Background and History

COBOL is an acronym for:

COmmon
Business
Oriented
Language 

COBOL Design Features

· COBOL was first developed in 1959. It was the second compiled language. (The first was FORTRAN.) 

· COBOL was designed to solve business problems, something its predecessor wasn't very good at, eg. FORTRAN couldn't do alphabetic sorts or keep monetary values in even cents. 

· COBOL was designed to be English-like, so that the reader, even a non-programmer, could get an idea of what was going on in the program, simply by reading the code. 

· COBOL was designed to be portable, so that programs could be adapted from one computer system to run on another, simply by making a few changes in one isolated section of the code. 

	Great Moments in COBOL History

	Year
	Event
	Description

	1959
	Origin of COBOL
	A new English-like programming language, designed for writing business applications. 

	1962
	Intended Next Release
	First effort at a standardized version ... and look, it's only 2 years late! 

	1964
	Release of COBOL 64
	

	1965
	Intended Next Release
	A few minor improvements over the original ... and look, it's only 3 years late! 

	1968
	Release of COBOL 68
	

	1970
	Intended Next Release
	A few more minor improvements ... and look, it's only 4 years late! 

	1974
	Release of COBOL 74
	

	1980
	Intended Next Release
	Somewhat controversial version - strayed from true English-like constructs ... and look, it's only 5 years late! 

	1985
	Release of COBOL 85
	

	1990
	Intended Next Release
	Everything you could ever want and more ... and look, it's only ??? years late! 

	20??
	Release of COBOL ????
	


Hierarchy

The organization of a COBOL program is hierarchical. This is the breakdown of the levels: 
· Program 

· Division 

· Section 

· Paragraph 

· Sentence 

· Statement 

· Clause / Phrase 

· Word 

· Character 

It's not necessarily required for all of components to be present for the hierarchical relationship to exist. For example, the PROCEDURE DIVISION can contain paragraphs which are subordinate to it, even if there are no sections used in that division, however, if sections are included in that division, the paragraphs will be subordinate to them.

For more information on how this hierarchy is used to create a program, see the Organization section of this tutorial
Layout

A line of COBOL code is divided into five distinct areas: 

	Position
	Name
	Description

	1-6
	Sequence
Number
	This area was originally designed for entering line numbers on each individual line of code. Once cards were replaced with disk drives, this area fell into disuse. More recently this area has been used by programmers as a way to mark individual lines of code, such as placing a revision number on each line of a block of changed code to show at a glance what changes go with an individual program modification. Note: some compilers sequence check this area, in which case, change modification notices are typically entered in the Program Identification area. 

	7
	Comments / Continuation
	This area is used designate a line as either a comment or a continuation. 

Character
Purpose
*
This line is a comment.
/
This line is a comment. On a source listing, it will appear on the top of a new page.
-
This line is a continuation of the previous line.
Note: COBOL is freeform and in most cases it isn't necessary to use this construct, the entry may simply be continued on the next line. The continuation feature is used to continue literals or words when you run out of room on the line.
Note: If this line is not a comment or a continuation, this area should be left blank. 

	8-11
	Area A
	This area is used to enter division headers, section headers, paragraph names, file indicators and level 01 items. Anything that begins in Area A is considered to be in Area A.

	12-72
	Area B
	This area is used to enter any statement that doesn't go in Area A. Anything that begins in Area B is considered to be in Area B.

	73-80
	Program
Identification
	This area was originally designed for entering the program identificationon each individual line of code. Once cards were replaced with disk drives, this area fell into disuse. More recently this area has been used by programmers as a way to mark individual lines of code, such as placing a revision number on each line of a block of changed code to show at a glance what changes go with an individual program modification, especially with compilers that still sequence check the sequence number area.


Identifiers

COBOL Identifiers are 1 to 30 characters in length. The characters may be: 

· Alphabetic (A-Z) 

· Numeric (0-9) 

· Hyphen (-)

1. The hyphens are used to join multiple words together to create one meaningful name. 

2. Any hyphens used should be embedded between other characters 

3. Hyphens should not be adjacent to one another 

4. Data names should describe the content of the field in a meaningful way. 

5. Only common abbreviations should be used 

Constants

Figurative Constants

COBOL has several built-in constants. These constants are called figurative constants. They are named according to their values. Most of them have alternative spellings available. Any of these spellings may be used to produce the same result. This is a list of all of the figurative constants: 

ZERO 

Alternate Spellings: ZEROS, ZEROES 

This figurative constant can be used to load a data item with as many zeros as it takes to fill the data item. ZEROS may be used to fill data items of any type. 

SPACE 

Alternate Spelling: SPACES 

This figurative constant can be used to load a data item with as many spaces as it takes to fill the data item. SPACES may not be used to fill numeric data items. 

LOW-VALUE 

Alternate Spelling: LOW-VALUES 

A LOW-VALUE is the lowest possible character in your machine's collating sequence. On most machines, that would mean that all of the bits in the character are set to 0's. This figurative constant can be used to load a data item with as many of this value as it takes to fill the data item. LOW-VALUES may not be used to fill numeric data items. 

HIGH-VALUE 

Alternate Spelling: HIGH-VALUES 

A HIGH-VALUE is the highest possible character in your machine's collating sequence. On most machines, that would mean that all of the bits in the character are set to 1's. This figurative constant can be used to load a data item with as many of this value as it takes to fill the data item. HIGH-VALUES may not be used to fill numeric data items. 

QUOTE 

Alternate Spelling: QUOTES 

A QUOTE is whatever character your compiler uses as a quote. In most COBOLs, this is the quotation mark. In some COBOLs, this is the apostrophe. This figurative constant can be used to load a data item with this character. QUOTES may not be used to fill numeric data items. 

ALL literal 

The literal is any non-numeric literal. This figurative constant can be used to load a data item with this character or character string. The character or character string will be repeated as often as necessary to fill the data item. The ALL literal may not be used to fill numeric data items. 

Literals

Numeric Literals

Numeric literals can consist of any combination of numeric characters. No more than 18 total digits are allowed. One decimal point may be included and a sign (either a plus or minus sign) may be included in the front of the item. If the sign is not included, the value is assumed to be positive. 

Non-Numeric Literals

Non-numeric literals must be enclosed in quotes. Any character may be included except a quote. If it is necessary for a quote to appear in the literal, code two quotes adjacent to each other in the literal. They will be interpreted by the compiler as one quote and only one quote will appear in the resultant literal. Most COBOLs use the quotatation mark for the quote. Some use the apostrophe. Some COBOLs allow either to be used; in such COBOLs, it possible to include a quotation mark in the literal by enclosing the literal in apostrophes and to include an apostrophe in the literal be enclosing the literal in quotation marks.

Data Items

Level Numbers

Levels 01-49 (Data Structuring Items)

Levels 01-49 are used to create hierarchical data items. The highest level item in the hierarchy will always be the 01 item and every item contains the items beneath it with higher level numbers (up until the next item with a lower level number or the end of the section or division). Items which contain other data items are called group items and those which don't contain other data items are called elementary items. 

Although all of the numbers from 01-49 are available, by convention usually only the levels 01, 05, 10, 15, 20, 25, etc. are used. 

	Sample

	01
	A.
	

	
	05
	B.

	
	
	10
	C
	
	PIC X(20).

	
	
	10
	D
	
	PIC X(10).

	
	05
	E.
	
	
	

	
	
	10
	F
	
	PIC X(5).

	
	
	10
	G
	
	PIC 9(10).


In this example, there are three group level items, A, B, and E and there are four elementary items, C, D, F, and G. The sizes of the elementary items are determined by their picture clauses. See picture clauses below for more information on this. The sizes of the group items are determined by the sizes of the elementary items below them. Since B consists of the elementary items C (20 characters) and D (10 characters), B is 30 characters in length. Since E consists of the elementary items F (5 characters) and G (10 characters), E is 15 characters in length. Since A consists of the sub-groups B (30 characters) and E (15 characters), A is 45 characters in length. 

Other Level Numbers

Level 66 (Renaming Items)

Sometimes it is desirable to group items from two separate groups into a group of their own. Say we want to create a new group of items consisting of items D and F, but we don't want to interfere with these data items also belonging to groups B and E. 

	Sample

	01
	A.
	

	
	05
	B.

	
	
	10
	C
	
	PIC X(20).

	
	
	10
	D
	
	PIC X(10).

	
	05
	E.
	
	
	

	
	
	10
	F
	
	PIC X(5).

	
	
	10
	G
	
	PIC 9(10).


In this example, we could add a line after the last line, to create a new group from items D and F. To do this we would code: 

66 H RENAMES D THRU F.
following the last line of the 01 level item. (In this case, following the line which defines G.) 

Level 77 (Stand Alone Items)

Level 77 items have been designated for deletion from the COBOL language and have been included here only in case you encounter one in an existing program. Level 77 items should not be coded in new programs. 
A level 77 item is used to define an item which is not to be subdivided any further. You can accomplish the same thing with a level 01 item, just don't subdivide it. 

Level 88 (Condition Name Items)

A level 88 item is used to give a name to a condition. Using a condition name has two primary benefits: 

· It allows a descriptive name to be assigned to what otherwise might not be an obvious reason for a test. 

· If a condition that is subject to change due to conditions beyond the control of the programmer and that condition is tested multiple places in the PROCEDURE DIVISION, using the condition name in the PROCEDURE DIVISION instead of the actual condition allows the programmer maintaining the program to change the values defining the condition in only one place in the DATA DIVISION rather than having to hunt down all of the individual occurences in the PROCEDURE DIVISION. 

	Sample

	05
	COMPANY
	
	PIC 9(4).
	
	

	
	88
	DOING-BUSINESS-IN-CALIFORNIA 
	
	
	VALUES
	3
15
39 THRU 42
76.


To test for a company doing business in California, without the 88-level item, you would have to code: 

IF COMPANY = 3 OR 15 OR 39 OR 40 OR 41 OR 42 OR 76 
It would not be apparent to the person reading the code what condition you were testing for. With the 88 in place, you could code the test like this: 

IF DOING-BUSINESS-IN-CALIFORNIA 
Anybody reading the code could tell what condition you were testing for and if the check was done several times throughout the PROCEDURE DIVISION and the list of companies doing business in California changes, it is only necessary to change the list of values associated with the 88-level item. 

While the data name associated with an 88-level item may have any value, the 88-level item itself can only have one of two values, true or false. The item is true if the data item immediately above the 88 has any of the values associated with the 88-item, otherwise it is false. 

88-level items may be associated with either group or elementary items. 

Picture Clauses

The Picture clause is used to specify the type and size of an elementary data item. It consists of the word PIC or PICTURE followed by the actual picture clause, where the type and size are specified. The type is specified using a specific character selected from the table below. Each picture character represents one position in the data item. Different characters may be combined within the same Picture clause. Multiple occurrences of the same type of character are indicated by repeating the character or including a repetition factor after the character. For example, three alphabetic characters may be represented either with the clause PIC AAA or PIC A(3). Typically, repetitions of less than four characters are done by repeating the character and repetitions of four or more characters are done with the number enclosed in parentheses. 

	Character
	Purpose
	Notes

	Data Representation Characters

	X
	Any character
	May contain any character including special or unprintable characters 

	9
	Numeric character
	May contain only the characters 0 through 9 

	A
	Alphabetic character
	May contain only the characters A - Z, a - z, and space 

	Arithmetic Positioning Characters

	S
	Numeric sign
	Does not use any actual storage space, without this character a numeric item would be treated as unsigned 

	V
	Implied decimal point
	Does not use any actual storage space, separates the integer portion of a numeric item from its decimal portion; used to keep track of the decimal point for arithmetic calculations; this character will not print or display; use the actual decimal point character, ".", for printing 

	P
	Numeric place holder
	Does not use any actual storage space; used to change precision, e.g. 99PPP will hold values in amounts of even 1,000 from zero to 99,000 without actually storing anything for the three lowest order positions; can also be used to represent positions after the decimal, e.g. PP9 will hold values in amounts in even thousandths, from 0 to .009 without actually storing anything for the two highest order positions 

	Numeric Editing Characters

	-
	Minus sign
	Used to display a sign in a printed item, the "-" character will be showed only if the numeric value is negative, the position will be left blank for positive values 

	+
	Plus sign
	Used to display a sign in a printed item, "-" will be shown for negative values, "+" will be shown for positive values 

	.
	Actual decimal point
	Separates the integer portion of a numeric item from its decimal portion; this character cannot be used in an item involved in a calculation; use the implied decimal point character, "V", for calculations 

	Z
	Zero Suppress
	Replaces leading zeros with blanks; has no effect on non-zero positions or zeros not in leading positions 

	,
	Comma
	Inserts a comma into the data item in this position; commonly used as a separator in numeric data items 

	$
	Dollar sign
	Inserts a dollar sign into the first position in the data item; commonly used for currency 

	*
	Asterisk
	Replaces leading zeros with asterisks; has no effect on non-zero positions or zeros not in leading positions; commonly used in check writing 

	CR
	Credit
	Used at the end of a PICTURE clause, the CR will appear in the position indicated if the item is negative; will be blank for a positive number 

	DB
	Debit
	Used at the end of a PICTURE clause, the DB will appear in the position indicated if the item is negative; will be blank for a positive number 

	/
	Slash
	Inserts a slash into the data item in this position; commonly used as a separator in date fields 

	0
	Zero
	Inserts a zero into the data item in this position; not commonly used 


Floating PICTURE Characters

Certain of the characters above ($, -, +) have the ability to float. To float a character, simply repeat it in the leading positions of the item, along with separator commas, if desired. If the item has leading zeros, when it is filled, the leading positions will be filled with spaces, and the floating character will essentially move up to meet the actual data area. For example, filling an item with a picture of $$,$$$,$$$.99 with a value of 1047.53 will yield a value of $1,047.53 with four leading spaces.

Conditions

There are three different kinds of conditions that can be tested for in COBOL. Relational tests are used to determine the relationship between two items, for example, if they are equal. Class tests are used to determine the type of data in an item. Condition name tests are a special type of relational test, which have had a condition name associated with a data item. Any of these conditions will be either true or false upon their evaluation and code can be executed conditionally depending upon the test results. These conditions may be combined to form complex conditions with logical operators. 

Relational Tests

A relational test is used to compare two items. The test consists of two items, either identifiers or constants, separated by a relational operator, <, >, or =. For example, the condition 

ABC-TOT = ZERO 

is true when ABC-TOT has a value of zero. 

Class Tests

A class test is used to determine whether a specific type of data is stored in an item. The test consists or an identifier followed by the word IS and a class name, such as ALPHABETIC or NUMERIC. For example, the condition 

XYZ IS ALPHABETIC 

is true when XYZ consists of only upper and lower case letters and spaces. 

Condition Name Tests

A condition name test is used to determine whether a pre-defined condition from the DATA DIVISION is true. This conditions will have been defined in the DATA DIVISION with an 88-level data name. The test consists of the condition name only. The condition is true when the data item associated with the condition name has the value associated with the condition names. 

Creating Complex Conditions with Logical Operators

Any of the conditions described above can be combined to form more complex conditions through the use of any of the following logical operators. These logical operators may be combined as needed to create a multitude of complex conditions. 

AND

If two conditions are combined with an AND, then both conditions must be true for the combined expression to be true. For example, 

ABC > DEF AND GHI IS NUMERIC 

is true only if the current value of the data-item ABC exceeds the current value of the data item DEF and GHI contains only values in the range 0 - 9. 

OR

If two conditions are combined with an OR, then either condition must be true for the combined expression to be true. For example, 

JKL < MNO OR PQR IS ALPHABETIC 

is true if either the current value of the data-item MNO exceeds the current value of the data item JKL or PQR contains only values in the range A - Z, a - z, or spaces or both. 

NOT

Any condition may be preceded with the word NOT in order to negate that condition. In relational and class tests, the word NOT may be moved into the middle of the condition for readability. For example, 

STU NOT NUMERIC 

is true if there are any characters not in the range 0 - 9 in the data item. 

COBOL Procedures

A COBOL procedure is a series of executable statements used to obtain a given result. The procedure consists of a paragraph name followed by a period and as many executable statements as desired. It is even permissable (although usually not terribly useful) to have no executable statements in a procedure. 

Guidelines for Procedure Design

· A procedure should be designed to perform only one function. All the statements in the procedure should be related to accomplishing that function. 

· Choose a name for the procedure that describes its complete functionality. 

· Procedures can execute other procedures within the program by using the PERFORM statement. A PERFORM statement causes the program to transfer control to another paragraph, execute all of the statements within that paragraph, and return to the statement following the PERFORM statement. Repeated execution of another paragraph can be accomplished with the optional UNTIL phrase that can be associated with the PERFORM statement. 

· Keep the procedure easy to understand. A good length for a procedure is about one screen. This allows the programmer attempting to analyze the program to see the entire procedure at once. This length is just a guideline. Extremely simple procedures, such as one which moves a series of fields from an input record to a detail line for printing could be longer than one screen and still be understandable, while extremely complex procedures, such as one which perform a series of intricate calculations, would be better as a shorter routine especially one with lots of explanatory comments. 

COBOL Program Organization

There are four divisions in every COBOL program, IDENTIFICATION, ENVIRONMENT, DATA, and PROCEDURE. They must appear in that order. This section of the tutorial describes each of these divisions and how to construct them. 

IDENTIFICATION DIVISION

This division consists of the division header and other descriptive paragraphs which are used primarily to document the program. Each of these paragraphs consists of a paragraph name and a comment entry. These paragraphs are described below in the order of their appearance. 

PROGRAM-ID

This paragraph is used to name the program. Code the program's name following the paragraph name. Although the program name must follow the rules for identifiers, the name provided is frequently used by the operating system, so there may be additional restrictions on the name depending on the computer system involved. This is the only paragraph that is required in the IDENTIFICATION DIVISION. For example: 

PROGRAM-ID. ABCPROG. 

AUTHOR

This optional paragraph was removed from the standard in 1985, but most COBOL compilers still support its use. Code the programmer's name following the paragraph name. There are no formatting rules for the programmer's name. For example: 

AUTHOR. JANE DOE. 

INSTALLATION

This optional paragraph was removed from the standard in 1985, but most COBOL compilers still support its use. Code the programmer's employer's name following the paragraph name. There are no formatting rules for the programmer's employer's name. For example: 

INSTALLATION. MAJOR CORPORATION. 

DATE-WRITTEN

This optional paragraph was removed from the standard in 1985, but most COBOL compilers still support its use. Code the date the program was written following the paragraph name. There are no formatting rules for the date. For example: 

DATE-WRITTEN. JUNE 2001. 

DATE-COMPILED

This optional paragraph was removed from the standard in 1985, but many COBOL compilers still support its use. Code the paragraph name only. The system date will be inserted in this area for documentation purposes. For example: 

DATE-COMPILED. 

SECURITY

This optional paragraph was removed from the standard in 1985, but most COBOL compilers still support its use. Code the security level of the program following the paragraph name. There are no formatting rules for the security level and this entry will have no actual effect on access to the program. The paragraph is for documentation purposes only. For example: 

SECURITY. CLASSIFIED. 

REMARKS

This optional paragraph was removed from the standard in 1985, but many COBOL compilers still support its use. Code the paragraph name followed by any desired comments, such as the primary purpose of the program. For example: 

REMARKS. THIS IS THE MAIN SCREEN HANDLER FOR EMPLOYEE FILE MAINTENANCE. 
ENVIRONMENT DIVISION

The ENVIRONMENT DIVISION is where all of the hardware to be used by a program is assigned. It is divided into two sections: the CONFIGURATION and INPUT-OUTPUT SECTIONs. The purpose of each of the sections follows: 

CONFIGURATION SECTION

This optional section is used to specify the type of computer equipment which will be involved in executing the program. There are three paragraphs which are commonly used: 

SOURCE-COMPUTER

This optional paragraph specifies the type of computer that is used to compile the program. This paragraph is syntax-checked by some compilers, but most just treat it as a comment. For example: 

SOURCE-COMPUTER. IBM-PC. 
OBJECT-COMPUTER

This optional paragraph specifies the type of computer that is used to execute the program. This paragraph is syntax-checked by some compilers, but most just treat it as a comment. For example: 

OBJECT-COMPUTER. IBM-PC. 
SPECIAL-NAMES

This optional paragraph may be used to associate a name with a variety of items, such as system functions, alphabets, symbolic characters, classes, special currency signs or decimal point character. For example: 

SPECIAL-NAMES. CLASS HEX-CHARACTER IS "0" THRU "9" "A" THRU "F". 
INPUT-OUTPUT SECTION

This section is primarily used to code the FILE-CONTROL paragraph. 

FILE-CONTROL

This paragraph is used to associate the files to be used in the program with specific I/O devices. For example: 

FILE-CONTROL. 

SELECT PRINTER-FILE 

ASSIGN TO SYS015-UR-1403-S.

In the example, PRINTER-FILE is the name of the file to be used throughout the program. SYS015-UR-1403-S is a system name, which will be used to link the file to something in the operating system. The method of such connection varies from system to system. 

DATA DIVISION

The DATA DIVISION is where all of the data used by a program is defined. It is divided into five sections: the FILE, WORKING-STORAGE, LINKAGE, REPORT, and COMMUNICATION SECTIONs, although most programs only include the FILE and WORKING-STORAGE SECTIONs. The purpose of each of the sections follows: 

FILE SECTION

The FILE SECTION is used to define the files that will be used in the program. There will be on file description (FD) for each file followed by a record description for each different record format associated with the file. For example: 

	FD
	FILE-NAME.

	01
	RECORD-NAME.

	
	05
	FIELD-NAME-1
	PIC X(5).

	
	05
	FIELD-NAME-2
	PIC 99V99.

	
	05
	FIELD-NAME-3
	PIC X(20).


In the example, the file is named FILE-NAME-1. It is the same file name that was specified in the SELECT statement for the file. The 01 following the FD is called a record description entry. Multiple 01 entries can be included if there is more than one applicable record format for the file. See Data Items for further information on the record description and its subordinate items. 

WORKING-STORAGE SECTION

The WORKING-STORAGE SECTION is used to define any data that will be used in the program that is not part of a file. These may include, but are not limited to accumulators, lookup tables, print line formats, save fields, etc. The structure of the items is as described in the Data Items section of this tutorial. 

LINKAGE SECTION

The LINKAGE SECTION is used in a subprogram to define data that will be passed as arguments to the routine. The structure of the items is as described in the Data Items section of this tutorial. Each 01 level item in the LINKAGE SECTION should be included in the PROCEDURE DIVISION USING heading. For example: 

	PROCEDURE DIVISION USING
	PARAMETER-1

	
	PARAMETER-2

	
	PARAMETER-3.


In this example, the subprogram would have 3 passed parameters called PARAMETER-1, PARAMETER-2, and PARAMETER-3. Each of them would be defined as an 01 level item in the LINKAGE SECTION. The order that the items are defined in the LINKAGE SECTION is unimportant. 

REPORT SECTION

The REPORT SECTION can be used to produce standard control break driven reports. It is not commonly used. 

COMMUNICATION SECTION

The COMMUNICATION SECTION is used for communicating between two programs running simultaneously on a computer which supports such operations. It is not commonly used. 

PROCEDURE DIVISION

The PROCEDURE DIVISION consists of a series of procedures called paragraphs, each designed to perform a specific function. A paragraph consists of a paragraph name coded in Area A and a series of procedural statements designed to perform a desired function coded in Area B. Procedures frequently execute other procedures as indicated in the following example: 

0000-MAIN-DRIVER. 

PERFORM 1000-INITIALIZATION-ROUTINE. 

PERFORM 2000-MAIN-PROCESSING 

UNTIL END-OF-FILE. 

PERFORM 3000-FINALIZE-ROUTINE. 

STOP RUN. 

Notice the use of punctuation in the preceding paragraph. Each statement should be a sentence, that is, it should end with a period unless it is part of a conditional sentence. Sentences which are continued across multiple lines should be indented on the succeeding lines. Phrases which modify the behavior of a statement such as UNTIL in the PERFORM statement should be coded on a new line so that they stand out. For more tips on making your code easy to follow, see Style. 

IDENTIFICATION DIVISION
· AUTHOR

· DATE-COMPILED

· DATE-WRITTEN

· INSTALLATION

· PROGRAM-ID

· REMARKS

· SECURITY

ENVIRONMENT DIVISION
· ALPHABET
· CLASS
· CONFIGURATION SECTION
· CURRENCY
· DECIMAL-POINT
· FILE-CONTROL
· INPUT-OUTPUT SECTION
· OBJECT-COMPUTER
· SELECT
· SOURCE-COMPUTER
· SPECIAL-NAMES and SYMBOLIC.
DATA DIVISION

· CD (Communication Description)
· COMMUNICATION SECTION
· Condition Name
· Data Description
· FD (File Description)
· FILE SECTION
· LINKAGE SECTION
· Record Description
· RD (Report Description)
· Reference Modification
· SCREEN SECTION
· SD (Sort Description)
· Subscripting
· Table Handling
· WORKING-STORAGE SECTION
PROCEDURE DIVISION
· ACCEPT 

· ADD 

· ALTER 

· CALL 

· CANCEL 

· CLOSE 

· COMPUTE 

· CONTINUE 

· DELETE 

· DISPLAY 

· DIVIDE 

· ENTER 

· EVALUATE 

· EXIT 

· GENERATE 

· GO 

· GOBACK 

· IF 

· INITIALIZE 

· INITIATE 

· INSPECT 

· MERGE 

· MOVE 

· MULTIPLY 

· OPEN 

· PERFORM 

· READ

· RECEIVE

· RELEASE 

· RETURN 

· REWRITE 

· SEARCH 

· SEND 

· SET 

· SORT 

· START 

· STOP 

· STRING  

· SUBTRACT  

· TERMINATE 

· UNSTRING

· USE 

· WRITE

IDENTIFICATION DIVISION
· AUTHOR

· DATE-COMPILED

· DATE-WRITTEN

· INSTALLATION

· PROGRAM-ID

· REMARKS

· SECURITY

The AUTHOR Paragraph

Syntax

Format

AUTHOR. comment-entry. 

Description

The AUTHOR paragraph is used to document the name of a writer of a COBOL programmer. The actual syntax of the author name is not checked. AUTHOR is in Area A followed by a period and the comment entry is in Area B followed by a period.

Tips

1. This paragraph has been marked for removal from the COBOL language, even though it does provide useful information about the original programmer to the maintenance programmer. 

2. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

The DATE-COMPILED Paragraph

Syntax

Format

DATE-COMPILED.  comment-entry.

Description

The DATE-COMPILED paragraph is used to document the last time that the program was compiled. DATE-COMPILED is in Area A followed by a period. The actual date will be supplied by the compiler at compile time, so no additional entry is necessary.

Tips

1. This paragraph has been marked for removal from the COBOL language, because the information is usually provided in the heading on the listing produced by the compiler. 

2. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

The DATE-WRITTEN Paragraph

Syntax

Format

DATE-WRITTEN. comment-entry.

Description

The DATE-WRITTEN paragraph is used to document the time that the COBOL program was written. The actual syntax of the date is not checked. DATE-WRITTEN is in Area A followed by a period and the comment entry is in Area B followed by a period.

Tips

1. This paragraph has been marked for removal from the COBOL language, even though it does provide useful information about the original time frame to the maintenance programmer. 

2. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

The INSTALLATION Paragraph

Syntax

Format

INSTALLATION. comment-entry.

Description

The INSTALLATION paragraph is used to document the name of the installation for whom the COBOL program was written. The actual syntax of the installation is not checked. INSTALLATION is in Area A followed by a period and the comment entry is in Area B followed by a period.

Tips

1. This paragraph has been marked for removal from the COBOL language, even though it does provide useful information about the original company to the maintenance programmer. 

2. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

The PROGRAM-ID Paragraph

Syntax

Format

PROGRAM-ID. program-name.

Description

The PROGRAM-ID paragraph is used to document the name of the COBOL program. The program name must be a valid identifier. PROGRAM-ID is in Area A followed by a period and the program name is in Area B followed by a period.

Tips

1. This is the only paragraph that is required in the IDENTIFICATION DIVISION. 

2. Although the program name must follow the rules for identifiers, the name provided is frequently used by the operating system, so there may be additional restrictions on the name depending on the computer system involved. 

The REMARKS Paragraph

Syntax

Format

REMARKS. comment-entry.

Description

The REMARKS paragraph is used to document the COBOL program. The actual syntax of the remarks is not checked. REMARKS is in Area A followed by a period and the comment entry is in Area B followed by a period.

Tips

1. This paragraph typically contains two or three sentences describing the function / purpose of the program, although some installations go into great detail describing files used, etc. 

2. This paragraph has been marked for removal from the COBOL language, even though it does provide useful information about the programs purpose to the maintenance programmer. 

3. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

The SECURITY Paragraph

Syntax

Format

SECURITY. comment-entry. 

Description

The SECURITY paragraph is used to document the level of security assigned to the COBOL program. The actual syntax of the security is not checked. SECURITY is in Area A followed by a period and the comment entry is in Area B followed by a period.

Tips

2. This paragraph has been marked for removal from the COBOL language, even though it does provide useful information about the security level to the maintenance programmer. 

3. You can include this paragraph in a program to be compiled on a compiler from which the paragraph has been removed by including *'s in column 7. 

PROCEDURE DIVISION
· ACCEPT 

· ADD 

· ALTER 

· CALL 

· CANCEL 

· CLOSE 

· COMPUTE 

· CONTINUE 

· DELETE 

· DISPLAY 

· DIVIDE 

· ENTER 

· EVALUATE 

· EXIT 

· GENERATE 

· GO 

· GOBACK 

· IF 

· INITIALIZE 

· INITIATE 

· INSPECT 

· MERGE 

· MOVE 

· MULTIPLY 

· OPEN 

· PERFORM 

· READ

· RECEIVE

· RELEASE 

· RETURN 

· REWRITE 

· SEARCH 

· SEND 

· SET 

· SORT 

· START 

· STOP 

· STRING  

· SUBTRACT  

· TERMINATE 

· UNSTRING

· USE 

· WRITE

The ACCEPT Statement

Syntax

Format 1

	ACCEPT identifier-1 [FROM
	{
	mnemonic-name-1
environment-name
	}
	]


Format 2

	ACCEPT identifier-1 FROM
	{
	DATE
DAY
DAY-OF-WEEK
TIME 
	}


Description

The ACCEPT statement is used to acquire data from the primary input device or various system fields. Each of the two formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to accept data from the primary input or other specified device. The field(s) listed after ACCEPT are loaded 

2. The second format is used to accept one of various system value(s). Each of the items to be accept has a different format. They are: 

DATE 

YYMMDD - Two-digit year of century followed by two-digit month of year followed by two-digit day of month. (Gregorian Date) 

DAY 

YYDDD - Two-digit year of century followed by three-digit day of year. (Julian Date) 

DAY-OF-WEEK 

D - One-digit day of week, where Monday is 1, Tuesday is 2, etc. 

TIME 

HHMMSSHH - Two-digit hour of day followed by two digit minute of hour followed by two-digit second of minute followed by two digit hundredths of a second. (Twenty-four hour clock) 

Tips

1. Use the ACCEPT statement to acquire small amounts of data such as parameters to be entered at runtime. 

2. The chief advantage of acquiring data with the ACCEPT statement is that no file needs to be established to use it. 

3. The chief disadvantage of acquiring data with the ACCEPT statement is that there is no mechanism to recognize end of file. 

4. Many COBOLs have added enhancements to allow access to a four-digit year due to the Y2K problem. Check your system manual for details. 

The ADD Statement

Syntax

Format 1

	ADD
	{
	identifier-1
literal-1
	}
	... TO {identifier-2 [ROUNDED]} ... 


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-ADD] 

Format 2

	ADD
	{
	identifier-1
literal-1
	}
	... TO
	{
	identifier-2
literal-2
	}
	GIVING {identifier-3 [ROUNDED]}... 


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-ADD] 

Format 3

	ADD
	{
	CORRESPONDING
CORR
	}
	identifier-1 TO identifier-2 [ROUNDED]


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-ADD] 

Description

The ADD statement is used to add numeric items together. Each of the three formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to add field(s) or value(s) to another field.
The field(s) or value(s) listed between ADD and TO are summed and added to the value of the field(s) following the TO, where the answer is stored.
For example, in ADD A TO B, the value in A is added to the value in B and the result is stored in B.
The value in A is unchanged.
Furthermore, in ADD C D TO E F, the sum of the values in C and D is added to the value in E, storing the answer in E and the sum of C and D is also added to F storing the value in F. The values in C and D are unchanged. 

2. The second format is used to add field(s) or value(s) to one another, storing the answer in a different field.
The field(s) or value(s) listed between ADD and GIVING are added and stored in the field following the field(s) following the GIVING.
For example, in ADD A TO B GIVING C, the value in A is added to the value in B and the result is stored in C.
The values in A and B are unchanged. 

3. The third format is used to add subordinate field(s) of one group to subordinate field(s) in another, storing the answer in those fields.
Those subordinate field(s) of the group item identifier-1 are added to and stored in those with exactly the same name in the group item identifier-2.
The names of the subordinate items must be spelled exactly the same way in both groups to qualify to participate in the addition. 

Tips

1. The fields to be added must have numeric pictures, that is, they can only have the characters 9, S, and V in their PIC clauses. 

2. Receiving fields may be either numeric or numeric edited fields. 

3. Use the SIZE ERROR clause to detect field overflow on the receiving field. 

4. In all formats, the mathematically correct results are computed, but if the receiving field is too short in either the integer or decimal portion,the result will be truncated, the integer on the left and the decimal on the right. Including the ROUNDED phrase will result the answer field being rounded instead of truncating. Rounding is always done in the least significant portion of the answer. 

The ALTER Statement

Syntax

Format

ALTER {procedure-name-1 TO [PROCEED TO] procedure-name-2} ... 
Description

The ALTER statement is used to modify the branching behavior of a GO TO statement. 

In order to use the ALTER statement you must have a paragraph in the PROCEDURE DIVISION that consists of exactly one GO TO statement. The GO TO must be the only statement in the paragraph. Procedure-name-1 is the name that paragraph and procedure-name-2 is the name of any other paragraph in the PROCEDURE DIVISION. If the GO TO in procedure-name is subsequently executed, control will pass to procedure-name-2 instead of the name originally coded in the GO TO statement. 

Tips

1. This statement was eliminated from the COBOL language and it was only included in this manual in case you encounter a previously coded program that uses this statement. 

2. Use of this statement is considered to be a very bad idea. 

3. If in spite of tips 1 and 2, you still elect to code an ALTER statement, please don't address your problems to the Ask The Expert section of this website. 

The CALL Statement

Syntax

Format 1

	CALL
	{
	identifier-1
literal-1
	}

	
	
	
	


	[
	USING 
	{
	{
	BY REFERENCE 
	{
	identifier-2
ADDRESS OF identifier-3
file-name-1 
	}
	...
	}
	...
	}]

	
	
	
	
	BY CONTENT 
	{
	[LENGTH OF] identifier-2
ADDRESS OF identifier-3
literal-2
	}
	...
	
	
	

	
	
	
	{
	identifier-2
literal-2
	}
	...
	
	
	
	
	


[ON OVERFLOW imperative-statement-1] 

[END-CALL] 

Format 2

	CALL
	{
	identifier-1
literal-1
	}

	
	
	
	


	[
	USING 
	{
	{
	BY REFERENCE 
	{
	identifier-2
ADDRESS OF identifier-3
file-name-1 
	}
	...
	}
	...
	}]

	
	
	
	
	BY CONTENT 
	{
	[LENGTH OF] identifier-2
ADDRESS OF identifier-3
literal-2
	}
	...
	
	
	

	
	
	
	{
	identifier-2
literal-2
	}
	...
	
	
	
	
	


[ON EXCEPTION imperative-statement-1] 

[NOT ON EXCEPTION imperative-statement-2] 

[END-CALL] 

Description

The CALL statement is used to call other programs. While the format of the CALL itself is the same for both formats; the error handling for each is different, each is described in the correspondingly numbered area. For the primary part of the call, each item after the USING represents a parameter which is to be passed to the called subprogram. BY REFERENCE means the actual item will be passed and the item may be modified by the subprogram. BY CONTENT means that only the value of the item will be passed and the item may not be modified by the subprogram. If neither option is specified, the items are passed as by reference parameters. 

1. The first format is used to check for overflow errors. An overflow occurs when there is not enough memory available to hold the called subprogram. If such an error occurs, the code between ON OVERFLOW and END-CALL will be executed. If no error occurs, control will pass to the statement following the END-CALL. 

2. The second format is used to check for the occurrence of any error. If such an error occurs, the code between ON EXCEPTION and NOT ON EXCEPTION or END-CALL will be executed. If no error occurs, code between NOT ON EXCEPTION and the END-CALL will be executed. 

Tips

1. The CALL statement is used to execute code outside of your program. To execute code within your program, use the PERFORM statement. 

The PERFORM Statement

Syntax

Format 1

	PERFORM [procedure-name-1
	[{
	THROUGH
THRU
	}
	procedure-name-2
	]
	]


[imperative-statement-1 END-PERFORM] 

Format 2

	PERFORM [procedure-name-1
	[{
	THROUGH
THRU
	}
	procedure-name-2
	]
	]


	{
	identifier-1
integer-1
	}
	TIMES [imperative-statement-1 END-PERFORM] 


Format 3

	PERFORM [procedure-name-1
	[{
	THROUGH
THRU
	}
	procedure-name-2
	]
	]


	[
	WITH TEST
	{
	BEFORE
AFTER
	}]
	UNTIL condition-1


[imperative-statement-1 END-PERFORM] 

Format 4

	PERFORM [procedure-name-1
	[{
	THROUGH
THRU
	}
	procedure-name-2
	]
	]


	[
	WITH TEST
	{
	BEFORE
AFTER
	}]


	VARYING
	{
	identifier-2
index-name-1
	} 
	FROM
	{
	identifier-3
index-name-2
literal-1
	}
	BY
	{
	identifier-4
literal-2
	} 


UNTIL condition-2 

	[AFTER
	{
	identifier-4
index-name-3
	}
	FROM
	{
	identifier-5
index-name-4
literal-3
	}
	BY
	{
	identifier-5
literal-2
	} 


UNTIL condition-3] ... 

[imperative-statement-1 END-PERFORM] 

Description

The PERFORM statement is used to execute code. There are two different modes of operation. 

The first mode is used to execute code in another area of the program and is invoked by mentioning a procedure or paragraph name. In this mode, the code in the other paragraph(s) is executed and control is returned to the statement following the PERFORM statement. 

The second mode is called an in-line PERFORM, because the code to be executed is actually coded in place inside of the PERFORM statement. In the second mode, the code which is executed is that which lies between the PERFORM and the END-PERFORM. 

Each of the four formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to execute the referenced code one time. 

2. The second format is used to execute the referenced code multiple times. The actual number of times is indicated by identifier-1 or integer-1. 

3. The third format is also used to execute the referenced multiple times. The actual number of times is dependent upon condition-1. The code will be repeatedly executed until condition-1 is true. The condition will be tested before the code is actually tested unless the WITH TEST AFTER phrase is included. 

4. The fourth format is used to execute the referenced multiple times with the actual number of times being dependent upon a condition like the third format. The primary difference between format 3 and format 4 is the VARYING phrase, which is used to count in a variable during the repetitions. The VARYING variable is set to the FROM value before the referenced code is executed. Before each subsequent pass, the VARYING variable is incremented by the amount of the BY value. The optional AFTER phrase may be included to vary the value of an additional variable. If this option is used, AFTER variable will be incremented through its entire cycle for each time the VARYING variable is cycled. 

Tips

1. Use the PERFORM statement to access code which needs to be executed from more than one location. 

2. Use the PERFORM statement to structure your code. Make a main routine that PERFORMs other routines which in turn PERFORM other routines which themselves PERFORM other routines until the level of complexity of the PERFORMed routines is easily comprehended. 

3. Use the WITH TEST AFTER option to force the code to be PERFORMed at least once. 

4. Use the VARYING ... AFTER option to pass through all the entries in multiple dimensional tables. 

5. If the number of lines in the routine is relatively small, use an in-line PERFORM instead of PERFORMing a separate paragraph. The next programmer will appreciate not having to look all through the program to find the one or two lines of code in the paragraph you PERFORMed

The CANCEL Statement

Syntax

Format

	CANCEL
	{
	identifier-1
literal-1
	}


Description

The CANCEL statement is used to remove subroutines from memory when they are no longer needed. The subroutine to be cancelled is determined by the operand. All memory allotted to the given program is relinquished. 

Tips

1. The CANCEL statement can be used to reset all the variables in a subroutine between CALLs of the routine; however, this is inefficient in that it requires the program to be loaded back into memory before execution can occur. It is better to initialize such items at the beginning of the PROCEDURE DIVISION instead. 

2. Use the CANCEL to free up memory when there isn't enough available to load another subprogram. 

The CLOSE Statement

Syntax

Format

	CLOSE
	{
	file-name-1
	[
	{
	REEL
UNIT 
	}[
	WITH NO REWIND
FOR REMOVAL
	]
	]}
	...

	
	
	
	
	WITH
	{
	NO REWIND
LOCK
	}
	
	
	


Description

The CLOSE statement is used to terminate processing on a file. All files should be closed before exiting a program. The optional clauses perform the following functions: 

· REEL and UNIT are interchangeable and are only useful for multiunit files, such as multi-reel tape files. Closing the reel doesn't actually close the file, just the current volume. 

· FOR REMOVAL is only useful for files residing on removable media. Closing for removal will cause the volume to be dismounted. 

· ITH NO REWIND is only useful for files residing on magnetic tape. Closing with no rewind terminates access to the file without automatically rewinding the tape. 

· WITH LOCK prevents the file from being re-opened during the execution of the program. 

Tips

1. If there is a file status associated with the file, it will be set after the CLOSE is execute to indicate the result of the CLOSE. A value of "00" means successful. 

2. If you omit the CLOSE statement, files will be closed automatically when you exit the program, but this considered bad form. 

3. A closed file must be re-opened if it is necessary to access it again. 

4. If a file is not needed for part of the duration of a program, closing it will free the system resources it occupies. 

The COMPUTE Statement

Syntax

Format

	COMPUTE {identifier-2 [ROUNDED]} ... 
	{
	=
EQUAL
	}
	arithmetic-expression


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-COMPUTE] 

Description

The COMPUTE statement is used to evaluate arithmetic formulas. The formula isevaluated and the result is stored in the identifier(s) between COMPUTE and =. 

The format for the formula is a standard algebraic expression with addition, subtraction, multiplication, and division represented as +, -, *, and /. The exponentiation operator is **. 

When evaluating the formula, standard rules of mathematical precedence apply, i.e. exponetiation first, then multiplication and division at equal precedence, then addition and subtraction at equal precedence. If some other order is preferred, operations may be enclosed in parentheses to give them precedence. 

Tips

1. If only one mathematical operation is to be performed, use the statement that performs that operation ( ADD, SUBTRACT, MULTIPLY, or DIVIDE). Reserve the COMPUTE statement for formulas or exponentiation, since it has no seoarate statement associated with it. 

2. Receiving fields may be either numeric or numeric edited fields. 

3. Use the SIZE ERROR clause to detect field overflow on the receiving field. 

4. In all formats, the mathematically correct results are computed, but if the receiving field is too short in either the integer or decimal portion,the result will be truncated, the integer on the left and the decimal on the right. Including the ROUNDED phrase will result the answer field being rounded instead of truncating. Rounding is always done in the least significant portion of the answer. 

The CONTINUE Statement

Syntax

Format

	CONTINUE


Description

The CONTINUE statement is used as a place holder in conditional code. It has no effect on the execution of the program. 

Tips

1. Use the CONTINUE statement in conditional code when no action is required for that particular condition. 

2. It is not necessary to code a CONTINUE statement in an ELSE when no action is required for that particular condition. If no action is required for an ELSE, do not code the ELSE, simply code the END-IF. 

The DELETE Statement

Syntax

Format

	DELETE
	file-name-1 RECORD


[INVALID KEY imperative-statement-1] 

[NOT INVALID KEY imperative-statement-2] 

[END-DELETE] 

Description

The DELETE statement is used to delete records from indexed and relative files. (Records cannot be deleted from sequential files.) The system will delete the record associated with the record key for indexed files or the relative key for relative files. If such a record does not exist prior to the DELETE being executed, the INVALID KEY imperative statement, if any, will be executed. If the record actually did exist, the NOT INVALID KEY imperative statement, if any, will be executed. 

Tips

1. Set the record key or relative key to the record to be set prior to the execution of the DELETE statement. 

2. It isn't necessary to actually read the record prior to deleting it. 

The DISPLAY Statement

Syntax

Format 1

	DISPLAY identifier-1 [UPON
	{
	mnemonic-name-1
environment-name
	}
	]
	[WITH NO ADVANCING]


Description

The DISPLAY statement is used to exhibit data upon the primary output device. The field(s) listed after DISPLAY are exhibited. 

Tips

1. Use the DISPLAY statement to exhibit small amounts of data such as error messages. 

2. The chief advantage of exhibiting data with the DISPLAY statement is that no file needs to be established to use it. 

3. The chief disadvantage of exhibiting data with the DISPLAY statement is that there is no mechanism to supply carriage control. 

The DIVIDE Statement

Syntax

Format 1

	DIVIDE
	{
	identifier-1
literal-1
	}
	... INTO {identifier-2 [ROUNDED]} ...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-DIVIDE] 

Format 2

	DIVIDE
	{
	identifier-1
literal-1
	}
	INTO
	{
	identifier-2
literal-2
	}
	GIVING {identifier-3 [ROUNDED]}...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-DIVIDE] 

Format 3

	DIVIDE
	{
	identifier-1
literal-1
	}
	BY
	{
	identifier-2
literal-2
	}
	GIVING {identifier-3 [ROUNDED]}...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-DIVIDE] 

Format 4

	DIVIDE
	{
	identifier-1
literal-1
	}
	INTO
	{
	identifier-2
literal-2
	}
	GIVING identifier-3 [ROUNDED] REMAINDER identifier-4


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-DIVIDE] 

Format 5

	DIVIDE
	{
	identifier-1
literal-1
	}
	BY
	{
	identifier-2
literal-2
	}
	GIVING identifier-3 [ROUNDED] REMAINDER identifier-4 


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-DIVIDE] 

Description

The DIVIDE statement is used to divide numeric items together. Both formats work slightly differently and each is described in the correspondingly numbered area. 

1. The first format is used to divide a field(s) or value(s) by another field or value. The field or value listed between DIVIDE and INTO is divided into the value of the field(s) following the INTO. The answer is stored if the individual field. For example, in DIVIDE A INTO B, the value in A is divided into the value in B and the result is stored in B. The value in A is unchanged. Furthermore, in DIVIDE C INTO D E, the value in C is divided into the value in D, storing the answer in D; the value of C is also divided into E, storing the value in E. The value in C is unchanged. 

2. The second format is used to divide field(s) or value(s) by one another,storing the answer in a different field. The field(s) or value(s) listed between DIVIDE and GIVING are divided and stored in the field following the field(s) following the GIVING. For example, in DIVIDE A INTO B GIVING C, the value in A is divided into the value in B and the result is stored in C. The values in A and B are unchanged. 

3. The third format is also used to divide field(s) or value(s) by one another, storing the answer in a different field. The field(s) or value(s) listed between DIVIDE and GIVING are divided and stored in the field following the field(s) following the GIVING. For example, in DIVIDE A BY B GIVING C, the value in A is divided by the value in B and the result is stored in C. The values in A and B are unchanged. 

4. The fourtb format is used to divide field(s) or value(s) by one another, storing the answer in a different field. The field(s) or value(s) listed between DIVIDE and GIVING are divided and stored in the field following the field(s) following the GIVING. For example, in DIVIDE A INTO B GIVING C REMAINDER D, the value in A is divided into the value in B and the resultis stored in C with the remainder being stored in D. The values in A and B are unchanged. 

5. The fifth format is also used by divide field(s) or value(s) by one another, storing the answer in a different field. The field(s) or value(s) listed between DIVIDE and GIVING are divided and stored in the field following the field(s) following the GIVING. For example, in DIVIDE A BY B GIVING C REMAINDER D, the value in A is divided by the value in B and the result is stored in C with the remainder being stored in D. The values in A and B are unchanged. 

Tips

1. The fields to be divided must have numeric pictures, that is, they can only have the characters 9, S, and V in their PIC clauses. 

2. Receiving fields may be either numeric or numeric edited fields. 

3. Use the SIZE ERROR clause to detect field overflow on the receiving field. 

4. In all formats, the mathematically correct results are computed, but if the receiving field is too short in either the integer or decimal portion,the result will be truncated, the integer on the left and the decimal on the right. Including the ROUNDED phrase will result the answer field being rounded instead of truncating. Rounding is always done in the least significant portion of the answer

The EVALUATE Statement

Syntax

Format

	EVALUATE
	{
	identifier-1
literal-1
arith-expr-1
condition-1
TRUE
FALSE 
	}[
	ALSO
	{
	identifier-2
literal-2
arith-expr-2
condition-2
TRUE
FALSE 
	}]
	...


	{{WHEN
	{
	ANY
condition-3
TRUE
FALSE 
	}

	
	
	[NOT]
	{{
	identifier-3
literal-3
arith-expr-3
	}[
	{
	THROUGH
THRU
	}
	{
	identifier-4
literal-4
arith-expr-4
	}]}
	


	[ALSO
	{
	ANY
condition-4
TRUE
FALSE 
	}
	] ...}...

	
	
	[NOT]
	{{
	identifier-5
literal-5
arith-expr-5
	}[
	{
	THROUGH
THRU
	}
	{
	identifier-6
literal-6
arith-expr-6
	}]}
	
	

	
	imperative-statement-1}...
	
	
	
	
	
	
	
	

	[WHEN OTHER imperative-statement-2]
	
	
	
	
	
	
	
	

	[END-EVALUATE]
	
	
	
	
	
	
	
	


Description

The EVALUATE statement is used to test a variable for multiple different values. As such, it is an implementation of the standard case construct. The ALSO clause is used to test for values of additional variables as the same time. To execute the same code for multiple conditions, code all the applicable conditions on multiple WHEN clauses. When the statement is executed, the variable after EVALUATE is compared to the each of the values in the WHEN clauses in turn. When a match is found the statement(s) following the WHEN clause and before the next WHEN clause, are executed and control is then transferred to the statement following the END-EVALUATE. If no matching WHEN clause is found, the code following the WHEN OTHER statement is executed. If the ALSO clause is used, then the value following the ALSO in the EVALUATE must match the value in the ALSO associated with the WHEN clause. For example: 

EVALUATE FILE-STATUS 

WHEN "00" 

PERFORM SUCCESSFUL-ROUTINE 

WHEN "10" 

PERFORM END-OF-FILE-ROUTINE 

WHEN OTHER 

PERFORM IO-ERROR-ROUTINE 

END-EVALUATE. 
In this example, if the file status has a value of "00", SUCCESSFUL-ROUTINE will be performed, but if the file status has a value of "10", the END-OF-FILE-ROUTINE will be executed. If neither value is in file status, then IO-ERROR-ROUTINE will be executed. Here is the same test using condition names instead of relational tests: 

EVALUATE TRUE 

WHEN I-O-OK 

PERFORM SUCCESSFUL-ROUTINE 

WHEN END-OF-FILE 

PERFORM END-OF-FILE-ROUTINE 

WHEN OTHER 

PERFORM IO-ERROR-ROUTINE 

END-EVALUATE. 
Tips

1. Use multiple WHEN clauses to implement code that works like an OR. 

2. Use the ALSO clause to implement code that works like an AND. 

3. Use ANY if the value of one of the variables is not needed in one of the conditions. 

The EXIT Statement

Syntax

Format 1

	EXIT


Format 2

	EXIT PROGRAM


Description

The EXIT statement is used to exit routines or programs. Each of the two formats works slightly differently and is described in the correspondingly numbered area. 

1. If the first format is used, it must be the only entry in a paragraph. The EXIT statement itself does nothing. The same effect can be accomplished by leaving the paragraph empty. 

2. The second format is used to exit a subprogram. If the statement is executed from within a called program, control is returned to the calling program. If the statement is executed from within a main program, it has the same effect as the EXIT statement, that is, it does nothing. 

Tips

1. Do not use the EXIT statement. 

2. Use the EXIT PROGRAM statement only in a called subprogram. 

3. If your system supports the GOBACK statement, use it in place of the EXIT PROGRAM statement in a called subprogram. 

The GO Statement

Syntax

Format 1

	GO TO procedure-name-1


Format 2

	GO TO {procedure-name-1}... 
	DEPENDING ON identifier-1


Format 3

	GO TO.


Description

The GO statement is used to transfer control to another part of the program. Each of the three formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format unconditionally transfers control to the referenced procedure. There is no way to determine from where the control was transferred and there is no way to return to the transferring location. 

2. The second format unconditionally transfers control to one of the referenced procedures. The exact procedure control is transferred to depends on the value of the identifier. If the identifier has a value of one, control will be transferred to the first procedure listed; if the value is two, control will be transferred to the second procedure, and so on. If there is not a procedure name listed to correspond with the value of the identifier at run time, the GO TO statement will have no effect and control will pass to the next consecutive statement. There is no way to determine from where the control was transferred and there is no way to return to the transferring location. 

3. The third format is used in conjunction with the ALTER statement. The actual location for the control transfer is determined at run time using the ALTER statement. It must be the only statement in its respective paragraph. If no ALTER statement affecting the GO TO has been executed prior to executing a format 3 GO TO, the statement will have no effect. There is no way to determine from where the control was transferred and there is no way to return to the transferring location. 

Tips

1. Do not use the GO statement. A well-structured, easy to follow program is accomplished via the PERFORM statement. 

2. The functionality once realized via the GO TO statement with the DEPENDING ON phrase is better implemented with an EVALUATE statement. 

3. The third format of the GO statement should never be used as it is marked for deletion from the next release of the COBOL standard. It is also responsible for creating programs that are almost impossible to debug. 

The GOBACK Statement

Syntax

Format

	GOBACK


Description

The GOBACK statement is used to exit programs. If the statement is executed from within a called program, it has the same effect as the EXIT PROGRAM statement, that is, control is returned to the calling program. If the statement is executed from within a main program, it has the same effect as the STOP RUN statement, that is, it returns control to the operating system. 

Tips

1. The GOBACK statement is not part of standard COBOL, but it is available in many versions. Check your system manual to verify its availability. 

2. Use the GOBACK statement in a called subprogram instead of the EXIT PROGRAM and STOP RUN statements, if it is available. It will allow the program to be used as either a main program or a subprogram. 

The IF Statement

Syntax

Format

	IFcondition-1 THEN

	
	{
	statement-1
NEXT SENTENCE
	}

	[ELSE
	

	
	{
	statement-1
NEXT SENTENCE
	}]

	[END-IF]
	


Description

The IF statement is used to test various conditions. The ELSE clause is used to provide code to be executed for the alternative condition. When the statement is executed, the condition after IF is evaluated. If the condition is true, the statement(s) between the condition and the ELSE clause are executed and control is then transferred to the statement following the END-IF. If the condition is false, the code between the ELSE and the END-IF, if any, is executed. 

Tips

1. The IF statement can be used to test for various kinds of conditions, relational tests, class tests, sign tests, or condition name tests. See conditions for more detail. 

2. The logical operators AND, OR, and NOT may be used to combine conditions into complex conditions. If these operators are used, the order of precedence is from highest to lowest: AND, OR, and finally NOT, unless the order is overridden with the use of parentheses. 

The INITIALIZE Statement

Syntax

Format

INITIALIZE {identifier-1}... 

	[REPLACING {
	{
	ALPHABETIC
ALPHANUMERIC
NUMERIC
ALPHANUMERIC-EDITED
NUMERIC-EDITED
	}
	DATA BY
	{
	identifier-2
literal-1
	}
	}...] 


Description

The INITIALIZE statement is used to initialize data items. Data items are initialized according to their type: 

· Alphabetic and alphanumeric items are initialized to spaces. 

· Numeric items are initialized to zeros. 

· For group items, the subordinate elementary items are initialized depending on their individual data types. Only named items are initialized. 

· The REPLACING phrase can be used to initialize data items to different values other than the default SPACES or ZEROS. 

Tips

1. Use the initialize statement instead of moving ZEROS or SPACES to a group. That way, each subordinate item will be set to an appropriate value. 

2. Notice that unnamed and FILLER items are not initialized. This allows the variable portion of a detail line, for example, to be initialized without the constant values inserted into the unnamed fields being affected. 

The INITIATE Statement

Syntax

Format

	INITIATE 
	report-name-1


Description

The INITIATE statement is used to prepare a report for processing. It sets all of the reports sum counters as well as its line and page counters to zero. The INITIATE statement is part of the COBOL Report Writer Feature. 

Tips

1. Report-name-1 must be the name of a report in the REPORT SECTION of the DATA DIVISION. 

2. The file associated with the report must be OPEN prior to the execution of the INITIATE statement. 

3. Unfortunately, many implementors have elected not to implement COBOL's Report Writer feature. Refer to your individual manual to verify whether this will work in your particular implementation of COBOL. 

The INSPECT Statement

Syntax

Format 1

	INSPECT identifier-1 TALLYING identifier-2 FOR


	{
	CHARACTERS
	[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-3
literal-1
	}]
	...
	
	
	
	
	}
	...

	
	{
	ALL
LEADING
	}{{
	identifier-4
literal-2
	}[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-5
literal-3
	}]
	...
	}
	...
	
	


Format 2

	INSPECT identifier-6 REPLACING


	{
	CHARACTERS BY
	{
	identifier-7
literal-4
	}[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-8
literal-5
	}]
	...
	
	
	
	
	
	
	}
	...

	
	{
	ALL
LEADING
FIRST
	}
	{
	identifier-9
literal-6
	}
	BY
	{
	identifier-10
literal-7
	}
	[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-11
literal-8
	}]
	...
	}
	...
	
	
	
	


Format 3

	INSPECT identifier-12 TALLYING identifier-13 FOR


	{
	CHARACTERS
	[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-14
literal-9
	}]
	...
	
	
	
	
	}
	... REPLACING

	
	{
	ALL
LEADING
	}{{
	identifier-15
literal-10
	}[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-16
literal-11
	}]
	...
	}
	...
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	{
	CHARACTERS BY
	{
	identifier-17
literal-12
	}[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-18
literal-13
	}]
	...
	
	
	
	
	
	
	}
	...

	
	{
	ALL
LEADING
FIRST
	}
	{
	identifier-19
literal-14
	}
	BY
	{
	identifier-20
literal-15
	}
	[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-21
literal-16
	}]
	...
	}
	...
	
	
	
	


Format 4

	INSPECT identifier-22 CONVERTING


	{
	identifier-3
literal-1
	}
	TO
	{
	identifier-23
literal-17
	}
	[{
	BEFORE
AFTER
	}
	INITIAL
	{
	identifier-24
literal-18
	}]
	...


Description

The INSPECT statement is used to perform various operations on string data. Each of the four formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to count occurrences of characters or strings within another string.
The number of occurrences is stored in identifier-2.
The value in identifier-1 is unchanged. 

2. The second format is used to replace occurrences of characters or strings within another string.
The replacement strings must be of the same length as the original string. 

3. The third format is used to count while replacing occurrences of characters or strings within another string..
It is basically a combination of the first two formats. 

4. The fourth format is used to replace occurrences of characters within another string using only one INSPECT.
Any occurrence on the first character of the CONVERTING in the inspected string will be replaced by the first character in the TO string, while occurrences of the second character in the CONVERTING string will be replaced by the second character in the TO string, and so on. The CONVERTING string must be of the same length as the to string. 

Tips

1. Format 2 can be used to convert leading spaces to zeros, in a numeric item, e.g.
INSPECT LEADING-SPACE-ITEM REPLACING LEADING SPACES BY ZEROS. 

2. Format 4 can be used to convert lowercase to uppercase, e.g.
INSPECT MIXED-CASE-ITEM CONVERTING "abcde..." TO "ABCDE...". 

The MERGE Statement

Syntax

Format

	MERGE file-name-1{ON
	{
	ASCENDING
DESCENDING
	}
	KEY {data-name-1}...}...



[COLLATING SEQUENCE IS alphabet-name-1] USING file-name-2 {file-name-3}... 

	{
	[OUTPUT PROCEDURE IS procedure-name-1 [
	{
	THROUGH
THRU
	}
	procedure-name-2]
	}

	
	[GIVING {file-name-4} ...
	
	
	
	
	


Description

The MERGE statement is used to merge data files. The records must be in the files to be merged in the same order in which they are entered in the merged file, that is in sequential order specified in the ASCENDING/DESCENDING KEY clause. Two options are available for the output of the operation: 

· If the GIVING phrase is specified, the records to be merged are copied in appropriate ASCENDING/DESCENDING KEY order into the GIVING file. 

· If the OUTPUT PROCEDURE phrase is specified, the records to be merged are copied in the appropriate ASCENDING/DESCENDING KEY order into the merge file. Records can be obtained from the file using the RELEASE statement. 

Tips

1. All of the files referenced must be closed when the MERGE statement is executed. 

2. The key fields must all be defined in the record description(s) for the merge file. 

3. The merge file cannot be opened or closed. 

4. If the GIVING option is used, the GIVING file must have the same record layout as the merge file. 

The MOVE Statement

Syntax

Format 1

	MOVE
	{
	identifier-1
literal-1
	}
	TO {identifier-2} ...


Format 2

	MOVE
	{
	CORRESPONDING
CORR
	}
	identifier-1 TO {identifier-2} ...


Description

The MOVE statement is used to copy data items to other data items. Each of the two formats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to copy a field or value to another field(s). The field or value listed between MOVE and TO is copied to the value of the field(s) following the TO. For example in MOVE A TO B, the value in A is copied to B. The value in A is unchanged. Furthermore, in MOVE C TO E F, the sum or the values in C and D is moved to the value in E, storing the answer in E and the sum of C and D is also moved to F storing the value in F. The values in C and D are unchanged. 

2. The second format is used to copy subordinate field(s) of one group to subordinate field(s) in another. Those subordinate field(s) of the group item identifier-1 are copied to and those with exactly the same name in the group item identifier-2. The names of the subordinate items must be spelled exactly the same way in both groups to qualify to participate in the move. 

Tips

1. If the receiving field is edited, any editing required will be done at the time of the MOVE. 

2. If the receiving field is unedited and the sending field is edited, the field will be de-edited at the time of the MOVE. 

3. If the sending field is shorter than the receiving field: 

· Numeric fields are padded on the left with zeros. 

· Non-numeric fields are padded on the right with spaces. 

4. If the sending field is longer than the receiving field: 

· Numeric fields are truncated on the left. 

· Non-numeric fields are truncated on the right. 

The MULTIPLY Statement

Syntax

Format 1

	MULTIPLY
	{
	identifier-1
literal-1
	}
	... BY {identifier-2 [ROUNDED]} ...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-MULTIPLY] 

Format 2

	MULTIPLY
	{
	identifier-1
literal-1
	}
	... BY
	{
	identifier-2
literal-2
	}
	GIVING {identifier-3 [ROUNDED]}...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-MULTIPLY] 

Description

The MULTIPLY statement is used to multiply numeric items together. Both formats work slightly differently and each is described in the correspondingly numbered area. 

1. The first format is used to multiply a field or value by another field or value. The product of the field(s) or value(s) listed between MULTIPLY andBY is computed and multiplied by the value of the field(s) following the BY. The answer is stored in the individual field. For example, in MULTIPLY A BY B, the value in A is multiplied by the value in B and the result is stored in B. The value in A is unchanged. Furthermore, in MULTIPLY C BY D E, the value in C is multiplied by the value in D, storing the answer in D and the value of C is also multiplied by E, storing the value in F. The value in C is unchanged. 

2. The second format is used by multiply field(s) or value(s) by one another field or value, storing the answer in a different field. The field(s) or value(s) listed between MULTIPLY and GIVING are multiplied and stored in the field(s) following the GIVING. For example, in MULTIPLY A BY B GIVING C, the value in A is multiplied by the value in B and the result is stored in C. The values in A and B are unchanged. 

Tips

1. The fields to be multiplied must have numeric pictures, that is, they can only have the characters 9, S, and V in their PIC clauses. 

2. Receiving fields may be either numeric or numeric edited fields. 

3. Use the SIZE ERROR clause to detect field overflow on the receiving field. 

4. In both formats, the mathematically correct results are computed, but if the receiving field is too short in either the integer or decimal portion,the result will be truncated, the integer on the left and the decimal on the right. Including the ROUNDED phrase will result the answer field being rounded instead of truncating. Rounding is always done in the least significant portion of the answer

The OPEN Statement

Syntax

Format

	OPEN
	{
	INPUT {file-name-1} ...
OUTPUT {file-name-2} ...
I-O {file-name-3} ...
EXTEND {file-name-4} ...
	}
	...


Description

The OPEN statement is used to prepare a file for processing. A file must be open before any other operation is performed on it. INPUT means the records which exist in the file will be made available to the program. OUTPUT means that records will be created by the program and entered into the file. I-O means both input and output operations will be performed. EXTEND means that records will be created by the program and added to the end of an existing file. 

Tips

1. If there is a file status associated with the file, it will be set after the CLOSE is execute to indicate the result of the CLOSE. A value of "00" means successful. 

2. Any file mentioned must be the subject of a SELECT statement and a file description (FD). Files opened for input, input/output, or extend should exist prior to executing the OPEN statement. 

3. When used in a program with a SORT statement, the sort file itself can never be opened and the USING and GIVING file, if any, may not be open at the time the SORT statement is executed. 

4. Use the CLOSE statement to terminate processing on the files when you are through with them. 

The READ Statement

Syntax

Format 1

	READ
	file-name-1
	[
	NEXT
PREVIOUS
	]
	RECORD
	[{|
	WITH [NO] LOCK
INTO identifier-1
	|}]

	
	[AT END imperative-statement-1]
	
	

	
	[NOT AT END imperative-statement-2]
	
	

	
	[END-READ]
	
	


Format 2

	READ
	file-name-1
	RECORD
	[{|
	WITH [NO] LOCK
INTO identifier-1
	|}]
	[KEY IS {data-name-1}]

	
	[INVALID KEY imperative-statement-1]

	
	[NOT INVALID KEY imperative-statement-2]

	
	[END-READ]


Description

The READ statement is used to acquire a record from a file. The record read is loaded into the 01 (record description) following the FD (file description) associated with the file. If the INTO phrase is included, the record read will also be copied into the INTO data item. WITH LOCK requests that the record be locked (no access by other users or processes allowed), if the file's open included locking. WITH NO LOCK reads the record without locking it. The two different formats are used for two different types of reads and each is described in the correspondingly numbered item below. 

1. The first format performs a sequential read of the file. If the last operation performed on a file was an OPEN, the first record of the file is read. If the previous operation was a READ, the next sequential record in the file is read. If the end of file is reached as a result of the read, no record is returned and the code between AT END and NOT AT END, if any, will be executed. If the end of the file is not reached, the code between NOT AT END and END-READ, if any, will be executed. 

2. The second format performs a random read of the file. The record matching the current value of the file key, if any, will be read. If the file has multiple keys, the desired key is specified in the KEY IS clause. If the file as multiple keys and the KEY IS clause is omitted, the file's primary key will be used. If no matching record exists, no record is returned and the code between INVALID KEY and NOT INVALID KEY, if any, will be executed. If the a matching record is found, the code between NOT INVALID KEY and END-READ, if any, will be executed. 

Tips

1. If there is a file status associated with the file, it will be set after the READ is executed to indicate the result of the READ. A value of "00" means successful, "10" means the end of file was encountered for the sequential READ, and "23" means there was no matching record for the key supplied for the random READ. 

2. Any file mentioned must be the subject of a SELECT statement and a file description (FD). Files must be open for input or input/output prior to executing the READ statement. 

3. When used in a program with a SORT statement, the sort file itself can never be read. 

4. When using the random read, be sure the value of the record you wish to access has been loaded into the key before executing the READ statement. 

The RECEIVE Statement

Syntax

Format

	RECEIVE cd-name-1
	{
	MESSAGE
SEGMENT
	}
	INTO identifier-1


[NO DATA imperative-statement-1] 

[WITH DATA imperative-statement-2] 

[END-RECEIVE] 

Description

The RECEIVE statement is used to receive data through the COBOL communications facility. The received data is moved into identifier-1. If no data is available, the code between NO DATA and WITH data, if any, will be executed. If data is present, the code between WITH DATA and END-RECEIVE, if any, will be executed.

Tips

1. The fields to be received must be defined in the DATA DIVISION. 

2. The communications facility is frequently not implemented. Be sure to check your individual manual to see if it is available. 

The RELEASE Statement

Syntax

Format

	RELEASE record-name-1
	[
	FROM 
	{
	identifier-1
literal-1
	}]


Description

The RELEASE statement is used within the context of a SORT INPUT PROCEDURE to release data records to the sort process. The released data is moved into the sort file associated with record-name-1. If the FROM clause is included, the FROM item is copied into record-name-1 before the data record is released.

Tips

1. The RELEASE statement is the equivalent of a WRITE statement, except that is used exclusively for SORT files. 

2. An INPUT PROCEDURE must contain at least one RELEASE statement. 

3. The RELEASE statement may only be used within the context of an INPUT PROCEDURE. 

4. The RETURN statement is used to read SORT files. 

The RETURN Statement

Syntax

Format

	RETURN file-name-1
	RECORD [INTO
	identifier-1]


[AT END imperative-statement-1] 

[NOT AT END imperative-statement-2] 

[END-RETURN] 

Description

The RETURN statement is used within the context of a SORT OUTPUT PROCEDURE to obtain data records from the sort process. The returned data is moved into the sort record associated with file-name-1. If the INTO clause is included, the sort record is copied into the INTO item after the data record has been returned. If the end of the sort file is reached, the code between AT END and NOT AT END, if any, will be executed. If the end of the sort file is reached, the code between NOT AT END and END-RETURN, if any, will be executed.

Tips

1. The RETURN statement is the equivalent of a READ statement, except that is used exclusively for SORT files. 

2. An OUTPUT PROCEDURE must contain at least one RETURN statement. 

3. The RETURN statement may only be used within the context of an OUTPUT PROCEDURE. 

4. The RELEASE statement is used to write SORT files. 

The REWRITE Statement

Syntax

Format 1

	REWRITE record-name-1
	[
	FROM 
	{
	identifier-1
literal-1
	}]


Format 2

	REWRITE record-name-1
	[
	FROM 
	{
	identifier-1
literal-1
	}]

	
	[INVALID KEY imperative-statement-1]

	
	[NOT INVALID KEY imperative-statement-2]

	
	[END-REWRITE]


Description

The REWRITE statement is used to replace records in a file. The record is replaced within the file associated with record-name-1. If the FROM clause is included, the FROM item is copied into record-name-1 before the data record is rewritten. If the record was locked during the READ, the REWRITE will unlock the record automatically. Each of the two formats works slightly differently, and is described below in its correspondingly numbered item.

1. The first format performs a sequential rewrite of the file. The last record read is replaced by the contents of record-name-1. 

2. The second format performs a random rewrite of the file. The last record read, will be rewritten. If the record key has been changed, no record is replaced and the code between INVALID KEY and NOT INVALID KEY, if any, will be executed. If the rewrite is successful, the code between NOT INVALID KEY and END-REWRITE, if any, will be executed. 

Tips

1. If there is a file status associated with the file, it will be set after the REWRITE is executed to indicate the result of the REWRITE. A value of "00" means successful and "23" means the record key was modified prior to the execution of the REWRITE. 

2. Any file mentioned must be the subject of a SELECT statement and a file description (FD). Files must be open for input/output and read prior to executing the REWRITE statement. 

3. When used in a program with a SORT statement, the sort file itself can never be rewritten. 

4. Be sure to READ the record you wish to update and change the desired fields before executing the REWRITE statement. 

The SEARCH Statement

Syntax

Format 1

	SEARCH
	identifier-1
	[
	VARYING
	{
	identifier-2
index-name-1
	}]

	
	[AT END imperative-statement-1]

	
	{
	WHEN
	condition-1
	{
	imperative-statement-2
NEXT SENTENCE
	}}
	...

	
	[END-SEARCH]
	
	


Format 2

	SEARCH
	ALL identifier-3

	
	[AT END imperative-statement-3]

	
	WHEN
	{
	identifier-3
	{
	IS EQUAL TO
IS =
	}
	{
	identifier-4
literal-1
arithmetic-expression-1
	}
	}

	
	
	
	condition-name-1
	
	
	
	
	
	

	
	[
	AND
	{
	identifier-5
	{
	IS EQUAL TO
IS =
	}
	{
	identifier-6
literal-2
arithmetic-expression-2
	}
	}]

	
	
	
	
	condition-name-2
	
	
	
	
	
	

	
	
	{
	imperative-statement-4
NEXT SENTENCE
	}}
	
	
	
	
	
	

	
	[END-SEARCH]
	
	
	
	


Description

The SEARCH statement is used to locate items in tables. Format 1 performs a serial search and format 2 performs a binary search 

Identifier-1 must be defined with an OCCURS clause including the INDEXED BY phrase. Identifier-3 must be defined with an OCCURS clause including the INDEXED BY and ASCENDING or DESCENDING KEY phrases. 

When the statement is executed, each of the entries in the table named after SEARCH is used to resolve the conditions in each of the WHEN clauses in turn. When a match is found the index associated with the table is set to the entry number of the matching item and the statement(s) following the WHEN clause and before the next WHEN clause, are executed and control is then transferred to the statement following the END-SEARCH. If no matching WHEN clause is found in the entire table, the code following the AT END statement is executed. 

Tips

1. When implementing a serial search, to insure that the entire table is searched, use the SET statement to initialize the index associated with the table to 1 before coding the SEARCH statement.. 

2. Due to the overhead required to implement a binary search, it is recommended that a serial search be used for tables with less than 100 entries. 

3. If the table to be searched contains more elements than are actually in use, define the table with the OCCURS DEPENDING ON phrase to avoid including the unused table elements in the SEARCH process. 

The SET Statement

Syntax

Format 1

	SET
	{
	index-name-1
identifier-1
	}
	... TO
	{
	index-name-2
identifier-2
integer-1
	}


Format 2

	SET {index-name-3} ...
	{
	UP
DOWN
	}
	BY
	{
	identifier-3
integer-2
	}


Format 3

	SET
	{
	{mnemonic-name-1}
	... TO
	{
	ON
OFF
	}}
	...


Format 4

	SET {condition-name-1} ... TO TRUE...


Description

The SET statement is used to set values for indices and conditions. Each of the four formats works differently and is described below in the correspondingly numbered item. 

1. The first format of the SET statement is used to assign values to indices or assign the value of an index to another variable. The variable(s) between SET and TO is set to the value of the data item or literal following TO. 

2. The second format of the SET statement is used to increase or decrease the value of an index. The variable(s) between SET and UP or DOWN is INCREASED (for UP) or DECREASED (for DOWN) by the value of the data item or literal following BY. 

3. The third format of the SET statement is used to set the value of an external switch. The mnemonic(s) between SET and TO is set to ON or OFF according to the ON or OFF option supplied. 

4. The fourth format of the SET statement is used to set the condition-name conditions to true. The condition(s) between SET and TO is set to TRUE. 

Tips

1. Regular MOVE and mathematical statements do not work on indices. Use the SET statement to manipulate an index. 

2. For format 4, if more than one value is associated with the condition-name being true, the first value listed is the one that will be used. 

The SORT Statement

Syntax

Format

	SORT file-name-1 {ON
	{
	ASCENDING
DESCENDING
	}
	KEY {data-name-1}...}...



[WITH DUPLICATES IN ORDER] [COLLATING SEQUENCE IS alphabet-name-1] 

	{
	[INPUT PROCEDURE IS procedure-name-1 [
	{
	THROUGH
THRU
	}
	procedure-name-2]
	}

	
	[USING {file-name-2} ...
	
	
	
	
	

	{
	[OUTPUT PROCEDURE IS procedure-name-3 [
	{
	THROUGH
THRU
	}
	procedure-name-4]
	}

	
	[GIVING {file-name-3} ...
	
	
	
	
	


Description

The SORT statement is used to sort a data file. The keys to be sorted on must be in the sort file definition, that is in the record associated with the SD (sort description). Two options are available for the input phase of the sort operation as well as two options for the output phase of the operation: 

· If the USING phrase is specified, the records to be sorted are copied from the USING file into the SORT file before the data is sorted. 

· If the INPUT PROCEDURE phrase is specified, the records to be sorted are entered into the sort file using the RELEASE statement. 

· If the GIVING phrase is specified, the records to be sorted are copied in appropriate ASCENDING/DESCENDING KEY order into the GIVING file. 

· If the OUTPUT PROCEDURE phrase is specified, the records to be sorted are copied in the appropriate ASCENDING/DESCENDING KEY order into the sort file. Records can be obtained from the file using the RETURN statement. 

Tips

1. All of the files referenced must be closed when the SORT statement is executed. 

2. The key fields must all be defined in the record description(s) for the sort file. 

3. The sort file cannot be opened or closed. 

4. If the USING option is used, the USING file must have the same record layout as the sort file. 

5. If the GIVING option is used, the GIVING file must have the same record layout as the sort file. 

The STOP Statement

Syntax

Format

	STOP
	{
	RUN
literal-1
	}


Description

The STOP statement is used to stop programs. STOP RUN terminates the program. STOP literal displays the literal and waits for a response before continuing with the next executable statement. 

Tips

1. Use the STOP RUN statement to terminate execution of a program. 

2. Do not use the STOP RUN statement in a called subprogram, as it will cause the termination of the entire run unit. Instead, to terminate execution of a subprogram, use the EXIT PROGRAM statement. 

The STRING Statement

Syntax

Format

	STRING
	{{
	identifier-1
literal-1
	}
	... DELIMITED BY
	{
	identifier-2
literal-2
	}}
	...


INTO identifier-3 

[WITH POINTER identifier-4] 

[ON OVERFLOW imperative-statement-1] 

[NOT ON OVERFLOW imperative-statement-2] 

[END-STRING] 

Description

The STRING statement is used to concatenate non-numeric items together. Any number of items can be concatenated. Entire or partial strings may be concatenated. To use the entire string, delimit it by size. To use only a portion of a string, delimit it by whatever character indicates the end of the data you want to concatenate.
The POINTER clause can be used to start in a position other than 1. For example, if the POINTER variable has a value of 3, character 1 and 2 of the receiving item will remain unchanged, and the stringing operation will proceed from the third character of the receiving field. As each character is inserted into the receiving field, the value of the POINTER variable will be incremented, so that the POINTER variable may be used to STRING in more values where the previous STRING operation left off.
Only as much of the value in the receiving field will be changed as is necessary to hold the newly assembled string, for example, in the statement 

STRING A B DELIMITED BY SIZE INTO C. 

If A is a one character string with a value of A and B is a one character string with a value of B and C is a five character string with an original value of CCCCC, after the STRING statement is executed, C will have a value of ABCCC.

The SUBTRACT Statement

Syntax

Format 1

	SUBTRACT
	{
	identifier-1
literal-1
	}
	... FROM {identifier-2 [ROUNDED]} ...


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-SUBTRACT] 

Format 2

	SUBTRACT
	{
	identifier-1
literal-1
	}
	... FROM
	{
	identifier-2
literal-2
	}
	GIVING identifier-3 [ROUNDED]


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-SUBTRACT] 

Format 3

	SUBTRACT
	{
	CORRESPONDING
CORR
	}
	identifier-1 FROM identifier-2 [ROUNDED]


[ON SIZE ERROR imperative-statement-1] 

[NOT ON SIZE ERROR imperative-statement-2] 

[END-SUBTRACT] 

Description

The SUBTRACT statement is used to subtract numeric items. Each of the threeformats works slightly differently and is described in the correspondingly numbered area. 

1. The first format is used to subtract field(s) or value(s) from another field. The field(s) or value(s) listed between SUBTRACT and FROM aresummed and subtracted from the value ofthe field(s) following the FROM. The answer is stored in the individual field. For example in SUBTRACT A FROM B, the value in A is subtracted from the value in B and the result is stored in B. The value in A is unchanged. Furthermore, in SUBTRACT C D FROM E F, the sum of the values in C and D is subtracted to the value in E, storing the answer in E and the sum of C and D is also subtracted from F, storing the value in F. The values in C and D are unchanged. 

2. The second format is used to subtract field(s) or value(s) from one another, storing the answer in a different field. The field(s) or value(s) listed between SUBTRACT and GIVING are added and stored in the field following thefield(s) following the GIVING. For example, in SUBTRACT A FROM B GIVING C, the value in A is subtracted to the value in B and the result is stored in C. The values in A and B are unchanged. 

3. The third format is used to subtract subordinate field(s) of one group from subordinate field(s) in another, storing the answer in those fields. Those subordinate field(s) of the group item identifier-1 are subtracted from and stored in those with exactly the same name in the group item identifier-2. The names of the subordinate items must be spelled exactly the same way in both groups to qualify to participate in the subtraction. 

Tips

1. The fields to be subtracted must have numeric pictures, that is, they can only have the characters 9, S, and V in their PIC clauses. 

2. Receiving fields may be either numeric or numeric edited fields. 

3. Use the SIZE ERROR clause to detect field overflow on the receiving field. 

4. In all formats, the mathematically correct results are computed, but if the receiving field is too short in either the integer or decimal portion,the result will be truncated, the integer on the left and the decimal on the right. Including the ROUNDED phrase will result the answer field being rounded instead of truncating. Rounding is always done in the least significant portion of the answer. 

The TERMINATE Statement

Syntax

Format

	TERMINATE 
	report-name-1


Description

The TERMINATE statement is used to end processing for a report. It prints any final control footings, page footings and report footings. The TERMINATE statement is part of the COBOL Report Writer Feature. 

Tips

1. Report-name-1 must be the name of a report in the REPORT SECTION of the DATA DIVISION. 

2. The file associated with the report should still be closed following the execution of the TERMINATE statement. 

3. Unfortunately, many implementors have elected not to implement COBOL's Report Writer feature. Refer to your individual manual to verify whether this will work in your particular implementation of COBOL. 

The UNSTRING Statement

Syntax

Format

	UNSTRING
	identifier-1
	[
	DELIMITED BY [ALL]
	{
	identifier-2
literal-1
	} [
	OR [ALL]
	{
	identifier-3
literal-2
	}]
	...
	]


INTO {identifier-4 [DELIMITER IN identifier-5] [COUNT IN identifier-6]}... 

[WITH POINTER identifier-7] 

[TALLYING IN identifier-8] 

[ON OVERFLOW imperative-statement-1] 

[NOT ON OVERFLOW imperative-statement-2] 

[END-UNSTRING] 

Description

The UNSTRING statement is used to parse individual items from within a single string. Any number of items may be parsed. Entire or partial strings may be parsed. As many items as are provided as INTO operands will be parsed.
The POINTER clause can be used to start in a position other than 1. For example, if the POINTER variable has a value of 3, character 1 and 2 of the string will not be included, and the unstringing operation will proceed from the third character. As each character is inserted into a receiving field, the value of the POINTER variable will be incremented, so that the POINTER variable may be used to UNSTRING more values from where the previous UNSTRING operation left off.
The COUNT phrase can be used to determine the length of any parsed string.
Only as much of the values in the receiving field will be changed as is necessary to hold the newly parsed string, for example, in the statement 

UNSTRING A DELIMITED BY SPACES INTO B C. 

If A is a five character unstring with a value of "A A A" and B is a two character string with an original value of BB and C is a two character string with an original value of CC, after the UNSTRING statement is executed, B will have a value of AB and C will have a value of AC. 

Tips

1. The operands should be non-numeric. 

2. The POINTER and COUNT operands, if any, must be positive integers, that is their pictures should contain only 9's. 

3. INITIALIZE the receiving items before the UNSTRING, to remove unwanted characters that may be left from a prior operation. 

4. Use the OVERFLOW clause to detect field overflow on the receiving field(s). 

The WRITE Statement

Syntax

Format 1

	WRITE record-name-1
	[
	FROM 
	{
	identifier-1
literal-1
	}]


	
	[
	{
	BEFORE
AFTER
	}
	ADVANCING
	{
	{
	identifier-2
integer-1
	}[
	LINE
LINES
	]
	}
	]

	
	
	
	
	
	
	
	{
	mnemonic-name-1
PAGE
	}
	
	
	


	
	[AT
	{
	END-OF-PAGE
EOP
	}
	imperative-statement-1]


	
	[NOT AT
	{
	END-OF-PAGE
EOP
	}
	imperative-statement-1]


	
	[END-WRITE]


Format 2

	WRITE record-name-1
	[
	FROM 
	{
	identifier-1
literal-1
	}]

	
	[INVALID KEY imperative-statement-1]

	
	[NOT INVALID KEY imperative-statement-2]

	
	[END-WRITE]


Description

The WRITE statement is used to add records to a file. The record is added to the file associated with record-name-1. If the FROM clause is included, the FROM item is copied into record-name-1 before the data record is written. Each of the two formats works slightly differently, and is described below in its correspondingly numbered item.

1. The first format performs a sequential write of the file. 

If that file is a printer file, the ADVANCING clause may be used to position the lines on the printed page. BEFORE ADVANCING cause the positioning to occur after the line is written on the page. AFTER ADVANCING caused the positioning to occur before the line is written on the page. The LINES clause is used to determine how many lines down the page the paper is to be positioned. The number of lines advanced includes the line to be written. The PAGE phrase causes advancing to the top of the next page. If the file is a printer file and no ADVANCING clause is specified, the paper will be advanced 1 line before the line is printed. 

For printer files where the LINAGE clause is specified, if the write causes the allowed number of lines per page to be exceeded, the code between AT END-OF-PAGE and NOT AT END-OF-PAGE, if any, will be executed. If the write does not cause the allowed number of lines per page to be exceeded, the code between NOT AT END-OF-PAGE and END-WRITE, if any, will be executed. 

2. The second format performs a random write of the file. If the record key matches a key already in the file and WITH NO DUPLICATES has been specified on that key, no record is written and the code between INVALID KEY and NOT INVALID KEY, if any, will be executed. If the write is successful, the code between NOT INVALID KEY and END-WRITE, if any, will be executed. 

Tips

1. If there is a file status associated with the file, it will be set after the WRITE is executed to indicate the result of the WRITE. A value of "00" means successful and "23" means there was a duplicate key in the file prior to the execution of the WRITE. 

2. Any file mentioned must be the subject of a SELECT statement and a file description (FD). Files must be open for input/output or output prior to executing the WRITE statement. 

3. When used in a program with a SORT statement, the sort record itself can never be written. 

4. Be sure to fill in the values of the data fields before executing the WRITE statement. 

5. Mixing BEFORE and AFTER advancing WRITEs can result in overwriting previously written lines if not done with extreme care. 

6. You can underline text on a page by defining a separate line of underline characters and writing it after advancing 0 lines. 

7. In order to invoke the AT END-OF-PAGE feature, the LINAGE clause must be included in the file description (FD) for the printer file. 

TIPS

The Case of the Missing Scope Terminators

Indenting, while commonly used to show what portion of the code is conditionally dependent on another portion of the code, doesn't guarantee it. A case in point: 

IF ITEM-A NOT NUMERIC 

MOVE ZEROS TO ITEM-A 

IF ITEM-B NOT NUMERIC 

MOVE ZEROS TO ITEM-B 

IF ITEM-C NOT NUMERIC 

MOVE ZEROS TO ITEM-C 

IF ITEM-D NOT NUMERIC 

MOVE ZEROS TO ITEM-D 

Here the programmer only bothers to check for invalid data in items B, C, and D if the data in item A was invalid. Worse, in order for C and D to be checked, B also had to be invalid and D still isn't checked unless C is also invalid. I guess people who make mistakes in data entry must tend to make the same kinds of errors over and over again. Here's the way it should have been coded: 

IF ITEM-A NOT NUMERIC 

MOVE ZEROS TO ITEM-A 

END-IF. 

IF ITEM-B NOT NUMERIC 

MOVE ZEROS TO ITEM-B 

END-IF. 

IF ITEM-C NOT NUMERIC 

MOVE ZEROS TO ITEM-C 

END-IF. 

IF ITEM-D NOT NUMERIC 

MOVE ZEROS TO ITEM-D 

END-IF. 

The IF Statement from Heck

A good length for a routine is one screen. Simpler routines can be longer. More complex routines are better shorter. Here's a really long routine that is also very complex. Good luck making sense of it: 
IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

ELSE 

PERFORM FIRST-MATCH 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

ELSE 

PERFORM NO-MATCHES 

END-IF 

END-IF. 

Four GO TO's and none of them accomplishes a thing because they all go to exactly the same place that the execution would have resumed at anyway. Here's the way it should have been coded: 

IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

ELSE 

PERFORM FIRST-MATCH 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

ELSE 

PERFORM NO-MATCHES 

END-IF 

END-IF. 

RTN-EXIT. 

EXIT. 

Wasted Space

A programmer trying to find a problem with a program these days is more likely to be looking at a screen than a paper listing. It's a good idea to make things stand out by using blank lines between them, but it's possible to carry this idea way to far. 
PARAGRAPH-NAME. 

IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

ELSE 

PERFORM FIRST-MATCH 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

ELSE 

PERFORM NO-MATCHES 

END-IF 

END-IF. 

ADD 1 TO COUNT-F. 

READ FILE-E 

AT END 

DISPLAY 'END OF FILE' 

NOT AT END 

DISPLAY 'NOW PROCESSING RECORD ' COUNT-F 

END-READ. 

RTN-EXIT. 

EXIT. 

This routine could easily have fit onto one screen and therefore could have been seen at once, if the programmer hadn't inserted so many blank lines into the procedure. With proper indenting, the conditional dependencies of the code are obvious without making the code difficult to follow by going across multiple screens. Remember when trying to examine clauses that should be aligned such as IF / ELSE / END-IF, if the clauses do not appear on the same screen, it is very difficult to tell which one goes with which. One blank line before a PARAGRAPH name or an 01 is usually adequate to make major items more prominent. Here's the way it could have been coded on one screen: 

PARAGRAPH-NAME. 

IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

ELSE 

PERFORM FIRST-MATCH 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

ELSE 

PERFORM NO-MATCHES 

END-IF 

END-IF. 

ADD 1 TO ITEM-A. 

READ FILE-E 

AT END 

DISPLAY 'END OF FILE' 

NOT AT END 

DISPLAY 'NOW PROCESSING RECORD ' COUNT-F 

END-READ. 

RTN-EXIT. 

EXIT. 

Sorry, I've Just Got to Go

It's widely acknowledged that use of the GO TO is bad form, but this one takes the cake. 
IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

GO TO RTN-EXIT 

ELSE 

PERFORM FIRST-MATCH 

GO TO RTN-EXIT 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

GO TO RTN-EXIT 

ELSE 

PERFORM NO-MATCHES 

GO TO RTN-EXIT 

END-IF 

END-IF. 

RTN-EXIT. 

EXIT. 

Four GO TO's and none of them accomplishes a thing because they all go to exactly the same place that the execution would have resumed at anyway. Here's the way it should have been coded: 

IF ITEM-A = ITEM-B 

IF ITEM-C = ITEM-D 

PERFORM ALL-MATCH 

ELSE 

PERFORM FIRST-MATCH 

END-IF 

ELSE 

IF ITEM-C = ITEM-D 

PERFORM SECOND-MATCH 

ELSE 

PERFORM NO-MATCHES 

END-IF 

END-IF. 

RTN-EXIT. 

EXIT. 

The Names Have Been Changed to Protect the Programmer's Job

Here's some actual data names used in a program that maintained an eviction data file produced from the work of a group of court researchers: 

SHOVEL 

BODIES-EXHUMED 

BODIES-INTERRED 

The programmer wanted to be the only person who could understand his own code. He thought he couldn't be fired because nobody would be able to figure out what the program was doing with such unhelpful names for its data items. The names shown are some of the few that could be listed publicly. The programmer's usual tendencies leaned more toward the four-letter data names. Two weeks after a consultant brought in by the company owner to check up on this particular programmer's work pointed out these and hundreds of other examples to the company owner, the programmer, who had been the Information Systems department head, was gone and the consultant was the Information Systems department head. I guess his job wasn't so secure after all. Here's some better choices for the data names, considering their actual use: 

LOOP-COUNTER 

RECORDS-ADDED 

RECORDS-UPDATED 

COBOL Style

Here are a few things you can do to make your program easier to follow for the next programmer. This is especially handy since more often than not the next programmer is you. 

	Indentation 
	Organizing Your Data Items 

	Periods 
	Naming Conventions 

	What to Align and When and Why 


Indentation

Area A Items

Area A items have very little room to differentiate them with indentation since there are only four columns in Area A, but I still like to distinguish between them as much as possible; so I put DIVISION and SECTION headers in column 8 and paragraph names, 01's, and FD's in column 10. 

Area B Items

Area B items, on the other hand, have plenty of room to distinquish them from one another. While many programmers indent by four positions, I prefer the two postion indentations scheme. With a two position scheme, it is usually not necessary to continue a statement onto a new line. Below are indentation guidelines for data description items and procedures. 

Data Description Items

· The level 01 item will be in column 10 as described above. 

· Subsequent levels with higher numbers should be indented by 2 from the preceding item. If an item contains 01, 05, 10, and 15 level items; they should be entered in columns 10, 12, 14, and 16 respectively. 

· The name of the data item should be indented by 2 from its level number, so that a level 01 item, for example will have its level number in column 10, and its data name in column 14. 

Procedures

· The paragraph name will be in column 10 as described above. Sentences should be indented by 2 from the paragraph name, appearing in column 12. 

· If a sentence does not fit onto one line, the end of the sentence should be continued on the next line, indented by four from the first line of the sentence. 

· Clauses which affect the execution of the statement should be placed on a separate line so they stand out. Since these are continuations of the statement, they too will be indented by four. 

· Statements which are dependent on conditional code should be indented by two from the statement they are dependent on. 

· Indent a scope terminator to match its corresponding verb. 

The following pieces of code illustrate good indenting practices: 

	DATA DIVISION

	01
	MAJOR-ITEM.
	

	
	05
	INTERMEDIATE-ITEM-1.
	

	
	10
	MINOR-ITEM-1A
	
	PIC X(5).

	
	10
	MINOR-ITEM-1B
	
	PIC X(15).

	
	05
	INTERMEDIATE-ITEM-2.
	

	
	10
	MINOR-ITEM-2A
	
	PIC X(20).

	
	10
	MINOR-ITEM-2B
	
	PIC 99V99.

	
PROCEDURE DIVISION


GET-NEXT-RECORD. 

READ INVENTORY-MASTER-FILE 

AT END 

DISPLAY "END OF FILE. RECORDS PROCESSED=" 

INV-RECORD-COUNT

SET END-OF-FILE-SWITCH TO TRUE 

END-READ. 

Using Periods

· Only two periods are required in a paragraph, one after the paragraph name and one at the end of the last statement. Because of this, many programmers have developed a habit of not including any other periods. 

· Some programmers do this because they don't like to type and some do it because if they decide to make a block of code conditional later they would have to go back in and delete all the periods in that section. 

· Regardless of the reason, the missing periods are really bad news for the programmer trying to maintain the code. With the periods in place, the maintenance programmer can add code to a paragraph, knowing it will not become the subject of a conditional statement. Without the periods, every line in the paragraph must be analyzed to determine whether the inserted code would become the subject of a conditional statement. 

Organizing Your Data Items

· In the ENVIRONMENT DIVISION, put the SELECT statements in alphabetic order by file name. 

· In the FILE SECTION, put the FD's in alphabetic order by file name. 

· In the WORKING-STORAGE SECTION, group like independent items, such as accumulators and switches into one group and name the group according to the item type such as ACCUMULATORS or SWITCHES. Arrange these groups in alphabetic order by group name. 

· In the WORKING-STORAGE SECTION, group control fields together. Put the major control field first, minor control field last, with others between and in order. 

· Put tables at the end of the WORKING-STORAGE SECTION, so they can't wipe out other data items if an index goes astray. 

· Code all the print formatting lines together and in the order they are to be printed, report headings, page headings, column headings, control headings, detail line, control footings page footings, report footings. 

· Put 88-levels on anything that has only a limited number of values. Use the associated condition names in the PROCEDURE DIVISION. 

· When coding switches, provide 88-level items to turn them on and off. Use complementary names like SW-VALID-DATE and SW-INVALID-DATE. 

· For file status items, code 88-levels for every status you expect to see and no others. Group the statuses into subgroups of all files that are opened together so you can code an 88 to test all of these statuses at once. 

· Wherever possible, break fields down into subordinate fields. Even if the program doesn't need to get at the subordinate items now, it might need to eventually. Chances are that the original programmer has a record layout handy. The maintenance programmer may not. 

· Always be helpful to the next programmer. More time is spent on maintaining a program than developing. 

Naming Conventions

· Choose a meaningful name that describes what will be stored in the item. 

· Don't name unused fields and don't use the FILLER name for these either. Fields with nothing in the name position stand out better than fields with any word, even FILLER in that position. 

· Avoid abbreviations, unless they are commonly used. INV could mean inventory, invoice, invalid, or something else altogether. 

· Assign a short prefix to data names to indicate their source. For a record name, use the same prefix for every field in that record. Don't use that prefix for anything else. 

· Put record formats in copy books so that every program that uses the record calls the fields by the same name. 

· If two fields hold the same data field, such as a field in a record and a control field for a report, name them exactly the same, but with different prefixes. 

· There are thirty characters available for a name. Using a four character prefix, still leaves twenty-five characters for the name. This should be plenty, but it doesn't mean you have to use all of it. If you have two thirty character data names you can't code a MOVE statement on one line and of course longer names take longer to type. Code enough to be clear without being verbose. 

· In the PROCEDURE DIVISION, use a numeric prefix indicative of its level of depth in the processing, eg. use 0000 for the main driver; use 1000, 2000, 3000, etc. for paragraphs performed by the 0000; use 1100, 1200, 1300, etc. for paragraphs performed by 1000; use 1110, 1120, 1130, etc. for paragraphs performed by 1100. 

· Arrange the PROCEDURE DIVISION paragraphs according to their numerical order. 

What to Align and When and Why

PICture Clauses

It is frequently necessary to add up the PICture clauses to determine the overall length of a group. It is easier to add up a straight column of numbers. I usually put mine in column 36. This leaves enough room for a value clause of up to 18 characters without continuing it on the next line. 

VALUE Clauses

It is frequently necessary to add up the PICture clauses to determine the overall length of a group. Lining up the VALUE clauses keeps them out of the way. I usually put mine in column 46. This leaves enough room for a value clause of up to 18 characters without continuing it on the next line. For values between 19 and 58 characters, I code the actual value right justified on the next line. Longer items will need some kind of continuation anyway so I start those right after the VALUE. 

Lists in the PROCEDURE DIVISION

When using a verb that permits an operation to be performed on multiple items, align the items on subsequent lines so it is obvious that more than one item will be affected. Programmers reading the program will often overlook an extra item code on the other end of a line. Good examples: 

	MOVE
	A
	TO
	B

	
	C

	
	D.

	ADD
	A
	
	

	
	B
	
	

	
	C
	TO
	D.


FILE MANAGEMENT IN COBOL

COBOL has support to 3 principle file organizations :
1. Sequential organization 

2. Relative organization (Random organization or Direct Access) 

3. Indexed Sequential organization 

All these three organizations can be used on DISK files; only the SEQUENTIAL organization can be used with TAPE files.
All files must be declared in the ENVIRONMENT division by proper SELECT statements which should contain a phrase describing to the compiler what type of organization the file should have. A second important declaration should be placed in the FILE-SECTION where the programmer desrcibes the record format associated to the file in FD blocks.
Finally, the PROCEDURE division should have proper OPEN/CLOSE and READ/WRITE etc. statements used in compliance with the logic (algorithm) of the program.
THE SEQUENTIAL FILE ORGANIZATION

In this file organization, the records of the file are stored one after another both physically and logically. That is, record with sequence number 16 is located just after the 15th record. 

[image: image1]
A record of a sequential file can only be accessed by reading all the previous records. 
The records are discriminated from one another using the record length declared in the associated FD statement of the FILE-SECTION. For example, If the record structure that the programmer has declared is 52 bytes, blocks of 52 byte data (records) are assumed to placed one after another in the file. If the programmer is reading the data in a sequential file, every READ statement brings 52 bytes into the memory. 
If the file contains, say, 52 byte records; but the programmer tries to read this file with a program which has declared 40 byte records (i.e the total length of the FD structure is 40 bytes), the program will certainly read some pieces of information into the memory but the after the first READ statement, some meaningless pieces of records will be brought into memory and the program will start processing some physical records which contain logically meaningless data.
It is the programmer's responsibility to take care of the record sizes in files. You must be careful when declaring record structures for files. Any mistake you make in record sizes will cause your program to read/write erroneous information. This is especially dangerous if the file contents are being altered (changed, updated).
Since the records are simply appended to each other when building SEQUENTIAL files, you simply end up with a STREAM of byte. If this string does not contain any "Carriage Return/Line Feed" control characters in it, the whole file will appear as a single LINE of character and would be impsossible to process with regular text editors. As you should know by now, text editors are good in reading/writing/modifying text files. These programs will assume that the file consists of LINES and expect the lines to separated from each other by a pair of control characters called "Carriage Return/Line Feed" (or CR/LF).
COBOL has a special type of sequential file organization, which is called the LINE SEQUENTIAL ORGANIZATION which places a CR/LF pair at the end of each record while adding records to a file and expect such a pair while reading. LINE SEQUENTIAL files are much easier to use while developing programs because you can always use a simple text editor to see the contents of your sequential file and trace/debug your program.
Please note that LINE SEQUENTIAL files have two extra characters for each record. For files, which have millions of records, this might use up a significant amount of disk space. 
SEQUENTIAL files have only one ACCESS MODE and that is "sequential access". Therefore you need not specify an ACCESS MODE in the SELECT statement. Typical SELECT statements for SEQUENTIAL files are :
    SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT"  

           ORGANIZATION IS SEQUENTIAL.

           SELECT MYFILE-2 ASSIGN TO DISK "C:\DATADIR\MYFILE2.TXT"

           ORGANIZATION IS LINE SEQUENTIAL.

In the FILE-SECTION, you must provide FD blocks for each file; hence for a sequential file you could have something like :
   FD MYFILE.

       01  MYFILE-REC.

           02 M-NAME PIC X(16).

           02 M-SURNAME PIC X(16).

           02 M-BIRTHDATE.

              03 M-BD-YEAR PIC 9999.

              03 M-BD-MONTH PIC 99.

              03 M-BD-DAY PIC 99.

Note : You must NOT provide record fields for the extra two CR/LF bytes in record descriptions of LINE SEQ files. Once you declare the file to be a LINE SEQ file, these two extra bytes are automatically taken in consideration and added for all new records that are added to a file.
PROCEDURE DIVISION Considerations

Like all files, sequential and line sequential files must be OPENed before they can be processes and CLOSEd when they are not needed anymore.
Seq and Line Seq files can be opened for :
1. OUTPUT 

2. INPUT 

3. EXTEND 

4. I-O (Input-Output) 

Opening a seq file for OUTPUT means that the program will only issue WRITE statements to a NON-EXISTING and JUST CREATED file. Therefore, when you open a file for OUTPUT, COBOL assumes that the file does not exist and try to create a new one. IF THE FILE EXISTS, ITS CONTENTS WILL BE CLEARED WHEN OPENED AND ASSUMED TO BE A BRAND NEW FILE INTO WHICH RECORDS WILL BE ADDED. You should be very careful when opening a file for OUTPUT. One small mistake and all your valuable records are lost forever.
Opening a seq file for INPUT means that the program will only issue READ statements to an EXISTING file. Therefore, when you open a file for INPUT, COBOL assumes that the file exists and try to access it. IF THE FILE DOES NOT EXIST, AN ERROR MESSAGE WILL BE ISSUED INDICATING THAT THE MENTIONED FILE COULD NOT BE FOUND. 
Opening a seq file for EXTEND means that the program will add NEW RECORDS to an EXISTING file. Therefore, when you open a file for EXTEND, COBOL assumes that the file exists and subsequent WRITE statements will try to ADD NEW RECORDS at the end of the existing file (in other words; the append mode). Records can only be added to the END of a sequential file.

Some examples are : 

         OPEN OUTPUT NEW-FILE.

         OPEN INPUT OLD-FILE.

         OPEN EXTEND OLD-FILE OLD-FILE2.

         OPEN INPUT OLD-FILE OUTPUT NEW-FILE.

When you are finished with a file you must CLOSE it.

         CLOSE NEW-FILE.

         CLOSE OLD-FILE NEW-FILE. 

You can close more than one files with a single CLOSE statement. When a COBOL program terminates, all files mentioned in the program are automatically closed; therefore you will not get an error message for those files you forget to close or do not close at all. Please note that relying on COBOL to close your files is not a proper programming style. Although not absolutely necessary, you should close your files when you are done with them.

The CLOSE statement has a very important function. Sometimes, your program needs to re-start reading a seq file from the beginning. (Please note that every READ statement you execute, brings the next record into memory and when you skip a record, you cannot backspace the file to previous records.) In such a situation, you will have to REWIND the file, that is make the first record the active one in memory. You can achieve this only by closing the file and re-opening it for INPUT.

You should be careful not to open an already opened file. Closing already closed files usually do not cause any problems but should be avoided. You should make sure that your program opens and closes files at proper places in your logic flow so that no input-output is tried on closed files.

Simple INPUT-OUTPUT Statements for SEQ Files.

Once you open a seq file, you can use READ or WRITE statements to read or append records to this file. You cannot use a READ statement for a file opened for OUTPUT or EXTEND and similarly you cannot use a WRITE statement for a file you have opened for INPUT.

A typical READ statement looks like :

      READ MY-FILE.

A good programmer must check whether the READ statement could find a record to read successfully. That means; the programmer must check whether there were any records to READ when the statement was executed. The situation can be checked with the following construct :

      READ MY-FILE AT END PERFORM NO-RECORDS-FOUND.

The construct tells the COBOL compiler to execute the paragraph labeled NO-RECORDS-FOUND when the READ statement cannot find any records to read.

Another example could be :

      READ MY-FILE AT END DISPLAY "No more records!"

                      CLOSE MY-FILE

                      STOP RUN.

Once your program EXECUTES a successful READ statement, the information in the data record that was just brought into memory will be available in the corresponding variables mentioned in your record description declaration (the FD block).

When you want to put records in a seq file, you have to open it for OUTPUT or EXTEND (depending on the requirements of the algorithm of your program). The COBOL statement that is used to put records into a file is the WRITE statement. The important pointa that you should be careful with are that, 

1. the file should be opened 

2. new values for the field variables of the FD record description must be moved to proper variables of the record 

3. the RECORD NAME is specified in the WRITE statement and NOT the FILE NAME. 

This will be best described by an example :

Suppose you want to add a new record to the file 

        SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT" 

               ORGANIZATION IS SEQUENTIAL.

        ....

        FD  MYFILE.

        01  MYFILE-REC.

            02 M-NAME PIC X(16).

            02 M-SURNAME PIC X(16).

            02 M-BIRTHDATE.

               03 M-BD-YEAR PIC 9999.

               03 M-BD-MONTH PIC 99.

               03 M-BD-DAY PIC 99.

You must first open it, then move new values to the fields in MYFILE-REC and finally WRITE the record into the file. 

       OPEN EXTEND MYFILE.

       ....

       MOVE "UGUR" TO M-NAME.

       MOVE "AYFER" TO M-SURNAME.

       MOVE 1955 TO M-BD-YEAR.

       MOVE 1 TO M-BD-MONTH.

       MOVE 1 TO M-BD-DAY.

       WRITE MYFILE-REC.

       .....

UPDATING RECORDS OF A SEQUENTIAL FILE

Sometimes you need to make some small changes in the contents of a file. Of course it possible to create a brand new file with the new, modified contents but this is not practical. COBOL provides you with an OPEN I-O mode with which you can modify only the required record in a file.

In other words, there is another file opening mode; the I-O mode; and another special REWRITE statement. Suppose that you want to change the surname field of the 20th record of a seq file (originally "AYFER") into "AYFEROGLU". 

The program that you can write could read like

         SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT" 

                ORGANIZATION IS SEQUENTIAL.

         ....

         FD  MYFILE.

         01  MYFILE-REC.

             02 M-NAME PIC X(16).

             02 M-SURNAME PIC X(16).

             02 M-BIRTHDATE.

                03 M-BD-YEAR PIC 9999.

                03 M-BD-MONTH PIC 99.

                03 M-BD-DAY PIC 99.

         PROCEDURE DIVISION.

         ....

             OPEN I-O MYFILE.

             ....

             MOVE 20 TO N.

             ....

             PERFORM READ-A-REC N-1 TIMES.

       *

       * TO MAKE SURE THAT WE ARE ON THE CORRECT RECORD

       *

             IF M-SURNAME NOT = "AYFER" DISPLAY "WRONG RECORD"

                                        DISPLAY "RECORD NOT UPDATED"

                                        CLOSE MYFILE

                                        STOP RUN.

             MOVE "AYFEROGLU" TO M-SURNAME.

             REWRITE MYFILE-REC.

             .....

             CLOSE MYFILE.

             ....

DELETING RECORDS OF A SEQUENTIAL FILE

It is NOT possible to delete records of a seq file. If you do not want a specific record to be kept in a seq file any more, all you can do is to modify the contents of the record so that it contains some special values that your program will recognize as deleted (remember to open the file in I-O mode and REWRITE a new record).

ADVANTAGES of SEQ FILES

1. Very easy to process, 

2. Can be easily shared with other applications developed using different programming languages, 

DISADVANTAGE of SEQUENTIAL FILES

Can be only processed sequentially. If you need to read record number N, you must first read the previous N-1 records. Especially no good for programs that make frequent searches in the file.




THE RELATIVE FILE ORGANIZATION

In this file organization, the records of the file are stored one after another both physically and logically. That is, record with sequence number 16 is located just after the 15th record. 
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In contrast to SEQ files, records of a RELATIVE file can be accessed by specifying the record sequence number in the READ statement (the KEY) and without needing to read all the previous records. 
It is the programmer's responsibility to take care of the record sizes in files. You must be careful when declaring record structures for files. Any mistake you make in record sizes will cause your program to read/write erroneous information. This is especially dangerous if the file contents are being altered (changed, updated).
Please note that you must provide the record structure to have a special field allocated to contain the KEY, that is the record sequence number.
RELATIVE files can have RANDOM or SEQUENTIAL ACCESS MODEs. If the ACCESS MODE is declared to be RANDOM in the corresponding SELECT statement, the program can read the record with key value 2345 and then the record with key=3, then record 2344 etc etc. In short, one can access any record of a relative file, in any order, provided that the KEY value is specified before the READ statement is executed.
If the ACCESS MODE is SEQUENTIAL, that means the records of the file will be accesses in their physical sequential order (just like SEQUENTIAL and LINE SEQUENTIAL files) and no specific KEY value be given for the READ statements; but instead, the NEXT clause will appear in READ statements meaning "Go get the record with the next consecutive key value.
        SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT" 

               ORGANIZATION IS RELATIVE

               ACCESS MODE IS RANDOM

               RECORD KEY IS M-IDNO.

        SELECT MYFILE-2 ASSIGN TO DISK "C:\DATADIR\MYFILE2.TXT"

               ORGANIZATION IS RELATIVE

               ACCESS MODE IS SEQUENTIAL

               RECORD KEY IS M-IDNO.

In the FILE-SECTION, you must provide fields for the KEY, the numerical M-IDNO in this example, in the FD block of the RELATIVE file; 
        FD   MYFILE.

        01   MYFILE-REC.

             02  M-IDNO        PIC 9999.

             02  M-NAME        PIC X(16).

             02  M-SURNAME     PIC X(16).

             02  M-BIRTHDATE.

                 03 M-BD-YEAR  PIC 9999.

                 03 M-BD-MONTH PIC 99.

                 03 M-BD-DAY   PIC 99.

Note : Since the key field will contain integer, record sequence numbers; you should declare the field to be numerical and take care that it is wide enough to carry all possible values for the key value. For example, if your file is expected to have 200,000 records in it, the key field should declared at least 6 bytes ( PIC 999999 ) so that it can hold the values 1 through 200,000. A key field declaration of "PIC 999" would let use a file of max 999 records in it. 
PROCEDURE DIVISION Considerations

Like all files, relative files must be OPENed before they can be processes and CLOSEd when they are not needed anymore.
Relative files can be opened for :
1. OUTPUT 

2. INPUT 

3. I-O (Input-Output) 

Opening a relative file for OUTPUT means that the program will only issue WRITE statements to a NON-EXISTING and JUST CREATED file. Therefore, when you open a file for OUTPUT, COBOL assumes that the file does not exist and try to create a new one. IF THE FILE EXISTS, ITS CONTENTS WILL BE CLEARED WHEN OPENED AND ASSUMED TO BE A BRAND NEW FILE INTO WHICH RECORDS WILL BE ADDED. You should be very careful when opening a file for OUTPUT. One small mistake and all your valuable records are lost forever.
Once you open a relative file in Output mode, you are expected to write records in the INCREASING and CONSECUTIVE order of keys. That is, before writing the record with key 98 (98th record) you should first write the first 97 records(. 
Opening a relative file for INPUT means that the program will only issue READ statements to an EXISTING file. Therefore, when you open a file for INPUT, COBOL assumes that the file exists and try to access it. IF THE FILE DOES NOT EXIST, AN ERROR MESSAGE WILL BE ISSUED INDICATING THAT THE MENTIONED FILE COULD NOT BE FOUND. 
If you have declared the ACCESS MODE to be RANDOM, before each READ statement, you are supposed to move a valid KEY value to the record field variable that is declared as the RECORD KEY.
For instance;
     OPEN INPUT MYFILE.

     ....    

     MOVE 23  TO M-IDNO.

     READ MYFILE.

Good programmers should take precautions in their program to avoid error messages and subsequent abnormal terminations is an INVALID value for the record key specified before the READ statement.
The INVALID KEY clause handles this in COBOL.
    MOVE 2300  TO M-IDNO.

    READ MYFILE INVALID KEY  PERFORM OUT-OF-RANGE.

The INVALID KEY condition raises if the value in M-IDNO is zero, negative or has a value greater than the total number of records in the file.
If you have declared the ACCESS MODE as SEQUENTIAL, you should use the NEXT clause in the READ statement. Like 
      READ MYFILE NEXT AT END PEFORM NO-MORE-RECORDS.

When you are finished with a file you must CLOSE it.
       CLOSE NEW-FILE.

       CLOSE OLD-FILE NEW-FILE.

You can close more than one files with a single CLOSE statement. When a COBOL program terminates, all files mentioned in the program are automatically closed; therefore you will not get an error message for those files you forget to close or do not close at all. Please note that relying on COBOL to close your files is not a proper programming style. Although not absolutely necessary, you should close your files when you are done with them.
In order to rewind a relative file with ACCESS MODE RANDOM, you do not need to rewind it when you need to go the first record. Just move 1 to the record key and issue a READ statement.
Simple INPUT-OUTPUT Statements for RELATIVE Files.

Once you open a relative file, you can use READ or WRITE statements to read or append records to this file. You cannot use a READ statement for a file opened for OUTPUT and similarly you cannot use a WRITE statement for a file you have opened for INPUT.
A typical READ statement for RANDOM access mode looks like :
       MOVE 123 TO M-IDNO.

       READ MY-FILE.

A good programmer must check whether the READ statement could find a record to read successfully. That means; the programmer must check whether there were any records with the indicated key value when the statement was executed. The situation can be checked with the following construct :
       READ MY-FILE  INVALID KEY PERFORM  NO-RECORDS-FOUND.

The construct tells the COBOL compiler to execute the paragraph labeled NO-RECORDS-FOUND when the READ statement cannot find any record with the key value stored in the key field variable.
Once your program EXECUTES a successful READ statement, the information in the data record that was just brought into memory will be available in the corresponding variables mentioned in your record description declaration (the FD block).
When you want to put records in a relative file, you have to open it for OUTPUT. The COBOL statement that is used to put records into a file is the WRITE statement. The important pointa that you should be careful with are that, 
1. the file should be opened 

2. new values for the field variables of the FD record description must be moved to proper variables of the record 

3. the value of the KEY VARIABLE must have a valid value and this valid value should be one greater than the the key value of the record written previously, 

4. the RECORD NAME is specified in the WRITE statement and NOT the FILE NAME. 

UPDATING RECORDS OF A RELATIVE FILE

Sometimes you need to make some small changes in the contents of a file. Of course it possible to create a brand new file with the new, modified contents but this is not practical. COBOL provides you with an OPEN I-O mode with which you can modify only the required record in a file.
In other words, there is another file opening mode; the I-O mode; and another special REWRITE statement. Suppose that you want to change the surname field of the 20th record of a relative file (originally "AYFER") into "AYFEROGLU".
The program that you can write could read like
    SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT" 

                   ORGANIZATION IS RELATIVE

                   ACCESS MODE IS RANDOM

                   RECORD KEY IS M-IDNO.

     ....

     FD   MYFILE.

     01   MYFILE-REC.

          02  M-IDNO        PIC 9999.

          02  M-NAME        PIC X(16).

          02  M-SURNAME     PIC X(16).

          02  M-BIRTHDATE.

              03 M-BD-YEAR  PIC 9999.

              03 M-BD-MONTH PIC 99.

              03 M-BD-DAY   PIC 99.

     PROCEDURE DIVISION.

         ....

         OPEN I-O MYFILE.

         ....

         MOVE 20 TO M-IDNO.

         READ MYFILE INVALID KEY PERFORM KEY-ERROR.

    *

    * TO MAKE SURE THAT WE ARE ON THE CORRECT RECORD

    *

         IF M-SURNAME NOT = "AYFER" DISPLAY "WRONG RECORD"                         

                                    DISPLAY "RECORD NOT UPDATED"                         

                                    CLOSE MYFILE

                                    STOP RUN.

         MOVE "AYFEROGLU" TO M-SURNAME.

         REWRITE MYFILE-REC.

         .....

         CLOSE MYFILE.

         .....

DELETING RECORDS OF A RELATIVE FILE

It is NOT possible to delete records of a relative file. If you do not want a specific record to be kept in a relative file any more, all you can do is to modify the contents of the record so that it contains some special values that your program will recognize as deleted (remember to open the file in I-O mode and REWRITE a new record).
ADVANTAGES of RELATIVE FILES

1. Quite easy to process, 

2. If you can know the key value of the record that you need to find, there is no need for a search and you can access the record almost instantaneously, 

DISADVANTAGE of RELATIVE FILES

Can be only used in conjunction with consecutive numerical keys. If you key value range is 1-1000, you must have records for all 1000 possible keys, that is, your file must have exactly 1000 records. If, for example, you are planning to use student ID numbers as numerical key values and the student id numbers are like 9653421232 (10 digits), you file must contain 9,999,999,999 records and this doesn't make sense. Of course, you should modify the student ID number structure to start from1 and extend till a few thousand.
This disadvantage (only numerical and consecutive values for the key value) is overcome with a completely different file structure, nameky the INDEXED SEQUENTIAL FILE.






THE INDEXED FILE ORGANIZATION

In this file organization, the records of the file are stored one after another in the order they are added to the file. 
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In contrast to RELATIVE files, records of a INDEXED SEQUENTIAL file can be accessed by specifying an ALPHANUMERIC key in the READ statement (the KEY) . 
It is the programmer's responsibility to take care of the record sizes in files. You must be careful when declaring record structures for files. Any mistake you make in record sizes will cause an error and abnormal termination.
Please note that you must provide the record structure to have a special field allocated to contain the KEY.
INDEXED files can have RANDOM or SEQUENTIAL ACCESS MODEs. If the ACCESS MODE is declared to be RANDOM in the corresponding SELECT statement, the program can read the record with key value "ABC" and then the record with key="A12", then record with key "D2X" etc etc. In short, one can access any record of an indexed file, in any order, provided that the KEY value is specified before the READ statement is executed. 
If the ACCESS MODE is SEQUENTIAL, that means the records of the file will be accesses in their physical sequential order (just like SEQUENTIAL and LINE SEQUENTIAL files) and no specific KEY value be given for the READ statements; but instead, the NEXT clause will appear in READ statements meaning "Go get the record with the next consecutive key value.
        SELECT MYFILE ASSIGN TO DISK "C:\DATADIR\MYFILE.DAT"

                    ORGANIZATION IS INDEXED

                    ACCESS MODE IS RANDOM

                    RECORD KEY IS M-IDNO.

        SELECT MYFILE-2 ASSIGN TO DISK "C:\DATADIR\MYFILE2.TXT"

                    ORGANIZATION IS INDEXED

                    ACCESS MODE IS SEQUENTIAL

                    RECORD KEY IS M-IDNO.

In the FILE-SECTION, you must provide fields for the KEY, the M-IDNO in this example, in the FD block of the INDEXED file; 
        FD   MYFILE.

        01   MYFILE-REC.

             02  M-IDNO          PIC XXXX.

             02  M-NAME          PIC X(16).

             02  M-SURNAME       PIC X(16).

             02  M-BIRTHDATE.

                03 M-BD-YEAR     PIC 9999.

                 03 M-BD-MONTH   PIC 99.

                 03 M-BD-DAY     PIC 99.

Note : Since the keys are not supposed to be numerical, you can use the X picture for key fields.
PROCEDURE DIVISION Considerations

Like all files, Indexed files must be OPENed before they can be processes and CLOSEd when they are not needed anymore.
Indexed files can be opened for :
1. OUTPUT 

2. INPUT 

3. I-O (Input-Output) 

Opening an indexed file for OUTPUT means that the program will only issue WRITE statements to a NON-EXISTING and JUST CREATED file. Therefore, when you open a file for OUTPUT, COBOL assumes that the file does not exist and try to create a new one. IF THE FILE EXISTS, ITS CONTENTS WILL BE CLEARED WHEN OPENED AND ASSUMED TO BE A BRAND NEW FILE INTO WHICH RECORDS WILL BE ADDED. You should be very careful when opening a file for OUTPUT. One small mistake and all your valuable records are lost forever.
Once you open an indexed file in Output mode, you are expected to write records in the INCREASING order of keys. That is, before writing the record with key A98 you should first write all the records with key values alphanumerically less than "A98". Please note that indexed fikle keys are case sensitive; that is the key value "a89" is NOT EQUAL TO "A89"; in fact it is alphanumerically greater than "A89" because the ASCII value of "a" (97) is greater than the ASCII value of "A" (65).
Opening an indexed file for INPUT means that the program will only issue READ statements to an EXISTING file. Therefore, when you open a file for INPUT, COBOL assumes that the file exists and try to access it. IF THE FILE DOES NOT EXIST, AN ERROR MESSAGE WILL BE ISSUED INDICATING THAT THE MENTIONED FILE COULD NOT BE FOUND. 
If you have declared the ACCESS MODE to be RANDOM, before each READ statement, you are supposed to move a valid KEY value to the record field variable that is declared as the RECORD KEY.
For instance;
     OPEN INPUT MYFILE.

     ....     

     MOVE "X23"  TO M-IDNO.

     READ MYFILE.

Good programmers should take precautions in their program to avoid error messages and subsequent abnormal terminations is an INVALID value for the record key specified before the READ statement.
The INVALID KEY clause handles this in COBOL.
     MOVE "2300"  TO M-IDNO.

     READ MYFILE INVALID KEY PERFORM OUT-OF-RANGE.

The INVALID KEY condition raises if there is no record in the file with key value equal to the specified key value. 
If you have declared the ACCESS MODE as SEQUENTIAL, you should use the NEXT clause in the READ statement. Like 
      READ MYFILE NEXT AT END PEFORM NO-MORE-RECORDS.

When you are finished with a file you must CLOSE it.
       CLOSE NEW-FILE.

       CLOSE OLD-FILE NEW-FILE.

You can close more than one files with a single CLOSE statement. When a COBOL program terminates, all files mentioned in the program are automatically closed; therefore you will not get an error message for those files you forget to close or do not close at all. Please note that relying on COBOL to close your files is not a proper programming style. Although not absolutely necessary, you should close your files when you are done with them.
REWINDING an indexed file with ACCESS MODE RANDOM is not meaninful. If the ACCESS MODE is SEQUENTIAL, you can CLOSE and than OPEN INPUT again to rewind a sequentialy accessed indexed file. 
Simple INPUT-OUTPUT Statements for INDEXED Files. 

Once you open an indexed file, you can use READ or WRITE statements to read or add records to this file. You cannot use a READ statement for a file opened for OUTPUT and similarly you cannot use a WRITE statement for a file you have opened for INPUT.
A typical READ statement for RANDOM access mode looks like : 

       MOVE "1X3" TO M-IDNO.

       READ MY-FILE.

A good programmer must check whether the READ statement could find a record to read successfully. That means; the programmer must check whether there were any records with the indicated key value when the statement was executed. The situation can be checked with the following construct :
       READ MY-FILE  INVALID KEY PERFORM  NO-RECORDS-FOUND.

The construct tells the COBOL compiler to execute the paragraph labeled NO-RECORDS-FOUND when the READ statement cannot find any record with the key value stored in the key field variable.
Once your program EXECUTES a successful READ statement, the information in the data record that was just brought into memory will be available in the corresponding variables mentioned in your record description declaration (the FD block).
When you want to create an indexed file, you have to open it for OUTPUT. The COBOL statement that is used to put records into a new file is the WRITE statement. The important pointa that you should be careful with are that, 
1. the file should be opened 

2. new values for the field variables of the FD record description must be moved to proper variables of the record 

3. the value of the KEY VARIABLE must have a valid value and this valid value should be alphanumerically greater than the the key value of the record written previously, 

4. the RECORD NAME is specified in the WRITE statement and NOT the FILE NAME. 

UPDATING RECORDS IN AN INDEXED FILE

Sometimes you need to make some small changes in the contents of a file. Of course it possible to create a brand new file with the new, modified contents but this is not practical. COBOL provides you with an OPEN I-O mode with which you can modify only the required record in a file.
In other words, there is another file opening mode; the I-O mode; and another special REWRITE statement. Suppose that you want to change the surname field of a record in an indexed file (originally "AYFER") into "AYFEROGLU". 
The program that you can write could read like
     SELECT MYFILE ASSIGN TO DISK "MYFILE.DAT" 

                   ORGANIZATION IS INDEXED

                   ACCESS MODE IS RANDOM

                   RECORD KEY IS M-IDNO.

     ....

     FD   MYFILE.

     01   MYFILE-REC.

          02  M-IDNO      PIC XXXX.

          02  M-NAME      PIC X(16).

          02  M-SURNAME   PIC X(16).

          02  M-BIRTHDATE.

              03 M-BD-YEAR  PIC 9999.

              03 M-BD-MONTH PIC 99.

              03 M-BD-DAY   PIC 99.

     ...

     PROCEDURE DIVISION.

         ....

         OPEN I-O MYFILE.

         ....

         MOVE "X20" TO M-IDNO.

         READ MYFILE INVALID KEY PERFORM KEY-ERROR.

    *

    * TO MAKE SURE THAT WE ARE ON THE CORRECT RECORD

    *

         IF M-SURNAME NOT = "AYFER" DISPLAY "WRONG RECORD"

                                    DISPLAY"RECORD NOT UPDATED"                       

                                    CLOSE MYFILE

                                    STOP RUN.

         MOVE "AYFEROGLU" TO M-SURNAME.

         REWRITE MYFILE-REC.

         ....

         CLOSE MYFILE.

         .....

	
Important : The key field of a record in an indexed file CANNOT be updated. If the programmer has to update the key field, the only solution is to delete the record with the old key value and a add the same record to the file; this time with the new key value. 


ADDING RECORDS TO AN INDEXED FILE

When you need to add records to an indexed file, you should open the file in I-O mode and just write new records.

Note : Keys in an indexed file must be unique. That is to say, no two records can have tha same key. There is, however, a technique to have duplicate keys in an indexed file, but this will be covered later.

DELETING RECORDS OF AN INDEXED FILE

If you do not want a specific record to be kept in an indexed file any more, you can use the DELETE statement to make the record inaccessible. 

The DELETE statement is used more or less like the WRITE statement. You must move a coorect key value to the record key field and iisue the DELETE statement.

         MOVE "X12" TO M-IDNO.

         DELETE MYFILE-REC.

Please note that, when you delete a record, the physical record is NOT deleted. Only the record is rendered inaccessible. Suppose, for instance that an indexed file is 20 Mbytes in total length and you delete half of the records in this file. After all the deletions are completed, you shall see that the file is still 20 Mbytes in length. The only way you can recover the disk space used by deleted records is REORGANIZING the indexed file. (See section "REORGANIZING INDEXED FILES").
ADVANTAGES of INDEXED FILES

1. Quite easy to process, 

2. With proper selection of a key field, records in a large file can be searched and accessed in very quickly. 

3. Any field of the records can be used as the key. The key field can be numerical or alphanumerical. 

DISADVANTAGES of INDEXED FILES

1. Extra data structures have to be maintained (the COBOL run-time modules take care of these and it is not the programmers' concern). These extra data structures maintained on the disk can use up much disk space, especially for long key values. 

2. The indexed files have to be reorganized from time time to get rid of deleted records and improve performance that gets gradually decreased with addition of new records. 

ADVANCED FEATURES OF INDEXED SEQUENTIAL FILES

Reorganizing Indexed Files : This operation is usually done by a utiliy program suppled by the maunfacturer of the COBOL compiler that you use. Refer to the manuals of your compiler for details and instructions.
MULTIPLE KEYS (PRIMARY & ALTERNATE KEYS)

Sometimes the programmers need to assign more than one key fields in their records. An example could be a database where one wants to keep records for vehicles registered to a certain country. The Turkish vehicle plate numbering system is NOT suitable for using relative files because it contains alphabetic parts ( eg. 06 AHT 08) . As you might guess, this type of key values is very very suitable to be organized as an INDEXED file. 
Having declared the "PLATE" field as the key field, now, given a plate number, a program which has declared an indexed file with RANDOM access mode, can find the corresponding record very quickly (if the does exist, this condition will also be detected very quickly).
Knowing that no two vehicles have the same plate number (unique), the plate number is certainly a very good choice for the key. 
However, suppose that the program you have to write is also expected to find records for vehicles of a certain brand very quickly. Since the key is the plate number, the only way you can find "OPEL" brand vehicles by going through all the records (declare the access mode to be sequential and READ NEXT all records till the AT END condition raises) testing the BRAND field against the value given by the ýser ("OPEL" for instance).
With indexed files, there is a better solution : You can declare the BRAND field also to be a key; but AN ALTERNATE key!. The PRIMARY key will still be the plate numbers. Since there are many vehicles manufactured by OPEL in your database, you know that the ALTERNATE KEY values will not be uniqe. THIS IS ALLOWED IN COBOL. ONLY THE PRIMARY KEY HAS TO BE UNIQE. ALTERNATE KEYS CAN HAVE DUPLICATE VALUES.
You can declare as many alternate keys your program requires. More alternate keys you have, more extra data structures will be required and slower be your program. Therefore certain attention should be paid before assigning alternate keys. You should avoid unnecessary alternate keys. 
When you have alternate keys, you declare them in the SELECT statement together with the PRIMARY key.
         SELECT VEHICLES ASSIGN TO DISK "VEHICLES.DAT"

                   ORGANIZATION IS INDEXED

                   ACCESS MODE IS RANDOM

                   RECORD KEY IS PLATE

                   ALTERNATE KEY IS BRAND.

         ....

         FD   VEHICLES.

         01   VEHICLE-REC.

              02 PLATE           PIC XXXXXXXXXX.

              02 BRAND           PIC X(20).

              02 OWNER           PIC X(32).

              02 DATE-REGISTERED PIC 99999999.

              02 ENGINE-NO       PIC X(20).

              02 CHASSIS-NO      PIC X(20).

              ...

When you need to access the file with the primary key, you just move the key value to the primary key field of the record and issue a READ statement.
              MOVE "06 AHT 08" TO PLATE.

              READ VEHICLES INVALID KEY PERFORM NOT-FOUND.

When you need to access the file using an alternate key, you move an appropriate value to the alternate key you want to use and issue a READ statement in which you specify which key you want to use 
              MOVE "CHEVROLET" TO BRAND.

              READ VEHICLES KEY BRAND INVALID KEY PERFORM NOT-FOUND.

The START Statement

Sometimes, it is necessary to find a set of records for which you want to specify a criterion. For example, in our "vehicles" example, you might want to find the records of "TOYOTA" brand vehicles. If the criterion is related to one of the keys, you will not have to go through the whole file, testing the fields against a certan value. Instead, you can use the START statement to find the first vehicle with "TOYOTA" recorded as the brand.
An example is 

              START VEHICLES KEY BRAND IS EQUAL TO "TOYOTA"                         

                             INVALID KEY NO-SUCH-BRAND.

          LOOP1.

              READ VEHICLES NEXT AT END PERFORM END-OF-BRAND.

              ...

              GO LOOP1.

              ...

	IMPORTANT : Please note that when you use the START statement, the file is accessed as a RANDOM file; whereas the subsequent READ NEXT statements acces the file in SEQUENTIAL mode. This dilemna is solved by the ACCESS MODE IS DYNAMIC phrase in the SELECT statement. When you declare the access mode to be DYNAMIC, you can access the file both sequentially ( the NEXT option of the READ statement) and randomly by specifying a certain key value. When you want to use the START statement you must open an index file either as INPUT or I-O. The START statement is not allowed and in fact not meaningful when the file is opened for OUTPUT. 




SORTING FILES IN COBOL (RM-Cobol)

Line sequential and Sequential files are used very frequently in data processing applications. 

The records in these files are usually need to be put in ascending or descending order for proper and easy handling. (Remember that searching records in an ordered file ( a file sorted in respect to the field which is the search key; you can stop reading records when you find a record which has the key field having greater value than the value you are searching for). 

Sorting a set of data which will fit into arrays (therefore fitting into the memory) is quite easy. (Remember the Internal Sort techniques you have learned in previous courses). Sorting large files which will not fit into arrays in memory, on the other hand, is not easy. This requires special algorithms to be implemented and generally called "EXTERNAL SORT TECHNIQUES". 

Many COBOL compilers provide facilities to solve this "Exteral Sort" problem. RM-COBOL, for instance, has a very powerful SORT statement which will let the user SORT and MERGE sequential files very easily. 

SORTING does not need much explanation here. The MERGE process however, needs a little bit explanation. 

MERGING DATA is simply combining two or more SORTED sequential files together into a single file so that the resulting file is also sorted. We shall not cover the MERGE facility of the COBOL SORT statement in this course. 

The RM-COBOL SORT Statement

The general syntax of the RM-COBOL SORT statement is : 

SORT sort-work-file  ON {ASCENDING,DESCENDING} KEY data-name1, data-name2, ...

                     ON {ASCENDING,DESCENDING} KEY data-name1, data-name2, ...

                     USING file-to-be-sorted

                     GIVING sorted-file

In order to use this SORT statement, you will have to declare 3 files; 

1. The WORK FILE for the SORTING Process 

2. The file to be sorted (input file) 

3. The file which will contain the sorted records (output file) 

The WORK FILE is not an actual file; it is a special declarative file structure with which you tell the compiler that you will perform an external sort on a file and also indicate the fields on which you shall set the sort criteria. The concept will become clearer with an example : 

Suppose you have sequential file with personnel records (PERSONEL.DAT) and you want to sort this file on the persons' names and surnames. In order to use the SORT statement, you must declare a SORT WORK file which will declare the structure of the records to be sorted and indicate the lenghts and positions of the fields which contain the names and surnames: 

Suppose that the structure of the PERSONEL.DAT file is : 

       01  PERS-REC.

           02 ID-NO              PIC X(8).

           02 NAME               PIC X(16).

           02 SURNAME            PIC X(16).

           02 GENDER             PIC X.

           02 DEPT-CODE          PIC X.

           02 NCHILDREN          PIC 99.

           02 HOME-ADR1          PIC X(25).

           02 HOME-ADR2          PIC X(25).

           02 HOME-ADR3          PIC X(25).

           02 HOME-TEL           PIC X(12).

           02 EMPLOYMENT-DATE.

              03 R-DAY             PIC 99.

              03 R-MONTH           PIC 99.

              03 R-YEAR            PIC 9999.

           02 LEAVE-DATE.

              03 R-DAY             PIC 99.

              03 R-MONTH           PIC 99.

              03 R-YEAR            PIC 9999.

           02 LEAVE-REASON       PIC X.

The corresponding SORT WORK file declaration might look something like : 

       SD  SORT-WORK-FILE.

       01  PERS-REC.

           02 ID-NO              PIC X(8).

           02 NAME               PIC X(16).

           02 SURNAME            PIC X(16).

           02 FILLER             PIC X(107).

This declaration will enable the user to issue a SORT statement using the NAME and SURNAME fields; into either ascending or descending order. 

Please note that a 108 byte filler is used in the SORT-WORK-FILE record description so that the work file's record length matches the record length of the PERSONEL.DAT file. 

	Please also note the "SD" indicator used in place of "FD" in FILE SECTION.


You can perform sort on more than one field at time; and also you can sort into ascending order (increasing) on one field, and into descending order (decreasing) on another. For example, while sorting the PERSONEL.DAT file, you can declare the NAME field to be the primary sort field and the SURNAME to be the secondary sort field; so that records with identical names will be sorted into surnames among themselves. (Just like the entries in a telephone directory). 

Referring to our PERSONEL.DAT example, typical file declarations and a SORT statement would look like : 

In the ENVIRONMENT DIVISION : 

       INPUT-OUTPUT SECTION.

       FILE-CONTROL.

           SELECT SORT-FILE ASSIGN TO DISK "SORTWORK".

           SELECT UNSORTED-PERSON ASSIGN TO DISK "PERSONEL.DAT"

                  ORGANIZATION IS LINE SEQUENTIAL.

           SELECT SORTED-PERSON   ASSIGN TO DISK "SPERSONL.DAT"

                  ORGANIZATION IS LINE SEQUENTIAL.

In the DATA DIVISION : 

       FILE SECTION.

       SD  SORT-FILE.

       01  SORT-RECORD.

           02  FILLER                     PIC X(8).

           02  S-NAME                     PIC X(16).

           02  S-SURNAME                  PIC X(16).

           02  FILLER                     PIC X(108).

       FD  UNSORTED-PERSON.

       01  FILLER                         PIC X(148).

       FD  SORTED-PERSON.

       01  FILLER                         PIC X(148).

In the PROCEDURE DIVISION : 

           SORT SORT-FILE

                   ON ASCENDING KEY S-NAME S-SURNAME

                   ON DESCENDING S-EMP-DATE

                   USING UNSORTED-PERSON

                   GIVING SORTED-PERSON.

Notes : 

1. The lengths of records in the work, input and output files should match. 

2. You do not need to declare the details of input and output file records if you do not need these details in your program. 

3. You should not OPEN or CLOSE the work, input and output files before, after or during the SORT operation. 

4. You can specify more than one sort field and the fields may have different ordering (ascending/descending). 

A complete RM-COBOL program which sorts the PERSONEL.DAT file, creating the sorted file SPERSONL.DAT might look like : 

Please study the SORT statement and its relevant file declarations carefully! 

       IDENTIFICATION DIVISION.

       PROGRAM-ID.  "SORT DEMO".

       ENVIRONMENT DIVISION.

       CONFIGURATION SECTION.

       SOURCE-COMPUTER.  RMCOBOL-85.

       OBJECT-COMPUTER.  RMCOBOL-85.

       INPUT-OUTPUT SECTION.

       FILE-CONTROL.

           SELECT SORT-FILE ASSIGN TO DISK "SORTWORK".

           SELECT UNSORTED-PERSON ASSIGN TO DISK "PERSONEL.DAT"

                  ORGANIZATION IS LINE SEQUENTIAL.

           SELECT SORTED-PERSON   ASSIGN TO DISK "SPERSONL.DAT"

                  ORGANIZATION IS LINE SEQUENTIAL.

      *

       DATA DIVISION.

       FILE SECTION.

       SD  SORT-FILE.

       01  SORT-RECORD.

           02  S-ID-NO                    PIC X(8).

           02  S-NAME                     PIC X(16).

           02  S-SURNAME                  PIC X(16).

           02  S-GENDER                   PIC X.

           02  S-DEPT-CODE                PIC 9.

           02  FILLER                     PIC X(89).

           02  S-EMP-DATE.

               03 S-EMP-DATE-DD           PIC 99.

               03 S-EMP-DATE-MM           PIC 99.

               03 S-EMP-DATE-YY           PIC 9999.

           02  S-LEAVE-DATE.

               03 S-LEAVE-DATE-DD         PIC 99.

               03 S-LEAVE-DATE-MM         PIC 99.

               03 S-LEAVE-DATE-YY         PIC 9999.

           02  S-LEAVE-REASON             PIC X.

       FD  UNSORTED-PERSON.

       01  FILLER                         PIC X(148).

       FD  SORTED-PERSON.

       01  FILLER                         PIC X(148).

      *

       PROCEDURE DIVISION.

       MAIN-PGM.

           SORT SORT-FILE

                   ON ASCENDING KEY S-NAME S-SURNAME

                   ON DESCENDING S-EMP-DATE

                   USING UNSORTED-PERSON

                   GIVING SORTED-PERSON.

           STOP RUN.
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