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Figure 31. BLANK WHEN ZERO

pear after editing as $.00. The BLANK WHEN ZERO
clause causes seven blanks to appear in the pay field
when it is edited for printing.

; VALUE IS

% literal-1 [THRU literal-2] ':literal-3
VALUES ARE —_—

[ THRU literal-4 ] ven ]-

General Description: A vALUE clause can state the ini-

tial contents (value) of a data item in the woORrkING-"

STORAGE SECTION 0T CONSTANT SECTION. It can also be
used with the THrRU option to define the value of a
condition name (level-88 item) in the FILE SECTION
and WORKING-STORAGE SECTION.

If the vaLUE clause is not used to define the initial
values of WORKING-STORAGE items, their contents at
program execution time will be unpredictable.

If the vaLuE clause specifies a numerical literal,
an operational sign will be developed (placed over
the units position of the numerical field) only if the
literal is preceded by a plus or minus sign. A figura-
tive constant may be used in the vALUE entry where
a literal is specified.
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Figure 32. vALUE

The THRU option is not described in the cosoL
General Information Manual. It may be used only
with condition names as shown in Figure 32.

I: REDEFINES data-name-2 :l

General Description: This clause permits the program-
mer to redefine areas of storage that have been pre-
viously defined by a record-description entry.

Note the following additional points in connection
with the use of REDEFINES:
1. If data-name-2 is not unique, it must be qualified
by one or more additional names until it is unique.
2. Data-name-2 must not be subscripted.

Example: Figure 33 shows a REDEFINES clause used to

define a table of constants.

The Constant and Working-Storage Sections
The record-description entries described for the rFiLE
secTION apply also to the CcONSTANT and WORKING-
STORAGE SECTIONS.

These sections begin with the header line workiNG-
STORAGE SECTION Or CONSTANT SECTION and are followed
immediately by the record-description entries.

Added Elective Elements of the Data Division

These elective elements of the record-description

entry are not specified in the coBorL General Informa-

tion Manual, but are contained in the 18m 1401 cosoL

processor:

1. The pEPENDING ON data-name and the To integer-2
options of the size clause.

2. The thru literal-2 and the literal-3 turu literal-4
options of the vaLuE clause.

Deferred Elements of the Data Division
The copy option is contained in the cosorL General In-

formation Manual, but is not contained in this version
of the 1BM 1401 coBoL processor.

The UsAGE, siGNED, and sYNCHRONIZED clauses have
no meaning in a 1401 coBoL program and should not
be used.

A group mark should not be declared as an alpha-
meric literal.
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Figure 33. REDEFINES
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The PROCEDURE DIVISION is the operational part of the
coBOL source program. Once the data has been de-
scribed, the programmer tells the coBoL processor what
steps the machine must take to read the input data,
process it, and write it as output on punched cards,
magnectic tape, or a printed form.

The coBoL verbs are the main elements in the pro-
cepURE DIVISION. They are described in detail in the
coBoL General Information Manual. However, some
verbs have special meaning when used in a 1401 coBoL
source program. This additional information is pre-
sented in the following section.

The DISPLAY Verb

General Description: The M 1403 Printer (1403-P) is
the standard output unit for the pispLaY verb. How-
cver, information may also be displayed via the 18Mm
1402 Card Read-Punch (1402-P). As many printer
lines or punched cards will be used as are necessary
to display the information contained in the area of
core storage whose data name is specified in the
DISPLAY statement.

The object program initiates a skip to channel 1 in
the carriage tape if a form overflow occurs in the
1403 printer. If the pispLAY verb is used in the PrO-
CEDURE DIvVISION to address the printer, the processor
assumes that the printer will have a carriage tape
with punches in channel 1 and 12 (overflow) at
object-program execution time.

Examples: The statement shown in Figure 34 will cause
the contents of the area whose data name is GRAND-
TOTAL to be displayed on the 1403 printer.
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Figurc 34. PRINTER DISPLAY

The statement shown in Figure 35 will cause the
contents of GRanD-ToTAL to be punched into cards,
if the mnemonic-name cArp PUNCH has been as-
signed to 1402-F in the sPECIAL-NAMES paragraph of
the ENVIRONMENT DIVISION.
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Procedure Division

The ACCEPT Verb

General Description: The 1BM 1402 Card Rcad-Punch
(1402-R) is the standard input unit for the Accepr
verb.

Example: Figure 36 shows an accepr statement that
will cause data to be read from the card reader and
moved to an arca whose data-name is CANCELLA-
Tons. If more than eighty storage positions are de-
fined by canceLraTiONS, multiple cards will be read
from the 1402 until the area is filled.
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Figure 36. AccepT

The WRITE Verb
Reference Format
WRITE record-name [FROM arca-name]

[ AFTER

BEFORE mnemonic-name

ADVANCING i intcger LINES ]
General Description: This statement causes a logical
record to be released for an output file.

Record-name is the name given to the record de-
fined at the 01 level in the rFiLE sEcTION of the DATA
DIVISION. Area-name is the name given by the pro-
grammer to the core-storage area from which the
record is to be written.

The apvaNcING option is used for spacing lines on
output documents on the 1403 printer (1403-P).

AFTER and BEFORE in the ApvaNcING option control
printer carriage spacing before or after the wRITE
verb is executed. Integer LINES specifies how many
lines should be spaced. Mnemonic-name is the name
assigned in the sPECIAL-NAMES paragraph to a chan-
nel in the carriage tape and is used when carriage
skipping is desired instead of line spacing. The skip
occurs to the line that corresponds to the specified
punch in the carriage tape.

Examples: Figures 37, 38, 39, and 40 show sample
WRITE statements.
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Figure 37. WRITE
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Figure 38. WRITE AND SPACE BEFORE PRINTING
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Figure 39. WRITE AND SKIP AFTER PRINTING
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Figure 40. CONDITIONAL WRITE

The EXAMINE Verb

Reference Format

ALL
LEADING
UNTIL FIRST

| literal-1 [REPLACING BY literal-2]

TALLYING

EXAMINE data-name

LEADING

REPLACING
l [UNTIL] FIRST

literal-3 BY literal-4

General Description: The ExaMINE verb is used to re-
place a given character and/or to count the number
of times it appears in a data item.

Any literal used in an ExaMINE statement must be
a member of the character set associated with the
crass specified for data-name. Thus, if the descrip-
tion of data-name in the paTa pivisioN specifies a
crLass that uses less than the full character set (nu-
MERIC Or ALPHABETIC), then each literal used in an
EXAMINE statement must be one of the characters in
the restricted set. Thus, if the class of date-name is
NUMERIC, each literal used in the statement must be
a numeric character.
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All literals in ExAMINE statements are considered
alphanumeric, are one character in length, and are
enclosed by quotation marks. When an EXAMINE
statement is executed, the examination begins with
the leftmost character of the data item and proceeds
to the right. Each character in the item represented
by the data-name is examined in turn. If the data
item being examined is numeric, any operational
sign associated with the item will be ignored.

The effect of an ExaMINE statement depends on
the options employed by the programmer as follows:

If TaLLYING is specified:

A count of the number of certain characters in
data-name is made when the TALLYING option is
used. This count replaces the value of a special reg-
ister called TaLLy, which is accessible to the pro-
grammer. The count depends on which of three op-
tions of TALLYING is used:

1. If arv is specified, all occurrences of literal-1 in
the data item are counted.
2. If LEADING is specified, the count represents the
number of times literal-1 occurs before a character
other than literal-1 is encountered.
3. If unTiL FimsT is specified, the count represents
the number of characters that are encountered be-
fore literal-1 first occurs.

If rRePLACING is specified:

The replacement of characters depends on which
of the four options of REPLACING is used when the



REPLACING option is used either with or without the
TALLYING option:
1. If arvL is specified, literal-2 or literal-4 is substi-
tuted each time literal-1 or literal-3 occurs. Literal-2
is substituted for literal-1, and literal-4 is substituted
for literal-3.
2. If LEADING is specified, the substitution ends when
a character other than the literal (literal-1 or literal-3)
is encountered or when the rightmost character of
the data item is reached.
3. If unTiL FIgsST is specified, the count represents the
number of characters that are encountered before
literal-1 first occurs.
4. If First is specified, literal-3 is replaced by literal-
4 only the first time literal-3 occurs.

Example: Figure 41 shows a use of the ExAMINE verb.

The ENTER Verb

General Description: The ENTER verb permits the pro-
grammer to use Autocoder statements in a COBOL
source program.

The language name used with 1401 cosoL is Auto-
cobER. The Autocoder statements must be presented
to the coBoL processor immediately following the
ENTER AUTOCODER statement, and they must be fol-
lowed by an ENTER coBOL entry that indicates the
point at which the cosoL source language is resumed.

Each ENTER AUTOCODER statement must constitute
a separate paragraph in the source program. The
ENTER COBOL statement used for returning to cosoL
from Autocoder must either constitute a separate
paragraph or be the first entry of a paragraph. The
name of the paragraph must be on the same line as
the ENTER CcOBOL statement.

These specifications must be maintained when
using Autocoder entries in a COBOL program:
1. Autocoder statements must be coded in Auto-
coder format (label starting in column 6, operation in
column 16, and operand in column 21).
2. The symbols used in Autocoder statements must
be five characters long.

IBM COBOL PROGRAM SHEET s
‘PAGEz PROGRAM 3 0 M) JNE SAMPLE SYSTEM JomEET oF
|, | PrRosrammer DATE IDENT IS
SER!AL%A EB
4 e|7]8 j2 16 20 24 28 32 36 40 a4 48 52 56 60 64 68 72
0:011 _TDfn/ﬁﬁluFl/lCAZ‘/umM DIVASLOM- 3 000 g L bt L 4
02 PROGRAM 1D -\ THEEXAMINE=VERB - | 1 1 L 11 111110 L el il L]
O3] ENVIERONMENMT, LIVILSHOM L 4t s L F R I BT B B A S R
0.0 |CONRIGURATION \SECTLOM 1 1 1 1+ 1 11 1 L1ttt Lt da 1 14 1]
[o)X) ‘;|0|URGE:"IGO:MHU:FE!AT-1 TLIBM-1/ %0 MElMﬂ/ﬁM S/ ZE Y000, \CHARARCTERS -1  « 11 11111
.06 IlBlJﬁ:&Tl-iﬁtOlMP:l/(r mgﬁ&ﬁiﬁﬁmm Y lzéJ_Lg_ﬂ_LQLQl_IQMMlﬁSJ: Llot i 4 a1 L1
007 DarA |12/‘VL/J.‘.'LL/|0M-||1|1||||>||1|: AR N N TS S U S U S U N U S W N WO N (A0 U 0 B S B S G AN R
VoK M@m&&éél ISIEGITf/IﬂMdllllllxllll1!11LLL||||||111||1|||14|11|1L‘
09 |\ 01, AMSLIES PULCTURE /S XX XXN Nt 11 Lt ittt 441ttt ot bttt e 1]
i 'o.M.ﬂTﬁ(Mﬂ WSECTI/OMe) 1 b L b Ll g o dd ol Lt ]
vV L 177 LOMSTL PLCTURE 1S XK XNXXX NVALIUE 15 N 401000 11 L
L |y T2 COMSTE \PirCTURE (1S X(6) VAMUE 1S 417383 er L s
3L 177 CoMSTS PLOTOEE 1S5 1 X(6D, Y AMUE. /S, M RASTSTLR L
O/l? /Dlﬂqc:glaalﬂé‘l |AIIM/‘5|/|0IM'I U N U I Y N O S T N Y W U U N O NN T N WS WO U VO Sy N N S Y WO O T Y Y T S T OO O |
0/5T 6. TAR 7w MAVE, CoMNS T 7i0, AMSEEL ( \ 1 1 s I AR A |
006 |, EXAMINE ANSWER TALLY L NG Akk ‘L' RELLALI NS BY Al LoLba i
LA | o DLSPAAY. ANSRAERL - | 4 i L L
OLB |\ EXAMINE ANSUEL RELLACIME Blh B B P oo (4 L
l[! | - :DllﬁlPlL‘Al;/l lAlMSIM&‘I {7000 NN NN O Y (O N TN NS T N N W U N T N O VU VOO U Y Y T U Tt O SO NN NN (S U W U T O 1 O Y OO S Y S
020 |, MOWE COMETR 70, BMSUELs, « 1 1« 1 1 1 ad L1 L 1 a1 daa |
o/ L EXAMINE HMSUEL. LGP IACING LEADING L BY Ny e Iﬂ/,éfL&ﬁ\%,M&f_éLﬁu_,
& 2] 11 1 ‘m dl l’l&l Lcl oMél,‘]al 1L 7To| AMswE|£’ TSN W A ) N W S Y U N S SN U G O (N NN U (Y T W T S Ty NN N U [N OO T T W O T M|
ﬂ,l.j Ll f]X/)lM/luél A SWUE L, lﬂﬂllh%/Mﬁ VMT Ik FrST * 3. |D./.5.PK-AI;£ |7T”1L1‘-|!/|'| Lo L111 |
¥¥d |||blﬂt’nﬁl'lﬁﬂalﬂﬂmﬂlunl||1|||J|||||L|J11111111|||||.1||11111II‘J__4

W | | S T T Y L SO s N T YO T U T IS (SO VU T OO T O W U N O Y O IS [ O T I P T N W N T (O S T O T T T W U |

Figure 41. ExaAMINE Vcrb
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3. Autocoder statements can be written to refer to
coBoL names if they are related by entries in the
SPECIAL-NAMES section of the coBoL program. How-
ever, COBOL statements cannot be written to refer to
Autocoder names.

4. The word-mark status of a constant or area de-
fined by a cosoL statement must be the same after
the Autocoder statements are executed in the object
program as it was before they were executed. Thus,
if it is necessary to write an Autocoder statement
that sets or clears a word mark in such an area, the
word-mark position of that area must be tested first
so that the word mark can be reset or cleared before
returning to the cosoL program.

5. No 1401 SPS statements can be included.
Example: Figure 42 is an example that includes a sec-
tion of Autocoder statements.

6. Macro instructions may be given which refer to
macros in the Autocoder library.

The STOP Verb

Reference Format

literal %

N
STOP i RU

General Description: This statement produces a 1401

HALT instruction which stops the execution of the
object program. The run option of the stop verb
causes an unconditional halt, and the program can-
not be restarted.

If the stop literal is numeric and within the range
0-99, the literal 000-099 is displayed in the B-register
if the halt occurs during the running of the object
program.
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Figure 42. ENTER Verb, Part 1 of 3

24



Progra

IBM

m &7 WY PR E

INTERNATIONAL BUSINESS MACHINES CORPORATION Identification . . .
76

Progr.

Date — .

d by IBM 1401 AND 1410 DATA PROCESSING SYSTEMS 5’
AUTOCODER CODING SHEET Page No.2L! of

Form X24-1350-1
Printed in U.S.A.

| Line | Label J?pm::} OPERAND
sls 156 2ol21 25 30 35 40 a5 _s0 55 60 65 70
0,10 ZE

e PMe RoS, AREAL o\ i

PR

0.2

o PMACWAMPAY R, ARERL=ZQO | | 4o

P R

030

ArS77 1 . . CE TSJW;AI,?a..o...,,.A.....‘.u.....‘.‘,...L...

049

. |BCE,  |TSTWHM, PREAL-RBOZ o\ o i

[X-¥7] B A cﬁ”aﬁkfﬂiglllllIlllAllllAlIllllAllAAAJIIAILAIIIII
060l ol 15 NTOGAREAT-20 o e
07D£TSTL.J4LL.

0,80

ISTLIM . |\BuZ

0,9 9

P )

e MACWRAREAL TG AL [\ i i

1,00

PO SR | Lo WA .(7:5/1...A.nl..nn.;:l.l.xnuxn.1.4‘||A|.J||A||1|‘AA|A

11,0

ASTd . |BWZ | AASTELAREAL-TRyL .\

1,20

S IfﬂlizLJ_Lg_.;LL

1,3

..nln-..ﬂl-L’M = S5 S TN N TN VA VY S Y WS WY YA VOt G VS S W

1,0

R 77 2 ) ..,Szda,e.L¢4L

T R T |

1,50

BOEL M.S.Tﬁ5,&)/9/’1,,..|.“...A.4_.JA...A,.....A....A.......

T S

ed ,

i OLd DEAL TR o oot e

11

1,7,0

WAST L | . 1B SZARZ \ o e adeeba

1,8,0

ﬁ-s.f.g. lxn&‘cl‘1“’l;l§!umzllllllllIlllLllJ_LJAIIIJA‘iAIIJJ_.IIllLlAllll

1,9.0

N R o S N2 A R S S

20025005, 1, . D2 o 0000000400000 « x4 44
Z.U.OSMB.G.K Lo .C'.ﬂ L P S S S G S S S U S S S WY G SV U WA VU SO ST S U0 TN Y S VA S Y ST S S S Sy S T TP U S S S S S S T S
3 ¥ o, ST MU USRI WY S SRS U WY ST S S T ST S0 WA SN T SN SN S S TN SO0 0 WS S TN G ST SN ST SO S A WO S S S SO WOt S S N S S
2‘!0 PR L L4 1 11 - R S S | il i B G W S Y S S N1 L1 a1 [ W WA WU NN T N S S ) S B S U DR G S W | U S 11 8 |
2,99 TR PR MO P U N S S T ST | U WS ST S U U T AN T TN SN S N ST WY TN U SN N T VAN S S TOON GO S S ST S U SN S A Y S
2‘5.0 T P . | Lod, 1 P P S | Lo Lol Ll i FEREE R WS N W GRN (D U WS TR0 SN (N N TR (N G N O S | J . deded b o F U G N N Y NS N S W | | S
e L\ PR . 1 1 1. 1 U G Y 11 I N S S U U WS WY U S N U GO NN GRS SR U G N SHN WNUR S U WY VNN VN VNN TN U N W U S Y F U | 1 J L U S S Y
-t - 1.1 4 1§ 1 11 i 1 11 1 1.0 1 1 i 3 l_l i1 ‘ AN W W U SN SN (N U SN SN R SRR NN NN VRN AN Y SN N N G S § U W U N N B S S 1 4.4 1
NI BRI B B R P WIS N S SN ST SN S S ST VPO T S S S S SO S ST S S S S SO S S ST S T S U SO0 SN S ST S S ST S WU S S
i1 T il 4 i T S T - U W W S T SO S S W A S | T WD T Y S N | I — F I S WD U VR N N T T RO S [ WY SN Y W SO S S SO T S G I T

(R S SRRy SN SN [ Ry SN S S SR SN GUP SR SO SO G S S, S S S S, S, SN SN S, S S ——

Figure 42. ENTER Verb, Part 2 of 3
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If the stop literal is numeric and greater than 99
or if it is alphanumeric, the address of the literal is
displayed in the B-address register when an object-
program halt occurs.

Example: Figure 43 shows the sTop statement.

= T T
ga |8
718 Jh" 16 20 24 28 32 36 40 44 48 52
!
L WSTOP BUN i i
!

T U W TS U S Y T W U S G 0 N U I U WY O O W T W Y W S B I

Figure 43. stop Verb

The OPEN and CLOSE Verbs

The coBoL language, as specified in the cosor. General
Information Manual, provides the ability to open an
output file, process it, close it, and subsequently open
it as an input file. It also provides for opening an input
file, processing it, closing it, and subsequently opening
it as an output file. These procedures are not handled
by this version of the 1401 coBoL processor, and are
therefore classified as deferred elements.

Exponents

M 1401 cosor provides for integer or non-integer
powers to be used in writing exponents. The sign of
the power can be either plus or minus. Negative bases
cannot be raised to other than an integer power.

Conditional Statements

Option 1

IF conditional expression statement-1.

Option 2

IF conditional , statement-2
1K con itional expression NEXT SENTENCE

OTHERWISE statement-3 1
ELSE [ NEXT SENTENCE

Option 3

statement-4 AT END statement-6
statement-5 ON SIZE ERROR NEXT SENTENCE

OTHERWISE statement-7
ELSE | NEXT SENTENCE

any imperative statement-8 followed by any conditional
statement-9
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Statement-1 under Option 1 can be only a simple or
compound imperative statement.

Statement-2 and/or statement-3 under Option 2 and
statement-7 under Option 3 can be either imperative
or conditional. If conditional, these statements can con-
tain conditional statements in arbitrary depth. When
conditional, the conditions within the conditional state-
ments are nested.

Statement-4 under Option 3 must be a READ state-
ment, statement-5 must be an arithmetic statement,
and statement-6 can be only a simple or compound
imperative statement. Statement-8 followed by state-
ment-9 (to which the previous paragraph applies be-
cause it is conditional) is an illustration of an impera-
tive statement followed by a conditional statement.
This is logically equivalent to statement-8 followed by
a period followed by statement-9 beginning a new sen-
tence. Option 3 in its entirety may be substituted for
statement-2 and/or statement-3 under Option 2.

An ELSE or oTHERWISE must be explicitly written for
every conditional statement within a sentence. How-
ever, the phrase ELSE (OTHERWISE) NEXT SENTENCE may
be eliminated only if the phrase immediately precedes
the period ending a sentence.

Nested Conditional IF Statements

The coBoL programmer can combine several simple
conditional statements into one by using a technique
called nesting. The processor analyzes a nested state-
ment by working from the inside to the outside of the
statement. Thus, if all conditions are satisfied, the first
imperative is executed; if all but the last condition are
satisfied, the second imperative is executed, etc.

Figure 44 shows outlines for four simple conditional
statements. Figure 45 shows an outline for one nested
conditional 1F statement that produces the same results

as the four simple conditional statements shown in
Figure 44.

Figure 46 shows an excerpt from a coBoL program
in which four simple relational conditional expressions

are substituted for the conditions shown in Figures 44
and 45.

The block diagram in Figure 47 shows the logic flow
of the nested 1F statement in Figure 46.

Added Elgctive Elements of the Procedure Division

The ApvanciNG option of the write verb is not con-
tained in the coBoL General Information Manual, but
is contained in the 1401 coBoL processor. Conditional
statements within conditional statements are permitted.



IF {condition 1) AND (condition 2) AND (condition 3) AND (condition 4) GO TO LAB4 ELSE NEXT SENTENCE
IF (condition 1) AND (condition 2) AND (condition 3) GO TO LAB3 ELSE NEXT SENTENCE
IF (condition 1) AND (condition 2) GO TO LAB2 ELSE NEXT SENTENCE

IF (condition 1) GO TO LAB1 ELSE NEXT SENTENCE

Figure 44. Four Conditional 1r Statements

IF (condition 1) IF (condition 2) IF (condition 3) IF (condition 4) GO TO

LAB4 ELSE GO TO LAB3 ELSE GO TO LAB2 ELSE GO TO LAB1 ELSE NEXT SENTENCE

Figure 45. Nested Conditional 1r Statements
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Figure 46. Nested Program Sample for Conditional 1r Statements
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LB

Label=1

Label-2

Label-3

Label-4

Figure 47. Conditional Logic

Deferred Elements of the Procedure Division

These elements are described in the coBor General.In-

formation Manual but are not implemented by this

version of the 1401 coBoL processor:

1. The reEL option of the cLOsE verb.

2. The CORRESPONDING option of the MovE verb (elec-
tive).

3. The ability to process a given file as both an input
file and an output file in the same program.

4. The ability to use a group mark as an alphameric
literal.

5. The ability to use quote signs (@) within a NoTE
statement.
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Character Sets

1BM Character Set H must be used for source programs.
This character set consists of the numerals 0 through 9,
the 26 letters of the alphabet, and 12 special characters.
The BM 1401 character set may be used only for alpha-
numeric literals. The following are cosoL (Set H) spe-
cial characters with their equivalents in the 1BM 1401
character set:

Card Code  coBoL 1401 Meaning
(SET H)

blank space
u - - ik
12 + & plus sign
0-1 / / division sign
11-4-8 * e e mbol
12-4-8 ) 1 right parenthesis
0-4-8 ( % left parenthesis
0-3-8 , s comma
11-3-8 $ $ dollar sign
12-3-8 ’ ' ; gggli(x)lilal point
3-8 = # equal sign
4.8 ' @ quotation mark

Figurative Constants

LOW-VALUE(S)

The value of this figurative constant is the space, or
blank. The blank character is the lowest in the 1BM col-
lating sequence.

HIGH-VALUE(S)
This figurative constant is defined as the integer 9. The
character 9 is the highest in the 1BM collating sequence.

QUOTE(S)
This figurative constant is defined as the cosoL char-
acter (Set H) for the quotation mark.

Additional COBOL Words

The following words constitute an extension of the list
of coBoL words contained in the 1BM General Informa-
tion Manual describing coBoL. 1 may be used in place
of mENTIFICATION. The meaning and use of the other
words have been described in this publication.

General Information

ADVANCING
BEFORE

LINES

VALUES

ID
RETENTION-CYCLE
TAPE

TAPES

NO-RELEASE
NO-OVERLAP
NO-PRINT-STORAGE
1402-R

1402-P

1403-P

1403-CT

1403-P-CB

1403-P-C9

1403-P-CV

1401-SS
CREATION-DATE
FILE-SERIAL-NUMBER
REEL-SEQUENCE-NUMBER

Class Conditions

The general information manual specifies that the class
of a data item is either numeric, alphabetic, or alpha-
numeric. It further specifies that the class condition
tests an alphanumeric item at object time to determine
whether it is wholly numeric or wholly alphanumeric
in content.

The source statement beginning:

IF FIELD-A IS NUMERIC . . .

results in a character-by-character check of the value
of FIELD-A at object time. If an operational sign is pres-
ent in the units position, the associated character will
be interpreted as being numeric. Thus, —9 is inter-
preted as minus 9, not as the letter R.

IF FIELD-B IS ALPHABETIC . . .

results in a character-by-character check of the value
of FieLD-B at object time. If each character in FIELD-B is
alphabetic, the item is considered alphabetic.

Example: The following table shows how the class of
an item is interpreted by the processor, depending
upon which of the class tests is specified. The table
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shows the result (vEs or no) for each test and for
each of the specified ranges of . X. The X-character
is used in the pPICTURE clause. It represents any char-
acter in the 1401 character set.

x-Character If Numeric If Alphabetic
0-9 Yes No
SPECIAL No No

CHARACTERS
SPACE No Yes
A-R Yes (if units Yes
position)

S-Z No Yes

Continuation of Alpha Literals

Alphanumeric literals must be preceded and followed
by quotation marks. If an alphanumeric literal must be
continued, a continuation symbol (—) must appear in
column7, and a quotation mark must appear in col-
umn 12. If the last character of an alphanumeric literal
appears in column 72, column 7 must contain a con-
tinuation mark, and columns 12 and 13 must both con-
tain quotation marks.

Sample Problem

Here is a sample problem that is representative of file
maintenance applications. It is not a source program
for a unique problem.

The IDENTIFICATION, ENVIRONMENT, and DATA DIVI-
stons are complete in themselves. The PROCEDURE DIvI-
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SION contains only one statement that relates to device-
and switch-name entries in the ENVIRONMENT DIVISION,
and illustrates the ApDvaNCING option of the WRITE verb.

Figures 48, 49, 50, 51, and 52 describe the 1401 con-
figuration and input and output record formats for the
problem. Figure 48 shows the configuration for the ob-
ject-1401 system. Figure 49 shows the master input and
output card record formats. Figure 50 is the master-
record block format for the input and output tapes.
Figure 51 is the new master-card record format. Figure
52 is the form layout for the invoice. Figure 53 is the
sample coBoL program.

New - Master -Record Master - Input ~Record

Input .
1402 =R Tape
IBM 1401
8 K
No = Overlap
Output
1403-P i Tape

Invoice = Line Master = Output =Record

Figure 48. 1BM 1401 Object Machine Configuration



MASTER - INPUT OUTPUT RECORD FORMAT

4—Field 3———

Field 1 Field 2 Field 3A Field 3B Field 3C Field 3C Field 4 Field 5 Field 6 Fid
-One -Two 7
(10) (15) (5) I (7) (5) (6) (15) (10) (10) (3)
fa————Field 8 ——— Field 8 Field 8 Field 8 Field 8
(17) (17) (7) (17)

8A Field 88 Field 8C %
(2)| (10) |<2>l(3) 2| (0 |(2)|(3) <2j (10) |(2>|<3) (2)| (10) |(2>| (3) (2)| (10) l(z>|<s> )
AN

- Field 8 —-
Field 8A Field 8B Field 8C
‘ 8 C~One, 8C~-Two
(2) (10) 2| ®

Figure 49. Master Input and Output Record Format

MASTER - RECORD BLOCK FORMAT
(Contains Ten Master - Input Output Records)

|

R R
G + + + * + + + + *L +|G

Figure 50. Master Record Block Format
NEW - MASTER - RECORD
Col 1-10 Col 11-25 Col 26-42 Col 43-57 Col 58-67 Col 68-77 Col
Col 31-42 78-80
Col Col Col
26-30 | 31-35 36-42
(10) (15) (5) (5) (7) (15) (10) [ (10) [ ®)
Figure 51. New Master Card Format
INVOICE LINE

A) Invoice - Header - Line

Header-Label Date-Line
(20) (16)
Description Package and Size Prices Prices

o CL | PKKY Itm Whse Wght Shelf Retail Unit
%34 Size Loca Price Cost
(5) [(2)f (20) K2} (2](2)F(3) 1(2) (4) [(2)] (5) [(2) (5) [(2) (6) [2) () [2)

(3)](2)
C) Totals
Lodededelede! Total Price ~ Totals
PRI
20 tete %%, Weight . . X
DOXRIHHS g Retail - Total Invoice - SRS
92020288805 085868625664
0202020250 % Total QRIXRRXRX]
5005 ota Peletetedotels!
Fosessteteles SRR
SRR (7) SIS
S 0.0 0.9.9.9,

Figure 52. Invoice Form Layout
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Figure 53. Sample coBoL Program, Part 1 of 8
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Figure 53. Sample coBoL Program, Part 2 of 8
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Programming Considerations

Notes

Addition Notes

When using the app verb (or when using a COMPUTE
statement involving an add operation), the data-
names being summed must be placed in order of as-
cending decimal size in the statement. The smallest
decimal field must be first followed by an equal or
larger decimal field.

Division Notes

In order to ensure correct decimal alignment when
using the pivipe verb with the civiNg option (or when
using a COMPUTE statement involving a divide opera-
tion ), the programmer must declare a result field, the
decimal portion of which is no more than one position
greater than the decimal portion of the dividend. Also,
the rRouNDED option will have no effect unless this rule
is followed.

Techniques

coBoL provides a convenient method of writing busi-
ness-oriented programs. However, certain techniques
can be used to produce more efficient machine lan-
guage coding and increased compiling speed.

The following considerations and suggestions are
included to aid the programmer in obtaining a better
1401 cosor-generated program. Following the sug-
gestions are two programs. The original program
(Figure 54) requires approximately 2,800 positions of
core storage. By applying a few of the suggestions to
the second program (Figure 55) the core storage re-
quirement is reduced to approximately 1,900 positions
of core storage, representing a saving of 33 percent.

The changed statements utilize redefinition, equal
decimal alignment, alphabetic compare, and the dele-
tion of a subroutine caused by the statement wrITE
SALARY-RECORD FROM SALARIES (Figure 54, part 4 of 4,
line 100). It is recommended that the programmer
become familiar with these suggestions and apply
them in the writing of 1401 cosoL programs.

Area Allocation in the Data Division

The following rules govern when 1401 cosorn sets
word marks with data areas:

36

1. Record areas (0l entries) always have a group
mark with a word mark in the following position,
and have a word mark in the high order position.

2. Word marks will be set in the high order positions
at the next level from the 01 entry. This will be
02, or the next lower level if no 02 is present, unless
occurs or redefinition is present.

3. Subfields have word marks set only when their
high order positions coincide with word marks set
as in preceding item 2.

4. A word mark is always set in the high order posi-
tion at the 77 levels, but there is no group mark
with a word mark set.

5. No word marks are set for data fields within a 01
entry which contains a redefines or an occurs,
either at the 01 entry (implicit redefinition is
allowable) or at any sublevel.

If word marks are required but not present, they
will be set continually and cleared for access to the
field; this requires time and core. If word marks are
present, they will be regenerated if removed. For ex-
ample, if editing into a 02 area, a word mark will be
reset each time.

Tables

Many programs require tables. Following are several
considerations about table building and searching
with 1401 cosoL.
1. Unless it is certain that a table will never change,
the initial values in the table should not be estab-
lished with the vaLUE clause. A better approach is
to set up a card deck or tape file with one table
entry and a sequence number on each record.
Using the ReAD verb, build up the table data dur-
ing program initialization. This approach elimi-
nates the need for recompilation or object-program
patching in the event that the table changes in
value or size.
2. Before using the occurs clause and one or more
levels of subscripting, weigh the alternate storage
cost of naming each table entry and writing (for
example):
IF ARG — TAB-1 MOVE ENT-1 TO WORK AND GO TO
FOUND.
IF ARG = TAB-2 MOVE ENT-2 TO WORK AND GO TO
FOUND.
ete.

The additional coding effort is offset by dividends



in execution speed for tables with as many as 30 or
more entries.

Define long tables as a set of shorter tables. A few
1F statements are enough to isolate the relevant
position, which can then be moved to a work area
where the final pinpointing of the correct entry
can be done, The move should be between 01 level
records.

If the work area mentioned in the preceding item
3 is n entries long where n is a power of 2 (such
as 8 or 16), the 1r statements which are used can
be written in such a way as to effect a binary
search. In the case of a 16-entry work area, this
technique can yield an answer after only four v
statements.

Sequential table searches require little program-
ming effort and are eflicient if the table can be
arranged so that the most active items are at the
beginning of the table.

Move Verb

1.

MOVE A 1O B, where A and B are equal length
alphanumeric clementary items defined at either
the 01 or 02 levels, gives the best possible coding.
All items with subfields are treated as alpha-
numeric by cosoL, even if some or all subfields
are defined as numeric. Only one 7 character in-
struction is generated as long as A and B are not
redefined or subscripted.

If both A and B are redefined items or items de-
fined at 08 levels and up, eight additional charac-
ters of instructions are generated (i.e. SET WORD
MARK and CLEAR WORD MARK ).

Elementary items are treated as above unless they
have an unequal number of decimal places. In
that case, a total of 28 characters of instructions
is generated.

Unequal length elementary alphanumeric items
are moved the same as equal length items when
A is longer than B. However when B is longer, 11
additional instruction characters are generated
to blank the receiving field.

When A and B are unequal length numeric items
with identical scaling (same number of decimal
places), 14 characters of coding are generated.
MOVE A TO B causes 1401 cosoL to include a spe-
cial subroutine when A and B are of unequal
length or one or both contain subfields. The spe-
cial subroutine is used because the MLc and McMm
instructions cannot conveniently handle this com-
plex situation. Even when A and B are the same
length, the subroutine is still used if A is a 01
item and B is a 77 item or vice versa. The sub-
routine may be avoided by writing a set of indi-

10.

vidual moves, redefining both A and B, or by
making them the same length.

MOVE SPACES TO A and MOVE ZEros TO A each
generate 11 characters of object code unless A is
a 01 level item with subfields. In that case, A can
be redefined at an additional cost of eight charac-
ters of object code.

When editing is involved in Move A To B, the
same rules about scaling, redefinition, and size
apply. For example, when the A field has fewer
decimal places than the editing picture describ-
ing B, many characters of coding are generated.
If the scaling is identical for A and B, approxi-
mately one-third as many instruction characters
are generated, plus the 1401 edit word.

Avoid editing functions which cannot be handled
by the 1401 instruction set directly; coBoL zeros,
floating plus or minus, b8, and single plus. A spe-
cial subroutine is called to handle these cases.
MOVE ALL requires a special subroutine. Use a
literal or constant of correct length to handle this
case.

If Statement

1L

When defining fields that are to be compared, con-

sider the following:

a. When at least one of the fields is a 01 item
with subfields, a special subroutine is required.

It is better to process such fields by comparing
each lower-level item individually; or the group
item can be moved to a hold area of equal size
(not containing subfields), and then compar-
ing.

b. When numeric compares must be used because
one or both of the fields are signed, attempt to
arrange the record format so each item has the
same number of decimal places. The fields do
not have to be the same total length.

In the statement ¥ A = B, only one of the fields

(A or B) need be defined as alphanumeric to get

the more efficient alphanumeric compare instruc-

tions generated.

IF A NOT GREATER THAN B . . . has the same meaning

as IF A LESS THAN B OR EQUAL TO B . . . and the gen-

erated instructions for the first statement require
half the number of core positions.

The statement IF A IS ZERO . . . generates more

efficient coding when A is defined as numeric

rather than alphanumeric. However, an even

greater improvement can be gained by declaring a

constant of zeros (named C, for example), and

writing 1IF A = c . . . which is twice as fast.

Avoid the statements ¥ A ALPHABETIC and 1IF A

NUMERIC whenever possible because they require

subroutines in the object program.
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6.

Avoid the use of ALL, HIGH-VALUES, LOW=VALUES,
SPACEs, and ZEROs in conditional expressions. They
can easily be replaced by named constants.
Subscripted names in an 1F statement will cause
the compiler to include appropriate subroutines
which often perform slowly at object time. Fre-
quently it is better to use several iF statements to
perform a table look-up on a short table rather
than use subscripting and the PERFORM verb (or an
equivalent loop).

Arithmetic Verbs

1

38

Avoid oN sizE ERROR . . . whenever possible, The
generated coding to perform this test consists of
up to 30 characters.

ROUNDED usually generates about 21 additional

characters of object code.

ApD and SUBTRACT statements:

a. The most eflicient object coding is obtained
for fields which have equal scaling. When two
fields (A and B) have equal scaling, the state-
ment ADD A TO B generates 7 characters of ob-
ject code.

b. Redefining, or using 03 levels or greater, will
require 8 additional characters for each field so
defined.

c. Multiple operands are as eflicient as the equiva-
lent set of single statements. ApD A, B TO C gen-
erates 14 characters (assuming the require-
ments of 3a are met).

d. ADD A TO A is an economical way of multiplying
A by two. Other sequences of app’s and sus-
TRACT'S, sometimes with REDEFINE’s to achieve
a shift, can be devised to simulate a more com-
plex multiplication.

MuLTIPLY and DIVIDE statements:

a. MULTIPLY ABY B GIVING C generates 21 characters
of instructions if A, B, and C have no decimal
places. When A, B, and C have decimals, and
the number of decimals in C is not the sum of
those in A and B, 42 characters of instructions
are generated.

b. In the preceding example, ROUNDED generates
an additional 7 characters.

c. Less efficient coding is generated for a com-
PUTE statement than for the equivalent set app,
SUBTRACT, MULTIPLY, and DIVIDE statements.
The reason for this is the need to retain up to
18-digit precision throughout the execution of a
coMPUTE statement. Because the 18 digits can
be on either side of the decimal point, and be-
cause one or two extra digits may be required
for rounding, 1401 cosor allocates 40 digit ac-
cumulators for the storage of temporary results.

For example, COMPUTE A ROUNDED =
(B*C*D-—E) /F, with a varying amount
of decimal places, generates about 160 charac-
ters of instructions plus 3 X 40 = 120 positions
of temporary accumulators. For the equivalent
MULTIPLY, SUBTRACT, DIVIDE sequence a total of
about 140 positions of storage are used for the
instructions and fields.

Work areas are assigned only once per pro-
gram. Thus the most complex coMpPUTE state-
ment determines the number of 40 character
areas that will be needed for all coMpPUTE’s.

Perform and Alter Statements

1.

2.

The statement ALTER LABEL TO PROCEED TO NEXT-
LABEL gencrates 10 characters of coding.

The statement PERFORM CALCULATION generates 18
characters of coding at the point in the program
where the pERFORM occurs. In addition, carcura-
TION is augmented by 4 positions for each PERFORM
which references it.

carLcuLaTION should be positioned in the source
program at the point where it will be executed
most frequently simply by falling through from
the preceeding paragraph.

The option 2 statement, PERFORM CALCULATION 3
1iMEs is efficient. Core requirements are about 45
positions at the point in the program where the
PERFORM occurs and 4 positions additional at the
end of carcuraTion. No additional core or time is
required when a data-name instead of a literal is
used to indicate the number of TiMEs.

Option 4 of the perrorM verb is handled best if
the varviNG field is defined as alphanumeric and
each of the fields in the expression has the same
length.

Input/ Output Verhs

1.

The statements READ INTO and WRITE FROM each
cause a move of the entire logical record. In many
cases the use of these options is unnecessary be-
cause processing can be done either in an input or
an output record area as defined by the para rec-
orDs ARE clause in the Fp’s, When READ INTO OF
WRITE FROM must be used, ensure that the implied
data move involves equal length areas.

When using a card reader, reap is faster and gen-
erally smaller than accepr. Similarly, wriTE is
better than pispLAY for printing and punching.

It is not possible within coBoL to assign the same
input/output area to two files. Areas in the work-
ING-STORAGE SECTION can be (and should be)
shared, however.



4. For card and printer files, input/output areas in

addition to 001-080, 101-180, and 201-332 are as-
signed. This is in anticipation of a possible conflict
with the acceer and bpispLAY verbs, which use
those areas also.

5. The wriTE verb for a printer Fp does not clear the
print area. Use MOVE SPACES to clear this area.

6. Form 3 (unblocked, variable length) tape records
are not permitted within 1401 cosor. If necessary
the file can be defined as Form 1, and a simple
Autocoder sequence can be used to set and clear
the cMmwwm at the end of the portion of data to be
written. Form 4 usually offers better tape utiliza-
tion.

7. In order to change the date specified for an input
file for label checking purposes, ENTER AUTOCODER
and issue a RoLIN 1axx macro. If the file is the nth
Fp in the program, then xx = n-}+9+m where
m is the number of Autocoder names in the
SPECIAL-NAMES section.

8. A common error in coBoL programming is the
assumption that a different area in WwoRKING-
sTORAGE must be defined for each record type in a
given file. This may be avoided by (1) defining all
possible data records directly under the rp with
one 01 entry group per record type, or (2) defining
the most common record type under the ¥p and all
the others in a single area in WORKING-STORAGE
which is redefined once for each record type.

Object Time Subroutines

There are several coBoL object time subroutines that
may be generated. These routines are described in a
separate bulletin which may be obtained with the pro-
gram. Normally, the programmer should avoid cosor
statements which cause these subroutines to be used.
For the most part their inclusion is caused by either
unusual language features or by complex data formats:
Following is a list of these subroutines and the reason
why they are called and/or how they may be avoided.
1. The Examine subroutine is included whenever
the ExaMINE verb is used. It may be avoided as
follows:

a. For short fields, give each position a name by
defining an appropriate number of subfields
and using a set of 1F statements.

b. For long fields, define a work area with one-
character subfields and process portions of the
long field there.

2. Single, double, and triple subscript subroutines

are included whenever a field is singly, doubly,

or three-level subscripted.

10.

11.

12

13.

14.

The Alpha Compare subroutine is included when
a group item with subfields is compared to any
data item. The subroutine may be avoided by
redefining the field which contains subfields.
The Figcon Compare subroutine is included
whenever a record with subfields is compared to
a figurative constant (HIGH-VALUE, LOW-VALUE,
QuoTE, and ArL alpha-literal). This subroutine
may be avoided by redefining the field with sub-
fields and using a literal or constant (Figure 54).
The If Numeric subroutine is included whenever
an alphanumeric field whose size is greater than 1
is tested for a numeric value.

The If Alphabetic subroutine is included when-
ever an alphanumeric field whose size is greater
than 1 is tested for an alphabetic value.
The Accept subroutine is included whenever the
accept verb is used. To avoid this subroutine,
define a file and use the rReaD verb.
The Display subroutine is included whenever the
pispLAY verb is used. To avoid this subroutine,
define a file and use the wrrTE verb.
The Editing subroutine is included when editing
requirements include cosoL zero, floating + and
— sign, single plus, and DB. It produces highly
specialized editing features. If possible, use only
the standard editing features of the 1401.
The Exponentiation-1 subroutine is included
whenever an integer exponent is used (coMpPUTE
A = B**5). It may be avoided by writing succes-
sive MULTIPLY’S,
The Go To Depending subroutine is included
whenever o 1O DEPENDING is used. This sub-
routine may be avoided by a set of 1r statements.
The Move All subroutine is included when the
ALL option of the Move verb is used. A MovE
statement or a set of Move statements is prefer-
able,
The Move Record subroutine is included when-
ever a record with subfields is used in a Move
statement, except when the other field is a record
(01 level) of equal length. This subroutine may
be avoided by:
a. Using a set of elementary MOvVE’s.
b. Redefining both fields to eliminate word
marks.
The Exponentiation-2 subroutine is included
when raising an expression by a non-integral ex-
ponent (compute o = B*¥2.5). It is impossible
to perform all the functions of this subroutine
with other coBoL statements unless the exponent
is defined as an integer. For special purposes an
Autocoder subroutine may be a more practical
solution.
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