


























































































































































































































8. SORT FEATURE 

General 

The Sort feature is comprised of the SORT verb in the PROCEDURE DIVISION and descriptions of the records to be 
sorted provided by the Sort··File Description in the DATA DIVISION. The Sort orders records based on sort keys 
given in the SORT statement, each key being a data item defined in a record description associated with the Sort­
File to which the SORT statement is directed. Records may be arranged by the Sort in ascending or descending se­
quence or in a combination ()f ascending and descending sequences, since the individual sort keys may be specified 
as ascending or descending quite independently of each other; the final order reflects the combination indicated. 

Sort Feature Components 

In order to employ the Sort capability, certain information must be provided in all of the active divisions of the 
source programs. 

The ENVIRONMENT DIVISION must contain SELECT sentences for the Sort-File itself and for the files that act as 
input and output for the Sort when USING or GIVING options are written (see "SORT Statement ll below). 

The DATA DIVISION must contain file descriptions of the Sort-File and of all files that contain input to and output 
from the Sort. 

The PROCEDURE DIVISION contains the SORT statement itself and, when the programmer indicates that special 
input or output processing is to be performed, the PROCEDURE DIVISION must contain such procedures. 

ENVIRONMENT DIVISION State.nt. 

The format of this statement is 

SE L~CT sort-file ASSIGt~ TO (integer-l]implementor-name-l [, implementor-name-2]. .. 

The FILE-CONTROL paragraph must include SELECT sentences for the Sort-File and for files named in the USING 
or GIVING options, when specified. Because the Sort-Fi Ie is not a true fi Ie, the ASSIG N portion of the SELECT 
sentence need not be written unless restriction of Sort work file assignments is desired (see ASSIGN Clause, 
Chapter 4). 

DATA DIVISION Stltemenu 

A Sort-File Description entr~' and related Record Description entries must be supplied for each Sort-File in the source 
program together with the normal File Description entries for the input and output files. 

Sort-File Description - Complete Entry Skeleton 

The formats of this entry are 

Format 1 

SD file-name copy-statement. 

Format 2 

SD file-nameG DATA {~~i~Rd data-name-ll, data-name-21 ... J 
[; ~ECORD CONTAINS [integer-l TO]integer-2 CHARACTERS]' 

The Sort-File description furnishes information concerning the physical structure, identification, and record-names 
of the file to be sorted, unless the USING and/or GIVING options cf the sort are employed. When the USING 
and/or GIVING options are specified, the record sizes and descriptions of the file being sorted are taken from the 
record descriptions of the files named in the USING/GIVING clauses. 
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Record Descriptions 

Sort record descriptions do not differ in any way from other record descriptions. 

Sort Keys 

Sort keys must have a fixed length, must not be subscripted, and must be one of the types of data items listed below. 
Corresponding to each data item type are its maximum length and a collating sequence used for sorting. 

Data Item Collating Seguence Maximum length (B~tes) 

Computational or Index (Binary) Algebraic 4 

Computational-l (Floating-Point) Algebraic 4 

Computational-2 (Floating-Point) Algebraic 8 

Computational-3 (Packed Decimal) Algebraic 16 

Numeric Display (Zoned Decimal) Algebraic 31 

Alphabetic EBCDIC 255 

Alphanumeric EBCDIC 255 

Group EBCDIC 255 

Records to be sorted may contain 1 to 16 key fields with maximum length as indicated above. 

When assigned to sort keys, data-names may be qualified but must be unique. Also, once a data-name is assigned 
to a sort key, it is assumed that the key appears in the same I ocati on in every record to be sorted. Data-name sort 
keys may not contain or be subordinate to entries that contain an OCCURS clause. 

PROCEDURE DIVISION State._ 

A SORT statement is required for each sorting operation. In addition, INPUT or OUTPUT PROCEDUREs must be 
provided to SpE cify any processi ng to be executed before or after the Sort .. 

SORT Statemer~ 

The format of t'~is statement is 

. IASCENDING 1 r {ASCENDING } ] 
SORT f,le-name-l ON 1DESCENDIN~J KEY data-name-l .•• ~ ON DESCENDING KEY data-name-2... • .. 

{
INPUT PROCEDURE IS section-name-l [THRU section-name-~l 
USING file-name-2 :r 

JOUTPUT PROCEDURE IS section-name-3 [THRU section-name-4]1 
1GIVING file-name-3 J 

The SORT statement yields information that controls the Sort feature. This information (1) obtains records for sorting 
from either an INPUT PROCEDURE or an existing file; (2) sorts the records on a set of specified keys; and (3) either 
makes individual records avai lable in sorted order to an OUTPUT PROCEDURE or creates an ordered output fi Ie. 

The SORT statement provides 

1. The appropri ate Sort-Fi Ie • 

2. Names of any INPUT or OUTPUT PROCEDUREs to be invoked. 

3. Names of the sort keys and, for each key, indication of ascending or descending sequence. 

4. Names of the input or output fi les. 
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Fi Ie -name-l is the name given in the Sort-File Description entry describing the records to be ordered. ASCE ND ING 
and DESCENDING indica~e the order in which the records are to be sorted, based on one or more keys; at least one 

. KEY clause must be specified, but both types may be ~ritten in the same statement. The data-I'ames are the names of 
the sort keys. Keys must be specified in the logical order of comparison during the sorting opelotion. 

USING implies that file-n,ame-2 contains all of the records to be sorted and that .control of this file passes directly 
to the Sort upon execution of the SORT statement. This file is opened, read, and closed automatically by the Sort 
program. Sequential acceiSS should be specified for this fi Ie. 

GIVING names a file into which Sort deposits sorted records; Sort automatically opens, writes into, and closes this 
file. Consecutive organizution and sequential access must be specified for file-name-3. 

INPUT PROCEDURE Optior~ 

The IN PUT PROCEDURE option names a programmer-supplied input procedure in the form of one or more sections 
that process the input records and pass them to the Sort program. The INPUT PROCEDURE contains procedural 
statements required to sele<:t, create, or modify records. Control should not be passed to the procedure except 
during execution of the SORT statement, as RELEASE statements are not meaningful unless a SORT is in process. 
An INPUT PROCEDURE may not contain a SORT statement, since SORTs cannot be nested. The INPUT PROCEDURE 
accomplishes the following functions: 

1. It bui Ids the records to be sorted singly in the record area assigned to the Sort-Fi Ie. If the input originates 
from on existing file, on OPEN statement must be executed prior to execution of the SORT statement or 
within the INPUT PROCEDURE. 

2. It submits a processed record to the Sort by execution of a RELEASE statement (see below}, after which the 
record is no longer avai lable. 

3.' After the lost reco'rd has been released to the Sort, control is trai'lSferred to the Sort process by executi on of 
the final statement' in the INPUT PROCEDURE. 

RELEASE Statement. The fClrmdt of this statement is 

RE LEASE record-nome [FROM identifier] 

The RELEASE statement tramfers one logical record (record-nome) belonging to the Sort-File to the sorting operation. 
It is meaningless outside of fan INPUT PROCEDURE; conversely, each IN PUT PROCEDURE must contain at least one 
RELEASE statement. 

If the FROM option is used, the contents of the identifier data area are moved to record-nome, and then the con­
tents of record-nome are released to the Sort-File. Moving is performed according to the rules specified for the 
MOVE statement without thl! CORRESPONDING option. 

OUTPUT PROCEDURE Op.tic,n 

The OUTPUT PROCEDURE option names a programmer-supplied output procedure composed of one or more distinct 
sections for processing sorted records. The OUTPUT PROCEDURE contains the procedural statements required to 
select, modify, or copy the records that are being returned singly, in order, from the Sort. Control should not be 
passed to an OUTPUT PROCEDURE except in the course of the sorting operation to which it applies. An OUTPUT 
PROCEDURE may not contain a SORT statement. The 'OUTPUT PROCEDURE accomplishes the following functions: 

1: It acquires sorted rEI cords singly from the Sort program through execution of a RETURN statement (see below). 

2. It processes the record just returned by referring to the Sort-Fi Ie record area. If records are to be trans­
ferred to an output fi Ie, on OPEN statement addressed to that fi Ie must be executed prior to execution of 
the SORT statemen'~ itself or within the OUTPUT PROCEDURE. 

J. When all sorted rec:ords are obtained, it executes the AT END statement of the RETURN verb. In order to 
terminate the OUTPUT PROCEDURE and thereby resume the program after the SORT statement, control must 
be directed through the end point of the OUTPUT PROCEDURE. 

~ETURN Statement. The format of this statement is 

~ETURN sort-file RECORD [INTO identifier] ; AT ·~ND imperative-statement 

The RETURN obtains sorted records from the final phase of a Sort operation. The INTO option causes the record just 
obtained also to be moved into the area indicated by the identifier. Movi,..,g is perfurmed according to the rules 
specified for the MOVE statement without the CORRESPONDING option. (Refer to "MOVE Statement" under 
"Data Manipulation Statements" in Chapter 6.) 
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9. COBOL LIBRARY 

Introduction 

The COBOL library contains groups of source program card images that are available for inclusion in a COBOL 
program at compile time. The effect of the compilation of I ibrary text is the same as if the text were actually writ­
ten as part of the source program. The library facility enables standard files, record descriptions, and procedures 
to be created and made readily accessible to multiple users, thus avoiding duplication of effort and possibilities of 
error. 

Each group of lines, or elements, in the library is a file (in the Monitor sense rather than in COBOL terms) residing 
in the user complex. A library element is incorporated into a source program by the compiler in response to a COpy 
statement. 

The COpy statement causes a search within the user library for a file named "library-name". The file is expected 
to contain a series of card images that are inserted into the input stream to the compiler immediately following the 
line containing the COpy request. 

The text contained on the library must not contain any COpy statements. 

COpy StII_.nt 

The format of this statement is 

COpy library-name [REPLACING word-1 BY 1~:~t~~er-11 [, word-3 BY 1~:~t~~er-21]···J 
Iiteral-1 Iiteral-2 

A 'word' in this format may represent one of the following and must conform to the definition of words: data-name, 
procedure-name, condition-name, mnemonic-name, or file-name. 

If the REPLACING phrase is used, each occurrence of word-1, word-3, etc.", in the text being copied from the 
library is replaced by the word, identifier, or literal associated with it in the REPLACING phrase. Use of the 
REPLACING option does not alter the material as it appears on the library. 

The COpy statement may be written in any of the following forms: 

1. In the ENVIRONMENT DIVISION 

SOURCE-COMPUTER. Copy-statement. 

OBJECT-COMPUTER. Copy-statement. 

SPECIAL-NAMES. "Copy-statement. 

ALE-CONTROL. Copy-statement. 

I-O-CONTROL. Copy-statement. 

2. In the FILE SECTION 

FO fi Ie-name copy-statement. 

SO sort-fi Ie-name copy-statement. 

01 data-name copy-statement. 

01 data-name copy-statement. 
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3. In the WORKING··STORAGE SECTION 

01 data-name cop)l-statement. 

4. In the REPORT SEC:T10N 

RD "eport-name cOI~y-statement. 

01 data-name copy-statement. 

5. In the PROCEDURE DIVISION 

{
paragraph-name. } 
section-name SECTION [priority-number]. copy-statement. 

In case 1 above, the COpy :statement is replaced by the un formation identified by I ibrary-name. This information 
should constitute the entire contents of the appropriate paragraph. In the remaining cases, the entire entry is re­
placed by the source I ines identified by I ibrary-name, except that information preceding the COpy statement is not 
overridden. Thus the originCiI level indicator and (when applicable) data-name, CODE and REDEFINES information 
are retained, and any confl ic:ting information occurring in the copied sequence is discarded. 

In the Procedure Division (COIse 5 above), the verb INCLUDE may be used in place of the verb COpy. When the 
library routine is composed of one paragraph it is copied nnto the source program in place of the COpy statement, 
with the procedure-name of the COpy statement automatically replacing the procedure-name of the routine. The 
name of the section (in the source program) containing the routine becomes the only qualifierfor the procedure-name{s) 
within that routine. Procedure-name references in the routine must be unique with respect to the section containing 
the routine. 

When the library routine is composed of one section it is c:opied into the source program in place of the COpy sec­
tion, with the section-name clnd priority of the COpy section automatically replacing the section-name and priority 
of the section being copied f!'om the library. Also, all references to the section-name of the routine from within the 
routine are automatically replaced by references to the section-name associated with the COpy statement. 
Procedure-name references in the routine need be unique only with respect to the routine containing them. 

Examples: 

1. FD MASTER-FILE COpy FILEA. 

FILEA is the I ibrary·-name of the COBOL !Durce I ibrary element containing a complete File Description 
entry to b. copied into the source program as the description of the file named MASTER-FILE. 

2. 01 SUM-DATA COpy SUMMARY-A REPLACING COUNT BY G-COUNT. 

If SUMMARY-A is the name of a library element whose sole contents is a Record Description entry of the form 

01 SUMMARY~A. 

02 COUNT PICTURE 9(3)" 

02 G-TOTAL PICTURE 9(5)V99. 

020-TOTAL PICTURE 9(6)V99. 

02 G-DEVIATION PICTURE 9(4)V99. 

02 0-DEVIA TI 0 N PICTURE 9 (4)V99 . 

then the data description copied into the !Durce program in place of the line bearing the COpy clause is 

01 SUM-DATA. 

02 G-COUNT PICTURE 9(3). 

02 G-TOTAL PICTURE 9(5)V99. 

020-TOTAL PICTURE 9(6)V99. 

02 G-DEVIA T10N PICTURE 9(4)V99. 

02 O-DEVlA T10N PICTURE 9(4)V99. 
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10. INTER-PROGRAM COMMUNICATION 

The Inter-Program Communication module provides a facility by which a program can communicate with one or more 
programs. This communication is provided by the ability to transfer control from one program to another within a run 
unit and let both programs have access to the same data items. 

LINKAGE SECTION 

The LIN KAGE SECnON in a pragram is meaningful only if the object program is to function under the control of a 
CAll statement, and the CALL statement in the calling program contains a USIN G phrase. 

The section is used for describing data that is available through the calling program but is to be referred to in both 
the calling and the called programs. No space is allocated in the program for data items referenced by data-name 
in the UN KAGE SECTION of that program. PROCEDURE DIVISION references to these data items are resolved at 
object time by equating the reference in the called program to the location used in the calling program. In the case 
of index-names, no such correspondence is established. Index-names in the called and calling programs always refer 
to separate indexes. 

Dota items defined in the LIN KAGE SECnON of the called program may be referenced within the PROCEDURE DI­
VISION of the called program only if they are specified as operands of the USING phrase of the PROCEDURE DIVI­
S10N header or are subordinate to such operands, and the object program is under the control of a CALL statement 
that specifies a USIN G phrase. 

The structure of the LINKAGE SECnON is the same as that previously described for theWORKIN G-STORAGE SEC­
TlON, beginning with a section header, followed by Data Description entries for noncontiguous data items, Record 
Description entries, or both. 

Each LINKAGE SECTION record-name and noncontiguous item name must be unique within the called program since 
it cannot be qualified. Data items defined in the LIN KAGE SECTION of the called program must not be associated 
with data items defined in the REPORT SECTION of the calling program. 

Of those item~ defined in the LINKAGE SECTION, only identifier-l, identifier-2, data items subordinate to these 
identifiers, and condition-names or index-names associated with such identifiers or subordinate data items may be 
referenced in the PROCEDURE DIVISION. 

The name used in a PROGRAM-ID is output as a DEF for programs that use the LINKAGE SECTION. The name is 
prefixed by an "L:". (Example: for "PROGRAM-ID. FCLOSE. ", COBOL generates a DEF L:FCLOSE.) 

Noncontiguoul Unb •• St.,. •• 
Items in the LINKAGE SECn-ON that bear no hierarchic relationship to one another need not be grouped into records 
and are classified and defined as noncontiguous elementrary items. Each of these data items is defined in a separate 
Data Description entry which begins with the special level-number 77. 

The following data clauses are required in each Data Description entry: 

• Level-number n 
• Data-name 

• The PICTURE clause 

Other Data Description clauses are optional and can be used to complete the description of the item if necessary. 

Unk ... RIc ... 

Data elements in the LIN KAGE SECTION that bear a definite hierarchic relationship to one another must be grouped 
into records according to the rules for formation of record descriptions. Any clause used in an input or output 
record description can be used in a LINKAGE SECTION. 

Initill Vlluu 

The VALUE clause must not be specified in the LIN KAGE SECTION except in condition·-name entries (level 88). 
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PROCEDURE DIVISION H"I~. 

The PROCE DURE DIVISION is identified by and must begun with the header 

PROCEDURE DIVISION [USING identifier-l [,identifier-2] ••• ]. 

The USING phrase is present if, and only if, the object program is to function under the control of a CALL statement 
and the CALL statement in the colling program contains a USING phrase. 

Each of the operands in the USIN G phrase of the PROCEDURE DIVISION header must be defined as a data item in 
the LINKAGE SECTION of the program in which this header occurs, and it must have a 01 or 77Ievel-number. 

Within a called program, LIN KAGE SECTION data items are processed according to their data descriptions given in 
the called program. 

When the USIN G phrase is prellent, the object program operatesas if identifier-l of the PROCEDURE DIVISION header 
in the called program and identifier-2 in the USING phrase of the CALL statement in the colling program refer to a 
single set of data that is equully avai lable to both the called and calling programs. Their descriptions must define 
an equal number of character positions; however, identifier-l and identifier-2 need not be the same name. In like 
manner, there is an equivalent relationship between identifier-2, ... , in the USIN G phrase of the called program 
and identifier-3, •.. , in the USING phrase of the CALL statement in the calling program. An identifier must not 
appear more than once in the USING phrase in the PROCEDURE DIVISION header of the called program; however, a 
given identifier may appear more than once in the same USING phrase of a CALL statement. 

CALL State •• 

The form of this statement is 

CALL {;~:~:t~~r-l} [USING identifier-2 [,identifiel'-3] •.• ] 

The CALL statement causes control to be transferred from one object program to another within the run unit. 

Identifier-l must be defined a!, an alphanumeric data item whose value can be a program-name. Literal-l must be 
a non-numeric literal. 

The USIN G phrase is included in the CALL statement only if there is a USIN G phrase in the PROCEDURE DIVISION 
header of the called program. The number of operands in each USING phrase must be identical, and each of the 
operands must have been definled as a data item in the FILE SECTION, WORKING-STORAGESECnON, or LINKAGE 
SECTION, and have a level-number of 01 or 77. 

The program whose name is specified by the value of literal-lor identifier-l is the called program; the program in 
which the CALL statement appc~ars is the calling program. Execution of a CALL statement causes control to pass to 
the called program, which is in its initial state the first time it is called within a run unit. On all other entries, the 
state of the called program remains unchanged from its state when last exited. This includes all data fields, the 
status and positioning of all fHes, and all alterable switch settings. 

Called programs may contain CALL statements. However, a called program must not contain a CALL statement that 
directly or indirectly calls the calling program. 

The identifiers specified by the USING phrase of the CALL statement indicate those data items available to a calling 
program that may be referred tel in the called program. The order of appearance of the identifiers in the USING 
phrase to the CALL statement and the USIN G phrase in the PROCEDURE DIVISION header is critical. Corresponding 
identifiers refer to a single set of data avai lable to the called and calling programs. The correspondence is posi­
tional, not by name. In the cOise of index names, no such correspondence is established. Index names in the called 
programs always refer to separate indexes. 

The CALL statement may appealr anywhere within a segmented program. Therefore, when a CALL statement appears 
in a section with a segment number greater than or equal to 50, that segment i~ in its last used state when the EXIT 
PROG RAM statement returns control to the calling program. 
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EXIT PROGRAM Stllte_nt 

The form of this statement is 

EXIT PROGRAM 

The statement marks the logical end of a called program. It must appear in a sentence by itself and must be the 
only sentence in the paragraph. 

Execution of an EXIT PROGRAM statement in a called program causes control to be passed to the calling program. 
Execution of an EXIT PROGRAM statement in a prOQram that is not called behaves as if the statement were an EXIT 
statement (see "EXIT Statement"). Examples of a calling and a called progrom are shown in Figure 5 below. 

Example of a Colling Program 

IDENTIFICATION DIVISION. 
PROGRAM.,.ID. LK-IF-MOVE .. 
AUTHOR. XEROX CORPORATION. 
ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. XEROX-560. 
OBJECT-COMPUTER. XEROX-560. 
INPUT-OUTPUT SECTION. 
FI I.E -CONTROL. 
DATA DIVISION. 
FILE SECTION. 
WORKING-STORAGE SECTION. 
01 Rl. 

O~ RG. 
03 RGI 
03 RG2 
03 RG3 

02 RN. 
03 RNI 
03 RN2 
,03 RN3 
03 RN4 
03 RN5 
03 RN6 
03 RN7 

COMPo 
COMP-I. 
COMP-2. 
COMP-3 

PROCEDURE DIVISION. 
START. 

PIC X(8). 
PIC X(8). 
PIC X(7). 

PIC S9(3). 
PIC 9(4). 
PIC XBXXBBXX. 
PIC $$99.99. 

CALL 'LD-IF-MOVE' USING RI. 
STOP RUN. 

Example of a Called Program 

IDENTIFICATION DIVISION. 
PROGRAM-ID. LD-IF-MOVE. 
AUTHOR. XEROX CORPORATION. 
ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. XEROX-SIGMA-7. 
OBJECT-COMPUTER. XEROX-SIGMA-7. 
INPUT-OUTPUT SECTION. 
FI LE -CONTROL. 
DATA DIVISION. 
LINKAGE SECTION. 
01 L1. 

02 LG. 
03 LGI 
03 LG2 
03 LG3 

02 LN. 
03 LNI 
03 LN2 
03 LN3 
03 LN4 
03 LN5 
03 LN6 
03 LN7 

COMPo 
COMP-I. 
COMP-2. 
COMP-3 

PROCEDURE DIVISION USING Ll. 
START. 

MOVE 789.56 TO LN7. 
DISPLAY LN7 UPON PRINTER. 

LNK-EXIT. 
EXIT PROGRAM. 

PIC X(8). 
PIC X(8). 
PIC X(7). 

PIC S9(3). 
PIC 9(4). 
PIC XBXXBBXX. 
PIC $$99.99. 

Figure 5. Coiling and Called Programs 

Subcompile Feature 
The Subcompile feature is not port of the ANS COBOL language, but is a language extension implemented in Xerox 
ANS C~OL only. The Subcompile feature enables a single, logical problem solution expressed in Xerox ANS 
COBOL to be subdivided into two or more separate source programs that can be compiled independently and sub­
sequently combined inta a single executable progrom. The advantages of smaller, more manageable compilations are 
obvious: for example, maintenance is simplified and the distribution of problem-solving effort among a number of 
programmers is facilitated. The Subcompile feature yields these benefits with virt:~ally no impairment of operating 
efficiency and only modest increase in total compilation time. 

Any given COBOL source program may be subdivided into two or more ports, each af w~ich con be compiled :nde­
pendently. One of these subdivisions must be designated as the main program at both compi lotion and execuk.w. 
times. The remaining subdivisions are called subprograms. Each subdivision of the t)k,1 program, whether the ri101n 

program or a subprogram, has the format of a complete COBOL source program. E \ subdiv" ~~r. must conr(J,r) 
IDENTIFICATION, ENVlRONMENT, DATA, and PROCEDURE DIVISIONs. 
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Rul •• for U .... 

Successful usage of the Subcompile feature requires observance of two alternative sets of rules. The first set is some­
what restrictive, but requires a minimal knowledge of the contents of the moin program and its So .bprograms and thus 
is less susceptible to programmer error. 

1. The ENVIRONMENT DIVISIONs must all be complete with regard to the total program, and should be 
identical. 

2. The FILE SECTION!I, COMMON-STORAGE SECTIONs and REPORT SECTIONs must all be complete with 
regard to the total program, and should be identi cal. 

The second set of rules requi,.es a careful and detailed anarysis of the individual source programs but permits omission 
of repetitious entries, thus reducing the size of the programs and improving compi lation time. 

1. ENVIRONMENT DIVISION 

a. Main Program 

The complete E!NVIRONMENT DIVISION for the total program must be written. 

b. Subprograms 

Each subprogram must contain SELECT sentences only for those files referenced in its PROCEDURE 
()IVISION (and described in its DATA DIVISION). 

2. DATA DIVISION 

a. FILE SECTION 

(1) Main Program 

The file and record descriptions for all files in the total program must be included. 

(2) Subprograms 

The file and record descriptions for all files referenced in the PROCEDURE DIVISION (and men­
tioned in an ENVIRONMENT DIVISION SELECT sentence) must be included. 

b. COMMON -STORAGE SECTION 

The COMMON -STORAGE SECTIONs must be identical within all elements composing the total 
pll'ogram. 

c. REPORT SECTION 

0) Mai n Progrclm 

The Report Descriptions of a" reports used in the total program must appear. 

(2) Subprogramsi 

Each subprogram must contain only the descriptions of reports actually referenced therein. (The 
file description of the file containing the associated REPORT IS clause must also be present.) 

3. PROCEDURE DIVISION 

The main program mU!lt contain all DECLARATIVES sections desired in the total program. 

Memory space is allocated and Data Control Blocks generated for the files described in the FILE SECTION of the 
main program. All subprograms making reference to reports or report data, when incorporated into the total program 
at run-time, refer to the arecls reserved by the main program. Similarly, memory spacP. is assigned in accordance 
wi th the COMMON -STORAGE SECTION description in the main program, and this area is shared by the main 
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program and a" associated subprograms when combined at run-time. The main program and each subprogram may 
have its Own WORKING-STORAGE SECnON; dato described therein is not shared, but is private to the program in 
which it is defined. However, WORKING-STORAGE items in a main program may be referred to in a subprogram 
by the use of a LIN KAGE SECnON in the subprogram and the PROCEDURE DIVISION USIN G statement. 

The Subcompile feature enables program control to flow naturally between independent compi lations employing the 
normal COBOL verbs GO TO and PERFORM. Only one additional statement is introduced into the XeroxANS COBOL 
language to provide this natural flow. Any procedure point to which control may be passed by a separately compi led 
program must be declared as an external definition. The ENTER COBOL statement names those entry points (section­
and paragraph-names) within the program that are to be visible to sequence control statements in other compilations. 

EilER S .. II._. 
The formats of this statement are 

Format 1 

ENTER language-name routine-name. 

Format 2 

ENTER (language-name] routine-name [, parameter-name] ••• 

Format 3 

ENTER COBOL procedure-name-1 [, procedure-name-2] ••• 

The ENTER statement (Formats 1 and 2) allows entry into a closed, machine-language routine. The acceptable 
language-name is METASYM. Routine-name is an entry. point in the routine to be entered. Parameter-name may be 
a data-name, a procedure-name, or a file-name. These parameter-names are supplied to the routine in the COBOL­
generated cal·ling sequence by listing the core memory location of these items. Data-names may not be subscripted. 

The ENTER COBOL statement (Format 3) makes the locations of the named procedures available to the loader as entry 
points. Procedure-names are paragraph-names or section-names to which control may pass. 

Only the ENTER statement can be used to call Extended Data Management System (EDMS) service routines. The CAll 
statement cannot be used to perform this function (see the EDMS Reference Manual, 90 30 12). 

While both the LINKAGE SECnON and the COMMON-STORAGE SECnON can appear in the same program, they 
can only be referred to by their proper associated statements (PROCEDURE DIVISION USING statements in the case 
of the LINKAGE SECTION, or the ENTER statement in the case of COMMON -STORAGE). An EN TER statement 
cannot refer to items in a LIN KAGE SECnON and, conversely, a CAll statement or PROCEDURE DIVISION USIN G 
statement cannot refer to data items in COMMON -STORAGE. 
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11. PRIORITY SEGMENTATION 

Segmentation is a facility that provides a means of communicating object program overlay requirements to 
the compiler. 

Although it Us not mandatory, the PROCEDURE DIVISION of a source program is usually written as a succession of 
sections, each of which embraces a series of closely related operations involved in accomplishing a particular task. 
When all sections of the program are defined it is possibile to classify them in accordance with their importance, 
frequency of use, and interr'elationships. Each section is classified as belonging to either the fixed portion, which 
is always in memory during Elxecution, or to one of the independent overlayable segments of the object program. 
An overlayable segment is a program segment that, although logically treated as permanent in memory, is capable 
of being overlaid by another such segment to optimize memory utilization. Only one priority segment may be in 
memory at a time; the amount of object space reserved for the nonfixed portion of the object program is the size 
of the largest priority segment. 

Sections are classified by priiority-numbers included in the section header 

section-name SECTION [priority-number] . 

,md must be an integer ranging in va lue from 0 through 99. If the priority-number is omi tted a value of zero is 
assumed. 

All sections of the same priority-number are grouped together to form a program segment with that priority. Normally, 
segments with priority-numbfn 0 through 49 belong to the fixed portion and segments with priority-number 50 through 
99 are overlayable. This arbitrary separation can be adjusted by employing the SEGMENT -LIMIT clause in the 
OBJECT -COMPUTER paragruph of the ENVIRONMENT DIVISION to enable more overlayable segments to be 
created. When the SEGMENT -LIMIT clause is used, those segments having priori ty-numbers ranging from the speci­
fied value through 99 are pr<>duced as overlayable segments. 

Segmentation does not alter the logical structure of the program in any way. The logical sequence is the same as 
the physical sequence except for specific transfers of control; this pertains in spite of any effective reordering of 
the program occosioned by t'he grouping of procedure sections (possibly scattered throughout the source program) 
by priority-number to form a segment. Segmentation in nc) way affects the need for qualification of procedure names 
to ensure uniqueness. 

The following points should be remembered when segmentation of a COBOL program is considered: 

1. Determinatian of the need for segmentation is a programmer responsibi Ii ty. Indiscriminate use of segmenta­
tion may degrade object program efficiency severe Iy, and the compi ler has no means of controlling the use -
or pointing out pO!lslble misuse - of segmentation. 

2. Sections required for reference at all times or referred to frequently should be allocated to the fixed 
portion. 

3. Sections used less frequently (e.g., initialization or closeout routines) or executed in a chronological 
series are suitable c:andidates for segmentation. 

4. Sections that communicate frequently with each other should be assigned to ,the same segment. 
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12. DEBUGGING FACILITIES 

The Debug module provides a means by which the user can describe his debugging algorithm including the conditions 
under which data items or procedures are to be monitored during the execution of the object program. 

The features of the COBOL language that support "'e Debug module are 

• A compile time switch - WITH DEBUGGING MODE. 

• An object time switch. 

• A USE FOR DEBUGGING statement. 

• A special register - DEBUG-ITEM. 

• Debuggi ng lines. 

DEBUG-ITEM 

The reserved word DEBUG-ITEM is the name for a special register generated automatically by the compiler code that 
supports the debugging facility. Only one DEBUG-ITEM is allocat~d per program. The names of "'e subordinate 
data items in DEBUG-ITEM are also reserved words. 

The WITH DEBUGGING MODE clause is written as part of "'e SOURCE-COMPUTER paragraph. It serves as a com­
pile time switch over the debugging statements written in "'e program. 

When the WITH DEBUGGING MODE clause is specified in a program, all debugging sections and all debugging lines 
are compi led as specified in this section. When the WITH DEBUGGING MODE clause is not specified, all debugging 
lines and all debugging sections are compiled as if they were comment lines,. 

Object n_ Switch 

An object time switch dynamically activates the debugging code inserted by the compiler. This switch cannot be ad­
dressed in the program; it is controlled outside "'e COBOL environment. If the switch is on, all the effects of the 
debugging language written in "'e source program are permitted. If the switch is off, all the effects described under 
IJSE FOR DEBUGGING statement are inhibited. Recompilation of the source program is not required to provide or 
take away this facility. 

The object time switch has no effect on debugging lines nor on the execution of the object program if the WITH 
DEBUGGING MODE clause was not specified in the source program at compile time. 

WITH DEBUGGING MODE Clause 

The WITH DEBUGGING MODE clause indicates that all debugging sections and all debugging lines are to be com­
pi led. If this clause is not specified, all debugging lines and sections are compi led as if they were comment lines. 

SOURCE-COMPUTER. computer-name [WITH DEBUGGING MODE ]. 

If theWITH DEBUGGING MODE clouse is specified in the SOURCE-COMPUTER paragraph of the CONFIGURAllON 
SECTION of a program, all USE FOR DEBUGGING statements and debugging lines are compiled. 

If the WITH DeBUGGING MODE clause is not specified in the SOURCE-COMPUTEP paragraph of the CONFTS­
URA TION SeCTION of a program, any use FOR DEBUGGIN G statements and all 0 ""iated otloJugging sections, 
and any debugging lines are compiled as if they were comment lines. 
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USE FOR DEBUGGING Statement 

The form of this statement is 

section-name SECTION. 

( 

[~LL REFERENCES OF] identifier-I] [[~LL REFERENCES OF] identifier-2] 
USE FOR DEBUGGING ON fde-name-l fde-name-2 
-- 'PROCEDURE procedure-name-l PROCEDURE procedure-name-2 

ALL PROCEDURES ALL PROCEDURES 

The USE FOR DEBUGGING statement identifies the user items that are to be monitored by the associated debugging 
section. 

All references to identifier-], procedure-name-l, and fi le-nane-l applyequally to identifier-2, procedure-name-2, 
and file-name-2, respective~y. 

Debugging section(s), if spedfied, must appear immediately after the DEC LARA TIVE S header and except in the USE 
FOR DEBUGGING statement' itself, there must be no reference to any nondeclarative procedure within the debug­
ging section. 

Statements appearing outside of the set of debugging sections must not reference procedure-names defined within the 
set of debugging sections. Statements appearing within a given debugging section, except for the USE FOR DEBUG­
GING statement itself, may reference procedure-names defined within a different USE procedure only with a 
PERFORM statement. Procedure-names defined within debugging sections must not appear within USE FOR DE­
BUGGING statements. 

Any identifier, file-name, or procedure-name can appear in only one USE FOR DEBUGGING statement, and the 
ALL PROCEDURES phrase cani appear only once in a program. When the ALL PROCEDURES phrase is specified, 
procedure-name-l must not he specified in any USE FOR DEBUGGING statement. 

Identifier-l must not be a dat'a item defined in the REPORT SECTION except sum counters. If the data description of 
identifier-:- 1 contains an OCCURS clause or is subordinate to a data item that contains an OCCURS clause, identifier-l 
must be specified wi thout the subscripting or indexing normally required., 

References to the special register DEBUG-ITEM are restri cted to references from within a debugging section. 

Execution of a debugging secNon depends on the USE FOR DEBUGGING specification. 

When fi le-name-l is specified, execution takes place after one of the following: 

1. The execution of an)' OPEN or CLOSE statement that references fi le:"name-1. 

2. After the execution elf any READ statement (after any other specified USE procedure) not resulting in the 
execution of an assodated AT END or INVALID KEY imperative statement. 

When a procedure-name-l is specified, execution takes plelce 

1. Immediately before 01 GO TO, PERFORM, or SORT statement that transfers control to procedure-name-l. 

2. Immediately before procedure-name-l is executed because of transfer of control implicit from the previous 
paragraph. 

3. Immediately after thEt execution of an ALTER statement that alters procedure-name-l. 

4. Immediately before a USE procedure (procedure-name-l) is executed" 

5. Immediately before the named procedure is executed for the first time if it is the first procedure in the non­
declarative portion of the program. 

The ALL PROCEDURES phrase causes these effects to occur for every procedure-name in the program, except those 
appearing within a debugging section. 
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When the ALL REFERENCES OF identifier-l phrase is specified, that debugging section is executed immediately after 
every statement that explicitly references identifier-l. If identifier-l is specified in a phrase that is not executed 
or eva luated, the associated debugging section is not executed. 

When identifier-1 is specified without the ALL REFERENCES OF phrase, that debugging section is executed both 

1. Immediately after the execution of any COBOL statement that explicitly references and replaces the con­
tents of the data item referenced by identifier-1. 

2. Immediately before the execution of any WRITE statement that explicitly references identifier-l. 

Again, if identifier-1 is specified in a phrase that is not executed or evaluated, the associated debugging section is 
not executed. 

The debugging section associated with a specific operand is not executed more than once as a result of the execution 
of a single statement regardless of the number of times that operand is explicitly specified. 

Within an imperative statement, each individial occurrence of an imperative verb identifies a separate statement for 
the purpose of debugg i ng • 

A reference to file-name-l, identifier-l, or procedure-name-l as a qualifier does not constitute reference to that 
item for the debugging described above. 

The special register DEBUG-ITEM is associated with each execution of a debugging section. The register fields are 
updated automatically - in accordance with the rules of the MOVE statement - immediatety before control is passed 
to the debugging section to provide information about the conditions that caused the execution of a debugging sec­
tion. DEBUG-ITEM has the following implicit description: 

01 DEBUG-ITEM. 

02 DEBUG-LINE PICTURE IS X(6). 

02 FILLER PICTURE IS X VALUE SPACE. 

02 DEBUG-NAME PICTURE IS X(30). 

02 FILLER PICTURE IS X VALUE SPACE. 

02 DEBUG-SUB-l PICTURE IS 9999. 

02 FILLER PICTURE IS X VALUE SPACE. 

02 DEBUG-SUB-2 PICTURE IS 9999. 

02 FILLER PICTURE IS X VALUE SPACE. 

02 DEBUG-SUB-3 PICTURE IS 9999. 

02 FILLER PICTURE IS X VALUE SPACE. 

02 DEBUG-CON TEN TS PICTURE IS X (n). 

Contents of the register fields vary in accordance with USE FOR DEBUGGING specifications, as set forth in Table 9, 
below. In general terms, DEBUG-LINE contains information identifying a particular source statement. DEBUG-
NAME contains the first 30 characters of the name that caused the debugging section to be executed. All 
qualifiers of the name are separated by the word IINI or 'OFI. Subscripts or indexes, if any, are not entered 
into DEBUG-NAME. 

DEBUG-SUB-1, DEBUG-SUB-2, and DEBUG-SUB-3 contain spaces if the item that caused the debusging section to 
be executed is not subscripted or indexed. Otherwise, the occurrence number of each level is entered as necessary. 

DEBUG-CONTENTS will be large enough to contain the required data. 
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Table 9. Contents of DEBUG-ITEM Register Fields 

---
'~ntenh Condition 

~'--. 
-.----- -- ----- ---

Field I 2 3 .. 5 

DEBUG-LINE Identifies source Identifies previous Identifies statement Identifies source Identi fies source 
statement thotref- statement. that caused exe- statement that statement that 
erenced procedure- cution of USE referenced fi le- referenced 
name-I. procedure. name-I. identifier-I . 

-----. ---.-- .. -
DEBUG-NAME Contains name Name of Name of Name of fi le- Name of 

of procedure- procedure-nome-I. procedure-nome-I. name-I. identifier-I. 
name-I. 

r-------- --------1----._---

DEBUG-CON TEN TS Spaces, except after 'FALL THROUGH'. 'USE PROCEDURE'. Entire record Contenh of 
on ALTER statement, read, or spaces. identifier-I after 
when it contains name the execution of 
of procedure-name-2 statement that 
of the ALTER. referenced it. 

Condition causing debugging section to be executed: 

I - Reference to procedure-name-·I. 
2 - Implicit control transfer from previous sequential paragraph to procedure-nome-I. 
3 - Procedure-nome-I is a USE pl'locedure that is to be executed • 
.. -' References to fi Ie-nome-I. 
5 - Reference to identi fier-I. 

Debuaaina Lines 

A debugging line is any line 'with a 10 1 in the continuation indicator area of the line. The contents of a debugging 
line must be such that a syntactically correct program is formed with or without the debugging lines being con­
sidered as comment lines. A debugging line wi" be considered to have all the characteristics of a comment line 
if the WITH DEBUGGING MODE clause is not specified in the SOURCE-COMPUTER paragraph. Any debugging 
line that consists solely of spclces from margin A to margin R is considered the same as a blank line. 

Successive debugging lines are allowed. Continuation af debugging lines is permitted subject to two constraints: 

1. Each continuation line must contain a 101 in the continuation ·indicator area. 

2. Character-strings mCIY not be broken across two lines. 

Debugging lines are permitted in the program only after the OBJECT-COMPUTER paragraph and may not be used 
with the COpy REPLACING function. 

Extended Debullinl Featnues 

The Xerox ANS COBOL language includes two debugging statements - TRACE and EXHIBIT - that are an extension 
of the ANS COBOL language and can be inserted anywhere in a COBOL source program. Use of these statements 
greatly reduces the time requilred to debug the logic of successfully compiled programs. 

Omitting the DEBUG option in a COBOL processor control command containing other specified options suppresses 
these debugging statements at compilation time. This means that a debugged COBOL program need not be changed 
but merely recompiled to obtclin an operational object program. 

TRACE Stete.at 

The format of this statement ill 

{ READY} TRACE 
RESET --

The TRACE statement is used iin two forms: READY TRACE starts the TRACE precess in which a message is output on 
the system listing output devi ce each time the execution of a new paragraph or section of the program begins; 
RESET TRACE terminates the notification of processing progress started by the preceding READY TRACE statement. 
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EXHIBIT Stilimant 

The format of this statement is 

I NAMED II I data-name 
EXHIBIT CHANGED NAMEP t Itt I ••• 

CHANGED non-numer c- era 

Note: The sum of the sizes of the operands of an EXHIBIT statement cannot exceed the maximum logical record 
length for the system listing output device. 

The EXHIBIT NAMED statement causes a formatted display of the data-names (or non-numeric-literals) listed in the 
statement; the system listing output device is used. Output format for each data-name listed in the NAMED or 
CHANGED NAMED form of an EXHIBIT statement is 

1. Blank 

2. Original data-nome (including qualifiers, if written) 

3. Blank 

4. Equal sign 

5. Blank 

6. Value of data-nome 

When displayed, literals listed in the statement are preceded by a blank. 

The CHANGED form of the EXHIBIT statement provides for display of on item when it changes value (compared to 
the value at the previous time the EXHIBIT CHANGED statement was executed). The first time such a statement is 
executed, a value is considered to have changed; it is displayed and saved for purposes of comparison. 

Only one data-nome can be listed in on EXHIBIT CHANGEDstatement. Note that iftwo distinct EXHIBIT CHANGED 
data-nome st~tements appear in a program, changes in data-nome are associated with the two separate statements. 
Depending on the path of program flow, the values of data-nome saved for- comparison may differ for the two state­
ments. If the list of operands in on EXHIBIT CHANGED statement includes literals, they are printed as remarks 
and are preceded by a blank. 

The CHANGED NAMEDform of the EXHIBIT statement causes a printout of each changed value for items listed in 
the statement. Only those values representing changes in their identifying names are printed. A fixed columnar 
format for the data to be displayed cannot be created with EXHIBIT CHANGED NAMED. 
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APPENDIX A. XEROX ANS COBOL RESERVED WORDS 

ACCEPT DATE-WRITTEN INCLUDE
t 

OR St"CURITY 
ACCESS DE INDEX OUTPUT SEEK 
ACTUAL DEBUG-CONTENTS INDEXED SEGMENT-LIMIT 
ADD DEBUG-ITEM INDICATE PAGE SELECT 
ADDRESS DEBUG-LINE INITIAL PAGE-COUNTER SELECTED 
ADVANCING DEBUG-SUBl INITIATE PERFORM SENTENCE 
AFTER DEBUG-SUB2 INPUT PF SEQUENTIAL 
ALL DEBUG-SUB3 INPUT··OUTPUT PH SET 
ALPHABETIC DiEBUG-NAME INSPECT PIC SIGN 
ALTER DEBUGGING I NSTAllA TION PICTURE SIZE 
ALTERNATE DECIMAL-POINT INTO PLUS SORT 
AND DIECLARA TIVES INVALID POINTER SOURCE 
ARE DELIMITED IS POSITION SOURCE-COMPUTER 
AREA DI:lIMITER JUST POSITIVE SPACE 
AREAS DEPENDING JUSTIFIED PROCEDURE SPACES 
ASCENDING DESCENDING PROCEDURES SPECIAL-NAMES 
ASSIGN DE:TAIL KEY PROCEED STANDARD 
AT . DISPLAY KEYS PROCESSING STATUS 
AUTHOR DIVIDE 

LABEL PROGRAM STOP 

BEFORE 
DIVISION 

LAST PROGRAM-ID STRING 
DOWN SUBTRACT 

BEGINNING LEADING SUM 
BLANK ELSE LEFT QUOTE 

SYNC 
BLOCK END LESS QUOTES 

SY NCHRONIZED 
BY ENDING LIBRARY 

CALL 
ENTER LIMIT RANDOM 

TALLY 
Ef\IVIRONMENT LIMITS RD 

CANCEL 
EGtUAL LINE READ TALLYING 

CF ERROR LINE-COUNTER READY TAPE J 
CH 

EVERY LINES RECORD 
TERMINATE 

CHANGED
t 

EXAMINE
t 

LINKAGE RECORDS THAN 
CHARACTERS EXHIBITt LOCK REDEFINES THROUGH 
CLOCK-UNITS 

EXIT LOW-VALUE REEL THRU 
CLOSE 

LOW-VALUES REFERENCES 
TIMES 

COBOL FD TO 
CODE FIL.E MEMORY 

RELEASE 
TRACE 

COLUMN FIL.E-CONTROL MODE 
REMAINDER 

TYPE REMARKS 
COMMA FIL.E-LIMIT MODULES RENAMES 
COMMON-STORAGE FILE-LIMITS MOVE 

RENAMING
t UNIT 

COMP FILLER MULTIPL.E REPLACING UNSTRING 
COMP-l FINAL MULTIPLY UNTIL 
COMP-2 FIRST 

REPORT 
UP 1/ NAMED REPORTING COMP-3 FOOTING 

NEGATIVE REPORTS 
UPON 

COMPUTA TIONAl FOR USAGE 
COMPUTA TIONAL-l FROM 

NEXT RERUN 
USE 

COMPUTA TIONAL-2 NO RESERVE 
USING GENERATE NOT RESET 

COMPUTA TIONAL-3 
GIVING NOTE RETURN COMPUTE VALUE 

CONFIGURA TION GO NUMBER REVERSED 
VALUES GREATER NUMERIC REWIND CONTAINS 

GROUP RF VARYING 
CONTROL 
CONTROLS HEADING 

RH WHEN 
COpy HIGH-VALUE OBJECT -COMPUTER RIGHT WITH 
CORR HIGH-VALUES OCCURS ROUNDED 

WORDS 
CORRESPONDING OF RUN WORKING-STORAGE 

1-0 OFF COUNT I-O-CONTROL OMITTED SAME 
WRITE 

CURRENCY IDENTIFICA TION ON SD ZERO 
DATA IF OPEN SEARCH ZEROES 
DATE-COMPILED IN OPTIONAL SECTION ZEROS 

t Although sti" operational, these language fonns have been made obsolete by changes to the COBOL standard. 
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APPENDIX B. SAMPLE XEROX ANS COBOL PROBLEM 

In Figure B-1 a master tape fi Ie {each record consisting of a 5-digit account number, 21-character name, 6-digit 
quantity-on-hand, 6-digit unit price, and 6-digit date-record-established} is to be updated by a card file contain­
i n9 three types of cards. The program must ascertain the type of card and then branch to one of three routines to 
update the master file. The cards are the same format as the tape fi Ie except for the oddi tion of the cord code in 
the character following the date field. Codes that identify card type are 

Code 1 

Code 2 

Code 3 
{header card} 

Adds the quantity on the card to the quantity field of the master and reestablishes date of 
record. 

Subtracts the quantity on the card from the quantity field of the master and reestablishes 
date of record. 

Changes all data fields in the master record or establishes a new master record. Date of 
record must again be established. 

Any other code is treated as an error condition. Multiple transactions of types 1 and 2 are allowed for any accounts 
already established in the master tape file. All input master records, plus new masters added, are written on an 
output master tape. 

Various checks detect error conditions in the input card file that would cause a card to be punched. The following 
~rror flags indicate the type of error. 

Card Flag 5 

Card Flag 6 

Card Flag 7 

Card Flag 8 

Card Flag 9 

A card type other than 1, 2, or 3. 

The input card file not in sequence by account number. 

No matching master record for card types 1 or 2. 

The quantity in the input card to be subtracted from the master record balance causes a 
negative balance. 

The quantity in the input card plus the master record balance overflows into the next field 
if not detected. 

The format of these error cards is identical to that of the update cards with the addition of the card flag in the next 
available position following the card code. A record tally for the new master file is maintained together with the 
value of the inventory in the new master file. These items are printed on the standard system listing output device. 

116 Appendix B 



00000 
00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 

rOBOL SOURCE, DIAGNOSTIC AND PROCEDURE-"1AP LI~TING 

COBOlL LS 
000010 IDENTIFICATION DIVISION. 
0000:20 PROGRAM-ID. SAMPLE XDS COBOL PROGRAM. 

AUTHOR. XEROX CORPORATION. 
000040 DATE-WRITTEN. DECEMBER 7 1974. 

UPDATE 
urDATE 

000050 REMARKS. THE PURPOSE OF THIS PROGRAM IS TO SHOtv THE ORGANIZATIONUPDATE 
000060 OF A TYPICAL COBOL PROGRAM. UPDATE 
000070 ENVIRONMENT DIVISION. lWOATE 
000080 CONFIGURATION SECTION. UPDATE 

SOURCE-COMPUTER. XEROX-560. 
OBJECT-COMPUTER. XEROX-560 

0001RO MEMORY SIZE 24000 WORDS. 
000120 INPUT-OUTPUT SECTION. 
000130 FILE-CONTROL. 
0001l.0 SELECT UPDATE-TRANSACTIONS ASSIGN TO CARD-READER. 
0001~iO SELECT OLD-MASTER-FILE ASSIGN TO MAGNETIC-TAPE. 
000160 SELECT NEW-MASTER-FILE ASSIGN TO MAGNETIC-TAPE. 
000170 SELECT ERROR-TRANSACTIONS ASSIGN TO CARD-PUNCH. 
000180 SELECT SUMMARY-PRINT ASSIGN TO PRINTER. 
000190 DATA DIVISION. 
000200 FILE SECTION. 
00021.0 FD OLD-MASTER-FILE 
000220 LABEL RECORDS ARE STANDARD DATA RECORD IS OLD-MASTER. 
000230 01 OLD-MASTER. 
000240 02 ACCOUNT PICTURE 9(5). 
000250 02 NAME PICTURE X(21). 
000260 02 QUANTITY PICTURE S9(6). 
000270 02 UNIT-PRICE PICTURE 9(4)V99. 
000280 02 DATE PICTURE 9(6). 
000290 FD NEW-MASTER-FILE 
000300 LABEL RECORDS ARE STANDARD DATA RECORD IS NEW-MASTER. 
000310 01 NEW-MASTER. 
000320 02 FILLER PICTURE X(44). 
000330 FD UPDATE-TRANSACTIONS 
000340 LABEL RECORDS ARE OMITTED DATA RECORD IS UPDATE-DATA. 
000350 01 UPDATE-DATA. 
000360 02 U-ACCOUNT PICTURE 9(5). 
000370 02 U-NAME PICTURE X(21). 
000380 02 U-QUANTITY PICTURE 9(6). 
000390 02 U-UNIT-PRICE PICTURE 9(4)V99. 
000400 02 U-DATE PICTURE 9(6). 
000410 02 U-CARD-CODl PICTURE 9. 
000415 02 FILLER PICTURE X(35). 
000420 FD ERROR-TRANSACTIONS 
000430 LABEL RECORDS ARE OMITTED DATA RECORD IS ERROR-LECORD. 
000440 01 ERROR-RECORD. 
000450 02 ERROR-DATA PICTURE X(45). 
000460 02 ERROR-FLAG PICTURE 9. 
000470 FD SUMMARY-PRINT 
000480 LABEL RECORDS ARE OMITTED DATA RECORD IS SUMMARY-DATA. 
000490 01 SUMMARY-DATA. 
000500 02 CARRIAGE-CONTROL 
000510 02 SUMMARY-DATA-ITEM 

PICTURE X. 
PICTURE x(l32). 

000520 WORKING-STORAGE SECTION. 
000530 77 PREVIOUS-ACCOUNT PICTURE 9(5) VALUE O. 
000540 77 NEW-QUANTITY PICTURE S9(7). 
000550 77 RECORD-COUNT PICTURE 9(6) VALUE O. 
000560 77 INVENTORY-VALUE PICTURE 9(10)V99 VALUE O. 
000570 01 W-UPDATE-DATA. 
000580 02 W-ACCOUNT 
000590 02 W-NAME 
000600 02 W-QUANTITY 
000610 02 W-UNIT-PRICE 
000620 02 W-DATE 
000630 02 W-CARD-CODE 
000640 01 W-UPDATE-DATA-X 

PICTURE 9(5). 
PICTURE X(21). 
PICTURE 9 (6) ,. 
PICTURE 9(4)V99. 
PICTURE 9(6). 
PICTURE 9. 

REDEFINES W-UPDATE-DATA. 

Figure B-1. Sample Xerox ANS COBOL Program 
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UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
lwnATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPOATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
UPOATE 
UPDATE 
UPDATE 
UPDATE 
UPDATE 
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UPDATE 
UPDATE 
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00066 
000('7 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
000A2 
00083 
000R4 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00111 
00132 
00133 
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000650 02 W-UPDATE-DATA-RCD 
000660 02 FILLER 
000670 01 TOTAL-RECORDS. 

PICTURE X(44). 
PICTURE X. 

UPDATE 
UPDATE 
UPDATE 

000680 02 FILLER PICTURE 9 VALUE 1. UPDATE 
000690 02 FILLER PICTURE X(33) VALUE IS 'RECORD COUNT OF NEW MASTERlJPDATE 
000700- 'FILE UPDATE 
000710 02 W-RECORD-COUNT PICTURE ZZZ.ZZ9. 
000720 01 TOTAL-INVENTORY. 
000730 02 FILLER PICTURE 9 VALUE O. 
000740 02 FILLER PICTURE ~(36) 
000750 VALUE 'INVENTORY VALUE OF NEW MASTER FILE 
000760 02 W-INVENTORY-VALlJE PICTURE $Z.ZZZ.ZZZ.ZZZ.99. 
000770 PROCEDURE DIVISION. 
000780 BEGIN SECTION. 
000790 OPEN-FILES. 
000800 OPEN INPUT OLD-MASTER-FILE UPDATE-TRANSACTIONS OUTPUT 
000810 NEW-MASTER-FILE ERROR-TRANSACTIONS SUMMARY-PRINT. 
000820 READ-MASTER-FILE. 
000830 READ OLD-MASTER-FILE AT END GO TO END-OF-MASTER. 
000840 READ-UPDATE-CARD. 
000850 READ UPDATE-TRANSACTIONS INTO W-UPDATE-DATA AT END GO TO 
000860 END-OF-CARDS. 
000870 
000880 UPDATE-MASTER-FILE SECTION. 
000890 CHECK-SEQUENCE-NUMBER. 
000900 IF W-ACCOUNT IS LESS THAN PREVIOUS-ACCOUNT 
000910 MOVE 6 TO ERROR-FLAG; GO TO PUNCH-ERROR-CARD. 
000920 MOVE W-ACCOUNT TO PREVIOUS-ACCOUNT. 
000930 
000940 
000950 

NOTE **SAVE ACCOUNT NUMBER FOR SEQUENCE CHECK. 

000960 TEST-CARn-CODE. 
000970 IF W-CARD-CODE - 0 OR GREATER THAN 3 
000980 MOVE 5 TO ERROR-FLAG; GO TO PUNCH-ERROR-CARD. 
000990 COMPARE-ACCOUNT-NUMBERS. 
001000 IF W-ACCOUNT - ACCOUNT NEXT SENTENCE 
001010 ELSE GO TO ACCOUNT-NUMBERS-UNEQUAL. 
001020 
001030 
001040 

NOTE CHECK CARD CODE AND UPDATE ~~STER FILE. 

001050 ACCOUNT-NUMBERS-EQUAL. 
001060 GO TO CARD-CODE-1. CARD-CODE-2. CARD-CODE-3 DEPENDING ON 
001070 W-CARD-CODE. 
001080 CARD-CODE-1. 
001090 ADD W-QUANTITY. QUANTITY GIVING NEW-QUANTITY. 
001100 IF NEW-QUANTITY IS GREATER THAN 999999 ~tOVE 9 TO ERROR-FLAG; 
001110 GO TO PUNCH-ERROR-CARD; 
001120 ELSE GO TO UPDATE-MASTER-RECORD. 
001130 CARD-CODE-2. 
001140 SUBTRACT W-QUANTITY FROM QUANTITY GIVING NEW-QUANTITY. 
001150 IF NEW-QUANTITY IS NEGATIVE MOVE 8 TO ERROR-FLAG; 
001160 GO TO PUNCH-ERROR-CARD; 
001170 ELSE GO TO UPDATE-MASTER-RECORD. 
001180 CARD-CODE-3. 
001190 PERFORM WRITE-NEW-MASTER~FROM-CARD. 
001200 READ OLD-MASTER-FILE AT END GO TO END-OF-MASTER-1. 
001210 GO TO READ-UPDATE-CARD. 
001220 UPDATE-MASTER-RECORD. 
001230 MOVE NEW-QUANTITY TO QUANTITY; MOVE W-DATE TO DATE; 
001240 GO TO READ-UPDATE-CARD. 
001250 ACCOUNT-NUMBERS-UNEQUAL. 
001260 IF W-ACCOUNT LESS THAN ACCOUNT NEXT SENTENCE 
001270 ELSE GO TO ACCOUNT-NUMBER-GREATER. 
001280 ACCOUNT-NUMBER-LESS. 
001290 IF W-CARD-CODE - 3 PERFORM WRITE-NEW-MASTER-FROM-CARD; 
001300 GO TO READ-UPDATE-CARD; 
001310 ELSE MOVE 7 TO ERROR-FLAG; GO TO PUNCH-ERROR-CARD. 
001320 ACCOUNT-NUMBER-GREATER. 

Figure B-1. Semple Xerox ANS COBOL Progrcm (cont.) 
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00134 
0013') 
001% 
00137 
00138 
00139 
00140 
00141 
00142 
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00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
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00158 
00159 
00160 
00161 
00162 
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00164 
00165 
00166 
00167 
00168 
00169 
00170 
00171 
00172 
00173 
001.74 
00175 
00176 
00177 
00178 
00179 
00180 
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00184 
00185 

001330 PERFORM WRITE-NEW-MASTER. 
001340 READ OLD-MASTER-FILE AT END GO TO END-OF-MASTF.R. 
001350 GO TO COMPARE-ACCOTTNT-NUMBERS. 
001360 PUNCH-ERROR-CARD. 
001370 MOVE W-UPDATE-DATA TO ERROR-DATA. 
001380 WRITF. ERROR-RECORD. 
001390 GO TO READ-UPDATE-CARD. 
00140CI WRITE-NEW-MASTER. 
0014101 ADD 1 TO RECORD-COUNT; 
0014201 COMPUTE INVENTORY-VALUE • INVENTORY-VALUE 
0014301 + QUANTITY * UNIT-PRICE; 
0014401 WRITE NEW-MASTER FROM OLD-MASTER. 
0014501 WRITE-NEW-MASTER-FROM-CARD. 
0014601 ADD 1 to RECORD-COUNT; 
0014701 COMPUTE INVENTORY-VALUE - INVENTORY-VALUE 
001480 + W-QUANTITY * W-UNIT-PRICE; 
001490. WRITE NEW-MASTER FROM W-UPDATE-DATA-RCD. 
001500 
001510 
001520 
001530 
001540 
001550 
001560 
001570 
001580 
001590 

NOTE PROCESS REMAINING MASTER RECORDS. 

END-OF-CARDS. 
PERFORM WRITE-NEW-MASTER. 
READ OLD-MASTER-FILE AT END (;0 TO END-OF-JOB. 
GO TO END-OF-CARDS. 

NOTE ** PROCESS REMAINING INPtTT CARDS. 

001600 END-OF-MASTER. 
001610 IF W-CARD-CODE - 3 PERFORM WRITE-NEW-MASTER-FROM-CARD ELSE 
001620 MOVE 7 TO ERROR-·FLAG; MOVE W-UPDATE-DATA TO ERROR-DATA; 
001630 WRITE ERROR-RECORD. 
001640 END-OF-MASTER-1. 
001650 READ UPDATE-TRANSACTIONS AT END GO TO END-OF-JOB. 
001655 MOVE UPDATE-DATA TO W-UPDATE-DATA. 
001660 IF U-ACCOUNT IS LESS THAN PREVIOUS-ACCOUNT 
001670 MOVE 6 TO ERROR-·FLA(;; HOVE UPDATE-DATA TO ERROR-DATA; 
001680 WRITE ERROR-RECORD; GO TO END-OF-MASTER-1. 
001690 MOVE U-ACCOUNT TO PREVIOUS-ACCOUNT. 
001700 IF U-CARD-CODE - 0 OR GREATER THAN 3 MOVE 5 TO ERROR-FLAG; 
001710 MOVE UPDATE-DATA TO ERROR-DATA; WRITE ERROR-RECORD; 
001720 GO TO END-QF-MASTER-1. 
001730 GO TO END-OF-MASTER. 
001740 END-OF-JOB. 
001750 MOVE RECORD-COUNT TO W-RECORD-COUNT. 
001760 MOVE INVENTORY-VALUE TO W-INVENTORY-VALUE. 
001770 MOVE TOTAL-RECORDS TO SUMMARY-DATA-ITEM. 
001780 WRITE SUMMARY-DATA AFTER ADVANCING 0 LINES. 
001790 MOVE TOTAL-INVENTORY TO SUMMARY-DATA-ITEM. 
001800 WRITE SUMMARY-DATA AFTER ADVANCING 3 LINES. 
001810 CLOSE OLD-MASTER-FILE, NEW-MASTER-FILE, UPDATE-TRANSACTIONS, 
001820 ERROR-TRANSACTIONS, SUMMARY-PRINT. 
001830 STOP RUN. 

*** NUMBER OF DIAGNOSTIC MESSAGES o *** HIGHEST SEVERITY LEVEL o *** 

Figure B-1. SClTlpie Xerox ANS COBOL Program (cont.) 
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APPENDIX C. SLACK BYTES 

Although the smallest individually addressable unit in the Xerox computing systems is the byte or the character, 
the basic unit of information is the word and many computer operations address computer words and even double­
words. COBOL is a character-oriented programming language, but efficiency demands that certain data types 
expressoble in COBOL be positioned on the appropriate boundary to render the data readily accessible to the ad­
dressing capabil i ties of the computer. 

Accordingly, the compiler assures that logical records originate upon doubleword boundaries at object time. Within 
records, the compiler assumes that each data item is positioned at the boundary, relative to the base of the record, 
that is appropriate to its type. 

If the programmer specifies a USAGE of COMPUTATIONAL, COMPUTATIONAL-1, COMPUTATIONAL-2, or IN­
DEX within a data hierarchy, it may become necessary to insert bytes between adjacent data items in order to ensure 
correct boundary alignment of all data items within the hierarchy. These bytes contain no information: their sole 
purpose is to effect proper boundary al ignment of data items, when necessary. Bytes of this nature may be termed 
"slack bytes". Consider the example 

01 A. 

02 B PICTURE X. 

02 C USAGE COMPUTATIONAl. 

If A is considered the origin of the record, data-name B occupies the first byte within the record. The next avail­
able storage space for data-name C, therefore, begins at the second byte within the record. However, Xerox ANS 
COBOL dictates that all data entries with USAGE COMPUTATIONAL occupy one word (4 bytes) of storage. Since 
the manipulation performed on a COMPUTATIONAL data entry word is word-oriented, any COMPUTATIONAL 
data entry must be aligned on a word boundary. To achieve this desired effect the compiler introduces slack bytes 
between data-names Band C, thereby causing C to be aligned on a word boundary. The example above then trans­
forms effectively to 

01 A~ 

02 B PICTURE X. 

02 SLACK-BYTES PICTURE XXX. 

02 C USAGE COMPUTATIONAl. 

Note that an actual data entry is never generated for slack bytes; they are introduced merely by adjusting the dis­
placement counter relative to the origin of the record. The form used in the example is given onl y to hel p clarify 
location of the slack bytes. 

Actually, when data-name B is encountered its relative byte displacement within the record is assigned a value of O. 
Since B is one byte in length, the displacement counter is incremented by 1. When C is scanned and it is determined 
that a word boundary al ignment is required, the displacement counter is set forward to the nearest word boundary: in 
this case, 4. Bytes 1, 2, and 3 then become slack bytes. 

Another case of particular interest appears when an OCCURS clause exists on a group data-name and a data-name 
within the group is of USAGE COMPUTATIONAL, COMPUTATIONAL-1, COMPUTATIONAL-2, or INDEX. For 
example, 

01 A. 

02 B OCCURS 5 TIMES. 

03 C USAGE COMPUTATIONAl. 

03 D PICTURE X. 
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For till' lirst occurrence of group B, data-name C is 01 igned on a word boundary and occupies the first 4 byte, 01 till' 
record. Data-name D occupies the 5th byte. For the second occurrence of group B, however, it appears that data­
flarne C begins on the 6th byte of the record; this is not allowable, since the 6th byte of the record is not a word 
boundary. Therefore, slack bytes must be introduced at the end of group Bto ensure that each \. ccurrence of C with­
in B falls on a word boundary. The example then transforms to 

01 A. 

02 B OCCURS 5 TIMES. 

03 C USAGE COMPUTATIONAL. 

03 D PICTURE X. 

03 SLACK-BYTES PICTURE XXX. 

A summary of USAGEs and theur appropriate boundary alignments follows. 

USAGE Type of AI ignment Byte Multiple 

COMPUTATIONAL Word 4 

COMPUTATIONAL-) Word 4 

COMPUTA T10NAL-2 Doubleword 8 

INDEX Word 4 

Values in the third column represent the byte modulus util ized in computation of the data entry boundary under con­
sideration. For example, the displacement counter currently has a value of 5. It is designed to align the next data 
entry on a word boundary. In order to determine the next available word boundary, the current displacement is di­
vided by the byte modulus. If the remainder of the division is 0, no adjustment of the displacement is required, as 
the displacernent is already at I'he correct boundary; otherwise, the remainder from the division is subtracted from 
the byte mpdulus and the resultant number of slack bytes must be generated. For this example, displacement = 5 and 
the byte modulus = 4. The division 5/4 yields a remainder of 1. Subtracting 1 from the byte modulus 4 gives the final 
answer of 3. To restate: 

Upon dividing the displac€'ment by the byte modulus (hm), 

if remainder = 0, no action required; 

if remainder,. 0, bm - remainder = number of slack bytes to be generated. 
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APPENDIX D. EVALUATION OF ARITHMETIC-EXPRESSIONS 

Arithmetic-expressions in the Xerox ANS COBOL moy be performed in integer binary (fixed-point), decimal, or 
floating-point (either single or double precision). The mode is chosen by the USAGE of operands and, to some extent, 
the final result items (i. e., when the operand USAGE differ5, the result may determine the mode). With certain ex­
ceptions, as much significance is retained as the available arithmetic instructions in the chosen modes themselves 
provide; sometimes additional operations are performed to obtain more precision. 

Number Representation 

All arithmetic operations, comparisons, and data movements use instructions that require the pair of operands 
involved to be of the same USAGE; thus the compiler must insert code to convert data from one USAGE to another. 
The USAGEs are 

1. INDEX/COMPUTATIONAL: binary integer 

These index or data items are carried as signed 31-bit integer quantities; maximum absolute value is 2
31

_1 
or approximately 2. 15 x 109• 

2. COMPUTATIONAL-1: single precision floating-point 

These data items consist of a sign bi t and a 7-bi t biased hexadecimal exponent, and cover a normalized 
range from 16-65 to (1 - 16-6 ) x 1663 or approximately 5.4 x 10-79 to 6.5 x 1063. 

3. COMPUTA TIONAL-:2: double precision floating-point 

These data items consist of a sign bit, a 7-bit chNracteristic, and 56 bits of significance and cover a nor­
malized range from 16-65 to (1 - 16- 14) x 166 or approximately 5.4 x 10-79 to 7.2 x 1075. 

4. COMPUTA TIONAL-3: packed decimal 

These data items consist of a maximum of 30 digits (the numbers 0 through 9, in 4-bit code) and a decimal 
sign character X'A' - X'F' (X'B' and X'D' are negative; all others positive) occupying the right half of the 
rightmost byte. Unsigned fields are always positive. Addition~1 truncation may be needed before the con­
version if the desired internal format required it. 

5. DISPLAY: zoned (unpacked) decimal 

These data items consist of the numbers 0 through 9 in a-bit EBCDIC. The left half of the rightmost byte 
contains the 4-bit decimal sign. Although there are no limitations placed on these items as to "size ", the 
maximum for conversion to other USAGEs is 30 digits. 

Numeric Conversion 

Loss of accuracy can result when it is necessary to convert from one USAGE to another. The following discussion 
indicates the accuracy of the conversion and the manner in which truncation is effected as data is converted. 

1. INDEX/COMPUTATIONAL 

a. To COMPUTATIONAL-I: 24 bits are retained; the least significant bits in groups of4bits (maximum 
of a bits) are lost if truncation is necessary. 

b. To COMPUTATIONAL-2: All 31 bits are retained. 

c. To COMPUTATIONAL-3: All 31 bits are converted; truncation is possible when result is decimal­
point aligned if decimal field size to left of decimal point is S10 digits. 

d. To DISPLAY: (Same as 1.c. except unpacking is necessary.) 
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2. COMPUTATIONAL-) 

a. To INDEX/COMPUTATIONAL: Extension to double precision floating-point is pE.l"formed first. The 
integer value, consisting of a maximum of 24 bits, is retained. The most significant bits are lost if 
the value 231. Zero fill takes place on the right if truncation is necessary to obtain an integer. 

b. To COMPU1ATIONAL-2: Extension to double precision floating-point; least significant 32 bits are 
zero fi lied. No loss of signifi cance. 

c. To COMPUTATIONAL-3: (Same as 2.b .. , then conversion to packed decimal. Truncation loss may 
result due to point alignment after conver'sion.) 

d. To DISPLAY:: (Same as 2. c. except unpacking is required.) 

3. COMPUTA TIONAL-2 

a. To INDEX/COMPUTATIONAL: (Same as 2.a. except extension to double precision is unnecessary. 
A maximum of 31 bits of significance is retained.) 

b. To COMPUTATIONAL-I: Least significant half (word 2) of double precision floating-point number 
is discarded. 

c. To COMPUTA TlONAL-3: (Same as 2. c. except extension to double precision is unnecessary. ) 

d. To DISPLAY: (Same as a.c. except unpacking is required.) 

4. COMPUTA TIONAL-3 

a. To INDEX/COMPUTATI~NAL: Fractional digits are discarded; maximum value retained is 231 -lor 
approximately ~. 15 x 10 • 

b. To COMPUTA TIONAL-l: Maximum of 30 decimal digi ts are converted to a double precisi on floating­
point value. The characteristic is adjusted and the value normalized. Only the most significant half 
(word 1) of the converted value is retained. 

c. To COMPUTATIONAl-2: (Same as 4.b. except the entire double precision floating-point number 
formed is used.) 

d. To DISPLAY: Unpack; no loss of accuracy. 

5. DISPLAY 

a. To INDEX/COMPUTATIONAL, COMPUTATIONAL-I, and COMPUTA TIONAL-2: Same as 4.a., 4.b., 
and 4.c., respectively, except preliminary packing is required. 

b. To COMPUTATIONAL-3: Pack; no loss of accuracy. 

intermediate Results ' 

When the aril'hmetio-expression contains only a pair of operands, intermediate results are not generated. The oper­
ands may require conversion to the internal representation suitable to the chosen mode of operation; point alignment 
procedures may be performed either before or after execution of the arithmetic operation, or both. If multiple re­
ceiving items are specified, the final result is converted and aligned as required for each result item. 

An intermediate result is generated when the arithmetic-expression contains a series of operands or arithmetic 
operations as in 

1. An ADD or SUBTRACT statement with multiple operands. 

2. A COMPUTE statement comprised of a series of arithmetic operations. 

3. Arithmetic-expressions contained within conditions in IF, PERFORM, or SEARCH statements. 

The mode of computation remains the same when the operands and result are all of the same USAGE, requiring 
possible additional instructions only for point alignment and added precision, when required. However, with 
multiple operands, a change in the mode of computation is required if there is different USAGE. Such a change 
in mode requires conversion of the intermediate result to ,the proper USAGE. 

Appendi x D 123 



Decimal Scalin& of Intermediate Results 

The following abbreviations are used in discussion of the compiler algorithms for determining the number of integers 
and decimal place composing the intermediate result in the three modes of operation. 

Ope 1 

Op.2 

IR 

11, 12, I 

D1, D2, D 

D max 

First operand in arithmetic statement. 

Second operand in arithmetic statement. Specifically, for DIVIDE (I), the divisor and for 
exponentiation, the exponent. 

In termed i ate resu It. 

Number of integer places in the Ope 1, Ope 2, and IR, respectively. 

Number of decimal (fractional) places in Ope 1, Ope 2, and IR, respectively. 

Maximum number of decimal (fractional) places defined for any operand or receiving field. 

COMPUTATIONAL (lillll" I ..... r ..... ) 

All operations are carried out in single precision arithmetic when both Ope 1 and Ope 2 are binary (i. e., USAGE 
COMPUTATIONAL). Thus the maximum value of IR is 231 - 1, maximum value of I is 10, and 0 is always zero. 

COMPUTATIONAL-l, COMPUTATIONAL-2 (fluting-Paint ..... -Eit ... r Sinll. or Doubl. Precision) 

If both Ope 1 and Ope 2 are COMPUTATIONAL-lor single precision, the operation is carried out in "short" floating­
point arithmetic where up to 24 bits of precision are retained in IR. Otherwise, Il0ng" floating-point arithmetic is 
used and 56 bits of precision are retained. 

The value of I and 0 are not meaningful except during conversion to or from floating-point. 

COMPUTATIONAL-3 (Decimll M .... ) 

In this mode I + 0 consists of a maximum of 30 digits. If the value of I + 0 exceeds 30, the intermediate result must 
be computed differently to avoid the need for using more than 30 digits of precision. 

The number of integer places (I) contained in IR is obtained by determining the number of integers constituting the 
resul t produced if the arithmetic statement were performed using the worst possible values in each operand. 

1. If the operand is a data-name, the maximum value of the data-name as defined by the PICTURE \I .e., 
maximum value of PICTURE 9V99 is 9.99) is used. 

2. If the operand is an intermediate result, the maximum value that can be placed in the number of positions 
chosen for the previous arithmetic result is used. 

3. If the operation is division, the minimum nonzero value of the digit in the PICTURE for the data-name 
(i.e., minimum value for the PICTURE 9V99 is 0.01) is used as the divisor. If Op.2 is an intermediate 
result, the minimum nonzero value of the PICTURE that represents the intermediate result is used. 

The number of decimal (fractional) places contained in IR is calculated for the different arithmetic operations 
as follows: 

Operation 

ADD (+) or SUBTRACT (-) 

MULTIPLY (*) 

DIVIDE (I) 

Exponentiation (**) 
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Number of Decimal Places 

Max (01, 02) 

01 + 02 

Max (01 - 02, 0 max) 

o max if Ope 2 is a nonintegral or a data-name, or D 1 * Ope 2 if Ope 2 is an 
integral literal 



Table D-1 illustrates the value of I and 0 carried in IR foil' the number of integer (i) and decimal (d) places obtained 
by the methods described above under these exceptional circumstances. 

Table 0-1. I and 0 Values 

Value Value of Value of Value of Value of 
i+d d i + 0 max I in IR o in IR 

:s 30 any value any value i d 

> 30 :s 0 max any vailue 30 - d d 
(truncate i) 

> 0 max :s 30 i 30 - i 
(truncate d) 

> 30 30 - 0 max D max 
(truncate i) 

In case part of the intermediiate result must be truncated lilt some time during computation, the compiler issues a 
compile-time diagnostic. 

ROUNDED Ind SIZE ERROR Options 

The USAGEs of the final result and of the receiving item determine the manner in which rounding is accomplished 
and the SIZE ERROR condifi.on is detected (see Table 0-2). In all cases, overflow conditions detected earl ier in the 
arithmetic-expression while intermediate results were being obtained or converted are also considered a SIZE ERROR. 
The overflow conditions detf~~ted during the execution of arithmetic instructions and the process or point al ignment 
for either intermediate or final results are also recognized as SIZE ERROR conditions. If the SIZE ERROR statement 
is not used and the computat'ion produces overflow, the result item receives an unpredictable value. 
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Table 0-2. ROUNDED and SIZE ERROR Options 

Type Final Result Receiving Item Rounding Size Error 

1 COMPUTATIONAL COMPUTA 1I0NAl None If ~ 2 31 

2 COMPUTATIONAL COMPUTA T10NAl-I None If ~ 2 31 

3 C OMPUT A TlONAl C OMPUT A T10NAl-2 None If ~ 2
31 

i 

If ~ 2 31 
or if there is 4 i COMPUTA T10NAl COMPUTA TIONAl-3 After conversion 

I to decimal left decimal overflow 
after converting 

t-··_----

5 COMPUTATIONAL-I COMPUTA TIONAl None Floating-iint overflow 
I 

I or if ~ 2 3 

I 
Floating-point overflow 6 

I 

COMPUTATIONAL-I C OMPUT A TIONAl- 1 None 

7 COMPUTATIONAL-I COMPUTATIONAl-2 None Floating-point overflow 
I 

8 COMPUTATIONAL-I COMPUTATIONAl-3 After conversion Floating-point overflow 
to decimal or if there is I eft deci-

mal overflow after con-
verting, rounding, and 

I 01 ignment --------r--
9 I COMPUTATIONAL-2 COMPUTATIONAL None Same as 5 

10 COMPUTATIONAL-2 COMPUTATIONAL-I None Same as 6 

11 COMPUTA T10NAL-2 COMPUTA TlONAL-2 None Floating-point overflow 

12 COMPUTATlONAl-2 COMPUTA T10NAL-3 After conversion Same as 8 
to decimal 

f---

13 COMPUTA TlONAL-3 COMPUTATIONAL None If ~ 2
31 

14 COMPUTA T10NAL-3 COMPUTATIONAL-l None Same as 6 

15 COMPUTATIONAL-3 COMPUTA TIONAL-2 None Same as 6 

16 COMPUTA T10NAL-3 COMPUTATIONAL-3 If point location If there is I eft decimal 
of final result is overflow after rounding 
to left of that of and a I i gnment 
receiving item 
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APPENDIX E. 'SORT FEATURE SAMPLE PROGRAM 

The program in Figure E-l i !lustrates the Sort feature, which sorts and adds information to records deal ing with com­
puter usage. The format of the cards to be sorted is Week, Column 1; Department, Column 2; Type-Run, Columns 3 
through 12; Program, Columns 13 through 16; Date, Columns 17 through 21; Compilation Time, Columns 22 through 
24; and Execution Time, Columns 25 through 28. . 

The ~rder of sort as specifiod by the ASCENDING KEY and DESCENDING KEY clauses is 

1. By Department, Ic.west first. 

2. By Week, lowest ~irst. 

3. By Type-Run, highest first (T before P). 

4. By Program Identification, lowest first. 

5. By Date, lowest first. 

USING CARDFILE automatically causes CARDFILE to be opened, read, passed to the SORTFILE, and closed when 
the SORT statement is execlJted. 

The sorted records are avai lable from the SORTFI LE by use of the RETURN statement during the OUTPUT PROCEDURE. 
The OUTPUT PROCEDURE (COMP-CHARGE SECTION) computes the total charge and outputs the data on tape. 

00000 
00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 

COBOL SOURCE, DIAGNOSTIC AND PROCEDURE~ LISTING 

COBOL LS 
IDENTIFICATION DIVISION. 
PROGRAM-ID. SORT-PROG. 
AUTHOR. XEROX CORPORATION. 
REMARKS. THIS PROGRAM USES THE SORT FEATURE. 
ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. XEROX-560. 
OBJECT-COMPUTER.. XEROX-560 •. 
INPUT-oUTPUT SECTION. 
FILE-CONTROL. 

SELECT CARD-FILE ASSIGN TO CARD-READER. 
SELECT SORT-FILE. 
SELECT TAPE-FILE ASSIGN TO MAG~~TIC-TAPE. 

DATA DIVISION. 
FILE SECTION. 
SD SORT-FILE DATA RECORD SORT-REC. 

01 SORT-REC. 
02 WEEK-S PICTURE 9. 
02 DEP-S PICTURE 9. 
02 TYPE-RUN-S PICTURE A(10). 
02 PROG-S PICTURE X(4). 
02 DATE-S 'PICTURE X(5). 
02 COMP-S PICTURE 99V9. 
02 EXEC-S PICTURE 999V9. 
02 TOT-S PICTIJRE 999V9. 
02 CUARGE-S PICTURE 9999V99. 
02 FILLER PICTURE X(42). 

FD CARD-FILE LABEL RECORDS OMITTED DATA RECORD CARD-REC. 
01 CARD-REC. 

02 WEEK 
02 DEP 
02 TYPE-RUN 
02 PROG 
02 DATE 
02 COMPP 
02 EXEC 

PICTURE 9. 
PICTURE 9. 
PICTURE A(10). 
PICTURE X(4). 
PICTURE X(5). 
PICTURE 99V9. 
PICTURE 999V9. 

Figure E-1. SORT Progrcrn 
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00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 

02 TOT PICTURE 999V9. 
02 CHARGE PICTURE 9999V99. 
02 FILLER PICTURE X(42). 

FD TAPE-FILE LABEL RECORDS STANDARD DATA RECORD TAPE-REC. 
01 TAPE-REC. 

02 WEEK PICTURE 9. 
02 DEP PICTURE 9. 
02 TYPE-RUN PICTURE A(10). 
02 PROG PICTURE X(4). 
02 DATE PICTURE XeS). 
02 COMPP PICTURE 99V9. 
02 EXEC PICTURE 999V9. 
02 TOT-T PICTURE 999V9. 
02 CHARGE-T PICTURE 9999V99. 
02 FILLER PICTURE X(42). 

PROCEDURE DIVISION. 
SORT-DATA SECTION. 
SORT-PAR. 

SORT SORT-FILE ASCENDING KEY DEP-S WEEK-S DESCENDING KEY 
TYPE-RUN-S ASCENDING KEY PROG-S DATE-S USING CARD-FILE 
OUTPUT PROCEDURE COMP-CHARGE. 
STOP RUN. 

COMP-CHARGE SECTION. 
BEGIN-PAR. 

OPEN OUTPUT TAPE-FILE. 
COMPUTE-CHARGE. 

RETURN SORT-FILE INTO TAPE-REC AT END GO TO EtID-PAR. 
COMPUTE TOT-T • COMP-S + EXEC-S. 
MULTIPLY TOT-T BY 5 GIVING CHARGE-T. 
WRITE TAPE-REC. 
GO TO COMPUTE-CHARGE. 

END-PAR. 
CLOSE TAPE-FILE. 

••• NUMBER OF DIAGNOSTIC MESSAGES o ••• HIGHEST SEVERITY LEVEL o ••• 

Fi gure E-l. SORT Progrcm (cont.) 
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APf)ENDIX F. REPORT WRITER SAMPLE PROGRAM 

Fi gure F -1 is an e)(ample of a progran using the Report Writer feature • Figure F -2 shows a ReportWritergenerated report. 

00000 
00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051. 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
00059 
00060 
00061 
00062 

COBOL SOURCJ~. DIAGNOSTIC AND PROCEDURE-MAP LISTING 
COBOL LS.GO 
000010 IDENTIFICATION DI:VISION. 
000020 PROGRAM-ID. REPORT-TEST-2. 

AUTHOR. XEROX CORPORATION. 
000030 REMARKS. THIS PROGRAM USES THE REPORT WRITER FEATURE. 
000040 ENVIRONMENT DIVISION. 
000050 CONFIGURATION SECTION. 

SOURCE-COMPUTER. XEROX-560. 
OBJECT-COMPUTER.XEROX-560. 

000080 INPUT-oUTPUT SECTION. 
000090 FILE-CONTROL. 
000100 SELECT IN-FILE ASSIGN TO CARD-READER. 
000110 SELECT REP-FILE ASSIGN TO P~INTER. 
000115 SELECT PRNT-FILE ASSIr.N TO PRINTER. 
000120 DATA DIVISION. 
000130 FILE SECTION. 
000140 FD IN-FILE LABEL RECORDS ARE STANDARD DATA RECORD IS IN-REC. 
000150 01 IN-REC. 
000160 02 WEEK PICTURE 9. 
000170 02 DEPP PICTURE 9. 
000180 02 TYPE-RUN PICTURE A(10). 
000190 02 PROG PICTURE X(4). 
000200 02 DATE PICTURE X(5). 
000210 02 FILLER PICTURE X(7). 
000220 02 MINUTES PICTURE 999V9. 
000230 02 CHARGE PICTURE 9999V9. 
000231 02 FILLER PICTURE X(43). 
000240 FD REP-FILE LABEL, RECORDS ARE OMITTED REPORT IS USAGE-~EPORT. 
000250 FD PRNT-FILE LABEL RECORD OMITTED DATA RECORD D-REC. 
000260 01 D-REC PICTURE X(120). 
000270 WORKING-STORAGE SECTION. 
000280 77 MONTH PICTURE X(9). 
000290 77 COUNT PICTURE 9 VALUE 1. 
000300 77 CONT PICTURE X(ll). 
000310 77 SAVE-DEP PICTURE 9 VALUE '0. 
000311 77 DEP PICTURE 9. 
000320 01 DEP-NAMES. 
000330 02 FILLER PICTURE A(ll) VALUE 'ENGINEERING'. 
000340 02 FILLER PICTURE A(ll) VALUE 'SALES'. 
000350 02 FILLER PICTURE A(ll) VALUE 'ACCOUNTING'. 
000360 01 D-NAMES REDEFINES DEP-NAMES. 
000370 02 NAME PICTURE A(ll) OCCURS 3 TIMES. 
000380 REPORT SECTION. 
000390 RD USAGE-REPORT CONTROLS ARE FINAL, DEP. WEEK, TYPE-RUN 
000400 PAGE 62 LINES HEADING 1 FIRST DETAIL 1 LAST DETAIL 39 
000410 FOOTING 57. 
000420 01 TYPE REPORT HEADING. 
000430 02 LINE 1 COLUMN 55 PICTURE A(ll) VALUE 
000440 'ABC COMPANY'. 
000450 02 LINE 2 COLUMN 45 PICTURE A(25) VALUE 
000460 'COMPUTER USAGE REPORT FOR'. 
000470 02 COLUMN 71 PICTURE X(9) SOURCE MONTH. 
000480 01 PAGE-HEAD TYPE PH NEXT GROUP PLUS 1. 
(100490 02 LINE 5 COLIDfN 48 PICTURE A (11) JUSTIFIED RIGHT 
000500 SOURCE NAME (DEP). 
000510 02 COLUMN 61 PICTURE A(11) VALUE 'DEPARTMENT'. 
000520 02 COLUMN 72 PICTURE A(II) SOURCE CONT. 
000530 02 LINE PLUS 2 COLUMN 24 PICTURE X(54) VALUE 
000540 'WEEK TYPE-RUN PROGRAM DATE MINUTES CHARGE'. 
000550 01 DET-TEST TYPE DETAIL LINE PLUS 1. 
000560 02 COLUMN 26 PICTURE 9 SOURCE WEEK GROUP INDICATE. 
000570 02 COLUMN 31 PICTURE A(10) SOURCE TYPE-Rtm GROUP INDICATE. 
000580 02 COLUMN 45 PICTURE '(4) SOURCE PROG. 

Figure F-l. Report Writer Program 
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00063 000590 02 COLUMN 53 JUSTIFIED RIGHT PICTURE XeS) Sf'lTJRCE nATE. 
OOOh4 000600 02 COLUMN 63 PICTURE ZZ9.9 SOURCE MINUTES. 
OOObS 000610 02 COLUMN 71 PICTURE ZZZZ.99 SOURCE CHARGE. 
00066 000620 02 PICTURE 99 SOURCE COUNT. 
00067 000630 01 DET-PROD TYPE DETAIL LINE PLUS 1. 
00068 000640 02 COLUMN 26 PICTURE 9 SOURCE WEEK GROUP INDICATE. 
00069 000650 02 COLUMN 31 PICTURE A(10) SOURCE TYPE-RUN GROUP INDICATE. 
00070 000660 02 COLUMN 4S PICTURE X(4) SOURCE PROG. 
00071 000670 02 COLUMN 53 JUSTIFIED RIGHT PICTURE XeS) SOURCE DATE. 
00072 000680 02 COLUMN 63 PICTURE ZZ9.9 SOURCE MINUTES. 
00073 000690 02 COLUMN 71 PICTURE ZZZZ.99 SOURCE CHARGE. 
00074 000700 02 PICTURE 99 SOURCE COtmT. 
00075 000710 01 TYPE CONTROL FOOTING WEEK NEXT GROUP PLUS 1. 
00076 000720 02 LINE PLUS 2 COLt~ 26 PICTURE A(13) VALUE 'TOTAL CHARr.ES'. 
00077 000730 02 COLUMN 64 PICTURE A(4) VALUE 'WEEK'. 
00078 000740 02 CHARGES COLUMN 70 PICTURE $ZZZ9.99 SUM CHARGE. 
00079 000750 02 COLUMN 80 PICTURE A(10) VALUE 'CUMULATIVE'. 
00080 000760 02 COLUMN 92 PICTURE $$$$$.99 SUM CHARGE RESET ON DEP. 
00081 000770 02 LINE PLUS 2 COLUMN 24 PICTURE X(77) VALUE ALL '-'. 
00082 000780 01 TYPE CF DEP. 
00083 000790 02 LINE 46 COLUMN 23 PICTURE A(11) JUSTIFIED RIGHT SOURCE 
00084 000800 NAME (DEP). 
00085 000810 02 COLUMN 34 PICTURE A(19) VALUE' DEPARTMENT SUMMARY'. 
00086 000820 02 LINE PLUS 2 COLUMN 38 PICTURE A(35) VALUE 
00087 000830 'NUMBER RUNS TIME-IN-MIN COST'. 
00088 000840 02 LINE PLUS 2 COLUMN 25 PICTURE A(7) VALUE 'TESTING'. 
00089 000850 02 COLUMN 42 PICTURE Z99 
00090 000860 SUM COUNT UPON DET-TEST. 
00091 000870 02 COLUMN 54 PICTURE ZZZZZ.9 SUM MINUTES UPON DET-TEST. 
00092 000880 02 COLUMN 66 PICTURE $ZZZZZ.99 SUM CHARGE UPON DET-TEST. 
00093 000890 02 LINE PLUS 1 COLUMN 25 PICTURE A(lO) VALUE 'PRODUCTION'. 
00094 000900 02 COLUMN 42 PICTURE ZZ9 SUM COUNT UPON DET-PROD. 
00095 000910 02 COLUMN 54 PICTURE ZZZZZ.9 SUM MINUTES UPON DET-PROD. 
00096 000920 02 COLUMN 66 PICTURE $ZZZZZ.99 SUM CHARGE UPON DET-PROD. 
00097 000930 02 LINE PLUS 1 COLUMN 25 PICTURE A(5) VALUE 'TOTAL'. 
00098 000940 02 COLUMN 42 PICTURE ZZ9 SUM COUNT. 
00099 000950 02 COLUMN 54 PICTURE ZZZZZ.9 SUM MINUTES. 
00100 000960 02 CHARGE-TOT COLUMN 66 PICTURE $ZZZZZ.99 SUM CHARGES. 
00101 000970 01 TYPE CF FINAL LINE 56. 
00102 000980 02 COLUMN 24 PICTURE A(16) VALUE 
00103 000990 'TOTAL CHARGE FOR'. . 
00104 001000 02 COLUMN 41 PICTURE A(9) SOURCE MONTH. 
00105 001010 02 COLUMN 52 PICTURE $ZZZZZZ.99 SUM CHARGE-TOT. 
00106 001020 01 TYPE REPORT FOOTING LINE 60 COLUMN 58 
00107 001030 PICTURE X(l3) VALUE 'END OF REPORT' . 
00108 001040 01 TYPE PAGE FOOTING. 
00109 001050 02 LINE 58 COLUMN 61 PICTURE A(4) VALUE 'PAGE'. 
00110 001060 02 COLUMN 66 PICTURE 9 SOURCE PAGE-COUNTER. 
00111 001070 PROCEDURE DIVISION. 
00112 00]080 DECLARATlVES. 
00113 001090 INSERT SECTION. USE BEFORE REPORTING PAGE-HEAD. 
00114 001100 PAR. 
00115 001110 IF DEP - SAVE-DEP MOVE '(CONTINUED)' TO CONT ELSE 
00116 001120 MOVE SPACES TO CONT. MOVE DEP TO SAVE-DEP. 
00117 001130 END DECLARATIVES. 
00118 001140 REP SECTION. 
00119 001150 OPEN-PAR. 
00120 001160 OPEN INPUT IN-FILE OUTPUT REP-FILE PRNT-FILE. 
00121 001161 READ IN-FILE AT END GO TO END-PAR. MOVE DEPP TO DEP. 
00122 001162 MOVE TYPE-RUN TO MONTH. 
00123 001170 MOVE ' BEGIN REPORT-TEST-2 TEST ' TO D-REC WRITE D-REC. 
00124 001180 INITIATE USAGE-REPORT. 
00125 001190 READ-PAR. READ IN-FILE AT END GO TO END-PAR. MOVE DEPP TO DEP. 
00126 001200 IF TYPE-RUN - 'PRODUCTION' GENERATE DET-PROD ELSE 
00127 001210 GENERATE DET-TEST. 
00128 001220 GO TO READ-PAR. 
00129 001230 END-PAR. TERMINATE USAGE-REPORT. 
00130 001240 MOVE ' END OF REPORT-TEST-2 TEST' TO D-REC WRITE D-REC. 
00131 001250 CLOSE IN-FILE REP-FILE PRNT-FILE. STOP RUN. 

*** NUMBER OF DIAGNOSTIC MESSAGES 0 *** HIGHEST SEVERITY LEVEL *** 
--------------------~ Figure F-l. Report Writer Progrcm (cont.) 
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." 

ABC COMPANY 
COMPUTER USAGE REPORT FOR JANUARY 

ENGINEERING DEPARTMENT 

WEEK TYPE-RUN PROGRAM DATE MINUTES CHAllGE 

1 TESTING AllO 01-03 2.4 12.00 
A120 01-04 12.8 64.00 
C612 01-04 2.6 13.00 

1 PRODUCTION AllO 01-05 2.5 12.50 
Cll8 01-05 50.7 253.50 

TOTAL CHARGES WEEK $ 355.00 CUMULATIVE $355.00 

------------._--------_._------------------------------------------------------
2 TESTING 

2 PRODUC:TION 

TOTAL CHARGES 

3 TESTING 

3 PRODUCTION 

A211 
A211 
BIll 
B214 
B214 
C812 
A110 
A112 
C118 
C518 
C526 

A212 
B411 
B411 
C809 
A110 

01-08 
01-10 
01-08 
01-11 
01-12 
01-09 
01-11 
01-09 
01-12 
01-08 
01-11 

01-18 
01-15 
01-15 
01-19 
01-18 

PAGE 1 

1.6 
1.6 
5.4 
2.0 
2.0 
3.5 
2.4 
1.1 

20.0 
22.5 
17.9 

WEEK 

1.7 
1.9 
1.9 
1.4 
2.4 

8.00 
8.00 

27.00 
10.00 
10.00 
17.50 
12.00 
5.50 

100.00 
112.50 
89.50 

$ 400.00 

8.50 
9.50 
9.50 
7.00 

12.00 

Figure F-2. Report Writer Generated Report 

CUMULATIVE $755.00 
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ENGINEERING DEPARTMENT (CONTINUED) 

WEEK TYPE-RUN PROGRAM DATE MINUTES CHARGE 

3 PRODUCTION A112 01-19 1.1 5.50 
B425 01-18 80.3 401.50 

TOTAL CHARGES WEEK $ 453.50 CUMULATIVE $1208.50 

4 TESTING Bll1 
C812 
C911 

01-22 
01-24 
01-26 

5.4 
3.5 
4.3 

27.00 
17.50 
21.50 

TOTAL CHARGES WEEK $ 66.00 CUMULATIVE $1274.50 

5 TESTING B411 01-30 1.9 9.50 
C911 01-29 3.8 19.00 

5 PRODUCTION All0 01-29 8.5 42.50 
BI00 01-30 510.7 2553.50 
C812 01-30 76.9 384.50 

TOTAL CHARGES WEEK $3009.00 

ENGINEERING DEPARTMENT SUMMARY 

NUMBER RUNS TIME-IN-MIN COST 

TESTING 
PRODUCTION 
T9TAL 

18 
13 
31 

59.7 
797.0 
856.7 

$ 298.50 
$ 3985.00 
$ 4283.50 

PAGE 2 

CUMULATIVE 

Figure F-2. Report Writer Generated Report (cont.) 
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WE!IC TYPE-RUN 

1 PRODU(:TION 

TOTAL CHARGES 

2 PRODUCTION 

TOTAL CHARGES 

3 PRODUCTION 

TOTAL CHARGES 

4 PRODUCTION 

TOTAL CHARGl!S 

5 PRODUctION 

TOTAL CHARGES 

ACCOUNTING DEPARTMENT 

P1t.OG1Wt . DATI 

XI00 
X150 

XI00 
X150 

XI00 
XlS0 

XI00 
X150 

XI00 
X150 

01-05 
01-05 

01-12 
01-12 

01-19 
01-19 

01-26 
01-26 

01-31 
01-31 

MINUTES CHARGE 

52.3 
27.1 

261.50 
135.50 

WEEK $ 397.00 CUMULATIVE $397.00 

52.0 
27.0 

260.00 
135.00 

WEEK $ 395.00 CUMULATIVE $792.00 

53.5 
26.8 

267.50 
134.00 

WEEK $ 401.50 CUMULATIVE $1193.50 

52.3 
26.6 

261.50 
133.00 

WEEK $ 394.50 CUMULATIVE $1588.00 

52.8 
26.9 

264.00 
134.50 

WEEK $ 398.50 CUMULATIVE $1986.50 

ACCOUNTING DEPARTMENT SUMMARY 

TESTING 
PRODUCTION 
TOTAL 

NUMBER RUNS TIME-IN-MIN COST 

00 
10 
10 

.0 
397.3 
397.3 

$ 6270.00 

$ .00 
$ 1986.50 
$ 1986.50 

PAGE 3 

END e)l" REPORT 

Figure F-2. Report Writer Generated Report (cont.) 
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INDEX 

Note: For each entry in this indux, the number of the most significant page is listed first. Any pages thereafter are listed in 
numeri co I sequence. 

A 
abbrev iated re lations, 51 
ACCEPT statement, 55 
ACCESS clause, 19 
ACTUAL KEY clause, 19 
ACTUAL KEY data item, 53-55 
ADD statement, 57 
ADVANCING option, 54 
AFTER phrase, 66 
algebraic signs, 6 
ALL option, 64 
ALL PROCEDURES phrase, 111 
ALL REFERENCED OF phrase, 112! 
alphabetic (alpha-type) data category, 32 
alphabetic elementary item, 27 
alphanumeric 

(an-type) data category, 32 
edited (ae-type) data category, 32 
elementary item, 28 
moves, 68 

ALTER statement, 76,74 
arithmetic statements, 56,44-
ari thmeti c-expression, 45,46,48 
arithmetic-expressions, evaluation of, 122 
ASCENDING option, 101 
ASSIGN clause, 18 
AT END 

B 

clause, 53-
option, 44-
statement, 47 

BEFORE option, 86 
BEFORE/AFTER phrase, 65,66 
binary elementary item, 29 
BLANK WHEN ZERO clause, 38 
BLOCK CONTAINS clause, 25 

c 
CALL statement, lOS, 104 
character set, 1 
characters in a PICTURE clause, 3:7 
CHARACTERS phraM, 65,66 
c lass tests, 50,49 
C LOCK-U NITS option, 20 
CLOSE statement, 54 
COBOL library, 102 
CODE clause, 88 
COLUMN NUMBER clause, 94 
COMMON-STORAGE SECTION, 24 

compile time switch, 110 
compi ler-directing statements, 85,44-
compound conditions, 46,48 
COMPUTATIONAL, 122, 123,38,47,55 
COMPUTE statement, 63,56 
condition name item, 30 
condition statement, 44-
condition-name, 2 

option, 20 
rules, 39 
test, 49 

conditional statements, 47 
CONFIGURATION SECTION, 15 
connectives, 4 
consecutive fi Ie organization, 11 
continuation area, 9 
CONTROL 

clause, 89 
FOOTING specifTcation, 92 
groups, 87 
HEADING specification, 92 
HEADING FINAL specification, 93 
HEADING/FOOTING specification, 93 

COPY statement, 86,31, 101 
CORRESPONDING option, 70,53,56 
COUNT IN phrase, 72 
COUNTER IN phrase, 73 
counters, 88 
CURRENC;:Y SIGN clause, 17 

D 
data/DATA 

categories, 32 
description,S 
description entries, 27 
description entries listing, 28 
DIVISION, 22,87 
DIVISION entries, 10 
DIVISION statements, 99 
manipulation statements, 6'­
RECORDS clause, 26 

data-name, 2 
DATE-COMPILED paragraph, 14 
DEBUG-ITEM, 110-112,4 

reg ister fie Ids, 112 
debugging 

facilities, 109 
lines, 112 

decimal scaling of intermediate results, 124 
DECIMAL-POINT clause, 17 
DEC LARA TIVES 

header, 111 
section, 26,45,53 
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DELIMITED BY phrase, 71-73 
DELIMITER IN phrase, 72,73 
DEPENDING ON 

option, 40 
statement, 47 

DESCENDING option, 100 
DETAIL report group, 92,25 
DISPLAY 

mode, 38 
statement, 55 

D IVIDE statement, 62,56 
division format, 10 

E 
editing, 69 
ELSE option, 80 
END OF REEL/UNIT option, 20 
ENTER statement, 108 
environment division, 15 
ENVIRONMENT DIVISION statements, 99 
evaluation of arithmetic-expressions, 122 
EXAMINE statement, 63 
EXHIBIT statement, 114 
exception branches, 52 
EX IT statement, 80,75 
EXIT PROGRAM statement, 106 

F 
figurative-constants, 3 
file 

access, 11 
concept, 5 
description, 25 
handli ng methods, 12 
labels, 12 
manipulation statements, 13 
organization, 11 
section, 88,22 

FILE-CONTROL paragraph, 17 
FILE-LIMITS clause, 19 
FILLER (reserved word), 27 
fixed data-names, 3 
floating-point elementary item, 30 
footing group, 25 
format 

control, 9 
notation, 8 

FROM option, 54 

G 
G E N ERA TE statement, 97,25 
GIVING option, 56,99, 101 
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GO TO statement, 75,47,74 
GROUP INDICATE clause, 95 
group Item, 27 

H 
heading group, 25 

I and D values, 125 
1-0 CONTROL paragraph, 20 
identification 

area, 9 
division, 14 

IF statement, 80,43,47,75 
imperative statement, 44 
implementor-names, 18 
implied 

log i ca I connectors, 52 
operators, 52 
re lationa I-operators, 51 
subjects, 51 

INDEX/COMPUTATIONAL usage, 55 
index elementary item, 30 
INDEXED BY clause, 40,83 
indexing, 7 
initial values, 104 

of tables, 6 
INITIA TE statement, 97 
INPUT 

option, 53 
PROCEDURE option, 101, 100 

INPUT-OUTPUT SECTION, environmental division, 17 
Input/output 

processing, 11 
processing summary, 12 
statemenh, 52 

insertion characters, 33 
INSPECT statement, 64 
INT key-In, 20 
Inter-Program Communication, 104 
intennedlate results, 123 

decimal scaling of, 124 
INTO option, 53 
INVALID KEY, 47 

clause, 53 
condition, 54 
option, 44 

J 
JUSTIFIED clause, 38 



Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in 
numerical sequence. 

I 
KEY IS option, 41 
key words, 4 
keyed fi Ie organization, 11 

L 
LABEL RECORDS dause, 26 
LEADING option, 64 
level-numbers, 5 
LINE NUMBER clause, 94 
LINE-COUNTER, 4 

reg ister, 94 
linkage 

records, 104 
section, 104,24 

Uteral, 2 
lOCK option, 54 
logical operators, 47 

.. 
matched pairs, 59 
MOVE statement, 67 
MULTIPLE 

clause, 18 
FILE clause, 21 

MULTIPLY statement, 56,60 

N 
names, special, 4 
nested 

conditional statements, 52,80 
IF statements, 80 
PERFORM statement, 76 

NEXT GROUP clause, 94 
NEXT PAGE, 94 
NO REWIND option, 53,54 
noncontiguous 

linkage storage, 104 
working-storage, 24 

nonnumeric items, 50 
NOTE statement, 85 
number representation, 122 
numeric 

(numeric-type) data category, :32 
conversion, 122 
edited (ne-type) data category, 33 
edited elementary item, 29 
items, 50 
moves, 69 

o 
oblect time switch, 110 
OBJECT-COMPUTER paragraph, 16 
OCCURS clause, 40,27, 111 
OCCURS DEPENDING ON clause, 26 
OMITTED option, 26 
ON 

data-name, 21 
OVERFLOW phrase, 72,74 
SIZE ERROR, 47 

OPEN 
FILE, 12 
INPUT-OUTPUT, 54 
OUTPUT statement, 53,54 
statement, 52, 54 

optional words, 4 
OUTPUT PROCEDURE option, 101, 100 

p 

packed decimal elementary item, 29 
PAGE 

HEADING/FOOTING, 92,94 
LIMIT clause, 90 

PAGE-COUNTER, 4 
page/overflow conditions, 86 
pairs of groups, 58 
paragraph and section naming, 44-
paragraph format, 10 
paragraphs, 44-
PERFORM statement, 47,74,76 
permissible 

comparisons, 51 
moves, 70 

PIC/PICTURE clause, 27,31 
editing, 35 

POINTER phrase, 72-74 
priority 

segmentation, 109 
segments, 75 

PROCEDURE DIVISION, 44-,97 
declarations, 10 
elements, 44 
header, 105 
section, 16 
statements, 100 
structure, 45 

procedure-name, 2 
PROCESSING clause, 19 
program identification, 10 
PROGRAM-IO paragraph, 14 

Q 

qualification of names, 6 
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R 
random file access, 12 
READ statement, 53,44 
record concept, 5 
RECORD CONTAINS clause, 26 
record description structure, 24 
REDEFINES clause, 27,30 
REE L option, 54 
reference format, 9 
reference to unnamed procedures, 75 
registers, special, 4 
relational-operators, 47,52 
re lative fi Ie organization, 11 
RELEASE statement, 101 
REMARKS paragraph, 14 
RENAMES clause, 6,42 
replacement characters, 34 
REPLACING 

option, 66 
phrase, 102 

report/REPORT 
clause, 27 
description entry, 24,88 
group description entry, 25 
HEADING group, 92 
SECTION, 88,24,27 
writer, 86 

RERUN clause, 20 
RESERVE clause, 19 
RESERVED option, 53 
reserved words, 4, 115 
RESET clause, 95 . 
RETURN statement, 44, 101 
ROUNDED option, 56,59,62, 125 
rounding, 123 
rounding or truncation of calculations, 57 

s 
SAME AREA clause, 21 
sample problem, 116 
SEARCH statement, 82,44,47 
section format, 10 
sections, 44 
SEEK statement, 55 
SEGMENT-LIMIT clause, 16 
segmentation, 109 
SELECT sentence, 18 
sentences, 44 
sequence control statements, 74 
sequence number area, 9 
sequential access, 11 
sequentia I file access, 12 
SET statement, 83 
sign test, 49 
SIZE ERROR option, 44,57,59,125,126 
SIZE phrase, 70 
slack bytes, 120 
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sort/SORT 
feature, 99 
keys, 100 
sample program, 127 
statement, 100 

SOURCE clause, 95 
SOURCE-COMPUTER paragraph, 15 
special 

names, 4 
reg isters, 4 

SPECIAL-NAMES paragraph, 16,20 
STANDARD option, 26 
STOP statement, 80,75 
STRING statement, 71 
Subcompile feature, 106 
IUbscripting, 7 
SUBTRACT statement, 56,59 
SUM clause, 96 
switch-status test, 50 
SY NCHRONIZED clause, 38 

T 
table-handling statements, 82 
TALLYING phrase, 64,65,74 
TERMINA TE statement, 98 
TIMES option, 78 
TRAC E statement, 113 
TYPE clause, 92 
TYPE DETAIL report group, 92 

u 
uniqueness of data reference, 6 
UNIT option, 54 
unnamed procedures, reference to, 75 
UNSTRING statement, 72 
UNTIL option, 78 
USAGE 

clause, 36,27 
IS DISPLAY, 55,64 
IS INDEX clause, 38 

USE 
BEFORE REPORTING statement, 98 
FOR DEBUGGING statement, 111 
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