record). If invalid, WS-RECORD is used to 
underline the invalid fields. 

5. The INTO option of the READ statement (lines 80 - 82 
and 105 - 107). 
When a READ statement is coded with the INTO option, it 
is equivalent to performing a READ statement followed 
by a MOVE statement. The final result is that there 
will be a copy of the input record in the input area of 
the FILE SECTION and also a copy in the area specified 
by the INTO option. 

6. Use of the condition-name in the PERFORM statement 
(lines 88 - 89). 

7. Use of the IF statements (throughout). 
The IF statements are used to perform the validation 
tests. 

8. Use of the reserved word ALL (throughout). 
When the reserved word ALL is placed before a literal 
in a MOVE statement, the literal is replicated to a 
size that fills the receiving field. For example, if 
FLDA is a four pos1~1on field, then the statements 
below are equivalent. 

MOVE ALL '*' TO FLDA. 

MOVE '****' TO FLDA. 



Line 
Ref 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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EXAMPLE PROGRAM #5 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. 1 •••• 0 .... 1 •••• 0 .•.. 1 •.•• 0 .... 1 •••• 0 .... 1 •••• 0 

*************************************************** 
* IDENTIFICATION DIVISION * 
*************************************************** 

DIVISION. 
EXAMPLES. 
BEN C ROBINSON. 
VPI & SU. 
06-25-83. 

NONE. 

IDENTIFICATION 
PROGRAM-ID. 
AUTHOR. 
INSTALLATION. 
DATE-WRITTEN. 
DATE-COMPILED. 
SECURITY. 
REMARKS. THIS rs THE FIFTH EXAMPLE PROGRAM 

USED IN CS2600. 

*************************************************** 
* ENVIRONMENT DIVISION * *************************************************** 

ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 

SELECT SALESMAN-FILE ASSIGN TO UT-S-SYSIN. 
SELECT PRINT-FILE ASSIGN TO UT-S-SYSOUT. 

*************************************************** 
* DATA DIVISION * *************************************************** 

DATA DIVISION. 
FILE SECTION. 

FD SALESMAN-FILE 
LABEL RECORDS ARE OMITTED. 

01 INPUT-SALESMAN-REC PIC X(80). 

(continued on next page) 
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EXAMPLE PROGRAM #5 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. I - ... 0 .... I .... 0 .... I .... 0 .... I· ... 0 .... 1- ... 0 

37 FD PRINT-FILE 
38 LABEL RECORDS ARE OMITTED. 
39 01 OUTPUT-REPORT-REC PIC X(l33). 
40 
41 WORKING-STORAGE SECTION. 
42 01 WS-FLAGS. 
43 05 WS-NO-MORE-INPUT PIC X(3) VALUE 'NO'. 
44 88 NO-MORE-INPUT-RECORDS VALUE 'YES'. 
45 05 WS-ERROR-FLAG PIC 9. 
46 88 VALID-RECORD VALUE 0. 
47 
48 01 WS-RECORD. 
49 05 WS-SS-NO PIC X(9). 
50 05 WS-NAME. 
51 10 WS-FIRST-POSITION PIC X. 
52 10 WS-REMAINDER PIC X(l4). 
53 05 WS-TERRITORY PIC X. 
54 88 VALID-TERRITORY VALUE 'N' I 'S' I 

55 IE I , I W' . 
56 05 WS-AMOUNT PIC 9(5). 
57 05 WS-AMT-X REDEFINES WS-AMOUNT PIC X(5). 
58 05 FILLER PIC X(50). 
59 
60 
61 
62 
63 
64 
65 
66 

01 WS-VALIDATED-REC. 
05 FILLER PIC X(12) VALUE SPACES. 
05 WS-MESSAGE-OUT PIC X(20). 
05 FILLER PIC X(lO) VALUE SPACES. 
OS WS-CARD-OUT PIC X( 80) . 
05 FILLER PIC X(ll) VALUE SPACES. 

(continued on next page) 



Line 
Ref 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
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EXAMPLE PROGRAM #5 (CONTINUED) 

Column Numbers 
00 1 2 3 4 5 6 
78 ... 2 .. 1 •... 0 .... 1 .•.• 0 .... 1 .••• 0 .... 1 •••. 0 .... 1 .••• 0 

*************************************************** * PROCEDURE DIVISION * 
*************************************************** 

PROCEDURE DIVISION. 

MAIN-LINE. 
*-----------------------------------------------* * PRELIMINARY OPERATIONS * 
*----------------------~------------------------* 

OPEN INPUT SALESMAN-FILE 
OUTPUT PRINT-FILE. 

READ SALESMAN-FILE INTO WS-RECORD 
AT El\i'D 

MOVE 'YES' TO WS-NO-MORE-INPUT. 

*-----------------------------------------------* * PROCESSING THE INPUT-FILE RECORD BY RECORD * 
*-----------------------------------------------* 

PERFORM PROCESS-INPUT-RECORDS 
UNTIL NO-MORE-INPUT-RECORDS. 

*-----------------------------------------------* 
* WRAP-UP (OR BEFORE STOP) OPERATIONS * *-----------------------------------------------* 

CLOSE SALESMAN-FILE, PRINT-FILE. 
STOP RUN. 

PROCESS-INPUT-RECORDS. 
MOVE 0 TO WS-ERROR-FLAG. 
PERFORM VALIDATE-INPUT-RECORD. 
IF VALID-RECORD 

PERFORM WRITE-VALID-RECORD 
ELSE 

PERFORM WRITE-INVALID-RECORD. 
READ SALESMAN-FILE INTO WS-RECORD 

AT END 
MOVE 'YES' TO WS-NO-MORE-INPUT. 

(continued on next page) 
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EXAMPLE PROGRAM #5 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2. - I .•.. 0 .... I - ... 0 .... I· •.. 0 .... 1- ..• 0 .... 1- ... 0 

109 VALIDATE-INPUT-RECORD. 
110 PERFORM VALIDATE-SS-NO. 
111 PERFORM VALIDATE-NAME. 
112 PERFORM VALIDATE-TERRITORY. 
113 PERFORM VALIDATE-AMOUNT. 
114 
115 VALIDATE-SS-NO. 
116 IF WS-SS-NO IS NUMERIC 
117 MOVE SPACES TO WS-SS-NO 
118 ELSE 
119 MOVE 1 TO WS-ERROR-FLAG 
120 MOVE ALL '*' TOWS-SS-NO. 
121 
122 VALIDATE-NA.~E. 
123 IF WS-NAME ALPHABETIC AND 
124 WS-FIRST-POSITION IS NOT EQUAL SPACE 
125 MOVE SPACES TO WS-NAME 
126 ELSE 
127 MOVE 1 TO WS-ERROR-FLAG 
128 MOVE ALL '*' TOWS-NAME. 
129 
130 VALIDATE-TERRITORY. 
131 IF VALID-TERRITORY 
132 MOVE SPACES TO WS-TERRITORY 
133 ELSE 
134 MOVE 1 TO WS-ERROR-FLAG 
135 MOVE ALL '*' TOWS-TERRITORY. 
136 

(continued on next page) 
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EXAMPLE PROGRAM #5 (CONTINUED) 

Column Numbers 
Line 00 1 2 3 4 5 6 
Ref 78 ... 2 .. 1 •.•• 0 .... 1 ..•. 0 .... 1 •••• 0 .... 1 •.•• 0 .... 1 •••• 0 

137 VALIDATE-AMOUNT. 
138 IF WS-AMOUNT IS NUMERIC AND 
139 WS-AMOUNT IS NOT < 100 
140 MOVE SPACES TO WS-AMT-X 
141 ELSE 
142 MOVE 1 TO WS-ERROR-FLAG 
143 MOVE ALL'*' TO WS-AMT-X .. 
144 
145 WRITE-VALID-RECORD. 
146 MOVE INPUT-SALESMAN-REC TO WS-CARD-OUT. 
147 MOVE 'CARD VALID' TO WS-MESSAGE-OUT. 
148 WRITE OUTPUT-REPORT-REC FROM WS-VALIDATED-REC 
149. AFTER ADVANCING 2 LINES. 
150 
151 WRITE-INVALID-RECORD. 
152 MOVE INPUT-SALESMAN-REC TO WS-CARD-OUT. 
153 MOVE 'CARD INVALID ***' TO WS-MESSAGE-OUT. 
154 WRITE OUTPUT-REPORT-REC FROM WS-VALIDATED-REC 
155 AFTER ADVANCING 2 LINES. 
156 MOVE SPACES TO WS-MESSAGE-OUT. 
157 MOVE WS-RECORD TO WS-CARD-OUT. 
158 WRITE OUTPUT-REPORT-REC FROM WS-VALIDATED-REC 
159 AFTER ADVANCING 2 LINES. 
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EXERCISE 5. An Input Data Verification Program 

Write a COBOL program using 

specifications. 

INPUT RECORD DESCRIPTION 

Field 
Name 

Employee Number 
Employee Name 

First Name 
Middle Init. 
Last Name 

Employee Dept. 
Date Hired 

Month 

Day 

Year 

Unused 

PROCESS NARRATIVE 

Field 
Specification 

6 alphanumeric positions 

10 alphanumeric positions 
1 alphanumeric positions 
10 alphanumeric positions 
3 alphanumeric positions 

unsigned numeric field 
2 digit integer 
unsigned numeric field 
2 digit integer 
unsigned numeric field 
2 digit integer 

the following 

Field 
Position 

1-6 

7-16 
17 

18-27 
28-30 

31-32 

33-34 

35-36 

37-80 

The function of this program is to validate the input 

file (EMPLOYEE FILE) and to produce a formatted output 

report (VALIDATION REPORT). Each input record of the 

EMPLOYEE FILE will be processed in the following manner: 

1. Read an input record from the EMPLOYEE FILE. 

2. Perform the following verifications. 

FIELD NAME 

Employee Number 

VERIFICATION TO BE PERFORMED 

Position 1-3 must be alphabetic. 
Position 4-6 must be numeric. 



Employee Name 
First name 

Middle Init. 

Last Name 

Employee Dept. 

Date Hired 
Month 

Day 

Year 
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The field must be alphabetic and 
first name must be left justified. 
This field must be either alpha-
betic or a space. 
The field must be alphabetic and 
last name must be left justified. 

The field may contain only one of 
the following department codes: 
ACC, PUR, SAL and SHP. 

The month must be numeric. 
It must be within the 
range of 1 to 12, inclusively. 
The day must be numeric. 
It must be within the 
range of 1 to 31, inclusively. 
The year must be numeric. 
It must be greater than 0, 
but less than 84. 

3. Write the output record image or images to the printer. 

OUTPUT DESCRIPTION 

The Verification Report should be produced with both 

major and minor headings. It msut be neatly spaced and 

centered. Use the following as the major heading. 

TOYS LTD. 
EMPLOYEE FILE VERIFICATION REPORT 

BLACKSBURG, VA. 
<skip a line> 
< required minor heading > 

You may choose your own minor heading. Be descriptive in 

your choices and label all columns. If the record is valid, 

the detail record should contain the following: 

1. A message specifying whether the record is valid or 
invalid 
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2. The 80 positions of the input record. 

If the record is invalid, the asterisk method of Example 

Program #5 is to be used to produce a second line. This 

line will contain the underscores for the invalid fields. 

The final run of this assignment program should contain 

enough invalid records to demonstrate that each verification 

is being performed correctly. 



APPENDIX A 

COBOL FORMATS USED IN THIS TEXT 

Formats for the IDENTIFICATION DIVISION 

[IDENTIFICATION DIVISION.i 
(_ID DIVISION. _,; 

PROGRAM-ID. program-name. 

[AUTHOR. comment-entry ] ... ] 

[INSTALLATION. 

[DATE-WRITTEN. 

comment-entry] ... ] 

comment-entry] ... ] 

[DATE-COMPILED. [ comment-entry ] ... ] 

[SECURITY. [ comment-entry ] ... ) 

[REMARKS. [ comment-entry ) ... ] 

Formats for the ENVIRONMENT DIVISION 

ENVIRONMENT DIVISION. 

CONFIGURATION SECTION. 

[SOURCE-COMPUTER. computer-name.] 

[OBJECT~COMPUTER. computer-name.] 

[SPECIAL-NAMES. [implementor-name IS mnemonic-name ... ] 
[COl IS mnemonic-name] 
[CURRENCY SIGN IS literal) 
[DECIMAL-POINT IS COMMA] ... ] 

INPUT-OUTPUT SECTION. 

FILE-CONTROL. 

SELECT file-name ASSIGN TO implementor-name-1 
[,implementor-name-2] ... 

Formats for the DATA DIVISION 

DATA DIVISION. 
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FILE SECTION. 

FD file-name 

[BLOCK CONTAINS [ integer-1 TO] integer-2 5 RECORDS '] < CHARACTERS) 

[RECORD CONTAINS [integer-3 TO] integer-4 CHARACTERS] 

LABEL 5 RECORD IS l r STANDA~ l 
(RECORDS ARE) ( OMITTED .5 

[DATA ~ RECORD IS ( data-name-1 [, data-name-2] ... ] . 
(_ RECORDS ARE) 

01 record-name 
02-49 record-description-entry 

WORKING-STORAGE SECTION. 

[ (77-level-description-entry] ... ] 

[ (01-record-description-entry] ... ] 

[ 88 condition-name ~VALUE rs ~ 
(VALUES ARE) 

literal-1 [~=UGH} literal-2 J 
[ li teral-3 r.$' THROUGH l l.( THRU j 

li teral-4: l l ... l 

Formats for the PROCEDURE DIVISION 

PROCEDURE DIVISION. 

ADD Sidentifier-1] [{, identifier-21 ... J 
(literal-1 ( ,literal-2 J 

TO identifier-m [ROUNDED] 
~[,identifier-n [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 
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ADDS identifier-1} S, identifier-21 [~' identifier-31. .. ·] 
(literal-1 (,literal-2 J z,literal-3 j 

GIVING identifier-m [ROUNDED] 
[,identifier-n [ROUNDED] ... ] 

[ON SIZE ERROR imperative-statements] 

CLOSE file-narne-1 [,file-name-2 ... ] 

COMPUTE identifier-1 [ROUNDED] 
[,identifier-2 [ROUNDED] ... ] 

~ nurneric-li teral 5 = identifier-n 
arithmetic-expression 

[ON SIZE ERROR imperative-statements]. 

DIVIDE $identifier-1J INTO identifier-2 [ROUNDED] 
l_literal-1 

[,identifier-3 [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements]. 

DIVIDE ~ identifier-1"°2 ~ INTq°2 ~ identifier-2 L 
(literal-1 j LBY J Lliteral-2 ..) 

GIVING identifier-3 [ROUNDED] 
[,identifier-4 [ROUNDED] ... ] 

[ON SIZE ERROR imperative-statements]. 

IF condition ~ statement-1 1 c~ OTHERWISEJ ~ statement-2 ZJ 
(NEXT SENTENC~J (ELSE (NEXT SENTENCE) 

MOVE ( identifier-11 
Lliteral-1 j 

TO identifier-2[,identifier-3 ... ] 

MULTIPLY ~ identifier-1} BY identifier-2 [ROUNDED] 
c._ li teral-1 

[,identifier-3[ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 



MULTIPLY S identifier.-1~ 
(_literal-1 _,; 
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BY ~ identifier-2J-. 
2_ li teral-2 

GIVING identifier-3 [ROUNDED] 
[,identifier-4 [ROUNDED] ... ] 

[ON SIZE ERROR imperative-statements] 

OPEN [INPUT file-narne-1 [,file-name-2, ... ]] 
[OUTPUT file-name-3 [,file-name-4, ... ]] 
[I-0 file-name-5 [,file-name-6, ... ]] 

PERFORM procedure-name-1 I\ THROUGH l procedure-name-2] 
(.THRU j 

PERFORM procedure-name-1 [ t i:guoHJ procedure-name-2] 

S identifier-1 L 
( integer-1 .J 

TIMES 

PERFORM procedure-name-1 [ ~ i:guoHJ procedure-name-2 J 
UNTIL condition-1 

PERFORM procedure-name-1 r~ THROUG:Ef~ procedure-name-2 J 
( THRU j 

VARYING identifier-1 FROM S identifier-2 1: 
!._ numeric-li teral-1 J 

BY ~ identifier-3 ~ 
(numeric-literal-2 J 

UNTIL condition-1 

READ file-name [INTO identifier-1] 
AT END imperative-statement 

STOP RUN 

SUBTRACT <; identifier-1 l [~' identifier-2 ( .. ·] 
( literal-1 j 2,literal-2 J 

FROM 

identifier-m [ROUNDED] [,identifier-n [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 
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SUBTRACT $identifier-1( [(,identifier-21 .. ·J FROM 
lliteral-1 .) 2,literal-2 J 

~identifier-rnJ GIVING identifier-n [ROUNDED] 
(_ li teral-rn 

[,identifier-o [ROUNDED] ... ] 
[ON SIZE ERROR imperative-statements] 

WRITE record-name [FROM identifier-1] 

[s BEFORE'Z ADVANCING t integer-1 LINES JJ 
(AFTER j identifier-2 LINES 

mnemonic-name 



APPENDIX B 

WATBOL RESERVED WORD LIST 

ACCEPT 
ACCESS 
ACTUAL 
ADD 
ADDRESS 
ADVANCING 
AFTER 
ALL 
ALPHABETIC 
ALPHANUMERIC 
ALPHANUMERIC-EDITED 
ALTER 
ALTERNATE 
AND 
APPLY 
ARE 
AREA 
AREAS 
ASCENDING 
ASSIGN 
AT 
AUTHOR 
BASIS 
BEFORE 
BEGINNING 
BLANK 
BLOCK 
BOTTOM 
BY 
C.Z\LL 
CANCEL 
CBL 
CD 
CF 
CH 
CHANGED 
CHARACTER 
CHARACTERS 
CLOCK-UNITS 
CLOSE 
COBOL 
CODE 
COLUMN 
COM-REG 
COMMA 
COMMUNICATION 
COMP 
COMP-1 

COMP-2 
COMP-3 
COMP-4 
COMPUTATIONAL 
COMPUTATIONAL-1 
COMPUTATIONAL-2 
COMPUTATIONAL-3 
COMPUTATIONAL-4 
COMPUTE 
CONFIGURATION 
CONSOLE 
CONSTANT 
CONTAINS 
CONTROL 
CONTROLS 
COPY 
CORE-INDEX 
CORR 
CORRESPONDING 
COUNT 
CSP 
CURRENCY 
CURRENT-DATE 
CYL-INDEX 
CYL-OVERFLOW 
COl 
C02 
C03 
C04 
cos 
C06 
C07 
COB 
C09 
ClO 
Cll 
Cl2 
DATA 
DATE 
DATE-COMPILED 
DATE-WRITTEN 
DAY 
DAY-OF-WEEK 
DE 
DEBUG 
DEBUG-CONTENTS 
DEBUG-ITEM 
DEBUG-LINE 
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DEBUG-NAME 
DEBUG-SUB-1 
DEBUG-SUB-2 
DEBUG-SUB-3 
DEBUGGING 
DECIMAL-POINT 
DECLARATIVES 
DELETE 
DELIMITED 
DELIMITER 
DEPENDING 
DEPTH 
DESCENDING 
DESTINATION 
DETAIL 
DISABLE 
DISP 
DISPLAY 
DISPLAY-ST 
DIVIDE 
DIVISION 
DOWN 
DUPLICATES 
DYNAMIC 
EGI 
EJECT 
ELSE 
EMI 
ENABLE 
END 
END-OF-PAGE 
ENDING 
ENTER 
ENTRY 
ENVIRONMENT 
EOP 
EQUAL 
EQUALS 
ERROR 
ESI 
ETI 
EVERY 
EXAMINE 
EXCEEDS 
EXCEPTION 
EXHIBIT 
EXIT 
EXTEND 



EXTENDED-SEARCH 
FD 
FILE 
FILE-CONTROL 
FILE-LIMIT 
FILE-LIMITS 
FILLER 
FINAL 
FIRST 
FOOTING 
FOR 
FROM 
GENERATE 
GIVING 
GO 
GO BACK 
GREATER 
GROUP 
HEADING 
HIGH-VALUE 
HIGH-VALUES 
HOLD 
I-0 
I-0-CONTROL 
ID 
IDENTIFICATION 
IF 
IN 
INDEX 
INDEXED 
INDICATE 
INITIAL 
INITIALIZE 
INITIATE 
INPUT 
INPUT-OUTPUT 
INSERT 
INSPECT 
INSTALLATION 
INTO 
INVALID 
IS 
JUST 
JUSTIFIED 
KEY 
KEYS 
LABEL 
LABEL-RETURN 
LAST 
LEADING 
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LEAVE 
LEFT 
LENGTH 
LESS 
LIBRARY 
LIMIT 
LIMITS 
LINAGE 
LINAGE-COUNTER 
LINE 
LINE-COUNTER 
LINES 
LINKAGE 
LOCK 
LOW-VALUE 
LOW-VALUES 
LOWER-BOUND 
LOWER-BOUNDS 
MASTER-INDEX 
-MEMORY 
MERGE 
MESSAGE 
MODE 
MODULES 
MORE-LABELS 
MOVE 
MULTIPLE 
MULTIPLY 
NAMED 
NEGATIVE 
NEXT 
NO 
NOMINAL 
NOT 
NOTE 
NSTD-REELS 
NUMBER 
NUMERIC 
NUMERIC-EDITED 
OBJECT-COMPUTER 
OBJECT-PROGRAM 
OCCURS 
OF 
OFF 
OH 
OMITTED 
ON 
OPEN 
OPTIONAL 
OR 

ORGANIZATION 
OTHERWISE 
OUTPUT 
ov 
OVERFLOW 
PAGE 
PAGE-COUNTER 
PERFORM 
PE' 
PH 
PIC 
PICTURE 
PLUS 
POINTER 
POSITION 
POSITIONING 
POSITIVE 
PREPARED 
PRINT-SWITCH 
PRINTING 
PRIORITY 
PROCEDURE 
PROCEDURES 
PROCEED 
PROCESS 
PROCESSING 
PROGRAM 
PROGRAM-ID 
QUEUE 
QUOTE 
QUOTES 
RANDOM 
RANGE 
RD 
READ 
READY 
RECEIVE 
RECORD 
RECORD-OVERFLOW 
RECORDING 
RECORDS 
REDEFINES 
REEL 
REFERENCES 
RELATIVE 
RELEASE 
RELOAD 
REMAINDER 
REMARKS 
REMOVAL 



RENAMES 
REORG-CRITERIA 
REPLACING 
REPORT 
REPORTING 
REPORTS 
REREAD 
RERUN 
RESERVE 
RESET 
RETURN 
RETURN-CODE 
REVERSED 
REWIND 
REWRITE 
RF 
RH ; 
RIGHT 
ROUNDED 
RUN 
SA 
SAME 
SD 
SEARCH 
SECTION 
SECURITY 
SEEK 
SEGMENT 
SEGMENT-LIMIT 
SELECT 
SELECTED 
SEND 
SENTENCE 
SEPARATE 
SEQUENTIAL 
SERVICE 
SET 
SIGN 
SIZE 
SKI Pl 
SKIP2 
SKIP3 
SORT 
SORT-CORE-SIZE 
SORT-FILE-SIZE 
SORT-MERGE 
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SORT-MESSAGE 
SORT-MODE-SIZE 
SORT-RETURN 
SOURCE 
SOURCE-COMPUTER 
SPACE 
SPACES 
SPECIAL-NAMES 
STANDARD 
START 
STATUS 
STOP 
STRING 
SUB-QUEUE-1 
SUB-QUEUE-2 
SUB-QUEUE-3 
SUBTRACT 
SUM 
SUPERVISOR 
SUPPRESS 
SUSPEND 
SYMBOLIC 
SYNC 
SYNCHRONIZED 
SYS IN 
SYS I PT 
SYSLST 
SY SO UT 
SYSPCH 
SYS PUNCH 
SOl 
S02 
TABLE 
TALLY 
TALLYING 
TAPE 
TERMINAL 
TERMINATE 
TEXT 
THAN 
THEN 
THROUGH 
THRU 
TIME 
TIME-OF-DAY 
TIMES 

TO 
TOP 
TOTALED 
TOTALING 
TRACE 
TRACK 
TRACK-AREA 
TRACK-LIMIT 
TRACKS 
TRAILING 
TRANSFORM 
TYPE 
UNEQUAL 
UNIT 
UNSTRING 
UNTIL 
UP 
UPON 
UPPER-BOUND 
UPPER-BOUNDS 
UPSI-0 
UPSI-1 
UPSI-2 
UPSI-3 
UPSI-4 
UPSI-5 
UPSI-6 
UPSI-7 
USAGE 
USE 
USING 
VALUE 
VALUES 
VARYING 
WHEN 
WITH 
WORDS 
WORKING-STORAGE 
WRITE 
WRITE-ONLY 
WRITE-VERIFY 
ZERO 
ZEROES 
ZEROS 



APPENDIX C 

COURSE COORDINATOR'S MANUAL 

PREPARING STUDENT ASSIGNMENTS 

This course is designed to have five programming 

exercises. Assignments are placed at the end of chapters 4, 

5, 6, 7 and 8, respectively. So that programming 

assignments will vary from quarter to quarter the course 

instructor may wish to design unique programming exercises. 

If this option is chosen then each assignments should be 

designed to stress the learning objectives of that 

particular chapter. The following is a brief outline of the 

learning objectives for these chapters. 

EXERCISE 1 (Chapter 4) 

Exercise 1 is just a keying assignment. Its purpose is 

to familiarize the student with a COBOL compiler and the 

computing facilities (i.e. 

and submittal procedures). 

input devices, output devices, 

This assignment is included in 

the text and the instructor does not need to change it. 

EXERCISE 2 (Chapter 5) 

Exercise 2 should be a simple I/O program (i.e. no 

headings, no page breaks, etc). Exercise 2 is the student's 

first real programming assignment. At this point in the 

course the student should feel fairly comfortable designing, 
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coding and runing a basic COBOL program. The specifications 

for the programming assignment should be designed using the 

following learning objectives as guidelines. 

1. The student should be able to design and code a 
structured COBOL program using the basic sequential 
file processing logic. 

2. The student should be able to work with signed 
numeric data. This should include working with: 
a. implied decimal points (PICTURE symbol V) 
b. the operational sign (PICTURE symbol S) 
c. keying numeric data for input 

3. The student should be able to 
symbol (PICTURE symbols 11 • 11 , 11 - 11 

use the 
and "+ 11 ) • 

editting 

4. The student should be able to use the MOVE 
statement. Specifically, numeric and alphanumeric 
MOVEs with truncation. 

5. The student should be able to use VALUE clauses and 
record images in the WORKING-STORAGE SECTION of the 
COBOL program. 

EXERCISE 3 (Chapter 6) 

Exercise 3 should be an arithmetic program. The 

specifications for the programming assignment should be 

designed using the following learning objectives as 

guidelines. 

1. The student should be able to use the following 
arithmetic verbs: 

a. ADD 
b. SUBTRACT 
c. MULTIPLY 
d. DIVIDE 

2. The student should be able to use the COMPUTE 
statement. 
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EXERCISE 4 {Chapter 7) 

Exercise 4 should be a Report program. The. 

specifications for the programming assignment should be 

designed using the following learning objectives as 

guidelines. 

1. The student should be able to produce a multiple 
page report with headings, detail lines and footing 
lines (summary information) using a line counter. 

2. The student should be able to use the following 
editing symbols; 

a. Zero suppression (PICTURE symbol Z) 
b. Floating dollar sign (PICTURE symbol $) 
c. Asterik fill (PICTURE symbol *) 
d. Comma insertion (PICTURE symbol,) 
e. Debit symbol (PICTURE symbol DB) 
f. Credit symbol (PICTURE symbol CR) 

EXERCISE 5 (Chapter 8) 

Exercise 5 should be an input data verification 

program. The specifications for the programming assignment 

should be designed using the following learning objectives 

as guidelines. 

1. The student should be able to use the five types of 
the IF statement. 

2. The student should be able to use the various 
PERFORM statements. 

3. The student should be able to use the REDEFINES 
clause. 
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