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1. Introduction

1.1. What is OpenCOBOL?

This dbcument describes the syntagemanticsand usagef the COBOL programming language as implemented by
the current version of OpenCOBOL.

OpenCOBOL is an opsaurce COBOL compiler and runtime environment. The OpenCOBOL compiler generates C

code which iutomatically compiled and linkedWVhile originally developed for UNIX operating syste@psenCOBOL

can also be built foMacOS computers aNindows computers utilizing the UNetnulation features of such tools as

CGygwin and MinGW It has also been buihs a truly native Windows applicatiaizii A f AT Ay 3 a-AONR&a27F0iQa
downloadable Visual Studio Expresxckageo provide the C compiler and linker/loader.

This document was intended to serveafulHfunction reference and us& guide suitable for both those readers
learning COBOL for the first time as well as those already familiar with some dialect of the COBOL language.

1.2. Additional References and Documents

For those wishing to learn COBOL for the first time, | can stroegiynmend the following resources

L¥ &2dz tA1S G2 K2tR F 0221 Ay &2dNJ KFIyR&ax L aiNey3 NB
Prince and Raul Menendez (2060$BN 9781890774059. Mike Murach and his various writing partners hawe be =~~~
GNRGAY3I 2dziadl yRAY3I /h.h[ G(§SEGo221a F2N aS@SNrt RSOFRSa

those familiar with the concepts of programming in other languages unfamiliar with COBOL

Would youprefer a webbased tutorial? Try the University of Limerick (Ireland) COBOL web site
http://www.csis.ul.ie/cobol .

1.3. Introducing COBOL

LT &2dz FtEtNBFRe& 1y26 | LINRPIANIYYAYI { lag hadar@iageisllav® CarkKl G |
C++. You will find COBOL a much different programming language tharg thasetimes those differences are a

322R GKAY3 IYyR a42YSGAYSa (KSe I NBy Qifiwas dedigiedl tosdtva yuEss 1 2 NBY
problems. It was deghed to do that in the 1950s.

COBOL was the first programming language to become standardized such that a COBOL program written on computer

G!' ¢ YIRS o0& O2YLIlye a-¢é¢ g2ddZ R 0S o0fS (2 ®DEYOQRYRAGSR OF v
may not seem like such a big deal today, but it was a radical departure from all programming languages that came

before it and even many that came after it.

¢KS yLYS G/ h.h[éc/ hOhdz fad | ¥+ @ DNRFYIYREKL dza4 {SFRA h NRBY 6 B F
b2d8 GKS FIOG GKFG GKS #2NR a02YY2yé O02YSa 0SF2NB It 2
iKS 188 G2 /h.h[Q&a &d200S&a®

1.3.1. ® Heard COBOL is a Dead Languagt

Phoenician is a dead language. Mayaa dead language. Latin is a dead language. What makes these languages
dead is the fact that no one speatkeem anymore. COBOL is NOT a dead language, and despite pontifications that
02YS R2gy (G2 dza FNRY (KS A Q2 N@suppats SNB 2F | OF RSYAIL X Al A

' The MinGW approach is a personal favorite with the author of this manual because it creates an OpenCOBOL

compiler and runtime that require only a single MinGW DLL to be available to OpenCOBOL tools and user
programs. That DLL is freely distributable untherterms of the GNU General Public License. A MinGW build of
OpenCOBOL fits easily andrunsfrom a 128MB flash drive with no need to install any software onto the

Windows computer that will be using it. Some functionality of the language, dealihghei sharing of files

between concurrently executing OpenCOBOL programs and record locking on certain types of files, is sacrificed
however.
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What made those other languages die is the fact that they became obsolete. As the peoples that spoke them were
overrun or superseded by other populations that eventually replaced them, no one saw any need to speak their
languages. There wa® good reason to keep on speaking a language whose creators had become irrelevant to
history.

/' h.h[ A& RAFTFSNBylLO® / SNIFAytes GKSNBE 6SNBE Y2NB LIS2LX S
WSYSYOSNE K2gSOSNE (K SronyBchasyieRs. BusiNdRseshaye camiplexisdci@l and Economic
organisms that exist for but a single purpas® make money. One of the approaches businesses take to satisfy that
all-important survival trait is that they want to avoid expesse

This avalance of expense turns out to have been key to the survival of COBOL b#eassg@rogrammers of the

1980s (give or take a decade) wemery busyprogrammers. Estimates are that as many as a several hundred billion

lines of COBOL code were written farsinesses worlés A R S ® .80lFdzaS 2F GKS FTANROG ¢2NR
as businesses replaced their older, slower andteBable computer systems with newer, faster and mogéiable

ones, they found that the massive investment they had in th@BOL software inventory paid dividends by remaining
functional on those new systemsnany times wth no changes needed whatsoever!

Unwilling to endorse change merely for the sake of chabgsinesses replacdtiese billions and billions of lines of
COBOkode only when absolutely necessary and only when financially justifidbl justificationappeared to have
comeas the 20 century wasearingthe end.

Written long before the end of the century was near, many of those COBOL applicationsdigéd/@ars instead of

four digit yeardecausewhen the programs were written, computer storage of any kind was expendhgy should
YAftA2ya YR YAftAz2zya 2F oeéidSa 2F ai2Nr3IS oS 61 adiSR o@
them?{ Ay OS GKSANI a2Figl NB ¢62dzf R &adzRRSyfte (KAYy] GKS OdzZNNBy
'mphpr odzaAySaasSa 1ySse i(KSe& 6SNB 3I2Ay3a (2 KIF@BS (G2 R2 &;
G, SIENI HAnnéO0 LINROESY®

At last! 2K was going to be the massive asteroid strike that finally killed off the COBOL dinosaur.

Unfortunately for those seeking the extinction of COBOL, that proved toistefwi thinking.

Always concerned with the bottom line, businesses actuaiglyzedhe problems with their programs. Many
applicationsvereNB L  OSR A 0K yS6SNI YR a0SGGUSNE OSNARA2YA GKFG o
correct) languageand computer systems. | ¢ X Yl y & | Liigfrepléced] Xrese iverastiaisdutely
SaaSyidAalrt FLIWXAOIGAZ2Yya 6K2&S NBLIX I OSYSyid ¢2dzZ R ONXLILX S
These COBOL applications were modified to udigi4 years instead of-g8ligit ones. At the same time, many of them
receivedco¥ SGAO aFI OS tAFhaég G2 YI 1S GKSA NreQuaniyddtiti NaprotizY |y Ay
modules developed in the newer languages.

The resultis thateventoday TG SNJ G KS | H Y the® Bré by jndustry estatS§sayér yidibition lines of

COBOL code still running the businesses of tiec2htury. A fact that is disturbing to some is thafust as tiny little

fury Y YYI £ a4 S$@2f OSSR (2 021 6A0K (HBA NaEsDavgived intdaddaren y Ol A 2 y
andYSIF ySNJ alyAYlFfé OFLIoftS 2F O2 uhtPightyt Backin/1968. ATOH fackis | Yy R LIN.
confirmed by the fact that those lines of COBOL code being tracked by industry analysts are grwailyat the

rate of about 4 billiora year.

Evolution, you see, is in COBOLs DRxer time, COBOL evolved in form and function, Viistvork done by the
American National Standards Institu@NSIand eventuallythroughthe efforts of the International Standards
Organization (ISO).

Thefirst widely-adopted standard for COBOL was published by ANSI if.18@8ned the ANS68 standard, this
version of COBOL was originally standardized for use primarily as the business programming tool of the US Defense
Department; it quickly was adopted logher Government agencies and private businesses alike.

2 To that point, in 1968 the US Government made it a requirement that any computer system sold tentrstnin

aversion of COBOL that adhered to the ANSI68 standard. The requirement that computers sold to the US
Government had to support the current COBOL standard remained for many, many years.
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Subsequent standards published in 1974 and 1985 (ANS74 and ANSB85, respectively) added new features and evolved
the language toward adoption of the programmgroductivity tool of the timec & { i NIRO G &dRBE NI YYA Yy I € @

As the 21' century dawned, programming had moved out of the board room and into the Game Room, the Living
Room and even the Kitchen; as computers became more and more inexpensive they appeared in games,
entertainment devices and appliance&ven the automobile becanm®me to computers galore. These computers
need software, and that software is writteninthe-6ol f f SR aY2RSNY ¢ I y3dz 3Sad

Combined with Y2K, these trends became the impetus for COBOL to evolve even newer featemsabilifies. The

COBOL2002 standdratroduced objectoriented features and syntax that make the language more prograramer
FNASYRf & G2 (K2&a4S GNIXAYySR o0& G(G2RIF&Qa LINRPAIANFYYAy3d OdzNNR O
carries the evolution forward to the pointwherea CB@n EE A YLX SYSy il GA2y Attt 0S8 7Fdz
programming language.

Through all this evolution, however, care was taken with each new standard to protect the investment besjoess
anyone, for that matter) hath COBOL software.e@erally a new COBOL standag@nce implemented and adopted
by a businessrequired minimal, if any, changes to upgrade existing applications. When chamgesecessary,
those changes could frequently be made udimgls that mechanically upgraded entiret#sies of source code with
little or no need for human intervention.

The OpenCOBOL implementation of the COBOL language supports virtually the entire ANS85 standard as well as some
significant features of the COBOL2002 standard, although the truly efujiectted features are not there (yet).

1.3.2. Programmer Productivity z4 EA O(T 1 U ' OAEI &

Throughout the history of computer programming, the search for new ways to improve of the productivity of
programmers has been the dthportant consideration. Sometimes thiearch has taken the form of introducing new
features in programming languages, or even new languages altogether, and sometimes it has evolved new ways of
using the existing languages. Other than hobbyists, programming is an activity performed for rBoseesses

abhor spending anything more than is absolutely necessary. Even government agencies try to spend as little money
on projects as is absolutely necess“ary

Theamount of programmingiecessary to accomplish a given taskcluding rework neeed by any errors found

during testingfestingy GG KF G GAYS RdzZNAYy3I 6KAOK |y LI AOFGAZ2Y A& O
LJdzN1J2 &S T2 NJ ¢ K AJQ K thd rieasaire dirogRafenér grgtiGcivity Anything that reduces that effort

will therefore reduce the time spent in sudltivitiestherefore reducingthe expenseof same When the expense of

programming is reduced, programmer productivity is increased.

While many technological and procedural developments have neaditionaryimprovements to programmer
productivity,each of the followindnasbeen responsible forevolutionaryimprovemens:

e Thedevelopmentofs®l f f SRt BASHKSNINRINI YYAY3TI fFy3dzZ 3Sa GKIG Sy
a single statement of the language action that would have required many more separate statements in a
prior programming languageThe standardization of such languages, making them usable on a wide variety
of computers and operating systems, i€E@BOL was a pioneering development is #rea, being one of the
first higherlevel languages.

e The establishment of programming techniques that make programs easier to read and therefore easier to
understand. Not only do such techniques reduce the amount of rework necessary simply to makesarpr
work as designed, but they also reduce the amount of time a programmer needs to study an existing program
in order how to best adapt it to changing business requirements. The foremost development in this area was
structured programming Introducedn the late 1970s, this approach to programming spawned new

P 4t 2Ldzt I NE yFYSa F2NJ/ h. h[ adl yoRa NRaYy §52 | {yaiyhipiang Adyads dzZRisy
digit years.

* This is a religious issue because it is an assertiorctsadlyc must be taken purely on faith; there is,

unfortunately, all too little realvorld evidence to support it. It makes sense, so one cay loope it is true.
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programming languages (PASCAL, AL.801) designed around it. With the ANSI85 standard, COBOL
embraced the principles espoused by structured programming mavens as well as any of the languages
designed strictly around it.

e The establishment of programming techniques AND the introduction of programming language capabilities to
facilitate the reusability of program code. Anything that suppedde reusabilitgan have a profound
impact to the amout of time it takes to develop new applications or to make significant changes to existing
ones. Inrecentyears, obje2tNA Sy 4 SR LINPINI YYAYy 3T KIFa 0SSy GKS AyRdzai
By enabling program logic and the data structureg tbgic manipulates encapsulated into easily stored and
retrievedd I Y R G KSNB T2 NB & NEldssdstbe oBjéctorienfet! Rugtia§es suhlas Javé FC++
and C# have become the favorites of academia. Since students are being trained in these technologies and
2ytfe (KS&aSI o0& I yR ¢fodapBbieztorienied grograrAmirg tahgldyds & G K I
darlings of the industry.

The reality is, however, that good programmers have been practicing code reusability for more than a half
century. Up until recently, COBOL programmers have had some of the best code reusability tools available

i K S & Q @singat &ith Yopybooks (sectioh7) and subroutines (sectior@8, 7.1.4and7.1.5 rather than

classes, methods and attributes but the net results have been similar. With the COBOL2002 standard and the
improvements made by the COBOL20xx standard, the playing field is leveled in this regard.

1.3.3. Notable COBOL/OpenCOBOL Features

1.3.3.1. Basic Program Readability

2 KSy AG FANRBRG o1 a ReSdadetsphiaidniade it profoundly Sifferer to anlythirdy that had been
seen before. For the first time, it was possible to specify logic in a manner thatatdsast to some extent
comprehensible even to neprogrammers. Take for example, the following code written in FORTRA&hguage
developed only a year before COBOL.:
E=P*Q
I=1+E
With itsoriginal limitation on the length of variable names (one letter or a letter folldwg a number), and its use of
Ff3SoNIAO y2GFdA2y (2 SELINXaa | OGAaAzya 6SAy3 GF1SyZ Chwte
programmers. Compare this with the equivalent COBOL code:

MULTIPLY PRICE BY QUANTITY GIVING EXTENDED - AMOUNT
ADD EXTENDEDBAMOUNT TO INVOICE TOTAL

Clearly, even a neprogrammer could at least conceptually understand what was going on! Over time, languages like
FORTRAN evolved more robust variable names, but FORTRAN was never as readable as COBOL.

The inherent readability of COBOL code was a blessing at first, but eventually it became considered as a curse. As
more and more people became at least informed about programming if not downright skilled, the syntax of COBOL
became one of the reasons tlvory-tower types wanted to see it eradicated.

I would MUCH rather be handed an assignment to make significant changes to a COBOL program about which | know
nothing than to be asked to do the same with a C, C++ or Java program.

Those that argue that isitoo boring/wasteful/timeconsuming/insulting (choose the word you prefer) to have to
O2RS | /h.h[ LINRBINFXY GaFNRY &aON}(GOKé¢ | NB Of SINIe& AIy2NlIY

e Many systems have progragevelopment tools available to ease the task of coding prograhose tools
GKFd O2yOSYidNIGS 2y /h.h[ FINB OFLIo6fS 2F LINBOARAY3I |

program
 Good programmers havefor decades Y Ay i AYSR GKSAN) 26y &1StSd2y adSyl

program types; simplyloR + G SYLX FGS Ayid2 | GSEG SRAG yR &2dz2Q@S
e [ S3ISYR KFa AG GKIFIG GKSNBQa | OGdz tt & calpfogramS&EGNI 6 SSy |

written after that sprang from that one!
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1.3.3.2. COBOL ProgramStructure

COBOLprogtada ' NB &0 NHzOGdzZNBR Ay (2 F2dzNJ YF22N) F NBFra 2F O2RAy3
known as DIVISIONS.

Each DIVISION may consist of a variety of SECTIONs and each SECTION consists of one or more PARAGRAPHs. A
PARARAPH consists of SENNJIES, each of which consists of one or more STATEMENTS.

This hierarchical structuref program componentstandardizes the composition of all COBOL programs. Much of this
manual describes the various divisions, sections, paragraphs and statementsajpabmprise any COBOL program.

The four divisions, and their function, are described in se@iokach division has its own chapter (sectidng 5 and
6) and each of those chapters will describe the sections, et. al. available to programmers in each of those divisions.

1.3.3.3. Copybooks

I a02LXRo0221¢ Aa | asS3aySyid 2 Tipldghgrandbinply OyzhRvg that piogranSusedzi A A 1
the COPY statement (sectidr) to import that code into the program. This code may define fdasa structures or
procedural code.

¢2RIFI2Q& OdZNNByd LINBINIYYAYy3I I y3Idzad 3Sa KFEBS | adlaSySyi
GKIG LISNF2Nya (GKAa alyYS FdzyOlirzyo 2 KFG YIF1SadityinkS / h. hJ
current languages, however, is the fact that the COBOL COPY statement can edit the imported source code as it is

being copied. This capability enables copybook libraries extremely valuable to making code reusable.

1.3.3.4. Structured Data

COBOL introduckthe concept of structured data back in the 1960s. Structured data is data which may be accessed

as a single item or may be broken down into $i@ims based upon their character position of occurrence within the

structure. These structures callgdoupitems(page9-20 ® G GKS o620G2Y 2F |yeét &idNHzO dz
broken down into subtems. COBOL refers to thesesdsmentary itemgpage9-1).

1.3.3.5. Files

One of COBOLs main strengths is the wide variety of files it is capable of accessing. OpenCOBOL, like other COBOL
implementations, needs to have the structure of any files that it will be reading and/or writing described to it. The
highestlevel charactdlh a G A O 2F | FTAf SQa aidNUzOG dzNBE A & 4RI ®fihg BeRaso & & LIS
follows:

ORGANIZATION IS These are files with the simplest of all internal structures. Their contents are structured si

LINE SEQUENTIAL as a series of data records, each terminated by a speciab&netord delimiter character. An
ASCII lindeed charactehexadecimal OA) is the eraf-record delimiter character used by an
UNIX or pseudd@NIX (MinGW, Cygwin, MacOS) OpenCOBOL build. A truly native Windo
build would use a carriageeturn, linefeed (hexadecimal 0DOA) sequence.

Records in this type of file need not be the same length.

Records must be read from or written to these files in a purely sequential manner. The or
way to read (or write) record number 100 would be to have read (or written) records numk
thru 99 frst.

When the file is written by an OpenCOBOL program, the delimiter sequence will be
automatically appended to each data record as it is written to the file.

When the file is read, the OpenCOBOL runtime system will strip the trailing delimiter sequ
from each record and pad the data (to the right) with SPACES, if necessary, if the data ju:
is shorter than the area described for data records in the program. If the data is too long,
be truncated and the excess will be lost.
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ORGANIZATION IS
RECORD BINARY
SEQUENTIAL

ORGANIZATION IS
RELATIVE

These files shdd not be defined to contain any exact binary data fields because the contel
of those fields could inadvertently have the eafirecord sequencas part of their valueg

this would confuse the runtime system when reading the file, and it would intetpegtvalue
as an actual endf-record sequence.

These fileslso have aimple internal structure. Their contents are structured simply as a
series offixed-length data recordswith no special enebf-record delimiter.

Records in this type of filere allthe samephysicalength. If variablelengthlogicalrecords are
defined to the program (sectiob.3), the space occupied by eaphysicalrecord in the file will
occupy the maximum possible space.

Records must be read from or written to these files in a purely sequential manner. The or
way to read (omrite) record number 100 would be to have read (or written) records numbe
thru 99 first.

When the file is written by an OpenCOBOL programdelimiter sequence is appended to the
data

When the file is read, thdata is transferred into the program esidy as it exists in the fileln
the event that a short record is read as the very last record, that record will be SPACE pat

Care must be taken that programs reading such a file describe records whose length is e»
the same as that used by theqgrams that created the file. For examptlee following shows
the contents of RECORD BINARY SEQUENTIAleéited by a program that wrote fivg
character record$oit. ¢ KS a! £ T @ndhZ badkgraihdicolesareflect the records
that were written to the file:

AAAAAABBBBBBCCCCCCDDEDDDEEEEEE

Now, assume thatreother program reads this file, but descridé0-character records rather
than 6. Here are the records that program will read:

AAAAAABBBB

BBCCCCCCPD

DCODCEEEEEE

There may be times where this is exactly what you were looking for. More often than not,
however, this is not desirable behavidBuggestionuse a copybook to describe the record
layouts of any file; this guaranteésK I G Ydzf G A LI S LINRINIF Ya I OC
same record sizes and layouts.

These filegancontainexact binary data fieldsThe contents ofecordfieldsare irrelevant to
the reading process as there is no eofedrecord delimiter.

The contentof these files consist of a seriesfoded-length data recordgprefixed with a four
byte USAGE COMRPFigure5-10) record header The record header contains the length of tr
data, in bytes. The byteount does not include the fodsyte record header.

Records in this type of file are all the same physical length. If vatietdgh logical records are
defined to the program (sectiob.3), the space occupied by each physical record in the file \
occupy the maximum possibépace.

This file organization was defined to accommodate either sequential or random processin
With a RELATIVE file, it is possible to read or write record 100 directly, without having to |
first read or written records -B9. The OpenCOBOL runtinystem uses the progrardefined
maximum record size to calculate a relative byte position in the file where the record head
and data begin, and then transfers the necessary data to or from the program.

When the file is written by an OpenCOBOL prograndelmniter sequence is appended to the
data, but a recordength field is added to the beginning of each physical record.

When the file is read, the data is transferred into the program exactly as it exists in the file
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Care must be taken that programs reag such a file describe records whose lengtixiactly
the same as that used by the programs that created the filei 62y QG 6S | L
OpenCOBOL runtime library ends up interpreting a-4myte ASCII character string as a recor
length when it transfers data from the file into the program!

Suggestionuse a copybook to describe the record layouts of any file; this guarantees that
Ydzft GALIE S LINPINIYa | O0Saaiay3a ddKIFIG FAES gA

These filegancontain exact binary data fields The contents of record fields are irrelevant to
the reading process as there is no eoferecord delimiter.

ORGANIZATION IS This is the most advanced file structure available to OpenCOBOlapredr (i Qa y 2

INDEXED describe the physical structure of such files because that structure will vary depending up
which advanced filenanagement facility was included into the OpenCOBOL build you will t
using (Berkeley Database [BDB], VBISAM,. etig willg insteadg discuss the logical structure
of the file.

There will bemultiple structures stored for an INDEXED file. The first will be a data compo
which may be thought of as being similar to the internal structure of a RELATI\Eat#e.
records may not, however, be directly accessed by their record number as would be the ¢
with a RELATIVE file, nor may they be processed sequentially by their physical sequence
file.

Theremainingstructures will be one or moreindex componerg. An index component ia data
structure that (somehow) enables the contents of a field, callgdimary key within each data
record (a customer number, an employee number, a product code, a name, etc.) to be
converted to a record number so that the datecord for any given primary key value can be
directly read, written and/or deleted. Additionally, the index data structure is defined in su
manner as to allow the file to be processed sequentially, redyrdecord, in ascending
sequence of the pnhary key field values. Whether this index structure exists as a binary
searchable tree structure (btree), an elaborate hash structure or something else is pretty r
irrelevant to the programmeg, the behaviorof the structure will be as it was just detzed.
The runtime system will not allow two records to be written to an indexed file with the sam
primary key value.

The capability exists for additionalfield to be defined as what lsnownas analternate key
Alternate key fields behave just likeimary keysallowing both direct and sequential access 1
record data based upon the alternate key field values, with one exception. That exceptior
the fact that alternate keymaybe allowed to have duplicate values, depending upon how tl
alternate key fieldis described to the OpenCOBOL compiler (seeti@ri.3.

There may be any number of alternate keys, but each key field comes with a disk space p
as well as an execution time penalty. As the number of alternate key fields increasis, it w
take longer and longer to write and/or modify records in the file.

These filegancontain exact binary data fields. The contents of record fields are irrelevant
the reading process as there is no eofedrecord delimiter.

All files are initially escribed to an OpenCOBOL program using a SEta€ment(section4.2.1) coded in the FILE
CONTRGOparagraph éthe INPUTOUTPUT SECTIONhe ENVIRONMENT DIVISIONaddition to defining a name
by which the file will be referenced within the program, the SELECT statement will specify the name andvplaitthb
the file will be known to the operating system along with its ORGANIZATdEKihg (sectio®.1.9.9 and sharing
(section6.1.9.7) attributes.

A file description (sectioB.1) in the FILE SECTIOMNhe WORKINGTORAGE SECTtDMe DATA DIVISIGNI

define the structure of records within the file, including whether or not varidbiegthrecords are possible anglif so

¢ what the minimum and maximum length might be. In addition, the file description entry can specify file /0 block
sizes.
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1.3.3.6. Table Handling

hiGKSNJ LINEPANF YYAY 3T fFy3dz-3Sa KI @S I NNE thidg> WhHatmakes COBOLA (i | 0 f
tables special are two special statements that exist in the COBOL lang&&geRCH (sectiér39.]) and SEARCH ALL
(secton 6.39.2.

The first can search a table sequentially, stopping only when either a table entry matching one of any number of
search conditions ifound, or when all table entries have been checked against the search criteria and none matched
any of those criteria.

The second can perform axtremelyfastd S NOK | 3 Ayad F GFroftS a2NISR o6& | yR 3
contained in each table ent. The algorithm used for such a search is a binary search (also known amtehaf

search). This algorithm ensures that only a small number of entries in the table need to be checked in order to find a
desired entry or to determine thatthe de§rR Sy G NE R2Say Qi SEA&G Ay GKS GlofSo
this search becomes. For example, a table containing 32,768 entries will be able to locate a particular entry or will
RSGSNX¥AYS (KS SyidNB R2Sasgndfeen§ib)ediies! diie alfoditBn] isdexphinédin defal Y 2 NB
in the SEARCH ALL documentatg®t{ion6.39.9.

1.3.3.7. Sorting and Merging Data

The COBOL language includes a powerful SORT statement ($e¢lidhthat can sort large amounts of data

according to arbitrarily complex key stitures. This data may originate from within the program or may be contained
in one or more external files. The sorted data may be written automatically to one or more output files or may be
processed, recortby-record in the sorted sequence.

A specialdrm of the SORT statement (sectiér1.? also exists just to sort the data that resides in a table. This is
particularly useful if you wish tose SEARCH ALL against the table.

A companion statement MERGE (sectidh28) ¢ can combine the contents of multiple files together, provided those
files are all sorted in a similar manner according to the same key structure(s). The resulting output will consist of the
contents of all of the input files, merged together and sequenced according to the common key structure(s). The
output of a MERGE rgabe written automatically to one or more output files or may be processed internally by the
program.

1.3.3.8. String Manipulation

There have been programming languages designed specifically for the processing of text strings, and there have been
programminganguages designed for the sole purpose of performing-pigliered numerical computations. Most
programming languages fall somewhere in the middle, between these two extremes. COBOL is no exception,
although it does include some very powerful string npatétion capabilities; OpenCOBOL actually has even more
string-manipulation capabilities than many other COBOL implementations. The following chart illustrates the
capabilities of OpenCOBOL with regard to strings:

Capability OpenCOBOL Feature Supportinat Capability
Concatenate two or more strings CONCATENATE Intrinsic Function (seétibi7.9
STRING Statement (secti6ri4)

Conversion of a numeric time or date to a| LOCALEIME or LOCAHBATE Intrinsic Functions (sectdhl.7.31and
formatted character string 6.1.7.30, respectively

Corvert a binary value to its corresponding CHAR Intrinsic Functideection6.1.7.%; add 1 to argument befa
OKI NI OGSNJ Ay @ KS LI invoking the functionThe description of the CHAR function shows a
technique that utilizes the MOVE statement that will accomplish the
same thing without the need of adding 1 to the numeric argument
value first

Convert a character string to lowease LOWERCASE Intrinsic Functigsection6.1.7.35
C$TOLOWER Btiilt Subroutine (sectioid.3.1.10
CBL_TOLOWER BinltSubroutine (sectioi.3.1.35
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Capability
Convert a character string to uppease

OpenCOBOL Feature Supportirftat Capability
UPPERCASE Intrinsic Functi¢section6.1.7.67
C$TOUPPER BuiiltSubroutine (sectioi.3.1.13
CBL_TOUPPER BinlSubroutingsection7.3.1.36

Convert a character to its numeric value ir
0KS LINP3INIYQa OKIF NI

ORD Intrinsic Function (sectiéril.7); subtract 1 from the resulfThe
description of theORDfunction shows a technique that utilizes the
MOVE statement that will accomplish the same thing withoutrkeed
of adding 1 to the numeric argument value first

Count occurrences of substrings in a large
string

INSPECT Statement with TALLYING Option (séc#ign

Decode a formatted numeric string back ti
a numeric value (for example, decode
G bMH I an HH34R.19 value)

NUMVAL and NUMVAL Intrinsic Function&ectiors 6.1.7.42and
6.1.7.43

Determine the length of a string or dat
item capable of storing strings

LENGTH or BY-LENGTH Intrinsic Functiofsectiors 6.1.7.29%nd
6.1.7.9

Extract a substring of a string based on itg
starting character posibn and length

MOVE Statemen(section6.29.1) with a reference modifier on the
GaASYRAYy3Ie FASER

Format a numeric item for output, includin
thousandsa SLI NI G2NBR 04X
OdzNNBy Oe aévYozfa 64
points, credit/debit symbols, leading or
trailing sign characters

MOVE Statement (sectidh29 with picturesymbol editing applied to
the receiving field (sectioB.3)

Justifcation (Left, Right or Centered) of a
string field

C3$JIUSTIFY btiiit subroutine (sectio7.3.1.5

Monoalphabetic substitution of one or
more chaacters in a string with different
characters

INSPECT Statement with CONVERTING Option (f&&pn
TRANSFORM Statement (sectiofd)

SUBSTITUTE and SUBSTFIAHE Intrinsic Functio(sectiors
6.1.7.60and6.1.7.6)

Parse a string, breaking it up into substrin
based upon one or more delimiting
character sequeces; these delimiters may
be single characters, multipleharacter
strings or multiple consecutive occurrence
of either

UNSTRING Statement (sect@b0)

Removal of leading or trailing spaces from
string

TRIM Intrinsic Functiofsection6.1.7.66

Substitution of a single substring with
anotherof the samelength, based upon the
substrings starting character position and
length

MOVE Statement (sectidh29.]) with a reference modifier on the
dreceiving FASE R

Substitution of one or more substrings in &
string with replacement substrings the
samelength, regardless of wherthey

occur

INSPECStatement withREPLACINGption (sectior.27)
SUBSTITUTE and SUBSTH3AHE Intrinsic Functions (section
6.1.7.60and6.1.7.69

Substitution of one or more substrings in &
string wih replacement substringsf a
different length, regardless of where they

occur

SUBSTITUTE and SUBSTFOABE Intrinsic Functiorse¢tiors
6.1.7.60and6.1.7.69

1.3.3.9. Textual -User Interface (TUI) Features

The COBOL2002 standard formalizes extensions to the COBOL language that allow for the definition and processing of

text-based screensOpenCOBOL impteents virtually all the screehandling features described by COBOL2002.

Here is an example of such a screen as it might appear in the console window of a Windows computer:
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Figurel-1- A Sample TUI Screen

BN OpenCOBOL
OpenCOBOL Interactive Compilation vZ2.1

DEMORELATIVE
DEMORELATIVE. cbl

on/off switches:

Additional "cobc" Switches (if any):

C:\Users\Gary\Documents\Programs

Program Execution Arguments (if any):

(2009/09/08 12:20)

Configuration (Select One):

s-F1
S-F2
S-F3
S-F4
S-F5
S-F6
S-F7

ENTER

Screens such as tfiare defined in the SCREEN SECHfaiNe DATA DIVISIOBkction0). Once definedscreens re

used at rurtime via the ACCEPT (sect@d.4) and DISPLAY (secti®i5.9 statements.

The COBOL2002 standard only covers textsal interface (TUI) screens and not the madvanced graphicalser

interface (GUI) screen design and processing capabilities fioiliriost modern operating systems. There are
subroutinebased packages available that can do full GUI development, but none aresopese.

1.4. Syntax Description Conventions

Syntaxof the OpenCOBOL language willdescribedin this manual wittconventionsfamiliar to COBOL programmers.

The following is @escription ofthosesyntacticaldescription techniques

a NB a SNY

UPPERCASE COBOL language keywords and implementatiependent names (the sO £ £ SR &
g2NRa¢ 2F UKS /h.h[ fFy3dzad 3so gAftt | LIISIN AY

UNDERLINING reserved words that are underlined are required in whatever syntactical context they are s
aK2gy ® L¥ I NBaSNWSR ¢62NR Aa bh¢ dzyRSNI AY SR
no effect on the program.

lowercase Generic terms represeirtg substitutable arguments will be shown in lowercase.

[ brackets ] Square brackets are used to enclose optional clauses. Any clauses not enclosed in square

choicel| choice2

{ braces }

{|] selector |}

brackets are mandatory.

Simple choices may be indicated with a vertical leqrasating them. Although not typically
used in COBOL syntactical diagrams, this conveigianeffectivealternativethat may be
used when square brackets would make a syntax diagram too complicated.

Braces are used to enclose alternativ&xactly one of the alternatives contained within
the braces must be selected.

Choice indicators are used to enclose alternatives whereopmeore of the enclosed
selections may be selected.

®  This screen comes from the program named Q@idullscreen frontend to the OpenCOBOL compitethe

sourcs code of which is included as a sample in this manual. See &8tionthe listing of the program.
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X AthreeR2 i aS1j dzSy O0S ¢ O appearfolidwiig béaéketd, bracEmsledtdrs) Y | &
or lowercase entriefo indicate that the syntax elememrecedingthe ellipsis may occur
multiple times.

Shaded Areas Shaded areas are used to highlight syntax elements thatem@gnizedby the OpenCOBOL
compiler but willeither have no effect on the generated code will be rejected as being
unsupported Such elements are either present in the OpenCOBOL language to facilitate
the porting of programs from other COBOL environmergfiect syntax elements that are
not yet fully implementedr syntax elements that have become obsolete

1.5. Source Program Format

Traditional COBOL program source format allows programs to be coded usthgi@@ter (maximum) linesith a
fixed format As of the ANSI 2002 standard, a ffemamat source code format is defined where source code lines can
be up to 256 characters long with no fixed meanings assigned to specific column ranges.

OpenCOBOL provides the followigif methods for specifying the format of source code input files:

-fixed ThisOpenCOBOtompiler switchspecifies that all source input will be in
traditional (8Gcolumn) fixed format. THIS IS THE DEFMQODE
-free ThisOpenCOBOtompiler switchspecifies that all source input will be in ANSI2002

free (256 column) format.

>>SOURCEORMATSEREE This source line, when encountered by @@penCOBOtompiler, will switch the
O2YLIAE SNRa SELISOGFGA2ya Aydz2z FTNBS F2NXI G
column 8 or beyond. Directives such as this and the next one may be used to
switch the compiler back and forth between free and fixed madl will.

>>SOURCEORMAT IBIXED This source line, when encountered by @@penCOBOtompiler, will switch the
O2YLIAf SNRa SELISOGFGA2Yya AyG2 FTAESR F2N)I
prior one may be used to switch the compiler back and forttwleen free and
fixed mode at will.

The following are special directives or characters that may be used in OpenCOBOL programs to signiffiimgsous

GfF ¢ Ay O2f dSighifies the source line is a commerithis is valid only when in FIXED mode.

G5¢ Ay O2f dz3ighifies the source line is a valid OpenCOBOL statement that will be treated as a comment
unlessi K &delbuggingt A ¥y S € is apgcified®tie OpenCOBOtompiler (in that
instance, the lines will be compiled). This is valid only when in FIXED mode.

@>¢ Ay | ye @erodsvhe remainder of the source line is a comment. This madakin either FREE or o
CL-95 Y2RSX 0dzu AFT A0 Ad dzZaSR AY CL-95 Y2Z2RSZ
abBps5 Ay ye @@ifigdzfﬁg/source line is a valid OpenCOBOL statement that will be treated as a comment
unlessii K Sfdelfugging -line € & ¢ A U OK tokh& OpenQ0SBOLoMpIlErRin that
instance, the lines will be compiled). This is valid when in FIXED or FRE Emdodgst be

the first nonblank sequence on the source line. In FREE mode, this sequence may begin in
any column. In FIXED mode, this sequence must begin in column 8 or beyond.

1.6. Use of Commasand Semicolons

I 02YYIl OK brid3efidolénNdé)dnaysbé inserted into an OpenCOBOL progtammprove readability at
any spot where white space would be legal (except, of course, vatpimnumeric literals Thesecharacters are s
alwaysoptional/ h. h[ adl yRIFINRa NBIljdzZANBS 0KIFId O2YYlFa 6S F2ftt26SR
modern COBOL compilers (OpenCOBOL included) relax this rule, allowing the space to be omitted in most instances.
¢tKAa OFly OldzasS aO2yF¥dzaAazye 02 0UKS O2YLIALfSNI4AEF UKS 59/ La
The following statement, which calls a subroutine passihgatarguments (the numeric constants 1 and 2):

CALL O0OSUBROUTI NE6 USI NG 1, 2

would ¢ with DECIMAL POINT IS COMvi&tually be interpreted as a subroutine call witNEarguments (the data
non-integernumericconstant 1.2).
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LF¥ @&2dz R2Y QidevefoptRelh&bi of ¢otling & spAcé after a comma used as punctuatiomh
alternative, consder using a semicolon asthere isno possibility for éconfusong.

1.7. Using COPY

Figurel-2 - COPY Syntax

COPY

COPY:opybookname statgntwe'ntsaret
B [ [ ==pseudetext-1 == ==pseudotext2 == 7 7 (l;lze bgolrklpor

identifier-1 gy | identifier-2 mii ’

7 literal-1 = 7 literal-2 (section
REPLACING | word-1 word-2 - 1.333intoa

- program.

. —EEA"D IIN[G ==partial-word-1 ==BY==partial-word-2 ==

OpenCOBOL completely supports the useagfybooks These are separate source fit@mtainingANY COBOL
SYNTAX WHATSOEVIHERIuding other COPY statements.

COPY statements may be used anywhere within a COBOL program where the code contained vaitipiybibek
would be syntactically valid.

The syntax diagram above places great emphasis on a period at the end of the COPY statement and any REPLACING
clauses it may have. A periodaissolutelymandatoryat the end of every COPY statement, eventd the eye of an
experiencedCOBOL programmerA U R2 Say Qu shdbl8b¥ afediotl. S U KS NB

All COPY statements are resolved and the contents of the correspormiyhpooksnserted into the program source

code before the actual compilation process begins.

CKS 2LIJAZ2yIlet OFfwded[S! /I L2 ¢ &wokdyl,avorddh dath NamSifentific? INidRedtified2),

literals (iteral-1, literal-2) or whitespacedelimited phrags to be replaced. Any number of such substitutions may be
made as &opybookis included into a program.

See sectio?.1.8- Locating Copybooks at Compilation Tigfer the details as to exactly how the OpenCOBOL
compiler locates copybooks when programs are being compiled.

1.8. Use of Literals

Literals are constant values that will not change during the execution of a programe arleetwo fundamental types
of literals¢ numeric and alphanumeric.

1.8.1. Numeric Literals

Numeric literalsare numeric constants which may be used as array subscripts, as values in arithmetic expressions, or
in any procedural statement where a numeric value may be used. Numeric literals may take any of the following
forms:

e Integers such a%, 56, 2192 of54.

e Norinteger fixed point values such as 1.12-2195.

e Floatingl2 Ay i @It dzSa dzaAy3d a9yyé y2ial dR)dy5.784z0K & ddPH 9 H
(representing 5.7 x TH0 @ . 20K U0KS YlFyuAaal ohaé&pongitdfrendmdro ST 2 NB
after the E) may be explicitly specified as positive (with a +), negative or unsigned (and therefore implicitly

positive). A floatingpoint literal® value must be within the range.7 x 16°® to +1.7 x 16”.with 15 decimal
digits of precision

e | SEFRSOAYIf ydzYSNA O £ ALPSNI K Gir BazDBING & Q5 §MTFA5)0 @G ! 5
CKS 41 ¢ OKINI OG0 SNIIOEDI 8B0IKYRI 68 ( @SINS 8K 226 S baBmds 6w
characters may be used. Hexadecimal numeric literals are limited to a maximum value of
| QCCCCCCCCChiwmg)CCQ ol cn
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1.8.2. Alphanumeric Literals

Alphanumeriditeralsare character string suitable for display on a computer screen, printing on a report,
transmission through a communications connection or storage in PIC X or PIC A data itemsgsctibimese are
NOT valid for use in arithmetic expressions unless they can first be converted to their numeric computational
equivalent (see the NUMVAInd NUMVAICintrinsic functions in sectiof.1.7).

Alphanumeriditerals may take any of the following forms:

e Any sequence of characters encloggda pair okinglelj dz2 (1 S 0 W lor a@ariofdubid) 828 S 06 G 0
characters constitutes string literal The doubldj dz2 G S OKIF NI OG SNJ 6 a0 Yrwihind S dza SR
such a literal. If a singlguote character must be included as a data character, express that character as two
consecutive singj dz2 1 Sa oW w2 G S¢ FOK | NI YOFHISHNI o WO YIFIe 65 dzaSR | &
literal. If a doublequote character must be included as a data character, express that character as two
consecutive doubldj dz2 1 Sa o6 aé 0 @

e ! fAGSNIE FT2NN¥SR | OO0O2NRAY3I G2 GKS alyYS NHzZ Sa Fa F2NJ
(upper or lowercase) constittes azeradelimitedstring literal These literals differ from ordinary string
literals in that they will be explicitly terminated with a byte of hexadecimal value 00. This facilitates the
GakKkNAYIé 2F adOK® €t AGSNIfa 6AGK / LINRIANF Ya

e Ahexadecimal litér f & dzOK | & - &gT! fi.Ki/ 8 {drLlLn AridNAspae)rWY[ Q0 X EQH
- QonomoHOOEN 0loKiS Mo{H/oloL &GNRAY I WnmHO QU dorlowdkcdsed - ¢ OK L N
FYR SAGKSNI aAy3af 8210 822 6 80 6 P HUseRINTDdRSHiEndeBrhadalpbaBumeric
literals should always consist of an even number of hexadecimal digits, because each character is
represented by eight bits worth of data (2 hex digits). Hexadecimal alphanumeric literals may be of almost
unlimited length.

Alphanumeric literals too long to fit on a single line may be continued to the next line in one of two ways:

e If you are using SOURCE FORMAT FIXED mode ($€9tithe alphanumeric literal can be run right up to
and including column 72. The literal may then be continued on the next line anywhere after column 11 by
coding another quote or apostrophe (whichever was used to begin the liteigihatly). The continuation
line must also have a hyphe¥) ¢oded in column 7. Here is an example:

1 2 3 4 5 6 7 8

1234567890123456789012345678901234567890123456789012345678901234567890123 4567890
01 LONG - LITERAL-VALUED EMO PIC X(60) VALUE oThis is a Il on
- oOiteral that must
- 0O be continued. 6

e Regardless of the curre@OURCE FORMAT, OpenCOBOL allows alphanumeric literals to be broken up into
separate fragments. These fragments have their own beginning and ending quote/apostrophe characters

YR FNB &3fdzSR (G23SGKSNE dzAAYy 3 6 9RSRUKI NI ONBSNR dF Y bRE I

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

01 LONG - LITERAL-VALUED E MO PIC X(60) VALUE o0This is aod6 &
0 long literal that must o0 &
O0be continued. 6.
If your programisusingfree 2 NY F2NX I (X GKSNBQa tSaa ySSR (42 02y GAydzsS

may be adong as 255 characters.

Numeric literals may be split across lines just as alphanumeric literals are, using either of the above techniques and
reserved words can be split across lines too (using the first technique). Numeric literals and reserved waofdg do3 S i
split very often thouglt it just makes for ughooking programs.

1.9. Use of Figurative Constants

® Ly GKS / LINRBINIYYAY3I fly3aAdz2 385 &GNAy3Ia Ydzad 0S5 GSNXAYL
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Figurative constantare reserved words that may be used in lieu of certain literals. In general, a figurative constant

may be freely used anywhere its corresponding value could have been used; when used, their value is interpreted as if
AU GSNB LINSTAESBSSRAM ! RIEOASHS2AESDE ! [[£0D

The following chart lists the OpenCOBOL figurative constants and their respective equivalent values.

Figurel-3 - Figurative Constants

Figurative Type of Equivalent Value
Constant Literal

ZERO, ZEROS, | Numeric 0

ZEROES

SPACE, SPACE| Alphanumeric| Blank

QUOTE, Alphanumeric| Doublequote character(s)

QUOTES

LOWVALUE, Alphanumeric| The character whose value in the progracedlating sequenceés lowest. If a
LOWVALUES program is using the ASECdllating sequencethis will represent a sequence of

characters comprised entirely offdits.
HIGHVALUE, Alphanumeric| The character whose value in the progracedlating sequences highest. If a

HIGHVALUES program is using the ASCdllating sequencethis will represent a sequence of
characters comprised entirely ofHits.

NULL Alphanumeric| A character comprised entirely ofroebits (regardless of the progranesllating
sequencg.

1.10. User-Defined Names

2 KSy @2dz gNRGS hLISY/ h. h[ LINRINIYazr &2dzff ySSR (2 ONBI
program, the programs data and the external environment in whiehgtogram is running.

UsetRSTAYSR yIFYSa YIeé 0SS 02YLIRASR T NRBWOorloW&O I0OX$ NE Odi SNE G K NE
Gpé > -BbaKyRaddzy RS NEEiaeNd#mesmay geither start nar 8riddwith hyphen or underscore

characters.

With the exception oprocedure namesuserdefined namegnustcontain at least one letter.

When userdefined names arereatedas names for data, they will be referenced in this document under the term
identifier.

1.11. Use of LENGTH OF

P LIKEYydzYSNRO fAGSNIfa YR ARSYGATASNE &yd & R2YyIisidGH tdlea $HS:
literal actually is amumericliteral with a value equal to the number of bytes in the alphanumeric literal. For example,
the following two OpenCOBOL statements both display the same result (27):

01 Demo - Identifier PIC X(27). *>This is a 27 - character data - item

DI SPLAY LENGTH OF 0This is a LENGTH OF Exampl eé
DISPLAY LENGTH OF Demo- Identifier
DISPLAY 27

The LENGTH OF clause diteaal or identifierreferencemay generally be used anywhere a numeric literal might
specified, with the following exceptions:

1. In place of a literal on a DISPLAY stateimen
2. AsLJF NI 2F | 2wL¢9 2NIw9[9! {9 aidlaSySyiQa Cwha Ofl dzaSo
3. As part of the TIMES clause of a PERFORM.
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2. General OpenCOBOLProgram Format

Figure2-1 - General OpenCOBOL Program Format

COBOL programs are organized into

{ [IDENTIFICATIGNVISION ] DIVISION& major groupings of language
statements that all relate to a common
PROGRAMD. programnamel [ ISINITIALPROGRAW. purpose.
[ ENVIRONMENIIVISION environmenddivisioncontent] Not all divisions are needed in every
o program, but they must be specified in
[ DATADIVISIONdatadivisioncontent] the order shown when thegre used.

[ PROCEDUREVISIONproceduredivisionrcontent]

[ nestedsourceprogram| nestedsourcefunction] ...

[ENDPROGRAMrogramnamel.]}...

1. TheOpenCOBOtompilerwill compile the source code provided to(@compilation unij into a single executable
program. This source code can provided as a sprgigram unit(a source code sequence defined by those
DIVISONSs required by the program unit, followed by an optional END PROGRAM clause) or as multiple program
units EACH consisting of the necessary DIVISIONs and a mandatory END PBR@@&RANMhen multiple
program units are being compiled & singlecompilation unit the lastprogram unit need not contain an END
PROGRAM clausgall others, howevermusthave one.

2. Specifying multiple input files tihe OpenCOBOtompiler defines acompilation unitthat consists of the
contents of the speéied files, compiled in the sequence in which the files are specified. The effect is thasame
if a single source file containing multiple program units were compiled, except that the individual source files
need not contain END PROGRAM clauses urilegscbntain multiple program units.

3. Regardless of how many progrannsits comprise a singleompilation unit only a single output executable
program will be generatedThe first progranmunit encountered in thecompilation unitwill serveas the main
programc all others must serve as subprograms, called by the main program or by oneathérgprogram units
in the sequence.

4. Here is a brief summary of the purpose of each DIVISION:

IDENTIFICATIQ The IDENTIFICATION DIVIgEeblion3) provides basic identification of the program by givi
it aprogram id (a name).

ENVIRONMENT The ENVIRONMENDIVISIORsectiond) defines the external computer environment in which
the program will be operating. This includes defining any files thaptbgram may be
accessing.

DATA The DATA DIVISI@de¢ction5) is used to define all data that will be processed by a progran
PROCEDURE | The PROCEDURE DIVIS#ebtion6) contains all executable program code.
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2.1. General Format for Nested Source Programs

Figure2-2 - General Format for Nested Source Programs
Nested source progranere

program units imbedded
[IDENTIFICATIONVISION] inside other program units

INITIAL
PROGRAMD. programname-l [|s{ ‘mor\l } PROGRA| (they follow the PROCEDUR

5L+xL{Lhb 2F
program unit and there is no

[ENVIRONMENJIVISION environmentdivisioncontent] intervening END PROGRAM

[ DATADIVISIONdata-divisionrcontent] between the two). As such
o they serve as subprograms

[PROCEDURHVISIONproceduredivisiorcontent] available ONLY to thearent

[ nestedsourceprogram| nestedsourcefunction] ... program unit in which they

are imbedded.

[ ENDPROGRANSrogramname- . ]

1. Nested source programs may themselves contain other nested progr@arg should be taken to include END
t whDw! a Ofl dzaSa 0S0is6SSy ySadGSR adzo LINPINI Ya (KIFG aKzd
structure.

2.2. General Format for Nested Source Functions

Figure2-3 - General Format for Nested Source Functions

Userdefined functions are
J defined in the OpenCOBOL
. INITIAL syntax but are not currently
FUNCTIOND. functionnamel [ IS«[ COMMO!\‘ ]» PROGRA supported.

[ ENVIRONMENT DIVISIGMvironmentdivisiorcontent]
DATA DIVISIONata-divisiorcontent
PROCEDURE DIVISION
[ USINGlataitem-1 ... ]
[ RETURNING@ata-item-n ].
proceduredivisioncontent
[ nestedsourceprogram| nestedsourcefunction] ...
[ END FUNCTIGdhctionrnamel. |

1. Attempts to compile a usedefined function will be rejectedith a message such as the following:

name line: Error: FUNCTION ID is not yet implemented

Of course, there are always exceptions to every rule. See the discussitn@DIMMON clause to the
PROGRAND paragraph on pagg
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3. IDENTIFICATION DIVISION

Figure3-1- IDENTIFICATION DIVISION Syntax

The IDENTIFICATION DIVISIC
[ IDENTIFICATIGNVISION] pr:OVIdeS baSIt;: |dgqt|f|gat|on of
INITIAL the program by giving it a
PROGRAMD. programnamel [ IS COMMO PROGR program id(a name).

1. While the actual IDENTIFICATION DIVISION header is optional, the PRIDGRAIBES not.

2. ThePROGRAND clause defines the nam@rogramname) by which other programs may refer to this one (i.e.
/ ! [ gfrogramname 0 @

3. Program names ARfasesensitive. If the compilation unitis being created asdynamicallyloadable libranfile
(by using thei € option onthe OpenCOBOtompiler commany then thelibrary filenamecreated by the
compiler willexactlymatchthe programname If the compilation unitis being created asneexecutable fildby
dza A ¥ 3 x¢0 R Iidhe2Open2@BOL compiler commatiten the prograrsid may be any valid COBOL
identifier name because thexecutablédfilename will be the same abe source program filename without the
600t & 2NJ a020é SEGSYyarzyo

4. The INITIAL and COMMON clause=used within subprograms. The COMMON clause should be used only
within subprograms that are nested source programs

5. The INITIAL clause, if specified, guarantees the subprogram will be in its initial (i.e. compiled) $tatedeacery
time it is executed, not just the first time.

6. The COMMON clause, if any, makes a nested source program (subprogram) unit available to the parent program
unit as well as to other nested source program units of that parent.

7. Obsolete IDENTIFICANIOIVISION entries such as DAVMEITTEN, DATEOMPILED, AUTHOR, INSTALLATION,
SECURITYandR! wY{ | NB y2N)XI f {cR2 d@y2NBRE dyF SlLsed iniskoba gased 6 A (1 OK
warning messages will be generd but compilation will continue.
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4. ENVIRONMENT DIVISION

Figure4-1- ENVIRONMENT DIVISION Syntax

The ENVIRONMENT DIVIStefihes the external computer environmen
ENVIRONMENJIVISION in which the program will be operating. This includes defining any file:
[ CONFIGURATICRECTION that the program may baccessing.
[ INPUTOUTPUBECTION

1. If none of the features provided by the ENVIRONMENT DIVISION are required by a program, the ENVIRONMENT
DIVISION need not be specified.

4.1. CONFIGURATION SECTION

Figure4-2 - CONFIGURATION SECTION Syntax

The CONFIGURATION DIVISION defines the compute
CONFIGURATIGBECTION system upon which the program is being compiled and
[ SOURGEOMPUTERoUrcecomputercontents] executed and also specifies any special environmental
[ OBJEGTOMPUTERbjectcomputercontents] configuration or compatibility characteristics.
[ REPOSITORépositorycontents]
[ SPECIANAMESspecialhamescontents]

1. The sequence inkich the CONFIGURATION SECTION paragraphs are specified is irrelevant.

4.1.1. SOURCECOMPUTERParagraph

Figure4-3 - SOURGEOMPUTER Paragraph Syntax

The SOURBEOMPUTER paragraph defines the computer u
N whichthe program is being compiled and provides one way
SOQURCEOMPUTERComputername1 which debugging code imbedded within the program may be

[ WITHDEBUGGIN®BODH . activated.

1. The value specified fmomputernamel is irrelevant, provided it is a valid COBOL word that does not match any
OpenCOBOL reserved word.

2. The WITH DEBUGGING MQ@I2Ese|f present will signal the compiler that debugging lines are to be compiled
Sectionl.5discussefiow debugging lines are specified in @penCOBOL program.

3. Even without the WITH DEBUGGING MODE clause, it is still possible to compile debuggingdirggindhes
mayalso0 S O2 YLIA f SR 0 -&debaghiify O-Aire &A yaFs AlIKEEen@OBOLANpifer.

4.1.2. OBJECTCOMPUTERParagraph

Figure4-4 - OBJEGTOMPUTERaragraph Syntax

The OBJEGJOMPUTER paragraph describes the
computer upon which the program will execute. This

, WORDS paragraph is not merely documentation.
MEMOR\SIZHESinteger1l { CHAR ACTER}

OBJECTOMPUTEROMputermname2

[ PROGRANCOLLATINSEQUENCEABhabetname1 ]

[ SEGMENTIMITISinteger2 |

1. The value specified f@momputername2 is irrelevant, provided it is a valid COBOL word that does not match any
OpenCOBOL reserved word.
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2. The MEMORY SIZkd SEGMENIIMITclauses are supported for compatibility purposes, but are-hurctional
in Open©BOL.

3. The PROGRAM COLLATING SEQUENEEallows you to speciycustomized characterollating sequencéo
be used when alphanumeric values are compared to one anotbata will still be stored in the characterset
native to the computer, buthe logical sequence in which characters are ordered for comparison purposes can be
FfGSNBR FTNRBY GKFIG AYyKSNByl( Jreaphdb&nadelYowdpgciynebds toyfd G A 39S
defined in the SPECIAIAMES sectiord(1.4).

4. If no PROGRAM COLLATING SEQUENCE clause is specified, the collating sequence implied by the characterse
native to the computer (usually ASCII) will be used.

4.1.3. REPOSITORYParagraph

Figure4-5- REPOSITORY Paragraph Syntax

The REPOSITORagraph provides a mechanism for
controlling accest the various buikin intrinsic
functions.

REPQSITOR function-namem

EUNCTIO A } NTRINSIC.

1. Youmayflag one or more (or ALL) intrinsic functions as being usable without the need to code the keyword
GC! b/ ¢Lhbé Ay TNRY (Seexsdactiol.K Hor far/irdinfatby abglt intri§sic dunctions.

2. As an alternative to using the REPOSITORY paragraph, you may instead compile your OpenCOBOL programs using
i K Sffundtions -all ¢ &6 A (G OK
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4.1.4. SPECIAENAMESParagraph

Figure4-6 - SPECIANAMES Paragraph Syntax

SPECIANAMES
[ CONSOLISCRT

[ SYSIN 7 7

SYSIPT

SYSOUT

SYSLIST .
1svysist T ISmnemonienamel

PRINTER
SYSERR

L L CONSOLE _
[ ISmnemoniename?2 |

}{

H ISmnemoniename3:|

| SWITCH
ONSTATUS ®nditionnamel
OFRSTATUS ®nditiorname?)

;

_{ c12]

ALPHABE®IphabetnamelS

CO01]

[ NATIVE
STANDARD
STANDARD
EBCDIC

THRU _
literal-1 { THROUGIJi literal-2
{

ALSQiteral-3}...
[ SYMBOLICHARACTERSymboliccharacterl }... {
[ INalphabetname2]

IS
ARE

%UQ! @_}Iiteral-SJ]» }

CLASSlassnamel IS literal4 {I:{

[ LOCAL Bcalenamel ISidentifier-1] ...

[ CURRENCSIGN I8teral-6]
[ DECIMAIPOINTSCOMMA]

]» {integerl}.

!

The SPECIANAMES$aragraph
provides a means for
specifying the currency sign,
choosing the decimal point,
[specifying symbolic
characters,] relating
implementernames to user
specified mnemonic names,
relating alphabet names to
character sets or collating
sequencs, and elating class
names to sets of characters.

In short, this paragraph
provides a means of easily
GO2y TAIdzNRA Yy I ¢
program created in another
computing environment so
that it will compile with
minimal changes in an
OpenCOBOL environment.

[ CURSOFSidentifier-2 ]

[ CRISTATUSSIdentifier-3]

[ SCREENONTROISidentifier-4 |
[ EVENBTATUSSIdentifier-5]

1. The CONSOLEGQRTclause exists to provide source code compatibility with other versions of OpenCOBOL. It
Fff2sa GKS RS@GAOSa a/wecé YR a/ hb{h[ 96€15.fahd ACEEPGZzA SR A Yy
(section6.4.10 aGlF GSYSydGao CKAE Aay Qi NVBERERNBXSY¥ORRROKAE 6 &3S
OpenCOBOL already considers those two devices to be synonymous.

2. The ISnnemoniename-1 clause allows you to specify an alternate name for one of the-bullpenCOBOL

RSOAOS yl YSa &aLISOATASR 0ST2NB

iKS aL{¢o®
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3. The external valuesf SWITCH through SWITCBare specified to a program usitige environment variables
COB_SWITCHtHrough COB_SWITC8E NBX & LISOG A @St & o I @FfdzS 2F ahbé {dzNg
(including the environment variable being undefined) turns the switch ffe ON STATW@#&d/or OFF STATUS
clauses define condition names that may be used to test whether a switch is set or nottaheurSee sections
6.1.4.2.1and6.1.4.2.4for more information.

4. The ALPHABETause provides a means for relating a name to a specified character code set or collating
481 dzSy 0Sx AyOf dzZRAY 3 (K2 ditéral-82 d2 LRSUrRisyEPecity 2apidBudhiérid dza Ay 3
literal for any of theliteral-1, literal-2 or literal-3 specifications. You may also specify any offidperative
constantsSPACE[S], ZEREF], QUOTEJS], HIGHALUE[S} or LOMALUE[S].

5. The SYMBOLIC CHARACTERS: may be used to define your own figurative constants. Take for example the
following code which defines figurative constant names for a variety of ASCII characters:
SPECIAL- NAMES.
SYMBOLIC CHARACTERS SOH IS 2
BEL IS 8

DC11S 18
DC21S 19

+ fdzSa I NB &LISOATASR y2i( o0& (GKSANI RSOAYLIEf 2N KSEI RSOA
characterset. Remember that the NUL character (all zero bits) is ckafagthis made the values for the ASCII
characters shown in the example actually one greater than their actual decimal value.

6. Userdefined classes are defined using the CLé&%e. Théteral(s) specified on that clause define the possible

characters that may be found mdataitena @I f dz5 Ay 2NRSNJ (2 0SS O2yaARSNBR |
F2tt26Ay3 RSFAySa  Otlaa OFtfSR 4l §harRk®®harhdybes (KS R
LINBaSyd Ay + REFEGEFE AGSY AF GKFG REGF AGSY Aa G2 0S5 LI N

CLASSHexadeci mal IS 6006 THRU 696, 6A06 THRU 6F06, ©6ad THRU 61

Seesection6.1.4.2.2for an example of how this uselefined class might be used.

TheLOCALElause may be used to associate UNliahdard locale names with adentifier defined in the DATA
DIVISION. Locale names mayhyg of the following:

Figure4-7 - Locale Codes

af ZA dv_MV fi_FI It LT sma_NO
am_ET el_GR fil_PH v_LV sma_SE
ar_AE en_029 fo_FO mi_NZ smj_NO
ar_BH en_AU fr_BE mk_MK smj_SE
ar_DZ en_BZ fr_CA ml_IN smn_Fl

ar EG en_CA fr_CH mn_Cyrl_MN sms_FI
ar_1Q en_GB fr_ FR mn_Mong_CN sq_AL
ar_JO en_IE fr_ LU moh_CA sr_Cyrl_BA
ar_KwW en_IN fr_ MC mr_IN sr_Cyrl_CS
ar_LB en_JM fy_NL ms_BN sr_Latn_BA
ar_ LY en_MY ga_IE ms_MY sr_Latn_CS
ar_MA en_NZ gbz_AF mt_MT sv_FI

ar_ OM en_PH gl_ES nb_NO sv_SE
ar_QA en_SG gsw_FR ne_NP sw_KE
ar_SA en_TT gu_IN nl_BE syr_SY
ar_SY en_US ha_Latn_NG nl_NL ta_IN

ar_ TN en_ZA he IL nn_NO te_IN
ar_YE en_ZW hi_IN ns_ZA tg_Cyrl_TJ
arn_CL es AR hr_BA oc_FR th_TH
as_IN es_BO hr HR or_IN tk_TM

az Cyrl AZ es_CL hu_HU pa_IN tmz_Latn_DZ|
az_Latn_AZ es CO hy AM pl_PL tn_ZA

ba_R es CR id_ID ps_AF tr_IN
be_BY es DO ig_NG pt BR tr TR
bg_BG es EC i CN pt PT tt RU
bn_IN es ES is_IS qut_GT ug_CN
bo_BT es GT it CH quz_BO uk_UA
bo_CN es_HN it IT quz_EC ur_PK

br FR es_MX iu_Cans_CA| quz_PE uz_Cyrl_Uz
bs_Cyrl_BA es_NI iu_Latn_CA rm_CH uz_Latn_UZz
bs_Latn_BA| es_PA ja_JP ro_RO vi_VN
ca_ES es PE ka GE ru_RU wen_DE
cs_CzZ es_ PR kh_KH rw_RW wo_SN
cy_GB es_PY kk_KZ sa_IN xh_ZA
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10.

11.

da DK es SV kl_GL sah_RU yo NG
de AT es US kn_IN se FlI zh CN
de CH es UY ko _KR se_NO zh_HK
de DE es VE kok IN se SE zh_MO
de LI et EE ky KG si_ LK zh SG
de LU eu_ES Ib_LU sk_SK zh TW
dsb_DE fa_IR lo_ LA sl_SI zu_ZA

The CURRENCY Stlise may be used to define any single character as the currency sign used in PICTURE
symbol editing (se€igure5-9). The default currency signasdollarsign ($).

The DECIMAL POINT IS COMMAI dza S NBX@SNES&a GKS RSFAYyAGAZ2Y 2F (GKS a4z
PICTURE editing symb@seFigure5-9) and numeric literals This can have unwanted sigdfects¢ see section
1.6.

The PICTURE identifier-3 (CRTSTATUS) should be 9(Zhis field will receive a-digit value indicating the
runtime status of ascreenACCEPT. These status codes are as follows:

Figure4-8 - Screen ACCEPT K&ndes

Code \ Meaning Code Meaning

0000 ENTER key pressed 2004 | Down Arro
1001- 1064 | Flc Fo4 2005 | Esc®
2001 PguUp’ 2006 | Print Screeh
2002 PgDn4 8000 | No data is available on screen ACCEPT
2003 Up Arrow” 9000 | Fatal screen I/O error
¢KS | Oldzlt 1S& LINBaasSR G2 3ISYySNIXraGS | FdzyOlAazy 1Se& ocCy

Macintosh, VT100, etc.) and what typeasthanced display driver was configured with the version of OpenCOBOL
€ 2dzQNXB dza Ay 3 dan Oper®xCRBCGE Built Yok & VArkdowd FC using MinGW and PDCuis&8, dfé the
actual Fkeys on the PC keyboard, FE24 are entered by shifting thekeys, F28-36 are entered by holding Ctrl
while pressing an-key and F3#48 are entered by holding Althile pressing an-key. On the other hand, an
OpenCOBOL implementation built for Windows using Cygwin and NCurses treats theFRE&&ls as the actual
F1-F12, while shifted&eys will enter F1-F2. With Cygwin/NCurses, Gtand Altmodified Fkeysl NB y Q {
recognized.Neither are Shiff-11 or ShifF12.

If the CRIBTATUS clause is not specified, an implicitCRESTATU®lentifier (with a PICTURE of 9(4)) will be
allocated for the purpose of receiving screen ACCEPT statuses.

While theSCREEN CONTR@H EVENT STATtI&uses are clearly noted at compilation time as being
unsupported, the CURSOR:I&use is not; currently, however, it appears to be #ionctional at runtime.

4.2. INPUT-OUTPUT SECTION

Figure4-9 - INPUTOUTPUT SECTION Syntax

The INPUDUTPUT section provides for the detailed

INPUTOUTPUBECTION definition of any files the program will be accessing.
[ EILECONTROQffile-controlcontents]
[ LO-CONTROQIllo-control-contents]

Ifthecompilerda 02y FAIE FALS e28nthRRSIE &4 Yy ASKI &CONIROBEBDS RIKS CL |
CONTROL paragraphs may be specified without the IRITPUT SECTION header having been speigs.
section7.1.8for more information on config files and their effect on programs.

® These keys are available ONLY if the environment variable COB_SCREEN_EXCEPTIONS is sklaiokaajueon
at runtime.

° These keys are not detectable on Windows systems

% This key is available ONLY if the environment variable COB_SCREEN_ESC is setiaakyabre at runtime
(this is in additiona setting COB_SCREEN_EXCEPTIONS)
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4.2.1. FILE-CONTROL Paragraph

Figure4-10- FILECONTROL Paragraph Syntax

FILECONTRQL
SELEJTOPTIONAL file-namel

[ EXTERNA J [{ DISK J IIiDtIeSrZIIle Y
DYNAMI( PRINTE identifier-1

FILE | sTATUSSIdentifier-2 [ identifier-3]
SORT

[ COLLATINSEQUENCEdBhabetnametl ]

[ RECORDELIMITERSSTANDARD |
[ RESERViteger1 AREAS |

ALIOTHER
NOOTHER
REAMDNLY.

| [ organizationspecifieclauseg

=

[ LOCKVODE IS
EXCLUSIVE
MANUAL WITHLOCKONMULTIPL RECOR
AUTOMATIC WITHLOCKONRECORD
WITHROLLBACK

|

The SELECT
statement of the
FILECONTROL
paragraph creates a
- definition of a file
and links that
COBOL definition to
the external
operating system
environment.

What is shown here
are those clauses of

7 the SELECT

statement that are
common to all tpes
of files.

Upcoming sections
will discuss special
SELECT clauses the
only pertain to
certain types of files.

1. TheCOLLATING SEQUENREECORD DELIMITERSER\AAd SHARING WITH ALHBRclauses, as well as the

specification of a secondary FISEATUS field y R
arenot currently supportecdby OpenCOBOL.

[ h/Y

a h 5 BBAGKwAiIl& gyritactiwatly recognized,

The OPTIONAllause, to be used only for files that will be used to provide input data to the program, indicates

the file may or may not actually be available at4#ime. Attempts to OPEN (secti@B2) an OPTIONAL file when
the file does not exist will receive a special Hatal file status value (see status 05 bBelow) indicatng the file
is not available; a subsequent attempt to READ that file (seétid4f) will return an enebf-file condition.

SELECT My- File ASSIGN TO DISK DISPLAY.

TheOpenCOBOL compilparser tables actuly allow the somewhat nogensical statement:

X 6 be coded and successfully parsed. The effect will be the same as if this were coded:

SELECT My- File ASSIGN TO DISPLAY.
X ¢hichwill beto create a file assigned to the PC screen.

4, LT lilekaBlEé a2 LJGA2Y A A
operating systeniile as follows:

e L ¥

0KS FTAfSo LT y2Gz GKSy X

'y Sy @ANRyYSy literabté NASIEA tad) &ysk SR o8 5 yzS

dziaBsB, it @efinedittfe Sxtethfink ftol the COBOL file to an

gAftt 0S
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e LT Yy SY@ANRYYSY literaBlé exists, fistvaue vill bé et ag tReRuli path/filename of
GKS FAfSo LY y2G4X GKSy X
e LT Iy Sy @iNERYy Y Signl-ledstyitd valde ill jeliréadras the full path/filename of the

FAf SO L y23X GKSyX

e The literal itself will béreated as the full path/filename to the file.
CKAAd OSKI@GAZ2NI gAff OSFIAYARYEESYQASROIAYIIRY dRKEI DRIWYF
O2YLIAfAY3I @2dzNJ LINEINI Yao ¢tKS o0SKI@GRR NAYEfRdBER Ka
GFAE SYFHXB y3IY y2¢é Aa dzaSRx 2yteée GKS frad 2LA2y 6
possible. Sesgection?7.1.8for more information on config files and their effect on programs.

The PICTUREIdEntifier-2 (the FILE STATUI&use) should be 9(2). An 1/O status code will be saved to this
identifier after every 1/0 verb that is executed agaitise file. Possible status codes are as follows:

Figured-11- FILESTATUSalues

Status Value Meaning
00 Success
02 Success (Duplicate Record Key Writt
05 Success (Optional File Not Found)
07 SuccesgNo Unit)
10 End of file
14 Out of key range
21 Key invalid
22 Attempt to duplicate key value
23 Key not found
30 Permanent I/O error
31 Inconsistent filename
34 Boundary violation
35 File not found
37 Permission denied
38 Closed with lock
39 Conflicting attribute
41 File already OPEN
42 File not OPEN
43 Read not done
44 Record overflow
46 READ error
47 OPEN INPUT denied
48 OPEN OUTPUT denied
49 OPEN-D denied
51 Record locked
52 End of page
57 LINAGE specifications invalid
61 Filesharing failure
91 File not available

6. The LOCHKnd SHARINGauses define the conditions under which this file will be usable by other programs
executing concurrently with this one. File locking and sharing is covered in sédtién

Paged-7



OpenCOBOL 1.1 Programmers Guide ENVIRONMENT DIVIS

4.2.1.1. ORGANIZATION SEQUENTIAEiles

Figure4-12 - Additional FILEEONTROL Syntax for SEQUENTIAL Files

SEQUENTIAL files are those whose internal structt

ORGANIZATIONS H RECORD BINA'T SEQUENTIAL (in COBOL, this is referred to@ganization) is such
= that the data in those files caonly be processed in a
[ ACCES®ODE ISEQUENTIAL sequential manner; in order to read the 1Beecord
teral in such a file, you first must read records 1 through
[ PADDINGHARACTER {gteral-t ] 99
identifier- :

1. Files declared as ORGANIZATREECORD BINABKQUENTIAL will consistexdfords with no explicit endf-
record delimitercharacter sequencds NB O2 NR&a Ay &dzOK FAf Sa loffdd (basd®i®d Ay S| (S
record length) into the file Such files cannot be prepared with any standard-esliting or word processing
software as all such programs will imbed délencharacters. Such files may contain either USAGE DISPLAY or
USAGE COMPUTATIONAL (of any variety) data since no character sequence will be interpretedafs an end
record delimiter.

2. Specifying ORGANIZATION IS RECORD BINARY SE@1tE&ITéiie as specifying ORGANIZATION SEQUENTIAL.

3. Files declared as ORGANIZATION LINE SEQUEIN Ttkisist of records terminateldy an ASCII linfeed
OKIF NI Ol SWhedreadimge b9 {9v! 9b¢L! [ FA{ST NBO2NRA& Ay SEOSaa
be truncated while records shorter than that size will be padded to the right with the PADDING CHARAGIER

4. The default PADDING CHARACTER value is SPACE.

5. While the PADDINGHARACTER clause is syntactically acceptable for all fle ORGANIZATIONS, it only makes sense
for LINE SEQUENTIAL files as these are the only filesiwbam@ngrecordscanever be padded.

6. Both fixed and variabldength record formats are supported.
7. Files ASSIGNed to PRINDERONSOLE should be specified as ORGANIZATION LINE SEQUENTIAL.

8. See the discussion of the CLE8Etion0), COMMIT (sectiof.11), DELETEection6.14), MERGE (sectiaf128),
OPEN (sectiof.32), REABection6.34), REWRITEection6.37), SORT (sectiof41.1), UNLOCK (sectidh49
and WRITectionl), verbs for information on how SEQUENTIAL files are processed.

4.2.1.2. ORGANIZATION RELATIVEiles

Figure4-13- Additional FILEEONTROL Syntax for RELATIVE Files

RELATIVides are files with an internal organization suc

ORGANIZATIOSRELATIVE that records may be processed in a sequential manner

SEQUENTIA in a random manner, where records may be read, writt

ACCES90DHS 1 DYNAMIC and updated by specifying the relative record number ii
RANDOM the file.

[ RELATIVEEY I8lentifier-1 ]

1. ORGANIZATION RELATilgEcannot be assigned to CONSOLE or PRINTER
2. The RELATIVE Kdatse is optional only if ACCESS MODE SEQUENTIAL is specified.

3. While records in a ORGANIZATION RELATIY®&Yile defined adaving variabldength records, the file will be
structured in such a manner as to reserve the maximum possible space for each record.

4. An ACCESS MODE of SEQUENMTidates that the records of the file will be processed in a sequemigainer,
while an ACCESS MODE of RAND@~khs that records will be processed in random sequence. The DYNAMIC
ACCESS MODE indicates the file will be processed either in RANDOM or SEQUENTIAL mode, and may switch back
and forth between the two when the program executes (see the STARTIN sectiorb.42).

5. The default ACCESS MO®BEQUENTIAL.
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6. The RELATIVE KdaYa item is a numeric data item that cannot be a field within records of this file. Its purpose is
to return the current relative record number of a RELATIVE file that is being processed in SEQUENTIAL access
mode and to be a retrieval key that specifies the relative record number to be read or written when processing a
RELATIVE file in RAND@d¢essnode.

7. See the discussion of the CLE8Etion0), COMMIT (sectiofi.11), DELET{ection6.14), MERGE (sectid28),
OPEN (sectiof.32), REABection6.34), REWRITEection6.37), SORT (sectidh41.]), START (sectidh42),
UNLOCK (sectidh49 and WRITEectionl), verbs for information on holRELATIVides are processed.

4.2.1.3. ORGANIZATION INDEXEDFiles

Figure4-14 - Additional FILEEONTROL Syntax for INDEXED Files

INDEXEIles, like
RELATIVE files, may have
their records processed
SEQUENTIA}} either sequentially or in a

ACCES@ODE IS{ DYNAMIC random manner. Unlike
RANDOM RELATIVE files, however,

— the actual location of a
RECORREY IRlentifier-1 [{ SOURCE ]» identifier-2 ] record in an INDEXED file
based upon the value(s) of

ORGANIZATIOSINDEXED

= one or more §phanumeric
ALTERNATRECORREMYSidentifier-3 [ { SOURCE } identifier-4 ] fields within records of the
[ WITHDUPL ICATHS file.

For example, an INDEXED file containing product data might use the product identification code as a key. This

€2dz YF®@ NBIRZ gNARGS 2NJ dzLIRIFGS GKS a! c Dhasedugoh iheprobdst@l

value of those records!

1. The specificationof s@ f £ SR Gwihlétsyntactidaly Beéognized, amet currently supportedy
OpenCOBOL.

2. An ACCESS MODE of SEQUENMtlisates that the records of the file will be processed in a sequential manner
with respect to the values of the RECORD &EYi ALTERNATE RECORDvWH¥ an ACCESS MODE of RANDOM
means ttat records will be processed in random sequence of a key field. The DYREKIESS MODE indicates
the file will be processed either in RANDOM or SEQUENTIAL mode, and may switch back and forth between the
two when the program executes (see the STA&D in sectiorb.42).

3. The default ACCESS MO®EEQUENTIAL.

4. The PRIMARY KEY clause defines the field(s) within the record used to provide the primary access to records
within the file

5. The ALTERNATE RECORDRI&ESE, if used, defines an additional field within the record that provides an
FfGSNYFGS YSIya 2F RANBOGte O00Saaay3da NBO2NRa 2N Iy |
sequentially. You have the choice of allowing records t@ lthplicate alternate key values, if necessary.

6. There may be multiple ALTERNATE RECORD KEY clauses, each defining an additional alternate key for the file.

7. PRIMARY KRE#¥lues must be unigue for all records within the value. ALTERNRAJBRD KE#lues for records
within the file may have duplicate values if and only if the WITH DUPLICIAT&SIs specified for the alternate
key.

8. See the discussion of the CLE&8Etion0), COMMIT (sectiofi.11), DELET{ection6.14), MERGE (sectidn28),
OPEN (sectiof.32), REABection6.34), REWRITEection6.37), SORT (sectidh41.]), START (sectidh4?),
UNLOCK (sectidh49 and WRITectionl), verbs for information on how INDEX&Bs are processed.
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4.2.2.1-O-CONTROLParagraph

Figure4-15- I-O-CONTROL Paragraph Syntax

The {O-CONTROL Paragraph ca
I-O-CONTROL. be used to optimize certain

aspects of file processing.
RECORD

SAME 1 SORT AREA FOfle-namel...
SORMERG

- MULTIPLEILE TAPE CONTAINS .

file-namel [ POSITIOMtegerl]

| [filename2 [ POSITIOMteger2] ] ...

1. The SAME SORT AREBA SAME SORMERGE AREMuses are nofunctional. The SAME RECORD AREA
functional, however.

2. The SAME RECORD AREA clause allows you to specify that multiple files should share the sameiutput and
memory buffers. These buffers can sometimes get quite large, and by having multiple files share the same buffer
YSY2NE @2dz 3S0G aA3IyAFAOLyidfte Odzi R2éy (GKS FY2dzyldi 2F Y
more procedural code or data)f youdo use this feature, take care to ensure that no more than one of the
specified files are ever open simultaneously.

3. The MULTIPLE FILE TAIREse is obsolete and is therefore recognized but not otherwise supported.
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5. DATA DIVISION

Figure5-1 - General DATA DIVISION Format

The DATA DIVISION is used to define all data that will be processed

DATADIVISION program. Depending upon the type of data and/or the manner in whi
[ FILESECTION 7 the data will be used, its definition will be specified in one of the
file-description ] sections shown in the syntax skeletonthe left.
sort-description

[ WORKINGSTORAGEECTION T

77-leveldata-description
01-eveldata-description
constantdescription

[ LOCAISTORAGEECTION

| I

77-eveldata-description
01-leveldata-description
constantdescription

LINKAGBECTION

77-leveldata-description
01-eveldata-description
constantdescription

[ REPORSECTION

[ report-description] -

| J- |

1. Any SECTIONS that are declared must be specified in the order shown. If no DATA DIVISION sections are needed,
the DATA DIVISION header itself may be omitted.

2. The REPORT SECTiK®yntactically recognized but wdlif used¢ be rejected as unsupported. OpenCOBOL does
not support the RWCS @bessupport the LINAGE&ause in an FD, however).

3. The LOCAETORAGE SECTI®Nked in a maner identical to the WORKIN&T ORAGE SECTIDIN one
exception: data defined in the LOGBLORAGE SECTION is [re]initialized to its initial state every time the program
(usually a subprogram) is executed WWMEORKINGTORGE SECTION data is stattaemains in itdast-used
state until the program is CANCEL&dthe execution of the main program is terminated.

4. LOCAISTORAGE cannot be used in nested programs.

screendescription
constantdescription

The SCREEN SECTA{uWs you do define texbased screen layouts using conventions and syntax similar to what
you might expect to use if you were using the REPORT SECTION to lay out the structure of a report.

6. Note that there is no COMMONTORAGE SECTI®ONpenCOBOL. This feature has actually been removed from
the COBOL standard. Its functionality, however, has been replaced by the EXBBR&GADBAdAata item
attributes.
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5.1. FD- File Description

Figure5-2 - FD Syntax

EXTERNA
ED file-name —GLOBAL

o _ CHARACTE
BLOCICONTAINBtegerl [ TOinteger-2 ] -RECORDS

B CONTAINBiteger3[ TOintegerd ] CHARACTER

RECORD ISYARYINGN SIZE
[ FROMnteger5[ TOinteger6 ]| CHARACTE
DEPENDINGNidentifier1

ECOR[S OMITTED
RECORD®R STANDAR

li -1
V_ mplementornamells[.ltera.. }:|

identifier-2

RECORI® . o
DATA { RECORDSR identifier-3 X
[ RECORDINGBODE I®ecordingmode]

[ [ REPORIB : .
{_REPORT/SRE} identifier-4 X :|

LINES

Integer7
LINAGHES

Identifier-4

Integer8 | ]
WITHEQOTIN®T] |{entifier5

B Integer9
LINES Identifier6
integer10
LINES Identifier-7

[ CODESETSalphabetname]

O0l-eveldatadescription...

or not.

3. ¢KS /h.h[ LINRINFYYYAYy3I tFy3Adzr IS

GKSUKSNI GKSe@

There must be a detailed
description for every file
SELECTed in your
program. These detailed
descriptions will be
coded in the FILE
SECTION.

There are two types of
such descriptiong FDs
and SDs, used to describ
regular data files and son
work files, respectively.

The FD provides a
detailed description of
the record format(s) used
with the file as well as
how those records are
Gdodzy Rt SR A
blocks for processing
efficiency.

The CODET clause, while syntactically recognized, is not currently supported by OpenCOBOL.

The LABEL RECORBTA RECORRECORDINGODEand VALUE Qffauses are obsolete.
no impact on the generated code. The identifiers specified on the DATA RECORD clause will be verified as being
defined within the program, butthe comdA £ SNJ 62y Qi O NB

Ffft26a FT2NJ 0KS aoft201A

data record; an actual physical write to an output filérgeprocessed sequentially will occur when a memory
block is filled with new records (see the COMMIT verb in se@tibf). Similarly, when readina file sequentially,
the first READ issued against the file will retrieve the first physical record (block), from which the first logical
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If used, they will have
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record will be retrieved and delivered to the program. Subsequent READ statements will retrieve successive
logicalrecords from the buffer until it is exhausted, in which case another physical read is performed to acquire
the next physical record. The BLOCK CONTo¥dN&: in the FD allows all this processing to be performed in a
manner that icompletelytransparentto the programmer.

The RECORD CONTAINGSRECORD IS VARYdIdGses are ignored (with a warning message isswbah used

with LINE SEQUENTIAL fil@éith other file organizationshtese mutuallyexclusive clauses define the length of

RFGF NBO2NR& $6AGKAY GKS FAfSo ¢KSaS aAai Sa | NB dzaSR
size.

The REPORTdIause is syntactically recognized but will causeraor since the RWCSrnist currently supported
by OpenCOBOL.

The LINAGElause can only be specified for ORGANIZARBGIORBINARSEQUENTIAL ORGANIZATION LINE
SEQUENTIAiles. If used on an ORGANIZATION RECORD SEQUENTIAL file, the definition of that file will be
implicitly changed to LINE SEQUENTIAL.

Figure5-3- LINAGEpecified Page Structure

Top Margin(unprintable) };‘g:jtfo-rap

The LINAGE clause is used to specify the

logical boundaries (in terms of numbers of
lines) of various areas on a printed page, @
shown inFigure5-3.

The manner in which this page structure w .
be utilized is discussed in sectifrb1 (the oLy ot ines

WRITE statement). printed page Page Bodyprintable)

Size (inlinespgtgb
LINAGE IBLINES

WITH FOOTING AT
Default = no page footer

Page Footin@rea (if any)

LINES AT BOTTOM
Default =0

Bottom Margin(unprintable)-

By specifying the EXTERNMMsluse, the FD is capable of being shared between all program units (either separately
compiled or compiled in the sansmmpilation uni) in a given execution thread, provided the FD is described

(with an EXTHENRAL clause) in eacompilation unitrequiring it. This sharing allows the file to be OPENed, read
and/or written and CLOSEd in different program units.

By specifying the GLOB#&huse, the FD is capable of being shared between all anognits in the same

compilation unitin a given execution thread, provided the FD is described (wdh@BALlause) in each program

unit requiring it. This sharing allows the file to be OPENed, read and/or written and CLOSEd in different program
units. Separately compiled programs cannot share a GLOBAL FD (beditisbyare an EXTERNAL FD).

5.2. SD- SORT Descrigtion

Figure5-4 - SD Syntax

Sort work files (see sectios28and6.41.7) are
SD file-name described using an SD, not an FD.
CONTAINBteger3 [ TOinteger4 ] CHARACTER
RECORD |SVARYINGN SIZE

[ FROMnteger5[ TOinteger6 ] CHARACTE!
DEPENDINGNidentifierl

[ CODESETSalphabetname]
O1-leveldata-description...

1.

2.

¢ KS TFdzf f acfusllyavailablg firla Bort dedcription, but only those syntax elements shown here are
meaningful.

Sort files should be aggied to DISK
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