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Preface

This publication describes the System/3 FORTRAN lV The IBM System/3 Model 8 is supported by Systern/3
language and the use of the System/3 FORTRAN lV proces- Model 10 Disk System control programming and System/3
sor to run programs written in the language. Model  10 FORTRAN lV.  The fac i l i t ies descr ibed in th is

publication for the Model 10 are also applicable to the
This publication is intended to be uried as a reference Model 8, even though the Model 8 is not referenced. Some
manual by persons writ ing programt; in the System/3 FOR- of the devices discussed inthis publication might not be
TRAN lV language. You should ha're some knowledge of applicable for the Model 8. Model 8 users; should be
FORTRANbe fo reus ing th i spub l i c r t i on .  Ause fu l  sou rce  fam i l i a r t v i t h thecon ten tso f  lBMSys tem/3Mode l  I
of this information is the set of prorlrammed instruction lntroduction, GC21-5114.
texts descr ib ing the Systern/3 FOR--RAN lV language,
Order Numbers SR29-5015 throuqh SR29-5019.

System/3 FORTRAN lV conta ins those features def  ined
in Amer ican Nat ional  Starrdard Bas c FORTRAN X3.10-
1966;  language extensions supported by IBM 1 130 Basic
FORTRAN lV;  and addi t ional  capabi l i t ies prev iously
avai lable only  wi th cer ta in IBM Ful l  FORTRAN lV com-
pi lers.

The System/3 FORTRAT\I lV processor is a program product
consist ing of  a compi ler  and a l ibra ly  of  mathemat ica l  func-
tions, service subprogram:s, and conrmercial subroutines.

The System/3 FORTRAI\I lV program product operates
on the IBM System/3 Mordel 10 Disk System, IBM System/3
Model 6, IBM System/3 t!, lodel 12, znd on the IBM
System/3 Model 15.

Al l  references to the System/3 Model  15 in  th is  publ icat ion
apply to System/3 Models 15A,  158,  15C, and 15D unless
otherwise specified.



Direct Access Sltorage for Models 12 and 15

The IBM 3340 Direct Access Storage Facil ity attaches to
System/3 Model 12 and to System/3 Models 158, 15C,
and 15D. Also, the IBM 3344 Direct Access Storage
attaches to System/3 Model 15D. Certain areas on the
3340 and 3344 disks are treated as 5444 disks. These
areas, known as 5/'44 simulation areas or simulation areas,
are usecl for the program libraries and can also be used for
data f i les. The remainder of the disk space, known as main
data area, can only be used for data fi les.

References in this manual to 5444,5445, and 3340 are to
be interpreted arccording to which disk storage device(s)
is (are) attachecl to the system. Use the following table to
determine the nneaning of the reference:

Beference Model 15A Meaning
Modef s 12,15B,
15C Meaning Model 15D Meaning

5444

*45

3340

5444 Disk Storage Drive

5445 Disk Storage

Not appl icable

5444 simulation area
on 3340

Main data area on 3340

Main data area on 3340

Simulation area on
3340 or 3344

Main.data area on 334'0
or 31344

Main data area on 33410
or i1344

For fur ther  in format ion,  see the appropr iate publ icat ions
listed under Related Publ ications.

IBM System/3 5448 Disk Storage Drive

The IBM Systern/3 5448 Disk Storage Drive on System/3
Models 8 and 10 uses the same program product support
as the IBM 5445 Disk Storage. However, a separate system
control prograrn feature is required for the 5448. In
general, references to 5445 in this manual also apply to
5448. For specific information about 5448 operating
characteristics and programming support, see the IBM
System/3 5448' Disk Storage Drive Program Beference
Manual. GC21-5168.



Related Publications

Publrcat ions conta in ing in format ion about  the System/3
FORTRAN lV program product ,  System/3 Model  6,
System/3 Model  8,  System/3 Model  10 Disk System,
System/3 Model  ' l  2 ,  and System/3 l / lodel  15 are.

Manua ls

Order  Number  o f  Pub l ica t ion  fo r- --t
System/3 | svstem/3 | rvroo.t to I svstem/s i
Mocle l  6 |  ModelS I  Disk System I  Model  12 I

Systenr /3
Modle l  15

F C ) R T R A N  I V
Commerc ia l  Sub rou t i nes sc28-6875

I  r  r l  r o d u c t i o n cAzl s12; T .- ' - ' .  [ "J ' ; ;  i  . ; ; ,  51 ,6 GCir l  5094

Oprera tor ' s  Gu ide cc:r1 75;1 T "-"r.*T;"r*t f o.rti'*o cc21 5075

System Genera t ion

R e f e r e n c e  M a n u a l GC21 5126 GCi r l  761 { j

H a l t  G u i d e
(Sys tem Messages) c c l i - 7 s 4 1  

|  " c 2 1 7 5 4 o  l o . r , - o , o u
GC1'1 5076

Systenr  Cont ro l

Programming Reference
(Opera t io r r  Cont ro l

La  nguage )

G C : ] 1 - 7 5 1 6 GC21  7512 G C 2 1  5 1 3 0

5704  FO l
GC21  507V

5704-FO2  l

GC,21  5162

O v e r l a y  L i n k a g e  E d i t o r

Rer fe rence Manua l GC21 7561

Disk  Concepts  and
P l a n n i n q  G u i d e GC21-7571

U s e r ' s  G u i d e GC21  5142

Cc, m ponen ts

Reference [ \4anua l GA34 0001 GA21 9203 GA2' r  9103 GA21  9236 G A : 2 1  9 1 9 3

3340 Reference GC:z1-5 r ',t 1

3 7 4 1  R e f e r e n c e

M a n u a  I

5704 FOz
on  l y

G { 1 2 1  5 1 1 3

A v a i l a b i l i t y  d a t e  f o r  G C 2 1

o f  t h i s  m a n u a l  m i g h t  b e  c c

- 5 1 6 2  r n a n u a l  i s  n o t  t h e  s a m e  a s  f o r  t h i s  m a n u a l .  O r d e r s  s e n t  s h o r t l v  a f t e r  t h e  i s s u e  d a 1

n s i d e r e  d  i n v a l i d .
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F  I L E
Rou r rd i ng
Pass ing  Sca la r  A rgumen ts  t o  Sub rou t i nes
Forrr ,s Control
Co rn rne rc i a l  Sub rou t i nes
UeC l l na l  UA tJ  FOrma t
A1  Da ta  Fo rma t
Negat ivc Zero
Nurnbe r  o f  F l eco rd  F ie tds  i n  t he  DEF INE  F ILE
Statement

P A R T  4 .  R E F E R E N C E

C H A P T E R  2 1 ,  F O R T R A N  S T A T E M E N T  R E F E R E N C E
Ar i t l r . ne t i c  hss i gnmen t  S ta temen t
A r i l hT le t i c  I  F  S ta temen t
AT  S i : a t c rnen t
BACI ISPACE S ra temen l
CALL ,  S ta remen t
COMIvION Sr i l tement
Conrputed GO TO Statement
CONI - INUE S ta temen t
DATI\  Staternent
DEBLJG S ta temen t
D E F I N E  F I L E  S t a t e m e n t
D I M E N S I O N  S t a t e m e n t
D i rec l -Acces : ;  R  EAD/WR ITE  S ta temen t
DO Slaterner i
END l i t a t e r r r e r r t
END l : l LE  51 ; l t emen t
EOU I  VA LE I \JCE Statement
Exp l  i c . i t  Spec i f  r ca t i on  S ta temen t
EXT  ERNAT_  S ta temen t
F IND S ta te rnen t
FOEt l lA l  S ta remen r
Func t  on  De f  i n i t i on  S ta temen t
F t JNCT ION S ta remen t
G E N E R I C  S t 3 t e m e n t
GLOBAL  S ta temen t
GO TO Staternent
I  F Sta ternent
I M P L I C I T  S r a t e m e n t
INTEGER S r i l t emen t
I N V O K E  S t a l e m e n t
PAUSI i  S ta te rnen t
PROGI IAM S ta temen t
R  EAD S ta ten ren t  (D i r ec t -Access )

READ S ta ten ren t  ( sequen t i a l )

REAL  S ta te r r  ( i r ) r

Re la t i ona l  l F  S ta temen l
R E T U R N  S : a t e m e n t
REWIND S ta temcn l
Sequen t i a l  R  EAD/WR ITE  S ta temen ts
STOP S ta temen r
S U B R O U T I N E  S r a t e m e n t
T R A C E  O F F  S r a t e m e n r
T R A C E  O N  S t a t e m c n l
WR ITE  S ta temen t  {D i r ec t -Access )
WRITE  S ta temen r  ( gsqusn l13 l )

CHAPTER 22.
E X T E R N A L

A l g o r i t h  m s

Con t ro l  o f  P rog ram Excep t i ons  i n  Ma thema t i ca l
Func t i ons

Exponen t i a l  Func t i ons
EXP,  REAL*4  Exponen t i a l  Func t i on  (Modu le  Names

E X P , $ F O M M , $ F O M C )
DEXP,  REAL"8  Exponen t i a l  Func t i on  (Modu le

Na rnes  DEXP,gFOM N ,gFOMD)
Loga r i t hm ic  Func t i ons

ALOG,  REAL .4  Na tu ra l  Loga r i t hm  (Modu le  Names
A  LOG,$FOM5,$FOM I )

ALOG10 ,  REAL*4  Base  10  Loga r i t hm  (Modu le  Na rnes
A  L O G  1 0 , g F O M  K . $ F O M 5 )

DLOG,  REAL*8  Na tu ra l  Loga r i t hm  (Modu le  Names
D LOG,$FOMJ ,gFOM6)

D L O G 1 0 ,  R E A L * 8  B a s e  1 O
D LOG, I  O ,$FOIV I  L ,$FONN6)

T r i go r rome t r r c  Func t i ons

Loga r i t hm  (Modu le  Names

S IN /COS,  REAL"4  S ine /Cos ine  (Modu te  Names
s rN ,cos ,$FoM 1  ,$FOM3)

ATAN,  REAL*4  A rc tangen t  (Modu le  Names
A T A N , $ F O M E )

DSIN /DCOS,  REAL-8  S ine /Cos ine  (Modu te  Names
DSI  N ,DCOS,$FOM2,$FOM4)

DATAN,  REAL*8  A rc tangen t  (Modu le  Names
D A T A N , $ F O M  F )

S q u a r e  R o o t  F u n c t r o n s

S O R T ,  R E A L - 4  S q u a r e  R o o t (fUoOule ru"-es
S O R T  a n d  $ F O M G )

DSORT,  REAL .8  Squa re  Roo t  (Modu le  Names
D S O R T  a n d  $ F O M H )

Hype rbo l i c  Tangen t  Func t i ons
T A N H ,  R E A L * 4  H y p e r b o t i c

TANH,$FOIV IO ,$FOMM)
;u " ; " " ;  (Modu re  Names

DTAI \H ,  REAL*8  Hype rbo l i c  Tangen t  (Modu le  Names
D T A N  H , $ F O M P , $ F O M N  )

lmp l i c i t l y  I nvoked  Exponen t i a t i on  Subp rog rams
$FOM7,  Subp rog ram fo r  l * * J  (Modu le  Name  gFOM7.
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149

149

149
149
1 5 0
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1 5 1
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51
152
152
t 5 z

1 5 3
r 5 J

1 5 3
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154
154
154
1 5 5
1 5 5
1 5 5

1 5 5

157

1 5 9
1 5 9
1 5 9

1 6 0
1 6 0
1 6 0
1 6 0

1 6 1
1 6 1
t b l

1 6 1
162
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t o l

t o z

t o J

t o J

t o J

1 6 3
1 6 3
r63
164
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1 6 4
164
164
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i o o
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167
t o I

167
167
167
167
I oaJ

t 0 6

168
1 6 8

1 6 9
1 6 9

I  t 3

I  I 4

1 7 4

1 7 5

1 1 5

I  t o

I  t o

1 1 6
1 7 7

1 7 1

1 7 8

1 7 9

1 8 0
1 8 1

1 8 1

182
1 8 3

1 8 3

1 8 3
184

Seconda ry  En t r v  Po in t  sFOMT)
$FOM8,  Subp rog ra rn  f  o r  A * *J  (Modu le

1 8 4
Name

$ F O M 8 )
$FOMg,  Subp rog ram fo r  D* *J  (Modu te  Name

$FOM9)
$FOMA,  Subp rog ram fo r  A * *B (Modu le  Names

$ F O M A , $ F O M 5 , $ F O M C )

1 8 5

1 8 5

1 8 6

1 8 6

147

1 8 8

$FOMB,  Subp rog ra rn  f  o r  A *  *B

$ f - o M B . $ F O M 6 , $ F O M D )

$FOMC,  R  EAL '4  Subp rog ram
{ M o d u l e  N a m e  g F O M C )

$FO lV lD ,  R  EAL -8  Subp rog ram
( M o d u l e  N a m e  g F O M D )

{Modu le  Names

to Compute 2x

v i l l

to Compute 2x
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CHAPTER 23. FORTRAN SERVICE SUBPIIOGRAMS

Machine Indicator  Test  Subprograms
Pseudosense Light  Subprogram (Entry Names:

S L I T E / S L I T E T )
D i v i de  Check  Subp rog ram (En t r y  Name :  )VCHK)

Overf low Indicator  Subprogram (Entry Nrme:

O V E  R F  L )
Ut i l i t y  Subprograms

189
189

189
't89

189
190
190

190

1 9 1

End Execut ion Subprogram

Storage Dump Subprogram

(Ent ry  Name:  EXITI
(Entry Namer:

DUMP/PDUMP)
Transaction Logging

5704-F02 Only
Address/Data Switch

Subprogram (SUBRtl l  )

FCTST}
ROLLOUT Support  Subprogram (Entry l t lame:

I  N O C H  K }
Inquiry Support  Subprogram (Entry Nanre:

S E T I N O )
Date/Time-of-Day Subprogram (Entry Nrtme:

CFTOD)

GLOSSARY

APPENOIX  A .  FORTRAN SAMPLE PROGRAM

Fortran Sample Program

APPENDIX  B .  COMPILAT ION MESSAGEl i

I N D E X

Subprogram (Entry Name:

DATSW} 192
Library Funct ion Error  Subprogram (Entry Name:

1 9 3

1 9 5

1 9 5

196

1 9 7

201
201

209

221
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Syrtem/3 FORTRAN lV conrirts ol a languaga and a
Brocossor,

Thc Syttam/3 FORTRAN lV langurge ig elpectal ly useful
ln wrf tlng toaree Brograms for appll,;ations that Involve
mathsmrtlcal computatlsnr and othcr manipuletion of
numcrlcal data, Sourcc programs w'lttcn in tho Systom/3
FORTRAN lV languagc conrlr t  of  a rct  of  r tatements
ggnrtruet€d from tha language elcmrlntr dcecribed in this
publ lcat lon,

Tha procarror eonriril of e FORTR,\N compller ano a
llbrary of FORTRAN rubprogramr thEt pcrform op€raronl
requirad during program cx€cutlon, In a proecrr collcd
eamBllatian, tho FORTRAN compllcr rnalyzeo tha rource
progrsm ttat€mantt and tranrlater tlt€m Ints on oblacf
module, ln a proeelr eallad llnk.adlilng, tha ob,lect module
h comblncd wlth F0RTRAN rubprr4ramr from the t ibrary,
and wlth any urcr'wrlttcn rubprogramr, and becomor a
load madale, rultable fsr exaeutlon. In a proceu crllod
load module exeeutlan, th€ lo€d module lr run by thc
Syrtem/3 Syltam Control Program,

Part 1. System/3 FORTRAN lV Language

System/3 FORTRAN lV Language 3





Source programs consist of a set of t itatements f rom which
the compiler generates instructions, constants, and storage
areas.  A g iven FORTRAN statemert :

o Causes certain operations to be performed.

o Speci f ies the nature of  the data te ing handled.

r Specif ies the characteristics of the source program.

FORTRAN statements are compose d of  cer ta in FORTRAN
keywords used in conjunction with the elements of the
language: constants. variables and expressions.

There are two broad classes of FORTRAN statements-exe-
cutable statements and nonexecufalrle statements:

Class Purpose

Executable Performs calculations
Statement

Controls operation of an input/output device

Changes the order of execution in the program

Terminates program execution

Specif ies the form in which data is to appear

Defines the propert ies of variables, arrays, and functions

Chapter 1. FORTRAN Statements

Example

A=B+C

R E W I N D

GO TO

STOP

FORMAT

R EAL*t l

Transfers dirta between main storage and an input/output device WRITE, READ

Nonexecutable Provides init ial  values for variables and arravs DATA

Statement

Declares th, )  operat ions to be per formed by statement  funct ions CALC(l ,J)=3- l /J

Names and specifies arguments for subprograms suB RoIJT I N E Sr_.' [33 {A" i!

FORTF IANSta te rne r , t s  b



Some examples of  FORTRAN statements and lhei r  ef f  ects
a re :

Statement  Meaning

A=yo.u

t / -A /  J

Ass igns  the  va lue  96 .0  to  the  var iab le

n a m e d  A .

The s lash  ( / )  ind ica tes  d iv is io r r .  Thus ,

th is  s ta tement  means d iv ide  A by  3  and
set  C equa l  to  the  resu l t .  Us i r rg  the  da ta
o f  the  prev ious  example ,  C wr>u ld  be
g i v e n  t h e  v a l u e  3 2 .

F o r  p u r p o s e s  o f  c l a r i t y  i n  c o d i n g  F O R T R A N  e l e m e n t s  i n
th is  pub l i ca t ion ,  we use uppercase le t te rs  to  inc  i ca te  ac tua l
cod ing ,  and lowercase le t te rs  to  ind ica te  a  va lu€ '  tha t  must
b e  s u p p l i e d .

C O D I N G  F O R T R A N  S T A T E M E N T S

A l t h o u g h  t h e  u s u a l  f o r m  o f  i n p u t  t o  t h e  c o m p L t e r  i s  a
d e c k  o f  p u n c h e d  c a r d s ,  t h e  i n i t i a l  c o d i n g  o f  F O R T R A N

s t a t e m e n t s  i s  g e n e r a l l y  o n  a  c o d i n g  s h e e t .  T h e  F O R I ' R A N

cod ing  fo rm,  o rder  number  GX28-7327,  i s  shorvn  in

GX28.732r  U/w0
FORTRAN Cod ing  Form

-----:]

; i l1
f ] - ] l

i l l-n
l_:
7 7 8 7 9 & t  I- l

_l
F igu re  1 .  FORTRAN Cod ing  Fo rm

6



Col umnr 1 -5-Statement Numbsr Cof umns 7-7?-FORTRAN Statement

Columns 1 '5 can be used to enter  a nt rmber by which the The FORTRAN statement  must  be wr i t ten only in  columns

stat€msnt  is  rc ferred to.  $tatemont  numbers can be assigned 7-72 of  each l ine of  the coding form.

in anV ordcr ;  the sgquencs of  operat ions depends onlv on
tho order  of  the r tatemonts,  noton t le i r  s tatement  numbers,  Blanks can be used to improve the readabi l i ty  of  a FOR-

Blanks and lcedlng aeros in  s tatcment  numbers are ignored TRAN program because the compi ler  ignorers b lanks except

by the FORTRAN processor ,  Thus,  in  cer ta in l iml ted cases ( l i tera l f ie lds of  FOFIMAT or  DATA
statements and column 6 of  a card) .

00090
90 Thus
0 9 0

and 90  A*B( | ,J ) -D- (C/E) -F**K

are cqulvalcnt,  Howover,  e given statr ,m€nt number can be and
anl lgncd only onee in a program unit ,

A = B  (  t , J ) - D - ( C / E  ) -  F  *  *  K

Column I *Commont Stltomenl

eommentc that cxBl€in thc Brogram r:an be wrl t ten in

are eou iva lent .

€olumRs 2.72 of a l ine having a C in e olumn 1, Comments Columnr 73"80 (or 73-961-Program ldent i l icat ion
ar€ not pr"ocearod bv the FOBTRAN compller, but are
Brinted in the eompllcr l i l t ing, A eornmcnt r tatoment can'  Columns 73-80 (or 73-96 for 96-column cards) can be used
notapp6ar betwcpn esnt lnuat isn l lncs of a statcmsnt,  for ident i fy ing information. These columns are not ana-

Column 6:Continuetion

l f  a  r ta tement  i r  too long for  oRB l in€,  i t  ean be cont inuod
gn a0 manv ar  19 ruac€$lve l lnc l  by l l lae ing I  charactor
oth€r  thpn zero or  a b lank in  coluntn 6,  l f  dar l rad,  tho
sharactgrr in column 6 can bc ur€d to indieato the order of

coRt i r iuat len l ingp;1[61 lE,  tho eharactcr ,0 '  can be used for
tha f i rs t  eont inuat ion l ine,  B for  the recond,  etc ,  A b lank
or  zero in  column 6 indieates thgt  thr l  l ine is  the in i t ia l  l ino
of a itat6m€nt,

lyzed by the compi ler ,  a l though the in format ion in  columns
73-80 is  pr in ted in  the compi ler  l is t ing.  When 96'column
cardg are used,  co lumns 81-96 are not  pr in ted in  the com-
pi ler  l is t ing.

FORl  RAi l  -$ la tc r i ie r t l r  J



ELEMENTS OF THE LANGUAGE

ln order  to wr i te  FORTRAN programs,  i t  is  necessary to
learn the ru les for  wr i t ing the fo l lowing e lernents of  the
language:

Name of Element purpose Examples

Constant  Speci f  ies a numer ic  value 27 or  3.1415g

Var iable Refers to a par t icu lar  area in  s torage X or  y

Array er^ms6t  A member of  a col lect ion of  data that  has ident ica l  X{ l )  or  y(3,21
attn bu tes

control statement Affects the order in which statements are executed

Mathemat ica l
ex pressi orr

Assrgnmerr t
statemen t

Speci f  icat ion
state men t

lnput /Ou tput
statement

Su bprogra m
statement

Causes mathetnatical computations

Ass igns  a  quar r t i t y  to  a  var iab le  o r  a r ray  e lement

Provides information about the data used in the source
program, and the amount of storage required for i t

Cets data into the computer or transfers data to an
outpu t  dev ice

Performs a series of statements to be performed

A+B or  3"J

A = B / C

DO or GO TO

I M P L I C I T ,  R E A L ,
COMMON

R E A D  ,  W R I T E

S U B R O U T I N E ,
FUNCTION

O R D E R  O F  S T A T E M E N T S  I N  A  F O R T R A N  P R O G R A M

The order  o f  s ta tements  in  a  FORTRAN program is  as
fo l lows:

1 .  Subprogram s ta te rnent  fo r  a  subprogr ; rm.  pROGRAM

sta tement ,  i f  any ,  fo r  a  ma in  p rogram.

2 .  IMPLICIT  s ta tement ,  i f  any .

3 .  Other  spec i f i ca t ion  s ta tements ,  i f  any .

4 .  S ta tement  func t ion  de f  in i t ions ,  i f  any ,  to  descr ibe
s ta tement  f  u  nc t ions .

5 .  Executab le  s ta tements ,  a t  leas t  one o f  wh ich  must
tre present.

6. E:ND statement, to indicate the end ol the program.

FORMAT and DATA s ta tements  can appear  anywhere
af te r  the  IMPLICIT  s ta tement ,  i f  p resent ,  and be fore  the
E[\D statement. DATA statements, however, must fol low
any spec i f  i ca t ion  s ta tements  tha t  con ta in  th r :  same var iab le
or  a r ray  names.

8



Chapter 2. Constants, Variables, and ltrray Elements

FORTRAN provides a means of exprrrssing numeric con- Data Types and Data Descript ion
s tan ts ,  var iab le  quant i t ies ,  and ar ray  e  lements .  The ru les
fo r  express ing  these quant i t ies  a re  qu  te  s imi la r  to  the  ru les  FORTRAN dea ls  w i th  a r i thmet ic ,  l i te ra l ,  a r rd  hexadec imal
o f  o rd inary  mathemat ica l  no ta t ion .  I lowever ,  each o f  these da ta .  Ar i thmet ic  da ta  can be  represented  as  a  rea l  o r  in te -
quant i t ies  can be  expressed in  one o f  two modes:  in teger  ger  number ,  a  cons tan t ,  a  var iab le ,  o r  an  ar ray  (a  g roup o f
or  rea l  ( f loa t ing-po in t ) .  re la ted  members  tha t  have re la ted  a t t r ibu tes) .

lnteger and Real Calculat ions Operation Symbols

F loa t ing-po in tca lcu la t ions  are  car r ie r l  ou t  be tween two Opera t ion  symbols  used in  FORTRAN are : ;
rea l  numbers  in  one o f  two degrees  o ' '  p rec is ion-s ing le
prec is ion  (R EAL*4)  o r  doub le  p rec is  on  (REAL*8) - tha t  +  Add i t ion

can be  spec i f ied  by  the  user .  The nurnber  o f  d ig i ts  ma in-  -  Subt rac t ion
ta ined fo r  s ing le  p rec is ion  is  approx in ra te ly  7 ,  and fo r  *  Mu l t ip l i ca t ion
doub le  p rec is ion  approx imate ly  17 .  l iome typ ica l  f loa t ing-  /  D iv is ion
po in t  ca lcu la t ions  are :  * *  Exponent ia t ion

In  f loa t ing-po in t  ca lcu la t ions  round i r rg  does  no t  occur ;
digits in excess of the precision are dropped.

To express the ar i thmet ic  operat ion A=.4301 d iv ided by
1.7 ,  the f  o l lowing statement  can be used:

A= .4301 /1 .7

To express the operation J equals the product of 5 and 2,
this statement can be used:

J=5*2

Integer calculat ions are carr ied out  d i f ferent ly ;  no decimal  CONSTANTS
remainders are reta ined or  used in computat ions.  For
example:  A constant  is  a number that  is  used in computat ions wi th-

out  change dur ing execut ion of  the progra,m. l t  appears
Arithmetic Result of in its actual numeric form in the source stertement. For
Operation Calcul:rt ion example, in the statement

l=512 l=2 ( instead ot  2.5,  because J=3*X
the.5 is  t runcated)

l=5/2+7 12 l=5 ( in termediate t runcat ion 3 is  a constant  because i t  appears in  actual  numer ic  forrn,
cornputes this as 2+3
rather than 12/21

J=5x2 JilO
6=-d+1 K=-3

Arithmetic
Operation

A=.4301/  1 .7
B--5./2.
C = 1 . 6 x . 7
D=-2 .7+1 .2

Result of
Calculation

A=.253
B=2 .5
c = 1 . 1 2
D=--1 .5

Constants,  Var iables,  and Array Elements 3



Four types of constants can be specified in Ftf RTRAN:

o Integer constant-written without a decimal point or
exponent

o Real constant-written with a decimal point and/or an
ex ponent

r Hexadecimal constant-the character Z followed by the
hexadecimal characters 0 through 9 and A through F.

o Literal constant-a string of alphabetic. numeric, and/or
specia l  characters enclosed in apostrophes

The rules for writ ing each of these constants irre given in the
fo l lowing sect ions.

Integer Constants

An integer constant is a whole number writter without a
decimal  point ,  us ing the decimal  d ig i ts  0,  1, .  .  .  ,9 .  A pre-
ceding + or  -  s ign is  opt ional .  An unsigned constant  is
assumed to be positive.

All integer constants occupy four storage locertions (bytes).
The magnitude of an integer constant cannot exceed
2,1 47,483,647 123 | -11.

Examples:

Valid Integer Constants

0
{'9

186
-327

6
45

123b456 b (blank) is ignored by the crocessor

Invalid Integer Constants Reason

4.321

-3,675

5436578656

Contains a decimal  point

Conta ins a comma

Exceeds the magnitude per-
mitted by the System/3
FORTRAN lV proce: ;sor

Real Constants

A real constanf is any of the fol lowing:

1. A basic real constant is a number writ ten with a
d e c i m a l  p o i n t ,  u s i n g  t h e  d e c i m a l  d i g i t s  0 ,  1 , . . . . 9 .
A  preced ing  +  or  -  s ign  is  op t iona l .  An  uns igned con-
stant is assumed to be posit ive.

2 .  A  bas ic  rea l  cons tan t  fo l lowed by  a  D or  E ,  fo l lowed
by an  exponent .  The exponent  i s  a  s igned or  uns igned
one- or two-digit  integer constant. An unsignred ex-
ponent is assumed to be posit ive.

3. An integer constant fol lowed by a D or E, fol lowed
by an exponent.

f n the exponent, the letter E specifies a single-preci:;ion
constant occupying four storage locations (bytes), ernd the
letter D specif ies a double-preasion constant occupying
e igh t  s to rage loca t ions .  Un less  i t  con ta ins  a  D exponent ,  a
real constant always occupies four storage locations.

Prec is ion :  S ing le  p rec is ion-6  hexadec imal  d ig i ts ,  o r
approximately 7.2 decimal digits.

Doub le  p rec is ion-14  hexadec imal  d ig i ts ,  o r

approx imate ly  1  6 .8  dec ima l  d ig i ts .

Magn i tude:  S ing le -prec is ion  and doub le-prec is io r r  con-
stants have the same magnitude l imil .at ions:

0 ,  o r  16-6s  (approx imate ly  1O-78)  th rough
1 6 6 3  ( a p p r o x i m a t e l y  1 0 ? s  ) .



The decimal  exponent  permi ts  the expression of  a real
constant  as the product  of  a basic  real  constant  or  in teger
constant  t imes 10 ra ised to a desi rec l  oower.

Examples:

Valid Real Constants Equivalerrt To
{s ingle prec is ion)

+0.

Invalid Real Constants

'l

3 , 4 7 1 . 1

1 . E

1 . 2 E +  I  l Z

23.5E+97

21.3E-90

Reason

Miss ing  a  dec in ta l  po in t  o r  ex-
ponent )

Embedded comma

Missing an interEer constant
fo l low ing  the  E:

E is  fo l lowed by  a  th ree-d ig i t

integer constant; must be one-
or two-digits

Magn i tude ou t r ; ide  the  a l lowab le
range;  23 .5  x  l0e7 grea ter  than
1 6 6  3

Magn i tude ou ts ; ide  the  a l lowab le

r a n g e ; 2 1 . 3 x  1 0 - e o  l e s s  t h a n
1 6 - 6 s

I l0c|0
I  1 0 0 1
A  1 0 1 0
B  1 0 ' t i
c  1 1 0 0
D  1 1 0 1
tr 1 1 1r-l

F  f i l l

l'li:,.i

-999.9999

7.0E+0

19761.25E+1

7E-03

21.4354657687

7 9D03

7.9D+03

7.9D+3

7.9D0

7D03

7 . 0 x 1 0 o = 7 . 0

1 9 7 6 1 . 2 1 i  x  1 0 1= 197612.5

Valid Real Constants
{double precision) Equivale nt To

1 234567890 1 23456. D-93

7 . 0 x 1 0 t = 7 0 0 0 . 0

7 . 0 x 1 0 - 3 = 0 . 0 0 7

y'y'ote. '  Tris level of precision can
not be arcommodated in four
storage lrrcations. Posit ions to
the  r igh t  o f  the  dec ima l  po in t

that cannot be accommodated
are truncated.

. 1 23456 /890123456 x 1 0- "

7.9 x '10 ' '  =  7900.0

7 . 9 x 1 0 t  = 7 . 9

7 . 0 x 1 0 : = 7 0 0 0 . 0

Hexadecimal Constants

A hexadecimal constant is used only in DATA init ial izat ion
s ta tements  to  spec i fy  in i t ia l  va lues  fo r  var iab les  and ar ray
elements. A hexadecimal constant contairrs the cnaracter
Z  fo l lowed by  a  hexadec imal  number  (0 ,  1 , .  .  . ,  g ,  A ,  B ,  C,
D ,  E ,  F ) .

In  Sys tem/3 .  the  bas ic  un i t  o f  s to rage is  an  8-b i t  by re .  Under
this sytem, one byte contains two hexadecirnal digits. The
in te rna l  (b inary )  fo rm o f  each o f  the  16  poss ib le  hex  d ig i ts
is  as  fo l lows:

Hex Binary  Hex B inary

0 0000
1 0001
2 0010
3  0 0 1 1
4  0 1 0 0
5  0 1 0 1
6  0 1 1 0
7  0 1 1 1

Constants,  Var iables,  and A,rray Elemr:r ; ts  I  i



l f  a  constant  wi th an odd number of  d ig i ts  is  speci f ied,  a
leading hexadecimal  zero is  added on the le f t  to  f i l l  the stor_
age location.

Examples:

The eight-digit hexadecimal number ZlC4gA?F 1 represents
the  b i t  s t r i ng  0001  1100  0100  1001  1010  0010  1  1  11  0001

The seven-dio i t  number ZBADFADE represents the b i t
s t r i n g  0 0 0 0  1 0 1 1  ' 1 0 1 0  1 1 0 1  1 1 1 1  1 0 1 0  1 1 0 1  1 1 1 0 .  T h e
f i rs t  four  zero b i ts  are impl ied because an odd number of
hexadecimal  d ig i ts  was wr i t ten.

Fur ther  in format ion about  hexadeci rnal  constants can be
found in the sect ion that  descr ibes the DATA in i t ia l izat ion
statement.

Literal Constants

A literal constant is a string of alphabetic, nunreric, and/or
special characters. enclosed in apostrophes.

Each character requires one byte of storage. l lote that the
blank is corrsidered a character. The appearance of a blank
is  s igni f icant  only  in  l i tera l  constants and in s t i t temenr con-
t inuat ion requi remeni i .  l f  an apostrophe is  to appear in  the
literal, it must be represented by two consecul.ive apostrophes
wi th no in tervening b lank.

L i tera ls  can be used as data in i t ia l izat ion values in  the DATA
statement. Rules for this usage are presented in the Chap-
ter 7 description of the DATA statement.

Examples:

I  X _ C O O R D I N A T E
|  3 ,1 , ,47 ,59  |
I  F R A N C  I  S  B A C O N  '

Y - C O O R D  I  N A T  E

r s  r | H A M L E T r r l

Z . - C O O R D I N A T E  '

V A R I A B L E S

A FORTRAN var iab le  i s  a  da ta  i tem,  ident i f ied  oy  a  name,
that occupies a storage area. The value specif ied by the
name is  a lways  the  cur ren t  va lue  s to red  in  the  area .

For  example ,  in  the  s ta tement

A=5.0+B

both  A and B are  var iab les .  The va lue  o f  B  was de te , rmined
by some prev ious ly  executed  s ta tement .  The va lue  o f  A  is
ca lcu la ted  when the  above s ta tement  i s  executed ,  and de
pends on  the  prev ious ly  ca lcu la ted  va lue  o f  B .

As  w i th  cons tan ts ,  a  var iab le  can be  in teger  o r  rea l ,  t lepend-
ing  on  whether  the  va lue  i t  represents  i s  in teger  o r  rea l ,
respectively. Because a variable represents an area of stor-
age,  i t  i s  ass igned a  length ,  e i ther  imp l ic i t l y  o r  exp l i c i t l y .
A  rea l  var iab le  can have a  length  o f  e i ther  four  o r  e igh t
by tes .  An in teger  var iab le  can have a  length  o f  e i ther r  two
or four bytes.

In  o rder  to  d is t ingu ish  be tween var iab les  tha t  der ive  the i r
value from an integer. as opposed to a real number, the
ru les  fo r  naming each type o f  var iab le  a re  d i f fe ren t ,  a l -
though these rules can be overridden.

Variable Names

A var iab le  name cons is ts  o f  f rom 1  to  6  a lphabet ic  o r
numer ic  charac ters ,  o f  wh ich  the  f i rs t  must  be  a lphabet ic .
In  the  contex t  o f  th is  d iscuss ion ,  the  charac ter  $  i s  con-
s idered  an  a lphabet ic  charac ter .  B lanks  in  a  var iab le  name
are ignored.

Examples:

I

A B C D
3 I L L 2 3
r $ 2
i  TEMl ,
I  T E M l ,
I  TEM 1 ,

ln the above l ist,  the last three names are considered

ident ica l .

'12



The ru les  fo r  naming var iab les  a l low fo r  ex tens ive  se lec t iv i -  ARRAYS

ty .  In  genera l ,  i t  i s  eas ie r  to  fo l low the  f low o f  a  p rogram i f
meaningful names are used wherever possi.ble. For instance, Anarray is an ordered set of data i t"ems identi f ied by a
to  compute  d is tance i twou ld  be  poss ib le  to  use  the  s ta te -  s ing le  name.  A  member  o f  the  ar ray ,  ca l led  an  ar ray  e le* ra t t
ment :  i s  iden t i f ied  accord ing  tc l  i t s  pos i t ion ,  by  a  quant i t y  ca i le r i

a subscnpt.

A = B * C
Arrays ,  l i ke  var iab les  and cons tan ts ,  have i ;  t vpe  assoc ia ted

but  i t  wou ld  be  more  mean ing fu l  to  wr i te :  w i th  them.  The ru les  fo r  naming an 'ays  are  the  same as  the
ru les  fo r  naming var iab les .  The type o f  an  ar ray  name ts

D=R*T determined by  the  same convent ions  tha t  govern  the  type
of  a  var iab le  name.  Each e lement  o {  an  ar ray  is  o f  the  type

or :  and length  spec i f ied  f  o r  the  ar rav  name.

Suppose you want to refer to the second element in the

Predef ined Convention group; in ordinary mathematical notat ion this would be
N E X T " .  I n  F O R T R A N  t h i s  w o u l d  b e

l f  the  f i rs t  charac ter  o f  the  var iab le  name is  l ,  J ,  K ,  L ,  M,  o r
N,  the  var iab le  i s  cons idered to  be  an  in teger  var iab le  o f  NEXT(2)

length  4 .  l f  the  f  i r s t  charac ter  o f  th r :  var iab le  name is  no t
l ,  J ,  K ,  L ,  M,  o r  N,  the  var iab le  i s  a  rea l  var iab le  o f  leno th  4 .  The quant i t y  2  i s  the  subscr ip t .  Thus

I m pl ici t Speci ficati on

N E XT (2)  has the value ' l  2
NEXT(4)  has the value 42

By use o f  the  IMPLICIT  s ta tement ,  the  FORTRAN proces-  S imi la r ly ,  o rd inary  mathemat ica l  no ta t ion  migh t  use  NEXT.

sor  can be  to ld  to  ignore  the  predef i  red  convent ion  fo r  to  represent  any  e lement  o f  the  se t ,  NEXT.  In  FORTRAN,

var iab le  names whose in i t ia l  le t te rs  a re  spec i f ied  in  the  th is  migh t  be  wr i t ten  as  NEXT( l )  where  I  r - 'qua ls  '1 ,  
2 ,3 ,4 ,

IMPLICIT  s ta tement .  Thus ,  var iab l r rs  whose names beg in  o r  5 .

w i th  the  le t te rs  l th rough N can be  c lec la red  as  type  rea l ,
and those wh ich  beg in  w i th  A  th rou3h H or  O th rough Z

can be  dec la red  as  type  in teger .  In  add i t ion ,  var iab les  can The ar ray  cou ld  be  two d imens iona l ,  as  fo r  example ,  the

be dec la red  to  be  one o f  the  op t iona l  leng ths :  two by tes  ar ray  JO:

fo r  in teger  var iab les ,  o r  e igh t  by tes  lo r  rea l  var iab les .  The

ru les  fo r  us ing  the  IMPLICIT  s ta tement  a re  g iven la te r .  Co lumn 1  Co lumn 2  Co lumn 3

D I S T = R A T E * T l M  E

Variable Types

The type of a variable corresponds t,)  the type of the data
the  var iab le  represents .  Var iab le  ty te  can be  spec i f ied  in
th ree  ways :  p redef  ined ,  imp l ic i t l y ,  r l r  exp l i c i t l y .

E x pl icit Specif icati on

Exp l ic i t  spec i f i ca t ion  o f  type  (and,  r>p t iona l l y ,  leng th)  i s
made fo r  ind iv idua l  var iab les  by  us i r rg  the  INTEGER or
REAL type-spec i f i ca t ion  s ta tements .  These s ta tements
over r ide  predef ined and IMPLICIT  spec i f i ca t ions .  The
ru les  f  o r  us ing  these s ta tements  a re  t l i ven  la te r .

Assume the fo l lowing e lements are conta i r red in  arr  array
named  NEXT:

1 5
1 2
1 8
42
' t9

Row 1 82
R o w  2  1 2
Row 3  91
Row 4 24
R o w 5  2

4
t 3

I

1 6
8

7
1 4
3 1
1 0
2

Cons tan t s ,  Va r i ab les ,  and  h r ray  E lemen ts  13
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Suppose you want  to refer  to  the e lement  in  row 2,  co lumn
3;  th is  would be

JO(2 ,3 )

2 and 3 are the subscr ipts .  Thus,

JO(2 ,3 )  has  the  va tue  14
JO(4,1)  has the value 24

Simi lar ly ,  ord inary mathemat ica l  notat ions nr ight  use JO..
to represent  any e lement  of  the set  JO. In F()RTRAN, 

,J

th i s  m igh t  be  wr i t t en  as  JO( l , J )  whe re  I  equa  s  1 ,  2 ,3 ,4 ,  o r
5 and J equals 1 ,  2 ,  or  3

The above notat ion can extend to three_dimensionar arrays:

J O ( 1 , 2 , 3 )
JO ( I , J ,  K  )
JO  (5 , J ,  16 )

The use o f  an  ar ray  in  the  source  program must  be  preceded
by i t s  dec la ra t ion  in  e i ther  a  DIMENSION s ta tement ,  a
COMMON or  GLOBAL s ta tement ,  o r  a  type  spec i f i ca t ion
s ta tement  spec i fy ing  the  s ize  o f  the  ar ray .  These s ta tements
are  exp la ined la te r .

Arrangement of Arrays in Storage

An ar ray  is  s to red  in  ascend ing  s to rage loca t ions ,  w i th  the
va lue  o f  the  f  i r s t  o f  i t s  subscr ip ts  inc reas ing  m()s t  rap id ly ,
and the  va lue  o f  the  las t  subscr ip t  inc reas ing  leas t  rap id ly .

For  exanrp le ,  the  ar ray  named A,  descr ibed by  one subscr ip t
tha t  var ies  f ronr  1  to  5 ,  appears  in  s to rage as  fo l rows:

A ( 1 ) A ( 2 )  A ( 3 )  A ( 4 )  A ( 5 )

The ar ray  named B,  descr ibed by  two subscr ip ts ,  w i th  the
f i rs t  vary ing  f rom 1  to  5  and the  second f rom 1  to  3 ,  appears
in  s to rage as  fo l lows:

B ( 1 , 1 )  B ( 2 , 1 )  B ( 3 , 1 )  B ( 4 , 1 )  B ( 5 , 1 1 B ( 1 , 2 1 B ( 2 , 2 )  8 ( 3 , 2 1
B(4,21  8(5 ,21  B(1 ,3)  B(2 ,3)  B(3 ,s )  B(4 ,3)  B  (5 .3 )

N o t e  t h a t  B ( 1 , 2 )  a n d  B ( 1 , 3 )  f o i l o w  i n  s t o r a g e  B ( S .  l  )  a n d
B(5 ,21  ,  respec t ive ly .

The fo l  low ing  l i s t  i s  the  order  o f  a  th ree-d imen; iona l  a r ray ,
c(3,3.3) :

c ( 1 , 1 , 1 t  C ( 2 , 1 , 1 )  C ( 3 , 1 , 1 )  C (  1 , 2 , 1 1  C ( 2 , 2 , 1 )
c (  1 , 3 ,  1  |  C ( 2 , 3 , 1 )  C ( 3 , 3 ,  1  )  C ( 1 ,  1 , 2 t  C ( 2 , 1 , 2 )
c (1 ,2 ,21  C(2 ,2 ,21  C13,2 ,21  C(1 ,3 ,21  C(2 ,3 ,21
c (  1 ,  1 , 3 )  C ( 2 , 1 , 3 1  C ( 3 ,  1 , 3 )  C ( 1 , 2 , 3 1  C ( 2 , 2 , 3 1
c(1 ,3 ,3 )  C(2 ,3 ,3 )  C(3 ,3 ,3 )

c ( 3 , 2 , 1 1
c ( 3 , 1 , 2 )
c  (3 ,3 ,2 )
c (3 ,2 ,3 )

Subscripts

A subscr ip t  i s  an  in teger  quant i t y  o r  a  se t  o f  in teger
quant i t ies  separa ted  by  commas,  enc losed in  paren theses ,
and wr i t ten  immed ja te ly  a f te r  the  ar ray  name.  Ih r :
subscr ip t  i s  used to  ident i f y  a  par t i cu la r  e lement  o1  an
ar ray .  The number  o f  subscr ip t  quant i t ies  in  a  sub: ;c r io t
must  be  the  same as  the  number  o f  d imens ions  o f  the
ar ray .  A  max imurn  o f  th ree  subscr ip l  quant i t ies  can
appear  r r r  a  subscr ip t .

Form of Subscripts

A subscr ip t  must  be  in  one o f  the  fo l low ing  fo rms,  , l v  repre_
sents  any  uns igned nonsubscr ip ted  in teger  var iab le ,  and c
a n d  c r  a n y  u n s i g n e d  i n t e g e r  c o n s t a n t ) :

c
v+c  or  v -c

g * y + 6 1  6 1 -  6 * y - 6 1

Whichever  subscr ip t  fo rm you L tse ,  the  eva iua ted  resu l t
must  be  grea ter  than 0 ,  less  than or  equa l  to  the  range
of  the  ar ray ,  and less  than or  equa l  to  32 ,767.  The
eva lua ted  resu l t  o f  a  subscr ip t  i s  the  produc t  o f  a r r
s u b s c r i p t  q u a n t i t i e s  m u l t i p l i e d  b y  t h e  l e n g t h  o f  a n
e lement  fo r  the  assoc ia ted  ar ray .  For  example ,  i f  the
subscr ip t  (2OO,4 l  i s  used to  re fe rence an  e tement  o f
an  in teger  *4  

a r ray ,  the  eva lua ted  resu l t  i s  the  proc luc t
o f  the  subscr ip t  quant i r ies  eAO x  4  =  g00) ,  mu l t ip l i , :d
by  the  length  o f  an  e lement  (800 x  4  =  3200) .

Examples:

Valid Form of
Subscripts Subscript

( I M A X )  v
( 1 9 )  c
(JOB+21 v +c
(N EXT-3)  v-c
( 8 * I O U A N )  c * v
(5 *L+7 )  c *v+c r
(4 *M-3 )  c *v -c ,

Inval id  Reason
Subscripts

( - t )
( 0 )

( -2 . J )
( t  ( 3 ) )

( K * 2 )

(2+JOB)

T h e  v a r i a b l e  c a n n o t  b e  s r g n e o .
A subscr ip t  quant i t y  cannot  assume the
v a l u e  0 .
The cons tan t  must  be  uns igned.
A subscr ip t  cannot  be  subscr ip ted .

F o r  m u l t i p l i c a t i o n ,  t h e  c o n s t a n t  m u s t
precede the  var iab le ,  thus  2*K is  cor rec t .
For  add i t ion ,  the  var iab le  must  p recede
the  cons tan t ;  thus ,  JOB f2  i s  cor rec t1 4



A R I T H M E T I C  A S S I G N M E N T  S T A T E M E N T S

The ar i thmet ic  ass ignment  s ta tement  de f ines  a  numer ic
ca lcu la t ion ;  i t  resembles  a  convent ic ,na l  a r i thmet ic  fo rmula .

The genera l  fo rm o f  an  ar i thmet ic  a ;s ignment  s ta tement  i s :

a=b

wnere

a is  a  var iab le  o r  a r ray  e lement .

b is an expression as defined under Expressions.

Exarnples:

The fo l low ing  are  va l id  a r i thmet ic  a ;s ignment  s ta tements :

4=g+C

D  ( l ) =  E  ( l ) + 2 . - F

In  an  ar i thmet ic  ass ignment  s ta tem€ n t ,  the  equa l  s ign
means rs to be replaced by rather than r's equivalent fo. This
d is t inc t ion  is  impor tan t ;  fo r  example ,  suppose an  in teger
var iab le  I  has  the  va lue  3 .  Then,  thc  s ta tement

l " l + 1

wou ld  g ive  I  the  va lue  4 .  Th is  fea ture  enab les  the  program-

mer  to  keep counts  and per fo rm o t l re r  requ i red  opera t ions
in  the  so lu t ion  o f  a  p rob lem.

The fo l low ing  is  an  example  o f  a  se l ies  o f  a r i thmet ic  ass ign-
ment  s ta tements :

Statement Meaning

A=3.0
B=2 .0
C=A+B

C=C+ 1

Store  the  va lue  3 .0  in  A

Store  the  va lue  2 .0  in  B
Add the  va lues  in  A  and B and s to re  in
c(3 .+2 .=5. )
A d d  1 .  t o  t h e  v a l r r e  i n  C ( 5 . + 1 . = 6 . 1

Chapter 3. Arithmetic Assignment Statements arnd Expressions

EXPRESSIONS

An express ion  in  FORTRAN is  a  sequence o f  cons tan ts ,
var iab les ,  a r ray  e lements ,  and opera t ion  symbols  tha t  ind i -
ca tes  a  quant i t y  o r  a  ser ies  o f  ca lcu la t ions .  l t  must  be
formed accord ing  to  the  ru les  fo r  cons t ruc t ing  express ions .
I t  can  inc lude parentheses  and can a lso  inc lude func t ions
(wh ich  w i l l  be  d iscussed la te r ) .  l t  appears  on  the  r igh t -
hand s ide  o f  a r i thmet ic  ass ignment  s ta tements  and in  cer -

tain types of control and l /O statements.

Rules for Constructing Expressions

Because cons tan ts ,  var iab les ,  and ar ray  e lements  can be
in teger  o r  rea l  quant i t ies ,  express ions  can r :on ta in  in teger

or  rea l  quant i t ies ;  tha t  i s ,  two types  can appear  in  the  same
ex pre ssi on.

In  the  fo l low ing  d iscuss ion ,  no  ment ion  is  made o f  the  ru les
fo r  us ing  in teger  and rea l  quant i t ies  in  f  un ,c t ions .  These

rules are stated when functions are describred and are con-
s idered  as  addenda to  the  fo l low ing  ru les .

1 .  The s imp les t  express ion  cons is ts  o f  a  s ing le  cons tan t ,
var iab le  o r  a r ray  e lement .  l f  the  quant i t y  i s  an  in te -
ger  type ,  the  express ion  is  sa id  to  t re  in  the  in t r :ger
mode.  l f  the  quant i t y  i s  a  rea l  t ype ,  the  : rxp ! .ess ion

is  sa id  to  be  in  the  rea l  mode.

Examp les :

Expression Tl/pe of.
Ouantitv

Mode of

Expression

J

3 .0
I
A
r ( J )

A(J }

In teger  cons tan t  In  te . r ;e r
R e a l  c o n s t a n t  R e a i

In teger  var iab le  ln teger

R e a l v a r i a b l e  R e a i

I nteger array
e l e m e n t  l r i t e g e r
Rea l  a r ray
e l e m e n t  R e a l

In the last example, note that the subscript,  f i / ; ' r iCl i
must be an integer quanti ty, does n()t atfec j :  t t i r :  rnlr. l ' ;
of the expression. The mode of the r:xr;ressio';  rs
de termined so le ly  by  the  type  o f  th , :  q r :an t i i r , '  , i se i f .

Ari thmet ic Assignment Statements anci  Expn*ssiorr : t  15



2. Real exponentiation of a quantity affects the mode
of  t l re  expression;  thus:

l * * 2 . 3  R e a l

|  * *J  In teger

A*  *  |  Rea l

A * * B  R e a l

3 .  Ouant i t ies  can be  preceded by  p lus  o r  mi r rus  s igns
(+  or - ) ,  o r  can  be  connected  by  any  o f  the  opera t ion
symbols  ( t ,  - ,  * ,  7 ,  * * )  to  fo rm express io r rs ,  p rov ided:
a .  No two opera t ion  symbols  appear  con;ecut ive ly .

Quant i t ies  connected  need no t  a l l  be  t re  same
nrode but are converted to the higher rnode ( in the
o r d e r  I N T E G E R  * 2 ,  I N T E G E R  * 4 ,  R E , \ L * 4 ,
REAL"8)  be fore  the  express ion  is  eva lua ted .  For
example ,  in  A+1,  i f  A  i s  rea l  and I  i s  in teger ,  I  i s
conver ted  to  rea l  be fore  the  add i t ion .  F igure  2
shows the  type  and length  o f  the  resu l t  o f  a r i thme-
t i c  opera t ions .

\_ Second

\ QuantitY
First \\-_-

Ouantity \

I N T E G E R " 2 INTEGER*4 REAL*4 R EAL*8

I N T E G E R * 2 I N T E G E R  * 2 I N T E G E  R  * 4 R E A L " 4 R E A L * 8

I N T E G E R * 4 I N T E G E  R  * 4 I N T E G E R  * 4 R EAL *4 R  E A L * 8

R EAL *4 R E A L * 4 R E A L * 4 R E A L * 4 R E A L * 8

R E A L " 8 R E A L * 8 R E A L * 8 R E A L " 8 R E A L  * 8

Figure 2. Determining the Type and Length ot the Result of Ari thmetic Operations that use Ouanti t ies of
Different Mode

b.  No opera t ion  symbols  a re  assumed;  t t ra t  i s ,  no  two
quant i t ies  appear  consecut ive ly .

Exarnp les :

Val id
Expressions

-A+B

B+C-J
vJ
K * L

lnva l id

Expressions Reason

A+-B Must  be  wr i t ten  as  r \+ ( -B) .
3J  Must  be  wr i t ten  as  l l *J  i f  mu l t i -

p l i ca t ion  is  in tender l .

1 6



4.  The order  o f  opera t ions  (h ie rarchy)  must  be  con-

s idered  when wr i t ing  FORTRAN s ta temenrs .  The
h ierarchy  o f  ooera t ions  ( f rom h ighrs t  to  lowest )  i s  as
f  o l l o w s :

1 .  E v a l u a t i o n  o f  f u n c t i o n s

2 .  E x p o n e n t i a t i o n  ( *  * )

3 .  M u l t i p l i c a t i o n  ( n )  a n d  D i v i s i c n  ( / )

4 .  Add i t io t r  (+  )  and Subt rac t ion  ( - )

Because o f  th is  h ie rarc t ry ,  t i re  cxprcss ion

A+ B *C /D't-E + * f  -Q , l - l

w i l l  be  taken to  mean

4 \ + a - - Y l E f - - { G " H )
D

Hierarchy  de termines  wh ich  o f  two consecut ive  opera t ions
i s  p e r f o r m e d  f i r s t .  l f  t h e  h i e r a r c h y  o f  t h r  f i r s t  o p e r a t i o n  i s
h igher  than or  equa l  to  the  h ie rarchy  o f  the  second opera ,

t ion ,  the  f  i r s t  opera t ion  is  per f  o rmed.  l f  i t  i s  no t ,  the
h ie rarchy  o f  the  second opera t ion  is  compared to  the
h ie rarchy  o f  the  th i rd ,  e tc .  Once an  opera t ion  is  executed ,

the  nex t  compar ison  s ta r ts  w i th  the  las t  ( )pera t ion  tha t  was
sk ip rped.

In  t .he  fo l low ing  examples ,  the  opera t ions  are  numbered in
t h e  o r d e r  i n  w h i c h  t h e y  w i l l b e  p e r f o r m e d :

, X = A + B * C l D i E * " F - G * H
3  r  2 5  4  7  6

Whr3n eva iua t ing  consecut ive  exponent ia r . ion  opera t ions ,  the
order  i s  f  rom r igh t  to  le f  t :

' { = { x x g * * e + !

z t J

Parentheses  can be  used in  a r i thmet ic  express ions ,  as  in
a lgebra ,  to  spec i fy  the  order  in  wh i r :h  op , . ra t ton ,c  a re  tc
be  per f  o rmed.  Where  parentheses  are  usr :d ,  the  exprcss ion
wi th in  the  innermost  se t  o f  paren theses  is  eva lua ted  f i rs t ,
F o r  e x a m p l e :

Mode of an Arithmetic Statement

Express ions  must  be  in teger  o r  rea l ;  however ,  the  var iab le
on the  le f t -hand s ide  o f  the  equa l  s ign  in  an  ar i thmet ic
s ta tement  need no t  be  o f  the  same rnr :de  as  the  express ion
on the  r igh t -hand s ide ,

l f  the  var iab le  on  the  le f t  i s  an  i r r teqer  quant i t y  an( l  the
express ion  on  the  r igh t  i s  rea l ,  the  express ion  is  f i r s t  eva lu -
a ted  as  a  rea i  quant i t y ,  the  por t ion  fo l low ing  t f re  dec in ta l
po in t  i s  d ropped,  and the  remainder  i s  conver ted  to  an
i n t e g e r  q u a n t i t V .  T h u s ,  i f  t h e  r e s u l t  i s  + 3 . 8 7 2 ,  r h e  i n t e g e r
s to red  is ' l -3 ,  no t  +4 .  l f  the  var iab le  on  the  le f t  i s  rea l  and
the  express ion  on  the  r iqh t  i s  in teger ,  the  la t te r  i s  eva lua ter i
as  an  In teger  express ion ,  and the  resu l t  i s  conver ted  to  rea l .

Examples:

Ar i thmet ic

Statement

A=3/2

A-3.t2
t -312
t-3.i2.
t-3./2

Resul t  o f
Calculat ion

1

1
1 . 5

Contents  o f  Var iab le

A  i s  a s s i g n e d  t h c  v a l r r e  " ! . 0

A is  ass i . r ;ner l  ihe  va lue  '1 .5

I  i s  ass iqne<1 thc  va lue  1
I is assignerl { . i^re value i
I  i s  a s s i g n e d  t h c  v a l u e  1

. x = ( ( R + B ) * C / D + E )
1  2  3 4 5

F - G * H

7 6





chapter 4. control statements

Nornra l l y ,  FORTRAN s ta tements  a re  executed  sequent ia l lV .  COMPUTED GO TO STATEMENT
That  i s ,  a f te r  one s ta tement  i s  executed ,  t f  re  s ta tement
immedia te ly  fo l low ing  i t  i s  executed .  Hovrever ,  i t  i s  o f ten  The genera l  fo rm o f  the  computed GO TO s ta te rnent  rs :

undes i rab le  to  p roceed w i th  each s ta temer  t  in  th is  manner .
T h i s  c h a p t e r  d e s c r i b e s  t h e  s t a t e m e n t s  u s e d  t o  a l t e r  s e q u e n -  G O  T O  ( n r , n : ,  .  .  .  , n n ) ,  i
t i a l  e x e c u t i o n .

where

U N C O N D I T I O N A L  G O  T O  S T A T E M E N I  
: , ,  

, n r  ,  .  .  .  , n n  a r e  s t a t e m e n t  n u m b e r s

I  t s  a n  i n t e g e r  v a r i a b l e  h a v i n g  a  v a l u e  o f  1  t o  n .
The rJenera l  fo rm o f  the  uncond i t iona l  GO TO s ta tement  i s :

Th is  s ta tement  a lso  ind ica tes  wh ich  s ta te rnent  i s  executed
GO TO n  nex t .  However ,  i t  a lso  g ives  you the  ab i l i t y  to  e ) (ecu te

d i f fe ren t  s ta tements  dur ing  var ious  s tages  in  the  program.
where  n  i s  a  s ta tement  number .

Th is  s ta tement  i s  used to  in te r rup t  sequent ia l  execut ion ; i t  Uses ;  Th is  s ta tement  t rans fers  cont ro l  to  the  s ta temenr
ind ica tes  the  s ta tement  tha t  i s  to  be  executed  nex t .

Uses :  The GO TO s ta tement  t rans fers  cor t ro l  to  the
s ta tement  numbered n .

numbered f l r , f l : ,  .  .  .  nn  depend ing  on  whether  the  cur ren t
v a l u e  o f  i  i s  1 , 2 ,  .  .  .  , n ,  r e s p e c t i v e l y .  l f  t h e  v a l u e  o f  i  i s  l e s s
than 1  or  g rea ter  than the  number  o f  s ta tement  numbers  in
the  l i s t ,  the  nex t  sequent ia l  s ta tement  i s  executed .

Co n si dera ti o n s /R estri c t i o n s :
Considerations/Restrictions.- The statement following the

GO TO s ta tement  must  have a  s ta tement  r rumber  in  o rder  ' l  
.  i  must  be  g iven a  va lue  be fore  the  computed GO TO

to  be  executed .  s ta tement  i s  executed .

Examples: 2. No more than 60 statement nurnbers can be specif iecl
in  a  computed GO T 'O s ta tement .

G O  T O  1 6

G O  T O  1 3 7

Examples:
A cod ing  example  is  shown be low:

G O  T O ( 5 , 7 , 8 , 2 , 4 ) , J  l f  J  i s  3 ,  t r a n s f e t  c o n t r o l  t o
'  s ta te rnent  8 .
'  

G  O  f  O ( 4 , 4 , 4 , 1 , 8 , 9 ) , M A X  T h i s  e x a m p l e  i l i u s l r a t e s  t h a t

A=3.  
severa l  va lues  o f  i  t :an  cause a

t rans f  e r  o f  cor i t ro l  to  th r :  same
B=4 '  s ta tement .  In  th is  case.  when
G O T O T M A X  h a s  t h e  v a i u e  1 , 2 ,  o r  3 ,

12  B=2 ' *A cont ro l  t rans ters  tc  s ta te rnenr
7  A = 2 . * B  a

Sta tement  12  is  no t  executed .  A f te r  the  ( lO TO s ta tement
is  ex .ecu ted ,  s ta tement  7  i s  eva lua ted  and, \  i s  ass igned the
v a l u e  8 . 0 .

C o n t r o l  S t a l e m e n t s  1 9



Further  use of  the computed GO TO staternent  is  i l lust rated RELATIONAL lF STATEMEITT
below:

The general  form rcf  the re lat ional  lF s tatement  is ; ;

:

A=3.
B=4.
C=5.
K=0

1  K = K + l
G0 TO(10,20 ,30) ,K

l F  ( a )  s

where

a is  a  re la t iona l  express ion

s  is  the  assoc ia ted  s ta tement -any  executab le  s ta tement
except  a  DO s ta tement  o r  another  re la t iona l  lF  s ta te -

ment .

A re lat ional  expression is  formed by combin ing t 'uvo ar i th-
30 F=A-B met ic  expressions wi th one of  the s ix  re lat ional  operators:

G O  T O  1 2
20 E=A-C .GT. Greater  Tharr

GO TO t  .a t .  Less Than
10  D=B -C  .E0 .  Equa t  t o

Go ro ' 
IE |::'"x1l#or Eqr.,a,to

'  .LE.  l -ess  than or  Equa l  to

12 CONTINUE Per iods  must  p recede and fo l low the  re la t iona l  opera tors ,

as  shown.
As a  s tudy  r : f  th is  example  shows,  D,  E  anc l  F  a re  computed,
in  tha t  o rder ,  and cont ro l  p roceeds to  s ta t€ment  12 .  Of
course ,  the  exampl : :  i t se l f  i s  h igh ly  s imp l i f ied ;  i f  these were  Uses ;  The re la t iona l  lF  s ta tement  permi ts  thc  p rogrammer
the  on ly  requ i red  ca lcu la t ions  in  th is  ser ies ,  the  programmer  to  execute  or  sk ip  an  assoc ia ted  s ta tement  depend ing  on
wou l rJ  jus t  conrpute  D,  E ,  and F  sequent ia l l y ,  in  any  des i red  whether  the  re la t iona l  express ion  is  t rue  or  fa lse .
order  and w i thout  us ing  the  Computed GC TO s ta tement .

Considerat:ions/Restrictions.' The associated statement can

not  be  a  DO s ta tement  o r  a r ro ther  re la t iona l  lF  s ta tement .

Examples:

r F ( A . G T . 1 . 0 ) G O  T O  5 0
IF(A-B.LT.A+C)  A=B

The assoc ia ted  s ta tement  i s  executed  i f  the  re la t i ( lna l

express ion  is  t rue .  Otherw ise ,  the  s ta tement  fo l low ing  the

lF  s ta tement  i s  executed  nex t .  In  the  second exermple ,  i f

the  re la t iona l  express io r - r  i s  t rue ,  A  is  se t  equa l  to  B  and then

the  s ta tement  f  o l low inq  the  lF  s ta tement  i s  executed .

20



Suppose a  ser ies  o f  records ,  each conta i r r ing  a  var iab le  code
number ,  l ,  i s  be ing  read and processed.  Cer ta in  o f  the
records ,  appear ing  a t  random but  w i th  spec ia l  code numbers
greater  than 99 ,  a re  to  be  processed d i f fe ren t ly .  The
FC)RTRAN s ta tements  to  accompl ish  th is  migh t  be  as
fo l lows:

rF( r  cT .99)  GO TO 20

20 A=B+C

ARITHMETIC  IF  STATEMENT

Thr - .  genera l  fo rm o f  the  ar i thmet ic  lF  s t i r tement  ts :

l F  ( a ) n ,  , n z  , n .

wnere

a represents  an  express ion .

n  represents  a  s ta tement  number .

The express ion ,  a ,  must  be  enc losed in  p i l ren theses ;  the
s ta tement  numbers  must  be  separa ted  f  rom one another  by
connmas.  The same s ta tement  number  c r rn  be  spec i f ied  more
than once.

Uses: This statement transfers control to the statement
nurnbered f i  1  ,o2  ,  o r  n3 ,  depend ing  upon whether  the  va lue
of  the  express ion ,  a ,  i s  negat ive ,  zero ,  o r  pos i t i ve ,  respec_
t i v e  l y .

Considerations/Restrictions: The statement following the
ar i thmet ic  lF  s ta tement  must  have a  s ta t ( )ment  number  in
order  to  be  executed .

Examples:

r F ( A - B ) 1 0 . 1 0 , 7

I  F  (A i l  ) /D  )1  ,2 ,3

Cont ro l  t rans fers  to  s ta tement  number  n t ,  n2 , ,  o r  n3
depend ing  on  whether  the  va lue  o f  a  i s  less  than,  equat  to ,
o r  g rea ter  than zero ,  respec t ive ly .  Note  tha t  i r r  the  f i rs t
example ,  the  same s ta tement ,  numbere<J 10 ,  i s  to  oe
executed  i f  a  i s  less  than or  equa l  to  0 .

As  another  example ,  suppose a  va lue ,  A ,  i s  be ing  compureo.
Whenever  th is  va lue  is  pos i t i ve ,  you  w ish  to  p roceed w i th
the  program.  Whenever  the  va lue  o f  A  is  negat ive ,  an
a l te rna t ive  rou t ine  s ta r t ing  a t  s ta te rnent  12  is  to  be  fo l lowed;
and i f  A  i s  zero ,  an  er ro r  rou t ine  a t  s ta tement  72  is  to  be
fo l lowed.  Th is  may be  coded as :

a=(A+C) / (O .  -  e ) - f
l F ( A ) 1 2 , 7 2 , 1 0

7 2

DO STATEMENT

The general  form of  the DO statement  is :

DO n i=mr , f t rz  ,n tg

where

n (end o f  range)  i s  a  s ta te rnent  n i r rnL . ,e r  id r : i r " r i t v inq  the
ias t  s fa tement  to  be  executed  in  the  rang, :  o f  the  DO
sta te  ment .

i  { the  DO var iab le )  i s  a  non-subscr ip te r . l  in leger  var iaL i le .

mr  ( the  in i t ia l  va lue)  i s  an  uns ig r rec l  in teqer  oons tan t
grea ter  than 0  or  a  non-subscr ip ted  in teg t : r  vanautc .
T h e  v a l u e  o f  m 1  s h o u l d  n o t  e x c e e d  t h e ' ; i : l u e  o {  n r : .

mz ( the  tes t  va lue)  i s  an  uns ignec l  i r , leEer  cor . ts ta r i r
g rea ter  than 0  or  a  non-subscr ip ted  in t t_ -g i r l ra r iab le .

m: ( the  inc rement )  i s  an  r " rns igned in teger  c r t l - l s lan t
grea ter  than 0  or  a  non-subscr in ted  in tegr ) ! .  var iab le .
m3 is  op t iona l  and r f  o rn i t ieC is ; rs .s l lmet j  to  be  ' l  .  i f
m j  t s  omi t ted ,  the  ; : reced i f lg  comma nrusr  a !so  u f
om it ted.

t 0

12
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Uses: The DO statement is used to control mult iple
execution ol the statements that physical ly fol low the DO
sta tement ,  up  to  and inc lud ing  the  s ta temel t t  numbered n .
These statenrents are cal led the range of ther DO. For the
first execution of the statements within t lre DO range, the
var iab le ,  i ,  i s  se t  to  the  in i t ia l  va lue ,  m, .  Er ,ch  t ime s ta te -

ment n (the end of the range) is executed, t :he value of i  is
inc reased by  the  inc rement  va lue ,  m3,  and r f iecked aga ins t
the  tes t  va lue ,  m2.  l f  i  i s  less  than or  equa l  to  m2,  the
s ta tements  w i th in  the  DO range are  execut€d  aga in .  l f  the
va lue  o{  i  :5  g rea ter  than the  va lue  m2,  the  s ta tement
immedia te ly  fo l low ing  s ta tement  number  n  i s  executed
and i  becomes undef  ined .

Corrsidera tio ns/ Restr ictions;

1 .  The s ta tements  w i th in  the  DO range i t re  a lways
executed at least once.

2. A maximum of 25 nested DOs is perrnitted. A nested
DO cannot  extend bcyond the range cf  the conta in ing
DO statement .

For  example ,  the  fo l low ing  is  a  va l id  nes t  o f  DOs:

outer  DO
inner DO numbr, r  1
i nne r  DO numbe  r  2

4.

5 .

o .

The fo l low ing  is  an  inva l id  nes t  o f  DOs.

f-Do
I r-Do

t
Transfer of control to the end of the range of a nest
o f  DOs is  permi t ted  on ly  f rom the  in rermost  DO.  A
transfer from any other DO in the nest causes the
innermost  DO to  beq in  execut ion .

3. Transfer of control from inside the range of a DO to a

statement outside i ts range (by means of a GO TO or
an lF  s ta tement )  i s  permi t ted  a t  any  t ime.  However ,

the  reverse  is  no t  a l lowed except  as  s l rec i f  ied  in  i tem
7 in  the  fo l low ing  conf igura t ion .  A  t rans fer  o f  con-
t ro l  i s  no t  permi t ted  in to  the  range o f  any  DO f rom
outs ide  i t s  range.  Thus ,  in  the  fo l lo rn ing  conf igura t ion
1 ,2  and 3  are  permi t ted  t rans fers  o f  con t ro l ,  bu t  4 ,  5
and 6  are  no t .

7 .

- - : - \

t-l)
5.-T-

Af te r  a  normal  ex i t  f r ,om a  DO (when the  DO becomes

sat is f ied  and cont ro l  passes  to  the  nex t  s ta tement

a f te r  the  range) ,  the  va lue  o f  the  DO' rar iab le  i s  no t

de f ined,  and the  DO var iab le  cannot  be  used aga in

unt i l  i t  i s  de f ined.  l f  ex i t  occurs  bv  a  t rans fer  o f

cont ro l  ou t  o f  the  range,  the  cur ren t  va lue  o f  the  DO

var iab le  i s  p reserved fo r  subsequent  use .

No s ta tement  i s  permi t ted  in  the  range o f  the  DO tha t

changes the  va lue  o f  any  o f  the  var iab le  parameters
( i ,  m 1  ,  m 2 ,  o r  m 3  ) .

The las t  s ta tement  in  the  range o f  a  DO must  be  an
executab le  s ta tement .  l t  cannot  be  a  t rans fer  o f

cont ro l ,  such as  a  GO TO o f  any  type ,  an  ar i thmet ic

l F ,  a n o t h e r  D O ,  P A U S E ,  S T O P ,  o r  R E T U F I N .  A

re la t iona l  lF  s ta tement  i s  va l id  on ly  i f  the  assoc ia ted

s ta tement  i s  no t  a  t rans fer  o f  con t ro l  (PAUSE and

STOP are  no t  cons idered t rans fers  o f  con t ro l  when

assoc ia ted  w i th  a  re la t iona l  lF ) .

The extended range of a DO is defined as those state-

ments that are executed between the transfer out of

rhe innermost DO of a set of completely nr:sted DOs,

and the  t rans fer  back  in to  the  range o f  th is  innermost

DO.  In  a  se t  o f  comple te ly  nes ted  DOs,  the  f  i r s t  DO

is  no t  in  the  range o{  any  o ther  DO,  and each succeed-

ing  DO is  in  the  range o f  every  DO tha t  p recedes i t .

The fo l low ing  res t r i c t ions  app ly :
a .  T rans fer  in to  the  range o f  a  DO is  permi t ted  on ly

i f  such  a  t rans fer  i s  f rom the  ex tended ranqe o f

the  DO.

b .  The ex tended range o f  a  DO s ta tement  must  no t

conta in  another  DO s ta tement  tha t  has  an  ex tended

range i f  the  second DO is  w i th in  the  sanne program

uni t  as  the  f  i r s t .

c .  The var iab le  parameters  ( i ,  m1,  m2,  m3 )  cannot  be

changed in  the  ex tended range o f  the  DO.

DO
DO
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DO

Extended

R a n 1 1 e

The  m1  ,  f i i 2 ,  o l

exceed  23  
I  - 2 .

m3 va lues ,  i f  cons tan ts ,  cannot

Example 1:

1 5  D O  2 5  J = 1 , 1 0 0 0
2 5  t N V ( J ) = r N V ( J ) - r O U T ( J )
35

Sta tement  15  is  a  command to  execute  the  fo l low ing  s ta te -

mL 'n ts  up  to  and inc lud ing  s ta tement  25 .  The f i rs t  t ime,  J

is  
' l  

; therea f te r  J  i s  inc rased 6y  1  fo r  each execut ion  o f  the

loop un t i l  the  loop is  executed  w i th  J  e r lua l  to  1000.  A f te r

the  loop is  executed  w i th  J  equa l  to  10( )0 ,  the  s ta tement

fol lowinE statement 25 is executed.

Example 2:

K=0
L=1 0
D O  5  J O B = 1 ,  L , 2
K=K+1

5  M(JOB)=N(JOB) -K*JOB

This causes the fo l lowing computat ions:

M ( 1 ) = N ( 1 ) - 1 " 1
M(3 )=N (3 ) -2 *3
M(5 )=N (5 ) -3 *5
M ( 7 ) = N ( 7 ) - 4 - 7
M(9 )=N (9 ) -5 .9

CONTINUE STATEMENT

The  gene ra l  t o rm  o f  a  CONTINUE s ta temen t  i s :

C O N T I N U E

Uses:  The CONTINUE statement  is  used as a dummy
statement  that  can be p laced anywhere in  the source pro '

gram wi thout  af fect ing the sequence of  execut ion.  The
p r imary  use  o f  t he  CONTINUE s ta temen t  i s  a r ;  t he  l as t
statement  in  the range of  a DO statement ,  whr: re you

cannot  use a t ransfer  of  contro l  s taternent .

Con si d era t i o ns t il estr i ct i o ns :

w i thout  a  s ta tement  number ,

C O N T I N U E  s t a t e m e n t ,

ignorer l .

I
(

8.

A
i s

Example :  As  an  example  o f  a  p rogram tha t  requ l res

C O N T I N U E  s t a t e m e n t ,  c o r r s i d e r  t h e  f  o l l o w i n i ; :

D O  1 2  t - 1 , 1 0 0
I F  ( A R G , E O . V A L U E ( I ) )  G O  T O  2 O
CONTIN IJE

This  p rogram scans  the  100-e lenren t  VALUE 3r r0 \ r  L rn t i !  i i

f  i n d s  a n  e n t r y  t h a t  e q u a i s  t f r e  v a l u e  o f  t h e  v a r i a b l e , A , R G ,

whereupon i t  t rans fers  cont ro l  to  s ta tement  20  w i th  the

va lue  o f  i  ava i lab le  fo r  use .  l f  no  en t ry  i l r  the  ar ra ' ,  e i l i ' i a ls

the  va lue  o f  ARG,  a  normal  ex i t  to  the  s ta t i :n le r r t  fo l i ' r in r in i ;

t h e  C O N T I N U E  o c c u r s .

1 0

1 2

2 5



PAUSE STATEMENT

The general  Jorm of  the PAUSE statement  i ; :

PAUSE
or

PAUSE n

where n is an unsigned integer constant not Jreater than
99999

Uses; The PAUSE statement halts program execution and
displays a hal t  code-66 on the Model  10,  Model  12,  and
Model  15;  4 on the Model  6.  The r ightmost  two d ig i ts  of
the val r . re n are d isp layed as a subhal t .  l f  n  i :  not  speci f ied,
zeros are d isplayed.

' l^he 
word PAUSE and the value n are pr inter l  as fo l lows:

Model  6 Pr inted unless / /  NOPRINTE I  has been
speci  f ied.

Model  10  Pr in ted  on  the  FORTRAN eror  logg ing
device. See PRTNT and NOpRtNTE R Device
Option Statements in Chaptet. 13 for more
i n f o r m a t i o n .

Mode l  12  Pr in ted  on  the  l ine  pr in te r  ass igned as  the
sys tem log  dev ice  i f  tha t  p r in le r  has  no t
been al located to the prograrrr prior to the
PAUSE n  execut ion .  l , t  / l  LCG CONSOLE
is  spec i f ied ,  the  pAUSE n  is  p r in ted  on  the
conso le  on lv .

Mode l  15  Pr in ted  on  the  pr in te r  tha t  i s  , l ss igned as  the
sys tem log  dev ice  i f  tha t  p r in le r  i s  no t  a l lo -
ca ted  to  the  program pr io r  to  pAUSE n
execut ion .  (PAUSE n  is  a lwa,Ts  d isp layed
on the  conso le . )

Note: Ihe format of the Model 6 display is r j i f ferent from
that on the Model 10. Model 12, and Model 15. Use the
algori thm and tables in Figure 3 to convert one format to
the other.

When execution is halted by the pAUSE statr lment, the
fol lowirrg responses are permitted :

Cor r t inue  execut ion  o f  the  program wi1  h  the  nex t
FORTRAN s ta tement
Control led cancel
lmmediate cancel

For an explanat ion of  how to respond to a hal t ,  see t l re
appropriate Halt Guide, l isted in the Preface under Related
Publications

Co n si derat io ns,/ R estr icti on s :

1.  The constant ,  n ,  cannot  exceed 99999.

2.  l f  n  is  not  speci f  ied,  zeros are d isplayed or  pr in ted.

Examples:

PAUSE
PAUSE 50
PAUSE OOOO2

STOP STATEMENT

The general  form of  the STOP statement  is :

STOP
or

STOP n

where n is  an unsigned integer  constant  not  greater  than
99999.

Uses; The STOP statement terminates execution of an
object program. lf n is specified, the STOP statement also
displays a hal t  code-66 on the Model  10,  Model  12,  and
Model  15;4 on the Model  6.  The two r ightmost  d ig i ts  of
the STOPvalue,  n,  are d isp layed as a subhal t .  l f  n  is  not
speci f ied,  normal  EOJ is  reached.

The word STOP and the value n are pr inted as fo l lows:

Mode l  6  P r i n ted  un less  / /  NOPRINTER i s  spec i f i ed .

Models 10 Pr inted on the FORTRAN error  logging
and 12 device. See PRINT and NOPRINTIIR Device

Option Statements in Chapter 13 for more
informat ion.  l t  l l  LOG CONSOLE is
speci f ied,  the STOP n is  pr in ted on the
consol  e.

Model  ' l  5  Pr inted on the FORTRAN error  lo l rg ing
device. See PRINT and NOPRINTIIR Device
Option Statements in Chapter 13 for more
informat ion.

2
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Note:  The format  of  the Model  6 d isp la 'y  is  d i f ferent  f rom For example,  to  convert  the U2 hal t :
that  on the Model  10,  Model  12,  and Model  15.  Use the
algor i thm and tables in  F igure 3 to conv*rr t  one format  to U d isplacement  = 7
the other .  2 d isp lacement  = 4

The only responses to a hal t  caused by t re STOP statement  7 x22= 154
a r e :  1 5 4 + 4 = 1 5 8

158  (dec )  =  9E  (hex )
2 Contro l led cancel
3 lmmediate cancel  9E (hex)  = 0000 1 00 1 1 1 10

A BCD1 2345
For an explanat ion of  how to respond to a hal t ,  see the
appropr iate Hal t  Guide,  l is ted in  the Preface under Related Model  6 hal t  = B 1234
Publications.

Fol lowing are except ions to the convers ion a lg,or i thm:

Con si dera ti o n s/ R estr ic ti o n s :

1.  Execut ion of  an object  program hel ted by a STOP
statement cannot be resumed.

2. The constant, n, cannot exceed 9t)999.

Examples:

STOP
STOP 25

PAUSE and STOP Algorithm

Disk System Halt l / lodel 6 Halt

EJ
H E
5Y
BO
b0
OC
7 E
OA

ABCD12345
BCD1 2345

A  C D 1 2  5

1 2  4 5
A B  D 1 2  4 5

C D 1  3
AB D  2345

c D 1 2 3

Any D isk  Sys tem ha l t  tha t  ends  w i th  ( - )  except  fo r  ( -  -  )
cannot  be  conver ted .  l f  Mode l  6  rece ives  a  d isk  sys tem ha l t

i t  cannot  conver t ,  Mode l  6  i ssues  ha l t  ABC 1  3 .

Subha l t ,  STOP,  and PAUSE va lues  are  conver ted  fo r  d isp lay

by  the  Mode l  6  accord ing  to  the  fo l low ing  a lgor i thm:  Mode l  6  ha l ts  der ived  f rom d isk  sys tem ha l ts  c :an  be  con-

ver ted  back  to  d isk  sys tem ha l ts  by  revers ing  the  convers io t t

1 .  Determine the  d  sp lacement  in  th3  tab le  {see Charac-  a lgor i thm.  For  example :

ter to Displacement, Figure 3) of the f irst character. 
Model 6 halt  81234

2.  Mu l t ip ly  the  d isp lacem entby  22 .  D isp layed B 1  234

0 0 0 0 1 0 0 1  1 1 1 0 - 9 E ( h e x )

3 .  Determine the  d isp lacement  o f  the  second charac ter

and add i t  to  the  resu l t  o f  s tep  2 .  9E (hex)=  '1  58  (dec i rna l )  i see  Dec i rna l  to  h tex ,  Frqure  3 i .

1 5 8 / 2 2 =  7 '  4

4. Convert the result of step 3 from decir"nal to hexa-

decimal (see Dec' imal to Hex, Figure 3). 
7= displacementfor u (see character to Displacefftent '

F i g u r e  3 ) .

5. write the 9-bit  binary eqrr ivalent cf the hex value 
4: displacement for 2 (see character ta Di:;placement'
c ' ^ u r e  3 ) .

ob ta ined in  s tep  4 .  The b i ts  on  i r rd ica te  the  d isp lay  
'  ' v

l igh ts  on '  
D isk  s 's tem ha l t  -  U2

C i - - n t r r : i  { ; t i l t e m e i } l s ' } 5



Character to Displacement

Decimal to Hex

Low

Order

H igh
Ordor

oq)o 0001 0002 0003 0004 0t)o5 0006 0007 0008 0009 0010 001 1 0012 0013 0014 0015
0016 0017 0018 oo19 0020 0121 w22 0023 @24 0025 0026 0027 0028 m29 0030 0031
0032 0033 0034 0035 m36 0()37 0038 0039 0040 0041 00r'.2 0043 0044 0045 0046 0047
0(x8 0049 0050 00s1 0052 0()53 0054 005s 0056 0057 0058 0059 0060 0061 0062 0(b3

0064 0065 0066 0067 0068 0)69 0070 0071 0072 0073 0074 0075 0076 0077 0078 0079
u)80 0081 0082 0083 0084 0185 0086 0087 0088 0089 0090 0091 0092 m93 0094 0095
0096 0@7 0098 0099 0100 0r01  0102 0103 0104 0105 0106 0107 0r08  0109 0110 0111
0 1 1 2  0 1 1 3  0 1 1 4  0 1 1 5  0 1 1 6  0 t 1 7  0 1 1 8  0 1 1 9  0 1 2 0  0 1 2 1  0 1 2 2  0 1 2 3  0 1 2 4  0 1 2 5  0 1 2 6  0 ' , 1 2 7

0128 0129 0130 0131 0132 0 t33  0134 0135 0136 0137 0138 0139 0140 0141 0142 0143
0144 0145 0146 0147 0148 0 t49  0150 0151 0152 0153 0154 0155 0156 0157 0158 0159
0160 0161 0162 0163 0164 0 t65  0166 0167 0168 0169 0170 0171 0112 0173 0174 0175
0176 0117 0178 0179 0180 0181 0182 0183 0184 0185 0186 0187 0188 0189 0190 0191

0192 0193 0194 0195 0196 0t97 0198 0199 0200 0201 0202 0203 0204 0205 0206 0207
0208 0200 0210 0211 0212 0213 0214 0215 0216 0217 0218 0219 0220 0221 0222 0223
0224 0225 0226 0227 0228 0229 0230 0231 0232 0233 0234 0235 0236 0237 0238 0239
0240 024i 0242 0243 0244 0245 0246 0247 0248 0249 0250 0251 0252 0253 0254 0255

0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271
0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 02A2 0283 0284 0285 0286 0287
0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303
0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319

0320 0321 0322 0323 0324 032s 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335
0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 03r''7 0348 0349 0350 0351
0352 0353 03il 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367
0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383

0384 038s 0386 0387 0388 0389 0390 0391 0392 0393 03(X 0395 0396 0397 0398 0399
0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0r'-12 0413 0414 0415
0416 0/.17 @18 0419 @20 0421 0422 0423 cA24 0p.25 0/-26 0427 @.28 0429 0430 0431
0432 0433 0434 ()435 0436 0437 0438 0439 @40 0441 0442 0443 0.4.44 0445 0446 0447

0448 0449 0450 0451 0452 0453 045/. O4s5 0456 0457 0458 @59 0460 0461 0E'62 0463
0464 0465 0466 0467 0468 0469 0470 0471 0r'.72 (X73 04't4 0475 0476 04.77 0478 (X79
(x80 0481 04,82 0483 0484 0485 0486 0487 0488 0489 0490 0491 0,192 0493 0494 0495
0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 051 1

Figure 3.  Hal t  Conversion Tables

Character 8 6 E 2 0 c U L J 9 5 3 A P F H 4 7 I

Displacement 0 t 2 3 4 5 6 7 I 9 t 0 1 l 1 2 1 3 l 4 t 5 1 6 1 7 1 8 t 9 20 2 1 22

1 0
t 1
"t2
1 3

1 4
1 5
1 6
1 7

t 8
1 9
I A
1 B

l c
1D
1 E
1 F

26



E N D  S T A T E M E N T

The genera l  fo rm o f  the  END s ta tement  i s :

E N D

Uses; The END statement is a nonexecutable statement that
de f ines  the  end o f  a  ma in  p rogram or  subprogram.  Phys i -
cal ly, i t  must be the last statement of each program unit.
l f  any  FORTRAN s ta tements  fo l low an Et t lD  s ta tement ,
they rare ignored by the compiler and not printed. The
END s ta tement  does  no t  te rmina te  p rograrn  execut ion .

Co n st:d era t i o n s /R estr i c ti o n s :

1 .  The END s ta tement  cannot  have a  s ta tement  number .

2 .  The END s ta tement  cannot  have a  zer ro  in  co lumn 6 .

3 .  The END s ta tement  cannot  have a  cont inuat ion .

Exanrples:

P R O G R A M  F I R S T

CALL  SECOND

STOP 25
E N D

S U B R O U T I N E  S E C O N D

B E T U R N
E N D

Con t ro l  S t , r l gmen ts  27





In  o rder  fo r  da ta  to  be  t ransmi t ted  f rom. tn  ex terna l  s to rage
medium such as  a  punched card ,  tape,  o r  r l i sk  to  tne  com-
puter ,  o r  f rom the  computer  to  an  ex terna l  med ium,  i t  i s
necessary  tha t  the  computer  knov , r  the  fo rm in  wh ich  the
data  ex is ts .  The FORMAT s ta tement  desr : r ibes  the  fo rm
of  the  da ta .

The FORMAT s ta tement  uses  fo rmat  codes  to  spec i fy  the
type o f  convers ion  to  be  per fo rmed betwt :en  the  ex terna l
and the  in te rna l  representa t ion  o f  each quant i t y  spec i f ied
i n  a  R E A D  o r  W R I T E  s t a t e m e n t  l / O  l i s t .

FORMAT s ta tements  a re  assoc ia ted  by  the i r  s ta tement
numbers  w i th  spec i f i c  READ or  WRITE s ta tements .  Suc-
cess ive  i te rns  in  the  l /O l i s t  a re  t ransmi t te r l  accord ing  to
success ive  spec i f i ca t ions  in  the  FORMAT s ta tement .  FOR-
MAT s ta tements  a re  no t  executed  and car r  appear  anywnere
in  t l ' re  sanre  program un i t  as  the i r  assoc ia tod  l /O s ta tements ,
sub. jec t  to  the  ru les  govern ing  p lacement  o f  PROGRAM,
l M P L l C l T ,  F U N C T I O N ,  S U B R O U T T N E ,  a n d  E N D  s t a t e -
ments .

F O R M A T  S T A T E M E N T

T h e  g e n e r a l  f o r m  o f  a  F O R M A T  s t a t e m e n t  i s :

x x x x x  F O R M A T ( c r  s r  c 2  s 2  .  .  .  c n  )

where

x x x x x  i s  a  s t a t e m e n t  n u m b e r  ( i  t h r o u g h  b  d i g i t s ) .

c  i s  a  fo rmat  code (descr ibed fo l low inq) .

rs  a  separa tor ,  wh ich  may be  e i ther  a  comma or
any  number  o f  s lashes .  S lashe s  a re  used to  ind i -
ca te  the  beg inn ing  o f  a  new record .  Any  number
o f  s lashes  may precede the  f  i l ; t  o r  fo l low the
las t  fo rmat  code.

Chapter 5. Format of lnput/Output

Purpose

Descr ibes  in teger  c la ta  f ie lds .
Descr ibes  doub le  p rec is ion  da ta  f  ie lds .
Descr ibes  rea l  da ta  f ie lds .

Descr ibes  rea  I  da ta  f  ie  lds .
Descr ibes  a  sca le  fac to r ' ; i f  p resent ,  th is  code
i s  s p e c i f  i e d  a s  t h e  f  i r s t  p a r t  o f  a  D ,  E ,  o r  F
f ie ld  descr ip to r .

Descr ibes  charac ter  da ta  f ie lds .
Descr ibes  l i te ra l  da ta .
Descr ibes  l i te ra l  da ta .
Ind ica tes  tha t  a  f ie ld  i s  to  be  sk ipped on  input
o r  f  i l l e d  w i t h  b l a n k s  o n  o u t p u t .
lnd ica tes  the  pos i t ion  in  a  FORI-FAN record
where transfer of data is to begirt  .

i s  op t iona l  and is  a  repeat  count ,  an  uns igned
in teger  cons tan t  tha t  spec i f ies  the  number  o f
t imes the  code is  to  be  repeated .  l f  a  i s
omi t ted ,  the  code is  used once.

is  an  uns igned nonzero  in teger  cons tan t  tha t
spec i f ies  the  number  o f  charac ters  in  the  f ie ld
( f  i e l d  w i d t h ) .

i s  an  uns igned in teqer  cons tan t  soec i fy ing
t h e  n u m b e r  o f  d e c i m a l  p l a c e s  t o  t h e  r i g h t
o f  the  dec ima l  po in t  ( the  f  rac t io r ra l  por t ion) .

The dec ima l  g :o in t  be tween w and d  por t ions
o f  t h e  s p e c i f l c a t i o n  i s  r e q u i r e d .

is  a  negat ive  or  uns igned in teger  cons tan t
wh ich  is  the  sca le  fac to r ;  i f  the  cons tan t  i s
u n s i g n e d ,  i t  i s  a s s u m e d  t o  b e  p o s i t i v e .

i s  f o r r n a t  c o d e  D ,  [ ,  o r  F .

s t r ing  is  a  se t  o f  charac ters  in  a  f ie ld .

rs  an  uns igned in teger  c { rns tan t  d r - ,s ignat ing
a c l ra rac ter  pos i t ion  rn  a  record .

Format

Code

a l w

aDw.d

aEw.d

a Fw.d

nPc

aAw

w H s t r i n g
' l  i  te ra l '

wX

Tr

wnere

a

o

For r ra t  o f  I npuq ( )u rpu t  29



1 .

Uses.' The FORMAT statement is used in conjunction with
the l /O l is ts  in  the READ and WRITE staternents to speci fy
the st ructure of  FORTRAN records and the form of  the
data f ie lds wi th in the records.  FORMAT st i r tements are
associated by thei r  s tatement  numbers wi th speci f ic  READ
or WR ITE statements.

Co nsi derat i o ns / R est ri c t i on s :

A FCFIMAT s ta tement  i s  no t  execute , l - i t s  func t ion

is to supply information to the ob.iect program. The

FORMAT s ta tement  can be  p laced anywhere  in  the

source  program.

When def in ing  a  FORTRAN record  w i th  a  FORMAT

sta tement ,  i t  i s  necessary  to  cons ider  r :he  max imum

size  record  a l lowed on  the  input /ou tpu t  dev ice .

' fhe  
spec i f i ca t ions  in  a  FORMAT s ta t r lment  must

r :o r respond in  mode to  the  i tems in  the  l /O l i s t - in te '
ger  quant i t ies  requ i re  in teger  fo rmat  r ;odes  and rea l
quant i t ies  requ i re  rea l  fo rmat  codes .

The f  ie ld  w id th ,  w,  o f  a  fo rmat  code r :annot  exceed

255.

5 .  The repeat  count ,  a ,  whether  o f  the  fo rm aDw.d  or

a(Dw.d) ,  cannot  exceed 255.

6 .  The f  ie ld  w id th ,  w,  can  be  spec i f ied  grea ter  than re -

qu i red  in  o rder  to  p rov ide  spac ing .  [ :o r  example ,  to

wr i te  ou t  an  in teger  var iab le  w i th  the  I  fo rmat  code,

a  spec i f i ca t ion  o f  110 reserves  f  i ve  lead ing  b lanks  i f

the  number  does  no t  exceed f i ve  d ig i r :s ,  inc lud ing  the

s i g n .

Examples:

05 FORMAT (r5,F8.4/20X,r 5)
1 O  F O R M A T  ( ' T H E  A N S W E R  I S " I 1 O )
33 FORMAT 1E6.2,21t3,2F2.1 D

V A R I O U S  F O R M S  O F  A  F O R M A T  S T A T E M E N

Al l  o f  the  fo rnra t  codes  in  a  FORMAT s ta tement  a re  en-

c losed in  a  pa i r  o f  paren theses .  Wi th i t t  these parer t t l reses ,

the  fo rmat  codes  are  de l im i ted  by  a  separa tor -a  comma or

a  s lash .  The comma c le l im i ts  one fo rmat  code f  ro rn  another ,

the  s lash  is  used to  ind ica te  the  beg inn ing  o{  a  neur  record .

For  example ,  the  s ta tement

2 5  F O R M A T  ( t 3 , F 6 . 2 / D 1 0 . 3 , F 6 . 2 1

descr ibes  the  fo rmat  o f  two records .  The f  i r s t  record  is

t ransmi t ted  accord ing  to  the  fo rmat  codes  l3  and F6.2 ;  the

second record  is  t ransmi t ted  accord ing  to  the  fo rnnat  codes

D 1 0 . 3  a n d  F 6 . 2 .

Consecut ive  s lashes  can be  used to  p roduce b lank  ou tpu t

records  or  to  sk ip  input  records .  l f  there  are  n  consecut ive

s lashes  a t  the  beg i r rn ing  or  end o f  a  FORMAT s ta tement ,  n

input  records  are  sk ipped or  n  b lank  records  are  i r l ser ted

between output records. l f  n consecutive slashes iappear

anywhere  e lse  in  a  FORMAT s ta tement ,  the  numtrer  o f

records  sk ipped or  b lank  records  inser ted  is  n -1 .

For  example .  the  s ta tement

25 FORMAT Ul ts / / t5 l l l

descr ibes  seven record  fo rmats .  l f  th is  FORMAT s ta tement

is  used to  t ransmi t  records  to  the  pr in te r ,  i t  p roduces  two

b l a n k  l i n e s ,  o n e  l i n e  o f  d a t a ,  o n e  b l a n k  l i n e ,  a n o t h e r  l i n e  o f

da ta ,  and two b lank  l ines .

The group fo rmat  spec i f i ca t ion  is  used to  repeat  a  se t  o f

fo rmat  codes  ar rd  to  cont ro l  the  order  in  wh ich  t l ' re  fo rmat

codes are  used.  The group repeat  count ,  a ,  i s  the  same as

the  repeat  count ,  a ,  tha t  can  be  p laced in  f ron t  o f  o ther

fo rmat  codes .  For  example ,  the  f  o l low ing  s ta tements  a re

e q u i v a l e n t :

2 5  F O R M A T  ( 2 ( E 1 0 . 5 , D 1 2 . 6 )  , 1 4 )

2 5  F O R M A T  ( E 1  0 . 5 , D 1  2 . 6 , E 1  0 . 5 , D 1  2 . 6 , t 4 1

An add i t iona l  leve l  o f  paren theses  is  no t  permi t ted .  For

example ,  the  fo l low ing  s ta tement  i s  inva l id :

2 5  F O R M A T  ( 2 ( 3 ( 1 6 , 1 8 ) ) )

Add i t iona l  paren theses  are  va l id ,  however ,  as  long as  they

are  no t  in  the  same group.  For  example :

25 FORMAT l2(t2l ,2l t4D

3.

4 .
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Each t ime a  READ or  WRITE s ta tement  i s  executed ,
success ive  i tems in  the  l /O l i s t  a re  t ransmi t ted  accord ing  to
success ive  fo rmat  codes  in  the  FORMAT , i ta tement .  Th is
c o n t i n u e s  u n t i l  a l l t h e  i t e m s  i n  t h e  l i s t  a r e  t r a n s m i t t e d .  l f
ther ,e  a re  n rore  i tems in  the  l i s t  than there  are  fo rmat  codes .
con l ro l  t rans fers  to  the  las t  p reced i r rg  le f t  paren thes is  o f
the  FORMAT s ta tement .  Th is  i s  e i ther  t f  e  le f t  oaren thes is
a t  t h e  b e g i n n i n g  o f  t h e  F O R M A T  s t a t e m € n t  o r ,  i f  g r o u p i n g
is  used,  th r :  le f t  paren thes is  o f  the  las t  Eroup in  the  FOR-
MA- f  s ta tement .  For  example ,  i f  the  l /O l i s t  con ta ins  the
var iab les  A,  B ,  C,  D,  and E and the  FORl l lAT s ta tement
used is

2 5  F O R M A T  ( F 6 . 2 , D 1  0 . 3 , F 1 2 . 2 1

the 'ya lues  t ransmi t ted  fo r  A ,  B ,  and C wou ld  use  fo rmat

c o d e s  F 6 . 2 ,  D 1 0 . 3 ,  a n d  F 1 2 . 2 ,  r e s p e c t i v e  y .  B e c a u s e  t h e
l i s t  i s  no t  exhausted ,  con t ro l  re tu rns  to  t l ^e  p reced ing  le f  t
paren thes is  and the  va lues  t ransmi t ted  fo r  D and E wou ld
use fo rmat  codes  F6.2  and D10.3 ,  respec t ive ly .  l f  the
FORMAT s ta tement  were  coded

25 FO RMAT (  F6 .2 ,D 1  0 .3 ,2 (F  12 .2 ] . ] ,

the  va lues  t ransmi t ted  fo r  A ,  B ,  C,  D,  and E wou ld  use  fo r -

m a t  c o d e s  F 6 . 2 ,  D 1 0 . 3 ,  F 1 2 . 2 ,  F 1 2 . 2 ,  a n < l  F 1 2 . 2 ,

respective ly.

l f  t l re re  a re  fewer  i tems in  the  l /O l i s t  than there  are  fo rmat
codes,  the  remain ing  fo rmat  codes  are  ignored.

F O R M A T  C O D E S  F O R  N U M E R I C  D A T A

Four  types  o f  fo rmat  codes  fo r  numer ic  , la ta  a re :

ln te rna l  Format

Code

Fleal F

Rea l  E

Numbers  pr in ted  by  the  D and E fo rmat  codes  are  pr in ted

as  a  dec ima l  f rac t ion  to  a  power  o f  10 .  These numbers  are

normal ized ;  tha t  i s ,  the i r  f i r s t  s ign i f i can t  d ig i t  i s  to  the  r igh t

o f  the  dec ima l  po in t .  For  example :

232.3
.003
17.4

is  pr in ted as 0.2323E+03
is pr in ted as 0.30E-02
i s  p r i n ted  as  0 .174E+02

Numbers  pr i r l ted  by  the  I  fo rmat  code are  pr in ted  as  in tegers .

Typ ica l  ou tpu t  migh t  be :

1 2
- t  I

2342

I  Format  Code (a lw)

The l fo rmat  code is  used to  read in t * :ger  da ta  o r  to  p r in t  a
r rumber  tha t  ex is ts  in  the  computer  as  an  in teger  quant i t y .

On ou tpu t ,  w  pr i r r t  pos i t ions  are  reserved f  o r  the  number .

I t  i s  p r in ted  in  a  w-space f ie ld  r igh t - jus t i f ied  ( tha t  i s ,  the

un i ts  pos i t io r r  i s  a t  the  ex t reme r igh t ) .  l f  the  number  con-
ver ted  is  g rea ter  than w spaces .  as te r isks  a re  p r in ted  ins tead

of  the  r rumber .  l f  the  number  has  less  thar r  w d ig i ts ,  the
le f tmost  spaces  are  f i l l ed  w i th  b lanks .  l f  the  q t ,an t i t y  i s

negat ive ,  the  space preced ing  the  le t tmost  d ig i t  con ta ins  a
minus  s ign ,  fo r  wh ich  a  space must  be  reserved.

The fo l low ing  examples  show how each o f  the  r luant i t ies

on the  le f t  i s  p r in ted  accord ing  to  the  spec i f i ca t ion  l3  (b

i s  u s e d  t o  i n d i c a t e  b l a n k s l :

I nternal
Value

7 2 1
-721

-12

I
8114

0
.K

Printed

721

- 1 2

bb9

b60
6 - 5

On input ,  w  charac ters  a re  read f r r :m an i r rpu t  dev icc .  E lanks

on e i ther  s ide  o f  a  s ign i f i can t  c l ig i t  a re  t rea tec l  ; i s  zercs .  l1

the  number  i s  too  la rge  to  be  r :on ta ined in  a  2 -  o r  4 -by te

in teger  var iab le ,  on ly  the  r igh tnros t  d iq i ts  a re  u : ;e  d ,  a r rd

computa t ions  invo lv ing  th is  var iab le  a re  meen i r tg less .

In teger  I

Nurnbers  p r in ted  by  the  F

dec imal  no ta t ion  w i thout

might  be :

External

Rea l  (w i thout  exponent )

Rea l  (w i th  exponent ;  s ing le
prec is ion  )
Rea l  (w i th  exponent ;  doub le
prec is ion  )
I  nteger

fo rmat  code are  pr in ted  in  a

an exponent .  Typ ica l  ou tpu t

102.
-968.

7 2 1 .

DR e a l

12.3
- 1 7 . 2
289.1

-o.726
1 . 3 1 8
0.009
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The fo l lowing examples show the in ternal  va lues of  the
given quant i t ies i f  read under the l3  format  code:

I nterna I
Input  Value

The fo l low ing  example  shows how each o f  the  quant i t ies

on the  le f t  i s  p r in ted  accord ing  to  the  spec i f i ca t ion  F5.2 :

366
666
636

300
0

30

Internal Value

12.125
- 4 1 . 5

-o.25

7.375
- t .

9 .03125
't87.625

0.00390625
0 .0078125

Printed

12 .13

-0.25

67 .38
- i . 0 0

b9.03

60.00
b0 .01

F Format Code (aFw.dl

On input ,  w  is  the  to ta l  f ie ld  w id th ,  inc lud i rg  the  exponenr ,
i f  any ,  and d  is  the  number  o f  p laces  to  the  r igh t  o f  the
dec imal  po in t  ( the  f rac t iona l  por t ion) .  l f  a  dec ima l  po in t
i s  p resent ,  i t s  pos i t ion  over r ides  the  d  spec i l , i ca t ion  in  the
format  code.  E i ther  a  D,  E ,  o r  s igned in teg , l1  exponent  i s
acceptab le  as  input  w i th  an  F  fo rmat  code.  B lanks  are
t rea ted  as  zeros ;  thus ,  embedded and t ra i l ing  b lanks  a f fec t
the  va lue  o f  the  number .

For  example ,  the  fo l low ing  i tem is  in te rpre . :ed  as  hav ing
the  va lue  1000:

The las t  two examples  demonst ra te  the  e f  fec t  o f  round ing .

D and E Format  Codes (aDw.d ,  aEw.d)

D and E fo rmat  codes  are  used in  t ransmi t t ing  rear l  (s ing le
prec is ion  or  doub le  p rec is ion)  da ta .  On input ,  the  number
opt iona l l y  has  a  dec ima l  po in t  and/or  a  D,  E ,  o r  s igned
in teger  cons tan t  exponent .  A l l  exponents  must  be  preceded

by a  cons tan t - tha t  i s ,  an  op t iona l  s ign  fo l lowed by  a t  leas t
one dec ima l  d ig i t ,  w i th  o r  w i thout  a  dec ima l  po i  n t .  l f  the
dec imal  po in t  i s  p resent ,  i t s  pos i t ion  over r ides  the  pos i t ion

ind ica ted  by  the  d  por t ion  o f  the  fo rmat  spec i f i ca t ion ,  and
the  number  o f  pos i t ions  spec i f  ied  by  w must  inc lude a
p lace  fo r  i t .  Because lead ing ,  t ra i l ing ,  and embedded b lanks
are  t rea ted  as  zeros ,  embedded and t ra i l ing  b lanks  a f fec t
the  va lue  o f  the  i tem.

The D,  E ,  and s igned in teger  cons tan t  exponent  spec i f i ca-
t ions  fo r  inpu t  da ta  a re  in te rchangeab le .  For  exarnp le ,
g i v e n  a  R E A L * 4  i t e m  i n  a n  i n p u t  l i s t ,  a n d  E  f o r m a t  s p e c i f i -
ca t ion ,  the  exponent  spec i f i ca t ion  in  the  da ta  i tenn can be

a D,  an  E,  o r  a  s igned in teger  cons tan t ,  o r  have no  expon-
ent .  The da ta  i tem is  t rea ted  as  a  REAL"4  cons tarn t  in  any

c a s e .  S i m i l a r l y ,  i f  t h e  l i s t  i t e m  i s  R E A L * 8  a n d  t h r :  F O R -

MAT spec i f i ca t ion  is  D,  the  da ta  i tem is  t rea ted  as ;  a  doub le
prec is ion  cons tan t  regard less  o f  i t s  exponent  spec i f i ca t ion ,
i f  any .  Note  tha t  the  type  and length  o f  the  l i s t  i l em must

agree w i th  tha t  o f  the  spec i f  i ca t ion .

For  ou tpu t ,  un less  a  sca le  fac to r  i s  p resent  ( the  sca le  fac to r

changes the  loca t ion  o f  the  dec ima l  po in t  in  rea l  r rumbers ;

i t s  use  is  exp la ined la te r  in  th is  sec t ion  under  the  l read ing

Scale Factor (nPc), output consists of an optional sign
( requ i red  i f  the  va lue  is  negat ive) ,  a  dec ima l  po in t , ,  the

Fie ld
Description

F8 .0

lnput
Record

66661666

On outpu t .  w  must  p rov ide  su f f i c ien t  space fo r  an  in teger
segment  i f  i t  i s  o ther  than zero ,  a  f rac t iona l  segment  con-
ta in ing  d  d ig i ts ,  a  dec ima l  po in t ,  and,  i f  the  ou tpu t  va lue
is  negat ive ,  a  s ign .  Thus ,  the  va lue  o f  w shou ld  be  a t  leas t
1  g rea ter  than the  va lue  o f  d ,  and a t  leas t  2  g rea ter  i f  the
number  can be  negat ive .  l f  insu f f i c ien t  pos  t ions  are  pro-
v ided fo r  the  in teger  por t ion .  inc lud ing  dec ima l  po in t  and
s ign  ( i f  any) ,  as te r isks  a re  wr i t ten  ins tead o{  the  numoer .
l f  excess  pos i t ions  are  prov ided,  the  number  i s  p receded by
b lanks .  Frac t iona l  d ig i ts  in  excess  o f  the  nu  mber  spec i f ied
by  d  a re  d ropped a f te r  round ing .
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n u r r b e r  o f  s i q r r i f i c a r r t  t l i g i t s  s p e c i f r e r l  l r y  < 1 ,  a r r d  a  D  o r  E
t : x l ) o n o r ] l  r e q u i r i n q  l o u r  l r o s i t i o r r s :  l h e  l )  o r  E ,  a  I  o r  -

s i g n ,  a r r r l  a  t w o  ( l i g i t  e x p o n c n t .  T h e  w  s p c c i l i r ; a l i o n  r n u s t
pror , , id r :  spaccs  f  o r  a l l  o f  t l t cse  pos i t ions .  I l rus  the  va lue  o i
w s l , roLr lc l  a lways  l ;e  a t  leas t  ( l  I  5 ,  o r  ( l  +  { ;  a f  thc  r runr l l : r
c a r r  [ r t :  r r r : g a t i v i : .  l 1  i r r l d i t i o n a l  s p . r c e  i s  a v a i l a b l c ,  a  l e a d i r r g
z e r < l  i s  w r i t t c r r  l l c f o r t t  t h e  t l c c i r n a l  p o i r r t .  l t  l l l r )  v a t r i t :  o l  v /
r s  n O t  s u l f  i c i c t l t  t o  l ) r i n t  a  t l c c i r n a l  l t o r n l  i r r r l  a  f o u r  l j o s t l i ( ) r l
( - -x [ )onr )n t ,  [ ) lus  i t  n l inus  s ign  i f  thc  va luc  is  r r r :ga t iv r - ' ,  us t r : r i sk : ;

a r 0  l ) r  i n l r ) ( l  i r t s t c a r l  o f  t l r { r  n u r n l l e r .  F r a c t i o r ) a l  < l r g i t s  i r t  0 x

c t :ss  o [  (h t :  r r r r r r r t re r  s l te r : i f i cc l  by  < l  a re  c l rc l  r l te r l  a f l t r r
ro r rn t l i r  t1 ; .

E xarnples.

G i v c r r  t h e  l o l l o w i r r l l  i n t r r u t  r e c o r t l  .

t l ' 6 .731 24E3$t l t | \ t t6 .23191D-06t i t i i  6  
"  

123.14159 i  .41  3962D-01t r1  .413962D1

t l re  fo l low i r rg  s ta t t ) i l l en ts  cou lc l  bc  us t - .c l  to  road th is  da ta :

R E A D  (  I , 1  O ) A , B , I , C , D . E
1 0  F O R M A T  ( E 1 0 . 5 , D 1 6 . 1 0 . t 7 , E 7  5 , 2 D 1 2 . 7 1

Tht :n  the  da ta  cou l r ' l  bc  p r in tec l  us ing  essent ia l l y  the  same
for rna t  codes :

FO R N4AT (  1 
"E"tO.5/  

" ,D1 6.1 0 1 '
E 7 . 5 , 2 1 / '  

" D 1 2 . t l l

t ]  I '

The  ' 1 ' and '  ' spec i t i ca t i ons  a re  ca r r i age  and  reco rd  con t ro l
spec: i f icat iorrs  that  are expla ined undcr  the heading Pr inted
Autput .  1-he to l lowir rg s l - rows the pr intec resul ts :

.61312E+04
0.23791 00000D-06

' t 6 7  t 2
r ' * * * * + *

. 1 4 1  3 9 6 2 D + 0 0

.1413962D+O2

In  the  f i rs t  da ta  i tem,  the  dec ima l  po in t  v ras  moved to  the
le f t  and exponent  ad jus ted .  For  the  second da ta  i t cm,  a
leac l ing  zero  was adc led  fo r  the  in teger  po f  t ion ,  t ra i l ing
zeros  were  added to  the  dec i rna l  por t ion .  and the  number
is  p r in ted  w i th  ten  d ig i ts  a f te r  the  dec ima l  po in t .  For  the
th i rd  i tem,  two lead ing  b lanks  were  adder l  t r . l  the  in tL .ger
f ie l r l  and  the  number  i s  p r in ted  r igh t - jus t i f ied .  As ter isks
were  pr in ted  ins tead o f  the  four th  da ta  i tem because the
w spec i f i ca t ion ,  a l though su f f i c ren t  fo r  i rpu t  ( there  rvas  no

exponent l  i s  insu f f i c ien t  fo r  ou tpu t  (where  there  is  a lways

an exponent  w i th  the  D and E fo rmat  co , les ) .  For  the  las t

twc ,  da ta  i tems,  ident ica l  except  fo r  t l re i r  exponents ,  the
dec imal  po in ts  were  moved to  the  le f  t  and the  exponents

ad jus ted  accord ing ly .

F o r m a t  c f  I n p L r i / S u l p u t  3 3



Scafe Factor (nPc) The scale factor 2 appl ies to both the D20.10 ancl the
E7.2  spec i f i ca t ions .  l f  5  da ta  i tems were  read us ing  th is

The P sca le  fac to r  can  be  spec i f ied  as  the  f i rs t  par t  o f  a  D,  code,  i t  wou ld  a lso  app ly  to  the  E10.3  code,  wh i r :h  wou ld
E,  o r  F : fo rmat  code to  change the  loca t ion  r : f  the  dec ima l  be  used to  in te rpre t  the  f  i f th  i tem.  To d iscont in r , re  the
po in t  in  rea l  numbers .  e f fec t  o f  the  code a f te r  the  D20.1  0  spec i f i ca t ion ,  the  s ta te -

ment  shou ld  be  coded:
Un less  there  is  a r r  exponent  in  the  ex terna l  inpu t  o r  ou tpu t
f ie ld ,  the  e f f r :c t  o f  the  sca le  fac to r  fo r  the  F  fo rmat  code is :  30  FORMAT lE1O.3 ,2PD20.10,0PE7.2 .15)

ex terna l  number  =  in te rna l  number  x  10 I r

where  n  i s  the  sca le  fac to r .

To discont inue i t  a f ter  the E7.2 code.  i f  more tharr  four
data i tems are to be read using the FORMAT statement ,
the statement  should read:

On input ,  the  sca le  fac to r  in  the  fo rmat  spe<: i f  i ca t ion  is  30  FORMAT (OpE10.3 ,2pDZO.10,E l  .2 , l1 l
ignored fo r  any  da ta  i tem wi th  an  exponent  in  the  ex terna l
f ie ld .  Otherw ise ,  a  pos i t i ve  sca le  fac to r  decreases  the  magn i -  Note  tha t  the  0PE10.3  spec i f i ca t io r r  i s  no t  necess i l ry  to  d is -
tude o f  the  da ta  i tem and a  negat ive  sca le  fac to r  inc reases  cont inue the  e f fec t  o f  a  sca le  fac to r  in  a  p rev ious  FORMAT
i ts  magn i tude.  For  example ,  i f  the  input  da ta  i s  in  the  fo rm s ta tement ,  o r  in  the  prev ious  use  o f  th is  FORMAT s ta tement .
xx .xxxx  and is  to  be  used in te rna l l y  in  the  fo rm .xxxxxx ,
then the  fo rmat  code used to  e f fec t  th is  change is2pF7.4 .
Or ,  i f  the  same input  i s  to  be  used in  the  fo rm xxxx .xx ,  FORMAT CODES FOR ALPHAMERIC DATA
then the format code used to effect this change is -2pF7.4.

l f  the  ex terna l  representa t ion  was xx .xxxxExx  and the  fo r -  There  are  th ree  spec i f i ca t ions  ava i lab le  fo r  inpu t /ou tpu t  o f
mat  code 2PE1O.4 ,  the  sca le  fac to r  wou ld  b r l  ignored,  and a lphamer ic  in fo rmat ion .  The spec i f i ca t ion  wH or  a  l i te ra l
the  va lue  s to red  in te rna l l y  as  xx .xxxxExx .  enc losed in  apos t rophes is  used fo r  a lphamer ic  da ta  tha t  i s

not going to be processed by the oblect program; the
On outpu t ,  the  sca le  fac to r  can  be  spec i f ied  fo r  F ,  E ,  o r  D spec i f i ca t ion  Aw is  used fo r  a lphamer ic  da ta  tha t  i s  to  oe
format codes. For F format codes, the effe<;t of the scale processed by the program.
fac tor  i s  the  oppos i te  o f  tha t  fo r  inpu t ;  a  pos i t i ve  sca le
fac tor  inc reases  the  magn i tude o f  the  number  and a  negat ive  In fo rmat ion  hand led  w i th  the  A spec i f i ca t ion  is  g iven  a
sca le  fac to r  decreases  the  magn i tude.  For  e rcample ,  i f  the  var iab le  o r  a r ray  name and hence can be  re fe r red  to  by  th is
number  has  the  in te rna l  fo rm xx .xxxx  and i t  i s  to  be  wr i t ten  name fo r  p rocess ing  and/or  mod i f i ca t ion .  In fo rmat ion
out  in  the  fo rm xxxx .xx .  the  fo rmat  code u t ;ed  to  e f fec t  hand led  w i th  the  H fo rmat  code is  no t  g iven  a  narne and
th is  change is2PFl .2 .  cannot  be  re fe r red  to  o r  man ipu la ted  in  any  way.

For D or E fclrmat codes, the exponent is adjusted so that
the magnitude of the number does not chanr;e. For ex- A Format Code (aAw)

ample ,  i f  the  in te rna l  number  were  pr in ted  accord ing  to  the
format  E10.3 ,  i t  wou ld  appear  as  0 .239E+0:1 .  l f  i t  were  The spec i f i ca t ion  Aw causes  w charac ters  to  be  read in to ,
p r in ted  accord ing  to  the  fo rmat  1PE10.3 ,  i t  wou ld  appear  o r  wr i t ten  f rom,  a  var iab le  o r  a r ray  e lement .  The type o f
as  2 .385E+02.  Note  tha t  th is  resu l ts  in  g rea :er  p rec is ion .  the  var iab le  o r  a r ray  is  immater ia l ,  because no  convers ion

takes place. Thus, the A format code can be used for
Once a  sca le  fac to r  i s  es tab l i shed,  i t  app l ies  to  a l l  subse-  numer ic  f  ie lds ,  bu t  no t  fo r  numer ic  f ie lds  requ i r ing  ar i th -
quent ly  in te rpre ted  D,  E ,  and F  fo rmat  code s  in  the  FOR-  met ic .
MAT s ta tement  un t i l  ano ther  sca le  fac to r  i s  as tab l i shed.  A
factor of 0 may be used to discontinue the effect of a pre- The maximum width of w can be 255.
v ious  sca le  fac to r .  l f  no  sca le  fac to r  i s  g iven ,  0  i s  used fo r
a l l  F ,  E ,  and D fo rmat  codes .

Example:

30  FO RMAT (E1 0 .3 ,2pD20.1  0 ,  E7.2 , t  5 )

34



The,max imum number  o f  charac ters  s to red  in  in te rna l  H Format  Code (wHst r ing)  and L i te ra ls  Enc losed in
s to rage depcnds on  the  length  o f  the  var iab le  in  the  l /O l i s t .  Apos t rophes
l f  rn r  i s  g rea ter  than the  var iab le  length ,  s6y  v ,  then the  le f t -
most  w-v  charac ters  in  the  f ie ld  o f  the  input  card  are  sk ip -  The spec i f i ca t ion  wH is  fo l lowed in  the  FORM,AT s ta tement
ped and the  remain ing  v  charac ters  a re  read and s to red  in  the  by  a  s t r ing  o f  w a lphamer ic  charac ters .  For  exermple ,
v a r i a b l e ; t r u n c a t i o n  o c c u r s  o n  t h e  l e f t .  l ' '  w  i s  l e s s  t h a n  v ,
t h e n  w  c h a r a c t c r s  f r o m  t h e  f i e l d  i n  t h e  i r p u t  c a r d  a r e  r e a d  2 4 H b T H I S b I S d A L P H A M E R I C b D A T A
a n d  t h e  r e m a i n i r r g  r i g h t m o s t  c h a f a c t e r s  i r r  t h e  v a r i a b l e  a r e
f i l l e 'd  wr t l r  b lanks .  Th is  spec i f i ca t ion  can a lso  be  coded us ing  apos t rophes to

enc lose  the  s t r inq  o f  charac ters :
l f  u r  i s  g rea ter  than the  lcng th  (v )  o t  the  r ra r iab le  in  the  l /O
l is t ,  then the  ou tpu t  f ie lc i  con ta ins  v  charac ters  r igh t - jus t i f ied  '6THI56ISUALPHAMERICUDATA'

i r r  the  f ie ld ,  p receded by  lead ing  b lanks .  l f  w  is  less  than
v ,  t l ' l e  le f tmost  w charac ters  f rom the  var iab le  a re  p r in ted  The apos t rophe spec i f i ca t ion  method may be  n lo re  conven-
and the  res t  o f  the  da ta  i s  t rL tnca ted ;  t ru r rca t ron  occurs  on  ien t  fo r  spec i fy ing  long charac ter  s t r ings .
t h e  r i g h t "

Note  tha t  b lanks  are  cons idered a lphamer ic  charac ters  and
Example  |  :  must  be  inc luded as  par t  o f  the  count .  w .

Assume t l ta t  B  was spec i f ied  as  REAL*B tha t  N and M are  The e f fec t  o f  wH or  l i te ra l  spec i f i ca t ion  depenc ls  on  whether
l N l  E G E R + 4 ,  a n d  t h a t  t h e  f o l l o w i n g  s t a t e m e n t s  a r e  g i v e n :  i t  i s  u s e d  w i t h  i n p u t  o r  o u t p u t .

' ,L5  I :ORMAT (3A7)  On input ,  w  charac ters ,  o r  as  many charac ters  as  are  en-
READ (1  ,25)B,N,M c losed in  apos t rophes,  a re  ex t rac ted  f rom the  input  record

and rep lace  the  charac ters  inc luded w i th  the  sp ,ec i f i ca t ion .
Whr :n  the  READ s ta tement  i s  executed ,  one input  card  is
read f rom the  f l le  assoc ia ted  w i th  log ica l  un i t  number  1  in to  On outpu t ,  the  s t r ing  o f  charac ters  fo l low ing  t f re  spec i f i ca-
the  var iab les  B,  N,  and M in  the  fo rmat  s l rec i f  ied  by  FOR-  t ion  or  the  l i te ra l  s t r ing  are  wr i t ten  as  par t  o f  the  ou tpu t
MAT s ta t r :mer t t  number  25 .  The fo l low ing  l l s t  shows the  record  un less  charac ters  have rep laced them as ,a  resu l t  o f
va lues  s to red  fo r  the  g iver - r  inpu t  cards .  an  Input  opera t ion ,  in  wh ich  case,  the  rep lacement  charac-

t e r s  a r e  w r i t t e n .
I n p u t C a r d  B  N  M

For  example ,  suppose tha t  the  fo l low ing  s ta tements  a re
r \BCDEFG466AT611234567 ABCDI :FGU 4T61 4567 executed :
t-f  tJKtMN765432',t3334445 H tJKLMN6 4321 4445

W R I T E  ( 3 , 2 }

E x z t m p l e  2 :  2  F O R M A T  ( 2 0 H T I M E / Q U A N T I T Y 6 R E P O R T )

Assr lme tha t  A  and B are  rea l  var iab les  o1 '  leng th  4 ,  tha t  C These wou ld  cause the  fo l low ing  ou tpu t  to  be  pr in ted :
is  a  rea l  var iab le  o f  le r rg th  8 ,  and tha t  the  fo l low ing  s ta te -
M C N T S  a r c  g I V C n :  T I M E / O U A N T I T Y  R E P O R T

:26 FORMAT (46,45,46)
WR ITE  (3 ,26 )4 ,B ,C

On the  o ther  hand,  assume tha t  a  card  conta in ing  the

charac ters  bNObhi238 is  read us ing  these s ta tenrents :

W h e n  t h e  W R I T E  s t a t e m e n t  i s  e x e c u t e d ,  o n e  l i n e  i s  w r i t r e n  R E A D  ( 1 , 1  ) l
o n  t h e  f i l e  a s s o c i a t e d  w i t h  l o g i c a l  u n i t  n i r m b e r  3  f r o m  t h e  1  F O R M A T  ( ' Y E S ' , 1 5 )

var iab les  A,  B ,  and C in  the  fo rmat  spec i r ' ied  by  FORMAT
sta lement  26 .  The pr in ted  ou tpu t  fo r  va lues  o f  A ,  B ,  and The s ta tement

C is ,  as  fo l lows:
W R I T E  ( 3 , 1 ) I

A  B c  Pr in t :ed  L ine  
wou ld  cause the  fo i low ing  pr in ted  ou tpu t :

,A1  82  C3D4 E5F6G7H8 664 I  B26C3D4E5F6G7
6NO66238

Forn ra t  o t  I npu t /Ou tpu t  35



S P E C I F Y I N G  B L A N K  F I E L D S  I N  A  R E C O R D  ( X

FORMAT CODE}

Blank  charac ters  can be  prov ided in  an  ou tpu t  record .  o r

characters of an input record can be skippecl, by means of

the  sperc i f i ca t ion  wX where  w is  the  number  o f  b lanks
provided or characters skipped. When the specif icat ion is

used w i th  an  input  record ,  w charac ters  a re  ;k ipped.

For  example ,  i f  a  card  has  s ix  10-co lumn f ie lds  fo r  in tegers ,

and you do  r ro t  want  to  read the  second qur rn t i t y ,  then the

statement

F O R M A T  0 1 0 , 1 0 X . 4 r 1 0 )

can be  used w i th  the  appropr ia te  READ s ta . :ement .  The T
format code can also be used for this purpor;e.

FORMATTING THE RECORD (T  FORMAT CODE)

The FORMAT s ta tement  pos i t ions  da ta  f ro rn  le f t  to  r igh t ,

accord ing  to  the  spec i f  i ca t ions  g iven w i th in  the  FORMAT

sta tement .  Very  o f ten ,  though,  i t  i s  use fu l  ' :o  s ta r t  p r in t ing

other  than in  p r in t  pos i t ion  1 ,  o r  to  p r in t  da ta  a t  spec i f i c
print locations. The T format code can be rrsed for this
purpose.

The T format code is specif ied as

Tr

where  r  i s  an  uns igned in teger  cons tan t  spec i fy ing  the  pos i -

t ion  in  the  record  where  da ta  t rans fer  i s  to  beg in .  On a
pr in ted  l ine ,  r  ind ica tes  the  pr in t  pos i t ion  p lus  1  because

the f irst character is used for carr iage contr,)1.

A  b lank  is  i r rser ted  in to  any  charac ter  pos i t  on  tha t  was  no t
prev ious ly  f i l l ed .

Example l:

1  F O R M A T  ( T 6 1 . ' C A L C U L A T I O N ' )

This statement prints the word calculat ion in posit ions 60

through 70 .

Example 2:

2  FORMAT IT21,D2O.7 I

This statement prints the data i tem whose ;pecif  icat ion is

D20.7  s ta r t ing  a t  pos i t ion  20 .

When us ing  the  T  spec i f i ca t ion  fo r  p r in ted  ou tpu t .  the

car r iage cont ro l  charac ter  must  s t i l l  be  prov ided.  l f  the

spec i f i ca t ion  T1 is  used,  the  f i rs t  charac ter  o f  the  ou tpu t

image is  used fo r  car r iage cont ro l .  l f  someth ing  o ther  than

T l  i s  spec i f ied  as  the  f i rs t  p r in t  pos i t ion ,  ( fo r  exarnp le  T40) ,

then a  b lank  is  used as  the  car r iage cont ro l  charac i le r .

Example 3:

3  F O R M A T  ( T 4 0 , ' P L U S " T 1 , ' 1  M I N U S ' )

Th is  s ta tement  p r in ts  the  word  rn rnus  s ta r t ing  in  pos i t ion  1 ,

w i th  the  1  in  the  ' l  M lNUS'  spec i f  i ca t ion  be ing  used fo r

car r iage cont ro l .  The word  p /us  is  p r in ted  s ta r t in l l  in  pos i -

t ion  39 .

Note  tha t  more  than one T  spec i f i ca t ion  can be  u : ;ed  in  a

FORMAT s ta tement ,  and tha t  the  order  in  wh ich  the  pr in t

pos i t ions  are  spec i f ied  need no t  be  sequent ia l .

When outpu t  i s  to  tape or  d isk ,  the  f i rs t  charac ter  o f  the

record  is  t rea ted  as  da ta .  In  th is  case,  the  T  spec i l l i ca t ion

represents  the  exac t  pos i t ion  a t  wh ich  t rans fer  i s  to  beg in ,

ra ther  than the  pos i t ion  p lus  1 .  Thus ,  i f  FORMAT s ta te -

ment  3  were  used to  wr i te  a  tape or  d isk  record  ,  IM lNUS

would be writ ten start ing in posit ion 1, and PLUIi would

be wr i t ten  s ta r t ing  in  pos i t ion  40 .

Example 4:

4  F O R M A T  ( T 4 1 , F 7 . 2 , T 1 , '  X = ' , T 6 1 , ' R E S U L T ' )

Th is  s ta tement  p r in ts  the  fo l low ing  l ine :

The T  fo rmat  code can be  used in  con lunc t ion  w i th  any

other  fo rmat  code.  The pos i t ions  o f  a l l  codes  fo l low ing  a

T format code are in effect governed by the T format code

unt i l  ano ther  T  fo rmat  code is  encountered '

X= 1234.56 F ESU LT

r r - l
br in t  F r in t  b r in t
Pos i t ion  1  Pos i t ion  40  Pos i t ion  60



Exarnple 5;

5  F O R M A T  ( T 1 0 1 , F 1 0  3 , t i 0 , ,  N O T E  1 " T 5 1 , E 9 . 3 ,
T  I , '  A N S  ' I

T l r is  s tatumcr) t  p t  in  ts  t l rc  to l lowir rg l i r r t :

ANS 0.354E i  02 1 I  10U2.98G 53(;453 NO f  t  1
{ {
P r i n t  P r i r r t
Pos i t i on  Pos i l i o r r
1 5 0

f t +
P r i r r t  P r i r r t  P r i n r
Pos r t i c l r t  Po ; r t i o r r  Pos r r r o r r
1 0 0  1 1 l  1 2 0

W l r t : n  { o n n a t t i n q  a  l i r r c  t r s i n q  t l t c  T  f  o r r r  a t l  c o ( l c ,  c i t r o  r n u s t
bc  taken no t  to  ( )vc r lap  pr i r r l  l tos i t io r rs_

E;:arnple 6:

6  F O f t M A T  ( T 4 1 , D 2 O . 1 5 , T 5 1 , F 6 . 3 )

l i  t h e  p r . c c d i r ) g  s t a t o r r o r l  w e r o . s o ( r ,  t h e  F 6 . 3  s r x r c i f i o . t r i ( ) '
wc 'u ld  be  wr i t t c r r  ovcr  s ix  o f  l l te  dcc i r t ra  p lacr :s  o f  th t :  D20. i5
s l rcc i f i t :a1 io r r .

The T  to r . r r ta t  coc lc  car r  a lso  b t :  use t l  {o r  np t r t .

E xantple 7 :

R E A D  ( 1 , 7 }  I N P U T
7  F O R M A T  ( T 1 5 , I 5 )

These s ta te rnents  c i tuse  t l re  f i rs t  14  co lu rnr rs  o f  thc .  i r rpu t
r e c o r d  t o  b c  i g n o r e d ,  a n d  t h e  n c x t  f i v e  t l  b e  t r a n s m i t t e d
t o  t h e  v a r i a b l c  I N P U T .

L IS;TS FOR TRANSMISSION OF DATI \

The l i s t  in  an  input /ou tpu t  s ta tement  sp t :c i f ies  what
quant i t ies  to  t ransmi t .  For  example ,  assr rme tha t  a  carc l
i s  p run6hg6 as  fo l lows:

2 5 L O 2 -  t @ 7

L O

Fur the r  assun te  t l r a t  l l r c  l o l l ow r r rg  s t a temc r ) l  a l ) [ x ] aJ r : ,  u t  t h l
sou rc ( j  [ ) r o ( r I a r I ) .

H E A t ) ( 1 , 1  0 0 )  t , J . K , r , M
1 0 0  F O H M A T ( 5 t 1 0 )

T l t c  r : l r r r l  i s  r t : a t l  a r t r l  l l r t : 1 . r r < t r , ; r ; t r r r  l ) r o ( ; o s 5 { r : ,  l l r r :  t l a t i r , i : ,
t  l t o L r q l r  I  l r r :  1  o l l r i w i r r g  s l a l c t n ( i n  l s  w r : r  r :  w r  i t  l t : r r .

t ? 5

J 102
K  - 1 0 1

L  1 0
M 5

l l  c r t r r l r < t l  l ) a s s o s  l ) i l c k  t o  t l r r :  R I  A [ )  i , l i t l { ] t n c r ) 1 ,  1 , . j .  K ,  L ,
a r t d  M  I r avc  r r cw  va luc5  r l r : 1 r t : r r r l r r r r ;  r r l . r o r r  w l r ; r l  r t  g r t r r t r : l r r : r J

l l  t l t ( i  n ( i x  l  < : a r  t l  r  r l a t l .

I ndcx ing  i n  ! npu t /Ou tpu r  L i s t s

D O  t y p c  n o t a l i o n  r : a n  l r r :  u r t r l  i r i  i i s t :  f o r  l l r e  t r a r r s r r r r s s l o r r

c l f  d a l a .  F o r  r : x a r n l t l t ; , : ; u l ) l ) ( ) l , c  y ( ) u  l v a ! l l  t < t  t r a r r s r r r i l  l i r t :
f  i v e  < l u a n t i t i e s  A ( 1 ) ,  A ( 2 ) ,  l \ ( 3 i .  A ( 4 )  a r r r l  A ( 5 ) .  

- f t r r s  
r ; a r r

l r , :  a s c , r " " , 3 1 . l r r : t l  l r y  w r  i l  r r r t ; :

1 0  F O R M A T ( 5 F  1 0 . 0 i
1 2  R E A D ( 1 , i 0 ) ( A ( t ) , t . 1 , 5 )

The above statctn{)nts causo a rccord to bt  r r :acl  ano caus(.1
t l r c  va l uc  co r r t a i r r ed  i n  t h r :  f i r s t  t r t r r  I l c t s i t i r t r r s  o f  t h r :  r r . : co r r J
t o  bc  convc r t e t j  t o  a  r r : a l  nu rn l ; r : r  . 1 r l d  s l o red  ; f 1 t u  A ( ' l  ) ,  t h ( j
r ) c x t  t o n  p o s r t i o n s  i n t o  A ( 2 ) ,  c t c .

T l r i s  r s  e t l u i v a l r ' r r t  l o  w t  t l  i n g

1 2  R E A D ( i , 1 0 ) A ( 1 i , A ( 2 ) , A { 3 } , A ( 4 ) , A { r i )

l r i  o t h c r  w o r r l s ,  I  i s  q i v r : r r  t h e ,  v a l u r ; 1  a n d  t h c  i i r , L  q u . i , r t l  r y
b c c o m e s  t h e  v a l u r :  o f  A ( 1 ) .  I  i s  t h e n  i n c r e a s e d  t r y  l ,  a i r i j
t he  second  quan t i t y  beco rnes  t i r e  va i ue  r_ r f  A (2 i  f [ i 5  ' _ -1 .111 -

t i nues  un t i l  t hc  f i f t h  quan t i t y  r ead  b r r comes  i f ' r r :  va l ue  o {

A ( 5 ) .

As  w i th  DO s ta t t :ments ,  a  th i rd  i r - rdex ing  pa farnc ter  cen  t ) . r
used to  spec i fy  the  amount  by  wh ich  th r :  incJex  , . .  in r ; r  e
mented a t  each i le ra t io r r .  T -hus ,

R E A D { i , 5 0 }  ( A i l } , t - i , 1  0 , 2 }

c a u s e s  t r a n s m i s s i o n  o f  v a l u e s  t o r  A ( 1 I ,  A ( 3 i ,  A r 5 )  A . ( 7 )
a n d  A ( 9 ) .

a

a

2

B

a

?

l  " ' " ' , . , " 8 - .  .  "  " - . . , , , . , . , tB

a

a

a

. . . .  , , !

a

i : : o r m a t  o f  I n i j l r t / O u t p r j t  3 7



lmplied DO Notation in Input/Output Lists

The general  form of  the lmpl ied DO notat ion is :

( v r  ( i ) ,  y z  ( i ) ,  .  .  . ,  y n  ( i ) .  i = m 1 , m 2 , m 3 )

where

y  rs  an  ar ray  name.

i is composed of one through three integer variables,
S€p0td tc ,J  by  commas,  represent ing  a  va lue  o f  a  subscr ip t
in  the  ar ray ,  based on  the  va lue  o f  m,  .

mr ,  mz,  and m.  a re  each e i ther  an  uns ignr :d  in teger
cons tan t  o r  an  in teger  var iab le .  l f  m3 is  n , ) t  s ta ted ,  i t  i s
assurned to  be  1 .

The max imum nes t ing  leve l  in  imp l ied  DOs is  15 .

y' i /ote. '  As with DOs, i  is the index, m1 is the init ial  value.
m, is the test value. and m3 is the increment, ln addit ion,
this notat ion can be nested.

E x a m p l e :

( (c (  t , J ) ,D  (  r ,J ) , r=1 ,5) ,J=  1 ,4 )

transmits data in the form

c ( 1 , 1  ) , D ( 1 , 1 1 , C 1 2 , 1 1 , D ( 2 , 1 ) ,  .  .  .  . C ( 5 , 1  ) , D 1 5 , 1  1 ,
c (1 ,2 ) ,D(1 ,21 ,  .  .  . ,C(5 ,4) ,D(5 .4)

Addit ional Detai ls of Input/Output Lists

Any number  o f  quant i t ies  can appear  in  a  s ing le  l i s t .  In teger

and f loa t ing  po in t  quant i t ies  can be  t ransmi t ted  by  the
same s ta tement .  However ,  i f  fo rmat ted  l /O is  used,  each
quanti ty must have the correct fornrat as specif ied in a
cor respond in  g  FO RM AT s ta tement .

For  fo rmat ted  l /O,  i f  there  are  more  quant i t ies  to  t ransmi t
than there  are  in  the  l i s t ,  on ly  the  number  o f  qLran t t t tes

spec i f ied  in  the  l i s t  a re  t ransmi t ted ,  and remain ing  quant i -

t ies  a re  ignored.  Thus ,  i f  a  card  conta ins  th ree  quant i t ies

and a  l i s t  con ta ins  two,  the  th i rd  quant i t y  i s  no t  us ,ed  by
the  program.

A l i s t  fo r  an  un format ted  READ must  no t  con ta in  more
quant i t ies  than the  input  record .

When an ar ray  name appears  in  a  l i s t  in  nonsubscr ip ted
form,  a l l  o f  the  quant i t ies  o f  the  ar ray  rece ive  da ta  o r  a re
t ransmi t ted .  For  example ,  i f  A  i s  an  ar ray  w i th  25  e lemer r ts ,

the statement

R E A D ( 1 , 1 0 0 } A

causes  a l l  o f  the  quant i t ies  A(1) . .  .  .  A(25)  to  rece ive  da ta .

A  more  complex  l i s t  i s

A , B  ( 3 ) , ( C (  r  ) , D (  r , K ) , r  = 1 , 1  0 ) , (  ( E  (  r , J ) , r  = 1 , 1 0 , 2 1 ,
F ( J , 3 } , J = 1 , K )

This  l i s t  rece ives  or  t ransmi ts  da ta  in  the  order

A , B ( 3 ) , C ( 1  ) , D ( 1 , K ) , C ( 2 ) , D ( 2 , K ) ,  .  .  . , C ( 1  0 ) , D (  x 0 , K ) ,
E ( 1 , 1 ) . E ( 3 , 1 ) ,  .  .  . , E ( e , 1  ) , F ( 1 , 3 ) , E ( 1 , 2 1 , E 1 3 , 2 1 ,  .  .  . ,
Ele,2l ,rQ 31, .  .  .  E(e,K),F(K,3)

Note that each i tem in the l ist is separated by a cornma,

tha t  the  range o f  the  imp l ied  DO s ta tement  i s  c lear ly  de-
f ined by means of parentheses, and that constants do not

appear  in  the  l i s t  except  as  index ing  parameters  o r  : ;ub-

scr ip ts .  The var iab le  index ing  parameter  (K)  i s  assumed to

be prev ious ly  de f ined by  the  program,  a l though in  ,an  input

l i s t  i t  cou ld  have been de f ined by  an  i tem in  the  l i s t i  i t se l f ,
providing that i t  appeared before i ts use as an index.
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P R I N T E D  O U T P U T

Wl- ren  fo rmat ted  records  aro  prepared fo r  a  p r in te r ,  t i re

f i r : ; t  charac ter  o f  t l re  record  is  no t  p r in t€d ,  i t  i s  t rea ted  as

a  car r iage cont ro l  t :harac ter .  l t  can  be  s l lec i t ied  in  the

FORMAT s ta temont  w i th  e i ther  o f  the  l tn ro  fo rms o f  l i t c ra l

d a t r a :  e i t h e r ' x ' o r  n H x ,  w h e r e  x  i s  o n e  < > f  t h e  f o l l o w i r t g :

Mean ing

b lank  Advance one l ine  bc fore  pr i  r t ing

0  Advan{ :o  two l ines  be f  o re  p r in t ing

i  Advance to  f i rs t  l i ne  o f  nexr  page

+  N o  a d v a n c e

Due to  hardware  res t r i c t ions .  the  3284 . r r in te r  does  no t

suppor t  the  +  car r iage cont ro l  fo r  no  advance.  A  pr i r r t

reques t  to  the  3284 w i th  a  +  io r  car r iag- 'co t - i t ro l  w i l l  be

equ iva len t  to  the  l r lank  car r iage cont ro l  charac ter .

T l^ re  car r iage cont ro l  charac ter  can s tanc  by  i t se l i  as  a  fo r

mat  code.  o r  i t  can  be  inc luded as  par t  o f  a  la rger  l i te ra l

spec i f  i ca t ion .  Cons ider  the  fo l low ing  s ta tements :

2 0  F O R M A T  ( ' 1 T H E  F O L L O W I T \ I G  I S  A  L I S T  O F

P  R I M  E S ' )

o r
2 0  F O R M A T  ( ' X  

" 3 3 H T H E  

F O L I - O W I N G  I S  A  L I S T

O F  P R  I M E S )

o r

2 0  F O R M A T  ( 3 4 H 1 T H E  F O L L O W I N G  I S  A  L I S T

O F  P R I I M E S )

Each o f  these s ta tcments  wou ld  p r in t  t l re  head ing  a t  the  top

o f t h e  n c x t  p a g e .

For  mec l ia  o ther  than the  pr in te r  ( f  o r  example ,  tape,  d isk ,

o r  card  punch) ,  the  f i rs t  charac ter  o f  the  record  is  t rea ted

as  da ta ,  and a  car r iage cont ro l  charac te 'shou ld  no t  be

spec i f  ied .  Thus ,  the  sanre  FORMAT s t i r tement  shou ld  no t

b e  u s e d  f o r  b o t h  p r i n t i n g  a n d  p u n c h i n g .  A n  e x a m p l e

spec i fy ing  the  use  o f  FORMAT s ta temonts  fo r  bo th  p r in t -

ir ,g and punching may be found in Dir ' ."ct ing Program Out-

pttt to Both a Printer and a Card Punch in the section

Programming Considerations in Part 2 , : f  this publ icat ion.

D A T A  I N P U T  T O  T H E  O B J E C T  P R O G R A M

N u m e r r c  i n p u t  d a t a  t o  b e  r e a d  b y  a  R E A D  s t a l e m e n t  w h e n

the  ob jec t  p rogram is  executed  rnus t  be  i r r  essent ia l l y  the

same fo rmat  as  g iver t  in  the  prev iou5 r :xa fnp les ,  Thus ,  a

card  to  bc  read accord ing  1o

F O R t \ 4 A T  ( 1 2 , t 1  2 . 4 , F  1 0 . 4 \

migh t  be  Eruncher i :

2 7  - @ . 9 3 ? 7 €  @ " - a . @ @ ' f 6

With in  each f  ie ld ,  a l l  in fo rmat ion  is  cons idered r igh t - ius t i f  ied ;

e m b e d d e d  b l a n k s  a r r d  t r a i l i n g  b l a r r k s  i n  n u m e r i c  f i e l d s  a r e

read as  zeros  and a f fec t  lhe  i tem's  va luc .  P l ' - rs  i ; igns  can be

omi t ted  or  ind ica ted  bv  a  + .  Mi r rus  s igns  n ius t  be  punched

i l  the  number  i s  negat ive  or  has  a  negatave expo l len t '  lnpu t

fo r  E  and D fo rmat  codes  can cor r ta i r t  any  nun- tber  o f  d ig i ts ,

b u t  o n l y  t h c  h i g h  o r d e r  d i g i t l ;  o i  a c c u r a c y  a r o  r e t a i n e d  t t

the  nurnber  exceeds the  capac i l y  o f  the  sys tc r r .

To  per rn i t  economy in  punch ing ,  u : r ' ta in  re laxa t t i ; r t s  t t t

inpu t  da ta  fo r rna t  a re  permi t tc t l .

1 .  Numbe rs  f  o r  D and E-1ype f r - i r rna t  cods : ;  r rc r :d  no1

l-rave 4 colr-rrr ins cjerroterl  to the exJ-ir.rr, t :nt f  ieid. i-he

s ia r t  o f  the  expor ren i  f ie ld  rnus t  L t ,  t t ia ' f  i : c i  hy  an  F- ,

o r  i f  t h a t  i s  o m i t t e d ,  b ' , ' 3  +  i - r 1  -  { n o t  a  b l a r r k } .  f  h u s ,

E 2 , E 1 2 , t 2 ,  t A 2 ,  E L ) 2 , a n d  E + 0 2 a r e  a l l  p e r r n i r s t i . r i e

e x p o r r e t i t  l i e l r i s .

2 .  [ r . lunrbr : rs  fo r  D,  E , . r t r t j  F  io r r r ra t  r :u r j l ,  t i i :ed  f lo i  hJ t l )

t h e i r  d e c i m a l  p o i r r l  p u r i c h c d .  l f  i t  i s  n c t  p u n c l i e c t .

the  fo rnra t  s ; recr f i ca t ion  s r - rpp i l t s  i t .  F ' - ' r  ux l r r tp le ,  ih r "

nunrber -09321 +2 v,r i t fr  t l re cocle f t?.4 s treatr:{ i  :s

though thc  rJec i r la i  po i i l ' L  wBr t ' t . ru t r ( : i  Ia 'J  l l t j lwee l l  the

0  and the  f  .  i f  the  dec ima l  po in t  i s  f jun 'chec i  in  thc

card ,  i t s  pos i t ion  over r ide : '  th t 'Dos i i i i : r l  t t t r ' l i ce ta i i  t r t

the  FORIMAT s ta te r i len t .

F c r { ; a i  c i  I  n  i i r . } i  i D u i p r , i



LIST-DIRECTED INPUT DATA

A record  conta in ing  l i s t -d i rec ted  input  da ta  cons is ts  o f  an

alternation of constants and separators. The record can be
read f rom tape or  sequent ia l  d isk ,  in  add i t io r r  to  un i t - record

dev i  ces .

An inpr . r t  cons tan t  can  be  any  va l id  FORTRI \N numer ic

data  type .  B lanks  cannot  be  embedded in  a r ry  l i s t -d i rec ted

cons tan t  s ince  they  wou ld  be  in te rpre ted  as  t iepara tors .
Numer ic  cors tan ts  can op t iona l l y  be  s igned,  bu t  there  must

be  no  embedded b lanks  be tween the  s ign  an< l  the  cons tan t .

Each cons tan t  must  aoree  in  type  w i th  the  c r l r respond ing

l i s t  e le rnent .  The dec i rna l  po in t  can  be  omi t ied  f rom a
rea l  cons tan t .  l f  omi t ted ,  i t  i s  assumed to  fo l low the  r igh t -

most  d rg i t  o f  the  cons tan t .

Wi th  the  except ions  no ted  be low,  a  separa tor  i s  e i ther  a

comma or  a  b lank .  In  add i t ion .  fo r  conso le  nput ,  an  end
ind ica tor  i s  a  separa tor .  For  punched card  i r rpu t ,  an  end-

o f -card  cond i t ion  is  a lso  a  separa tor .  B lanks  can op t iona l l y

occur  be tween the  comma and the  car r ie r  re tu rn  o r  end-o f -

card .

A separa tor  can be  sur rounded by  any  numb,er  o f  b lanks .

hor izon ta l  tabs ,  car r ie r  re tu rns ,  o r  end-o f -card  cond i t ions .

Any  such combina t ion  (w i th  no  in te rven ing  cons tan ts )

cons t i tu tes  a  s ing le  separa tor .  A t  the  incept ,on  o f  execu-

t ion  o f  a  l i s t -d i rec ted  READ,  a  p reced ing  se t r ra ra to r  i s

assumed;  and in i t ia l  b lanks ,  hor izon ta l  tabs ,  car r ie r  re tu rns ,

or  end-o f  -card  cond i t i c ,ns ,  i f  p resent ,  a re  cor  s idered  par t

o f  tha t  seoara tor .

A  nu l l  i tem is  represen ied  by  two consecut i \ fe  commas w i th

no in te rven ing  cons tan t .  Any  number  o f  b l ; rnks ,  hor izon ta l

tabs ,  car r ie r  re tu rns ,  o r  end-o f -card  cond i t ions  can be  em-

bedded be tween the  commas.  l f  a  nu l l  i tem is  spec i f  ied ,

the  cor respor rd ing  l i s t  i tem is  sk ipped;  i t s  cur ren t  va lue

remains  una l te red .

A repeat  fac to r  can  be  spec i f ied  fo r  a  cons tan t  o r  nu l l

i tem.  For  a  cons tan t ,  the  fo rm is

i  * co nstan t

and fo r  a  nu l l  i tem,  the  fo rm is

i *

In each instance, i  is a nonzero unsigned integer constant,

wh ich  ind ica tes  tha t  the  fo l low ing  cons tan t  o r  nu l l  i tem is

to occur i  t i rnes. Neither of these forms cart contain embed-

ded b lanks .  The separa tors  sur round ing  a  r r :peated  nu l l

i tem need not be commas.
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A s lash  ( / )  serves  as  a  spec ia l -purpose separa tor ,  inc l i ca t ing

tha t  no  more  da ta  i s  to  be  read dur ing  the  cur ren t  r :xecu '

t ion  o f  a  READ s ta tement .  l f  the  l i s t  has  no t  been sa t is f ied ,

the  va lues  o f  the  remain ing  l i s t  e lements  remain  una l te red .

l f  the  l i s t  has  been sa t is f ied ,  the  s lash  is  op t iona l .

Example :  A  l i s t -d i rec ted  READ s ta tement  i s  used to

read a  record  conta in ing  cons tan ts  o f  var ious  types  in '

to  ma in  s to rage.  For  th is  example ,  the  charac ter  /  ; c

used to  represent  a  car r ie r  re tu rn .  A  car r ie r  re tu rn  l s

the  te rmina l  equ iva len t  o f  an  end-o f -card  cond i t lon .

R E A D  ( 1 , * )  ( A R R A Y ( l ) , 1 = 1 , 5 0 ) , A , B , C , D , E , F ' G ' H '

J , P , O ,  R , S

50*0
2.17E+15,3 .14E0,  1 . ,2 .O,O.125D-3  2 . ,  87 , , /

When th is  s ta tement  i s  executed ,  the  va lue  0 .  i s  read in to

e a c h  o {  t h e  f  i r s t  5 0  e l e m e n t s  o f  A R R A Y ; r e a l  v a l u e s  a r e

r e a d  i n t o  t h e  v a r i a b l e s  A ,  B ,  C ,  D ,  a n d  E ; v a r i a b l e s  F  a n d

G are  sk ipped because o f  the  repeated  nu l l  spec i f i ca t ion ;

t h e  v a l u e  8 7 .  i s  r e a d  i n t o  t h e  r e a l  v a r i a b l e  H ; v a r i a b l e  J  i s

sk ipped because o f  the  nu l l  spec i f i ca t ion ,  and var iab les  P,

O,  R,  and S rece ive  no  da ta  because o f  the  s lash .

L IST.DI  RECTED OUTPUT DATA

Lis t -d i rec ted  ou tpu t  da ta  can be  d i rec ted  to  tape or

sequent ia l  d isk  in  add i t ion  to  any  un i t - record  ou tpu t  dev ice

such as a printer or card punch. List-directed outlput data

can conta in  any  produc ib le  fo rm o f  da ta  tha t  i s  readab le

as  l i s t -d i rec ted  input .  However ,  cer ta in  fo rms wh lch  are

permiss ib le  as  l i s t -d i rec ted  input  a re  no t  p roducec l  as  l i s t -

d i rec ted  ou tpu t .  These fo rms are :

n u l l  i t e m s

i *  repeat  fac to r

/ specia l  -PurPose seParator

In  l i s t -d i rec ted  ou tpu t ,  the  w id th  o f  the  da ta  f  ie ld  depends

upon the  type  o f  var iab le  to  be  wr i t ten :

Type of Variable Width of

Data  F ie ld

R  E A L * g  2 4

R E A L * 4  1 4

I N T E G E R * 4  1 1

I N T E G E R  * 2  6

A b lank  is  inser ted  as  a  separa tor  be tween da ta  f ie lds '  The

to ta l  w id th  o f  the  da ta  f ie lds  p lus  separa tors  mus l  be  con-

s idered  when ou tpu t  i s  go ing  to  sequent ia l  dev ice : ; .



Inpu t /ou tpu l  s ta to rnents  t rans fer  c la ta  anr l  oont ro l  the  f  low

of  ( la ta  bc . tween nra in  s to rarge  an t l  a r t  i r rpu t lou tpu t  r l cv ic t :

such as  i r  car ( l  rear le r ,  p r in te r ,  punch,  magnct ic  ta t r ) f ,u r r i t ,

o r  r l i sk  : i to ra (10  rJn l t .

l r r p u t / o r . r t p u t  s t a t ( ) r i l c n t s  i r r  F O R T R A N  a r t . :  p r i m a r i l y  c o r r

cerned w i th  the  t ra r ts fe r  o {  t ia t ; r  l re {weOn rna in  s to ragc

l o c a t i o r r s  c l e f  i n c t l  i n  a  F O R T R A N  p r o q r a r n  a r r t l  r c c o r t i s  t l r a t

a re  ex tenra l  to  thc  [ ) ro (1  a r r r .  Or r  in f )u t ,  ( la ta  i s  takcn  f ro t - r t  a

record  and p lace t i  in to  rna in  s to rage loca t io r rs  t l la t  a re  no t

necessJr i l y  cor r t iq r rous .  On ou tpu t ,  ( la ta  i s  ga there( i  f  ro t r r

d iverse  rna in  s to r i r ( le  loca t i r . r r rs  a t t r l  p lacer l  i r r to  a  recor<1.  Ar r

l /O l i s t  i s  r rsed  to  spec i fy  wh ich  main  s to raqe loca t ions . r r r - '

Ll sco .

Sys tern /3  FORTRAN lV  1r ' rov i t les  two 1y [ )es  o f  in t )u t /ou tpu t

statements- se<luertt ial  an<l cl irect-acccss. Serluentral l /O

s ta tements  read or  wr i te  re ,cor ( i s  consecut ivo ly .  D i rec t -

access  l /O s ta tem{- 'n ts  genera l l y  read or  wr i tc  records

r a n d o m l y .

M o s t  i n p u t / o u t p u t  c l e v i c e s  a r e  s e ( l u e n t i a l ; r h a t  i s ,  i f  t h e r c

are  100 recorc ls  to  be  read,  they  wou lc l  have to  be  reao in

t l r e  o r d e r  1 , 2 , 3 , . . . , 9 9 ,  1 0 0 .  R e c o r t l  5 7  c a n n o t  b e  r e a d

bef  o re  recorc l  56 .  Examples  o f  sequent ia l  dev ices  are  card

r r : a d e r s .  p r i n t e r s ,  a r r d  r n a g t r e t i c  t a 1 r e .

l -he  5444,  5445,  and 3340 d isk  s to rage dev ices  are  the  on ly

Sys tem/3  dev ices  tha t  can  read or  wr i te  records  randomly ;

tha t  i s ,  in  an  order  de termined by  the  prograrnnrer .  When

records  are  to  be  read or  u f i i t ten  randomly ,  d i rec t -access

s ta tements  must  l le  used.  Note .  however ,  tha t  sequent ia l

l /O statements can be userl to read or write records consec-
u t ive lv  on  the  d isk ,  and tha t  d i rec t -access  l /O s ta tements

car r  a lso  be  used fo r  read i r rg  o r  wr i t ing  records  consecut ive ly .

Each input /ou tp l r t  s ta tement  uses  a  log ica l  un i t  number  to

spec i fy  wh ich  input /ou tpLr t  dev ice  (o r  f i l e  on  a  dev ice)  i s

to be used in the operation. Logical unit  numbers relare
par t i cu la r  dev ices  or  f i l es  to  the  sys tem.  For  example ,  in

th is  sec t ion  we use the  number  1  to  re {er  to  a  card  reader ,

the  nurnber  3  fo r  a  p r in te r ,  the  numbers  B and 9  fo r  d isk

l ' i l es ,  anc i  the  number  10  fo r  a  tape f i  le .  A  fu l l  exp lanat ion

of  log i r :a l  un i t  number  ass ignments  i s  con ta ined in  Par t  2  o f

this manual. in Chapter 1l),  Compilat ion.

Chapter 6. Input/Output Statements

READ ar rd  WRITE s ta lc rnents  car t  l rc  uscr l  l ( - )  acccss

forrnatted records, unfonnatte(l  rccords, cx l tst t l i rer.tct l

r  ecorus .

A lo rnra t te r l  rccord  has  a  FOt tMAT s ta te r l tu t l t  ass( )c rJ t { l ( i

w i t h  i t .  A  F O R M A T  s t a t e r n e n t  t l t : s c r i l r c s  t f r t r  t o r m  ( ) t  t h c

d a t a  a r r c l  l r o w  i t  i s  t o  i ) e  t r i i r t s r l r i t l c r i .  A t r y  r l L r t r ) l ) c r  ( . i l

r ccor t l s  ca t t  l l c '  t t :a r l  r r r  wr i t l c r r  w i t l t  o t t t ;  t : x r : i ; . t t io t t  i t {  , . t

f ( ) r n a t t e ( l  R E A D  o r  W R  I l  F  s l i i t o r r t { t r r L .  T l r t  t l a t a  i r r  l f r c

recor t l s  a re  cor rv r : r te t l  accor t l i t t r ;  lo  spc t : i f i ca t ions  l i s t r : t l  i r r

t l r e  F O R M A T  s t a t e r n c n t  a t t t i  a t e  a s s i r l r l c t l  l o  ( o r  t a k r : r r

f r r . r m l t : l e r r t c n t s  l i s t e d  i n  t h e  R t A D  r . r r  W R I  f  E  s t a t t t r r t c t r t

A  p a r t i a l l y  f i l l e < 1 ,  t o r n r i r t t t : r l  r c c o r t i  t r l ; t r t j  l o t  : ) r t l [ ) r l l  i ' ;

g radr led  on  th r :  r igh t  w i th  b ia r tks -

Ar r  un fc rmat ted  record  has  no  FORI \4A l  s ta te r r rcn t  asso

c i a t c c l  w i  t h  i t .  l t  t h e  f i l e  i s  s c q u e n l r a l .  o n i y  c ) r l e  r e ( t o r d  c a i r l

bc  t ra r rs rn i t ted  per  execut io t t  Ot  a r t  u r r to r i l ra t le ( j  l /O s ta to '

rnent .  The un f  o rmat ted  READ is  L tsed to  l t r . t t l  t , ; cor t i s

tha t  were  wr i t ten  on  tape or  d isk  by  an  un tor rna t ted

WRITE s ta tement .  A  par r ia l l y  l i l l ec l ,  u r r fo r r r r ; r t t€ lc i  l ' ccord

uscd fo r  ou tpu t  i s  1 - ra r ld t :d  o r l  th r :  r ig t t t  w l i i r  , : t : r ( l s .

A  l i s t -c l i rec ted  record  is  s im i la r  to  a r t  un fo tmat te t l  r t : r t r - . r r t j

i n  tha t  t t  has  no  FORMAT s ta t r :n ten t  assoc i , r r r : t l  v ' , i t i t  i i .

I t s  us t : ,  however ,  i s  to  t ransrn i l  r t : c r ' r t r l s  1 r t ; . t t t t l  I r t i t r l  a r ty

s e c l u e n t i a l  f i l e ,  s t r c h  a s  a  c a r d  r c ; r t l e t ,  p r i r i t e r ,  l a p r : .  < r i  i i i : k .

A  y - r a r t i a l l y  f i l l e d ,  l i s t  d i r e r : t e r l  r r ; c c . r t i  u s r ; t i  f r l ; 3 r 1 1 i r t ' t  i s

padded on  thu  r igh t  w i t l - r  b ta r tks .



Sequential Input/Output Statements Con sid era ti on s / R estr i cti o n s :

There  are  f i ve  sequent ia l  inpu t /ou tpu t  s ta tements :  READ,  1 .  The program te rmina tes  i f  the  END= parameler  i s  no t
WRITE,  END FILE,  REWIND,  and BACKSPACE.  spec i f ied  and an  end-o f - f i le  record  is  encount r . ' red .

The READ and WRITE s ta tements  a re  used to  t ransmi t  2 .  The program te rmina tes  i f  an  ERR= paramet€r r  i s  no t
da ta  be tween sequent ia l  inpu t /ou tpu t  dev ices  and main  spec i f ied  and a  t ransmiss ion  er ro r  occurs .

s to fage.  The END FILE,  REWIND.  and BACKSPACE
sta tements  a re  used on ly  fo r  sequent ia l  d isk  f i les  and tape 3 .  There  is  no  end-o f - f i le  f rom a  5406 conso le  kpvboard .
f  i l es .  For  a  f  u r ther  d iscuss ion  o f  sequent ia l  d isk  f  i l es  and
tape files, see Sequential Disk & Tape programming

Considerations in Part 3, Programming Considerations Examples:

o f  th is  pub l i ca t ion .

R E A D  ( 9 , 1 0 0 )  D , E , F

READ STATEMENT The preced ing  fo rmat ted  READ s ta tement  reads  da ta  f rom
the f i le  whose log ica l  un i t  number  i s  9 ,  (assume a  d isk  f i le l

The genera l  fo rms o f  the  READ s ta tement  a re :  in to  the  var iab les  D,  E ,  and F ,  in  the  fo rmat  spec i f ied  by
the  FORMAT s ta tement  numbered 100.

Formatted read: READ (u, f ,END=s,ERR=1) l ist
u n f o r m a t t e d  r e a d :  R E A D  ( u , E N D = s , E R R = t )  t i s t  R E A D  ( 1 , 9 9 ) A , B . ( c ( l , K ) , 1 = 1 , , l 0 )
List-directed read: READ (u,*.END=s.ERR=t) l ist

The preceding formatted READ statement reads data f rom
where  the  f  i l e  whose log ica l  un i t  number  i s  I  (assume a  card

reader )  in to  the  var iab les  A and B,  and the  ar ray  e lements
u  is  an  uns igned in teger  cons tan t  o r  INTEGER*4 C(1 ,K) ,  C(2 ,K) ,  .  .  .  ,  C(10 ,K)  in  the  fo rnra t  spec i f ied  in  the
var iab le  tha t  i s  the  log ica l  un i t  number  o f  the  dev ice  to  FORMAT s ta tement  whose s ta tement  number  i s  gg .
read from.

R E A D  ( J }  A , B , C
f  i s  the  s ta tement  number  o f  the  FORMAT s ta tement
describing the data i tems to read. The preceding unformatted READ statement reads data

f rom the  f i le  whose log ica l  un i t  number  i s  the  cur ren t  va lue
*spec i f ies  l i s t -d i rec ted  da ta  mode fo r  sequent ia l  dev ices ,  o f  J  in to  the  var iab les  A,  B ,  and C.
tha t  i s ,  w i thout  use  o f  a  FORMAT s ta tement .

R E A D  ( 1 , * , E N D = 2 0 0 )  ( A R R A Y ( l ) , 1 = 1 , 2 5 ) , 8 ( 1  ) , C ( 6 )
END=s is  op t iona l  and spec i f ies  the  number  (s )  o f  a
statement to which to transfer control i f  end-of-f i le is The preceding l ist-directed READ statement reads clata
encountered '  f rom the  f i le  whose log ica l  un i t  number  i s  1  in to  th r :27

ar ray  e lements  spec i f ied  by  the  l i s t .  l f  an  end-o f - f  i l e  record
ERR=t  i s  op t iona l  and spec i f ies  the  number  ( t )  o f  a  i s  encountered ,  con t ro l  i s  t rans fer red  to  the  s ta temenr
statement to which to transfer control i f  a transmission numbered 200.
er ro r  occurs  dur ing  the  da ta  t rans fer .  Th is  paramerer  rs
ignored i f  the  f i le  be ing  processed is  no t  on  a  d isk  o r
tape dr ive .

l f  END or  ERR is  no t  spec i f ied ,  the  preced ing  comma is
omitted.

l i s t  i s  an  l /O l i s t ;  i t  can  conta in  var iab le  names.  a r ray
e lements ,  a r ray  names,  o r  a  fo rm ca l led  an  imp l ied  DO.
The l /O l i s t  i s  op t iona l  i f  f  i s  spec i f ied .

Uses; The READ statement transmits data from a device,
such as a card reader or magnetic tape unit.  to main storage.
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WRITE STATEMENT

The general  forms of  the WR ITE statement  are:

END F ILE  STATEMENT

The general  form of  the END FILE statement  is .

BACKSPACE 1O

Forn t ,a t ted  wr i te :  WRITE (u , f  )  t i s t  END FILE i
Unforrnattecl write: WRITE (u) l ist
List-directed write: WRIT E (u,+) l ist *h:1.

r  r s  a n  u n s i g n e d  i n t e l l e r  c o n s t a n t  o r  I N T E G E R , 4  v a r i a b l e
where  tha t  i s  the  log ica l  un i t  number  o f  a  magnet ic  tape or  a

s e q u e n t i a l  d i s k  f i l e .
u  i s  a n  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  I N T E G E R  - 4

var iab le  tha t  i s  the  log ica l  r rn i t  number  r> f  the  dev ice  to
be wr i t ten  on .  Uses . '  l -he  END F l [_E s ta te  ment  wr i tes  an  er r r i -o f  - i i l c  reco i t j

on  the  tape or  sequent ia l  d isk  tha t  has  loq ica l  u r r i t  numoer  l .
f  i s  the  s ta tement  number  o f  the  FORMAT s ta tement
tha t  descr ibes  the  da ta  i tems to  be  wr i t ten .

ConsiderationslRestrictions. An END Fl LE rilquesi
*  spec i f ies  l i s t -d i rec ted  da ta  mode fo r  sequent ia l  dev ices ,  fo l lowed by  another  END FILE ro  t l re  same l : lg ica l  u r r i i
tha t  i r ; ,  w i thout  the  use  o f  a  FoRMAT s ta temr :n t .  causes  a  te rmina t ins  e r ro r .

l i s t  i s  an  l /O l i s t ;  i t  can  conta in  var iab le  names,  a r ray
ef ements, array names, or a f  orm cal led an irnpl iecl DO. Exatnples:
The l , rO l i s t  i s  op t iona l  i f  f  i s  spec i f  ied .

E N D  F I L E  1 O

E N D  F I L E  K
Uses.  The WR ITE s ta tement  t ransmi ts  da ta  f  rom main
s torage to  a  dev ic t r ,  such as  a  p r in te r  o r  d isk .

BACKSPACE STATEMENT
Considerations/Rt:str ict ions: The END and ERR parameters

cannot  be  spec i f ie t l  in  the  WRITE s ta tement .  The genera i  fo rm o f  the  BACKSPACE s taLenr , : r i t  i : i :

BACKSPACE i
Examples:

where
W R I T E  ( 3 , 7 5 )  A , ( B ( 1 , 3 ) , 1 = 1 , 1 0 , 2 ) , C  i i s a n  u n s i g n e d  i n t e g e r c o n s t a n r o r  l l l T l r i L i : i ' . x , . , q ,  , ; , i u 1 o

tha t  i s  the  log ica l  un i t  number  c ; f  a  rn r r i l ra i i , :  ta i lg  q , t
The preced ing  fo rmat ted  wRITE s ta tement  wr i tes  da ta  sequent ia l  d isk  f i ie .
f r o m  t h e  v a r i a b l e s  A  a n d  C  a n d  a r r a y  e l e m e n t s  B ( 1 , 3 ) ,
B ( 3 , 3 ) ,  E l ( 5 , 3 ) ,  B ( 7 , 3 ) ,  a n d  B ( 9 , 3 )  o n t o  t h e  f i  l e  w n o s e
logical unit  number is 3 (a printer) according to the format Uses.. The BACKSPACE statent{: ,r lr  cradses a i ; :1p{ ; . , : .  ; i jL{r.r, : ,1
spec i f ied  by  the  FORMAT s ta tement  whose number  i s  75 .  t ia i  d isk  f i le  w i th  a  log ica l  u r r i t  ru r inber  c , f  i r , - , ; -e  l :11 i , . ; ; . rce , i

one rccor r l .
W R I l E  ( 4 ) A R R A Y

The preceding unformatted WR ITE staternent writes data Exantples:
f rom the  var iab le  ARRAY onto  the  f i le  whose log ica l  un i t
number  i s  4 .  l f  ARRAY is  an  ar ray  w i th  25  e lenren ts .  a l l
25  e lements  a re  wr i t ten .  S ince  the  record  is  un format ted ,  BACKSPA.CE K
no FORMAT s ta tement  number  i s  g iven ,  and none shou ld
be speci.f ied when the record is read back into storaqe.

W R I T E  ( 2 , . )  l , N ( l )

The preced ing  l i s t -d i rec ted  WR ITE s ta tement  wr i tes  the
data  f ro rn  the  var iab le  I  and the  ar ray  e lement  N( l )  on  the
un i t - record  c iev ice  whose loq ica l  un i t  number  i s  2 .

I n p J l / f J u r l J u t  : i t r i e i j , , r ! r , r :  r . . .



REWIND STATEMENT

The general  form of  the REWIND statement  is :

R E W I N D  i

where

i  is  an unsigned integer  constant  or  INTEGER*4 var iable
that  is  the logical  uni t  number of  a magnet ic  tape or
sequent ia l  d isk f i le .

Uses"' The REWIND statement causes a tape or sequential
d isk f i le  wi th a logical  uni t  number of  i  to  be rewound to
the beginning of  the f  i le .  The REWIND statement  a lso
closes the f  i le .

Considerations/Restrictions.' When a f ile is rewound, an-
other  REWIND request  to  that  f i le  is  ignored.

Examples:

R E W I N D  1 0
R E W I N D  K



Direct-Access I n put/Output Statements

The d i rec t -access  s ta te  ments  permi t  a  p rogrammer  to  read

ar rd  wr i te  records  randonr ly  f rom any  loca t ion  w i th in  a

f i le .  They  cont ras t  w i th  the  sequent ia l  inpu t /ou tpu t  s ta te -

ments ,  descr ibed prev ious ly ,  tha t  p rocess  records ,  one a f te r

the  o ther ,  f rom the  beg inn ing  o f  a  f i le  to  i t s  enc l .  Wi th

the  d i rec t -access  s ta tements ,  a  p rogrammer  can go  d i rec t l y

to  any  po in t  in  the  f i le ,  p rocess  a  recorc l .  and go  d i rec t l y

to  any  o ther  po in t  w i thout  hav ing  to  p r< . rcess  a l l  the

records irr between.

Thr : re  a re  four  d i rec t -access  input lou tpu t  s ta temel r ts :

R E A D ,  W R I T E ,  D E F I N E  F I L E .  a n d  F I N D .

The READ and WRI IE s ta tements  t rans fc . r  da ta  in to  o r

ou t  o f  ma in  s to rage.  These s ta tements  a l low the  user  to

spec i fy  the  loca t ion  w i th in  a  f i le  f rom wh ich  da ta  i s  to  be

read or  i r r to  wh ich  da ta  i s  to  be  wr i t ten .

The DEF INE F l  LE s ta temerr t  descr ibes  the  charac ter is t i cs

o f  the  f i l r - , (s )  to  be  used dur ing  a  d i rec t -access  opera t ron .

The F IND s ta te rnent  po in ts  to  the  nex t  reccrd  requ i red .

In  add i t ion  to  these four  s ta tements ,  the  FORMAT s ta te -

ment  (descr lbed prev ious ly )  spec i f  ies  the  fo rm in  wh ich  to

t ransmi t  da ta .  The d i rec t -access  READ and WRITE s ta te -

ments  anc l  the  F IND s ta tement  a re  the  on ly  input /ou tpu t

s ta tements  tha t  can  re fe r  to  a  log ica l  un i t  nunrber  de f ined

b y  a  D E F I N E  F I L E  s t a t e m e n t .

Each record  in  a  d i rec t -access  f i le  has  a  un ique record

number  assoc ia ted  w i th  i t .  The programmer  must  spec i fy

i n  t h e  R E A D ,  W R I T E ,  a n d  F I N D  s t a t e r n e n t s  r r o t  o n l y  t h e

log ica l  u r r i t  number ,  as  fo r  sequent ia l  inpr - i1 /ou tpu t

s ta tements ,  bu t  a lso  the  number  o f  the  record  to  be  read,

wr i t ten ,  o r  found.  Spec i fy ing  t l re  record  nunrber  permi ts

process i r rg  se lec ted  records  o f  the  f i le ,  ins tead o f  records  in

the i r  sequent ia l  o rder .

The number  o f  the  record  phys ica l l y  fo l low ing  the  one jus t

p rocessed is  made ava i lab le  to  the  program in  an  in teger

variable cal led the associated variable. Thus, i f  the

asr ;oc ia ted  var iab le  i s  used in  a  f ' l  EAD or  WRITE s ta tement

to  spec i fy  the  record  number ,  sequent ia l  p rocess ing  is

au tomat ica l l y  secured.  The assoc ia ted  var iab le  i s  spec i f iec l

i n  t h e  D E F I N E  F I L E  s t a t e m e n t ,  w h i c h  a l s o  g i v e s  t h e

number ,  s ize ,  and type o f  the  recorc js  in  the  d i rec t -access

f  i l e .

Fcrr a further discussion of direct-access f i les, see Direct '

Acces; Programming Considerations section of this
pub l ica t ron .

D E F I N E  F I L E  S T A T E M E N T

T h e  g e n e r a l  f o r m  o f  t h e  D E F I N E  F I L E  s t a t e m e n t  i s :

D E F I N E  F I L E  u 1  ( r 1  , s 1 , f l , v 1 ) , u 2 ( r 2 , s 1  , f 2 , u t \ ,  "  " . ,
u , ,  ( rn ,s r r , fn ,vn)

where

each u  is  an  uns igned in teger  cons tan t  tha t  i : ;  the  lcg ica l

un i t  number .

each r  i s  an  L tns igned in teger  ccns tar r t  t l i a i  s l  rec i l ies  l l t r l

number  o f  reccr rds  in  the  f i le  assoc ia ted  lv i th  r . i .  $vs t t 'n t , '3

does  no t  use  the  nurnber  o f  recorc . l s  { ie !d  ( r }  in  the

D E F I N E  F I L E  s t a t e r n e n t  a s  a  c h e c k  f o r  a c c r : " : ; i r r g

records  ou ts ide  the  ra r rge  o f  the  f i le .  1 - f i r :  ra r rc le  c r  s i ; . ' r ;

o f  the  f  i l e  i s  se t  by  the  F iLL :  $ ta tement  v ia  t l - te  t racks

or  recor r ' l s  parametsr .

each s  i s  an  unsrgned i r r teEer  cons tan l  t i ta i  spec i l tes  l .hu

max imum s ize  o f  each record  assoc ia teC vv ;1 i :  : i "  T l t t :

record  s ize  is  measured in  charac ters  {by tes i ,  s to f  aUe

locations (bytes), or storage r,rnits ir ,vr. ' r i - isl .  {A strrrrgt

un i t  i s  the  number  o f  s to ra1 . ;e  loc .a i io t rs  d iv i r : led  by '  fou i '

and  rounded to  the  nex t  l - r ighes t  in teger . l  l l , t :  r r i r ; th ' . ; rJ

used to measure the record size depenrls trLrrrn thc

specif icat ion for f .

each f specif ies that the f i le is to be reaiJ or rrrr i t tetr

e i ther  \ ^ / i th  o r  w i thout  fo rmat  cont ro l ; i  s3r ,  $u  or r . , :  o f

the  fo l low ing  le t te rs :

[ -  tc  indicate that  the f i le  is  to be.  tu, : r i  i " , t

e i t he r  w i t h  o r  w i t hou t  f o ima i :  i : o r l l r ' i i .  i , '  I

recorr j  s ize is  measurect  r i l  r i i . r r r  iLr i l r  c , i  " i ' : . i
(  by tes )  .

, i l  i r r i i i t i . . i : r !

E to  i no i ca te  t l - r a t  l i r e  J ' i l t :  l s  t ' - t  i : r :  r t j i r , . l  r ' r - ' , ' , ' i i :  l t : ;

wi th format contro l  {as speci f  inr t  by a i : ;J f i f ' / i l \ - i

s t a te rnen t ) ,  an i l  t l r a t  t h9  r r : co r c i  s i z :  i " ' : i , ' . ' ;  . i 1 ; i " . i  l l t

nu rnbe r  o f  cha rac iu ! " s  ( by r cs ) .

U  t o  i i l d i c f t t e  t ha t  t he  f i f e  i s  t c  i : e  t ' , : t r j  r j r  ! r / i r i t | |

w i t hou t  f o rn ra t  con t r c . l ,  l r i i t J  t ha i  l h ' '  \ e i  f l ! j i  ' , r ' , ,  , '

measu red  i r r  nun ibe r  o f  s t o rago  un i t ;  { " r r : i i  r . i :  i .  i  '

DEF INE  F ILE  s ta ten ren t  w i t h  i . - l  s i ' r c c , f  r  '  i  ' i " ' . ; r " ,  '

r eco rd  s i zc  i n  f ou r ' by te  v . ' , r r ds ; .  l i ; e  \ ' . i . i ' i j  i  : 1 ,  :  '  ,  r l : r

l e r r g th  shou ld  he  co r r s i r - i e  t e i t  wh i : t t  r i i ' t ' : '  t  '  ' r  : i " :  ' r

I  en  g th .



each v is an integer variable called an asociated variable.
At the conclusion of each read or write option. v is
set to a value that points to the record that immediately
follows the last record transmitted. At the conclusion
of a find operation, v is set to a value that points to the
record found. The value of the associated variable must
be set before the f irst read or write operation on the
f  i l e .

Uses.' The DEFINE FILE statement describes the character-
istics of one or more direct-access fi les. To use the direct-
access REHD, WRITE, and FIND statements in  a program.
the f i le  must  be descr ibed wi th a DEFINE FILE statement .
Each direct-access fi le must be described once, and only once,
in the main program.

Con sidera ti on s/ R estr i c ti on s :

1.  The DEFINE FILE statement  cannot  be used in a
subprogram.

2. The associated variable cannot appear in the l/O list
of  a READ or  WR ITE statement  for  a f  i le  wi th which
it is associated.

3. The value of the associated variable should be set
before the first read or write operation.

4. An associated variable passed to a subprogram as an
argument in a CALL statement rs nof automatically
updated when input/output operations are performed
in the subroutine. (The associated variable rs updated
i f  i t  is  passed to a subprogram v ia COMMON or
GLOBAI- ,  instead of  through the argument  l is t . )

Examples:

DEF rN E F I  LE 8(50,1 00,1,1 2) ,9(1 00.50,1,J3)

The preceding DEFINE FILE statement  descr ibes two
f i les,  referred to by logical  uni t  numbers 8 and 9.  The data
in the f i rs t  f i le  consists  of  50 records,  each wi th a maximum
length of 100 storage locations. The L specifies that the
data is to be transmitted either with or without format
control. l2 is the associated variable that points to the
next record.

The data in the second fi le consists of 100 records, each
with a maximum length of 50 storage locations. The L
specif ies that the data is to be transmitted either with or
without format control. J3 is the associated variable that
ooints to the next record.

l f  an E is  subst i tu ted for  each L in  the preceding DEFINE
FILE statement ,  a FORMAT statement  is  requi red arnd the
data is transmitted under format control.

lf the data is to be transmitted without format control.
the DEFINE FILE statement  can be wr i t ten as:

DEFTNE F t  LE  8 (50 .25 .U , r2 ) ,9 (100 .1  3 ,U ,J3 )

DI RECT.ACCESS READ STATEMENT

The general form of the direct-access READ statement is:

READ (u ' r , f  ,ERR=s)  l i s t

where

u is an unsigned integer constant or an integer variable

of length 4 that represents a logical unit number; u must

be followed by an apostrophe (').

r, the relative record number. is an integer expression

that represents the relative position of a record within

the fi le associated with u. The relative record number of

the first record of a direct'access fi le is 1 '

f is optional and, if given, specifies the statement number

of the FORMAT statement that describes the data being

read.

ERR=s is optional and s is the number of a statelnent in

the same program unit as the READ statement to which

control is given when a device error condition is

encountered during data transfer from device to storage.

list is an l/O list; it can contain variable names, array

elements, array names, or a form called an implierd DO.

The l/O list is optional if f is specified.

Uses.' The direct-access READ statement transfers {lata

from a direct-access device to main storage.



Co n si d erat io n s / R e str i c ti o tt s :

1 .  T h e  f i l e  b e i n g  r e a d  m u s t  b e  d e f i n e d  b y  a  D E F I N E

FIL .E s ta te rnent .

2 .  The l /O l i s t  must  no t  con ta in  the  assoc ia ted  var iab le

d e f i n e d  i n  t h e  D E F I N E  F I L E  s t a t e m e n t  f o r  f i l e  u .

3 .  The END= parameter  cannot  be  spec i f  ied  in  a  d i rec t -

access  READ s ta tement .

Example':

DEF I  N  E F  I  LE 8(500,  1  00 ,  L ,  I  D  1  ) ,9  (1  00 ,28 ,  L ,  I  D2)

D I M E N S I O N  M ( 1 0 )

1 0  F O R M A T  ( 5 t 2 0 )

e  R E A D .  ( 8 ' , 1 6 , 1 0 )  ( M ( K ) , K = 1 , 1 0 )

1 3  R E A D  ( 9 ' I D 2 + 5 )  A , B , C , D , E , F , G

l r r  the  preced ing  example ,  READ s ta tement  9  t ra r rsmi ts

data  f ro rn  the  f i le  assoc ia ted  w i th  log ica l  un i t  number  8 ,

under  cont ro l  o f  FORMAT s ta tement  
' l  0 ;  t ransmiss ion

beg ins  w i th  recorc j  16 .  T 'en  da ta  i tems o f  20  charac ters

each are ,  read as  spec i f ied  by  the  l /O l i s t  and FORMAT

sta tement  10 .  Two records  are  read to  sa t is fy  the  l /O l i s t ,

because each record ,  as  de f  ined  by  the  FORMAT s ta tement ,

conta ins  on ly  f  i ve  da ta  i tems (100 charac ters ) .  The

assoc ia ted  var iab le  lD1 is  se t  to  a  va lue  o f  18  a t  the  conc lu -

s ion  o f  the  opera t ion .

READ s ta tement  1  3  t ransmi ts  c la ta  f  ron t  the  f  i l e  assoc ia ted

wi th  log ica l  un i t  number  9 ,  w i thout  fo rmat  con l ro l ;

t ransmiss ion  beg ins  w i th  record  26 .  Data  is  read un t i l  the

l / O  l i s t  f o r  s t a t e m e n t ' l  3  i s  s a t i s f i e d  o r  u n t i l t h e  e n d  o f  t h e

record ,  wh ichever  occurs  f i rs t .  Becat tse  the  DEFINE FILE

sta tement  fo r  f  i l e  9  spec i l ied  the  record  length  as  28

s torage loca t ions ,  the  l /O l i s t  o f  s ta tement  i3  ca l l s  fo r  t f re

same arnount  o f  da ta  ( the  seven var iab les  are  type  rea l  and

each oc t ;up ies  four  s to rage loca t io r rs ) .  The assoc ia ted

var iab le  lD2 is  se t  to  a  va lue  o f  27  a t  the  conc lus ion  o f  the

opera t ion .  l f  the  va lue  o f  lD2 is  unchanged,  the  n* :x t

execut ion  o f  s ta tement  1  3  reads  record  32 .

The DEFINE F l [ -E  s ta tement  in  t i re  p rev ious  e :xample  can

a lso  be  wr i t ten  as :

D E  F r  N E  F  I  L . E  8 ( 5 0 0 , 1  0 0 , E , 1  D 1  i , 9 t 1  0 0 , ? . i J . l D 2 )

The FORMAT'  s ta temet r t  car t  a lso  cont ro i  the  po i r , l  i r t

wh ich  read ing  s ta r ts .  For  exarnp le ,  i f  s t l te i r ren t  I  [ J  i r r  t i re

e x a m p l c  i s

10 FORMAT l l /5t20\

records  16  and 17  are  sk ippeC,  rec t : rd  ! I  i s  re i :d ,  recor r ;s  19

and 20  are  sk ippec l ,  record  21  is  read.  a r rd  !D1 i ;  se t  l t . i . i

va f  L re  o f  22  a t the  conc lus io t - r  o f  l f re  F IF-AD o l ie td t i ' ' r ' i l r

s ta tement  9 .

DI R ECT.ACCESS WR ITF STAT EI\48 N'T

The genera l  fo rm o f  the  t l i t cc i 'a t ;cesr  . f fF i l - i  i :  ' ;  r .  r "  , ' i  i s

W R I T E  ( u ' r , f  )  l i s t

wnere

u is  an  uns ignec l  in teger  cor rs tan t  c , r  l [ JT t " " j  i : l l ' 4  var iab le

tha t  represents  a  log ica l  u t t i t  r tu r i r l re i ' ;  u  rnusr  bq  fo ; i l - rwr :d

by  an  apos t t r ' lPhc  { ' i .

r ,  the  re la t i ve  record  r rumber ,  i s  a t r  ;n  t i :g t r :  i : x r rc$ : l t : i i i

tha t  represents  the  re la t i ve  p l rs l t io l r  o r  J  t - { - r i : ' ) id  \ ; ' 1 ' r i l r l

the  f i le  assoc ia ted  w i t f r  u .

f  i s  op t iona l  and,  i {  q iven ,  spcr : l r ' i ' ' :  i i r t j  l i { , i i - : i v i i ' i ' j  r l i " r r i . i t : i '

o f  t h e  F O R M A T  s t a t e m e r i t  ! l r i i  r J i : i l l r - ' r ; i ' l '  i r ' ;  ' 1 , , :  r  i i i l l : ' ' l

wr i t ten .

l i s t  i s  an  l l t )  l i s t ;  i 1  ca r t  r - o r r t a r r '  i J t l !  l i l b l l  ' ! d  i ' i

e l eme t r t s ,  a r r . ay  t l a r l i c s , , l r  i )  t ( i i l r i  r . : ; r i i { r i i  ; i r  ' '

I t  i s  op t i o r - r a l  i f  f  i s  spuc i i , c t i

i t  I o  i i

. , , , "

U.sc ' s .  
. The t  

c i i r ec f ' acc ;ess  Wf " i l TL :  s t ; i l P l I t i . i r i  l i ' " r : ' 1 r : ' - '  ' i : l l : l

f rorn nrai r r  s torar le to a d i rect- i ; | i - l t l r f ;  i i i ' \ r t i  i

Cttti si deru t i a t; t,' ! i ;. :.!r r t ti t', t::.

1 .  l h *  f l l e  b i . : i r , !  l l i i t c n  r i i u s :  h t :  r j ; i i ' "

F !  l . -L i  s t .atr :n,r r ,  i  .

2 .  Tnu  f  / { )  l i s t  r r us t  r t ; - r t  i : un i a i t t  { l ; 3 ; r r l : . ' - : '  , ; '  .

r lef  i r red i r i  the i - )  t  F lN l :  ' r  I  i  i :  , ' " i : r ' i  . ,  . : '  ,

T he E F l  R= ; : ; - r t j  E i \ i I  j ' ' '  l r i l !  i i 1 . r i r .  \  { ; '  !  { : : ] l  r I

o n  a  d l r e c t - a c c e s s  V " J i l I T E  ' ; : i l l ' . : i n l I r ' .
J .

t t



Example: F IND STATEMENT

DEFINE F ILE  8 (500 ,100 ,L ,1D1) ,9 (100 ,28 ,L ,1D2)  The  qene ra t  f o rm  o f  t he  F tND s ta temen t  i s :
D I M E N S I O N  M ( 1 0 )

F I N D  ( u ' r )

'  wnere
lD2=:21

, in'.1TJ,i:'.';,i'[Tfl:l::T:lll:J)J::,i?,';Jffi:f
.  by  an  apos t rophe ( ,1 .

i 0  FoRMAT (5 t20)
I  W R I T E  ( 8 ' 1 6 , 1 0 )  ( M ( K ) , K = 1 , 1 0 )  r ,  t h e  r e l a t i v e  r e c o r d  n u m b e r ,  i s  a n  i n t e g e r  e x p r e s s i o n

tha t  represents  the  re la t i ve  pos i t ion  o f  a  record  v ' r i th in
'  the  f i le  assoc ia ted  w i th  u .

1 1  W R I r ;  ( 9 , I D 2 + 5 )  A , B , C , D , E , F , G

Uses:  The F IND s ta tement  updates  the  assoc ia ted  var iab le
In  the  preced ing  example ,  WRITE s ta tement  8  t ransmi ts  fo r  the  d i rec t -access  f i le  w i th  a  log ica l  un i t  number ,  u ,  to
data  in to  the  f i le  assoc ia ted  w i th  log ica l  un i t  number  8 ,  the  va lue  o f  the  re la t i ve  record  number ,  r .
under  cont ro l  o f  FORMAT s ta tement  10 ;  t ransmiss ion
beg ins  w i th  re r :o rd  16 .  Ten da ta  i tems o f  20  charac ters
each are writ ten as specif ied by the l /O l ist and FORMA.T Considerations/Restr ict ions:
s ta tement  10 .  Two records  are  wr i t ten  to  sa t is fy  the  l /O
l is t  becar , rse  each record  conta i rs  f i ve  da ta  i tems (100 1 .  No ac tua l  l /O opera t ions  are  per fo rmed.
charac ters ) .  The assoc ia ted  var iab le  lD ' l  i s  se t  to  a  va lue  o f
18  a t  the  conc lus ion  o f  the  opera t ion .  2 .  The f i le  re fe r red  to  in  the  F IND s ta tement  mqst  oe

d e f i n e d  b v  a  D E F I N E  F I L E  s t a t e m e n t .
WRITE s ta te rnent  1?  t ransmi ts  da ta  in to  the  f i le  assoc ia ted
wi th  log ica l  un i t  number  9 ,  w i thout  fo rmat  cont ro l ;
transrnission begins with record 26. The contents of 28 Example:
s to rage loca t iuns  are  wr i t ten  as  spec i f ied  by  the  l /O l i s t  fo r

s t a t e m e n t  1 1 .  T h e  a s s o c i a t e d  v a r i a b l e  l D 2  i s  s e t  t o  a  v a l u e  D E F I N E  F I L E  8 ( 1 0 0 0 , 8 0 , L , | V A R )
of  7 -7  a t  the  conc lus ion  o f  the  opera t ion .  Note  the  10  F IND (8 '50)

correspondence between the records described (28 storage
loca t ions  per  record)and the  number  o f  i tems ca l led  fo r  by

the  l /O l i s t  (7  var iab les ,  type  rea l ,  each occupy ing  four  15  READ (8 '50)  A ,B
s torage loca t ions) .

A f te r  the  F IND s ta tement  i s  executed ,  the  va lue  o f  IVAR

The DEFINE FILE s ta tement  in  the  example  can a lso  be  is  50 .  A f te r  the  READ s ta tement  i s  executed ,  the  v ,a lue  is

w r i t t e n  a s :  5 1 .

DE F I  N  E F  I  LE 8(500,  1  00 ,  E ,  I  D  1  ) ,9 (  1  00 ,7 ,U,  I  D2)

As w i th  the  FEAD s ta tement ,  a  FORMAT s ta tement  can

a lso  be  used to  cont ro l  the  po in t  a t  wh ich  wr i t ing  s ta r ts .

48



General Example-Direct-Access Operations

D E F I N E  F I  L E  8 ( 1 O O O , 1 2 , L ) D B I
D t M E N S t O N  A ( 1 0 0 ) , 8 ( 1  0 0 ) , c ( 1  0 0 ) , D ( 1 0 0 ) ,
E  ( 1 0 0 ) ,  F  ( 1 0 0 )

1 5  F O R M A T  ( 6 F 1 2 . 4 )
F t N D  ( 8 ' 1 )

D O  1 0 0  t = 1 , 1 0 0
1 0 0  R E A D  ( B ' t D 8 + 4 , 1 5 ) A ( t ) , 8 ( t ) , C i l ) , D ( t ) , E ( t ) , F ( t )

D O  2 0 0  t = 1 . 1 0 0
2 O O  W R  t T E  ( B ' t  D 8 + 4 , i  5 ) A (  |  ) , 8 (  |  ) , C ( t  ) , D  ( t  ) , E (  |  ) , F  (  |  )

E N D

T h e  g e n e r a l  e x a m p l e  i l l u s t r a t e s  t h e  a b i l i t y  o f  r l i r e c t  a r ; c e s s
s ta iements  to  ga ther  anr l  r l i sperse  da ta  in  an  or r le r  r l cs ig -
na ted  by  the  user .  The f i rs t  DO looJ , r  in  t f re  example  f  i l l s
a r rays  A th rouqh F  w i th  r la ta  f ronr  the  f i f th ,  t cn th ,  f i t t r : cn t l - r ,
. . . ,  a n d  f i v e  h u n c l r e r l t h  r e c o r d  a s s o c i a t e d  w i t l r  l o q i c a l  u n i t
n u m b e r  8 .  A r r a y  A  r r : c e i v e s  t h e  f i r s t  v a l u e  i n  e v e r y  f i i t h
record ,  B  the  seconc l  va luc  anrJ  so  on ,  a rs  s l t r : c i  i i c r r  oy
F O R M A T  s t a t e m e n t  1 5  a n c l  t l r c  l / C  l i s t  o f  t h r :  R E A D
sta tement .  A t  the  end o f  the  R EAD opef  a t ion ,  th r :  r r :cor r . l s
a r e  d i s p e r s e d  i n t o  a r r a y s  A  t h r o u g h  F .  A t  t h r :  c o n c i u s i o n  o t
t h e  f  i r s t  D O  l o o p ,  I D B  h a s  a  v a l u c  o f  5 0 1 .

The seconr i  DO loop in  the  r :xarnyr l r :  q rc . r r r [ ;5  t l  r :  r la ta  i t r :m:
f r o m  e a c h  a r r a y ,  a s  s p c c i f i c r J  i r y  t h c  i / O  l i s t  o 1  t h r :  W f l l l - E
s t a t e m e n t  a n d  F O R M A T  s t a t e m e n t  1 5 .  E a c h  q r o u J r  o f  d a t a
i tems is  p laced in  the  f i le  assr - rc i ; r te r l  w i th  loq ica l  unr t
n u m b e r  8 .  W r i t i n g  b c g i n s  a t  t h r :  t i v c  h u n d r r : r l  f i f  t l r  r r ; r ; o r r l
a n d  c o n t i n u e s  a t  i n t c r v a l s  o f  ' l  i v e ,  u n t i l  r e c o r d  ' !  

0 0 0  i s
w r i t t e n ,  i f  l D 8  i s  n o t  c h a n g e r i  b c t w r : r : n  t i r c  l ; r s t  R E A D  a r , r l
t h e  f i r s t  W R  l T E .

T h e  F I N D  s t a t e m e n t  i n i t i a l l y  s r : t s  I D B  t o  1 .





Chapter 7. Specif  icat ion Statements

The spec i f  i r :a t ion  s ta tements  a re  nonexecutab le  s ta tements  lMpL lc l r  S ta tement
tha t  p rov ide  the  compi le r  w i th  in fo rmat ion  about  the  na ture
o f  da ta  used in  the  sc>urce  program.  In  add i t ion ,  they  supp ly  The genera l  fo rm o f  the  IMPLICIT  s ta tement
the  in fo rmat ion  requ i red  to  a l loca te  loca t ions  in  s to rage fo r
t h i s  c f a t a .  l M p l l c l T t y p e r  * s r  ( a r  r  , a r  z ,  . .  . 1  , .  .  .  t v p e n * s 1  ( a n r .

a n z , . . . )
Spec i f i ca t ions  must  p recede s ta tement  func t ion  de f in i t ions ,
wh ich  must  p recede the  program par t  con ta i r - r ing  a t  leas t  where
one executab le  s ta tement .  The PROGRAM s ta tement ,  i f
p r e s e n t ,  m l l s t  p r e c e d e  a l l s t a t e m e n t s  i n  a  m a i n  p r o g r a m .  t y p e  i s  e i t h e r  I N T E G E R  o r  R E A L - .
The IMPLICIT  s ta tement ,  i f  p resent ,  must  p recede a l l  s ta te -
ments  in  a  ma in  p rogram except  the  PROGRAM s ta tement ,  each *s  i s  op t iona l  and represen is  one o f  t ! re  pern i i ss ib le
and a l l  s ta tements  in  a  subprogram except  the  FUNCTIOl l  leng th  spec i f i ca t ions  fo r  i t s  assoc ia ted  type .
or  SL. IB  ROUTI  N E s ta tement .

each a  is  a  s ing le  a lphabet ic  charar : te r  o r  a  range o f
c h a r a c t e r s  d r a w n  f r o m  t h e  s e t  A ,  B ,  .  .  .  , 2 , $ ,  i n  t h a t

TYPE STATEMENTS order .  The range is  denoted  by  th t :  f i r s t  i ;nd  las t  charac-
te rs  o f  the  range separa ted  by  a  minus  s ign  ( fo r  example ,

T h e r e  a r e  t w o  k i n d s  o f  t y p e  s t a t e m e n t s :  t h e  I M P L I C I T  ( A _ D ) ) .
spec i f i ca t ion  s ta tement ,  and the  exp l i c i t  spec i f i ca t ion  s ta te -
m e n t s ,  R E A L  a n d  I N T E G E R .

Uses;  Th is  s ta tement  spec i f ies  the  type  ( inc lud ing  length)
The lMPLlc l r  s ta tement  enab les  you to :  o f  a l l  var iab les ,  a r rays ,  and user -supp l iec l  func t ions  r r , rhose

names beg in  rv i th  a  par t i cu la r  le t te r .  The typ€s  tha t  a
o  Spec i fy  the  type  ( inc lud ing  length)  o f  a l l  var iab les ,  var iab le ,  a r ray ,  o r  f  unc t ion  can assurne,  a long w i th  t l - r *

a r rays ,  and r - tser -supp l ied  func t ions  whose names beg in  permiss ib le  length  spec i f i ca t ions ,  a re  as  fo l lo , " rys :
w i th  a  par t i cu la r  le t te r

Type Length Specif icat ion
The exp l i c i t  spec i f i ca t ion  s ta tements  enab le  Vou to :

I N T E G E R  2  o r  4  { s t a n d a r d  ! , : , ; : G t h  i s  4 )
.  S p e c i f y  t h e  t y p e  ( i n c l u d i n g  l e r r g t h )  o f  a  v a r i a b l e ,  a r r a y ,  R E A L  4  o r  g  ( s t a r r d a r c l  l e n q t h  i s  4 )

o r  u s e r - s u p p l i e d  f u n c t i o n  o f  a  p a r t i c u l a r  n a m e

l f  the  s tandard  length  is  des i red ,  the  *s  c ; rn  i re  o rn i t t r :o  l f
I  Spec i fy  the  d imens ions  o f  an  ar ray  the  op t iona l  l cng th  i s  des i red ,  the  *s  in1rs i  6e  r l c lu r j i : t j  i 1

t h e  l M P L l C l l -  s t a t e m e n t .
T h e  e x p l i c i t  s p e c i f i c a t i o n  s t a t e m e n t s  o v e r r i d e  t h e  I M P L I C I T
s ta tement ,  wh ich ,  in  tu rn ,  over r ides  the  predef ined conven-
t i o n  f o r  s p e c i f y i n g  t y p e .



Co n si dera t i o ns / R est r i ct i o ns :

1 .  l r r  a  r n a i n  p r o g r a m ,  i f  I M P L I C I T  i s  s p e c i { i e d ,  i t  m u s r
i m n r e r l i a t e l y  f o l l o w  t h c  P R O G R A M  s t a t c m e n t ,  o r  l t r :
t h e  f  i r s l  s t a l e n  r ) n t  i f  P R O G R A M  i s  n o t  s l ) c c i f  i t l d .

2 .  I n  a  s u b p r o g r a r n ,  i {  I M P L I C I T  i s  s p r : c i f  i e d ,  i t  m u s r

i r n r n e r l i a t e l y  { o l l o w  t h e  F U N C T I O N  o r  S U B R O U T I N E
s i  a t e m c n t .

3 .  T l re re  mn be or r l y  o r re  IMPLICIT  s ta temerr t  [ )e r  p ro-

ur  d , ;  |  ( - ) r  suDpr ( )g rarn .

4 .  T h e  l M P L l C l l  s t a t e m e n t  o v c r r i d t : s  t h c  l t r e d e f i n e d
convr :n l ron  f  o r  spcc i {y ing  ty1rc .

Exarnples:

I M P L I C I T  R E A L  ( A _ H . O - $ } , I N T E G E R ( I - N }

A l l  var iab les  bcg in r r i r rg  w i th  the  charac ters  I  th rough N are

dec la red  as  INTEGER.  Because no  length  spec i f  i ca t ion  is

e x p l i c i t l y  g i v e n  ( t h a t  i s ,  t h e  * s  w a s  o m i t t e d ) ,  f o u r  b y t e s ,
the  s tandard  length  fo r  INTEGER,  are  a l loca tcd  fo r  each
var iab le .

A l l  o ther  var iab les  ( t l rosc  beg inn ing  w i th  the  charac ters  A

through H anc l  O th rough Z  and $)  a re  dec la red  as  REAL
wi th  four  by tes  a l lo r ; ted  fo r  each.

Note  tha t  the  s ta temt - .n t  in  th is  example  de f  ines  the  type
for  var iab les  the  same as  the  predef ined convent ion .

I M P L I C I T  I N T E G E R . 2 ( A - H ) , R E A L - 8 ( l - K )

A l l  var iab les  beg inn ing  w i th  the  charac ters  A  th rough H are
dec la red  as  in teger  w i th  two by tes  a l loca ted  fo r  each.  A l l
var iab les  beg inn ing  w i th  the  charac ters  I  th rough K are
dec la red  as  rea l  w i th  e igh t  by tes  a l loca ted  fo r  each.

Because the  remain ing  le t te rs  o f  the  a lphabet ,  L  th rough Z
( a n d  $ ) ,  a r e  l e f t  u n d e f  i n e d  b y  t h e  I M P L I C I T  s t a t e m e n t ,  t h e
predef ined convent ion  remains  in  e f fec t .  Thus ,  the  var iab les
beg inn ing  w i th  the  le t te rs  L ,  M,  and N are  in teger ,  each w i th
a  s tandard  le r rg th  o f  four  by tes ,  and var iab les  beg inn ing  w i th
the  le t te rs  O th rough $  are  rea l ,  each w i th  a  s tandard  length

o f  four  by tes .

Exp l ic i t  Spec i f i ca t ion  Sta t r :ments  ( INTEGER and t IEAL)

The gcner i : l  fo r r r r  o {  t : xp l rc i t  sJ r r :c t { r r ;a1 ion  s ta temcnt ' ,  i5 :

t y l ) e  * s  a 1  ( k 1  ) , a ,  ( k .  ) ,  .  .  .  a , ,  ( k , , )

whcre

t y p e  r s  I N T E G E R  o r  R E A L .

*s  i s  op t iona l  a r r r l  rc l t rcs r : t t t s  o r tc  o f  the  1- le rmiss ib lc
l c r r g t h  s l r e c i t i c a t r o n 5  { o r  i t s  a s s o c i a t c d  l V t ) c .

a  i s  a  v a r i a b l r :  ,  a ( r a y ,  o r  i u t t c t i t . r t t  t t a m e .

k  i s  < - ,1 . r t io r ra l  and g iv r :s  d i rncns ion  in fo rmat ion  Ic t r  a r rays .

Each k  i s  composr :d  o f  one th rough th rec  uns ig r - .ed  in te -

ger  cons tan ts ,  seF)ara to( l  by  cornmas,  repr t :sen t i rg  the

m a x i m u m  v a l u e  o i  e a c i r  s u b s c r i J - l l  i n  t h ( r  a r r a y .

Uses . '  Th is  s ta tement  spec i f  ies  the  type  ( inc lud ing  length)

o f  a  v a r i a L r l e ,  a ( r a y ,  o t  u s e r ' s u p p l i e d  f  u n c t i o n  b y  i t s  n a m e ,

r a t h e r  t h a n  b ' /  i t s  i n i t i a l  c h a r a c t e r .  T h i s  d i f f e r s  f r o m  t h e

other  ways  o f  spec i fy ing  the  type  ( tha t  i s ,  p redef  i r red  con-

v e n t i o n  a n d  t h e  I M P L I C I T  s t a t e r n e n t ) .  I n  a d d i t i o n ,  t h e

i n f o r m a t i o n  n e c e s s a r y  t o  a l l o c a t e  s t o r a g e  f o r  a r r a y s  ( d i m e n -

s i o n  i n f o r m a t i o n )  c a n  b e  i n c l u d e d  w i t h i n  t h e  s t a t e m e n t .

Con si dera t io ns/ R estri cti ons ;

1 .  T h e  e x p l i c i t  s p e c i f  i c a t i o n  s t a t e m e n t s  o v e r r i d e  t h e

I M P L I C I T  s t a t e m e n t s  f o r  s p e c i f y i n g  t y p e .

2 .  E x p l i c i t  s p e c i f  i c a t i o n  s t a t e m e n t s  m u s t  f  o l l o \ ^ /  a n y

I M P L I C I T  s t a t e m e n t ,  a n d  m u s t  p r e c e d e  e x e r : u t a b l e

s t a t e m e n t s  i n  t h e  p r o g r a m .

Examples:

I N T E G E R * 2  I T E M , V A L U E

This  s ta tement  dec la res  tha t  the  var iab les ,  ITEM and

V A L U E ,  a r e  o f  t y p e  i n t e g e r ,  e a c h  w i t h  t w o  s t o r a g e  l o c a t i o n s

rese r ved .

R E A L * 8  B A K E R , H O L D , V A L U E , I T E M ( 5 , 5 )

T h i s  s t a t e m e n t  d e c l a r e s  t h a t  t h e  v a r i a b l e s ,  B A K E  R ,  H O L D ,

VALUE,  a r . rd  the  ar ray  named ITEM,  are  o f  type  rea l  w i th  a

l e n g t h  o f  8  b y t e s .  I n  a d d i t i o n ,  i t  d e c l a r e s  t h a t  t h e  a r r a y

n a m e d  I T E M  h a s  2 0 0  b y t e s  r e s e r v e d  ( 8  f o r  e a c h  e  e m e r r t  i n

the  ar ray) .  Note  tha t  when the  length  is  assoc ia ted  w i th

t h e  t y p c  ( f o r  e x a m p l e ,  R  E A L * 8 ) ,  t h e  l e n g t h  a p p l i e s  t o  e a c h

v a r i a b , l e  i r r  t h e  s t a t e m e n t .
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In  the  sarne  manner  in  wh ich  the  lMPLlc l r  s ta tement  over -  coMMoN STATEMENT
r ides  the  predef ined convent ion ,  the  exp l i c i t  spec i f i ca t ion
s ta temer l ts  over r ide  the  IMPLICIT  s ta tement  and prede-  The genera l  fo rm o f  the  COMMON s ta te r r ie i r t
f  i n e d  c o r r v e n t i o n .  l f  t h e  l e n g t h  s p e c i f  i c a t i o n  ( * s )  i s  o m i t t e d ,
t h e  s t a n d a f d  l e n g t h  p e r  t y p e  i s  a s s u m e d .  C O M M O N  a r  ( k r  ) , a z  ( k z ) ,  .  .  .  a n ( k n )

where
D I M E N S I O N  S T A T E M E N T

a  i s  a  v a r i a b l e  n a m e  o r  a r r a Y  n t l l n e  t h a t  i s  n o t  a  d u n ' r m y
T h e  g e n e r a l  f o r r n  o f  t h e  D I M E N S I O N  s t a t e m e n t  i s :  a r q u m e n r .

a  r s  a n  a r r a y  n a m e .

Uses.  The COMMON s ta tement  i s  used lo  sh ; , r r . .  r , t , ; ra r l t ' l :V
k  is  composed o f  one to  th ree  uns igned in teger  cons tan ts ,  two or  more  program un i ts ,  and to  spec i fy  th4  nant , - ,s  L ) i
separa ted  by  co tnmas,  represent ing  the  max imum va lue  var iab les  and ar rays  tha t  a re  to  ocCUpy fh is  a rea .  l i tL ) ra i l |
o f  each subscr io t  in  the  ar ray .  shar ing  can be  used fo r  tu , , ro  purposes :  t1 t  c l l l se r ' r3  s i i f r rSr r  ,

b y  a v o i d i i r g  m o r e  t h a n  o n e  a l l o c a t i . t n  o f  s t i , r a g e  i o ' v J i , d l r i L !

a r rd  a r rays  used by  severa l  p rograrn  t t r r i t s :a r id  1 .o  tnak t .
Uses :  Th is  s ta temont  p rov ides  in fo rmat ion  necessary  to  a rguments  ava i lab le  be tween a  ca l l inq  l l j  oqra f i t  anC: , i  s r , l . :
a l loca te  s to rage fo ,  a r rays  used in  the  source  program.  p rogram.  Arguments  passec l  in  a  contmon ; i rea  do  nn I

a p p e a r  i n  t h e  a r g u m e n t  l i s t s  o f  e i t h e r  t h c  c a l l r r r q  F r r o g i ' i { r  { ) i

subprogram.  Arguments  in  commorr  a r { )  suh i0c l  to  t l :e
Cons idera t ions /Rest r i c t ions . '  The DIMENSION s ta tement  same ru les  w i th  regard  to  type .  leng th ,  e tc . . , . j :  i r r i r i rns l l !
must  p recede executab le  s ta tements  and any  DATA s ta te -  passed in  an  argurnent  l i s t .  (These ru lcs ; ; r ' . . ,  r igscr iS i i ( .1  r i r  : i , , i
m e n t s  i n i t j a l i z i n g  a r r a y  a .  s e c t i o n  a b o u t  s u b p r o g r a m s . )

D I M E N S I O N  a r  ( k r  ) , a z  ( k u  ) ,  .  .  .  , a n ( k n )

where

Examples:

D r  M E N S T O N  A (  1  0 ) , A R  R A y ( 5 , 5 , 5 ) , L t S T (  1  0 , 1  0 0 )
D  I M  F N S I  O N  B  ( 2 5 , 2 5 ) , T A B L E ( 5 ,  1  0 , 1  5 )

The f  i r s t  s ta tement  de f  ines  th ree  ar rays ,  A ,  AR RAY,  and
LIST.  The ar ray ,  A ,  i s  a  s ing le  d imens ion  ar ray  cons is t ing

o f  t e n  e l e m e n t s .  T h e  a r r a y ,  A R  R A Y ,  i s  a  t h r e e - d i m e n s i o n a l

a r r a y ;  a n d  L I S T  i s  a  t w o - d i m e n s i o n a l  a r r a y .  T h e  s e c o n d
sta tement  de f ines  a  two-d imens iona l  a r ray ,  B .  and a  th ree-
d i  m e n s i o n a l  a r r a y .  T A B L E .

k  i s  op t iona l  and is  composcd o f  one t i t ro t . rgh  th ree  un-

s igned i i r teger  cons tan ts ,  separa tec l  by  co t r r rnas ,  tenru-

s e n t i n g  t h e  m a x i m u m  v a l u e  o f  e a c f i  s t r b s c r i l l t  i n  t t l e  n r r a y

Co ns i d era t i o ns / R estr i c t i o n s :

1 .  The re  i s  no  res t r i c t i t n  i i 5  l L ]  L i r 0  i r r - 1 i ' 1 i i i | i  o {  i l i c t l l ; : r i r r

un i t s  t ha t  can  l r ave  CC[4 i \ , 4 ( - ) l l  : : i l i i . ' r { i . r i i s ,  c { . ' , ' r . . i

t ha t  a  COMMON s ta te r r r en t  i t i  . r  s i r r q i r ;  i r : { r L {  , . r  : '  r , f  i  ,

se r ves  no  pL i r pose  o the r  i han  s l r i t - 1 l v  ( ) i . r i e r r r r { i  i i \ r ' l

a r r ange rnen t  o f  va r i ab lus  i n  co r t t n i l i ' , .  l :  , i r , . r . , i , i  : r ,  , " r

a l l y  h a v e  a t  l e a s i  o r i r )  c o r . l t t t e ; ' p e v l  i r i  r i r ) i ' r i . t ' .  r ! ' , - . , . " 1  !

u n i  t .

2 .  The re  ca r r  be  more  t han  r l r t t :  COf \ " ' i l \ ' ] i i ; \ l  ' . 1 . . 1  ' 1 ' r "  t r r  
" i

a  r j r og ram un i t .  on l y  o I ]O  c0 f t r l . l ] f , ' r l  s l a i  r l r l t  a , ,  i . ) . .  r '

a l l o c a t e d .  c o r r t a i n i r Y g  a i i  t h r : ' ; a r i a i ; l c s  : . t ' r i  , r l - i r 1 . ' ,  : :

t he  o rdc r  o f  t he i r  spec i f  i ca t i o r r .  A  t ' ; : t  ! i , l r ! l  ' r r  , 1 r  .  r

na rne  can r i o t  appea r  n l l t ' t l  t ha r t  ( i ! i i ' r r  r | r  , '  i , t - l i ' i : l i r ; l r . t '  j

s t a ten i c , l t ,  i t i  mo re  t h ; t ; r c , t i l  U ' J l , 4X r1 r i t ' . i  , ; i r  r . i 1  . . . .  r i

t he  same  p rog ram L r r r i t ,  c r  i n  l ; c t h  ; ' 1  i ' { . t " , ' i f ; i i . ; 1 ' . j  , ; ' r r

G L O B A I -  s t a i e r n e f r t .

3 p e r ; i 1 i r "  r l t . " i  i '



3.  Not  a l l  p rogrant  un i ts  need re fe r  to  a l l  o f  the  var iab les  Example  l :
and ar rays  in  common.  Thus ,  i r r  o rder  to  ma in ta i r r
cor rec t  pos i t io r r ing ,  so-ca l led  dumnty  var iab les  can be  Because the  en t r ies  in  a  conrmon area  share  s to rag€r  loca t ions ,
inser te t l  in to  t l re  COMMON s ta temer l t  l i s t .  These the  order  in  wh ich  they  are  en tered  is  s ign i f i can t  when the
dummy argumi . )n ts  a re  no t  re fe r red  to  anywhere  e lse  common area  is  used to  t ransmi t  a rguments .  Cons der  the
i n  t h e  p r r o g r a m  u n i t "  T h c i r  f u n c t i o n  i s  t o  a l l o w  y o u  f o l l o w i n g  e x a m p l e :
to  pos t t  on  va t  rab le  and ar ray  names tha t  o therw iSe
wou ld  be  in  the  wrong loca t ions  in  a  coMMoN Main  Program subprogram
staternent.

C O M M O N  A , B , C , R ( 1 O O )  S U B R O U T I N E  M A P M Y

R E A L  A , B , C  C O M M O N  X , Y , Z , S ( l O O )
t lxa tnp le :  INTEGER R REAL X.Y.Z

Main  program subprogram '  
'N l  EGER s

4.  Becausr :  the  main  program and subprograms have
access  to  comrnon s to rage loca t ions  v ia  the  COMMON
sta tement ,  they  have a  way o f  communica t ing  w i th  The s ta temerr t  COMMON A,B,C,R( l00)  in  the  main  pro-

each o ther .  Th is  means tha t  a  va lue  computed in  one gram reserves  412 s to rage loca t ions  ( four  loca t ion : ;  per

progran l  u r - r i t  and  p laced in  common s to rage can be  var iab le i  in  the  fo l low ing  order :

used by  another  p rogram un i t  in  much the  same man-
ner  as  i i  i t  werc  passed as  an  argument .  Th is  idea be-
comes c learer  when CALL s ta tements  and f  unc t ion
re ferences  are  i l i scussed,  la te r  in  t r r i s  par t  o f  the  pub l i -
cau  on .

5 .  The GLOBAL s ta tement  can be  used to  pass  add i t ion .
a l  var iab les  to  some subprograms tha t  a re  no t  needed
by o thr i r  subprograms.  (The G LOBAI_  s ta tement  i s
ful ly de'scribecl in the section lnterprogran Communi-
cation. I

C O M M O N  A , B , C , D  C O M M O N  D U M M Y l , B E T A ,
DUMMY3,DEL"TA

Examp le :

P R O G R A M  M A I N
GLOBAL A ,B ,C
COMMON X ,Y ,Z
C A L L  S U B l
CAT L  SUB2

S U B R O U T I N E  S U B l
GLOBAL A1 ,A2 ,A3

S U B R O U T I N E  S U 8 2
COfu IMON 81 ,82 ,83

SUB l  wou ld  sha re  w i th  MAIN  va r i ab les  A ,  B ,  and  C ,
whi le  SU82 would share X,  Y,  and Z.  In  th is  case,
i t  is  not  necessary to in t roduce dummy var iabr les in to
the cornmon block.

CALL  MAPMY

B e g i n n i n g  o f

Common Area

A

B

\-

R ( 1 )
R  ( 2 )

R ( 1 0 0

4 Storaqe Locations

The s ta tement  COMMON X,Y ,  Z ,  S(100)  in  the  s r . rbprogram

t h e n  c a u s e s t h e  v a r i a b l e s  X , Y , Z ,  a n d  S ( 1 ) , . . . , S ( 1 0 0 }  t o

s h a r e  t h e  s a m e  s t o r a g e  s p a c e  a s  A .  B ,  C .  a n d  R ( 1 1 ,  .  .  .  ,
R ( 1 0 0 ) .
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Exantplt: 2:

Assume a  comrnon area  rs  r l c f ined  in  a  ma in  p rograrn  ano tn
th ree  subprogfaml ,  as  fc t l lows:

Main  Program COMIVIONA , B , C  ( A  a n d  B  a r c  B  s t o r -
age loca t ions ;  C is  4  s to rage
l  oca t  r  ons .  )
D , E , F  ( D  a n d  E  a r e  8  s r o r -
age loca t ions ;  F  i s  4  s to ragr l
l o c a t i o n s . )
O,R,S,T ,U (4  s to rage
loca t ions  each. )

V  ,W,X,Y ,Z  (4  s to rage
l o c a t i o n s  e a c h . )

Subprogranr  i COMMON

- l -he  
cor resp t . r r rd r r rce  o f  these var iab les  w i th in  common can

b c  i l l u s t r a t e d  a s  j u l l o w s :

S u b p r o g r a m  2 :  C O M M O N

Subprogram 3  COMMON

Main  Program

C O M M O N  A , i ] , C

++

Subprogram 1

C O M M O N  D , E , F

Subprogram 2

C O M M O N  O , R , S , T , U

Subprogranr  3

C O M M O N  V , W , X , Y

4 Storage L .oca t io r rs

,-

4 Storage Loc

-

.<+

r l t o n s 4 Storage Locat ions 4 Storage l -oca t ions

l - f re  rna in  p rogra  r t  can  t ransrn i t  va lues  fo r  A ,  B ,  and C to
s u b p r o g r a r n ' l  ,  p r o v i d e d  t h a t  C  i s  o f  t h e  s a m e  t y p e  a s  F .
f lowever ,  the  m; i  n  p rogram and subprogram 1  cannot .  by
a s s i g n i n g  v a l u e s  t o  t h e  v a r i a b l e s  A  a n d  B ,  o r  D  a n d  E ,  t r a n s -
m i t  v a l u e s  t o  t h e  / a r i a b l e s  O ,  R ,  S ,  a n d  T  i n  s u b p r o g r a m  2 ,
or  V ,  W,  X ,  a r rd  Y  i r )  subprogram 3 ,  because the  lengths  o f
t h e i r  c o m m o n  v a r i a b l e s  d i f f e r .  L i k e w i s e ,  s u b p r o g r a m s  2
a n d  3  c a n n o t  t r a n s m i t  v a l u e s  t o  v a r i a b l e s  A  a n d  B .  o r  D
a n d  E .

Va lues  can be  t ransmi t ted  be tween var iab lcs  C,  F ,  U,  and
Z,assuming tha t  each is  o f  the  same type.  Wi  th  the  same
assumpt ion ,  va lues  can be  t ransmi t ted  be tween Q ar rd  V ,
R ar rd  W,  S  and X,  and T  and Y.  Note ,  however ,  tha t
ass ignment  o f  va lues  to  A  or  D des t roys  any  va lues  ass igned
t o  O ,  R ,  V ,  a n d  W ,  ( a n d  v i c e  v e r s a ) a n d  t h a t  a s s i g n m e n t  t o
B and E des t roys  the  va lues  o f  S ,  T ,  X ,  and Y (and v rce
versa ) .

o

R

S

I
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EOUIVALENCE STATEMENT

The  gene ra l  f o rm  o l  t he  EQUIVALENCE s ta temcn l  i s :

E O U I V A L E : N C E  ( a r  r  , d r : , i 1  r  r
.  .  . ) ,  .  .  .

wl ie re

. ) , ( a 2  L a 2 . , a 1 i ,

a is  a  var ia i r le  o r  a r ray  e lement "  a  cannot  be  a  ournmy
argumerr t  T 'h t_ .  s i r t rsu  iy t ts  o f  a r ray  e le rnents  can have
e i ther  l f  lV , ro  fOrms:

i t  t h e  a r r a y  e l e m e n t  l r a s  a  s i n g l e  s u b s c r i p t ,  t h e  s u b -
scr ip t  re fe rs  to  the  l inear  pos i t ion  o f  the  e lement  in
t h e  a r r a y  ( t h a t  i s ,  i t s  p o s i t i o n  r e l a t i v e  t o  t h e  f i r s t  e l e ,
rnent  in  the  ar ray :  th i i -d  e le rner r t ,  seventeenth  e lement .
t w o  h u r i d r e d  { i f t y " n i n t h  e l e m e n t ) .

I t  the  ar ray  e lement  has  morc  than one subscr ip t  (w i th
the  nurnber  o f  subscr ip ts  equa l  to  t i re  number  o f
d imer rs rc lns  o f  the  ar ray) ,  thc .  subscr ip t  re fe rs  to  pos i_
t ron  in  1 .he  same manner  as  in  an  ar i thmet ic  s ta ten ten t
( tha t  i s ,  i t s  pos i t ion  re la t i ve  to  the  f i rs t  e lement  o f
each d i r r rens ion  o f  the  a ; .ay) .  In  e i ther  case,  the  sub_
scr ip ts  themse ives  must  be  unsrgned i r r teger  cons tan ts .

Uses . '  The EOUIVA, - I t {CE s ta tement  p rov ides  the  op t ion
for  cont ro l l inq  the  a l loca t ion  o f  da ta  s to rage w i th in  a
s ing le  p rogranr  un i t .  In  par t i cu la r ,  when the  log ic  o f  the
progranr  per rn i l s  i t ,  the  number  o f  s to rage loca t ions  used
can be reducetl  by causir ig locatiorrs to be sl-rared by two
o r  m o r e  v a r i a b l e s  ( o f  t h e  s a m e  o r  d i f  f e r e n t  t y p e s ) .  E q u i v a l -
e r rce  bc tweer r  var iab les  imp l ies  s to rage shar ing .

Co nsitle ra t i on s / R est r i ct i o ns ;

1 " a canno l  be  a  dumnry  argurnent .

A l l  the  e lements  w i th in  a  s ing le  se t  o f  paren theses

share  the  same s to rage loca t ions .  The order  o f  appear -
ance o f  r rames w i th in  an  equ iva lence group is  im-
rnatei lal .

Mathernat ica l  equrva lence o{  var iab les  or  a r ray  e le -
n" len ts  ts  imp l ied  on ly  n ,hen they  are  o f  the  sarne
type,  when they  share  exac t ly  the  same s to rage,  and
when ther  va lue  ass igned to  thc  s to rage is  o f  tha t  type .

Br - ' cause , l r rays  are  s to red  in  a  p redetermined oroer  as
d iscussed prev io t rs ly ,  equ iva lenc ing  two e lements  o f
two d i f fe r re r r t  a r rays  w i l i  imp l ic i t l y  equ iva lence o ther
e lements  o f  t l re  two a l ra l ,s .  (The one except ion  is
when t l re :  f i r s t  e lement  o f  an  ar ray  is  equ iva lenced to

t h e  l a s t  c l c r r r e r r t  o f  a n o l h e r  d f r e y . l  
- l - h e  

E O L J I V A L .
ENC[ i  s ta tc rncr t t  n - ! r l s t  r ro t  c . l i i l r l r l i c t  i t se l f  c r r  anV
prev iou : ; l y  cs tab l i sheC eq i r i v i r i t :nces .

5 .  T f r : '  EOUIVAi . .ENCE s ta te rnent  i s  the  or . . i y : ta te r ren t
in  wf r rch  a  s ing le  su l rsc r ip t  can  be  used to  re je r  to  an
e i e m e n t  ( o r  e l e r r l D r i t s )  i r r  a  r n u l t i d i r n e n s ! o r r a !  ; r  r a V .

6 .  V a r i a b l e s  t h a t  a p p e a r  i n  C C I M M O N  o r  G L O F T A I
s ta tements  cannot  bc  rnade equ iva len t  io  ea<;h  o ther .
l - lowever ,  a  var ia f r le  car r  be  made e 'q , r i va len t  r t_ r  a
var iab ie  in  commorr  . . t i -  g loba l .  l f  the  var iab l r )  t l - ra t  i s
ecLr i la lenced tc ;  a  var iab l t : ,  in  cor lmon or  g lo  oa l  i s  an
e l e r n e n t  o f  a n  a r r a y ,  t t l e  i m p l i c i t  e q u i v a l e n c i r r g  o f  t h e
res t  o f  the  e lements  o t  the  ar ray  can ex tend the  s ize
o f  cornnrcn  or  g loba l  as  shown in  the  fo l low ng
exarnp les .  The s ize  o f  common or  g loba l  cannot  be
ex tended so  tha t  e lc rne l t ts  a re  added be fore  the  beg in-
n i r rg  o f  the  es ta t r l i she  d  commc. ,n  o r  g loba l  a rea .

Example ,1 :

A s s u m e  t h a t  i n  t h e  i n i t i a l  p a r t  o f  a  p r o g l - a m ,  a n  a r r a y ,  C ,
o f  s i z c ' l  0 x i 0  i s  r r e e d e d ,  i n  t h e  f i n a l  s t a g e s  o f  t h e  p r o g r a m ,

C is  no  longer r  uscr i ,  i tu t  a r rays  A and B o f  s izes  5x l j  and
10,  respec t ive ly ,  a re  used.  l - l re  e le rnents  o f  a l l  th ree  ar rays
are  o f  the  type  REAL"4 .  S torage space can then Lre  saved
b y  u s i n g  t h e  s t a l u m e n t s

D t M E N S t O N  C ( 1  0 , 1  0 ) , A { 5 , 5 } , 8 (  1  0 )
E O U T V A L E N C E  ( C ( 1  l , A ( 1  ) ) , ( C ( 2 6 ) . 8 ( 1  ) )

The ar ray  A,  wh ich  has  25  e lenren ts ,  can  occupy  t t re  same
storage as  the  f ; rs t  25  e lements  o f  a ( (ay  C because the
ar rays  are  no t  bo th  needed a t  the  same t ime.  S imi la r ly ,  the
ar raV B can share  s to raUe w i th  e lements  26  to  35  o f  a r ray

Example 2:

D T M E N S T O N  B ( 5 ) , C ( 1 0 , 1 0 i , D ( 5 , 1 0 , 1 5 )

E O U I  V A L E N C E  ( A . B (  I  I , C ( 5 , 3 ) ) , ( D  ( 5 , 1 O , 2 1 , E |

T h i s  E O U I V A L E N C E  s t a t e m e n t  s p e c i f i e s  t h a t  t h e  v a r i a b l e s
A,  B(1) ,  and C(5 ,3)  a re  ass igneC the  san le  s to rage l r>ca t ions

a n d  t h a t  v a r i a b l e s  D ( 5 , 1 0 , 2 )  a n d  E  a r e  a s s i g n e d  t h e  s a m e
storage loca t ions .  l t  a lso  in rp l ies  tha t  the  ar ray  e le tnents

B(2)  and C(6 ,3) ,  e tc , ,  a re  ass igned the  same s to rage loca t ions .
Note  tha t  f  u r ther  equ iva lence spec i f  i ca t ion  o f  B(2)  w i th
a n y  e l e m e n t  o {  a r r a y  C  o t h e r  t h a n  C ( 6 , 3 )  i s  i n v a l i d .

2 .

4 .
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Example 3. OTHER SPECI  F ICAT ION STATEMENTS

COMMON A,B,C There  are  four  o ther  spec i f i ca t ion  s ta tements :  EXTERNAI ' - ,

D I M E N S I O N  D ( 3 }  G E N E R I C ,  P R O G R A M ,  a n d  G L O B A L .  E ) ( T E R N A L  a n d

E O U I V A L E N C E  ( B , D ( l ) )  G E N E R I C  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  c h a p t e r ,  w h i c h

d e a l s  w i t h  s u b p r o g r a m s .  P R O G R A M  a n d  G L O B A I -  a r e

This establ ishes a common area containing the variables A, discussed in the chapter lnterprogram Communication.

B ,  a n d  C .  T h e  E O U I V A L E N C E  s t a t e m e n t  w o u l d  t h e n

c a u s e  t h e  v a r i a b l e  D ( 1 )  t o  s h a r e  t h e  s a m e  s t o r a g e  l o c a t i o n  D A T A  l N l T l A L l z A T l o N  S T A T E M E N T

as B,  D(2)  to  share  the  same s to rage loca t ion  as  C,  and

D(3)  l vou ld  ex tend the  s ize  o f  the  common area ,  in  the  The genera l  fo rm o f  the  DATA s ta te rnent  i s :

f o l l o w i n g  m a n n e r :
D A T A  k r  l i 1 " d 1  / , k 2 l i z * d - i , .  . . , k , , / r , , " d n i '

A  ( lowest  loca t ion  o f  the  common area)

B , D ( i  )  
w n e r e

c , D ( 2 )
D ( 3 )  ( h i g h e s t  l o c a t i o n  o f  t l r e  c o m m o n  a r e a )  k  i s  a  l r s t  c o n t a i n i n g  v a r i a b l e s ,  a r r a y  e l e n r e n t s  ( i n  w h i c h

case,  the  subscr ip t  quant i t ies  Inus t  be  L l Is ig t led  in teget

T h e  t o l l o w i n g  E O U I V A L E N C E  s t a t e m e n t  i s  i n v a l i d :  c o n s t a n t s ) .  o r  a r r a y  n a m e s '

G L . O B A L  A , B , C  d  i s  a  l i s t  o f  c o n s t a n t s  ( i n t e g e r ,  r e a l ,  h e x a c l g c i m a l ,  o r

D | I \ 4 E N S I O N  D ( 3 )  l i t e r a l ) '

E O U I V A L E N C E  ( B , D ( 3 ) }
i '  i s  o p t i o n a l  a n d  i s  a n  u r r s r g n e r l  i l t e q e r  { i o r s t a n t  a [ ) p e a r -

because i t  wou ld  fo rce  D(1)  to  p recede A,  as  fo l lows.  ing  be fore  d ,  ind ica t i r rg  tha t  d  i s  to  be  sp :ocr f i cd  i  t i r res .

D ( 1 )  U s e s ;  T h i s  s t a t e r n e n t  d e f  i n e s  i r t i t i a l  v a l u e s  o f  v a r i a b l e s .

A,D(2)  ( lowest  loca t ion  o f  the  common area)  a r ray  e le tne t r ts '  o r  a r rays '

B , D ( 3 )

C (h ighes t  loca t ion  o f  the  common area)

Example 4:

A  r e a l  v a r i a b l e  ( R  E A L - 8 )  i s  e q u i v a l e n c e d  t o  s e v e r a l  e l e -

m e n t s  i n  a n  i n t e g e r  ( I N T E G E R - 2 )  a r r a y .  T h i s  c a n  b e  d o n e

to  adc l ress  two by tes  o f  an  e igh t -by te  f  ie ld .  The s to rage

space can be  shared by  us ing  the  fo l low ing  s ta tements :

R E A L - 8  D

T N T E G E R - 2  r ( 4 )

E O U I V A L E N C E  ( D , I ( 1 ) )

The f r :u r  e lements  o f  a r ray  I  share  s to rage w i th  var iab le  D

as fo l lows:

Sign

t ( 1 ) t ( 2 1 r ( 3 ) r ( 4 )



2 .

Con si dera ti o n s / R estri c ti o ns :

1. There must be a one-to-one correspondence between
d a t a  e l e m e n t s  ( k )  a n d  i n i t i a l i z i n g  c o n s t a n t s  ( d ) .
However ,  th is  cor respondence can be  v io la ted  when
in i t ia l i z ing  ar rays  w i th  l i te ra l  da ta .  An ar ray  e lement
can be  in i t ia l i zed  by  subscr ip t ing  the  ar ray  name.
Only  one e lement  i s  in i t ia l i zed  th is  way.  l f  any  excess
cnaracters are specif ied, they are truncated and not
p laced in to  the  nex t  e lement .  l f  there  are  no t  enough
charac ters  spec i f  ied ,  the  e lement  i s  padded on  the
r igh t  w i th  b lanks .

Severa l  consecut ive  e lements  o f  an  ar ray  can be
i r r i t ia l i zed  w i th  a  s ing le  l i te ra l  cons tan t  by  spec i fy ing
the  ar ray  nanre  w i thout  a  subscr ip t .  Data  sp i l l  (over -
f low data  f rom one e lement  to  the  nex t )  occurs
th rough as  many e lements  as  necessary  to  inser t  the
cons tan t .  l f  the  las t  e lement  in i t ia l i zed  is  on ly
par t ia l lV  f  i l l ed ,  i t  i s  padded on  the  r igh t  w i th  b lanks .
(Any  subsequent  a r ray  e lements  a re  no t  in i t ia l i zed . )
Truncat ion  occurs  i f  the  cons tan t  exceeds the  l im i t
o f  the  ar ray .

For  rea l  and in teger  types ,  each cons tan t  must  agree
ln  type  wr th  the  var iab le  o i  a r ray  e lement  i t  i s
i n  i t i a l i z i r r g .

A  var iab le ,  a r ray  e lcment ,  o r  a r ray  tha t  i s  in  a
common or  g lo l l " i  a rea  cannot  be  in i t ia l i zed  w i tn  a
DATA s ta tement .

Dummy arguments  cannot  appear  in  l i s t  k .

The DAT.A s ta tement  must  p recede any  s ta tement
t h a t  u s e s  t h e  i n i t i a l i z e d  v a r i a b l e ,  a n d  m u s t  f o l l o w
any spec i f  i ca t ion  s ta tement  descr ib ing  the  var iab le .

Examples:

D I M E N S I O N  D ( 5 , 1 0 )
DATA A,B,C 15.0 ,6 .1  ,1  .3 /  ,D ,E/25"1  .O,25*2 .e .5 .1  I

The DATA s ta tement  ind ica tes  tha t  the  var iab les  A.  B .  and
C  a r e  t o  b e  i n i t i a l i z e d  t o  t h e  v a l u e s  5 . 0 ,  6 . 1 .  a n d  7 . 3
respec t ive ly .  In  add i t i cn ,  the  s ta tement  spec i f ies  tha t  the
f i rs t  25  e lements  o f  the  ar ray  D are  to  be  in i t ia l i zed  to  the
va lue  1 .0 ,  the  re r ra in ing  25  e lements  o f  D to  the  va lue  2 .0 .
a n d  t h e  v a r i a b l e  E  t o  t h e  v a l u e  5 . 1 .

D I M E N S I O N  A ( 5 } ,  B ( 3 , 3 )
DATA A/5*  1  .O / ,  B  19  *2 .O / ,C / ,  FOU R, / ,STR I  N G/ZOF/

The DATA s ta tement  spec i f ies  tha t  a l l  the  e lements  in  the
ar rays  A and B are  to  be  in i t ia l i zed  to  the  va lues  1 .Ct  and
2.0 ,  respec t ive ly .  In  add i t ion ,  the  var iab le  C is  in i t ia l i zed
wi th  the  l i te ra l  da ta  cons tan t  FOUR,  and the  var iab le
S T R I N G  i s  i n i t i a l i z e d  w i t h  t h e  h e x a d e c i m a l  d a t a  0 F .

D t M E N S t O N  A (  1 0 ) . 8 ( 9 ) , C ( 2 )
D A T A  A (  1  ) . A ( 2 ) , A ( 4 ) , A ( 5 ) / ' A B C D " ' O R S T U V W "
'123" '6666' t

DATA B/ 'ABCD E FGH IJK LMNOPORST IJV\AI  XYZ'  I
DATA C/ 'ABCDE FG H IJ  KL' / ,X/ 'M NOP' /

Through the DATA statements above, storage woul<J be
in i t i a l  i zed  as  f o l l ows :

A (1 )  con ta ins  ABCD.

A(2 )  con ta ins  ORST.

A(3)  is  not  in i t ia l ized (spi l l  does not  occur  for  a
subscr ipted array name).

A (4 )  con ta ins  1236 .

A(5)  conta ins 6666.

A (6 )  t h rough  A (10 )  a re  no t  i n i t i a l i zed .

B (1 )  con ta ins  ABCD.

B(2 )  con ta ins  EFGH.

B(3 )  con ta ins  I JK  L

B(4)  conta ins MNOP.

B(5 )  con ta ins  ORST.

B(6 )  con ta ins  UVWX.

B(7 )  con ta ins  Y266 .

B (8 )  i s  no t  i n i t i a l i zed .

B (9 )  i s  no t  i n i t i a l i zed .

C(1 )  con ta ins  ABCD.

C(2)  conta ins EFGH. (The remainder of  the constant
is  t runcated.)

X conta ins MNOP.

4 .
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Chapter 8. Subprograms

I t  is sometimes necessary to write a program which, at Type Declarat ion of FUNCTIAN SLtbprograms. \ 'he

var ious  po in ts ,  requ i res the  same computa t ion  to  be  per -  dec la ra t ion  can be  made by  the  predef ined convent ion ,  by

fo rmed w i th  d i f fe ren t  da ta  fo r  each ca lcu la t ion .  l t  wou ld  the  IMPLICIT  s ta tement ,  by  an  exp l i c i t  spec i f i ca t ion  in  the

s imp l i f y  the  wr i t ing  o f  tha t  p rogram i f  the  s ta tements  FUNCTION s ta tement ,  o r  by  an  exp l i c i t  spec i f i r :a t ion

requ i red  tc ,  per fo rm the  des i red  computa t ion  cou ld  be  s ta tement  w i th in  the  func t ion  subprogram.  No lc ' tha t  i {

wr i t l ,en  on ly  o r rce  an< j  then re fe r red  to  f ree ly ,  w i th  each the  predef i r red  cor rvent ion  is  no t  used,  the  fu r rc l io t r  must

subsequen l  re fe rence hav ing  the  same e f fec t  as  though spec i fy  the  type  bo th  in  the  func t ion  subprograrn  and in

these ins t ruc t ions  were  wr i t ten  a t  the  po in t  in  the  program each program un i t  tha t  re fe rs  to  t l re  func t ion .

where  the  re fe rence was made.

No type is  assoc ia ted  w i th  a  subrout ine  narne bercause the

For  example ,  to  take  the  cube roo t  o f  a  number ,  a  p roqram types  o f  resu l ts  tha t  a re  re tL r rned to  the  ca l l ing  program

must  be  wr i t ten  w i t l ' r  th is  ob iec t  in  minc l .  l f  a  r lenera l  a re  dependent  on ly  on  the  types  o f  thc  var iab le  names

program were  wr i t ten  to  take  the  cube roo t  o f  any  number ,  appear ing  in  the  argument  l i s t  o f  the  ca l l ing  pro3ram and

i t  wou ld  be  des i rab le  to  be  ab le  to  combi r re  tha t  p rogram the  imp l ic i t  a rguments  in  common or  g loba l .

(o r  subprogram)  w i th  o ther  p rograms where  cube roo t

ca lc r , r la t ions  are  requ i red .
S T A T E M E N T  F U N C T I O N S

The FORI 'RAN language prov ides  fo r  the  above s i tua t ion

through the  use  o f  s r ' lbprogranrs .  There  are  two c iasses  o f  A  func t ion  is  a  s ta tement  o f  the  re la t io t l sh ip  be tween a

subprograrns :  FUNCTION subprograms and subror , r t ine  number  o f  var iab les .  To  use  a  func t to t t  in  FORf  RAN,  i t  i s

subprograrns .  In  add i t ion ,  there  is  a  g roup o f  FORTRAN-  necessary  to :

supp l ied  subprograrns .  Func t ion  subprograms re tu rn  a t

leas t  one va lue  to  the  ca l l ing  program,  whereas  subrout ine  1 .  Def ine  the  func t ion  ( tha t  i s ,  spec i fy  r ' v f r i c l r  ca lcu la -

subprograms need no t  re tu rn  any .  In  add i t ion ,  the  method t ions  to  per fo rm)

o f  r r : fe r r inq  to  the  two k inds  o f  subprograms is  d i f fe ren t .
2 .  Refer  to  the  func t ion  by  r rame wt te r t  yuu  wa l l t  to

A s r , rbprogram must  never  re fe r  to  i t se l f  d i rec t l y  o r  use  i t  in  the  program

inr i  i rec t l v .

S ta tement  func t ions  are  a lso  d iscussed in  th is  sec t ion  Func t ion  Def in i t ion

because th r . .y  a re  s in r i la r  to  func t ion  subprograms.  The

d i f fe rence is  tha t  subproErams are  no t  in  the  same program There  are  th ree  s teps  in  the  r le f in i t i c , 'o f  ; :  i r tnc t i r , r r  i r i

un i l  as  the  program un i t  re fe r r ing  to  them,  whereas  s ta te -  FORTRAN:

ment  func t ion  de f in i t ions  and re fe rences  are  in  the  same

program L ln t r .  1 .  The t r r r i c t ion  mt ts t  i l s  ass i l ln t : r i  ; r  l i i r l l r c  l - ry  t1 r i1 i . ; : ;  ; r

can be cal lerj

Naming Subprograms 2 "  The  du rn rny  a rgumen ts  o f  " . i l e  f i l n c t i o l ' l  l ! r r i i 1  L ro  t I : r t o r  j

A subprogram names cons is ts  o f  f rom one th rough s ix  3 .  1 - l re  p rocedure  fo r  eva l r :a t i t r '3  the  i i : r l r . : t i c1 .1  1 :111 i ;  b i ;

a l r rhamer ic  charac ters ,  the  f i rs t  o f  wh ich  t i tus t  be  a lphabet ic  s la tecJ

but  no t  a  $ .  A  subprogram name cannot  conta in  spec ia l

charac ters .  The type o f  a  func t ion  de termines  the  type  o f  l tems 2  anc i  3  a re  d iscussed in  c le ia i i  i t i  th r : '  : c i : r "  i ; r : i  ( l  ' ; i l i ' r : .1

the  resu l t  tha t  can  be  re tu rned f rom i t .  w i th  the  s r . rec i f i c  subpro l l tan i l , ,  s t i i te r i ; , . l i l r ,  i ! , i : r i , r ( l r l i  ; r ' i j

F  UNCTI  ON subprograrns .

Type Declaration of a Statement Function: The declaration

can be  acr :ompl ished in  one o f  th ree  ways :  by  the  prede-

f ined conr ,en t ion ,  by  the  IMPLICIT  s ta tement ,  o r  by  the

expr l i c i t  spec i f i ca t ion  s ta tements .  Thus ,  the  ru les  fo r

dec la r ing  the  type  o f  var iab les  app ly  to  s ta tement  func t ions .



Function Reference Co n si d erat i on s /R estr icti on s :

When the  name o f  a  func t ion ,  fo l lowed by  a  l i s t  o f  i t s  1 .  Dummy arguments  can appear  on ly  once in  the  l i s t

a rgurnents ,  appears  in  any  FORTRAN express ion ,  i t  re fe rs  o f  a rguments .
to  the  f  unc t ion  and per fo rms the  computa t ions  as  ind ica ted

by  the  func t ion  de f in i t ion .  The resu l t ing  quant i t y  ( the  2 .  There  must  be  a t  leas t  one dummy argument ,  (a ) ,

func t ion  va lue)  rep laces  the  func t ion  re fe rence in  the  and no  more  than 15 .

express ion  and assumes the  type  o f  the  func t ion .  The type

of t tre name used for the reference must agree with the 3. Any statement functions appearing in the expression

type o f  the  name used in  the  de f in i t ion .  must  be  de f ined prev ious ly .

Us ing  the  resu l t  o f  one func t ion  as  an  argument  to  another  4 .  The express ion  de f  in ing  the  f  unc t ion  must  : ro t

func t io r r  i s  ca l led  nes t ing"  Nest ing  o f  func t ions  cannot  be  conta in  a  re fe rence to  the  func t ion  i t  i s  de f  in ing .

more  than 20  leve ls  deeo.

5 .  Arguments  can be  var iab les  on ly  { the  express ion  can

The genera l  fo rm o f  a  s ta tement  func t ion  de f in i t ion  is :  con ta in  cons tan ts ) .

n a m e ( a 1  d z , o t , . , d 1 ) = e x p r e s s i o n

wnere

Uses;  A  s ta tement  fu r rc t ion  de f in i t ion  spec i f ies  opera t ions

to  be  oer fo r rned whenever  tha t  s ta tement  f  unc t ion  name

appears  as  a  func t io r l  re fe rence in  another  s ta tement  in  the

s a m e  p r o g l a m  u n i t .

6 .  A l l  s ta tement  func t ion  de f  in i t ions  used in  a  p rogram

must  p recede the  f i rs t  executab le  s ta temen ' t  o f  the

program.

The funct ion reference might  appear in  a s tatemttnt  as fo l lows:

C - F U N C ( D , E )

This is  equivalent  to :

Funct ionDef in i t ion  Func t ionReference

S U M ( A . B , C , D ) =  N E T = G R O S - S U M ( T r \ X , O L D A G E ,

A+B+C+D

name is  the  s ta tement  func t ion  name.  The name con-  7 .  Express ions  cannot  conta in  a r rav  e lements .

s is ts  o f  f rom one to  s ix  a lphabet ic  o r  numer ic  charac ters ,

t l re  f  i r s t  o {  wh ich  must  be  a lphabet ic  bu t  no t  $ .
Examole: The statement:

a  i s  a  d u m m y  a r g u m e n t .  ! t  m u s t  b e  a  d i s t i n c t  v a r i a b l e
( i t  c a n  a p p e a r  o n l y  o n c e  w i t h i n  t h e  l i s t  o f  a r g u m e n t s ) .  F U N C ( A , B ) = J . * , A r $ * * 1 . * X + Y + Z

There  must  be  a t  leas t  one dummy argument ;  and no

more  thar r  15 .  de f ines  the  s ta tement  func t ion  FUNC,  where  FUNC is  the

f  unc t ion  name and A and B are  the  dummy argu tnents .

express io r r  i s  any  ar i thmet ic  express ion  tha t  does  no t  con-  The express ion  to  the  r igh t  o f  the  equa l  s ign  de f ines  the

ta in  a r ray  e lements .  Any  s ta tement  func t ion  appear ing  in  opera t ions  to  be  per fo rmed when the  func t ion  re fe rence

t l r rs  express ion  must  be  de f ined prev ious ly .  appears  in  an  ar i thmet ic  s ta tement .

The express ion  to  the  r igh t  o f  the  equa l  s ign  de f ines  the  C=3.*D+Ex*2 .+X+Y+Z

opera t ions  to  per fo rm when a  re f  e rence to  th is  f  unc t ion

appears  in  a  s ta tement  e lsewhere  in  the  program un i t .  The Note  the  cor respondence be tween the  dummy arguments

express ion  de f in ing  the  func t ion  must  no t  con ta in  a  A  and B in  the  func t ion  de f in i t ion  and the  ac tua l  a rguments

re fe rence to  the  func t ion  i t  i s  de f in ing .  D and E in  the  func t ion  re fe rence.

The dummy arguments  enc losed in  paren theses  fo l low ing  The fo l low ing  are  va l id  s ta tement  func t ion  de f in i t ions  and

the  func t io r r  name are  dummy var iab les .  The arguments  s ta tement  func t ion  re fe rences :

g iven in  the  func t ion  re fe rence are  subs t i tu ted  fo r  the

dunrmy var iab les  when the  func t ion  re fe rence is  encoun-

te red .  The same dummy arguments  can be  used in  more

than one s ta tement  func t ion  de f in i t ion ,  and can be  used

as var iab les  ou ts ide  the  s ta te rnent  func t ion  de f in i t ions .  An

ac t r ra l  a rgunrent  in  a  s ta tement  func t ion  re fe rence can be

any express ion  o f  the  same type as  the  cor respond ing  dummy

argument .
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The fol lowingare inval id statement function definit ions: Uses.- The function subprogram is a FORTRAITI subprogram

cons is t ing  o f  a  FUNCTION s ta tement  fo l lowed by  o ther

Funct ion  Def in i t ion  Reason s ta tements  inc lud ing  a  RETURN and an  END s ta tement .  l t

rs  an  rndependent ly  wr i t ten  program tha t  i s  executed  wher r

SUBPRG(3,J ,K) .  Arguments  must  be  var iab les .  i t s  name is  re fe r red  to  in  another  p rogram.

J * l A J * * l

SOMEF(A( l ) ,8 ) . .  Arguments  must  no t  be  ar ray  A type  dec la ra t ion  fo r  a  func t ion  name can be  made by  the

A( l ) /B+3.  e lements .  p redef ined convent ion ,  by  an  IMPLICIT  s ta ten len t ,  by  an

SUBPROGRAM Funct ion  name exceeds the  l im i t  exp ! ic i t  spec i f i ca t ion  in  the  FUNCTION s ta te r r ren t ,  o r  by

(A,B)=A**2+B**2  o f  s ix  charac ters .  an  exp l i c i t  spec i f i ca t ion  s ta tement  w i th in  the  f  unc t ion

3FUNC(D)=3.14*E Funct ion  nar r re  must  beg in  w i th  subprogram.  The func t ion  name must  a lso  spe 'c i fy  type  in

an a lphabet ic  charac ter .  the  program un i ts  tha t  re fe r  to  i t  i f  the  predef ined conven-

ASF(A)=A+B( l )  Express ions  cannot  conta in  an  t ion  is  no t  used.

ar ray  e lement .

BAD(A,B)=A+B+ Def in i t ion  no t  permi t ted  to  re fe r  Because the  subprogram is  a  separa te  p rog ! 'am . rn i t ,  the te  i s

BAD(C,D)  to  i t se l f .  no  conf  l i c t  i f  the  var iab le  names and s ta tement  nurnbers

NOGOOD(A,A)=  Arguments  a re  no t  d is t inc t  w i th in  i t  a re  the  same as  those in  o ther  p rugrarn  unr ts .

A"A var iab le  names.

The following are invalid statement f unction references Considerations/Restrictions:

{ the  func t ions  are  de f ined prev ious ly } :

1 .  The FUNCTION s ta tement  must  L re  the  f  r rs t  s la tement

Function Reference Reason in the subprogram.

WRONG=SUM Number  o f  a rguments  does  no t  2 .  The func t ion  subprograrn  can conta i r r  any  FORTRAN

(TAX,FICA)  agree w i th  de f in i t ion .  s ta tement  except :

MIX=FUNC( l )  Type o f  a rgument  does  no t  agree

wi th  above r le f in i t ion .  o  a  SUBROUTINE s ta tement

o  another  F  UNCTION s ta len ien t

F U N C T I O N  S U B P R O G R A M S
o  a  D E F I N E  F I L E  s t a t e n t e n t

The genera l  fo rm o f  the  FUNCTION s ta tement
c  a  P R O G R A M  s t a t e m e n t

t y p e  F U N C T I O N  n a m e * s  l a r , a z , a z , ,  .  . , a n )
'  

3 .  l f  an  IMPLICIT  s ta temr in t  i s  t rsec i  in  a  f  unc t ion  su l i .

wnere  program,  i t  must  i rnmedta tc l r /  io i iov , ' t l r *  FuNCf lO i ' {

s ta temen t .

t y p e  i s  I N T E G E R  o r  R E A L .  l t s  i n c l r . r s i o n  i s  o p t i o n a l .
4. 

'The 
name of the furtct i<.r l ' l  r l l rJSt be assignecl a i lalua al

name is  the  name o f  the  FUNCTION,  cons is t ing  o f  f rom leas t  oncc  in  thc  subproEram a5:

one to  s ix  a lphabet ic  o r  numer ic  charac ters ,  the  f  i r s t  o f

wh ich  must  be  a lphabet ic  bu t  no t  $ .  o  the  var iab le  name to  thc  le f t  o f  t l te  e r ;u . : l  s i t r t " t  . , t t

a r i  t  h rn { ) t i c  s ta ten le , t t

s  represents  one o f  the  permiss ib le  length  spec i f  i ca t ions

for  i t s  assoc ia ted  type .  l t  can  be  inc luded op t iona l l y  '  an  argument  o f  a  CAI - [  s ta temenl '

on ly  when type is  spec i f  ied .
o an exterr ')al functiori  t 'ct i : te r l t t  I l lel  i : i  a5j iqi ' ia]( l  " l

a  i s  a  dummy argument .  l t  must  be  a  d is t inc t  var iab le  o r  va lue  by  a  sub i 'o l l t i t l e  re fe r rec i  t r :

a r rav  name ( tha t  i s ,  i t  can  appear  on ly  once w i th in  the

s ta te rnent )  o r  dummy name o f  a  SUI IROUTINE or  o  an  i tem in  a  l i s t  o f  a  I {EAI I  s ta tennen i .  i . r  lh r -

o ther  f  unc t ion  subprogram.  There  must  be  a t  leas t  subprograr t t

one argument  in  the  argument  l i s t .

l l , , i f- ' ; l iJgrams ti1



5 .

o .

The durnmy arguments in  a funct ion subprogram
cannot be redefined (that is, cannot appear to the
lef t  o f  an equal  s ign) .

The number of  dummy arguments in  a FUNCTION
statement cannot exceed 25.

Example:

The re la t io^sh ip  be t rn reen var iab le  names used as  arguments
in  t l re  ca l l ing  progranr  and the  dummy var iab les  used as
arguments  in  the  func t ion  subprogram is  i l l us t ra ted  in  the
f o l l o w i n g  e x a m p l e :

Call ing Program Function Subprogram

FUNCTION CALC(A ,B ,J }

ANS=ROOT1 -

CALC(X ,Y , I )
l =J *2

641_6=4** l /S

R E T U R N

E N D

In th is  example ,  the  va lues  o f  X ,  Y ,  and la re  used in  the
FUNCTION subprogram as  the  va lues  o f  A ,  B ,  and J
respec t ive ly .  The va lue  o f  CALC is  computed,  and th is
va lue  is  re tu rned to  the  ca l l ing  program where  the  va lue  o f
ANS is  computed.  The var iab le  I  in  the  argument  l i s t  o f
CALC in  the  r :a l l ing  program is  no t  the  same as  the  var iab le
I  appear ing  in  the  subprogram.

S U B R O U T I N E  S U B P R O G R A M S

The genera l  fo rm o f  the  SUBROUTINE s ta tement  i s :

S U B R O U T I N E  n a m e  ( a 1  , a 2 , a 3 , .  .  .  , a n )

wnere

name is  the  SUBROUTINE name,  cons is t ing  o l  r rom one
to  s ix  a lphabet ic  o r  numer ic  charac ters ,  the  f i rs t  o f  wh ich
must be alphabetic but not $.

a  i s  a  d is t inc t  dummy argument  ( tha t  i s ,  i t  can  appear
on ly  once w i th in  the  s ta tement ) .  There  need n ,o t  be  any
arguments ,  in  wh ich  case,  the  parentheses  must  be
omi t ted .  Each argument  used must  be  a  var iab le  o r  a r ray
name or  the  dummy name o f  another  subrout i r re  o r
func t ion  subprogram.

Uses-- The subroutine subprogram is similar to the function
subprogram in many respects. The rules for namirrg func-
t ion  and subrout ine  subprograms are  s imi la r .  They  [e11-1
requ i re  a  RETURN and an  END s ta tement .  and they  bo th
conta in  the  same sor t  o f  dummy arguments .  L ike  the
function subprogram. the subroutine subprogram is a set of
commonly  used computa t ions ,  bu t  un l i ke  the  func t ion
subprogram,  i t  need no t  re tu rn  any  resu l ts  to  the  ca l l ing
program. The subroutine subprogram is referred to by the
CALL s ta tement .

Con si d era t io n s /R estr i c ti o n s :

1 .  The SUBROUTINE s ta tement  must  be  the  f i rs t
s ta tement  in  the  subprogram.  The subrout ine  sub-
program can conta in  any  FORTRAN s ta temr :n t
except  a  FUNCTION s ta tement ,  another  SUIBROU-
TINE s ta tement ,  a  DEFINE FILE s ta tement ,  o r  a
PROGRAM s ta tement .  l f  an  IMPLICIT  s ta t t :ment
is  used in  a  subrout ine  subprogram,  i t  must
immedia te ly  fo l low the  SUBROUTINE s ta tement .

2. The subroutine subprogram can use one or nrore of
i t s  a rguments  to  re tu rn  va lues  to  the  ca l l ing  f ) rogram.
An argument so used appears on the left  side of an
arithmetic assignment statement, in the l ist o,f  a
READ s ta tement  w i th in  the  subprogram,  o r  as  an
argument  in  a  CALL s ta tement  o r  func t ion
reference that is assigned a value by the subroutine
referred to. The subroutine name must not arppear
in  any  o ther  s ta tement  in  the  subrout ine  subprogram.

Call ing Program

I N T E G E R * 2  C A L C

Function Subprogram

INTEGER FUNCTION CALC*
2i l .J ,K)  

.

CALC= l+J+K* *2ANS=ROOT1 *

CALC(N ,M,L )

RETURN
E N D

The tunct ion subprogram, CALC, is  declared as type
INTEGER of  length 2.
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3. The dummy arguments lay,a2,a3,. .  .  ,an) are con- Considerations/Restr ict ions:

s idered  dummy names tha t  a re  rep laced a t  the  t ime o f

execut ion  by  the  ac tua l  a rguments  supp l ied  in  the  1 .  The arguments  cannot  be  cons tan ts  o r  ex l ; ress ions  i f

CALL s ta tement .  Add i t iona l  in fo r rna t ion  about  t l re  subprogram chat rges  the i r  va lue .

dummy argumonts  i s  in  the  sec t ion  Dummy Argu '

ments in a Furtct ion or Subroutine Subprogram. 2. There cannot be more than 25 arlJunlenls i :r  a CALL,

sta te me nt.

4 .  Each d is t inc t  dummy argument  (a l  can  appear  on ly
oncr :  in  the  l i s t  o f  a rguments  and th re  number  o f

durnmy arguments cannot exceed i ls. Examples:

5 .  l f  there  are  no  dummy arguments ,  the  parentheses  CALL OUT

m u s t  b e  o m i f i e d .  C A L L  M A T M P Y ( X , 5 , 4 0 . Y , 7 , 2 )

C A L L  O D  R T I C { X , Y , Z , R O O T 1  "  B O O I  2 )

6 .  A  s u b r o u t i n e  s u b p r o g r a m  m u s t  c o n t a i n  a n  E N D  C A L L  S U B l  ( X + Y . 5 , A B D F " S l N E )

s ta tement  and a t  leas t  one RETURN s ta tement .

The CALL s ta te rnent  t ra r ts fe ts  cor l t r { } l  to  the  subrout rnc

7 .  Because the  subprogram is  a  separa te  p rogram un i t ,  subprogram,  and assoc ia tes  the  t luminy  v l t r ia t l ies  v ; i i f r  t l l t ;

there  is  no  cor r f l i c t  i f  the  var iab le  names and s ta tement  va lue  o f  the  ac tua l  a rguments  t l ra t  appear - in  th t :  CAL- [ .

nunrbers  w i th in  i t  a re  the  same as  those in  o ther  s ta tement .
p roqram un i ts .

Example:

Examples:
Call ing Program Subroutirre Sutrprograrn

S U B R O U T I  N E  C O P Y  ( A , B . N )

S U B R { f , U T I N E  N U L L  D I M E N S I O N

x ( 1 0 0 ) , Y  { 1 0 0 }
"  SLJBROU- | INE  COPY(A ,B , t \ i i

CALL  S ta temen t  D IMENSION A{100 ) .B iX00 }
'  D O  1 0 { l } '  ' , l , N

The  CALL  s ta temen t  i s  used  to  ca l l a  sub rou t i ne  CALL  COPY 10  B ( l ) " 'A { l }

sub rp rog ram.  (X .Y ,100 )
"  UETU i i l i

The general  form of  the CALL statement  is :  FI ' ' jD

C A L L  n a m e  ( a r , a z , a t ,  .  . .  , a n )

wnere

name is  the  name o f  a  subrout ine  subprogram.

The :  r - r r ece t l i ng  cxamp le  S l r ov ' t s  i i " '  ) ! - ' l a t l o l l ' r i ' i r )  ' - r  i r r r : r i e i )

va r i ab le  na l l es  i t eed  as  a rgu i . I l r l r l l s  i  r  t l t : :  i . . ' i l i ' i t ' t  i r r i l ( r i i l l r l

and the c lurnnry var iables t rser i  , r : :  i i lUr im'-r r r ts  in t f  r i '  f j i - ! i ' i l

ROUT I  N  E  l i ubp rc l  g f an ) .

Each a  is  an  ac tua l  a rgument  tha t  i s  be ing  supp l ied  to  S l rb r r , r r l t ine  CL}PY cr tp res  ar r l \ r  i \  i i ' i  . '  ; . l l i , ; y '  i j  ' l r r l  i i r?

the  subrout ine  subprogram.  The argument  can be  a  subprog l ran l .  in  th is  par - t i cu i  , r  i - , i i r  .  i i  ' '  - ' | i n r r t ; ' l ( -  r t r  i r f ' s '

var iab le ,  a r ray  e lement ,  a r ray  name,  cons tan t ,  a r i thmet ic  A  and ts ,  a re  assoc ia te t j  vv ; !h  th r )  ; ;1 i i t1 rq  i i ;  \ i ' | ' l . r ' r l  i r : ; i \ " i  '  r i

express ion ,  o r  subprogram name.  and Y,  respec t ive iy ,  a r r r t  the  v . : r r , l i l , l ' l  l i  i i l  r . i r s r : \ l r i l ' i . i  ' i l ' i '  1

assocra ted  w i th  the  va l r , re  i00"  
' l -h r rs . l  

cn l l  10  r r : i . . i r , ) i . r , l r t l

C O F Y  i n  t l r i s  i n s t a n c e  r e s u l t s  i n  t l : l " l f ; 0  c l c i i : ; i r l )  t ) i  ? t i : " \ ;

Uses . '  The CALL s ta tement  t rans fers  cont ro l  to  a  subrou-  X  be ing  cop ied  in to  rhe  100 f . i : ' l r " i , t : ,  - i  ; - : ! ' . ; .  t

t ine  subprogram.  The CALL s ta tement  assoc ia tes  the

dummy arguments  named in  the  SUBROUTINE s ta tement

w i th  the  va lue  o f  the  ac t t ta l  a rguments  in  the  CALL s ta te -

ment .



RETURN STATEMENT

The general  form of  the RETURN statement  is :

R E T U R N

Uses; This statement is used to exit from a function or
subrout ine subprogram. l t  s igni f ies the conclus ion of  a
ser ies of  computat ions.  The subprogram t ransmits
argument  values and ,eturns contro l  to  the cal l ing program.

Co n s i d era ti on s / R est r i c ti o ns :

l .  There can be sr)vera l  RETURN statements in  a sub-
prog ra m.

2.  The RETURN statement  cannot  appear in  a main
progra m.

Example:

FUNCTION DAV(D ,E ,F I
rF  (D -E )10 ,20 ,30

10  A=D+2 .0 * f

A=F+2.0*E

DAV=A+D ' *2

nerunrrr
30  DAV=D**2

R E T U R N
E N D

lf the result of (D-E) is negative or
statement is executed. lf the result
RETURN is  executed.

zero,  the f i rs t  RETURN
is positive. the second

D U M M Y  A R G U M E N T S  I N  A  F U N C T I O N  O R  S L I B R O U .

T I N E  S U B P R O G R A M

The dummy arguments  o f  a  subprogram appear  a f te r  the

func t ion  or  subrout ine  name and are  enc losed in  r ra ren theses .
They  are  assoc ia ted  a t  the  t in le  o f  execut ion  w i th  the

ac tua l  a rguments  supp l ied  in  the  CALL s ta tement  o r
f  unc t ion  re fe rence in  the  ca l l ing  program.

The c lumnry  arguments  must  cor respond in  numbr . . ,  o rder ,

and type to  the  ac tua l  a rguments .  For  example ,  i1 '  an

ac tua l  a rgument  i s  an  in teger  cons tan t ,  then the  c r l r respond-

ing  dummy argument  must  be  an  in teger  var iab le  o f  leng th

4 .  l I  a  dummy argument  i s  an  ar ray ,  the  cor respond ing

ac tua l  a rgument  must  be  ( i  )  an  ar ray ,  o r  (2 )  an  ar ray  e le -

mer r t .  In  the  f i rs t  ins tance,  the  s ize  o f  the  dummy ar ray

must  no t  exceed the  s ize  o f  the  ac tua l  a r ray .  In  the  second,

the  s ize  o f  the  dummy ar ray  must  no t  exceed the  s ize  o t

tha t  por t ion  o f  the  ac tua l  a r ray  tha t  fo l lows and inc ludes

the  des ignated  e lement .

The ac tua l  a rguments  can be :

o  An ar i thmet ic  cons tan t

.  Any  type  o f  var iab le  o r  a r ray  e lement

o  Any  type  o f  a r ray  name

Any type o f  a r i thmet ic  express ion

The name o f  a  func t ion  or  subrout ine  subprogram

An ac tua l  a rgument  tha t  i s  the  name o f  a  subprogram must

be  ident i f  ied  by  an  EXTERNAL s ta tement  in  the  ca l l ing
program un i t  con ta in ing  tha t  name.  Hexadec imal  cons tan ts

cannot  be  ac tua l  a rguments .

A  dummy argument  i s  an  ar ray  when an  appropr ia te

DIMENSION or  exp l i c i t  spec i f i ca t ion  s ta tement  appears  in

the  subprogram.  None o f  the  dummy arguments  can

a p p e a r  i n  a n  E O U I V A L E N C E ,  C O M M O N ,  o r  G L O B A L

statement.

Dummy arguments  o r  common or  g loba l  e lements  cannot

be  ass igned new va lues  in  a  f  unc t ion  subprogram.  l f  a

dummy argument  i s  ass igned a  va lue  in  a  subrout i r re  sub-
program,  the  cor respond ing  ac tua l  a rgument  must  be  a

var iab le ,  an  ar ray  e lement ,  o r  an  ar ray .  A  cons tan t  o r

express ion  shou ld  no t  be  wr i t ten  as  an  ac tua l  a rgument

un less  the  programmer  is  cer ta in  tha t  the  cor respond ing

dummy argument  i s  no t  ass igned a  va lue  in  the  su lcprogram.

20
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A referenced subroutine cannot assign n€w values to durnmy Examples:

arguments  tha t  a re  assoc ia ted  w i th  o ther  dummy arguments

wi th in  the  subrout ine  or  w i th  var iab les  in  common or  g loba l  The name o f  any  subprogram tha t  i s  passed as  an  argument

areas .  For  example ,  i f  the  subrout ine  Dt iR lV  is  de f ined as  to  another  subprogram must  appear  in  an  EXTERNA[-

s ta tement  in  the  ca l l ing  program.  For  exantp ie ,  assume tha t

S U B R O U T I N E D E R I V  ( X , Y , Z l  S U B i s a s u b r o u t i n e s u b p r o g r a m a n d M U L T i s r r f u n c t i o n

COMMON W subprogram in  the  fo l iow ing  s ta temet r ts :

and i f  the  fo l low ing  s ta tements  a re  inc luded in  the  ca l l ing  Ca l l ing  Program Subprograrn

program
E X T E R N A L  M U L T  S U B R O U T I N E  S U B ( K , M , Z )

coMMoN' : - li_[['f:5;'.r,
.  C A L L  S U B ( J ' M U L T , C }

C A L L  D E R I V  ( A , B , A )

then X, Y ,2, andw cannot be assigned new values by the : 
u 

l i lu--

subrout ine  DERIV.  Dummy arguments  X  and Z  cannot  be

defined because they are both associatecl with the same In this example, the subprrogram r. larne ML.l l  T i :  usr 'C as arr

a rgument ,  A ;  nor  dummy argument  Y ,  because i t  i s  assoc ia -  a rEument  in  the  subproEranr  SUB.  The subpt fg r i l i r i  r t sn1e

ted  w i th  an  argument ,  B ,  wh ich  is  in  common;  nor  the  MULT is  passed to  the  dur r rmy ver i " rb le  M as  ar r :  th t r  vdr rd

variable W, because i t  is also associated with B. bles J and C passed to the durnrny variahrles K arrcl Z, res-

pec t ive ly .  The subprogram MUL-T.  i s  executec l  o r r i y  i f  the

va lue  o f  K  is  negat ive .

E X T E R N A L  S T A T E M E N T

Call ing Program SutrProgram

The genera l  fo rm o f  the  EXTERNAL s ta tement  i s :

E X T E R N A L  o 1 , d 2 d 3 , . . . , ? n  :  i r Y t i l l o u i i r ' l * :  
s u B i t i r ' x '

CA[ -L  SUB(A ,8 ,
MU LT(C ,D} ,37  }

Uses. '  The EXTERNAL s ta tement  ident i f ies  the  names o f

subprograms tha t  a re  passed as  arguments  to  another  sub-  In  th is  example ,  a r r  EXTFRi \ ! / i i . . .  s ta " :e r r , ' , ' r t t  r ' :  r ;o t  re i l i ; | . r . '

p rogram.  because t f re  subprogranr  r rnn ,c ( l  l r ,4 r i  i  i  ; :  r t , ) i : , -1 i l  : , r i J r , :1 !e i ' i

i t  i s  executed  t i rS t  anc j  t i re  r i : l , . t l '  t l , - . . t , l I ! t j i  l i ' r :  a ' ' l i t r t t ' - i ' i .

Con sid era tions/R estr ic tions:

' l  .  The EXTERNAL s ta tement  i s  a  spec i f i ca t ion  s ta te -

ment ,  and must  p recede s ta tement  func t ion  de f in i t ions

and a l l  executab le  s ta tements .

2 .  l f  the  name o f  a  FORTRAN-sup6r l ied  in t r ins ic  func-

t ion  is  used in  an  EXTERNAL s ta tement ,  the  f  unc-

t ion  f rom the  Sys tem/3  FORTRAN l ib ra ry  i s  no t

used when i t  appears  as  a  func t ion  re fe rence.  Ins tead,

i t  i s  assumed tha t  the  func t ion  is  supp l ied  t ry  the  user .

where

each a is a name of a subprogram that is passed as an

argunrent  to  o ther  subPrograms. f / i - i - !  i D i \ i

E N D

S  l l  , l r i . ! r :  r i '  f r t ,



AUTOMATIC FUNCTION SELECTION

The automat ic  funct ion select ion fac i l i ty  a l lows you to use
a s ingle gener ic  name when request ing a FORTRAN-
supplied function that has several names depending on
argument type. The proper function is selected by the
FORTRAN compi ler ,  based on the type of  the argument(s)
of  the funct ion.

With th is  fac i l i ty  you can,  for  example,  use the gener ic
name, Si l . l ,  to  refer  to  any s ine rout ine,  rather  than expl i -
c i t ly  ca l l ing SIN for  REAL*4 arguments and DSIN for
REAL*8 arguments.  The fac i l i ty  is  requested by inc luding
the GENERIC statement  in  each executable program uni t
in  which i t  is  to  be used.

GENERIC Statement

The general  form of  the GENERIC statement  is :

G E N E R  I C

Uses: The GENERIC statement indicates that for FOR-
TRAN-suppl ied funct ions having several  names depending
on argument type, the correct function is to be selected by
the FORTRAN comrr i ler .

The use of  the GENERIC statement  declares the set  of
names in the f i rs t  co lumn of  F igure 4 to be gener ic .  Speci f ic
built- in and library function names can be interspersed
wi th gener ic  names in the same program uni t .

Con sid era ti o n s,/ R estri r I i o rt s :

As a  spec i f i ca t ion  s ta te rne t r t ,  GENERIC must ; r rccede

s ta tement  func t ron  r le i . i r r i t ions  and a l l  execu lab le

pioEram staterr ief i ls, and nti-rst fol lcjw any PFOGIIAM,

F U N C T I O N ,  S U t s R O U T I N E ,  o r  I M P L I C l T  s r a t e m e n t .

The use o f  a  gener ic  name in  an  expr l i c i t  t yp€r  s ta : { j -

ment  over r ides  i t s  de f  in i t ion  as  gener ic ,  because

gener ic  nar r ies  have no  type .  l {  the  gener ic  name o f

a n  i n t r i n s i c  f u n c t i o n  a p p e a r s  i n  a n  E X T E R N A L

sta tement ,  i t s  t le t i r r i t ion  as  gener ic  i s  a lso  ov t l r r idden,

because i t  i s  therebv  cons idered an  e , ( te rna l  p rocedure .

(The in t r ins ic  func t io r rs  a re  unc le r l ined  in  th r :  f i r s t

co lumn o f  F igure  4 . )  A  ger rer ic  name tha t  does  no t

co inc ide  w i th  an  in t r ins ic  f  unc t ion  name can appear

in  an  EXTERNAL s ta tement  and s t i l l  be  cor rs idered

gene r  i  c .

3. Generic names cannot be passed as arguments to

ex terna l  p rocedures .  The au tomat ic  func t ion  se lec-

t ion  fac i l i t v  w i l l  no t  subs t i tu te  the  appropr ia te

func t ion  fo r  the  gener ic  name in  an  argumer l t  l i s t

when the  gener ic  name is  used w i thout  a rgu lnents '

Note: There is no way to make such a selection, be-

cause the name being passed as an argurnent has no

arguments of i ts own. Thus, a function name is spec'

i f ic for use as an argument, even i f  the same name is

generic for use as a function reference.

Example:

G E N E R  I C

E X T E R N A L  C O S

R E A L " 8 A , B , C , D

c=cos(A)
D = D C O S ( B }

C A L L  S U B ( C O S }

Because au tomat ic  func t ion  se lec t ion  is  invoked,  t ihe

func t ion  DCOS is  ca l led  to  ca lcu la te  the  va lue  o f  t l  and  D '

The spec i f  i c  name COS is  passed to  the  subrout in r :  SUB'

Because COS is  no t  an  in t r i t ' l s i c  func t ion  name,  i t  can  be

used in  an  EX- l -ERNAL s ta tement  and s t i l l  be  use 'd  as  a

gener ic  name.

1 .

2.

66



Gener ic

F  unc t ion

Name

{ i  n t r i  ns ic

function )

Specific Function Name By Type
and Length of Arguments Permissible Functiorr Value

I N T E G E R * 4 R EAL+4 R E A L * 8 Type Length

agl(1)
A r N T ( 1 )
A T A N
c o s ( 1 )
p ilMJ 2)
E X P ( 1 )
r N T ( 1 )

L O G ( 1 )

L O G 1 0 ( 1 )

IVAX(>2 )

rv tN (>2)

MpD(2)
s_lcl!(2)
s r N ( 1 )
S O R T ( 1 )

T A N H ( 1 )

IA BS

I D I M

M A X O
= M A X E
M  I N O
= M I N  O
M O D
I S I G N

A B S
A  I N T
ATAN
cos
D I M

E X P

I N T
=  l F  l X v

A L U ( J

= L O G V

A L O G l  O
= A L O G l o o

A M A X l

A M I  N 1

A M O D
S I G N
S I N
SORT

TANH

DABS

DATAN
DCOS

D E X P
I D I N T

DLOG

D L O G  1  O

D M A X l

D M I N l

D M O D
D S I G N
DSI  N
DSORT

DTANH

Ars  @
R ea l
R ea l
A r g

A r g

A r g

I n teger

A r g

R ea l

A r g

A r g

Arg

A r g

Arg

A r g

R e a l

A r g

A r g

A r g

A r g

A r g

A r g
A

A r g

A r g

A r g

A r g

A r g

A r g

A r g

A r g

A r g

@ f f re  func t ion  name is  an  a l ias .  The func t ions  in  the  le f t  co lumn are  a l iases  fo r  those in  the  r igh t  co lumn.  They  are

a l iases  bo th  when GENERIC is  spec i f ied  and when i t  i s  no t .

A l ias  Func t ion

L O G  A L O G

L O G 1  O  A L O G 1  O
M A X  I M A X O

I V I I N  I V I I N O

€ )  l F l X  p e r f o r m s  t h e  s a m e  f u n c t i o n  a s  l N T .  a n d  i s  s h o w n  a s  a  m e m b e r  o f  t h e  G E N E R I C  f a m i l y  l N T .

O fne  abbrev ia t ion  arg  is  used to  ind ica te  tha t  the  type  and/or  leng th  o f  the  func t ion  va lue  is  the  same as  the  argument

Parentheses ,  0 ,  ind ica te  the  number  o f  a rguments .

Page ol 'SC28-6874-3
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Bv  TNL :  SN21 -5634

Figure 4.  Gener ic Funct ions
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Chapter 9. Interprogram Communicat ion

System/3  FORTRAN lV  prov ides  a  means r : f  load ing  and PROGRAM STATEMENT
executing main programs successively. Eaclr program can
share  a  common s to rage area  tha t  i s  no t  over la id  when the  The genera l  fo rm o f  the  pROGRAM s ta tement  i s :
next prograrn is invoked.

P R O G R A M  n a m e
In terprogram communica t ion  enab les  you to  avo id  the
impasse tha t  resu l ts  when the  main  s to rage ava i lab le  fo r  a  where  name is  the  name o f  the  main  program.  Tht :  name
FORTRAN iob  is  insu f f i c ien t  fo r  the  da ta  and ob jec t  code cons is ts  o f  f rom one to  s ix  a lphabet ic  o r  numer ic  c :harac ters .
requ i red  to  p roc€ss  i t .  l t  a lso  a l lows fo r  more  e f f i c ien t  the  f i rs t  o f  wh ich  must  be  a lphabet ic .  bu t  no t  $ .
execut ion  o f  p rograms,  tha t  because o f  the i r  complex i ty .
requ i re  ca l l s  to  numerous  subrout ines .

Uses . '  The PROGRAM s ta tement  ass igns  a  name to  a  matn
In te rprogram communica t ion  is  p rov ided by  th ree  Sys tem/3  program.
F O R T R A N  s t a t e m e n t s - P R O G  R A M ,  I  N V O K E ,  a n d
GLOBAL.  The PROGRAM s ta tement  ass igns  a  user  name
to a main program that is cal led ( loaded into main storage) Considerations/Restr ict ions:
w i th  the  INVOKE s ta tement .  The GLOBAI_  s ta rement
spec i f iesa  s to rage area  (and the  var iab les  and ar rays  i t  1 .  The PROGRAM s ta tement  must  be  spec i f ied  i f
con ta ins)  tha t  w i l l  no t  be  over la id  when the  invoked pro-  another  p rogram ca l l s  the  main  program us ing  the
gram is  loaded.  INVOKE s ta tement .

The fo l low ings i tua t ion  i l l us t ra tes  the  use fu lness  o f  in te r -  2 .  The PROGRAM s ta tenrent  must  be  spec i f ied  i f  the
program communica t ion .  p rogram is  to  be  compi led ,  l ink -ed i ted ,  and s to red

on a  d isk  pack  { fo r  execut ion  a t  a  la te r  t ime) .
Assume tha t  16 ,000 by tes  o f  ma in  s to rage is  ava i lab le  fo r
use  by  a  FORTRAN program.  Th is  p rogranr  must  read a  3 .  A  PROGRAM s ta tement ,  i f  p resent ,  must  be  the  f i rs t
la rge  amount  o f  da ta ,  p rocess  i t ,  and  wr i te  i t  ou t .  Assume s ta tement  in  a  ma in  p rogram.
that the data requires 1 0,000 bytes of storage, leaving
6,000 by tes  fo r  ob jec t  code wh ich  inc ludes  rou t ines  fo r  4 .  A  PROGRAM s ta tement  cannot  be  used in  a  sub-
reading, processing, and writ ing. l f  each of these three program.
s teps  requ i red  the  fu l l  amount  o f  s to rage ava i lab le  (6 ,000

bytes), the program could not be executed even i f  i t  were
divided into a main program and two subror.rt ines (because Examples:
a subroutine does not overlay the program that cal ls i t) .  The
min imum amount  o f  s to rage requ i red  fo r  p rocess ing  code PROG RAM PROG3
would  s t i l l  be  12 ,000 by tes .  PROGRAM COST

However ,  w i th  the  INVOKE and GLOBAL s ta tements ,  the
program cou ld  be  d iv ided in to  th ree  main  programs o f  INVOKE STATEMENT

6,000 bytes each, with the 10,000-byte data area designated
asg loba l .  When the  f i rs t  ma in  p rogram is  t f r rough w i th  i t s  The genera l  fo rm o f  the  INVOKE s ta tement  i s :
processing, i t  invokes the second program, which overlays
the f irst (occupies the same 6,000 bytes of storage). The INVOKE name

10,000 bytes of data in the global area is nc,t destroyed.
When the  second program is  th rough process ing ,  i t .  in  tu rn ,  where  name is  the  name o f  a  ma in  p rogram spec i f ied  in  a
invokes  the  th i rd  p rogram.  PROGRAM s ta tement .

l n t e rp rog ramCommun ica t i on  69
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Uses. '  The INVOKE s ta tement  causes  the  named program cons tan ts  separa ted  by  commas,  represent ing  the  max imum

to over lay  the  invok ing  program and rece ive  cont ro l .  A  va lue  o f  each subscr ip t  in  the  ar ray '

p rogram tha t  i s  invoked beg ins  execut ion  a t  i t s  f i r s t  exe-

cu tab le  ins t ruc t ion .
Uses ;  The GLOBAL s ta tement  p rov ides  the  shar ing  o f  a

Considerations/Restr ict ions: main storage area. (and the variables and arraysi contained

in  i t )  by  two or  more  main  programs.  l t  i s  l i ke  a  COMMON

1.  The INVOKE s ta tement  can appear  in  a  ma in  p rogram s ta tement  except  tha t  i t  can  be  used to  commLrn ica te

or  a  suoprogram.  be tween two or  more  main  programs in  add i t ion  to  p rogram

uni ts  in  the  same Program.

2 .  When us ing  the  INVOKE s ta tement  on  a  non-DPF

sys tem,  the  program be ing  invoked must  no t  be
larger than the amount of user main storage. When Considerations/Restrictions:

u s i n g  t h e  I N V O K E  s t a t e m e n t  o n  a  D P F  o r  m u l t i -
p rogramming sys tem,  the  program be ing  invoked 1 .  The GLOBAL s ta tement  can appear  in  a  ma in  p rogram

must  no t  be  la rger  than the  program tha t  was  in i t ia l l y  o r  a  subprogram.  A  program un i t  can  conta in  any

loaded in to  main  s to rage ( the  program spec i f ied  on  number  o f  GLOBAL s ta tements .  A l l  en l . r ies  in  these

the  LOAD s ta tement ) .  A lso ,  the  invoked program s ta tements  a re  s t rung together  in  the  order  o f  the i r

cannot  be  la rger  than the  program leve l  o r  par t i t ion  spec i f i ca t ion .  An en t ry  cannot  be  spec i f ied  more

s ize  when us ing  a  PARTITION s ta tement .  than once in  a  GLOBAL s ta tement ,  in  more  than one

G L O B A L  s t a t e m e n t ,  o r  i n  b o t h  a  G L O B A L  a n d

The CORE s ta tement  can be  inc luded in  the  program COMMON s ta tement .

in i t ia l l y  loaded in to  main  s to rage to  spec i fy  the  s ize

o f  the  la rges t  p rogram to  be  invoked ( re fe r  to  CORE 2 .  The g loba l  da ta  a rea  is  fo r  in te rprogram communica-

Compiler Option Statementl.  t ion, although a main program may sharr: a global

da ta  a rea  w i th  a  subprogram.  The /oca l 'COMMON

3.  The program be ing  invoked and the  invok ing  program s ta tement  can s t i l l  be  used fo r  th is  in t raprogram

must  res ide  in  the  ob iec t  l ib ra ry  on  the  same dr ive .  communica t ion .

4 .  When the  invok ing  program and the  program be ing  3 .  Ru les  regard ing  the  use  o f  equ iva lence are  the  same

invoked are  bo th  read ing  cards  f rom the  MFCU1 on fo r  a  g loba l  da ta  a rea  as  fo r  a  common data  area .

the  Mode l  10  or  any  card  input  dev ice  on  the  Mode l  Spec i f i ca l lV ,  the  EOUIVALENCE s ta ten len t  cannot

1  5 ,  tha t  dev ice  shou ld  be  s ing le  bu f fe red .  l f  the  be  used to  ex tend the  s ize  o f  the  g loba l  ra rea  by

dev ice  is  doub le  bu f fe red ,  a  da ta  record  w i l l  be  los t  add ing  e lements  be fore  the  beg inn ing  o f  the  g loba l

when the  program is  invoked.  b lock .  In  add i t ion ,  a  var iab le  o r  a r ray  cannot  be

assoc ia ted  by  equ iva lence to  a  g loba l  var iab le ,  a r ray ,

5 .  l f  an  invok ing  program uses  a  sequent ia l  d isk  f i le ,  o r  a r ray  e lement  i f  the  var iab le  o r  a r ray  so  assoc ia ted

a fo l low ing  invoked program must  re fe r  to  tha t  i s  i t se l f  in  a  g loba l  o r  common b lock .

f i le  by  the  same log ica l  un i r  r . .umber .

Examples:

P R O G R A M  F I R S T  P R O G R A M  S E C O N D

INVOKE SECOND

GLOBAL STATEMENT

The genera l  fo rm o f  the  GLOBAL s ta tement  i s :

G L O B A L  a r  ( k r  ) , a z  ( k :  ) ,  .  .  .  , a n ( k n )

where  a  i s  the  name o f  a  var iab le  o r  a r ray .  k  i s  an  op t iona l

subscr ip t  composed o f  f rom one to  th ree  uns igned in teger

lo

Example:

P R O G R A M  F I R S T  P R O G R A M  S E C O N D

GLOBALA.B .C(5 ,5 ) ,  GLOBALX,Y , t ' ( 251 ,
D ( 1 0 , 1 0 0 0 ) DATA(10,1000)

. STOP
I N V O K E  S E C O N D  E N D

t r N t n



The dr , :bL i r ;  {ac i i i t i ,  i s  a  1 - , rpEr6pp1 ing  a id  tha t  rnab les  you

to  lo ra ie  e r ro rs  i i r  a  F iOR- l "RAN source  program.  The debug
facr l i t y  t raccs  ih r r  f  lo r ru  w i th in  a  p ro l i ra rn ,  t races  the  f low
betw-oen pro{ l ra t l r r , ,  and  Checks  the  va l lC i ty  o f  subscr ip ts .

- f  
he  i lebuq f  i : c i l l t ' r  r - r { : , r i$ ts ts  o f  a  DEBUG s ta tement ,  an  AT

r iebr " r3  pac l , t ' t  iden i i i r ' aa t ion  s ta temet . r l ,  ano  two executab le
s ia te , ru r r ts .  T f iese  s ia ta j f i re r i t s  sg :c i fy  the  i lebu-qg ing  opera-
t ion .s  fo r  d  : i r i i q ; r :  t J r  {Jqrar i l  l r r r r t  i r i  sor . l ' ce  la i tcuage.  (A  pro-
grar i r  un i l  i t  ;  5 i r rg ie  ma in  p rogram or  a  subp ' -ogram. i

Thr  sc rLr ; r r :  de( :1 .  ; r ia r r r l c r l ren l .  cons is ts  o l  the  . . ;ource
!ar rgu . igc  s i i i t { : r } r ! . i i  l s  I  ! r i )1  cc ,ns t  i tu te  thc  p rogra  rn ,  {o l  lowed
Lly the DEFii , !(--- i  specif  i r :at ioi l  stat0r"ni lnt,  fol lOwed try the
debuE packets ,  fo l lowed by  rhe  FND s ta tement .

Thr r  l . ta tements  t f  r . i t  makc  i rp  a  p rograrn  debt rgg ing  opera-
t ion rnusl tre groupi:d ir i  orre or morr: debug packets. A
debug packet  cons is ts  , l f  a r r  AT s ta toment  fo l lowec i  by  a
" f  R A C E  O N  o r  T R A C E  O F F  s t a t e m e n t .

DEts I - iG STATEMENT

T h e  l r e r r e r a l  f o r r n  o f  t f r i :  D I B U G  s t a t e m e n t  i s :

D i : B U G o p i i l ) r '  . . r r 1 . r i i o r r

Chapter 10. Debug Faci l i ty

T R A C E

This  op t ion  must  be  in  the  DEBUG s ta tement  o f
each program or  subprogram fo r  wh ich  t rac ing  is
requested .  l f  th is  op t ion  is  omi t ted ,  there  is  no  d is -
p lay  o f  p rogram f low by  s ta tement  number  w i th in

th is  p rogram.  Even when th is  op t ion  is  used,  a
TRACE ON s ta tement  must  appear  in  the  f  i r s t  debug
packet  in  wh ich  t rac ing  is  reques ted .

l N l T ( m r , m 2 ,  .  .  . , m n )

where  m is  the  name o f  a  var iab le  o r  an  ar ray  tha t  i s
d i s p l a y e d  i n  t h e  d e b u g  o u t p u t  f  i l e  o n l y  w h e n  t h e
var iab le  o r  the  ar ray  va lues  change.

l f  m is  a  var iab le  name.  the  narne and va lue  are  d is -
p layed whenever  the  var iab le  i s  ass igned a  new va lue

in  e i ther  an  ass ignment  o r  a  READ s ta tement .

l f  m is  an  ar ray  name,  the  changed e lement  i s  d is -
p layed.  l f  the  l i s t  o f  names is  omi t t r - -d ,  a  d isp lay

occurs  whenever  the  va lue  o f  a  var iab le  o r  an  ar rav
e lement  i s  changed.

l f  the  en t i re  op t ion  is  omi t ted ,  no  d isp lay  occurs

when va lues  change.

l N l T  c a n n o t  b e  a p p l i e d  t o  a  d u m m y  v a r i a b l e .

wh i : : re  op taon ca i ' ,  be  ar ty  u f  the  fo l lovv ing :  SUBTRACE

This  op t ion  spec i f  ies  tha t  the  name , r f  th is  subprogram

Si jBCi lK{n '  , r - r . ,  .  .  "  , r r , r  )  i s  d isp layed whenever  i t  i s  en tered .  The message,

w l ie re  n  i s  an  ar ray  nanr t - . .  J  h r :  va l rd i ty  o f  the  sub-  RETURN,  is  d isp layed whenever  ex ' :cu t ion  o f  the

: ;c r ip l -s  , rsed  w i th  t l ie  r :amed ar rays  is  checked by  com-  subprogram is  comple ted .
par i r rg  the  s l rbsc i ' ip t  combina t ion  w i th  the  s ize  o f  the
ar ray"  l f  the  subscr ip t  exceeds i t s  d imens ion  bounds,  Uses . '  The DEBUG s ta tement  se ts  the  cond i t ions  fo r  opera-

a  nressa l te  i s  p laced i r r  the  debr :g  ou tpu t  f  i l e .  Program t ion  o f  the  debug fac i l i t y  and des ignates  d t 'bugg ing  opera-

execut io r r  cor r t inues ,  r , rs ing  the  incor rec t  suL lscr ip t .  l f  t ions  tha t  app ly  to  the  en t i re  p rogram un i1 . .

the  i i s t  u f  a r ray  narnes  is  omi t ted ,  a l l  a r rays  in  the
progra t r  a re  checked io r  va l r rJ  subscr ip t  usage.  l f  the
ent i re  o f i t ion  is  omi t ted ,  r ro  a r rays  are  checked fo r
va l id  suhscr ip ts

When s r :bscr ip t  c l reck ing  occurs ,  on ly  two by tes  o f
t h e  s r - r b s c r i p t  a r e  e x a r - r r i n e d .  l l i  a n  I N T E G E R * 4  v a r u e
is  used as  a  subscr ip t ,  the  le { t rnos t  two by tes  o f  the
subscr ip l  va lue  are  ignored.

SUBCHf :  canr io t  be  app l ied  to  a  dummy ar ray .

l )ebug Faci l i ty  11



Consideratiot'ts/Restrictians: TRACE CIN S.rATEMEN"r

1 .  Ther r :  rnus t  l rc  one,  anc i  u r r i y  o r re .  Dt iBUG s ta te , r . t r ]n t  T .hc  qcr le ra l  to , r rn  o i  t i r c  T  I . IACE { lN  s ta tenrent  i s :
f  or each pf .rgf arn or sutr l)roqrarn t.o [)e c. iebirgged; i f
m u s t  f o l i o w  t h e  i a s t  e x e c u t a b i e  s i . i i e n t e n t  { s u c h  a s  T B A , C I  O N
STOP i . i r  RE l -URNi .  

- fhe  
dc l . ru i l  i r i l cke ts  must  in rn rerJ i_

a le ly  fo l lovv  the  l lE t j l "JG s ta t r - r r len t .

( /se .s . '  t  he  f  f iACE ON s ta temen, .  in r t ia tL ,s  the  c i i :p lay  o f
2 . .  i i re  i - r l ) t ions  in  a  DEBTJG s ta te tnent  ca , i  be  g ivur r  r t r r l y  p rograrn  f  low t_ ,eq inn ing  a t  thL ,  s ta tenre i t t  number  inc l rc i i . ;d

o n c e ,  c a i l  a p l l { ' a r  i t t . r n y  o ; d e r ,  a r r d  r n u s t  b e  s e p a r a t e d  b y  t h e  A T  s 1 ; t e m e n t .  E a c 6  t i r n e  a  s t a t e m e n l  t f r a r  , , a s ,
bv  cor f i r r l i l s .  s ta tement  nur r tber  rs  executec l ,  the  s ta te rnent  i ru r r rber  i s

i ) f ln tec  ou t  on  the  c iebuE or l tpu t  f i l e .
3. ' ,Jurgti i t .  i rorn u cletrr_r1; operatiorr is directecl to the

F C ) R T l t A N  u r r o r  l o g g i n g  d e v , c e .  ( S e e  P R l l , J T  a n c t
NAPRINTtR Device Optt iot. t  Staterrrents in Chapter Consiclerat ions/Restr ict ions;
1 3  f r r r  m u r e  r i  f  o r i n a t i o n .  )

L  F o r  t i r e  T R A C E  O N  s t a t e  r n e r r t  t o  b e  v a l i d ,  t f r e
l " t l A C E  6 r S r t i o n  r n u s t  b e  s p e c i f i e d  i n  t h e  D E B U G

AT STATEfu IENT s ta r .ement .

The ger rera l  l ' r - r r t r t  u i  the  AT s ta t r ; r - r r t : r r1  i s '  2 .  T rac ing  beg ins  in rmed ia te ly  be fore  the  execut ion  o f
the  s ta tcment  sLrec i f ied  in  the  AT s ta temenl .

A"I rr

3 .  
- l ' he  

TRACE ON s ta te rnent  s tays  in  e f fec t  t l r rough
w n e r e  a n y  l e v e l  o f  s u b p r o g r a r l  c a l l o r  r e t u r n .  H o v v e v e r ,  i f

r l  i s  t f ie  s ia te r l len t  r tu rn l - i c i  ) f  a r  executab lc  s ta tement  a  TRACE ON s ta te rnent  i s  in  e f fec t  and cor r t ro l  i s
in  the  program or  s t tbprograr r  to  l re  debugged.  q iven  to  a  p rogram i r i  w l ' r i c l r  the  TRACE opt ion  was

not  spec i f ied ,  the  s ta tement  numbers  in  tha t  p rogram

are  no t  t raced.
{y 'se .s ;  Thc  l \ l -  s t . ; ' ' ' rnen t  id r : i r t i f  ies  r l re  bcg i r rn i r rg  o f  a
debug packet  and i r rd ica tes  the  s ta te rnent  r r t l r rber  in  the
progra in  ' . r r r r l  \  /here  s t l ten tcn t  t rac ing l  rs  1o  beq i r r  o r  end.  Exar r tp le :

Co n s ici era t i o tt s / R r:st r i c t t u t ts
2 0 0  x . Y + z

1"  T i re re  inu> l  L , r r  " )nc  AT s la tement  io r  each debug
packet .  (1 - i ie  t  e  i : s i r  bc  n ta r ry  de i tL r ,g  packets  fo r  one DEBUG TRACE
p r o g r a r n  o r  s t r b p r  o g r a m . l  A T  2 0 i l

T R A C E  O N

2.  T i re  f  t iA t lE  op t t . l r  n rus t  b i l  spero f ie t l  i r i  the  DEBUG END

sta terner i t  i f  AT rs  spec i f  ied .

3 .  A  f 'R ; \CE Of t  s ra te rnent  o r  
'T 'RACE 

OFF s ta tement
n r u s t  l o l l o w  t i r e  A T  s t a t e m e n t .

Exantple:

? 0 0  X , , \ '  :  I

D I I ] I . JG IRACI :
A t 20Lr
Tf l t \CE ON
E i! t_)



T R A C E  O F F

T i r e  g e n e r a l  f o r m  o i  t h c  T R A C E  O F F  s t a t e r n e n t  i s :

T R A C E  O F F

Uses.  The TRACF-  C)FF s ta te r r ren t  s tops  the  c l i sp lay  o f
p r o g r a r r  f l o w  b e g i i r n i r r q  a 1  t h n  s t a t e m e n t  n u m b c r  i n d i c a t e c l

bv  the  l \T  s ta temonr .

Consir ierarions,/Restr ict ions.- [-or thrs slatemont to be

v ; i l i d ,  t l r r  T R A C E  o L ) t r o n  t i l u s l  b c  s ; r e c i f i e d  i r r  t h e  D E B U G

State  rne l l  t  .

E.x:tntpl,::;

2OA X-Y i  l

.

210  X=Y -Z

D E B U G  T R A C E
AT 2OO
T R A C E  O N
A T  2 I O
T R A C E  O F F
E N D

EXAMPLES OF THE DEBUG FACIL ITY

Exantple l:

D  iM  ENSI  ON STOCK(  1  OOO) ,OUT(  1  OOO)

D O  3 0  r = 1 , 1 0 0 0
srocK (  |  )=srocK( |  ) -our(  |  )
C O N T I N U E
A=B+C

DEBUG SUBCH K(STOCK) , IN  IT (STOCK)
E N D

Al l  o f  the inval id  subscr ipts  processed in STOCK, and a l l
o f  the values of  STOCK are to be d isplayed.

Exarnple 2:

1 0  A = 1 . 5
1 2  L = 1
1 5  B - A + 1 . 5
'20

2 2  C O N T I N U E
2 5  C = B + 3 . 1 6
3 0  D = C t 2

" : '

D E B U G  T R A C E
C  D E B U G  P A C K E T  N U M B E R  1

A T  1 O
T R A C E  O N

C  D E B U G  P A C K E T  N U M B E R  2
AT 20
T R A C E  O F F

C  D E B U G  P A C K E T  N U M B E R  3
AT 30
TRACE ON
E N D

When statement  10 is  encountered in the pre ceding example,
t rac ing begins as indicated by debug packet  ' l  .  When state-
ment  20 is  encountered,  t rac ing stops as indicated by the
TRACE OFF statement  in  debug packet  2.  'When state-
ment  30 is  encountered,  debug packet  3 t rac ing begins
aga t  n.

ln  th is  example,  t race output  is  produced for  s tatement
numbers 10,  12 15,  and 30.  No debug outpr l t  is  produced
fo r  s ta temen t  numbers  20 ,22 ,  and  25 .

25
30
35
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Chapter 11. Examples of FORTRAN programs

SAI\4PLE PROGRAM 1

' l -h i : :  
sanrple i l rograrn (F iguro b l  is  designed to f ind a l l  o f

the orrms nurnb,r : rs  between 2.r r rd 1000.  A pr ime numt ler
r s  € l r  i ' r t e t t e r  { J rea te r  t han  1  i i ! J t  cannc t  t r e  evcn l y  d i v i ded
by  a r r v  i n r t - . ge r  uxcep l  i t se r f  and  ' i  Thus  2 .  3 ,  g ,1 ,  11 ,
.  .  .  i t to  f r r in te l rurnbc ' rs .  l -he numlrer  g is  not  a pr ime
nurr-rbei' blc;lu:;* it ral tre r-,venly clivicje,j bV 3.

FORl -RAN Cod ing  Form

I ril
nidl' i # t

. - 1 i  i

I lll
f  . 1 -  t

:TI-T1

i-flji
l]I]II

l l
t t
1r
1 1
il
* l

- t I
+ i

I

+ !

+ i
i r
'i-t

Figure 5 Sa,nple Frogram 1
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SAMPLE PROGRAM 2 Af te r  the  Ws and Zs  are  computed,  the  normal  equa l : ions

are  so lved by  the  method o f  e l im ina t io r r ,  wh ich  is  i l l ' us t ra ted

The n  po in ts  (x i ,  y i )  a re  to  be  used to  f i t  an  m degree po ly -  by  the  fo l low ing  so lu t ion  o f  the  normal  equat ions  fc r  a

nomia l  by  the  leas t -squares  method.  second degree po lynomia l  (m =  21 .

y = a o * a l x + a 2 x 2  +  . . . * a m x m  ( 1 )  W o d o * W 1 a ,  + W 2 a 2 = Z o

Q l  W 1 a . r  +  W 2  a r  +  W 1 a 2  =  Z 1

f  n  o r d e r  t o  o b t a i n  t h e  c o e f f  i c i e n t s  a o ,  a r .  .  .  . ,  a . ,  i t  i s  ( 3 )  W 2 a o  +  W : a ,  +  W a a 2  =  2 2

necessary  to  so lve  the  normal  equat ions :
The fo rward  so lu t ion  is  as  fo l lows:

( 1 )  W o a o + W 1 a 1  * . . . * W m a r n  = Z o

, : ,  W l a o  + W 2 a ,  + . . . * W r n * r  d n t = Z t  1 .  D i v i d e e q u a t i o n  ( 1 ) b y W n

2.  Mu l t ip ly  the  equat ion  resu l t ing  f  rom s tep  1  by  Wr

and subt rac t  f rom equat ion  (2 )

( m + 1 )  W n , a * W * * , a ,  + . . . + W 2 * a , n  = 2 , ' ,

3 .  Mu l t ip ly  the  equat ion  resu l t ing  f rom s tep  1  b1 '  yy t

where :  n  ond subt rac t  f rom equat ion  (3 )

sa
W o = n  Z  =  

L  
y i  T h e r e s u l t i n g e q u a t i o n s a r e :

i = 1  ( 4 )  a o * b r z a r * b r t o z = b r c
( 5 )  b 2 2 a 1  t  b 2 3 a 2  =  b 2 a

n  n  ( 6 )  b : u a t * b 3 3 a 2 = b 3 a

S \ ! S
W r =  )  x i  Z r =  )  Y i x i  w h e r e :

/-J l-t

i = 1  i = l  b , r = W 1 / W o ,  b 1 3 = W 2 / W o ,  b t 1 - - Z o l W o

b z z = W z - b r z W r  ,  b z :  = W 3 - b 1 3 W 1  ,  b z q  =  Z l - b r 4 W r

n  n  b 3 2 = W 3 - b 1 2 W 2 ,  b : a = W + - b r : W u ,  b r + = 2 2 - b t 4 W 2

s.\ s
Wz= )  x i2  Zr=  )  Vrx i2  S teps  1  and 2  are  repeated  us ing  equat ions  (5 )  and 16) ,

/ - .J  u  w i th  b22 and b32 ins tead o f  Wo and W1.  The resu l t ing

i = l  i = ' l  e q u a t i o n s a r e :

.  , r ,  d 1  t  c 2  t o z  =  c z q

.  .  

(8 )  c33?2 =  c34

n whe re :

\-
'  Zn r=  )  Y i x im  c23  =  b23 /b22  ' c2a  =  b2a  l b22

u
i  =  1  c : :  =  b : :  - c z t b t z  ,  c t q  =  b 3 a  - c 2 a b 3 2

n

1-\ 
he backward solut ion is as fol lows:

Z. rn= ) x; ' i l r
"  /-J (g) a2 = caa lca3 from equati ,rn (8)

i = ' l  ( 1 0 )  0 1  =  c 2 4 - c 2 3 d 2  f r o m  e q u a t i o n  ( 7 )

( 1 1 )  d o  =  b r  q - b t z . ? r  - b t  : a r  f r o m  e q u a t i ' r n  ( 4 )



Figure 6 is a :arnpi i :  i jUl i- I  Fi i i i r , i  f-1rLl(. i ranl {r_ri  carryrng out
t h e  c a l u u l a t r o t t s  1 r : r  l h r :  u d t i r .  i r  . '  1 ( i ( ) "  i i i  <  1 0 .  W ( r ,  W r ,
' N 2 , .  .  . ,  W " , . , ,  : r i e  s t o r r r !  i l r ' l r u i 1 ) ,  W ( 2 i ,  V U ( . J ) ,  .  .  . ,
r ,V{2M-r l  } ,  respcc t ive ly  .  7 " , , , ; :  |  ,  V2 ,  .  .  ,  Z - , r ,  L re  s to red  r r . )
, 7 , ( 1 ] ' ,  t ' - { 2 1  ,  Z { 3 } , . .  Z r f , l l  i i } ,  r e s 6 n r : r r v t ' i y .

FORTRAN lodins Fgm :.i.1";fl.11*"
I  [ " ^ , r  ' i  I

I _l_ I ".d?-o"l_:5

S E O U  E  N C  I

: : i
3 7 9 8 0 t  L_ _ - l

l
Figure l i  (Part  1 of  31.  Sanrple Proqranr 2
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+f]ir
i 1 1 t  I i

i i r i l i
I ;  i } r
i 1 i " i i
il:fi
i t r l l '
l i  "
11. ili
- l - -  '  . ' t  l

Figure 6 (Parr  2 o{  3} .  Sample Program 2

Figure 6 (Part  3 o{  3} .  Sample Program 2
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T h e  e l i : r l r l r r t s  o f  t h e  W  r r  r a y ,  e x c e p t  W ( 1 ) ,  a r e  s e t  e q u a i  t o
ze r . r . i ,  W( i  I  i s  se t  r qua l  t o  i ! .  Fo r  eac f r  va l ue  o f  l ,  X ;  anc l
Y t  t r  u  se l L l c : t ed .  f he  i l i . iwc l s  O i  X i  . i r e  compu te t l  and
acc i l l u l a t i t d  i n  t l t r - ' r : r t r r " l c t  W  r : , . r r r r r l e r s  T f t e  po r . n re r s  o f  X1
a re  r I lU l t i r r l , , j ( i  b y  Y , . , i r ( l  l h c  [ ] i  u { - l r - i c t s  a re . J . :Cu r } i u i a t cd ; i l

l i t t :  co r rec l .  Z  t , , ) i r t l l e r s .  I n  o r r l r r  t o  s i j v l :  r nac l r ; r i c  t n i l r l
i vhe t t  t l t ; ; .  r . r t t . j e c t  p roq i  am  r s  i r e i ng  r r - r 1  t t i e  p rev l o r - i s l y  co rn -

l i i . j taC i iower of  X,  is  Ltse{J \ / r i i iLr l l  ccrrrpui ing the r text  povJer
{ l f  X i .  N ( i 1 { i  t ha i  t l - r e  l r : , t  r _ r l  v i l r i ab l es  as  r r r dex  } l a rdn te te r s .
By  l l t e  t i r ne  L i ) t r 1 r ( t t h i r - r  pass t - r , 11o  s ta te r xen t  17 ,  t he  coL l t t e r s
. j r i r  5e t  a !  f r . r l iC i vs :

l\

l i i  ) X O ,

By the  t ime cont ro l  passes  to  s ta temerr t  23 ,  t l - re  va lues  o f
Wo,  \ , \ i l  ,  .  .  -  ,  W2rn+ l  a re  p laced in  the  s to rage loca t ions
cor rcspor rd ing  to  co lumns 1  th rough M +1 ,  row ' l  th rough
M  r ' l  ,  o f  t h e  B  a n . t y ,  a n d  t h e  v a l u e s  o f  Z r r ,  Z r  ,  .  .  ,  2 , r ,
I rave  been s to rec l  in  the  loca t ions  cor respond i r rg  to  the
co lumr i  M+2 < t f  the  B ar ray .  For  example ,  in  the  i l l us t ra t rve
prob lem (M - -  21  ,  co iumns 1  th rough 4 ,  rows 1  th rough 3 ,
o f  t f r t :  B  a r ray  wou ld  be  se t  to  the  fo l low ing  conrputed
va l  ues  :

W,.r
w1
W"

wr
w2
w3

w2
w3
w4

*()
z r
z1

,,rj{ i ;

i/V12 r

f.j

This  mat r ix  repr  esents  equat ions  l l l  ,  (21  ,  and (31 ,  the
norn ta i  equat ions  f  o r  M=2,

' i h r :  
f o r w a r d  s u l u t i o n ,  w h i c h  r e s u l t s  i n  e q u a t i o n s  ( 4 1  ,  ( 7 ) ,

and {8 } ,  i s  car r ie tJ  ou t  by  s ta tements  23  th rough 31 .  tJy
the  t tme cc ,n t ro l  passes  to  s ta tement  33 ,  the  coeJ f  i c ien ts  o f
the  A l  ie rms in  t f re  M+1 equat ions ,  wh ich  wou ld  be  ob-
ta ined in  manua l  ca icu la t ions ,  have rep laced the  conten ts
o f  the  loca t ions  cor respond ing  to  co lumns 1  th rough M+1,
rows 1  th iough M+1,  o f  the  B ar ray ,  and the  cons tan ts  on
the  r igh t -hand s ide  o f  the  equat ions  havc  rep laced the  con-
ten ts  o f  the  loca t ions  cor respond ing  to  co lumn l \4+2,  1o* t
1  t h r o u g h  M + 1 ,  o f  t h e  B  a r r a y .  C o l u m n s  1  t h r o u g h  4 ,  r o w s
I  th roug l r  3 ,  o f  the  B ar ray  are  se t  to  the  fo l lowr r rg  com-
puted  va l  ues :

1
0

b r z
1
0

br .r
C : :

C : : t

o t +

c z q

c: l . t

Location

A ( 3 )
A(2)
A ( 1 1

Contents

L - l 4  /  L J  J

C 2 4 - C 2 3 d 2

b r q  - b r  2 d ;  - b 1  
3 d 2

The resu l r ing  va iues  o f  the  A( l )  te rms are  then p l r in ted

accord ing  to  the  FORMAT s ta te rnent  number  2 .

! . I

t\.:

i , . l

i,J

'[*'n
v' ;r : l '  )

LJ

t - l

xl  7_( .2- l

X t z l3 l

N

[--\' }  Y , X ,
/*-t

i = l

N

t . . i

N Th is  rna t r i x  represents  equat ions  l4 l  ,17 \ ,  and (E i l .

' 1 - h e  
b a c k w a r d  s o l u t i o n ,  w h i c h  r e s u l t s  i n  e q u a t i o r r s  ( 9 ) ,  ( 1 0 ) "

and ( i ' l  ) ,  i s  car r ied  ou t  by  s ta tements  33  th ror , rgh  40"  By
the  t ime cont ro l  passes  to  s ta tenrent  41  ,  wh ich  pr in ts  the
v a l u e s  o f  t h e  A ( l l  t e r m s ,  t h e  M + 1  v a l u e s  o f  t h e  t \ ( l )  r e r n r s
are  s to red  in  the  M+i  loca t ions  fo r  the  A ar rav .  The A
ar ray  wr - iu ld  conta in  the  fo l low ing  computed va lues  fo r  a2  ,
a , ,  a n d  a o ,  r e s p e c t i v e l y :

I",*,'

l'..1

z { i v r i i ) =  
I Y T X T M

K - " \  -  n ?
w ( 2 M ' i ,  \  x , 2  f ' " 1

^&J 
I

1, .  1
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This sect ion conta ins:

.  Overv iew of  FORTRAN processing

.  Compi lat ion

o L inkage edi tor  processing

.  Load module execut ion

o Job output
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A FOnl  i - lA l \  p rcgr r tn  i s  p rnr :c ;sec l  by  the  FORTRAN
compi ie r  under  con i t io l  o f  the  l t J f ,y l  Sys iem/3  Sys tenr  Con_
t ro l  Prograr r i .  T l r r :  FORTHAI i  uornpr i ie r  i s  l  l i rograrn  tna t
rransl. tes Fo Fi ' !-  f-rAi"r staiernents i  I  r to i  n5ir i r{ : t io.s tnat ca n
h.,, . :  undt:rs1r:or{ ancl execuir;r l  br/ t l re l iystem/1{. 1.he systeni
cor r t fo t  N) r i lga ; l ,n  i s  a  | l r , lgaan i  t l ' t . t l  con t ro ls  t l te  operu t ion
of the Svst,, ,r lr /3.

For yol l  to make tf t .  f lust rrse of -Sy5turi lr '3, ! ,ou rT.lr . ist krrow
l ic rw to  t { , i l l  t l te  Sys t r , ,m Cont ro !  Progr . i r i t  about  your  FOR.
l " F l A N  l i i  { ] q r d n i ,  h o w  t o  d e t r r r c  F { i i i - i  f i A N  t i l c s ,  r , r d  w t } d t
k ind  i . : i '  ( . ,L r t i - )u t  to  ex i reu t .  i  l t r s  i r r i r r ;d i rc to rV scu t r r ; r :  sum-
tna t izeS l laSrC i i i fCr r rna i iOn y r r r - r  r r i : cd  i r r  i ) i i l { r ,  t { )  r t : t l  j ys tem/ ,
3 .  I n i s  s r c t i c n  L r r i e f  i ' ;  d e s c r i b r s :

1. f iuuv ,:  l -ClR l  f lAN 1_rri , . ,1ranr is r, i i rccsse(i.

' J .  
Cornrnur r ica t , i r rg  w i t i r  Sysr - , : rn , /3  th rough { . \perduon
ct ;n t ro l  la r rg r rage (O[ : t . i .
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4 .  [ . te . r r r ing  FORTI ]A . t \ i  f i i e :  anc j  o t f ie r  f i l es  needed by
Sy:;tenr/3.

i {C ,W A FORTRAN PROGRAIVI  IT i  PROCESSED

Eetore yr. irrr FOttT RAlr l  i l r , , jU!-. :1nj t ; ; i l i  be execulu,.t .  t1 r i tust
bre c<lr i ' rr- ,r ted int,o a fLrnr rhl l  i : i ;n l te urrderstood by
Sys tern /3-  Th , j  ( . ;un tp i ld r  Lor rvor t1 ;  the  proqrant .  ' Ihe  

l i r rkage
ed i to r  cor rb i f ies  th . r  F r rOet rd r r t  v , i i th  w l r . i tever  o ther  p rograms
are  rcqu i reC to  fo rm ar r  e . { ,d { , i , [ , r t j l i t  u r r i t .  F :o r  exanrp le ,  i f
yo i , r r  l , ro ! ) ram r i ies  t i ru  SOR I  i : l r i  a r .y  1 r r l c t io r r ,  the  l inkage
ed i to r  re t r ieves  SOR' f  l ro r r i  f . i r r :  f :ORTRAN l ib ra ry  o i  sub_
i , t o g r d n r s  d n ( l  J o i r r s  i l  r , v i l i r  v . l - r  l J r ( ) g r a , r l

Chapter 12. Overview Of FORTRAI\I  processing

The th ree  s teps  tha t  must  be  taken to  conver t  ano execute
a FORTRAN program are compilation, link_editing, and
toarl module execLtt ion. The FORTRAN source program
is  the  inpur  to  the  compi la t ion  s rep .  The r . ru tpu t  i s  t l re
group nt trarrslated statements, calk:d an objec-t module,
w l r i ;h  becomes t l re  i r . rpu t  to  the  l ink -ed i t  s tep ,  (Other
ternrs used to desr:r ibe the obier:t  rnodule are routine and
nonexecutable object Tsrogram; we use the terl t  oDlecr
rno t lu le  th roughout  t i i i s  pub l i ca t ron . )  The ou lpu t  o f  the
i r ; rk -ed i t inq  s tep  is  the  ob jec t  modu le  combined w i th  o ther
rnodulcs to form a load ntodule, or object prollram (we use
the  te r rn  load rnodu le)  T f re  ioad nrodu le  i s  the  program
executed  i r r  the  loa<, i  modu le  execut ion  s tep .

A l though these th ree  s teps  fnus t  be  taken in  sequence to
execute  a  p rogram,  i t  i s  no t  necessarV tha t  t l l e , /  occur  a t
o r )e  t i rne .  For  exarnp le ,  you  ca t r  choose the  compi la t io r r
s tep  on ly ,  w i th  the  o ther  s teps  to  fo l low a t  a  l ; r te r  t rme.
Assurne tha t  you  have coded a  par t i cu la r ly  connp lex  FOR-
T R A N  p r o g r a m .  T l r e  f i r s t  t i m e  y o u  s u b m i t  i t ,  y o u  m i g h t
on ly  compi le  i t ,  so  tha t  you  can cor rec t  any  source  program
errors .  The compi le r  examines  each FORTRAN s ta tement
{or  cor rec t  syn tax  and issues  er ro r  messages fo r  FORTRAN
lar iguage v io la t ions .  A f te r  cor rec t ing  these er ro rs  you
cou ld  have the  program cornp i led ,  l ink -ed i ted ,  and executed
at  one t in te .  F r r r ther  assunte  tha t  Vou i r r tend t r . r  use  the
program many t imes.  Once the  program is  suc :ess fu l l y
conrp i led .  i t  wou ld  be  po in t less  fo r  you  to  cor r rp i le  i t  every
i ime you use i t .  You cou ld  choose to  s to re  the 'cor r rp i led
object rnodule in a f i le of object nrodules, cal led an object
l ib ra ry .  Then,  each t i rne  you want  to  execute  Lne progran i ,
you  u . l t r ld  te l l  the  Sys tem/3  to  bypass  the  compi le  s tep
anr l  use  the  ob jec t  morJu le  as  i t s  inpu t .  These z r re  some o f
the  a l te rna t ives  you have when execut ing  your  p rogran l .
You te l l  the  sys tem wh ich  a l te rna t ives  to  se lec l  th rc - rugh
use r : f  the  opera t ion  cont ro l  language s ta tements .

O v e r v r e w  o f  F O F i ' f  R  A N  P r o c e s s i n q  8 3



1 .

Using FORTRAN consists  of  the general  operat ions i l lus-

t rated in  F igure 7:

Def ine  the  job .  The programmer  de f  ines  the  iob  re -

qu i rements  fo r  the  spec i f i c  task .  Usua l ly ,  the  fo l low-

ing  ques t ions  must  be  answered when the  job  is

defi  ned :

a .  What  in fo rmat ion  is  p rov ided as  input  to  the

program?

b.  What  ca lcu la t io t rs  a re  to  be  per fo rmed?

c. \A/hat output infornration should be generated by

the  program?

Write the source program. After the programtrler de-

f  i r res  the  job ,  he  or  she deve lops  the  FORTRAN

source  program.

Record t lre source statements on disk or cards, After

the  soLr rce  program is  wr i t ten ,  i t  i s  recorded on

punched cards  or  en tered  in to  t t re  sys tem f rom the

keyboard .

Compi le  the  source  s ta tements .  The source  program,

preceded bV the required OCL statements, is proces-

sed by  the  FORTRAN lV  compi le r  under  cont ro l  o f

the  sys tem cont ro l  p rogram.  A t  the  end o f  th i :

p rocess ing  (compi la t ion) ,  the  ob iec t  p rogram is

s to rec l  as  an  R n todu le  in  the  ob jec t  l ib ra ry  on  d isk

or  punched ur r  cards .  Th is  p rogram conta ins  a l l  the

ins t ruc t ions  requ i red  to  per fo rm the  iob .

L ink-ed i t  the  ob iec t  p rogram.  The ob iec t  p rogram is

processed by  the  L inkage Ed i to r  under  cont ro l  o f  the

Sys tern  Cont ro l  Program.  Th is  i s  done to  reso lve  a l l

addresses and external references. At the end of this

process ing  ( l ink -ed i t ing) ,  the  load modu le  i s  s to red

as  an  O modu le  in  the  ob jec t  l ib ra ry  on  d isk  o r

punched on cards. The prograrn is now ready to be

executed .

Execute  the  program.  The load modu le  i s  read f rom

disk  o r  cards ;  then the  input  and ou tpu t  a re  p rocessed

by the  sys tem under  cont ro l  o f  the  FORTRAN

progra  m.

3.

4 .

5 .

o ,
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J u i r  R e q u i r e m e n t s

Ca lcu la t i r , . r rs

Or . r i .ou i

l .  D e f i r . r e  t h e  j o b .

3 .  f iecord  source  s ta te inents  on  d isk ,
d i s k c t t e ,  o r  c a r d s .

4 .  Cornp i le  the  source  s t i . r te f ten ts .
T h e  t r : r u l t i r t q  o b j e c t  p r o r q r a m  i s
recorc led  on  d isk ,  d iske t te ,  o r
ca  rds .

5 .  L ink-ed i t  the  ob iec l  f - \ rugram.
The n :su l t ing  loa t l  r r rodu le  i s

recorded on  d isk ,  c i i ske t te ,  o r
cards .

Input  Data
6 .  Execr te  t f ie  p r 'oqrarn .  T f re

ioad rnoc l r : le  i s  read f  rom

d i s k .  c j i s k e t t e .  o r  c a r d s ; t h e n

th1  Inp l i t  a l l { i  0 t i tp i i t  a re
proce'ssed by t ire system

Ll i rder  cont ro l  r : t  the
FORTi IAN pr { rg rarn .

Tape

2.  Wr i te  source  progrant .

D i s k

F C } R T R A N  I V
c o l n p i l e r  o n  d i s k .

L i r rkage ed i to r
program on d isk .

Output Data

Pr i  n  ter
r s k

ds

Tape

C o n s o l e  ( M o d e l  1 0 )

T  ( M o d e l  1 5 )

l
I

Cards

C o n s o l e  ( M o d e l s

Keyboard (f \4odel
1 0  a n d  1 2 )

1 5 1

Coding  Sheets

Main  Storage

L i n k a g e  E d i t o r

Storage

L o a d  M o d u l e

Figure ?.  Processing a FORTRAN Prograrn
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U S I N G  O P E R A T I O N  C O N T R O L  L A N G U A G E  { O C L }

Opera t ion  cont ro l  language (OCL)  i s  your  means o f  com-
munica t ing  w i th  IBM Sys tem/3 .  You must  wr i te  a  se t  o f
OCL s ta tements  fo r  each program yoLr  want  to  run .  OCL
sta tements  descr ibe  the  program to  the  sys tem,  wh ich  reads
thc  s r : r  o f  OCI -  s ta tements  and runs  the  program.  When the
program encls, the system reads the next set of OCL state-
ments, runs the program it  describes, and repeats the proce-

dure  un t i l  a l l  OCL s ta tenrents  and programs have been run"

OCL s ta tements  tha t  a re  essent ia l  in  runn ing  a  FORTRAN
p r o q r a m  a r r :  L O A D ,  F I L E ,  a n d  R U N .

A comple te  descr ip t ion  o f  a l l  OCL s ta tements  can be  found
in the applicable system control programming reference
manuals. Refer to Related Publications f or the oroer
numDer .

A program submi t ted  fo r  compi la t ion ,  l ink -ed i t ing ,  and

execut ion  migh t  be  ar ranged as  fo l lows:

I I  LAAD $FORT.F' I
/ /  TILE NAME.$WORK .  .  .
I I  FILE NAME.$SOURCE .  .  .
/ /  RUN
-PROCESS L IN  K
FORTRAN source program

//  LOAD ABC.F1
l /  FILE (statement  for  load module,  i f  any)
/ i  RUN
Input  data cards,  i f  any

Some OCL statements are used on a recurring bar;is, such as
the LOAD $FORT and the FILE statements for  I IWORK
and $SOURCE. To avoid recoding these statements every
time they are to be used, they can be stored as sets in a
source library. These sets are called procedures. A com-
plete discussion of procedures can be found in the previous-

ly  ment ioned reference manuals.

IBM System/3 FORTRAN-Supplied Procedures

!BM suppl ies a number of  procedures for  use wi th System/3
FORTRAN. Figure 8 descr ibes the procedures used for
compi l ing,  l ink-edi t ing,  and execut ing FORTRAI{  programs.

Note:  fhe Model  15 a lso a l lows $WORK and $SOURCE
files on 5445 or 3340 Disk Storage. The user must change
the orocedures if he wants to use 5445 or 3340 for

$WORK and $SOURCE. See Optimum Assignment of

$WO R K and $SOURCE Work Files in Chapter 20,
System Co n si derat i on s.
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Page of  SC28-6874-3
l ssued  21  December  1979

B y  T N L :  S N 2 1 - 5 7 1  1

Librar ies D E F I N I N G  F l L E S

Each disk can contain a source l ibrary and an object l ibrary. Fi les are col lect ions of records, such as an object modure, a
A l though bo th  l ib ra r ies  can be  loca ted  anywhere  on  a  d isk ,  l ib ra ry  o f  subprograms,  a  source  program,  o r  a  da ta  card
the  source  l ib ra ry  a lways  immedia te ly  p recedes the  ob jec t  deck .
l i b r a  r y .

The source  l ib ra ry  i s  an  area  fo r  s to r ing  OCL procedures  F i les  Needed by  the  Compi le r  and L inkage Ed i to r
and FORTRAN source  programs.  OCL procedures  or
programs are  added to  a  source  l ib ra ry  us ing  the  L ib rary  The compi le r  needs  the  f i le  named $WORK to  s to re  the
Main tenance u t i l i t y  p rogram.  Programs may be  compi led  ob jec t  modu le  i f  the  l inkage ed i to r  i s  ca l led  to  p rocess  any
f rom the  source  l ib ra ry  by  us ing  the  COMPI  LE o f  the  compi le r  op t ions  DECK,  GODECK.  OBJECT,  o r
s t a t e m e n t .  ( R e f e r t o  t h e d e s c r i p t i o n o f  t h e C O M P I L E  L I N K .  T h e l i n k a g e e d i t o r n e e d s t h e t w o f i l e s n a m e d
sta tement  in  the  app l icab le  sys tem cont ro l  p rogramming $WORK and $SOURCE.
re ference manua l . )  (U t i l i t y  p rograms are  descr ibed in
the  app l  i cab le  sys tem cont ro l  p rogramming re fe rence For  in fo rmat ion  about  the  ass ignment  o f  $WORK and
manual. Refer to Related Publications for the order $SOURCE, see Optimum Assignment of $WOt?K and
number') $SOURCE Work Files in Chapter 2o,System Considerations.

The ob jec t  l ib ra ry  i s  an  area  fo r  s to r ing  ob jec t  modu les  and
load modu les .  FORTRAN modu les  are  s to red  by  reques t ing  F i les  Needed by  the  FORTRAN Load Modute
the  OBJECT parameter  ( fo r  an  ob jec t  modu le)  o r  the  L IN K
parameter  ( fo r  a  load modu le)  on  the  *PROCESS 

compi le r  The FORTRAN load modu le  uses  f i les  on ly  i f  i t  inc luoes
opt ion  s ta tement ,  used exc lus ive ly  in  FORTRAN process ing .  inpu t /ou tpu t  s ta tements  o r  ca l l s  to  any  l /O commerc ia l
Th is  s ta tement  i s  descr ibed in  g rea ter  de ta i l  in  Chapter  13 ,  subrout ines .  Commerc ia l  subrout ines  are  descr ibed in  the
Compilation. publication IBM System/3 FORTRAN lV Conrmerical

S u bro ut i  n es. SC28-6875.

COMPILER,  L INKAGE EDITOR,  AND LOAD MODULE
OUTPUT Def in ing  FORTRAN F i les  a t  Compi la t ion  T ime

I t r  add i t ion  to  ob jec t  and load modu les ,  the  compi le r  and Dev ice  op t ion  s ta tements  a re  used to  te l l  the  c , lmp i le r  wh ich
l inkage ed i to r  p roduce o ther  fo rms o f  ou tpu t  tha t  he lp  f i les  and dev ices  to  use .  The compi le r  uses  the  in fo rmat ion
you ana lyze  the  job .  The compi le r  in fo rms you o f  the  in  the  dev ice  op t ion  s ta tements  to  a l loca te  bu f fe r  space and
success  o f  the  compi la t ion  by  issu ing  messages,  inc lud ing  da ta  management  cont ro l  b locks  to  the  f i les .  ' [he  

compi le r
a  sever i ty  code to r  any  er ro r  encountered .  The sever i ty  se ts  up  a  tab le  o f  log ica l  un i t  numbers ,  wh ich  conta ins  an
code ind ica tes  whether  the  compi la t ion  was en t i re ly  o r  en t ry  fo r  each dev ice  or  f i l e  tha t  i s  spec i f ied .  l Jp  to  a  max-
par t ia l l y  success fu l .  An  unsuccess fu l  compi la t ion  resu l ts  i rnum o f  40  f i les  can be  spec i f ied  a t  compi le  t i rne .
in  no  ob jec t  modu le  be ing  produced.

For  more  in fo rmat ion  about  dev ice  op t ion  s ta tements ,  see
The compiler can also produce output in the form of a Compiler Option Statements in Chapter 13,Cctmpilat ion.
s to rage map tha t  l i s ts  the  names and s to rage loca t ions  o f
var iab les  and s ta tement  numbers  in  the  ob iec t  modu le .

The l ink -ed i t ing  s tep  can produce,  in  add i t ion  to  a  load
modu le ,  a  core  usage map tha t  shows the  loca t ion  o f  the
modu les  in  the  load modu le ,  a  card  deck  o f  the  ob jec t  o r
load modr.r le, and a cataloged entry of the object or load
m o d u l e  o n  d i s k .

Load module execution produces the prograrn output that
you request  in  the  source  program.
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Del ' in ing  FORTRAN F i les  a t  Execut ion  T ime

OCL F lL l l  s ta tements  a re  used to  de f ine  d isk  o r  tape f i les
a t  e x e c u t i o n  t i m e .  A s  w i t h  a n y  F I L E  s t a t e m e n t ,  y o u  m u s t
s p e c i f y  t h e  f i l e  n a m e ,  t h e  f i l e  s i z e ,  a n d  t h e  d i s k  o r  t a p e  u n i t .

F O R T R A N  f  i l e  n a m e s  a r e  a s s i g n e d  i n  t h e  f o r m  F T n n n n n
w h e r e  n n n n n  i s  t h e  l o g i c a l  u n i i  r r u m b e r  t h a t  i s  s p e c i f i e d  o n
the  dev icer  op t ion  s ta tement .  The fo l low ing  s l . rows the  re la
t ionsh ip  be tween the  FORTRAN log ica l  un i t  number  and
f  i l e  d e f  i n i t i o n :

FORTRAN Log ica l
lJnit  Number

F O  R T R A N

i n put/output statement

l i xampr les :
' l  

.  D e i r n i n g  a  c a r d  f i l e :

R E r \ D ( 1 , 1 0 0 ) A

1 2 .  D e f  i n i n g  a  d i s k  f i l e :

D E F I N E  F I L E  1 5
(50 ,25 ,1 . ,  rD)
w R  t T E ( 1 5 ' , 5 , 1 0 0 ) B

Fi le  Def in i t ion  a t
Compi la t ion  T ime:

Dev ice  op t ion

s ta tement

F i le  Def in i t ion  a t
Execut ion  T ime:

F  I L E  s t a t e m e n t ,  i f  f  i l e
is  on  d isk  o r  tape.

N o n e

/ /  FILE NAME FTOOO15

i /  R E A D  D E V I C E _ M F C U 1

I /  DAD44  UNITNO-15

Logical Unit Numbers

You re fe r  to  a  f i le  by  cod ing  i t s  log ica l  un i t  number  in  the
FOR TRAN input /ou tpu t  s ta tement .  For  cxample ,  the
to l low i r rg  READ s ta tement  re fe rs  to  a  f  i l e  hav ing  log ica l
u n i t  n u m b e r  5 :

R E A D  ( 5 , f ) l i s t

Lo l l i ca l  u r r i t  numbers  are  ass igned to  Sys tem/3  dev ices  used
in  f :ORTf IAN process ing .  F igure  g  l i s ts  these ass ignments .
l f  your  p rogram reads  input  da ta  f rom a  card  reader  in  a
{ iys temi3  Mode l  10  i r rs ta l la t ion ,  the  log ica l  un i t  num[ :e r
tha t  must  be  coded in  the  READ s ta tement  i s  1  fo r  the
pr i rnary  hopper  o f  the  MFCI .J  dev ice ,  2  f  o r  the  secondary

hoprper ,5  fo r  the  547 1  pr in te r /keyboard ,  o r  g  fo r  the  1442
card  read punch.  Each log ica l  un i t  number  can be  ass igned
t o  o n l y  o r r e  t i l e  i n  a  p r o g r a m ; f o r  e x a m p l e ,  i f  l o g i c a l  u n i t
n u m b e r  1  i s  u s e d  t o  d e f i n e  t h e  M F C U 1 ,  i t  c a n n o t  b e  u s e d
t o  d e { i n e  a  d i s k  f i l e .

To  make the  proper  l ink  be tweer r  the  log ica l  un i t  numbers
in  the  FOFITRAN program and the  dev ices  usec l  by
Sys tem/3 ,  Vou must  de f  ine  your  f  i l es  a t  compi la t ion  t ime
and,  fo r  t t rpe  and d isk  f i les ,  a t  load  modu le  execut ion  t ime
a s  \  / e l l .

Overv iew o f  FOFTRAI I  [ r r , : cess tng



Dev ice

Mode l  10  lns ta l la t ion :

5424 N4FCU f ) r ' rmary  hoprper
( M F C U ' 1 )

5424 l \4FC,U sccondary  l rop l rc r

f " {  FCU2)

5 2 0 3  o t  1 4 0 3  p r i r t e r

54  /  
' l  p r in te r /koy l roar t i

54  /  1  l r r in te r ' / kcyboard

1442 card  rc rd  1 ;unc l r

3 i i  1  O l34  11  magnet ic  tapcO

5,1214 d isk

54 rj L rl isk

F unc t io r r

R c a d

R eacl, i  pu rr ch /pr r i r t  ( i )

P r i r r r

R ear l

Pr  i l r  t

Rt:at i , /orr, ' rrrh €)

Rcar l /wr i i t :  scqL len t ia l  fo rmat t i : c l

anc l  rmlormat te r l  records

f i t :a r l /wr i  lg  Sr . r ( i t te1  t ia I  anc l  c l i I  r ; c t

i . r , ; r :e :ss  f  o r t  l i . t l  l  r : r  i  t i i d  t r  r t f  o rn la t t  r : c l

f  c c ( ) l  0 s

Reac i /w r r l e  : ; eqUen t t a l  a r l c J  d  i r e  c t -

access  f o r  n ta t t r ) ( l  a r t d  u r t f o rn l a t t ed

| 
' 'ecorcis

I  
Model  6 Insta l la t ion:

I
I  

5  100 conso l t :  keyLroar  ( i  Rear l  card  i tnagt ts  I

I

I  s+90 cJa ta  recorc le r  Reac l /p t r r rch  O 2
I
I
I  

SZi :  cr  2 ' ) ,2?-  pr i r t r t j  Pr int  3

I

I  S+++ oi r r .  Read/wr i te  - (equent ia l  and d i rect -  n(D

I  access f  o t  mat ted ar t r i  unformat tec i

|  
' ' e co t t l s

Ir -
I  

o  w l o 0 " t  l 0  s , r l t p o r  l s  o | l l y  o n c  i i l i ,  t ) r j f  t . t i ) i r  v o l u n l e .

I  O Cu ' r  bc  i r r ' r y  r r l r r r i i re r  t ro r r i  I  to  32767 t l ra t  i s  no t  r - rsed  rn  the  soL l rce  prc ) l l ra ln  to

j  d e f t t l ( r  a l l o l h ( ' t  , ' 1 , : v t c r ' .

|  
( f ,  C u , r , , o t  b e  s l r e c i { , e d  a s  l r o t f r . i r )  i n l ) u r  c i n d  o r ! t p u t  d e v i c e  w h e n  t t s i n g  F O R T R A N

I  REAi I  and \ t /R ! ' IE  s ta tenr { i ! } t s .  (Can t re  bo t l - r  a r r  i r rpu t  anc l  ou t l )U1 dev ice  whe i i

L-:ilri: 
- '-.'3'"n':rnerc':a| stt''':t 

:'ul" 
) 

-

Log ica l  Un i t

N u m b e r

I

3

5

6

I

n(D

nO

r;\n\,

Figurc  9  {Par t  1  o f  3 ) .  Log ica l  L ln i t  Number r  Ass ignment



Funct ion
Logical Unit

Number

Mode l  12  Ins ta l la t ion :

5424 MFCU pr imary  hopper
( M F C U 1 )

5424 MFCU secondary hopper
( M  F C U 2 )

5203 or  1403 pr in te r

5471 printerlkeyboard

5471 printer/keyboard

1 4 4 2 c a r d  r e a d  p u n c h

341013411 magnetic tape (D

3340 direct access storage

Read/punch/pr int  O

Read

Read/Punch v-/

Read/wr i te  sequent ia l  fo rmat ted

and un format ted  records

Read/wr i te  sequent ia l  and d i rec t -

access  fo rmat ted  and un for rna t ted

records

J

5

6\
n v

( 2 )
r ) v

o
o

M o d e l  1 2  s u p p o r t s  o n l y  o n e  f  i l e  p e r  t a p e  v o l u m e .

Can be any  r rumber  f rom 1  to32767 tha t  i s  no t  used in  the  source  program to
def ine  another  dev ice .

@ Cannot  be  spec i f ied  as  bo th  an  input  and ou tpu t  dev ice  when us ing  FORTRAN

READ and WRITE s ta tements .  (Can be  bo th  an  input  and ou tpu t  dev ice  when
u s i n g  t h e  F O R T R A N  c o m m e r c i a l  s u b r o u t i n e s . )

Figure 9 (Part  2 of  3) .  Logicat  Uni t  Number Assignment

Overview of  FORTRAN Processinq 91
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Model  15  Ins ta l la t ion :

5424 MFCU pr imary  hopper
( M F C U 1 ) O

5424 MFCU secondary hopper
( M F C U 2 ) O

2560 MFCIVI  p r imary  hopper
( M F C I V I l  ) O

2560 IMFCM secondary  hopper
( M F C M 2 ) O

1 4 0 3  p r i n t e r

3284 pr in te r

3277 display stat ion

3277 d isp lay  s ta t ion

3741 da la  s ta t ion  or  p ro-  
, " \

g r a m m a b l e  w o r k  s t a t i o n  I

2501 card reader

1442 card  read punch

341013411 magnet ic  tapeO

5444 d isk  @

5445 d isk @

R e a d

Read/punch/pr in t  u /

Read

Read/punch/pr i  n t  O

Pr i  n t

Pr i  n t

Read

Pr i  n t

( 3 )
Read/Pu nch -

R ead

R e a d / P u n c h  @

Read/wr i te  sequent ia  I  fo rmat ted

and un format ted  records

Read/wr i te  sequent ia l  and d i rec t

access formatted and unformatted

recoros

Read/wr i te  sequent ia  I  and d i rec t

access formatted and unformatted

re coros

2

4

5

o

7

8

I

t 2 )

t 2 )
n v

(l
n v

Log ica l  Un i t

Number

A  S q Z q  a n d  2 5 6 0  a r e  m u t u a l l y  e x c l u s i v e .

@ Cun be any  number  f rom 1  to  32767 tha t  i s  no t  used in  the  source  program ro
def ine  another  dev ice .

@ Cannot  be  spec i f ied  as  bo th  an  input  and ou tpu t  dev ice  when us ing  FORTRAN
R E A D  a n d  W R I T E  s t a t e m e n t s .  ( C a n  b e  b o t h  a n  i n p u t  a n d  o u t p u t  d e v i c e  w h e r r
u s i n g  t h e  F O R T R A N  c o m m e r c i a l  s u b r o u t i n e s . )

@  M o d e l  1 5  s u p p o r t s  m u l t i f i l e  t a p e  v o l u m e s .

@ For  Mode l  15 ,  i f  sys tem conf igura t ion  has  3340 d isk  s to rage,  these f i les  w i l l  be
located on the 3340.

@ Suppor ted  on  5704-FO2 on ly .



Chapter 13. Compilat ion

COMPILER OPTION STATEMENTS Compi le r  op t ion  s ta tements  can be  spec i f ied  n  any  order

except  tha t  the  
*PROCESS s ta tement ,  i f  used,  must  be  the

Compi le r  op t ion  s ta tements  p rov ide  cont ro l  in fo rmat ion  to  las t  card  be fore  the  FORTRAN source  proEr ( rm.  The

the  compi le r .  They  fo l low the  OCL RUN s ta tement  and *PROCESS s ta tement  can be  spec i f ied  fo r  su l tp rograms and

are  in te rpre ted  by  the  in i t ia l  compi le r  phase a f te r  the  OCL main  programs;  the  CATEGORY s ta tement  f ( ) r  subprograms

sta tements  a re  read.  on lv ;  and the  o ther  s ta tements  fo r  ma in  p rograms on ly .

Most  o f  the  compi le r  op t ion  s ta tements  a re  coded in  the  The fo rmats  and uses  o f  the  compi le r  op t ion  i ta tements  a re

same mi lnner  as  OCL s ta tements .  Compi le r  op t ion  s ta te -  iden t ica l  fo r  a l l  Mode ls .  The compi le r  op t ion  s ta tements

ments  cons is t  o f  :  a re  descr ibed in  F iqure  10 .

Statement Function

Dev ice  op t ion  s ta

I
/ 1READ 

I
i /  PRINT I

N O P R  I  N T E R

P U N C H

i l  DAD40@
//DAD44
t/ DAD45 e

, sEo40 @
llsEQ44 ̂
// sEo45 {J,

/ /  TAPE O

Spec i f ies  sequent ia l

t i o n  t i m e .

f i  les  used a t  execu-

tements :

Spec i f ies  the  input  dev ice  r - rsed  a t  execu-

t i o n  t i m e .
Spec i f ies  the  pr in te r (s )  used a t  execut ion

t i m e .

Spec i f ies  tha t  no  pr in te r  i s  to  be  used a t

execut ion  t ime.

Spec i f ies  the  card  punch used a t  execu-

t i o n  t i m e .

Spec i f ies  d i rec t -access  f i les  used a t

execut ion  t ime.

Spec i f ies  tape f i les  used a t  execut ion

t r m e .

I /CORE Spec i f  ies  the  amount  o f  s to rage to  be

used by  the  load modu le .  The l inkage

ed i to r  uses  th is  va lue  to  c rea te  the  load

m o d u l e .

/ /  CATEGORY Spec i f  ies  a  p r io r i t y  permi t t ing  a  subpro-

gram to  remain  in  ma in  s t r ) rage in  an

over lay  env i ronment .

-  PROCESS Spec i f  ies  compi le r  op t ion t ; .

@ Does no t  app ly  to  Mode l  6 .

@  f o r  M o d e l  1 2  a n d  M o d e l  1 5  o n l y .

Note :  A  max imum of  40  tape and d isk  f i les r  can  be

spec i  f ied .

o Device option statements

o  The CORE s ta tement

.  The CATEGORY s ta tement

o  The .PROCESS s ta tement

Dev ice  op t ion  s ta tements  a re  used by  the  compi le r  to

def  ine  input /ou tpu t  dev ices  used a t  execut ion  t ime.  To

cont inue these s ta tements .  p lace  a  comma a f te r  each op t ion
in  every  card  or  l ine  except  the  las t  op t ion .  Beg in  each new

card  or  l ine  w i th  a  / /  in  pos i t ions  1  and 2 .  Leave one or

more  b lanks  be tween the  / /  and the  f i rs t  op t ion  in  the  card

o r  l i n e .

Example:

t /  DAD44 UN rrNO-' ,10,12,14' ,  ,
// B LOCKST Z E-' 256,51 2,7 68',

READ,  PRINT,  and PUNCH dev ice  op t ion  s ta tements  con-

ta in  a l l  the  in fo rmat ion  necessary  to  make such dev ices

ava i lab le  a t  execut ion  t ime.  Dev ice  op t ion  s ta tements  fo r

d isk  and tape f i les  (SEO40,  SEO44,  SEO45,  DAD40,

DAD44,  DAD45,  and TAPE)  requ i re  cor respond ing  F ILE

sta tements  a t  execut ion  t ime to  comole te  the  f i le  de f in i t ion .

The CORE and CATEGORY s ta tements  cannot  be  con-

t inued.  However ,  to  cont inue the  "PROCESS s ta tement ,
p lace  a  comma a f te r  each op t ion  in  every  card  or  l ine

except  the  las t  op t ion .  Beg in  each new card  or  l ine  w i th  a

nonzero  or  nonb lank  charac ter  in  pos i t ion  6 .

Example:

* P R O C E S S  M A P , G O S T M T , D  E C K ,

1  G O D E C K Figure 1O. Compi ler  Opt ion Statements

Comp i l a t i on  93
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READ Device Option Statement

The lormat  of  th is  s tatement  is :

/ /  R E A D  D E V I C E - ' d e v i c e , d e v i c e ,  .  .  . ,  d e v i c e ' ,
RECL-r rnO

where

dev ice  is  any  o f  the  fo l low inq :

F o r  M o d e l l 0 - M F C U 1 ,  M F C U 2 ,  5 4 7 1 , 1 4 4 2 .  M F C U l *

For Modei 6-5406, 5496.

F o r  M o d e l  1 2 - M F C U 1 ,  M F C U 2 , 5 4 7 1 , i 4 4 2 .  M F C U l *

F o r  M o d e l  1 5 - M F C U 1 ,  M F C U l * ,  M F C U 2 ,  M F C U 2 * ,
M F C M 1 ,  M F C M l * ,  M F C M 2 ,  M F C J \ t 2 " ,  3 2 7 7 , 3 2 7 7 5 ,

1442,  i442 '  ,2so1 ,2501 - ,  374110 ,3741 - (D.

The as ter isk  fo l low ing  a  dev ice  ind ica tes  one bu f fe r  i s
reques ted .  The de fau l t  i s  two bu f fe rs .  you  cannot
s p e c i f y  b o t h  M F C U 1 ,  M F C U I x  i n  o n e  p r o g r a m .  l f  t h i s
occurs  by  er ro r ,  MFCU1"(one bu f fe r )  over r ides  MFCUl
( two bu f fe rs ) .  Th is  in fo rmat ion  app l ies  to  a l l  o tner
dev ices  tha t  a l low the  " ind ica t ion .  (See Moc le l  l5
Double Buffering for Carct Devices in Chapter 20,
S y stem Co n sid e rati o ns. )

The S fo l low ing3277 ind ica tes  tha t  sp l i t  sc reen suppor r
rs requesterl. (See Model lS CRT/Keyboard Support in
Chapter  20 . )

l f  on ly  one dev ice  is  se lec ted ,  the  enc los ing  apos t rophes
can be  orn i t ted .

RECL-nn spec i f ies  the  number  (nn)  o f  by tes  in  a  log ica l
3741 recor<1.  Th is  number  must  be  f  rom . l  th rough 12g.
The paramer te r  must  be  coded i f  the  374 i  was  spec i f ied
as  a  dev ice .  l f  the  parameter  i s  coded and the  3741 is
n o t  s p e c i f i e d ,  a n  O P T I O N S  E R  R O R  w i l l  b e  s e t .

Example:

/ /  R E A D  D E V I C E - 5 4 7 1

The example : ; ta tes  tha t  the  5471 w i l l  be  used as  a  read
dev ice .

/ /  R E A D  D E V I C E  ' 2 5 0 1 , 3 7 4 1 ' . R E C L  
9 6

This example states that the 2501 and the 3741 wil l  be used
as read devices. Both devices wil l  use two buffers and the
logical record length for the 3741 is 96 bvtes.

PRINT and NOPRTNTER Device Opt ion Statements

The format  of  the PRINT statement  is :

,  PR INT  DEVICE- 'dev i ce ,dev i ce ,  .  .  . , dev i ce '

where

device is  any of  the fo l lowinq:

For  Model  10-5203,  5471,  MFCU2, or  14O3. t f  you do
not  use a PRINT or  NOPRINTER statement .  the 5203
pr inter  is  assumed.  The MFCU2 is  a card punch and is
speci f ied on the PRINT device opt ion statement  when
pr int ing is  to  appear on the card.

For  Model  6-521 3 or  2222.  The defaul t  is  the 5213.

For Model  12--5203,5471,  MFCU2 or  14O3. t f  you do
not  use a PRINT or  NOPRINTER statement ,  the 5203
pr inter  is  assumed.  The MFCU2 is  a card punch and is
speci f ied on the PRINT device opt ion statement  when
pr int ing is  to  appear on the card.

For Model 15-1403, 1403D, 3284, MFCU2*, MFCU2,
MFCM2* ,  MFCM2.  3277 ,  32775 :

l f  you  do  no t  use  a  PRINT  o r  NOPRINTER s ta temen t .
the 1403 pr inter  is  assumed.  Both the MFCU2 and
MFCM2 are card punches and are speci f ied on the pRINT
device opt ion statement  when pr int ing is  to  appear
on the card.

The D following 1403 indicates the deferred
pr int  opt ion.  (1403D changes the FORTRAN
language space before commands to a deferred
space af ter  command.)

The aster isk for  MFCU2 and MFCM2 indi_
cates one buffer for that device. (See Modet
I5 Double Buffering for Card Devices in
Chapter 20, System Considerations. ) To
maintain the same performance level, two
buffers should be used. because MFCU2 print
uses two buffers for Model 10.

Enclos ing apostrophes can be omit ted i f  on ly  one device
is selected.

lOrGlir.,,,u
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FORTRAN Error Logging Device

F o r  M o c l e l  6 ,  t h e  F O R T R A N  e r r o r  l o g g i n g  d e v i c e  i s  t h e
pr in te r  spec i f ied .

F o r  M o c l e l s  1 0  a n d  1 2 ,  t h e  F O R T R A N  e r r o r  l o g g i n g  d e v i c e

is  des ignated  to  the  f i rs t  p r in te r  spec i f ied  in  the  pr in te r

l i s t .  The poss ib le  dev ices  are  the  541 1 ,5203,  and the  1403.

F o r  M o d e l  1 5 ,  t h e  F O R T R A N  e r r o r  l o g g i n g  d e v i c e  i s  d e s i g -

na ted  to  the  f i rs t  p r in te r  spec i f ied  in  the  pr in te r  l i s t .  The

poss ib le  dev ices  are  the  1403 and the  3284.

Output  f  rom execut ion  o f  a  STOP n  s ta tement ,  DUMP or

PDUMP subprograms,  DEBUG s ta tement ,  o r  e r ro r  t race-

back  is  d i rec ted  to  the  FORTRAN er ror  logg ing  dev ice .

Output  { rom execut ion  o f  a  PAUSE s ta tement  on  the

M o d e l s  6  a n d  1 0  i s  d i r e c t e d  t o  t h e  F O R T R A N  e r r o r  l o g g i n g

dev ice .  For  Mode ls  12  and 15 ,  th is  ou tpu t  i s  d i rec ted  to

the  sys tem log  dev ice  i f  i t  i s  ava i lab le ;  i f  the  sys tem log

dev ice  is  no t  ava i lab le ,  the  ou tpu t  i s  d isp layed.

Example:

/ /  P R I N T  D E V I C E . ' 5 2 O 3 , M F C U 2 '

The example  s ta tes  tha t  two pr in te r  dev ices ,  the  5203 and

the  MFCU2,  a re  to  be  used.

The PRINT s ta tement  i s  a lways  assumed by  de fau l t ;

there fore ,  to  avo id  the  de fau l t ,  you  must  spec i fy  the

NOPRINTER s ta tement ,  as  fo l lows:

/ /  N O P R I N T E R

No attempt should be made to execute statements that

requ i re  p r in te r  ou tpu t  i f  the  NOPRINTER s ta tement  i s

spec i f i  ed .

PUNCH Device Option Statement

The fo rmat  o f  the  PUNCH s ta tement  i s :

|  / I P U N C H D E V I C E - ' d e v i c e , d e v i c e ' , R E C t - n n e
I

wnere

dev ice  is  any  o f  the  fo l low ing :

For Mlodel 10-MFCU2, 1 442

For  Mode l  6 -5496

Page of  SC28-6874-3
l ssued  2 ! i  November  1977
B v  T N L :  S N 2 1 - 5 5 6 8

For  Mode l  12 -MFCU2.  1442

F o r  M o d e l  1 5 - M F C U 2 ,  M F C U 2 * ,  M F C M 2 .  M F C M 2 - ,
/ ; \ r ; \

1442,  1  442 ' , ,  3741\ ' ,  ) ,  3741 '  \ ! .

The as ter isk  fo l low ing  a  dev ice  ind ica tes  one bu f fe r  i s

reques ted .  The de fau l t  i s  two bu f fe rs .  You cannot

specifv a device to have both one and two buffers in

one program.  l f  th is  occurs  by  er ro r ,  one bu f fe r  over -

rides two buffers. (See Model 15 Double Buffering for

Card Devices in Chapter 20, SYstem Cons'iderations.l

l f  on ly  one dev ice  is  spec i f ied ,  the  enc los ing  apos t rophes

can be  omi t ted .

RECL-nn spec i f  ies  the  number  (nn)  o f  by tes  in  a  log ica l

3741 record .  Th is  number  must  be  f rom 1  th rough 128.

The parameter must be coded i f  the 3741 was specif ied

as  a  dev ice .  l f  the  parameter  i s  coded and l  the  3741 is

n o t  s p e c i f i e d ,  a n  O P T I O N S  E R  R O R  w i l l  b e  s e t .

Example:

/ /  P U N C H  D E V I C E  5 4 9 6

The example  s ta tes  tha t  the  5496 w i l l  be  used as  a  punch

dev ice .

/ /  P U N C H  D E V I C E  3 7 4 1 * , R E C L . 8 O

Thi :  example  s ta tes  tha t  the  3741 w i l l  be  used as  a  punch

dev ice .  One bu f fe r  i s  reques ted  and the  log ica l  record  length

is 80 bytes.

DAD40, DAD44, and DAD45 Device Optiorr Statements

l l  DAD44  UNITNO- 'un i t , un i t ,  .  .  . , un i t ' ,

/ i  BLOCKSIZE- ' b l ock ,b lock ,  .  .  .  . b l ock ' ,
/ i  BUFFERS- 'number ,number ,  .  .  . , nun tbe r ' ,

/ /  C L E A R - ' Y , N , . . . , Y "
/ /  U P D A T E . ' Y , N , . . .  N '

where

DAD44 indicates a direct-access f i le on tl-re 5444 device

t - -
t a n
|  "  Fo r  5704 - l =02  on lY
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U N I T N O  i s  u s e d  t o  s p e c i f y  t h e  l o g i c a l  u n i t  n u m b e r  ( u n i t ) .
Th is  number r  i s  used in  the  assoc ia ted  l /O s ta tements  to
re fe r  th is  f  i l e .  A  cor respond ing  F ILE s ta tement  us ing
th is  number  in  the  NAME parameter  must  be  submi t ted
at  execut ion  t ime.  The enc los ing  apos t rophes can oe
omi t ted  i f  on ly  one number  i s  spec i f  ied .

BLOCKSIZE is  used to  spec i fy  the  s ize  o f  the  b lock  o f
records  to  be  t ransmi t ted  f  o r  each cor respond ing  f  i l e .
Th is  va lue  (b lock)  must  be  256 or  a  mu l t ip le  o f  2b6 ( fo r
example ,  5 '12  or  1024) .  The enc los ing  apos t ropnes can
be omi t ted  i f  on ly  one b lock  is  spec i f  ied .  l f  th is  param-
eter  as  no t  spec i f ied ,  a  de fau l t  va lue  is  ca lcu la ted  us ing
t h e  r e c o r d  s i z e  f r o m  t h e  D E F I N E  F I L E  s t a t e m e n t .  ( S e e
index entry buffers. ) l /O t ime can be decreased by
spec i fy ing  as  la rge  a  b lock  as  poss ib le .  (See Chapter  17 ,
Di rec t- Access Program m i ng Consi derati ons.\

BUFFERS is  used to  spec i fy  the  number  o f  bu f fe rs  to  be
used fo r  the  cor respond ing  f  i l e .  Th is  number  can be  1  o r
2 .  l f  th is  parameter  i s  no t  spec i f ied ,  the  de fau l t  va lue  is
1 .  When shar ing  bu f fe rs  on ly  1  bu f fe r  can  be  spec i f ied .
l /O t ime can be  decreased when two bu f fe rs  a re  ass igned
for  each f i le  and the  f i le  i s  accessed sequent ia l l y .  (See

Chapter 17, Direct-Access Programming Considerations.l
The enc los i r rg  apos t rophes can be  omi t ted  i f  on lv  one
number  i s  spec i f  ied .

C L E A R  ( M o d e l  1 5  o n l y )  i s  u s e d  t o  r e q u e s t  ( Y )  o r
proh ib i t  (N , t  c lear ing  a  new d i rec t -access  f i le .  l f  th is
parameter  i s  omi t ted ,  the  de fau l t  i s  (Y)  fo r  each
cor respond ing  f  i l e .  l /O t ime is  decreased i f  c lear ing  is
proh ib i ted  when c rea t ing  f  i l es ,  bu t  the  user  i s  respons ib le
fo r  f  o rmat t i r rg  the  d isk  space and ensur ing  tha t  a l l
records  are  va l id .  Enc los ing  apos t rophes can be  omi t ted
i f  on ly  one op t ion  is  spec i f  ied .

UPDATE is  used to  reques t  inpu t  w i th  update  (Y)  o r
input  on ly  (N)access  to  a  d i rec t -access  f i le .  l f  th is  param-

eter  i s  omi t ted ,  the  de fau l t  i s  (Y)  fo r  each cor respond ing
f  i le .  The parameter  i s  no t  used when c rea t ing  a  new f  i le .
l f  two programs in  two par t i t ions  or  an  in te r rup ted
( ro l led  ou t )  p rogram and an  inqu i ry  p rogram access  the
same f  i le ,  a t  leas t  one o f  the  programs must  spec i fy

UPDATE-N.  O fh .  enc los ing  apos t rophes can be  omi t ted
i f  on ly  one r f ,p t ion  is  spec i f ied .

Example:

I  I  D  AD44 rJN rTNO' ,1  5 ,20"BLOCKS|ZE ' ,256,512"

I I  BUFFERS. '1 ,2 , '

eThi ,  , . r , r i .a ion does not  apply to5-104-?02

The example states that  uni t  numbers 15 and 20 are referred
to as d i rect -access f i les.  The s ize of  the b lock of  records for
f i l e  15  i s  256  and  fo r  f i l e  20  i s  512 .  Onebu f fe r  i s  a l l oca ted
for  f i le  15 and two buf fers for  f i le  20.  At  execut ion t ime,
f  i les named FT00015 and FT00020 must  be def  ined on
F I  LE statements.

The DAD45 statement  is  the same as the DAD44 except
that  i t  ind icates a d i rect -access f i le  on the 5445 device.

/ /  DAD45  UNI ] -NO- 'un i t , un i t ,  .  .  . , un i t ' ,
/ /  BLOCKSIZE- ' b l ock ,b lock ,  .  .  . , b l ock ' ,
/ /  BUFFERS- 'number .number ,  .  .  .  . number ' ,
/ i C L E A R - ' Y , N , . . . , Y , ,
/ i  U P D A T E - ' Y , N , . . . N '

As on the DAD44 statement ,  the CLEAR parameter  is  for
t he  Mode l  15  on l y .

The DAD40 statement is the same as the DAD44 except
that  i t  ind icates a d i rect -access f i le  in  the main data area on
the 3340 Direct  Access Storage Faci l i ty .  Only the Model  12
and Model  15 use the DAD40 statement .

l l  DAD4O UNITNO- 'un i t , un i t ,  .  .  . , un i t ' ,
/ /  BLOCKSIZE" 'b lock ,b lock ,  .  .  . , b l ock ' ,
/ /  BUFFERS- 'number .number ,  .  .  . , number ' ,
/ /  C L E A R ' , Y , N , . . . , Y "
/ /  U P D A T E . ' Y , N , .  .  . , N '

The CLEAR parameter  is  only  for  the Model  15.

SEO40, SEO44, and SEO45 Device Option Statements

l l  SEO44  UNITNO- 'un i t ,  .  .  . , un i t ' ,
/ /  BLOCKSIZE- ' b l ock , .  .  . , b l ock '

where

SEO44 indicates a sequent ia l  f  i le  on the 5444 device.

UNITNO is  used to speci fy  the logical  uni t  number (uni t ) .
This  number is  used in the associated l /O statements to
refer  to  th is  f i le .  A corresponding FILE statement  us ing
th is  number in  the NAME parameter  must  be submit ted
at  execut ion t ime.  The enclos ing apostrophes can be
omit ted i f  on ly  one number is  speci f ied.
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BLOCKSIZE is  the  s ize  o f  the  b lock  conta in ing  a  record
to  be  t ransmi t ted  fo r  each cor respond ing  f  i l e .  A
BLOCKSIZE must  be  spec i f ied  fo r  each un i t  g iven  in

the  UNITNO parameter .  The va lue  o f  b lock  must  be
256, 128, 64, 32, or 1 6. The enclosing apostrophes can
be omi t ted  i f  on ly  one b lock  is  spec i f  ied .  For  bes t  l /O
performance, and most eff icient use of disk space,
spec i fy  a  b lock  s ize  as  the  smal les t  submul t ip le  o f  256

tha t  i s  equa l  to  o r  la rger  than your  f i le ' s  record  s ize .
(See Chapter 18, Sequential Disk and Tape Programming

Considerations. )

Example:

I I  SEO44 UN rTNO',1 4, 1 5"8 LOCKSTZE-' 256,256'

The example  s ta tes  tha t  un i t  numbers  14  and 15  are  to  be

re fer red  to  as  sequent ia l  f  i l es  on  the  5444.  F i les  named

FT0001 4 and FT0001 5 must be defined on F I LE state-

ments  a t  execut ion  t ime.

Page of  SC28-6874-3
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The SEQ45 statement is the same as the SEO44 statement,
except  that  r t  i r rd icates a sequent ia l  f i le  on the 5445 device.

/ /  SE t l 45  U l \ ITNO- 'un i t ,  .  .  . , un i t ' .
/ /  BLOCKSIZE- ' b l ock , .  .  . , b l ock '

The SEO40 statement is the same as the SEO44 statement
except  that  i t  ind icates a sequent ia l  f i le  in  the main data
area on the 3340 Direct Access Storage Facil ity. Only the
Model  12 and Model  15 use the SEO40 statement .

/ /  SEO40  UNITNO- 'un i t , un i t , .  .  . , un i t ' ,
/ /  BLOCKSIZE- 'b lock,b lock,  .  .  . ,b lock

TAPE Device Option Statement

l l  TAPE UNITNO- 'un i t ,  .  .  . , un i t ' ,
/ /  B L O C K S I Z E - ' b l o c k , .  . . , b l o c k '

where

UNITNO is  used to speci fy  the logical  uni t  number (uni t ) .
This number is used in the associated l/O statements to
refer  to  th is  f i le .  A corresponding FILE statement  us ing
th is  number in  the NAME Darameter  must  be submit ted
at  execut ion t ime.  The enclos ing apostrophes can be
omit ted i f  on ly  one number is  speci f ied.

BLOCKSIZE is  used to def ine the record length for
each corresponding f i le .  A BLOCKSIZE must  be
speci f ied for  each uni t  g iven in the UNITNO parameter .

The value oI  b lock must  be a number between 18 and
32767 . The enclosing apostrophes can be omitted if

only  orre b lock is  speci f ied.  The System/3 BLOCKSIZE
parameter  must  be equal  to  or  greater  than the logical

record length for  format ted l /O.  (See Chapter  18,
Sequential Disk and Tape Programming Considerations.l

Example:

I  I  T  A P E  U N I T N O - 1  O . B L O C K S I Z E . S I  2

The example  s ta tes  tha t  un i t  number  10  on  a  magnet ic

tape dev ice  has  a  record  length  o f  512 by tes .

The f i le  named FT00010 must  be  de f ined on  a  F ILE ( tape)

s ta tement  a t  execut ion  t ime.

Page of SC2ti '6B7rl 3
lssucci 29 SePielrt ler 1978
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Note (Model 15 only): l f  recordr are being transm'tted to

or  f rom a  tape dr ive  us ing  mt t l t i f i l e  tape vo lume: ,  the  OCL

F I L"E statement must specify the f i le 's S€QU€hc!' :  nLrmL)i- ' r

(SEONUM).  A  fu r ther  descr i ; l t ion  o f  mr r l t i f  i l e  tape vc . r lumes

can be found ;n l8M Svstent/3 Madtl l5 Systern Contrql

P rog ram m i ng f? eference M anua l, GCz 1 -5O7 7 .

CORE Statement

The CORE s ta tement  spec i f ies  how much main  s to rage is

reou i red  fo r  the  load modu le  a t  execut ron  t i rne .  Th is  va l t ie

is  passed to  the  l inkage ed i to r  fo r  a  ma in  p rogram to  be  l ink -

ed i ted  immedia te ly  fo l low ing  compi la t ion  ( the  L INK

compi le r  op t ion  was spec i f  ied) .  l f  you  do  no t  inc lude a

CORE s ta tement ,  the  de fau l t  i s  the  ac tua l  s ize  o f  the

program.

The format of the statement is:

/ /  C O R E  S I Z E - a n n K

where

SIZE-annK ind ica tes  the  amount  o f  s to rage requ i red :

nnK represents  a  number  mul t ip l ied  by  K (1024 by tes) .

For  example ,  05K ind ica tes  5K,  o r  5120 by tes .

a  ind ica tes  an  add i t iona l  f  rac t iona l  K ;  i t  i s  g iven  one o f

the  va lues :  O (add i t iona l  quar te r  K) ,  H  (add i t iona l  ha l f

K) ,  T  (add i t iona l  th ree-quar te r  K) ,  o r  0  (no  add i t iona l

K) .  For  example ,  O ind ica tes  an  add i t iona l  1 l4K or  256

bvtes.

Example:

/ /  C O R E S I Z E - H 1 O K

The example  s ta tes  tha t  10K by tes ,  p lus  an  add i t iona l  1 /2K

(512 by tes) ,  a re  to  be  a l loca ted .

Note :  For  p rogram 57O4-FO2 on ly ,  when main  s to rage

s ize  is  spec i f  ied  by  the  COR E s ta tement ,  ex te rna l  bu f fe r

s to rage space is  no t  inc luded.  Ex terna l  bu f fe rs ,  when

spec i f ied  in  the  
*PROCESS s ta tement ,  a re  a l loca ted  ou ts ide

of  the  spec i f ied  CORE space bu t  w i th in  the  par t i t ion .

t :x te rna l  bu f fe r  s to rage requ i re rnents  a re  l i s ted  in  the
. rver lay  l inkage ed i to r  map fo r  ma in  p rograms.
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CATEGORY Sta tement

The CATEGORY s ta tement  spec i f ies  a  ca tegory  va lue  fo r  a
FORTRAN subprogram.  The ca tegory  va lue  is  used by  the
l inkage ed i to r  to  de termine the  pr io r i t y  o f  the  suoprogram
for  remain ing  in  rna in  s to rage in  an  over lay  env i ronment .

The va lue  is  spec i f iec l  as  a  number  be tween 0  and 12g.  the
lower  the  number  the  grea ter  the  pr io r i t v .

A  ca tegory  va lue  o f  0  means tha t  the  subprogram wi l l  never
be over la id .  Category  va lues  1-7  are  used by  sys tem modu les
a n d  m o d u l e s  i n  t h e  F O R T R A N  l i b r a r y .  l f  n o  c a r e g o r y  r s
spec i f ied  fo r  a  p rogram,  i t s  va lue  is  assumed to  be  20 .

The fo rmat  o f  the  s ta tement  i s :

/ /  C A T E G O R Y  V A L U E - n r

where

VALUE-m ind ica tes  the  ca tegory  va lue ,  0  th rough 12g.

Example:

/ /  C A T E G O R Y  V A L U E - l 5

The example  s ta tes  tha t  the  FORTRAN subprogram r ras  a
pr io r i t y  o f  15 ;  on ly  p rograms hav ing  a  va lue  0  th rough 14
w o u l d  h a v e  a  h i g h e r  p r i o r i t v .

*PROCESS Sta tement

The *PROCESS s ta tement  a l lows the  user  to  spec i fy  wh ich
ac t ions  the  compi le r  i s  to  per fo rm.  For  example ,  bV se lec t -
ing  the  S( f  URCE opt ion ,  you  request  the  compi le r  to  p r in t
a  l i s t ing  o f  the  source  program;  by  se lec t ing  the  DECK opt ion ,
you request  ihe  compi le r  to  ca l l  the  l inkage ed i to r  to  punch
a card  c le rck  o f  the  ob jec t  r lodu le .

The *PROCESS s ta tement  appears  in  the  input  s t rearn  as
the  las t  compi le r  op t ion  s ta temenl  be fore  t l - ie  FORTRAN
source  program.  Keep in  n r ind  tha t  the  *pROCESS

sta tement  i s  more  c lose ly  re la ted  to  compi le r  p rocess ing
than the  o ther  s ta tements  d iscussed here .  The o ther  s ta te -
ments  spec i fy  in fo rmat ion  regard ing  opera t ions  to  be
per fo rmed a t  la te r  s tages  o f  p rocessrng ,  bu t  the  *pROCESS

sta tement  spec i f ies  op t ions  d i rec t l y  re ia ted  to  compi le r
opera t  I  ons .

T h e  s t a t e m e n t  m u s t  s t a r t  i n  c o l u m n  o n e ; c o l u m n  7 2  i s  t h e
las t  usab le  co lumn fo r  the  s ta tement .  Cont i r - rua t ion  l ines
can be used. (See Continuing FORTRAN Statements n
C h a p t e r  1 . )

The fo rmat  o f  the  s ta tement  i s :

* P R O C E S S  o p t i o n , o p t i o n ,  .  .  . , o p t i o n

where

opt ion  is  one o f  the  *PROCESS opt ions  summar ized i r r
F i g u r e  1 1 .  I n  t h a t  f i g u r e ,  d e f a u l t s  a r e  u n d e r l i n e d  a n c l
need no t  be  spec i f ied  i f  you  war r t  the  de fau l t  va lues  to
a p p l y .  O p t i o n s  c a n  b e  s p e c i f i e d  i n  a n y  o r d e r .  B l a n k s
can be  inser ted  be tween op t ions  bu t  no t  w i th r r r  an
o P t i o n .
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Opt ion Mean ing Remarks

S O U R C E

NOSOURCE
Whethe r  t he  sou rce  p rog ram Inpu t  ! s

t o  be  p r i n t ed .

MAP
NOMAP

Whethe r  t he  re l a t i ve  add resses  ass i gned

by  t he  con rp i l e ! '  t o  sou rce  p rog ram

da ta  i t e rns  a re  t o  be  p r i n t ed ,  and

whe the r  t hq  ac l d resses  ass i gned  by  rhe

l i r r kage  ec l r t o r  t o  t he  i oa t j  modu le  a re

to  be  p r i n t ed .

A  re l a t i ve  add r -ess  i s  t he  l oca t i on  o f

t he  da ta  i t em  ca l cu la ted  f r om the

beginning of  t l - re prrogram cocic.  The

c o r r r p i l e r  r , , p l a c c s  e a c h  t l a t a  i t e m

namo  w i t h  i t s  r e l a t r ve  adc l r ess .  (A t

execu t i on  t ime ,  b ranches  a re  made  t o

re l a t i ve  add resses  ra thL . r  t han  t o

nan res "  )

MAP causes  the  l inkage ed i to r  to  per fo r r r

c x t r a  t i m c - c o n s u m i n g  o p e r a t i o n s  n e c e s s a r y

to  genera te  a  s to rage map.  There fore ,  i f

the  l inkage ed i to r  i s  to  be  e-xecutec l ,  MAP

shou ld  be  spec i f  ied  on ly  i f  p rocess ing

t i m e  i s  n o t  c r i t i c a l .

DECK:
NODECK

Whethe r  t he  ob jec t  modu le  i s  t o  be

punched  [ r y  t he  l i n ka -qe  ec l i t o r .

l f  D E C K  i s  s p e c i f  i e d ,  t h e  $ S O U R C E  a r r C

$ W O R K  f i l e s  a r e  r e q u i r e d .

GOS] 'MT
NOGOSTMT

Whethe r  c1  i a  gnos t i c  t r aceback

messJgec  i s sucd  a t  r ) xec r . r  l i c t r  I  ime

a re  t o  con ta i n  t he  i n t e rna l  s t a temer ' r t

nu rnbe rs  ass i gned  by  l he  con rp i l r : r .

An  i n t e rna l  s t a temen t  number  ( lSN)

i s  ass i gned  t o  each  sou rce  P rog ram

s ta temen t  f o r  i den t i f i ca t i o r r .  lSNs

a re  ass i gned  i r r  ascend ing l  o rde r

beg inn inq  v r i t h  1  f o r  t he  f i r s t

s t a temen t , 2  Jo r  t he  seco r t t l  s t a te

men t ,  e t c .

E B C D I C
BCD

Whether  the  sourc r :  p rogram lvas  I  l f  the  inor , r t  deck  conta i t rs  h t : r th  BCLi  anc l

coded in  EBCDIC (Ex tender i  
I  

E tsCDlC,  spec i fv  BCD.

B inary  Codec l  Dec imal  l r ' r te tchange 
I

Code)  o r  in  BCD (B i r . ra ry  Coded 
I

D e c r r n a l ) .  I

N O G O D E C K
G O D E C K

Whethe r  t he  l oad  moou l i :  i s  t c  be

p u n c n e 0 .

Can  i t e  used  l v t t h  ma tn  f ) r  oq l a i ns  t l n iV .

1 i  GODECK i s  spec i f i e c l  ,  1 i r 1  $ ,$ { ) l ' - l FC i :

I  a n d  $ W O R K  f i l e s  a r e ' d q u r r e . i

Wh...rr.r ; ; f f t-r .  t ,"  t '* t" l  
-- l  

C*'  b" 's,. : i* ' th;;a" '  ; ' ;6;; ; ; ; j : ;  
--

be tween two or  mote  ( l r rec t 'access  
I

5444,  5445.  o r  3340 f  i le - . "  
i

N O S I " 1 R B U F F  r n u s t  b e  s p e c i i i e c l  i f  .  I
two bu f  fe rs  a re  spec i f  re i  f c - r r  any  

I
d i r r :c t -access  f i le  in  a  p rogrJn t ,  o r  I
E X T B U F  i s  s p e c l f i e , C  i s r  [ / r t ]  f i i e s  

i
(Program Nt r rnbcr  5704 F{ - )2  on lv ) .  

I
I

Nate .  i t  you  spoc i ty  on , :  u i  i ro th  I
o l  t h e  a b o v t  w { t h  t h c  S H R B I T F F  

I
op t ion ,  th t , :  Program l i r - ' {au l i s  to  the  

I

Yi::5.jl'.'"-*--" -- | -

N O S H  R  B U F  F

S H R U U F F

I

Figure 11 (Part  1 o{  3) .  *PROCtiSS Statement Opt ions

l - l i , l r t u t i a L i l , '  l ] { l l



Option Meaning Remarks

NOOBJECT
OBJECI  (T ,L lB  (un i t ) )

P
R

l l /hethr:r an object rnrrr luir:  is ro be
s tored  in  the  ob jec t  l ib ra ry  n ra in ta ined
by  the  sys tem.

T n teans  the  ob jec t  n rodLr le  i s  tempo,
rary .  P  means tha t  i t  i s  permanent .
R means tha t  i t  i s  to  rep lace  the
ex is t ing  modu le  by  the  same name.

Un i t  ind ica tes  where  the  ob jec t  l ib ra ry
resrdes ,  spec i f ied  as  one o f  the  codes :
R 1 - r e m o v a b l e  d i s k ,  d r i v e  1
F  1 - f  i x e d  d i s k ,  d r i v e  1
R2- rernovab le  d isk ,  d r ive  2
F 2 - f i x e d  d i s k ,  d r i v e  2

l f  L I B ( u n i t )  i s  n o t  s p e c i f i e d ,  t h e
l ib ra ry  res ides  on  the  program
pack ,  tha t  i s .  the  pack  ind ica ted  in
the  un i t  parameter  o f  the  LOAD
sta ternent  ca l l ing  the  compi le r .

The de fau l t  va lue  fo r  the  OBJECT
o p t i o n  i s  N O O B J E C T  f o r  a  m a i n
program,  and OBJECT (program
pack)  fo r  a  subprogram.

l f  OBJECT is  specr f ied ,  the  $SOURCE anc l
$ W O R K  f i l e s  a r e  r e q u i r e d .

N O L I N K
L I N K ( T , L l B ( u n i t ) )

P
R

Whether  a  load modu le  i s  to  be
s tored  in to  the  ob le r : t  l i b ra ry  ma in-
ta ined by  the  sys tem.

T means tha t  the  load modu le  i s
temporary .
P  means tha t  i t  i s  permanent .

R means tha t  i t  i s  to  rep lace  the
e x i s t i n g  m o d u l e  b y  t h e  s a m e  n a m e .

Un i t  ind ica tes  w l re re  the  load modu le
is  to  be  s to red ,  us ing  the  same codes
as  spec i f  ied  in  the  OBJECT opt ion .

l f  L I B ( u n i t )  i s  n o t  s p e c i f i e d ,  t h e
load modu le  res ides  on  the  program
pack .

T h e  d e f a u l t  v a l u e  r s  L I N K ( p r o g r a m
pack)  fo r  a  ma in  p rogram (cannot

be  spec i f  ied  fo r  a  subprograrn) .

May be  used w i th  ma in  p rograms on ly .
l f  L I N K  i s  s p e c i f  i e d ,  t h e  $ S O U R C E  a n d
$ W O R K  f i l e s  a r e  r e o u i r e o .

Figure 11 (Part  2 of  3) .  *PROCESS Statomenr Opt ions
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Opt ion Meaning Remarks

UPACK-L in i t
(Mode ls  ' l  2  and

1 5  o n l y )

The pack  where  user  rou t ines  to  be

l ink -ed i ted  can be  found.  The over lay

l inkage ed i to r  searches  th is  pack  f i rs t

w h e n  r e s o l v i n g  E X T R N s  t o  m o d u l e s

whose names do  no t  beg in  w i th  $ .  l f

t h e  E X T R N  n a m e  i s  r r o t  f o u n d  o n  t h i s

pack ,  the  progran l  pack  is  searched.

Un i t  ind ica tes  the  pack  to  be  searched

f i r s t .  T h e  { o l l o w i n g  c o d e s  a p p l y :

R ' l  removab le  d isk ,  d r ive  1

F 1  f  i x e d  d i s k ,  d r i v e  1

R2- removab le  d isk ,  d r ive  2
F 2 - f  i x e d  d i s k ,  c i r i v e  2

l f  the  op t ion  is  no t  coded,  the  program

pack  w i l l  be  the  on ly  pack  searched.

Can be  used w i th  ma in  p rograms on ly

Ct "  ba  u*d  * ' -h - " t i * ronrurns  u , , ,U .EXTBU F
N O E X T B U F
(Program Number
5704 -F02  on l y )

W h e t h e r  D A D  f  i l e s  o n l y  ( D A D 4 0 ,

DAD44,  DAD45)  a re  to  have bu f fe r

space a l loca ted  ex terna l  to  the
program space.

l f  E X T B U F  i s  s p e c i f  i e d  w i t h

S H R B U F F ,  t h e  p r o g r a m  d e f a u l t s  t o

N O S H R B U F F .

Figure 11 (Part  3 of  31.  *PROCESS Statement Opt ions
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Examples: Example I

*PROCESS MAP,DECK Assume yoLr  want  to  compi le  yoLr r  p rogram,  w i th  no  l ink -

ed i t ing  s tep  to  fo l iow.
In  the  preced ing  example ,  MAP ind ica tes  tha t  the  compi le r
is  to  p r in t  a  l i s t ing ,  ca l led  a  n rap ,  o f  re la t i ve  addresses  (and,  OCL s ta tements  you neec l  a re  DAI 'E  (op t iona l ) ,  LOAD,
i f  the  l ink -ec l i t i r rg  s tep  is  executed ,  a  load modu le  s to rage RUN,  and / * .  The on ly  compi le r  op t ion  s ta tement  you
map) ,  and DECK ind ica tes  tha t  a  card  deck  o f  the  ob jec t  need is  the  *PROCESS s ta tement  to  spec i fV  NOLINK.
modu le  i s  to  be  punched.  Defau l t  va lues ,  such as  SOURCE Sta tements  shou ld  be  subrn i t tec i  in  t l r i s  o rder :
a n d  E B C D I C ,  a p p l y  f o r  * P R O C E S S  o p t i o n s  t h a r  a r e  n o t
s p e c i f : r : | .  l l  D A 1 E  0 9 0 i 7 4

/ /  LOAD $FOR T,R X
- P R O C E S S  S O I J R C E , G O S T M T , L I N K ( T , L I B ( R 1 ) )  / /  R U N

" P R O C E S S  N O L I N K
In  the  preced inq  example ,  SOURCE ind ica tes  tha t  the  FORTRAN source  prograrn
compi le r  i s  to  p r in i  a  l i s t ing  o f  the  source  proqram;  no te  / *
tha t  SOURtJE,  a l th rugh a  de fau l t  va lue ,  can  be  exp l i c i t l y

reques ted .  GOSTI \4  f  ind ica tes  tha t  any  d iagnos t ic  t race-
back messages issued at execution t ime are to be printed Example 2:

w i t h  t h e  l S N s  o f  r e l a t e d  F O R T R A N  s t a t e m e n t s .  L I N K
(T, l - lB(R1) )  in< i i ca tes  tha t  the  load modu le  p rg i luced by  Assume you want  to  compi le ,  l ink -ed i t ,  and execute  a

the  l inkage ed i to r  i s  to  be  s to red  as  a  temporary  l ib ra ry  p rogram tha t  reads  da ta  f rom a  card  reader  and pr in ts  the

ent ry  loca ted  on  t i rL :  R l  d isk .  Defau l t  va lues  aJ tp ly  to r  resu l ts  on  a  p r in te r .  Fur ther  assume you lvan t  a l l  compi le r

*PROCESS opt ions  tha t  a re  no t  spec i f  ied .  de fau l t  op t ions  to  app ly .

Necessary  OCI -  s ta tements  a re  DATE,  LOAD,  F ILE

B A T C H E D  C O M P T L A T T O N  $ W O R K ,  F I L E  $ S O U R C E ,  R L . , N ,  a r - . d  / * .  T h e  o n l y  c o n r -

p i le r  op t ion  s ta te r r ien t  you  need is  a  READ s ta tement  to

To compi le  a  p t  r )g ram cons is t inE o f  many program un i ts ,  se t  up  the  input  bu f fe rs  fo r  t l re  reac ie r  used a t  execut ion

to  be  immer l ia te ly  fo l lowed by  l ink -ed i t ing  anc i  ioad  I  t in re ;assume tha t  the  reader  a t  your  loca t ion  is  the  5496

modu le  execut ion ,  the  main  program must  be  the  las t  ( fo r  a  Mode l  6  ins ta l la t ion) .  You need ne i ther  a  PRINT

prograrn  cornp i led .  For  example ,  assume a  program s ta tement  (because PRINT is  assumed) ,  nor  a  *PROCESS

cons is ts  o f  th ree  program un i ts - ,one main  program ar rd  s ta tement  (because a l l  *PROCESSdefau l ts  a re  war r ted) .

two subprogranrs .  They  shou ld  be  submi t ted  fo r  S ta tements  shou lc i  be  submi t ted  in  th is  o rder :

cor rp i la t ion  suc t r  tha t  the  main  program fo l lows the  sub '
p rograms i r r  t l re  job  s t ream.  An example  showing the  / /  DAfE 090174

p lacement  o f  OCL and cornp i le r  op t ion  s ta tements  fo r  a  / /  LOAD $FORT,R1

b a t c h e d  c o m p i l a t i o n  i s  i l l u s t r a t e d  i n  E x a m p l e  4  i n  t h e  / l  F I L E  N A M E - $ W O R K , U N I T - R 1 , P A C K - 1  1 1 1 1 1 ,

fo l low ing  d iscuss ion .  TRACKS-20,RETAIN-S

/  I  F I L E  N A M E - $ S O U R C E , U N  I T - R  1 , P A C K . 1  1  1  1  1  1 ,
.TRACKS-20,  

R ETAIN-S

/ i  R U N

c o M B l N l N G  O C L  A N D  C O M P I L E R  O P T I O N  S T A T E -  |  
t l  R E A D  D E V I C E  5 4 9 6

MENTS FORTRAN source  program

/ -
The fo l low ing  examples  show how compi le r  op t ion  l l  LOAD ##MAlN,R. l
s ta tements  can be  combined w i th  OCL s ta tements .  / /  RUN

Proqram data

l x
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In  th is  exar lp le ,  the  READ s ta tement  de{ ines  the  reader  to

use a t  execut ion  t ime.  The compi la t ion  and l ink -ed i t ing

opera t ion  is  de f ined as  be ing  f rom the  f i rs t  LOAD s ta tement

th rough the  f i rs t  / *  s ta te rnent .  The load modu le  execut ion

opera t ion  is  de f  ined  as  be ing  f  rom the  second LOAD

sta tement  (LOAD ##MAIN)  th rough the  second / *

statement.

Example 3:

Assume you w ish  to  compi le ,  l ink -ed i t ,  and execute  a

program tha t  requ i res  a  carc l  reader ,  a  p r in te r ,  and two

s e q u e n t i a l  f  i l e s  w i t h  l o g i c a l  u n i t  n u m b e r s  1 5  a n d  1 6 .  Y o u

are  go ing  to  use  the  procedure ,  FORTRN,  conta in ing  the

appropr ia te  LOAD and F ILE s ta tements ,  to  ca l l  the

compi le r ;  and you want  to  p roduce a l l  ou tpu t  types  tha t

the  compi le r  i s  capab le  o f  genera t ing .

OCL s ta tements  Vou need are  DATE,  CALI - ,  RUN,  a r rd  l * .

Compi le r  op t ion  s ta tements  you need are  READ (assume

a  M o d e l  1 0  i n s t a l l a t i o n  h a v i n g  t h e  M F C U l  d e v i c e ) ,  S E Q 4 4

to  de f ine  two f  i le  numbers  (assume the  5444 dev ice) ,  and
*PROCESS spec i fy ing  MAP,  GOSTMT,  DECK,  and

GODECK (ou tpu t -p roduc ing  *PROCESSING opt ions  no t

assumed bv  de fau l t ) .  S ta tements  shou ld  be  submi t ted  in

th is  o rder :

/ /  D A T E  0 9 0 1 7 4

I I  C A L . L  F O R T R N , R 2

/ /  R U N

/ /  R E A D  D E V I C E  M F C U l

I  I  SEO44 UNITNO- ' ,1  5 ,1  6"BLOCKS!ZE" '256,256 ' ,
- P R O C E S S  M A P , G O S T M T , D E C K , G O D  E C K

FOR TFIAN source  program

Sta tements  requ i red  by  the  load modu le  execut ion  s tep  are

not  i l l us t ra ted  here .  The SEO44 s ta tement  requ i res  two

cor respond ing  F  I  LE s ta tements  a t  execut ion  t ime.  Requ i red

FILE s ta te rnents  a re  descr ibed in  Chapter  15  Load Modu le

Execution.

Example 4:

Assume you want  to  compi le ,  l ink -ec i i t ,  and  execute  a

program cons is t ing  o f  th ree  program i rn i ts - -MAlN,  SUBl ,

and SU82.  A  program cons is t ing  o f  more  than one prograrn

un i t  i s  submi t ted  as  a  ba tch  compi la t ion ,  w i th  the  s r , rbpro-

grams compi led  f i rs t  and the  main  program compi led  las t .

Any  compi lc r  op t ion  s ta tements  sJrec i f ied ,  except
*PBOCESS and CATEGORY,  nrus t  be  submi t ted  w i th

the  rna in  p rogram.  ( *PROCESS car r  be  submi t ted  fo r  ma in

programs and subprograms,  CATEGORY for  s t rbprograrns

on ly . )  Thus ,  assuming t l - ra t  a  carc . l  reac le r  i s  to  re ic l  da le  L r t

the  prograr r r ,  the  REA.D dev ice  op t io r r  s ta tement  must  bc

submi t ted  amonE the  compi la t ion  cards  fo r  the  r r ta in

program.  Fur ther  assume tha t  the  procedure ,  FORTRN,

conta in ing  the  appropr ia te  LOAD and F ILE s ta tements ,

i s  used,  and tha t  bo th  subprogra ins  StJB l  and SUB2 are

g iven a  ca tegory  va lue  o f  
, l0 .

S ta tements  shou ld  be  subnr i t ted  i r r  th is  o rder :

/ /  DATE 090174

/ 1  C A | - L F O R T R N , R 2

/ i  R U N

/ /  C A I - E G O R Y  V A L U E _ 1 0

S U B  R O U T I N E  S U B l

/ I  C A L L  F O R T R N , R 2

/ /  R U N

/ /  C A T E G O R Y  V A L U E - I 0

S U B R O I J T I N E  S U I ] 2

I I  CALL FOF-TFiN,R2

i /  R U N

i /  N E A D  D E V I C E . 5 4 7 1

PROGRAIVI  IV iA IN

/ /  L O A D  M , A I N . R 2

/ /  R U N

Data  input  to  load incdu le

The f i rs t  CAI -  L  FOFI l - i - i l i  s ta te rnur ' ; t  r :a l i s  t l t ' :  F iJ t lT l? i \ t \

corn6 l i ie r  tc  cor rp i ie  S iJL I  i  .  
- i -nc  

i  "  s ta ten le r l t  i r rc i i ca tc :  t l te

enc l  o f  the  f i rs t  i -ompi ia t io i r .  
- f  

hc  r re ' i f  CALL FOl t ' i  R l ' ;

s ta tement  ca l l s  the  compi le r  to  compi ie  SLJ i l?  l - f : t '  t l t i ' t i

C A t - L  F O R T R i \  s t a i e m e n t  c a l l s  t h e  c o r n p i l e r  r ' ,  ̂ 3 r i ' F r i 1

MAIN"  T i re  LC 'A i l  iVA iN s t ; : f  em:n t  rs  thc  i i r s t  . c t ;  i ' : , i r ie  i , t

o f  the  load rnodLt le  px t ' cu l iu r r  s tep"

C c m p i i ; ; r i o ; r  j l l - ]





Chapter 14. Linl<age Editor Processing

The outpru t  o f  the  FORTRAN compi le r ,  the  ob jec t  modu le ,  OCL STATEMENTS NEEDED FOR THE L INKAGE
is  no t  ready  to  be  executed  as  a  p rogram.  EDITOR

Dur ing  a  p rocess  ca l led  l ink -ed i t ing ,  the  l inkage ed i to r  con-  l f  the  l inkage ed i to r  i s  ca l led  by  the  compi le r ,  you  need
ver ts  the  ob jec t  modu le  in to  a  load modu le  tha t  i s  ready  supp ly  on ly  the  F ILE s ta tements  named $WORK and
for  execut ion .  $SouRCE as  par t  o f  the  compi le  s te  p  oCL s ta tements .

l f  the  l inkage ed i to r  i s  no t  ca l led  au tomat ica l l y ,  you  can

ca l l  i t  d i rec t l y  by  spec i fy ing  i t s  name,  $OLlNK.  in  a
COMPILER INPUT TO THE L INKAGE EDTTOR LOAD s ta tement .

The FORTRAN compi le r  ca l l s  the  l in l<age ed i to r  au tomat ic -  The fo l low ing  examples  show on ly  the  order  in  wh ich
a l l y  i f  any  o f  the  *PROCESS opt ions  DECK.  OBJECT.  OCL s ta tements  shou ld  be  submi t ted .
L INK,  o r  GODECK are  spec i f ied .  l f  these op t ions  are
spec i f ied ,  the  compi le r  must  a lso  pass  to  the  l inkage ed i to r
the  ob jec t  modu le  de f ined in  the  $WORK FILE s ta tement  Example  l :
a n d  a  u t i l i t v  w o r k  f i l e  d e f i n e d  i n  t h e  $ S O U R C E  F I L E
sta tement .  To  ca l l  the  l inkage ed i to r  w i thout  us ing  a  p rocedure ,  you

submi t  the  fo l low inq  s ta tements :
The OBJECT opt ion  causes  the  l inkage ed i to r  to  s to re  the
ob jec t  modu le  in to  a  l ib ra ry .  DECK causes  the  l inkage / /  LOAD $OLlNK,R1
ed i to r  to  punch a  card  deck  o f  the  ob jec t  modu le .  l f  these l l  F ILE NAME-$WORK

are  the  on ly  op t ions  passed to  the  l inkage ed i to r ,  i t  re tu rns  l l  F ILE NAME-$SOURCE
control to the system after performinq these functions. / /  RUN

Linkage ed i to r  inpu t
L f  NK causes  the  l inkage ed i to r  to  per fo rm the  l ink -ed i t ing  l *
func t ion .  GODECK can be  spec i f ied  to  have a  card  deck
of  the  load modu le  punched.

Example 2:

To cal l  the l inkage edi tor  us ing the procedure FORTL,
you submit  the fo l lowing statements:

i /  C A L L  F O R T L , R l
/ I  RUN
Linkage edi tor  input

L inkage  Ed i t o r  P rocess ing  105
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L l N K A G E  E D I T O R  C O N T R O L  S T A T E M E N T S

The fo rmats  and uses  o f  the  l inkage ed i to r  con t ro l  s ta te -

m e n t s  a r e  i d e n t i c a l  f o r  a l l  m o d e l s .

Ord inar i l y ,  the  compi le r  passes  to  the  l inkage ed i to r  a l l
in fo rmat ion  tha t  i s  necessary  to  l ink -ed i t  an  ob jec t  modu le .
However  therer  a re  ins tanc€s  when Vou want  to  ca l l  the
l inkage ed i to r  fac i l i t y  d i rec t l y ,  such as  to  g roup a  number
o f  subprograms together  in  s to rage.  In  such ins tances ,  you
can load the  l inkage ed i to r  d i rec t l y  and use l inkage ed i to r
cont ro l  s ta tements  to  spec i fy  the  op t ions  you want .

L inkage ed i to r  con t ro l  s ta tements  p rov ide  in fo rmat ion
about  the  ob jec t  modu les  to  be  l ink -ed i ted .  L ike  compi le r
op t ion  s ta tements ,  they  are  used exc lus ive ly  in  one s tep  and
are  coded in  the  same manner  as  OCL s ta tements .

L inkage ed i to r  con t ro l  s ta tements  a re  fu l l y  descr ibed in
IBM System/S Overlay Linkage Editor Reference Manual,
GC21-7561.

The fo l low ing  example  shows how l inkage ed i to r  con t ro l
statements carr be combined with OCL statements.

Examole l:

Example 1 oI Combining OCL and Compiler Option State-
ments in Chapter 13, Compilat ion showed how to compile
and s to re  a  p rogram in to  an  ob jec t  l ib ra ry .  Assume you
want  to  re t r ie rve  tha t  p rogram,  l ink -ed i t  i t ,  and  s to re  the
l o a d  m o d u l e  u n d e r  t h e  n a m e  F I R S T ,  i n t o  a n y  l i b r a r y .

OCL s ta tements  you need are  DATE,  LOAD,  F ILE
$ W O R K  a n d  F I L E  $ S O U R C E ,  a n d  R U N .  L i n k a g e  e d i t o r
cont ro l  s ta tements  you need are  PHASE,  to  ass ign  a  name
to  the  load modu le ,  INCLUDE,  to  ind ica te  the  ob jec t
modu le  to  be  inc luded in  the  l ink  ed i t ,  and END.  Sta te-
ments  shou ld  be  submi t ted  in  th is  o rder :

l l  DArE 100174

I I  L O A D  $ O L I N K , R 1

I  I  F I L E  N A M E . $ W O R K , U N I T . R l , P A C K - 1  1  1 1  1  1 ,

T R A C K S  2 0 , R E T A I N  S

I I  F I L E  N A M E  $ S O U R C E , U N I T . R l , P A C K - 1  1 1 1 1 1 ,

T R A C K S  2 0 , R E T A I N  S

/ /  R U N

/ /  P H A S E  N A M E - F I R S T

/ /  I N C L L J D E  N A I V I E  P R O G l , U N I T - F 1

/ /  C A T E G O R Y  N A M E  $ $ B T A M . V A L U E  2
/ /  E N D

In  th is  example ,  the  LOAD s ta tement  loads  the  l inkage
ed i to r  f rom i ts  loca t ion  on  un i t  R1.  The two F ILE s ta te -
ments  a re  requ i red  to  p rov ide  work  space fo r  the  l inkage
ed i to r .  The PHASE s ta tement  te l l s  the  l inkage ed i to r  to
s to re  the  load modu le  under  the  name FIRST;  by  de fau l t
the  load modu le  i s  s to red  as  a  temporary  un i t  on  R1 ( the
program pack) .  The INCLUDE s ta tement  spec i f ies  tha t
the  ob jec t  modu le  to  be  l ink -ed i ted  is  named PROGl  and
i s  o n  u n i t  F 1 .  T h e  C A T E G O R Y  s t a t e m e n t  c h a n q e s

$$BTAM f rom category 3 to categorv 2.

L INKAGE EDITOR OVERLAY FEATU. , - IE

l f  ma in  s to rage is  too  smal l  to  accommodate  an  en t i re  p ro-
gram,  the  l inkage ed i to r  w i l l  fo rce  the  program in to  over lays .
In  add i t ion  to  the  au tomat ic  over lay  tha t  can  be  per fo rmed

by the  l inkage ed i to r ,  the  programmer  can exp l i c i t l y  reques t
overlays through the use of l inkage editor control statements.

The l inkage ed i to r  a t tempts  to  f i t  a l l  modu les  o f  an  ob jec t
program into the specif ied storage size without overlays.
l f  th is  cannot  be  accompl ished,  the  l inkage ed i to r  ass igns

some modu les  to  over lay  segments .  Modu les  are  p laced in
over lays  accord ing  to  the i r  s ize ,  ca tegory ,  and re la t ionsh ip

to  o ther  modu les  in  the  oroqram.

The l inkage ed i to r  over lay  fea ture  is  fu l l y  descr ibed in  the

IBM System/3 Overlay Linkage Editor Reference Manual,

GC21-7561 .



Chapter 15. Load Module Execut ion

The load modu le  execut ion  s tep  runs  a  FORTRAN program

that  has  been compi led  and merged w i th  o ther  ob jec t
modu les  in to  a  load rnodu le .

Load modu le  input  cons is ts  o f  OCL s ta tements  de f  in ing
the step and any program data to be processed by the load
modu le .  Outpu t  cons is ts  o f  p rogram outpu t  and execut ion
messages.

Th is  sec t ion  descr ibes  OCL s ta tements  needed fo r  load
modu le  execut ion ,  p rogram data ,  and combin ing  OCL
sta tements  and da ta .

O C L  S T A T E M E N T S  N E E D E D  F O R  L O A D  M O D U L E
E X E C U  T I O N

The load modu le  i s  ca l led  by  an  OCL LOAD s ta tement
spec i fy ing  the  load modu le 's  name.  The name is  e i ther  the
name yo{ :  ass ign  to  the  source  program in  the  PROGRA.M

sta tement ,  o r  the  name ##MAIN g iven to  an  unnamed
program by  the  compi le r .

OCL s ta tements  needed fo r  load  modu le  execut ion  are
s u m m a r i z e d  i n  F i g u r e  1 2 "

(1a:. Lre gtcrr:i: i
as  Far t  o l  i

i ' t " r [ lE : l du , ' . .

;=:L::::;:-:--: : ::: r.: i

!  
'  ,0,,

Y u !

i'ir

ftl i-l

1
-.'';---{

I
I

Statement Funct ion When Requ i red

Placement irr  Job i

stream i

LOAD ##MAIN
or

LOAD name

- I 'o  
ca l l  the  load modu le A lways F i rs t  card

I I  FILE I {AME_
FTnn nrr  n

T o  d e f i n e  a  s e q u e n t i a l

o r 'd i rec t -access  f i le

When the  load modu le
processes records trorn

a  d i s k  o r  t a p e  f  i l e

Afte r the i-(]AD stat i ,rncnt i
I
i

/ /  R U N T o  d e f i n e  t h e  e n d  o f

OCL s ta tements  in  the
job  s t ream

Always After OC[- statenri i ' l ts; :
i

before pro,trarrt  i l  i rul  i
1

cards r

To  de f ine  the  end o f
input  cards  in  the
job stream

Wherr  inpu t  cards
are  submi t ted  th rough

the  input  s t ream

After thc l :rsl  n"rprr l

Lrarcl

Figure 12.  OCL Statements Needed for  Load tVlodule Execur ion



Examples  fo r  the i r  use  are  shown be low.  These exampres
show on ly  ther  o rder  in  wh ich  s ta tements  shou ld  be  sLrb-
mi t ted ;  fo r  examples  o f  fu l l y  coded OCL s ta tements  see
Combining Load Module OCL Statements with Compite
Step Statemenfs in this chapter.

Example 1:

Assume a  procedure  o f  OCL s ta tements ,  FORTG,  conta in -
ing  a  LO. . - . , . t  s ta te rnent  hav ing  the  name ##MAlN.  To  ca l i
the  procedure  to  execute  an  unnamed program,  submi t
the  fo l low ing  cards :

i i  C A L L  f : O R T G , F 1

i i  RUN
Program data i f  any

Exantple 2:

To ca l l  the  same procedure ,  on ly  th is  t ime fo r  a  p rogram
h a v i n g  t h e  n a m e  M Y P R O G , : ' r b m i t  t h e  f o l l o w i n g  c a r d s :

/ /  CALL f :ORTG,F1

/ /  L O A D  M Y P R O G

/ /  R U N

Program data  i f  any

The LOAD s ta tement  spec i fy ing  the  name MypROG
rep laces  the  I -OAD s ta tement  in  the  procedure .

Example 3:

To load a load module d i rect ly ,  wi thout  us ing a
and assuming the use of  a pr in ter  and a d isk f i le
FT00009,  submit  the fo l lowing cards:

/ /  LOAD MYPROG
// FILE t\IAME-FTOOOO9
/ /  RUN

proceoure,
named

PROGRAM DATA

Prog; ram c la ta - - in fo rmat ion  to  be  processed by  the  loa t l
moc iu le - .  can  be  s r , r l rm i t ted  i r r  cards ,  as  records  on  d isk  o r
tape,  o r  f rom the  keybca ic l "  D isk  o r  tape records  are
def  ined  as  f  i l es  o r i  F tLE s ta temer l ts "  Card  records  arc
subnr i t ted  as  a  card  deck  be tween the  OCL RUl t !  and
/ *  s ta tements .  The fo l lo tv ing  example  shows horv  yo l
can de f i r re  input  bo th  on  cards  and on  d isk .

Assume your  p rogranr  rcac ls  input  f ro rn  car r l s  anc l  f  rom two
f i les  n r - rmberec l  15  anr l  16 ,  and you use the  proceoure
FOR' fG to  ca l !  the  1 t ' rad  n- roc l r " r le .  S ta tements  shou ld  be
s u b m i t t e d  i n  t h i s  o r d e r :

1 /  C A L L  F O R T G , F l

/ /  F ILE NAME-FTOOO15

/ /  F ILF-  NAME-  FTOOOl  s
i /  R U N
Card  program data

C O M B I N I N G  L O A D  M O D U L E  O C L  S T A T E M E N T S  W I T H
COIVIPI  LE STEP STATEMENTS

The load modu le  s ta tements  spec i f ied  in  the  preced ing
examples  can be  combined w i th  compi le  s tep  s ta tements  to
form a complete lob. In Chapter 13 Compilat ion, under the
heading Combining OCL atrd Compiler Option Statements,
Example  3  shows compi le  s tep  s ta te rnents  tha t  can  be
merged w i th  load modu le  s ta tements .  S imp ly  p lace  the
load modu le  s ta tements  a f te r  the  compi le  s ta tements  to
fo rm a  job  in  the  fo l low ing  order :

/ /  DArE 090174
I /  CALT  FORTRN,R2
/ /  RUN
/ /  R E A D  D E V I C E - M F C U 1
/ / sEo44 UN I TNO-"1 5, i 6"8 LOCKStZE-'256,256'

"PROCESS MAP,GOSTMT,DECK,GOD ECK
FORTRAN source program

//  CALL.  FORTG.R2
/  /  F ILE NAM E-FTOOOI 5,UN IT.-R2,P ACK-12345,

TRACKS-5
i  /  I  ILE NAME-FTOOOI 6,UN IT-Rz,P ACK-12345,

TRACKS_5
/ /  RUN
Card program data

t08



In  th is  example ,  DATE ass igns  a  sys tem date  to  the  job .

The f i rs t  CALL invokes  the  compi le  p rocedure  FORTRN.
READ sets  up  the  MFCUl  as  the  execut ion- t ime card
reader ;  th is  s ta tement  permi ts  card  input  to  be  read
dur ing  th r :  execut ion  s tep .  SEO44 se ts  up  a  sys tem
cont ro l  b lock  and bu f fe r  space fo r  each o f  the  execut ion
t ime f i les  named FT00015 and FT00016.  *PROCESS

spec i f ies  compi le r  op t ions  (a  s to rage map to  be  pr in ted ,

execut ion  t ime er ro r  messages to  be  ger rera ted  w i th
in te rna l  s ta tement  numbers ,  a  card  deck  o f  the  ob jec t

modu le  to  be  punched.  and a  card  deck  o f  the  load
m o d u l e  t o  b e  p u n c h e d ) .

The second CALL invokes  the  load modu le  p rocedure .

The two F  ILE s ta tements  de f  ine  the  f  i l es  whose sys tem
cont ro l  b locks  were  de f  ined  by  SEO44.  Card  program

data  is  read f  rom the  dev ice  de f  ined  by  the  compi le  s tep
R EAD s ta tement .

Load  Modu io  Execu t i on  l 09





T h i s  c h a p t e r  d e s c r i b e s  l o b  o u t p u t  f o r  t h e  F O R T R A N  p r o -
g r a m  d e p r i c t e d  i n  F i g u r e s  1 3  a n d  1 4 .  F i g u r e  1  3  s h o w s  a
program as  i t  was  codec l .  T f r i s  l t rogram adc js  a  l i s t  o f  4 -d iq i t
number ! ; ,  computes  the  average,  s to res  Ihe  resu l ts  in to  a
d i rec t 'access  l i l e ,  and pr in ts  the  resu l ts .  F ig r - r re  14  shows
the program as  i t  was  keypunched.  Keypur rch  er ro rs  were
in t roduced to  p rov ide  examples  o f  sys tern  d iagnos t rc  a ( : t ton .

F i g u r e  1 5  i l l u s t r a t e s  t h e  O C L  f o r  t l r e  j o b  a n d  a n  i n p u t  s t a t e .
ment  conta in ing  a  g roup o f  numbers  fo r  the  source  program

to  add and average.  The CALL s ta tement  ca l l s  the  compi  le r .
T h e  d e v i c e  o p t i o n  s t a t e m e n t s  R  E A D ,  P R  l N T ,  a n d  D A D 4 4
d e f  i n e  d e v i c e s  t o  b e  u s e d  a t  e x e c u t i o n  t i m e .  T h e  " P R O C E S S
s t a t e m e n t  l i s t s  a  t y p i c a l  s e l e c t i o n  o f  c o m p i l e r  o p t i o n s  t h a t
p r o d u c e  o u t p u t .  l f  t h e  * P R O C E S S  s t a t e n r e n t  w e r e  m i s s i n g ,

Chapter 16. Job Output

d e f a u l t  o p t i o n s  S O U R C E  a n d  L i N  K  w o u l d  s t i l l  b e  i n  e f f e c t
( S O U R C E  l r e c a u s e  i t  i s  t h e  d e f a u l t  f o r  a l l  p r o g r a m s ,  L i N K

because i t  i s  t l re  de fau l t  {o r  ma in  p rograrns} .  The FOR-

TRAN source  program is  p laced be t tveen t l te  *PF iOCFSS

sta tement  and the  / *  s ta te rner r t  wh ich  is  the  las t  o f  t i re  conr -
gr i le  s tep  s ta tements .  Ihe  L INK opt ion  oauses  the  l in f :age

ed i to r  to  be  ca l led  au torna t ica l l y ;  no  OCl , -  s ta t i : r )en ts  necd

by  s r , ipp l ied  fo r  the  l ink  ed i r  s te  p .  
. [ -he  

LOAD s la te rnent

loads  the  load moc iu le .  The F ILE s ta i i : r r ren t  de f  ines  the ;

d i rec t -access  f i le  used in  the  progran i .  Input  da ta  cc ; r r : i s is

o f  1 B  n u r n b e r s ,  c o n s e c u t i v e  l y  r r r r m b e r e d  1  t h r o u g h  1 8 ,
urh lch  the  FOR- f  RAl . l  p rogranr  i s  to  rea t l  i cur  charac ters

a t  a  t i m e  i n t o  t h e  a r r a v  N U M B S ,

= -= -::':

t" , ,  , ."
I

FORTRAN Cod inq  F : r i rm

i  l  l  l  l  i  l r " "
l l L l l l r ^ "

t : x 2 x r a i : t  ! , , t , \ o a l

l

i r r r ,  l i l u e m '  I
l

j!lLll ti ER :r

4 J5 Oi'if- GkLAriP-J T -"\*'{ rrr.
r5 frRAx5f-ERR-8, r(r Pfr t
i r . l , , , - i - . " 1 - 1 , ;  + . . r i l  - ,

; . ' - + . , l , + * r i * * r , * ,  r - r - '  -  . . . . . 1
i i; , . i  -  r t , t - l l ,  l i i :  , - r , t - - i  .

- i '  ! l - ' , , 1 ' r l - t i ' + -  r i F - - . 1  I ' - 1 , - i . ' ' ,
-  . . " ] * . - - r . , - - L . 1 . 1 - 1 ,  - . L + , r -  :

t i '  1 l  - , 1  
1  l" ' i  t i '  

- i l  
i t  l  I  

'
, " ' l ' ' ' i l : f  ' 1 i l i l i  i
*  .  -  -  i -  .  i  I  I  i  .  r  i  - r  I  ,  I  ' - " 1  r  i  i - i - -

I  i l

i l  ,  - - i f  -  +

Figure 1l l .  Sample FORTRAN Program as Coded



PROGRAI,I AVG
C THIS PROGRAI" I  READS AND AVERAGES NUMBERS. THE NUI\ , IBERS ARE RF-AI)
C  IN  GROUPS OF E IGHTEEN FRCM THE } ,1F "CU1 .

D E F T N E  F r L E  l _ 4  (  1 ,  1 6 ,  E ,  K  )
C IT ALSO WRITES T'HE AVERAGE ON UNIT ] .q AT{D RT,ADS IT BACK FOi(
C  P R I N T I N G .

DII4ENSION NUI.4BS (  lOOO )
C  NU}4BS IS  THE ARRAY INTO WHICH THE N IJN1BERS ARE READ.  I .OOO I {UMBERSJ
C IS THE tvlAXIt"lUM NUI'4BER OF NUI'4BERS T'HAT CAN BE AVERAGED.

M = 1
N  =  1 8

1 0  i i E A D  (  1 ,  1 - 0 0 0 r  E N D  =  2 0  (  N U I 4 B S ( I ) ,  I  =  N 1 ,  N  )
f i t = t ' 1 + 1 8
N =  N  +  l _8
GO TO 10

C READING CONTINUES UNTIL  END OF F ILE .  14  IS  ONE GREATER THAN l 'HE
C NUMBER OF NU!4BERS READ WTIEN CONTROL IS TRANSFERRED TO 20.

2 0 M = ,  M - 1 -
S U M  =  O .
D O 3 0  I = 1 ,  t v l

S U I ' 1  = S U N 1 + N U I 4 B S ( H )

3 O  C O N T I N U E
A V G = S U t " l  / M
wRrrE (  3r  2000 )  su! l ,  AVG
wRr rE  (  14 r1 ,  3000  )  su t " l ,  AVG

40  READ (  14 r  1 ,  3000  )  SUM,  AVG
wRr rE  (3 ,  2000)  suM,  AVG
STOP

1000 FORT,IAT ( 18 r4 )
2 0 o o  F O R M A T  (  r  S U M  O F  N U M B E R S  =  r r F 8 . 3 , r - A V E R A G E  =  I , F 8 . 3  )
3 0 0 0  F o R M A T  (  2  F 8 . 3  )

END

Figure 14.  Sample FORTRAN Program as Keypunched

/ /  0ALL FORTRN,R2
// P.UN
/ / READ DEVTCE-}4rCU1
/ /  PRrNT  DEVTCE-s203
/ / Dl.xq q uNrrNo-I t{
*PROCESS SOURCE,L INK(T , I , IB  (R2 )  ) ,NOSHRBUFF
FORTRAN source program

// L)AD AVG,R2
/  /  F ]LE UNIT-Fz,  PACK- 5 g q q 0 O,  TRACKS-2 0 '  RETAIN-S'  NAI ' {E-FTo 0 0 1 r '1 ,

// LABEL-MYFILE
// RvN
0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 ' { 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0 8 0 0 0 9 0 0 } 0 0 0 1 1 0 0 1 2 0 0 I 3 0 0 1 4 0 0 1 5 0 0 1 6 0 0 1 7 0 0 I 8

Figure 15.  OCL Example
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Each compi la t ion  produces  the  {o l low ing  ou tpu t :

o  An o t , jec t  modu le  i f  no  severe  er ro rs  were  encountered
(as described in Diagnostic Mesnges\ ,  unless the
- P R O C E S S  o p t i o n  N O L I N K  i s  s p e c i f i e d "

o  A conrp i ie r  ou tpu t  l i s t ing  tha t  con ta ins  in fo rmat rve  anc l
d iagnos t ic  messages.

O B J E C T  M O D U L E

The conrp i le r  p roduces  an  ob jec t  rnodu le  in  the  fo rm o f  a
ser ies  o f  records  each 64  by tes  long.  There  are  th ree  types
of  recorCs in  an  ob jec t  modu le :

E S L  ( e x t e r n a l  s y m b o l  l i s t  r e c o r d )

R LD ( tex t - re loca t ion  d i rec to ry  record)

End Record

ESL Records

An ESL record  de f  ines  the  ob jec t  modu le 's  re fe rence name
and ex terna l  re fe rences  to  o ther  modu les  tha t  a re  to  be  l ink -
ec i i ted  w i th  th ls  ob jec t  modu le .  The ESL record  fo rmat  i s
i l l us t ra ted  in  F igure  1  6 .

An ESL record  is  ider - r t i f ied  by  the  charac ter  S  in  the  record 's
f  i rs t  by t { r .  An  ESL record  can conta in  up  to  f  i ve  ESL
ent r ies ,  each en t ry  be ing  12  by tes  long.  There  are  seven
t y o e s  o {  E S L  e n t r i e s :

Modu le  Name:  Th is  en t ry  conta ins  the  symbol ic  name o f
the  mocJu le ,  the  s ta r t  address ,  the  modu le  length  ( in  hexa-
d e c i m a l l ,  a n d  i t s  c a t e g o r y  v a l u e .

Ent ry  Po in t :  T l r i s  en t ry  spec i f ies  th is  modu le 's  en t ry  po in t

narne anc l  i t s  address .

EXTRN Reference: This entry specif ies an external refer-
ence,  tha t  i s ,  a  re fe rence to  a  modu le  name in  another  modu l r
Dur ing  the  l ink -ed i t  s tep  the  l inkage ed i to r  rnL is t  reso tve
th is  re fe rence ( tha t  i s ,  loca te  the  re fe renced mo,Ju le ) ,  by
search ing  f i rs t  the  job  s t rearn ,  then the  $WOR K f  i le ,  and
f i n a l l y  t h e  o b j e c t  l i b r a r y  u n t i l  i t  l o c a t e s  t h e  r e f e r e n c e o
m o d u l e .

Weak EXTRN Reference: This eniry sprecif  ies an external
r e f e r e n c e  a l s o ,  b u t  d u r i n g  l i n k  e d i t  t l r e  l i n k " r q e  r : d i t o r  d o e s
not  search  the  ob jec t  l ib ra ry .  l f  i t  cannor  reso lvc .  th r , ,
cor respond ing  re fe rence namc by  scarch ing  the  1 : rb  s t re i tm
a n d  $ W O R  K ,  t h e  l i n k a g e  e d i t o r  i g r r o r e s  t h r :  r r r t r y .

GLOBAL Ent ry :  Th is  en t ry  s i rec i f res  a  s l race  a l locar ion  {o r
a  g l o b a l a r e a ,  a n  a r e a  t o  b e  i r s e d  b y ; . r i o r e  t h a n  o n e  i n a d
rnodu le .  Th is  a rea  is  a l loca ter j  a t  the  t ta r t  o f  t f r r  l . r rograr r . r
l e v e l  a n d  i t s  s i z e  i s  t h e  s i z e  o f  t h e  l a r g e s t  q l o l t a l  a r i : a  r : n -
cou n tered  .

COMMON Ent ry :  
- fh is  

en t ry  spec i f  ies  a  space ; , i ! ioca t ic in  fc r
a  common area ,  an  area  to  be  used i ry  o f iu  joac j  r r tc ,ou le
o n l y .  T h i s  a r e a  i s  a l l o c a t e d  i m m e d i a t e l y  f t . r l l t ; w i n q  a n v
g l o b a l  a r e a  o r  a t  t h e  l o a d  p o i n t  i f  n o  g l o b a l a r c a  i s  a l l o c a r i - e r j .

EXTBUF Ent ry :  Thrs  en t ry  spec i f ies  th r :  spacr :  reqr - r i rcd
for  ex te rna l  DAD buf fe rs .  T i re  a rea  rs  ; r i lu t ;a te r . j  dur i r . rg
execr t t ion  o f  the  prograrn  and is  loca ted  a f i t : r  ih r :  las i
p rogram by te  r rsed (be tween the  loq ica i  u l r : )  ! ) ' i  the  p f l . J i i rn - ,
a n d  t h e  e n d  o f  t h e  p a r t i t i o n ) .

RLD Records

An RLD record  conta i r i s  the  ob je r : t  co ' . j s :  a r r r i  ; ; r . rv  r t r r  i  ' i td -

t io r r  needed to  rnake the  tex t  re l ' : j c . l ta i l io  I  i r r ,  l :  L_ i - r  recorc l
f o r m a t  i s  i l l u s t r a t e d  i n  F i g u r e  l 6 .

An RLD record  is  iden t r f iec  hy  t l re  lhar ; ;c l r ' r  l  i i - r  r i ia
recr : rd 's  f  i r s t  by te .

. . i  . _ - r i t t r : r l



End Record

The End record  de f ines  the  end o f  the  ob jec t  modu le  and
conta ins  the  modu le 's  s ta r t  address .  l t  i s  iden t i f ied  by  the
charac ter  E  in  the  record 's  f  i r s t  by te .  l t  i s  i l l us t ra ted  in
F i g u r e  1 6 .

ESL Record

R LD Record

1 2  3 4  5

END Reco rd

E I  Star t
Address

1 2 - 3 4

Figure 16.  Object  Module Record Formats
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64

E S L
Entry 1

ESL
Entry 2 En t r y  3 Entry 4 E n t r y  5

1 2 3 15 27 39 51 63_64

T l L e n g t h  l A s s e m b l e d
of  tex t  I  address  o f
por t ion  I  r igh tnros t Text
OF  RLD I  by te  o f
record I text record

re la t i ve  to  0 .



C O M P I L E R  O U T P U T  L I S T I N G

Compi la t ion  o f  the  prograrn  shown in  F igure  14  resu l ts  in
t h e  o u t p u t  l i s t i r r g  i l l u s t r a t e d  i n  F i g u r e  1 7 ,  w h i c h  i n c l u d e s
the  cornp i la t ion  er ro rs  encountered .  F igure  i  B  i l l us t ra tes
the  l i s t ing  fo r  t l " re  same program a f te r  compi la t ton  er ro rs
were  cor rec ted .

Messages

In format lve  mer ;sages  le t  you  know the  s ta tus  o f  the  compi l -
a t ion  g iv ing  such in fo rmat ion  as  the  da te  the  job  was run
and the  compi le r ' s  vers ion  and rnod i f  i ca t ion  leve l .  D iagnost ic
messages le t  you  know o f  any  er ro rs  encountered  dur ino
c o m p i l a t i o n .

lnformative Messages

In format ive  messages in  F igure  17  are  labe led  E una E
the  beg inn ing  and the  er rd  o f  the  compi le r  ou tpu t  l i s t ing .
Labe l  [ l  shows the  f i rs t  l i ne  o f  the  l i s t ing ,  and a  l i s t  o f
compi le r  op t ion  s ta tements  spec i f  ied  fo r  the  program.

Labe l  E l  po in rs  to  the  end o f  the  l i s t ing ,  and l i s ts  the
number  o f  compi la t ion  er ro rs  encountered ,  the  h ighes t
severitV code encountered (see Diagnostic Messages,fol low-
ing ,  fo r  a  d iscuss ion  o f  sever i ty  codes) ,  an t l  a  l i s t  o f  s ta te_
ment  a l loca t ions  tha t  ind ica te  s to rage adc l resses  ass igned to
s ta tem€)n t  nurnbers  used in  the  pr -ogram^ Storage address ,
shown n  hexadec imal  no ta t ion ,  a re  re la t i ve  to  the  beg in_
n ing  o f  the  program.  Because the  comp-r i ie r  moves the  in_
terna l  code o f  FORMAT s ta tements  to  the  beg inn ing  o f
tne  proEram,  s ta tement  nurnbers  o f  FORMAT s ta tements ,
s u c h  a s  n u m b e r s  3 0 0 0 , 2 0 0 0 ,  a n d  i 0 0 0  i n  t h i s  p r o g r a m ,
are  a l loca ted  lower  s to rage addresses  than numbers  fo r
executab le  s ta tements ,  such as  numbers  20 ,  30  and 40  in
th is  p rogram.

Diagnostic Messages

Compi i ,e r  d iagnos t ic

D iagnost ic  messages
head i  ngs :

messages in  F igure  17  are  labe led  E
appear  on  an  ou tpu t  l i s t ing  under  the

STATEMENT
NUI \4BE R  ISN

E R  R O R
N U M B E R S E V E R I T Y  E X P L A N A T I O N

l l )J o h  O u l p u t



where

STATEMEnIT NUMBER is  the  s ta r r :me l r l  nun-a l re r

ass igned to  a  FORTRAN source  s ta tement  by  the  pro-

grarnmer .  E i ther  the  s ta tement  number  o r  the  in te rna l

s ta tement  nurnber  ( lSN)  i s  p r in ted  on  the  d iagnos t tc
l i n c .

ISN is  the  i r l te rna l  s ta tement  number  assrgr red  to  the
FORTRANI  s ta tement  bV the  compi le r .  lSNs are

ass igneu r r r  ascend ing  order  to  the  s ta tements  in  the

source  modr : le .  ( lSNs appear  on  ihe  ex t reme le f t  s ide
of  the  sourc r :  l i s t ing ,  labe leO [ l  ,  in  F igure  i7 . )

E R R O R  N L J M B E R  i s  a  t r v o - d i g i t  n u m b e r  a s s i E n e d  t o  a
par t i cu la r  e r ro r  cond i t ion  by  the  compi le r .  Each er ro r

cond i t ion  is  assrgned a  number .  Er ro r  cond i t ions ,  and
cor respond ing  exp lanat ions ,  a re  l i s ted  in  Append ix  B .
C o rn p i I a ti o n Messages.

SEVERITY ind ica tes  the  sever i ty  code ass igned to  the

er ror  by  the :  66mpi1sr . .  Each er ro r  i s  ass igned one o f

two sever i ty  codes :

4  lnd ica tes  a  poss ib le  u r ro r .  Compi la t ion  cont i r rues

and i l re  l ink -ed i t i r rq  fu r rc t io r r  i s  per {o r rned i f

an l le r l  .

8  Ind ica tes  an  er ro r .  Compi la t ion  cont inues  bu t  the

sys tern  te rmina tes  process ing  a f te r  compi la t ion .

l f  a n 1 , 6 1  t h e  o p t i o n s  L I N K ,  O B J E C I - ,  D E C K ,  o r

GODECK were  spec i f  ied ,  they  are  rgnored.

EXPLANAI- lON is  a  b r ie f  surnmary  o f  the  er ro r  cond i -

t i o n .  A  i u l l  e x p l a n a t i o n  o f  e a c h  e r r o r  c o n d i t i o n  i s
presented in Appendix B. Cornpilation Messages.

F igure  17  i l l L rs t ra tes  th ree  d iagnos t ic  e r ro rs ,  one w i th

sever i ty  code ,1 ,  the  o thers  w i th  sever i ty  code 8 .  The f i rs t

e r ro r  i l l us t ra te rd ,  fo r  source  s ta tement  40 ,  ind ica tes  tha t
the  source  s ta te rnent  i s  nowhere  re f  e r red  to  and thus  does

not  need a  s ta tement  number .  Source  s ta tement  40  is :

4 0  R  E A D  (  1 4 '  1 , 3 O O O ) S U M , A V G

Because th is  e r ro r  w i l l  no t  a f fec t  p rogram execut ion ,  i t  has

a sever i ty  codc 'o f  4 .

The nex t  e r ro r  i l l us t ra ted ,  fo r  ISN 006,  ind ica tes  a  syn tax

er ror .  ISN 6  is  the  fo lk - rw ing  s ta tement :

1  0  R  E A D ( 1  . 1 0 0 0 , E N D = 2 0 { N U M B S ( l ) , 1 = M , N }

By sc .a r rn ing  the  s ta ten len t  we see tha t  i t  con ta ins  th ree  le f t

paren theses  and on ly  tv i /o  r i ! ]h t  parer r theses ;  a  r igh t  parer t -

thes is  be lo r rgs  a f te r  ENl l -20 .  Because th is  e r ro r  w i l l  a f fec t

p rogram execut ion ,  i t  has  a  sevef l t y  codc  o f  8 ,  p revent ing

load modu ie  execut ion .

The nex t  e r ro r ,  fo r  ISN 013,  ind ica tes  ar l  e r ro r  in  a  subscr ip l

e x p r e s s i o n .  I S N  1 3  c o n t a i n s  o n l y  o n e  s u b s c r i p t  e x p r e s s i o n ,

N U M B S ( H ) ,  w h e r e  H  i s  i n t e r p r e t e d  t o  b e  a  r e a l  v a t i a b ' e .

T h i s  e x p r e s s i o n  s h o u l d  b e  c o r r e c t e d  t o  N U M B S ( l ) .

F igure  18  is  a  l i s t i r rg  o f  com6r i le r  ou tpu t  a f te r  these cor rec-

t ions  were  made.  For  purposes  o f  eas ie r  compar ison  be '

t w e e n  F i g u r e s  1 8  a n d  1 7 ,  a r e a s  o f  F i g u r e  1 B  p e r t i n e n t  t o

the  cor rec t ions  are  h igh l igh ted .

O U T P U T  F R O M  * P R O C E S S  O P T I O N S

*PROCESS opt ions  tha t  p roduce some fo rm o f  ou tpu t  a re

S O U R C E ,  M A P ,  D E C K ,  G O D E C K ,  O B J E C T ,  a n d  L I N K '

l f  de fau l t  op t ions  are  i r r  e f fec t ,  SOLIRCE produces  a  l i s t ing

o f  the  source  modu le ;  OBJECT produces  an  ob . iec t  modu le

fo r  a  subprogram;  L INK produces  a  load modu le  fo r  a

main  program;  a r rd  MAP,  GODECK,  and DECK are  sup-
pressed.  You may suppress  SOURCE by  exp l i c i t l y  spec i -

fy ing  NOSOURCE.  You can produce a  s to rage map by

spec i fy ing  MAP,  a  card  deck  o f  the  ob jec t  modu le  by  spec i -

fy ing  DECK,  and a  card  deck  o f  the  load modu le  by  spec i -

f y i n g  G O D E C K .

I  t o



t r l
F 0 R I R A N  I V  V E R n n / M O D n n

/ /  t I E A D  0 F V l C r : - r l F C U l
/ /  P R I N I  D T V I C E - 5 Z O ]
/  /  D A D 4 4  U N I  r \ 0 -  l 4
i P R O C  E S  S  r . t A P ,  L  I  N K t  I , L  I  i t  (  R 2  )  |  ,  N D S T I R l J U F F

I  P R O G R A M  A V G

r t t t / n r ' / t t n  P A G E  L J O  I

A I  H E X  I  J T  C I  H E X 2  D T C 2
I  I J i l  J 4 8 8 I
R  I J I I )  J 4 B 9 J

c
C

C
ctr

c
c

C
c

I H I  S  P R O G R A l ' 1  I i E  A D S  A N I J  A V T R A G L s  N U I , I B L R S .  T H E  N U ! I B L R 5  A R E  R I A I J
l N  G R T J U P S  O F  E I G H T t F N  F R 0 {  I H E  u F C U l .
D t F l ^ l E  F I L E  I , r  I  I ,  1 6 ,  E r  K  I
I  f  A L 5 u  r { R  i  T F 5  I H t  A V T R A G I  r ) N  U N I  I  l 4  A N D  R L A r ) 5  I  I  B A C K  F t j r l
P R I N I I N G .
D l r { F r ' 1 5  I o N  r { u i { 8 5  (  t o 0 0  )
N U \ B S  I S  f H I  A R R A Y  I N I L ) , J I I I C H  I H E  N U H I ] € R S  A R E  R T A i J .  I O O O  N U M I J T K \
I S  T H E  q A X I { U 1 1  N I . , , I ' I B F R  O F  \ i U q B E R S  T H A T  C A N  f J E  A V E R A G E D .
{ =  I
I ' l  =  lB

i i . )  R E A I )  t  I '  I 0 O 0 '  E N D  =  2 ( l  {  N U q 8 5 (  I l ,  I  =  q ,  N  I
t {  '  ^ {  +  IB
N  =  \  +  l 9
G r )  T O  l O
R E A 0 I N C  C I J N I I N U E S  U N I I L  t N I l  r l F  F I L E .  I ' i t  l S  i l N t  ( ; R L A T € R  I H A N  I r i r
\ U f , l t l E R  l l F  ! L J \ t f J t  ! - l . S  R F A t )  i . / r 1 i  ' l  C , J r , l I R  l L  I  R A ! S F E i R F J  T O  2 0 .

2 J r l - ^ 4 - l
5 U i l  =  0 .
l ) r )  l 0  I  =  l ,  {

s u H  -  s r J r ' l  i  N ( J i \ , t B s ( t 1 l
] O  C O N I  I  N U E

A V G  =  S U {  /  r l
t l R I  r E  (  l ,  2 O J J  l  s u ! ,  A V i ;
I , I R  I  I E  I  1 4 '  I ,  3 J O O  I  s L J I I ,  A V G

4 J  R r A D  (  I 4 r I r  t O O O  I  S r , | , 1  ,  A V ( ;
, r R t r E  (  ] , 2 o 0 0 ,  s u { , a v G

5
b

B
9

l 0
t t
t 2
l l
L 4
I 5
t 6
I 7
I 8
l 9
2 0
2 L
2 2
2 t
2 4

s t i ) P
I O O J  F . ) R ^ { A I  {  T B
2 0 O l  F r l R q A r  (  .

1 0 0 0  F . ) R r , t a t  |  2
E \ l )

I 4  |
S U l , I  O F  N U q I I E R  S
F q -  I  I

s li::''
A I  H E X I  D E C T  H E X 2  D I . C 2  N A 1 ' 4 7
I  0 1 6 J  0 0 8 7 7  l l 0 C  J 1 r t J 7 6  K
I  l l l 5  J 4 8 4 5  I
R  I 3 2 I  J 4 B 9 I

A I  ' l E X l  t ) € C l  H E X 2  J c C 2  I ' l A M t
I  I ' J D  J 4 8 7 7  q

I  l t i 9  J 4 8 8 9  5 U {

t ' l t s  c o q P l L A T I r l \

S I V T ' T I I Y  I X P L A N A T I ' ) \

g

3I
I
\

E

E

S I A T E H E N T
N U { B E R

4 0

L R R 0 R 5  F . ] R

L R R i J R
M f t t , r '1 r l t : ' t

( ) 7

J J 5  J ]
' J I  J  2 T

S I A I T ^ 1 E \ I  N J M B T R  I S  r J " l R t F t R r
! Y N I A X  L { ' t ' 1 1
5 U ; l S a - { t  P I  t X P R [ 5 S [ ( ] N  b l t (

0 0 1  I O I A L  t , < R I R S  F r l R  r r l t S  a - r l i t P I L A I I J ' l
I  i { A S  T H E  H I G H F S T  S t V r : R l l Y

S I  A T E M E I ' I T  A L L O C  A T  t  I ] \ S
: 1 0 0 0  =  I 3 F 2  2 J J C  = 1 4 1 8  l 0 0 t l  = t a 2 A

Figure 17.  Compi ler  Output  L ist ing

2 )  = 1 4 6 1  l J . i i l c  q ) =  i 4 8 A

Joir  i )u i t ,ut 1 1 1



Fi lR .TR.At ' l  I  V  VERnj rMODnr ]  n r t1 ,nn7nr ,  pA- ; t r  O! ) l

/ /  i I E A D  D E v l C i : . ! r , c . J l
/ /  P R I \ I  D F V I C E - ' , ? J l
/ /  D A D 4 c  U N I I \ ) - r *
* P R T I C E S S  I ' l A P , L l \ K t  I , L I I T { R 2 )  } , \ r t S H R . l , l F F

I  p . t i l l t i a l  a v , J
C  I . l l 5  P i . r I G R A {  R i : A J 5  A \ ,  A V r t A 3 r  j  \ J i 4 { } i  R S .  I H E  I  j . r  J [ ? S  A R t  { E A J
i -  i i ' l  i (  ) U p S  ) F  i l G H I t E , l  F t t r v  I 9 t  q F C i i l .

2  ) i : F l ' l t  F l i t _  l / r  (  L  1 6 ,  E ,  (  )
( ,  I f  A L S I I  l , ( I T F S  T t L  A V T R A ; t ,  ) \  J \ t I  l 4  A \ t l  R L A ) i  I r  B A C K  F U , t
I :  P R I ' I T I \ G .

I  ) l f . t r \ i l i ) \  \ J ! l d )  (  I O D J  I
( -  \ L , ! r l S  l 5  I - l F  A R R A Y  t N I ( l  / , l i l C i l  f H F  i ' l u l , l B E R S  A . { E  R E A I .  I 0 O O  N L J T i T I L R S
f .  I  I '  I  - t E  q A X  I  Y U r , t  N L J I L J F  I  J F  \ , J ^ 4 B E R S  I H A I  C A N  , J E  A v E R A G E i ) .

4  \ . . | -  I

r -1- . ---_-tr--_ L'r ____
L____q_.__* ._  rJ  {EA)  {  I ,  l_ l l ! r , l f . tp  .__?_q_)  (  NrJ !3s(  I  } ,  r  -  ,1  ,  \  )  I

7  ! = t r  l l
I  1  =  , q  +  ] 3
, : )  G i l  T i t  L0

C  R E , d D I N G  L O 1 ' . I ] I \ U E S  U \ I I L  E . ! . )  i ] ; :  F I L T .  I t  I S  I ] ' I T  G R L A T L R  T H A N  T H E
l .  ' l r l l t l J E . {  0 F  N T I \ I J E R S  ' { t , l D  i i l . 1 t N  C J . t T R J L  I 5  I R A i { S t , E R , t t )  T , l  2 0 .

l0 2Ll 1,! = ^. - I
I I  S . J t  =  C .

D:1 . ]0  I  =  L  q  ___-_
-_l:_ ____,_jrJI-_:J^1_i_N1LB_:1_L' -_ -* 

-*--_l

1 4  ] J  C ! - } N  T  I  N ] U E

1 5  A V G  -  S t j r t  /  Y
l o  n n ,  l  I E  t  r  2 0 J O  j  ! U r 4 ,  A V G
l 7  _ _ _ _ _ _ ' , l i t I I E  {  ! 4 r 1 , _ , { ) c _ 9 - )  S U f . t ,  A V G

f tB- -- _ 
----..'

t 9  , i R I I E  { 1 , 2 0 J 0 } S U ^ , l , A V G
2 0  s I o P
2 L  1 0 0 0  F O R ' 1 A T  t  l 3  t 4  )
2 ?  ; Z O O J  f . O R l A I  (  '  S i J $  { l F  N U . i i J E R S  =  r , F 8 . J ,  '  A V T R A G E  =  r , F d .  J  I
2 )  1 0 0 0  F i ) R r { a I  I  2  [ 3 . J  )
?.4 i i..t IJ

N A H L  A t  I I T X I  I ] E C I  H F X 2  D E C i I  N A I T T  A I  I l I X I  D T C I  H I . X 2  D E I . 2  N A M L  A T  L I E X I  D E C I  H E X 2  I ] T C 2
N U l t t B S  I  0 3 t , l j  J 0 8 1 7  l 3 0 C  C 4 8 7 6  K  I  I ] O D  J 4 8 ? ?  i ' , !  I  t l l l  O 4 e B l
N  I  l 3 l 5  J 4 r J 8 5
A V G  R  l l 2 l  J / ' 1 9 7

I  I  l 3 l 9  0 4 8 8 9 5 U N 1  R  t i l 0  0 4 8 9 1

I  ooo  ro rA l -  r , *Rr )RS j lL_L I l :  co f , rp  r !Ar roN

S T  A T E H E T I I  A L L C C A I I O N S
3 0 0 C  .  l 4 l E  2 J 0 0  = I 4 4 a  1 0 0 0  = 1 4 5 6  I 0  = 1 4 / A  2 0  = l 4 C l  t J  = l 4 F r

Figure 18. Compiler Output List ing After Corrections

Object Module Card Deck Source Module List ing

An ob jec t  modu le  card  deck  is  p roduced cons is t ing  o t  the  The source  modu le  l i s t ing  in  F igure  17  is  labe led  E l  .  fhu
records  descr ibed in  Ob jec t .  Modu le ,  a rd  the  fo l low ing :  source  modu le  l i s t ing  pr in ts  FOBTRAN source  s ta tements

together  w i th  the i r  cor respond ing  lSNs ( in te rna l  s ta tement
o  A d isk  t t t i l i t y  i i  COPY s ta tement  to  ins t ruc t  the  sys tern  numbers)  ass igned by  the  compi le r  to  a l l  FORTRAN source

to  i t l se r t  th re  ob jec t  modu le  in to  a  sys tem l ib ra ry .  Th is  s ta tements  except  comments  s ta tements  and cont inuat ion
s ta tement  i s  the  f i rs t  card  in  the  deck .  l ines .

a  A  header  ( )a rd  tha t  con ta ins  the  ob jec t  modu le ,s  name.
This statetnent fol lows thr: l l  CAPY statement.

r  A  d isk  u t i  l i t y  / /  CEfJD s ta tement  fo l low ing  the  records
to  ind ica te  the  end o f  the  card  deck .



S t o r a g e  M a p  L T N K A G E  E D I T O R  O U T P U T

T l ) e  s l r ) r a q { )  t t t a P  i r r  F i q L r r c  1 7  i s  l a l t t ; l c r l  G l  .  l n , ,  s t o r a g o  T l t e  l i r r k  c t l i t i n g  s l ' l )  F ) r o . l u c L , s  t h r :  l o l l o w i n q  o u t F r u t .
map is  a  l i s t ing  o f  eac l r  var iab lc  r ran tc  L rs r_ . r j  i r r  t l r c  l r rograrn ,
a n d  s r t c h  i r r l o r n r a t i o r r  a s  w h r : t l t c r  i l  r l t : s c r i t r t : s  a n  l t i { ) q o t  ( ) r  o  A  l o a c l  r n o r j u l e
r e a l  i t e m ,  w h c t l - r c r  t h r :  i t r : r r r  i s  r r r  G t _ O B A L  o r  C O M M O N ,
w h t ; t [ t r : t t l t t : i t t : t n i s t t r t r | e | i r t r l t J , a r r t l t h t l 5 t ( ) r a ( l e a r 1 t | r e : ; s o f . A | i | l k a g e e ' d i t t r | i : l i l l g

the  i t c rn ,  s l towr i  in  l ro th  h t :xac lc r ; in ra l  . rn t l  r l r : t ; i  n ra l  nora t ron .  n ) { l ssaqcs
I te rns  i r r  COIVIMON urc  l i s t t : r l  l i r s t  w i t l t  5 lo raqr j  ac l t l r r : ss i :s
r - l l l a t i v r : l  to  lhc  b t :q in r r i r r r ;  o l  thc  t .oMlv loN i r r r :a .  L r . r r ;a l  .  ou t r )u t  c le te r rn rncd bv  or r t ro r rs
v a r i a b l r : s  ( v a r  i l i r l e s  r t o t  i n  C O M I V I O N )  a r r :  l t s l r r L l  n o x t ,  w t  t r t
s to t i lqo  ac lc l rc : ;scs  re la l i v r :  t r ; '  th i :  l r cg i r tn i r rq  o l  t l r t_ ,  loca l  I t rc l
g r a n r  d t e a t .  f h r :  s l O r a q c  r n i t i )  i l l ) l ) o d t s  o n  J t )  o u t l ) u t  l i s l i r ) g
unc l t : r  lh r :  h r : l t l i nq : ; .  Load Modu le

N A | V I E  A T  I ] E X 1  D E C 1  H E X 2  D E C 2
( H r : . r t l i r r g s  d l ) l ) r ' , r t  l l n r , r '  l i l t r r : s  p l r  1 r 1 , , . )

w l l S r { i :

Thc load modu le  i s  in  t i r r - ,  fo r rn  o i  a  s ( - ' r ies . r f  recoros ,  {_ .acn
96 by tes  long.  Thcre  ar ( i  f ( ru r  ty l )os  o f  records  in  a  loa t l
m o d u l e :

1  .  Or r r :  hea< lc r  r  ecord

NAME rnd ica l r :s  t l r r :  r ra r l t :  o f  th r :  var i i r t r l c .  2 .  A  gro t lp  o f  tex t  records

A l -  i r l d i c a t i , s  t h o  a l t l i l ) u t c s  o {  i h o  v a r i a b l c "  A t t r i b L r t e s  3 .  A  l l r o u J r  o {  r c l o c a t i c . r n  r c c o r d s
c a l r  b e  p r  i r r t c d  u s i n c ;  t h r e e  p r i n l  p o s i t i o r r s .  T l t r :  f  i r s t
p r r r l t  pos i t ion  ind ica t r :s  whct l re r  the  var iab le  i s  in t r :ger  4 .  One er r r j  r r : cor r l
( l ) ,  r e a l  ( R ) ,  h i i l i w o r c l  ( l l ) .  o r  t j r _ r u b l e w o r d  ( D ) .  l h e
s e c o r d  p r i n l  l t o s i t i o n  i n d i c a t e s  w h r : t h c r  i 1  i s  i n  G L O B A L
( G ) o r  C O M M O N  ( C ) ; i {  t h c  i r e r r r  i s  a  l o c a l v a r i a b l e ,  t h i s  H e a c l e r  R e c o r c l
p o s i t i o n  i s  l e f t  L r l a r r k .  T h t  t h i r d  l t r i n t  l r o s i t i o n  i t l e n t i f i c s
an unc lc f in r :d  var ia t r l c  (U) .  A  header  record  de f ines  the  load rnodu le ,s  r r : i r : re r ,ce  narn ,

a n d  s t a r t  c o n t r o l  a d d r c s s "  T h c  h c a d e r  r c c o r d  i :  i d r : n t i f i r : d
HE.X l  i r l c l i ca tes  the  aL ld rcss  whe: re  a  var iab le  ( ) r  a r ray  by  the  charar : te r  H in  the  l i r s t  by te  o f  the  r rcord .
o t : i t i  r . t s ,  in  hexadcc i  rna  l .

D E C l  i n d i c a t e s  t h e  s a m e  a r l c l r e s s  i n  d r : c i m a l . Text Recorrls

HE)(2  is  r - rsed  w i th  an  ar ray  to  ind ica te  whr : re  the  ar rav  Tcx t  recor rJs  conta i r r  the  ob j [ rc t  codc  o f  the  load nr r - rc iu r r : .
e n c l s ;  i r r  l r e x a d e c i m a l .  l f  t l - r e  i t e n i  i s  n o l  a r r  a r r a y  t h i s  T e x t  r e c o r d s ; . r r c  i c j e n t i t i e r j  l t y  t i r t ,  c h a r a c t e r  T  i 3  i l i r ;  l r r : i
adc l ress  rs  le f t  b la r rk .  by te  o f  the  record .  Tex t  record :  m; . :k t :  up  tne  bu lk  . r f  i . , ja t )

m o d u l e  r e c o r d s .
D E C 2  i n d i c a t c s  t h e  s a m c  a d d r e s s  i r r  c J e c i r n a l .

The head ings  are  repL 'a ted  th fee  t i rnes  across  an  ou t r ru t  Re loca t ion  Records
l i s t ing  page,  so  tha t  each l ine  o f  t l - re  rna l_ r  can  c iescr rDc tn ree
data  i tems.  The f i rs t  da ta  i tenr  descr ibed,  NUfu1BS,  i s  o f  Re loca t io r r  records  conta i r  in fo r rnar io r r  r recdcr j  Io  r ] , ; k i ,
t y p e  f  I t J T E G E R  ( l ) ,  b e g i n s  a t  l o c a t i o n  8 7 7  ( 3 6 D  i n  h e x a -  t h e  l o a d  m o d u l e  r e l o c a t a i . l r :  i n  t n ?  e v e n t  r t r  f i r o c t r i i l  . ; , r . j 1
dec ima l )and ends  a t  loca t ion  4876 (130C in  hexadec in ra l ) .  be  loaded a t  the  s ta r t  cor r i ro l  a r .k ] r r : : ; s  ! i re . i f ie i . . l  in  l i r r j  f  , ' r ; i r . j
N U M B S  i s  a  4 0 0 0 - b y t e  a r r a y .  T h e  d a t a  i t e n r  S U M  ( t h e  e r  r e c r r r c l  .  R e l o c i : t i o n  r e c o r d s . r r e  i d i : n r i l r l c l  b y  l ! , . t  t . i ; , t r . . , \ , : t
las t  i tenr  l i s ted)  i s  o f  t ype  REAL,  a r rd  i s  loca ted  a t  adcJress  R in  the  f  i r s t  by le  o {  the  reco ic l
4 8 9 3  ( 1 3 1 D  i n  h e x a d e c i m a l ) .  B e c a u s e  S U M  i s  n o r  a n  a r r a v .
n o  e n d  a d d r e s s  i s  s h o w n .

End Record

The  end  reco rd  de f  i ne l  t he  end  o f  t l : e  i oad  r r c r r l L i ! ! , . .  i r '  ,
i d e n t i f  i e d  b y  t h e  c h a r a c t e r  F  l r r  t i r e  f i r s l  b y t e  o f  t l - r t  i , . : , : o r l i

. i . ; i ;  C u t p u t  l ' , t



Linkage Editor Output List ing

F i g u r e  1 9  i l l u s t r a t e s  l i n k ' e d i r i r t g  o u t t l u t  f  o r  t h e  p r o g r a m

s h o w n  i n  F i g u r e  1 4 .

Messages

l - rke  cornp i la t ion  messages,  l inkage ec l i to r  mcssages in fo rm
yor - r  o i  the  s ta tus  o f  the  l i r rk  ed i r  s tep  and whether  any
0r  I  o rs  werc  e , )oo t . rn te icc

l n f o r r i r a t i v r :  m c s ; s a g o s  i r r  F i g u r c  i 9  a r e  l a b c l e r l  I a t  t h e  e n d
o l  the  l i r i k  t :d i t  r : )u tpu t  l i s t ing .  Over lay  l ink : rge  ed i to r  mes-
: ; a g e s  O L . 1 O 0 ,  O L 1 0 1 ,  a r r d  O L 1 0 4  p r i n t  o u t ,  r e s p e c t i v e l y ,
t i r€ r  s i /0  o f  tho  prograrn ,  i t s  beg inn i r rg  address  (s ta r t  con t ro l
addres : ; ) ,  and the  nunrbcr  o f  d isk  sec tors  thc  load modu le
req t r i r t : s  in  the  i l i b ra ry .  These messages are  fo l lowed by  a
summary  o i  OCL I )a rarne t t ; rs  t l ta t  iden t i f  y  the  load modu le .

D iagnost ic  mes: rages  are  i r r  the  fo rm o f  ha l t  codes  tha t  a re
d isp layed on  t l re  d isp lay  un i t .  No l ra l t  codes  are  genera ted
tor  t t re  p roqrarn  i i l us t ra ted  l - re re .  F<; r  a  descr ip t ion  o f  ha l t

r ;o i ies ,  see  the  a ; rp ropr ia te  ha l t  gu ide  l i s ted  under  Re la tec l
PLtl t l icat ions irr the Preface.

Output from Options

L inkage ed i to r  ou tpu t  can  be  produced by  the  compi le r

op t ions  GODECK and MAP.  GODECK produces  a  card

deck  o f  t l re  loac l  rnodu le .  To  ob ta i r r  t l re  card  deck ,  you

m u s t  e x p l i c i t l y  r e q u e s t  G O D E C K  a t  c o m p i l e  t i r n e ,  t h e

d e f a u l r  b c i r r g  N O G O D E C K .  T h c  M A P  o p t i o n  c a u s e s  t h e
i i r rkaqo cd i to r  t r - r  p r in t  a  core  usage map o f  the  load modu le .

Load Module Card Deck

A load modu le  card  deck  is  p roduced cons is t ing  o f  the

records described in l-oad Module a,rd the fol lowing:

A d isk  u t i  l i t y  I iCOPY s ta tement  to  ins t ruc t  the  sys tem

to  inser t  th t r  load  r r rodu le  in to  a  sys tern  l ib ra ry .  Th is

statement lrrecedes the load nrodule cards.

A d isk  u t i l i t ' y  / /  CEND s ta tement  to  ind ica te  the  end

of a carci cleck.
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Core Usage Map

The core  usage map in  F igure  1g  is  labe led  E l  .  lnu .uo
appears  under  the  head inqs :

S I A R T  C A T E G O R Y  N A M E  A N D  C O D E  L E N G T H
A D D R E S S  E N T R Y  H E X A D E C I M A L  D E C I M A L

where

START ADDRESS ind ica tes  the  beg inn ing  s to rage
address  o f  the  area  or  rou t ine ,  in  hexadec imal  no ta t ion .
For  example ,  the  main  rou t ine  AVG beg ins  a t  loca t ion
1 3 0 0 ,  a n d  t h e  F O R T R A N  l i b r a r y  r o u t i n e  g F O E 0  a t
loca t ion  2868.

CA- I 'EGORY ind ica tes  the  pr io r i t y  va lue  o f  each rou t ine
for  remain ing  in  ma in  s to rage in  an  over lay  env i ronment
( the  iower  the  number  the  grea ter  the  pr io r i t y , l .

N A M E  A N D  E N T R Y  i n d i c a t e s  t h e  n a m e  o f  e a c n  a r e a  o r
rou t ine ,  and,  indented  f rom the  main  en t ry  po in t  fo r
each rou t ine .  o ther  en t ry  po in t  names w i th in  the  rou t ine .
F o r  e x a m p l e ,  i n  a d d i t i o n  t o  i t s  m a i n  e n t r y  p o i n t ,  $ F O E 0
conta ins  o ther  en t ry  po in t  names #VNTRy,  #SNTRy,
# R N T R Y .  a n d  # D .

CODE LENGTI1  ind ica tes  the  length  o f  each area  or
rou t ine ,  in  bo th  hexadec imal  and dec ima l  no ta t ion .

j oL rOr l t p r : t  ! t l



O V E R L A Y  L I N K A G E  t r D l T O R  C O R E  U S A G E  q A p  n n l n n / n n
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I
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t
t
t
I

\

$
#
fl
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I
I

ffi

$ T A R I
A D D I { E S S
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J C Z J

J l 1 4
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I  l l
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J  C 4 E
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LOAD MODULE OUTPUT Prograrn Output

Output  f rom the  load n iodu le  s tep  can be  the  fo i low ing :  Outpu t  f rom execut io r r  o f  the  FORTRAN progranr  i s
labe led  I  in  F ig r r .20 .  Th is  ou tpL l t  ind ica tes  the  sum and

o In fo rmat ive  and d iagnos t ic  me,ssages the  average o f  the  nu t r rbers  read.  l t  appears  in  dup l i ca te
as  a  resu l t  o f  two execut ions  o f  the  WRITE s ta tement .  o r le

o  Pr in ted  ou tpu t  resu l ts  genera ted  by  the  FORTRAN f rom computa t ions  made in  s to rage,  the  o ther  f rom i .ead ing
program the  resu l ts  back  in  f rom d i rec t  access  f  i l e  number  14 .

F igure  20  i l l us t ra tes  load modu le  ou tpu t  fo r  the  program

s h o w n  i n  F i g u r e  1 4 . Using the FORTRAN Traceback Listing

l f  an  execut ion  er ro r  occurs  in  a  p rogram conta in ing  a
i \4essages number  o f  p rogram un i ts ,  the  t raceback  fac i l i t y  can  be  used

to  loca te  the  program un i t  where  the  er ro r  occur red .  To
The ou tpu t  j t s t ing  fo r  a  load modu le  s tep  beg ins  w i th  a  l i s t  i l l us t ra te  how the  t raceback  fac i l i t y  can  be  used,  re fe r  to  the
of  OCL load modu le  s ta tements ,  labe led  ! l  in  F igure  20 .  p rogram shown in  F igure  22 .  Par t  1  o f  th is  f igure  shows

compi le r  ou tpu t  fo r  the  subrout ines  X and Y.  Par t  2  shows
Load modu le  d iagnos t ic  messages are  ha l t  codes  d isp layed compi le r  ou tpu t  fo r  the  main  program un i t  ## l \4A lN.
on  t f ie  d isp lay  un i t  ra ther  than on  an  ou tpu t  l i s t ing .  Two
ha l t  codes  are  assoc ia ted  w i th  FORTRAN load modu le  These program un i ts  per fo rm the  fo l low ing  opera t ions :
process ing :  66  to  ind ica te  tha t  a  PAUSE or  STOP s ta te -
ment  was executed ,  andt lT  to  ind ica te  tha t  an  execut ion  a  ##MAIN tw ice  passes  a  va lue  to  subrout ine  X,  in  the
e r r o r o c c u r r e d . . O n t h e M o d e l  6 , t h e s e h a l t s a r e d i s p l a y e d  v a r i a b l e A .  T h e f i r s t t i m e p a s s e d , A h a s t h e v a l u e 4 ;  t h e
a s  f o l l o w s :  b 6  a s  4  a r r d  b 7  a s  1 3 .  s e c o n d  t i m e .  t h e  v a l u e  1 .

Whr :n  a  b6  l - ra l t  code r :ccurs  as  a  resu l t  o f  a  PAUSE s ta te ,  o  Subrout ine  X accepts  the  va lue  in  i t s  var iab le  J .  X
ment ,  you  can e i ther  cn i r t inue  process ing  (by  respond ing  then subt rac ts  1  f rom the  va lue ,  ca l l s  subrout ine  Y.  and
wi th  a  0  op t ion) .  o r  te rmina te  p rocess ing  (by  respond ing  upon re tu rn  f rom Y aga in  subt rac ts  1  and ca l l s  Y .
w i t h a 2 o r 3 o p t i o n ) .

o  Subrout ine  Y uses  the  va lue  in  J  as  a  log ica l  un i t  number
When a  67  ha l t  code occurs ,  you  must  te rmina te  p rocess ing  in  a  WRITE s ta tement  to  p r in t  ou t  a  message.

{by  respond ing  w i th  a  2  o r  3  op t ion) .  Ha l t  code 67  has

severa l  secondary  ha l t  codes  tha t  iden t i f v  the  cause o f  the
e r r o r .

For  p rocedures  concern ing  respond ing  to  ha l ts ,  and a
descr ip t ion ,c f  secondary  ha l ts ,  see  the  appropr ia te  l la l t

Guide--as listed in the Preface under Related Publications.

F igure  21  shows the  op t ions  poss ib le  fo r  PAUSE s ta tements .

STOP s ta te rnents ,  and execut ion  er ro r  ha l ts .

r i l  J  s r - t  u  l F  \ u v q t R s ,  =  I  / i . c O J  A , / t R A J E  =  9 . 5 J J
/  S U " , l  l F  \ U | ' 4 B E R . S  =  l 7 l . : l  0 J  A V i : R A G E  =  9 . 5 J J

Figure 20.  Load Module Output

t  / l  L ) A . )  A V C I ' t ?

E  I  t t  F I L i  u N I I - F 2 f  p t r a K - 5 4 4 4 J J r T ' r A C ( s - 2 J f . ( E T A I r r - S r , ' r A t E - F T J J c l 4 , L A : r E L - 1 4 y F I L i
| /r R,,.J^,I
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Par t  3  o f  F igure  22  shows the  t raceback  l i s t ing  resu l t ing
f rom an execut ion  er ro r  in  th is  p rogram.  The t raceback
l i s t ing  conta ins  the  fo l low ing  in fo rmat ion :

ROUTINE ind ica tes  the  name o f  the  rou t ine .  The name
shown a t  the  top  o f  the  l i s t  iden t i f ies  the  rou t ine  tha t
was execut ing  when the  er ro r  occur red .  The name
immedia te ly  be low tha t  iden t i f ies  the  rou t ine  ca l l ing
the  top  l i s ted  rou t ine ,  and be low tha t .  a re  l i s ted  the
other  ca l l ing  rou t ines .

ISN spec i f  ies  the  in te rna l  s ta tement  number  in  the
rou t ine  tha t  ca l led  the  rou t ine  l i s ted .  For  example ,  sub-
r o u t i n e  Y  w a s  c a l l e d  b v  I S N  5  i n  s u b r o u t i n e  X .

X R 1 ,  X R 2 ,  a n d  A R R  s p e c i f y  t h e  c o n t e n t s  o f  i n d e x
reg is te r  1 ,  index  reg is te r  2 ,  and the  address  reca l l  reg is te r ,
respec t ive ly .  Th is  in f  o r rna t ion  is  use f  u l  to  the  IBM
custonner  eng ineer  i f  he  must  serv ice  the  svs tem.

The t raceback  l i s t ing  in  F igure  22  te l l s  a  number  o f  th ings :

o  Subror : t ine  Y was execut ing  when the  er ro r  occur red .

.  Subrout ine  Y was ca l led  by  ISN 5  in  Subrout ine  X.

.  Subrout ine  X in  tu rn  was ca l led  by  ISN 3  in  ##MAtru .

ISN 3  in  ##Unt ru  i s  the  f i rs t  ca l l  to  X .  when A has  the  va lue
4.  ISN 5  in  X  is  the  second ca l l  to  Y ,  a f te r  X  has  subt rac ted
the  va lue  o f  J  a  second t ime.  (The f i rs t  ca l l  resu l ted  in  p r in t -
ing  the  message shown before  the  t raceback  l i s t ing . )  Thus ,
J  has  the  va lue  2  when Y is  ca l led  in  ISN 5 .  S ince  y  uses
J  as  a  log ica l  un i t  number ,  the  er ro r  i s  tha t  the  number  2
has  no t  been ass igned to  an  ou tpu t  dev ice .  (No er ro r  occur -
red  when i  has  the  va lue  3  because 3  is  ass igned to  a  p r in te r
by  Cefau l t . )

Obtaining a Traceback Listing

To ob ta in  a  t raceback  l i s t ing ,  do  the  fo l lo rv ing :

)

1 . Spec i fy  GOSTMT in  the  *PROCESS s ta tement  fo r
each program un i t  to  be  t raced.  ( l f  GOSTMT is  no t
spec i f ied  fo r  a  p rogram un i t ,  in te rna l  s ta te rnent
n u m b e r s  i n  t h a t  u n i t  a r e  n o t  d i s p l a y e d . i

l f  an  er ro r  occurs ,  the  charac ter  7  ( f rom the  ha l t  code
b7)  appears  on  the  d isp lay  un i t .  Respor rd  w i th  op t ion
0 to get the secondary halt.  (The error in Figure 22
wou ld  cause secondary  ha l t  code 10  to  ap6rcar . I
Respond w i th  op t ion  2 .  Th is  causes  FOFITRAN to
te rmina te  job  execut ion  and pr in t  ou t  the  t raceback
l i s t i n g .

Ha l t

Opt ionsModel 6 Models 10
and  12

Model  15

PAUSEI n A 66 66 0  C o n t i n u e  p r o c e s s i n g .

2  H a v e  F O R T R A N  c a n c e l
progra  m.

the

STOP n A b6 66 2  H a v e  F O R T R A N  c a n c e l  t h e
progra rn.

3  Have sys tem cance l  the
prograrn.

Execut ion

er ror
1 3 67 V] 2  H a v e  F O R T R A N  c a n c e l  t h e

program.

3  Have sys tem cance l  the
pf  cgra  m.

Figure 21.  Possib le Opt ions for  PAUSE, STOp, and Execut ion Errors
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/  /  C A T L  F O R T R N ,  F J ,
X X  L O A D  $ F O R T ,  F ] ,
X X  F I  L E  N A M E - $ 1 4 O R K '  U N i  T - R l , '  P A C K - R l , R 1 , R l , '  T R A C K S - 2 0  r  R E T / r l N - S
X X  F I  L E  N A M E - $ S O U R C E ,  U N I  T _ R ] , ,  P A C K - R ] , R 1 R 1 , ,  T R A C K S _ 2 0  I R E T A I N _ S
,/ /  RUN

FORTRAN IV VERnn/ ,MODnn n n , / n n / n n  P A G E  0 0 1

* P R O C E S S  M A P  ,  G O S T I ' . I T
1  S U D R O U T I N E  X ( J )
2  2  J = J - 1 ,. 3  3  C A L L  Y ( J )
4  J = J - 1
5  5  C A L L  Y ( . J )
6  R E T U R N
7  E N D

I ' ] A I , 4 E  A T  H E X ] ,  D E C I ,  H E X 2  D E C 2  N A M E  A T  H E X ] ,  D E C ] ,  H E X z  D E C 2  N A M E  A I  H E X I ,  D E C I ,  H E X Z  D E C 2
J  t  0 0 0 6  0 0 0 0 6

/ /  C A L L  F O R T R N , F ] ,
X X  L O A D  $ F O R T ,  F 1
X X  F I L E  N A M E - $ 1 4 O R K ' U N I T - R l , ' P A C K - R l , R l , R 1 ' T R A C K S - 2 0 T R E T A I N - S
X X  F I  L E  N A M E - $ S 0 U R C E  r  U N I  T - R l ,  r  P A C K - R 1 , R 1 R 1 ,  r  T R A C K S - 2 0  T R E T A I N - S
/  /  R u N

FORTRAN IV VERnn, /MODnn nn/nn/^n  PAGE 001

* P R C C E S S  M A P ,  G O S T M T
] "  S U B R O U T I N E  Y ( J )
2  2  W R I T E ( J T X O O )
3  1 , O O  F O R M A T  (  I  I N  S U B R O U I I N E  Y I  )
4  R E T U R N
5  E N D

N A M E  A T  H E X l ,  D E C ] ,  H E X 2  D E C 2  N A M E  A T  H E X ] .  D E C ] ,  H E X 2  D E C 2  N A M E  A T  H E X l  D I C 1 ,  H E X 2  D E C 2

J  1  0 0 0 6  0 0 0 0 6

Figwe22 (Part 1 of 31. Traceback Example

126



/  /  CAT-L  FORTRN '  F ] ,
X X  L O A D  $ F O R T  '  F 1 ,
X X  F I L E  N A M E ' $ | , . ] O R K ' U N I T _ R 1 ' P A C K - R ] , R 1 , R ] , ' T R A C K S - 2 0 ' R E T A i N - S
X X  F I L E  N A M E - $ S O U R C E ' U N ] T _ R 1 , ' P A C K - R 1 R 1 R 1 ' T R A C K S - 2 0 ' R E T A I N - S
, / , /  RUN

F O R T R A N  I V  V E R n n / M O D n n

* P R O C E S S  M A P  '  G O S T I " l T

n n / n n / n n  P A G E  0 0 i

t
2
3
4
5
6

1

I  N T E G E R  A
A = 4
C A L L  X ( A )

C A L L  X ( A )
S T O P
E N D

N A M E  A T  H E X 1  D E C I ,  H E X 2  D E C 2  N A M E  A T  H E X I ,  D E C I ,  H E X ?  D E C 2  N A M E  A T  H E X ] '  D E C ] '  H E X 2  D F C 2

A  I  0 1 , 8 5  0 0 3 8 9

O C ) O  T O T A L  E R R O R S  F O R  T H  I  S  C O M P  I  L A I ' I  O N

Figure 22 (Part 2 of 3). Traceback Example

/ /  L D A D  # # I ' 4 A I N ' F ] ,
/ /  R U N

I N  S U B R O U T I N E  Y

T R A C E B A C K  F O L L O W S  R O U T I N E  I S N  X R ] ,  X R 2  A R R

Y  0 0 0 0  5  1  5 0 4  1 6 8  7  1 ' 1  0 5

x  0 0 0 0 3  1 5 0 4  1 ' 4 c F  1 ' 4 E 1

# # M A  I  N

Figure 22. (Parr 3 of 3). Traceback Example
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This  sec t ion  conta ins :

a Direct-access programming considerations

.  Sequent ia l  d isk  and tape programming cons idera t ions

.  FORTRAN imp lementa t ion  cons idera t ions

a System considerations

Part 3. Programming Considerations
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i n  F O R T R A N ,  t h e  t w o  t y p e s  o f  i n p u t / o u t p u t  ( l / O )

opera t ions  suppor ted  fo r  d i rec t -access  f i les  a re  fo rmat ted

and ur r fo rmat ted .

The record  length  fo r  a  d i rec t -access  f i le  i s  spec i f ied  in  the
D E F I N E  F I L E  s t a t e m e n t .  T h e  b l o c k  l e n g t h  i s  s p e c i f  i e d  b y
t h e  B L - O C K S I Z E  p a r a m e t e r  i n  t h e  D E V I C E  O P T I O N S
sta te  me n t .

Format ted  l /O

Format ted  l /O has  a  FORMAT s ta tement  assoc ia ted  w i th
the  READ or  WRITE s ta tement  tha t  i s  used to  access  the
data  in  the  f i le .  The amount  o f  da ta  to  be  t rans fer red  fo r
a  fo rmat ted  READ or  WRITE s ta tement  i s  de termined by
the  fo rmat  codes  in  the  FORMAT s ta tement  and the
n u m b e r  o f  v a r i a b l e s  i n  t h e  l / O  l i s t .

The FORMAT s ta tement  used to  cont ro l  the  read ing  or
wr i t ing  must  no t  spec i fy  more  charac ters  (by tes)  than
there  are  in  a  record-

For  example ,  to  p rocess  a  f  i l e  descr ibed bV the  s ta tement :

D E F I N E  F I  L E  8 ( 1 0 , 4 8 , L , K 8 )

the  FORMAT s ta tement  used to  cont ro l  read ing  or  wr i t ing
cou ld  no t  spec i fy  more  than 48  by tes  o f  da ta .

The fo l low ing  are  va l id  FORMAT s ta tements :

F O R M A T ( 4 F 1 2 . 1 )

F O R M A T ( t  1 0 , 9 F 4 . 2 1

The fo l low ing  are  inva l id  FORMAT s ta tements :

F O R M A T ( 6 F  1 0 . 2 )

F O R M A T ( r 1 0 , 4 F 1 2 . 2 )

T h e  l / O  l i s t  f o r  a  R E A D  o r  W R I T E  s t a t e m e n t  m u s t  a l w a y s
be sa t is f ied .  That  i s ,  r f  there  are  more  var iab les  in  the  l /O
l is t  t f ran  there  are  fo rmat  codes ,  the  FORMAT s ta tement
w i l l  be  reused.  When reused,  a  new record  w i l l  be
t r a n s f e r r e d .  T h i s  w i l l  c o n t i n u e  u n t i l  t h e  l / O  t i s t  i s  s a t i s f i e d .

Pase of  SC28-6874-3
l ssued  29  Sep tember  1978
By  TNL :  SN2 t -5634
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l f  the  amount  o f  da ta  to  be  wr i t ten  is  less  than the  recor r j

leng th ,  the  record  is  padded on  the  r igh t  w i th  b lanks .

Unformatted l /O

Unformat ted  l /O has  no  FORMAT s ta tement  assoc ia ted

wi th  the  READ or  WRITE s ta tement  tha t  i s  used to

access  the  da ta  in  the  f i le .  The arnount  o f  da ta  to  be

t r a n s f e r r e d  f o r  a n  u n f o r m a t t e d  R E A D  o r  W R I T E

sta tement  i s  de termined by  the  number  and type o f

var iab les  in  the  l /O l i s t .  There  is  a  one- to -one cor respondence

between in te rna l  s to raqe loca t ions  (by tes)  and ex terna l

record  pos i t ions .

T h e  l / O  l i s t  f o r  a  R E A D  o r  W R I T E  s t a t e m e n t  m u s t  a l w a y s

be sa t is f ied .  l f  the  amount  o f  da ta  spec i f ied  in  the  l /O

l is t  exceeds the  record  length ,  more  than one record

wi l l  be  read or  wr i t ten ,  enough to  sa t is fy  the  l /O l i s t .

l f  the  amount  o f  da ta  to  be  wr i t ten  is  less  than the

record  length ,  the  record  is  padded on  the  r igh t  w i th

b inary  zeros .

S H A R I N G  T H E  A S S O C I A T E D  V A R I A B L E  B E T W E E N

PROGRAMS

Programs can share  an  assoc ia ted  var iab le  as  a  COMMON

or  GLOBAL var iab le .  The fo l low ing  exampie  shows how

th is  can be  accompl ished:

C O M M O N  I U A R  S U B R O U T I N E  S U B I ( A , B }

D E F I N E  F I L E  8 ( 1 0 0 , 1 0 ,  C O M M O N  I U A R

L , I U A R ) :  

:

I T E M P = I U A R
C A L L  S U B I  ( A N S , A R G )

4  r F  ( l u A R - T T E M P )  2 0 , 1 6 , 2 O

:

In  th is  example ,  the  program and the  subprogram share

the  assoc ia ted  var iab le  IUAR.  An input /ou tpu t  opera t ion

tha t  re fe rs  to  log ica l  un i t  8  and is  per fo rmed in  the  sub-

rou t ine  changes the  va lue  o f  the  assoc ia ted  var iab le .  The

assoc ia ted  var iab le  i s  then tes ted  in  the  main  program in

s ta tement  4 .
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An associateci variable can also be passed to a subprogram
as an  argr lment  in  a  CALL s ta tement .  However ,  rn  a
subprogram the  dummy var iab le  i s  no t  au tomat ica l l y
updated  unk 'ss  i t  i s  passed to  the  subprogram v ia  COMMON
or  GLOBAL anr l  no t  tn rough the  argument  l i s t .  l f  the
var iab le  i s  to  be  passed th rough the  argument  l i s r ,  you
must  update  i t  yourse l f  w i th  FORTRAN s ta tements .

M I N I M I Z I N G  D I R E C T . A C C E S S  t / O  T I M E

You can decrease l /0 t ime by processing a direct-access
f i le  consecut ive iy .  Consecut ive  process ing  o f  a  d i rec t_
access  f i le  occurs  when the  re la t i ve  record  number  i s
inc reased by  one each t ime the  f i le  i s  accessed.  Th is  can be
d o n e  b y  u s i n g  t h e  a s s o c i a t e d  v a r i a b l e  i n  t h e  D E F I N E  F I L E
sta tement  as  the  re la t i ve  record  number  in  the  l /O s ta tement .

Example:

D E F I N E  F I L E  1 O ( 1 O O , U , L , I I

l = 1

5  R E A D ( 1 0 ' I ) I R A Y

G O T O 5

T h e  a s s o c i a t e d  v a r i a b l e  ( l ) i n  t h e  D E F I N E  F I L E  s t a t e m e n t
i s  i n i t i a l l y  s e t  t o  1  b y  a n  a s s i g n m e n t  s t a t e m e n t  ( l = l ) .  l t  i s
a lso  used as  the  re la t i ve  record  number  in  the  READ
statement. Aftr:r  the READ statement is executed, the
assoc ia ted  var iab le  i s  au tomat ica l l y  updated  by  FORTRAN
to point to the next record. Thus, as the loop is executed a
number  o f  t imes,  the  f  i l e  i s  p rocessed consecut ivery .

Consecutive processing of a direct-access f i le can also be
done by  updat ing  the  re la t i ve  record  number  by  one each
t ime the  f  i l e  i s  accessed.

Example:

D E F I N E  F . I  L E  1 O (  1 0 0 , 6 4 , L , I )

l = 1

J = 1

5  R E A D ( 1 0 ' J ) I R A Y

J = J + 1

G O T O 5

l f  a  d i rec t -access  f i le  i s  p rocessed consecut ive ly ,  you  can
fur ther  decrease l /O t ime by  spec i fy ing  two bu f fe rs  and a
b locks ize  as  la rge  as  poss ib le  w i t i rou t  exceed ing  the  amount
o f  ma in  s to lage ava i lab le  fo r  bu f fe rs  in  the  load n i r . r i t r r le ,s
envaronment .  (Remernber  tha t  the  main  s to rage neet le tJ  fo r
bu f fe rs  i s  doub led  when two bu f fe rs  a re  spec i f iecJ . l  See
Euffer Assignment for Direct-Access Files.

W h e n  E L O C K S I Z E  a n d  B U F F E R S  a r e  u s e c 1 ,  t h e  p r o g r a m
m u s t  b e  i n  t h e  N O S H R B U F F  e n v i r o n m e n r .  T h i s  c a r r  b e
spec i f ied  in  the  *PROCESS s ta tement .  (NOSHRBUFF is  a
defau l t  op t ion  in  the  *PROCESS s ta tement . )

Note :  l I  a  f  i l e  i s  be ing  processed randomly ,  l /O t ime mig f r t
be  inc reased when BLOCKSIZE and BUFFERS are  used.

B U F F E R  A S S I G N M E N T  F O R  D I R E C T . A C C E S S  F I L E S

The system accesses records f rom a direct-access f i le only in
256-byte segments to correspond with the arrangement of
disk storage into 256-byte sectors. The size of the buffer
a l loca ted  to  a  f i le  must  be  an  exac t  mu l t ip le  o f  256,  and
is  de termined by  the  b locks ize  spec i f ied  in  the  DEVICE
OPTIONS s ta tement .  l f  the  BLOCKSIZE parameter  i s  no t
spec i f ied ,  the  record  length  f rom the  DEFINE FILE
sta tement  i s  used to  ca lcu la te  the  s ize  o f  the  bu f fe r .

The fo l low ing  ru les  app ly  when bu f fe r  space is  be ing
al located :

1 .  l f  the  b lock  length  (o r  record  length)  i s  a  submul t ip le
of 256, a 256-byte buffer is al located.

2 .  l f  the  b lock  length  (o r  record  length)  i s  a  mu l t ip le  o f
256,  the  bu f fe r  s ize  is  equa l  to  the  b lock  length  (o r

record  length) .

3 .  l f  the  b lock  length  (o r  record  length)  i s  ne i ther  a
mul t ip le  nor  submul t ip le  o i  256,  the  bu f fe r  s ize  is
de termined as :  b lock  length  (o r  record  length)  +  255
ra ised to  the  nex t  h igher  mu l t ip le  o f  256.

l f  t h e  f i l e ' s  D E V I C E  O P T T O N S  s t a t e m e n t  s p e c i f i e s  B U F F E R S - 2 .
the  bu f fe r  s ize  is  doub led  be fore  i t  i s  a l loca ted .

The fo l low ing  examples  i l l us t ra te  these ru les :

Example l:

I I  DAD44.UNITNO-10

D E F I N E  F I  L E  1 O ( 1 0 0 , 6 4 , L , I  }
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Sector  2  - *Sec tor  3

128 192 2b6 320 384 448 512 574 638 704 768

In  th is  case,  BLOCKSIZE is  no t  spec i f ied ,  so  the  record
length  (64)  f rom rhe  DEFINE FIL_E s ta te r r ien t  ts  usec l  to
ca lcu la tL '  the  s ize  o f  the  bu f fe r .  The recorc ls  a re  s to red  on
d isk  as  fo l lows:

The record  s ize  is  a  submul t ip ie  o f  2b6.  T l re re fo re ,  a
buf fe r  s ize  o f  256 is  a l loca teo ' .

Example 2:

/  /  D A D 4 4  U N I T N O .  1 2 , , 8 L O C K S I  Z E - 7  6 8

.

D E F T N E  F t  L E  1 2 ( 2 0 0 . 6 4 , L . t )

I n  t h i s  r : a s e ,  t h e  B L O C K S I Z E  i s  s p e c i f i e d  a s  7 6 8 .  T h e
records  a te  s to red  the  samr :  as  jn  the  pr .ev i< . rus  exanrp ie .

" l -he  b loc l . r  leng th  i s  a  mu l r ip le  o f  2b6.  There fore ,  the
length  a l l r : ca ted  f  o r  t i re  bu f  fe r  i s  the  b lock  lenqth .  In  th is
case,  FORTRAN accesse s  l2  recorc ls  w i th  e , rch  phys ica l
l /O opera t ion  ( i f  th i :  f  i l e  i s  be ing  pr  ocr :ssec l  cor rsecut ive ly ) .

Example i7;

/ /  D A t - r 4 4  U N t r N o _ l l

D E F : t N E  F t  L E  i 4 ( 5 0 , 9 6 , L , t )

In  th is  case,  BLOCKSIZE is  r r r t t  spec i f ie iJ ,  so  the  recor rd
l e n g t h  ( 9 6 )  f r o m  t h e  D E F l h l E  F i L E  s t a r e r n r n t  i s  u s e d  r o
calculate the size of the l iuffer. The records ari . .  storecl t ln
d isk  as  fo l lows:

-  Sec  to r  2

ll ec
z

R e c
.i

192 256 2GB 4 8 0  5 1 , 5 7 6
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Record 3 straddles two sectors. In order to process this
record,  a buf fer  of  512 must  be a l located,  us ing the ru le:

Record length (96)  +255 (=351) ra ised to the next  mul '
t ip le of  256 (512) .  Two sectors are loaded into each
buffer.

When the buf fer  is  loaded wi th sectors 1 and2.  i t  conta ins
the fo l lowing records:

0+-

Rec  1 F e c  2 Rec  3 Rec  4 Rec  5 Rec  6
( p a r t i a l )

File Share (Program Number 5704'FO2 Only)

Direct-access f  i les on d isk dr ives can be shared wi th another

task or  par t i t ion at  execut ion t ime by us ing system contro l
progranrming (SCP) statements.  F i le  share causes d i rect -

access f i les wi th double buf fers to defaul t  to  s ingle buf fer

status dur ing execut ion.  The SCP defaul t  parameter  for

l l  f  lLE statements is  SHARE-YES. Therefore,  i t  is  nec 's-

sary to speci fy  SHARE-NO i f  double buf fer ing is  " : . . 'd

dur ing program execut ion.

Example:

I I  CALL  FORTRN,F l
/ /  R U N
I I  D A D 4 4  U N I T N O  l 5 . B U F F E R S  2
FORTRAN source program

/ /  LOAD ##MAIN ,F1
I  I  F ILE  NAME-FTOOO1s ,PACK 654321 ,UNIT .R1 .

RETAIN  T ,
/ /  RECORDS-SOO.SHARE-NO
/ i  RUN
Program data

For fur ther  in format ion,  see the appropr iate System

Contro l  Programming Reference Manual  l is ted under

Related Publications in the Preface.

B u

0 96 192

R e c o r d s l t h r o u g h 5 c a n

be processerl,  the second

the  bu f fe r ,  i : s  fo l lows:

286 384 480 512

be processed. When record 6 is to

and th i rd  sec tors  a re  p laced in to

Buf fe r  '  512

Rec  3
( p a r t i a l )

Rec  4 Rec 5 R e c  6 Rec  7 Rec  8

256 288 384 480 576 672 768

Record 6 can no"v be processed, as can records 7 and 8.

When recorcl 9 is to be processed, the appropriate sectors

are  o laced in to  the  bu f fe r .

Sharing Buffers

Di rec t -access  f i les  on  d isk  d r ives  can share  a  bu f fe r .  The

s ize  o f  the  bu f fe r  i s  equa l  to  the  max imum b lock  s ize

conrputed .  For  example ,  i f  the  th ree  f i les  shown in  the

preced ing  examples  were  to  share  a  bu f fe r ,  the  l /O bu f fe r

s ize  wou ld  be  a l loca ted  as  768 by tes ,  the  s ize  o f  the  la rges t

bu f fe r  needed.

B u f f e r s  c a r r n o t  b e  s h a r e d  w i t h  a  f i l e  t h a t  h a s  B U F F E R S - 2

spec i f ied  in  the  dev ice  op t ion  s ta tement ,  o r  EXTBUF

spec i f  ied  in  the  
*PROCESS 

s ta tement .  For  bes t  per fo r -

mance,  bu l fe rs  shou ld  no t  be  shared w i th  a  f i le  tha t  has

BLOCKSIZE la rger  than 256 spec i f ied  (o r  de fau l ted)  on

the  assoc ia ted  dev ice  oo t ion  s ta tement .



Chapter 18.

In  FORTRAN,  the  two types  o f  record  fo rmats  suppor ted
for  sec luent ia l  d isk  and tape f i les  a re  f i xed- length  and
var iab le - length .  F ixed- length  records  are  t rans fer red  fo r
fo rmat ted  or  l i s t -d i rec ted  input /ouput  ( l /O) .  Var iab le -
length  records  are  t rans fer red  fo r  un format ted  l /O.

The record  length  is  de f ined by  the  BLOCKSIZE parameter
on  the  DEVICE OPTIONS s ta tement .  Th is  va lue  is  used
as the  record  length  in  the  vo lume tab le  o f  con tenrs
(VTOC)  fo r  d isk  f i les  and the  header  labe l  fo r  tape f i les
When FORTBAN sequent ia l  f i l es  a re  be ing  accesseo,
th is  va lue  must  be  used in  o ther  p rogramming languages
as  the  record  length .

FORMATTED OR L IST -  DIRECTED I /O

The amount of data to be transferred for a formatted READ
or  WR ITE s ta tement  i s  de termined by  the  fo rmat  codes  in
the  FORMAT s ta tement  and the  number  o f  var iab les  in  the
l /O l i s t .  For  l i s t -d i rec ted  l iO ,  the  amount  i s  de termined by
the  type  and number  o f  var iab les  in  the  l /O l i s t .

For  a  READ s ta tement ,  i f  the  amount  o f  da ta  to  be  read
exceeds the  record  length ,  mu l t ip le  records  w i l l  be  read
(enough to  sa t is fy  the  l /O l i s t ) .  l f  the  amount  o f  da ta
to  be  read is  less  than the  record  length ,  the  remain ing
data  in  the  record  is  sk ipped.

For  a  WRITE s ta tement ,  i f  the  amount  o f  da ta  to  be
wr i t ten  exceeds the  record  length ,  mu l t ip le  records  w i l l
be  wr i t ten  (enough to  sa t is fy  the  l /O l i s t ) .  Data  f  rom
a var iab le  w i l l  never  span a  record .  l f  the  da ta  f rom a
var iab le  does  no t  f i t  a t  the  end o f  a  record ,  i t  w i l l  be
the  f i rs t  da ta  p laced in  the  nex t  record .  l f  the  amount
o f  da ta  to  be  wr i t ten  is  less  than the  record  length ,  the
record  w i l l  be  padded on  the  r igh t  w i th  b lanks .

Paqe of  SC28-6874-;3
lssr:ed ?9 Septerrlbfir 1g7E
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Example;

/ /  S E O 4 4  U N I T  N O " 1 C I ,  B L O C K S I Z E - 3 2

D I M E N S I O N  I R A Y  ( 6 }

W R I T E  ( 1 0 , 2 0 )  I R A Y
20  FORMAT (6 t5 )

Record Lengt

=-so evtes---+2 Bytes->
+ 3 2 B v t

The B LOCKSIZE parameter  spec i f ies  a  record  length  o f

32  by tes .  The FORMAT s ta tements  spec i fy  30  by tes
( s i x  f i e l d s ,  e a c h  5  b y t e s  l o n g ) .  T h e  l / O  l i s t  h a s  s i x

v a r i a b l e s  ( s i x  e l e m e n t s  o f  a r r a v  I R A Y ) .  l f  t h e  a m o u n r

o f  da ta  to  be  wr i t ten  is  30  bv tes ,  wh ich  is  less  than

the record length of 32 bytes, the record is then padded

wi th  2  by tes  o f  b lanks .

UNFORMATTED I /O

A record  is  made up  o f  a  4 -by te  record  descr ip to r ,

a  4 -by te  segment  descr ip to r ,  and a  da ta  segmenl .

Record Length--**e.

R e c o r d l l n r n : n t l o u . .
Descr iptor  I  Descr iptor

+4 avtes+l+--+ svtes+l

Sequen t i a l  D i sk  anc l  Tape  P rog ramming  Cons ide ra t i ons 1 3 5
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The fo rmat  o f  the  record  descr ip to r  i s :

< - ? R r t o . - -  |
2 Byles-+

I

where

record  length  is  the  va lue  g iven in  the
BLOCKSIZE parameter .  The record
length  is  s to red  as  a  b inary  va lue .

reserved is  f  i l l ed  w i th  b inary  zeroes .

The fo rmat  o f  the  segment  descr ip to r  i s :

Segment Length I  coa.  I  R.r . ru"o

+zBy tes -+ l  I

T*t 
BvteJ<-l Byte->

where

segment  length  is  the  length  in  b inarV o f  the
segment  o f  da ta  p lus  the  4  bv tes  o f  the
segment  descr ip to r .

code is  used to  ind ica te  the  pos i t ion  o f
th is  segment  w i th  respec t  to  the  o ther
segments ,  i f  any ,  o f  the  FORTRAN record .

Code

00
0 1

02

03

reserved is  J i l led  w i th  b inarv  zeroes .

The amount of data to be transferred for each unformatted
READ or  WRITE s ta tement  i s  de termined by  the  number
and type o f  var iab les  in  the  l /O l i s t .  The da ta  can oe
recorded in one or more segments.

Meaning

The on ly  segment  in  the  record
The f i rs t  segment  o f  a
mul t i segment  record .
The las t  segment  o f  a
mul t i segment  record .
Ne i ther  f  i r s t  nor  las t  segment
o f  a  mu l t i segment  record .

t 3 6

For  a  READ s ta tement ,  i f  the  amount  o f  da ta  to  be  read
exceeds the  da ta  in  a  segment ,  mu l t ip le  segments  w i l l
be  read.  Whether  the  record  has  a  s ing le  segment  o r
mul t i segments ,  the  amount  o f  da ta  to  be  read in  a
s ing le  READ s ta tement  must  never  exceed the  amount
o f  da ta  p rev ious ly  wr i t ten  in to  a  record .  l f  the
amount  o f  da ta  to  be  read is  less  than the  amount
prev ious ly  wr i t ten ,  the  remain ing  da ta  in  tha t  segment
and any  o ther  segments  o f  a  mu l t i segment  recoro  are
sk  ipped.

For  a  WR ITE s ta tement ,  i f  the  amount  o f  da ta  ro
be wr i t ten  exceeds the  record  length  minus  8  ( the

length  o f  the  descr ip to rs ) ,  mu l t ip le  segments  w i l l  be
wr i t ten  (enough to  sa t is fy  the  l /O l i s t ) .  Data  f rom a
var iab le  w i l l  never  span a  record .  l f  the  da ta  f  rom a
var iab le  does  no t  f i t  a t  the  end o f  a  segment ,  i t  w i l l
be  the  f i rs t  da ta  p laced in  the  nex t  segment  fo r  tha t
record .

l f  the  amount  o f  da ta  to  be  wr i t ten  is  less  than the
record  length  minus  8  ( the  length  o f  descr ip to rs ) ,
the  segment  w i l l  be  padded on  the  r igh t  w i th  b inary
zeroes .

Example:

/ / S E A 4 4  U N I T  N O - 1 0  B L O C K S I Z E . 3 2

I N T E G E R - 2  I 2
D I M E N S I O N  I R A Y ( 8 }

W R I T E  ( 1 0 )  I 2 ,  I R A Y
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Record  Length

*Record  , l  ,  seoment
Descriptor I  Descriptor

Fi rs t  Segment  o f  Data

00200000 001 A 01 00 t2 I R A Y ( 1 ) I R A Y ( 5 ) 0000

+4 avtes---+.1+ q avt.r-+f2 Byte

r  Record  Lenot

-  R e c o r d  - 1 , r . n . . n ,+ 
Descri ptordTF orrcr i ptor

Last Segment of Data-+J

20 Bytes 2 Bytes>

32 Bytes

00200000 00 1 00200 I R A Y ( 6 ) r R A Y ( 8 )0 0

+-4 Bltes 4 Bvtes '12  By t l 2  B v t e s +

The record  descr ip to r  fo r  bo th  segments  ind ica te  a  length
o't  32 (X'20' l , .  The segment descriptor for the f irst
segment  ind ica tes  a  length  o f  26  (X '1A ' ) ;  (22  by tes  o f
d a t a  p l u s  4  b y t e s  o f  d e s c r i p t o r  a n d  a  c o d e  o f  X ' 0 1 ' w h i c h
ind ica tes  the  f  i r s t  segment  o f  a  mu l t i segment  record) .  The
l e n g t h  i n  t h e  n e x t  s e g m e n t  d e s c r i p t o r  i s  1 6  ( X ' 1 0 ' ) ;  1 2
by tes  o f  da ta  p lus  4  by tes  o f  descr ip to r ) .  The code X '02 '
ind ica tes  the  las t  segment  o f  a  mu l t i segment  record .

-( 32 Bv

The BLOCKSIZE parameter  speci f ied a record length of
32 bytes. The amount of data to be transferred is 34
bytes:  one var iable 2 bytes long (12 is  in teger  *2)  and
eight  var iables 4 bytes long (8 e lements of  array IRAY).
The amount of data that can be placed in a segment is
24 bytes (32 minus 8 bytes of  descr iptor) .  Thus,  more
than one segment  must  be wr i t ten to sat is fy  the l /O l is t .
Var iable IRAY (6)  wi l l  not  f  i t  in  the 2 bytes at  the end
of the first 4 bytes of the next segment.
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Page of  SC28.6874-3
lssued 29 September 197g
By  TNL :  SN21 -5634

BUFFER ASSIGNMENT FOR SEOUENTIAL  F ILES MODEL 15  MULTIF ILE  TAPE PROCESSING

The s ize of  the buf fer  a l located for  a tape f  i le  is  e i ther  the Mul t ip le f i les per  tape volume are supported only by Model
valuc g iven on the BLOCKSIZE parameter  of  the TAPE 15 FORTRAN. The f i le  sequence number is  speci f ied on
DEVICE OPTIONS statement  or  128,  whichever is  larger .  the FILE statement  at  execut ion t ime.  A fur ther
The buff+:'r wil l contain only one record at a time. description can be found inthe IBM System/3 Modet l5

System Control Programming Reference Manual,
The s ize of  the buf fer  a l located for  a d isk f i le  is  a lways GC21 5077.
256 by tes  ( the  s ize  o f  a  d isk  sec tor ) .  The bu f fe r  can
conta in  f rom 1  to  1  6  records ,  depend ing  on  the  recoro
length .  To  keep records  f rom spann ing  sec tors ,  the  TAPE PROCESSING lN PROGRAMS USING OVERLAYS
record  le r rg th  must  be  256 or  one o f  the  fo l low ing
submul t ip les :  128,64 ,32 ,  o r  16 .  Tape da ta  management  i s  over lay  ca tegory  3 ,  and the

FORTRAN l /O in te r face  modu les  fn r  sequent ia l  d isk  and
To min i rn ize  i /O t ime and make the  most  e f f i c ien t  use  tape are  over lay  ca tegory  2 .  Th is  can cause prob lems fo r
o f  d isk  spa. ie ,  the  record  length  shou ld  be  the  smal les t  la rge  programsthat  a re  fo rced in to  over lays  when us ing
submul t ip le .  Th is  va lue  can be  ca lcu la ted  as  fo l lows:  tape l /O.  ln  such cases ,  a  separa te  l ink  s tep  shou ld  be

per fo rmed w i th  a  l inkage ed i to r  con t ro l  s ta tement  chang ing
' Fornatted l /O: Adtl  the lengths given in the FORMAT the tape data management to category 2. The section

statement for the trumber of variables in the l /O l ist.  describing Linkage Editor Control Statements includes the
fo l low ing  ca tegory  over r ide  s ta tement :

.  List-Directed l /O: Add the lengths needed for the
var iab les  in  rhe  l /O l i s t .  The length  needed fo r  each / /  CATEGORY NAME-$$BTAM.VALUE 2
type o f  var iab le  i s  descr ibed in  Chapter  5  under  L rs t -
Directed Output Data.

. Unformatted l /O: Add the lengths of the variables
in  the  l /O i i s t .  To  th is  to ta l ,  add 8  (descr ip to r  by tes) .

R E S T R I C T I O N S  O N  T H E  O R D E R  O F  S E O U E N T I A L
I / O  O P E R A T I O N S

1 .  A  R E A D  r e q u e s t  c a n n o t  f o l l o w  a  W R I T E  o r  E N D
F I L E  r e q u e s t  o n  t h e  s a m e  f i l e .

2 .  A  W R I T E  r e q u e s t  c a n n o t  f o l l o w  a n  E N D  F I L E
request  on  the  same f  i le .

3 .  An END FILE request  cannot  immedia te ly  fo l low
a n o t h e r  E N D  F I L E  r e q u e s t  o n  t h e  s a m e  f i l e .

1 3 8



Directing Program Output to Both a Printer and a Card
Punch

l f  p rogram outpu t  i s  to  be  bo th  punched and pr in ted .  use
two WRITE s ta tements  w i th  the  appropr ia te  log ica l  un i t
number  ass ignments ,  and inc lude bo th  a  PUNCH and a
PRINT dev ice  op t ion  s ta tement  in  the  job  s t ream.

Example:

/ /  P R I N T  D E V I C E - 5 4 7 1

I I  P U N C H  D E V I C E - 1 4 4 2

:

W R  I T E ( 5 , 1 0 ) J , K

W R I T E ( 9 , 1  1 } J , K

1 0  F O R M A T ( ' , O " t 1 0 , 5 X , t 5 )

1 1  F O R M A T ( t 1 0 , 5 X , t 5 )

The exanrp le  s ta tes  tha t  the  var iab les  J  and K are  to  be
pr in ted  on  the  dev ice  ass igned log ica l  un i t  number  5  ( the
5471 pr in te r /keyboard)  and punched on  the  dev ice
ass igned iog ica l  un i t  number  I  ( the  1442 card  read punch) .
The on ly  d i f fe rence be tween the  two FORMAT sra tements
is  tha t  s ta tement  10  spec i f ies  in  i t s  f  i r s t  pos i t ion  the
car r iage cont ro l  charac ter  needed fo r  p r in t ing  opera t ions .

DEBUG Fac i l i t y  Cons idera t ions

W h e n  s p e c i f y i n g  S U B C H K  o r  l N l T  t o  d i s p l a y  a r r a y  v a t u e s ,
k e e p  t h e  f o l l o w i n g  i n  m i n d :

t  The lN  lT  op t ion  d isp lays  bo th  the  ar ray  subscr ip t  and
the  ar rav  e lement  va lue .

.  T h e  S U B C H K  o p t i o n  d i s p l a y s  o n l y  a n  i n v a l i d  a r r a y
su bscri  ot.

o  The e lement  number  d isp layed is  shown d isp laced f  rom
locat ion  0  in  the  ar ray .  In  o ther  words ,  the  f  i r s t  e lement
wou ld  show beg inn ing  a t  loca t ion  0 .

.  The subscr ip t  number  d isp layed is  shown d isp laced f rom
locat io r r  0  in  by tes ,  no t  in  words .  For  an  ar ray  typed as
length  4 ,  the  f  i r s t  subscr ip t  wou ld  show beg inn ing  a t
loca t ion  0 ,  the  second a t  loca t ion  4 ,  the  th i rd  a t  loca t ion
8.  e tc .  Ar rays  typed as  length  2  wou ld  be  cJ isp laced by
mul t ip les  o f  2 ;  e lements  typed as  length  8 ,  by  mui t ip les
o f  8 .

For  an  exarnp le ,  re fe r  to  F igure  23 .  Par t  1  o f  F igure  23

shows the compiler output for a program that tests certain
e lements  o f  the  ar ray  ( -1 ,  0 ,  1 ,  10 .  and 1  1  )  us ing  debug

opt ions  SUBCHK and lN lT .  Par t  2  o f  F igure  23  shows the
debug ou tpu t  a f te r  p rogram execut ion .  lgnore  fo r  the
moment  the  f i rs t  four  i tems d isp lay ing  unusua l  subscr ip t
va lues  in  paren theses .  The f i f th  th rough e igh th  i tems show

t h e  s u b s c r i p t  a s  a  d i s p l a c e m e n t  f r o m  0 .  l A  i s  a n  I N T E G E R * 4
ar ray  (by  de fau l t ) ;  thus ,  the  ten th  e lement  i s  shown
beg inn ing  a t  loca t ion  36  (1A i00036)=10) ;  the  e leventh
e l e m e n t  i s  s h o w n  b e g i n n i n g  a t  l o c a t i o n   0  ( l A ( 0 0 0 a 0 ) = 1 1 ) ;

because th is  e lement  i s  beyond the  range o f  the  ten  e lement
ar ray  lA ,  i t  i s  f lagged by  SUBCHK.

Refer  to  the  f  i r s t  f  our  i tems,  The unusua l  subscr ip ts  a re
d isp layed o f  an  a t tempt  to  d isp lay  subscr ip ts  occur r ing
before  the  beg inn ing  o f  the  ar ray  ( -1  and 0) .  To  ident i f y
the  subscr ip t  tha t  was  meant  to  be  c i i sp layed,  use  the
f o l l o w i n g  f o r m u l a :

V/L+1 1N=subscr ip t  va lue

where

V is  the  va lue  shown enc losed in  paren theses-

L  is  the  length  o f  the  i tem be ing  tes ted .  L  can have the
v a l u e  2 ,  4 ,  o r  8 .

N is  the  number  82768r t  L  i s  2 ,  16384 i f  L  i s  4 ,  o r -8192
i f L i s S .

Us ing  th is  {o rmula  to  ident i f y  the  f i rs t  va lue ,  SUtsCHK
rA(65528! :

v=65528
L=4 (de fau l t  leng th  o f  a r rav  lA)
N=1 6384

65528+4= 1 6382+' l  = 1 6383- 1 6384=- 1

y 'y 'o te . '  Because SUBCHK and lN lT  d isp iay  on ly  the  tasr
two by tes ,  a  subscr ip t  va lue  d isp layed mav be  par t  o f  a
la rger  number ;  in  th is  case,  the  subsc i " ip t  can  be  ident i f ied
by  add ing ,  ra ther  than subt rac t ing ,  N.
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F O R I R A N  I V  V E i l n n / M O D n n  n n / n n l n n  P A G E

/ /  P R I N T  D E V I C E - 5 2 0 ]
I  D I U E N S I O N  A ( 1 0 ) , t A ( t o t , B ( I 0 l
2  I = - l
3  l A {  I  t = t
4  I = 0
5  t A { r t = I
6  t = I
I  [ A ( t t = l
I  I = 1 0
I  l A { t l = I

t 0  l = l l
t l  I A ( t l = I
t 2  s  i o p
T : I  D E B U G  S U B C H K , I N I T ( I A I
L4  E \ t )

O O J J  I O I A L  E , ( R O R S  F O R  T H I S  C I J M P I L A T I O N

Figure  23  (Par t  1  o f  2 ) .  Debug D isp lay

/ /  L ' J ^ ) )  # # ^ l A I N , { 2
/ /  R U \

- O E B U G - 5 I ' B C H (

- I)E B.J G- I iI I I

- . )  E  I  r lG-  SU BC f ] | (

_ D E B U G - I N I ]

- J E ' } U ; _  T  N I  I T

- D E B I J G _ I  N I T

- D E 3 U G - S L I B C ' - t K

- J E  I ] L J ; _  I  \ ]  I  T

Figure 23 lPart 2 ot 2r.

I A ( 6 1 5 2 6 1

I . 1  ( 6 5 5 2 8 ) =

t A ( 6 5 5 1 2 )

I A t 6 5 5 ) 2 1 =

t A { o J 0 J 0 l =

I A ( 0 0 J J 6 l =

I A I O J ] 4 J I

I A { 0 C 0 4 J } =

Debug D isp lay

0o l  Wl ' re rever  poss ib le ,  ass ign  un iqLre  narnes ,  tha t  i s ,  names tha t
do  no t  dup l i ca te  FORTRAN subprogram narnes .  F igure  24
l i s ts  the  names o f  FOBTRAN-supp l ied  func t ions  and
commerc ia l  subrout ines .  Before  ass ign ing  names to  sub-
programs,  consu l t  th is  l i s t  fo r  poss ib le  dup l i ca te  names.

l f  i t  i s  necessary  to  g ive  a  subprogram the  same name as  a
FORTRAN-supp i ;e ( l  subprogram,  inc lude the  OBJECT
compiler option to store the subprogram object r.^. lr .r  je

in to  a  d i f fe ren t  l ib ra rv .

The  fo l l ow ing  i s  an  examp le :

A t  comp i l a t i on  t ime :

/ /  LOAD $FORT,Fl
l /  FILE NAME-$WORK, etc.
I I  FILE NAME-$SOU RCE, etc.
/ /  RUN
-PROCESS OB.. 'ECT(T,  LI  B(  R2) )
subprogram SQRT

The compi ler  is  ca l led f rom F1.  Ordinar i ly ,  object  modules
would be stored in  the l ibrary on F1;  however,  the
OBJECT compi ler  opt ion on the *PROCESS statement
di rects the user-suppl ied subprogram SORT to the l ibrary
on  R2 .

At  load module execut ion t ime,  ret r ieve the module f rom
the l ibrary by us ing the UPACK parameter  on a l inkage
edi tor  OPTIONS contro l  s tatement .

At  execut ion t ime:

/ I  LOAD $OL INK,F1
/ /  FILE NAME-$SOURCE, etc.
/ /  FILE NAME-$WORK, etc.
/ /  RUN
/ /  I N C L U D E  N A M E . M A I N , U N I T - F 1
/ /  OPT IoNS UPACK.R2
/ /  END
/ /  LOAD MAIN ,F l
/ /  RUN

o

I

I O

Assigning Names to User-supplied Subprograms

Care  shou ld  be  used in  naming user -supp l ied  subprograms.
When a  subprogram is  compi led ,  i t  i s  s to red  in  tne  program
pack  l ib ra ry .  wh ich  a lso  conta ins  the  FORTRAN l ib ra ry .
User -supp l ied  subprograms hav ing  the  same name as
FORTRAN-supp l ied  subprograms cause the  FORTRAN
subprograms to  be  over la id .

l f  FORTRAN subprograms are  over la id ,  you  can res tore  the
l ibrary by reperforming program product generation, as
described in the applicable system generation reference
manual. Ref er to Related Publications lor the order
number .
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Assume that  the main program (MAIN) has just  oeen
c o m p i l e d ,  w i t h  t h e  N O L T N K  a n d  O B J E C T ( T , U B l F 1 l )
opt ions.  The l inkage edi tor  is  ca l led f rom F1.  The
INCLUDE statement  speci f  ies the module to be l ink edi ted
(MAIN) is  located on F1.  The OPTIONS statement  speci f ies
that  the user-suppl ied subprogram (SORT) is  located on R2.

For Model  12 and 15,  the locat ion of  the user  suppl ied
subprogram (SORT) may be speci f ied by us ing the UpACK
opt ion on the "PROCESS statement  when compi l ing the
ma in  p rog ram (MAIN) .

Example:

/ /  LOAD $FORT,F1
/  /  FILE NAME-$WORK.etc.
/  /  F ILE NAME-$SOURCE.etc.
/ /  RUN
*PROCESS 

UPACK.R2
PROGRAM MAI I \

The conrp i le r  i s  ca l led  f rom F1.  Ord inar i l y ,  the  ob jec t
modu les  o f  subprograms needed by  the  main  program
(MAIN)  wou ld  be  s to red  i r r  the  l ib ra ry  on  F1;  however .
the  UPACK opt ion  on  the  *pROCESS 

s ta tement  d i rec ts
the  l inkage ed i to r  to  search  the  l ib ra ry  on  R2 f i rs t ,
look ing  fo r  the  subprogram SORT.
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A l  D E C
ADD
A L O G
A L O G l O
CFTOD
COS

DATSW
DCOS
D E C A l
D E X P
D I V
DLOG
D L O G l O
DMOD
DPACK
D S I N
DSOR I
DTANH

D U M P
D U N P K
DVCHK

E D I T
E X I T
E X P

FCTST
F I  L L

GET

IBTST
ICOMP
INQCHK
t 2 0 R 4

K E Y B D

LCOMP

MOD
MOVE
MPY

NCOMP
N S I G N
NZONE

O V E R F L

PACK
P D U M P
P R I N T
P U N C H
PUT
P1 403
P1442
P2560
P3284

R E A D
READ42
R2501
R2560

S E T I N O
SETO
SET l
S H I F T
S H I  F T R
S I N
S K  I P
S L I T E
S L I T E T
SPACE
sP1 403
sP3284
SORT

STACK
STAK42
STAK60
S U B
s1403
s3284

TANH
TYPER

UNPAC

W H O L E

Figure24. Nlmes o{ IBM System/3 FORTRAN-suppl ied Funct ions and Commercia l  Subrout ines



O P T I M U M  A S S I G N M E N T  O F  $ W O R K  A N D  $ S O U R C E
W O R K  F I L E S

Proper  ass ignmt : r r t  o f  the  work  f  i l es ,  $WORK and $SOURCE,
can tmprove th0  l )e r fo rmance o f  the  compi le r  and l inkage
ed i to r .  For  the  Mode l  6  and Mode l  10 .  work  f i les  must  be
on t l r r :5444.  For  the  Mode l  12 ,  work  f i l cs  must  be  in  thc
5444 s imu la t ion  areas .  Mode l  i5  a l lows work  I i les  on
e i ther  the  5444,5445,  o r  3340.

Thc  work  f i l cs  shou ld  be  loca ted  in  suc f r  a  way tha t  thcy
m i n i n t i z e  t h e  n u m b e r  a n d  d i s t a n c e  o f  d i s k  s c e k s  i n  a
par t i cu la r  con f igura t ion .  Thc  LOCATION parameter  on
the  / /  F ILE s ta to rner l t  i s  used to  f i x  the  loca t ion  o f  the
w o r k  f  i l e s .

Assignment of Work Fi les on One Disk

l f  on ly  one d isk  i s  ava i lab le ,  the  work  f  i l es  shou ld  be  loca ted
c lose  to  each o ther :

/ /F ILE NAME-$woRK,uNrr -F l ,LocATroN-180,TRACKS-20,pACK-xxxxxx .RETArN-s
/ /F ILE NAME-$SOURCE.UNIT-FI ,LOCATlON-200,TRACKS-2o,PACK-xxxxxx .RETAlN-S

Assignment of Work Fi les on Two Disks

When two d isks  are  ava i lab le ,  the  work  f i les  shou ld  be
loca tec l  on  separa te  d isks  a t  the  same LOCATION:

/ / F I L E  N A M E - $ W O R K , U N I T - F I , L O C A T t O N _ 1 9 0 , T R A C K S _ 2 0 , p A C K _ x x x x x x . R E T A t N _ S

/ /  F I L E  N A M E - $ S O U R C E , U N t T - R I , L O C A T t O N _ 1 9 0 . T R A C K S _ 2 0 . p A C K _ x x x x x x . R E T A t N _ S

Model 15 Assignment of Work Fi les on 5445 or 3340
Disk Storage

On the  Mode l  15  on iy ,  work  f i les  can be  ass igned to  the
5445 or  3340 d isk  s to raqe:

/ /F ILE NAME-$woRK,uNrr -D l ,TRACKS-20,pACK-xxxxxx ,RETArN-s ,LocATroN-100/1
/ /F ILE NAME-$souRCE,uNrr -D l ,TRACKS-20,pACK-xxxxxx ,RETArN-s ,LOCATroN-100/2

Chapter 20. System Considerations
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LINKAGE BETWEEN MODULES PRODUCED BY

SYSTEM/3 LANGUAGE TRANSLATORS

This  sea ion  de : ;c r ibes  s tandard  l inkage convent ions  fo r  use

between rnodules produced by the System/3 language trans-

la te r rs :  COBOL, ,  FORTRAN,  and Assembler .  Programmers

us ing  s ta r rdard  l inkage convent ions  are  ab le  to  code rou t ines

in the language most appropriate to the function being
perforrned. Figure 25 i l lustrates the standard described on

the  fo l low ing  pages.

*  S A M P L E  S Y S T E M / 3  L I N K A G E

*  A S , S  E M B L E R  M O D U L  E  ( M O D A  )  C A L L S  F O R T R A N  M O D U L E  (  M O D B  )
*

E X T R N  M O D B
M O D A  

: t o o t  

x I 0 0 0 0 I

B  M O D B  C A L L  F O R T R A N  M O D U L E  M O D B
D C  A L 2 ( P L I S T )  P A R A M E T E R  L I S T

' T  C O N T R O L  R E T L } R N S  H E R E  A F T E R  I " I O D U L E  M O D B  H A S  B E E N  E X E C U T E D

*  P A R A M E T E R  L I  S T
P I - I S T  E Q U  *

D C  A L 2 ( S A V A )  A D D R E S S  O F  S A V E  A R E A
D C  A L 2  (  P A R M ] .  )  A D D R E S S  O F  F  I  R S T  P A R A M E T E R
D C  A L 2  (  P A R M 2  )  A D D R E S S  O F  S E C O N D  P A R A M E T E R

O '  X L L I O O '  E N D  O F  P A R A M E T E R  L I S T  I N D I C A T O R

*
*  P A R A M E T E R S
P A R M ] ,  E Q U  *

D C  C L 5 I  F I R S T I
P A R M Z  E Q U  *

j .  
c L 6  '  S E C O N D  I

*
*  S I \ V E  A R E A
S A V A  D C  X L ] , I B O  T  I N D i C A T O R  B Y T E  - -  C A L L I N G  P R O G R A M  I S  A S S E M B L E R

D C  C L 6  I  M O D A  '  C A L L I N G  P R O G R A M  '  S  N A M E
E N D  M O D A

Figure 25 (Part 1 of 21. Standard Linkage



*  S A M P L E  S Y S T E M , / 3  L I N K A G E
*
*  F O R T R A N  M O D U L E  ( M O D C )  C A L L S  A S S E M B L E R  M O D U L E  ( M O D D )
*

XR] ,  EQU 1 ,
X R z  E Q U  2
A R R  E Q U  8
I  A R  E Q U  T 6
*

E N T R Y  M O D D
M O D D  S T A R T  X ' O O O O '

S T  S A V A R ] , ,  X R ] .  S A V E  C O N T E N T S  O F  X R ] ,
L A  S A V A , X R ] ,  X R ] ,  I S  S A S E  F O R  S A V E  A R E A
U S  I  N G  S A V A ,  X R 1 ,
S T  S A V A R 2 ( , X R ] , )  I X R 2  S A V E  C O N T E N T S  O F  X R 2
S T  S A V A R T (  I X R J ' ) , A R R  S A V E  C O N T E N T S  O F  A R R
*  S A V A R T (  I X R l ' ) , X R 2  X R 2  P O I N T S  T O  A D D R E S S  O F  P A R M  L I S T
L  1 ( , X R 2 )  I X R 2  X R 2  P O I N T S  T O  P A R A M E T E R  L I S T
A L C  S A V A R T (  I X R l ' ) , T t ^ l O ( , X R ] ' )  S E T  R E T U R N  P O I N T  2  P A S T  A R R

*  B O D Y  O F . R O U T I N E

*  R E T U R N  T O  C A L L I N G  P R O G R A M
L  S A V A R 2  (  I  X R l '  )  ,  X R 2  R E S T O R E  X R 2
L  S A V A R ] ,  (  ,  X R ] ,  )  ,  X R ] ,  R E S T O R E  X R ] ,

*  
S A V A R T ,  I  A R .  R E T U R N

*  S A V E  A R E A
S A V A  D C  X L ] , ' 3 0 '  I N D I C A T O R  B Y T E  - -  C A L L E D  P R O G R A M  I S  A S S E M B L E R

D C  C L 6  I  M O D D  I  C A L L E D  P R O G R A M  I  S  N A M E
S A V A R I ,  D C  X L Z ' O O I  C O N T E N T S  O F  X R 1  O N  E N T R Y  T O  T H I S  R O U T I N E
S A V A R z  D C  X L 2 ' O O I  C O N T E N T S  O F  X R 2  O N  E N T R Y  T O  T H I S  R O U T I N E
S A V A R T  D C  A L 2  (  O O  )  R E T U R N  P O I N T
*

T I , J O  D C  T L 7 I 2 I
E N D

Figure 25 (Part 2 of 2). Standard Linkage
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Standards

ln order  to be standard,  l inkage must  be accompl ished as
fo l lows:

1. Each module must have a save area def ined as
fo l l< lws:

For a subprogram:

i i y t e 0  B i t 0  0  N o t a m a i n p r o g r a m
B i t s  1 -3  000  FORTRAN

001 coBoL
011  Assemb le r

Bits 4-7 0000 Reserved

Notes:

1 .  The f i rs t  two by tes ,  as  we l l  as  the  end-o f -parameter -

l i s t  i n d i c a t o r  ( X L 1 ' 0 0 ' )  m u s t  b e  p r e s e n t  i n  a l l  p a -

rameter  l i s ts .  l f  no  parameters  a re  to  be  passeC,  the

the  parameter  l i s t  i s  on ly  3  bv tes  long.  In  th is

case,  by te  3  w i l l  be  0  and the  ca l led  program ind i -

ca tes  a  parameter  l i s t  leng th  o f  2 .

2. Addresses in parameter l ists refer to the f irst hvte
(by te  w i th  the  lowest  address  o f  the  i te rn .

3 .  When cont ro l  reaches  a  p rogram ent ry  po in t ,  the
address  reca l l  reg is te r  {ARR}  must  po in t  to  a  2 -by te
f ie ld  conta in ing  the  f i rs t  by te  o f  the  parameter  l i s t .

The assembler  language code to  ca l l  a  FORTRAN

subprogram wou ld  normal ly  be  as  fo l lows:

For a main program:

B y t e 0  B i t 0  1  M a i n p r o g r a m
Bits  1-3 000 FORTRAN

001 coBoL
011  Assemb le r

Bits 4-7 0000 Reserved

Bytes 1-6 EBCDIC name,  le f t - jus t i f ied

fy'ote. '  Main program refers to the program with the
highest level of control.

Each nrodu le  tha t  ca l l s  another  modu le  must  have

one or more parameter l isrs defined as fol lows:

Bytes 0-1 Address  o f  save area  in  th is
progra m

Bytes 2-3 Address of f irst parameter
Bytes (2n)- (2n+1) Address of  nth parameter
Byte (2n+2) XL1'00 ' to indicate end of

parameter l ist

EXTRN
tt

DC
RETNPT EOU

S U B R
S U B R
AL2  (PARAMS}

Note  tha t  the  po in te r  to  the  parameter  l i s l  po in ts  to

the left  byte of the save area address.

4 .  Normal  re tu rn  i s  accompl ished by  p lac ing  in  the  hard-

ware  ins t ruc t ion  address  reg is te r  { lAR)  a  va lue  tha t
is  two la rger  than the  conten ts  o f  the  ARR when the
program was en tered .

5 .  Index  reg is te rs  1  and 2  (XR1 and XR2)  must  be

saved upon en t ry  in  the  ca l led  program's  save area ,

and res tored  a t  ex i t .

6. The address recal l  register need not be restored. but

the return address must be determined and placed

in  the  ca l led  program's  save area .

C O N S O L E  D I S P L A Y  P A N E L  D I A L  S E T T I N G S

To a id  h im in  debugg ing  a  compi la t ion  er ro r ,  the  IBM

customer  eng ineer  can se t  the  d ia l  se t t ing  o f  the  conso le

d isp lay  pane l  to  the  combina t ion  CEFE.  For  more  e f f i c ien t
process ing ,  be  sure  tha t  th is  combina t ion  o f  charac ters  i s

no f  p resent  on  the  d ia l  se t t ings  be fore  beg inn ing  a

compi la t ion .

Bytes 1-6

Bytes 7-8

By res  9 -10

B y t e s  1 1 - 1 2

EBCDIC name,  le f t  jus t i f ied

Va lue  o f  index  reg is te r  1
( X R  1 )  a t  e n t r y

Va lue  o f  index  reg is te r  2
( X R 2 )  a t  e n t r y

Return  po in t  in  ca l l ing
progra m

2 .

1 4 8



M O D E L S  1 O  A N D  1 2  D U A L  P R O G R A M M I N G

C O N S I D E  R A T I O N S

F O R T R h N  p r o g r a m s  c a n  r u n  i n  t h e  d u a l  p r o g r a m m i n g

env i ronnrent  (wh ich  a l lows two independent  p rograms

to  be  run  concur ren t ly )  p rov ided tha t  the  two programs

do not  share  the  same dev ices .  For  example ,  i f  the  IV IFCUl

is  used bv  the  FORTRAN compi le r ,  i t  cannot  be  used by

the  o ther  p rogram.

M O D E L  1 5  C O N S I D E R A T I O N S

Model 15 Spooled Environment and Mult iprogramming

FORTRAN programs can be  run  in  a  Mode l  15  spoo led

env i r r . rn rnent  o r  in  the  mul t ip rogramming par t i t ions .  See

IBM System/3 Model 15 System Control Programming

Reference Manual, GC21 '5077 .

Model 15 CRT/KeYboard SuPPort

The Svs tem/3  Mode l  15  CRT/keyboard  is  compr ised o f  :

An  lE lM 3277 D isp lay  Sta t ion  Mode l  1 -a  ca thode ray

tube (CRT)  screen.

Feature 4632*a 78-key operator console keyboard'

Seven ofthe twelve 40-character l ines are supported by

FORTRAN for  inpu t  and ou tpu t  opera t ions .  Because the

las t  pos i t ion  is  reserved fo r  sys tem use.  a  max imum of  279

oos i t ions  are  ava i lab le  to  FORTRAN'

Program Inputr iOutput

Messages / ResPonses

Status

Two k inds  o f  CRT/keyboard  suppor t  a re  ava i lab le :

o  Fu l l  sc reen suppor t

o  Sp l i t  sc reen suppor t

Fu l l  sc reen suppor t  i s  ob ta ined by  spec i fy ing  3277 on  the

FORTRAN READ and/or  PRINT dev ice  op t ion  s ta tements .

Sp l i t  sc reen suppor t  i s  ob ta ined by  spec i fy ing  32775.

Log ica l  un i t  numbers  5  and 6  are  used fo r  bo th  sp l i t  sc reen

and fu l l  sc reen suppor t .  Sp l i t  sc reen and fu l l  sc reen suppor t

cannot  bo th  be  spec i f ied  in  the  same program.

Full Screen Support

A  WRITE s ta tement  f  i r s t  b lanks  a l l  seven l ines  and then

d isp lays  up  to  279 charac ters .  A  READ s ta tement  a l lows

the  opera tor  to  key  da ta  i r r to  the  279-pos i t ion  area '  Be-

cause the  screen is  no t  b lanked by  FORTRAN before  a

R E A D .  a  W R I T E  f o l l o w e d  b y  a  R E A D  a l l o w s  t h e  o p e r a t o r

to  update  the  d isp laYed record .

1
2
3
A

5
6
1

Split Screen Support

The ' f i rs t  125 pos i t ions  are  used fo r  ou tpu t ,  fo l lowed by

l5  unused (b lank)  pos i t ions .  The nex t  125 pos i t ions  are

used fo r  inpu t ,  fo l lowed by  14  unused (b lank)  pos i t ions .

l r n e

1
2
3
4
5
6
7

The WRITE s ta tement  b lanks  the  125-pos i t ion  ou tpu t  a rea

and then d isp lays  the  125 charac ters .  A  READ s ta tement

b lanks  the  
'125-pos i t ion  input  a rea  and then accesses  oa ta

from this port ion of the screen after data has been keyed

and d isp laved on  the  screen.

I r
3 

| u,"o ey
I I ronrnnru
: lt r l
7 J

B
9

l 0
1 1

279'posir ion area used for

e i t he r  i nDUt  o r  ou tPU t
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B y  T N L :  S N 2 1 , t ; 5 6 8

Model  15 Double Buffer ing for  Card Devices

Model  15  FORTRAN a l lows the  user  to  doub le  bu f fe r  the
card  l /O on  the  MFCU,  IVFCM,  1442,  and 250 i .  The de_
fault of two buffers is al located unless either of the fol low_
ing  cond i t ions  ex is t :

1 .  The user  spec i f ies  one bu f fe r  by  add ing  an  as ter isk
( * )  to  the  dev ice  code ( fo r  example ,  MFCUi  * ) .

2 .  Mu l t ip le  opera t ions  are  ass igned to  the  same dev ice
( f o r  e x a m p t e ,  R E A D ,  1 4 4 2 ;  p U N C H  , 1 4 4 2 1 .

The fo l low ing  tab le  shows the  number  o f  bu f fe rs  a l loca ted
to  MFCU2 or  MFCM2 fo r  a l lowab le  combina t ions  o f  opera-
t ions .  The as ter isk  a f te r  the  read,  punch,  o r  p r in t  spec i f i ca_
t ion  ind ica tes  a  s ing le  bu f fe r  i s  reques ted .

Specif icat ion

R e a d "

Read

Number of
Buffers Allocated

I

2
1
2
2
2
1

I

2
I
,|

1
1
2
1
1
I

1
1
1

Model 15 157O4-f O2l3741 Support

When us ing  the  3741 w i th  Mode l  15  FORTRAN
(5704 FO2l  ,  the  fo l low ing  cons idera t ions  app ly :

.  The record  length  must  be  f rom 1  to  128 bvres .

.  Each sec tor  on  the  d iske t te  conta ins  on ly  one log ica l
record.

o  A l l  records  in  a  f i le  must  have the  same record  lenqth
( f i xed  length  records) .

a  Records  are  read f rom or  wr i t ten  to  the  3741 one a t  a
t i m e  ( u n b l o c k e d ) .

o  Doub le  bu f fe r ing  is  the  de fau l t ,  s ing le  bu f fe r ing  may be
spec i f  ied .

o  Records  are  read f rom or  l v r i t ten  to  the  3741 sequent ia l l v .

o  Read ing  and wr i t ing  cannot  be  done in  the  same program
u s i n g  F O R T R A N  R E A D  a n d  W R I T E  s t a t e m e n t s .  B y
u s i n g  t h e  F O R T R A N  C o m m e r c i a l  S u b r o u t i n e s  R 3 7 4 1
and P3741,  read ing  and wr i t ing  in  the  same program can
be done.

o  An end-o f - f i le  cond i t ion  occurs  fo r  an  input  f i l e  when:
-  A  l "  s ta tement  i s  read.

A /&  s ta tement  i s  read.
- A l .  statement is read.

-  EOD (end o f  da ta)  i s  reached.

For a discussion on modes of operation see IBM System/3
3741 Reference Manual, GC21 51 13.

Read

Read

Read *

Read *

Read

Punch *

Punch

Punch

Punch Pr in t
Punch Pr in t
Pun ch "
Pr"rnch

Punch *

P u n c h *  P r i n t
Punch Pr in t "
Punch*  Pr in t *
Punch Pr in t
Punch*  Pr in t
Punch Pr in t "
P u n c h *  P r i n t

Funch"  Pr in t "
Punch Pr in tx

P u n c h "  P r i n t *

Read "
Read

Read

Read *

Read

Read *

Read *

Considerationsr/R estr ict i  ons

There  migh t  be  a  degradat ion  in  speed when the  MFCUl
and the  MFCU2 pr in t  a re  doub le  bu f fe red .
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DIFFEFENCES BETWEEN 1130  AND SYSTEM/3

This sect ion br ief ly  summarizes some of  the d i f ferences
between the 1130 and System/3 which might  af fect  FOR-
TRAN processing.

Uni t  Numbers

A compar ison of  ass ignment  of  uni t  numbers to input /out-
put  devices is :

System/3 SYstem/3 SYstem/3

I Unit Models 10 and Model 6 Model 15

I Number 1130 Assignment 12 Assignment Assignment Assignment

1 Console pr int  MFCU1 read 5406 input  MFCU1 or
only MFCM1 read onlY

2 1442 read/punch MFCU2 read/  5496 input  MFCU2 or
print/punch or oLttput MFCM2 readlprintl

punch

3  1132  p r i n t  5203  o r  1403  52 .13  o r  2222  1403  p r i n t
pf lnt  pf lnt

4

5 1 403 pr int  547 1 in  put

6 Keyboard input  5471 output

8

g 1442 punch 1442 read/
puncn

3284 pr int

Keyboard input

CRT output

2501 read only

1442 readlpunch

Note . .  \n  SVstem/3 ,  un i t  numbers  can be  ass igned to  o r r l y  one dev ice ; fo r  exampie ,  i f

number  5  i s  spec i f ied  fo r  the  547 1 in  a  p rogram,  i t  cannot  a lso  be  ass igned to  a  d i rec t -access

dev ice  i r r  tha t  p rogram.  l f  547  l  inpu t  i s  no t  spec i f ied ,  un i t  nunrber  5  can be  ass igned to  a

direct-access device.
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Device Options

In System/3, input/output devices are specif ied by device
opt ion statements,  which correspond to the , |130 * IOCS
statement .  Fon example:

1130 Usage

* I O C S  ( 1 1 3 2  P R I N T E R ,
TYPEWR ITER.
1 4 0 3  P R T N T E R )

" I O C S  ( C A R D , 2 5 0 1

READ,KEYBOARD)

" IOCS (1442 ,PUNCH,CARD)

" IOCS (D ISK)

System/3 Usage

/ /  PR INT  DEVtCE. ' l 403 ,547  1 '

/ /  READ DEVICE. 'MFCUI ,MFCU2 j442 , i l 7  1 '

/ /  PUNCH DEVICE. 'MFCU2,1442'

DAD44  UNITNO- 'n l , n2 ,

DAD45  UNITNO. 'n1 ,n2 ,

Specifying the BCD Option

A,ny |  130 FORTRAN card decks that  were punched using
the BCD card punch (the 026 keypunch) can be read by
the System/3 compi ler  by speci fy ing the BCD opt ion on
the *PROCESS compi ler  r rpt ion statement .  (*PROCESS
is described in Chaptei 13, Compilation.l

Read/Punch on the Same Card

In 1130 FORTRAN the same card can be read and punched
using the 1442 card read punch. System/3 FORTRAN does
rrot permit input/output operations to be performed on the
same card except for certain commercial subroutines. The
MFCU2 and 1442 can be used as either. but not both, an
input  or  output  device in  the same program.



Call Link

In System/3,  main programs can cal l  each other  us ing the
INVOKE statement ,  which corresponds to the 1 130 CALL
LINK statement .  The PROGRAM statement  must  be
specified as the first statement of each main program to be
invoked.  Fur ther ,  a l l  common blocks shar ing data between
main programs must be changed to GLOBAL statements.
For  example:

1 130 Usage System/3 Usage

coMMoN A,B(10),J 
:13:liT Xfril,

Associated Variables in Subroutines

In System/3, if an associated variable is passed as an argu_
ment to a subrout ine,  i t  is  not  automat ica l ly  updated when
input /output  operat ions are per formed in the subrout ine.
To ensure that the variable is updatecl, pass it through
COMMON.  Fo r  examp le :

C A L L  L I N K  ( M A I N 2 ) I N V O K E  M A I N 2
P R O G R A M  M A I N 2
G L O B A L  C , D ( 1 0 ) , J

1130 Usage

DEFINE F l  LE  8 ( r , s , f , l J )
lJ=25
C A L L  W R T R ( I J )

E N D
S U B R O U T I N E  W R T R ( I V A R )

W R I T E  ( 8 ' I V A R }

System/3 Usage

COMFION IJ
D E F I N E  F  I L E  8 { r , s , f , l J }
I  J=25
C A L L  W R T R

E N D
SUBROUTINE \ I JRTR
COMIVION IVAR

W R I T E  ( 8 ' I V A R )l f  any  o f  the  programs be ing  invoked requ i re  more  s to rage
than the  invok ing  program,  a  CORE compi le r  op t ion  s ta te -
ment  shou ld  be  spec i f  ied  exp l i c i t l y  s ta t ing  the  la rges t
amount  o f  s to rage requ i red .  (Add i t iona l  in fo rmat ion  on
us ing  the  CORE compi le r  op t ion  s ta tement  w i th  pROGRAM

and INVOKE s ta tements  can be  found in  Chapter  19 .
FO RTR AN I mplementation Considerations.l Library Routines

In  Sys tem/3 ,  i f  ca l l s  a re  made to  the  math  l ib ra ry  ( fo r

e x a m p l e ,  S l N ,  S O R T ) ,  t h e  G E N E R I C  s ' t a t e m e r l t s  s h o u l d

be inc luded to  ensure  tha t  the  proper  l ib ra ry  lnoc l r - r l c  i s
loaded fo r  the  argument  type .

For  l ib ra ry  rou t ines  us ing  in teger  a rgumerr ts  ( fo r  exarnp le ,
MlN,  MAX,  F  LOAT) ,  in teger  a rguments  rnus t  be  t \ , t . ' e r l  d i ;
I  NTEG ER "4 .
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Passing Arrays

In  the  1  1  30 ,  a r rays  no t  used in  a  subrout ine  need no t  be

d imens ioned.  In  Sys tem/3 ,  a r rays  must  be  d imcns io r r t :d

in  a l l  subrout ines  in  w l r i ch  they  are  passed,  even though

they  are  no t  used in  a  par t i cu la r  subrout ine .  For  example :

U s e  o f  C O M M O N ,  E O U I V A L E N C E ,  a n d  D E F I N E  F I L E

In  Sys tem/3 ,  thc  re la t i ve  s ize  o f  r loub le  l r rec is ion  var iab les

t o  s i n g l e  p r e c i s i o n  v a r i a b l r : s  ( R E A L . 8  t o  R E A t - ' 4 )  i s  2 : 1 .

I n  
' l  

1 3 0  t h e  r e l a t i v e  s i z e  o f  E X T E N D E D  P l l  E C I S I O N

var iab les  to  s ing le  p rcc is ion  var iab les  is  3 :2 .  Thus ,  i t  n tay

be necessary  to  change COMMON and EOUIVALENCE

s t a t e m e n t s  a n d  t o  i n c r e a s e  t h c  s i z e  o f  r e c o r d s  i n  D t F I N E

F I L E  s t a t e m c n t s .

Bound ing

1 130 FORTRAN does no t  round wher t  c r ' rnver t lng  ( la ta

i t e m s  o n  i r r p u t ;  S y s t e  r n / 3  F O R T R A N  d o r : s .  T h u s ,  i f  a n y

F O R T R A N  r o u n d i n g  c o d e  i s  p r e s e n t  i r r  1 1 3 0  F O R T R A N

programs,  remove i t  be fore  convcr t ing  to  Sys tc rn /3 .

Pass ing  Sca lar  Arguments  to  Subrout ines

When sca la r  a rgurnents  a re  t r lassed lo  a  subrout ine ,  Sy : tem/3

cop ies  the  arguments  in to  the  subrout ine 's  da ta  a rea ,  uses

them in  the  subrout ine ,  then cop ies  the  va lues  back  to  the

ca l l ing  program when the  subrout ine  re tu rns  cont ro l .  Wi th

t h e  1 1 3 0 ,  t h e  v a l u e s  i n  t h e  c a l l i n g  p r o g r a m  a r e  u s e d  d i r e c t -

l y ;  they  are  ne i ther  cop ied  to  the  subrout ine  nor  cop ied

back  to  the  ca l l ing  program.

Cor rs ider  the  fo l lovu ing  code:

J = l  S U B R O U T I N E  S U M ( L , N N , N )

C A L L  S U M ( J , J , 5 )  L = M + N

R E T U R N

E N D

Before  cont ro l  i s  re tu rned to  the  ca l l ing  program,  L  has  the

v a l u e  6 ,  M  t h e  v a l u e  1 ,  a n d  N  t h e  v a l u e  5 .  H o w e v e r ,  u n d e r

Svs tem/3 ,  when cont ro l  re tu rns ,  the  va lue  o f  J  i s  s t i l l  1

because the  var iab le  M (va lue  1  )  i s  cop ied  back  to  J  a f te r

t h e  v a r i a b l e  L .

T o  a v o i d  t h i s  p r o b l e m ,  b e f o r e  c o n v e r t i n g  a n  1 1 3 0  p r o g r a m ,

recode the  parameter  l i s t  in  a  CALL s ta tement  so  tha t  any

va lue  be ing  tes ted  is  no t  spec i f  ied  more  than once,  fo r

e x a m p l e .  C A L L  S U M (  K , J , 5 )

1 130 Usage

D t M E N S T O N  r ( 2 0 )

cA t -L  su t l l  ( r )

S U B R O U I ' I N E  S U B l  ( J )

.

CALL  SUI ]2 (J }
(J  not  usecl  in  SUBl  )
S U B R O U l - I N E  S U 8 2 ( K )
D I M E N S I O N  K ( 2 0 )

System/3 Usage

D I M E N S I O N  I ( 2 0 )

C A L L  S U B l  ( I )

S U B R O U T I N E  S U B l  ( J )

D I M E N S I O N  J ( 2 0 }

C A L L  S U 8 2 ( J )
( J  no t  used  i n  SUB l  )
S U B R O U T I N E  S U 8 2 ( K )
D I M E N S I O N  K ( 2 0 )

When ar rays  are  passed as  argumer l ts  to  subrout lnes ,

Svs tem/3  passes  the  address  o f  the  ar ray  in  the  ca l l ing

programs data  area .

Length Specif icat ion cf Variables

l n  S V s t e m / 3 ,  I N T E G E R * 2  a n d  R E A L * 8 ' r a r i a b l e s  c a n  b e

spec i f ied  us ing  the  IMPLICIT  s ta tement ,  wh ich  cor responds

t o  t h e  1 1 3 0  ' O N E  W O R D  I N T E G E R S  a n d  * E X T E N D E D

P R E C I S I O N  s t a t e m e n t s .  F o r  e x a m p l e :

1130 Usage System/3 Usage

. O N E  W O R D  I N T E G E R S  I M P L I C I T  I N T E G E R * 2  ( l - N )

* E X T E N D E D  P R E C I S I O N  I M P L I C I T  R E A L * 8 ( A - H . O - $ )

Sys tem/3  FORTRAN requ i res  some var iab les  to  be

l N l - E G E R  * 4 ,  s u c h  a s :  v a r i a b l e s  a n d  a r g u m e n t s  t o  I N T E G E R

i  n t r i  r rs ic  f  u r rc t ions ,  a rguments  to  commerc ia l  subrout i  nes ,

and log ica l  u r r i t  numbers .
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Forms Control

The 1  1  30  has  a  c r r  r iage  cont ro l  tape to  scnse chanr re l  12  or
the  over f  low l ine  . rnd  channe l  1 ,  wh ich  is  the  beg inn i r rg  o f
a  page.  

- l -h is  
p rov ic les  fo r  a  l i rn i ted  arnount  o f  page fo rnra t

t ing .  Because Sys tc rn /3  has  no  car r iage cont ro l  tape,  a l l
fo rms cont ro l  must  be  incorpora ted  in to  thc  p rogram by
the  prograrnmer .

The i  130 a lso  can pr in t  a  p rograrn  narne on  each page o f  a
p r o g r a n r  l i s t i n g  b y  t h e  u s e  o f  a n  *  -  c a r d .  T h i s  i s  a n  i n v a l i d
cartJ f  or Systern/3.

Commerc ia l  Subrout ines

The Sys ter t r /3  FORTRAN Comrnerc ia l  Subrout i r rcs  Pack
age inc ludes  th ree  1442 card  rcad punch rou t r r res .  P1442
is  used f  o r  c i r rd  punch inq ,  READ42 f  o r  card  read ing ,  and
STAK4i l  f  o r  se lec t i r rg  a l te rna te  s tackers .  Thc  cor respond
i n g  1 1 3 0  r o u t i n e s  w e r e  P U N C H  o r  P 1 4 4 2 ,  R E A D ,  a n d
STACK.  The Sys tc rn /3  co tnmerc ia l  subrou l i t tes  suppor t
a l f  ows the  1442 to  be  used as  a  combined l i le .

Decimal Data Fornrat

In  Sys ternr '3 ,  D l  fo rmat  cor responds to  thc  s tandard

Sys ten t i  360 zonet l  r lec ima l  fo rmat :  one c l ig i t  per  e igh t 'b i t

b y t e ,  o r  t w o  d i g i t s  p e r  I N T E G E R * 2  a r r a y  e l e r n c n t .  T h e

d i g i t  i s  c a r r i e d  i n  t l r e  l o w - o r c l e r  f o u r  b i t s  o f  t h e  b y t e ,  w i t h

t h e  h i g h  o r d e r  f o r r  r  b i t s  s e t  t o  1 ' s  ( X ' F ' ) .  H o w e v e r ,  t h e

h igh-orc ie r  four  b i i s  o f  the  low-order  by te  a re  used to  car ry

t h e  s i g n  o f  t h e  n u r n b e r :  X ' C '  ( b i n a r y  1 1 0 0 )  o r  X ' F '
( b i n a r y  1 ' l  |  1  )  f o r  p o s i t i v e ;  X ' D '  ( b i n a r y  1  1 0 1 )  f o r  n e g a t i v e .

I n  1 1 3 0 ,  D 1  f o r m . r t  c o r r s i s t s  o f  o n e  d i g i t  p e r  w o r d ,  r i g h t

J u s t i f i e d .  T h e  d e c  r n a l  f i e l d  i s  s t o r e d  i r r  a n  a r r a y ,  o n e  d i g i t
p e r  e l e r n e n t .  T h e  s i g n  o f  t h e  d i g i t  i s  c a r r i e d  w i t h  t h e  r i g h t -

m o s t  d i g i t .  l f  t h e  r r u m b e r  i s  n e g a t i v e ,  a  n e g a t i v e  o n e  ( - 1 )  .

i s  added to  the  r ig r r t rnos t  d ig i t .  Th is  must  be  done because

the  1  130 cannot  fopresent  a  negat ive  zero .

A1 Data Format

The A1 fo r rna t  i s  the  sarne  in  Sys tern i3  a i r t i  1130,  cxce l ) {

t o r  t h e  s i g n  o {  a  n u m e r i c  f i e l d .  I n  S y s l e r r r / 3 ,  l i r e  s i g r i  o f  a

r runrer ic  f ie ld  in  A1 fo r r r ra t  i s  assunrer l  i t ;  i - r t :  t .a r r i r : r i  as  l l t t :

z o n c d  p o r t i o n  o f  t h e  r i g h t n r o s t  c t t a t a c t e t .  X ' f ) '  { l r i r r a r y
1  1 0 0 )  o r  X ' F '  ( b i n a r y  . l  ' l  

1 1 )  f o r  p o s i t t v e .  X ' D  ( t r , i r a r y

1 1 0 1 )  o r  X ' 6 0 '  ( n r i r r u s )  o v e r  t h c  u r t i t s  i ) ( ) s r ' . i o r t  t o t  t t u q r l i v u .

A  n e g a t i v e  z e r o  i s  r e p r u s e n t e ( l  b y  a  X ' U ( ) ' r i r  X ' t i O '  { r r t i r r t i s i .

l r r  
' l  

130 ,  the  s ig r r  o f  a  numt l r i c  f  rc l t l  r r - ,  r \ . i  t t . r t t r ia t  r : ;  a

rn r - r l t ip le  punch over  the  r igh t rnos t  chJ i i ] { ) l r r  .

1 1  p u n c h  f c l r  r r e g a t i v e  a r r r i  l ; l ; r u r t c l t  l o r  i ) ( ) s r t t \ r , '
A  r r e g a t i v e  l e r o  i s  r e F l r e s e n t e t l  i r y  a  X ' 6 0 ' { i t t r t l r \ ) .

Negat ive Zero

In  Sys tem/3 ,  a  r t ega t i ve  z r : r o  i s  r r - ' J> re : { : r 1 i , r { J  t ) ! ' , - i ,  X ' i l { i '

I n  1130 ,  a  nega t i ve  ze ro  i :  r ep rese t t l t t l  i : y  , i r i  ) i . ' t i { ) '  { , l l ' , r ' t r

m e r c i a l  s u b r o u t i n e s  r e q u r r e  a  m i t l u s  {  ) i , ' . , 1 r  l l : r '  r , , r l '  1 , : , ' " ,

t i o n  f o r  a  n e g a t i v e  v a l u e .  l f  t h s  t r l ) l t s  1 r < ' s l t i ( - ) t r  r :  , i  / t ' ! . . -

t h e  1 1 3 0  c a n n o t  r e c o g n i z e  t h e  v a i t t e .  i f t l r : " l r i i i  i i l r r  { . : -

c u m v e r r t i o r r  o f  p u n c h i r r E  a  t n i n u s  { X ' 6 0 ' )  i r i  t i t r ' { i , ,  i l ,  i ) i J l i l

t i on  i ns tead  o f  t he  ze ro  was  i r n l i l e t r t r : r i t r : r t  f  i i r  1  i l i i . i

Nu rnbe r  o f  Reco rd  F ie l ds  i n  t he  DEF I l l i F  t - l l - F  S t ; r l e rnen t

Sys t cm/3  does  no t  use  t h iS  t t un tb t t r  i t s . r  r : l - r i : t ' l  r i j i  :  { j i - r  ; i l l :

r e c o r d s  o u t s i d e  t h e  r a n g e  o f  t l r e  D [ : F l N [ :  r :  i l  [ :  : i . , , i i ; i i i r r t

The  ra r - r ge  o r  s i ze  c l f  t he  t i l t :  i s  se l  t r y  l l r r . r  I  i i  [  . . t . r r , - ' : r i i ' i t i

TRACKS and  R  ECOR DS t ) a ra r r i e t r j r  5 .
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Chapter  21.  FORTRAN Staternent  Rr : f r : rerr r ;e

T l t i s  s r : t : t i . r r  l i : ; t s  t l r t :  t T O R T R A N  s t i r l . r n { ) r t s  i r r  a l l r l r i r l r . t i r ; i r l  A r i t h m e t i c  l F  S t a t r : m r : n t
o r t l c r  l r r u l  s u n l t l t i n  i z c s  r : a c l r  o I  t l r r t r r r  u s i r r r ;  l l r t :  l o l l o w i r t r l
f  o t  t r ta l ' .  Gt t t t : r , t l  For r r r :  lF  ( ; r ) r r  1  .n2  ,n  1

o  Sta t t : r r rc r r t  r ra rnc

o  G c r r c r i r l  I o r r r r  o l  l l l ( ]  s t a t t r ) r n c n l

o  E  x i l i l l l ) l ( i : ;  o f  s ta t t : r r rCr r  t  t rsc

Arithmctic Assignment Statemcnl

Gattt :r t l  Forrrt .  Lr l t

w l t c r  e

; r  i s  a r r  a r r l i r n r r : t i r .  r : x 1 r r r : s t ; i o r r

r f s , n 2 ,  d r f { l  n }  i t r { )  s t i l l { j r I t r : t r l  n r t r r t l r r : t , ,  ( ) l  ( ) l t : ( . \ ) l ; 1 l t l l

s t a t c r n { i r ) l s  r r r  l l r r :  1 - r r o r l r i l r r  t r r r i l  r : o r r t ; i i r r r r r r l  l l r r ;  I i

s t a l ( i r n ( i n l .

E x arrt Jtlr:s.

w l r o r  o  l F  ( A  8 ) 1 0 , 4 , 3 0

4 0  D  C r , 2
i r  rs  a  var iab l t :  o r  a r ray  e lc rncn t

b  i s  a  var iab lc ,  a r ray  e lement ,  o r  a r i thmc. t i c  ex t r r ress ion

4  D  B l C

f x ; t r r r l t l e s :

A . . B  A - A + B  3 0  c - D  * , 2
A - B ( 1 )  A - S l N ( A * " 1 )

A - B ( I )  A ( 1 ) = F U N C { B , C , D )
A - l  l = A
A - 6  l = l + 6  1 0  E . . ( F - B ) / D + 1
A-6 .4

The lF  s ta tement  compares  the  va lue  t t I  , ,1* :  c ) i I I r : r r :o : : t ,
be tween A and B.  l f  th r :  va lue  is  negat ive  ,  a  l t ra r : r : l i  i \  r . i t i l (
to  s ta tement  number  10 ;  i I  zero ,  a  b ranch i : ,  r ra r l r ;  t r r
s t a t e m e n t  n u m b e r  4 ; a n d  i f  p o s i t i v e ,  a  b r a n c h  i , .  t ( L o t , :  i ( t

s ta tement  number  30 .

F O R T R A N  S t a t e m e r t  f i e i r : r ; : ' ' c t , ' : , :



AT Statement

General Form: AT n

where
n is an executable statement number in the program or
subprogram to be debugged.

Examples:

2oo 
"-.".t

DEBUG TRACE
AT 2OO
TRACE ON

E N D

BACKSPACE Starement

General Form: BACKSPACE i

Examples:

BACKSPACE 1O
BACKSPACE L

CALL Statement

Genera l  Fo rm:  CALL  name(a r  , a2 iaz , . . . , an )

where

name is  the name of  a SUBROUTINE subprogram.

a is  an actual  argument  that  is  being suppl ie , -  .u  the
SUB.ROUTINE subprogram. l t  can be a var iable,  array
name, array e lement ,  ar i thmet ic  expression,  or  subpro_
gram name.

Examples:

CALL  OUT
CALL MATMPY (X,5,4O,Y,7,21
CALL  SUB 1  (X+Y*5 ,ABDF,S tNE)
CALL  SUB(P ,O ,R . I )

COMMON Statement

General Form: COMMON a1(kr ),az (kz ), . . . ,an(kn)

k is optional and is composed of from one to tnree
unsigned integer constants, separated by commas,
represent ing the maximum value of  each subscr ipt  in
the array.

Examples:

Call ing Program Subprogram

C O M M O N A , B , C , R ( 1 O O )  S U B R O U T I N E M A P M Y
REAL A ,B ,C
INTEG.ER R COMMON X,Y,Z,S( lOO)

REAL  X ,Y ,Z

CALL  MAPMY 

INTEGER S

where where

i  is  an unsigned integer  constant  or  INTEGER*4
var iable that  rs  the logical  uni t  number of  a sequent ia l  a  is  a var iable or  array name that  is  not  a dummy
file located on a magnetic tape or disk unit. argument.



Comq,rted GO TO Statement

G e n e r a l  F o r m :  G O  T O  ( n r , n 2 , . . . , n n ) .  i

wnere

n is  the number of  an executable statement  in  the
program uni t  conta in ing the GO TO statement .

i  is  an in teger  var iable whose value is  in  the range 1( i (n.

Examples:

GO TO (25 ,10 ,7 ,10 ) , r rEM

7 C=EF*2+A

.

25 L=C

.

10 B=21.3EO2

DATA Statement

G e n e r a l  F o r m :  D A T A  k 1 / i  1 * d 1 / , k 2  l i 2 * d 2 / , . . . , k n l i n * d n l

wnere

k  i s  a  l i s t  c o n t a i n i n g  v a r i a b l e s ,  a r r a y  e l e m e n t s  ( i n  w h i c h

case the  subscr ip t  quant i t ies  must  be  uns igned in teger

cons tan ts ) ,  o r  a r ray  names.

d  is  a  l i s t  o f  cons tan ts ,  ( in teger ,  rea l ,  hexac iec ima l  o r

l i t e r a l ) .

i *  i s  op t iona l  and is  an  uns igned in teger  ccns tan t

appear ing  be fore  d ,  ind ica t ing  tha t  d  i s  to  be  spec i f  ied

i  t i m e s .

Examples:

D I M E N S I O N  D ( 5 , 1 0 )

DATA A,  B ,C/s .0 ,6 .  1 ,7  .3  / ,D ,E I  25  *  1  .O,25  *  2 .0 ,5 .1  I

D I M E N S I O N  A ( 5 ) , 8 ( 3 , 3 )

DATA A/5 * 1 "Q l,B /9 *2.O /,C / '  FOUR' /

DEBUG Statement

A branch is made to a statement number based on the value General Form: DEBUG option, .  .  .  ,option

of  the  in teger  var iab le .  ITEM.  l f  ITEM has  a  va lue  o f  1 ,  the
branch is to the f i rst statement enclosed in parentheses in where

the  GO TO s ta tement  (s ta tement  number  25) ;  i f  ITEM has  a
va lue  o f  2 ,  the  branch is  to  the  second s ta tement  op t ion  may be  one o f  the  fo l lonr ing ,  spec i f ied  in  a r ry

(s ta tement  number  10) ,  e tc .  o rder :

S I . J B C H K ( n r , n 2 ,  .  .  . , n n )

CONTINUE Sta tement  where  n  i s  an  ar ray  name and is  op t iona l .

General Form; CONTINUE TRACE

l N l T ( m r , m r , . . - , m n )

Examples:
where  m is  the  name o f  a  var iab le  o r  an  ar raV a i r i . l  i s

DO 30 l=1  ,2O opt iona l .

.  S U B T R A C E

G O T O T

30 CONTINUE Examples:

P R O G R A M  F I R S T

D EB UG SUB CH K (SU B },TR ACE, i NI I T (SL' It,,4, i i l  i  J I, I i ,

SUBTRACE
FOR- f  RAN Sta ter r ie t t t  Re ie ia r rc t :  i i ,  I



D E F I N E  F I L E  S t a t e m e n t

Genera l  Form:  DEFINE F l  LE u1  ( r1  ,s1  , f  r  , v1  ) ,uz  f t2 ,s2 , f  2 ,v2 l  , l
. . .  u n  ( r n , s n , f n , v 1  )

where

u is  an  uns igned in teger  cons tan t  tha t  i s  the  log ica l  un i t

number .

r  i s  an  uns igned in teger  cons tan t  tha t  spec i f ies  the

number  o f  records  in  the  f i  le  assoc ia ted  w i th  u .

s  i s  an  uns igned in teger  cons tan t  tha t  spec i f ies  the

maximum size ( in characters, bytes. or words) of each

record  assoc ia ted  w i th  u .

f  spec i f  ies  whether  da ta  i s  to  be  read or  wr i t ten  w i th  o r

w i thout  fo rmat  cont ro l .  The f  code may be  one o f  the

characters L, to indicate that a f i le may be processed

( read or  wr i t ten)  e i ther  w i th  o r  w i thout  fo rmat  cont ro l

(s  i s  in te rpre ted  to  spec i fy  by tes) ;  E ,  to  ind ica te  tha t  a

f i le  i s  p rocessed w i th  fo rmat  cont ro l  (s  spec i f ies  by tes) ;

o r  U,  to  ind ica te  tha t  a  f i le  i s  p rocessed w i thout  fo rmat

cont ro l  (s  i s  in te rpre ted  to  spec i fy  words) .

v  i s  an  in teger  var iab le  ca l led  the  assoc ia ted  var iab le .

Examples:

D E F  r N E  F  I  L E  8 ( 5 0 , 1  0 0 , 1 , 1 2 ) . 9 (  1  0 0 , 5 0 , 1 , J 3 )

DIMENSION Sta tement

Genera l  Form:  DIMENSION ar  (k r  ) ,az  {kz  ) ,  .  .  .  ,an(kn}

where

a is  an  ar ray  name.

k is composed of from one to three unsigned integer

constants, separated by commas, representing the

max imum va lue  o f  each subscr ip t  in  the  ar ray .

Examples:

D  I M E N S I O N  A (  1  O ) , A R R A Y ( 5 , 5 , 5 ) , L I S T (  1 0 , 1  O O )

D I M E N S I O N  B ( 2 5 , 2 5 ) , T A B  L E ( 5 , 1 0 , 1 5 )

D irect-Access R EA DA/VR ITE Statement

Set R E AD Staternen t ( Di ret:t-Access )

DO Statement

G e n e r a l  F o r m :  D O  n i = t n 1 , f i 2 , r r l 3

where

n is  the  s ta tement  t luml . re r  o f  an  executab le  s ta tement

appear ing  a f te r  the  DO s ta tement  and in  the  same

program ur r l t .

i  i s  a  non-subscr ip ted  in teger  var iab le  ca l led  the  DO

var iab le .

f f r r  , Inz ,  and m3 are  e i ther  uns igned in teger  cons tan ts

greater than 0 or non-subscripted integer variables' The

v? lue  o f  m1 shou ld  no t  exceed tha t  o f  m2.  The va lue

of  m2 cannot  exceed 23r  -2 .  m j  i s  op t iona l  and,  i f

omi t ted ,  i s  assumed to  be  1 .  l f  m3 is  r ;m i t ted ,  the

preced ing  comma must  a lso  be  oml l ted .

The s ta tements  tha t  phys ica l l y  fo l low the  DO s ta tement  up

to  and inc lud i r rg  the  s ta tement  numbered r r  a re  ca l led  the

range of the DO. The value of m1 is cal led the init ial  value'

The value of m2 is cal led the test value. The value of m3 is

called the increment.

Example 1:

*=O
L=1  0
D O  5  J O B = 1 , L , 2
K=K+1

5  M(JOB}=N(JOB) -K -JOB

Example 2:

,U  OO rU J=1,1000
2 5  r N V ( J ) = t N V ( J ) - l o U T ( J )
35
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END Statement

General Form: END

Explicit Specification Statement

See I N TE G E R Statement/R E A L Statemen t.

Exantples: EXTEBNAL Statement

PROGRAM F IRST SUBROUTINE SECOND Genera l  Fo rm:  EXTERNAL a1  d2d3 ,  .  .  .  ?11

. : 
*n:':

a is  the  name o f  a  subprogram tha t  i s  passed as  an
cAL-L-  sEcoND RETURN argument  to  o ther  subprograms.

.  E N D

. Examples:
STOP

E N D  E X T E R N A L  M U L T

:

E N D  F I L E  S t a t e m e n t
C A L L  S U B ( J , M U L T , C )

Genera l  Form:  END FILE i

where  F IND Sta tement

i  i s  a r r  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  I N T E G E R  * 4  v a r i a b l e
tha t  i s  the  log ica l  unr r  number  o f  a  sequent ia l  f i l e ; ; ;  

Genera l  Form:  F  IND (u ' r )

magr re t i c  tape or  d isk  un i t .
where

Exampl .s :  u  i s  an  u t ' l s ig r red  in teger  cons tan t  o r  INTEGER*4 var iab le
tha t  represents  a  iog ica l  un i t  number  o f  a  d i rec t ,3ccess

E N D  F | L E  1 0  f i l e .

E N D  F I L E  L
r  i s  an  in teger  express ion  tha t  represer r ts  the  re la t i ve
pos i t ion  o f  a  record  w i th in  the  f  i l e  assoc ia tc 'd  w i th  u .

E 0 U I V A L E N C E  S t a t e m e n t

Genera l  Fonr t :  E( )UIVALENCE (ar  r  ,a r  z . ,a t  t ,  .  .  .1  ,  
Examples :

l ^  \\ d 2 r ' d : : ' d 2 3 '  I  
D E F I N E  F I L E B ( 1 0 0 0 8 0 , L , | V A R )

w h e r e  1 0  F I N D ( 8 ' 5 O )

a  i s  a  v a r i a b l e  ' i r  a r r a y  e l e m e n t .

:

Exampies:  15 READ(B'50)A'B

DtM ENSTON C(  1  00 ,1  00 ) ,A (50 ,50 ) ,B (  100 )
E O U T V A L E N C E  ( C ( 1  ) , A ( 1  ) ) , ( C ( 2 5 0 1  ) , 8 ( 1  ) )

GLOBAL A ,B ,C
D I M E N S I O N  D ( 3 }
E O U I V A L E N C E  ( B , D ( 1 } )
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FORMAT Statement

General  Form: xxxxx FORMAT (c1s1c2s2 . . .  cn)

wnere

expression is  any ar i thmet ic  or  re lat ional  expression that
does not  conta in array e lements.

Exarnples:

FUNC(A ,B  )= l '  * [ a$  +  * f  . +X+Y+Z
SUM (A,B,C,D)=A+B+C+D

FUNCTION Statement

General Form: Ivpe F UNCTiON name *s(a 1 ,dz dt, . . . an )

where

x x x x x  i s  a  o n e - t o - f i v e  d i g i t  s t a t e m e n t  n u m b e r .  r y p e  i s  o p t i o n a l  a n d  c a n  b e  I N T E G E R  o r  R E A L

c is  a  fo rmat  code tha t  descr ibes  in teger  da ta  (code l ) ,  name is  the  name o f  the  FUNCTION
rea l  da ta  (codes  D,  E ,  F) ,  charac ter  da ta  (A) ,  l i te ra l  da ta
(H,  o r  da ta  enc losed in  apos t rophes) ,  f ie lds  to  be  sk ipped s  i s  op t iona l  when type is  spec i f ied  6nd represents  one o{
(X) ,  o r  a  pos i t ion  in  a  FORTRAN record  where  da ta  the  length  spec i f i ca t ions  fo r  i t s  assoc ia ted  type  12  or  4
t r a n s f e r  i s  t o  b e g i n  ( T ) ,  a n d  t h e  n u m b e r  o f  c h a r a c t e r s  i n  f o r  I N T E G E R , 4  o r  g  f o r  R E A L ) .
a  f i e l d .

a  r s  a  d u m m y  a r g u m e n t .
s  ts  a  separa tor ,  wh ich  may be  e i ther  a  comma or  any
number  o f  s lashes .  S lashes  ind ica te  the  beg inn ing  o f  a
new recorct. Examples:

FUNCTION CALC(A ,B ,J )
I N T E G E R  F U N C T T O N  C A L C * 2 ( t , J , K )

Exanples: GENERIC statement

i 0  FORMAT (E10 .5 ,D16 .10 , t7 ,E7 .2 ,D12 .71  Genera tFo rm;  GENERTC
2 FORMAT (3F5.2,2D 15.  1 0/8E 10.5)

3 O O O O  F O R M A T  ( ' T H E  F O L L O W I N G  I S  A  L I S T  O F
PR IMES' / (  tb))  Examotes:

G E N E R  I C
Funct ion Def in i t ion Statement  REAL*g A,B,C,D

C=COS(A)
General  Form: name(a1 ,a2,a3,  .  .  .  ,an)=expression D=DCOS(B)

where

GLOBAL Statement
name is  the statement  funct ion name.

Genera l  Fo rm:  GLOBAL a1 (k1 l , a2 (k^ r ) ,  .  .  .  , a , . , ( kn )
a is  a dummy argument .

wnere

a  i s  t h e  n a m e  o f  a  v a r i a b l e  o r  a n  a r r a y .

k  i s  op t iona l ,  and is  a  subscr ip t  composed o f  one th rough
three  uns igned in teger  cons tan ts ,  separa ted  by  commas,
represent ing  the  max imum va lue  o f  each subscr ip t  in
the  ar ray .

Examples:

P R O G R A M  F I R S T  P R O G R A M  S E C O N D
G L O B A L  A , B , C ( 5 , 5 ) ,  G L O B A L , X , Y , 2 ( 2 5 ] , ,

D ( 1 0 , 1 0 0 )  D A T A ( 1 0 , 1 0 0 )
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GO TO Statement

(See also Computed GO TO Statement.l

General Form: GO TO n

!NTEGER Statement

Ge ie ra l  Fo rm:  INTEGER*s  a1 (k1 ) ,a2  ( k ,  ) ,  .  .  .  , an (k " )

where

wnere  *s  i s  op t iona l  and represents  one o f  the  INTEGER lenqth
n  is  the  number  o f  an  executab le  s ta tement  in  the  spec i f i ca t ions ,2  o r  4 .
p rogram un i t  con ta in ing  the  GO TO s ta tement .

a  i s  a  var iab le  ,  a r ray  ,  o r  f  unc t ion  name.

Examples :  k  i s  op t iona l  and g ives  d imens ion  in fo rmat ion  fo r  a r ravs .
Each k  i s  composed o f  one th rough th ree  uns igned

'  
in teger  cons tan ts ,  separa ted  by  commas,  represent ing  the

'  max imum va lue  o f  each subscr ip t  in  the  ar r3y .

G O T O 6

12 X==Y -Z Examples:
6  A .=2. *B

I N T E G E R  * 2  T T E M , V A L U E
I N T E G E R * 4  L t S T , V A L 2

t F  S t a t e m e n t  T N T E G E R  8 ( 1 0 0 )

See Arithrnetic lF Statement/Relational lF Statement. 
INVOKE Statement

f MpLlClT Statement General Forrn: INVOKE name

G e n e r a l  F o r m :  l M P L l C l T t y p e * s , ( a r t , a r  2 , . . . 1  , . . . ,  
w n e r e

type*sn  (an  1  ,an2,  .  .  .  )  
name is  the  name o f  a  ma in  p rogram spec i f  iec l  in  a
P R O G R A M  s t a t e m e n t .

where

type is  e i ther  INTEGER or  REAL xamples :

s  i s  op t iona l  and represents  one o f  the  length  spec i f i ca-  
PRoGRAM FIRST PRoGRAM SECOI 'J t )

t i o n s  f o r  i t s  a s s o c i a t e d  t y p e  ( 2  o r  4  f o r  I N T E G E R . 4  o r  g
f o r  R E A L ) .

a  i s  a  s ing le  a lphabet ic  cnarac ter  o r  a  range o f  charac ters  
INVoKE SECOND

i n  t h e  s e t  A , 8 , . .  . , 2 . $  i n  t h a t  o r d e r .  T h e  r a n g e  i s
denoted  by  the  f i rs t  and las t  charac ters  o f  the  des i red
range separa ted  by  a  minus  s ign  ( fo r  example  (A-D) )  PAUSE s ta tement

General Forrn; PAUSE n

Examples:
wnere

l M p L l C l T  I N T E G E R * 2 ( A - H ) , R E A L * g ( l _ K )  n  i s  a n  o p t i o n a l  i n t e g e r  c o n s t a r r t  t h a t  i s  p r i n t c d  w i i h  l n e

l M p L l C t T  R E A L ( A _ H , O _ Z ) , I N T E G E R ( l _ N )  P A U S E  s t a t e m e n t  f o r  i d e n t i f i c a t i o n .

Examples:

PAUSE
PAUSE 50
PAUSE OOOO2

FORTRAN S ta temen t  Re fe rence  16 : .



PROGRAM Statement

General Form: PROGRAM name

READ Statement  (Sequent ia l )

General  Form: READ (u, f ,END=s,ERR=t)  l is t

wnere  Where
name is  the  r rame ass igned to  the  main  program.

u  i s  a n  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  I N T E G I R n 4  v a r . i a b l e
tha t  represents  the  log ica l  un i t  number  o f  the  devrce  to

Examples: be read from.

P R o G f i A M  S E C O N D  f  i s  o p t i o r r a l  a n d  c a n  b e  t h e  s t a t e m a n t  r u m i r e r  o f  a
F O R M A T  s t a t e m e n t . ] r  a n  a s t e r i s k  ( * ) "

'  
END' -s  i s  op t iona l  anc i  spec i f ies  the  s ta temunt  n l r r , - rber  {s }
in  the  same program un i t  to  wh ich  to  t rans fer  cont ro l  i t

READ Sta tement  (D i rec t -Access)  an  end o f  f  i l e  cond i t ion  is  encountered .

Genera l  Form:  READ(u ' r , f ,ERR=s)  l i s t  ERR=t  i s  op t iona l  and spec i f ies  the  s ta tement  n i ,mber  { t )
in  the  same prog fam un i t  to  wh ich  to  t rans fer  cont ro l  i {

where  an  er ro r  occurs  dur ing  da ta  t rans fer .  E  R R is  igncred  i f
t h e  f i l e  i s  n o t  a  d i s k  o r  t a o e  f i i e .

u  i s  a n  u n s i g n e d  ; n t e g e r  c o n s t a n t  o r  I N T E G E R * 4  v a r i a b l e
tha t  represents  a  iog ica l  un i t  number  o f  a  d i rec t -access  l i s t  i s  an  l /O l i s t  (op t iona l  i f  i  i s  spec i f ied) .
f  i l e .

r is an integer expression that represents the relat ive Examples;

pos i t ion  o f  a  recor - i_ l  w i th in  the  f  i l e  assoc ia ted  w i th  u .
R E A D  (  1 , 9 8 ) A , 8 , ( C f i  , K i , l = 1 , 1 0 )

f  i s  o p t i o n a l  a n o ,  i f  s p e c i f i e d ,  i s  t h e  s t a t e m e n t  n u m b e r  o f  R E A D  i - l l A , B , C

a  F O R M A T  s t a t e m e n t  t h a t  6 e s c r i b e s  t h e  d a t a  b e i n q  r e a d .  R E A D  ( l , " , E N D = 2 0 0 )  ( A R R A y ( l l , l = 1 , 2 5 | r  , 8 ( 2 ) , C ( 6 ) )

ERR=s is  op t io l i , l  and  spec i f ies  the  s ta tement  number
( s i  i n  t h e  s a m e  p l o g r a m  u n i t  t o  w h i c h  t o  t r a n s f e r  R E A L  S t a t e m e n t

cont ro l  i f  an  er r  J r  occurs  dur ing  da ta  t rans fer .
G e n e r a l  F o n n :  R E A L * s  a 1 ( k 1 ) , a 2  ( k z  ) ,  .  .  , a , . , ( k p )

l i s t  i s  a n  l / O  l i s t .
wnere

Examples :  *s  i s  op t iona l  and represents  one o f  the  REAL length
s p e c i f i c a t i o n s , 4  o r  8 .

D E F  r N E  F  I  L E  8 ( 5 0 0 , 1  0 0 , L , t D  1  ) , 9 ( 1  0 0 , 2 8 , L ,  I  D 2 )
9  R E A D . ( 8 ' 1 6 , 1 0 ) ( M ( K ) , K = 1 , 1 0 )  a  i s a v a r i a b l e , a r r a Y ,  o r f u n c t i o n  n a n r e .

.  k  i s  o p t i o n a l  a n d  g i v e s  d i m e n s i o n  i n f o r m a t i o n  f o r  a r r a v s .

.  Each k  i s  composed o f  one th rough th ree  ur rs igned

13 READ(9 ' |D2+5)A,B.C,D,E,F ,G In teger  cons tan ts ,  separa ted  by  commas,  represent i i tg
t h e  m a x i m u m  v a i u e  o f  e a c h  s u b s c r i p t  i n  t h e  a r r a y .

Examples:

R E A L  I T E M ( 5 , 5 ) , 8 ( 1 O O )
R E A L * 8  M U L T
R E A L * 4  J M U L T
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Relational I  F Statement

General Forrn: lF (als

where

a  i s  a  r e l a t i o n a l  u x p r e s s i o n .

s  ts  an  executab le  s ta tement  except  a  DO s ta temcnt  o r
a r r o t h e r  r e l _ r t i o i r a l  l F  s t a t e m e n t .

A  re la t iona l  express ion  is  fo rnred  by  combi r r ing  two ar i th_
met ic  express ions  w i th  one o f  the  s ix  re la t iona l  opera tors :
. c T . .  . L T . ,  . E O . ,  . N E . ,  . G E . .  o r  . L E . ;  w h i c h  s t a n d  f o r
grea te t  than,  less  than,  equa l  to ,  no t  equa l  to ,  g rea ter  than
or  equa l  to .  and less  than or  equa l  to ,  respec t ive ly .  The
per iods  nrus t  p recede and fo l low the  re la t iona l  opera tors ,
as  s l rowr t .

Examples:

The two fo l low ing  lF  s ta tements  f rave  the  same e f fec t :

l F  ( A . L T . B ) A = B

200 

:

tF  (A_B)100,200,200
100 A=B
200 

:

RETURN Statement

General Form: RETURN

Examples:

S U B  R O U T I N E

R ETUR N
EN t)

COPY (A,B.N)

FUNCT 'ON CALC (A ,B ,J }

R E T U R N
E N D

REWIND Statement

Generai Form: REV/lND i

wnere
i  i s  an  u r r s i gned  i n tege i - ccns ran t  o r  INTEGEFT4  va r i ab ie ,
t ha t  i s  t he  l og i ca l  un i t  num l ;e r  o f  a  sequen t i a l  f i l e  on  a
magne t i c  t ape  o r  d i sk  un i t .

Exatnples:

R E W I N D  1 O
REWIND I . -

Sequential R EADATn tTE Starernents

See R E AD Statenent (Sequential ) /Vt/R I TE Statemert t
(Sequential).

STOP Staternent

General Form-' STOP n

where
n is  an opt ional  in teger  constant  that  is  r j ! . in ted wi th the
STOP statentent  {or  ider i  t i f icat ion.

Examples:

STOP
STOP 25

SUBROUTINE Statement

General  Form: SUBROUTINE name(a1 ,ez,at ,

where

name i s  t he  SUBROUTINE name.

a rs  a dummy argument  that  can be a var iable nanie,
a r ray  name,  o r  t he  dummy name o f  ano the r .SUBROU-
T INE o r  FUNCTION subp rog ram.

Examples:

SUB ROUTI N E COPY(A.B,N )
S U B R O U T I N E  N U L L

a , ,  )
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TRACE OFF Statement

General Forrn: TRACE OFF

Examples:

200 X=Y+2

210 *=:- '

D E B U G  T R A C E
AT 2OO
TRACE ON

A 1 2 1 0
T R A C E  O F F
E N D

TRACE ON Statement

General Form: TRACE ON

WR ITE Statenrent ( Direct-Access)

Genera l  Form;  WRITE (u ' r , f  )  l i s t

where

u  i s  a n  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  I N T E G E R  . 4  v a r i a b l e

t h a t  i s  t h e  l o g i c a l  u n i t  n u m b e r  o f  a  d i r e c t  a c c e s s  f i l e

r  i s  an  in teger  express ion  tha t  represents  the  re la t i ve

pos i t ion  o f  a  recorc l  w i th in  the  f  i l e  assoc ia ted  w i th  u .

f  i s  op t iona l  and,  i f  spec i f ied ,  i s  the  s ta tement  i rumber  o f

the  FORMAT s ta tement  tha t  descr ibes  the  da ta  be ing

wr i t ten .

l i s t  i s  a n  l / O  l i s t  { o p t i o n a l  i f  f  i s  s p e c i f  i e d ) .

Examples:

D E F  I  N  E F  I  LE 8(500.  1  00 ,  L ,  I  D ' , l  ) ,9 (  1  00 ,26 ,  L ,  I  D2)

8  W R r T E ( 8 ' , 1 6 . 1 0 ) ( M ( K ) , K - ' 1 , 1 0 )

:

1 1  W R I T E ( 9 , I D 2 + 5 ) A , B , C , D , E , F , G

Examples:
WRITE Statement  (Sequent ia l )

200 X=Y+2 
General Form: wRlrE (u,f ) l ist

wnei-L '

D E B U G  T R A C E

A T  2 0 0  u  r s  a r r  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  I N T E G E R * 4  v a r i a b l e

TRACE ON tha t  i s  the  log ica l  un i t  numtrer  o f  a  dev ice  to  be  wr i t ten

t u .

'  I  i s  op t iona l  and can be  the  s ta tement  number  o f  a

E N D  F O R M A T  s t a t e m e n t  o r  a n  a s t e r i s k  ( * ) f o r  l i s t - d i r e c t e d

vo.

l i s t  i s  a n  l / O  l i s t  ( o p t i o n a l  i f  f  i s  s p e c i f i e d ) .

Examples:

w R  l r E  ( 3 , 7 5 )  A , ( 8 , (  1 , 3 ) , 1 = 1 , 1 0 , 2 1 , C
W R I T E  ( 4 } A R R A Y

w R t T E  { 3 , . )  t , N ( l )



Chapter 22. System/3 FORTRANlntr insic and External Library Funct ions

M a n y  c o m m o n l y  u s e d  r n a t h c m a l i c a l  f  u n c t i o n s  o r  c a t c u l a -
t ions  arc  p r rov ided by  the  Sys tenr i3  FORTRAN lV  language.
Mathernat rca l  tunc t ions  arc  ca l l cd  in  two ways .  exp l i c i t l y ,
when y< t t i  inc lu r . le  thc  {unc t ion  name in  i . l  source  language
statemcr' l t ;  an(l  implici t ly, when a cerrtain notat ion (such as
convcr l ing  a  rc i i l  r rumber  to  an  i l ) teger  nurn l te r )a [ )pears
wi t f r i r r  a  sourc r :  lanqr iage s t0 te t r rcn t .  Exp l i c i t l y  c i r l lec l
func t io r rs  a re  known as  cx te rna l  func t io r rs ,  because the
p lograrnrner  ca l l s  th t :m"  lm l t l i c i t l y  ca l le t l  func t rons  are
intr insic, because the compi ler Eonerates the cal ls to thern.

To a  proqrarnrnr : r  us ing  the  Sys tern /3  FORTRAN lV
mathernat ica l l  f  unc t i r t r rs ,  i t  i s  o f  no  impor t i tnc r . ,  w f i r : ther  a
s p e c i f i c  l u n c t i o n  i s  i r r t r i n s i c  o r  o x t e r n a l  u n l r : s s  y t . r u  w t s n  t o
d e t a c h  t h e  f u n c t i o n  n a m e  b y  s p e c i f y r r r q  e x t c r n a t .

S y s t e r n / l i  F O R  T R A f I  l V  i r r t r i n s i c  f  u n c r i o n s  i n c l u d e
rout i ' r ss  {o r  t i c te rnr in in t ;  max i r r ru r . I l ,  n r i r I in - ,um,  and abso lu te
v a l u e s ,  c o n v e r t i n g  f r o m  r e a l  t o  i n t 0 g s r  a n d  f r o m  i n t e g e r
to  rea l "  a r r rJ  inc reas ing  or  c lecreas in ! l  the  prec is ion  o f  a
n u r n b e r .  E x t e r n a l  f u r r r ; t i o n s  r n c l u d e  s i n e ,  c o s i n e ,  l o g a r i t h m ,
and square  roo t  rou t ines .

F i g u r e  2 , r  s u m m a r i z e s  t h e  i n t r i n s i c  f  u n c t i o n s ;  F i g u r e  2 g ,
the  ex terna l  func t ions .  F igure  29  l i s ts  the  accuracy  o f  the
ex terna l  func t ions .

The fo l low ing  d iscuss ion  descr ibes  the  a lgor i thms used an
the  rna thernra t ica l  subrour r i res .

A L G O R I T H M S

This  sec t ion  conta ins  in fo r rna t ion  about  t f re  method used to
compute  each func t ion .  The in fo rmat ion  fo r  exp l i c i t l y
ca l led  subprogranrs  i s  a r rangec l  a lphabet ica l l y  accord ing  to
the  spec i f i c  func t ion  o f  each su l rp rogram ( tha t  i s ,
e x p o n e n t i a t i o n ,  l o g a r i t h m i c ,  e t c  ) .

I n f o r n r a t i o n  f  o r  t h e  i m p l i c i t y  c a l l e d  s u b p r o g r a m s  t s
ar rangcd a lphabet ica l l y  accord ing  to  func t ion ,  and
a l p h a b e t i c a l l y  b y  e n t r y  n a r n e  w i t h i n  t h a t  f  u n c t i o n .

The presenta t ion  o f  each a lgor i thm is  d iv ic lec l  in to  i t s
major  computa t iona l  s teps ;  the  fo rmulas  nocessary  fo r  each
s t e p  a r e  s u p p l i e d .  F o r  t h e  s a k e  o f  b r e v i t y ,  t h e  n e e d e d
c o n s t a n t s  a r c  n o r m a l l y  g i v e n  o n l y  s y m b o l i c a l l y .  ( T h e

a c t u a l  v a l u e s  c a n  b e  f o u n d  i n  t h e  a s s e m b l y  l i s t i n g  o f  t h e
s u b p r o g r a m s . )  S o m e  o f  t h e  f o r m u l a s  a r e  w i d e l y  K n o w n ;
those tha t  a re  no t  so  w ide ly  known are  der ived  f rom more
common fo rmulas .  The process  lead ing  f  rom the  common
f o r m u l a  t o  t h e  c o m p u t a t i o n a l  f o r m u l a  i s  s k e t c h e d  i n
enough de ta i l  so  tha t  the  der iva t ion  can be  recons t ruc ted
by  anyone who has  an  unders tand ing  o f  co l lege mathema.
t i cs  a r rd  access  to  the  common tex ts  on  nurner ica l  ana lys is .  U

A l l  a p p r o x i m a t i o n s  w e r e  d e r i v e d  b y  t h e  s o - c a l l e d  " m i n i m a x ' ,
methods .  The approx imat ion  sought  by  these methods  can
be charac ter izer l  as  fo l lows.  G iven a  func t ion  f (x ) ,  an
i n t e r v a l  / ,  t h e  f o r m  o f  t h e  a p p r o x i m a t i o n  ( s u c h  a s  t h c
ra t iona l  fo rm wi th  spec i f  ied  degrees) ,  and the  type  o f  e r ro r
t o  b e  m i n i m i z e d  ( s u c h  a s  t h e  r e l a t i v e  e r r o r ) ,  t h e r e  i s
n o r m a l l y  a  u n i q u e  a p p r o x i m a t i o n  l o  f ( x ) w h o s e  r r r a x r m u m
e r r o r  o v e r  /  i s  t h e  s m a l l e s t  a m o n g  a l l  p o s s i b l e  a p p r o x i m a -
t i o n s  o f  t h e  g i v e n  f o r m .  D e t a i l s  o f  t h e  t h e o r y  a n d  t h e
v a r i o u s  m e t h o d s  o f  d e r i v i n g  s u c h  a p p r o x i m a t i o n  a r e
prov ided in  the  re fe rence.  OThe accuracy  f  igures  c i ted
t a k e  r o u n d ' o f f  e r r o r s  i n t o  a c c o u n t .  M i n o r  p r o g r a m m i n g
t e c h n i q u e s  u s e d  t o  m i n i m i z e  r o u n d - o f f  e r r o r s  a r e  n o t
descr ibed here .

/:\
9Any  o f  mode rn  numer i ca l  ana l ys i s  t ex t s  can  be  used  as  a  r e fe rence .

Such texts are A.  Ralston's A First  Course in Numerical
Ana l ys i s  (McGraw-H i l l  Book  Company ,  I nc . ,  New  yo rk ,  1965 ) ,
and C. T. Fike's Computer Eraluation of Mathematical Functions
{P ren t i ce -Ha l l ,  I nc . ,  Eng lewood  C l i f f s ,  New  Je rsev ) .
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Genera l  Func t ion
Ent ry

L|ame Def  in i t ion
A i  g r r  rnen ts Fr " rnc t ion  Va lue  Retur r red

_l:lj1ry j l To"C Tvpe lR;"s'e-
A b s o l u t e  v a l u e I A B S

A B S
DABS

1 I N T E r - : E F l  . 4 A r y  I N I T E { i E R
a r 0 i I n l c f r i

I I T .  T G E R  . 4

I

i

R EAL
R E A L

"a+
' 8

A n y  R E A t -

arqu  mFrn t

R EAI_
R E A L

. A

, 8

M a x i m u r n  a n d
m r n r m l r n r  v a l u e s

M A X O
M A X O
A M A X O
M A X l
AIVIAX 1
D M A X i

m a x ( x r , .  . , x , ,  )
>,2
'>2

> 2
r ' 2

:-> 2

I I . J l ' FG  E  R  ,4

I I \ T E C E R ' 4
I N T E G E R  - 4

A n y  l i r l T E G F R

i l rq l - . i r l l i rn1

IN IT IG  E  i ]
lN  f  F :GEF i
R E A L . 4

, 4
, 4

R E A I -
R E A L
B E A L

' 4
, 4
, B

A n y  R E A L

I  r g l r  r l i  ' i r  t

l N T i a G r R  . 4

R E A i . , . 1
R F N I  ' R

M t N o
I \ l  t lJ0

A N 4 I N O

M I N  1
l\.l\il I N 1

D M I N l

y - m i n ( x , , . . . . x , , ).>?
,a . .?
> 2
)::2
> 2
,''j 2

IN-tEG E R
I I ' ]TEG E R
I N  T E G E R
R E A L . 4
R E A L  , 4

R E A L ' B

r 4

" 4

A n y  l N ' l - E G F R

a l r { J L l t i t c n t

A r t y  R E A L

a r L J i . j n ) e t l t

I  N T E G E  R

INT EG E T-i . A

R F A I  . 1
t . - . _ ' _

I N ' I E t E R . 4
FIEAL - .1

N E A L ' B
f r  u n c a t i o n A I I \ T

I N T

I D I N T

Y  "  ( s r g r r  x )  '  n

w h e r e  n  i s  t h e
l a r g e s t  i n t e q e r : :  l x i

I-t EA L
H E A L
R E A L

. 4

r 4

. 8

A r r y R E A L  " 4
I N I T E G E B
I  N T E G E R

+ 4

, 4

M o d u l o  a r i t h m e t i c r/oD
Atl l0D

D M O D

y .  r e m a r n d e r

X , \

; : )  
,  r h d r  i s ,

y  "  r ,  ( m o d u l o  x ;  )

2
2
?

I N T E G E R ' 4
I ] E A L  , 4

R E A L , B

I N ' I E G E R  ' 4

R E A . L , 4

R E A L . 8

F l o a t F LOAT
D F  L O A I

C o n v e r t  f r < t r n
I  N T E G E  R

t o  R E A L

I

I

I N  I E G E R

I  N T E G E  R

- 4

, 4
A n y  I h I T E G E R

a i g u  m e n t
R E A L
R E A Lx $

F r x I F I X C o r r v e r t  t r o m  R E A I -
t o  l N ' l  E G  F  R

1 R  F A L  " 4 An'7 i lEAt-
a ra lL l r n { t n I

i N T E G E R , 4

' l - rans fc r  
o f  s ig r r I S I G N

S I G N

D S I  G N

y  -  ( s i q r r  x 1  )  . x ,

x '  l 0

) I N T E G E R , 4A n y  l N i  T E G E R

af  uu  l l l r ] i l  i

I N T E G E R  " 4

7
')

R E A L
D E N t , B

A n y  R E A L

a r(lLt lTle n t

R E A L
R F A L

. 4

" 8
P o s i t i v c  t i r f f e r e n c e I D I M

D I M

2 I N I  E G E R  , 4 A n y  I N T E G E R

ar ! lu  ment
I N T E G E R  " 4

2 R E A L  - 4 A n y  R E A L

a r q u  m e n t
R E A L  - 4

O i r t a i n  m o s t

s i q n i f i < ; a n t  p a f t  o f  , .
R E A L  a r q u m e n t

S N G  L R E A L , I J A n y  R E A L

a rq t i  Ine  n  t

R E A L  - 4

Prec is ion  inc rease D B L E R E A L , 4 Any f i  EA L
a r g u f T l 0 n t

R E A L  - B

! l  
- f r  =  t O t ' ' '  ( i  - 1 6 - 6 )  t o r  s i n g t e  p r e c i s i o n  a n d  l 6 6 3  .  ( 1 . 1 6  

-  1  4 )  f  c ,  d o u b t t  p r e c i s i o n .
( !  A t r . r s .  T h r s  n . r m e  c r n  t ; e  u s e c l  I n  p l a c e  o l  t h e  R E A L  "  4  o r  I N T E G E R  . 4  t u n c t r o n  n , r n r e

Figure  27 .  In t r ins ic  Mathemat ica l  Func t ions
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ra l  Func t ion illame Def in i t ion
Arguments Funct ion  Va lue  Returned

N o . Type Range @ Type Range @
a l  a f t o

l f l ' - r  l 0 r l d f i l l i n :

Loc c)
A i . i ) i i
D I ( J C

lod ioA;
A L  O G  1 O
u  L o c  1 0

' l o q  x

{Jr

i i i  x

1
I
I

R E A L  - 4

R E A L  - 4

R E A L , B

x - > 0 R E A L ' 4
l - i E A t - . 4
R E A L  - B

1 80.2 i  B{i i ,s
1 7  4 . 6 7 3

y . .  t o q r o  x R E A L  . 4

R E A L  - 4

R E A L  - 8

x ) ' 0 R E A L
R E A L
R E A L

4

4

B

78 .268dy<
7  5 .859

l f l e n  I i r i l E X P

D i : X P
1

1

R E A L
R E A L

. 4
* $

'180 .218 (x (

1 7  4 . 6 7  3
R E A L
R E A L' B

0 : - : y { 1

,  r o . ) l S Q R  i
{ ) : toR {

r  . / x o r
'.' X i,

1

I

R E A L
R EAL

* 4

- B
X t t ' O R E A L

R E A t

. 4

- B
0 ( y { 1 ,

, i l  l l l

-" " ---+

AT i\ N!

D/\TANJ

! '  3 l  c t an  x 1

1

R EAI .

R E A L

. 4

- 8

A n y  R E A L
Argumen t

R F A L  - 4

( i n  r a c l i a n s

R E A L . 8
( i n  r a d i a n s

- j " u - ' l

I  uos i  n r

I-----t

: i i i \

D S :  N

COS

D C O S

y . s n t x R E A L  * 4
( i n  rad ians )
R E A L  - 8

{ i r r  r a d i a n s )

l x l  < ( 2 r B  . t r l

l x l  ( ( 2 s 0 . n )

REAL ,

R E A L

x Q

*aJ

- ' l  { y ( 1

V  { J O S  X I

1

R E A L  - 4
( i n  r a d i a n s )
R E A L " 8
( i n  rad ians )

l x l  < ( 2 t E

l x l  ( ( 2 ' '

n l

r l

R E A L

R E A L

. 4

' 8

1 ( y < 1

r r r i  t  i

1

I A N I ]

U  T A N H v '  
; ' + e -

I

I

R EAL
R E A L

*4
r $

A n y  R E A L
argument

R E A L
R E A L

* Q

. 8
- 1 < y { 1

l e s
' l  

1 6 ( ' ) . ( 1 - 1 6 ( ' )  t o r  s r n g t e p r e c i s i o n a n r l  . l  
6 6 - l  . ( t - t O - l , l )  f o r  d o u b l e p r e c i s i o n

A l r , r s .  f f r r s  n a n r e  r r : i r y  i ) e  u s e d  i n  p l a r : e  o f  t h e  R E A L  * 4  f u n c l i o n  n a m e .

F igurc  i28 .  Ex ten ta l  Math* r ta t i ca l  Func t ions

Sys tem/3  FORTRAN In t r i ns i c  and  Ex te rna l  L i b ra r y  Func t i ons



Abso lu te /R e la t i veFunct ion  Name Argument  Range

0 .= x .--, 0.5
0 . 5 : . x = 1 , 5
1 .5  :=  x  : :  5 .0

0 \ x = 0 . 5
0 . 5 : .  x  \  1 . 5
1 .5 :-: x ... 5.0

0 : - . x = t . r n  1 . 0

t a r r l . 0 = x = 1 0 0

Q ' ' : 1 a - , r

n \  X : : -1  O0 __
0 = x - . , t a r r 1 . 0

t a r r  1 . 0 : - :  x : .  1 0 0

0 \ x . - . r
n  =  x . :  1 0 0

5  4 1  x  1 0
9 . 2 0 x . 1  0 n
5 . 4 5  x  1 0  /

5 . 5 4  x  1 0  1

8 . 5 3  x  1 0  n

9  1 5  x  1 0  E

I  0 B  x  l 0  '

9 . 5 3  x  1 0  7

l . O 2 x 1 O 1

1 . 1 3  x  l 0 '

2 . 2 3  x  1 O  t '

2 . 1 3  x  1 0  " '

2 . 4 4  x  
' l O  t ' 1

2 . 9 7  x  i 0  ' '

A l r s o l t r  t c

A l r s o l  r ,  i

A l r s t t l t r  f  , :

A l r so  l u  t t ;

A l r s o l t r t t :

A l - r so l u  t e

A L O G

A L O G  1 O

A  f / r r i

R e l a t r v t :

Atrso iu  te

At lso lu  te

3 . 0 6  x  1 0  r l

2 . 6 5  x ' l  0 r 7

5 . 1 3 x  1 0 ' r 7

9 . 0 4  x  1 0 - r  6

5 . 3 7  x  1 0 ' r  ?

6 . 3 8  x ' l  0 r "

5 . 1 1  x  1 0 - r 8

6 . 3 7  x  1 0  I n

7 . 5 4  x  1 0  r 8

8 . 6 1  x  1 0  r ( '

2 . 1 2  x  1 O  t 1

4 . 1 6  x  1 0 ' t E

4 . ' t 4  x  1 O ' t E

1 . 6 6  x  1 0 - r "

1 . 5  1  x  1 0  " '
1 . 0 9  x  1 0  r ( '

1 . 3 4  x  1 0  " '
2 . 6 1  x . l  0 r l
i . 3 6  x  1 0 . " '

l x l  < 1
l x l  {  1 7 0

0 . i 7 7 < . x S O 5
0 . 5 a x < =  1 . 5
1 . 5 = x \ 5 . 0

0 . 1 7 7 - < x S 0 . 5
0 . 5 < x { 1 . 5
1 . 5 { x < 5 . 6

1  . 9 4  x  1 0 - r  7

1  . 4 5  x  1 0 ' r  ?

2 . 0 1  x ' l  0 - r ?

2 . 6 9  x  i 0  r 7

2 . 9 6  x  1 0  r s

i . 1 1 x ' 1  0 r "

D LOG 1O

Absolr- r t t :

R e l a t i v e

0 { x S r , r
n - < x s i 0 0
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The accuracy  o f  an  answer  p roduced by  these a lgor i thms is
in t l r : r :nced by  two fac to rs :  the  per fo rmance o f  the  subpro-
grar r l  and the  accuracy  o f  the  argumerr t .  The e f fec t  o f  an
argu i -nenf  e r ro r  upon the  accuracy  o f  an  answer  depends
upon the  mathern i j t i ca l  f i r r l c i ion  invo lved and nor  upon tne
par t i r :u ia r  cod ing t  r rsed  in  the  subprograrn .

C O N T R O L  O F  P R O G R A M  E X C E P T I O N S  I N  M A T H E -
MA" l ' lCr \L  FUNCTIONS

The F fJRTRAN nra thernat ica l  f  unc t io r rs  were  coded w i th
care fu l  r ;on t r r_ r i  o f  e r ro r  s i iua l ions .  A  resu l t  i s  p rov ided
whenever  the 'answer  i s  w i th in  lhe  range representab le  in
t f ' r c  f loa t ing- l io in t  fo rm.  In  o rder  to  be  cons is ten t  w i th
FOnT RAN cor r t ro l  o f  exponent  over f low/under f  low
excrp t ions ,  the  fo l low ing  typcs  o f  cond i t ions  are  recoq_
n iz r : r i  a lc l  h ; r r rJ led  s+ :para te ly "

Wl - r i : r r  t l i e  n ragn i tude o f  the  func t ion  va lue  is  too  la rge  to  be
represcr r ted  in  t t re  f  loa t ing-po i r r  t  fo rn r ,  the  cond i t ion  is
ca l led  a  te rn i ina l  over f low:  w i - ,e r r  the  maqnr tude is  too
smal l  t .o  r ie  represented ,  a  te rmina l  under f low.  On the  o ther
I ranr l ,  i f  the  func t ion  va lue  is  representab le ,  bu t  i f  execut ion
of  the  chosen a lgor i thm causes  an  over f low or  under f low
in  the  pr t rcess ,  th is  r :ondr t ion  is  ca i led  an  in te rmed ia te
over f  low or  unc le r f  l cw.

Fur rc t ron  subrout rnes  rn  the  FOFITRAN l ib ra ry  a re  coded
to  observe  the  fo l low ing  ru les  fo r  these cond i t ions :

t - Those arqunrer r ts  fo r  wh ich  t l re  answer  can over f low
are  exc luded f rom the  permi t ted  range o f  the
sub roLr t rne .

When the  rnagn i tude c . r f  the  answer  i s  less  than . l  6 '6s
zero  rs  g iver r  as  the  answer .

A , lgor i thms wh ich  can cause an  in te rmed ia te  over f low
have been avo ided.  There fore  an  in te rmed ia te  over_
t low shou ld  no t  occur  dur inq  the  execut ion  o f  a
func t ion  subrout ine  o f  the  l ib ra ry .

4 .  In te rmed ia te  under f lows are  de tec ted  and no t  a l lowed
to  g ive  an  ind ica t ion .  In  o ther  words ,  spur ious
under f low s igna ls  a re  no t  a l lowed.  Computa t ion  o f
the  func t ion  va lue  is  success fu l l v  car r ied  ou t .

5 .  Termina l  over f low cond i t ions  are  screened ou t  by  the
subrout ine .  The argument  i s  cons idered ou t  o f  range
for  computa t ion  and an  er ro r  d iagnos t ic  i s  g iven .

Termina l  over f  low conc l i t ions  are  hand led  by  fo rc ing
a f loa t ing-po in t  over f low except ion .  Th is  p rov ides
for  the  de tec t ion  o f  over f  low in  the  same manner  as
for  an  ar i thmet ic  s ta tement .  Termina l  over f lows can
o c c u r  i n  t h e  f u n c t i o n  s u b r o u t i n e s  E X p  a n d  D E X p .

6 .  Termina l  under f  low cond i t ions  are  hand led  by  fo rc ing
a f loa t ing-po in t  under f low except ion .  Th is  p rov ides
for  the  de tec t ion  o f  under f low in  the  same manner  as
for  an  ar i thmet ic  s ta tement .  Termina l  under f lows
can occur  in  the  func t ion  subrout ines  EXp and
D E X P .

F o r  i m p l i c i t  a r i t h m e t i c  s u b r o u t i n e s ,  t h e s e  r u l e s  d o  n o t  a p p l y .
In  th is  case.  bo th  te rmina l  over f lows and te rmina l  under -
f lows cause respec t ive  f loa t ing-po in t  except ions .

e

Sys tem/3  FORTRAN In t r i ns i c  and  Ex te rna l  L i b ra r v  Func t i ons  ' 173



E X P O N E N T I A L  F U N C T I O N S

EXP,  REAL*4 Exponent ia l  Func t ion  (Modu le  Names EXP,$FOMM,$FOMC)

Argument Reduction

'Acceptab le  Range:  Any  argument  tha t  resu l l s  in  a  lu r rc t io r r  va lu r :1hat  can be  re [ ) resr ]n tec j
i n  R E A L * 4  f o r m a t  i s  v a l i d .  T h i s  r a n q e  i s  a p p r r . r x i m a t e l y :

- 1 8 0 , 2 1 8  (  a r g u m e n t  <  1 1  4 . 6 1  3

Er ror  ConcJ i t ions :  l I  the  argument  i s  too  la rqc ,  t l te  over f low in rJ i r -a to r  i s  : j r j i  on ,  anc l  thc
r e s u l t  i s  t h e  l a r g e s t  p o s i t i v e  R E A L - 4  n u m b e r .  l f  t h e  a r q u m e n t  i s  t o o  s m a l l ,  t h e  u n r . i e r f  l o w
i n d i c a t o r  i s  s e t  o n ,  a n c l  t h e  r e s u l t  i s  z e r o .

Rec luc t ion :  The argument  i s  mu l t ip l ie t l  by  log ,12  (c )  anr l  separa ted  in to  in teqer  anc l  f rac t io r r
a l  p a r t s  f o r  c a l l i n q  t h e  m o d u l e  $ F O t V C ,  w l r r c h  c o m l r u t r : s  R E A L , 4  v a l u e s  o f  2 x .  ( $ F O [ / C
is described in lntpl ici t ly lnvoked Exponentiat ion Subprograms in this chapter.)

Comptttational Method

T h e  r e s u l t  i s  c o m p u t e d  b y  t h e  2 r  r o u t i n e ,  w i t h  x  -  l o g ,  ( e )  .  a r g u m e n t .  T h i s  m e t h o d
c l e p e n d s  o n  t h e  i d e n t i f y :

eargun)ont  =  2 l< tp . r (c )  
.  a rgur l ren t

D E X P ,  R E A , L * 8  E x p o n e n t i a l  F u n c t i o n  ( M o d u l e  N a m e s  D E X P , $ F O M N . $ F O M D )

Arguntent Reduction

Acceptab le  Range;  Any  argument  tha t  resu l ts  in  a  func t ion  va lue  tha t  can  be  represented
i n  R  E A L * 8  f o r m a t  i s  v a l i d .  T h i s  r a n g e  i s  a p p r o x i m a t e l y :

- 1 8 0 . 2 1 8  (  a r g u m e n t  <  1 7 4 . 6 7 3

Error  Cond i t ions :  l I  the  argument  i s  loo  la rge ,  the  over f low ind ica tor  i s  se t  on ,  and the

r e s u l t  i s  t h e  l a r g e s t  p o s i t i v e  R E A L * 8  n u m b e r .  l f  t h e  a r g u m e n t  i s  t o o  s m a l l ,  t h e  u n d e r -

f  low ind ica tor  i s  se t  on ,  and the  resu l t  i s  zero .

Reduct ion :  The argument  i s  mu l t ip l ied  by  log2 (e )  and separa ted  in to  in teger  and

f r a c t i o n a l  p a r t s  f o r  c a l l i n g  t h e  m o d u l e  $ F O M D ,  w h i c h  c o m p u t e s  R E A L * 8  v a l u e s  o f  2 x .
($FOMD is described in lmplici t ly lnvoked Exponentiat ion Subprograrns in this chapter.)

Computational Method

T h e  r e s u l t  i s  c o m p u t e d  b y  t h e  2 x  r o u t i n e  w i t h  x  =  l o g 2  ( e )  ' a r g u m e n t .  T h i s  m e t h o d

d e p e n d s  o n  t h e  i d e n t i { y .

ea-rgunlent :  2 log2 (e) .  argumcnt

1 7 4



L O G A R  I T H M I C  F U N C ' T I O N S

ALOG,  REAL*4 Natura l  Logar i t l rm (Modu le  Names ALOG,  $FOM5,  $FOMI)

Argu m en t R r:cJ u r. t ; ttn

T h e  r a n q e  t e s t i n g  a n d  a r g u m e n t  r e d u c t i o n  a r e  d o n e  i n  m o d u l e  $ F o M 5 ,  w h i r : h  a l s o
cornpLt tes  t l )o  iog2 o f  t l - re  rec lucec l  a rgument .

Acceptab ie  Fange:  The argr rment  must  be  a  pos i t i ve  normal ized  number .  Zero  is  nc t
: rccc ! r tab le  i . )ecause the  loqar i thm o f  zero  is  undef i r red .  Negat ive  numbers  are  no t  accep-
lab le  becausr :  t i re  l cqar i t f rn r  o f  a  negat ive  number  i s  a  compiex  number  wr th  a  nonzero
i m a g i n a r y  p a r r .

Error Condit ior is: l t  the argunrent is zero, the i 'esult  is set to the negative nr,rmber with
the  la rqes t  poss ib le  r r ragn i tude,  anc l  b i t  7  o f  the  FTEST by te  i s  se t  to  1 .  l f  the  argument
r s  n e g a t i v e ,  t h e  l o g a r i t h m  o l  i t s  r n a g n i t u d e  i s  c o m p u t e d ,  a n d  b i t  7  o f  t h e  F T E S T  b y t e  i s
l j e t t o 1 .

Reduction; Thcr arguff iertt  is separatecl into two parts, c 'and rn',  These are computeci fronr
the  charac ter is t i c  and the  mant issa  o f  the  argument ,  c  and m respec t ive ly ,  as  fo l lows:

c ' = 4 ( c - 6 4 )  - a - ' / ,

m t  =  , r n i  . 2 t '

where  a  i s  t i re  nurnber  o f  lead lng  zeros  in  m.  Th is  p roduces  c 'and m'such tha t :
-259r i  <  c '<  25 i  l , i

% { n r ' {  I
The anEument  ( represent ing  the  number  16(c -64)  . lm l )  can  a lso  be  represented  as :

2 c  . , [ 2 ' m '

Computatronal Method

T h e  l o g 2  o f  J  2  "  m ' i s  c o m p u t e d  u s i n g  t h e  p o l y n o m i a l  a p p r o x i m a t i o n :

tos2  r t2 .n , ' ;  . -  4=  t - ! ) .1  
o ,  *  o ,  (z ( i I - -  ' r . zn l \1

nt  /2  +  J  2 /4  1  
' - "  r r  

\m ' l2  I  J2 /4  /

,  r ) )  
2 ( m '  -  J 2 l 2 l \ 1  / 2 ( m '  -  J 2 / 2 \ \ 6 1
; 1 2 * 1 y o ) + o t  \ ; t z , t z u ) \

The log2 o f  the  ar i . iument  i s  then c '+  logz  l t2  .  m ' l  so  the  resu l t  can  be  computed as :
log" (argument )  

=  
'on , , (Z)  .  log2  (a rgument )

l o S " ( Z l  .  ( c '  +  l o g ,  ( , . r 2  .  m ' ) )
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ALoG10,REAL"4  Base 10  Losar i thm (Modu le  Names ALoG10,$FOMK,$FOM5)

Argument Reduction

ldent ica l  to  ALoG,  inc lud ing  the  acceptab le  range and er ro r  cond i t ions .

Computational Method

ldent ica l  to  ALOG except  fo r  the  las t  s tep ,  wh ich  is :
l o g l  e ( a r g u m e n t )  =  l o g ,  o ( 2 )  .  ( c ' +  l o s z  ( . / 2  . m ' ) )

T h e  o n l y  d i f f e r e n c e  f r o m  t h e  c o m p u t a t i o n  o f  A L O G  i s  t h a t  l o g , o ( 2 )  i s  u s e d  i n s t e a d  o f
l o g "  ( 2 ) .

DLOG,REAL*8 Natura l  Logar i thm (Modu le  Names DLOG,$FOMJ,$FOM6)

Argument Reduction

The range tes t ing  and argument  reduc t ion  are  done in  modu le  $FOM6,  wh ich  a lso  computes
the  log2 o f  the  reduced argument .  The acceptab le  range,  e r ro r  cond i t ions ,  and reduc t ion

are  ident ica l  to  those fo r  ALOG,  except  tha t  the  reduced mant issa  occup ies  7  by tes
ins tead o f  3 .

Computational Method

T h e  l o g 2  o f  J  2 .  m ' i s  c o m p u t e d  b y  t h e  s a m e  m e t h o d  a s  f o r  A L O G ,  u s i n g  a  s e v e n t h
order  po lynomia l  ins tead o f  a  th i rd  o rder ,  as  in  ALOG,  to  ach ieve  the  accuracy  requ i red .
The log" (argument )  i s  then computed as :

l o g " ( a r g u m e n t )  =  l o g " ( 2 )  '  ( c '  +  l o g ,  ( J 2  '  m ' ) )

DLOG10,REAL"8  Base 10  Logar i thm (Modu le  Names DLOG10,$FOML,$FOM6I

Argument Reduction

ldent ica l  to  DLOG,  inc lud ing  the  acceptab le  range and er ro r  cond i t ions ,

Computational Method

ldent ica l  to  DLOG except  fo r  the  las t  s tep ,  wh ich  is :
l o g l  e ( a r g u m e n t )  =  l o g l  o  ( 2 )  .  ( c '  +  l o g ,  ( , / 2  .  r ' ) )

The on ly  d i f fe rence f rom the  computa t ion  o f  DLOG is  tha t  log lo (2)  i s  used ins tead o f

l o g " ( 2 ) .

1 7 6



T R  I G O N O M E T R  I C  F U N C T I O N S

Sl  N/COS,  R EA L*4  S ine /Cos ine  (Modute  N ames S l  N.COS,$FOM 1,$FOM3)

Argument ff edLtt:tion

Acceptab le  Range:  The s ine /cos ine  rou t ine  accepts  normal ized  arguments  in  the  range
l a r g u r n e n t l  { n  . 2 t E  =  8  .  1 0 s

and zcro .  Argurnenf -s  r - iu ts ide  th is  range are  no t  accepted  because they  are  no t  p rec ise
enough tc  y ie ld  a  n rear r ing fu l  resu l t  a f te r  the  argument  i s  reduced to  the  pr inc ipa l  range.
T h i s  r a n g e  l i m i t  i i  r i o t  c l u e  t o  a  l i m i t a t i o n  o f  t h e  a l g o r i t h m  u s e d .  R a t h e r ,  i t  i s  a
consequence o f  lhc  per iod ic i ty  o f  the  t r igor romet r ic  func t ions  and the  representa t ion  used
for  R EAL*  4 .  nurn l te rs .

Er ror  Cont l i t io i l s -  l f  an  argument  i s  ou t -o f - range,  a  zero  resu l t  i s  re tu rned,  and b i t  6  in
the  F  l -ES- i  i , y f i :  i s  se1  to  1 .

Reduct ic t t :  l -he  arg i ; t r ten t  i s :epara ted  in to  two par ts  a f te r  mu l t ip ly ing  i t s  abso lu te  va lue
[ ry  4 ln .  Le t  q  be  t l re  in teger  par t  o f  the  resu l t ,  and r  be  the  f rac t iona l  par t  o f  the  resu l t .
l f  x  i s  t h e  a r q u r n t ;  r l t

l s i n  1 , ,  .  ,  \ r u ) ,  , ?  ,  , 4 , , ,  l s i r r  1 ,  n
i " o r l  t ' * i ,  -  

i . u ,  I  l A  | x l  ' ( - l ) l  =  
1  . o . l ( ;  

( o  +  r ) l

Negat ive  ar i lu fnents  d re  t rea tec i  by  add ing  4  to  q  i f  the  func t ion  des i red  is  S lN,  s ince
s i n  ( - x i  ' =  s i r r { x  +  n )  . ' s i r . ( x  +  4 ( * ) ) .  N o  c h a n g e  i s  r e q u i r e d  f o r  C O S ,  s i n c e  c o s  ( - x )  =

c o s  { x }

The cornp . r ta t ion  o f  COS is  t rans formed in to  the  computa t ion  o f  S IN by  add ing  2  to  q ,
s i n c e c o s  ( x )  -  s r r ,  { "  t  f  f  =  s i r r  ( x  + Z t [ D
Let  qo  == r l  mod 8 .  

z

l h e n ,  t o r  9 ,  .  0  s , , r  i x i  -  s i n  ( f  r . )  ,

r t o - -  t , s r r r  ( x )  . . . . t  ( {  ( 1  -  r D ,

q o  -  2 , s i n  ( x )  =  
" . r  

( {  . r )  ,

r l i i  - . 3 , s i r r  ( 1 !  =  t ' "  ( {  { r  -  r ) )  ,

' ' ) ,

{ r - r } ) ,

. , )

{ r - r ) ) ,

These fo rnru las  rec iuce  each case to  the  computa t ion  o f  e i ther  s in  (+  '  , t )  o r .o ,

( I  .  r , )  ;  r , v h e r e  i ,  i s  e i t h e r  r  o r  ( 1  -  r ) ,  a n d  i s  w i t h i n  t h e  r a n g e ,  0  {  1 1  (  1 .

e p  =  4 . s i n  ( x )  =  - r , " ( {

q o  -  5 , s i r '  ( x )  -  - . " t ( {

r l o  =  6 , s i n  ( 1 )  =  - * r ( {

t i o  =  7 ,  s i n  ( x )  =  - r ' " ( {

I
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Computational Method

.  t l l  \
s in  ( ;  '  r r )  i s  compu ted  by  a  oo l ynomia l  o f  t he  f o rm :

r ' "  ( +  " r r )  = 1 1  ( a s  +  a r r 1 2  + d 2 r 1 4  * a 3 r r 6 ) .

/ n  \cos ( ;  '  r r )  is  conrputed by a polynomial  of  the form:

/ T  \
c o s  ( 7  

'  t t )  =  1  + b r r r 2  + t t z t r a  + b g r r 6  + b + r t 8

These po lynomia ls  a re  computed by  ca l l ing  modu le  $FOM3.

ATAN,  REAL*4 Arc tangent  (Modu le  Names ATAN,$FOME)

Argument Reduction

Acceptab le  Range:  Any  argument  i r r  the  range representab le  in  REAL*4 fo rmat  i s  va l id .

Error Cond itions.' None.

Reduction: The magnitude of the argument x is used to determine two numbers. A and

Z.  as  fo l lows:

f o r t a n  ( 0 ) ( l x t a , . "  ( - f t ) , A  = 0 ,  z  =  l x l  - t a n  ( 0 )  =  i x l

t / 7 1  \  t ? n t ,  / 7 1  \
f o r t o n ( G )  < l x l  ( t a n  ( f t ) ,  A =  n / 8 , 2 =  l x l  -  t a n  ( t )

t ? n : ,  1 6 z r  / 7 1  \
for  tan ( ,=u)< lx l  (  tan ( ;C)  ,  A = n/4,2 = ix l  -  tan ( ; )

rSn . .  / 7n \  /  3n1
f o r t a n  ( f t ) < t x l ( t a n  ( * ) ,  A = 3 n / 8 , 7 = 1 x l  - t a n  ( - /

/ J r \  / 1 t \  ^  1
f o r  t a n  ( C / <  l x l  (  t a n  

\ ;  )  , A =  n / 2 ,  z  =  -  
t x l

Computational Method

Let  y  =  tan- t  ( l x l ) .  Then,  us ing  the  fo rmula  fo r  the  tangent  o f  the  d i f fe rence o f  two

ang les ,  the  fo l low ing  ident i t y  can  be  der ived :

y = A + r . n t l - t ? n ( A )  
- t a n ( Y ) \  

"  ' '  /  z  
- \

1, *.ui lny;ff f i /  
= A + tan - 

\ . lElt iAi-. ' ' t ."6i/

This  fo rmula  is  used fo r  A  =  , ,+ ,+ ,o r f f ,  w i th  the  arc tangent  be ing  approx imated by

the  po lynomia l

t a n ' l  ( R ) =  R  ( p o  + p r  . R 2  + p z  . R a  + p r  . R u )

t " ' o  = ( ; ) , s i n c e  t a n ' r  { r x r ) = ( { ) +  t a n  '  ( -  * ) , t n .  
r o r n r u l a  i s

y = A + t a n ' t  ( z )

F ina l l y ,  i f  the  argument  was negat ive ,  the  resu l t  i s  made neqat ive ,  because tan ' l  ( -x )  =

-  ta r r - r  (x )

r 7 8



DSIN/DCOS, R EAI_*8 Sine/Cosine (Module Names DSIN, DCOS,$FOMZ,$FOM4l

Argument Reduction

Acceptab le  Range:  The prec is ion  ava i lab le  in  REAL*8 var iab les  a l lows an  acceptab le
range o f  a rgurne i r ts  o f  normal ized  va lues  in  the  ranqe

i a r g u m e n t l  1 n  , 2 s  o  =  3 . 1 g t s
and zero .  See the  descr ip t ion  o f  S IN/COS fo r  a  c l i scuss ion  o f  the  reasons  fo r  th is  ranqe
l i m i t .

Error Condit ions. Same as SIN/COS.

Reduct ion :  Sar -ne  as  SIN/COS except  tha t  the  reduc t ion  is  car r ied  ou t  in  REAL*8 ar i th -
met ic .

Computational MethorJ

.  / E  \
s r n  ( -  

.  r r f  i s  c o m p u t e d  b y  a  p o l y n o m i a l  o f  t h e  f o r m :
'  / T (  \

s i n  ( 7  '  t , )  r ,  ( a , r , 2  + a z r t 4  + a : r r 6  + a q r t 8  + a s r r l o  + a u r , t ' )

/ 7 1  \cos 
t?-  

r r f  is  computed by a polynomial  of  the form:

. o r  ( |  .  r , )  =  1  * b r r r 2  + b z r r 4  + b s r r 6  * b q r r 8  + b s r l t 6  l b o  r r t ,  t b r r , t 4
\ 4  ' l

These  po l ynom ia l s  a re  eva tua ted  by  ca l l i ng  modu le  $FOM4.
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DATAN. REAL*8 Arctangent (Module Names DATAN,$FOMFI

Argurnent Reduction

Acce l t tab le  Range:  Any  argument  in  the  range representab le  in  REAL*8 fo rmat  i s  va l id .

Error Conditions.' None.

Beduct ion :  The magn i tude o f  the  argument ,  x ,  i s  used io  de termi r re  two numl )ers ,  A  and

Z,  as  to l lows:

f c r  t a n  ( 0 ) {  t x l  a , . " ( # ) ,  A  =  0 ,  z  -  l x t  - t a n  ( 0 }  =  t x l

.  / I t \  t S n t  n  /  7 I \
t o r  t a n  ( ^ )  (  l x l (  t a n  ( ; )  , o -  i  , ,  l x l  -  t a r r  (  ' o )

u  ? r  rt , ' , t a n ( f r )  ( r x r  ( r a n  ( + )  A = +  , z - r x l  - r a n  ( + )
/ n  \  / 7 n \  ^  3 r  / 3 n rr o r  t a n  
\ t /  

s  l x l <  t a n  (  z o  /  , A  =  
m  . 1  - l x t  -  t a n  \ m /

.  / 7 T \  r Q n t  ) t  / 2 n 1f o r t a n ( ; o )  ( t x t ( t a n  ( ; , )  , A -  5  , z = r x t  - r a n  ( ? )

/ g f i \  / T  \  n  1
f o r t a n ( ; )  < l x l ( t a n  ( ; )  , ^ - ;  , . = - ;

Computational Method

The computa t ion  is  by  the  same method as  fo r  ATAN,  except  tha t  the  po lynomia l

approx imat ion  fo r  tan- r  i s

t a n - t  ( R ) - R ( p o + p ,  . R 2  + p z . R a + p :  " R 6 + p o  " R 8 + p s  . R r o + p o ' R r 2  + p r ' R t o )



S O U A R E  R O O T  F U N C T I O N S

SORT.  REAL+4 Square  Root  (Modu le  Names SORT and $FOMG)

Argurnt 'nt Reductton

Acceptable Range: Tlre square root routine successful ly computes the square root of
any  nonr ie ( la l i ve  n ' r rn l ;e r  representab le  in  R EAL*4  fo rmat .  Negat ive  numbers  are  ou t -
o f - ra r rge  s ince  the  s ( luare  foo t  o f  a  negat ive  number  i s  imag inary .

Er ror  Cand i t ions :  l l  i he  a r l lu i -nent  i s  negat ive ,  b i t  5  in  the  FTEST by te  i s  se t  to  1 ,  and the
square  roo t  o {  the  arqunten t ,s  magn i tude is  taken.

Rec luc t ion-  l f  the  arc . ;u rnent  i s  zero ,  a  zero  resu l t  i s  re tu rner l  immedia te ly .  Otherw ise ,
t l - re  charac le r is t i c  o f  t i t c  a rgL l rnent  i s  tes ted .  l f  i t  i s  even,  no  change is  made to  the
mant rssa .  l f  i t  i s  odd,  t l i e  n rar r r i ssa  is  d iv ided by  . l  6 .  A  c l i v ide  ins t ruc t ion  is  no t  used to
per fo rm th is  r l i v i s ron ;  the  o1 , i : ia r rd  i s  sh i f ted  bv  add i t ions .

Computatiotral Method

The charac ter is t i c ,  c ,  o f  the  resu l t  i s  computed as :
c ( resu l r )  =  c (ar , . ]ument l /2  fo r  c (a rqument )  even
c ( r e s u l t )  "  ( 1  +  c i ; r g u m e r r t ) ) / 2  f o r  c ( a r g u m e n t )  o d d

The mant issa ,  m,  i r f  t l re  resu l t  i s  the  square  roo t  o f  the  mant issa  o f  the  reduced arqumenr .
E lecause:

1 /256 { .  m( re t luced drgurnent )  <  1 ,
1 / 1 6  < * n r ( i . e s L i l t ) (  1 ,

a n d  t h e  r e s u l t  i s  t h e r e f o r e  a  n o r m a l i z e d  R E A L * 4  n u m b e r .

Th is  method re f lec ts  t t re  ident i t ies :

r  l '  I  r  t  - ' r  ' '

[_1oc(arsument )  
.  m(argum"nt ]_ l  =  

l_16, r " ' surncnt t  - l  
.  

[  , .n {a rgrm.nr ) l  fo r  c (a rgument }  even

r  l ' .  f  - Y .  7  . - 1 . / ,

|  
1 6 t ( " t e u , n " " t )  ' m ( a r g u m e n t ) . i  = i  

L t o t *  
! ( " r c u r n u n t ) l  . L . ( u , n r - . n t ) / i 6 l  f o r  c ( a r g u m e n t )  o d d .

The square  roo t  o f  the  reduced mant issa  is  computed by  a  ser ies  o f  success ive  subt rac-
t ions ,  w i th  eacn se t  o f  sub t rac t ions  de termin ing  one hexadec imal  d ig i t  o f  the  resu l t
f rom two hexadec imal  d ig i ts  o f  the  argument 's  reduced mant issa  and remainder  ( i f
anV)  and the  resu l ts  f rom the  prev ious  se ts  o f  sub t rac t ions .  Th is  method is  s im i la r  to  tne
normal  met l iod  fo r  the  hand ex t rac t ion  o f  square  roo ts .  A t  the  comple t ion  o f  the
subt rac t ions ,  a t  leas t  21  b inary  d ig i ts  o f  the  resu l t  a re  cor rec t .  A  cor rec t ion  to  the  las t
b inary  d ig i ts  i s  cornputed  and app l ied  i f  necessary .

Accuracy

The method produces  the  cor rec t  resu l t  in  the  charac ter is t i c  and the  cor rec t  resu t t .
rounded to  6  hexadec imal  t j i g i t s ,  fo r  the  mant issa .

Sys tem/3  FORTRAN In t r i ns i c  and  Ex te rna l  L i b ra r y  Func t i ons  181



DSORT, REAL*8 Square Root  (Module Names DSORT and $FOMHI

Argument Reduction

ldent ica l  to  that  for  SORT except  that  the argument  is  in  REAL*8 format .  Acceptable
range and out-of - range act ion are the same.

Computational Method

ldent ica l  to  SORT except  that  14 hexadecimal  d ig i ts  are developed in the resul t  mantassa,
and the subtractions are carried out only to the precision necessary at each stage in the
development  of  the resul t  mant issa.

Accuracy

The method produces the correct result in the characteristic. and the correct result,
rounded to 14 hexadecimal  d ig i ts ,  for  the mant issa.

t82



H Y P E R B O L I C  T A N G E N T  F U N C T I O N S

TANH.  RHAL*4 l " i yperbo l i c  Tangent  (Modu le  Names TANH,$FOMO,$FOMM)

Argument llecluction

Accept tab le  f la r tge :  An ' ; r  nurnber  representab le  in  REAL*4 fo rmat  i s  acceptab le .

E rror Concl r tiriris.- Norie.

r 9 e d u c t i o n - ' N o n e .

Co n t p u ta ti o n a t lvk-' t lt o ti

l n  t f i e  r a n - r ; e  l x l  { r . 5 5 ,  t a n h  x  i s  c o m p u t e d  w i t h  t h e  a p p r o x i m a t i o n :

t u n h ( x )  . -  x  ' [ i  .  r 2  - ( , . ,  - -  { - - - - - -  } ]
c - z  * c :  ' x -

I n  t h e  r a n g e . 5 5  {  r x l  <  9 . 0 6 2 5  t h e  a p p r o x i m a t i o n  i s :

r a r r h ( x )  ) c i , r i  ( , r i  5 - . 5  ( = * -  - f ) l- i

L .  
. 1 5 + . 2 3  

I  I

w h e r e  z  - .  e 2  1 i , ' . 1  l n  j  -  x )

T h e  R E A L . T [  e ; < p o n e n r r a l  m o r l u l e .  $ F O M M ,  i s  u s e d  t o  c o n t p u t e  e 2  l x l

F o r  i x l  <  9 . 0 6 2 5 ,  t r i i i f r { x )  =  s i g r r  ( x }  .  1 . 0

DTAN [ '1 ,  R  EAL *  I  i ' l yperbo l i c  Tangent  (Modu le  Names DTANH,$FOMP,$FOMN )

Arguntent Reduction

Acceptab le  Hange:  Anv  r rumber  representab le  in  REAL*8 fo rmat  i s  acceptab le .

Error Conditrols. [ ' jc irre.

Reduction: $)one

Computational Method

In  the  range ix1  ( .55 ,  tanh x  i s  conrputed  w i th  the  approx imat ion :

l - .  ,  I  c o * x 2 ( c , + c r x ' )  l l
tanh (x) : '  x .  i  

' l  -  x '  {- ; ts-- ' ;*-#.} |
i  ( d 6 + x ' ( d 1  + x - ( d 2 + x ' l l ,  I

I n  t h e  r a r r q e  . 5 5  (  l x l  " : 2 1  . O ,  t h e  a p p r o x i m a t i o n  i s :

tanh (x)  ,=  s isn (x l  I  u  -  o  f  ; j  "^  
-  r ) l

L  \ . t 3 + . z c z  / )

w h e r e z  - e 2 ( 1  1 2  l n 3 - l x l )

The REAL"8  exponer r t ia t ion  modu le ,  $FOMN,  is  usec l  to  compute  e2  lx l

F o r  l x l  >  2 1 . A ,  t a n h  ( x )  =  s i g n  ( x )  .  i  . 0 .
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IMPL IC ITLY  TNVOKED EXPONENTIAT ION SUBPROGRAMS

$ron/lz, subprogram for lx*J (Module Name $FoM7, secondary Entry point #FoM7)

Argument Reduction

Acceptable Range: Any pair of arguments for which the result does not exceed the
integer  range is  va l id ,  except  that  |  = 0 and J (  0 are inval id .

E r r o r c o n d i t i o n s . ' l f  l = 0 a n d J < 0 , b i t 3 i n t h e F T E S T b y t e i s s e t t o l , a n d a r e s u l t o f
zero is  returned.  No indicat ion is  g iven i f  the resul t  exceeds the in teger  range.  This range
i s :

-  23 r  < Resul t  (  23r  -  l  for  In teqer  *4
-  2 t  s  <  Resu l t  (  2 t s  -  1  f o r  I n te le r  *2

Reduction: No reduction is performed other than the check for invalio arguments.

Computational Method

Five special cases are checked first:
l f  |  =  0,J )  0,  the resul t  is  zero.
I t  |  +  0,  J  = 0,  the resul t  is  1.
l f  |  =  1,  the resul t  is  I  for  any J.
l f  |  =  - '1 ,  the resul t  is  -1 for  J  odd,  + 1 for  J  even.
I t  |  +  1,  J  (  0 , the resul t  is  zero.

l f  none of  these specia l  cases ex is ts ,  J  is  posi t ive and the resul t  is  computed as fo l lows:
set  a par t ia l  resul t  equal  to  l ,  then scan J for  i ts  le f tmost  b i t  having the value 1.  For
each b i t  posi t ion in  J  to the r ight  of  the le f tmost  1 b i t ,  square the par t ia l  resul t ,  and i f
the b i t  is  a 1,  mul t ip ly  the par t ia l  resul t  by l .  This  method is  based on the ident i ty :

f J  =  l ( t : o  
. z 3 0  +  j 2 e . 2 2 e  + + j o . 2 o )

'  '  ( l j o ; z o( j : o  yz  eo  .  ( f i z , t  yz2e

( ( . . . 1 1 1 : o 1 2 . 1 j z e y zt '

where J indicates the b i ts  of  J ,  wi th Js being the r ightmost  b i t .  The par t ia l  resul t  be-
comes the final result when all the bits of J are processed. The method is the same for
INTEGER*2 operands,  except  that  the operands conta in fewer b i ts ,  and a secondary
entry point to the module is used. The compiler uses the entry point #FOM7 when J is
INTEGER*2,  regardless of  the length of  l .  I  is  a lways in  INTEGER*4 form for  th is
module as a resul t  o f  the automat ic  extension of  INTEGER*2 to INTEGER*4 when the
register  is  loaded before th is  module is  invoked.

Accuracy

The result is exact. provided that the result does not exceed the allowable range.

l l o
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$FOM8,  Subprograrn  fo r  A**J  (Modu le  Name $FOM8)

Argument Reductictn

Acceptab ie  f ia r rge :  Ar ry  pa i r  o i  a rqumerr ts  tha t  p roduces  a  resu l t  representab le  in  REAL*4
format  i s  acr - :ep tab le .  excep l  t l ' ra t  a rqument  pa i rs  fo r  wh ich  J  i s  negat ive  and the  resu l t ' s
m a g n i t u d e  i s  i *  t f r r . ;  r a n g e  [ 1 6 - 6 s , ( 1 6 6 3  ( 1 - 1 6 - 6 ) ] - t  I  a r e  n o t  a c c e p t a b l e .

Er ror  Cond i t ions .  l t  A  =  0 .0  and J  (  0 ,  b i t  2  o f  the  FTEST by te  i s  se t  to  1 ,  and the
resu l t  i s  se t  to  0 .0 .  Other  ou t -o f - ranqe cond i t ions  are  hand led  as  fo l lows:

1 . 0 l A l  >  1 . 0

J > 0 Over f  low Ind ica tor  On

l R e s u t t l  =  1 6 6 3  ( i - 1 6 6 )

i A l

Unc le r f  low I  i rd ica tor  On
Div id r :  ( ih , r i l (

l r rc l i ca to r  0n  O
i  F{esu l  t i  , .  1  .0

O tno  i esu l t  o l  1 . 0  r s  r l ue  t o  a  d i v i s i o r . )  o {
unt ier f  iow when A lJ l i .  .o-put"o.

Over f low ind ica tor  On

l R e s u t t l  =  [ 1 6 6 3  ( 1 - 1 6 - 6 ) ]  
- t

1 .0  by  t he  ze ro  r esu l t i ng  f r om the

Reduct ion :  l . Jo  re t luc t ion  is ; le r fo rnred  on  the  arguments  a f te r  the  tes t  fo r  A  =  0 .0

and .J ( 0.

Computatiortal Method

The ar.c;uments i l rc tesled for these special cases:
l f  A  =  0 .0  anc i  J  )  C ,  the  resu l t  i s  0 .0
l f  J  =  0 .  the  resu l t  i s  

' l  
"0

Otherw ise ,  A" " i . J l  i s  comoLr ted  us ing  the  same method as  fo r  in tegers  in  $FOM7,  except
t h a t  R E A L " 4  a ; i t h m e t i c  i s  r . r s e d  f o r  t h e  m u l t i p l i c a t i o n s .  T h e n ,  i f  J  w e r e  n e g a t i v e ,  t h e
rec ip roca l  o f  the  resu l t  i s  taken.  l f  J  i s  l l . lTEGER*2,  i t  i s  ex tended to  INTEGER*4 by
the  ins t ruc t ion  tha t  ioads  J  be f  o re  th is  n rodu le  i s  invoked.

$FOM9, Subprogranr for D**J (Module name $FOM9)

ldent ica l  to  $FOM8 fo r  A**J  except  tha t  the  ar i thmet ic  and resu l ts  a re  REAL*8 and
t h e  r a n g e  l i m i t  o f  t h e  r e s u l r  i s  [ 1 6 6 3  ( 1 - 1 6 o 4 ) ] - r  w h e n  J ( 0 a n d  l D l  <  1 . D 0 .

LJr i r i r : r - f  low I  nc l i r :a to r  Or r

i R e s u l t l  =  0  0
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$FOMA,  Subprogram fo r  A**B (Modu le  Names $FOMA,$FOMs"$FOMC)

l f  A  i s  r r o t  R E : A L , 4 ,  t l t c  c o n r p i l c r  i r r s t : r t s  i r i s i r t r r : l i o r r s  t o  c ( ) n v ( ] r t  A  t o  R E A L ' 4 l o r r r t a l

b e l o r c $ F O M A i s i r r v o k t : t l -  T l r r r s , $ F O M A i t s c l l  r : r - r r i r l i r r t c s o r r l y ( R F A t  , 4 ) , , ( R F A L , 4 )

ArQ r rtnt:t t t R txl t tc t t o n

At : t : t tp ta l t le  Rat tg l t l .  For  A  - . - "  0 ,  t f rc  v l luc  o f  B  nr r r : ; t  l ) r ( ) ( lucc  ; r  rcs r r l l  rc l r r t : s r :n la l r l c  in
R E A L , 4  i o r n r a t .  F o r  A  0 . B  r n r r s t  l r t :  t 1 r r : a t e r  t h a r r  z r : r o .  A { 0  i s  i r r v a l r r l .

Er r r , t r  Conr l i t ions :  11  A - : '0  a r r r l  t l re  resu l t  i s  l r - ro  la r t ; t : ,  t l r c  ovur f  low i r r r l i r :a to r  i s  t r r r r r r :< l
o n  a t t t f  t h e  t c s t r l t  t s  s c l  t o  l h r :  l i i r r p s t  l r o s i t r v c  R E A L ' 4  r r u r n t r c r .  l t  A  >  O  a r r t l  t h t :  r c s u l l

i s  t r r o  s n r a l l ,  t h e  t t r t t l c t f l o w  i r r r l i c a t o r  i s  t t r r r r c t l  o n  a r r t . l  t h t :  r r : s t r l t  i s  s u r  t o  z c r o .  l f  A  0
a r r t l  B  r s  r ) c g a t i v e .  l r i t  1  i n  l h e  F T E S T  l r y t t :  i s  s r ) t  t o  1  ; r n t i  t h c  r e s L r l t  i s  s e t  t o  r c r ( ) .  l f
A  - -  0 ,  b i t  7  i r r  t h c  F T E S T  [ r V t r :  i s  s r ] t  t ( )  I  a r r t i  t l r c  a l r s o l u l t :  v a l u c  o l  A  i s  u s c r l .  l r r  t h r s
casr : ,  u t t t l c r f low or  over l low r :an  a ls t>  0 r ;cur  r {  th t :  r r :s t r l t  i s  t r io  s rna l l  o r  t ( )o  la rqc ,
r e s l x ) c t i v e l V ;  t h c  r c s u l t s  a r r :  l l r r :  s i l t n e  i t s  f r t r  A . , . u _

Reduct ion :  No rc t luc t ion  rs  tx : r fo r rn r : r l  i r r  l i r i : ,  rno t lu lc .

Con pu ta t iorta I Me thotl

The method is  l ras r :c l  o i r  th r  i t l cn t i t v

4 t r  -  2 b  
. l o g 2 : r

T h e  R E A L - 4  l o q ,  m o d r i l e ,  $ F O M 5 ,  r s  c a l l e d  w i t h  A  a s  t h e  a r g u r n e n t .  T h e  r e s u l t  i s

m u l t i p l i e d  b y  B  a n d  p a s r e c l  a s  t h e  a r g u r n e n t  t o  t h e  R E A L " 4  2 ^  m o r j u l e ,  $ F O M C .  T h i s

resu l t  i s  then re lu r r - rec l  as  thc  resu l t  o f  thc  e rnor r ln t ia t ron .

$FOMB,  Subprogranr  fo r  A**B (Modu le  Names $FOMB,$FOM6,$FOMD)

l f  A  i s  R E A L " 4 , , r r  i f  t J  r s  I N T E G E R . 2 ,  I N T E G E R * 4 ,  o r  R E A L * 4 ,  t h e  c o m p i l e r  i n s e r t s

i n s t r u c t i o n s  t o  c o n v e r t  t h e m  t o  R E A L * B  f o r m a t  l r e f o r e  $ F O M B  r s  i n v o k e d .  T h u s ,

$ F O M B  i t s e l f  c o m p u t e s  o r r i y  ( R E A L - 8 )  * + ( R E A L * 8 ) .

Argument Reduction

The range,  e r ro r  cond i t ions ,  and argument  reduc t ion  are  ident rca l  to  those fo r  the

R f { l * { { * * B  m o d u l e ,  $ F O M A ,  e x c e p t  t h a t :

The resu l t  can  be  s l igh t ly  g rea ter  w i thout  over f low s ince  the  la rges t  REAL*8

n u m b e r  i s  l a r g e r  t h a n  t h e  l a r g e s t  R E A L * 4  n u m b e r .

The la rges t  pos i t i ve  REAL*8 number  i s  the  resu l t  in  case o f  over f low.

Computational Method

The method is  iden t ica l  to  tha t  fo r  the  f f f [ l - * { , {+xB modu le ,  $FOMA,  except  tha t  the

R E A L * 8  m o d u l e s  f o r  2 x  a n d  l o g 2 ,  $ F O M D  a n d  $ F O M 6 ,  a r e  u s e d .

1 .

2 .



$FOMC,  REAL*4 Subprogram to  Gompute  2"  (Modu le  Name $FOMC)

Argurnent Reduction

Ar:ceptable Range: Any arqument that results in a function value that can be represented

i n  R  E A L * 4  f o r m a t  i s  v a l i d .  T h i s  r a n g e  i s  a p p r o x i m a t e l y :
- 2 6 0 <  x < 1 2 5 2

Error  Cond i t ion :  l I  x  i s  too  la rge ,  the  over f low ind ica tor  i s  tu rned on  and the  resu l t  i s

the  la rges t  pos i t i ve  REAL"4  number .  l f  x  i s  too  smal l ,  the  under f low ind ica tor  i s  tu r r red

on ar rd  the  resu l t  i s  zc ru .

Reduct ion :  
- fhe  

arqument  i s  rece ived in  two par ts ,  an  in teger  par t ,  i ,  and  a  f rac t iona l
par t ,  f .  The f rac t iona l  par t  i s  b rought  in to  the  range l -%,%l  by  comput ing  i 'and  f '

a s  f o l l o w s :

i t  f  
' >  

Y , ,  f  
' =  

f - ' l  a n d  i ' =  i  +  1

i f  f  <a  - ' / r , I '  =  f  +  I  and i '  - -  i  +  1
o t l ie r \J ise  f t  =  f  a r rd  i '  =  r

Then i '  i s  separa ted  in ts  1*o  par ts ,  i f  ,  ,  and  i '2 ,  wh ich  sa t is fy  the  re la t ion

i  =  4 ' i ' r ,  +  i ' ,  w i t h  - 4 <  i ' 2  <  -  1
The des i red  resu l l  can  be  wr i t ten :

2, = 2i + |  _ 2i '  
e- f '  _ 24i '  1 + i '2 + I.  = 1 6i ' r  .  2i  2 .  2f '

Computational Method

Compute  2 f '  us ing  t l re  approx imat ion :

o  ( ( 2 f ' ) 2  |  -  4  t  Q f ' l  . P  ( ( x ' l 2 l  )

(2 t '7  '7  ( (z t '127
)

P  i Q f ' 1 2  )  =  p o  +  p t  .  ( 2 f ' l 2  l
Q  ( l 2 t ' 1 2  )  -  q o  +  q t  "  U 2 f ' 1 2  \

M u l t i p l y  t h e  r e s u l t  b y  2 i ' 2 ,  a n d  m u l t i p l y  t h a t  r e s u l t  b y  1 $ i ' r  b y  a d d i n g  i , ' t o  i t s  c h a r a c -

tens t rc .

z r = , =  r  + s  . (

Where
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$FOMD,  REAL*8 Subprogram to  Compute  2x  (Modu le  Name $FOMD)

Argument Reduction

The argument  reduc t ion ,  range,  and er ro r  cond i t ions  are  ident ica l  to  those fo r  the
REAL*4 2x  subprogram,  $FOMC,  except :

1 .  The upper  l im i t  o f  the  range is  s l igh t ly  g rea ter ,  s ince  the  la rges t  REAL*g number
is  g rea ter  than the  la rges t  REAL"4  number .

2 .  The resu l t  fo r  an  argument  too  la rge  is  the  la rges t  REAL"8  number .

Computational Method

The method is  the  same as  fo r  the  REAL*4 2x  subprogram,  except  tha t  one more  te rm
is  used in  the  po lynomia ls  P  and O:

P

O ( (2 f  )2  )  =  qo  +  a t  (2 ' t l2  |  +  p ,  l lZ t l '  l '



MACH]  NE I  NDICATOR TEST SUBPROG RAMS

The mach ine  ind ica tor  subprograms tes t  the  s ta tus  o f  pseudo-

ind ica tors  and re tu rn  a  va lue  to  the  ca l l ing  program.  When
the ind ica tor  i s  zero ,  i t  i s  o f f ;  when the  ind ica tor  i s  o ther
than zero ,  i t  i s  on .  In  the  fo l low ing  descr ip t ions  o f  the  sub-
prograrns, r represents an integer expression and 7 represents
an in teger  var iab le .

Pseudosense Light Subprogram (Entry Names: SLITE/
S L I T E T )

This subprogram is used to alter, test, and/or record the
s ta tus  o f  pseudosense l igh ts .  E i ther  o f  two en t ry  names
(SLITE or  SLITET)  i s  used to  ca l l  the  subprogram.  The
par t i cu la r  en t ry  name used in  the  CALL s ta tement  depends
upon the opera.t ion to be performed.

lf  the four sense l ights are to be turned off or one sense

l igh t  i s  to  be  tu rned on .  en t ry  name SLITE is  used.  The
source language statement is:

C A L L  S L I T E  ( i )

w h e r e  i  h a s  a  v a l u e  o f  0 ,  1 ,  2 , 3 ,  o r  4 .

l f  the  va lue  o f  i  i s  0 .  the  four  sense l igh ts  a re  tu rned o f f ;  i f
the  va lue  o f  i  i s  ' l  ,2 ,3 ,o r  4 ,  the  cor respond ing  sense l igh t
i s  t u r n e d  o n .  l f  t h e  v a l u e  o f  i  i s  n o t  O , 1 , 2 , 3 ,  o r  4 ,  h a l t

code 14  is  i ssued and execut ion  o f  th is  modu le  o r  phase

is  te rmina ted .

l f  a sense l ight is to be tested and i ts status recorded, entry

name SLITET is used. Regardless of i ts status before the
test, after a sense l ight is tested. i t  is always set off .  The

source language statement is:

C A L L  S L I T E T  ( i , J )

wnere

i h a s a  v a l r : e  o f  1 , 2 , 3 , o r  4 ,  a n d  i n d i c a t e s w h i c h  s e n s e
light to test.
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N o t e :  l f  t i r e  v a l u e  o f  i  i s  n o t  1 , 2 , 3 ,  o r  4 ,  h a l t  c o d e

15 is  i ssued and execut ion  o f  th is  modu le  o r  phase is

te rmina ted .

j  has  a  va lue  re tu rned by  the  subprogram.  1  ind ica tes

the  sense l igh t  was  on ;2  ind ica tes  the  sense l igh t  was  o f f .

Divide Check Subprogram (Entry Name: DVCHK)

Th is  p rogram tes ts  fo r  a  d iv ide-check  except ion  (d iv isor
=  zero l  and re tu rns  a  va lue  tha t  ind ica tes  the  ex is t ing  cond i -

t ion .  A f te r  tes t ing ,  the  d iv ide-check  ind ica tor  i s  tu rned

of f .  Th is  subprogram is  ca l led  by  us ing  en t ry  name DVCHK

in  a  CALL s ta tement .  The source  language s ta tement  i s :

C A L L  D V C H K  ( J )

where  j  i s  se t  to  1  i f  the  d iv ide-check  ind ica tor  was  on ,  o r

to 2 i f  the indicator was off .

Over f low lnd ica tor  Subprogram (Ent ry  Name:  OVERFL)

Th is  subprogram tes ts  fo r  an  exponent  over f low or  under -

f low except ion  and re tu rns  a  va lue  tha t  ind ica tes  the  ex is t -

ing  cond i t ion .  A f te r  tes t ing ,  the  over f  low i i rd ica tor  i s  tu rned

of f  .  Th is  subprogram is  ca l led  by  us ing  the  en t ry  name

OVERFL in  a  CALL s ta tement .  The source  language s ta te -

ment  i s :

C A L L  O V E R F L  ( J )

where  i  i s  re tu rned by  the  subprogram to  ind ica te  the

f o l l o w i n g :

1 = f loating-point overf low condit ion occurred last.

2 = no overf low condit ion occurred.

3  =  a  f loa t ing-po in t  under f  low cond i t ion  occur red  las t .
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U T I L I T Y  S U B P R O G R A M S

The u t i l i t y  s rubprograms per fo rm the  fo l low ing  opera t io r ;s
fo r  the  FORTRAN programmer :

o  Terminat r - '  execut ion  (EX lT)

.  Dump a  spec i f ied  area  o f  s to rage (DUMp/pDUMp)

o Test the bits of a sett ing of the address/data switch on
the System/3 console (DATSW)

.  Tes t  an  er ro r  ind ica tor  (FCTST) .

.  Tes t  fo r  an  inqu i ry  reques t  ( INOCHK/SETINO)

o Ret r ieve  the  sys tem date  and t ime-o f -day  (CFTOD) .

End Execut ion  Subprogram (Ent ry  Name:  EXIT)

The end execut ion  subprogram te rmina tes  execut ion  and
re turns  cont ro l  to  the  opera t ing  sys tem.  (EXIT per fo rms
a func t ion  ident ica l  to  tha t  per fo rmed bv  an  unnumbered
STOP s ta tement . )  Th is  subpr r tg ram is  ca l led  by  us ing  the
ent ry  name EXIT in  a  CALL s ta tement .  The source
language s ta tement  i s :

C A L L  E X I T

Storage Dump Subprogram (Entry Names: DUMp/pDUMp)

Th is  subprogram dumps a  spec i f ied  area  o f  s to rage.  E i ther
o f  two en t ry  names (DUMP or  PDUMp)  can be  used to  ca l l
t r re  subprogram.  The en t ry  name is  fo l lowed bv  the  l im i ts
o f  the  area  to  be  dumped and the  fo rmat  spec i f i ca t ion .  The
ent ry  name used in  the  CALL s ta tement  depenos upon
whether  you want  to  resume execut ion  o f  the  FORTRAN
program a f te r  the  dump.

l f  execut ion ,c f  the  load modu le  o r  phase is  to  be  te rmina ted
af te r  the  dunrp  is  taken,  en t ry  name DUMP is  used.  The
source  language s ta tement  i s :

C A L L  D U M P  ( a 1 , b t , f , ,  .  .  . ,  a n , b n , f n )

where

a and b  are  var iab les  whose names ind ica te  the  l im i ts  o f
storage to be dumped (either a or b can be the name of
t i re  upper  o r  lower  l im i t  o f  s to rage) ,  wh ich  must  be  in
the  same program or  subprogram or  in  common:

f  ind ica tes  the  dump fo rmat  and can be  one o f  the
f o l l o w i n g :

0  =  hexadec imal

3  =  I N T E G E R " 2

4  =  I N T E G E R * 4

5  =  R E A L " 4

6  =  R E A L * 8

Any pos i t i ve  number  o ther  than the  preced ing  resu l ts  in  a
hexadec imal  dump,  p rov ided the  number  i s  less  than 256.
(The low-order  by te  o f  th is  a rgument  i s  a l l  tha t  i s  used.  l f
the  number  i s  negat ive  or  g rea ter  than 255,  you must  de ter -

mine  the  b i t  pa t te rn  in  the  low-order  by te  to  de termine the
dump fo rmat . )

When hexadec imal  fo rmat  i s  used,  the  dump program

assumes tha t  the  upper  l im i t  o f  the  dump is  a  var iab le  8
by tes  long.  l f  i t  i s  ac tua l l y  2  o r  4  by tes  long,  the  las t  6  o r
4  by tes  o f  the  dump ( respec t ive ly )  a re  no t  par t  o f the  upper
l i m i t  v a r i a b l e .

l f  execut ion  is  to  resume a f te r  the  dump is  taken,  en t ry

name PDUMP is  used.  The source  lanquaqe s ta tement  i s :

C A L L  P D U M P  ( a r , b r  , f  1 , . . . ,  a n , b n , f n )

where  a ,  b ,  and f  have the  same mean ings  as  fo r  DUMP.

D U M P / P D U M P  o u t p u t  i s  d i r e c t e d  t o  t h e  F O R T R A N  e r r o r

logging device. See PRINT and NOPRINTER Device

Option Statements for more information.

DU MP/PDUMP Programming Considerations

A load module or phase can occupy a dif ferent area of

storage each t ime i t  is executed. To ensure that the appro-
pr ia te  a reas  o f  s to rage are  dumped,  the  fo l low ing  conven-

t ions  shou ld  be  fo l lowed.
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Transaction Logging Subprogram (SUBR81 ) 57O4'F02

only

This subprogram is  used wi th $TRLOG to log t ransact ion

oriented data to tape. The source language statement ts:

CALL  SUBR8 l  ( i , t )

where
i  is  an in teget-  

*2 var iable or  array e lement  and must

cclntain the length of the data to be logged. The letlgth

must not exceed 2,040 bytes.

j  is  a var iable,  an array e lement ,  or  an array conta in ing

the data to be logged.

For addi t ional  in format ion about  t ransact ion logging

($TR LOG), see tBM System/3 Model 15 System Control

Programing Concepts and Reference Manual, GC21-5162'

Example:

INTEGER"2  LGTH
INTEGER*4  LOGDAT(32 )
DATA LGTHIl28I

CALL  SUBR81  (LGTH,LOGDAT}

CALL  SUBR81  (LGTH,LOGDAT}

l f  arr  array and a var iable are to be dumped at  the same

time, a separate set of arguments should be used for the

arrav and for  the var iable.  The speci f icat ion of  l imi ts  for

the array should be from the first element in the array to

the last  e lement .  For  example,  assume that  B is  a REAI-

number,  and TABLE is  an array of  20 e lements.  The

fo l lowing cal l  to  the storage dump subprogram could be

used to dump TABLE and B in the hexadecimal  format

and teminate execut ion af ter  the dump is  taken:

CALL  DUMP(TABLE(1  ) ,TABLE(20 ) ,0 ,8 'B ,O)

lf an area of storage in common is to be dumped at the

same time as an area of storage not in common, the argu-

ments for  the area in  common should be g iven separate ly '

For  example,  assuming A is  in  common and B is  not '  the

fo l lowing cal l  to  the storage dump subprogram should be

used to dump the var iables A and B in REAL*8 format

wr ' thout  terminat ing execut lon :

CALL  PDUMP(A 'A ,6 '8 ,8 ,6 )

l 'ase of SC28-6874-3
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If variab|es not in common arc to be ciunrp. 'ed, eact, Vai la[, ibj

must  be  l i s ted  separa te ly  in  the  argument  l i s ' r '  For  e r 'a rnp le '

i f  R, P, and O are not in comnlon, thc statern{ir ' ) l :

C A L L  P D U M P (  R , R , 5 , P , P , 5 ' O , O , 5 }

shou ld  be  used to  dump the  th ree  var iab les  l f  thc  s ta teme t ' i

C A L L  P D U M P ( R , O , 5 }

is  used,  a l l  ma in  s to rage be tween R and C rs  L lumped '  v \h ' ( : l i

might or might not include P, and rnight incltrde t i ' rhei

variables.

l f  an  ar ray  and a  var iab le  a re  passed to  a  subrout ine  as

arguments, the arguments in the cal l  to the storage dump

subprogram in  the  subrout ine  shou ld  spec i fy  the  parameters

used in  the  de f in i t ron  o f  the  subrout ine '  For  exanrp ie '  i f

the  subrout ine  SUBI  i s  de f  ined  as :

S U B R O U T I N E  S U B I  ( X ' Y )

D I M E N S I O N  X ( 1 0 )

and the  ca l l  to  SUBI  w i th in  the  source  modu le  i s :

D I M E N S I O N  A ( 1 0 )

C A L L  S U B I  ( A , B )

then the  fo l low ing  s ta tement  shou ld  be  used in  SUBI  te

dumo the  var iab les  in  hexadec imal  fo rmat  w i thout  ie rmi -

na t ing  execut ion :

C A L L  P D U M P  ( X (  1  ) , X ( 1  O ) , O , Y , Y , O )

lf  the statement

C A L L  P D U M P ( X ( 1 ) , Y , 0 )

is  used,  a l l  s to rage be tween A(1)and Y is  dumped becat rs t r

of the method of transmitt ing arguments'

FORTRAN Seiv ice Sukrprogrart ts  l  ' ] ' l



Address/Data Switch Subprogram (Entry Name: DATSW)

This subprogram tests the setting of the address/data
switches. The four address/data switches correspond to l6
binary switches;, numbered 0 to 15 from left to right, as
shown in F igure 29.  The b inary swi tches 0-15 are e i ther
off (0) or on (1 ) depending upon the hexadecimal setting
of the address/data switches.

AOORESS

/<-"/\
(: a) :)

3

0I0

A-------]

/<tr-\
( , O ; )
vrt/

4

4 5 6 7 I  I  1 0  1 1 1 2  1 3  1 4  1 5

Address/Data
Switch #

B i  na ry
switch #

( i )

Sett ing of

Address/Data

Switch
( hexadeci ma I )

Set t i  ng  o f

the  Cor res-
pond i r rg  16

Binary  Swi tches

Figure 29. Address

0 1 2 3

0 0 0 0 1 0 0 0 0 0 0 0

0

I
I
t

0 0 0 0

Data Switch Settings

In Figure 29, the address/data switches are set to:

0 8 0 0

Therefore,  only  b inary swi tch 4 is  on (1) ,  and the other
b inary swi tches are of f  (0) .

The DATSW subprogram is called by the FORTRAN state-
ment :

CALL DATSW(i , i )

where

i  is  an INTEGER*4 constant ,  expression,  or  var iable in
the range 0 to 15,  ind icat ing the b inary swi tch to be
tested.

Note: lf i  is outside the permitted range, halt code
RFb7 ,  subha l t  16  i s  i ssued .

j  is  an INTEGER*4 var iable,  which is  set  to  I  i f  the value
of the tested binary switch was 1, or is set to 2 if the
value of the binary switch was 0.
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Example:

Sett ing of address/data

swi tches

Settrng ol the corres-
pond ing  b inary

swi tches 0 1 0 0  1 0 1 0  0 1  1  1

Here ,  b in ;a ry  sw i t ches  1 ,4 ,6 ,9 ,  10 ,  and  11  a re  on  (a re  1 ) .
Therefore,

CALL DATSW(4,J}

wou ld  se t  J  t o  1 ,  and

CALL DATSW(5,J}

would set  J  to 2.

C A U T I O N

Binary  swi tches  12-15 shou ld  be  used w i th  care  on  the
Mode l  10  because the  r igh tmost  conso le  d ia l  must  be  used
in  rep l ies  to  sys tem ha l ts ,  and migh t  be  changed dur ing  the
execut io r i  o f  a  p rogram.

Examole:

P A U S E  5 5

CALI .  DATSW(13,J )

The PAUSE s ta tement  rec lu i res  a  rep lay  o f  0  to  cont inue
p r o c e s s i r r g ,  c a u s i n g  b i n a r y  s w i t c h e s  1 2 , 1 3 , 1 4 ,  a n d  1 5  t o
be se t  o f f  ( to  0 ) .

Library Function Error Subprogram (Entry Name: FCTST)

This subprogram is  used to test  an indicator  word for  an
error  in  a l ibrary funct ion subprogram. Af ter  test ing.  a l l
condi t ions are turned of f  .  The subprogram is  cal led by
wr i t ing the FORTRAN statement :

CALL FCTST(J,K)

where

j  is  set  to  1 i f  any b i t  in  the indicator  word is  on (1) ,  or
to 2 i f  a l l  the b i ts  in  the indicator  word are of f  (0) .

k  is  the  ind ica tor  word .  The er ro r  ind ica tor  i s  re tu rned

as the  r igh tmost  by te  o f  th is  word  (b i ts  24-3 ' l  ) .  The
other bytes a(e zero.

The errors that can be detected are shown in Figure 30.

T h e  v a l u e  o f  t h e  e r r o r  w o r d  c a n  b e  1 , 2 ,  4 , 8 ,  1 6 , 3 2 , 6 4 ,

or  128,  o r  the  sum o f  2  o r  more  o f  these numbers  i f  more
than one er ro r  cond i t ion  occur red .  In  such a  case,  the
value returned is the sum of the integers associated with
the  ind iv idua l  cond i t ions .  For  example ,  i f  an  er ro r  was
detec ted  in  DSIN (va lue  2) .  and an  er ro r  was  de tec ted  in
SORT (va lue  4) ,  the  va lue  o f  k  i s  6 .

0A

0000
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Value
(decimal) Rout ine E rror Resul t

,| ALOG/DLOG argument = 0 Larges t  negat ive  va lue

I ALOG/DLOG argument ( 0 Absolute value of  argument  used
f  or  eva luat ion

1 Real  to  Rea l

exponent ia t ion

negat ive  base and

nonzero  exponent

Absolute value of  argument  used
for  evaluat ion

1 S IN /COS argument  magn i tude

e x c e e d s  r ' 2 1 8

Zero

t DSIN /DCOS argument  magn i tude

exceeds n  "2 tu

Zero

4 SORT/DSORT argument  < 0 Abso lu te  va lue  o f  a rgument  used

for  eva lua t ion

8 Real  to  In teger

convers ion

over f low on convers ion Max imum va lue  o f  aPProPr ia te

s  ign

1 6 In teger  to  In teger

exponent ia t ion

b a s e = 0 a n d e x P o n e n t

< 0
Zero

J I Real  to  In teger

exponent ia t ion

b a s e = 0 a n d e x p o n e n t
< 0

Zero

o4 Real  to  Rea l

exponent ia t ion

b a s e = 0 a n d e x P o n e n t
< 0

Zero

128 I  nva l id  input  charac ter

to  a  convers ion  rou t ine

charac ter  t rea ted  as  zero

Note :  For  exponent ia t ion  rou t ines ,  the  er ro r  can  occur  fo r  any  length  i tem,  tha t  i s ,  lo r  l *2 , l *4 ,  R*4 ,  and

R *8 ,  where  app l icab le .

Figure 3O. Error  Condi t ions that  can be Tested in FCTST
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ROLI -OUT Suppor t  Subprogram (Ent ry  Name:  INOCHKI

Sys ten l i3  Mode ls  6 .  10 ,  12"  ; r rc l  Mode l  lb  w i th  p roqram
NumLrer  5704 FOj  a i low programs to  be  in te r rup ted
{ R O L l "  O U  I / R O L L I N }  n h i i u .  i h e y  a r e  L r e i n g  p r o c e s s e d ;
Modef  !5  w i th  Program Numtr r r  b7A4 FA2c loes  no t .

' ro  
reques t  an  In te r rup t ion :

Set  t he  INOUIRY REOUEST sw i t ch
1o  ON.

Press t f re REOUEST key on the
r i r r in ter  keyboard"

P ress  the  PF10  key ,  i ssue  ROLLOUT
via the keyboard.  ancl  press ENTER.

Notes:

1 .  In  the  dua l  p rogramming mode,  on ly  p rogram leve l  1
or  par t i t ion  1  p rograms can be  in te r rup ted  and moved
out  o f  ma in  s to rage by  a  ROLLOUT rou t ine .

2 .  The Mode l  t5w i th  Program Number  S7O4-F02pro-
cesses  programs conta in ing  the  CALL INOCHK s ta te_
m e n t  b u t  t h e  R O L L O U T / R O L L I N  r o u t i n e  i s  r e p i a c e d
by a  s imp le  re tu rn- to -ca l le r  s ta tement  in  subrout ine
I N Q C H K .

Inqu i ry  Suppor t  Subprogram (Ent ry  Name:  SETINO)

A  F O R T R A N  p r o g r a m  c a n  b e  m a d e  a n  l N O U l R y
( l - T Y P E )  p r o g r a m  b y  i n s e r t i n g  a  C A L L  S E T I N O  s t a t e m e n t
in  the  source  program.  The CALL SETINO s ta tement
shou ld  be  the  f  i r s t  executab le  s ta tement  in  the  program.
The SETINO subprogram nas  no  parameters .

lnqu i ry  p rograms are  usua l ly  used on  sys tems w i th  mu l t ip le
program levels; however, they can be used on systems with
on ly  one program leve l .  An  inqu i ry  p i .ogram is  in  ma in
s torage and is  executed  when an  inqu i ry  reques t  i s  made
by one o f  the  fo l low ing  procedures :

M o d e l  6  S e t  t h e  t N O U t R Y  R E O U E S T  s w i t c h  t o
o N .

Models 10 Press the REOUEST key on the pr inter
and 12 keyboaro.

Model  15 Press the PA1 key.

For  fur ther  in format ion,  see the appropr iate operator ,s
guide under Related Publications in the preface.

Moriel 6

Moder ls  10
and 12

M o r i e l  1 5  w i t h
Prort ian-r

N r r  n r b e r

570,+"F  O 1

Prograrns  a le  nornra l i y  in te r rup ted  to  permi t  another  p ro_
gr i r I l  1 ( )  run .  A f te r  th is  p r  ogranr  ts  run ,  con t ro l  i s  then
g iven back  to  the  or ig ina l  p rogram ( the  one tha t  was
i  n te r ru  c r ted  ) .

[ :o r  rno [e  in fo r r r ra t ion  about  the  i : l c l_LouT/RoLL lN
rout ines , .  see  the  appropr ia te  opera tor ,s  gu ide  l i s ted  under
Related Publications in the preface.

The subprog i 'anr  INOCHK a l lo r ,vs  the  user  to  in te r rup t  tne
e x e c u t i r ) g  F O R T R A N  p r o g r a m  i n  o r c j e r  t o  e x e c u l e  a n o t h e r
progrant ,  Ca l ls  to  INOCHK shou ld  be  p laced a t  appro-
pr ia te  p l in ts  in  the  in te r rup tab le  p rogram,  so  tha t  the
In te r r i i f ) t  reqL les t  i s  serv iced  w i t l i i n  a  reasonab ie  in te rva l .
The INOCI- IK  su t tp rograrn  has  no  parameters .  The fo rmat
of t l re sour<;e l i rrrguage staternerrt is:

C A L  L .  I N O C H K

l f  r i c  i r rqu i ry  i s  pend ing ,  the  subprug i .um immedia te ly
re tu rn !  cor r t ro l  to  the  in te r rup tab le  p rogram.  l f  an  i r r te r rup t
request has been rnade:

A sys tern  cont ro l  p rogram ROL LOUT rou t ine  moves
the  rn lsprgp led  pr imary  p rc lg tan l  f  rom main  s to raqe
t o  d i s k .

T l re  des i red  seconc la ry  p rogram ts  p rocessed;  th is  p ro_
qrdnr  cannot  be  in te r rup ted .

A l te r  the  secondary  p rogram has  beer r  executed ,  tne
in te r rup ted  program moves back  in to  ma in  s to rage
us i r rg  a  ROLLIN rou t ine .  The in te r rup tec l  p rogram
resumes execut ion  a t  the  po in t  beyond the  ca l l  to
INOCHK and te rmina tes  in  a  norn ia l  manner .

i .

l z .

l s .
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Date/Time-of-Day Subprograrm (Entry Name: CFTOD)

y'Vote.' The interval t imer is available as a feature only on
the Model  15.  On the Model  10,  the in terval  t imer is
avai lable as a hardware RPO (RPO WE0922);and the
CFTOD subprogram is  avai lable as a programming RPO
(RPO 5799-WGY).

The CFTOD subprogram makes avai lable the date and
t ime-of-day.  l t  is  ca l led by r , rs ing the entry  name CFTOD
in a CALL statement. The s,curce language statement is:

CALL  CFTOD (da te , t ime [ ,1 ]  )

wnere

date  must  be  the  name o f  a  one-d imens iona l ,  th ree
e l e m e n t ,  I N T E G E R " 2  a r r a v

t ime must  be  (1 )  the  name o f  a  one-d imens iona l ,  th ree
e lement ,  INTEGER"2 ar ray  i f  the  th i rd  operand is
omi t ted .  o r  (2 )  the  name o f  an  INTEGER*4 var iab le  i f
the  th i rd  operand is  inc luded

1 is  the  cons tan t  1 .  When th is  op t iona l  operand is
coded,  the  t ime re tu rned is  in  t imer  un i ts .  When i t  i s
omi t ted ,  the  t ime re tu rned is  in  hours ,  minu tes ,  and
seconds.

The date is incremented by one day at midnight. The date
returned in the three-element array is the system date that
was se t  a t  IPL  t ime-e i ther  day ,  month ,  year  (DDMMYY) .

or  month ,  day .  year  (MMDDYY) ,  depend ing  upon the
opt ion  chosen a t  sys tem genera t ion .

Examples  are :

.  For  DDMMYY format  March  14 ,  1974 wou ld  be  re tu rned

as 140374.

o  For  MMDDYY format  March  14 .  1974 wou ld  be  re tu rned

a s  0 3 1 4 7 4 .

The t ime (when the  th i rd  operand is  omi t ted)  i s  re tu rned in
hours ,  minu tes ,  and seconds {HHMMSS)  w l re re  the  f i rs t

e lement  o f  th :  a r ray  conta ins  the  hours ,  the  second e lement

conta ins  the  minu tes ,  and the  las t  e lement  conta ins  the

seconds.  The va lues  in  the  e lements  have the  fo l low ing

range:

Element From To

Hours  00  23

Minutes  00  59

Seconds 00 59

Unless  the  th i rd  operand ( ,1 )  i s  coded,  bo th  the  da te  and

t ime are  re tu rned in  the  A2 fo rmat  ( two numer ic  charac ters
per  e lement ) .

l f  the th i rd operand ( ,1)  is  coded,  the t ime is  returned as
a four-byte unsigned b inary number where each t imer uni t
represents 3.33 mill iseconds, or the low-order bit represents
3.33 mi l l iseconds.  An example is :

(0000002A)2 represents (42)r  o t imer uni ts  or  (42 x 3.33)
mi l l iseconds.



#-#MAIN; The name given to a rnain program bV the com-
p i ie r  i i  the  nra i r r  p rogram wds no t  g iven  a  name bV the
prograrnme r .

aiphirb*t ic cttaracter: A char-; lcter of t l rr :  si : t  A, B, C, .  .  . ,
z , $ .

a lphamer ic  charac ter :  A  charac ter  o f  the  se t  tha t  inc ludes
the  a l1 ;habe i ic  charac ters  and the  nurner ic  c l ra rac ters .

a fgumtr l t :  A  parameter  passed be tween a  ca l l ing  program
and a  subprogram or  s ta tement  func t ion .

ar i th r r r , l i r r :  e  xgr ress ion :  A  r :o rnb ina t ion  o f  a r i thmet ic
o l re i  a to rs  and ar i  thmet ic  DI i  rnar tes .

; r l i t l r rn r : i . i c  opera to t :  One o f  the  synrbo ls  . t ,  - ,  * ,  / ,  * * ,  used
to  t . i t r r r : : ' te ,  respec t ive Iy .  add i t ion ,  sub t rac t ion ,  rnu l t i  p l  i ca t ion ,
tJ rv  ;s . r . l r r ,  and expor ren t la t iu r t .

a r rav :  An ordered se t  o f  da ta  i tenrs  ident i f  ied  by  a  s ing le
nai rytg.

a r ray  e lement :  A  da ta  i tenr  in  an  ar ray ,  iden t i f  ied  by  the
ar ray  nante  to l iowed by  a  subscr ip t  ind ica t ing  i t s  pos i t ion
in  the  ar ray .

ar ray  name:  " l -he  name o f  an  ordered se t  o f  da ta  i tems.

ass ig i r r r ten t  s ta temer l t :  An  ar i t l r rne t ic  var iab le  o r  a r ray
e lement ,  to l lowed by  an  equa l  s ign  (=) ,  fo l lowed by  an
ar i th rne t ic  ex  r r ress ion .

bas ic  rea i  cons tan t :  A  s t r ing  o f  dec ima l  d ig i ts  conta in ing
a dec i rna l  po i r r t .

ba tched compi la t ion :  Sequent ia l  conrp i la t ion  o f  more  than
one p l  ogram.

common area: A storage area that rnay be referred to by a
ca l l ing  ; r rograr r r  and one or  more  subprograms.

compi la t ion  t ime:  
' fhe  

t ime dur ing  wh ich  a  sdr r rce  program
is  compr i led .  tha t  i s ,  t rans la ted  f  rom a  h igh  leve l  language
to  a  mach ine  language program.

G lossary

compi le :  To  prepare  a  mach ine  language program f  rom a
computer  p rogram wr i t ten  in  a  h igher  leve l  p rogramming
language.

compiler option statements: A set of statements used to
prov ide  cont ro l  in fo rmat ion  regard ing  a  compi la t ion  by  the
F O R T R A N  l V  c o m p i l e r .

cons tan t :  A  f i xed  and unvary ing  quant i t y .  The th ree  c lass-
es  o f  cons tan ts  spec i f  y  numbers  (numer ic  cons tan ts ) .  l i te ra l
da ta  ( l i te ra l  cons tan ts ) ,  and hexadec imal  da ta  (hexadec imal
cons tan ts ) .

control program: A program that supervises the perform-
ance o f  a  comput ing  sys tem;  an  example  is  the  Svs tem/3
System Cont ro l  Program.

control statement: Any of the several forms of GO TO,
l F  a n d  D O  s t a t e m e n t s ,  o r  t h e  P A U S E ,  C O N T I N U E ,  a n d
STOP s ta tements ,  used to  a l te r  the  normal ly  sequent ia l
execut ion  o f  FORTRAN s ta tements ,  o r  to  te rmina te  the
execut ion  o f  the  FORTRAN program.

core  usage map:  A  l inkage ed i to r  l i s t ing  tha t  shows the
names and s to rage loca t ions  o f  rou t ines  tha t  make up  the
load modu le .

da ta  i tem:  A  cons tan t ,  var iab le ,  o r  a r ray  e lemenr .

da ta  type :  The mathemat ica l  p roper t ies  and in te rna l
representation of data and functions. The two types are
in teger  and rea l .

device option statements: A group of statements, in the
set  o f  compi le r  op t ion  s ta tements ,  used to  de f ine  input /
ou tpu t  dev ices .

direct-access f i le: A f i le from which records may be re-
t r ieved,  o r  to  wh ich  records  may be  wr i t ten ,  in  a  nonse-
quent ia l  manner .

DO loop:  Repet i t i ve  execut ion  o f  the  same s ta temenr  o r
statements using a DO statement.
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DO var iab le :  A  var iab le ,  spec i f ied  in  a  DO s ta tement ,  tha t  hexadec imal  cons tan t :  The charac ter  Z  fo l lowed by  a

is  in i t ia l i zed  or  inc rernented  be fore  each execut ion  o f  the  hexadec i rna l  r iumber ,  fo rmed f ro rn  the  se t  0  th rough 9  and

s ta temerr t  o r  s ta tements  w i th in  a  DO loop.  l t  con t ro ls  the  A th rough F .

number  o f  t imes the  s ta tements  w i th in  the  DO looo are

executed .  h ie rarchy  o f  opera t ions :  Re la t i ve  p r io r i t y  ass lgned t r ;

a r i thmet ic  o r  log ica l  opera t ions  to  be  per fo rnred .

dummy argument :  A  var iab le  in  a  FUNCTION or  SUB-

ROI- lT lNE s ta tement ,  o r  s ta tement  func t ion  de f in i t ion ,  l /O l i s t :  A  l i s t  o f  var iab les  in  a r r  l /O s ta tement ,  spec i fy rng ;

w i tn  wh ich  ac tua l  a rguments  f rom the  ca l l ing  program or  the  s to rage loca t ions  in to  wh ich  da ta  i s  to  be  read or  f ro t ' r

func t ion  re fe rence are  assoc ia ted .  wh ich  da ta  i s  to  be  v , r r i t ten .

executab ,e  p rogram:  A  program tha t  can  be  used as  a  se l f -  imp l ied  DO:  The use Lr t  an  index ing  spec i f i ca t ion  s imi la r

conta i r red  procedure .  l t  cons is ts  o f  a  ma in  p rogram and,  to  a  DO s ta tement  { i : rL r t  w i thout  spec i fy ing  the  word  DO

opt iona l l y ,  one or  more  subprograms or  non-FORTRAN-  and w i th  a  l i s t  o f  da ta  e lements ,  ra ther  than a  se t  o f  s ta te -

de f ined ex terna l  p rocedures  or  bo th .  ments ,  as  i t s  range| .

executab le  s ta tement :  A  s ta tement  tha t  spec i f ies  ac t ion  in teger  cons tan t :  A  s t r ing  o f  dec ima l  d ig i ts  conta in ing  no

to  be  taken by  the  program;  e .9 . ,  causes  ca lcu la t ions  to  be  dec ima l  po in t .

per fo rmed,  cond i t ions  to  be  tes ted ,  f  low o f  con t ro l  to  be

a l te red .  in te rna l  s ta tement  number :  A  number  ass igned to  a  source

s ta tement  by  the  cornpr le r  fo r  iden t i f i ca t ion .

extended range of a DO statement: Those statements that

are  executed  be tween the  t rans fer  ou t  o f  the  innermost  in t r ins ic  func t ion :  A  FORTRAN l ib ra ry  func t ion  used by

DO o f  a  comple te ly  nes ted  se t  o f  DO s ta tements  and the  the  compi le r  when cer ta in  opera t ions  are  spec i f ied  i r r  a

t rans fer  back  in to  the  ranqe o f  th is  innermost  DO.  FORTRAN sJurce  s ta temei r t .

ex te rna l  func t ion :  A  f  unc t ion  whose de f  in i t ion  is  no t  ISN:  ln te rna l  s ta tement  number .

inc luded in  p rogram un i t  tha t  re fe rs  to  i t .
job  s t ream:  The sequence o f  opera t ion  cont ro l  s ta tements

ex terna l  p rocedure :  A  procedure  subprogram or  a  p roce-  and da ta  submi t ted  to  t ; re  sys tem on an  input  dev ice .

dure  de f  ined  by  means o ther  than FORTRAN s ta tements .

length  spec i f i ca t ion :  An ind ica t ion ,  by  the  use  o f  the

f i le :  An ordered co l lec t ion  o f  one or  more  records .  fo rm *s ,  o f  the  number  o f  by tes  to  be  occup ied  by  a

var iab le  o r  a r rav  e lement .

fo rmat ted  record :  A  record  tha t  i s  t ransmi t ted  w i th  the

use o f  a  FORMAT s ta tement .  l ink -ed i t ing :  The combin ing ,  by  t i re  l inkage ed i to r ,  o f  a

number  o f  ob jec t  o r  load  modu les  fo r  execut ion  as  one

FUNCTION subprogram:  An ex terna l  func t ion  de f  ined  program.

by  FORTRAN s ta tements ,  the  f  i r s t  o f  wh ich  is  a  FUNC-

TION s ta tement .  l t  re tu rns  a  va lue  to  the  ca l l ing  program l inkage:  Cod ing  tha t  connects  two separa te ly  coded

un i t  a t  the  po in t  o f  re fe rence.  rou t ines .

g loba l  a rea :  A  da ta  a rea  a t  the  load po in t  o f  a  ma in  s to r -  l inkage ed i to r :  A  program tha t  combines  separa te ly  p ro-

age,  wh ich  is  no t  over la id  when d i f fe ren t  p rograms are  duced ob jec t  o r  load  modu les ,  reso lves  c ross  re fe rences

loaded, thereby permitt ing communication between two between them, and generates overlay structures on request.

o r  more  programs.  The ou tpu t  o f  a  l inkage ed i to r  i s  ca l led  a  load modu le ,

sur tab le  fo r  load ing  in to  ma in  s to rage fo r  execut ion .

ha l t  code:  A  number  ass igned to  a  p rogrammed ha l t ;  a

machine instruct ion that stops the execution of a program. l inkage editor control statements: A set of statements used

to  prov ide  cont ro l  in fo rmat ion  regard ing  the  l ink -ed i t ing

process.
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l ist-directed input/output: Input or output records that
are  t ransmi t ted  y , r i thou t  the  use  o f  a  FORMAT sra tement ;
an  as ter isk  i s  p laced in  the  READ or  WRITE s ta rement
where  the  FORMAT s ta tement  nurnber  wou ld  o rd inar i l y  be .

l i te ra l  cons tan t :  A  s t r ing  o f  a lphamer ic  and lo r  spec ia l
charac : te rs  e r ic losu .d  in  apos t rophes.

load nrodu le :  An executab le  p rDgram tha t  i s  the  ou tpu t  o f
a  l inkage ed i lo r^

load n ' lodu le  execut io r l  t ime:  l -he  t ime c lu r ing  wh ich  a
load nrtrJr: le is exe cuted.

log ica l  un i t  number :  A  cons tan t  o r  var iab le  in  an  input /
ou tpu t  s ta temei t t ,  tha t  spec i f ies  the  f i le  tha t  i s  to  be  read
f rom or  wr i r te r i  to .

loop ing :  Repet i t rv r :  execut ion  o f  the  same s ta tement  o r
s ta tement j ,  us t ro l l y  co f t t ro l led  by  a  DO s ta te rnenr "

main  prograrn :  A  program not  conta in ing  a  FUNC- I ION or
SUBI IOU- f  lNE s t " r i tement  and cunta in ing  a t  leas t  one
execu lab le  s ta tement .  A  main  program is  requ i red  fo r
p r o g r a m  e x e c u t i o n .

map,  cornp i le r :  A  compi le r  l i s t ing  tha t  shows the  names
and s to rage loca l ions  o f  var iab les  and s ta temenr  numDers
in  thc  ob jec t  mlc iu ie ,

name:  A  s t r ing  o f  f rom one th rough s ix  a lphamenc
charac ters ,  the  f  i r s t  o f  wh ich  must  be  a lphabet ic ,  useo to
ider r t i f y  a  var iab le ,  an  ar ray ,  a  f  unc t ion ,  o r  a  subrout ine .

nes tec{  DO:  A  DO i r ;op  whose ranEe is  en t i re ly  conta ined
by  ther  range o f  another  DO loop.

nr:nexecutable object program: ,&,n obiect rnodule.

noneriecutabie statement: A statement that cJescribes the
use or  ex ten t  o f  the  pr -ugram un i t ,  the  charac ter is t i cs  o f
the  opreranc is ,  ed i t ing  in fo rmat ion ,  s ta tement  func t ions .  o r
da ta  a r rangement .

numer ic  charac ter :  Ar ry  one o f  the  se t  o f  charac ters  0 ,  1 ,
2 ,  .  .  . , 9 .

numer ic  cons tan t :  An  in teger  o r  rea l  cons tan t .

object l ibrary: An area on disk that contains object
modu les  and load modu les .

ob jec t  modu le :  A  nonexecutab le  modu le  tha t  i s  the  ou tpu t
o f  a  language t rans la to r  such as  the  Svs tem/3  FORTRAN
l V  C o m p i l e r .

object program: A group of object modules that have been
l ink  ed i ted  together  in to  an  executab le  p rogram;  same as
load modu le .

OCL:  Opera t ion  cont ro l  language.

predef ined convent ion :  The FORTRAN-def  ined  type  and
length  o f  a  var iab le ,  based on  the  in i t ia l  charac ter  o f  the
var iab le  name in  the  absence o f  any  spec i f  i ca t ion  to  the
cont ra ry .  The charac ters  l -N  are  INTEGER *4 ;  the  charac-
t e r s  A - H ,  O - Z  a n d  $  a r e  R E A L " 4 .

procedure: A set of operation control statements in a
source  l ib ra ry  tha t  can  be  re t r ieved by  spec i fy ing  i t s  name
in  an  OCL CALL s ta tement .

p rocedure  subprogram:  A  FUNCTION or  SUBROU-f lNE
subprogram.

program un i t :  A  main  program or  a  subprogram.

range of a DO statement: Those statements that physical ly
fo l low a  DO s ta tement ,  up  to  and inc lud ing  the  s ta tement
spec i f ied  by  the  DO s ta tement  as  be ing  the  las t  to  be  exe-
cu ted  in  the  DO loop.

rea l  cons tan t :  A  s t r ing  o f  dec ima l  d ig i ts  tha t  must  have
e i ther  a  dec ima l  po in t  c l r  an  exponent ,  and can have bo th .

re la t iona l  express ion :  An ar i thmet ic  express ion ,  fo l lowed
by a  re la t iona l  opera tor ,  fo l lowed by  an  ar i thmet ic  expres-
s ion .  The express ion  has  the  va lue  t rue  or  fa lse .

relat ional operator: Any of the set of operators that express
an ar i thmet ic  cond i t ion  tha t  can  be  e i ther  t rue  or  fa lse .  The
o p e r a t o r s  a r e :  . G T . ,  . G E . ,  . L T . ,  . L E . ,  . E O . ,  . N E . ,  a n o  a r e
def ined as  grea ter  than,  g rea ter  than or  equa l  to ,  less
than,  less  than or  equa l  to ,  equa l  to ,  and no t  equa l  to ,
respectively.

sca le  fac to r :  A  spec i f  i ca t ion  in  a  FORMAT s ta tement
whereby  the  loca t ion  o f  the  dec ima l  po in t  in  a  rea l  number
(and,  i f  there  is  no  exponent ,  the  magn i tude o f  the  num-
ber) can be changed.
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sequent ia l  f i l e :  A  f  i l e  f rom wh ich  records  are  re t r ieved,  o r

to  wh ich  records  are  wr i t ten ,  so le ly  on  the  bas is  o f  the i r

order.

sever i ty  code:  A  code ass igned to  a  compi la t ion  er ro r .

source  l ib ra ry :  An area  on  d isk  tha t  con ta ins  p roceoures
and source program statements.

source  modu le  l i s t ing :  A  compi le r -genera ted  l i s t ing  tha t

shows t l , :  source  s ta tements  in  a  p rogram un i t  and the i r

cor respond ing  in te rna l  s ta tement  numbers .

source  program:  A  computer  p rogram wr i t ten  in  a  source
language,  such as  a  p rogram wr i t ten  in  FORTRAN.

specif icat ion statement: One of the set of statements that
prov ide  the  compi  le r  w i th  in fo r rna t ion  about  the  da ta  used

in  the  source  program.  In  add i t ion ,  the  s ta tement  supp l ies

in fo rmat ion  requ i red  to  a l loca te  s to raEe f  o r  th is  da ta .

s ta tement :  The bas ic  un i t  o f  a  FORTRAN program,  com-
posed o f  a  l ine  or  l ines  conta in ing  some combina t ion  o f

names,  opera tors .  cor rs tan ts ,  o r  words  whose mean ing  is
predef  ined  to  the  FORTRAN compi le r .  S ta tements  fa l l

in to  two broad c lasses :  executab le  and nonexecutab le .

s ta tement  func t ion :  A  func t ion  de f  ined  by  a  func t ion

def in i t ion  w i th in  the  program un i t  in  wh ich  i t  i s  re fe r red  to .

s ta tement  func t ion  de f in i t ion :  A  name,  fo l lowed by  a  l i s t

o f  dummy arguments ,  fo l lowed by  an  equa l  s ign  (=) ,  fo l -

lowed by  ar r  a r i thmet ic  express ion .

statement function reference: A reference ir-r arr ari thmetic

express ion  to  a  p rev ious ly  de f  ined  s ta tement  f  unc t ion .

s ta tement  number :  A  number  o f  f rom one th rough f  i ve

dec imal  d ig i ts  p laced w i th in  co lumns 1  th rough 5  o f  the

in i t ia l  l i ne  o f  a  s ta tement .  l t  i s  used to  ident i f y  a  s ta tement

un ique ly ,  fo r  the  purpose o f  t rans fer r ing  cont ro l ,  de f in ing

a DO loop range,  o r  re fe r r ing  to  a  FORMAT s ta tement .

s to rage map:  A  compi le r  l i s t ing  tha t  shows the  names and

s torage loca t ions  o f  vur iab les  and s ta te rnent  nunrbers  in

the  ob jec t  modu le .

subprogram:  A  program un i t  headed by  a  FUNCTION or

S U B R O U T I N E  s t a t e m e n t .

SUBROUTINE subprogram:  A  subrout ine  cons is t ing  o t

F O R T R A N  s t a t e m e n t s .  r l r e  f  i r s t  o f  w h i c h  i s  a  S U u , T O U T I N E

sta tement .  l t  op t iona i l y  re tu rns  one or  more  parameters  to

the  ca l l ing  program un i t .

subscr ip t :  A  subscr ip t  r lua i r t i t y  o r  se t  o f  subscr ip t  quant i -

t ies ,  enc losed in  paren theses  used in  con junc t ion  w i th  an

ar ray  name to  ident i f  y  a  par t i cu la r  a r ray  e lement .

subscr ip t  quant i t y :  A  component  o f  a  subscr ip t :  a  pos i t i ve

in teger  cons tan t ,  in teger  var iab le ,  o r  express ion  tha t  eva lu -

a tes  to  a  pos i t i ve  in teger  cons tan t .  l f  there  is  more  than one

subscr ip t  quant l t y  in  a  subscr ip t ,  the  quant i t ies  must  be

separa ted  by  commas.

sys tem input  dev ice :  A  dev ice ,  such as  a  card  reader  o r  a

pr in te r /keyboard ,  used to  read the  job  s t ream.

type dec la ra t ion :  The exp l i c i t  spec i f  i ca t ion  o f  the  type

and,  op t iona l l y ,  leng th  o f  a  var iab le  o r  func t ion  by  use  o f

an  exp l i c i t  spec i f i ca t ion  s ta tement .

un format ted  record :  A  record  fo r  wh ich  no  FORMAT

sta tement  ex is ts ,  and wh ich  is  t ransmi t ted  w i th  a  one- to -

one cor respondence be tween in te rna l  s to rage loca t ions
( [y tes ]  and ex terna l  posr t io r rs  in  the  record .

var iab le :  A  da ta  i tem,  ider r t i f  ied  by  a  synrbo l i c  name,  tha t

i s  n o t  a n  a r r a y  o r  a r r a y  e l e m e n t .
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F O R T R A N  S A M P L E  P R O G R A M

Figure  131 conta ins  a  sample  Sys tem/3  FORTRAN program

and the  ou tpu t  l i s t ing  resu l t ing  f rom i ts  compl la t ion ,  l ink

ed i t ing ,  and execut ion .  The sample  program can be  used to

accomp' l  i sh  pos t - ins ta l la t ion  checkout  o f  the  compi le r .

A f te r  p rogram produc t  ins ta l la t ion ,  i f  the  sys tem uses  5444,

th is  p rogram can be  run  by  p lac ing  the  d is t r ibu t ion  d isk

car t r idge  on  R1 ( fo r  sys tems us ing  3340,  p lace  the  program

product  d is t r ibu t ion  da ta  modu le  on  D1) .  Then,  genera te

a  ca l l  to  the  procedure  FRTSMP us ing  the  fo l low ing  OCL

stateme nts:

l/ DATE00/00/00
I /  C :ALLFRTSMP,Rl
/ /  FIUN

You must  have 10 t racks avai lable for  $SOURCE and 10
tracks avai lable for  $WOR K on F 1.  The procedure assumes
t h a t F l  i s n a m e d F l F l F l .

This  test  program consists  of  three groups of  s tatements:  a
FORTI1AN source module of  a subprogram named KBINCO
(used tc l  compute entr ies in  an array) ,  a FORTRAN source
module of  a main program named SAMPLE (used to pr in t

out ther array), and a single data statement that is used as
input  to  the load module resul t ing f rom the compi lat ion of
thc +wo FORTRAN source modules.

The sarnple program is  wr i t ten to be run in  the min imum
system conf igurat ion.

Figure 31 shows the output  as i t  appears on the pr inter .

Each page heading wi l l  d isp lay the current  vers ion number.
modi f  icat ion number,  modi f icat ion number,  date,  and
page number.  Compi ler  output  consists  of  :

l 'he source module l is t ing I

1-he compiler storage .up El

I nformative mustag.s [f

Appendix A. FORTRAN Sample Program

2.

3 .
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Page of  SC28-6[ ]74-3
l ssued  25  Nove rnbe r  i  977
B v  T N L :  S N 2 1 - 5 5 6 8

/ /  C . A I I  F R T S M P . R I
X X  C A L I  P A R T O I  . R I
X X  I  N A D  i F O R T . F I
X X  C N I { P I I  F  S N I J R C F - K  B I N C O . I I N  I T - R  1
X X  F  I  t  F  N A  M F - 3 I . / O R K . I ' N T  T - F  I .  P A C K  - F I  F  I  F  I  r  T R A C K S . l  O .  R F T A  I N _ S
X X  F I I  F  N A M F - $ S O ( J R C F . I J N I  T - F I  

" P A C K - F l F I F I . T R A C K S - 1  O . R F T A I N - S
X  X  R I J N
/ /  R I J N

F N R T R A N  I V  V E R X X / M N D X X

* P R N C F S \  M A P
c
c  * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * +
( .  *  K B I N C I ]  ( , O I , 1  P t ' T F S  T H F  B J N O M ! A I  C t  F F F i C I E N T ,  *
C  *  C ( N . K )  =  ( N * ( N - 1  ) * * * ( N - K + t l  ) / ( K * { K _ t l * + * 1 ) .  +
.  *  I . I H F R F  N  A N N  K  A R  F  T H F  I N T F G F R  A R G I J M F N T S  T O  +
C  *  T H F  F I ' N C T I O N .  I N T F R M F I J I A I F  C A L C I J I . A T I N N S  A R F  *
C  *  P F R F N R M F D  I N  R F A t  A R I T I . M F T I I .  T N  T H F  C A S F  +
C -  *  I . ] H F R F  K  . G T .  N .  A  V A I  I J F  O F  Z F R C  I S  P F T I J R N F D .  *
C  *  T  H F  V A T  I J F S  O F  N  A i , ] N  K  A R F  I  F  F T  U N C H A N G F D .  *
C  *  T H F  F I ' N C T I N N  H A S  9 F F N  C H F ' K F N  F O R  A L L  C O M -  *
a  f  R I N A T I t t N S  O F  N = l  . 2 . . . . . 2 A  A N D  K = 1 . 2 . . , . . 1 0 ,  +
c  * * * * * + + * * * * * * * * * + + * * * * * * * * * * * + * * * + * * * * * * * * * * * * + * *
c

' I  
F I J N C T  I O N K B I N C O ( N . K }

C H F C , K  F O R  T R  I V I A L  C A S F S
T F (  K . G T . N )  G ' T C  5 0
r F (  K . F O -  O )  G O T O  6 0
l F (  K  . F O .  t \ l  G O T O  6 0
T F (  K  . F O .  I )  G C T C  7 O
T F (  N - K  , F O . t )  c o T o  7 0

C O N V F R T  T O  R F A L  F O R  I N T .  C A I  C I J L A T  I O N S

x x / x x / x x  P A G E  0 0 1

0 1 2  1 0 0 0 0
0 1 2 2 0 0 0 c
0 1 2 3 0 0 0 0
0 1 2 4 0 0 0 0
a  t 7  4  2000
0  1 2 4 4 0 0 0
o I 2 4 6 C 0 C
o 1 2 4 8 0 0 0
o  12  48400
0 1 2 4 8 8 0 0
o1249  ?OO
0 1 2 4 9 6 0 0
o  t 2  4 9 7  0 0
0  I  2  5 0 0 0 0
0 1 2 6 0 0 0 0
0  1 3 0 0 0 c 0
0 1 3 5 0 0 0 0
0 1 4 0 0 0 0 0
0  1 4 5 0 0 0 0
0 1  5 0 0 0 0 0
0 1 5 1 0 0 0 c
0 1 5 5 0 0 0 0
0 1 6 0 0 0 0 0
0 1 6 1 0 0 0 0
0  l 6  5 0 0 0  0
0 1 6 6 0 0 0 0
0 1 7 0 0 0 0 0
0 1 7 5 0 0 0 0
o 1 8 0 0 0 0 0
0  1 8  5 0 0 0 0
o  1 9 0 0 0 0 0
0 1  9 1  0 0 0 c
0 1 9 5 0 0 0 0
0 2 0 0 0 0 0 0
0 2 0 5 0 0 0 c
0 2 1 0 0 0 0 0
0 2 1 1 0 0 0 0
0  2  I  2 0 0 0 0
0  2  I  3 0 0 0 0
0 2 1  5 0 0 0 c
0 2 2 0 0 0 0 0
0 2 2 5 0 0 0 0
0 2 3 0 0 0 c 0
0 2 3 5 0 C 0 0
024  0000  0
0 2 4 5 0 0 0 c
0 2 5 0 0 0 0 0
0 2 5 5 0 0 0 0

A T  H E X I  D E C I  H E X Z  O E C Z
I  O 0 0 E  O O 0 l 4
I  0 0 1  A  0 0 0 2 6
I  0 0 2 6  0 0 0 3 8

7

5

tr
1 P = N
8 O = K

C H F C . K  F N R  t  N W F R  I  D E N O M I N A T C R I

C A L C . I J l  A T  F  N F N N M I N A T N R
l O  t ' l A X  =  0
l l  B O T  =  l . O
1 2  D O  1 0  I = 2 . M A X
1 3  B n T  =  I
|  4  1 0  C n N T I N U F

C N M P I J T  F  N I ' M F  R A T N R
1 5  M A X  =  p
1 6  M I N  :  p  -  O  +
l 7  T n P  =  l . O' |  R  O O  4 0  I  = M  I N . M A  X
l s  T o P  =  I  *  T O P
2 0  4 A  C . O N T I N U F

C A I  C I I L A T F  A N D  R N I ' N D  8 I N .  C O F F F .
2 ' l  K B I N C O  =  T n P / B C T  +  O . 5
2 2  R F T I J R N
. 2 1  5 0  K B I N C O  =  O
? 4  R F T I ' R N
? 5  6 0  K B I N C . O  =  I
2  6  R  F T I ' R N
2 7  1 0  K B I N C O  =  N
2 8  R F T T I R N
79 FN T)

N A M F  A T  H F X I  D F C I  H F X ?  D E C . z  N A M F  A T  F F X l
K B r N C n l  0 0 0 6 0 0 0 0 6  N  I  0 0 0 a
p  R  o 0 l 2  0 0 0 1 8  0  R  0 0 1 6
B O T  R  O O | F  O O O 3 o  I  I  O O ? 2
T n p  R  o 0 2 A  0 0 0 4 2

O O O  T O T A I  F R R O R S  F O R  T H I S  C T M P I L A T I O N

F igu re  31  (Pa r t  I  o f  6 ) .  FORTRAN Samp le  P rog ram

q  l F ( P - O  . l - T .  o )  0  :  P - 0

tr
D F C I  H F X 2  D E C 2  N A M E
o o o l 0  K
o o o 2 2  H A  X
o o o 3 4  M  I N
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Page of  SC28-6874-3
l ssued  25  November  1977
B y  T N L :  S N 2 1 - 5 5 6 8

t s  1 o ' ] 3 l l i ' " l n o " : S i l ; " \ 0  = o r e o  6 0  = o r A e  7 0  = o r 8 5
N I I O 5  I  T H F  C O D F  T . F N G T H  O F  K B I N C O  I S  4 4 9  D F C I M A L .
O I  I 0 1  I  I N T A I  N U M B F R  O F  L I B R A R Y  S F C T C R S  R F C U I R E I ]  I S  5

N A M  F - K  B  I N c o .  P A c K - F  1 F  l F  I  .  t . , N  I  T - F  I '  R E  T A  I N - T .  L  I  B R  A R y - R , c A T E G o R y - o z o

X  i  C A I  I  P A R T 0 2 .  R I
!  i  L O A D  S F O R T . F I
. X  C o M p  I L F  s o U R c F - S A I . I p L F . U N  I T - R 1

I X  F I I  F  N A U F - $ I ' O R K . t J N  I  T - F  I .  P A C K - F  I F  I  F  I , T R A C  K S - I  O .  R F  T A I  N - S
X  X  F  I  I  F  N A I , I F - 3 S O U R C F .  I J N I  T - F I  r  P A C K - F I  F I  F I .  T  R A C K S - I O .  R E T  A I N - S
X X  R I I N

* p R n c F s s
I

M A P
P R O G R A M  S A M P L F

* * * * * * * * * * * + * + * * * * * * + * * * * * * * * * * * * * * * * + * * * * * * * * * + * * + * * * * * * * * * * * * * * * * * o o o 4 o o o o
*  * o o o 4 o 4 o o
*  T H I S  P R O G R A M  I S  A  T F S I  C A S F  D F S I G N F D  T O  V F R I F Y  T H A T  T H F  5 / 3  * O O 0 4 1 2 O O
*  F O R T R A N  I V  C O M P I I  F R  A N C  L I B P A R Y  H A V E  B F F N  P R O P E R L Y  I N S T A L L E D  I N  * O O O 4 1 6 O O
*  Y O I I R  S Y S T F M .  T H F  R F O T ] I R F I }  C C I  S T A T E M F N T S  A R F  I N C L U D E D  I . I I T H I N  * O O O 4 I 7 O O
*  T H F  C A I  L  F D  P R O C  F F D T ' R  F S  .  * O O O 4 1 8 O O

*  T H F  P R O G R A I 4  G F N F R A T F S  A  T A B T F  N F  B I  N C M I  A I .  C C F F F I C I F N T S  I , I H I C H  I S
*  T I . ' ] F N  P R I N T F O  O N  T H F  P R I A I T F R .  A I t  O A T A  I S  P R O G R A M  G E N E R A I E D .

T H F  O T J T P I ' T  S H C I I L N  B F  - - .

I  - - - - - - - - - - -  - - - - - - - - - - - - -  I

c
c
c
a
c.
C.

c.
c
c
C,
C

C.
c.
C.
c
c
C.
c
c
c
c
C.

c
C.
C,
c.
c
c
c
c
c
c
a
c
c
c
c
c
c
c

I  N I I  2  7  4 5 6 9  I 0  I

2
1

5
o
7
I
9

t 0
1 t
t 2
l 3
' t 4

l 5
l 6
l 7
l 8

? o

1 0 0 0 0 c 0 0 0
o o o o o 0
o 0 0 0 0

7  2 t  3 5  3 5  2 t  ?  1  o  o  o

r o  4 5  I  2 0  ? L O  ? 5 ?  2 l  0  1 2 0 4 5
1  I  5 5  I  6 5  i 3 0  4 6 ?  4 6 ?  7 1 0  I  6 5 5 5 I I
1 2  6 6  2 2 0  4 9 5  1 9 ?  s ? 4  1 9 2  4 9 5  2 2 0  6 6

I  - - - -  I

2 l o o
3 i l 0
4 6 4 1
5  r 0  1 0  5
6  1 5  2 A  l 5

4 2 a 5 6 7 0 5 6 2 A 8 1
c  3 6  8 4  t 2 6  t ? ( ,  8 4  a 6  s

0 0 0 0 0 0
1 o 0 0 0 0
6 1 0 0 0 0

0 0
1 0

l 0  I

* o 0 0 4 1 9 0 0
* 0 0 0 5 6 4 0 0
* 0 0 0 6 6 4 0 0
+ 0 0 0 7 0 4 0 0
* 0 0 0 7 1 o 0 0
* o 0 0 8 1 0 0 0
+ o 0 0 8  3 0 0  0
* 0 0 0 8 5 0 0 0
* 0 0 0 8  5 4 0  0
* o o 0 9 0 2 0 0
* 0 c 0 9 2 2 0 0
* 0 0 0 9 4 2 0 0
* o 0 0 9 4 6 0 0
* 0 0 0 9 5 0 0 c
* o 0 0 9 5  1 0 0
* 0 0 1  0 8 8 0 0
* o 0 1  1 8 8 0 0
* o o  I  2 0 8 0 0
* 0 0 1 2 1 2 0 0
* 0 0 1 2 1 6 0 0
* 0 0 1 2 2 0 0 0
* 0 0 1 2 2 4 0 0
* o o L 2 2 - 5 0 0
* c 0 1 2 7 1 0 0
* 0 0 1 2 9 1 0 0
* 0 0 1 3 1  1 0 0
* 0 0 1 3 1 5 0 0
* 0 0 1 3 1 6 0 0
* 0 0 1  3 6 2 0 0
* 0 0 1 3 8 2 0 0
* 0 0 1 4 0 2 0 0
* 0 0 1  4 0 6 0 0
* 0 0 1 4 0 7 0 0
* o 0 1 5 2 5 0 0

1 3  7 8  2 A 6  7 1 5  1 2 8 7  1 7 1 6  1 7 1 6  L ? 8 7  1 t 5  2 8 6
1 4  s l  3 6 4  I  C O I  2 0 0 2  3 0 0 3  1 4 1 2  3 0 0 3  2 0 0 2  1 0 0 1
l 5  l o 5  4 5 5  1 3 6 5  i 0 0 3  5 C 0 5  6 4 7 5  6 4 3 5  5 0 0 5  3 0 0 3
1 6  t z ( J  5 6 0  1 8 2 0  4 3 6 a  8 0 0 8  I  1 4 4 0  I  2 8 7 0  1 1 4 4 0  8 0 0 8
1 1  1 3 6  6 A 0  ? Z A O  6 1 8 8  1 2 3 7 6  1 9 4 4 8  ? 4 1 t O  2 4 3 t O  1 9 4 4 8
l 8  1 5 3  8 1 6  3 0 6 0  8 5 6 8  1 8 5 6 4  3 1 8 2 4  4 1 7 5 8  4 8 6 2 0  4 3 7 5 8
l 9  l 7 l  9 6 9  3 8 7 6  t t 6 ? 4  2 7 t 3 ?  5 0 7 A 8  7 5 5 8 2  9 2 1 1 8  9 2 7 7 A
2 0  1 9 0  l l 4 0  4 8 4 5  t 5 5 0 4  2 A 1 6 A  7 7 5 2 0  1 2 5 9 1 0  1 6 7 9 6 0  1 8 4 7 5 6

* * * * * * * * * * * * * * * * * * * * , * * * * : t * * * * * * * * * * * * * * + * * * * * * * * * * * * * * + * * * * * * * * * * * * * O O l 6 2 5 O O

F igu re  31  (Pa r t  2  o f  6 ) . FORTRAN Sample Program
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2
7

5
t\
7
I
I

'I 
0

l l
t 2

tl
J i t  t .

t 4
l 5

l o

2 0

F O R T R A N  I  V  V E R O 5 / ! 1 O D O O

D I M F N S I O N  N B Y K ( 2 0 . I O I
I N T F G F R  N I J T
D A T A  O I ' T  / A /
D n  l O  K = 1 . 1 0
N B Y K ( l . K )  =  K
C ,  C N T I  N T J F
I . I R  I  T F  (  N T J T .  2  I
t , J R I T F  ( n t J T . 3  )  ( N B Y K (  l . K  l . K = 1 . 1 0 1
D n  3 0  N = I  , 2 0
D n  2 0  K = 1 . 1 0
N B Y K ( N . K )  =  K B I N C O ( N . K l
C O N T I N U F
I . J R I  T F  ( o l J T .  4 )  N .  ( N B Y K (  N . K  l . K = r .  l C l
C N N T  I  N I ' F

0 0 1 6 4 6 0 0
o 0 l  7 6 4 0 0

6
o o  2 0 0  0 0  0
0 0 2  5 0 0 0 0
0 0 3 0 0 0 0 c
0 0 4 0 0 0 0 6
004  5  000  0
0 0 5 0 0 c c 0
0 0  5  5 0 0 0 0
0 0 6 0 0 0 0 c
0 0 6 5 0 0 0 0
0  07  000  oo
0 c 7 5 0 0 0 c

l 6
l 7
l 8

t t R t T F ( n U T . 5 )
s T n p

2  F N R M A T (  I  I  S / 3  F N R T R A N  I V  S A M P L F
l F o R  s / 3  s A l . l P L E  p R a c R A M l  / / / / / l

I  c  1  F O R M A T ( T 7 .  r  I r  . 5 7 (  r _ .  ) .  I  J  ' / T 7 .  '  I  r . T 3 5 .  r K  r . T 6 5 . .  l r  l I ? . .  I _ _ _ _ I  r ,
*  5 7 ( r - r ) . r t t / r 2 . t I  N  I r i l 2 . t 4 . ? t 5 . 3 1 6 . ? 1 7 . 1  | t / T 2 ,
*  r I _ _ _ _ 1 r . 5 7 (  r _ r l . r l r l

2 0  4  F O R M A T ( r  I r , 1 3 . .  I . r l 3 .  t 4 , ? 1 5 . 3 I 6 . 3 1 ? . .  I r l
2 t  5  F O R M A T ( r  I _ _ _ _ I r . 5 7 ( r _ r l . r l ' l
2 2  F N N

0 9 / 1 , \ / 1 6  P A C E  0 0 2

0 0 8 0 0 0 0 0
o 0 8  5  0 0 0 0

T F S T  C A S F l / / / / / / /  1 X .  I T F S T  I N P I J T , O O 9 0 O O 0 6
009  1000  r -
0 0 9 5 0 0 0 c
o  l o o o o 0 0
o 1 0 5 0 0 0 0
0 1 1 0 0 0 0 0
0 l  I  5 0 0 0 0
0 1 2 0 0 0 0 0

tr

g

N A I . t F  A T  H F X I  D F C I  H F X 2  N F C 2  N A M F  A T  H F X I  D F C l  H T ' X 2  N F C 2  N A M F  A T  H E X I  D F C I  H F X 2  D E C 2
n l t r  I  o l 8 5  0 0 3 8 9  N B Y K  i  o l S c  o o 3 9 1  0 4 A 8  o l l 9 2  K  I  O 4 A 9  0 1 1 9 3
N  1  0 4 A D  0 1 1 9 7

O O O  T N T A L  F R R O R S  F N R  T H I S  C O M P I L A T I O N

S T A  T F I . I F N T  A L I  O C A T  I O N S
5  = O 5 f r t  4  = O 5 7 A  3  = O 5 B B  2  = 0 6 6 6  I  O

F igu re  31  (Pa r t  3  o f  6 ) .  FORTRAN Samp te  P rog ram

= 0 6 B 0  2 O = O 1  2 C  3 0  = O 7 6 4
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N V F R T  A Y  L i N K A G F  F D I  T O R  C . O R F  ( - , S A G E  M A P

S I  A R T  C A T  F G O R Y
A D I } R F  S S

|  8 i ) O  l 2 F
t F ' t 9
l  B o o
I  9 0 0
t F S l  i ]
7 0 t F
2 r )F7
2 0 F ?
|  ? 4 2
2 l  1 4  0
7 1 ? 5
; ,  1 1 7  0
2 t 6 t )
2 l  A 9
2 t  g c  o
2  2 ' 1 0
2 7 1 r
2 2 2 1
7 2 0 F
2 I  F B
2 2 4 8
? 2 4 F
? ? 6 a )
2 2 5 6
2 ? 6 (
7 2 6 n ,
7 2 9 6  O' / j a l

2 . ' 9 F
? 2 h 7  0
? 2 t a l
2 ) A 2  4
v ) B < )
? 2 B F
? 7 C  6
2 2 ( . 4
2 2  n 1
2 2 n A  4
7 7  F F
? ? F 1 .
7 2 F 8
2 2 t ' A  4
2 Z A  6
7 1 1  A
2 7 2 4
2 7 A i  4
2 4 1 D  4
7 4 2 0 .
2  471
2 4 4 4
2  4 4 n
7 4aC.
? 4 n F

N A M F  A N I ]
F N T R Y

S A U P L  F
, U N I I 8
# E R  B t J F
#  I  O 8 r ' F

$ F O F O
{ M N  T R  Y
{ S N T R Y
# R  N T R  Y
# n

3 F C F 5
T R I .  T R N

$ F N B I
# D F D 4
# o E D 7  0

$ F f l  lo
# F  T  S T
a F t  s T  2
{ D F R R
# I  O I  N T
#  I O C O t 4
#  F N O F O
# F R R F O
{ n U T t l r
{ I N T B I
#  I O  a a a
f F t  R p 2

S F  N V G
# A i r R o T
# R I .  I S T

$ F O V H
# D L  I S T

$ F C F J
{ X l  I
# x s T
# X A
#  x M t . I
#x r . r sT

S F O F f T
# 8 S I
# B A
{ B S

$ FO Ft)
# D I } E N D
# O O B R
{ D B G N  3

T F O F 2
i F O  F A

I R L
* R S T
# R A O
f R A
# R S 0
# R S

C O D E  L  F N G T H
H F X A D F T I N A L  C F C I I , I A L

0 7 8 1  l 9 2 l

0 1 9 3 4 0 3

o o ? - 3  1 5

0 0 6 2  9 8

o o F t ) 2 5 1

o o  0 c

o o l 0  1 6

o 0 2  8  4 0

o o l  c  ? a

o c E  I

0 0 4 6
o l 5 4

2 2 5

7 0
140
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S ]  A R  I
A t ) 0 R  F S S

2 ' r 5 o
? 5 7 1
2 5 t  4
2 6 7 8
2 1 1 o '
? t t l
2  t 7 l
2 lt'\t
2 t t 4
7  f  F 4
2  t t l
2 q o  I
2 q o q
2 8 R l
2 ( l  I  l
2 q  \ )
2 q t ) t
: ) A 2 t )

2 A ' lf)
2 R  2  t
2 t \ 4 t
2 B R q
2 (  R 4
2 ( . A A
2 D  6 8
2 t ) 9 4
2 D R  I
2 F  I F
) F 4 6

n t  | 0 0  I
o r  l o l  I
o r  l o 4  I

{ R  I N

i F 0 t  I

i t  r ) f  I

i f I f H

i t  t l v c

f f  I  f l / \  I

I , f  { r v A

i t | t (

d R 0 l  I  w

/ R i l f  l w

trf, |{r 2
# I  R f  T

{  t  f r 8 2  a

{ t ( } f t 2 t l

d l ( l 8 2 c

i  t  | (  l

i f 0 t r u
i  l -  ( r f \ q

i f  | f \ A

i t 0 ( a

i F N I C

d f  R  T C ,  I

{ , t  ( r  I f t

T i I  P R  T

$ t  (  |  I  l

, f o t t a

i l t  o t  l

i F 0 v t )

t f  ( r F B

$ f  n D 7

K B I N C O

o o B  I
{ ) o B 4
0 0 ( l t l
o o a r  I

o o t , t J
{ ) o 2 o

O  I  j 1 r

o o ^ t  I 7 I
( r o 4 t  7 t i
o o  l  u  ?  4
o o t  t )  , , , )
o c 2 f r  4 l
o o {  2  1 9 4

A  I I  ( ; ( ) R  Y  N A H I  A N I J

f  N I  R Y

( r t ) l  l t N ( ; l t l
x A r ) l ( . t t r A l  l ) f (  I M A ti l t

b

6

? o

o 0 6 a
1 ) O t  ? t
o o F  4

I  J l

l a ?

l  . '  . ' ,
( ) l

t 0 ' j

\ 2

I O B

t o 6
? r l
? ?  F

o o l  q  ? ,
o o f , n  l o 9
o t 2 c  3 0 0
o l a l  4 4 9

T I ] F  T O T A I  C O R T  ( I S F I I  B Y  S A M P I F  I S  6 4 I I  D F ' I M A I  .

T H F  S T A R T  C ( I N I R N I  A D O R f . S S  T ] F  T H I  S  N T ] D I ' I  f  I <  I 8 O O .

I O T  A I  N I I t . I B T R  O F  T  I B R A R Y  S F C I ( I R S  R F O I I T R F D  I  S  ? 7

N A X F - S A M P T  F . P A C K - F I  F I  F I . I J N I T _ F I  ' R F I  A I N - T .  I  I B f ] A R Y _ I 1

F i g u r e  3 1  { P a r t  5  o t  6 ) F O R T R A N  S a n r p l e  P r o g r a m
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X X  C A T I  P A R T O ? . R I
X X  I N A D  S A i , I P L F . F I
X X  R I i N

S / J  F O R T R A N  I V  S A M P L F  T E S I  C A S F

T F S I  I N P I I T . F O R  5 / 3  S A M P T F  P R O G R A I , I

I  N t  I  ?  7  4 6 7 8 9 1 0  I

t  l t  I  o  0  0
|  ) t  2  |  O  O
I  3 l  ?  i  I  o
|  1 + l  4  6  4  t
i  5  I  5  l 0  l o  5
I  6 1  6  1 5  2 0  t 5
1 7 1 7 2 1 ? 5 a 5
r  B  T  B  2 8  5 6  7 0
r  q  I  c  3 f J  a 4  t 2 6
r  l o  r  t o  4 5  1 2 0  ? t o
r  r l  I  r l  5 5  1 6 5  1 3 0
1  t 7  |  t ?  a , 6  2 ? O  4 9 5
I  l 1  |  l ?  7 8  2 8 6  7 1 5
r  r 4  I  l 4  9 l  ? 6 4  l O O l
T  l 5  I  l 5  l 0 5  4 5 5  1 7 6 5
I  l 6  I  l 6  t 2 0  5 t O  1 8 2 0
r  1 7  I  t 7  1 3 6  6 8 0  2 1 8 0
r  r R  i  l 8  1 5 3  8 1 6  3 0 6 0
I  r 9  I  l 9  l 7 t  9 6 9  ? 8 7 6
I  2 O  I  2 O  l 9 0  I  l 4 O  4 8 4 5

0 0 0 0 0 0
o o 0 0 0 o
o o o 0 0 0
0 0 0 0 0 0
l o o 0 0 0
6  I  0  0  0  0 r

2 1  7  I  0  0  o I
5 6  2 A  I  I  0  o I

t 2 6 8 4 7 6 9 1 0
2 5 ?  z t o  1 2 0  4 5  l o  I
4 C , 2  4 6 2  3 3 0  1 6 5  5 5  l l
797_  924  792  495  2?O 66

l 2 a 7  t 7 l 6  1 7 1 6  t 2 a 7  7 1 5  2 A 6
7002  3003  343?  3003  2002  l oo l  I
3003  5005  6435  64?5  5005  3003  I
4 1 6 4  8 0 0 8  1 1 4 4 0  1 2 e 7 0  1 1 4 4 0  8 0 0 8  I
. , r 88  12376  19448  24 t t 0  24710  19448  I
8568  18564  31824  43758  48620  4a758  |

t t 67a  211a2  501AA  755A2  92 )7A  92318  |
1 5 5 0 4  3 8 7 6 0  7 7 5 2 0  1 2 5 9 7 0  1 6 7 9 6 0  1 8 4 ? 5 6  I

I - - - -  I - - - - - -  - - - - - - - r

Figure 31 (Part 6 of 61. FORTRAN Sample Program
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Appendix B. Compilat ion Messages

Compi le r -g . ;enera ted  messa l1c l  i r r i l i ca te  cor rd i t io r rs  encount -  02  CONTINUATION ER ROR.
ered dr " . l r  i r rg  p rogr  am con ip i l , t t !dn .  Usua l ly  they  descr ibe
inva l id  uses  o f  FORTi {AN syn tax ,  bu t  can  a lso  re la te  to  Exp lanat ion :  More  than 19  cont inuat ion  cards  are
v io la t l r - j ' ns  o f  Sys temi3  requ i remer r ts .  spec i f ied ,  o r  a  cont inuat ion  card  is  ou t  o f  sequence.

Etrci ' rrrr:ssaqes ai ' t  l ist,ed here in orrJer t ty message number Severity: 8; output text not generated.

ar rd  r r , :  descr i i - l cd  L rs i r rg  t l re  {onnat :

Frogrammer Response: Check for l i roper del imiters;

1 .  { \4essage nur l lber  and t r :x1-  respec i fy  the  s ta te rnent  so  tha t  i t  does  no t  ex tend

over  mofe  t f ran  19  cont inuat ion  cards .

2 ,  E . x p l l r r a t i u r r ,  v r t r i c l i  s u r r r m a i . i z e s  t h e  c o n d i t t o n ( s )
caus ing  th r j , less i iQe to  bc  r le r r t : ra ted .  03  SYNTAX ERROR

l3  l iever i t y  cor le ,  whrc l r  i r rd ica tes  the  ac t rL rn  taken bV Exp lanat ion :  A  s ta tement  i s  four rd  tha t  does  no t

I .hc  c r - r lnp i i r r r .  
- iwo 

scver i tv  codr - ' s  l rc  t r ross ib le :  con form to  the  ru les  fo r  wr i t ing  FORTRAN s ta te -

ments .

*  Sr :ver r l , / . r .1  i , var i l ing  f i tessagr , .  Compi la t ion  con-
t inues ;  rhe  i i r rk .e t l i t in l l  s tep  and load modu le  Sever i ty :  8 ;  ou tpu t  tex t  no t  genera ted .

e  x e c u i i o n  s t e p  a r e  s u l l  p e r r r r i l t c d .
Prograntnter Response: Correct the statement.

t !  Sdve! ' i t y  B  . - 'e r i . r r - rs  t , r ru r .  Cornp i la t ion  cont inues ,
br r t  t . r ro t :ess inq  t r rnn ina tes  a t  the  end o f  compi la -  04  INVALID STATEMENT.

r i o r ,  ( r h e ,  l -  l N K ,  o t i i r c T ,  D E C K ,  a n d  G o D E C K

opi ions  arc  ig r ro red) .  1 'he  phrase ou tpu t  tex t  no t  Exp lanat ion :  The s ta tement  i s  undeter rn inab le ,  mis -

genef t te ( l  i s  used as  a  reminder  tha t  p rocess ing  spe l led ,  o r  incor rec t ly  fo rmed.

is  te r : 'n i r ra tud  a t  the  €)nd  o f  i :onrp i la t io r . .

Severity: B; output text not generated.

l f  t l re  compi l , : r  r r rakes  a f r  assurnpt ion  or  takes  a

strrecial :ct i ln L:,ecause of orre of the error messages, Programmer Response: Correct the statement.

tha t  assurnpt ion  or  ac t io r l  i s  r lescr ibed in  the  sever i ty

c o d e  s e c t i o n .  0 5  S E O U E N C E  E R R O R .

4.  i ' rograrnrner  response,suggest ing  appropr ia te  ac t ion
r ,vh ich  Vou shor : ld  take .  Cor rec t ivc  ac t ion  shou ld

so lve  the  prob lem;  hc- rwever ,  i f  the  prob lem recurs"

have the  source  program and assoc ia ted  source  l i s t ing

a v a i l a b l e  b e f o r e  c a l l i n g  I B M  f o r  p r o g r a m m i n g  s u p p o r t .

T J 1  h J O I i . N U M E R I C  S 1  M 1 -  N L J I l I B E R .

Explattat ion: The st; l tement number cr:ntains a

charac ter  th i i t  i s  no t  a  oec in ra l  d ig i t .

Sever i ty :  B ;  ou tpu t  tex t  r io t  genera ted .

i l rograntmer f lespclsr,.  Respecify the statement

r rumber  us ing  on iy  dec in ta l  t l i g i t s .

Explanation: The statement is not in the proper

order  o {  s ta tements  fo r  a  FORTRAN program.

Severity: 8; output text not generated.

Prograrnner Response: Place the statement into

p r o p e r  s e q u e n c e .  F o r  e x a m p l e ,  i f  t h e  F U N C T I O N ,

S t J B R O U T I I I  E ,  o r  P R O G R A M  s t a t e m e n t  a p p e a r s ,

i t  m u s t  b e  t h e  f i r s t  s t a t e m e n t  i n  a  p r o g r a m ; t h e

IMPLICIT  s ta tement  must  p recede 3 l l  o ther  s ta te -

ments ;  spec i f  i ca t ion  s ta tements  must  p recede execu-

tab le  s ta tements .

A p p e n d i x  B -  C o m p i l a t i o n  M e s s a g e s  2 O g



06  MISSING STMT NUMBER. I I  S U B P R O G R A M  I N  C O M M O N .

Exp lanat ion :  A  s ta te rnent  fo l low ing  a  STOP,  RE-  Exp lanat io r t ;  A  su l l l r r r - r t l ra r l l  narne  or  r i r r r r rn ry  1 , ra rar r r
T U R N ,  G O T O ,  o r  a r i t h m c t i c  l F  s t a t e m c n t  d o e s  n o t  c t r . ' r  a l ) l ) o a r s  i n  a  C O M M O N  o r  G t , O B A L  s l a l e r u r r l .
have a  s ta tcmcnt  r rumber .

Sevt:r i ty: 8; r.r t l tput t( . 'xt not gt- 'nt- ' ratt l t l .

Severity: B; output text not generaterl-

Prograrnnter Response: Rtlmovtl  thc subl lroqrarn
Programrner  Res l tonse:  Supp ly  a  s ta tement  number  f rom COMMON;  respec i fV  COMMON r t r  GLOBAL
Where  req t t i red .  s ta temonts  w i t l rou t  t lummy argum(- ,n ts .

0 7  I N V A L I D  N A M E .  1 2  D U P L I C A T E  S U B P R O G R A M  V A R .

Explanation: A statement contains a variable or

subprorqram name longer tharr six characters or one
tha t  does  no t  beg i r r  w i th  a r r  a lphabet ic  charac ter ,  o r
i n  a  F U N C T I O N  o r  S U B R O U T I N E  s t a t e m e n l .  t h c
name is  miss ing-

severity: 8; output tcxt not generated.

Explarntiott :  A variable nanr(i  a[)[x] irrs m()re l tr i rr l

o r r c c  i n  a  S U B R O U T I N E  r - r r  F U N C T I O N  s t a t c m c n t .

Severity: B; outttut tr jxt not qenerat( id.

Prograrnmer Reslsottse: Assi1.;rr a dif  { t :r trnt variablc

name-

Prograr r t rner  Resgtor tse :  Supp ly  o r  rcspec i fy  the  namc,  13  INVALID FORMAT SYNTAX.
mak ing  sure  i t  b t :g ins  w i th  an  a lphabet ic  charac ter  and
is no nrore than six characters long. Explanation: The FORMAT staternent contairrs a

s lash  to l lowed by  a  comma,  o r  a  comma fo l lowed by

0 8  S U B S C R I P T  E R R O R .  a  s l a s h .

Explanation: A subscript is missing or incorrectly Severity: 4; warnirrg.
spec i f  ie rd  w i t l . r in  d i  mens ioned i  n fo rmat ion .

Programrner Response: Correct the statement i f  the

Severity: 8; output text not generated. program is to be compiled again.

Prograrnmer  Response:  Cor rec t  the  subscr ip t .  l4  SUBpROGRAM NAME ERROR.

09 DUPLICATE STMT NUMBER.  Exp lanat ion :  An a t tempt  was made to  d imens ion  a

s u b p r o g r a m  n a m e  o r  t y p e  a  S U B R O U T I N  E  n a m e .
Explanation: The statement number is previously

definecl.  Severity: 8; output text not generated.

Severity: 8; output text not generated. Programmer Response: Remove dimension informa

t ion  f rom subprogram names.  l f  a  name is  to  be

Programmer Response: Assign a dif ferent statement typed, make the subprogram a f unction rather than

number .  a  subrout ine .

1O DUPL ICATE COMMON/GLOBAL. 1 5  I N V A L I D  S P E C I F  I C A T I O N .

Explanation: A variable in a COMMON or GLOBAL Explanation: A name is dimensioned more than

s ta tement  i s  p rev ious ly  de f ined in  a  COMMON or  once or  exp l i c i t l y  typed more  than once.

GLOBAL s ta tement ,  o r  an  a t tempt  i s  made to  in i t ia l -

i ze  a  COMMON or  GLOBAL i tem.  Sever i ty :  8 ;  ou tpu t  tex t  no t  genera ted .

Severity: 8; output text not generated. Programmer Response: Make sure type and dimen-

sron  tn fo rmat ion  is  spec i f  ied  on ly  once fo r  a  name;

Programmer Response: Assign a dif ferent variable assign dif terent names to dif ferent variables and arrays

name.
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1 6  I N V A L I D  E X T E R N A L  N A M E . 20 SUBSCRIPTED VAR IN ASF

Explanation: A name specified in an EXTERNAL Explanationi A subscripted variable is specified in a
statement is a subprogram name, a dummy parameter, statement function.
a  COMMON o r  GLOBAL va r i ab le ,  a  PROGRAM
name, or is dimensioned. Severity: 8; output text not generated.

Severity: 8; output text not generated. Programmer Response: Remove the subscript; if
necessary, restructure the program to execute the

Programmer Respon*: Correct any duplicate names; proper variable.
assi  gn undimensioned names.

21  SUBSCRIPT  EXPRESSION ERR.
17  INVAL ID  REAL  CONSTANT.

Explanation: An incorrectly formed subscript ex-
Explanation: An invalid or incorrectly specif ied pression or undefined variable appears in a subscript
real constant is detected. exoression.

Severity: 8; output text not generated.

Programmer Response: Respecify as a val id real
constant; that is, a number of decimal digits written
wi th a decimal  point  opt ional ly  fo l lowed by a D or
E and one or two digits for an exponent.

18  INVAL ID  INTEGER CONSTANT.

Explanation: An invalid or incorrectly specified
integer constant is detected.

Severity: 8; output text not generated.

Programmer Response: Respecify as a valid integer
constant; that is, a number of decimal digits written
without a decimal point that does not exceed the
ualue 2147483647.

Severity: 8; output text not generated.

Programmer Response: Correct the subscript expres-
s ion;  def ine a l l  var iables.

2 2  S U B S C R I P T  D I M E N S I O N  E R R .

Explanation: The number of subscripts in a subscript
expression,  or  the evaluated resul t  o f  the subscr ipt (s)
does not  agree wi th the d imension in format ion,  or

the evaluated result of the subscript exceeds 32767.

Severity: 8; output text not generated.

Programmer Response: Respecify the expression or
the d imensioned def in i t ion so that  they are consistent .

23  ARITHMETIC  STMT ERROR.

19 DUMMY ARGUMENT ERROR. Explanat ion:  An inval id  ar i thmet ic  s tatement  or
var iable is  speci f ied;or  in  a FUNCTION subprogram,

Explanation: More than 15 dummy arguments, or the left side of an arithmetic statement is a dummy
dupl icate dummy arguments.  appear in  a s tatement  argument  or  is  in  COMMON.
funct ion argument  l is t ,  or  more than 25 dummy argu-
ments appear in a FUNCTION or SUBROUTINE Severity: 8; output text not generated.

statement.

severity:8; output text not senerated. 7:::#:r: 'Response: 
correct the arithmetic

Programmer Response: Correct any duplicate names;
make sure the number of dummy arguments does not
exceed 15 or  25.
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2924 I N V A L I D  I F  E X P R E S S I O N .

Explanation: An invalid or incorrectlv formed lF
expression is  speci f  ied.

Severity: 8; output text not generated.

Programmer Response: Correct the lF expression.

I N V A L I D  S I M P L E  A R G U M E N T .

Explanation: An invalid simple argument appears
in a CALL statement .

Severity: 8; output text not generated.

Programmer Response: Correct the CALL statement.

INVAL ID  CALL  EXPRESSION.

Explanation: An invalid expression appears in a
CALL statement.

Severity: 8; output text not generated.

Programmer Response: Correct the CALL statement.

I N V A L I D  A S F  L E F T  S I D E .

Explanation: An invalid expression appears to the
left of an equal sign in a statement function.

Severity: 8; output text not generated.

Programmer Respon*: Correct the statement function.

I N V A L I D  A S F  R I G H T  S I D E .

Explanation: An invalid expression appears to the
right of an equal sign in a statement function.

Severity: 8; output text not generated.

Programmer Response: Correct the statement
f  unct ion.

I N V A L I D  S T M T  N U M B E R .

Explanation: In an arithmetic lF, GOTO, or AT, or
on the END= or  ERR= parameter  of  an l /O statement ,
a statement  number is  miss ing,  inval id ,  incorrect ly
placed, or is the number of a non-executable statement.

Severity: 8; output text not generated.

Programmer Response: Respecify the statement with
a val id  s tatement  number.

F O R M A T  S T M T  N U M E E R  E R R O R .

Explanation: A FORMAT statement number is miss-
i r rg or  is  incorrect ly  speci f ied i r r  a  READ or  WRITE
statement ,  or  a READAi lRITE statement  conta in ing
an l /O l is t  references a FORMAT statement  not  hav-
i ng  a  D ,  E ,F , I ,  o r  A  fo rma t  spec i f i ca t i on .

Severity: 8; output text not generated.

Programmer Response: Respecify the statement with
a val id  s tatement  number.

INPUTIOUTPUT L IST  ER ROR.

Explanation: A syntax error or an invalid l ist elemenr
appears in  an input /output  l is t ;  or  in  a FUNCTION
subprogram, the input  l is t  e lement  is  a dummy argu-
me , r t  o r  i s  i n  COMMON.

Severity: 8; output text not ge;rerated.

Programmer Response: Correct the input/output list.

C O M P U T E D  G O  I N D E X  E R R O R .

Explanation: The index of a computed GO is missing,
inval id ,  or  not  preceded by a comma.

Severity: 8; output text not generated.

Programmer Response: Correct the computed GO.

25
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33  DO LOOP ERROI I . 37  INVAL ID  LAST STATEMENT.

Explartat ion: The DO stateffterrt  is incorrectiy nested; Explanation.- The last executable statemeirt befgre
or  the  te rmina l  s ta rernen i  o f  the  assoc ia ted  DO s ta te_  the  END s ta tement  i s  no t  a  STOp,  GOTO.  ar i thmei lc
m e l r t  i s  a  G o r o  a r i t h r n e r i c  l F ,  R E T U R N ,  F o R M A T ,  l F ,  o r  R E T U R N  s t a r e m e n t .
ST0P,  PAtJSf  ,  o r  a r rn ther  D0.

Severity: 4; warning.
Severity: 8; outp(.rt  texl not generated.

Programmer Response; Supply a STOp or other val id
Pr;tgrantner Resporrse supply a COhITINUE state- statemer)t before the END statement.
m€)n t  i f  poss i i ) le ;  c i thc rvy is r , l ,  res t r i l c t i J re  th i l  DO looo.

3 8  N O  E N D  S T A T E M E N T .
34 I 'OO MANY NF]STFD DOS.

Exp lanat ion :  The END s ta tement  i s  miss inq .
Extrt ianaf tott :  I  i rcr r_'  "rr e rrrore t iran 25 nested DO
statements- Severity: 4; warning.

l ie'veri ty: B; outprrrt  toxt not generate(1. priLgrarnmer Response: Supply an END statement i f
the  program is  to  be  compi led  aga in .

Pntgrarnmer Resp,onse: Restrr-rcture the prograrn
wf r { l re 'ver  poss !b l r . ,  ro  co i r ta in  fewer  [ )O s ta te rnents  i r r  39  STATEMENT TOO LONG.
a loc'rp.

Explanation: A statement is too long to be scanned
3 5  l N \ l A t - l D  D o  V A L L J E "  b e c a u s e  o f  c o m p i l e r  e x p a n s i o n  o f  s u b s c r i p t  e x p r e s -

s ions  or  ac ld i t ion  o f  genera terJ  temporary  s to rage
Eso la in t ion :  The,  r r r i i i a l ,  tes t ,  o r  inc remept  va lue  in  locar rons .
a  f i O  s t a t e n r e i l t  o r  r r n p l i e d  D O  i n  a  R E A D  o r  W R I T E
l /O l i s t  i s  o f  thc  inva l id  type  or  the  in i t ia l  va lue  is  Sever i ty .  8 ;  ou tpu t  tex t  no t  genera tecJ .
neqat tve  or  te ro .

Prograntmer Respottse; Restructure the statement
Sever i ty :  B ;  r : r r tpu t  tex t  no t  genera ted .  in to  smal le r  log ica l  un i ts  and spec i fy  as  separa te

s ta temen ts .
Prctgranrnter Response: Respecif y the DO srarement
i n r t i a i  v a l u e  a s  a n  u n s i g n e d  i n t e g e r  c o n s t a n t  o r  4 1  C O M M O N / G L O B A L  E X T E N S I O N .
var iab lc  g rea ter  thar r  zero .

Exp lanat ion :  A  var iab le  i s  n rade equ iva len t  to  an
3 6  l N \ / A t - l D  D C I  I N D E X .  e l e m e n t  o f  a n  a r r a y  i n  s u c n  a  m a n n e r  a s  t o  c a u s e  t h e

ar ray  to  ex tend beyor rd  the  or ig in  o f  the  COMMON
Expt lanat ic tn :  The index  o f  a  DO or  an  i rnp l ied  DO is  o r  GL,OBAL area .
o f  i r r v a l i d  t y p e ,  o i  ,  i n  a  F U N C T I O N  s u b p r o g r a m ,  t h e
i i rc lex  r r f  a  DO is  a  dumnty  a rgument  o r  i s  in  COMMON Sever i ty :  8 ;  ou tpu t  tex t  no t  genera ted .  The comprrer
o r  G L O B A L .  w i l l  r e s t r u c t u r e  t h e  E O U I V A L E N C E  n e s t  s o  t h a t

C O M M O N  o r  G L O B A t _  i s  n o t  e x t e n d e d .  N o t e  t h a t
sever i ty :  8 ;  ou tpu t  tex t  no t  qer te ra ted .  th is  res t ruc tu r i r rg  rnay  cause apparent  e r ro rs  In  o ther

l res ts ,  genera t ing  er ra r  42 .
Pntgrantmer Response: Correct the DO starement_

Programtner Response; Restructure equivalence
wherever  poss ib le ;  i r rc lude dummy ar rays  i f  necessary
to  make the  COMMON area la rqer .
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4 2  E O U I V A L E N C E  E R R O R .

Explanation: Two variables or array elements in
COMMON or G LOBAL are equated,  or  the re lat ive
locations of two variables or array elemenrs are
assigned more than once.

Severity: 8; output text not generated.

Programmer Response: Restructure COMMON or
Gl  SBAL var iables and arrays,  or  correct  EOUIVA-
LENCE statements to e l iminate double def  in i t ion.

4 3  I N V A L I D  E O U I V A L E N C E  N A M E .

Explanation: A name that may not appear in an
EOUIVALENCE l is t  was detected in  the l is t .

Severity: 8; output text not generated.

Programmer Response: Make sure that only data
var iat r le  names are used in EOUIVALENCE l is ts .

4 4  R E T U B N  E R R O R .

Explanation: A RETURN statement is present in a
main program.

Severity: 8; output text not generated.

Programmer Response: Remove the RETURN state.
ment  and supply a STOP statement .

4 5  M I S S I N G  D E F I N E  F I L E .

Explanat ion:  A DEFINE FILE statement  is  miss ing
in a main program that contains a direct access
READ,  WRITE ,  o r  F IND s ta temen t .

Severity: 8; output text not generated.

Programmer Response: Supply a DEFINE FILE
statement.

4 6  I N V A L I D  D E F I N E  F I L E .

Explanation: A DEFTNE FILE statement is present
in a subprogram or  is  speci f ied more than once for  a
f  i l e .

Severity: 8; output text not generated.

Programmer Response: Remove any extro,,uous
DEFINE F ILE  s ta temen t ;  make  su re  dup l i ca te
DEFINE F ILE  s ta temen ts  a re  no t  spec i f i ed .

47 TOO MANY ASFS.

Explanation: The number of arithmetic staternent
funct ions has exceeded the compi ler 's  maximum of
20.

Severity: 8; output text not generated.

Programmer Response: Reduce the number of
ar i thmet ic  s tatement  funct ions,  or  subdiv ide the
program into FUNCTION subprograms.

48 MISMATCH IN DATA.

Explanation: Names and constants in a DATA state-
ment are not in a one-to-one correspondence.

Severity: 8; output text not generated.

Programmer Response: Respecify the DATA state-
ment. deleting extraneous names or constants.

49  MIXED MODE IN  DATA.

Explattation: A constant and variable in a DATA
statement  do not  have the same type.

severity: 8; output text not generated.

Programmer Response: Respecify the DATA state-
ment  so that  typ ing is  consistent .



5 0  I N V A i  i D  I i  ( , O I ' \ S I , A N  I ,  5 5  M I S S I N G  F O R M A T  D E L I M I T E I I .

f  t ' r t ! " t r t ' t t i t t t t  A t t  t t t v . t i t t l  l i l t : r ' r !  1 ; 1 , , 1151 .11 t t  i s  sp l r : i f  i i : r l  Ex l t l a t u t t i o t t .  A  l i t c r i r l .  X ,  r i r  [ ]  l y l x )  ( I ou l )  i r r  a  FOR
t t l  ' i  [ ) A  l A  s t ' t l t : l t t t : t t t -  M A T  s t a t r : r r r r - , r r t  i s  r r o l  l o l l o w c t l  l r y  a  r ; o n r r n a ,  s l a s l r , 9 r

r i g h t  p a r r r r  t t  l r t : s i s -
S t v t  t  i t y ,  8 ; , r l r ! i i r i l  l ( ' x t  t i , ) t  ( l \ ' ! ] ! r i i t l r f ( 1 .

p r t t g r J t , t , t . r  l i t , : ; r 1 ( ) t t s t , .  r { . s l n , ( r iNy  r t r r :  DArA  s t i r t t :  

s t 'w : r i t y :  4 ;wa t t t i r l t J '

f l l , ' l r f  ; ( : l i r r t t k  l o r  v . - t i r t l  r L ' l r r r r r l t . l s  p r o g r , L t t t t t r c r  R e s l t o t t s t  ;  C r t r r c r : t  l [ r r :  s t i t t c r r r e l r l .

r r l  l N ' V A l  l l )  l l l  x .  ( I O N S  f A N  I 5 6  R E L A T I O N A L  I F  E R R O R

t  \ ) . r l , i t t , t i i o t I  l \ r r  i n ' ; . r l r r j  l l r . x i t ( i r t { : i r r r i t l  c ( ) ns l i l t ) t  i s  I x1 t l ; t t t a t i o t t ;  A  r c l a t i o r r a l  l F  : ; l a t c rn r : r r t  t : on l a i f i s  i r
s l ) ! ' { : i l i { r ' 1  r r i  ' r  l } A I l \  s l . l i ' r l i r ] l l { -  D O  s t i r t c r r r c r t l ,  a r r c l t l r l r  r r : l a l i o r r a l  l F  1 ; l a l { i r n ( i n l ,  o r  a

r ro r r  r : x t : r ; r r  I a l r l ( ]  s t i l l { }mL ,n t .
5 i , f r Y l t y .  8 ,  i l L t f  l r t r t  l r , x i  i l ( ) t  { l { ! r r r f t i t t e ( 1 .

Seve r i t y :  8 ,  o t r t l t r r t  t ( i x t  r ) ( ) l  r ; c r r e ra t r : r l .
J : ' r , , q r , ! t , t I t t . ] r  l \ ' r t i l ) ( ) t tS t ! .  i l t , t . l i i _ . r : r f y  l l r r :  [ ]A  |  / \  l , l a t t :
n r l l t  usu t ( l  * r l r /  i l r r :  o l r : u . ) c t r : t s  0  t h t o i r g l t  l ) .  A  ( h rouqh  p roq r , t r r t t r a r  R . s l t o r t se ;  Co r r c r : t  t h ( j  s l a l e rncn t .
F ,  . . t r  r , l  [ , 1 . i ,  r k ,  l o i  i i t , x l i ' . l e t . i r i r ; r l  t : ! r ; r r  a l l c r  s .

5 1  I N V A L I D  D E B U G  V A R I A B L E .
5 2  : j L l [ t t ] l { i - ) ( l ' r / \ M  \ / A R  t N  { ) A T A .

f 'xplarrat ion: A variablc rramc is missJrr., l l r . 'd, rrot
{ , x 1 t ! . t 1 1 . 1 y ' r , , , .  , 4  s r r l r l r r o r l r . r r r }  r i l r l { r  o r  r l t r r n n r y  v a r i J t ) l o  r l e l i n e c l ,  a r r  E X T E R N A L  n ; r r r r r : ,  t l r c  r r a ; n c  o f  a  s u b ,
l s  s [ \ { ' c i f  r " { i  r i r  [ ' t A T n  s ( i l t c l l l ( ' ' t l l .  l ) r ( ) g r a r n  ( r r o t  t h i s  t u r r c t i o r r ) ,  a  d u r n r n y  a r q u r n e l l ,  o r

rn  i l t te  rnp t  i s  made to  SUUC| I  K  a  sca la r .
S i , ' v ' r : f t f y .  8 ;  i l r r l i r L r t  t r : x t  n o t  r l t l l t ] t i t l r ) ( 1 .

Severity: 4; warrr ing.
P n,,7 !',) i r t ; t t t, r Ar.'s/ rtr' rsr-'.. [] r':; Lro ci tV thc f)A l-A st a t0
nr t ,n t ,  rc r r rov i r r r l  5ubproqr ; ' ]n t  nJn i ( )s  t t r  r lu r r r rny  var iab lcs .  p rograrnn te , r  Response;  Cor rec t  the  DEBUG s ta tc

mt )  r l  t .
I ' 3  C ( ) M M O I  T { A M E  I N  I ) A  T A

5 8  I N V A L I D  D E B U G  O P T I O N .
Ea; : ,1 ; t i :a t ron  A COMMON or  GLOBAI ,  var iab le  i s
ioaL ie t l  r , ' r i t l r  a  | )A- IA  spc t - - i f  i ca t io i r .  Exp lanat ion :  A  DEBUG opt to r t  rs  spec i t i cd  ina ; r rec t_

y ;  o r  t h e  N O T R A C E  o p t i o n  i s  s p e c i f  i e d  w i t h  A T
Sc l ,e r i t y . "  S ;  ou tp . r t  tox t  no t  qer rc ra te r j .  and/or  TRACE s ta tements  in  the  DEBUG packet .

Pro.gra,tt ,r ter Ee.sponse. '  Respecify the DATA state
r i i c r , i ,  t j e l e r i r r s  C O M M O N  o r  G t * O B A L  v a r i a b l e s .

54  ( )P  i l0NS F l . iROR.

Sev'eri ty: B; output text rrot generated.

ProlTtammtr Response: Correct the statement(s)

Severity: B; output text not generated.

Programmer Response: Correct the DEBUG packet
as  necessary .

Prograntmer Response: Respecify the expression so
tha t  i t  i s  an  in teger  va lue  grea ter  than zero .

E x p l a n a t i o n "  T l r e r o  w a s  a n  o p t i o n s  e r r o r  i n  o n e  o r  5 9  I N V A L I D  R E C o R D  N U M B E R .
mr , rc  cornLr i ld r  r . rp t io r r  s ta tements .  (Compi le . r  op t ion
s td tements  i t t c i rde  dev ice  op t ron  s ta tL 'ments ,  the  Exp lanat ion :  The record  number  exoress ion  in  a
C O R E  s t a t e m e n t ,  t h e  C A f E G O R Y  s t a t e m e n t ,  a n d  R E A D ,  W R I T E ,  o r  F I N D  s t a t e m e n t  d o e s  n o t  e v a l u a t e
th  :  *PROCESS s ta te rner r t . )  Each s ta tement  in  e r ro r  to  an  in teger  va lue .
is  fc l l lowr - 'd  by  the  message f  +CONFLICTING OP
TICNS OR i i \ lVAL lD SYNTAX** .  Sever i ty :  8 ;  ou tpu t  tex t  no t  genera ted .
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60  PROGRAM NAME MISSING. 63  DATA NAME DOUBLY DEFINED.

Explanation: No name is specif ied in the PROGRAM Explanation: A variable in a DATA statement is
s ta tement .  p rev ious lv  de f ined.

Severity: 8; output text not generated.

Programmer Response: Supply a program name.

6 1  I N V A L I D  D E B U G  P A C K E T .

Models 6,  10,  and 12 62,720 bytes

Model  1 5 wi tn Program 49,1 52 bytes
Numbe '  5704  FO1

Sever i ty :  4 ;  warn ing .  The las t  de f  in i t ion  is  used.

Programmer Response: Respecify variables using

d i f fe ren t  names;  o r  remove prev ious ly  de f  ins : .1

var iab les  f  rom the  DATA s ta tement .

Severity: 8; output text not generated.

Programmer Response: Reduce the COMPUTED
GO TO statement into two or more statements.

L.xplanat ion:  The DEBUG packet  conta ins statements 64 l \4 lSSlNG RIGHT PAREN.
other  than AT and TBACE.

Explanation: A required right parenthesis is missing.
Severity: 8; output text not generated.

Severity: 8; output text not generated.
Programmer Response: Remove all but AT and
TRACE statements from the packet. Programmer Response: Supply required right paren-

thesis ;  or  remove the extraneous lef t  parenthesis .
6 2  N O T  E N O U G H  C O R E .

65  COMPUTED GO TO ERROR.
Explanation: Total constant, variable, buffer, and
IOB allocations exceed the indicated number of Explanation; More than 60 statement labels are
bytes:  speci f ied in  the COMPUTED GO TO statement .

Model  15 wi th Program 57,344 bytes 66 MISSING STMT NUMBER.
Number 57O4-FO2

Explanatir.tn: The FORMAT statement does not
For  program 57O4-FO2 only:  The tota l  external  have a statement  number.
storage requi rements (external  buf fers)  exceeds 64K.

Severity: 8; output text not generated.

Severity: 8; output text not generated.
Programmer Response: Respecify the statement with

Programmer Response: a statement number.
(one  o f  t he  f o l l ow ing ) :

6 7  M I S S I N G  L E F T  P A R E N .
.  Segment the program into smal ler  subprograms

that can be overlaid in an overlay environment. Explanation: The FORMAT statement does not
be 3 in wi th a le f t  parenthesis .

o Separate the program into a number of  smal ler
programs performing independent functions. Severity: 8; output text not generated.

o  Use  e i t he r  t he  SHRBUFF o r  EXTBUF (Mode l  15
wi th Program Number 57O4-FO2 only)  opt ions
for  DAD f i les.

Programmer Response: Correct the statement.
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68 l \ l r / 'At - . iL l  SCir l ,E FACTOR. 7 2  M E A N I N G L E S S  N U M B E R .

Explanatiol:  
' l ' l r i .  

! :ORl\r1AJ'statenrerrt specif  ies a Explanatiot l :  The FORMAT statement contains a

sca lc  fac to r  on  i  da ta  i ype  o ther  than D,  E ,  r : r  F ,  o r  mean ing less  number  ( fo r  example ,  a  f ie ld  o r  g roup

no nurnber  o r  an  inva i iC  number  p recedes the  sca le  count  o f  zero) ,  o r  a  f ie ld  count  p recedes a  l i te ra l  o r

fac to r .  o r  the  sca le  fac to r  rs  g rea ter  than 127 or  less  T  fo rmat  spec i f  i ca t ion .

t i r a r r  - 1 2 7 .

Severity: 8; output text not generated.

Sev t : r i t y .  8 ;  { ) r r tp r i t  tex t  no t  gen€ra ted .
Programmer Response: Correct the statement.

Pr<tqrarnnt:r Respor;-se : Correct the statement.
7 3  I N V A L I D  D E L I M I T E R .

0 9  F i [ : L " L ]  T O 0  L A F I C [ : .
Explanation: The FORMAT statement has a del imiter

Ex i , ' l ana t ron :  The FORMAT s ta te t .nent  conra tns  3  o ther  than a  comma or  s lash ,  o r  there  are  two consecu-

i r tp ra l  lo l rger  than 255 charac ters  o r  a  nurner  i c  t i ve  da ta  i tems w i thout  an  in te rven ing  de l im i te r ,  o r  two

spcc i i i ca t i c . r r r  l t rca ter  than 255.  consecut ive  de l im i te rs .

S()r 'er i t l / :  B; or.rtpt j i  tcx t  nut generated Severity: 8; output text not generated.

Proqrartmer f frspoi lse; Rest-ur:turr, '  the statement; Programnter Respottse: Correct the statement.

s . r ! rner ' l  t  ia r  g r ,  i  ru r r re r ic  spec i  f  i ca l  io r rs  wherever
p r s s i r : l r : .  7 4  M O R E  T H A N  i  G E N E R I C  S T M T .

7 T ]  U N B / \ L A N C E D  P A R I N T I . ] E S E S .

t. ' r ,Jian;sttrsn. ". | ' l rr ,  FOilMr\T staternent has a nesting

! i , ' ve l  q fa ra te f  f  han 2 ,  o r  a i r  enc losed ! i te ra l ,  o r  more

code a i te r  f  i r c  !as t  r igh t  par ; :n thes is ,  o r  too  la rge  an
f l  sLrec i f io ; ; { ion ,  o r  the  nunrber  o f  r igh t  paren theses

i r ;  ies5  [ l ,an  the  numLrer  o {  ie f t  paren thesr :s .

Sr .ver i t y ;8 ;  ou tpu f  tex t  no t  genera ted .

Pri,sgrarnr;ter Resp;:;nse: Correct the staternent.

7 1  l N i \ / A L I D  F  l E t . - D ' - r y l D T f 1

Exlt lanatiott :  The i :ORl\41\T statement contains a

i i t l i i  r v rd t l r  o f  z re ro ,  o r  i r r  a  D.  E .  o r  F  spec i f i ca t ion ,

$J  is  spec i f led  less  than D,  o r  a  l i te ra i  o f  leng th  0  i s

:pec i  f ied  .

Scv'eri ty: 8; cuiput text not qeneraterJ.

Progratnnter Respotl ,se: ( lorr ect the stdtement.

Explanation: The program contcans more than one

G E N E R I C  s t a t e r n e n t .

Severity: 4; warning.

Programrner Response: Remove extraneous

G E N E R I C  s t a t e m e n t s .

7 5  I N V A L I D  C H A R A C T E R .

Explanation: The FORMAT statement contaitrs a

charac ter  tha t  i s  no t  a  va l id  fo rmat  charac ter .

Severity: 8; output text not generated.

Programmer Response: Correct the statement.

7 6  I N V A L I D  $  N A M E .

Explartat ion: A name beginning with $ is specif ied

f o r  a  F U N C T I O N  o r  S U B R O U T I N E  s u b p r o g r a m .

Severity: 8; output text not generated.

Programmer Response: Rename the subprogram.
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77  MISSING DEVICE OPTIONS.  82  INCORRECT I \UMBE[ ]  OF  ARGS.

Explanation: A sequential or direct access l/O Explanaticn: An incorrect nurnber of arguments was

statement  appears wi thout  a matching device opt ions speci f ied for  a funct ion in  a program conta in i r iE a

statement  speci f ied,  or  a DEFINE FILE statement  GENERIC statement ,  or  more than 25 arguments are

appears wi th no corresponding d i rect  access device present  in  a CALL statement  or  funct ion reference.

options statement.
severity: 8; output text not generated.

Severity: 8; output text not generated.
Programmer Response: Respecify the number of

Frogrammer Response: Specify the proper device arguments to agree with the number reqr"rired by the

opt ions statements.  funct ion,  ( for  example,  speci fy  only  one arEutnent
for  SIN);  or  reduce the length of  the argument  l is t  to

78 STATEMENTS FOLLOWING END. 25.

Explanat ion:  The END statement  is  not  immediate ly  83 PROGRAM SELF REFERENCE.
followed by a l* .

Explanatian: The program name in the main program

Sever i ty :4;  warning.  or  subprogram is  used as a subrout ine name in a CALL

statement  or  in  a f  unct ion reference.
Programmer Response: Remove extraneous state-
ments. Placsthe END statement after all statements Severity:8; output text not generated.

in  program execut ion.
Programmer Response: Respecify either the program

79 DUPLICATE UNIT NUMBER. name or  parameter  name to make each unique.

Explanat ion:  A rogical  uni t  number is  used more 84 INVALID ARGUMENT TYPE.
than once.

Explanation: A subprogram contains:

severity: 8; output text not generated.
1 .  An argument  of  the wrong tYPe.

Programmer Response: Redefine f iles so that each
logical  uni t  number def ines one f  i le  only .  2.  More than one argument  not  a l l  o f  the same

rype.
8 0  I N V A L I D  U N I T  N U M B E R .

3.  An argument  which was an array name.

Explanation: The logical unit number in a READ,
WRITE ,  BACKSPACE,  REWIND.  END F ILE ,  o r  4 .  An  a rgumen t  wh i ch  was  a  name tha t  appea red

FIND statement  is  of  the wrong type or  is  zero.  in  an EXTERNAL statement .

Severity: 8; output text not generated.

Programmer Response: Make sure the logical unit
number is  va l id .

81 TOO MANY NESTED CALLS.

Explanation: The program contains a statement
which has more than 20 levels of nesting for functions.

Severity: 8, output text not generated.

Programmer Response: Correct the statement.

Severity: 8; output text not generated.

Programmer Response: Correct the argument type.
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85  INVAL ID  SUBPGM REFERENCE.  88  INCORRECT ARGUIMENT.

Explanation: The subroutine name in a CALL state- Explanation: Without the GENERIC statement
ment or a function reference is in a COMMoN, present, a non-intrir:sic processor ir-,nctioir contain$:
GLOBAL, or DATA statement or is dimensioned, or
the subroutine name in a CALL statement is explicit ly 1. An arqument of the wrong rype -
typed or is missing.

2.  More than one argument  not  a l l  o f  the same
Severity: 8; output text not generated. rype.

Programmer Response: Correct the subprogram. 3. An argument which was an array narne.

86 NAME usED As SUBPR' FUNcr' 4. An argument which was a name thar appearsr:
in  an EXTERNAL statement .

Explanation: A variable name is used as both a sub-
routine and function name' severity:4; warning. The function is assumed to he

user-su pplied.
Severity: 8; output text not generated.

programmer Respons: Assign different names to 
Prognmmer Response: Correct the argument.

funct ions and subrout ines.  gg DATA STMT ERROR lN ARRAY.

87 f NCONSISTENT No' oF ARGS' Explanation: A redef init ion of a subsection of an
array is attempted.

Explanation: The number of arguments specified for
a function in a program containing no GENERIC Severity:4; warning.
statement was inconsistent with FORTRAN rules.

Programmer Response: Review the DATA statemerit
Severity: 4; warning. and correct redefinitions.

Programmer Respone: lf the function is meant to g0 INCONSISTENT FUNCT REF.
be user-supplied, assign a function name that does
not duplicate a FORTRAN-supplied function name. Explanation: A non-intrinsic processor function tlrat
l f  the funct ion is  mearr t  to  be FORTRAN-suppl ied,  is  e i ther  non-gener ic  (or  the GENERIC statemer l t  is
specify the correct number of arguments. not present) has a parameter l ist that does not agree

with the original reference.

Severity: 8; output text not generated.

Programmer Besponse: Correct the parameter list or
specify the proper function.

Appendix B.  Compi lat ion Messages 71' ]



9791 DIRECT ACCESS DEV OPTNS.

Explanation: Two or more conflicting options have
been speci f ied:

A. Two buffers were specified for a direct access
f i l e .  SHRBUFF was  i nd i ca ted  i n  t he  op t i on
statement ;  NOSHRBUFF is  assumed and two
buffers are used.

B.  For  Model  15 wi th Program Number S7O4-FO2
on ly :  SHRBUFF and  EXTBUF have  bo th  been
speci f ied for  a d i rect  access f i le .  NOSHRBUFF
and EXTBUF are assumed.

Severity: 4; warning.

Programmer Response:

A"  l f  NOSHRBUFF i s  des i red ,  change  *pROCESS

s ta temen t  t o  i nd i ca te  NOSHRBUFF.  l f
SHRBUFF i s  des i red ,  change  the  DEVICE
opt ton statement  to indicate one buf fer .

B .  l f  NOSHRBUFF i s  des i red ,  change  the
"PROCESS s ta temen t  t o  i nd i ca te  NOSHRBUFF.
l f  SHRBUFF i s  des i red ,  change  the  *pROCESS

statement  to indicate NOEXTBUF.

SEO D ISK  DEVICE OPTIONS.

Explanation: BLOCKSIZE was not 256 or a valid
submul t ip le o ' f  256 1128,64,32,  161.  256 is  assumed
as the BLOCKSIZE.

Severity: 4; warning.

Programmer Response: Specify a valid BLOCKSIZE.

DAD/DEF INE  F  I  LE  MISMATCH.

Explanation: The number of define fi le statements
does not equal the number of direct access device
opt ion statements,  or  the logical  uni t  number(s)  does
not  match.

Severity: 4; warning.

Programmer Response: Add the missing statement(s)
or correct the statement(s).

t 'argr  ot  5C?8-6574-3
lssuer- t  29 September 1978

Bv 
- l - i \J  

L sN21-5634

S T A T E M E N T  N U M B E R  I S  U N R E F E R E N C E D .

Explanation: The statement is not referred to any-
where  in  the  program.

Severity: 4; warning.

PrOgramrner ReSStanSe: l lcnrove u {1r; ingous $tate-
ment numbers; correct staternent numbers that {nay

have been spec i f  ied  i r rc6 lp -p .11U.

U N D E F  V A R  N A M E ,  I N D I C A T F D  B Y ' ( " J ' I N  M A P ,

Exp lanat ion :  One or  more  var iab les  are  no t  Cef ined.
That  i s ,  the  var iab le  was no t  ass iqned a  va lue  in  the
program un i t .  The va i  ! r r . . ) lu  , l i r J  i ro l  a i lF ,edr  , ln  t i te
le f t  o f  an  equa l  s ign  ( - ) .  in  a  DA f  A  s ta te rncr l i .  as  a
d u m m y  a r g u m e n r  i n  a  S T J B R O { , ,  

- i  
i N E  o r  F U N C T I O N

sta tement ,  o r  in  the  input /ou tpu t  l i s t  in  a  READ
sta tement .  The var iab le (s )  a re  ident i f ied  hy  a  'U '

under  the  AT co lumn o f  the  s to rage nrap . r .

Severity: 4; warning.

Programmer Response: Rernove extraneous variables;
correct variable names thal may h:ve Lreen s; lecif  ied
incor rec t ly .

I N T E R N A L  T E X ] '  F O R M A l  E X C E E D S  C O R E  S I Z E .

Explanation: The compilecl program is too large to
be conta ined in  work ing  s to rage,  and conrp i la t ion

cannot  cont inue.

Severity: 8; compiiat ir :rr is rr:r  mrriat*"J i 'ntntediately..

Programmer Bes;;or;se: flerluce trh,: ::i:e of the pro-

gram by  subd iv id ing  i t  rn to  subproqrarns  r - r r  by
e l im ina t ing  unnec;essar  y  par ts  o l  ih r ,  ; r r r . ; ; J : rn r  i io r
example ,  reduc ing  the  nurnber  o f  CAL.L  arqun ien ts
by  us ing  COMMON where  l toss ib le r ,  , r r  i r y  , r rc reas ing

the  par t i t ion  s ize  fo : ' th ( i  i ) r r )g ran i .  l r  r ry  spec i fy ing

SHRBUFF on the  "PFIOCESS s ta temor , ' , .

98

9992
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$F0[4  7  expnt ] i ]n t i i l t i e  '1  subproEr  an i  l  g4

$FOMB e! aror' l{rl t ia t i(,n su kli-!r {,\ i lrarr I es

$ f : O M g  e x p o r r e n l i a t i ' J : ]  s s b p r o g r a 1 ; t  1 8 5

$F01 l , r r  expOer r j r ' t ia i i i Js  subproc t .am 186
$ F O l l B  e x n { r i t e n t i a t i . j n  s r r t ) p r . r q r a n l  1 6 6

$F iJ['! (- e y r.)ofi e, j i i i i :  i . jn jubpro{Jrarn 197

$F (.r rvl '  -) .)x f)crl it i ., i  i /t t i . ln su i. lprogram 1 Bg

$ l :O i l  l -  r - - i ) r1 r l ) i i s {  lL : ; r ' re .  spec i f  ied  or r  LOAIJ  s ta tement

$ { l L  i f l l . :  i i r r f : r ! s  . L l i t i r r  r , r r ne  10b ,  106
$$() lJ i lCL i ; ic  i  {15.  r  iXi

i : r r : l i r g r l [ l q  S i 0 ; a q e  i t ; l : . , 1 i r L r i  f c i r  1 4 5

$ W ; l l  (  f  r r c  i 1 5 .  1 0 6

: r s i r , r n t n q  i t o ! a e e  l o c a t t { ) n  l o r  1 4 5
* ,  i . r ' : - , t i , n e  i r r t , r J i ' e c i e i . l  d a t a  4 2 -
r ; r ) n . 1  : : F i i j f  i t  t r F i F ( ; i S l ( ; h l  |  1  3 0  s t a t e n r e n t
' i i l ; ; . 1 ,  i  I  , 1 i  , . d . r i i r r e n t  ! t " i

" i-)  ̂ /  i- Ji i i .\ : l  D i i\T i- (i F. f.t S 1 1 30 srar.enrenr

" i rROi , , IS : ;  ._0 t ! ] i i i l t r  i . j l ) i j on  s ia te r i tL ,n t  EB
. ' ,  L l s c  , r )  F O H F , { A - t  s : i  ( t } m e r 1 t  2 9

#: t  ! i l \  i i \ i  l u .1 f  l  n i i i \ i u ie  na f i )e  1 r i /
, r . : l  t r , i t i u i r  i 9 7

A  t i ' r ?  r r  F O R M I \ l - s t a r e r n . j n l  3 4

ABS gencr  r - :  f  u i t c t lon  nante  6- i /
j t r r i ' i n a t Y  i : f  l r . r n C t i O n  1 7 O

a b s ( ) l t l r e  \ / a l U e  { u i l c t i o n s ,  s u m m a r i z e d  1 7 O
aace ls  rne thc i l s .  inpL t , /ou tpu t  4 ' l

a r ld i t 'o r l .  , Jpera i lon  symbol  fo r  9

a d d i c - c s  r e c a i i  r e g r s t e r  i A F I R )  1 4 8

a( ld ress /dara  swi t ,ch  subprogran)  iDATSW) 192,  193
A l N T  q B r i e r i e  f  : j l t u 1 ; ( i n  i l a n t e  e i 7

sun n ia r ized  17O

a i q o r r t l r r i l s .  c f  l t l i r a r y  t u n c l i o n s  
' l 6 9

a l ia$es ,  1 'o r  i r ,  r rc i  i c rn  nar r ;es  67

A L O G ,  A L D G  1  0  l u n c r i o n s

a c c i t t a r : V o {  1 i 2

a l g . r i t h m  t o r  i  . r b

e r  r c !  c c r l i i r f i o n s  t e i t e d  1 9 4

s u i l r n a r i z e d  1 i  1

a l p h a h €  i i c  c f , ; r a L j t e r .  , j e f i n i t i o n  1 9 7

a lphame,  i r :

c h . ' i  : i c t E r ,  d e f  i l i t i r : : n  l g V

ar i., : i4, .J5

Afv l r \ ) l r l .  ; \ fu1AX1 l r l r r { : t r ( ] r rs  i lO
A M l l r i ; ,  A M I N I  t u n c t i c n s  1 7 O

A M C i . ,  f u r i c t i o n  i 7 0

aFpen( i i x  7 - ( " ! ' t

O B

lndex

apostrophe

used in device opt ion statements 94
used in d i rect-access input /output  statements 46,8
used  i n  l i t e ra l  da ta  de f i n i t i on  12 ,35

a rc tangen t  t u  nc t i ons
accu racy  o f  112
a lgo r  j t hms  f o r  178 ,  180
sl i  mntar ized 17 1

argu ments
de f  i n i t i on  197
dummy 64
in COMlr,4ON 53
passed to subrout ines,  d i f ferences between System/3 and

1 1 3 0  1 5 4
a r i t hme t i c  ass i gnmen t  s t a temen ts  15

mode  o f  11
summar i zed  15S
type  and  l eng th  o f  r esu l t  16

a r i t h m e t i c e x p r e s s i o n s  1 5
de f i n i t i on  191
h ie ra r chy  o f  ope ra t l ons  (o rde r  o f  ope ra t i ons )  ' l l

pa ren theses  I n  17
p rog rammtng  cons tde ra taons  f  o r  139
ru l es  t o r  cons t ruc t i ng  1  5
t ype  and  l eng th  o f  r esu l t  16

a r i t hme t i c  l F  s t a temen t  21
summar r zed  1b9

ar i thmer ic operator ,  def ined 197
ARR (add ress  reca l l  r eg i s t e r )  148
arrays 1 3

a r rangemen t  i n  s t o rage  14
debug faci l i ty  to check subscr ipts 13
def in ing i r r  speci f  icat ion statements 52
di f ferences between System/3 and 1 1 3O 154
equ rva lenc ing  56
p rog ramming  cons ide ra t i ons  f  o r  139

assembler language f  or  standard l inkage between modules 146
ass rgnmen ts ta temen ts ,a r i t hme t i c  15

mode  o f  17
su mmarized 1 59
t ype  and  l eng th  o f  r esu l t  ' 16

assocaated var iable 45
di f ferences between System/3 and 1 1 30 1 53
sha r  ang  o l  1  31

AT debug statemcnt 72
sumnra r i zed  160

ATAN func t i on
accu racy  o f  112
a lgo r i r hm fo r  178
su mma r  ized 17 1

au toma t i c  f unc t i on  se lec t i on  66
GENERIC  s ta temen t  66

154

154

f n d e x  2 2 1



BACKSPACE statement 43 COMMON staternent  53

summarized 160 (see also common block)

basic real  constant  10 contrasted wi th GLOtsAL statement 54

de f  i n i t i on  197  re i a t i onsh ip  o f  EOUIVALENCE s ta temen t  57

batched comoi lat ion 1O2 summarized 160

def in i t ion 197 use in ronvert ing 1 1 30 programs 1 54

examp le  o f  103  co rnp l l a t l on

order of  pr , :gram uni ts 1O2 batched XO2

BCD comp i l e r  op t i on  99  de f  i n i ng  FORTRAN f  i l e s  f o r  89

di f  f  erences between System/3 and 1130 152 descr ipt ion of  compi le step 93

blank character  in FORTRAN program 7 messages 1 15

af f  ect  on l is t -d i rected data 40 re lat ionship of  FORTBAN processing 3,  83

a f f  ec t  : r i  r r umer i c  da ta  32  comp i l a t i on  t ime ,  de f  i n i t i on  197

blank f  ie lds in a record 36 cornpi le step 93

block length of  f  i les,  speci fy ing in device opt ion statements 95 compi ler  opt ion statements 93

BLOCKSIZE parameter in device opt ion statements 95 job stream 103

bu{fers output  f rom 1 1 1

direct-access 132 compi led sarnple program 2O1

doub le  bu f f e r i ng  (Mode l  15 )  15O comp i l e r

sequen t i a l  137  ca l l i ng  w i t h  $FORT name  86

sha r i ng  o f  1  34  f i l e s  f o r  88
o u t p u t f r o m  1 1 1

comp i l e r  op t i on  ou tpu t  111

messages 113,2O9
ob jec t  modu le  83 ,  1  13

storage map 88,  1 19

C. to def  ine comments in FORTRAN 7 post  insta l lat ion checkout of  2O1

calculat ions sample program output  2O2

f l oa t i ng  po in t  9  comP i l e r  maP  117

integer € l  def in i t ion 1 97

CALL LINK |  130 statement 153 compi ler  messages 2Og

CALL ooerat ion contro l  s tatement descr ibed 1 15

examoles of  compi ler  opt ion statements

i n  como i t a t i on  103  *PROCESS 98

in  l i n k  ed i t i n s  105  CATEGORY 98

CALL  s ta temen t  (FORTRAN)  63  co rnb in i ng  w i t h  l oad  modu le  OCL  s ta temen ts  1O8

programming considerat ions for  140 combining wi th operat ion contro l  s tatements 1O2

summar i zed  160  coRE 97

ca rd  dev i ces ,  doub le  bu f f e r i ng  (Mode l  151  150  dev i ce  op t i on  s ta temen ts  (READ,  PR INT ,  NOPRINTER,

carr iage contro l  characters 39 PUNCH, DAD40, DAD44, DAD45, SEO40, SEO44, SEO45,

CATEGORY comp i l e r  op t i ons  s ta temen t  93 ,98  TAPE)  94

CFTOD subprogram 196 placement in job strearn 93

CLEAR oa rame te r  (Mode l  151  96  comp i l e r  op t i ons  98

cod ing  f o rm ,  FORTRAN 6  ou tpu t  f r om

comma, separator  in l is t -d i rected data 40 in compi le step ' l '17

commen ts ,  i n  FORTRAN s ta temen ts  7  i n  l i n k  ed i t  s t ep  119

commercia l  subrout ines,  d i f  ferences between System/3 and compi ler  output

1  1  30  155  comp i l e r  op t i on  ou tpu t  117

common block messages 115,2Og
(see also COMMON statement)  object  module 1 13

arguments in 53 samPle of  11-1

conserving space wi th 140 storage map 88,  1 1 7

def  in i t ion l  97 summarized 88

ident i f  ied on compi ler  storage map 109 computed GO TO statement 19

re l a t i onsh io  t o  EOUIVALENCE s ta temen t  57  summar i zed  161

COMMON entry in object  module records 1 13 consecut ive processing of  d i rect-access f  i le  132

console display panel  d ia l  set t ing 148

Model  6 a lqor i thm 25

222



constant  t )

def  i r r i t rorr  197
hexadecirnal  1 ' l

< l e f i n i t i r : n  198
ir i  : r  i thnrel ic  expression 1 5
integer 1 0

de f  : n i t i on  198
l r r e : a l  l ' 2

de l  I n r t i on  1S9
nu f r . ' ; c ,  r l e f i n i t i o l r  199
re;l '! 

c
t l e l i ; t i i i on  199

: i r r f l r lar izg<i  9
COI\ iT i l \ i tJE statemen 23

s l . t t ! l t qa r i r r ed  15 I
contrnr i ing F{- . t i l fg1411 sratements 7
c( lntrc ' i  cr taracters,c; t r r iage 39
contrc: l  prol l rarn 63

de i  l r t i on  187
con t r  c l  $ r . i t 0 rnen t s ,  FORTRAN i  g

dc ,  l | - r i l r o r r  197
p: l i . . l rarrr lnrng ;cr ts ider i l t ions wrth 139

cor ' t1. rc i i  s t : l t { - . i l }er ; ts ,  l inkage edi tor  ' l  
06

convet itoi ,ii.,{.les (see f orrrrat codes)
cor lvdr r : ien lunct icrrs,  error  condi t ions tested 194
C{) i i  f :  cor i rp i ter  , : )pt ion statement 97

ro snect ly  sto '  i lq f  for  nrore than one mai f r  program l40
u; t te  L ! :a t i l i ;  I  jap

d L i u t i t ! o n  i 9 7

i ie r : r i l :ed  i2 i

sample  122

COS func t i , : i l

a r : c r t r a c y  o f  1 1 2

a!qc ' l l i tn t  {o r  
' l  

l 7

as  ; r  le i le r rc  name 61
. i r r . r r  ccndt t i0ns  tes ted  194

sur r r rnar i ; t t :d  171

c O s i n e , a n d  s i n e  f u n c t i o n s

dtl( rt.acy t]f t, J 2

a lq i ' r  i thnr  t * r  1  |  i

sur r r r r r " : r i zed  l7  1

C)Rl - , ' k r l yLroar iJ  (322/  d isp iav  s ta t ion l  149

L),  use i r t  f . i i lnal  s tatement 29,32
DABS i u r c , t i on ,  sun r rna r i zed  17O
DAD40, i )AD44, DAD45 device opt ion statements gs

dala i t , , r , r , ,  t ie f  in i t ion 197
DAT A sta-renrenr 58

r i i  i : ,e urder of  a FORTI- lAN program 8
s t r r , r r na r i zed  161

t la l '  r r r i ie

de l  r i l i { io r r  197

ec !u iva len( : inq  56

DATAI \ j  fu l t c i lo r i

acc t r racy  { } f  17?-

a l g o r i t h m  l o r  I 8 0

s u m n ) a r Y  o f  1 7 1

date/ t ime-of-day subprogram (CFTOD) 196
DATSW subprogram 192
DBLE  func t i on .  summar i zed  170
DCOS funcr ion

accuracy of  172
algort thn!  for  179
error  condi t ions tested 194
sumrnar ized 171

debug  f ac i l i t y  73 ,  141
AT statement 72
debug  packe t ,  de f i n i t i on  o f  71
DEBUG s ta temen t  71
examples of  73
separat ing output  f rom other program output  140
TRACE OFF staternenr 73
TRACE ON s ta temen t  ' 12

DEBUG s ta temen t  71
summar i zed  161

DECK comp i l e r  op t i on  gg ,  lOs
ob iec t  modu le  f  r om  I  , t 3 ,  1  18

DEF INE  F ILE  s ta temen t  45
buff  er  assignment of  f  i les 132
di f ferences between System/3 1 130 j53

example of  use 45
summarized 162
use rn convert ing 1 1 30 program 1 53

de f i n i ng  f i l e s  88
at  compalat ion t ime 88
at execut ion t ime 89
for  load module 88
use ot  logical  uni t  numbers when 91

device opt ion statements 94
compared  w i t h  1130  * IOCS s ta temen t  152
DAD4O, DAD44, DAD45 95
de f i n i t i on  197
N O P R I N T E R  9 4
placement in job stream 93
PF I INT  94
P U N C H  9 5
READ 94
sEo40, sEO44, SEO45 96
TAPE g]

device,  input /output
di f ferences between System/3 and |  1 30 1 51
loqical  uni t  numbers for  90
14O3  p r i n t e r  90 ,94
1442ca rd  read  punch  90 ,94
2222 printer 90, 94
2501 card reader 92,94
2560  MFCM 92 ,94
3277  d i sp l ay  s ta t i on  92 ,94 ,  149
3284 pr inter  92,94
341Ol341 1 rnagnet ic tape subsystem gO
52O3  p r i n t e r  90 ,  91 ,  94
5 2 1 3  p r i n t e r  9 0 , 9 4
5406 console keyboard 90,94
5424  MFCU 90 ,94
5444, 5445 disk storage drive 90
5471  p r i n t e r / keyboa rd  90 ,91 ,94
5496 data recorder 90,94
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DEXP func t i on
accu racy  o f  172

a lgo r i t hm  fo r  174
summar i zed  171

diagnost ic  messages

comp i l e r  115 ,  209

l i nkage  ed i t o r  119

dial  set t ing,  c, )nsole d isplay panel  148
I t4odel  6 a lgor i thm 25

D I M  f u n c t i o n  1 7 0

as a gener ic name 67
D IMENSION s ta temen t  53

summarized 162
direct-ac, :ess f i le  41

associated var iable,  shar ing of  |  31
buffer  assignment 132

consecutrve processing 132
de f i n i t i on  197
m in im i z i ng  l /O  t ime  132
p rog ramrn ing  cons ide ra t i ons fo r  131
specr ly ing on device opt ion statements

direct-access l /O statements 45
D E F I N E  F I L E  4 5

summarized 162
F I N D  4 A

summar i zed  163
general  example of  49
p rog rammingcons ide ra t i ons fo r  131
READ 46

summar i zed  166
WR ITE  47

summar i zed  168
direct-access programmi ng considerat ions

assoc ia ted  va r i ab le ,  sha r i ng  o f  1  31
bu f  f e r  ass i gnmer r i  132

consecut ivepr 'Jcessing 132
m in im i z i ng  i npu t / ou tpu t  t ime  132

disk dr ive (5444 and 54451 90,92
d i sk  f i l e

de f  i n i t i on
at  compi lat ion t ime 88
at execut ion t ime 89

logical  uni t  assignment for  90
speci f  y ing on a device opt ion statement

display panel ,  console 148
d i v i de  check  subp rog ram (DVCHK)  189
d i v i s i on ,  ope ra t i on  symbo l  f o r  I
D L O G ,  D L O G l 0  f  u n c t i o n

accu racy  o f  172
algor i thnr for  i  76

error  condi t ion tested for  194
summar i zed  171

DMAX l  f unc t i on  17O
D M I N l  f  u n c t i o n  1 7 0
DMOD func t i on  ' l 7O

DO loop,  programming considerat ions for

DO statement 21
examples of  23

extended range of  22
loop ing  w i t h  21
nested DOs 22
rules gove'n ing use of  22
summarized 162

DO, nested 22
de f  i n i t i on  195

DO- t ype  no ta t i on ,  i n  l /O  l i s t  38
doub le  p rec i s i on

data 9
fo rma t  code  31  , 32
scale factor  in 34

DSIN  f unc t i on
accu racy  o f  112
a lgo r i t hm  fo r  119

error  condi t ion tested 194
sun rmar i zed  171

DSORT func t i on
accuracy of  171
a lgo r i t hm  fo r  182

error  condi t ion tested 194

summar i zed  171
DTANH func t i on

accuracy of  172
a lgo r i t hm  fo r  183

summar i zed  171

dua l  p rog ramming  env i r onmen t  149
dummy argument 64

de f  i n i t i on  198
spec ify i ng

i n  f  unc t i on  de f  i n i t i on  s ta temen t  61
in  SUBROUTINE  s ta temen t  167

dump  subp rog rams  (DUMP/PDUMP)  190
output  f rom 94

separat ing f rom other program output  140

95

'I 
31

t

96  use  i n  DEF INE  F ILE  s ta temen t  45

use in FORMAT statement 29,32

EBCDIC  comp i l e r  op t i on  99

end  execu t i on  subp rog ram (EX IT )  190

END F ILE  s ta temen t  43
seouence of  1 37
su mmarized 1 63

END parameter,  in READ statement

end record
i n  l oad  modu le  119
in  ob iec t  modu le  114

END s ta temen t  (FORTRAN)  27
139 summarized 163

end-of- f  i le ,  END parameter to contro l

EO relat ional  operator  20

42

42
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EOt . J !V r1 i . . I i !C I  s t a l e l t en t  56
r r : l r : t , i , , r sh iF  o r  COIV IMCIN  and  G [ -OBAL  s ta temen ts
sUri l  r - , : l i ized 162
u : ; r  I r  i - . on \ r e r t i nE  1  130  p rog ra rns  I 54

El : iH pai i :n leter  i r l  r ' l  E l \ ' j  s taternent .  42,  46
eir . ) r  cor ' :d i t ion: ,  t?-r ted rn FCT5"l -  sUbprogram ig4
e i ' l i ) (  : r ,0 r ' ' i ; l qeS

i o n : i r r l 1 : r  ;  1 5 .  2 i l $

l . ] : r i i  i i r i l cs  fo r  t7A

i rn l  ; r r ip :  :Cr1ur  
' l  

1 i l

i r )d ,  I  ino{ i r r !C  
' :2 (

. j r r o r  r , , r i ) 1 r ! r 4 , d m  { F C  i S T }  1 9 3

er r i  :  l r  1 ! t i lba i ( : l i  1  24
, j r e c i i , { i  t r l  I  i - r a ' { i I r r a i  f  r r ! n t { j r  9 5

L. ; l -  i ; \ : . ] r { i s  r f r  i r i l l r c t  l r c r l t i l e  1  l3

e x . ; a t ) l i a r r s  i t , ,  r i ( ) ,  i l r n  r r i  ; r , a i l : a i l t a i i c a i  f U n C t i O n S  1 1 3
e z g r - i J t , r l r r r j  i ! r i l r l i a t r n .  d s i  r r l r i , r i  1 9 8

exe( : I i , i i l ' l , r  S I , : r ]g tngnts  5
r l e l r r  , ' , . ; i r  1  ! 1 8

!  i r i  f t  a  r -  r i :1 , l -F l ,A l \ i  ph ig rdrn  B
0 ^ c r ; ! . i ( i l  i i m e  i r i l

: ' ,1 . , ; .  ;1 i5 r . r  1a- . , : i , J  ;11 i , r l r . l i .  tXeCUtaOn Step)
c x e C u i r ! . r i -  i ; t , t , t , , . : ; f j i t i i l  1  A 7
i : 7 , , T  s u i r l : r r t q r . : , . r  l i l U

i  X F r  f  u r : t  t  r t i r

i l l : r : ! i r t i l v  1 . ) t  
t t  

i 2

: r i r , ' :  I i i r i r  f0 r  1  : , J

s i i i , r , i i l r ' ) s ( J  1 1 i

c x p i r c r i l  t i \ e c i { i c n t ; { ) r r  s t o t e n " e n t s  5 2
r> ! . !n la r , : t . i z { ,1  181, :

e { l i ! ) i l t t : r  i  i r l  idn . : : t to r  r !

, l C C . i , l c , , 1 , , '  1 - l )

J i i : l . r r " t h m s  f c r  i  ! 4

sur tn r i r r rze iJ  i  ]1

e x - p o ; l € i ) l  i a t i 0 [

op" l , ; i l r { , r r i  sy rnbc} l  t ( j .  9

ex t?c ' i  rCr ) l  i  a i t lo  I  i  f  u t rc  t ions

a i l  c r  , j , : r i r i l i t i t i ns  tes ted  
' l  

9 r l
, ! Y t p i i r i  I i y , ; i v r J ' . i , d  1 8 4

e { p r i r s s r o r r , s t a t t ( ) n a l ,  d c f i n i t i o n  1 9 9
e j ( p r  e S S ) ! . J i 5 ,  ; r  i t " l , l l r C t i t

d . _ 1 r , r a t ( . r r - 1  j 9 7

F , r ( / J t a r r r i l i | !  a :  j - , t l s l d e t  a l t O n S  f O r  1 3 9
E X - I i : i r l t . . r i D  P R t I C I S I O N  i  t 3 0  s l a t c n l e n t  1 5 4
e x t e l i d c ( l  r ; r n g e  o i  i ) ( )  i t a r l e m e n t  2 2

( J e t i r : r f t c n  ' l  
S t l

e^ te r  r r "1  |  iLn \ ) ' ! t  ( j I s ,  mathernat ica l

; t c ,c . . t ; r , : y  L i  1  12

: r i g ; ,  i t t r 6 5  f 1 r  l 6 ! t
, Je{ i r r  i i c r r  1  98

S u r r n i i r l z e ! l  1 7 1

EX'1  EF l f ; , ; \ i . .  i i :a tg f i ienr  65
' e i . r i ; . t , t i s l t i p  ! t  G [ : i ' . i L : R l C  s t a t e r n e n r  6 6
s t l f ! : t i l r n . J  I , i I a r y  f ! r l c 1 ; o n s  \ ^ t i t h  1 6 9
ru ' r r l i r  t z i t ( i  i63

EXTFi l , l  fe fe re f l se

i n  E S L  r e c c r r d s  i  1 3

56
F ,  use  i n  FORMAT s ta temen t  29 ,32
FCTS'I -  subprogram 193
f  i l e

$ s o u R C E  1 0 5 , 1 4 5

$ w o R K  1 0 5 . 1 4 5
bu l f e r  ass i gnmen t  f  o r  132
de f i n i ng  a  88
de t i  n i t i on  1  98
d l r ec t - access  41  , 131
l i nkage  ed i t o r  88
load rnodule 88
name of  89
re l a t i onsh ip  o f  t r l e  name  and  l ogaca l  un i t  number
sequen t i a l  40
spec i f y i ng  on  dev i ce  op t i on  s ta temen ts  97

F l  LE  ope ra t i on  con t ro l  s t a temen t
t o r  mu l t i f  i l e  t ape  vo lumes  (Mode l  15  on l y )  98
i r r  l nad  modu le  execu t i on  89

F IND s ta re rnen t  48
summar i zed  163

t i xed  a r i t hme t i c  f  unc t i ons
summar i zed  1 l  O

f i xed - l eng th  r eco rds  1  35
F  LOAT  f  unc t i on  17O
f l oa t , ng  po in t

(see also real  )
ca l cu l a t i ons  9

format codes
fo r  a l phamer i c  da ta  34
to r  nu rne r i c  da ta  31

fo rma t  con l r o l  codes
i n  D E F I N E  F I L E  s t a t e m e n t  4 5

fo rma t  o f  i npu t / ou tpu t  29
FORMAT s ta temen t  29

de l rm i t e r s  i n  30
su rn rna r i zed  164
use  o l  pa ren theses  i n  30
use of  s lashes in 30

fo rma t t ed  reco rd
d e f  i n i t i o n  1 9 8
examp les  o f  42
re l a t i onsh ip  o f  FORMAT s ta temen t  41

fo rms  con t i o l

d i f ferences between System/3 and 1 1 30 154
FORTB procedure 87
FORTG p rocedu re  87
FOFITL  p rocedu re  81

examp ie  c f  105
FORTN p rocedu re  81
FC)RTRAN

cod ing  f o rm  6
cor" t" lpr ler

messaqes 209
pos t - i ns ta l l a t i cn ,  checkou t  o f  201

f  i t e

de t i n i t i on  88
lan gu age

i i s t  o f  e l emen ts  o f  8
sumr r i a r i zed  5

I  i  b ra r y
f  unc r i ons  169
subprogranrs 177
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FORTRAN ( con t i nued )

operataon symbols,  l is t  of  I
process l  ng

overview of  83
traceback l is t ing 124

program

ca l l ed  bV  assemb le r  l anguage  modu le  146
ca l l i ng  an  assemb le r  l anguage  modu le  141
o rde r  o f  s t a temen ts  i n  8
samp le  o f  75

sta teme nts
classes of  5
cudrrrg of  6
fu.rct ions of  5
o rde r  o f  8
use of  b lanks in 7

s teps  i n  us i ng  84
t raceback  l i s t i ng  124

F ' f nnnnn  t o  name  FORTRAN f  i l e s  89
f  unct ion def  in i t ion statement 60

summary  o f  164
func t i on  e r ro r  subp rog ram (FCTST)  193
FUNCTION s ta temen t  61

(see also statement funct ion)
declarat ion of  type 59
relat ionship of  statement funct ions 59
summar i zed  164

FUNCTION subp rog ram 61
de f i n i t i on  198
dummy  a rgumen ts  i n  64
RETURN s ta temen t  i n  64

GE relat ional  operator  20
gener ic funct ion names 67
GENERIC  s ta temen t  66

summarized 164
global  area

(see alsc '  GLOBAL statement)
conserving space wi th 140
de f  i n i t i on  198
ident i f  ied on storage map 1 19
re l a t i onsh ip  o f  EOUIVALENCE s ta temen t  56

GLOBAL  en t r y  i n  ob jec t  modu le  r eco rds  113
GLOBAL statement 

- lO

(see alsc,  g lobal  area)
contrasted wi th COMMON statement b3
re l a t i onsh ip  o f  EOUIVALENCE s ta temen t  b6
summarized 164

GO TO statements
computed GO TO 19

summar i zed  161
restract ions wi th DO statement 22
uncond i t i ona l  GO TO 19

summarized 165
GODECK comp i l e r  op t i on  99

l inkage edi tor  processing of  1 05
output  l ' rom 120

GOSTMT compi ler  opt ion 99
GT relat ional  operator  20

H, use in FURMAT starement 35
hal t  code

conve rs i ona lgo r i t hm  25
de f  i n i t i on  198
displaying for  PAUSE and STOP statements 24
for  l inkage edi tor  messages 120
for  load module messages 124

heade r  r eco rd  i n  l oad  modu le  119
hexadec ima l cons tan t  11

de f  i n i t i on  198
h ie ra r chy  o f  ope ra t i ons  17
hyperbol ic  tangent f  unct ions

accuracy of  112
a lgo r i t hm  fo r  183
summary  o f  1 j  1

l /O  l i s t ,  de f i n i t i on  198
f  ,  use in FORMAT sratement 29,31
f  ABS  func t i on  17O
IAR ( i ns t r uc t i on  add ress  reg i s t e r )  148
f  D f  M  f  unc t i on  11O
f  D INT  f  unc t i on  17O
lF statement

a r i t hme t i c  l F  21
summar i zed  159

re la t i ona l  l F  20
p rog rammingcons ide ra t i ons fo r  139
summarized 167

restr ic t ions wi th Do statement 22
use in looping 23

l F l X  f u n c t i o n  1 7 O
IMPL IC IT  s ta temen t  51

compared  t o  1130  ONE WORD INTEGERS
PRECIS ION s ta temen ts  154

res t r i c t i ons  i n  SUBROUTINE  subp rog ram
summar i zed  165

impl ic i t ly  invokeci  exponent iat ion subprograms
impl ied DO notat ion 38

de f  i n i t i on  198
example of  38

increment,  in DO statement 21 ,  162
index registers (XR registers)  148
indexing parameters

in DO statement 21 ,  162
in input /output  l is ts 37

indicator  test  subprograms 189
informat ive messages

comp i l e r  1  15
l i nkage  ed i t o r  1  19

f  N lT  debug  op t i on  71

examp le  o f  ou tpu t  141
in i t i a f  va f  ue ,  i n  DO s ta temen t  21  , 162
inpu t ,  m i x i ng  BCD and  EBCDIC  99
input  error ,  ERR parameter to contro l  42

and EXTENDED

62

184
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i npu l , r { r u tpu t  s t a ten ren t s  41  L ,  use  i n  DEF INE  F ILE  s ta temen t  45
dir  ect-access 45 language elements,  summarized 8
FORMAT 29  LE . re l a t i ona l  ope ra to r  ZO
l is l -d i recter l  40 length speci f icat ion of  var iables b1
l ;srs in 37 di f f  erences between Sysrem/3 and 1 130 1s4
re l a t i onsh ip  t o  { i l e s  41  l i b ra r y
sequen t ra l  42  FORTRAN
tape 43 compi ler  opt ions to store modules into 86

iN{-} i lHK si r i l r 'out ine 195 descr ipt ion of
i ns . . r uc t i on  add ress  reg i s t e r  { lAR)  148  f unc t i ons  169
l i tT func' t run 11O serv ice subprograms 189

i r t r 3e r  u t i l i t y  subp rog rams  190
c,r l i l  j r la t ions I  d i f f  erences between System/3 and 1 130 153
( ; : : r ns l a f r i s  10  p r i o r i t y  va l ue  o f  93
(l.rta 29 system 88
r r / n i iQ  i i r  spec i f  i ca t i on  s ta temen ts  52  l i b ra r y  f unc t i on  e r ro r  subp rog ram (FCTST)  193

l i \ l T l :GEn  s i a te r l i en t  52  L INK  comp i l e r  op t i on  100 ,  1O5
ru res  i o r  \ 2  l i n k  ed i t  s t ep
i , r . i r i . | f i rJr  ized 165 compi ler  input  to 1O5

r r r r e rna l  s t a ' r e rnen i  nu rnbe r  ( lSN)  99 ,  116  f  i l e s  needed  f o r  105
J r i i n i t i o r  1  98  ou tpu t  f r om  1  1  9

t ; r tef  progr drn conrmui l rcat ion 69 re lat ionship of  FORTRAN processing 84
' . ;L.08Al-  i ; tatement 70 l inkage between modules l /1{}
i i \ JVOKE s i a ten ren t  70  l i n kage  ed i t o r
f  '1r . i [ inAIV statement 69 cal l ing wi th FOBTL procedure 10s

jr ' ) ' r ' i l rsrc iunctrors cal l ing wi th operat ion contro l  s tatements 1O5
. r l q r r i t hn r s  f  o r  163  de f  i n i t i on  198
i i e r , n i t i on  198  desc r i p t i on  o f  l i n k  ed i t  s t ep  lOb
gt. 'nei l , :  i r ; : ines for  67 output  86,  119
s r rm | l t a r i zed  170  ove r l ay  f  ea tu re  106

INVOKE s ta tdm4n t  lG  l i n kage  ed i t o r  con t ro l  s t a temen ts ,  examp les  o f  106
n' j \arnple of  use in job strearn 140 l is t -d i rected data 40
re l a t i onsh ip  o f  1130  CALL .  L INK  s ta temen t  153  de f i n i t i on  199
5u rnn ra r i zec !  165  f  i e l d  w id th  40

IOCI;  1 130 statement 152 re lat ionship of  FORMAT statement 42
ISIGN f  r . :nct ion,  summarized 17C speci fy ing in input /output  statements 42

ISN  i i r i t e rna l  s t a i emen t  r r u rnbe r )  99 .  116  l i s t s  i n  i npu t / ou tpu t  s t a temen ts  37
t l c {  i n i t i on  198  i ndex ing  ( imp l i ed  DO no ta t i on )  i n  38

speci fy ing in f l  EAD statement 42
l i t e ra l

cons tan t  12
dara 35
de f  i n i t i on  199

ic i_r  load module

, : iesLr ibed 83 compared to obiect  program 83

L ru tpu t  con ten t s  o f  1  19

r : o r i r p i r e r  111  de f i n i t i on  199

l i nka - r1e  ed i t o r  119  GODECK op t i on  t o  punch  98

ioad mcdule 124 Ll  NK opt ion ro store in object  l ibrary 86

iu i : r  l t ,e, :nr .  examDle o{  86 name 1Ol

i lxar i rp le of  in comkr in i r rg operat ion contro l  s tatements s ize of  97

anci  ccmrr i ler  opt ion statements 1O2 load module execut ion step 1O1

examp ies . r f  when  us i ng  PROGRAM and  INVOKE de f  i n i t i on  199

stntenrer l is  14O f i les needed for  1Ol
operat ion contro l  s tatements for  107

combining wi th compi le step statements 108
output  f rom 124
program data in 108
relat ionship to FORTRAN processing 84
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LOG,  LOG10  t unc t l ons

accuracy of  171
a lgo r i t hms  f  o r  175
summar i zed  171

loga r i t hm ic  { u  nc t i ons

accuracy of  171

a lgo r i t hms  f o r  175
sun rna r i zed  17  1

l og i ca l  un i t  number  89
de f  i n i t i on  199
di f  f  erences between System/3 and 1 130 

' l  
51

relat ionship to device 41
relat ic i lship to device opt ion statement 88
use  i n  FORTRAN i npu t / ou tpu t  s t a temen ts  42

ioop ing  21
r . i e f  i n i t i on  199

L,T re iat ional  0perator  ?O

MFCU dev i ce  i 5424  mu l t i - f unc t i on  ca rd  un i t l

d i f ferences between System/3 and 1 1 30 1 51

log i ca l  un i t  number  f  o r  90
speci fy i  ng

on PRINT device opt ion statement 94

on PUNCH device opt ion statement 95

on READ device opt ion statement 94

M l N ,  M l N 0 ,  M I N ' l  f u n c t i o n s  ' l  7 0

m in imax ,  me thod  o t  du r i ng  ma thema t i ca l  app rox ima t i ons  1 :o

m in imum va lue  f unc t l ons  11O

minus  cha rac te r ,  use  i n  exp ress ion  9

M O D  f u n c t i o n  1 7 0
as a gener ic narne 67

module (see load module;  object  module)

modu lo  a r i t hme t i c  f unc t i on .  summar i zed  170

mu l t i - f unc t i on  ca rd  un i t  dev i ce  { see  MFCLJ )
mu l t i d i r nens iona l  a r rays ,  examp le  o f  13

mu l t i f  i l e  t ape  p rocess ing  (Mode l  15  on l y )  131

F ILE  s ta temen t  f  o r  91
mu l t i p l i ca t i on ,  ope ra t i on  symbo l  f o r  9
mu l t i p rog ramming  pa r t i t i ons  145

machine indicator  test  subprograms 189

magnerrc Tape

t levice opt ion statem{:nt  for  93,  96
input /out f rut  statemcnts

BACKSPACE 43 ,  160  names  i n  p rog ram

E N D  F I L E  4 3 , 1 3 7 ,  i 6 3  d e f i n i t i o n  1 9 9

REWIND 44 ,  167  va r i ab le  12

magn i t ude  na tu ra l  l oga r i t hm ic  t unc t i ons

o f  doub le  p rec i s i on  cons tan t s  10  accu racy  o f  17 ' l

o f  i n t ege r  cons tan t s  1  C  a l go r i t hms  f o r  174

r : f  s i ng le  p rec i s i on  cons tan t s  10  summar i zed  1 l 1

ma in  p rog ram,  de f  i r , r uon  199  NE  re l a t i ona l  ope ra to r  20

map negat ive zero,  representat ion of ,  in System/3 and 1 1 30 1 55

comp i l e r  88 .  117  nes ted  DO 22

core usag€ 121 det in i t ion 1 99

de f  i n i t i on  199  NODECK comp i l e r  op t i on  99

MAP comp i l e r  op t i on  t o  spec i f y  99  NOGODECK comp i l e r  op t i on  99

MAP comp i l e r  op t i on  99  NOGOSTMT comp i l e r  op t i on  99

comp i l e r  map  gene ra ted  116 ,  118  NOL I  NK  comp i l e r  op t i on  1O0

core usage map generated 121 NOMAP cornpi ler  opt ion 99

mathemat ical  funct ions non-executable object  program

ex te rna l  171 ,  174  ( see  a l so  ob iec t  modu le )

i n t r i ns i c  17a  de f i n i t i on  199
program except ions,  contro l  of  173 non-executable statements 5
ru l es  f  o r  cod ing  173  de f  i n i t i on  199

MAX func t i ons  11O NOOBJFCT comp i l e r  op t i on  10O
maximum value funct ions,  surnmarized 17o NOPRINTER device opt ion statement 94
messages normal  exi t  of  Do loop 22

comp i l e r  115 ,2Og  NOSHRBUFF  comp i l e r  op t i on  99
l i nkage  ed i t o r  1  19  NOSOURCE comp i l e r  op t i on  99
load module 124 nul l  i tem, in l is t -d i rected data 40

MFCM device (2560 mul t i - funct ion card machinel  numeric character  199
logical  uni t  number for  92 numeric constant  199
speci fy ing numeric data

on PRINT device opt ion statement 94 (see also integer data;  real  datal
on PUNCH device opt ion statement 95 FORMAT codes for  31
on READ device opt ion statement 94
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OBJECT colTrpi ler  opt ion 10O P, scaie factor  code ( in FORMAT statement)  29,34

exarnple of  142 parameter l is t .  for  standard l inkage 
'148

l i r r i<age edi tor  processing oi  i  05 parentheses

ob jec t  l i b ra r y  use  i n  EOUIVALENCE s ta temen t  56

corr tents o{  BB use in exoressions 17

del in i t ron 
' i  99 use in FORMAT statement 30

Ll l \ lK compi ler  ofr t ion to store load modules 1OO use in subprograms 64

OBJECT comp i l e r  op t i on  t o  s t o re  ob jec t  modu les  100  pass ing  a r rays ,  d i f f e rences  be tween  Sys tem/3  and  1  130  154

ob iec t  n rodu ie  PAUSE a lgo r i t hm  25

card deck oi  I  1E PAUSE statement 24

con ten t s  o f  ha l t  code  f o r  24 ,124

e . { j  r ecc rd  i 1 , 4  conve rs i on  f r om Mode l s  lOand  15  t o  Mode l  6  25

ESL recorCs i  l *? response to 24

t i  LD r  ecords 
' l  

1 3 summarized 165

r j e l  r r r i r i on  199  PDUMPIDUMP subp rog rams  190

opt ions separat ing f rom other program output  144

DECK to  punch  99  p l us  cha rac te r ,  use  i n  exp ress ions  9

OBJECT to  : i r o re  i n t o  l i b ra r v  100  pos i t i ve  d i f  f e rence  f  unc t i ons  1 lO

object  prograrrr  Precis ion increase funct ion 1lO

1,--ere also lo|c l  nrcdule)  predef  ined speci f  icat ion of  var iables 13,  199

r l i : l i n i t i on  199  PR INT  dev i ce  op t i on  s ta temen t  94

OCL  { see  one ra t i o i l  c cn t ro l  i anguage )  d i r ec t i ng  ou tpu t  t o  a  ca rd  punch  141

On lE  I \ IORD INTE I ]ERS 1130  s ta te rnen t  154  p f l n t e r ,  i npu t  ou tpu t  90 ,94

cpe ra t i on  co r ) t r o l  l ; nguaEe  {OCL I  ca r r i age  con t ro l  cha rac te r s  f o r  39

combining wi th r ;ompi ler  opt ion statements 1O2 procedure subprogram i  99

cc r ' r r b i n i i l g  w i t h  l i n kage  ed i t o r  con t ro l  s t a temen ts  106  p rocedu res ,  FORTRAN-supp l i ed

de l  i n i i i on  199  oe f  i n i t i on  199

in Jr : [ r  J1v6gs551.g l is t  of  87

in compi le step 1O2 use of  86
in  l r nk  ec l i t  s . ep  105  PROCESS comp i l e r  op t i on  s ta temen t  98

rn load modrr ie execi . r t ion step 1O1 f  unct ion of  93

re l r t i onsh ip  t o  I  OFTRAIJ  p rocess ing  86  p l acemen t  i n  j ob  s t r eam 93

ope ra r i on  symbo l s ,  i i s t  o f  A  p rocess ing ,  FORTRAN 3

operalr : ) r  overv iew of  83
a r i t hme t i c  197  p rog ram da ta  108
re la i i ona l  20 ,199  p rog ram excep t i on  i n  ma thema t i ca l  f unc t i ons  173

op t i ons ,  con rp i l s r  97  p rog ram ou tuu t  ( see  ou tpu t )
o ider o{  a FOf1TRAN program 8 program processing 83
r: rder of  operat ions,  rn ar i thmet ic expressions 17 PROGRAM statement 69
ou tpu  t  examp le  o f  use  i n  i ob  s t r eam 140

r :o rnp i l e r  113  re l a t i onsh ip  t o  1130  CALL  L INK  s ta temen t  
- 152

Jir r , .c t rng 1o Llo lh pr i r r ter  and punch 141 summarized 166

l i ; r t r age  ed i t o r  88 ,  119  use  o f  CORE comp i l e r  op t i on  14O

loJC  mo , i u l e  124  p rog ra rn  un i t ,  de f  i n i t i on  199
, ;eparat ing debrrg or  dump outpul  14O program, FORTRAN

OVEF iFL  subp rcA ram 169  o rde r  o f  s t a temen ts  i n  8

overf  lcrw except ions 173 sarnples of  75,201

ove r l l ow  i nd i ca to r  subp rog ram iOVERFL)  189  p rog ramming  cons ide ra t i ons

over lay,  l i r rkage edi tor  1 06 dl rect-access 1 31
sequent ia l  c l isk and tape 1 35

pseudo  sense  l i gh t  subp rog rams  iSL ITE /SL ITET)  189
publ icat iorrs,  re lated v
PUNCH device oot ion statement 95

to obtain Pr inted cards 141
punching and reading lhe same card 152

fndex 229



range of  DO loop 22
de f  i n i t i on  199

READ device opt ion statement 94
READ statement 46

direct-access 46
summarized 166

l i s t s  i n  37
sequen t i a l  42 ,137

summarized 166

reading and punching the same card 152
real  ( f loat ing point)

argu ments 17 O
ca l cu l , r l  r ons  9
constants 1 0
data

format codes for  31
scale factor  in 34

speci f icat i ,cn of  type
in FORMAT statement 31
in speci f icat ion statements 51

REAL  s ta temen t  52
ru l es  f o r  52
summarized 166

record
f ixed length 1 35
format codes for  35
formatted 41
length of ,  assigning buf fer  for  132
l is t -d i rected 41
l o a d  m o d u l e  1 i 9
ob jec t  modu le  113
size of ,  in d i rect-access f i le  45
unformatted 41
var iable spanned 1 35

related publ icat ions v
re l a t i ona l  exp ress ion ,  de f i n i t i on  199
relat ional  lF statement 20

p rog rammingcons ide ra t i ons fo r  139
summarized 167

relat ional  operators,  in re lat ional  lF statement 20
relat ive record number,  in d i rect-access statements
relocat ion record in load module 119
repeat tactor ,  in input /output  statements 40
RETURN statement 64

summarized 167
REWIND s ta temen t  42

summarized 167
RLD records,  in obiect  module 1 13
rounding,  d i f ferences between System/3 and 1 1 30
rout ine (see object  module)

sample FORTRAN programs

examp lss  o f  cod ing  15
post  insta l lat ion checkout 2O1

save area 144
scale factor 34

de f  i n i t i on  199

sense l ight  subprograms 189

sequent ia l  f i les

assigning buf fers for  137

de f  i n i t i on  2OO
mu l t i - f  i l e  t ape  p rocess ing  (Mode l  15  on l y )  137
p rog rammingcons ide ra t i ons  135

sequent ia l  input /output  statements 41
order of  137

SEO40, SEO44, SEO45 device opt ion statements 96
se rv i cesubp rog rams  189
S E N T l N O  s u b r o u t i n e  1 9 5
sever i ty  code 88,  1 16

de f  i n i t i on  2OO
SHRBUFF  comp i l e r  op t i on  99

sha r i ng  bu f t e r s  I  34
S I G N  f u n c t i o n  l l O
s ign  t r ans fe r  f unc t i ons  17O
S l  N  f unc t i on

accu racy  o f  172
a lgo r i t hm  fo r  177
as a gener ic name 67
error  condi t ion tested 194
summar i zed  171

s ine  and  cos ine  f unc t i ons

accu racy  o f  172
a lgo r i t hms  f o r  177
summar i zed  1 ' l 1

s ingle precis ion

constant  1 0
conversion code 32
data 9
scale factor  in 34

SIZE parameter in CORE compi ler  opt ion statement

SL ITE /SL ITET  subp rog ram 189

SNGL func t i on  174

SOURCE comp i l e r  op t i on  98
l is t ing generated f rom, sample 117

source l ibrary 88
de f  i n i t i on  2OO

sou rce  modu le  l i s t i ng

def in i t ion 20O

samp le  111

source program, def  in i t ion 200
speci f icat ion statements 5 ' l

c o M M o N  5 3 , 1 6 0
(see also common block)
de f i n i t i on  20O
D I M E N S I O N  5 3 ,  1 6 2
EOUIVALENCE 56 ,  163
expl ic i t  speci f  icat ion statement 52,  163
t M P L I C t T  5 1 ,  1 6 5

spl i t  screen support  (CRT/keyboard) 149
s p o o l e d e n v i r o n m e n t ' l 4 9

q7

46

154
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U ,  u s e  i n  D E F I N E  F I L E  s t a t e m e n t  4 5  l l 3 o d i t f e r e n c e s w i r h  S v s r e m / 3  1 5 1
uncond i t i ona l  GO TO s ra temen t  19  1403  p r i n t e r
unde r f l ow  excep t i ons  1  73  l og i ca l  un i t  nun rbe r  f o r  91
un fo rma t t ed  reco rd  41  spec i f y i ng  on  pR INT  dev i ce  op t i on  s ta temen t  94

de f  i n i t i on  2OO 1442ca rd  read  ounch
un i t  numbers ,  l og i ca l  89  d i { t e rences  be tween  Sys tem/3  and  1  130  1Sz

.  d i f  f  e rences  be tween  sys tem/3  and  1  130  l 5 i  l og i ca l  un i t  number  t o r  91
uni t  record devices (see card devices) speci fy ing on pUNCit  device opt ion statement 95
UNITNO parameter in c levice opt ion statement 97 speofy ing on HEAD cJevice opt ion statement 94
UPACK comp i l e r  op t i o r r  101  2222  p rn re r
u t i l i t y  subp rog rams  19O l og i ca l  un i t  number  l o r  g0

spec i f y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94
2501 card reader

logrcal  unrt  nunr l rer  fc ; i .  92
spec i f y i ng  on  PR INT  dev i ce  op r i on  s ta temen t  94

2560  MFCM
VALUE pa rame te r  i n  CATEGORY comp i l e r  op t i on  rog rca t  un r r  number  l o r  92

s ta temen t  98  .  spec i f  y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94
var iable 121 speci f  y ing on PUNCH device opt ion statemenr 95

de f  i n i t i o r r  2o0  spec i f y rng  on  READ dev i ce  op t i on  s ra temen t  94
names  12  3277  d i sp l ay  s ta t i on  (CRT /kevboa rd )
t ype  spec i f  i ca t i on  o {  l oq i ca l  un i t  number  t o r  92

exp l i c i t  spec i f  i ca t i on  13  p rog ramming  cons ide ra t i ons  t o r  149
imp l i r : i t  spec i f  i ca t i on  13  spec i f y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94
p rede f  i ned  conven t i on  13  spec i f y i ng  on  READ dev i ce  op t i on  s ta temen t  94

var iable-spanned record:  1 35 3284 prrnter

l og i ca l  un i t  number  t o r  92
spec i t y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94

3401 13411 magnet ic tape subsystem, logical  uni t  number
for  90

5203  p r i n t e r
weak  EXTRN re f  e rence ,  i n  ESL  reco rds  1  13  rog rca l  un i t  number  f  o r  g0

work  f  i l e s  1O5 ,  145  spec i f  y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94
WRITE  s ta remen t  5213  o r i n t e r

drrect-access 47 logical  uni t  number f  or  90
summar i zed  168  spec i { y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94

sequent ia l  43,131 54o6 console kevboard
sumnna r r zed  168  l oq i ca l  un i t  number  f  o r  90

sp-eci tyrng on FTEAD device opt ion statemenr 94
5424  MFCU, l og i ca l  un i t  number  f  o r  90
5444 disk storage dr ive

l og i ca l  un i t  number  f  o r  90 ,  92
sha r i ng  bu f t e r s  on  134

X, use in FORMAT stat{ . 'ment 36 5445 c l isk storage dr ive
XR reg i s t e r s  ( i ndex  reg i s t e r s )  148  l og i ca l  un i t  number  ass i gnmen t  g0 ,  92

res t r i c t i on  on  sha r i ng  bu f f e r s  134
5471  p r i n t e r / keyboa rd

log i ca l  un i t  number  f  o r  90
spec i f y i ng  on  PR INT  dev i ce  op t i on  s ta temen t  94
speci f  y ing on READ device opt ion statement 94

Z, used to def ine hexrdecimal  consrants 1 1 5496 data recorder
zero,  in FoRTRAN statement numbers 7 logical  uni t  number f  or  go

speci f  y ing on PUNCH device opt ion statement 95
speci fy ing on READ device opt ion statement 94
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Summary of Amendments
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