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6;: Thc CALL vorb . . F
Thc C;LL vcrh has bcon 1mp10mentcd to allow program

ffprogram cha1n1ng. Honcvcr, the’ automat:o genoration of eom

" ‘program filcs has not as yet been- implcmonted, 80 that prog:
R CALLcd muat huvo beon SAVEd u

piléd SRS
rams to be -
ulng thg 03/8 comm’nds as’ described below,—

Vary long programo may have thczr PROCLDURL DIVISIGN o1s! onucd‘

o aﬁd writton as. two (or more) programs with- 1dentlcal DﬁTﬂ DIVI&IOHB.
L The first sogment may- GALL the sccond, prOV1dcd the complled

. PROCEDURE, LIVISION, and Literals for the latter have ‘been savcd on
Sl the eystem device, To SAVE the FROGLDURE DIVIuION and therals of
'“-”;program named - FROG prococd a8’ follows--_g
T LR 0050L¢ B l
ng[waGz'*' i '
SIVE bYS PROG 14000-16777 20000-

o calculztc tho 6ﬁue 1o use . for xxxx (thc boglnnlng ofithe

thurnls ntor*ge), find the top 1imit. of the jDﬂTﬂ DIVTSIDN from the.
progrnm 1ist1ng, then tamu “tho noxt multlpl

L ‘”e« if tho top of the;'ﬁfﬂ DTVISIOW is 551L, XX Would bo 40004 P
'H(Hultlplcs of 400 octn1, T‘.gﬂo 1000, 1400, 2000, 2400, 3000 3400‘ctc)-,”

ci 3. ~To gall th;s q(uo ﬁ!sogmcnt of the program thc stutem_
SR ¢ LL PROG would Ln tno 1a%t rtdtomont exconted

i}l) Pﬂogram Chalnlnﬁ

S ﬁromram may CALL & oomplg+cly dlffurcnt program (w1th
"d:ffurunb Dams LIVISION #nd PRCCEDURE DIVISION) e

g _ 2 3 the- Lowpzlcd oorev
lePagc for the latter has beon $LVEd ‘on tho, eystom- duawcb.@'

'_ﬁnd dE VL i conplctc progrum cnllﬂd PROG pro_'

LR GGLOL&
w?uoe;

"19 ch in ho tkls prpgrnn, thc -éiément*’ﬁﬁﬁ PROG
_ﬁut °tﬂt;mpnﬁ L“ucup&d_ln tnr c 111ng pregr m s
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THTRODUCTION

5

This booklet desoribes how %o use the COBOL compiler and associated
programs developed at ALL Saints® College Bathurst for the PDP-d
computer. Hardware requircments for this compiler aresw o

Any PB%aS.family computer (except PDP-8/S)

16K words of memory (or move) '

Console Eeyboard/printer or YDU :
Magnetic disk or tape ‘storage (eg floppy disks)

The software pro~vrequisite iz the 08/8 Operating System and utility

" programs (Editor, ODY). Bost input-output operations are performed via:

0S/8, so that all standard PDP-8 peripherals: are supported (printers,
casseties, cartridge disks, DiiCtape, eotc.). :

; This booklet desofibes only the single-user COBOL sysfeml A mults
teominal version of %heVsysﬁQm is at present under development. = ° o
. i1 I-J-‘-.‘_,.' . ) . -. . ) - i
The compiler has heen designed assiming +hat programs will be . -

typed in directly onto disk or tape using one of the OS/8 editors, so
- that "card sequence" numbers (columns 1 4o 6) and “continuation characters®

(column 7) are not required. - "Column A" (as defined on COROL programning
sheets) is taken to be the firsh character on the line and "Column B" may
coﬁveniently be taken as the first tab position (9th character), -An .
option is available, however, to allow for seguence numbers - for instance
when input is ‘through a card reader, : ' '

Error messages are printed in a direct, rather than a coded form,

- and memory addresses printed on program listings allow for quick locatien

of errors. He have found thatt beginners can type in short programs and

- compile; corrvect and run them in = matter of a few minutes.

SYSTEM QVERVIENW

To use the system, the first step is %o write a Source Program.

"This consists of a seocuence of instructions which the computer will be
- required to exccute. Examplos of GOBOL instructions ares—- . =

. ADD 2 710 TOTAL. ) .
+ IF STUDENT-NUMBER IS GREATER THAN 400, GO TO FINISH.

Source programs are typed into the computer and stored on a disk

'-(or'maghotio tope}. ‘Hhen this has been done, a program known as the

GOBOL Comggigg is called upon to translate these English~like statementa

& dnto a scries of coded numbers which can be understood by the electronics
~of the computer. . ' '

If the Compiler 4ranslates the program without finding any errors,
another program known as the Run-Time System is called upon to actually
perfoym the reguired operations. The Run~Time gystem includes program
subroutines which can add, subtract, multiply and divide numbers, perform
oporations to file data on disks, etc. The Bun~Time system uses the
compiled coded numbers (which_hnd:been'stored in the memory by the
Compiler) to determine the lobations of dats and the sequence of

operations which are $o be carried out.
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OPERATING THE COMPILER

N 3
3

Whe Toliowing example shows how to enter a short program into a
disk (or tape) file, and then compile the program and run ite.

It as asswned jhat a COROL system disk (or tape) has been obtaineds ]
that the 05/8 Operating Systes has been started up in the normal ways - .
ancd that the monitor dot has heen printed on “the console. e

First, cre§tg a disk,file'cailed‘(éay),PRoc'using_the 05/8 Editer - - . 7
progream, by typing:- . : PR ' ' A
d » CREATE PROG: ' :

- here the underlined symbol () bhas been printed by 05/8, and "QJ'J
represents typing the KETURW key. ’ - .

) When the Iditor's command sign t#fappearss show'ﬁhat_youlare going to
CG text into the memory buffer by typing:- o ' ' :

#1}

Now type in the following simple program. BStart the first three
lines at the left-hand-side of the rage, but indent the last line by -
typing the TAB key (or CNTRL/T&B if there is no separate TAB key), at the
start of the lines- S - : .

FILT~COHTROL.
HORKING-STORAGE SECTION,
_ PROCEDURE DIVISION.
© "DISPLAY "MELLO",

e

(This prograﬁ when exscuted will display the word HELLO on the console).

KoZe carefully the punctuation in this program - in partioculars—

(1) The hyphen (but no spaces) in FILE-CONTROL.

. . (ii) The;fullnstop at the end of each line. _
s (141). The spelling of WORKING~STORAGE SECTION &HZ S L
. JCEDURE DIVISION (& single space in each). o R o

‘ (iv} Thq_RBTURN_character is used t0 end each line - including the
last -line. Co B ' - ’

_ _ Niéta&ésfin-typing'can be fixed using the Editor commands described
in the 05/8 Handbook. ' . _

C ﬁéying entered the program, type CHTRL/L (hold down the CONTROL key
“hile typing L)}, in order to get back the Editor's # sign.. Then types-
to enc *the editing session. This will ereate the source program file:

. PROG on the systoem disk. : ' ,
How yun the COEOL cempiler by typings-—
- R COROLY, - .

. . .
4 listing of the program; showing memory addresses, can now be obtained
v typings-— |

4, TPTs & PROGY . S - »

(Fote the comma), (If a separate, printer is not available, use TIV:
ingtead of LPP:), If the compiler deteots any errors in the program, ..
thege will be indicated on 4he ligting, Errors may be corrected using the
B tor.. ‘ ' : < o

+
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If desired instead, the errors only (no listing) may be obtained

" on the printer by typing:-

_:_R CO_ROL(
" 2/ LPTs < PROG/E, g

i

If the program compiles without ef}ors, it may then be compiled

and run in the one operation by typing:—

_<F COBOL -
»>Proc/c -
A,

Hefey the "/GY tells the compiler %o 103& the Run~-Time system after

. compiling, and then execute the program.

BITVRES

Compilation or execution of a program can be interrupted at any time
by typing CNIRL/C. The excepbion to this 'is when random-access (1~0)
files have heen written but not closed - then, typing CNTRL/C will resuld
in the error message CONTROL/C NOT PERMITTED  and the program execution

“will continue (this is necegsary since updated disk blocks may remain in

core memory until the file is CLOSEd).

. Core-Tmage Progrem Wiles. «in

When a program has been successfully fested, it can be bompiléd and -

~ saved as a core-image (8V) file, To create a core-image file PROG.SV
. from a source program PROG type:- ' ' '

- «R COBOL;
' TPROG-FROG,)

Then to run the compiled program, just typeé—-
o 1 PROGY

-"'-p.,

- this will load the core-image prograﬁ and also the Run-Time system

_lprogram COBRT.SV (which should be present on the system device), and
sturt the program. ‘ . '

Overlays.

.A PROCEDURE DIVISION overlay may be created by typing:i-
: =R COREOL. _ o
%¥PROG <. PROG/0 - : -

~ this will create a core-image file PROG.SV consisting only of the

'~ PROCEDURE DIVISION (and literals) of the program. This overlay may be
: CAlled from another program and will retain the data in the DATA DIVISION
- of the first program (c.f. CALL verb). Hote that the /O option may
;:requifé up to 512 characters of DATA DIVISION storage area in order to

. 8eparate the literals from the data~-items, for overlay purposas,

3 Combining Command Oplions.

The Command Decoder options described above may be combined asg is
usual with 08/8. Tor examples- L :
R COBCL,
_ ¥PROG, LPP: < REQAL{PROC/G _
-~ will give a core-image output file and line-printer listing and will
execute the program (if no errors are detected). The source program is

. on RXAL (the right-hand floppy disk).

i
g
hi’\

-



Listings.,
When the command string to the compiler includes a listing device

(vh:ch mzst be either LPP: or T1Y:), the compiler prints a ligting of the

progrom with memory locotion numbers at the heginning of each line to '

asegist in locating errors. These location numbers are 4-digit octal

NN BETE xcpresentlng memory word addresses, Locations 0000 to 0007 are

not used, so that asddreghes start abt 0010. ' g

In the DATA DIVISION the location numbers have an "LP or "RS added
to them to indicate whether the left~ or right-hand byte (ie character)
of the partienlar memory word is being rcferred t6 ~ for instance, the
address of the Tirst data byte is 0010%L," ana of the second data byte 0010R.

ihﬁbho P?OCBfunﬁ DIVI&IO“ the 1ocut10n numbcrs glve the address of
the Deginning of the compiizd code. for ecach line. For examples~ -

0010 . MOVE 4 TO B. R
0013 "ADD B 70 C. :

- here the line "HOVE A TC BY has besn compiled into code which takes up
UCmL“Oﬂ& 0010, 0011 and 001?, If'durzng exccution the error messages~

RUNTIRE ERROR:- i
DATA NOT NUMERIC AT PROCEDURE LOCH. 0012

~ were obtained, this would indicate an error occurring during the
HOVE statement above. '

FILES

COBOL is & "Data~Processing” language — that is, it is used to

process data. The data is normally stored on disks or magnetic:iape.

Each major unit of data on a disk or tape is known as a file - for instance,
2~B0R0CL address=1list file may contain the name and address of every person
- a school. Bach file on a disk (or blocked magnetic tape) has a :
4ﬁlewhmme so that it can be distinguished from other files on the disk,

"A list of File-Names and details of the area of disk which each ocoupies

is kept in a ﬁlrccboqy which is also stored on the disk. = war . . s

)
)

\ Files are ‘divided into records. Each record normally containg all
the information relating to a partlcular class of duta in the file\~ eg
a record in a school address~list file would contain the name and address
of a particular person; a record in a debtors' file may consgist of details
of debis owing from a particular company, etc.

Bach record in a file is terminated by an end-of-record mark. The
end of a file is indicated by an end-of-file mark, which consists of two
consecutive end-of-record marks, ' :

1



File Devioes,

-

P

v .

This systen pp?fOPWﬂ all 1an14 utpat operations (except for congole
operations) using the standar 08/8 device handlers. The Run-Time system
has available fouy PDP~U erory paeges for use by device handlers (as well

as the system devige h&JL‘”‘g which iz always resident). The system does
not support sysiem devices with two~page handlers (eg TDOR dectape without
IOM,, However, dovioes which are not the syat iem device may have either
one oy two~page handlersn. . Note also that p=r1iy termxnals and terminals
generating T-bit ASCIT codég are dupported, :

The syaﬁem sunpor*r two maih fypes of file devicesgw:

(1) "}ngﬁruchTOﬁ devices

These devices (eg disk or DE apu\ have the pfopar%y “that they may
be randémly addressed - ¢ ¢ @ particular block of the device may be »
road, without having o stert at the beginning of the device. Such devices
may hold more than one filey and they always contain a directory which
stores the names of the Filbs and their locations on the device.. Filge.
slructbred devices suppors both sequential and randomeasccess files., Data

5h these devices ig stored in 6=bit code « two characters per PDP-8 word.
08/8 limite the length of files on theme devices %o Just over one million

- words (two million COEOL characters). Apart from this restriction, there

ie no restriction on the number of COBOL record% alJowed in any leee

{34), Non-file-structuved devices.,

Thesd devices (eg T-or Y-track Uagmnape9 cassetaes, paperwtape,
1ine«pf1n%erss terminals) way not be randomly addressed, Hence they
support only sequential files. Data is stored on them in 8-bit ASCGIT in

.standard 0S/8 format. The length of files on these devices is 11m1ted

f o

: Typcs of “1185«

only by the amount of storage wmedium available.

Thlu syatem 51pp0r%s two main types of file'organisa%ions=

(1) Sequcntlal files.,

Sequenﬁiul files are written to, or remd from %he devmoe one record
after another, starting at the first record in the file. In a COBOL

‘program, a WRITE statement applied to a sequential file %ransfers one
irecord from the compuber memory onto the end of whaltever has been previously

Yy omeme—"

written onto that file. Similarly, a sequence of READ statements applied
%o a sequential file w111 read consecutive records from tne file into the
cgmputer memory .

There arc two types of scquential filoss~

(a) Thcpe with flxudwlcnqth records - ile each and every record in the
file is the same Jep gth




- f"

(b) Thooe with varichble-lonothérecords - ie the rccords need not be

fall the same length. For cxa ple, an address-list file may contain records
.hav:ng two, three, four or five linea for cach address ~ depending on how

!

many are necded for ¢ach. In this woy wasted space in a Tile can be
mlnlmlbed Mhen reading a file with Vﬂp11b1c~length records, the Run~Time
system determincs the lengzth of each rocord by notlng the p051tion of the
cnd~0L»record miarks. : : _

P P
.1

(ii) Random-asces s files,,

'
H
i

l
;

Random-aceess files sllow r eading or wrlh1n¢ of & partlculnr record in
a file, without noed:ng to start right at the boglnnlng of the file. '
HRandot-access files mugt navel fire CGqusjkgﬁ that the Ruanlme

L system con OOIPH . ig dn th fllpn In order o

-

wnere a warticul

'ﬂo‘uhlc'lt must e supplied with ﬂ'”rccord numbert (eg to be told whether

i
t

the 1st, 3rd, 100th eic record is reguired). This "record number" is
glvcn by thc Vaius of a data~1tom known as thc hCTUAJ ?@Y for thc file., '
Random-zcoess Files speed up the locatzon of papticular records 1f
STee are reoaerod in a randem order. For instonce in a studentuaccount
fi1ze the status of J, SMITHH account could be found very quickly by
specifying his ”ﬂtudenu numbes't (¢ HJ P34) so that the computer can locate
the 234th record in the file directly.. Hote that randommaocess flles are

nofmully cremicoy 1n the flfst place, as f;xtdrlqgg&h“nkggzﬁ sequntldl f¢Les.

{

Also note that it is nea wrly always best to store any sype of flle with
the records in a certain order -~ eg in name alpliabetical order, or in order
of "student number? etc. Festures of the COBOL language make this quite
casy to do. 4ilso, if it is desired to change the order of records in a
file {eg from alphabetical %o number ordcr), the sort progrum CSORT (Ccf)
may be uvsed. =

Indexed-Sequential Piles,

- The proceésiug_of rardom -zccess files by this system has been made
Tille ang efficient enough to permit the implementation of some

-

£nacxed~chucqt3a? flle qtruosurosb

When the access key for a random-acccess file (eg student number,
‘policy number, debtor number, ete) ranges from 1 upwards consccutively
{eg 1 %0 1000), +then 1ndlv3dua1 records can be accessed directly by specifying
the value of the ACTUAL KLY However, when ‘the access key is not distributed
0 simply - eg when the nccess key consists of peoples! nome° = it is common
practice to use some type of Indexed-Sequential file struc»ure if it is
d051red B0 access records in a random manner.

Problems commonly encountered with Indexcd—Sequcntlal fllOS 1ncludes«

(i )»elther the Lﬂd&lEVWhCn held in oore, takes up too much space (no room
for progrems), or ~

(ii) if the index is kapt small then the avera ge-time required to access .
2 particular record is too long, or ' : o ‘

(iii} if most of the index (or sub-levels of indox)’are képt-on disk
then access times also tend to he too 1on€,

(iv) systems are often inflexible with regard to "Ftrchchlng out" parts
of the file (vwhere acccss keys are crowded) '

(v) B N . | ‘ | : .

v
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(v) PTOETaNmers often have 1ithle control over the file structure, and
flnd Aifficulty optimising storage space in a particular files

(v1) rcnntrUCuurang a Tile iz often difficult ~ for example when a fllc
_expan bcyond its dOSLFﬁbd capaciiys I

ihlS,PYat"m allows implements Aion of Indexed-Sequential filcs in a
straightforvard way, while minimising most of these problcmso The
-technique ug”ostod here employs:— '

_ (1) & main index which is small enougt to be stored within the DATA
DIVISION of = programg SR : T

(ii) a oross-reference file with records that are smell enough fhat
thay cen be shuffled cround to a reas onah‘e extent within a 51nglc disk
block of 512 cheracters: and

7

(111) ) m@utcr~fljc which is 2 rendom—access file.

As an evample, consider the following arrangcmont for a f11e wher
thoe access keys are io consist of meoplcs' namess-

w I

]-,.‘

3 g T 1
index stored in ; name--to~-number '5 C mﬂster-f'ie
_DATA DIVISTON -} oross-reference file aster
' . record no. in || record file )} vecord .
name . . nama name  data
. cross~ref filej) number rumbrr i number
A 1 1 AERDVARK 4. 632 |} 1 SMITH P. 25
B 25 s 2  ABLE B.C. 257 rﬁmz BAKER B. 4§71
¢ b (empty records) FRANKS M $62
(etc.) ! 25  BABCOX H. 749 (etc.) -
26 - BAKER B. 2 A :
i (empty records) N
| (ete.) i

Here, each person is allocated a file number,; which is egual to his
record~number (LCTUAL XEY valuc) in the Master File. 1L his nupber.is. ..
knowns_his . record_in the Master File can Lc qcoes&ed dlrectly,

- TPo locatc a person's file number from his name, the cross—-reference
£ile is utilised. But in order to cave looking through the whole of ithe
eross-reference Tile to find Mr. Zebask (for exnmple), the DATA DIVISION
index is wtilised, which shows the position in the oross-reference file
.Qf.namcm starting with each ledter of the alphabet. The program then just

" needs to scarch through a fairly small part of the cross-reference file
'.in order to find the required name. The lotter operation is efficient and
"f"vt s0 long as the records in the cross-reference file are small compared
~with the 08/8 block length. (Of course, the index could have been made
. longer and more accurate than shown here) .

needs to boan at the correct letters bi-pass the records before the new
one; inserd the now one; and shuffle the remainder on in the file until
an empty record is locnated. e

To 1n°crt a new noame into the eross-rafercnce file, the program just
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Again, such operations on fross-refopence files have been speeded up
in this system by means of efficicent processing. of random-access fileg - _
“viz, ' a disk (or tape) block i not written to the device with each WRITE
statement, but the dota is retained in core in case further transactions
. involving that block of ok2 characters are required., The READ statement
“operates in a similar way. .
4,
Provided records in the cross-refercnce file are kept small (eg 20~50
characters) and the accuracy of the DATA DIVISION index is adequate (eg ™~
“one cniry for approximately one 08/8 block of the cross-reference file),
-the accessing of indexed files has been found'to be very fast - even with
floppy disks (typical records can be located. with enly two or three disk
accessty), ' X ‘ ‘ ' =
Simpke COROL programs to update or retrieve data from indexed files .
require only 20 to 50 extra statements, and the rrogrammer has compléte
control over the structure of the index and the distribution of the files. - o
Y Tading or contracting a file, or changing the distribution of the keys, - T
G=n be readily done by designing a. how index and writing a shori conversion
-program. .o e -

The DATA DIVISION index may conveniently be set up using a subscripted
Data-Name; and the VALUE clause, A TERFORM...VARYINCG verb can then be used
to search through the index. . S ' '



R

" Tab characters ey represent multiple spaces.

the end-of-record and end-of-file character.
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CTHE COXOL LANGUAGE

la

8

411 COBDL'compilers are different. This compiler is highly

‘compatible with most ANSI COROL compilers found on smaller commercial

computers. It lacks some of the more sophisticated features found on

“compilers on very large machines, but has some features which may not
be found even on large machines (eg listings showing data and procedure
- addressesy flexible facilities for processing random-access files and

files with variable-length recof&s;i,powerful-error»locating facilitics;

simple interactive operation}. The compiler capacities, and a ligt of o
features which have not been implemented, are set out at the end of this

booklet, . ' ' o .

Character Set. _'

Source programs may consist of the Tollowing symbols s

0123.456789A'iraé""-ﬁ_"EFc;H.T_JKLMNOPQRS'T'UV_WXYZ
8oy 3 ()% and 2len space (or blank - written b in the examples).

Iﬁ'additiong zlphanvmeric data~items, and literals, may contain the

'folldwing additional symbols:-

A T I B,

H : = 7 square brackets, number Bign, percent sign, &y /,

' back slash, less than, greater than, and circumflex {or up-arrow).

The vnderline (or back-arrow) symbol is excpuded a8 its code is used as
j | i

Source Program Format.,

lending tab character by 8 spaces.

" Division, Section and Paragraph-names must start at the first
character position of a line. PROCEDURE DIVISION statements may not
start at the first character position ~ they must he preceded by space(s)
or, more conveniently, by tab characters. The compiler replaced each

Divisions and Sections.

COBOL'programs are divided into certain standard Divisions and

_Sections. Thie compiler requires three headings to be present even if
~ there are no entries in the respective sectionss- ‘ '

FILE-~CONTROL.
.. - WORKING-STORAGE SECTION.
JFROCEDURE DIVISION.
However, it i adwisable %o include some program-identification

~and descoription at the beginning of a program, and a recommended format

is shown in this examples—



A N

"PROGRAM-ID.

_ ADHTHO,

WHIEATIKS, - .
THIB PROGRAM ACCEPTS A NUMBER FPROM THE CONSOLE,
o ADDS THO AND DISPLAYS THE RESULT. '
AUTHOR. -~ ‘ - 5 : :
.. J. OB, ALL BAINTS' COLLEGE, MAY 1978.
'PILE+CONTROL. - s '
: ' (File SELEC? stotements may appear here).
DETA DIVISIQNa S
~PILE SECTICH. .

. (File Desoriptions may appear here),
WORKING~STORAGE SECTION. '
' T4k PICTURE 949,
PROCEDURE DIVISION,

ACCEPT 4,
ADD 2 TO A
DISPLAY A.

Hote that the dwo main Divisions are ‘the DATA DIVISION mnd the
SEPSCEDURE DIVISION. The D&TL DIVISYION consists of two Sections - the
w2 SECTION and the HORKIRGwsrﬂRAGE SECTION, ' _— .

. . . (29 ‘..L‘ -:‘ E-‘- B

Corment' Lines,

Lines commencing with an agterisk (%) in the first (ieft—hand) print
position are not processed by the compiler, except for being listed where
~zpplicable. Fxample:- . T

< PROCESSING FOR EHD*OF»MONTH:+_

. e

. Data~Names. - ; : ' ' o _ !
Names such zs "A" in the statement "ADD 2 TO AM are called Data—Names,
since they specify areas of memory where data is stored. DPata-Names must s~

- begin with a letter (A to 2)
T -~ ineclude enly letters; numbers and hyphens
-, = not include any spaces _
" - not consist of COROL Reserved Words (c.f.). Where a data item
will 1ot bhe referred. to by name, it may be given the dummy name FILLER.

 Examples of Data~Namess-—

Ay TOTAL, CURRENT-ACOUNT, TOTAL-FOR-GROUP~2, *

Literals.

Date constants dofined in the PROCEDURE DIVISION (such as "2" in the
above program example) are known as Literals. There are two types of literals:—

(i) Mumeris Literals.
These consist of mumeric digits with an optional decimal point and an

optional minus sign. There may be up to 10 digits before the decimgl point,

and up to 6 aftor. T o ' -

Tiamples s — 2,  12345.6, . -50,234
. . ADD 2 TO A.
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(ii) Alphanvmeric Literals,

An alphenumeric 1itera) consists of a string of; any of the Legal
Characters (c.fs). Buch literals may: not be used for performing arithmetic
operations, and may not be longer than 150 characters, They must be
¢nclosed either in single or double Quotation marks (* or "), Whichever

- quotation markiig not used to define the literal may appear ‘inside the -

titeral. Long alphanumeric literals may e written on two lines, the .- ' . ..
two partS'beingﬁseparaﬁed only by the carriage~return character,

Drampless—  9SmImms, - USHITH'S", . !THE LEPTER pne, wu
o 'MOVE "THE QUICK BRQ - L |

e

WN_DOGY PO PTG,

' gurative Congtants.

Certain constants are_freqﬁenﬁly'usedw.and have special names which
necd not be defined ag Data~Nameg g~ .o - : ' '

ZERO, ZEROS ‘or  ZEROES. o
- 8PACE or BPACESYZ - . _ Lo e T
- HIGH-VALUE or HIGH-VALUES, - This constant consists of
characters with an internal computer code (77 octal) which is greater than
that of any. other cheracter. 4 data~item obﬁsisting of these. characters
would appear lzst in an elphabetically-ordered list. : ' o

LOW-VALUE or LOW~VALUES. Null or @ charecters (cods 00),

framples-  WOVE SPACES TO NAME,  moVE zEmo TO A.

The CURRENT-D.TE Data-Field.

Due 4o difficulties_with 08/8, the-CURRENTQDATE data-field has.nbtl
been implemented on this compiler, If it is required for programs to -

- refer to the CURRENTmDATE,_iﬁ‘is‘suggested that 2 short file containing
~the date be created, updeted each morning and read by those Programs
requiring it. : .

1

" File-Names,
LA

‘EFach file in a program (including print files) must be given a

‘ Filc-Name in 08/8 format, which is as followss:-

= the first character must be a letter (4 to z) S
- the only characters allowed are leotters and numbers (0 to 9)
= there may be up to 6 characters for the main name, -followed

optionally) by a ful1l stop and .o 2-characterp extension.
by P

Bxampless~  DATA2  cOSTS.nA PRFILE
| READ COSTS.DA, AT END Go T0 FPINISH,
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Hord Separators.

- Spaces are very important in GOBOL pregramsg, . 411 words and other items
must be separsted by blonk(s), 4ab or the returr (endwoxullne) character,
Commas and rcmi~colons may be inserted. addxc;onally to 1mprove readabjliﬁy.

ExampTPm:' “ ,,_.' OPEN INPUT FILEL, FILEZ.

‘m-tho commu here if opuiona} but the - space (or tab) follow1ng the ‘Gomia
..... is roqulved N
e T ADD 34.10 w0 TOTAL (2). _ _
- here Lhc s;mce following TOTAL (and before the subscript) is necessary,

Biey
o P - . Ly

THE PARTH OF 4. COPOL PROGRAM

In the 10110w1ng deacrspﬁluns of the clauges and Statements which can
make up a p%ogramg thr followxnn convcntlons are used, - S
(')- CUEQL, Reserved Words are p¢1nwed 1n Cmplﬁal letterse'fr .
(11) Underllned Regerved Wordr  May nc nou be omlc%ed Aan a parﬁloular clause.
(iii) Reserved Words not undcranea ‘may be omitted; 1f de51red.

(1v) S guoere brackets are used to enclose Qleonal clauses,

=(v) Curly brackct are used wncro thcvo is a cho:ce of words or phrases.

Example°~‘; : _ . ~ ;o oo
READ Fi1e~Namo RECORD g:{iﬁ?%%%D KE?% any %#abement(s)i
il Pt AL bt i

- = here the CORQL Reseraed Hords are in capitalssg the words “RECORD"-“
"AT" and "KEY'" may be omitteds <he clavse in sguare - brackets is- optlonal,

when this clause is Ancluded; there -is 8 a chomce of] Qiﬁhei "AT END"_or
~NINVALID KEY™, = . - - o _ e

ff Statements may take up more than one linev iut '[ﬁ

 FILEuCGNTRGL. - | o

" Thig is normally the first part of a progrwm, after the program
1aont1flcailon and remarks. Its purpose is to define the File-Names and

the types of files, and %o spoc1ny tho devlces (dmsks, printer etc) whlch ;
are to be involvedn .

_ The FILE-CONTROL consists of one uDLLCT'sentehce for each file.. T@e‘_A
format of the SELECT sentonce' isz— : ' S

SELECT Filemmahe i ABSIGN 10 Hardwarc»ﬂamq] _

J BEQUENTIALY
( lawpor 7 2

iAmmmJKm.Tsnammee]u

ACCESS WODE Is

) m—y
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'NutCS°~

(i) The File-Name (c.f.) must be in 03/8 férmata

(1i) fThe PerU’T(W‘CﬂC nust be an 03/8 dcvicomname suoh as

©BYS, LPP, RXAL,RKAL, DT4Al etc.

(1ii) If the ASSIGH 70 clause is omitted, the system device SYS
is assumed fo be the Hardware-Name.

(iv) If the APCESS HODE is not doflncd, SEQUENTIAL is assumed

(v) The ACTUAL KDY clause is used for rendom~access files only.
The Data~Nane (key) must be defined in the DATA DIVISION,

(vi} A period is rcthwod at “the . end of a oDLECT scntence°

{vii) Up to 7 tiles may be SELECTED in any program.

Examploss- S |

| SELECT LFILE.DA. _

- selects a oeouon+1a1 file called DFILEGDA on mhe system dev1ce.
' - SELECT FRF1L nSSLCN iyl LPTo ) '

|

- seleo’po file called PHPJLE which will be printed on the prﬁnter.

SELECT WFILE.SC, ASSION TO R¥ALlg
- ACCESS MODE IS RANDOM,
ACTUAL KEY IS IFILE*KEX;

+ selects a file called NFILE.SC which w111 be on RKAl (the rlght—hand
floppy dls.,,;3 i% is a random-access file whose key (ie the number of

 the recerd which is %o be accessed) is Sp901¢18d by the contents of the

Data~Name NFILE-XEY.

FILE ﬁECmTONﬁ : : Lo "'f ey
Thls is the first Section of the DATA DTVISIOW and is where the )

layout for the rcuords for each flle 13 specified,

. The gdes cription of the record layout for each Tile beglnq with
an FD VF;lo Dcscrlptjon) %entence in the format°— :

'FD File-Name RLCORUING ook 18 4 X ]
| Y { B00RDS
(ﬁLOCK CONTAINS 1nLeger—1 10 int-2 ¢ ore—sei ]

CHARACTERS
LFPGOHD CONTAINS 1ntﬂ3 70 int-4 CHAﬁhchﬂs:}
LXEET RECORD I8 ( STANDARD Y
[}¢-31'§RLCORDS ARL} ONITTTD 3

¢
Il)ﬂ‘l‘f { HECORD IS

E‘R]CORﬁS ARL} atmmﬂame 1 {} DatauNamer, 7'f1£1
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Notgsﬁm

(1) Tee File-Name must be the came as that previously specified in an
ABBIGH mentence in the FILE-CONTROL paragraph. . : '

(ii) If the RECORDING HODE clsuse is5bmit¢éd;‘fhefﬁqéq is assumed to, be
P (fixed-length records), Whon this clavse is included; it must be the
firast clouac following the File-Name. - S R o

Y
(1ii) Piles with variable-lengih Tecords are often convenient forp non-

filewstructured devices (eg printer, where different line formats may not
have the same humber of characters)., . L e Lo

(iv) Apart from the HBCORDING MOLE olause, all other clauses may be omitted

with this compilér. Blocks are alwayd 256 PDP-8 worde (the 0S/8 standard

. block lenghh)s’ the lengths and names of the records ave always obtained from

o

the tBi~lovel Record Deseriptions followingqthe FD statementy and LABEL
RECORDS are not used except where organised by the program., If the BLOCK,
RECORD, LABEL or DATA RECORD clauses are included in a program, they are =
regarﬁsd)hy the compiler as comments only (ie for program documentation
purposés). | : : o

Exampless~  ° FD NFILE.SC.

- here the file NPILE.SC is a%éﬁmed to contain fixed-length records.
L LD PRFILE, RECORDING MODE IS Vo

- here the file PRFILE is'ténhdve vafiable—length records.

- " THE RECORD DESCRIFTTON

i

Following the FD statement comes the layout for the records in the file.
Each record normally consists of a number of items of data,; each referred
to by mezans of a Data-Name., The Data-Names arve arranged in groups - the

yroup crganisation being specified by means of a Level~Number for.each
. P 1 g 5P 5

Bata~Name. The Date~lNeme following the ¥D siatement is called ihe
Record-Name. -The level number for the Record-Name is always Ol. . A '
record designed to store a pérson's name and address could be set out as £
followus s~ o R

01 DPILE-RECORD. .,
: 02 D-NaME. '
- 04 D-SURNAME - PICTURE X{20).

04 D-INITIALS PICTURE ZXXX.
02 D-ADIRESS. :

04 D~FIRST-LINE - PICTURE xgzo)n

04 D-SELCOND-LINE  FICTURE X(20).

04 D-THIRD-LINE PICTURE X(20).

© Here the 0l-level name DPILIE-RECORD is the Record~Name. Note that
this would be a different name from the File-Naome (each file may have more
than one Record~Namc). .The Record is broken up into two 02-level data~items,
D-NAME and D-ADURESS, Both of these names ave in fact called Group-Nanies,
gince they are further broken down into 04-level data-—items (we counld have
used 03 laovel here, or in fact any level up to the maximum of 49). These
04~level Data-Names could also.have, been Group-Namcs, containing other
items with still higher level-numbers. On the other hand, a complete
record could consist of just a single Data~Name, the Record-Name, at 01 level.

Sy
A
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DATA-YAE DESCRIPTION CLAUSES,

Following the Tevel-number and Data-Name may come one or more of
. the tlausase~ 1 ' E - Do :

BLANK WHEN ZERO | . PIGTURE
VALUE o , ... REDEFINES
OCCURS, L o . JUSTIPIED

R IT preasent, the REDEFINES ciaﬁse'musﬁﬁéome'before any others.
BLANK WHEN ZERO must immediately preceds the PICTURE clause., The other
cleuses may appear in any. order.’ . . 8 -

BREHK WHTN ZERO clause,

Tormats- | BLANK WHEN'ZEnol PICTURE ... ...
_ When present, this clause must immediaﬁely precede the PICTURE clauss.
This clanse changes ﬁhg_dg%a to blanks when the wvalue-of a numeric item

placed in it is cqual to zero. ' e
Examples— . e _ - SRE '
| 04 TOTAL  BLANK WHEN ZERO  PICTURE 99999. |
. The BLAK WHEN ZERO clauge may only be used with Edited items (c.f.).

30 the presence of the clause in the above example implies that the data
item TOTAL is an Wdited item; and so moy not be used in arithmetic operations.

e

'.PICTﬂﬁg clause (may be abbreviated PIC)

N *Thi; clause desoribes the type of data and the numbér_of characters in
“the data item, ' ' -

There are three types of data itemss~

(i) Klphanumeric Data Ttems ("strings"),
' . These items may contain strings of any of the legal characters, They
. may not be used in arithmetic operations. Each character in the itenm is
- - represented in the PICTURE by a letter X. Multiple characters may be
"~ indicated by a number in brackets immediately following the X, These.
. dtems way be of any length, : : e

Bxamples:- 04 D-SURNAME PICTURE X(20).

~ this ifem conginsts of 20 alphariumeric charaqtersu'.
e - 04 D-INITIALS PICTURE XXXX.

- alternately, this PICTURE could be written X(4)..-.
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{ii) Numeric Dutz Thems.

Wameric items may contain numbers only. Numeric digits are represented
in the PICTURE by thesnunber 9. Brackets may be used to indicate multiple 9's,

Lzamples~ 04 STUDIHNOHER PICTURE 9(4):

-~ represents a 4-digit number {some digits of which may at any time be 2670 ).

The position of fhe deoimal point may be indicated in the PICTURE of

# nureric data item by the letter V. Although the COBOL gysiem remembers

this information, the ¥V is not stored within the data itemy; and. 1% does

not require a data cherncier for its storage.. Where the position of the

decimal point would lie oulside the renge of the digits’ stored, the symbol
~Pris used to-dencie the missing digitss ~Thias- system allows up to 10 digits

before the decimal point, ‘and wp- 4o 6.after‘(arithmefic'bperaﬁions-are :

performed to an accuracy of 16 decimal digita). L A

Exampless- . .04 ITEN-COST PICTURE 9(5)¥99,

;. Bhis item has a total dava storage of 7 characters, 5 being before and
2 after the positicn’ay the degimal point. ' - S e

S me O8I GROSS-TNCOME . PIOTURE s(6)pPPY. . -

- this item has only 6 numeric digits stored, but the least significant
digit represents "thousands®, : B ; : s -

R

When the sign of a numeric data item ig important, the letter §
(“Signed“),ig writien at the beginning of the PICTURE.  When S is omitted,?_'
the oystem alvays takes whatever number is contained in the item to be  .*
posiiive. Nofe also that S does not take up a character of storage.

‘Examples~ . .. 02 PINAL-BALANCE - PICTURE $9(6)Vv99,

~ this is an B-digit signed item, with two digité—cpming after the.
position of the decimal point. . ‘

.{'

(iii) Bdited Data Ttems.

 Numeric dats items are normally not in a suitable format for printing.
For example; an item with FPICTURE 9(6)V99 and containing the actual '
value 2.5 would be printed {(&v DISPLAYed on the console) in the form
"00000250", . To edit such a date item, it may be MOVEd to a data item
baving an Edited PICTURE; . vefore being printed.  Special symbols, beside
the symbol 9, which may be used in Edited PICTURLs are set out below,
Note that every symbol in an Edited PICTURE must be counted whern calculating
the number of characters of storage which that item ococupies. . v

Zie  “Suppress a_leading zero, A Z written in place of a 9 changes a
leading zero to.a blank., JIxamples- The nunber 2 MOVEd to a data item withz-

| PICTURE 2999  would beoome  10OO2
PICTURE w2zg would become bth

= whore "b" denotes a blank (ox space).
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"iMAEJuS'aigglm - & plus sign urittcn at the beglnnxng"br end of an Edlted
PLCTURE results in eithors- .

(1) a plus sign being placod in thmt position if tha data moved to the
.”23t<m is.positive (ox unblgpcd), oprs- £

(11) a- mxnus Plgn beitg placcd in that p081t10n 1f the data is negatlve«

Multlplc plus signes at tho brglnnlng of a PICTURL havc the effacf of
replacing 1cailng gerocs by blwnk09 except that a.single plus or mlnus N
sign is plawed in the pos;ﬁlon of the 1ast leading’ zeroog_ e

EBxample s~ ~2 . MOVEd waa.PICTURE +++9 Uould beoomc bb~2.

[

.:b(minus gign). A minus ¢1gn ai ﬁho beglnnlng or end of a PICTURE '
results. in cwthnr,

(i) a mlnu slgn b6LP9 pluGFd Jﬁ bhmﬁ poqlb;on 1f theadatd is negatlvé, or

(ii).a: spacc beln placed in GHLS posatlon if the daba ls pos1t¢ve, or’ 1:ﬁ
unslgrcd, A L .

—
T

Hultlplc le@dang ﬁihué'éiéhé give é;ﬁglbéﬁingﬁfm{nué sign, as for
the plus sign. . B RN LeT TR

§ (dollar sign).. Dollar signs writien at the left of a PICTURE result in
a single dollar sign.being placed in the position of the right-most dollar :
siga Wﬂ]ChpTopluCGS a lynd1ng EY0 4! Lmample° The number 2:HQVBd 10 ai-
PICTURE £99 would become $Q2. | e '
-~ ‘-_“PICTURE 9 would bccone_ b£2

. 1';

L
S

 st(asterisk) {"check charaoﬁef”)f hiterisks roplmce leadlng zeroes.. .
Examples~ 23 KOVEd 4o a PICTURE ;r~9 would hecome )“23.._23,' b

RS

. {decimal point). £ number NOVEd to an Edited PICTURE whlch contains a
decimal point will be aligned according to the position of the decimal
'pomnt, and the decimal point will remain. in its position. :

_ Evamples:~ . A data iten oonta1n1ng the digits 1234 in a PICTURE 99V99
_ whun hOVLd to an item with PICTURE %%Z. 999 would become bk2.340. :

gcommg) A oomma will be 1nsqrtod in the Ldlted item 2t the p081t10n
‘1ndlcmted by the comma in the. PICTURE, unless all the'digits 4o the lef4
of thb comma ‘have been zero—guppressed. Fxamples~ -The number 1234 MOVEQ to
- 'PICTURE %2%,999 would  bécome bbil, 23] el
PICTURE 5/ZSAZA 999 +would become: . hhbhbbl, 234 :
PICTGPE M J*ﬂ%\'99/ would become.hﬁﬁg¥¥ﬁ15234l

0_(zero). A characﬁcr O Will e 1noertcd in . the Bdited daﬁa at the
1nd10arcd pos:t10n¢  Etampie The numbor JLR3 MOVEd to & Y .

PICIURE 990000 would hecomo 123000 B

" I - '.ﬂ"
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'‘B.  The character B in an Edited PICTURE will result in a blank being
inserted in the odited data at that point, S

”Ekamplgsj The humber 1234 MOVES 4o a PICTURE Z2ZB729 would becqmé bblb234
LR _and DB (eredit and debit). The'ietﬁerapairs CR or DB, ifrﬁreseﬁt;’must
appear lost in an Eﬁi?ed PICPURE. If the number MOVEQ to:ﬁhe item is negative,

%henathgm%ﬁbilettegs (cither CR or DB) will appear in that position. If the
number is positive-or‘unsigned5 the two letters will be replaced by two
blanks, Examples—  «4.20 MOVEQ to a o o .
S . FICTURE 99.99DB would become 04,20DB

EI

Vi E -

VALUE CLAUSE,

Data~items may e given an iritial VALUE (before +he Program commences

~Lxecution) by meons of the VALUE clause. Akphanumeric data items must have

an alpbanumeric VALUE (in quotes), and numeric data items must have a-

U numeric. VALUE, | (Editedgor;group{;iems;may=nozbe'givenfan-initial'vALUE)q_

Also; the VALUE which is given to an item must be exactly the same length
and format as the data~item's PICTURE (or else the VALUE may be a
Figurative Constant), :

 Exampiess-

. 04 ITENM~PRICE - PICTURE 999V99  VALUE 001.50.
04 ITEH-NANE PICTURE X(6) - VALUE " NATLS",
04 UNIT-PRICE PICTURE 999V99 . VALUE. ZERO.

04 INITIALS - PICTURE Xx - VALUE SPACES.
= . B

This compilei allows a VALUE %o be specified in,the_?ILE%SECTION of .-
the DATA LIVISTON as well -as in the WORKING-STORAGE SECTION. Note that. ..

. numepic items which are not given an initial VALUE may not be used in

arithmetic operations until a numeric data item is HOVEd to them. L
This compiler does rot offer %hgfﬁcdpéiﬁi@ﬁ%name" (level 88) vALUE

e o [ T .

REDEFINES clause.
S A s B T L
“zﬁhis,clausehis”used_to indicate that za area of data storage is %o be

referred 1o by means of two (or more) different names, This clause, when

present, nmust immediately follow the Data~Name.,. The -level~number of the

- REDEFINES data item must be equal %o the 1eyal—number.of the data item thet

is being REDEFINEQ, and thd’redefinition musat bgimade at the first opportunity
in the DATA DIVISION (ie, ‘other data items may not be inserted bvefore the
REDEFINES item).

Examples— I a data-item called STUDENE-NUNBER is 'n some casés. 4.
contain numeric data (for use in arithmetio statements), but in other cases
to contain alphanumeric information, it could be defifted twices— -

04 STODENT-NO-NUK  PIC 9999, .
04 STUDENT-NO-ALPH  REDLPINES STUDENT-NO-NUM  FIG XXXX.
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Then the PROCEDURE DIVISION could contain statements such ast~

ADD 2 -TO STUDENT-NO-NUM

(numeric data item)

MOVE SPACES 10 STUDENT-NO-ALPH (alphanumeric data item)

~ even though both these statements rcfer to the same four

_characters in:the memory.

-l
st

(i) Some items in a REDEFINIS data—grovp may not need to be referenced

by a Data-Name. In such caséd the Data~Name may be replaced by the

word FILLER (see example follow1ng)

(11) This cémpiler allows REDEFINED items 1o be given a VALUEQ-
But if the REDEFINing item also has a VALUE, then thc prev1ous VALUE
would be over-writlen by the second one,

(iii) A REDEFINES clause is not

permitted with a data item which is '

within a groupwnamo that has an OCCURS clauseo For examp1e°~

01 WEEK odcuas 4 TIMES.,

02 WEEK-A PIC XX. : a : B
02 WEBK-B REDEFINES WDEKuA PIC. 99

-~ is illegal, and would give a compllor eryYor message. Note, however,
that the fundamental (01- 1evel) group-name may be REDLPINE& ag many tlmes

as is desired.

(i&) A REDEFTﬂLS clause is not 1ega1 when associated with a data

01 A PIc X(6).
01 B REDEFIVES A,

ivem that is already within a REDEFINES groupnname. -For example:~

i

02 ¢ FIC $99.

02 D REDEFINES C

FIC XXX,

- is 1llega1 and would give a compiler error meqspge. Note, however,

that data items ($hat are not within

in as many dlfferent ways as is desired.

Redefining Record-Names.

a REDEFINES group) may be REDEFINEQ

t

It is often desirable for different records in =2 file to have: dlfferent_

data layouts. This is essentialy for example, in a variable-length~faderd

file. In such cases, the different record layouts must follow one another
consecutively. Each Record-Name will have an Ol-level number, and the
different record layouts will effectively REDEFINE one another (1e thexr
data 1tems will be stored in a common data area)

The followlng record layout is for a varxablenlengthnrecord flle

called ADDR. The Record-Names ADDR-

2 and ADDR-3 have respectively 2 and

3 lines in their addresses:- The item called NO-OF-ADDR-LINES would
contain the number 2 or 3, indicating the number of address lines in

each record of the file. Such information would be regquired by a program
which reads the file. Also note that the 02-level items in the second

record layout need not be’ ro—nymed
name PILLLR.

y so that these items are simply given the
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D ADDR RECORDING MODE 18 V.

Ol ADDR-2, L e o
02 NO~OF-ADDR-LINES . 5 PIC 9, _
02 HAME - PIC X(20),
02 ADDRESS~LINB~] ~ + PIC X(20)},
: 02 ADDRESS~T,INE~2 PIC X(20).
01 ADDR-3, . .
02 PILLER - PIC X(61).
02 ADDRESS-LINE-3 © PIC X(20).

QCCURS clauge,
_ Daté#Names may be subsggintgg ~”fqr'examﬁle, instead:of referrivig to
HOURS«HORKEle, HOURS-HORKEI- 2 ote for 5 different days of %the week, we

could'defige:v ‘ o IR

04 HOURS-WOKKED  OCCURS 5 TInis _i.PICTURE 99,

" This would set aside. 5 different data areas for 5 different data items,
and would allow the PROCEDURE‘DIVISION o refer to. HOURS~WORKED (1), - :
HOURS=HORKED (2) edo (the numberin brackets is called a "subscript)., The-
value of & subscript may be specified by means of a Data-Name as well as

by a literal - G- T v . ' b e ,

- HOVE 5 TO Dy, e
-DISFLAY HOURS-WORKED (DAY),

 The OCCURS clause may also e specified for group names, Fop éxamplﬁ;»
02 BOURS-DETATLS OCCURS 5 PIMES,

04 HOURS-WORKED . PICTURE 99,
04 OVERTINE PICTURE 99.

!

~ in this cese the PROCEDURE, DIVISTON could refer $o HOURS-WORKED (1) etos’
OVERTINE (1) ete; op to _one of the group items: HOURS~DETATLS (1) ete.

Up to three subscripts are alloﬁed for d par%iculér daia item. Fop
€Xample, the DATA DIVISION could specifys~ o

02 HOURS~WORKED- I N-- HEEK OCCURS 4 TIMES. e
. 04 HOURS-WORKED-IN-DAY OCCURS 5 DIngs . PIC 99,

l'~.§§d %he-éémpilér would allocate room for 20 itémsiof 2 charactéfs éabhs
The Data-Name BOURS~WORKED-IB-DAY (3, 5) (for cxample) would +then refer
_to~ﬁhe,hogrs worked in the 3rq week on the 5th day. B 3

~This compiler allows data items with different numbers of subscripts
to be defined at the same level within the same group item, However;, those
data items with the greater numbers of subscripis pust be written after
those wiﬁh:less.subscripts. ‘Hences- ’ . '

Ol WEEK OCCURS 4 mymms, .
02 WEEKEND | Pyg 999,
. 02 WEEK-DAY OCGURS 5 TIMig FIC 999.
- 18 legal (here WERK and WEEKEND would have one subscript, WEEK~DAY ‘tuwo),
But nots- o e OCCURS 4 TIMES, ~ '
02 WENK~DAY OCCURS 5 Prmus PIC 999,
02 WHEKEND FIC 999, ‘

[y
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JUSTIFIED clause,

If the literal "ABC" were MOVEQ to.a data item with PICTURE x(6),
the resulting data in the item would be ABCbbb. Tf the numeric literal
123 were MOVEd to a data item with PICTURE 9(6), the resulting data -
would be 000123, In other words, alphanumeric items -are normally
JUSTIFIED LEFT and blank-filled; numeric items ‘dare ‘always JUSTIFIED RIGHT
and zero-filled. TIf desired, alphanumeric -items can be defined to be
JUSTIFIED RIGHT. TFor example s~ ' '

04 SURNAME FIC X(20) JUSTIFIED RIGHT.

USAGE and SYNCHRONTZED clauses,

"Unlike some COBOL compilers, this compiler has the simplifying
.advantage that 211 data within memory and on diek files is stored as
- "6-bit" eode - eg the letter "a" is stored as ocetal 01 ‘and the number

- 1-as octal 61. Hence there is no requirement for either USAQGE or

SYNCHRONIZED clauses.

WORKING-~STORAGE SECTION.

: ‘Data items which do not form part of a filé record mﬁst be placed
in the WORKING~STORAGE SECTION of $he DATA DIVISION.

The layout of the data in the WORKING~STORAGE SECTION is identical

%o that in the FILE SECTION, except that independeéent items (items which

are not group-names snd are not part of a group) should. be givén the
level-number 77, Examples— - S : o

7T ACCOUNT-TOTAL PICTURE 99999v99,

LI

j’
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PROCEDURE DIVISION

t
A

The PROCEDURE DIVISION is where “the procedural;part‘qf'fhetprdgram is
written - ie the sequense of instruotions which define what the program is
to do,. The PROGEDURE JIVISION is.made up of Bections, Paragiraphs, Sentences
and Sfatements.. ~ . = A L S 2 T

4 Statement is the basic unit of the PROCEDURE DIVISION, It is a single
ingtruction to perform a single operation (or a small group of similar
operations). Bramples of siatements arci- '

ADD 2 TO TOTAL
GO TO START

7

Tach word of a statement must be separated from‘tﬂg‘ofhep words by at
least one space or tab character, ' . : ' AR

" A Sentence consiste of either a single statement, or else a group of
statements, terminated by a period {.). Sentences should be indented by a

tab spacing from the left~hand-side of the page, and they may extend for .

any number of lines. However, it is good practice to restrict sentences

to only one or two stotements — this simﬁlifies'error‘detection—and‘ébrrection.
Statements within a sentence may end with a comma (,) semicolon (;) or the
word THRN, Examples of sentencess~ '

, ADD 2 TO TOTALj; SUBTRACT 2.60 FROM cosT, { _
‘ If A = B, THEN ADD 2 TO TOTAL, SUBTRACT 2.6Q FROM COST.

. " .
4 _Paragraph s a grqﬁp of sentences starting with a.Paragraph-Name -~ which
must be written at the beginning (left—hand»side) of the page. Paragraph-
Nameeg are constructed according 4o the same rules as Data~Names (c.f,),

A Section is a group of paragraphs, beginning with a Sectidthame and the
_ vord SECTION. Section-Names are constructed according to the same rules as
"~ Data-Names (c.f.),

Exemple s PROCEDURE DIVISION. . .. {Division Name)
INITTIAL SECTION. (Section-Name)
START. (Paragraph-Name )

MOVE ZERO TO TOTAL. (sentence)

~A program may be written without any Section-Names (many Programs are).
A very short program may be written without any Paragraph-Names,

PROCEDURE DIVISION STATEMENTS ("Verbs")

Therfollowing:pages describe the various forms of PROCEDURE DIVISION
verbs. Notc that, wherever literals are specified, Pigurotive Constants
(SPACES, ZERO etc) may be used instead.




- 24 -

MOVE N - 3 | .
{ Data~Name-1 ' T :
T iy i ; - el - - LI
NOVE | Literal } To Daﬁa Name~2 Bt Data‘Name 3s T j
Examples:—
. : MOVE 2 TO TOTAL -
MOVE "JONES" 70 SURNAME
MOVE ZEROES TO TOTAL, SUB~TQTAL
Notes:

(i). When there is more'than one destination-item (as in the lazt examplc
above); the same source~item is MOVEd to each of the destinations.,

(i1) There are restrictions on the types of date which can be MOVEd to
the various types of destination—items, Illegal ‘MOVEs ares~
(a) Alphanumeric data-item being MOVEd to a numeric or edited item.
(b) Edited data~item being MOVEd to a numeric data~item. '

(iii) A data~item that is +o be MOVEd to a numeric or edited data-item
must have been previously assigned a numeric value (data+items without a
VALUE clause are initially given the 6-bit code 00, which is not numeric),

(iv) Group data~items have no NOVE restrictions, since their data type
is considered to be unspecificd. Hence MOVEs of group items ocan involve ‘
no processing of the data (such as editing or aligning with decimal pointg}.

(v) ¥hen the source and destination data—items are not the same length,
the following rules apply i~ ' '

(a) Alphanumeric items are LLFT JUSTIFIED (unless otherwise specifiecd
blank-filled (if necessary), or olse truncated on the right (if necessary).

(b) Numeric items ave aligned according to the position of the
decimal points (if any); otherwise right-justified and zero-filled (if

‘necessary); and truncated on the left (if the numberis %oo large) or on-

the right (if there are insufficient decimal places allowed in the
destination)., Truncation on the left results in the Run-Time messagezf

-WARNING ~ DATA TRUNGATED - and program execution continucs using the

truncated data,

: Literal-1 ¢ (Literal-2

ADD . 1Data—Name—lj_ i’ {Data—Name—E} . Z.'°“°’°"J
j To Data-Name-3 [, Daba-Name-d, .;n,.n{71
 BIVING  Data-Name-5 T : : ;
- . '1
i ROUNDED | gom SIZE ERROR any statement(s) |
Exampless—
(1) ADD SUM-1, SUM-2 GIVING TOPAL

(ii) ADD 2 TO TOTAL

(iii)  ADD SUM~1, SUM-2 TO TOTLAL - .

(iv ADD 2 TO SUM-1, SUM-2 .

(v) ADD SUM-1 70 TOTAL ROUNDED _ -
(vi) ADDL SUM-1 TO TOTAL; ON SIZE ERROR GO TO BND.
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The source-items (there ig one source itcm in. examples (ii),_(iv), (v)
and (vi);  two in (i) and (1ii)) are first adgeq together, With- GIVING,
the result is placed in the destination-item (in example (1), the sum of
SUM-1 and SUM~2 ig rlaced in TOTAL). wWith TO, the result is added to the
destination item (and the result placed in the destination‘itemi ieg in
example {iii), the final value of TOTAL will be the sum of SUM~1, SUM-2,
and the original value of TOTAL), :

With the GIVING option, the destination-iten may be an c¢dited item,

When the ROUNDED option is used, the data is ROUNDED (instead of
truncated) if necessary to fit into the destination. For example, if the
numeTic result 2.6 was to be placed into a data~item with PICTURE 99, the
rosult woulg normally be 02. But if the ROUNDED option had been speecified,
the ‘number 03 would result (ROUNDED-adds a "one" to the leasgt Significant

digit if the following digit would have been § or greater),

The ON SIzZR ERROR option is used to detect results which are t00~1argé

A to fit into the destination data~item. Forp example, if the result 123 were

to be placed in a data~iten with PICTURE 99, the truncation procedure would
result in only the digits 23 being stored. put the ON SIZL ERROR option
could be used to detect the fact that truncation had ceccurred. ¢ data
truncation 0ceurs but the ON SIZE ERROR clause has not been specified, the
warning erpor message "WARNING - DATA TRUNCATED will be primted, '

S.'-" To . '. : K |
SUBTRACT SUBTRacy | literal-l E g Literal-2 1
2o aabd * Data-Name—1 ; t7 ) Data-Name-2 pood °°°"’°"J
| [Literal-3 CIVING  Data-Name-q )

FROM { iData—Name-3 ;o

| S
{ Data~Name-5 |, pata-mame-s, N
LEQQEQEQ_E tON SIZE ERROR  any statement(s)j

Examplegs—
‘ (i) SUBTRACT 2 FROM TOPAL

(i1)  SUBTRiCT 2 FROM TOTAL GIVING PROFIT

(iii) suBTRACT PRICE-1, PRICE-2 FROM TomaL

(iv)  SUBTRACT 2 FRoy TOTAL; SUB-TOTAL '

(v) SUBTRACT 2 FROM TOTAL, HOUNDED; ON SIZE ERROR GO T0 EuD.

The source data~items (if there are more than one - eg example (iii))
are added, and thig result subtracted from ench of the destinations. The
result is placed in the destination datamitems, unless GIVING ig specified.
(In example (i), the original number in TOTAL will remain unchanged),

The .Data—~Name followiny GIVING may be an edited item. . :
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. NULTIPLY. If " Data~Name-2 - ,f ff" 1
| mprpy | Literal-l 3 |

BY { {Literal-2 Y S o
Y Data-Name-1 } =% 3 v - =
tht? Name 1J 1§Drt Name 3} GIVING Data-Name 4)
'. .

| BOUNDED ! | ON SIZE ERROR any statement(s) |
L - b . o .
Exampless-

(i) MULTIPLY 2 BY TOTAL :
(ii)  MULTIPLY TOTAL BY 2 GIVING G~TOTAL

Without GIVING the answer is placed in Data-Name—2 (eg in TOTAL in

example (i)}). Note therefore That "MULTIPLY TOTAL BY 2" would be illegal.

With GIVING, the answer is placed in the Data-Name after -GIVING,

. g ( Data~Name-2

DIVIDE. | A oA _

ppyagg ) Diteral-l ) MO fLiteral ¢ | CIVING Data-Namo-q
—————— trData*Name—lj \ N ? & _%m :

| (" Literal~3 | ~

BY i_Data—Name~5J GIVING Data~Name-6
] ROUNDED | loN SIZE ERROR  any statement(s)J
Examples:—

(i) -DIVIDE 2 INTO TOTAL : ,
ii)  DIVIDE 2 INTO TOTAL GIVING SUB-TOTAL
(iii) DIVIDE TOTAL BY 2 GIVING SUB-TOTAL
{iv})  DIVIUE NUMBER TNTO 273 GIVING PRICE

Note that the use of BY requires also the usge of GIVING., (INTO may
use GIVING if desired). Hence "DIVIDE TOTAL BY 2" would be illegal,
Care should be taken in cases where the divisor could possibly have the
value ZERO (resulting in an infinite answer) - the ON SIZE ERROR option
should be used in those cases to detect the over-size answer.

Although usuvally negligible; the execution times for the ﬂIVIDE
opération may be appreciable if there are many of them. As a general
rule, it is much faster to MULTIPLY than to DIVIDE. eg

MULTIPLY 0.5 BY TOTAL
would execute much more quickly than:—

DIVIDE 2 INTO TOPAL

|-
e

COMPUTE, ' - -7 f

The COMPUT verb is not available with this compiler. Arithmetic
operations must be done with ADD, SUBTRACT, MULTIPLY and DIVIDE verbs.

- - —

|
@
|

j

-
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1,

) f' i + *\ ) . ~
——— R ", - _ 1 ¢ ELg_E_{ i .
1P Condltlon.fHDN Statement (s)-1 . 'EB%HERWISE j Sﬁﬁtement(§)~2 E
b Amem———— T S
Examples:z~

() IF 4 = 2 THEY GO TO FINISH.
(ii)  IF NAME EQUALS "JONES" MOVE 3 TO SUM.
(3ii) IF A = 2 THEN MOVE 3 TO SUM, GO TO FINISH,

(iv) " IF 4 = 2 GO TO FINISH; ELSE KOVE 3 T0 SUM,
{(v) IF A = 2, THEN IF B = C GO T0 FINISH.
(vi) IFA=20RBesC GO To FINISH.

(vii) IF A IS GREATER THAN B G0 70 FINISH;
_ "LEE IF C = 2 MOVE 4 TO TOTAL, GO TO START;
ELSE MOVE ZERO' 70 TOTAL.

Conditians.,
XONELLIons

Conditions may be simple conditions or compound conditions.

A

M%Simple Conditions may take any ofwthe following formss—

{ (IS NOT E4UAL TO B ) N\
) NOT  BQUALS \ J literal-2 1 |
) ; i I8 NOT GREALTER THAN g } Data~Name-2 | {
jLiteral-l | / . Is TWoT Tuss THAN | ‘ T
ngata—Name*lj ' o f POSITIVE\ - .
5 NEGATIVE | ;
i 3 eam e S i
3 13 NOT ! 7RG 3
| BUMERIC J
Altcrnately, the symbols = & op { may be used in place of the *

words BGUAL TO, CREATER and LESS respoctively.

_ i NUMERIC may be used to test an alphanumeric data~itenm 4o determine if
all the characters have numeric valucs (0 to 9}, or %o test a numeric data
item to see if its value has been defigedﬂ

P GREATER and LESS may be used for comparing alphanumeric data-items,

' 2s well as numeric oncs, The internal 6-bit codes of the first letters of
the alphanumeric items are compared first - hence "A" would be fouird to be
LESS than "B" etc. If the first letters are the same, the second letters
are compared, ete., This facility allows alphatetio sorting of data. In
such alphanumeric comparisons; SPACES arc considere@ to be nulls {octal

code 0G), This ensures, for example, that the name ADAMS would be considered
to come tefore ADAMSON. ’

Compound Conditions take the general forms-

{or ) e
\

ey

Slmplev09nd1tlon—l L AND Simple-Condition-~2 ANDi Slmple~Cond1t19n_3 .o:

- . (eto).

It is recommended that AND and OR cenpounding not be mixed in one
Comppund Condition. Conditions such ass-—

&L= BORC=DORE =P

of A=BANDC=DANDE = F
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are (comparatively) casy 1o use and check in a program. I AND and CR

are mixed, the trutk or otherwise of the condition is determined in a
scrial fashion starting from the left. egs— '

A= B ANDC=D0R L = p would be taken to mean:-
(A= BANDC=1D) ORE = F. -
-Care also needs to be taken with negative compound conditions; For
example, the opposite (or "complement') condition to:—
A=BCRC=2D is actually:-
4 I3 NOT = B AND ¢ IS NOT = D.

A maximum of cight Simple—Conditioﬁs are allowed in =» Compoﬂnd-Conditiu»

Implied subjects or objects (eg "IF A = B OR C") have not been

implemented in this compiler.

Nested TP Statcements.

heferring to the gencral format for the IF statement {at the top of
P. 27), it may be scen that "Statement (s)-1" may contain further IF
statements. Por cxample:- '

IF A = B THEN IF C = D GO TO FINISH; OTHERWISE ADD 1 70 TOTAIL.
In cuch cases the ELSE or OTHERWISE is always taken to refer %o the

final "L preceding the ELSE or OTHERWISE. Use of such constructions
is not, however, rocommended (Compound Conditions are preferable, to avoid

‘confusisn},

"Statemont(s)~2" of an IF statement may also contain further IF
statements, The problem then is not 80 sericus - for example, in the
example (vii) on p. 27, it is clear that the first ELSE refers to the Tirst
IF and the second BLSE to the second IF, '

G0 70 - Form (i).

G0 TO f_ggragraph—Namea
——— R‘SGthonuNamg
Examples-

GO TO FINISY

_ Ingtead of the Run-Time systém executiﬁg statements in sequence ag
they are written in the program, control is transferred to the start of
the Paragraph or Section indicated. '

A -
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G0 T0 ~Form (ii).

: {“Paragraph—Name—i} ) SParagraph—Name~2? S o
GO TO 3 . N vy - $ oL oL apen :
“ i Section-Nome-~1 P ISectlon—Name—2 i .

DEPENDING ON Data-Name-1 ‘
Examples- GO TO MON, TUES, WED, THURS, FRI DEPENDING ON DAY,

In this example, if the Data-Ttem DAY contring the value 1, control
will pess to the Paragraph MONs if it contains the value 2y to Paragraph
TUES ote. 1If the data-item is outside the relevant range (eg if DAY

contains a value greater than 5 in this example), the g0 TO statement will
. ke ignored,

The maximum number of destinations allowed is 24. .

£
L LHFORE, - 3
o i o : ; Par--Name-~1 : Par-Name~2 1

; T \, : {
DERVORN ) Sect-Name-1 { { Eﬂﬁg ‘ SectuName-EE ]

(;Literal-l

JaData—Name~lT TImEs -

UNTIL Condition-1
- oo 4 Literal-2 )
i VARYING Data~Namef2 éggﬂf.x Data4Name—3f ,

{ Literal-3

EE DatamName—4§ UNTIL 'Condltlon~2 

|

I

!
o

S

%

|

i

Examplegs—

- (i) ' PERFORM PaR-1
(11)  PERFORM PAiR-1 THRU FAR-?
(i1i) PERFORM PAR-1 7 TIMEY : L
(iv)  FERFORM WRITE-LINE UNTIL LINE-NUMBER = 66 = . '
(v) FERFORM CALC, VARYING NUMBER FROM 1 BY 1 '
UNTIL NUMBER IS GREATER THAN 100

The FERFORM verb is used for two basic functionsi~
(i) to execute a subroutine (examples (1), (ii)).

(ii) %6 execute a loop - ie %o execute a set of statements a number of
times (examples (iii), iv), (v)).

Foteg:

(i) The maximum number of TIMES is limited to 4096. If the Run-Time
eystem finds the number ¢¢ TIMES to be greater than' 4096, a warning error
messags will be printed.

(ii) In exemple (i), control passes to the stetement following the
Faragraph- {or Section-) Name FAR-1. When the end of that Parngraph (or
Section) hns been reached (ie just before the next Faragraph- (or Section~)
Yamn), control returns to the main program - ic to the next statement
aficr the FLRPFORM stntement.
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(iii) In example (ii), execution of tho subroutine beging after
the Faragraph (or Section) Namo PAR-1 and continues up to the last
statement in the Paragraph (or Section) PAR-2.

'(iv) The UNTIL option works rather differently from similar gtotements
in BASIC or FORTRAN compilers. On each occoasion before the loop is to
be executed, the Run~Time system tests to see whether the condition has
been satisfied. If it has, the loop is not executed on that occasion.
For instance, in example (v) the loop would be executed only 100 times.

{v) 4 ac 10 statement within a subroutine or loop may pass control to
gstatements outside that subroutine (many COROL compilers do not allow
this). However; cortrol must at some future time be returned to the end
of the subroutine so that the main program (after the PERFORM statement)
can be continued. (The EXIT statement may be placed at the end of a
subroutine to allow this to happen), Similarly, another subroutine may
be FERFORMED from within a subroutine., This compiler allows subroutines
to be '"nested™ in this way up to the 13th level,

(vi}) This compiler does not offer the AWTER function (this function

may be carried out using nested FERFORMs } .

EXIT.
This verb is usually used as the only verb in a Faragraph, to provide
an end-point for a subroutine that is to be FERFORMed. Such an end-point

may be required when there is more than one possible path through a
subroutine, ' '

Examples-
FERFORM SUBR THRU SUBR-EXIT,

-
.
o

SUBR. .

| IF SUM 100 G0 TO SUBR-EXIT.
ADD 1 TO SUM. :

SUBR-EXIT,

EX17,

Here, the end of the subroutine will be reached (at SUBR-EXIT),
whether SUM is greater than 100 or not. It is necessary for this to
happen, so that control can be returhed=corbect1y t0 the'main program.

STOP (or STOP RUN).

Thig statement gtops execution of the progrom and returns ocontrol to
the‘OS/B monitor. It is normally the last statement'executed in a
program (but need not be at the physical end of the program listing).

If the STOP verb is omitted in o program, one is automatically executed
if the physical end of the program is reached,
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LXAMINE, .
! N
. { UNPIL FIRSTl ‘Litepale
Form (i)s— EXAMINE Data-Name-1 TALLYING 3 ALL o iglief§i ile
{ LEADING { ravastamet
0 : A Literal-2
t TPLAC Y (
igpPLACINQ_ﬂ- ,Data—Name~3% ]
!/ FIRST N ;
U N ; BNPIL PIRST ! {Literal-3 |
Form (ii)s- EXANINE Data~Name-1 REFLACING VAL : | Data-Name-d
' ' ‘ { LEADING }

fLitera1~4 1
B 'Lnata—Name»sf '

Examples:-

EXAWINE NAME TALLYING ALL "&» |

EXAMINE NUWBER TALLYING LEADING ZEROES

LXAMINE NAME REILLCING ALL “E" BY N~GHARACTER
- BXAMINE NAWE TALLYING ALL “E", REPLACING BY vpn
EXANINE NAME, REFLACING FIRST "kt BY wpn,

This verb looks at individual characters within a data item. The
TALLYTIIG option counts up all specified occurrences of a pariicular
character, and places the sum in an internzl numeric data-item named
TALLY., The contents of this item may be accessed in subsequent statements -~
Yor exampleg- . ' -

i IF TALLY = 3 ADD 1 TO SUM,

The capacity of TALLY is four decimal digits (max: 9999),

.‘
i

[ Literal-l

_ { Literal-2 )
\ Pata~-Name-1

’ ‘LData—Name-Ef Jorteeecenen

DISPLAY

—m—

]

Ixampless—
‘ DISPLAY (this prints a carriage—return and line-feed)
DISPLAY SURNAME '
DISFLAY INITIALS, SURNAME
DISFLAY SURNAME, " ", INITIALS :
DISPLAY "YES OR NO " (LINE); ACCEPT ANSWER
DISFLAY (HOME) "EJTER STUDENT NAMES:—"

This verb prints the contents of tho specified data item(s) on the
conggle, followed by a carriage~return and line-feed. Multiple items in
the same DISPLAY statement are printed on the same line {with no apaces
Letween them). This compiler allows any type of data item to be DISPLAYED,

Since this compiler tends to be used in ways which require a lot of
cperator interaction, two additional DISFLAY options are provided:—

(LINE) epecifies that a carriage-return, -line-feed combination are not -
to Le printed at the end of thq line, - ;
(OME) erases the sercen (VT50 terminale).
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ACCEFT.
. - ACCEIT Data-Name
Examplés:é

"ACCEPT NAME
ACCEPT STUDENT-NUMBER

When this statement is being executed, the Run—Time'system prints a
question-mark (?) on the console - and then the operator is reguired to
type in the characters or numeric value to be assigned to'the Data-Name.

Notes:

(i) Only numeric or élphanumeric Data~Names may be apeeified (not
edited or group names). Yor numeric Data-Names, only numeric values may
be entored. A non-numerie entry will result in the error méssage
"DATA FOT NUMERIC - RE-TYFl:~", and the item will need to be re-entered.
Similarly, an alphanumeric entry which is too long will result in the erra
message "T00 LONG - RE~TYPEs~', '

(i1} The usuwal rules 2applying to the MOVE verb also apply o ACCEPT
in cases where the data entored is not the same length as the data-item
(viz: alphenumeric data is left~justified and space-filled; numeric datn

is aligned with the decimal point and zero—filled).

(iii) Data entered during the execution of an ACCEPT statement mey be
terminated by typing the RETURN key (which results in a8 carriage-return
and line-fecod being printed); or by typing the ESCAPE key (which does
not give a carriage-return orp line~feced), The DELETE key may also be
typed during the entry of data - this has the effect of deleting the
previous charaster typed. When the console ig a V150 scroeen, the character
is actually erased from the screen — otherwise, a back-slash oharacter is

~ typed for each character deleted. . '

(iv) If the RETURN (or ESCAFE) key is the .only key typed during execution
of an ACCEPT statement, the data-item is filled with zeroes (for a numeric
item) or spaces (for an alpherumeric item), L :

(v} Characters which do no% have unigue 6-bit codes are not allowed as

-input during an ACCEPT statement.. Such characters include LINE-PEED,

BACK-SPACE, TAB and some control characters, Entry of such characters

' will give the error message "RE-PYPEz-n,
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IFILE-PROCESSING VERRS

Notes

This compiler nllows simultzneous INPUT and OUTPUT operations on two
files on the same file-structured device and having the same File-Name.
kinen thig facility is used, the INPUT file is deleted when the OUDPPUY file
is closed (this'is a zimilar mode of operation to that used by ‘the 05/8
Bdit program, for example), ' . :

However, so that the COROL program can distinguish between {he two
s the extension T ("tempopary“) must be added to one of the File~
»  COEOL deletes this éxtension when it CLOSE= the file. B

Exomple:~ This program copies the file DATA onto 2 new file which will
nlsé be called DATA.,  The original file is then deleted.

FILE~CONTHOL .
SFLECT DATA.
SELECT DATA.TH.
DATA DIVISION..
FILE SDOTION.
FD DATA.
01 DATA-REC FIC Xx(50).
FD DATA.TH. .
Ol DAPA-TM~REC FIC X(50).-
WORKINC-3TORAGE SECTION.
TROCEDURY DIVISION.
OFEN INFUT DATA, GUTFUT DATA.TM.
HEXP-RLC, ‘
READ DATA AT END GO TO FINISH.
MOVE DATA-REC T0 DATA-TM-REC,
WRITH DATA-TM-REC.
GG TO WEXT-REC.
FINISH. -
: CLOSE DATA, DATA.TM.

¢

OFEN { CUMIUT ;  File~Name-l \, File~Name-2, .oueuvu. , eteu
. i0 - -
Examples:—

OFEHN INIUT ADDR

OFEN INPUT ADDR, NIMES

OFEE INPUT ADDR, NAMES; QUTFUT FRPILE
Before each file is used in the FROCEDURE DIVISION, it must be QFENed.
The: functions pcrformed by the Run-Time system during an 0PEw operation ares-

(i)  the 05/8 deviec handler for the particalar device is.read into memory,

Zf necessary: : ' L -
(i1) ke file is located on the dovice, and the first block of data rend

into a memory buffer (but not transferred into the Record~Name data area)s
(iii) for ovmp QUTIUT, 2 "™entative" file is oreated on the devioce,
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Note§s~

(1)  An INPUT function is one which READs data from a device into.memory.
An OUTFUT function is onc which WRITEs data from memory onto a device.

(ii) I-0 must be specified for Random-Access files (c.f.) only. fThis
allows both INPUT. and OUTFUT operations to be made on the file,_if desired.
(iii) 4 file which is already O}EN may not be'o;ENed_ggain (it must be
CLOSEA first). | EVUVITUY TS

. Dok IR s . P
(iv) Only one QUTIFUT file may be OFENed on a particularp device at any N
one time. (This is an 05/8 restrioticn o 05/8 allocates the latgest
poesible contiguous areéa on o device for an GUTFUT file). But with Two
disk drives, forp example, one OUTIUT file may be OI'ENed on each.

(v) The Run-Time system has four }DF-8 memory pages available for device
handlers (in addition to the System device handler, whioh is always
resident). Device handlers may be:one rage or two pages long. If an
OlEN is attempted and the handler is not in core,.and the handler aprea is
full, a fatal “"DEVICE I-0" error will be printed,

CLOSE. _ -
- LLOSE  File~Name~1 1, File-Name-2, -..o.a,iJ
. : [ ;o . .
Examples ;- _ CLOSE ADDR

- CLOSE ADDR, FRINT -

blose must be the last function perférmed on every file during executic

of a program. OUTIUT files which are not CLOSEd will not be perﬁanently

entered on the directory for the device (if file-structured); ’
and OUTFUT to a line-printer, for example, would not be completed.

nweo,
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READ. T o
READ File-Name RECORD | 5 AT IND

Exampless— - o S -
READ, NAMES . - .

ElAD NAMES AT END GO TO FINISH . -

L l INVALID KEYj

b any.sta$sment(s){

. . . el . coLL -,

ReAD ADDR INVALTD KEY GO T0 BRROR-ROUTINE

 This verb reads a record from the specifi
-area in the DATA DIVISION. : -

For éequential files, the next record is

ed file into the Record-Name

read (ie the éne in the fils.

fellowing the previous one readi, unless the end-of-file mark is found.

For Random-Access files, the record toc bhe

read is found from the value

of the ACTUAL KEY Data-Name. For example, if the ACTUAL KEY contains the
number 47, the READ statement would read the 47th record in the file, e%c.
If the wvalue of the key results in the‘caloulatedupoﬁitiqn,of the record

~~being outside the file, the INVALID KEY condit

Notess- g

ion is then ‘gatisfied.

(i) Execution of a READ'%tAtement*mgxrnbtArequifé_dn actual data transfor
from the device. . This is because device transfers are made in whole 08/8
blocks. (512 characters) into a trimary Data DBuffer which 'is allocated for

cach file, - A READ statement only transfers the data from the file's Frivary
Data Buffer into the record data area in the program. Only if the Primary
Data Buffer is exhausted before the complete record has been transfered is
a blook transfer from the device required. (Random-Accesa READs normslly

do require a device transfer).

(i1} If the number of characters in the record read is not equal %o the
number of characters in the record data area (or is greater than that area

in the case of a variable-length-record file),
and the program execution terminated,

an errer message is printed

7 (i31)  When an end-of-file or INVALID XEY condition is discovered but

there is no AT END or INVALID KBY clause in the READ statement, an erroy
message is printed and the program execution terminated. - -

(iv) A READ from a non-file-structured deviee orerates as followss~.

~ (a) External 8-bit ASCII codes are changed to internal 6-bit codes.

(b) Mull (ASCII 000) and line-feed characters are ignored.

(¢) The carriage—return charactor is used to detect an end-of-

record (but is nod stored in the Record area),

- (¢d) EBni-of-file is recognised in the usual OS/8 manner - eg by

an end~-of-file character on Mag-tape, cassette

or card-reader; end-of-tape

on paper-tape render; or a CNTRL/Z character from a terminal.

(¢) Data is assumed to be alphanume
example, there is no conversion of numeric dat
formats. However, if the record is found t¢ b
date area, the latter is blank~filled. If a

larger than the record datn aren, o fatal NECO
be printed.

ric (PIC X) - so that, for

a bé £it into specified data
¢ shorter than the recerd
ecord is found which is’

RD LENGTH oxrror messago will
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WRITE. o - | :
LS { BEFORE (Literal Y {LINE )
~Nz Jame il 7 _
WRITE Record-Name LQAFTER } ADVANCING 'lData-NamaS {LINESS i
 INVALID KEY any statemeﬁt(s)J~
E&mmples:?

WRITE ADDR-REC )
WRITE PRINT-REC BEFORE ADVANCING 1 LINE ‘
WRITE NAMES-REC, INVALID KEY GO T0 ERROR-ROUTINE.

This verb writes the specified record (which must be an 0l-level
Record-Name) onto the file whose FD statement preceeds the Record-Name
deeeription in the progrom. L o :

For sequential files, the record is written onto the'devica immediately
after the record previously written. TFor Random-Ascerss files, the record
is written at a location caleulated from the value of the ACTUAL XEY data
item,

The INVALID XEY option may be used both for Random-Access files (to
detect when the value of the KEY is outside the range of the existing file
area); and for sequential files (to. detect when the space allocated for
‘the file on the device has been exceeded), :

The ADVANGING option is intended for non~file-structured devices
(1ine—printer, paper-tape punch, etc), It cauges a carriage-return
character and the specified number of 1ine-rfeed characters (maximums 4095)
to be written. The data from the Record-Name area may be written either
BEFORE or AFTER the line-feed characters. However; a record written %o a, .
non~file~structured device is alwavs terminated by a carriage~return
character, whoether the ADVANCING option has been specified or not. Data
is written to non-file-structured devicer in 8~bit ASCIT code in standard
08/8 format, L . o

- 4

Eoté'that,-iﬁ;COBGL,a READ étatemqnt always specifies the'gz}pn ame ,
. whereas a WRITE statement’élwéys,Specifies‘the Reoord&Name.‘a'n_ S

Ve e
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BREAK °

BREAK
This verb is not a standard COBOL verb, but has béen imﬁleménted to

help in the Run-Time de~bugging of COBOL programs. Execution of the
statment BREAK resilts in the word - DREAX - being printed on the oconsole
and conirel being passed to the 08/8 monitor. At this time the 05/8
de-bugging program ODT may be czlled upon to examine or change data 'in
the DATA DIVISION (which is in memory field 3). (For instructions on
using ODT, refer to the OS/S Handbook). fThe.octal word addresses of

data items in the DATA DIVISION are given on the compiled program liasting.

Po re-gstart the COBOL program at the statement following the BREAK
statement, the charagters g¢ (zero and G) are typed - this instructs ODT
to re-start the Run-Time system at the re-~start addréss zero.

More fhan one BREAK may be employed to check the operation of a _
program. VWhen the program is working correctly, the BREAK statement
o~ . is normally removed from the source program. SRR

Exémpless—
(i) ADD A TO B.
BREAK &
DISPLAY B, _ |
(11) IF A4 = B THEN BREAK, GO TO NEXT; ELSE GO TO.FINISH,

Bun-Time Examples-

“When a program ism execeuting and a BREAK verb. is encountered, . data '
in the DATA DIVISION may be examined and/or altered as showns-

— BREAK -~ (printed by the Run~Time system)

=0DT} (monitor dot printed by 08/8. ODT is called by '
- © typing "ODD")
£ 30010/6162 6163, (locatiion 0010 in field 3, (DATA DIVISION) is

examined. ODT prints the contents of this leooation -
viz. the 6-bit codes 61 and 62 (representing the
numbers 1 and 2). The required new contents 6163

are then typed in to replace the old contents)

#c (now, typing zero followed by G will cnuse the COROL
o program to be resumed at the statcoment following
the BREAK statement). :
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SAMPLE PROCRAMS

These three short programs demonstrate a few of the features of the
compiler, including the use of Randem—Access files, -

Sample Program No 1:-

PROGRAM~ID. .
CREATE.

REMARKS., |
THIS PROGRAM CREATES A FILE, "STUDEN.DA", CONTAINING STUDENT
NUMBERS, NAME, AND GURRENT BALANCE OF AGCOUNT. =
THE FILE IS ORDERED ACCORDING 70 STUDENT NUMBERS, WHICH

: ‘RANGE FROM 1 TO 10, DATA ENTRY IS VIA THE CONSOLE.

AUTHOR, , R S

' R. BARNES, - ASC,  JULY 1977.

FILE-CONTROL. . '
SELECT STUDEN.DA.

DATA DIVISION.

FILE SECTION,

FD STUDEN,DA.

01- STUDENT-REC,

02 STUDENT-NO PIC 999 VALUE ZERO.
02 STUDENT-NAME PIC x(2o;.
02 STUDENT-ACCOUNT ™ PIC 89(6

V99  VALUE ZERO.
. WORKING-STORAGE SECTION. . :
PROCEDURE. DIVISION.
OPEN QUTPUT STUDEHN.DA.
DISPLAY "STUDENT ACCOUNT FILE-CREATE PROGRAM. ™. S
DISPLAY "ENTER TEN STUDENT KAMES AND TEEIR CURRENT ACCOUNT:~v,
- DISPLAY. o '
PERFORM INPUT-DATA 10 TIMES,
CLOSE STUDEN.DA.
- STOP. RUN.
INPUT~DATA, ° | ;
= ADD 1 TO STUDENT-NO. :
DISPLAY "STUDENT NAME " (LINE).
- ACCEPT STUDENT-NAME, ; ) ' T
+DISPLAY "CURRENT~AGCOUNT (Liwgy.
. ACCEPT STUDENT~ACCOUNT.
+ DISPLAY. :
WRITE STUDENT-REC.

Notes on the above program:-

: (i) Student'numbers take the Valpes 1, 2, 3 eto automatically.,

(#i) Note that this compiler allows VALUE clauses in the TILE SECTION of
- the DATA DIVISION.

(iii)‘Note_the powerful use of the PERFQORM verb 1o execute 2z subroutine
& certain number of times. :

- . .ow
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Sample Program No 2:—

PROGRAM-ID,
‘ PRINT.
REMARKS.
THIS PROGRAM PRINTS THE DATA WHICH IS CONTAINED IN THE
STUDENT ACCOUNT FILE "STUDEN.DA" QNTO THE LINE-PRINTER,
AUTHOR,
H. BARVES, ASC  JULY 1977.
FILE-CONTROL.
SELECT STUDEN.DA.
SELICT REPORT; ASSIGN TO LPT,
DATA DIVISION, _
FILE SECTION,
¥D STUDEN, DA,
01 STUDENT-REC. : : :
02 STUDENT-RO - PIC 999,

02 STUDENT-NAME PIC X(20).

02 STUDENT-ACCOUNT PIC S9(6)v9g,
FD REPORT. '
01 PRINT-REG. _

02 P-NG PIC 229.

0z PILLER PIC XXX.

02 P-NAME FIC X(20).

02 FILLER PIC X(6). _

.02 P-ACCOUNT . PIC =—,--9,99,

WORKING-STORAGE SECTION.
PROCEDURE DIVISION.
OPEN INPUT STUDEN.DA, OUTPUT REPORT.
MOVE " NO. NAMI: ACCOUNT"-
TO PRINT-REC. - ‘ ' ¥
WRITE FRINT-REC BLFORE ADVANCING 2 LINES.
MOVE SPACES TQ PRINT-REC.
- NEXT-STUDENT .
READ STUDEN.DA, AT END GO TO FINISH.
MOVE STUDENT-NO To P~NOQ. ' '
MOVE STUDENT-NAME TQ P~NAME, '
MOVE STUDENT-ACCOUNT 70 P-ACCCUNT,
YRITE PRINT-REC BEFORR ADVANCING 1 LINE.
GO TO NEXT-STUDENT.
FINISH.
CLCSE STUDEN.DA, REPORT.
STOF RUN. '

Notes on.the above Programs—~

(i) Note the use of the word FILLER to denote data characters which will

not be referred to specifically in the program (these characters will
normally contain spaces).

(ii) Note that in order to print the report, the data items must be MOVEQ
individually so that the editing will be carried out (if group items are

MOVEd there is no processing of the data).. - _ .
(iii) Note the use of the AT END option to detect the end o{ the file.

(iv) If a separate printer is not available, TTY could be uged in place
Of LPT: ' .
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sample Program No. 35

PROGEAM-ID,

, UPDATE,
REMARKS. : :
THIS PRGGRAM ALLOWS UPDATING OF THX STUDENT ACCOUNT FILE.

BY SPECIFYING THE STUDENT NUMBER, THE OPERATOR CAN OBTAIN THE -

STUDENT NAME (FOR VERIFICATION). :

NEW INFORMATION MAY THEN BE ENTERED FOR THAT STUDENT'S

CURRENT ACCOUNT BALANCE. T0 STOP THE PROGRAM, ENTER

2ERO (OR RETURN) FOR THE STUDENT NUMBER. :

AUTHOR. T '

R. DREW, ASC JULY 1977.

FILE-CONTROL. : '
SELECT STUDEN.DA, ACCESS MODE IS RANDOM,

: ACTUAL KEY' IS STUDENT~KEY.

DATA DIVISION. :

PILE SECTION.

FD STUDEN. DA,

01 STUDENT-REC.

02 STUDENT-LO PIC 999,

02 STULENT-NAME PIC X(20).

02 STUDENI~ACCOUNT PIC 89(6)v99,
WORKIKG~STORAGE SECTIGH.
77 STULEHRT-XEY PIC 999,
77 ANSWLR PIC X, -

PROCEDUKE DIVISION.
DISPLAY “STUDENT ACCOUNT UPDATE PROGRAM. ™,
OPEN I-0 STUDEN.DA.
NEXT-STUDENT. -
DISPLAY.
DISPLAY "STUDENT NUMBER © (LINE).
ACCTEPT STUDENT-KEY, _
1P STUDENT-KEY = ZKRO GO TO FINISH. :
READ STUDEN.DA; INVALID KEY DISPLAY "NUMBER INVALID",
: GO TO NEXT-STUDENT. :
DISPLAY STUDENT-NAME, " CORRECT - Y OR ¥ o (LINE).
LCCEFT ANSWER. ‘ '
IF ANSWER NOT = "Y" GO TO NEXT-STUDENT. . ' '
DISPLAY "NEW CURRENT ACCOUNT " (LINE), ~
ACCEPT STUDENT-ACCOUNT, :
WRITE STUDENT-REQ,
u 80 TO NEXT-STUDENT,
FINISH, .
- CLGSE STUDEN.DA.
STOY  RUM.

Hotgg on the above program:-

This program nllows changing ("updating") of the information conitained
in the student account file which was created by Sample Program Ko. 1.
Although the file wns ecrcated 28 o fixed—length—record'sequential file,.it
is here updated ag a Random-Access file. When the operator enters the
student number, this becomes the value of the ACTUAL XKEY ~ ie it indicates
which record of the file is to bhe accessed., When this record has besn read
into the STUDENT-REC record arca, the information (eg name, current-account
cte) can be processed or changed, and the record written back onto the file
(using tho samo ACTUAL KLY, so that it goes back in the same position),"
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ERROR MESSAGES

There are tvo classes of error messages - Compiler error messages
- {. + - ™ . -
-and execution (RunuTlme) CTTOr Messdges.

Compiler Brror Messsges.

Compiler error messsges are followed by the line df_sourde code
and, where applicable, a circumflex (or up~arrow) underneath the line %o
Cdndicate just where the error was detected. - For examples—-
BAD PICTURE:- S |
17 TODsL - FICTURE.999Q

BT

Note that the circemflex ig printed in the position where the compiler
detects the error.  In some cases this is not where -the error actually
is. Tor example:- . - ' ‘ : S
C NO SUCH NAWE:-
- : ADD PRICE TO SUM GIVING TOTAL.
o el e

~ here the actual error is the word TO, sinoe-TO and GIVING are not .
alloved in the same ADD statement. The words following T0 are assumed
"by the compiler to be deestination Data~Names. The line should have reads-

ADD PRICE, SUM GIVING TOTAL., o .

. similarly, a "MISSING PERIOD® error indicated at the beginning of
"~ a lire may refer fo an error at ihe end of the previous line. : :

e

J

- COMPILER BRROR HESSACES

" ACCESS MODE ERROR

. The ACCESS MODE specified is not eithep P or V.

. BAD PICTURE, h | -

Illegal character in FICTUREs error with brackets; wrong ordering

. of symbols; more than ten digits before decimal point, or more than six
~after. : - '

CHARl, COUNT FRROR IN FREVIOUS ITEM.

(i) REDEFINES crror: A Data-Name or group of data-names which S
REDEFINE a previcus Data-Name {or group) do not have the same total number
. of characters. : o

‘ (ii)’VﬁLUE error: The literal in o VALUL clause does not have the same
number of characters (or the same number of ‘charzcters before the decimal
point, etc) as the Data~Name PICTURE. ' '
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COBRT, 5V NOT FOUND.

The /G option has boen specified to the compiler, but the Run-Time
syatem program COBRD.SV is not present on the system device,

1 B

[

DEVICE NOT FOUND.

_ the device specified fellowing the word ASSIGN in.a SELECT sentence
does not have a device handler on the OS/8ﬁsystema Common device names
include SYS, LPP, PIY, BAAQ, RXal, REAQ, DTA0 eto, L '

ERMOR ~ WG SUBSCRIFT., - . S,

A Data-Name defined with an QCCURS claﬁse (or defined within a group
which has an OCCURS clause) is not followsd by a subscript (in brackets)
in a PROCEDURE DIVISION statement. ' IR '

ERROR - SUBSCRIPTED SUBSCRIPT.

o

Subseripts in the PROCEDURE DIVISION may not themselves be subscripted. .
eg  SUN (4) but notit suM (4 (2)) '

ERROR -~ UNDEFINED AGTUAL KoY.

An ACTUAL KEY bas been specified in o SELEGT clause, but fhe'nata;yame -
has not been found (with its PICTURE) in the DATA DIVISION. oo

FILE HOT ASSTGNED.

in

o

A File—Namehfollowing the symbbl FD h&s not been ASSIGNed to a device : 
SELECT clause., o ' S I

ILLEGAL, CHAR.

A character; other than those in the allowable Character Set (o.f.)
s been detected in the source progran. Illegal characters (eg backspace,
{ L ATRL characiers) may be invisible on s program listing, or they may

‘”appeap as a legael character. HNormally the faulty line should be re—=typed.,

ILLEGAL LITERAL.

A non-numeric character has been found in a numcric (unquoted) literal.

ILLEGAL MOVE,

SAn alphanumeric Data~Name is being MOVEd o a numeric or edited
DatanName; an edited Data-Name is being MOVEL to a numeric Data-Name.

ILLEGAL NailME,

A Data-Name (starting with a letter A to Z) wos expeéted but not
found; a device name (in an ASSIGN clause)wis more ‘than 4 characters;
a File~Nawe (c.f.) is not in 05/8 Format., ' o :
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L5 HOT_NURELIC.

in arithmetic operation has been specified for a Data~Name with a
ngn-numeric FICPURE.

g ADD PSUN TO TOTAL .
‘where TOTAL has the edited PICTURE 99.99.

(i) The level-number Tollowing a group name is not greater than the
level-mumber of the group name . o ' ' ‘
h vy,

eg 02 ADDRESS. " (group name)
01 LINE~} - PIC-x(20).

(i1) A level-number is greater than the previous level-number and the
previous item was not 2 ELoUP Name, ‘ IR - '

‘eg . 02 ADDRESS ~ PIC %(50).-
04 PHONE-NO  PIC X(10). °

(111) & level-77 iten s not in the WORKINC~STORAGE SECTION.

(iv) Within a group OCCURS item, a data item having a greater number
of subsoripts has been written before a data-item with less subscripts
(c.f. 0CCURS). : . :

.A line of the source program has been found having more than 80
charzcters. o - - _ .

]
i

MISBING XEY.

) A SELECT clause has specified "ACCESS HODE IS RANDOM", but there is
ne ACTUAL KEY clause, or “ACTUAL KEY" is spelt wrongly (there should be
2 single space between MACTUAL" and "KEY"). . e

BISSING PERIOD.

{4) Period (.) missing_after a PICTURE clause.
h (i1) reriod missing after a Faragraph~Name, or aftcr a word written
right ot the beginning of the line (which is assumed to be a Paragraph-

Name).

(This erroy is norﬁally detected by the compiler at the beginning of
the line following the faulty line). :

T NAME DREVICUSLY DEFINED.

Either o Data~Name cncountered in the DATA DIVISICON, or a Paragraph-
Name (or Section-Name) encountered in the PROCEDURE DIVISION, has been
defined previously in the program, -
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NG FILE-CONTROL SECTION, _

Missing FILE-CONTROL heading (this heading is required oven if there
are no entries), or "FILE-CONTROL,® 19 spelt wrongly (eg leading 5PACes,
missing hyphen, or missing period).

NO_ROOM FOR QUTFUT PILE.

A compiled output file has been requested, but there iz not a large
enough” empty space on the specified device (use the SQUISH CCL command or
delete somc files). . '

NG SUCH NAME.

A Data-Name or File--Name referred to in the PROCEDURE DIVISION haa-_‘
not'been defined in the DATA DIVISIONiJor has been spelt wrongly, o

NO WORKING-STORALGE SECTION.'

The WORKING-STORACE SECTION is missing (the héading is required even

if there are no entries), or "WORKING-STORAGE SECTION." ia spelt wrongly

(eg leading spaces, no hyphen, multiple spaces between “STORAGE“'andl
"SECTION", or no period at the end),

PRECEDING LITERAL NOT TERMINATED.

A quote sign (" or ') was found, indicating the beginning of an
alphanumeric literal, bu} the same closing quote sign has not been” found :

‘after 150 characters.

FPROGRAM TOO LONG,

' REDEFINES “ERROR.

- -4‘\

The TROCEDURE DIVISION is too long. The limit is 5400 (octal) locations -
approx 700 (decimal) statements. The program neceds %o be segmentzd and -
cverlays (c.f.) utilized. - 3 : S

Ty
DA TURY

. A REDEFINES clause is associated with = Data~Name which is ei%hers%
(i) already within a REDEFINES group; oxr

 (1§) within a group item which has an OCCURS claunse.

L

 SYNTAX ERROR. I o

The structure of a statement or clause is incorreci. A large number
of situotions can give rise to this error message, lncluding:~ . HOVE

~without TO; CIVING followed by more than one Data-Names ‘unrecognised or

unexpected word founds; a VALUE clause specified with an OCCURS elause, ete.

TGO MANY EDITED PTCS, . | . - ' .

- ' . T
The storage cnpacity for edited PTICTURES has been exceeded, Capacity:
approx. 1500 bytes. (Notes Only FICTUREs of edited Dats-Nomes counbribute
to this total). . : - -



- 46 -

PO0_MANY _DATA TTINS.

(i) The nuwber of Data~Namcs defined in the DATA DIVISION is oo large
(1imite approx. 40%);  or the names are too_long.(storage-area for names
iz approx. 3500: (decimal) chatacters) (Note: FILLER does not require
Data~-ame storage), L . e

(ii) The data storage_area'ferdata'imes anﬁhliferals.haa been exceeded.
The limit for dato-itens ard iiterals combingd ig approx. 3000: (decimal)
bytes - howevedr this may be reduced by up o 512 bytes when the /0 (overlay)

option.is specificd,

Ly

100 MANY FILES.

‘There are more ihan 7 SELECT clauses specifying distinot files, .

100 MANY TTENS TN GROUE.

A group Data~¥ame in the DATA DIVISION: contains too many . Data~Names

"within the Zroup., Limit;‘ 128 independent Data~Names within a group

(when &-group ocontuins other groups, most Data~Names within the sub~groups
do not contribute to this total}s . = ' LT

100 MANY‘PARD NAMES,

There are teco many Paragraphnvand/or Section~Names. (Limits.128 ﬁptal)o

w -

UNDEF. FAR, NAME.

-

“The Pafagraph¥mdr'Sect{on»ﬂame specified in +the error message ‘is referred

© %o .in the progran (eg in a GO0 T0 op PERFORM statement), but is not defined

as a Paragraph or Section heading, or has beed spel+ wrongly.

e

UXRECOGNISED STATEMEET,

4 verd or-clause is expected, but. a recognised oné has not been
foundygor.has.beenum1343pelt, : S -

VALUE ERROR.

(1) The vaLum given to é_ﬂatauName is negative although the Datawﬂame 

is not signed (no "5 specified in PICTURE),

(41) & nonénuméric'ghgrac%ervhas.beenzfdund‘in the VALUE, although the

~Data~Name has a numeric FPICTURE,

WRONG NO. OF FD STATEMENTS.

The number of FD (File-Description) statoments in the DATA DIVISION

‘iS‘not.equalAto~the number of SELECT statements in the FILE-CONTROL
- section; or "FD"™ is not aﬁ-the"beginning_of a line, or has been’mia“spelt.

HRONG NUWMER OF SUBSCRIPTS:

The number of subscriptﬁvfollowing a Data~Name in +the PROCEDURE
DIVISTON doos not agree with the dats structure in the DATA DIVISION.

[}
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RUH-TTME ERRORS

Errors which are detected by the Run-Time systom (when the program is
actually cxecuting) are printad on the console preceded by the messages-

RUﬂmTIMEzERﬁbﬁlgT PROCEDURE LOCH. xxxx -

~ vhere “xxxx” is a 4-digit.octal number which indichtes where -in “the..

PROCEDUME DIVISION-the ertor occurred, .The source statement which caused.::
the error can be found using a compiler listing {c.€i) of the program. o
"~ Compiler limvings show the PROGEDURE DIVISIGN addrepses at the beginning ' .7~

-of each lide of source code,

*, JHost Run-Time errors are Tatel =~ that is, they result’ in the program::
being stopped and control returning to the 05/8 monitor. At this time,
the status of data stored in the DATA DIVISION may be ascertained (if e
desired for de-bugging purposes), by running the program COUMP (cof.); . .
which prints out the addresses of the DATA DIVISION and their contents.

w7 '.h-;."-:-.
LI

RUN-TIFE ERROR MESSAGES R

fffff

CONTROL/C RCT PERMITTED,

Termination of program execution by typing CONTROL/C is not_ allowed
since a Random-Acces (I~0) file has been alteved (by WRITE statements),
“but the file has not been cloaedo_.(NQﬁe; In all other cases & program
nay be stopped by typing CONTROL/G). T

DATA KOT NUMERIC.

; This crror message includés a specification 6f the DATA LOCN: -of the
data item which was found not to be numeric. This error can occur when:-

(i) The contents of a data item specified in an arithmetic operation
have been found to be ron-numeric. This situation can occur, for example,
“when the contents of the item have not been defined ~ je when there was no

VALUE clause for the item, and no arithmetic data.has been placed into the
iten. ‘ | \ | C TR

(ii) An AGCEFT, READ or MOVE statement has tried to place data into a
nureric data item, but has found that the data is non-numeric. (For
ACCEF ,‘the;Run"Time gystem will re-type the guestion-mark and allow
re—centry of the data). T

(ii4) The contents of an ACTUAL:KEY_dafa item have been found to be non~
numeric, during a READ or WRITE oh a Random-Access file. .. -

-

4
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DEVICE I1-0,

(1) A non~recoverable hardware error has been detected during a READ
or WRITE mtatement. _ o '

(ii) 4 file is'being OPENed but‘theigrea availablie for 08/8 device
handlers (4 FDP-8 pages) is alrveady full. '

FILE ROT CLOSED.!

A STOP verb has been encountered (or the physical end of %he program
reached) and. one or more outpub-or I-0 files has not been CLOSEd.,

. L

FILE NOT FOUND.

During an’' OPBH TNPUT or OPEN -0 operdtion the File-Name specified
has not been found on the directory of the ASSIGNed file-struoctured device.

\

FILE NOT GFENED. e

A READ or WRITE operationm has been requested for a particular file,
but an OPEN statement for that file has not been execuied. .

C PILE TOO BIG.

A Tile on a file-structured device (eg disk or DECtape) has reached

the 05/8 limit of 4096 blooks (just over 2 million COBOL characters).

i
H

RECORD LENGTH,

(i) While READing a file with fixed-length records (RECORDING MODE '
specified or assumed to be F)2 the length of the record read does not agree
with the record-length in the Record-~Name layout in the DATA DIVISION,

(ii) While READing a file with variable—lengtﬁ records (RECORDING MODE
specified as V), the length of the record read is greater than the largest
Record-Name layout for that file in the DATA DIVISION. _ -

" SUBSCRIPT OUT OF FOUNDS,

The value of a subscript is zero or negative, or greater than the
number specified in the relevant QCCURS clause. .

00_LONG.

During execution of an ACCEPT statement, the data entercd has more
characters than appear in the PICTURE for that data item (or more characters
before the decimal point, or after the decimal point). The data must be
re-chiered,
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TOO_MANT HESTED PERFORMS

A subroutine has been'PERFORMed, and from within +the subroutine
another PERFORK statement has been made — and this nesting process has
continued past the 13th: level, which is the maximum allowed.

TOO MANY vpImEsw,

A PERFORM. ... .TIMES statement is being executed and the number of
TIMES hos bsen found to exceed 4095, Execuﬁion‘will'continue, with the
number of TINES equal to the desired number nmodulo 4096n_(To PERFORM &
routine more than 4095 TIMES, use the “VARYING option). o :

TRANSFER PAST END-OF-FILE.

(1). When WRITing o sequential file, the capacity of the largest contiguous
arca available on the device has been exceeded. ' L. .

77 {(44) Vhen READing or WRITing a Random-Access file; the value of the XEY
~'is such as t0 require a transfemlbut of the range of the storage area
assigned for the file on the devide (and an INVALID KEY clause has not
- been specified in the READ or WRITE statement), S S

USER BRROR O AT xxxrs.

This evror message is printed by 08/8, and indicates an error while
loading a core image (8V) program. In particular, when a compiled core-
image program is being loaded {(by the R or RUW command), thig message can
indicate that the Run-Time system program COBRT.SV is not present on the
system device. ‘ : : ‘

WARNING — DATA TRUNGATED.

.A-MGVE, ACCEPT or GIVING arithmetic operation has resulted in a numeric

7 tue which will not fit the destination data area without being truncated

i_,on'the'left,7 Program execution will continue, using the trucated data.

& ) —
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THE PROGRAM CDUMP "(Dump Program)
Thig program is veually used as a diagnostic aid to check the operétion
of COEOL programs. CDUNMP has several; options:— ' - L

(i) The contents of either the DATA DIVISION (of a COBOL program which
has just been run), or a particular disk (or tape) file, may be DUMPed.

(ii) The dasa fiay he printed either in character form or in octal form.

DUIPs may be made either to a line-printer or 4o the console. A1

. . DUMPs are printed with the oclal memory addresses at the start of each line.
Operntion. .

With the 0S/8 monitor oﬁeréiing, type s
=R CDUNR, -

SN Then type in the Command Degoder line, specifying an opbional

v output  device, an optional. input file-name, and an .optional swithch - 0,

The output device mey be TTY: or LPT: (if no output device is specified

the DUMP will be to +the line~printer). If no input file-name is specified;
the DATA DIVISION (of the COBOL program just run) will be DUMPed, 9he

MO switch produces g print-out in ectal, rather than character form.

Exampless— ‘
ORIy o x,

- this will print the DATA DI?ISIQN in character form to the printer.
_ . XPTY: < RXA1:STUDEN.DA/0) f o

~ this will print the contents of the file STUDEN.DA from the right—
hand floppy disk, in octal form, onto the console.

If an input file-name has been specified, the program will ask for a:-

ST o ~ BLOCK NO: ‘

- and requires entry of n decimal number indica%ing which 08/8 block
(of 512 chavacters) is to be DUMPed. BLOCK NO. 1 is the first block of
~ the file, ete. After DUMFing ‘one block, the program will requeat another
BLOCK NO. The program may be terminated by typing CNTRIL/C.

Note that the enduof-rbcdrd character ig printed'in character mode

as the "underline” oharacter {"back-arrow" on some terminals). An ende
of-file is indieatcd by two consceutive "underline" characters.

Example of a line of CDUMP output (character mode):—

0200 AB €D BF GH IJ KL ENfOP QR ST UV WX YZ 01 23 4

Note that two characters occupy onc FDP-8 word. A space is printed
between cach FOF-8 word. Threo spaces are printed between the two groups
of eight I'DF-8 words on a linec. So for cxample; "CD"™ ooccupies word no.
0201. "QR" occupics word no. 0210. ind the cnd-or-rccord mark is at
address 0217R (right-hand byte of word no. 0217). -
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'”mmﬁnmmm%cmmﬁ (Sort/Merge Frogram)

This program is uwsed +o copy on existing file or set of files and o
create o new file, and in the process to sord the records into a cewtain
order in the new file. The now order will be. detemnined by the values of
a string of characters (ealled the "KEY")' within each record — the strings

- eould’ represent for exanple, “atudent nunber!, or “surname and initiala",
cte. The resulting file is ordered in increasing order of the values of

the keys {(this implics'élphabetic order for alphanumeric keys). Uhen keya
consist of a mixture of mumbers, letters and other characters, the regords

. Will be ordered according to the walues of 4he 6-bit codes of the characters.
A record having a key consisting of LOW-VALUES will be placed fipst in a
sorted Tile; a record whome key is HIGH-VALUES will be placed last,

Spacew are always considered to be nulls (LOW-VALUES) for sorting.

To -run the program CSORT, %ypcz;-
S =R CSORT)

The Command Decoder linc is then cntered in thé forms-
S ' 'ﬁpUTPUTwFiLE"CINEUTuFILE(S)/V/Dg
W I . .

Iultiple input files aro separated by commas. The cptional /V
switeh indieates that the inpul £ile(s) contain varlable~length records.
The optional /D switch causes the input file(s) 4o he deleted before the
cutput file is writton. Thig may be useful where there could be insufficicnt
‘room for the cutput filc. Up to 5 input files may he specified. :

Example -
FRALL :NEW< RYAL :0LD 3

~ this will.sgyt the fized-longth-record file OLD from the right-hand
floppy disk, creating the sorted file NEW. The original file OLD will
not be deleted, since the /D switch has not been used. . S

‘The program will then reguost:—

SORT KE¥i~  FROM CHAR. NO: Ty
UF TO AND INCLUDING CHAR. NO S |

7y at which $ime -the position of the key in each record should be indicated.
For example, the key may consist of charactors no. 9 %o 20 (inclusiVG)

in cach record.{counting from the beginning of the records).

‘Thé program will then cperate as follows:—
- (i) bpproximatoly 20,000 eharnebers of the input file(s) are read into
~memery (or less if an end~of~file mark is reached). '

(ii) A 1i$t of ho record memory addresses is constructed, and this list
sortcd in memory according to the values of the respeetive keys. :

(iii) The records are writton from memory in the sorted order onto a
~soratoh (temporary) file on the Bystom device (or else direet to the
cutput file if the whele file is 20,000 characters or less).

(iv) This process is repeated until all the input file(g) have beon read.
If seven scratch files arc written before all the data has been rcead, the'
seven files are then merged into a secondary scrateh file, and this proccss
may bve repeated until up to scven. sccondary scrateh filecs have heen created.

Y
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(v) If the "/D" option has been speeificd, the input file(s) are now

deleted from the input deviee(s).

. {vi) The scrateh files are poad together into memory, and the final
merged file written to the speecificed device. R

(vii) 4s th% records ave written ‘to the final ougput file, the key
vilucs for ench record are dispilayed on the console, for checking purposcs.
Thie operation (of displaying koys) may be stopped ot any time by typimg "s

(viii) The sord operation may be teiminated at any time Ly typing CNTRL/G.

Notos,'
C e,

(i).If two {or méro) records have identical keye, ﬁhe ordering of these

reeords will bho wspeeified. -

-(ii) The time requircd for the in-eore sorting of rccord addregses
depends critically upen the number of vecords in corc. . For Files with
short records (eg loss than 50" charscters), and with more than a couplc cf
hundrced records, the im-core sorting of record addresses can fake a
neticeable time. Do not ‘be comcerncd in sueh cases if the computer secms
%0 "go dead" for as long as scveral minutes. SR

(iii) Unless the whole file can be ‘accommodated in memory (capacity:
aprrox. 20,000 characters), thon sufficiont scrateh space must be available
on the system device to hold g copy of the complete (segmented) file(s).

Bryor messages.

2,

ERKOR - SCRATCH AREA INSUFFICIENT,

Fhe seratch arca available on the system device isg insufficiont.
FRROR - OUTEUTD AREA INSUFFICIENT,

I

- ERROR ~ VARIABLE—LENGTH‘RECORDse

- The output deviee cammot accommodate the sorted file., If the input
and output files are to be on the same device, the original filc(s) noy
be deleted using the /D option fo make room on the deviee for the new file,

1

_ Records in the input file(s) have been found 4o be not all the same
lengbh, and the /V option has not been specificd, -

ERROR -~ DEVICE 1-0.

A non-recoverahle hardware  read op write error has been cncountered.

ERROR - RECORD TOO LARGIE,

The input file(s) were speeificd as having variable~length rccords
(/VOption specified)s and the filec containsg more than approx. 20,000
e¢haracters; and o record has been found with more than 2047 characters.

Lo

LRROK — INPUT PIIES) T00 LONG,

.. The input Tile(s) have‘ékoeedcd approx. 4.7 million charactofsg or
200,000 records. Op for variable~longth records, approx. 1.0 million
charnctera, or 45,000 records. ' . I
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Numericnl Acourncy: Ten, eharactors before the decimal point; Six characters
after the decimal point {nenco ep te sixicen decimal places numeric accuracy).

Progoam Datia storage:  Approxz. 3:000 characiers (pama DIVISION plug literals).

No. of Datn-Tlems: Approz. 400,

storage for Data-Namou: Approx 3,500 characicers.

Bo. of Porasraph and/or Seetion Names: 128,°

No., of Filcs in any Programs: 7.

Max. File Sizc on Filewstrucﬁured_{Rﬂndommaddressable).devicess Just. over
) 2 million characters. : - '

A7\ Pile Sise on Hon-File-structured Dovicess o limit,

IS

‘ e . LTSS N . :
¥o. of Rocords per Piles No limitb cxeept a3 above. o
, o L ' to 1000 o o -
Moz, Wo. of Program Statements:  Approx TOoﬁﬂbut overlaoys can give effectively
' unlimited ne. of statements). ' x R

Device-handler CGapacitys 4 PDP-8 pages (plus system device handler).
(Systom device handler musy be 1 page only).

Yo, of QUIPUT files opown on a doviee ot one 4ime: One only (but several
- INPUT and I-0 filcs may be open on any device ab any time)uj

FACiLITIES NOT IMPLEMENTED ON THIS COMPILER
(But implomentoed on some large-machine compilers)

(i) Condition-Name (lovel~88) VALUE option (use condition statements instead).

{i1) USAGE and SYNCHRONIZED clavses (these are not nceded sinco all internal
"data is stored as 6-bit characters). C : -

(iii) Wo implicd subjects or objects in IF statements (eg ne "IF A = B OR cn).
{usc instead: "IP 4 = B OR A= C). T o .
(iv) No AFFER function in the FERFORM verb (use nested PERFORMs instead).

(v) The TIMES option of the PERFORM verb is limited to 4095 TINES (for
larger numbers, usc the VARYING option). '

(vi) Mo COMPUTE verb (use a.series of arithmetic verbs).

(vii)uﬁnly onc OUTPUT filc opon on a device at one time (scweral INPUT or °
1=0 files may be open on any device at any time). '

(viii) Rendom-Acccss and Indexcd-Sequential files must have fixed-length
records. ' T

(ix) Wo CURRENT-DATE dnta ficld (usc ‘o small file containing only the date).
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PECHNTCAL NOTES

These notes may be of interest to tcechnical users of the compiler.
I . . .

il

FROCEDURE DIVISION Code.

This sytem bas been designed fo run in o multi~programming environment -
ic the Run-Time system, when modified, will be copablc of controlling a
number of compiled pmograms. - Hence the Run~Time system conbains within
it all the routincs required fo exeeute fhe warious operations. Compiled .
“code" for PROCEDURE DIVISION statements consists only of links to these
routines, togother with paramcters speeifying details of the operations
{data addresscs, options ete). For example, the statemont:-

MOVE A TO B _ _
compiles %o just threce PDP-8 words ~ ome allowiﬁg a link bo the Run~Time

FHOVE poutine and one ench specifying the localion of information deseribing
the data items A and B. . - S

Hosb COBUL stétenicits toke up only two, three or four PDP-8 words. -

his allows approximatcly 700 -to 1000 gtatements in o program without
using overliays. ' B . C

Doin Formats.

Internal data storage (within thc DATA DIVISION and on files Qn"
file-structured devices) is in standard 6~hit eode, two characters per

- PDP~8.word. The only exceptiocn is thatt the octal code 37 is used as the

end~of~necord mark, and two code 37 characiers in suceession ropresent
an cnd-of-file mark. f%he corresponding 8-~bit character ("undcrline” ¢r
"back-arrow™) is nol accepted ag inpu¥ by the compiler cr Run-~Time system.

- Hote also thatt in COBOL, the carriage—-roturn and line-feed charactors arc
ot represented internally or in file-struetured files. '

The Run~Time system writes dota to non-file-structured devices (Yine-
printer, Mag-tape, paper-tape punch ete) in stpndard 8-bit ASCIT.

All input and output opcraﬁions (cxeept console operadions) are

performed by the 08/8 device handlers, in 256-word blocks. For Ffilo-

structurcd data, 256 words is cauiwalent to 512 charaecters -~ but. for
nen-~file-structured data the 08/8 standard format of three 8-bit characters
Yo two words is used. : ' '

Negative Numbors.

" Negative numbers are ropresented in internnl 6-hid code by clearing
the firgt it of the last digit of the number. For example; the number
123 would be stored as the octal codes 61-62-63, but the number -123
would be storcd as 61-62-23 (ie the final oclal 6, which in binary is 110,
hes been changed fo 010, represented as cetal 2}, Hence the imtcrnal

digit of 2 nmumerie, nogative data itenm.

S octnl codes 20 to 31 roprosent the numbers 0 to 9 when they are the losb
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+ (i) The 6-bit codes 20 4o 31 ropre
respectively when they are the lagt
(ii) Spaccs
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6~bit and ASCIT-Codes -

P~ g

arc censidercd o be nulls
¢ric comparison.

sent the numbers 0 4e 9
2+ FOp ;o2 LB W
digit of o negative numeric item.

(code 00) for purposes

6=bit | BoPBit 6-bit | 8-bit
gymbol | ceode - eode syubel | code - ccde
. (cctal) | (oetnl) o | (octal) (octal)
LOW-- hlank 40 240
VALUR 00 300 : 41 241
P @ ' ' 42 242
; « + 43 243
L 01 301 B 44 244
B c2 302 % 45 245
& 03 303 & 46 246
D 04 304 ' 47 247
i 05 305 R ¢ 50 250
oy 06 306 ) 51 251
¢ 07 307 X 52 252
i 10 310 + 53 253
T 11 311 - 54 254
J 12 312 ~ 55 255
K 13 313 Ca 56 256 .
L 14 314 o/ 57 257
I 15 315 -0 60 260
N 16 - 316 1 61. 261
0 17 317 T2 62 262
¥ 20 320 30 63 263
Q 21 - 323 4 64 264
R 22 322 5. 65 265
o8 23 323 6 66 266
- T 24 324 T 67 267
L u. 25 325 - 8 70 270
v 26 326 9 71 271
<) 27 327 3 T2 272
X 30 330 5 73 273
T 31 331 4 T4 274
Z 32 332 = 5 275
L 33 333 > 76 276
N 34 334 ‘
] 35 335 HIGHuw
A 0T 4 36 336 VALUE 17 277
: or ? r )
end--gf-
regord 37 {nonc)
tr s ¢

" The GOBOL venbs, and other words
the compiler, are known ns 1
Data~Fames, Fileo-Namos
in capital lottorps

RESERVED WORDS

s Paragraph~Nnmqs, cte.
wheravoy they appear in this

which have speceial significance to
ieserved Words, ~nd should not be used for
Regorved Words are written -
_hookley.

@
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INDEX

AGCEPT ... iovinnnunn.., - 32
AGCESS MODE .hou.. ...
ACTUAL KBY cuonuisienn..
ADD viiiiiiianannn, ees 24
ADVANCING . .iv.uvuun. ... 36
AFTER «oiiyuii.... ., . 30,36
alphanumeric ‘data items . 16

‘alphanumeric iiternls ces 12

AND uean?uogn;uacnpogfn;n 27

AEST cevrnecnoncnnecnns. 1

ASCIT COGCE weivnowrvn.. 55
A55I0N evviviniann.... o 13

ssterisk (in PIC) seeaae 18

AT END ;.ﬁ.,u.....,.en.. 35

‘ B (PIC Symbol) -nnvcnen 19

BLANE WHER ZERO .i...... 16
BLOCK bumococconnaro-oh?A'l4
BHF.AK l!qoown’rg-n’nn&ac‘c‘eu\-;_.- 38

Gmmuonvuon,g;“;”_37
copacitics of -compilor . 53
CDUNP program Peevsscese 50
ehaining programs ...... 37
character codes ......,.. 55
character sot cetiannass 10
eheek eharachor i!..... 18
oclroumflex cecrricacncas A2
CLOSE «ivovivneonanaioan 34
COBOL -~ running erebssas 3
COBRT Pecctosesnvsurosrens | -2

Gpdos ceaowne%3§;o;oooua _55“”
COlumn.A aiavoanev-e:n;i“‘ 2

COmH}Cav.vCQscﬂl.Dtbpr&b 13 18
comment 13incs oalaoeces.. 11

‘compiled CollC evevececs. 54
compilc eapacitics .... 53
_compizer Crror mesgsages. A2
- compiling .. .
compound COnditions coe. 27

oono;onqcuta 3

COMPUTE «.iuinieivennnen 26
Condition-Names ev,0.... 19
conditions Vesieresinses 27
continuntion characters 2

‘core— 1magc Flloe covennn 4

CR and DB N R T N 19
crosa~reforence $iles ,. 8
CSORT progrom «ocuoie, 5y,

CURRENT-DATE data-ficld . 12,

DATA DIVISION P & |
Dita~Rames v.oouunsn,e.. 11

data storage ..........54 55
DB and CR sevennnnnnessl, 19

mengwb“”“”'mf
‘decimal point (in PIC) 18 -
DEPENDING ON vyeeesvana. 29 -
directory rersresensecsa  §

DISPLAY twvssesbacssssass 31
. DIVIDE °...“;.;.,.;...,... 26
dollar sign (in P¥C) . 18
DUMP program veeuow.... 50

‘cdlted data items ...... 1T i
ELSE nn{onnono-oncponuon 27lv

0n(l-0f-.tlle mark annoaut 5

end~of-record mark cesee 5.

- BQUAL TO R -
EYTOT MCUSAZES sveecsses 42
TXAMINIG stteccrasosnsoca - 31
examplc programs sesosea 3G
FYIT Peercreraibanor e ‘30

facilitiecs not 1mplcmentcd 53~
D ptatemont .....n..,.u' 14
Figurotive: Constants ... 12
FILE~CONTROL ovrcosacocs 13
I&16~Fames_,.e.,......,. 12

f'thS ;(unnoo-oo.ﬁ").ﬂﬂ. 5,
FILE SECTION LIPS s B V'

-~ File~-processing verbs .. 33
fllc-pﬁructured dew1ccs 6

CFILLER bieenteae e, 20 21
fized-length rooords Y

’ GIVING qooo-okncen.;--oo 25

GO TO QII.GIB‘B.IIQDGQOI.II 28
GREATEH THAN LI LB BN IR B A 27
Group Names teersasaanss 15

Hardware Nomes vesseees. 13
hardware requirements .. 2
. HIGH~VALUE seessesiuoens 12
HOME I S W

IF ﬁ.‘.‘.o‘.u’.ﬂ.'l.‘l.‘ﬂ.. 27
indexed-sequential files 7,8

INVALID KEY ....;.,.u, 35,36 _

—ty



FUSTIFLD ,e‘..{...”.u, 22

“ LABEL RECOLDE s 14
lr'.ll’lgu.dg(, - p‘JBOL RN 10 .

leading zerocs ov.oe... 17
LLSS TH[lN ov-er.c.touq-t-n 27
Tovel nurmbors .eeees... 15

lovel-77 Srrensecenane, 22

lovel-88 R A 1
' LINI},...,au,n,o. seansow 3]
CLINES Cee st seean 36

listings 35
literals (iiinceondse.. 11
100D evt ccvonvnonenens 29
LOW-VALUE tvnvurenennen, 10

coo(pvb.ennuue

MCPEC PLOLLAM oben. ... 51
ominus sign (in PIC) ... 18
TS HOVE Lol 2y
- ~HSLTIPLY cesiacosnsoii. 26

JGJiTITIl-J -a‘euouionoeuueu 27

- negative number format 54

nested IF's iouevenoas . 28

C non=Rile-structurcd dev. 6

] FUMLRIC“.,.”““H”” 27
e umeric dats items ..., 17
;umorlo literals viue., 11

OCPURb cu.g;ic..oa.,,g, 21
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