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APPENDIK C

FORTRAN LANGUAGE SUMMARY

C.1 EXPRESSICN OPERATORS

The followlng lists the expression operators
vrder of deascending precedence!

sach data Etype in

Data Type Operator Operaticn Operates upont
Arithmetic ok Exponentiatieon Arithmatlc or legleal
expressions
k7 Muletiplication,
division
+, - Addicion, subtraction,
unary plua and mlnus
Character i Cancatenatian Character expressionsa
)
Relational .GT. Greater than Arlthmeric, loglical,
of character )
.GE. Greater than or expressions (all
equal to telational operatars
have equal precedencs)
LT, Less than
.LE. tess than or '
equal Lo
-EG. Equal to
CNE, Not egual to
Logical HOT, LHOT. A 15 true if and Logical or Ilntegez
anly 1f A is false expressions
<AND. A AND.B iz true if

and only tf A angd B
are both true

c-1
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FORTRAN LANGUAGE SUMMARY
L]

Data Typa Cperator Operation Operates upon:

Logical .0R, A.OR.B im true If &
(Cont.) aither A or B or
both are true
. EQV, ALEQV.B s true 1f and LEQV., LNEQV., and
only 1f A and & JXOR. have equal
are both true ar A Priority

and B are both falza : .

«XOR, A.XOR.B i3 true !f and
only if A is true and
B is5 false or B Is
true and A is5 false

CHEQY. Same as . X0R..

C.2 STATEMENTS

The following summarizes the statements available in the VaX-[1
FORTRAN languaqge, Including the general form of each statement. The
statements are listed alphabstically for ease of reference. The
"Manusl Section™ column i1ndicates the section of this manual that
describes each statement 1in decall,

Manual
Form Effect Section
ACCEFT See READ . T.7
Arithmetic/Loglcal/Character Asslgnment h 3.1, 3.2, 3.3
vag
¥ Is a variable name, an array element nane,
of a characgter substring name,
e iz an expression.
Assigns the value of Lthe arithmeric,
lugical, or character expresszion to the
variable, '
ASSIGN 8 TD v 3.4
g ls the lahel of a FQRMAT statement o©rf an executabla
- gtatement.
v iz an integer variable pame.

Associates the statement label 5 with the integar
variable v for later use ag a format specifier ar In an
asslgned GO TO statement,
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Manuail
Form Effect Section
BACKSPACE (luNIT=)ul,I0STRT={os] {,ERR=8]} 9.5

BACKSPACE u

u is a logical unit speclfier.

loa s an Integer variable or integer array element.

] is the label of an executable statement
Backspaces the currently open flle on
logical wnit v one record,

BLOCK DATA [nam] c.12
nam is a symbellc name,
Specifies the subprogram that fellows as a
BLOCK DATA subprogram.
caLbl flifall,(all...]] ' 4.k, K,2

14 is a subprogram name or entry peoint.

a 15 an expression,.an array name, a procedure name,
or an alternate return specifler. An alternate
returp specifier is *s or &s, where s ls
the label of an executable statement.

Calls the subroutine subpragram with the
name speclfied by f, passing the actual
arguments a to replace the dummy
arquments in the subroutine definition.
CLOSE ([UNIT=]ul,p)[,I05TAT=ias][,ERR=5]) 9.2

p is one the following parameters:

STATUE 'EAVE'

DISPOSE = ‘KEEP'

DISP 'DELETE"!
'PRINT'
'SYBMIT'
'PRINT/DELETE"
'SURMIT/DELETE'

u is a leglcal unit specifier.

- is the label of an executabhle statement.

los 15 an integer varlable or Integer array elament.

Closea the ;pecified file.
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Effeck

COMMON [/ [ebl/) nlist ([,1/0chbl/nllstY...

ch

nliat

CONTINUE

1= a comman Bleck name.

15 a 1ist of one or more variable pames,
Aarfray names, at array declaraters
separated by commas,

Reserves one ar more blocks of storage
space under the name specified to contain
the variables Aassociated with that block_
nape,

Causes ne processing.

DATA nlist/clist/[{,] nlist/clist/)...

nlist

clist

is a list of ane or more variable names,
array names, array element names,
character substring names, or implied.
0O lists, separated by -

commas, Suobscript expresslons and
substring expressions must be constant.

iz a list of one or more consStants separated
by commas, each optlonally preceded by j*,
where j 18 a nonzero, unsligned fnteger
constantc. .

Inftially storas elements of clistk
in the corresponding elements of
nlist,

DECODE {c,f,b{,I08TAT=ioa][,ERRes]) [1iat]

i~ o

o

los

liat

is an integer exprasslon,
is a format specifier.

i3 a variable nape, array pame, array
element name, or character substring name.

iz an input/output status specifier,
iz a label of an executable statement.
Is an /0 list.

Reads ¢ characters from buffer b and
as55igps values to the elements in the

1ist converted according te Format
specification f£.

Manual
Saction

5.4

5.9
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Manual
Effect . Sectian

DEFIME FILE ulm,n,UV,vil,uimn,u,vil... A,2

e |7 12 lc

[

s a logical unit sgecifler.
is a constant or variable.
Is a constant or variablae,
specliies unformatted,

is an integer variable name .

Defines the record structure of a

dglrect accesas file where v is the loglcal

unit number, m i5 the npnomber of fixed-

iength records in the file, n iE the

length in lé-bit words of a single record, U ls
a fixed argument, and v 15 the associated
varlable,

DELETE {[UNIT=]uf,REC=r][,105TAT={cs]{,ERR=51) 9,7
DELETE {u'r([,I05TAT=!as][,ERR=5]]}

v

ios

I

is a logical unit specifler.
is a relative record numher specifler.
is an input/output specifier.

is the label of an exerutable statement,

Deletes records from relative or !

indexed files, where u i3 the logical

unit connected ta the Eile, r is the

numbar of the reccrd in a relatlve file,

ios is an lnput/oukput status specifier,

and s is the label of the statement to

which contral Is to be tranaferred iE an

BrFGQL OCCULS, .

DIMENSION a(d)[,afd})]... ) ) 5.3

afd)

An array declaratar.

Specifies storage space requlrements for
Arrays.
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© Manual
Effact ) Section

tr]] v o= &1-92[153] ' - . 4.1.1
{s the label! of an executable statemsnt.

15 a varlable name,

¢l,e2,83 are numerlc expresslons.

Executes the DO lcop by petformlng the followlng stepa:
1. Evaluates cnte INT{f{ed—al+el) fed)

2. Sprs vuegl

3. If cnt is less than or equal to zers, does naot
execute the loop ’ ’

4. If gnt is greater than zera, then
4. Executes the statements in the body of the lcop
b. FEvaluates vay+al

¢. Decrements the loop count font=cnt-1). If cnt is
greater than zero, repeata the loop

DO [s[,]11WHILE(e) 432
] is a statement label.
€ 1s a logical expression.
Similar to the DO statement, but executes as long as  the
logical expression contained in the statement continues
te be true, Instead of for a specified number of
iterations,
ELSE 4.2.3

Defines a bleck of statements to he
executed 1f loglcal expressions 1n
previcus IF THEN and ELSE IF THENM
statements have valuea of falsa,
See IF THEM.
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; Manual
Form: Effect Sectlion.
ELSE L[F {e} THEN . 4.2.3
] {s a logical expression.
Deflnes a block of statements to be:
executed If logical. expressiens in .
previous IF THEN and ELSE IF THEN
statements have valups of false, and-
the logical expression e has a value
of true. See IF THEM.
ENCODE (c,f,bl,.I105TAT=los][,ERR=5]]1[1llst] ALl
< iz an inteqer expression.
i = a format specifier,.
E 1s & varfiable name, array name, array
alement name, or substring name,
lox is an inputfoutput specifier.
] iz a label of an executable statement,
list is an /0 list,
Writes £ characters inta boffer b, which
contalns the values of the elemants of
the list, converted according to format
specificatlion f. '
END 4,10
Celimits a program unit.
END DO 4.4
May be used in place of a laheled statement
te delimit the bedy of a DO loop.
ENDFTLE ({[UNIT=]u[,l05TAT=1065]{,ERR=5]}
ENMDFILE u 9.6
1 is a lagical unlt specifler.
ion is an inputfoutput specifier,
g iz the label of an executable statement.

Writes an end-flle record on logical
unit wu.

. c=7
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' - E;
Manuweal
Form Effect Sactlion

EMD IF 4,2,1

Terminates block IP capstruct. See IF
THEN.

ENTRY nam [C([p[.P)..-])}
nam ia a subprogram name,
B Is a symbollc name or an alterpate return spectifisp(*).

Defines an alternate antry point within
a subroutine or functiaon subpragram.

EQUIVALENCE (nlist) [, (nlist]].... 5.5

nlist is & 1ist of two or more variable names,
array npamea, array element names, or
character subsiring names separated by
comrpas, Subscript expressions and
substring expressians must be compile-time
constant expressions,

hosigns each of the names in nlisc
the same storage lecation,

EXTERNAL wi,v]... ’ S.7: A.G
v 1s a subprogram name.

defines the names specifled ag
user~defined subprograms.

FIND {[UNIT=}u,REC=r[,I05TAT=-ics]) {ERR=s]) ALl
FIND fu'r[,I08TAT=ics] [,ERA=s]} .

u 15 a legical unit specifiar.
Is an Iinteger expression,
icm is an input/output specifler.

is the label of an exacutable statement.

1

Fositiens the file on logical vnit u
te record r and aats the asaccliated
variable to record number r.

" . ’
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Manual
Forw - Effect ) Sectlon
FORMAT {field specification,...} 8.t - 8.7
Describes the Eormat In which one or
more recards are to ba cransmitted; a
atatement label must be present.
[typ) FUNCTION nam[*n](f[p[,p)...1}1 £.2,2
typ l= a data type speclifier.
nao is a synbolic name.
in is a data type length speclfler.
P 15 a2 symbolie name.
Begina a fupction subprogram, indicating
the program name and any dummy argumhent
names (p). AN optional type specificatian
can be included,
GD TD s 4.1.1
5 15 a label of an executable statement.
Transfers control to statement number s.
GO0 TO {slist)[,] e 4.1.2
slist iz a list of one or more statement
labels separated by commas,
e 15 an integer expresasion.,
Transfers contral to the statement
speclfied by the value of & {if e=1,
control transfers to the first statement
label; if eaZ, control transafers
tp the second statement label, and so0 forth).
If ¢ iz less than 1 ar greater than the
number of statement labels present, no
ctransfer takes place.
GO T v ([,]faliste}] . 4.1.3
v i an integer varlable name.
slist is a list of one ar mare statement

labels separated by commas.

Trapnsfers control ta the statement most
recently assoclated with v by an ASSIGN
statement, .

c-9
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Form Effect

IF [e) 81,882,813

IF

IF

[ is an expreasian,
sl,82,283 are labels of execubable statements,

Transfers control to statement si
depending on the value of e (if & 15

less than zero, control transfers to

sl;" if & eynals zere, control transfors
ta 52; if e i3 greater than zera, control
tranzfers to 533,

(e} sE
[ ls an expression.
st is any evecutable statement except a DO,
END DO, END, bklock IF, or
lagical IF, _
Executes the statement if the logical
expression has a value of true,
fel} THEN
block
ELSE IF [(e2] THEN
block
ELSE
bloack
END IF
el , =2 are logical expressions.
black i a series of zera or more FORTRAN
statements, ' "

Cefines blocks of statements and .
conditionally axecutes them, If the
logical expression in the IF

THEN statement has a value of true,

the first klock is axscuted and conptrel
transfers to the first executahle:
statement after the END IF statement.

c-10
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IMPLIGCIT

Lyp

typ

FPORTRAN LANGUAGE SUMMARY . ]'1

(AW

Effect

I1f the loglcal expression has a value
of False, the process is repeated

for the next ELSE IF THENM

statement, If all loglical

expressions have values of false,

the ELSE block 15 executed.

1f theres is no ELSE black,

controel transferg to the next
axecutable statement Following END IF.

fa[dlﬂ]-r-}[-t'}fpfﬂ[fﬂlqnillaq-
iz a data type specifier.

{5 elther a single lekter, or two letkars
In alphabetical order separated by
a hyphen (that 18, X-¥}.

The slement a represents a single (or a
range of) letter (s) whose presence as the
initial letter of a variable speciflies
the wvariable Lo be of that data type.

INCLUDE ‘file specification[/[NO]JLIST]!

*file specification’

is a charactar caonstank.

Includes the scurce statementsa in the
compilation from the fille specified.

IHNQUIRE [par{,par}..q

par

key

value

15 a keyword specification having the Eorm

key=variable
is a keyword as described below.

depends on the keyword,

Keywerd Values
inputsa

FILE €in

UNIT &

Manual
Secticn

5.1
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INQUIRE {par[,par]..;} {Cont.}

FORTRAN LANGUAGE SUMMARY 19

) . o Manual
Effect . Lt Gection

outputs
ACCESS cy
BLANK cv
CARRIAGECONTROL cy
DIRECT cY '
ERR B
EXTST Tl ;
FORM cv
FORMATTED Ccv
I05TAT Vv
KEYED cv
RAMED 1y
MEXTREC v
HUMBER + .y
OFENED 1w
ORCANIZATION cv
RECL v
HECORDTYFPE cy
SEQUENTIAL cy
UNFORMATTED cv
[ {s & numeric expression.
£in is a character axpression.
» is an integer varlable or Integer array element.
lv = a loglcal variable or array element,
cv s a character wvariable, array element, sr substring
referance,
5 = the label of an executable statement,
Furnishes information on speclified characteristics
of a flle or of a legical unit and its connections
to a flla. .
INTRINGIC fun [,fun}... - .8
fun {2 an intrinsic function name.

ldentifies symbollc names as representing
intrinsle functions and allows these namas
to be usad as actual arguments, -

c-12
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Form

OFEH (par[,par)...)

par
forms:

key
key = value

key
value
Feyword

ACCESS

ASSNCIATEVARIABLE
BLOCKSIZE
BLAMNK

BUFFERCOUNT
CARRIAGECONTROL

CIsP
DISPOSE

ERR
EXTENDSILE
FILE

FORM

INITIALSIZE
[OSTAT

KEY

MAXEREC

NAME
NOSPANBLOCKS
ORGANIZATION

READOKLY
RECL
RECORDSIZIE
AECGROTYPE

SHARED
STATUS

TYPE
UNIT
USERQPEN

Effect )

13

- Mannal
Section

ua

9.1

is a keyword specifiéatian-in one of the folld@inq

Is a keyword, 23 descrlibed below.

depands on the keyword.

Yaluos

'SEQUENTIAL'
'DIRECT!
'KEYED"
'APPENDY

v

-]

'"MULL'
'ZERD'

[ =]
'FORTRAN'
'LIST'

'"WONE!

[same a3z DISFOSE)

"HEEP' or 'SAVE'

'PRINT*

"DELETE"* I
'SUBMIT'

'SUBMIT/DELETE"

'"PRINT/DELETE"

]

e

c
'FORMATTED®
'"UNFORMATTED'

o

v

keyspec

e
(Same aa File)
*BEQUENTIAL"
'"RELATIVE"
'"INDEXED"

e
(same ag RECL)
'FIXED'
"VARIABLE!
1SECMENTED"
'oLn!

"NEW"'

*SCHRATCRH'
"UNEMOWN*

(mame azx STATUS)
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. Manual
Form Effect Sectlon
c Iz a character expresslon, nureric array
- name, hiumerie varlable name, numeric array.
elament name, or Hollerith constant,
] is a numeric expressien. i
P 5 a program unit-n;mé. . . ’
H is a statement label, .
¥ fs an integer variable name,
keyepee s ﬁel:ezf:type]i,
whare:
el {s the beginning byte of the keay fleld
e? {5 the ending byte of the key field )
type ls glither INTEGER or CHARACTER
Cpens a file'on the specified loglcal unit
aceordlng te the parameters specifled by
the koywords.
PARAMETER (p=c [,p®c]...) ' 5.10, A.4
ol is a symbolic name.
c is & constant or comp{le-tipe congtant saxpression,
Defires a symbolic name for a constant,
PAUSE [disp] ' 4.8
dglsp is a decimal Jdigit string cantalning I to 5 .
digits or 3 character constant
Suspends program execution and princs the
display, {f one is speclfied.
PRINT Ses WRITE - 7.8
PHGGRAH'nam ! 5.11
nam A symbollec name, -

Specifies a name for the maln pragranm.
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_ Mapual
Form tlfect Section
READ [[UNIT=]u, [FMT=)E[,10STAT=10%] (,END=2]) [,ERR=s]] [list] 7.4.1
READ £[,11iat] 7.4.1
ACCEPT El,llsk) : R 7.8
u ig a logical unit speclfier.
£ in a format specifier.
ies s an input/foutput specifier.
8 ig a label of &an uxecutable statement.
1ist is an 1/0 1list,
Reads one oY more logical records from
unit v and assigns values to the slaments
in the llst. The records are converted
according to the format specifler (f1.
READ {[UNIT=]u, [FMT=)*[,I105TAT=ios){,END=s][,ERR=8)}1ist 7.4.1.2
READ *,[list} . . T.4.1.2
ACCEPT *,[list) . 7.7
u is a loglcal unlt specifler.
* denotes list-directed formatting,
5 is a label of an executable sStatampent.
st iz an IO Ilst.
Reads one or more loagical records
from unit v and assigns values to
the =lemants in the 1list. The
records are converted according to the
’ data type of the list elemant,
READ( [UNIT=]u[,I05TAT=io6} [ ,END=5) [ ,ERR=51} [1imst] 7.4.1.13
u is a loglcal unit specifler,
ios is an input/foutput specifler,
s is a label of an executable statement.
liat iz an I/0 1list.

Reads one unformatted record Erom
unlt u and asslgna values to Lhe -
elements Iln the list, -
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READ [[UNIT]-u [FMT JE,REC=r[,iostat=108]1[, ERR=BI)Ilist]

READ fu' r,[FHT 1E[ 105TAT=los] [ ,ERR=5]) [1ist] -

~ e

I

lise

is & logical vnitc specifier.

ls.a reiative recn}d nurber specifier,
f5x a format specifier,

is an {nputfoutput specifjer.

ls a label of an executahle statement.
lz an 1/0 lﬁﬁt

Reads record ¢ from unit v and assigns
values to the aelements in the list.

The record {8 converted according to f.

READ{ [UNITw]u,REC=r {,105TaT={as} [,ERRnE]} [1lst]

READ(u'r[,ERRms]) [1!st]

L
t

i3

fon

lise

READ ({UNIT=]u,

READ ({[UNTT=

liat

is a loglecal unit specifier.

is a relative record number specifier.
is an Ilnput/output specifier.

Is a label af an executable statement.
is an I/70 list.

Reads record r from unit u and assigns
values to the elements in the list.

[fERR':S]] rliﬁt]
tu, keyspec|,KEYID=knl|[,I05TAT={0s]
t,ERR=5))[1list]

is a logical unit specifier.

1s a format specifier.

[FMT=] [, hkeyspec[,KE¥ID=ukn] [, I0STAT=1{0K]

{s"a koy specifler (see Sectien 7.2.1.5)-

is a woy-of-reference specifier,

iz the label of an exscutable statement.

Iz an I/70 list,

Reads one or mare logleal racords,

value, and assigns valueg to the elemants in the 1ist.

C-1k :

speclfied

»

Manual
Section

" 7.4.2.1

7.4.2.1

T.4.2.2

7.4.2.2

by

kay -
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gb:_l?. ’

. BEfect

READ I{UNIT-IC,FHT-E-[.IOSThT-inS][,ERRBl][,EHD*S]{[list]

. n

x|

los -

liat

HRETURN [i)

iz an internal file specifier.

is a format specifier,

is an input/output status specifier.

is the 1abé1 of an exacutable statement.
fs an I/D list.

ficads into elements In the liat one or more

Mzanual
Sectian

7.4.4

Internal

recards contalning character strings, converting In

accordance with the Format apecification.

T

Retuens control to the calling program
from the current subpregram. The opticnal
argqument 1l an integer wvalue that
indlecates which alternate return

is to be taken.

REWIND([UNIT=]u{,I0O5TAT=1los][,ERR=x5])

REWIND u
¥

fam

1s a lpgical unlt specifier.
is an Input/output statua spucilie}.
s the label of an executabls statement.

Repositions logical unit u to the
beginnding of the currently opened f{ile,

REWRITE{IUNIT=]u, [FMT=}E[,105TATelos] {,ERR=5]]) [1ist]

REWRITE([UNIT=]u[,I053TAT=1os] (,ERR=5]) [list]

le

los

w

list

iz a logical unit specifier.

is a format specifler,

1= an input/foutput status specifler.

is the label of an executable statament.

iz an I/0 list.

Transfers data from Intarnal storage te the
record Lln an lndexed file.

-

current
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Manual
Form Effect- . Section
SAVE[af,a]...] . B . . * 5.h
a is the name of a varlable, an array, or & named common
- block enclosed in slashes.
Retains the definitlon status of an
entity after the execution of a RETURN
of END statement in a subprogram.,
Statement Function . 6.2.1

filpl.pl...])=n

£

<l re

is a symbolic name.
{8 4 symbolic name.

is an expression.

Creates a user-defined function hawlng the
varliables p as durmy arguments., When
referred to, the axpression i3 eovaluated
using the actual arguments in the Function
call,

ETOP [displ L
disp is a decimal diglt string containing 1 te 5§
diglits or a character constant,
Terminates program executlon and prints
the display, if ane i3 specified.
SUBROUTINE nam{{(p[,pl...))] . f.2.3
nae 1 a symbolic name, '
P Is a symbolic name or ap alternate return speciflier {*).
Beglns a subroutine subprogram, indicating
the program name and any dummy acgument
names {(p].
TYFE See WRITE - - - - T.B

£-18
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Lyp v[fcllstfl[.v[fﬂlistfl-..

typ

1+

clisc

FORTRAN . LANGUAGE SUMMARY 19

Effect | ~

v L a . b

im one of the following data type speclfiers:

BYTE

LOGICAL
LOGICAL*]
LOGICAL*2
LOGICAL*Y
INTEGER
INTEGER®2
[NTEGER™*4

EFAL

REAL* 4

RERL*E
REAL*1é

DOUBLE PRECISION
COMPLEX
COMPLEX*8
COMPLEX™ 16
DOUBLE COMPLEX
CHARACTER*1en
CHARACTERY* [ *]

15 a var{able pame, array name,

functicn or functlan entry name, or

an array declaratar. The name can
optionally be followed by a data

type length specifier {*n}. .
For character enti{ities, the length
spacifier can be *len ar *{*),

I an Ipltial value or walues to be assiqned
Immediately preceding varlable or array elemant,

The symbellc names (v) are assigned the
specified data type.

UMLOCK ([UNIT=]u(,ICSTAT=1as}[,ERR=5}}

UNLOCK u

=

les

VIRTUAL a{d])[.,ai{d)1]...

{s & loglcal unit specifier.
is an input/output specifler.
is the tabel of an executable statement,

Removes the access protectlon from the film
cannected to Logical Unlt wu.

Faquivalent to the DIMENSION statement.

Manial

.Section

5,2

te the
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Form Effect Section
WRITE [[UHIT=]u,JFHT=]f[,IBSTATnins][,ERH-S]I[Iist] . : 7.5.1.1
PRINT £(,11st) | ' | 7.8
TYPE E[,1ist) , ) . ’ _ 7.8
. u ls a logical unit specifier. ’
i is & format specifiaet. .
fos [s an inputfoutpur specifier.
5 is & label of an executahle statement,
list ls an T/0 iist.
Writes cne or more logical records to-unit
u, containing the values of the elements
iln the 1ist, The records are converted
according to £, :
WRITE { [UNIT=]u, {FMT=]*[,I108TAT=-ios] [ ,ERR==s]) [1isk]. ) 7.5.1.2
WHITE [u,*[,ERR=5}) [1ist] . . 7.5.1,2
PAIKT *[,1list] . 7.8
TYPE *{,list] . 7.8
u iz a logical unit specifier.
r denotes list-directed formatting,
log is an fnputfnutput specifier.
s ts a label of an executable statement. ‘
list is an I/0 1ist,
Writes one or more logical records ta unlt
u contalning the values of the elements in
' the list. The records are converted
according to the data type of the list .
element. .
WRITE {[UNIT*]u[,IGSTAT-iOSJ[,ERBﬂs]]{list] 7.5.1,13
u is a loglcal uynlt spacifler, -
] is a label of an executaple ptatement label.
ios iz an fnputfnutput specifier. i
list iz an I/70 lisc, . }

Wrltes gna unfermattad record to onit u
containing the values of the slements in ' —
the lisgt. .

G-20 !
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- " -, Manual
Form _ Effect ': : : Section
WRITE {[UNIT=]u, REC=r, rnr-f[,InSTAT-iﬁuli,znn-slllllst] 7.5.2.1
WRITE (u'r,f(,ERR=s]])[115t} T.5.2.1
u 1s a lﬁﬁical unit specifier,
14 ia a relative record number speclfier.
f is a format specifier, -
ios i3 an inputfoutput specifiar.
5 iz a label of an executable statement,
list is an I/0 list.
Wrlteg the values.of the elements ok the
1ist te record r on unit u, The record is
cenverted according to £,
WRITE({ [UNIT=]u,REC=r[,I0&8TAT=i0s] {,ERR=5]) [11st] ' ?.E.E.f
“WRITE {u'r[,ERR=s]) [list] 7.5.2.2
It is a logical unit specifier.
r iz a relative record pumber specifier,
fos {s an Inputfoutput specifier.
s {z a label of an executable statemsnt label,
liqt iz an I/0 liat,
Hrites record ¢ to unit v contalning the
values of the elements {n the list,
WRITE [[UNITw)ec, FMT=f[,I05TAT=1i08] [,ERR=51}[L1st] ' T.5.4
[+ {5 an internal flle specifier.
f s a format specifier.
5 = the label of an axecutable statament,
loa s an lnput/output specifler.
liare 1s an I/0 list.

Writes elements In the liat to
the internal file specliflied by
the unlt, converting to character )
atrings in accordance with the format :
apac¢ification.
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C.3 LIBRARY FUKCTIONS

Table C-1 1ists the VAX-11 PORTRAN generlce functions and Intrinsic
functions {listed in the column hsaded "Specific Name™).' Superscripts
in the table refer to the notas that folleow the table.

FORTRAN LANGUAGE SUMMARY

, Tuble C-1 Generle nad latringde Fodelloos
Funetl Number of Cenarie Specific Trre of Type of
uncllons Arguments Name Name Argument Repuls
Sguate Root! L YGRT SQRT REAL*4 REAL"4
. BEQHRT REAL™S REAL-S
QSQRT REAL*15 REAL"1S
at? CRGKT COMPLEX'S  COMPLEX®S
CLSQRET COMPLEX*1IE COMPLEX"18
“atyral Loganthm? 1 LOG ALOG T HEAL“s REAL"4
CLOG REAL'8 REAL"S
QLOG REAL"I& REAL*1E
hog, C1.0G COMPLEX"8  COMPLEX"A
CDLOG COMPLEX"16  COMPLEX"16
Cormmon Logarithm? 1 LoGID ALDMG 1 HEAL "4 REAL*'4 *
DLOG1D REAL®*R REALB
log o QLOGI0 HEAL" LB HEAL*18
Eapontatial 1 EXP EXP REal*4 REAL™
o DEXP REAL"#8 REAL*S
QEXP REAL"1B REAL-1§
CEXP COMPLEX"S ° COMPLEX"S
CDEXP COMPLEX*18  COMPLEX'1E
Sine? i 5Ik SN REAL"4 HEAL"¢
DSIN HEAL"R REAL"S
Q51N RFAL*1G REALIG
i n C5IN COMPLEX*E COMPLEX"R
ChsIN COMPLEX 16  COMPLEX™16
Conine? 1 €Os% COS RFAL™4 REAL
e 0% RFAL*H HEAL*R
GC03 AFAL“16 REAL-16
Cos 4 CLros COMPLEX"8  COMPLEX*H
CDCOS COMPLEX " COMPLEX"16
Tangene? 1 TAN TAN REAL*4 "REALT
CTAN REAL"8 HEAL"A
Tan & QTAN REAL"IE HEAL"E
Arg Sing*F 1 ASIN ASIN REAL™ REAL"4
DASIN FFAL'E REAL'8
Art Nin a QASIM REAL*16 HEAL*1&
“Are Conine® 1 ACOS ACOS REAL‘$ REAL*4
DACOS REAL"S . REAL*8
Arc Cot o QACOS REALI& _  REAL*1S
Aic Tangent? 1 ATAN ATAN REAL"$ REAL*4
DATAN REAL*2 HEAL"A
Arc Tan QATAN REAL1§ REAL"16
Are Tangent™® F ATAN2 ATAN? REAL'$ HEAL*4
DATANI. REALB REAL"S
Are Tan aytay QATANI REAL"18 REAL“16
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Table C-1 (Comt.] Generic wed Intricele Funcilogs

Funcllo . Numbar of Generic Specilie Type of Type of,
unctions Asguienba Nurma Name Argpumenl Renult
Hyperbolic Sine - 1 SIMH SINH REAL*4 REAL"4
) - . g DEINH RFAL™3 REAL“S
Sinh & ) Q5INH REAL*IS REAL*16
Hyperbolic Coning 1 COSH COSH REAL" REAL*4
. DCOSH HEAL"S REAL™N
Conh a ) ' QUosH REAL*16 REAL*(E
Hy prebalic Tangent I TAXH TaNH " HEAL*s REAL"4
' LTAMH HREAL*H REAL*S
Tanh & QTAXH HEAL"IG REAL71E
Abaciute value' 1 Abs ILABS INTEGER"2 INTEGER"Z
] JIABS I TEGLER*s INTECGER
ARS REAL*4 REALT
iy DIARS REAL"E REAIL“R
QABS RAEALIE REAL"16
CARS COMPLEX A RFEAL4
CDARS COMFPLEXR"I6 REAL'3
[ARS HALS INTEGER? INTECER?
JLARS INTEGER" INTEGER"
Truncation® ! I INT COuNT HEAL" INTEGER"?
1l JINT HEAL‘4 INTEGER*
IINT REAL“S INTEGER*?
- JIDINT HEAL"B INTEGER™4
HOINT REAL"16 INTEGER™2
JIFNT HEAL* 6 INTEGER"4
- COMPLEN"8  INTREGER*2
-_ COAPLENS IXTEGER 4
- COMPLEN*IE [NTEGER-?
— COMPLEX"16 [INTEGER™4
IDINT.  DDINT REAL*S INTEGEHR*2
JIDINT REAL'S INTEGER“Y
1QINT HQINT HEAL*\& INTEGER"2
HQINT REAL1& INTEGER"
AINT AINT REAL4 REAL4
DI%T KEAL™k REAL®R
QKT KEAL"1G REAL"1&
Seareal Inleger® Nl 1 NINT ININT HEAL"4 INTEGERE
[n+ S"signlal] JNINT REAL*4 INTEGER*4
i NT KEAL*® INTEGER*2
JIONNT REAL*S IXTEGER"4
FNNT REAL"1& INTEGER"2
HQNENT REAL*1& INTEGER™s
IDNINT HDMNNT REAL‘H INTEGER™E
JTDNNT REAL*R INTEGER™
IQNINT HQNNT REAL*1E IXTEGER"2
JIQNNT REAL*1& INTECER™
ANINT ANINT REAL-4 REAL™4
DNINT HEAL"A " BEAlL"8
QNINT REAL"18 REAL“16
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Tuble C-1 {Cont,] Ceneric and :u"tlrini.e Functions

i
|
Number of Generie Spwefie Type of Type of
Functions Arguccenis Name Nirna Argumeni Resuly
Conversion w® REAL™ 1 REAL FLOATI IKTEGER"? REAL™
FLOATY INTEGER*4 RFAL*Y
— REAL"4 REAL™4
_SHGL REAL-A REAL"4
SNGLG HEAL* 16 - REAL*4
. COCMPLEX A REAL"4
- COMPLEX“16  REAL*4
Convertion 197 REAL*E ! LaLE - — INTEGER*2 REAL"R
T — INTEGER REAL*3
HBLE RFAL*A RFEALR
- - I REAL."8 RFAL“8
DBLEG REAL*16 RFAL*3
.- COMPLEX R REAL“%
. - COMPLEX*16 REAL*S
Conversion 1o REAL* 1S 1 QFEXT L - INTEGER*? REAL*IG
_ ) o INTEGER®S  REAL‘I1E
QEXT REAL*+ REAL"16
JQENTD HFAL*R REALIE
- REAL"1& REAL*16
- COMPIEN*s REAL 18
- - COMPLEX-[& REAL*IG
[T I 1R "X REAL™ IINTEGER™2
JIFIX KEAL*a [NTEGER
(REAL"§.4o-inteyger conversiond
Float? I FLOAT  FLOATI INTEGER*2'  REAL™
FLOATY [NTEGER™ REAL*4
(integer-to- AEAL® 4 conversiand
HFAL"3 Float? 1 DFLOAT RO INTEGER®? RAEAL“A
DFLOTY INTEGER*4 REAL'S
finteger-to-REALA ennversion) i
REAL-15 Float 1 QFLOAT - IXTEGER2 RFEAL*16
INTRGER*S REAL*16
Integer to REAL "6 converuonl
Conversion w COMPLEX 8, 1.2+ CMBPLY —_ INTEGER™2 COMFPLEX*S
o t3 - INTEGER'S  COMPLEXS
COMPLEX" S [rm Two 1.2 _ HEAL"4 COMPLEX*R
Arguments 12 —_ REAL"2 COMPLEX s
L2 - " REAL*14 COMPLEX"®
1 - COMPLEX"8 COMPLEX'E
I - COMFPLEX"}& COMPLEX"S
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Generic and Intrinsie Functions

Ponce| Kumber of Generie Speciie Type of Type of
aaction Arguments Name Mama Argument Reaull
Conversion to COMPLEX*16, 129 DCMPLY - INTEGFER*2 COMPLEX"1E
or 1.2 - INTEGER™ COMPLEX"16
COMPLEX* 18 Imm Twa 1.2 - REAL"4 COMPLEX* 16
Arguments 1.2 — REAL'S CUMPLEX"16
12 -_ HFAL& COMPLEX"16
1 — COMPLEX*Ss COMPLEX"16
1 - CUMPLEN"!S  COMPLENX‘IB
Heal Ban of Complex 1 — *  HKFaL COMPLEX B REAL"s
[}HE.AL COMPLEX*16  HEAL®A
Imaginery Part of Complew 1 — AIMAG COMPLEX*E  REALTYL
IMAG COMPLEN'IE REAL'E -
Complexy From Twao {5er Conversion 10 COMPLEX 8 and
Arguments Converaion ta COMPLEX"16)
Comples Conjugate 1 COMIG CONJG CUOMPLEX*S COMFPLEXE
DC O CUMPLEX"1E COMFPLEX'IE
W el X, ¥ *
COMNIG (ap= X,- Y}
REAL'S product of RFEAL™4's 2 — DPROD REAL"4 REAL"B
li'lg h
Mazimum'! n Mak INA XD INTEGER"2 IwTEGER*2
JAMAKD INTEGER™4 INTEIGEH_'-G
traxing,ag.,, Al AMAX] HFAL"4 REAL"4
Cretarts he mximum DMANXL HE:..*L:E- R::.AL-‘H
value fram among the GMAXT REAL*1E REAL"LE
argument sty there most be w1 MaXo IMAXG iNTEGER"2 INTEGER"2
leas] Lwo arpurenia) . JMAXD - IWTEGER" INTEGEH"4
MAX1 IMAX]L REAL®4 INTELGER™T
dMAX] REAL*4 INTEGER®s
AMAXG ATMAXG [NTEGER*2 REAL4
ASMANG INTEGER"4 REAL®4
Minimum!’! n Mis i IND INTEGEH2 INTEGEHR":
JMING INTEGER"4 INTEGER"{
minin ay... k) AMINI REAL= REAL™4
irelurne the minimum value DM”\!] HFE".‘]'*:E HF'AL:'E'
among 1he argomient tat; GMINI REAL*1G REAL*15
there munt be at least two MIND IMING INTEGER*2 INTEGERHR*2
RIgumentel JIND INTEGER"4 INTEGER"+
MIN] IMINT REAL"4 INTEGER"2
JMINL REAL*4 INTEGER*4
AMLND ALMIND [STEGER"2 REAL™
AJBITNG TINTEGER" REAL=4
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Tahble C-| {Cimt,] Geperic aznd Inirinake Fonellons

Puncti Numbes of _ Generke  Bpecific Type of Type of
unctions * Arguments N Name Argament Rasull
Poaitive DifTersnce 2. mM - oM INTEGER"? INTECER™2
. . DM ISTEGER* INTEGER"
ni-(mintay,ag) b REAL'4 - REAL*4
Ll HE . Ll
(relime the firl Lrgument DD:: HE"‘L_‘% :"‘aﬁ
minus the minraum of the D REAL™ !
twrt arguemenisl 1DIM 1L INTEGER™Z INTEGER"Y
JINTM INTEGER™4 INTEGER 4
Hemuimder 7 A0 , 1MCGD INTREGRR™Y [ TEGER"2
| AW0D IWTRGGER™ INTFOFR 4
ap-a,"m gl AR HFEAL™4 REAL"4
feturme Lhe remaindet - DMUBR REAL™w HEAL*8
whats (ke (iR apgument M REAL'1R REAL*tE
in divided by the secend)
Tranwdes of Sign z SIGN SIGN INTEGRA*2  INTEGER*?
JIBION INTEGER*4 InTEGER=4
. lagi*Bign ap SGN REAL™ REAL™4
DSIGK REAL*G REAL"HE
WHGN REAL®1E REAL*16
ISR IsikGN IN\TEGER"? I~TEGER-2
"JEIGN INTEGRR"4 INTEGER"4
Busiwe AND T TAND HAND INTECER*Z  INTEGER"2
fpecforms a legical AND m JIAND INTEGER" INTEGER*4
varcespending litwy )
Buwite OR 2 1CR LCR INTEGER'?  INTEGER‘2
(performe an inclugive OR JIOR INTEGER"4 ISTEGER*4
.on carresponding bils ’
Buwise Exclusive OR a 1IECR HHECR IWTEGFER"Z INTEGER*2
Iperfurmn en exclusive (R JIEGH [NTESGER INTEGER*S
on cofirsponding bilsl
Biiwize Counplement 1 =0T x0T INTELRED INTEGER?
{complements each ity o JNOT INTEGER INTEGER"S
Butwise Shift 7 [SHFT HISHFT INTEGER2 INTEGER*2
JASHFT INTFAGER* INTEZER™4-
ta, legically shified belt .
az bith)
Length!! ! S LEN CHARACTER  INTEGER-S

Treturmns length of the
character expreszion]

Index {C,,Cy}" ? - INDEX CHARACTER INTEGER™4

{returmy the pedtion of the .
substring €z in The charactsr . -
FApCELION Cy)

Character!! 1 - CHAR LOGICAL"} CHARACTER
INTEGER"2
[returnt & thiracter thal has INTEGRR"4

the ASCH value specified
by the argursnt} .

C-7h '
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'f'lhl! C-11{Cont.1 (eenerle and [aleineis Funcllons

Functlons Number of Cenarle Epecific Type of Type aof
Arguienls Nums Name Argument Result
ASCI Value'® 1 - ICHAR CHARACTER  INTEGER™4
(retume The ASCH velus of
Ihe argument; the argument
imust e n character expres-
wion that hay & lempth of 1)
Charagier telationaly i — LT CHARAUTER  LOJIICAL
PASCIN cultating sequence) 2 - ILE CIfARACTER  LOGIKCALY
¥ - ILGT CHARACTER  LAKGICALT
2 -_— LIGE CHAYACTER LUGICAL"4

Notea for Table C-1

' The arpument of SQRT, DSQHT. and QSQRT must be greater than & #qual 16 sero. The result of CSQRT or
COSYURT is the principal value with the real part goenter than or equal o rero. When the real pat is zem, the
reault i3 the principal value with the imaginary par greater than o equal to zenc.

T The stgument of ALOG, ILOG, OSGRT, ALDGI), DLOGIO. wnd QLOGI mun be greater than zero. The
argument of CLOG or CHOLOG must mn be (00,000,

b The argueaent of SIN, DERN, QSIN, 005, DEOS, QUOS, TAN, DTAN, and QTAY muost be in radians, The
argument in iredied medala 20pi

' The abuolute value ol‘ the argument of ASIN. DASIN, QASIN, ACDS, DACOS and QACDS must be Irss Than or
equel Wb 1,

The renulbt of ASIN, DASIN, QASIN, ACDS, DACOS, QACOS, ATAN, DATAN, QATAN, ATANZ, DATANT,
and QATAND win radians.

e

The reault of ATANZ, BATANY, and QATAN? in zero o positive when a; n less than or equal 1o zern. The resubt
is undefined Il bolh sfgumenls dme zem. .

The absciute value of & complrz number, (X, Y1, e (he real calus:
'x! . q'r!jlﬂ

l1] is defined ns the lazgemt integer whose magnitude dors noL exceed the magnitude of x and whose sign ia the

samwe as that of 2. For example 15.7] equala 5. snd {~5.7) squels =5,

Funclions that raum conversion of ane date 1vpe 1o another Lpr provide the same effeel a3 the implied
conversion m assignmend siaiementy. The functinn REAL with w real argument, the funclion DBELE with &
double precivion argument, 1ha function INT with mn integer aqumenl, and the furclion QEXT =ith a
REAL®L& argument raiutn the vilue of the argumeni without conversion.

Yee Chapler & for additions] information on charecter funclions.

U The functions INT, IDINT, IQINT, NINT. IDNINT, IGNINT, 11X, MAXL, and MIND rstarn INTEGER 'Y
values if the /M command qualifier is in #ffect, INTEGER 2 values il the /NOM qualifier is in effect.

Whea CMPLX and DUMPLX have ooy wne argument, this srgument in converted into the real part of o
comples wvaluoe, and tere ia snaigned to the imaginary parl; when there are two wrputmenta (not comple).
complexr value % produced by conversion of the Mrst srgument mt.n Lthe real pirt ol the valus, 1he second
argurnent into the imaginery part.

c-27
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C.4 BSYSTEM SUBROQUTINE SUMMARY

The VAX-11 FORTRAN syatem provides agbroutines you call in the same
manner &8 a user-written subroutine, These subrouktines are described
in thig mection,

The subrputines supplled are:

DATE Reaturns a 9-byte string containing the ASCII
repredentation of tha current Jdate.

IDATE Returns three integer values representing the current
moenth, day, and year,

ERASNS Returns informatlon about the mast rocently detected
errer condltion.

' EXIT Terminates the execution of a program and returns
contrel te the operatlng system.

SECHNDS Provides system time of day, or elapsed ctima, as a
floating-point value in secends.

TIME Returng an HA-byte string centaining tha ASCII
representation of the current time in hours, wminutes,
and seconds,

RAN Returns the next number from a sSequence af
pseudo~random numbers of unifarm distribution aver the
range O tao ],

References to lInteger arquments in the following subroutine
descriptiong refer Lo arguments of either INTEGER*d data type or
INTEGER*2 data type, However, the arguments mMust be either all
INTEGER*§ or all INTEGER*Z. 1In general, INTEGER*4 wvariables ar array
elements may be vaed a5 inputr valueg ta these subroutines {f their
value Is within the INTEGER*Z range,

C.4.1 DATE .

The DATE subroutine obtains the current date as Set within the system.
The fall te DATE has the [orm

CALL DATEfhuf}
where:

buf )
is a 9-byte wvariable, array, array element, or character
substring. The date. ls returtned am a 9-byta ASCIY character
string &f the form

dd-mmm=1yy
whare:
d4
iz the 2-2lgit date.
mem
fs the 3-letrer montn specification.
Y¥Y

is the last two diglts of the year. : . Ca

C-28
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L ]

C.4.2 IDATE . S ,

-

The IDATE Subroutine returna three integar wvalues -rep:esantlnq thug
current menth, day, and year., Th& call to ICATE has the form “

»
CALL IDATE({,j, k) : : Con

If the current date were Octeober %, 1984, the values of the integer
variables upon return would be: . : -
10 . ' | a

g' 13 i I T
34 «

i
3
X

C.4.,3 ERRSNS

The ERRSNS subroutine returns lnformation about the maost racent ergorl ©

that has occurred during program execution. The call to ERRSNS has
the form - . - )

-

CALL ERRSNS(fnum,rmests, rmsstv,junit,condval)

where: - :
1 . - ] . - "
¥ : : ’ oo )
1= an integer varlable or array element into which is stored the .
megt recent FORTRAN error number,  VAX-11 FORTRAN error nuubnrs*

are listed in the vnx-ll FORTRAM User'a Gulde, _

v 3 .- WE

A zaro {8 returned if no error has oécurred since the last call®
to ERRSNS, or if no error, has occurred since the start ofi
execution,. . 4o “ i

fnum

+ '
N

ImSsStE .

is an integer varlable aor array element into which is stored the

-RM5 completion status code ({STS), If the last error was an RMS
I1/0 errcor. ' ] N )

EMSSLEY
= an integer variable or arcay element inteo which is stored the
RMS status walue ({8TV¥) if the last arror was an RMS I/0 error.
Thiz status valua pravides additional status Ilnformatlan.

funit
Is an integer wvariable or array element into whilch is stored the

logical unit pusmber, if the last ayror was an I/0 erfrorc.

condval )
is an integer var{able or Array element into which, Is stored the

actual VAX-1] conditian value,
Any of the arguments may be null. If the arguments are of, INTEGERY2

type, aonly the low-order 16 bits of {information are returpsd. The .
saved error informatlan s set ro zero aftar each call toe ERRSNS,

c-29 7 ! .
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c.4.4 EXIT - . _ * .
. The EXIT subroutine causes program teraination, ciasea 211 files, and . ;
.returng contreol to the coperating system, A call to EXIT has tﬁu Eaem
. caLprxIT [(exlt-status}]~ ;I'r S g -
where: . ' i' . :ﬁ
- .

{exit-statux) ' .
is an opticpal [nteger argument you |can use to specify the image }¥
exlt-atatusx value.

-

-

r

' .t H i
[
’

€.4.5 SECNKNDS

4

a

The SBCHNDS function”subprogram retugns the system tlme In Seconds asg a
single-precisien, fleating-pofnt value l1e58 the wvalue: gf jes -
single-preclsion, floating-point argument. The call to SECNDS has the
form . -

- .

y = SECHDS {x) T T . I R
* . ) - - R + f-J'
. where:. . .y 4~§¢; o o -4
! . J'—' ur‘
Y- H . _ . ' v L
K L Lt . v
1% set equal to the time . in seconds 'since midnight, minus the
user-supplied value of x. o : " .
L o R
The SECNDS function can be uged to perform elapsed-time computations,
For example: L AN U x
¢ START OF TIMED SEQUENCE . ’ ' T et I o
Tl = SECKDS{0.0) o L I "
. i
¢ : , S
C COGE TO BE TIMED
c ' ¥ ’ '
DELTA = SECHDS{Tl) ' b . .
1. where: 3 . CoAy
4 - - . = .:L '
*. DELTA ) . e
. [
' will glve Lhe elapsed time, . '
The value of SECNDS ls accurate %to 0.01 seconds, which ia the
resolution of the syskem clock. . ;
NOTES SO v,
) 1.* The time is computed Erom midnighe. O o L: .
SECHNDS alszo profuces correct results . o e
for time intervals Lhat 5pan i, I S
midnight, .- . . &
= N ST it :‘Hi"‘" ol
" g iy e, %g& -
- kL Bt
- . '::.‘g AT 'l 'Iit.'ll
, = L f
’ f "nf,n.i\. .-' .. F '
! - o
‘ﬁA‘I’L- .r“[;_* . .
¥

c-30 .
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1. The 24 bits eof precision providen

accuracy to the rTesolution of the
o system <clock [or about one day.
Howavar, loss &f significance van .
occur if you attempt to Compute very. -

Lo amall elapsed times late in the day.
More preclise timing infarmatlon can '
be obtalined wusing Run Time Library ST
- .. Procedures; . . - -
) LIBSINIT_TIMER o
_ ! LIBSSHOW TIMER . N ol :
- : - LIBSSTAT _TIMER AT ”, i
. — . N . . ‘Y
. v Y

£.4.6 TIME

The TIME Subroutipe returns the current system time as -an ASCII
strilng, The call to TIME has the form “

CALL TIME (buf) . .

whera bul i3 apn 8-byte variable, array, array element, ar chhracte;
sphgtring. . - * .

The TIME call returns the time as an E-byte ASCII charactar string of .
"the form g : 'z '

N . w8

1 ' ! Ty

hhimm: ag- .
wheret ' . . -
hh : . .

is the I-digit hour indicatien. o
e . ' .

is the 2-digit minute indication. - i
BS

is the 2-digit second indication. ° o "
For example:
10:45:23 : '

A Z24-hour clock 1s used.

C.4.7 RAN .

The RAN function {is a general random npumber generator of the
multiplicative congruentlal type, The resulr 1is a fleating-point'.
numbar that is uniformly distzibuted 1in the range between 0©.0-

inclusive and 1.0 exclusive, The call to RAN has the form: . 1
y=RAN (1) ) : .-.;;__}‘
¢ i-l. ! bt
£y - 5 L] . I,
- i - BE
¥ [ Lt 1 Lh T
I TR 1 - LB
. ) . :;1:1 - . ;?..
- . - 1“-‘_“,}' ‘: '* rﬁ:
. : A S 3
i T ':. ‘Ildl-I I..__-
~ ' P e
c-31 P A B
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- - » " ) ¢ t-.:: -
where: : A . ' 4
N i ' *l-| .
y ‘ ' - : ” P
. ] ! - ] - o F o .
15 set equal to the values associated, by the funetion, ulth the = |
argument i, Tha argument 1} must ba'- .an IHTEEZR*4 variahlt or - 3
INTEGER*d array element. : . o
. ) T o0 R
The argument should inltially be set to 2 large, odd integer , value, .~
The RAN function atores a value {n the argunent that it 1ater uses ta ,e-"
calculatn the nex¥t’ random numher. ¢ . e
; - . '|, ';n . ' -,. . ; . III.u'.
There azer na restrictiongs on the seed, 'although it _should be .-
Anitialized with @different values on separate runs In order ko obtaln 5 .
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“Apnendix A
VAX-11 BASIC l.anguage Elemoenis

This appendix summarizes the program elements, commands, statements,
operatora, and functions supperted by BASIC. More information eon language
‘elements is availaBle in the VAX-11 BASIC Languuge Reffrence Manual, .

A1 Prngram Elements
BASIC ‘programs can contain: . . .
L.

'Il'f'

t s

Arrays

An array is an ordered arrangement of elements (subscripted variables) in
ane or two dimensions. You specify an array with a real, integer, or string
variable name followed by integer subscripts in the range 0 to 32767,
Enclose subscripts in parentheses, Noninteger subscripts are truncated to
an integer value. A single subscript indicates a one-dimensional array, or
list; two subscripts separated by commas indicate a two-dimensional
array, or matrix.

You should explicitly initialize all variables in virtual arrays al the start of
YOUT program.

Backslash Statement Separators

The backslash statement separator (\} separates statements in a multi-
statement line,

Character Set

BASIC uses the full ASCH character set. This set includes: ’

a. The Jetters A thmugh Z, in both upper and lower case L {:

b. The numbers 0 through 9 - _ ,':-x .¢ L 112"

¢. Special chﬂmct.em PR | .; .: _I-h_ | :
\ 2o s Al
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Appendix D contains the full ASCII character set and each character's
value. The compiler: . Tt

a. Interprets a lower-case letter to be the same &s the corresponding
upper-case letter, except in string literals

b. Doea not process nonprinting characters (unless they are part of a
string literal)

c. Does not process characters in REMARK ststements or cominent
flelds

| ]
3

Comments ' N
Comments begin with an exclamation point (!) and end with a line termi-
nator, You can insert comments after any statement except the DATA

statemaont, '
Constants

BASIC accepts three types of constants: real, integer, and string. Real
constants are decimal numbers in the range 15-¥.10 1E®. Integer con-
stants are whole numbers in the range -32768 'to 232767 -for

programs compiled with the /WORD qualifier, and -2147483647 to

2147483647 for programs compiled with the /[LONG quslifier, .

String constants are alphanumeric characters delimited by matched pairs
of single or double quotation marks. Quoted strings can contain from zero
Lo 65535 characters.

Continued Lines

Program lines continue to the next text line if they end with an ampersand
(&) immediately lollowed by & line terminator. : .

Data Types

VAX-11 BASIC accepts five data types:

a. SINGLE {32-bit floating-point numbers)
b. DOUBLE (64-bit floating-point numbers)
c. WORD (16-bit integers)

e. LONG (32-hit integers)

f. STRING {8-bit bytes (characters))

You select the type of integer or real data by specifying a quelifier when -

you compile your program. You c¢an also declare a variable's data
type explicitly with DECLARE, DIM, DEF, MAP, COMMON, and SUB
staternents, y

W
f

Expressions ‘ ' . '

Fxpressions contain constants, variables, or functions, separated’ h:,r

operators.

VAX-11 BASIC Lenguage Elements S
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10.

11.

12.

13.

. [ o4
Furnctions Ut 3 J

Functions perform a series of numeric or string operations on the argu-
menta you specify and return the result to your program. Functions are
multi-character names followed by optional parentheses. The parentheses
contain one to ¢ight function arguments separated by commas, A null
arpument is not allowed. User-defined functions follow this general for-
mat; however, the function name begins with FN followed by 1 to 28
letters, digits, or pericds. If a user-defined function name cnds with &
dollar sign, it returns atring values, If it ends with a percent sign, it returns

integer values. Otherwise, it returns real values. You can alse write

function subprograms. See the VAX-II BASIC User's Guide for more
information,

Line Length

A program line can contain any number of text lines. However, cach line
of text cannot exceed 256 characters,

Line Numbers

All program lines except continuation lines need line numbers, BASIC
line numbers are positive whole numbers in the range 1 to 32767, inclu-
sive. Numbers outside this range, fractional line numbers, line numbers
with embedded spaces or tabs, and line numbers with percent signs
generate errors, Leading zeros are ignored.

Line Terminators
A carriage retumﬂme feed sequence (D) endas a program line.

Qperators

-

* BASIC accepts arithmetic, relational, and logical operators. See

14,

Tables A-1 through A-3 at the end of this appendix.
Variables
BASIC accopts three t;,rpes of variables: floating-point, integer, and string,

a. Floating-point mrmhlea contain a single letter, followed h:,r up to 29
optional letters, underscores, dollar signs, digits, and periods.

b. Integer variables contain a single letter, followed by up to 28 optional
letters, underscores, dollar signs, digits, and periods, followed by a
percent sign.

¢. String variables contain a single letter, followed by up to 28 optional
letters, underscores, dollar signs, digits, and pericds, followed by a
dollar sign.

With the DECLARE, MAP, COMMON and DIM statements, you can
explicitly assign a data Lype to 8 variable. Variable names in these state-
ments ¢annot end in a percent or dollar sign.

You can use any combination of alphanumeric characters except keywords
for & variable name. Using keywords generates compilation errors. Unless

VAX-11 BASIC Language Elements  A-3



they are part of 8 MAP, COMMON, or virtual array, variables are initial-
ized to zero or a null string at the start of program execution,
t
Variable names cennot start with ¥N, )

A.2 Commands

A-4

i

Commands allow you to perform operations on your program. They do not
nced line numbers. You can type them directly to BASIC along with any valid
arguments. '

The following is & short description of the BASIC commands, including their,

format and 18€. Ser the VAX-I7 BASIC Lirer’s Guide for more infermation.

BASIC Compiler Commands

APPEND metges the specified prngrhm with the program currently in
memory.

COMPILE = generates an object module fm;:n a BASIC source program.
The object module has & default file type of .0BJ,

CIE}NTINUE resumes execution after a STOP statement or a CTRL/AC.

DELETE erases a specified Jine(s} fm:ﬁ the current BASIC source pro-
ETam In memory. - : \

EDIT changes mource text within a line.
EXIT exits BASIC to DCL command levgl,
HELP I prints help information cn the terminal.

IDENTIFY causes BASIC to print an identification header on the.

: terminal.
[NQUIRE - 1dentical to the HELP mmmand.. .
LIST prints the current source program on the terminal,
TISTNH prints the current source program on the termmnl without

header information,

LOAD loads an object module into memaory.
LOCK identical to the SET command.
NEW ¢lears memory for the creation of A new program.
OLD mlads a specified BASIC source program into memory,
RENAME changes the name of the program currently in mefnnry.
REPLACE saves a new version of a BASIC source program on disk,
RUN prints header information and executes the program currently

in memory. This program can be either: {1} a BASIC source
program placed in memory with the OLD command, or {2) an
object module placed in memory with the LOAD command.

VAX-11 BASIC Lanpuage Elements
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RUNNH is the same as RUN command, but does not print header
information. - .
SAVE writea a source program to a specified device.
- SCALE controls accumulated round-off errora for numeric operations.
- SEQUENCE  generates line numbers for input text,
SET specifies default compiler qualifiers. SET is identical to
LOCK. —

SCRATCH clears memory.
SHOW displays current default compiler qualiﬁerﬁ.h
UNSAVE  deletes a specified file.

A.3 Statemonts

Statements assign values, perform 10, transfer program control, and so [orth.
Ench statement in the following section includes a description of what the
statement does, a meta-language representation of format, and on¢ or maore
sample program lines,

CALL"

¥
The CALL statement transfers control to a subprogram, optionally passes
parameters to it, and stores the location of the ealling program for an eventt_;a]

Teturn,
Format ! -
a8Y REF BY REF BY REF
CALL sub-nam [{BY DESC {expl{BY DESC }|. {expffBY CESC H...]}
BY VALUE BY VALUE a¥ VALUE
°  Example ' ,

R

¥ . . . .7
200 CALL 534UBY BY REF (A%. Z BY VALUE. Ds(} BY DESC

CHAIN

The CHAIN statement transfers control from the current program to ancther
BASIC program. The program to which you CHAIN must be in executable

format, '
Format
CHAIN sir-exp p
B ] . . , 1. s
Exampls ) e, e ey
240 CHAIN ="COSINE.EXE" ) \

VAX-{1 BASIC Language Elements | A-5
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CHANGE ‘ ‘ 28 |
The CHANGE statement {1} converts a string of characters to their decimal

ASCII values (Format 1), or {2) converts a list of numbers into a- strmg of
ASCII characters (Format 2}

Fc:.rmal 1

CHANGE str-axp TO num-array

Example 1

50 DIM ARRAY.CHANGES(R)
EQ CHANGE A% TO ARRAY.CHANGES

Format 2

CHANGE num-array TO str-vbi

Example 2

200 CHANGE ARRAY.CHANGES TO A%

CLOSE
The CLOSE statement ends /O processing 1o a device or Gle. -

Farmat . o :

CLOSE #chnl-exp [,chnl-exp). . .

Example

13000 .CLOSE =% . ) .

COMMON

The COMMON statement defines a nemed, shared area of storage called a
COMMON block. This block stores values that are available to be read by
any other program module, The COMMON name is one to thirty characters
long.

Farmat

num-vbl
str-vil{ =Int-axp}

COM[MON] [{com-nam}] [data-typa] {num-arr{num-cast],num-cnst]}
str-arr{num-cnst num- cnst]}[-num-cnst]

FILL-ilem
Exampla s )
300 CONMON SHELF_NUMBERT, ROW$=2%, PART_BIN ‘ : .
. : S )
"
A-6  VAX-11 BASIC Language Elementa . FR
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The DATA statement creates a datn block for the READ statement. A DATA
staternent must be the only statement on a line, or the last statement on a
multj-statement line, DATA items must be separated with commas.

Format
AumM-CNE}
DATA |str-cnst [ ]
unguotad-string | '
. g-str '
Exampis

3¢ DATA 35.32.3.PRUCUCTION SEQUENCE«"SYSTER™«"1.2°7

DECLARE

The DECLARE statement expl:c:tly Assigns a data type to a variable, func-
tion, or cunstant. The datatype must be one of the {ollowing:

* WORD, specifying a 16-hit integer
» LONG, specifying a 32-bit integer
* INTEGER, defaulting to the integer date type specified at compile time
* REAL, defaulting to the floating-point data type specified at compile time

w~

» STRING, specifying a string

- .
Variables ending in a percent sign {%) or a dollar sign {$) are invalid. Varia-
biea named in a DECLARE statement cannat also be named ina CDMMDN
MAP, SUB, FUNCTION, or DIM statement.

Farmat 1 . .

DECLARE data-type vbl [ vbl. , .

Exampla 1

10 QECLARE INTELGER A+ B

Format 2 . .

DECLARE cata-type CONSTANT cnat-nam = valua

Example 2

200 QECLARE REAL CONSTANT E = Z.71828

Format 3 .

DECLARE data-lype FUNGTION funciion-nems

Lt

E T
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- . . H .
- - - " - -



44

Exampls 3

2000 DECLARE REAL FUNCTION Z
« Z100 DEF 24FIRST . SECONDY = FIRST ¢/ SECOND

DEF , .. ,
The DEF statement defines a user-created fuﬁi_:liun, Format 1 i3 a single-line
function definition; Format 2 is a multi-line function definition.
] )
Format 1 '

- DEF FNvbi [([data-type] vbi2 [{data-type] ¥bid]. . . )) = exp

Exampla 1

L

10 DEF FN,SIGHRIA, B+ Er Dy E) = A + B + C + D + E

Format 2

DEF FMvbl1 [[[data-typa] voI2 [Idata-type] vaid). . . ]]

Example 2

17 DEF FN.SICHMAtA By T+ D E?
200 FN.SIGMA = A + B +«+ C + O + E
30 FHEND

DELETE .
The DELETE statement logically removes a record [rom a file.

.

Format . - -

DELETE [#]chnl-exp

Example

1000 DELETE =31

DIMENSION

The DIMENSION statement declares an array and specifies! {1) the number
of dimensions, and (2} the maximum value of each subscript. Format 1 de-
scribes an array in memory, Format 2 describes a virtual array. Refer to,
Appendix H for mare information about virtual arrays.

L
1

Format 1

DIM[ENSICN)] data-typa array-nam{int-expi [Int-exp2]) [.array-nam. . j

Example 1

30 OTM INTEGER.ARRAYZ(10.10), LIST.REAL(100), STRING.ARRAY$(100.100) e
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Format 2

DIM[ENSION] #chnl-exp, array-nam{int-exps[.int-exp7])[=int-exp8] [. . .}

Example 2

100 DI =1L, LISTH{IO0: RIL1O 10}

END

The END statement marks the physical and legical end of a program. It must
have the highest line nuinber in the main program. Execution of the END
statement closes all open files and relenses all program storage,

Farmat

END

Exzmple

JZ767 END

EXTERANAL

The EXTERNAL statement enables you to access external program symbols,
sysiem services, and function subprograms. The data type must be one of the
folluwing: '

cn - . i
+« WORD, speciflying a 16-bit integer

» LONG, specifying a 32-bit integer

+ INTEGFER, defaulting to the integer data type specified at compile time
« REAL, defaulting to the floating-point data type specified at compile time
= STRING, specifying a string (valid only with FUNCTION}

FUNCTION specifies that the symbel is accessed as a function. CONSTANT
-specifies that the symbol ia a named constant. If you do not specify
FUNCTION or CONSTANT, you access the symbol as if it were a variable.
The symbol can be any valid program symbal of up to 30 characters. You pass
perameters to an EXTERNAL function or system service exactly as you pass
perameters in the CALL statement, including null parameters. ;

Format

EXTERNAL data-type ||FUNCTION
CONSTANT

) ]
:lsymhﬂl o .

. i
VAX-11 BASIC Language Elements  A-9
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Example

100 EXTERNAL INTELCER FUNCTIOM SYS4CREMDX
200 SYS_STATUST = SYSSCREMBA{ sCHANT ¢+ ¢ o "LINKOL™)

FIND

The FIND statement locates a specified remrd...Format 1 finds the next logi-
cal record in a8 SEQUENTIAL, RELATIVE, or INDEXED file. Format 2 finds
a specified record in 8 RELATIVE or VIRTUAL file, Format 3 finds a speci-

Format 1§

FIHD pchnl-exp

Exampla 1

200 Flmd wal

Format 2

FIND #ehnl-exp RECORD int-axp

Exarmnpla 2

400 FIND =4%. RECORD {33%

Format 3
ECQ
FIND #chml-exp, KEY #int-exp {GE} {str-exp
GT int-exp
Example 3 - a o ‘

200 FIND wdi, KEY #0Z GE "ADAMS"™

FNEND

The FNEND statement marks the physical and logical end of a function
definition, The FNEND statement must be at the end of a multi-line function
definition. '

Format
NEND ]

Example

10 DEF FM.DIFFERENCE (A .M )
20 FN.QDIFFERENCE = A - B ' ~ Tt
3% FHEND - -

VAX-11i BASIC Language Elements
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FNEXIT

The FNEXIT statement causes the program to exit from a multi-line
function. You can use the FNEXIT statement in a multi-line DEF only. It is
equivalent to a branch to the multi-lir!e DEF's FNEND statement.

Format

FNEXIT _J

Example

10 DEF FN.SQUARE.ROOT (A} -
20 IF n < O THEN FMHEXIT

30 FH.SQUARE . ROGT = Sﬂﬁiﬁ}
40 FNEND

FOR

The FOR statement enables you to construct program loops, Formats | and 2
deseribe a multi-line loop. Format 2 uses additional qualifiers: the loop exe-
cutes as long as: (1) num.exp? has not reached the terminating condition, and
{2) the WHILE expression is true, or the UNTIL condition is false. In Format
3, FOR is a statement modifier. BASIC executes <stmnts> untll the terminat-
ing condition is reached.

Farmat 1

FOR num-vbl = num-exp1 TO num-exp2 [STEP num-exp3]

‘—-I

Ifxample 1 : i

10 FOR Iz = {1 TO 10X STEP 2T

-
-

+

100 NEXT I[Z

[]
Format 2

FOR num-vbl = num-exp1 TO nurm-exp2 {STEP num-exp3) u:‘lrllf exp _\

Example 2

10 FOR NI = 5% TO 20% STEP 41 WHILE 400 - 2 ¢ ,0001

300 MNEXT NI

Farmat 3 _ ; _ .

- stmnt FOR num-ybl = aum-expt TO num-exp2 STEP nﬁm-ﬁkpa B _-‘

VAX-11 BASIC Language Elements . - A-11
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‘400 PRINT 1Y =# {I FOR 1T = 1Y TO 31

VAX-11 BASIC Language Elements.

44

Example 3

i

_FREE

The FREE statement unlocks alt recnrr.is or buckets for a specified channel.

» The file specified by <chnl-exp> must be open before you can execute the
'FREE statement. You canaot use the FREE statement on: (1} terminal-

format files, or {2) nondisk files,

Format

r FREE #chnl-exp

Exznpleg

&850 FREE aBXx

FURCTION '

The FUNCTION statement marks the beginning of & function subprogram
and specifies its pammete:s by number and data type. You declare the func-
tion subprogram in an KXTERNAL statement, then 1nv0ke it as you would
un:,r BASIC function,

Format

FUNCTION data-type sub-nam [({data-type] vbl, [Cata-typs] vbl . . }}

Exampha

19000 FUNCTIDN REAL FACTOR (REAL Al

FUNCTIOKEND

The FUNCTIONEND statement marks theend of a t'unctlon subprogram and
returns control to the invoking program.

Format i ¥

FUNCTIONEND

Example

20080 FUNCTIONENRD

FUNCTIONEXIT . T

The FUNCTIONEXIT statement returns control to the invoking program,

Format . . :
FUNCTIONEXIT ’




Exampls

700 IF A » 1000 THEN Fi.ng::nuhexn

GET

The GET statement makes the next logical record available for processing.
Format 1 reads the next logical record from SEQUENTIAL, RELATIVE or
INDEXED files. Format 2 reads a specified record from &8 RELATIVE or
VIRTUAL file. Format 3 reads a specified record from an INDEXED file,

Faormat 1

GET j#chnl-oxp

Example 1

100 GET =aX%

Format 2 .. -

{  GET #chnl-exp, RECORD int-exp

Cxample 2

S00 CET =4%, RECJRD 233

Forrmat 3
GE
GET fchnl-exp KEY #int-exp {EGQ} |str-exp -
GT) |Int-exp

Exampla 3

3EQ GET =»41. KEY OI T "LEHIS®

GOSUB

The GOSUB statement transiers control to a specified line number and stores
the location to which the subroutine returna.

Format

GCSUB  fin-num
GO 5U8

Example

200 GO5UB 13100
1100 REM SURRQUTIKE

2100 HKETURN .
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GOTO

The GOTO statement transfers control t¢ a specified line number, <Lin-
num>» must be & valid line number in the same program unit as the GOTO
statement. ) . .

Format

GOTO lin-num
GO TO

Example

20 GoTo 200

IF

The [F statement evaluates a conditional expression and transfers pro-
gram control depending on the resulting value. Format 1 describes the
IF-"I'HEN-ELSE construction. In Format 2, IF is a statement modifier;
BASI( executes <stmnty» if the conditional expression is true.

Farmat
Format 1
rel-axp lla-num lin-num
IF THEN { stmni{s} ELSE
leg-aap GOTQ lin-num stmnt(s)
Exampla '

100 1F A > C THEM PRINT A ELSE PRINT "A& [5 NOT CREATER THAM Q¢

Format 2

stmnt IF cond-exp ) .

Example 2

100 PRINT A& IF A > 0

INPUT

The INPUT statement assigns values from your terminal or & terminal-format
file to program variables. }

Format

INPUT [#chnl-exp.][str-cnst { }1 vbi [vbi]. . . Y

VAX-11 BASIC Language Elements



L b

Examples .

40 INPUT "TYPE tN 3 IMTEGERT" FAZ, 8%, CI

or
100 INPUT e3Ll. RECORD.STRINCS

INPUT LINE

‘The INPUT LINE statement assigns a string value (including the line termi.
nater{s)) from a ferminal or terminal-furmat file to g string variable.

Fornat
INPUT LINE [Mchni-oxp,]{str-gnst {’ %] str-vbl J
Exerigles
G50 INPUT LINE "TYPE A LINE OF TEXT", 2% *
or - -

390 INPUT LINE =d%. RECORD.STRINCS

KiLL
The KI1LL statetnent ernses a file.

Format

KILL str-exp

Exampis

200 KILL “TEHP.DAT"

LET
The LET statement assigns a value to one or more variables,

Foarmat

[LET] vbi [,vbl]. . . = exp

Exemples

1 LET A = 3.14138Z6335

or

20 A% = "ABCDEFG"

VAX-11 BASIC Language Eloments  A-13
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The LINPUT statement assigns a string value from a terminal or t,ermmal-
format file to a string variable,

Farmat

LINPUT [#chnl-exp,}str-cnst "‘ ] str-vbl

Example

30 LINPUT "ENTER YOUR LAST NA&MET | LAST.MAMES

or

65 LINPUT =2f, ERMPLOYEL.NUMBERS

LSET

The LSET statement assigns left-justified data to a string variable. LSET
dnes not change the length of a string variable.

Format

LSET str-vb! [ str-vbl] = str-exp

Example

A00 A% = ""A"
210 LSET A% = "XyzZ-"

I Berause LSET does not change a string’s length, line 30 sssigns the value "X..“

to AS,

MAP

The MAP statement, like the COMMON statement, defines a named, shared
ares of storage. Additionally, it can declare date fields in g file's record buffer,
and associate these fields with program variables.

Format

num-v
str-vbl{«Int-exp)

MAP (map-namj [data-typs] { num-arr{num-cnst(,rum-cnst])
str-srr{num-cnat],num-cnst))[=num-cnst]
FILL-lem

Example

bt}

200 HMAP (BUF1) ELEVI. FILLI{4) ., ﬂZIHthQ?- FILLtZ?: GHDUF!‘B} 310

VAX-11 BASIC Language Elements .
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MARGIN

The MARGIN statement specifies the margin width for records in a terminal-

format file.

Format

MARGIN [#chnl-exp,} int-exp

Example

40 MARGIN =4, 132%

FIAT
The MAT statement enables you to:

1. Assign values to array elements
2. Redimension a previously dimensioned arcay
3. Peirform matrix multiplication, nddition and subtraction

4, Transpose or invert a matrix, and find the resulting determinant

Format 1
. CON
MAT arr-nam = JIDN [{subs-axp1 [subs-axp2]}]
NULS T
ZER
Example 1

10 MAT Z& o NUL%

Format 2

arr-nam-3]

. +
MAT arr-nami = arr-nam-32 [I-

Example 2

T00 MAT A = HNEM_VALUE + OLD.VALUE

Format 3

MAT arr-nam-# = {num-exp) * arr-nam-%

Example 3

200 MAT 2 = 15.3) » A

VYAX-11 BASIC Language Elements
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Format 4

- INV
MAT arr- -5 = - -
Arr-nam {ij} {arr-nam-7)

Exampla 4

IQUO HAT O = TRAN A

MAT INPUT

The MAT INPUT statement assigns values from a terminsal or terninal.
format tile 1o array elonients.

Format

MAT INPUT {#chal-exp] arr-nam [(subs-axpi[.subs-exp?])] [arr-nam. . ]

Exampla

100 MAT TNFUT A%{d,.q)

MAT LINPUT

The MAT LINPUT statement receives string data from a terminal or
terminal-format file and assigns it to string array elements,

Format

MAT LINPUT [#chnl.gxp,] str-arr-nam[{subs-expi[.subs-exp2]}] .

Example

a0 MAT LINKPUT TIME,CARD$(10T

MAT PRINT

The MAT PRINT statement prints the contents of an array on your terminal
or assigns the value of each array clement to 8 record in a terminal-format file,

Format

MAT PRINT [4chnl-axp,] arr-nam [[Subs-exm[subs-axp:l]]]{f;}} [ .arr-nam. . .]

Exampla

MAT PRINT ARKR1(S5 .3}

MAT READ

The MAT READ statement assigns values from DATA statements to array
elementa,

A-18  VAX-11 BASIC Langusge Elements



ol

Farmat

MAT READ arr-nam[(subs-exp1],subs-exp2]}} [.arr-nam. . .]

Exampls

100 MAT READ ANIMALS(2Z,2}

2¢0 DATA CAT.DOC:COAT.RABBIT -
MOVE '

The MOVE statement moves data in a record buffer to or from speeified
varialiles.

Format
rum-vbi —|
FROM str-vol [= int-axpl)
MOVE #chnl-exp )
TG num-arr-nam (subs-axp1[,aubs-axp2]) ..
str-arr-nam (subs-expi[,subs-axp2]) [= im-exp2]
FILL-ltem - .
Examples

990 MOVE FROM =4%. RI. FIli% = VY..EZ+ RBIZ, BA
or

1000 MOVE TO #8%: FILLS = 10%, A% = QAZ. B$ = 30%1, C$ = 21

NAME AS ‘ -
The NAME AS statement changes the name of a specified file.

Format

NAME str-exp1 AS str-exp?2

Example

400 WAME "0OUT . 0aT" A5 "RERLIN.DAT®

NOMARGIN ) .
The NOMARCIN statement cancels the effect of MARGIN.

Format

ROMARGIN chnl-exp

Example

130 YJOMARGIN =5%
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ON ERROR GO BACK

After BASIC executes an ON ERROR GO BACK in a subprogram or DEF,
contral transfers to the calling program when an error occurs.,

Format

{DN ERAOA GO BACK
ONERROR GO BACHK

Exanple

5 OM ERROR GO BACK "

ON ERII0R GUTO

The ON FRROR GOTO statement specifica a line number in the current
program unit to which BASIC tranzfers control when sn error occurs,

Format

{UN EARDR GQTO } lin-num
ONERROR GOTOD { Iin-num

Exzmpla
% OM ERROR GOTLO 95889

ON ERROR GOTO D

The ON ERROR GOTO 0 statement disables user error handling, and returns
te system errar handling.

+

Format

ON ERACRA GOTO 0

Exarmple

19000 OGN ERROR GOTO O

OH GOZUB

The ON GOSUB statement transfers program control to one of several
subroutines, depending on the value of a contro! expression.

Format

ON Int-exp [GOSUB] In-num [Hr-num]. . .

Example

150 DK CONTROLY GOSUB 100,200,300.400

Oon GOTO

The ON GOTQ statement transfers program control to cne of ﬁt‘-:veml'ltarget '
line numbers, depending on the value of a control expression,
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ON int-exp GOTQ lin-num [lin-num]). . .

"Example

430 OM INDEXT COTO 700.800 .B00

QPEN

The QPEN statement opens a file for processing processing. It transfers user-
specified file characteristics to the Record Management Services and verifies
the results.

Format
OPEN str-expl [{FDH OUTPUT ]AS FILE #chnl-expl
FOR INPUT
- VIRTUAL 7 '
UNDEFINED _ )
JORGANIZATION] }INDEXED | .
SEQUENTIAL
VYARIABLE
RELATIVE
| FIXED .
B NONE
READ
. ALLDW WHITE
MODIFY
- AEAD .
, ACCESS WRITE
MODIFY .
SCRATCH
N APPEND 1J°
LIST
. RECORDTYPE ) FORTRAN
NONE
L ANY |
[, RECORDSIZE int-exp1]}
(. FILESIZE im-oxp2]
{, EXTENDSIZE int-exp3]
I. WINDOWSIZE int-exp4) .
[, USEROPEN sub-niam] . ) '
[, TEMPORARY]

{continued on next page}
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[, CONTIGUOUS) | .
-{, DEFAULTNAME str-exp2]
[ MAP map-nam]
Additiona! attributes for SEQUENTIAL files are:
[, BLOGKSIZE int-exp7)
[, NOREWIND]
[. NOSPAN]
Additional attributes for RELATIVE files are:
[. BUCKETSIZE int-expd]
[. BUFFER int-expg}
Additional aﬂ:tributgas for INDEXETD files are:
CONMNECT chnl-nxp2]
BUCKETSIZE int-exp10} !

i
[
[. BUFFER int-expi1}
{. PRIMARY [KEY] vbl1 [DUPLICATES])
[.

ALTERNATE {KEY] vb12 [DUFLICATES] [CHANGES] |

Examples

10 QPEN “IMPUT.DAT* FOR INPUT AS FILE =d%. & h
ORGANTZATION SCQUENTIAL FIXKED, &
ALLOW MADIFY ., ACLCESS MODIFY,

or

o0 OPEN "TERP.QUT*" FOR QUTPUT AS FILE #3%

PRINT

The PRINT statement transfers program data to & terminal or a terminal-
format f{ile.

Format

PRINT [#chnl-exp] [exp [ {} expl. . .
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Example
100 PRINT "THE ANSHER IS =iC1 .
or

200 PRINT EMF.NUM: EMP.NAME#}{ EMP.AGET

PRINT USING

The PRINT USING statement generates output formatted according to a
format string. PRINT USING format strings specify either numeric or string
farmots,

Format

L PRINT {# chnt-exp,] USING str-axp [.exp {:} L., _J

Exnmpte

SO0 PRINT USINC “$%zass, ew-*, 306037.433, -8B8.3+ .67

PUT

The PUT statement transfers a record from record buffer to a file. Format 1
writes the next logical record to SEQUENTIAL, RELATIVE, or INDEXED
files. Format 2 writes o specified record to a RELATIVE or VIRTUAL file.

Format 1

PUT #chnl-exp [, COUNT int-exp]

Example 1

100 PUT =3r

Format 2

PUT #chnl-exp, RECORD Int-exp [, COUNT Int-axp]

Example 2

100 PUT =331, RECORD 133+ COUNT 1B1

RANDOMIZE

The RANDOMIZE statement givea the random number functianSI. RID, a
new starting point.
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Farmat

{HANDDMEE}
RANDOM

Example
43 RANMDONIZE

READ
The READ statement assigng values fram a DATA statement to variables,

Formnt

ACAD vbi [vbl]. . .

Extarnpla

10 READ A+ BIy CH
20 DATA 3Z.%:. B: ENDODATA

REM
The REM statement allows you {0 write comments in your source program.

Format T

[ REM {[commaent]

Example !

00 REM THIS 15 A COMHENT

RESTORE

The RESTORE statement resets the DATA pointer to the beginning of the
DATA sequence, or sets the record pointer to the first record in a file.

Format

{stmne [#chnl-exp [, KEY #lnt-exp]]
HESET :

Example

409 RESTORE =371 . KEY =41

RESUNE

The RESUME statement marks the end of an emror-handling routine, and
returns program control to a specified line number.
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Forrmat

rHESUME [lin-num]

E-xamples

980 RESUME 300

or

990 KRESUME

RETURN

The RETURN statement transfers control to the statement immediately alter
the muost recently executed GOSUB or ON GOSUB statemeit.

Format

HETURN J

Example . .

H00 RETURNMN

RSET

The RSET statenent assigns right-justified data to a string variable. It does
not change the string variable’s length,

Forrnat

RSET str-vbl [ str-vbl. . .J = str-pxp

Example

100 RSET 2% = “LHNOP®

SCRATCH

The SCRATCH statement truncates a sequential file at the current record
pointer. -

Format

SCHRATCH #chnl-exp
Exampis '

600 SCRATCH =41

SLEEP

The SLEEP statement suspends program execution for & specified number of
secontls. :
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Fermat

SLEEP int-exp

Exampla

EC SLEEP 1201

S5TOP
The 5TOP statement halts program execution.

Format

STOP

Exanmiple

85 sTOP

=11):}

The SUB statement marks the beginning of a BASIC sulyprogram and speci-
fies its parameters by number and data type. The SUB statement accepts up
to 32 argumenta.

Format
SUB data-type sub-nam ([data-type] {param] {. . ] - .
{.array-param [BY REF)} [. . .]}
Example

10 SUB suBs fA. B, LX)

-

g0 SUBEND

SUBEND .
The SUBEND statement marks the end of a BASIC subprogram and returns
control to the calling program.

Format

SUBEND

Example

230 SUB HTFL

-

32767 SUBEND
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SUBEXIT
The SUBEXIT statement returns control 1o the calling program.

Format

SUBEXIT

Exampls

S0 BUBEXIT

UMILESS

The keywerd UNLESS follows a statement and is {ollowed by a conditienal
expression. BASIC executes the siatemeat only if the conditional expression is
false,

Foarmat

statement UNLESS cond-axp _]

CExampla

140 FRINT "AX OOES NOT EQUAL 3" UNLESS AL = 3T

UNLOCK

‘The UNLOCK statement unlocks the record or bucket locked by the lutest
FIND or GET.

Format

UNLOGCK fchnl-exp

Exampla

99 UNLDCh =]102

LNTIL

The keyword UNTIL: (1) follows a statement and is followed by a conditiona)
expresston, or (2) marks the beginning of an UNTIL loap. If UNTIL follows a
statemenl, BASIC exccutes the statement repeatedly until the conditional
EXPICSSION is lrue. ’

Format 1

UNTIL cond-exp

Exampile 1

10 UNTIL Z% & 10O0Z

100 KEXT
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Format 2

stmnt UNTIL cond-exp

Example 2

190 AT = AL + 11 UNTIL &Y « Z00L

-

UPDATE

The UPDATE statement replaces a record in a file with the record in the
record buffer. y

Foremat

UPDATE #ichal-exp [, COUNT int-exp)

Examie

100 UPDATE w»d7 ., COUNKT 32L

WAIT

The WAIT statement specifies the number of seconds the program waits for
terminal input. The maxiinum WAIT time is 255 seconds.

Forniat

WAIT int-axp

Exampls

30 HAIT B0 .
BO THNPUT "YOU HAYE G1XTY SECONDS TO TYPE YOUR MAME® . NAMES

YHILE

The keyword WHILE: {1} follows & statement and is followed by a conditional
expression, of (2) marks the beginning of an WHILE loop. If WHILE follows a
statement, BASIC executes the statement repeatedly as long as the condi-
tional expression ig true. .

Format 1

WHILE cond-exp

Exampia 1

19 WHILE X100
20 X = ¥ +« S2R(X)
J0 NEXT

Format 2

stmnl WHILE {Iug-axp
rel-exp
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Exampla 2

LOO X% a ®L + 1T HHILE XI > 1001

A 4 Functluns

This section describes the nmnenc and string Iunctmns av 1:lahle in BASIC,

- ABS

The ABS functmn returns the ahsolute value of a spemﬁed numenr.:
expression.

Format

num-vhl = P.ES{nurn cxp)

Cxampla

GO0 A = ABS{-100 = G o . ‘

. 1 [ r g
ASCH . '

‘The ASCIT function returns the decimal ASCII value of a string's first
character.

Format . -

int-vbl = ASCI{str-asp)

Cxample

SO0 ASC,VALZ = ASCITI(EMP.HANY)

ATN - .
The ATN function returns the angle, in radians, of & spacified tangent,

Farmat

nurm-vbl = ATN{num-exp)

Example

130 ANGLE = ATNI1}

CCPQS

The CCPOS function returns the current character or cursor position on-a
specified channel.

&

Format

L

int-vbl = CCPOS{chnl-exp)
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100 CHNLOL = CCPDSE {0%) !

Exampiy

CHRS

Ihe CHR$ function returns a one-character string with the specified ASCII
value, .

Farmat

sir-vol « CHRS${int-axp)

Expmpla

220 L% x CHR4IB3I)

COMP%

The COMP% [unclion compares two numeric strings. If the first numerie
stting is legs than the second, COMP% returns a minus ane. If the sirings are
equal, COMP% returns a zero. If the first numerie string is greater than the
second, COMP% returns a one,” :

Format

int-vhl = COMP%(num-str1, num-sir2)

Example
400 MUM_STRIMGS = "-.2SE-12" K&
“ OLD_NUM_STKINGS = =3=
450 ALFHAZL = COMPLIMUMLSTRINGS, OQOLD_NUM_STRINGS)

cOoSs
The COS function returns the cosine of an angle you specify in radians.
Format
Aum-vbi = COS{num-exp) -
Example

900 COSINE.ALPHA = CODS{P1/2)

CTRLC
The CTRLC function enables CTRL/C trapping.

Farmat

Int-vh] = CTRLC

Example - -

2000 Y2=CTRLC
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DATES .

The DATES function returns the current date. DATES accepts only zero as an
Brgument.

Format

Int-vbl = DATE(O%)

Example

500 PRINT DATE(GQX) . '

DET

The DET functi;:sn returns the determinant of the last matrix inverted with
tha MAT INY funclion.

Formalk

num-vbl = DET

Example

100 DETERMINANT = DET .

CIFS

DIF$ retums a string whose value is the difference between two numeric
strings. '

Format

atr-ybl = DIFS(str-axpl, str-exp2)

Exampla

S0Q RESULTS = DIF${"G7?78", "-455"}

ECHO -

The ECHO function causes characters typed &t & terminal to be echoed on the
terminal,

Format

Int-wvbl = ECHO{chnl-axp)

Example

100 YX « ECHOIQT}

EQITS

The EDIT$ function performs one or more editing operations, depending on
the value of its integer argument.
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. Format - f4 ’

str-vbl = EDIT${str-exp, Int-axp) -

Example - .

{00 HNEH.STRINGS = EDITH{0OLO.STRINGS . 481)

ERL
The ERL function returns the line number e:‘cecuting when the last crror
ovcurred.
FFofaat
int-vbd = EAL
Exampla '

an0 IF ERL ® 2O THEM CLOSE »21

ERNS

The ERN$ function returns the name of the program or subprogram executing
when the last error occurred.

Format

str-vhl = ERNG

Examplae

2000 IF ERR = 111 THEN RESUME 1000

ERR
The ERR function returns the number of the last error that occurred.

Foarmat

int-vbl = ERR

Example

2000 ERROR,MUMBEREZ =+ ERR

ERYS

The ERT$ function returns explanatory text associated with a specified error
number, . F

Format

str-vbl = ERTS{Int-exp) '
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Example

2020 ERROR.TEXTS » ERTHI11X)

EXP

The EXP function returns the value of the mathematical constant, “e,” raised
to a specified power.

Format

nurm-¥bl == EXP{num-exp}

Cxarple

1an A 8 EXPrd.B)

FIX
The FIX function truncates the value of a real pumber at the decimat point
and teturns the integer portien,

Format

I-—num-vhl w FIX{AUM-axp)

Example

2090 YALUE = FIX{-3,333)

FORMATS , : ;

The FORMATS function converts a numeric value to a formatted string repre-
sentation. The output string is formatted according to a string you provide.

Format

str-vbl = FORMAT$({num-exg, str-exp)

Exampla

440 Z% v FORMATSLAS/IZ, "we . sa")

INSTR

The INSTR function searches for a substring within a strlng It returns the
substring's starting character position.

Format

int-vbl = INSTR(int-exp, str-axp1, slr-expz}.

Example

IN0 YI = INSTR{1Z: ALPHAS ., "JKLMN"} ' d -
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INT

The INT function returns a real number equal to the largest whole number
that is less than or equal to a specified number.

Format

|_num-vbl = INT{num-axp)

Example

B30 RESULT = INT(G.BG7}

LEFTS

The LEFTS function exiracts a sulstring frum the left side of a string, leaving
the slring unchanzed.

Format

ste-vbl m LEFT]S](str-oxp, int-axp)

Example

210 SUB.STRINGS » LEFTSIALPHAS, 51)

LEN
The LEN function returns the length of a specified string.

Format

int-vbt = LEN{slr-exp)

Exampla

200 LENLGTHY # LEW{(GLPH&%}

LOC

The LOC function returns a Jongword integer specifying the absolute address
of a varable or the value of an external symbol.

Format

lnt-vbl & LOC(symb)

Example

20 AL = LOCLBY)

LOG
The LOG function returns the natural logarithm of & specified number.

LN '"",d-
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Format

num-vbl = LDG[num—éxp]

Example

1o EXPONENT = LOGO10Q0,3351

LOG1O . . '
The LOGI¢ function'returns a number’s common logarithm.

Format : L Lt

num-vhl - LOG M num-axp}

Example

GOO EXP.BASE.10 = LOGLO{ZS0)

HMAR
The MAR function returns the margin width of & specified channel.

Farmat

int-vbl = MAR{chnl-exp)

Exampla

<00 WIDTHI = HARIOQTL)

MIDS ) ' r

The MID$ function extracts a subsiring from the middle of a specified string,
leaving the string unchanged. .

Format

sir-vbt = MID{S](str-azp, Int-axpt, Int-exp2)

Example

220 NEM.S5TRIMNGS = MIDS(OLD.STRINGS: ST: BL)

NOECHO
The NOECHO (unctior: disables echoing on a specified channel.

Format

inl-vbl = NGECHO(chnt-gxp)

Example

SO0 Y& s MOECHO{QL) . . .
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KNUM

The NUM function returns the row number of the last data element trans-
ferred into an array by a MAT statement.

Format

int-vbl = NUM ‘ _l

Example

10 ROWLCOUNTI = NUM

HUk2

The NUM? function returns the colurnn number of the last data element
transferred into an array by a MAT statement.

Format
[ intvl = NUM2 -,

Example

COELUMN  COUNTZ = MNUMZ

NUum$

The NUMS function converts A numeric expression to the same string format
as that of the PRINT statoment.

Foarmat . '
L str-wbl = NUMS{num-axp} .- :l

Example

GGO NUMBER® = MUMs{2a,.5#3000/32.4}

" NUM1S

The NUMI1¥ function ¢hange§ 8 numeric cxpression to a string of numeric
characters. NUM1% does not return leading or trailing spaves, or E format,

Format

sir-vbl = NUM1${num-exp)

Example

FH0 MUMBERS = NUMISIPIFZ2)

PLACES

The PLACES function changes the precision of a8 numeric string. BASIC
rounds or truncates the numeric string according to the value of the integer
argument. |



€9

Farmal

sir-vbl = PLACES(num-ste, Int-axp)

Example

500 HUMBERS = PLACES{OLD.NUMBDERS . 10001X)

POS

The POS function searches for & substring within a string. It returns the
substring’s starting character position. :

rarmat

int-vbl = PCE[rir-a:pi, sir-expl, ‘int- -axp)

Example

100 ¥ * POSCALPHAS. "JKLMN®, 123

PRODS

The PRODE function returns &8 numeric string that is the product of two
numerit strings. The precision of the returned numeric string depends on the
value of an integer argument,

Format

slr-vbl = FRODS{num-slr1, num-str2, Int-exp)

Example

00 PRODUCTY = PROGH("BB?93", 2%, 0L}

auos

The QUOS function relurns a numeric string that is the quotient of two
numeric strings. The precision of the returned numeric string depends on the
vatue of an integer argument.

Format

str-vbl = QUOS(num-str1, num-str2, int-exp)

Example

T200 QUOTIENTS = QUOs{"433.221%, "30", 10000

ACTRLC
The RCTRLC function disables CTRL/C trapping.

Format

int-vbl = RCTRLC
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Exampla iy

00 v = RCTRLE

RCTALQ
The RCTRLO function cancels the effect of 8 CTRL/O typed on a specified

chiannel,

Format

' int-vbl = RCTRLO (chnl-exp]

Exmnpla

-5 Y1 s RCTRLOCOY)

RECTOUNT

The RECOUNT function returns the number of characters read by the last
input operation.

Farmat .

L int-vbl -« RECOUNT |

Exampla

200 CHARACTER  COUNTE = RECOUNT

RIGHTS

The RIGHTS function extracts a substring from the right side of a string,
leaving the string unchanged.

Formal

[_ str-vbl = RIGHT[S]){str-exp, int-exp}

Example

Eo0 MEW.STRINGS = RIGHTS(ALPHAS ., 2111

RND

The RXI} lunction returns a random number greater than or equal to zero,
ang less than ¢ne.

Format

num-vbl = AND

Example

390 RNUM = RND
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SEGS

The SEG$ function extracts a substring from a string, leaving the «tring
unchanged.

Format

str-vbl = SEGS{str-axp, int-expl, int-expd) _]

Example

300 CENTERS = SEGSLALPHA%, 15T, 201}

SGN

The SGN function opeérates on & nuinenc expression. It returns a une if the
¢xpresstan is pasitive, u minus one if the expression is negative, and zero if the
EXpression js zero,

Format

Int-vbl = SGN{num-sxp}

Example

730 SIGNZ = SGN(-45r35/G-3000)

SIN . . .
The SIN function returns the sine of an angle specified in radians.

Format

num-vbl = SIN{nuM-exp)

Exampls

19 S1.ANGLE = SINIPI;Z)

SPACES} .

The SPACE: function returns a string containing a specified number of
spaces,

Farmat

str-vbl » SPACES{INt-oxp}

Example

8HO FILLERS = SPACE®132T) -

SQR .
The SQR function returns a number's square root.
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Farmat

num-vbl = SQR{numM-axp)

Exampla

42% ROOT = SQR(135#37])

STATUS

The STATUS fupnction returns an integer value containing information about
the tast epencd channel,

et bt

I int-vbl = STATLS

Exnmpfe

130 ¥X « STaTus

" STRINGS

The STRINGE function returns a siring conlaining n specified number of
identical characters,

Farmat

sir-vbl = STRINGS{int-exp1, int-exp2)

Example

3a¢ F23% : STRINGS!IIOZ. BEST)

S5TRS
The STRS function changes an number to a numeric siring,

Format

I_ str-vb! = STH${num-exp}

Fxample

o0 2% = STRE(GS!

SUMS

3UMS s a string arithmetic function, It returns a string whose value is the
sum of tWo NUTMmeric strings.

Format

str-vhl = SUMS{str-exp1, str-oxp2)
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Example

"BOO SIGMAS = SUMS(*2D4.445%, A%}

SWAP% )
The SWADP% function transposes an integer's two low-order bytes.

Format

int-vhl = SWAP%(int-axp}

Excmple

SO0 5_25% = SWAPZ(3L!

TAR

When used with the PRINT statement, the TAB function moves the enrsor or
print mechanism rightwards te a specificd column,

Format

L PRINT TAS({int-axp}

Example

200 PRINT 4%, TADCISL), 84, TAB(ZOX} O

The TAN function returns the tangent of an angle you specify in radians.

Formal

num-vbl « TAN{num-axp) ~

Example

B350 X a2 TAN{2#PI)

TiR2E

The TIME function returns the time of day (in seconds} as a real number. If
the argument is zero, TIME returns the number of seconds elapsed since
midnight. If the argument is ane, TTME returns the current job’s CPU time in
tenths of a second. If the argument is two, TIME retums the current job's
connect time in minates. If the argument is three or four, TIME returns zero,
All ather arguments to TIME are undefined and cause BASIC to signal “Not
implemented”’ (ERR=250}. '

Format

num-vbl = TIME{num-axp}
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Example ’

150 PRINT TIMEL{O}

TIMES

The TIME$ function returns a string displaying the time of day in the {orm
HEGMM AM or HH:MM PM. If the argument is zero, TIMES returns the
current time of day. If the argument is nonzers, TIMES returns the time of
duy at that number of seconds hefore midnight.

Farmat

str-vlbl o= TIMES{int-exp) ]

Examnle

2uf CURRENT_TIMES TIHESIOL}

-

TRMS ;
The TRMS function remaoves Lrailing blanks and tabs from a specified string,

Farmat

ste-vbl = TRMS(str-2xp}

Example

BOU MEW.STRINGS = TRM$IOLD.STRINGS)

VAL
The VAL function returns a numeric string’s real value.

Format

Aum-vbl = VaAL{num-str)

Exampla

LoD REAL = WAL "290.32"%)

VAL%
The VAL% function returns a numerie stzing’s integer value.

Formal

Int-vbl = YAL%{Int-str)

Exampla

100 AT = VALT(=993")
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The XLATE function translates one string to ancther by referencing a table
you supply. For Example, the XLATE function translates from EBCDIC to

ASCIL

Format

sir-vhl = XLATE(str-exp1, sir-exp2)

Cxample

100 QUTPUTS = KLATE(INFUTS . TABLES]

Table A-1: Arithmetic Operators

Ogerater Une Meaning
Tor*t | 57200 572 exponentialion
. A"B multiplication
¢ AB division
+ A+B uddition,
unary plua,
string concatenstion
- A-B subtraction, unary
minus
Tahble A-2: Logical Operators
{perater Use Meening
NOT ~OT A logical negative of 4
AND A AND B lugical product of A and B
OR ACREB logical sum of A and B
XOR ANXNORB lngical sxclupive OR of A and B
EQV | AEQVEB ] logicel equivalence between A sod B
IMP AIMPB lagical implication of A and B

VAX-11 BASIC Language Elements
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Table A-3: Relational Operators

Operator Upe Meaning

= A=B Aisequalto B

< Ac<H A s less than B

» A>B A in greater than B '
czar=¢ f Ac=8 A iy less than or equal to B
»eorm> | A5 =D A is greater than or equal to B
eror3g | A B A ir ot equal to B

== A=mB M approvimately equal 1o B

Note that A is approximately equal to B {(A==-B} if the difference belween A
and B is less than 107{-%). If A% and 132 are stiings, the relation (==) is true if
the contents of AS and BS are the same in length and composition.

1. Operators on the same line in the table have left-to-right precedence,
2. The operators + and * are evaluated in rigebraically correct order.

3. BASIC evaluates A"B°C as {A"B}"C.

Table A-4: Operator Precedence

“*ort HIGHEST
- {unary minua)
*orf

€ or =

+ (orneatenation)

all relatinnal operators

NOT
AND

OR, XCR

IMP v
EQV LOWEST

BASIC evaluites expressions enclosed in parentheses first, even when the
operator in parentheses has a lower precedence than that outside the
parentheses. BASIC cvaluates the expression:

R om 153°2+412"2-0(3%+8)

VAX-11 BASIC Languzge Elements



in five ardered steps:

1.

35"8=230
Mulitiplication

1572 = 225
Exponentiation {left-most expression) .

12°2 = 144
Exponentiation

225+ 144= 369
Addition

J62-2802 85
Subtractinn

Fl
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. CHAPTER |

Crapter T wil gwm you a0 nirac.agton o e SOATRAN tancoaqe 0
Chagier 2, you &'7 S84 how 13 UM @ LT RAN program gn e coerpller,

ALGORITHEMS

"

Frople are often imprecise when prving insuccions o exch offier. A Hmple instrclion
ot as G0 M e dore Tor o 1oeF of bread” reguins Tendeeds of Cecisions to ezrmy
« o, Should you go out the from oot of the el Show'd you um left or pphi?
* Which way iy the storc? Whers iy the bresd] D gou seant whilé-wheal, sourdawgh,
o :-;—r&w:-_q ryet People, “wving intellipence am! reasoning, BlTy, Can figure out O
e mesning of peoeral, smbigaoes ingrectns. Corspaters, on the et hand, have
I'Iﬂ.tﬂl'l'l.l'l'lﬂ‘l'l renee. When yot wote m procedure for A comvpoler 1D camy oml, overs
imxguction musl be eupliel. .
l Supposc you want to 39lve & meth probfemn usmg & calenlator Yoo do oo I,ve [
ca'vu'stow, bt wou have m Fricnd who docs, so you ca!l ter un th.e phoe 0wy for
- pafp, She in not ot howne, But her poung brdher, who knows very lile meth, cl."ln'i w
work the calon oo 1F your wich 1] nim exactly sl o do, Now vou st apesify how
12 solve your problem using instructions thut ap 30 ecise and Unambigoors hat he
canmot postibly migniopiet them. Vou might say, “Enter the nurher 56,2, press the
plus key, coter the number 4713, presa the ples key, enter e namber 1143, press
the cqualy koy, and read me the vumber in Tights or the lop.”" Thiu 3 e ofgarithm,
saed in Enpglish.
“mﬂﬂ ﬂm:fm' i+ & pep-hystep procedure for moiving 3 Moblem A comrect
slgorithm mus meet tinte condiions:

Each arep in tha alparithn anat e an frarociion tal Can b cirmied oot
The order ol the stepn most he precise'y Cetermmed.
A The elpovithm fMosl eventally torminme.

1.
-
7.

An tporithm Soes nor tecessarity bave m be wnitten for & comparer. Yow -:q-uld

. CHTY out the instucoms with & paper erel percil, for ¢H‘I‘|5.‘.'|l-‘-. A DD':I":?O'-‘I‘{ T!'Itll'!t
grve an “a'gocithm™ for beking chocolate chip cookies. The rocion “Bae until
done,” might be meanlnpful far & human cook, ko 00 suisfies the fret condition foe an
* L w;l.ﬂ!d b convenlent IF you could et tell m compume "Solve the following
pmb].:nl Lo and make the machine ohey. A Somputer, hoaver, ba an !Fﬁmtrlnn
set comslsing of only w hnded or fo butic commands ‘hat it can cerry out l:tc-

- spenielly. Thewt commands it moer & the Grmmancs you cal gove 1o 4 caler s
by preusinp the keys, Por exrwple, you can el o compaer r!:_ ndd [wu!nur.nbﬂs_ The
frat conditfon For 3 co:o Eporithm means thal when writing an algocithm for 3

" i computer, tach fep mon be womething (hat & computes can CATY outl by enervting

these batic Ineructions. .
In carrying out the Inatructiony In an eigedithm, the msching performs onc

*Tha word aifanirhm comes frunt 1% same af the Fanlos muhematiclan il-Khounrizmi (¢, BIT),
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COMPUTERS, ALGORITHMS, AND PROGREM CESITY

e b — i b e am

A ey

2
o

Pritruction at e lime. The second condition fir
ARENT Mo peecis'y specily The prder

The thin! condithon means ot an
following praocedure, then, 1y nor en

b LorTret a'ponithm hewny thyr (e
i which [he instrogrongs aee perforeed,
hgorithm meml At =0 oy forever, The
&l gorithm.

-

Precedure va Couns

Sup | Let N pqual 2em.

Suwp 2 Add ] o N,

frn 3 Gowp Swp I, .

lfmmﬁhm:mm:r:mmﬂmm.hm:hium!d,in
theary, run farever. The follawsfg procedure, an the other hatd, ir an aigorithm,
etause AF will eventunlly torminate

Alporiihn ro Counr 13 Owe Miflion

Sep 1 Let M equal remn.

Sepl Add ] w N

Siep 3 TEA in bess than 1,000,000, then ER to Step 2] otherwise, halt, =
. Cad

TOP-DOWN DESIGN g
When working on an wlgenthm for = simple problem, = solution wuy suddenly oocur
' you afier A thiskleg sbout the probler for 3 whi'e, Practical computer epplics-
ticnn, Bowsver, are wldom so slmple. Professional PFOgrammen commonly write
progtams consisting of thowtards of compuier ineractipng, Desigring wch v progran:
can be sh compllcatad es detlpning » muchine with thousamds of parts. 1n order for o
K wirk, af| the paecer must At Lopedher in an organized Framework,

Top-dawn desipn iy an aporoach o the problem of deaigning an wgorithn. Teia n
methtd you cam oic K orgEnize your Jeork and also to orpenire your afporithm,

In some ways, dedigning an wporithm la umilar 1o wriling = claay. Whew
wiitng mn estay, you begin with @ genon! ldey of what you wint fo wy. You Lhen
procecd 1 organfze yoor tivghts and choose wondy to Convey your MEaning w o
feader. When desipning e algorithe, you begin with s gencral Wes of what you want
it o do. Yoo must thed ocpanize yoor ideas end choote the fght sequence of
imstryctiond o the compursr that muke it carry cut Ihe desined sctions. Bul v
pogremming, s in writing, iL fs ofven Sfficul bo know where m bepin.

A good way 0 bepin writing en emxy in 13 Make wn gutling, Flrsr, you act fonh
the muie lopics 0 be covered, k1 0 the Following example:

Gemtyrbary Speech

L. Conception of the natipn
. The camreet civil war
M. Cur purpows hore oday
. Our resolve for tha fotwre

A
LTSRN}

e r T kI "_..r B S e A B



- 1 ""I‘
L 1 n
. A= -ar - . o= 4w — )
. P LHAHIER 1°
Thia bare oulline provides & framewsrk hur i ganty, e whicy st the pargraphs
prd sernenpes will At The peersl! strecwre i derermired, ond whal Temans 1 0
. abargle the 1onles in mere detail, You can é2 that by adding suShenlingt under exch
e .- tome, bb in e [alowlhg txample: .o
* ' Getretburg Speech
1. Comcepron of 5 mumon
A. The natipn way founded 8T yrars ugo.
B I owns conezired o Tiberty!
. - . I was dedicwed te the propowstion that sl men (persons?) are crewted
] equal,
1T, The current éivil war
. A, Wa are now eppaged 1n CiviD Wi
" B. The war t¢¥3 [e ability of tiv oavion, mx conceived Ty it foundery, 1o

endure,
111, Our purpeac here today
A. Wa e meetng on 4 battferehd of D chyil war.
B, We dedickts » porhen of tis feld ac @ fametery.
C. The soldiers wha Fought here have consecrmted dit pround with thetr
. brave Erupgle,
T B 1V, Dur resolve for Bwe futore

»

&

i ur A. We must dedipele ourgelves o 158 unfinkahed work before us.
- B We most devpse ouncved 10 the case for which the dewd Rave Tought,
. T, We Mt proserve e idea's of [ecdom in wiich the natnr wit con-
S ceived.
. . s

OF contrac, aven with fhe best of authnes to work from, one canmat hope olways
‘ . 1o ermalate Limcoln's desth's prosis; but pous! wrting i #lways well organived. and
maing un outline lr & very pasful wey Lo begin,

Tn programming, 43 :n wrinng, gowe wiganization is viul. Before Yep nning o £l
in the details, it in best 1o tuve a clear overdl plan, The methed of Lop-down dopn iy
tike making an putline of an algortim. The firt siep s fo farmulate o prectal plan—
lite writng the main Kpics o an cullioe. Nest, you RY in mote Selai!, [Fhe makimg
subthezds in an quthee, b specify how 1o Camy ot £owh Amder step, By sucoetsively

g e i refiniog Bris plan, sdding more detsit @ cach siage i The development, yeu aTTve at
= 'L"‘*“:"u"' LA your uhlmate goul: & precise Mlgoritim it can be exprewcd in lerm of 1ha batic

* . N 1ypei of bnxructons that & compuier can bolitw, .
foe As an {lurration, soppote you waBk W weitg an algecithm (we'll cal! it Algoritim

Xy, to solve some homework proflem o pour olpehen cluss. As you Begin, yuu Hilwe
s rough ien of what B atpodtam shoold do, bt Ile lew pf the specific 1hatruc-
tons. Al this point, yeu conceive of A%gorthm X ny 2 ungle enuity {(Flgure L1}
As you Lunk sboot Be problem sone mug, you pentire hal there mre really three
parts w the solutivn, and you kay o younll, VI coutd do Past [, ead ten Pa 2,
ard Part 3, that sould selve the problerm.™ This is your in-leve] deslpn, ks shivwh in

- - Figerr 1.2,
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LOMMUTERS. ALGODR! s, AND PROGRAM DESIGN R T
FIGLURE 14
ARGrhm
' X
A3 you baghe e wiite n aigothn you concetve of 3 X3 5w ey,
L
FGuAE 12 |-
Part 1
A.'go:lhn Pt 2 iI
Fata b

Im e mained oF Kp-ciown deaign, you B aoaciy ol panarsl ORQEVLERNON OF Pag KiXRTIL

-

) You may nod have g desiled algerthm yet, byt ha progTes:
uullus; of one t.ﬂ‘ mrgblem, you fuve thee :tmﬂn ﬂ: mv:utn::‘.kcimmg :.-:r; I
urnlysin, you might find that Mart [ cam be broken down Into pwo femt—|
A 4nd Part 1B—and that Pans T and 3 can be similarly subdiv;:cmis in }P'OJI:: l
rogntevel dedign, as thawn in Figure 1.3, If the alporithm is complicated, you may » !
mowt ™ ATy this prucess 10 yet nnocher leve] of refinement. Eventally '_un:r arrve e
a2 cetaifed pled Tiat yow can write in compuier likpaage, .
In summnry, the basic principle ef top-down design ln this:

g
&

[ Comoe mrme Hru. oft the owverall deaign of the a'porithr, Winte 1 w1 w sequence of gemeral
L.ﬂ:p; lo e carried our. Thew, asing the wrme meshed, d1 be e gemits for each wep.

Af tmiportani prinv:-ip]: in fop-down deslgn is valldation, which mocans ana'yzing
your alporithen 1o make jre hat i1 conerl, Evew touph your finet dealt of an
ulperthm may be an outfing, it gy be kovulid polation o the T

b ! ' problem you aex bryin
e wolve. The quedtion you shoald auk yoursel! i this T you could carry out uﬂl:.::r::
" o proposed ofgordihm, woul! thel reully wolve the problem? Thos, a secom!
principre of op=down design b Difs: .

AL gach stige of Bur lopedoww dmigs proie, veSipe alponkhm r 4
corecineit. D i popand on the details until yeu wrg :::m.r Ehe m:::r;z. |:I,.:":_I i
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FISURE T3

ANt hm
X

vmmnm—wwwmimmrml.

WPLE 1.} Avergging Numbert ,
g:pnﬂ you weTe JieEn the task of mRdng the wecrage of e mgmbyr 5.2, 1.3, 40 67, anad

49, How woukd you dy ft* Unng o (520900, 3y ol [rohatly enter ILI:.:::- ?urnmh: '::lld
o degonad Rimmber kot B3 the \hard nuembet 1o 12 swm, atd R Teysih m l:d —
LY Smea'ty ohciving thal there are twp Bembers, yoU wDU |:m1r'

Eu;: l::dd::t WEmpE. What s wou'd teally bw daing as CJSTYIA DUl e WEPE na
T Tﬂfml"llp: m- wie & geeca! wlpurim (et condld e ueed 1 AT B
p:lt::m find thtrnm;a of & 301 of mpmbee, sad poril ou Ve ww't. To B voy vrply,

hert wrr Twd AN FCDE if the wlgerhm.

Algorithan for pvttaping Numler) Verlun I
I, Compute e L¥ERES
'}, Prind Che wremage.
op-ed desipn.
e :;br;:fm Pare delnil, yinn fuwd 10 deigribe the procedon 10 compgte e avcrags W Fod
wgukl do H with u calcalex, Here is & mevlpsl yemoat ,

Aiparidhn for Aveoaping Miubers [ Forrkan 23
{. Coamyputie the AWETRES.
A. Remt vach oembser. As yoe Bo thrargh
and couml e _
B, l’.‘mmw.wu:n;-m
13, Preac the mverape.

she lisl, computz the wum of the RUMRTE

and the ol from S0ep 1A

Thiy b your scond-level deabpn.

—— -

CGMPUIERS ALGORJ':HHS Au'm FHOGP#M DESIGN r .

Mear you shoalt va'idure the alguriim b check ror work. You shoul ksk youne . Loy
really powirble Carry ol S JAY [ H ompaly mes e b clTy o Swep 127 IR vy Fas
Ve bepether really comfic D gwerige requinsd im0 Siop BT Thewiaticaly, you cun -jsc his
Iype of roidlay w0 mEMua § marhomaricy! proof ot s alporihe W oo, For o
practaga’ purpoues 3l iy sufficient w po thrvugh an dnformal meft” proaf o oneince yourell
Yo pon kgven't fads ety resighes.

I wnttdaie g Seen (1Y, st re i one smnll “epch™ w congher, To sompute the averdfie oy
e divide G mn of he sumbers Byt cowm. WK would heppon if e COUM mée Fopt
Dividing w number twy arg is maciemetically wndstoed, amd wlil couse pesblemi if yoyu 10y o
€0 it oo u compmater, If Y00 were averigimy mumters with o caloulson, fw quenion woghd Rt
unme, Hihce Yoo, me ¢ hofum, WEve the comtasn Bofet e L o ivids by zero. When wring an
W' poriihm for ¥ covmater. owever, 1f it wite to ensiler eacepriinl craes, Bk camying out e
wiparhim with o input dee. Such sxceptions) cpses are Callad Ipnadary sandlilions Wy &
fi'e extrm effort, you can design olomithmy thae work cwen for the Bounduly comfitions. This
mactice wil almp'ily he fob of choclisg the o'orw 1%m on & Comparer, o6 row witl wom
Mpprecinic whetn you Begin FUARINE woUF LWn prazrams,

You can now trfine the alporitiem 40 A% dn Fur ddetaily of The Compmtacics.

Algarihm fir Averging Numberr fYersiom J)
I Commpule rw rvermpe.
A, Count e numbers wnd And thair wm,
I Lot 3UM g OOPCNT Be 2w,
2, Fof cuch number 10 be averpped, &0 the Polluwing,
& Read fw sumisr

b, Add b walue o SUM. ﬂ:
< Add | ® COUNT.
B, Coffpete the everage.
LI COUST B aot oo, Seew n
& Lol AVERAGE equa’ BUM drvicted by OQUNT. pas

Oftrwim,
b. Loy AYERAGE rque! 2érp,
L. Frim T valpe of AVERAGE,

Thiz In & ctanpicie Kguorithm which giver enough detait i bl you exscely how w oery oo
the Strrputation, As before, rim chould validase oy afporibes W conyinee roursdl die Steps
1A) snd A2 reslly do count % mumiery sl §of dheir wm wd fuat Stp (B really Sucs
cormpue the avrerapt Do Bl i commpuics an weirige of rero for twoexcepiional cawm wiwen
COUNT in 2o,

Thin wlporithm IMoeirates svomt commom proptanmmmg Rohidques. The wonds COUNT
UM, and AVERAOE or rariables which fipresrt swichers wied tn e ompursion 'n
progpramming, &1 W aipeten, you une ¥Aarable tp stamd fuor numbers whom IR va ks b
ol by,

Step JAE mayn fo atart whh SUM pnd OOUNT equal to zero. This prsctice 1 calfsd
Incitialiring el rariphicr—tar Is, piving them an B’ walne, Thes iy 30mewhal Iike e =y
L'he CLEAR Yey on n calbculatur befont saming a New commpurltion.

Srp A2 s e cummple of 3 W00, p procedery Tl G epewied o asd owpr. Sy
ercTson of Bt [ntiryctions b hie aep B8 colled e Tveration of e bup (e déraly memny L da
aguin), The boop iy comiroffed by 2 tondMien, by fis Giar e COMSTtion i3 wietier or Aot M
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d ' " T Chapign 1

A why mp nember 10 be gugriped. Wit ot comdiine e Fatse, afier o ik mombiry have
g Teml, the aporithem brrmiis Aol b0 e the ol prreds e Step M

The warable COUMNT in ramal 10 c0uAl e e o va'yes reml . A0y vandSe weed n I
way i Called 7 Chomiter. The Srocess of abbeg [ e COUT 05 cafled Incrementing the
conrnder. The ipaithm imcrorgnis Ehe cogiih o wn egh licrativn of (b haip.

Sip M1 o™ e Ao v a condithensd Imsdrociion [ofien caed an IT-thetrglax
"aserucHoa) which seys 0 camy ol gitker vop PR Loaw Y Cependity om et oot
CIOGUNT in sl equal by by

STRUCTURED FLOWCHADTS

A Powchert is an vasy-to-read dingrom o un dponthm. Yoo wrie cach sop ingide a
box and mgpernkle the boses toosbow Me onler 0 whigh the inumacten ey o e
cireiod out, The kind ¢f fowchams o iy book are called proctired finwcharis,*
Theswe Powchirs facilitale the techrigne of stnierey) programmung eafained in
Chapuer 4,

You digram & zitple instruction, e inetilizlng o verfable, intids o recteapo lar
by (Figure [.4).

RGURE 14

i Lk pinnple Frgtruchioe car S wnten dsdde B DOx ) }

To indicate & boogy bn wn p'ponithm, yoo sae an L-shepesd box ther sermunds the
insructions in the loop [Fiture 550 The condiion in U outer box is the comirtin
il controls e Jeow. This imdhcates thal the INMrECHONs A fhe lom At 10 hye
performed while the condiion 13 e, Yau can lest she condilion oithel M the
ke gwnin g of e loop [Figoe 142 or o the end [Figere 15001, For example, $up
TAZ of the elgenithm for averaging num'ers iz o foep which you ©2n Ceagfam us in
Figure 1.6,

To indicale & comdilions] ipgfruction you use a ‘hanputar shape {Flgure 1.7 IF the
condition in tdw Triseg'e b Tur, D a'prwithm caimics out e tnatragilons vhdernzath
he word “then.' U the condismm s Tulwe, e wypodthm Caores 0wl [he IASnKtion

R Y T - ~u - cm e M T = Rpmmima— — f

COMPUTERS, ALGORITHMS AND FROGRAN DESIGN 9

FIGLRE 15

TWD WAYS OF SHlnahG o LOOP

Vrhie sdera Conditngn ix I

|
'| Partorm [ne i hing = the Koo

I:L

F Pyt Mg ratrocons w the oD

Frpg urdl Soera spwEbon H T

]

In (1] the comduon m teited ol T DeHrrng OF M FOGD, whilg 3 (1] Lhe comefiie by rated mt T

ne],

f'
|
!
t

FMGUIFE * 6
For gach ~umiber b0t Iesged
Fapnel o Mutribype
Ackd R v 10 JUWF *
i AT 1 by COUUNT B
FHSAE 1.}

wnderttwd the word “clac.” For caamn'c, Step 13 of e plgenthm fpr everaging e
sambery can be diggeymoned ga in Fipuee 15
Thhay, yiu CAn repreisht the cnbine a’prnithm by average humbers by the ctructumed .
Mopwrcleart In Figure [ . Crtryctions 1o ({iPrditruction Lo
Darfiern witen e e wg
walnn ool M Eckersiharmun dhagrara, r‘nt-r;h.mdmamhndlmﬂhr! W and B eomdition B o) oyt in lElnah
Schamdemmgn |ACM SIGRLAY Mongws. ¥elo B, Wi . apust 1911)
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w 7T o - CHAPIER |
FIGLURE 1 B
N GOty is Pt D
L w5
L1 AVERAGE equal Led AFEF::GE
BLIM cevided Dy SOUNT oQuil 7y
FIGLAE 1.9
! Lat SUM ang SOUNT be 22
Fowr mhch fumBer 1o pa Reeraddad
[ Rgad I~a pUmbars
A i waluw fo LM
Mg 1 b COUNT
P EOUNT o P Bard
1 wlsa
Lul AVERASE agual it -':'h"EFu.GE
Sl dierted by COUNT ay4e, IND
P! T vk of AVERAGE

THE FORTRAN LANGUAGE

Inventing wn alporithm s Ve fird McE 1B solving w problem with a computer. ‘:’m. can
write the alporihm in outling form.” 15 on prge 7, Of you can diagram the rigerithm
wilh 3 strectumd famwrnan . The pranciples of wp-down design agoly 1n Fither {ase.

The texl Hep 13 to WTile @ Program. A progfam i an algonthm wolten in &

At namg [ S “oatne farm o et 10 € die B w sl 3 "ok
il n, 1 PORTRAN progrim) bl (v wm & Fompheid gt

ML —m v m TN —Em. o ——— e - TEALLEaE .. —— TEA—n -— = —

e — N -

. - - —_— - e — :
T UUMPUTERS, ALGORITHME, AND PaDGRAM DESIGN VT f

wimputer danguipe, Bb this ek, you wil] leam the FORTRAN lunguage.* Compuru
w ordingry English, FOATRAN v 2 simple Lan suage . The vicabu'ary 2onsisty of e y
o few docen wonle (plus any varinfle napkes you make up yours|f and you can get
by if you koow fewer than & dogen Iypes of semences, The senbences in FORTR AN
wre Cilled stutermenls. A progrum conslus of a seres of Stalemenis, cach 08¢ wriien
o i wepdrate ine,

Thuegh FORTRAN i ajmple, il iv precise. I you wiikt aa Epglish sapence st
i grammatealy irmcorrect, fez ghaiies are thap your reader will ungdersand you
anyway, N0 w0 in FORTRAN, Fvery dutemen by a certain requined form. Leave ow
u «wMina Where ohe s pequired in FORTRAN aml e compuler will o to recognine
the stileTend or elw® wiy] misinterpet QL

Decuise PORTRAN is precise omd unumbigucus, e computer can read pour
PrOLTAn, Lansiale if i) CONUTIAG: I il DEniion sef, Sl camy oul Lhe e s i
yaur plganthun, In faor, dhe Rame FORTRAN stams for FORmela TRANsaten, Wt
we Nitw Call “sUbments” wer onpiely talied “formulad. ™ Thes, FORTRAN i 2
lunguage for translering the siotgenenis o7 your Progrum into gnsbuciions that the
MACTnE & CAFTy Dl

The following seetions miradure wmeme basic concepir of FORTRAN and some
simpic FORTRAN stitemeniy s thal yow 200 BEmA MUBRINE POREams fight away, Fuor
the mugpenl, we will wop over puny delols. Jued ae you firgd lcomed Eaglish oy
lisgrening 76 people spesk, you can leurn samething atoa FORTRAN by scoing sume
cemplele Mogmms. We will cover the oaalt rules o Inder chapers. .

WHAT COMPUTERS DO o
T undertiand Lhe insructiane thal make vp s FORTR AN program, you need a by
ke [tde oF whal 4 compsier i end whal it does.

Figure 116 1 2 simplified block diapmm of 2 typical computer pystem o B
called 3 sprtem S0CE 1t gonaius OF seversi components. The cenirnl processor i (he
actual compuier. This is the machine thyy carmies oul the insluclions o your progrm
The merary unlt is wheee Instioclons gngd dais are swred, Tha other componens ore
prripheral devices wied 1or tnowl and peipul - -

The eoiputer, Altheugh very (v, iy really 8 very simple machine, There ae paly
fowr basic types of Ingructsny thad (0 can CRITY ol

I. snwing and recalling [rown memory
Y. compulalisin

1. unput and ouipul

4. program ool

All proprams, no matler bow complen, ae made up of Histmctions af thewe 1ypes,
abong with dechuwive sarcnmrats thar belp the compoler (AEMPRED 1I5E ingruEons.

*Tu by tpetifey, you wll pam PORTHAN 77 s tee Prplwat),

ad
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FIGIRE 11}
SERCWATIC DAGPay B0 5 AR ETIC Trge st

a Roar wrts onli
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L' wovesto arm .

The mousbis madiwrla hamds g BlECTOmMBaMeTes that selocively mpgriize areas o e Fotating
dhaky

The FORTRAN imatruchon for (apet 1w the REATD statement. An cranmle i
READ «, VALLE
This imsruction says 10 reed a number aod viore i in e vertable VALUE. Every time
you read a mumber you most wtore Al R oseme vanahle,
The FORTRAN immruction for output is the FPRINT sttement. An crample is
PRINT ., TOTAL

which mewn o print the valoe of the vara've TOTAL. The stacement

FAINT ., "THE SUM |87, 5L

meany to priol the words “THE SUM IS’ “7fuwed by the valuc of the varishle SUM.

If ST 5 equaT 1o 100, thit steement wi?l print the outpul kne;
THE SuUW 15 1000

Tabler 1.2 wned 1.3 give wome more evmmptos.

COMBUTERS, ALGORITHMS, AND BROGEAL DES'GN 2t I
TADLC c
TeE READ STATEVENT
Form
READ . 131

where [l 08 & il of vanighle names. 3 ke is mote tal oe vecab, spasre Pem [
oG

Mraning
Moud vabues from the inpd wnin fcavds o terming'), wnd siowe the e nluet | che varlabler [iphed.

Fxgees
AEAL -, A

QEAL ., COMVER, FACTOR, WUMBER
FIEAD «, X, NUMSER

. TABLE 13
THE PRINT STATEMENT
Form .
PRINT ., Her

whern Dy i ol of lema 1w be prinied. IT curit ic s e ooe Wem 18 The 1Id, separme
them by commes. Eschostem ¢an e & varuble, & it enched in aenple guemle narka, o 3
mahemalzcal erpreaslon. '

Yrommg ~
W e vidwer vt BB ooR e MeAdan) ool onm (priver of Ueteeal).

'
PRINT », "THE ANSWER IS ", B
PRINT .. PCT, "PEAGENT'
PHINT -, 'ALL NUMBERS ARE IN GEMTIMETERS"
PAINT ., A B, £, 13
PRINT - A B " BT

£8

- AN

Contral Inz'rugtions

The statcwments i & FORTRAN progrem wre nomnally camicd oot in the order jn which
lhey urm written. You con modify thal order with coatned Fratictions.

Ta represenl & decinon, for eanmple, you o asc am "F-TITEN-ELSE congrruge
af the form

- . - P - - - am e ) e
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F icongton) THEN

fn thiy exBmple Sfefemets foand sttement 2 repogpert any FORITHAN Sinlements, and
rwadinion TEperscAly some Simp't condiom thal s compes can Test SeciroaiaTy g
determing whether ot is frue or fatse,

For eaample, & CoWpuler tan ey & wiriabie A ahd 2 varable B oto e 0T iwir
vatues ore equal. You would write this condusn ay

A ED B

The symbol "EQ." i3 the FORTHAN symbod for “equal o™ Similnry, “.¥E.*™
T omeany paT équet o
Inahe algonithm for wveraging sumbera, o o the siepa sait, "IF COUNT 15 nag
rato, then et AVERAGE agual 5UM divided by COL'SNT. scherwie, ol AVIM WGE
equal zera” The commesponding FORTRAN aatcnmrry ar;

F {OCUNT _NE. o) THEY
AVERAG = SUNMCOUNMT
ELSE
AVERATG =
END IF

thee Table |43 Node thal we fropped the E from AVERALE since FORTRAN
wiriables cen be o most sia cheacten fong.

TASLE 14
irlE FTHENELSE STATEVINTS
Form
I gonckion) THEN
stafomant 1
ELSE
atemem! 2
EMD IF
Mruming

IF e comdwion B e, 100N S Fogcs e, Cvecuty Mot O,

. Fonumpis
IF (GZOLNT WE, &y THEN
AVERAS = SURLTOUNT
ELBE
AVERAG = [
ENG [F

B b e e |

e dwwrom W e — —_—— - —_ =
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Anothet king of control starement iy e GO TO waiement, which you can e
for & "nop. Here 91 an gxample

10 AEAD . X
PAINT «, X
GO TO 10

The mumber “I0"7 bere iy & fatement tabel, The frst two statemency read wd print a
numbcr, cedng & varghle X o store il The GO TO steement gayt o Metam Lo
waternent 10, 3w READ satement. (5ec Table 1.5.)

TABRIE 1%
THE QO TO STATEMENT
Firm -
GO TO A .
where n B & wancTent Jghy! S
. Meoming
Branch 1o tho atatement with Saement labe; m, ol
Ezoenplrs X
GO TQ 1900
GO T
Go TO o9

In vhe afporthm fof avereging numbers ﬂr_re is a o ikt B8 perfarmed for every
wrput vatys. You cen wnbe thiy procedurg in FORTRAN by uving a G0 TO saremwent
in conjunclion with m epecial form of the REAL qupcmend, o5 follows.

10 PEALD [+ +, END = 20} VALLJE
S - SUM + VALLE
COUNT = COUNT +
GO 7O W

20 IF {EOUNT NE. ) THEM

This furm of the REAT siatemenl [v 2 combine'ion npul and contml Tnsruction. 1f
e in MOre inpat date, ihe READ galicmens) oy e peal momier, stoces ftoin e
variab'e VALUE, and proceeds to the follnwing nssignment statement, However, if
there in N0 muore inpur dats, the READ walement causs The program o Swanch ko
patement 20, the [F stprement. That is the meoning of e symbol “END & 397 in the
READ

The 123t line in any PORTRAN promum s an ENDF starement, which you write
flmply as

END

Thes Inptruction imdicares 11;: crd 0f your propeam and fel's the CormlEr ok

I, A xR R e
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Putig 't AN Toge'her

Living the steferments Just coversd, you ¢an write a forp'ete peopram. The fotlowing
progras ey e average oF 4 st of umers, We have added & few Sma"l embellish-
ments 1o fhe glporithm pives earlier, Firs, we included v PUINT statement right ol
the REAT sarement 'o ol sy input value, This wechainue -4 cal'ed etho cheching.
This way, you get a lisling of vour dat 2'on with % @il Socond, we ':rv:!udu'_l
PRINT watemerts @1 the bepinning o feanide nres dur the outpu!. Fimally, we
meiuded starementy W privt Be sum o esd e counl of te momhers as well a The
averafe. Each of thess three valugy will B¢ labeled in the ouipat, Here s the complae
program.

INTEGER COUMT
REAL valLE, Su, AVERAG
PRINT o, "AVERAGE wLA'OER SROOGA"
PRINT ., INPUT VALUES”
SUM =
COUMY = 0
10 REALD s, «, ENDT = 20} VALL'E '
PRINT «, VALLE
SLM = SUM + WaLLS
COUNT = COUNT »
GO To 10
20 F [{OOUNT HE O THEW
AVERAS = SUMCOUNT
312
MERAS & [
ENG IF
PRINT -, “THE SUM 15 * 5L
PRINT o, "THE COLNT 15 " COUNT
PRINT -, THE AVERASE IS, AVEaS
ENO

et A R G S

SUVMASY

A algerAlm s n atep-By-wtep pocedune for solving A Seoblem, Each £'80 wsl b @
TR Insiracton. Thi Orcler o wrCh e S are pertred s’ D ooktmaly
curatTimeac], Bng thee RQONINM Mgt AvEriud y lenm ngtl

N e op-cown Meitod o desgreng BN 2pomisn, You bagn by Gestnbng the
trepral i Of your 3OWTION, Your redime 1R 100 ‘el DRLIDA Dy 300IRC More delal, Ay
Yo S idp the migar™ e, you conruRty v Sy 4 00 Takg sog gt DT gReTedt,
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A Pnacrgred lgwsha™ g A d ] am of An ﬂul.','lrll"ll'ﬂ Ittt n Ara wrer A
bxes. 8wl he Doves s FrRrQEC 'o N0 Cata I OIoEY n Wt T Wtrucons e

Carred ot

FORTRAN W A& precioe IBNOuAce Ml cpn D uted T wrll 37 K00y B o
Kl compuber Can oAy o1 TPece mre only @ e diferom hends of slaremacia in
FOATRAN, wect of wheh has B Comav oregc DB ',

A incal COMDUAF Sysiem COMGES o' & certrd  proco&5or, mesngry il and
parotucy deven, The mstngstions Mat & COmeed Can penorm et e oy CefR

s giorng AR o
GO

D FROm TR SormiAion, npal atd awtpul, gnd progrem

Th ARSIl ginerment m FOSTRAR 1afs (Ma maching 10 cary oub Computatigna
ARC siode the fESUI In mamony. Tagh varlathe = FORTRAM &5 a name o some ™Gy

oo A,

Sawiral Kindy ol devicws drm yies ‘e npud 80 outpgr. The FORTRAN gawnhery
AEAD e PR 21 ™g mpchime % parioemy 0] and outpel

Canlal natrgcians apec. 'y the orfer n whic Y matiactong 2 clted s, The IF-
THENELSE patererts ndiemd tacrionk T b FORTRAN progrien, The GO TOY siais-
ment Causgs A DIANCH K some Sikemant and can be wped B STgihm & kop.

TR S

[T ]

i)

A3 gt 3T
boyrcary ConcEtion
Lot reacer
ompeAer
computer lgrmina!
ponctiorl g tTLenon
counter
caSodenry Wb
ek chechIhg
END simemen
exd froem g doop
Towecsart
FORTRAN

G0 TO statwmest
==l e
e

mHianEm

gt

rbharrion gl

T

VOCABULARY

rerate
fine pririer
‘oo
magnedic dlsk o
mEgREtic i .
e TRy
eeiptlm
outpnd
e pheral dinAcn

Am
m control instruction
ek sz
kLzhermar .
EERTETHE Dl
e And m::aﬂ from memory
Ll
1p-tewn design
valdstnn
vaus Of m varghle
varale

¢
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Ruis for FORTRAN Farinhie Sumei
A wwae nume weesd begep widh # hermer, B wom o0ema st of frem grle DO A0y CHMACEETS.

thw'y bemers dd = 2] and numbers (0= 90 muy h gl el mame, Specidl v T30 s ! -
o=, oo | o not nTlewsd. |

Taw'e 1.5 pives some eanmp'es of FORTRAN vanable nares.

TABLE A%
Expwe E5 £F YARABLE NAWES

Somp Correed Purnilits Nigenrs

A LETTER
] AL
WAsS wuTTn
TAN b
XizH HLLLG

Some fncorrier Vinnelis Nooori

UK LNSOFD (T3 =y characie

[+t thep! aymwll

4H M3t ML st with @ fereer)
NAME.1 tezal uymiott

A ISTT IR 1Too nuny Fheracrem)

Like conttants, rach FORTRAY varlat's has a cestain 'pps. An irleger variohle
uores integer volues, and @ s’ variable atrees remt vahuei, o

You can choose, for each b anad'e in vorr progmn, whether tn make it integer of
verl. 1 you make L an intcger wariatie, it w1l e #n integer vicinbie theou ghout The
e pgram, ardd will contsin o'y infeper walags, 19y mieke W ow peat variut'e, i will e
4 roal vanbte throoghout te progrom, and il vorhim odly el e ¥ou ¢an
imeate your chobex by ming an INTEGEIL o 0 BELAL siuiement, )

Suppme thit ¥ou wan the wariables COUYT, TICKS, and N %0 1th‘. integer
yarig%'er. Al the beginming of % program, o can wrix the FURTRAN statement

MWTEQGER COUWT, TICKS, N

Simefarty, 1 you want cw veratles X, L, am! BEYSY 10 be real wariablet In
progewm, wee e following riagmem st e bepmning:

REAL X, L. BETEY

SYECUTADLE AND NONCxECUTABLT STATEWENTS

The INTEGER and BEAL pafemorty are Clanitiey 2. 7)pe alatemenin: ':I'.z'[tmen!l that
w' e npr {integer of mal of cemtuin varal'es. Type Wyiemignts are ohe k!ndlu'.‘
unee | Tieation saterapnt in FORTRAN. A spovifoakes stasement gived informalian

CONSTANTS, VARIARLES, AND EXPRESSIONS E5

st Uw vara'es osed i0ow program. You will ‘carm abenl ofher specifcation
siafce s Tuley ot

AL specification sewmenty At noneaentahle, Nowerwooutah's gakemenls do o
cuuse the maghine ' do pnything when the pogam nmd. They provirde Infarmartion
Fhogl the prepran tha! b vsed when e Program jn compited,

Assignmeny sttements, READ satetnents, ung PRINT stnterments, v the other
hand, g cxampler of evrcotahle walermenty. Evecutshle statemenis 0 Couse some-
thing 10 happen whew the program du un, Excperahle staletrer!s are your insirstionn
o the comperter. Noneiscrtable stmement me ingtroctns 10 e FORTRASN com-
piler, givirg mppletnenial informetion st how o Ay oul your instructions.t

We mentiona? before that INTEGER and REAL statements go at the begirning of
# propram. To be Mot preciee, the rule is this: '

I
Rule for Locorion of Sperificution Intcmanty !
Al D tpetfceiion Dalensénly v & program must come hefolr the Brat ageoulshie

; HaiEmes il fhe PrOZTEM. Lol
(VYPLICIT TYPE DECLARATION g'f,

The INTECER and REAL sixements let wou explicily declart the types of emch
warlable in your program, There i another way to apecify the fype of & yeriab'e,
Suppose you decide 10 adopt U Following conveniion in writing a crimin
program: All peintsles whose mames brpin with (e Teter “A™ will be Integer
wirabiey, and o warisbles whose mames bipin wits the letter "B wdlll he read
variaics. Raiher e Bating ench variable in an INTEGER or REAL stofemem, you
e inclode Ihe Eolloadng INIPLICIT stalement ot the bezmning of pour progam:

WELIC!T INTEGTR (A}, REAL (O}

This speciBcation statement defincs variahie fypes impdicify. The Type of w vartable is
Implied by irs name. Variasles eamed APPLE, or A&, of ALYIN will be integer
varizh’cy in the Propram, sisce ter nemes begin with A. Yariables named BIZ or
BiLL, or BTL will be resl warieh'es, since Meir nemes Begin with B,

An IMPLICIT stuement comists of the word IMPLICIT fallowed by & Trpm,
which myy be INTEOSUR, or REAL (of any of the other typer you will study dn this
bk}, folowed by B w! of prrenteses thit el which 'emer are wisociiled with I
Iype. You can usr & sing's leter, an In '

RiF T INTEGER [X)

“Thy PORATRAY tyrw Aserdedis s, [NTEORER, REaAL DOUALE PRECIEION, COMPLEX, LOK-
ICAL, omd CHARACTER, Tint st spsiafarion sinlewumis ary, CEMENSNON, BTV ALECE, D0M-
Mo, IMPLICIT, PARAMETER, EXTERNAL, IMTHINILS, und SAVE. |

Ha miakem o Pr spentoafen caireeshy i3y e, P iSoesly FORTILAN slremsas oy
nunesooatetile: PROGHE A8, FLNCTION, SUDROUTING, ESTRY, RLOCK DTS, DATA FORMVAT,
] i fctass vrhaiom " -

— e ———— A
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meaning tyl 17l variables beprring with lemer % are vweper yarnes. You cafl zve n
sequence of letteny, seperated By commag, g i

meET T NTEGER (A, B, T, O E}

menning tha a'l verjables Tegioning with “eniees A, R, C, D, or [ spe integer
variables. Another way o write thiv i

IVPLICIT INTEGES {4 = E)
tn an IMPLICIT matement, the roration “A — E™ méams A tyrough B

M you use an IMPLICIT statement, it mia: ke e yefy Find statemem in your
progrem. To be more preciac, the nile v

—
PP Poairioe of Jmplict Sutewn i _

| AM !{Dl;t.lﬂ'!' wiatemens bl precesle 2l aeher speeifiaion simemeMs ard 'l exeruka.
j ble Megnonn

[

Yiou caf vrecric: for coafirm) the effect of an IMPLICTT steement by intluding
am explicit type declaration, For exumple, 1he twa 2iemants

WPLICIT FEAL (A = 2
INTEGER I, N

racdn that 2] variahles in the program Wi e ezal vanahles, ranpd for T pnd M, which
are inicgor yariah[E.

REFALILT TYPe DECLARATION .
FORTRAN doey fot require thal :-.-:ry:uﬂ:h‘e b dectired 0 B type Smmment. When

vou do moy docla the Dype of 3 variab'e, e viarab'e has & delnt . type, ecther
irrm:gcr or Teaf, depending du e yrrahie s ma \

Bwiy Dol Typrs .

‘ Unlr:::lﬁ:rwisc apecifiad ™My & Gpe dMeerd oF ah (W, ICTT warement), [T o variable

[ famg g with B doter L L K L Wore N W oo e vt I e name
beging with n Temer A therough M, o7 O rthpeph 2,0t 03 el variabla.

~ —
L

Tn other woedy, unleds you specify olTw i, variabhle Iypes are determined &
though you bepan the Propram with the statermen .

nyPLICIT AEAL (A — M}, INTEGER & — %1, REAL 10 — 7 -

- ¢

R LTI

- -
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This conwention comes from the glendard practice in muthe raticy of using vanah'es 1,
Skl moamd n for subacripty of for vanabley Thal rake on'y cnieger values.

STYLE MODULE—CHOOSING VARTABLE NAVES

It i wsully & chalfenging mentsl cxerclce, when wTittng m program, wr krep Umk of
the wariybies yoy have oued. Many bwps topt oul o be di o misundertanding of
the exact deflninen of & varable, or o uslng & varable in ey olightly d¢frreng waye
in different parts of the program.

A good way ta averl this problem is o chogse varlsble names B mean
amething. !f you red 4 variable I peprestar time, voo coubd call 18 T, but o berter
choice 15 TIME. TE n verinble representa & sircet addeess, ca!l it STREET, mther tan
As Aveld variable names thal e oo simdlar, |F v progranm uses <enables for Soe
and Federn! Tea, you could call themn TAX| and TANI; better mames would be
STATAX end FEDTAX. Do not use random’y chosn names live X9,

Angiher belpll praciion is ro write x definition of ench vofubls wmi to [Mebhade the
dictitnary 1% comMmend in your program. The progrem on page T4 gives = cuample.
If you wse top-domn progrem design methods, making such a diclionery shou'd he
cdsy, tinge your lop-level program ootine will define the daia being procpesed,

If your FORTRAN compiler cim producs & crogs-reference |int of varjab’e nemes,
l¢em to use (hig feature. Glancing thoowgh weh & s con he'p o quickly focem
ryrogrEphit crors. Inoa cressrcferoner Yist, aome commilers will mark vensbies Twe
heve heen uwd but o deined. Foe instamor, if & varishlc X1 sppem in only one
vk ment Ach o '

¥ = X2
o

it it almost certainly an ergr. Perhigs the progrwmmer intended fo write =&

¥ om X2 .

™ p -

At wiother cramp'e, if FoH bee a variable camed PRINT i yout listing whon pow
inow that you hove used no awch varishle {intentionnlly), you should mapect thai
some PRINT salemen bn tw program wat incomect!y Lyed. TS

]
. be gy arare

STYLE MODULE-—USING TYPE STATEMENTS
Yoru teve acen three wayd b0 ddeclare the iype of & yariable:

. Usc mn enplicit type weetesnent (INTEGER or REAL).
2. Use 0w defact hype, which Copendy on tee ATt letter of rhe name.
A, Lse an TMPLICTT siqeernent 10 eroute ¥Our own default bymes.

. s o -
- F K
=

i
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TESYNBOLYC CONSTANTS

You heve seen Bow to wile FOUTRAN grasnants he

TT {an wiEger fonsiani)
Y5 (a rex' constant}

In ench case, the comtut i3 movesented by 2 opechic v, In science mned marhemst.
€1 ¥ 0% commen o repoesenl b fonstant by o ovpemded. Somd enamples are:

g The mtic of the cimemferernee to the Jiameter of & cincle
£ The “ase of naum Joganthms
v The speed of Light

You can write the fommule for ®e wied of o cirg'e B
A = X J&1ApapS?t
or B3}

A = el

I the First case, we used the walfiee of the comylant (rounded to mn sppeox matgon). In
the sccedct case, we used the nethol T ibitead.

In FORTRAM, 44 m mathernafics, 1 = o920 canuepicnit 19 mprésent g consten?
by m aymbal, rather than by & vil'ue. The PANAMITEIL stziement pives you & way
1o do this. The fallowing program ilfoureies tv 88,

REAL RaADLG P
PARUVETER tPI - A2 By L
10 READ {« -, EWD = 20 pADIS
FRNT » 'RADIUS = ¢, PATIS
PAIMNT +, ‘DHANETER = * 2-RATS
PRINT - "GIRCUMFERSYCE = & 2.PLAATIIG
PRINT =, "AREA = °, PLAADUS--2
A0 T 10
M EMD

The PARAMETER itHement here declarey taat PL iy 8 otnbolle centtant with a
wiloe of 3 1A% The last twy PRINT patemenza pie this v2ue of BT in i
prorshons for the circumforence ind area of 2 cimle. The ¢ffect is exactly as thouth we
had written the stlementy with the numerical vaiue of PT,

The PARAMETER witemeni it # Bpecifoation diacmes!. I b onesecurable, ard
fiust coma befomd the Aret Sacculabls Matencn! 39 4 program.

Tou can wie & PARAMETER saicrwht in P foem

PAFAMETER jeonsrart = »apresiion)

CONSTANTS, VARIMBLES, AND EXPRESSIONS . 72

where coastoni is a symbol o constam netee, snd raprereion ja & constan! 4xpression.

A yymboThe corstant pame hoy the same [orm s 3 FORTRAN varub'e name, |t
cofuinie of o b xiv feliees and digile, snd mua begin with a lecer,

Like m varmble, & symbolic consiant hae & cemam Iype {guch w3 inee per oF mrall.
You speeily the type of 8 pym®0'ic consta® the wume way you specify 15 type of &
varate: with & type viaremenr, un PVPLICTT seprernent, or weth o n defwult smplicil
Ppe. [T yoll ust o tyPe sintememt to gove the type of the symbelic congrant, the type
watetrent M come before e FARAMETER stetement ther {cfins the vahse of the
symbolic constent. Thivs, of you went SIZE b be o symbelic comsiunt represcnting the
mteger walve M0, you coukd use the wpremems

NTEQER S2E
PARAMETER (SIZE - 100}

To the r*ghl of 1he equal sign [+ o PARAMETER sniatement, you weiie m constant
expression, which i o enprration that invodves ony Constants.

You can define severul symbelic constimis with ¥ amgle PARAMETER statement
Sy scparating the defnriony with commas, e A

INTEGER POws, COLs, 2ERD .
FAARAMETER (ROWS = 20, COLS & 100, JEAD = [

# constant eapression in 8 FPARAMETER deglaration may invalve wymbuolke conpeants
It “ve been previogily defined, For cxemple:

MTEGER MOIr. LS PAGST
PARAWETER [NCOL = B0
FARAMETER [LMS2 = NCOL + 1, PAGST = SOLUINSIZ)
[ 2]
Mo it & complele program that ueet PARAMETER stkiementy. )
» CONMVEAT YEARS T S5ECONDS
REAL SECMIN, SECHR, SECDAY, SECYR
PARMJETER (SECWIN = &0,
PARMWETER [BECHRA = 0.SECMIN)
PARAMCTEY [SECOAY = 24, -SECHRA)
PARAMETER [SECYR = 383 .5ECTIAN
READ - VEARS
PRINT + ¥EARZ, "YEARD EQIUALS -,
] EECYRYEARS, ¢ SECONDE.
END

An this program illustroes, o conetam? eaprewlon necd mod be e same type a the
symbalic conrant being defined. The rules hers are e wame 23 for en essigemen
statement, Thus {q the first PARASMETER stifement W0 this cxample, the oieger value
50 in converied o g reaf value o Secome the valoe of the symbulic constanl SECM[X,

W mm we i w m s
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*oa . 8 CHAPTER 3 , CONSTANTE, VARIAGLES, AND EXPRESSIONS /r
. There &0 e matrictions of COnMIAT vpres'OnS: Yo CANRGE e £aponcRYistion mgigned 1 velwe omewhers, Bt In the StatEment
unless the expenent i an dnteger, Aod wou 4 v use furciion referemcet Twhiich we
r discwss in Chapler 1}. PARBMETER I - 3953265
iyoom T You may wonder, at thiz peine, what e difference |4 betwren g wyroholic , . :
4 R conptent, defined by o PARAMETER prtemem, and & varab’ defiped by #n aualzn. By ﬂ'lll:l ‘:II the only plece in the program you have to ook to verify that you used the
) . Ir man ", i5 lin'e it . Yo ToTrect VElue.
= ::‘Trrmlige& !swiﬂ;!;m: ' luse ditfetence. Yo can defloe a convan Cne ather roason b3 wes symboly For consteney ic that you con easily t!‘l-l'l'lll.“!!lc
trechston of e oondtane Altwaph B value of & wfll mwer chinpr, yoo mighl
FARMMETER [LIVIT = 25 . 25) declde 1o uae wn spprocimmtlen of more o fewsr decimael dighs, depending, posubly,
on the compuist you e gaing, Incidentally, i is dways scecplable o gy n
.- - o you can define o vwlable DIVIT with the crecmable statement constant with more precision than the compuier can fundfe, B your computer provides
- wven-place prociuion for g real comttant, you ean stitl wrlte 3 oonsgn with Mo than
. LNT = 254 25 seven sipmficum digite. Many compilery will print 3 waming dicgnoxtic 1 notify you
of possible roundaft ervur,
One differetce Iy thar ones the vahie of & symbol®e ciminiant is defined, you canmar T
redefine @i, defiberately or aecidesul’y, An rween muse imparant difference ia thae i
wymbalic Sonstania -.r: permizaihe i: certamm cases where wariables g not For 1 TLL MODULE—WRITING EXPRESSIONS
oot testenCe, OB CUR TEC B CONMIARE crpressian o efine The lengrh of character variables, . . .
»5 you will see In Chaprer 5, Careful rypography in wrhieg cafiessiont will moprove the meadability of your pro-
graams.
' Racall that Mink spaces can be td almic# mywhere m 2 FORTRAN strtement.
" STYLE MODULE_SYMBOLIC PROGSAVMING (n fact, my long as e statement is typed in columns -T2 of the fine, FORTRAN
complete’y igrores paces eacept within n character constam, Thus, it Mikes po
Il is pond progrumesing practioe W use pymftw's, maiber than oumbers, for quantities.  Oifference whether you wifee " o
. o mr that might chanpe, . N
. .. Suppowr ¥ou ere writizg s progrm to undae account brlancet for a Savingy ard X2+ 3}
Loan Company. fuss gs you fimish, the president wa'ks by your desk and wayt, “By (s
the way, ouv inEreR mE o7 peubook wrvings i foing up 1M percent neat week. Will 7 W&
thal cause you any prodlema in your propram " 1ded!ly, you should be shin W reply, Ee{¥i2+ M
“Not an ull, I'll fomt change one Yine.” You migh Mave follpwed 8 convention in vour ’ .
program of calling the prshook incerest e by the name PERATE wherever it is Spaces e Ignored even within wariable mumes. If you Nke, you can write some
wel. To changs the rte, you woukd neod paly change the definctoon of the symbol B yorighicy pa rwo words, For instancs .
LT *  Ihe beginning af the progrom,
.ot On e other haad, if you boad wimen the inleresd a'c as =noeap’keh constam in ¥ WALUE = 0.5 « ¥ YALUE
T Taww v wevensd pleces throwghout the program, it mipte be Jiffcult o make o e pecessary PRINT », FED TAX, SLMa 1
= ST v phangpen .
* i Eaperienced programmery have beamed e soch modificetiont arm e mole mome Do ol be deecived by the ppaces; the warlables o XVALUE, YVALUE, FEDTAX
SO ofien ihun the excoprion. Try to anticipute waligy that migh change wnd repressnl thens and UM, - '
- T wosymbols rather then a8 cxplicit conalanls, Write ull cxpresskons in the [otm thet is exsicyt for you to resd. Mever sacrifice
B T Uslng vymbols 2leo Imprives program resdahiling. Compare these twd stigmenta, clerity in mn stempt 1e meke @ mined goin in efficiency. '
- :'.-H-.‘l 1 Condider thete 1w wany of computing the volume of & spbere.
. : AREA = A IAVIPRERATY S . .
. AREA = PRAADLIS.-2 + WETHOO t - .
o - VOLUME = 4 18870071 Re 3 :
- . Using the symbol FT s preferable 10 waing riw conatant 3,8 59265, ¥ou con we at » « WETHOD 2
;ruE thet Ui mixond '::!mh oy the comect form. TR you morier Dt the St PARAMETER (Pt = h.14150288)
e w T formgln hes B0 incomect vl for the conitint v OF coure, the surbol P2 omiwt e L -VQ"UME SANIGPRRSD e Rt
booe e e R T ITT T 2 § w L T
L 1 ¥ [
TR - R - T,
T T e e v .. T e e
R & IR . LI A
.. ;,-‘:.g_--":__ :"'_,h ~rz ot .
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CONTROL
STATEMENTS

AND STRUCTURED
PROGRAMMING

INTRODUCTION  Ore cf the remarkable things about a computer is its abllity
10 maxg cdecisions. Some comauter piograms mase decisions 50 complex that
the programs seem ‘o exhil almos! human inegence. Yet all programs,
evan Ne Most complex, are made up o! compylalions ang e'smentary daci.
s'ons lke *he ores you studied in Chapter 1. These elementary decisions
enalb’e a program o choose betwaen alernative inslruction segquences de-
panding o0 the ouicome o 4 sing'e comparson o' 'wo guantities.

In FORTRAN, you orogram a decizipn using an IF statement. You ware
imtroduced ' one !lom gl the IF in Chaptar 1. in this chapter you will learn
aboul ower forms ol the (F, and about e related ELSE IF and ELSE slale-
ments,

An important use of decisions 13 in controfling program loops. One way ol
wriling a loop is to use an IF slatement in conjunction with a GO TQ. Anather
rethod is providad by tha DO staterment,

This chaptar also covers the other FORTRAN statements used o conlo!
ma gxeculion of a prograrm: the STOR, PAUSE, -and GO TO statements,

A main theme of this chapler is the need for struciured programming. This
chapter explaing the basic contro! strgctures for weitng program loops andg
decisions, Struclured programming is a method of combining these conlrol
structures In an organized way that clearly rellects the program's meaning, The
method is very imporiant ‘or wnting programs thal are easy o undersiand, and

herglora rediabla.

CONTROL STRUCTURES

Yo
The  actured flowcheris we have been wsing are made up of rectang boxes
confeining basic [nstructions. These boxes are assamblzdd o show the ardee in aehich
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o
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CHAPTEA : TROL STATEMENTS AND STRUCTURED PROGRAMIANG 9?I
hisrrections we cuTied oot The variown ways 7 avsemi'ag the boaes repreacn the i
FIGURE 4.4

different. contrel sructures used In expressing the Copis of an algericun, .
We dchine 4 bislc hlock in o pructem fowiad o he eithern - FOUR BASIC CONTRg STR.C I e
) . . 1, Mdmwrirrtan! Siromtieg e
- A Blosk can be rady by i
I. An empty boa, or . it Blexiug " by jawning
I A bor conaining 4 Instocfon et dovt nol tamfer ool Lor coemp's, s " . : * beranlal execution;
B4 ENMENT, Of BN QuIpul instruction) , Socr 1 —l
Comider now how bagic blocka can be combined in 8 sructured Mowchart. We can Hock 7 _f 1
define o block i3 4 strecroted Bowche tiowgh ok induect G finviem, A Mlock in e - !
" atrectured fowchart s gither: . ' Fute 7 ' Thar, Eae s
. ' Thee £ Lt T
I, A basic block, or ) ) Co A bioeh can be e o7 e twg
1. Ary tombination of betit Blocks That can be comtrocied from the Tolt et shawen T,
in Figure 4.1 ) \ W
These Fowr rules for comeoructing 1 Block are e four husic coniro] stmpctirey: N Bl i Mock 7
1
1
I, Sequentinl stweture P T Woallg- [
2. Hethen-clie snpcture ! A bloch can b ’"‘ﬁ'i‘rmulngl
3. Whilc-loop stugtum i  Bloch Made & while-loog iawhet
4, Repept-Toop strucsre . e _' - :
Tt may help yoo to wederstand the écfinilivn of & block if your ik of it m w sort | . P
of puzrle. Suppose you have an psartment of bodcs of varigys fupes snd 3lzes out ! . Bock . i
ot of papet. Yoo ok pul them wgerher, Acconting W any of the feur fefes, o make s | ey - [
block. You can put ane or merr wach blocks tugether, agein scording  any of the ! Rt d: RormiiLoog Stractrs —
four vuled, 1w make other Blocka, and ae an The object of the puzze |1 tg make : -"-mﬁnhmb,m,q
srocmured Sowcherts, Figure 4.7 ahows & tpecific enampls, The structamd flowchen st | A Bhuch inakde  répea Moo brack;
the right of the figure in rude In 2ic steps By app'ying the rules, .
You ean try this puztle for yoarself, Draw any wroctned Bowchar oo can dhink Btock
af, then wy 1o conntrued 1t from basic blocks hy applying the rules, ns in Figure 4.1, '
With & litts cxpormenution, Yoo oan convince yowrse[! of w hasic fact Any ptruc. #REEt whilB condun
fured Mowchart can be consructed in 1l manrer, To by mors preclie. we can stule
thin fsct &8 follows: )
i tonirel eyucroesy i
I Principle 1o gee M‘:T:‘ “F’j, Lad 'H:rl- Later in this chaper we will reexamine thiy
| Princtple of Srucoured Frogramming FPplies 1o weltlog sracrered programa In FORTRAN :
! Any Uporhies (e ba repticeratad by 8 Erechined Poschad comsiyycied from baue bockd ! b
] perording b e four rule liKed in Figue 4.t THE GO T STATEVENT
- T 1

Oree way af lockieg sl this peinctpls |3 tae o provides & definiton of o strectured MWWMMMmmmem ; [

Rermchart: A prructured fowchort 16 the seme thing we & Mork, & previprsly defned, arecifly whith satemeny is 1 ba performed ezt mﬂ": in the program. To 1

Bt the real ggnificamce off the principle f1 Lal fyer comtye) tnctersy ane g'l we neal, vakmens abel {somedmes called <TAlrment nu?nﬁ} iy Just ot e, A 1

ANy progremi, Ro ater how Jong of how comples, can be writien by using theae four rumber wriien in co'umny | g 5 of the tme, Figere 3 5';"';; ;l:c-dlp:l :
. - - DIvEF

M s A TEr m ok e s R u SR EhRE A A A A e el o wem - s o - o A e ot -
T W -+ - i, . +- T R * ta o - - L T - ,
T .
o L0 . = . wto PR B - LT
A J-.--p.;“f = - P 13 'f'. A"} ‘II' ]
- - -
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cxamples of stoement Inbels. The form of the TGO TO wintement in
oo O

where m 13 B pistcmenr labe!, This croses proasam contr! [0 imnsfer 10 the $latement
with Jabel n. _

T Any statprment can have o lebel. Howeven, a9 Teod alatementd I 4 progiem Cin
have fhe BTG label, Alpg, slthough 5 monececutzte statement {such ax INTEGER)
may Tehre & label, & comio! alaiomicht must ol Hansfer WG 3 MRRRCCRIALIE siEement,

STYLE WMODULE _LISING STATEMENT LADELS

It will improve the resdaiftey of your prupamy if vow bse wimlement lihels In
ircrensing order, Sutemesnt 20 should comé ter staterent 10, Sulm-_m 3 shoald
come aiter staiemeet 10, This i3 pou requied of POHTRAN, but it will he'p you 1o
B your wiy theough your program. When wu femd & statement thet waw GO TO
100, yons Al knger whether to loek down the poge or up he page for statement 106

I w good fden wisa to akip 1ome nombers hetwecn satement Tabcls. Labe! your
sntemcnts 10, 20, 30, rather then 1, 1, 3. Thal way, if you m-fl-fr FOUT POOEERTL, FOM
can InseTt MEw ptatemenl Jabels krd still keep Lhem i increasing onder,

STOR, PAUSE, AND END STATEMENTS
The FORTRAN pyrement

STOP

CHAPTER 4

CONTROL STATEMENTS AND STRUCTURED PROGEAMMNG o5

nimply 7¢lle the fhaching fo gop eAECOBng your program, This STO™ statement iv an
EncuIRte FItemenT which Cam Eppear i wny nodng in your program.
The END statemenl nlso has & 4imple Form:

END M

Every program must contain one ond onfy ane EMT statement, which muit be the last
Fre of the program:.

The END botemient serves & dual pumpose, T i85 49 exctutale statement e tella
B muscluhe fo thop runring; im Ui retpent il i ideotien! o the STOP staement 8o
the END umtemtent i 2h10 2 Ceclaranve surement that marks the cnd of your
FORTRAN progiam, s that the FORYRAN, compiler kncrws when il hay read ol your
program tands.

The following proprem contains both & STOP and an EXND smement:

ACAL ¥

REad - X

IF X £0. 0y THEN - A
PRINT «, “THE WALLIE 15 ZERD" T
ETOR :

END IF .

PAINT », "THE VALUE IS NOT ZERC w

END o

10 7Tt mumiher remd iy 2ero, the STOP puatement terminstes sneculion, Ttherwise, the
END watement bermimines enceution. -
A STOF stefement enp include 1 charectat wtring In quetes, such gy

STOR 'PROGPAN FINISHED”

The corrkcter atring mey or may not be used for anwthing, depending on your
Rerticular camputer Tyatem. On Jome syxiems, e chaswcter string is printed an thy en?
of your ootput when the STOP simiement i exzeculed, This featore B useful for
debugging—eapecially if you hive séveral differont STOP patements in e progtam.

The FAULE statonl served dlmest camctly the wume parpose u the STOP
stetemient, The form §y r

PALSE
ar
PALSE ‘character Sy’

The effect of this staicment v |lke 0 STOP, cacept thal afier & PALUSE siatement, the
computer opermior can mancally reitart the proprun. which Ihen conlinges &t T
statoment following the PALISTL ,

-y — PR [—
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The mly 'rgul wuy to £oter an 1F Woek oo an ELSE tlock b by txecuting the
hlotl [P or BELSE statemant;

[ + - E + - . " A . A . . = . ;:- B
" . N
[ - el e [P ot AN ari s e o e, - — P Lt .,g__... - _t___‘ *L-i-"—-'- ;
52 CHAPTER 4 CONTROL STATEMENTS AND STRUCTURED PROGRAVMING 99
THE |F.THEM-ELSE STATEMENTS oL 14
- THE E, ELSE ANTD ENTIF STATEWEYTS REPAESENT A DECTSIrTG
To decide hetwten two pathi In & proftam you oxn e an IF.THEN satement [3ls0 -
a . oated @ block IF satement) mlong with wn ULSE s'atement and an EXD IF T Wcondfion T s
waxtetecirl. Figore 4.5 thews an example. Inothe fpore, condidon oeprescife some il -
"~ condition thar Iy clther mue or false, while Jieck | oan! Mleck 7 rojmsett airY i Bk 1 Atnek 5
FORTRAN statefment or groop of FORTRAYN aaternenrs. 'F |be gondilion 3 1rue, the
program eaccutes Bigck J; if e ¢oodition i fa've, e propmm exeoutes Slock T
Frgure 4.7 shows 2 speclfic example which cometpunds o the followtng FORTRAMN ®  fonomon) THEN - - ;
Plir sotcmonts. - o 1
’ E.SE .
w N ED ) THEM m‘:’gﬂ :
FRMT », "ERPAOR; Y WAS ZERDY 1
. ELSE -
PRINT «, "NUWBER OF WALUES = " N _ The GO TO sterement b4 Megnl becanse It trunsfers consmd from ortyide wn IF block 1o
PHINT «, :5'."\" - SU*:‘ . Y inside e block. ole The ru'la dom nit fochid h‘lnchiﬂg GNF qf an ¥ Mmk e
end II:HINT o, ANERAGE = °, BUWIN , does it forbid branching I’rn-m one poist to asgther witkin an IF hlock.
T ! _: !
The ELSE end END IF sicments, by thermacives, do nothing. Techadea'ly, they ' RELATIONAL ‘EXE - )
- wt ercomiabls watements, bol they causs no maching action when executed. They II I ‘E.": RESSIONS F_'
&, rve only Io dellmit the IF block wnd the ELSE block, which are the two groups of 3 proi g o0 r _ .
% matements between which the TF staterment Mawoses, _ L parentrcses of an IF ratement you write 8 condition, yuch ay
.t To be preche, B IF block comists of 3" the euetutshle satements fo'lowring & A BT 10 o
.t ('."'J;I:t TF statement up to, but pot including, e ZL5E of END IF saement that poes RN
Tk with the block TP, Tha ELSE biock consmis of &' the ¢nccunable staement Baltowing | This kind of conditian it called . t - .
~ 77 i ELSE statement up to, but not including. the END TP stiiement that Soes with Ihe ; thme! expression. The eymbol
- ELSE, aT.

it catted n tebuitonal sperutor. There ure aix

et operarory In FORTRAN, Table 4.1
flog them, You can vie thege Sperior o

CNTRAT ANy two anthmelic enpresions.

I
1
: + Rulr far Trengfer buw & Bloct -
. £ [ .i.pm;nmm.-;rmmu'lmunI!FNu:I:wm!:.SENbcHw--EI.!EIFNuﬂ. EXGURE 4.7
= i e lner) Froom owtaihe e block, i" -
o r \ .
- due ! I}~ -~ - TH=g '
. This m'e implicy thal the followieg pratements are mot 4cwed, | han o
: : I ’ ’
+ HLEGAL TRANKFER INTD AN F SL00K . i 1
o e F [N .EQ, &) THEN i ' . Pernt Mmoot vaiugs =" W
w A PAMNT =, X St i Frint Ergn M
L 100 ¥ o= Xl TR Prin{ “Sum =' Zum
‘ PRIMT =, ¥ i
o END I . E | BHnl Avarsge =* AVERAGE !
St GO TO 100 .
- ‘
..&.*’ e - -:— T L TR =—Fa —w-t-wdl - v Wl - - oy om R . N - o — -q,l :-pu-v-: -, ﬁ'l""‘:?"#._':. —-1,-".—7 -—-'qll-' % --:: F
._.‘._ . ‘-T ..!:.‘.- T - — & -m-\_ "?‘]w 1}‘_ k.:{:_ T ‘\r.,:, ::"' o f T""? %
. . r q‘r L 1
- a1 . -'-"‘."'rl' ” . P L "..__.‘.
o owa * B T Tt I T T .'";*j":-"‘r{c/l'c' - e I ARl p e, '{,
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Ml VLR b o -
the PALUSE suiemer! Jeperdy on 1w paniculsr computer To do thig In FORTRAN, vou can itc'ude an end=of-file specificr in the READ
- bl Tﬁ tg:c: fmnhﬂ.ﬁns Sysem, of may warnd eveculion of YT PROSM caeneer g example 1s: o
fmm&ﬁar rnu 0 NP A commend [0 contiue e program ecccution oe &< . Thin R ‘ .
};H'E,_'*‘ﬂ‘f_ﬁ;-::‘:é;*l walemeni can be veful for debugging on & umesharing sysem. . . EAD [+, «, ENDY = M ox . - . .
) -":".: Y. = !_‘l"v The !}'I‘I‘IBOJ
N wrrly 1-”:- .‘Lt" '.'J = f
TRowaw S THE END-QF-FILE SPECIFIER END = 70
IN THE PEAD STATEWENT

S 1* . X ot T
] = i

r

\ ; mhcr 1nd
"~ wl.ﬂ.w.mhmﬂ.mmﬁtﬂlmﬁﬂpﬂmhm

S B Y repeat {he procen.
T ' FIGLAE 43
e - A MEVER-ENTHNG LOOR
- - Eapaal {orpver
e ¢ fnsig o
A ‘_l.-.!€-
. ‘r'_ 7 Prin: X
Foar "

r

12 thc coud-of e pesiicr. This READ stasemem 1 ke s combimstion READ and GO
TO stetement, It meam g eeatd N value for X, buf if there It ng AcHe inprt

dats, 10 po
0 Hatement nember 20, Using this form of e READ, you can write the procedure in
Figure 4.4 lize thip: -
L
10 READ =, -, END w 20 X
FHINT - i
GO 1O 10 W
M EnD =%

'lfllwrel.rc!lldnuclfd:mberud.
tme thrgh the loop, The program
PRINT statcment. The elevears fime

e end-of-dde specifier has no efoct the fird 10
Just reacs a vabue for X, and then goes om to the

e READ i eneceted. rhere s iy e date, 5o

ST -3 the propram hranches o siemen 20, the ENTF sceremant, which o cxacutden,
" . ©  You ctn writy Mhis here with twee FORTRAN srtement g The perumal form of the READ Rattment with an end-of-file specifer Iy
- .oty ﬂ:t{ L] ' I
B SRR 19 READ =, X [ PEAD € END w ) g
. ﬂ- = T PRINT +, X . . ; '
P -k an T 10 where a tn w nmtement (a1, and fist |5 the Hint of varishles 10 rend. Tt meany: “Read
- Lt hen back (6 the u!uhfwlhcm-bfﬂ.hmhnd:mmnfdmhﬁomortﬂmwmﬂ."
- i beanc Inow strugeured Mowelas car fepreseal the enc-af-fils speifier in the loopin
.. v " sach omber and prmting (6, e GO TO sniement ” YU repr pes g
e o *m“m‘m loop. This will work Fme—= Tomp a5 thwere arr move data can's to mt&mu'mﬁlurni.d.arby:dechmuinﬁ;ure4.i .
L begunning of c._f.f ﬂt fnaf curd 3 remd, e RUEAD stiterert bun nothing o resd. . .
I R 7y fead However, ion. Lad e rm will $oq whie printing some emor *
e IR s SHLIE (Y cne B0 erme sondition, . oy . - FYURE 4.5
SHMIT LY moug determine sutomarically that there are mo ANQTHER waY TO DIAGRAW THE END-DF.FILE SPECTFIER
e, et O i It would be better to huve the prog, Frvne 2 ' LT T
AL T &+ move datm cards to read, ws bn Figure 4.4, ' iy AEAD (s, « END = A) 2 of vartaivme

FIGLRE 4.4
A LDOF THAT EXTS WWEY AL THE DATA HAS BEEN READ_

1 .

P Fat of it bbey
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VAL s kawmag e L, ' - "
H ' - - r
‘o e ARt LA _..,-.q-., b, ....m...-.-..u....ﬁ.u.a—--.k s ot e e Mt T
b, # _:’“‘i__ 2l ““';__- e - T CHAPTER 4
For example,
-, N+ 1.LT. 2+& & 21
7. - :h megnd “hy N+ [ [eas thar 24 + IB™ |n wigeben, you would write dhin s
: s A - X T
» " - )
o } , N R TP [T
:t Z -..“ { -:.-I- - TABLE 4.1
LS ACLATICMAL OPERATORS
T FORTRAN L pmbek MNarhewatival 5 rahol Mrdning
I r R LT, = Leas thaa
e 1E.
= Lexs (hen i ogual |o
4T, = Orcaaer tun
. GE. = Chreamer 1han o equil 1o
JEQ, - B‘u...[ b
| ’ NE ¥ Mot squal 12
T If your compure rwo cxpressions of iferent
Fow o n e types, & Type convery'on takes place,
e TR st w in mitsd-mode arithenetic, Por crsmple, srppose that N i an inteper variadle
A P ind X iy u real warioble. Then o evalen'e the refulonal cxpression
. mewd m
kY s B N GE. X
- .,_Li'a 5'.-'!‘;.*';"? LA - )
- Yt
- PORTRAN comveris N to o real walus, subtraciy the resl value of X, and cornparey the
. - o F%- + meault to zero.

. Al of the exampdes of IF siztement 1JHT yuu have seen thuy far bave vsad simple
relations! enpresions. The coaditon ia an 1F cun Be any relatiova? ex pression, or, n
fact, any fogfcal cxpression.

+

LDG1CAL EXPRESSIONS

Relajors) cxpragions ot ome Lind of logrest exprmson. A logfea! enprevslom in
FORTRAN {2 a0 shpremslon thet is erther reue of falve. Snch eapressbons are called
logical besmosc they wre 1ke the capressiems ored in e mﬂ_‘l‘m.“:ﬂ stdy of
symbalk logic.*

mmimphthﬁnlnMHmm‘vmthmhﬂuTmﬂms.'

which represent the vatues frue and fafre. tn FORTRAN, you white these consunts o

M"‘lﬁu'f.-ﬂ""" form, wnts bivernied by Chergt Mawle i b Ly of T (12D

LS LN ¥ wa P e :"_);
P R L
Lo Wl al o BT e 7
.o ) k.
ﬂ'—‘nﬂhlw-u-oﬂlﬂ-irh-ﬂ.-t Ak e e R m s T iy 4—'4!-\ - .
" COMTROL STATEMENTS AND STRUCTLRED FHDGRAMMM LIRS 1'01
TRUE
araf
B [ R '*: W o,
FALSE *

mmmmmdﬂmm“mﬂﬂ:qﬂm for o logicat
COnIAnTE,

Ancther Tind of logical cxprasiot is u lsgical variable. Jusl 23 W0 Imeger
wxrisble takes on integer values, o 'opical varishle takey on boglal valuex, The there
we pnly fwo powathie values for o logice warlable, TRUE wnd FALSH

Yoo can deciure certain variehies to be [ogical by paing m LOCICAL statement,
Ike the following:

LDQCAL P, 3

This pracstnent memMFm!Qutlwul vtﬁlbhhhﬂwlﬂ-
The LOGICAL stnement {like e INTEGER and REAL sarsmenis) by o du]lrl-
tive stateonend that musl come Belore O Aot sacoutshis suement in the profsm.
You cen masign m vator to o jogical vemish!e wping » ]ugfut uﬂmﬂgr‘mu.
ment of the fomm:

o
]

where warigble is a loglcal varisble and egpression is n ln-slﬂl utplmkn For
example, -

LOGICAL "F’ES
YES = .TRUE

Harabia = axprastion

*
I

n e

‘..J-

Legicat aperator jn FORTRAN 3oin loglen! saprossony togother Lo form naw

' fopice CpreERons. Soppost ot want B Ebiw U the valoe of dee real vwriable X i

botween 1 and 10, Tn algebra you would white this condillon o

T R )
. .

th FORTRAN, you usc the logical operator
AMD,
= Join rwo relatonn) expresions, a follows

1LY ¥ AND. X LE 11 -

* L

Thet iy the valce of thie loglcal saprssion 0 be cither . TRUE, or

P . &
logix = eptad g, il oplted erpwruody Wt peioetmes Clvd el g i i
b vy . g FALSE.. 1 In truc i and only if barh of the relations wre true,
-
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The logleal operuter )
L

tests whether al loast eme of twd lopienl eapressions is true. The Jogical sapression -

N LT 1 OR. N QT MAX

han the value TRUE, if N it leas than 1 or 7 N ba greacer than MAX, Tn everyday
wpetch, the word “or*' LoMEtimes means “onc o Ui oiher, bl oot ot 1T 8 menu
¥, eoup of 1, 1 usually mhoand wo ottt Base both, But in FORTRAN, the
DR, optrair mcans "ot or Ihe other, or possbly ot k

The operuiar

NOT.

gives m ln-gm]l capreasion i opposite valvg, You wote Mis operuor in fromt of an
cfiEEmem i ﬂung: jtn va'ce from Crur 1o false, of viec vera. For example,
MNOT, | LT,

is e {f [ is mod bemn then ).
The logica] oparator

EQW.

ey whether two logteal expréssions wre equivalent, tiat is, whether they huve the

SEmar WRIgE,
P .EQV. O

iv oo I amd Q ame both true or both fane
The legicy operutor

-NECH. -

it the oppothie of the BQV. operstor, Tt ks witther two Togical gxpreasion are A
oquivalemt, The expression

P WECY, O

is ooe ¥ P in true end © In fafee, o if P s [2)s¢ and Q & troe. The .NEQV. operaior
ik sometimes ealled an exclaslve or opecerer hechote Bnather interpretation of iUis MM, coouned, the Topickl esprertion in paremibesss v cvalupted 1o yield ® walue of

P NEQY. O

. — LT | ' bl . -
b PR I DR s AL S THL T LRELY oA T T

» = - - .
" i i '
- .= — T
I'l L] r ! - a -4 . - i -

tar
is true it P iy trre or ) i trae bt mar b-:vﬂl Thuy, It in Iike JOR,, bur it arclindes 1he
e where hoth ame rue,

Takle &.2 15 catled » truth table. Tt shows 3t pensfle outcomes of applying any
of the logical opeomlons o (wo logical exprsgions P oaed O,

|-'¢—-.' ==
1
3
H

TABLE 4.2 *
TRUTH TAGLE <QR TOETRAN LOGICAL OFERATORS

P 2] NOT.F P ORG P AND.O P EOY. O P .NEQW. O

JTRUE. TRLE, EALSE.  JTRZE TRLE, THUE, FALSE,

JRUE. FALEE FALSE TAUC FALSE FALSE, TRUE. oy
FALSE. .TRUE .TRUE  TRUE FAEE  FALSE, TRLE. -
FalSE | FALSE, | TRUE FALBE JFALSE, THEUE. FALSE,

| AT wttwecte opermon [+,

- nsfers conrmol 1o the 1R 'block or the ELSE block.

In Chapler 3, you sw The reler for evalpuiing whithmelle expressions. Ome of
these ruled said that mmhipiication is dowe before wdfon, mmbas otherwise e ted
by parentheszs, There wre pimafer rolen for evaluping fogienl enpredlona.

h—

Rates oo Ewidmiiny [ogpioal Eprdtsiims
Farenibees can be used o Zroup part of & loghoal Sapretelon.

= mg dy ved o pviboivd frd, aocordiep e vhe Twlex in
Chamer 3.

Nefstons] operatovy (LT, OT., LE. OF, 57, NE} ov rvalweost beforr lopical
oMot

Unletn yhtrwise prouped by parenmewes, [igical operaons &t cvafued in M folkrtng
arder. :

1. NOT, 1. .ok
7. ANTY 4, EQV. OR NEQVY, -

[
Suhict i the precading maltt, exprosshony we evatuaced kefi 1o cghi, i

o — b b gl s £ =

-

mimmhmmmm-unmmummmmhﬂm
writs & logicnl saprepiion. The other rlen wll you what heppens if you kave off the
pacodeses. For capmple, te rales imply that

MNOT, | + 1 B0 5 Ot N EQ 1

-
’

neany e pame o . .
(MO, 1A + 1) EQ. |) OR IN EQ. 1} - -
Themmnmmdhpmnwuﬂmisianm.mﬂ;elPh

TTRUES o “EALSE™. THs valoe dciomines whether the [F stemert then
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Tre ELSE Block in this exemplc n empiv, I this cawe, yom can pmit the ELSE

satement colirely, sad wrile U procodere ay

= (M LT. D) THEN
PRIMT «, ‘ERRCR’

. M=0

END

“ow thar the END TF patement in still needed To terminiie the IF block,

It & 230 sllowitle 1o bave o emply TF Wock. For example, Figom 4.9 shows o
peocedure mmt says, “TF XMIN 5 X 8 XMAX, do nohing oiherwise pring an eorpe
meisge 40d Hop,” You can write this in FORETRAY n follews,

IF (XM LE X ANTL X T ¥MAX) THEW

ELSE
PRMT -
FTOR

ENC IF

. "ERRCR, Kw‘r OF RAMGE"

Asepthry way w0 writs thin bn 00 reverie the Comciion and pot the stemems o the 1P
Block. ’

IF {NOT. [XMIN LE. X AKD. X LE, XMAX)) THEW
PRUINT =, 'ERROA: X OUT DF RANICS
5TQR

END © !

L

There is » a1 Form of the IF smemem which yoo cen 122 w0 conditionally
erscute & vingle stsemesd. An caample b

FNLT. DG} M = H + 1

In plazc of ta word "THEN" b the FORTRAN starement N = N & |." Thiy
anl phmest staeminr it eacowtad i phe comS ok ~N LT 1007 iomue, Oiterere, ihe
aulpament spicoacal is HMplY by panaed.

T - g e

P RS- e S U L TPV it ——a
104 ' TCHAPTER &7 Tant STATEMENTS AND STRUCTURED PAGRAMINTG ™ "fos
OTHER FORAVS OF THE IF BTATEVENT FiGeE 48
: A CONDITFOMA,, STATEMENT Wi™H AN EVPTY LSS BL1
Figure 4§ {lustrtes 3 procedure that says, ™11 N b Xss fhan . pont the word L0 RO ATE AN EV LSS BLOCK
ERROW and sl N qqt_lll o [ otherwise, do moching. ' You can weite ihis 1
FORTRAN an follows: FN£D
- [ U .
IF (N LT, 0} THEN I
PRINT », 'ERROA" I
HeD Prnt Erpr
- ELAE
" EMDF ' ! N =1 !

Thiy ooe-line [F yopement o calicd & logleal 15 statesmemt. Fpure 4.10 thows
e general form. The cpmdinlon in this starement can be any logical ¢speession. The
watement can be ENy enemulgbic stxtement except the Tollowing: D0, block IF, ELSE
IF, END [F, END, or wnother logical 1P, (Some of Lhese pre discussed latee in (his

chispret.)

EXAMPLE 4. Pecoem Inceenze or Deptearn

Diagles Drug Sore hd compited il Agoees for sach lrent in e vemory, For cach e,
-

ey pooparcd @ e cerd giving:

T. The hem momber (oo jrseger),
1. The dollar wmunt of salek for laar monty, end -
1. The dolie ol of e fou chiz month

Lot o'y sador i i b nero B B B b s Toom, Thin Siweth’'s sales might be paro Lf # B0
discondimaed dtem, Wrbe p prugram il swill penpute e percend Increuse {or decmeuce] |4 ta'el
for pach teh. Om eich Frse of gueqn, print the ol tamc, ety fgared, and the perces
wocrense followsl by the wonds FERCENT [NERIEASE (o print the pareent decromse, followel
Ty the wonts PERCENT DECREASE),

_ FISURE 48
A COMDATIOSAL STATEMENT WITH AN EMPTY IF BLOCK

I EMIY S X = XMAX
e

Prewet Bomnr = X ol of iegar

Bion

L6

et Hoe 1P vt would b 3 Peiley Spmers hor Mickoricd] e, B b cilbis] v bogic o [F
Grmimpiish, b fram the ok wishagaly, T

hy g e

L}

At o e ek W

b
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I Starpment

CHAPTEP r)
EIGLRAE 4 1)
Ll P L T LY T
Moz pAtemErT
F Cntifuger
(LT ] L]

Naxl giplermnl

Tr kepcarl forwp-line) | piiwenent SAR Sflect gne SLlcmiond 1o be casculed B p condtion e i

_ Fipure 4.10 shows » jop-lvel Seaign. T0 cury ol il Drocoture, wou Gan usa eee
vaubler, [TEM. &0 Imteger vicia%e for tha mem name, OLD AMT and MEW AMT, ot
varinly'es for tha inles amoems. To compute she precent increma [0 saler. you srbimel he old
ameyni from e Aew amoum, Them diside e the ofd amouet, Mulcply the mul By [0 0 give
peenl increace, The H:dr.m\l ur:mem "

PCT ING = 100{NEW ANMT = LD AMTIOLD AT

There o oee spacly] case 13 waich gul fid. When OED AMT 4 zerp, e fofmats b

inulhd, beanrie it enlfy fox divizsen By oo, You can uae an ELSE smiement o define u...
MTCETH IRcHune W0 BE B when QLI AMT b 2em

You can wieo use #n BLSE twemunl bo chownr whether fo primt tw words PERCEHT,

INCREASE or PERCENT DECREASIL

Flpans 4 1 showy the complete poceduce, Here 13 1he compapambing FORT AN progrem .,

« DINGLES QRUG STORE PROGAAN
« COVPUTE PERZENT INCAEASE O FERCENT DECREASE IN SALES
« FOR EACH ITEM.

INTEGER ITEM

FESL CLD AMT, NEW ANT, PCT INC

FISURE 4 M
TOPLEVEL DEBIGN FOA TSE PROGRMA TN ELAWELE 4 §

Wy thgen B i bepod Sl

Rt e daty

Cownpeats Pl Daroont Chpas® b deiTenss]

Prtrt o durn f0%0wd by
- TE WO b DR L LN L [0 O rasE] }

taghe of ststemebin. Comoider the Tallowiag rinnple:

i
- —

[ T

CONTROL STATEM"—'NTS AND STRUCTURED PRQGAAMMING e

FYRUEE d 2
SECONDLEVEL DESION FOR THE PROGRAN (N EXAMPLE 41

Whle "Rl i ern darn -

+

I_ Fead ilpr, old AM1, paw &Mk,

Moddaml om0
Iran L1
) 1
Prlowig, m
100inaw 4t - o gl | Pri. bz = (0
ad b
L1 ™

Beink dam, pd yme,
fiw El, BCL e,
FERCENRT INCREASE

i Print rmm, o drr
Frthad L =fani IM,
] ‘PERGENT DECAEASE
10 READ |-, +, END = 900) ITEM, LD AMT, NEW AMT
IF{OLD AVT E. ) THEM
PLCT INE = 100 = 1NE'.H AMT = L0 AMTHOLD AMT
ELAE
PCT ING = 0
EMD F
IF [PCT INC GE, 0) THEN
FRINT », ITEM, ' LAST WMONTH: §', OLD AMT,
4 " THS MONTH: 37, NEW AMT, ¥ *,
; PCT NG, ' PEPLENT INCHEASE
ELEE
PRINT & ' LAST MONTH; §°, OLD AT,
$ ' THIY MONTH: 57 NEw AMT, * =
t PCT N, * PERCENT DECREASE
END F
G0 TO 10
o END

STYLE MODHILE_STRUCTURED PIDGEHANMING

Onc of the preatest Siffice!des facing the begianing programmer i3 Mow o cxpoest
peogrem loghe clenty, Without care, even a2 simple program can begame & gunfused

L. . s - . L Bl L

e

1
o
cn
I
|
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e o -]
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L

L~

CHABTER 4

Ty

PEAL % LIVIT, DX Y
« PEAD o X, LINMIT DX
Wk LE. LVIT GO T 15
STCOR
X=X+ DX
GOTOS -
¥om Waad s X
FHINT « X, ¥
GO TO P
EMD

19

15

Each starement th this progrem [v éany 10 wnderiund. But whay docs e program
ot 1t 5 diffcede to wll, The procedute, hongh basieally simple, o5 confusing becuuse
of the way 4 written. Ser how much cloarct the sane Procedure by when we rosmite
v e Tolkew

RAEAL X, ¥, START, LBWT, DX
AEAD -, START, L'MIT, DX
X = 5TAAT
IE (%X LE. LIMIT) THEM
¥ om Mend s X
PRINT « X, ¥
X =K+ DN
G0 T 1o
EHC IF
. END

Structured programming o wechnigue of building 8 progrem it an crgenized
wey by combining Mot Woording ke the taaic control structeren listed w1 the
tepipnrng of this chapler, We defined v o in 4 structured Fowcharnl By uilng en
wytrpecl Celtpinon tal pave no'es Tor Butlding Dlocks from owr blocks. We cpn defire”
i pragras Slock noa gimllar maneer,

: Dirjensiion of w Frogrom Rleck
& program bl 7 cither:

1. A single eptcoiable Matgment Mal doca nol iFander control, o
7 ey cumbitation of mach Macmown tue (in be fonrey by e foflownty ruln,

Fufr {: Srquesnal frestare A progiem bicb can be mete by joinkeg 10 grogrm
blochs e wequemee.

hrma o -

Hock T
Biogk ¢

Ledm- own

#uld 20 [fahemesine stravtury A, program blick cun fwonasds mamg the kel IF, ELSE,
end ENT [F pperstacs by asy of e follaximd frne

maC

. - Towe -

o derm R A - - -t -

CONTROL STATEMENTS AND STRUCTLMED PRCGRAMIMING

fu) 'F ioondion) THEW f
Bipck
EMD IF

{&] IF leondtion) THEY
CLSE
Block
END IF

e} 15 icondion) THEN
Elogk 1

ELSE
Brock 2
END

Rule 3: WHILE Joog #frwitirs . A program black €an be made by putenyg & progrim black
inside & white kyp tn e farm:

fobal  [F fepnofiian) THEN
Birh

. OO TO b
END 'F |
Riie 4: Repeat-Joop trecemry A program block £on be made by Putting 1 program bock 1
inude & tepeat Joop n the Form
[
Ml Bk
'F looncition} 00 TO b

*

These tules are simply the PORTHAN veredom of the mubes for making stroctored
fowcharts. The prncple of swoctured pregramming given carhier has the following
coenterpart for FORTRAN programs:

N

—
Principle of Sirwctur o Frogramecry
Any afporithin can e written is FORTRAN by oombikimg ¢acCuteble sipicrammty loey
Bk secorthng g ez Four mafes pivem sbove.

Wa defne & Siruciured program to be o pregram i follows e rukes of FORTRAN
andf in which a)l the executable patemenns form 2 Bleck, o

tn Chapter } we said thm /ndesrarion of Jistomend FIowps can iMprve program
teadabiliy. What we have mcually besn doing in ot caemples by ndedding omch
vrucTured program block . This practice len vou soc oo a phetce ant where esch Bk
in your program begits s ends. THud, indentatioh of blockd is w typagraphleal way
uf highlighting your progrim’s conirc! s=ughore.

= wr - . . -
LY

]

66 N :I ,_-

P —




110 CHARTER 4 CONTROL STATEHEHTS AND STAUCTURED PROGRAMMING
IF fconmchion 27 THEN
Eiprenigm T
ELSE
atament 2
ExnD IF

You may aal why srctored progremmen:y womporaar. Afer aff, i 2 computer
e ool 3 st of mruction: and comes B Wt e digt atwwer, Does i1 muer
wherher the inerugtiony are wimdr ie stoecired Borm® The sawwer s that i certinnly |
thes nel roier by The pormputer, 50 podah'y Sies nod Fuather o the ond uwer of the
fwinad dara, bul st may muner 4 gread veal W e proosamener, Sucioted programy ere
B far pasicr t0 read g CR3ier 10 wmmirCYai Phan s c it o,

In a struetured program, contral ik Trang noae re dogaen. You can orcad g
strucured program fhe you read o book, w3z at S Segnning, ending 2t the omd.
Weading = hiphly wnstrycrored pragramt s like readimg o hwouk weih o Sezen Tounoles

By Rulc I aguin, be following is & program bhock.

IF concipew T) THCY
IF {eondimen 29 THEM

pet page. Your train of thought in convta=is interrzpiod 3 your gy e Ja aboal the Statmrgen |
nape in seemningly mndom Fashion The 'opic behind the walemenis o obsure, A ELSE
afPuiured progeam i3 endier to font, ehd Crerefore mrch caster o validate. Valiletrna Hahwranat 2
2 profraT—CONMrUCTing an informal mental prood, o peraps o fotmal written prool, EMND IF

of correctness—|u witimately the only w2y yow harse of Lnowtag thal the program ELSE

wiwks @t you iMended. Structumed progrenening i oo freatesd sssfl M program N :‘m'm 3

walidatigon,

EXAMPIL & F Combraitfimg a drruciwret Floyier
Tn the prwctwred fowchmt of Figore © 85, conr i § comcarfon I, amd wy om, O beomny L L poocpaed pofram an e Tollawing form.
‘mpical crprestions, amd pufemen! [opincnatr 3, and o o, cam e any erecutale satcrments
fat o ol framafer comol. Accontimg 0 oo Jokimion, ¢xl of b st M hgRaTE
Pawhi Them by Hule 2, the Del'owing = & proscot ock.

Ol F fcondiion T THEN
IF [gongiton 2] THEM
Fowmani 1
ELSE
ltemenl
ENDT IF
FIGURE 413 ELSE
} satemant 3
END IF
IF {condttan 3] THEN
IF jcomdilan £] THEN
SHatmman #
ELEE
tatement 5
END F
GO TO ¥
EWD IF
IF feonditew 53 GO TD 100
EMD

W cang gn 1

!MV
g

Slatemant 1

than

Slplgment 3

Staterrer 2 [

‘Whilw cond bon 3

I candnon 4

e rar

s Nl Ahe] Somdiiseny uied.
Of cOurwe, o aTie L Yrechwed

— i m ey

- —

Lo

11

Im fact, yow cah continea 10 apply the mics for comtructoy o program bhock 1 e wme wer
1l the srrwctuced Meovchar! wan Bailt up in Figars 4.7 b som thal 1he algorithm con be weritces

00T

Mot that tw Form of Mae Arogrite—its serterp-ip the et of But fervipler

L

Statemant 4 |

Hargmani &

Fispulel | wehiHi LR 5

FIOITEA YOu O 804 iy W ictemly ppdy P rukcs in this
mechanlcal fashlon. With » Sirle pewctics, you will lowm Lo recogakzs e truetursd Formte and
wic the sviometally i your wink . Yomr fral reoal, domgh, i p progrem tat coukd S bk
up Mep by wiep In the manner indicmied by thiv evemple.

b e o - - -t wray —r d— W

-




"STYLE MODULE—LOCPS WITH AN EXIT
IN THE MIDDLE

Consider the procédure in Figure 4 14, This is an exdnphs of g koo with an cait in the
midd%. The loop coniun an inatruction Wl exin f cemedivm 2 b ooe,

AL first ghange, thiy Cpaethan docy #o0 apocw 10 ELinio iy of the palicms we
covgredy il Iy netther & while-doop sirsclure moe o Repeal-loop struciure. We can,
however, Uangform the wlgoritn inte & whileloop sifecrure by the technigue ol
introduciop w contrel vurighle.

Suppose thae P ois a jogical veriable whwh 1 Bl used anywhere el o the

algoribne. To begin with, let F be truz. Then modify the hup contral coodition 1o
execyie the foop while

Eandgeng 1 AND, P

v twe. Within the Joop, tf eondiior 2 is true, et P be faise, Thin imakes the by

canizol condilion fulse, so that Ui lowp lormingiey on the next jioration (Figux 415},
You phumpld Erace the Il}gil: of Lhe u]garilhlih in Figurey 4,14 &nd 415 o coovinee
yowrsell' Dt they e cquivalen .,

CHAPTER 3 CUNIROL STATEMENTS AND STRUC TURED PROGHAMMING

FAGLET - -

{

Statumenl 3 '

F = TAUE,
Whila Corthibgn ' ANDL P
‘ SHaprgru 1 '
|
o gnddeon #
Then | §
|
Sinlgment 2
B = FAlSE.
1

Lrggment 4

A wimilar technique can be wscd 1 Danafuna & Tepewd Joop with an exil in the Usog a Dgea vidiatds P, i Srnostuss 0 S 4.0 Shn e wellen s Ty e i mﬁﬁ"' L]

hlddle D & repeat WOk wilh fo such canl [Ecercise 17). Tn facd, 2 simifar Iechnigue

FIQHEE 4 ta
A LDDP WITH ab EXT I THE MIODLE

Wrikle comdipan 1

Stateman |
I gandhlan &
L]
Ealt g oo il Sratement 2 !
120 1o plgaiemant &)

Sdatemint 3

J

SuterTeent 4

1B F concliion 1] THEN
Ehaaradnt T
F jconceawt 2) GO TQ 20
StitaiTant J
Stawmant 1
GO TG 10

Ehd F

NCORorawd 1Mo The geeng condinpa

P = TRUE
JF [ecetingn 1 AsDL PE THEN
Sindorrugesf T

F oot # THEN ’ v
MSE.

L]

Pa F
ELSE

Sigtermant 2

Ry 1
EMD F
Qa3 TS 1)

TOT

can be used (o trunsfom g while 1o into 5 repeat Joup, of vies verd (Exercion 18).
T Ancdwr iied of loop with am et in ihe middle i & koop tha bminaies when
end of datt 1a fached 9n a RLEAD operation. This cast can alsg be bandled by
iotrducing 4 contngl varabie, watng b IOSTAT mpecifier, which in diseuseed in
Chapter 9. M i5 efien Mmore conveoienl in FORTRAN 1o wae an end-of-file spevificr
that twmoches W Ihe end of the blovk, A good way [0 orgenize such procedures 15 10
make (e READ the Hrad siatymear -1 o block and have the ¢ocdaf-Eic speciber brsach
¥ The An: staenent of the folluwing ook, You can use the fom:

- lmbai ¢ READ (o s, ERD m A0 2] ket
ik
GO TO laber 7

Iabg! 2 MNesl Bloch ,

For a1 practival plrpow . cha i be combdend n while loop, since e bhak n
wgamignd while there oy Mo ngtt S w s

v

13 '1
1



I CHAFTER 4

L EXANPLE 4 F Quadearic Eqwrtions
A gmadrarle sgiorion v equeine 0F she fure

FTLEE N "HENE ]

whive o, b, wnd ¢ o conman, and ¥ 11 oo varistie, fRoalpetie, you leam e ki1 eguaion bas

g wiwions. a, and x, Frven by e 7 o
b+ W -
II -__-_.-!‘J.I'__-“

=h o I g
b S .

L] ]

For gaample, you can iodvr fe cqoeion
k=0

T wpphng e wbove Formmols to fad 1, = 1,r, =1, Let tn witic 2 progrem # ped threy
numkers, 8, &, ¢, et PR gt goluions 10 e caemespending geaCTee edatlen.

Ta make the prgrem mavenett Wi, e e have ek 4 R OF car cants, w e
rieh dan card semiateg three wmlues o, Bowmd e, For esch Laly cund, e oraprem determsines
B corpipanding salvtess amd prirns Mo Thus, T fop-leve? cogn BBt e i Flipire
RN

To mike the progrem work comicTy Tor 2% peaarte vt of o, b, and ry fheor ere
stpprp! pecin] caees to toasicer,

[fa 1 zem, the edusron 1 onod beally o quedretsc cqmation; 1 0 4 loesr eoEeten,

bx +r = O

which we i wivg "y 1 Moot formrls. Thes, M 0p'ove doviph cam b cxpamdvd
“suwr 1n Figure 417,
The safulion of e Hnear cqarion i

Thi formrals, Sowever, ¢ncs net work ol b = 0, i beich Cant che EQUBIIGH 10 be Tobved hap e
Towm:

G o=

Thn cquition ip moe for Tz IF o = O {5 mord cosed, and e e mas £ # 0 it
imperacible o). Thus, O prosedure frr salvng toe *Ineer oquaon T ot thires in Fipered 2R,

The uution of the quadranc euse fa F €3 0 even by the formotas, bor a2arn e are
e wparely cypen. THE aNLty whder e sjlsrc s sigm

M- in

in catid the dpriming of the oo 1f & = Ade 2 0 ihew B Equestion S e dlstlnt

CONTAOL STATEMENTS AND STRUCTURED PROGRAMMING

A
L]

1.1

SN g
TORLEVEL TESIGY FOR S0LVING OUADSATD EQUATIONS

White There 12 Migee ROL" _\
! Read values af g, 4 0 —!
] Print th mauslan 14 be sphed ]II
l Frirg thit glislemn (1 any! i thes wousloe

wolulane given by the farmular. 1F 4 = dac = [ ten the sqration his one solulkn gieen y

i1
o ——
Em =1

IE8 = dar < 0, the squeton ha two Bolutons, Sut they ane compder Rumbers, of e fom
1=y

where { @s the Base of fe Pruginery Aumben § om W 1) and £ and ¥ o given by the
Foerartu lag

FE )

X
L= -
. sl
- - i) ]
L o i-
- FISURE ¢ t7
SECOND-LEVEL DESIGK FOR SOLVING OUADRATIC £QUATIONS
Whilly tR b s I !
Fapd va'wes od & b ar ¢
Prird e goruadson b e sohved _|!

Na=0
Fhien 34
Bobor Iy Sohe ThE
Tirhal - B LI LR R
ww-? r IR LR I




WM oLt T

g

e EPLIL M ARSI D Al 3P Nur Dl P AH ST

i
':'G' IOF 4 '3
T LA c FIGLEE 4+
UL OF THELRERRCASE M T SOLUTION OF *hE QUADSAT™C GASE ta o o
: DISC a - ax -
=1 ! H
-t ] ‘
1 L]
Te=0
P e B . "E L
‘ ' IroISE > o
Tre St T e Then ah .
1 4yl I3 ImpgEs e _ — - SohIOM:
Tt bR
-n +SOnse Dee sohuton -ﬂ:(@)H
T\-i,upumhnfw#rh|hq-ﬁtrcﬂhnm:nﬁpnl.w. Pumimp. thew Za b K 2s 2a =
parta legetieT, we hawe the complete wrruerured Toachan shawn ol Figere 4 30, ang [ 5 ] )
You cof immaiaie thh procefir e FOWTEAY waing e Wintore famte prviowe's '_ﬂ"‘_:-__'JLE
drsenmed. THete jn only ane point which we b mul yot sovered: findng wrare foo. The o ! ]
wiaare ool of 5 ot garive valwe X v ther ppme o K fained M D puaaeer LiX. Thes, e spenee
nut af DISC o piven by o FORTRAN ewpreann
FHGURE 4.0
05 COVALETE ALGORIMHY FOR THE PROGRAM TO SOLYE QUADRATIC EQUATIONS
The compbo pogram ie e follows. Wiy ek T e nemat
- BOLYE THE DUADPATHS ECHLIATHC I Rgud valuss ol & B s c
. A ¢ BeX + C ol Prond tha aquason b b sobeed
» FOB ANY VALUES OF A B, AND G
. THIS PROGAAM FEADS ANY NUNBSR OF DATA CARDS EACH DATA CARD then ‘a-t .
« CONTANS THREE MUWEERS AS YA UES DF A9, AND C. THE PROGRAM .
« PRANTS EACH SET OF INDUT WALLES ALONG WITH THE SCLUTHON TO THE - —
- CORRESPONAING EOSATION. ! |N - OSC = b2 - dae
f |
REAL & B, G, SC e = le‘y
W READ [» - END = 807 A, B, C "‘E: mhes
PRINT «, 'THE SOUATICN DISC > 1)
BANT . A KeZ 4 LB K e rﬂk‘_ T
IF (& EQ, 0y THEN | pont
IF |B EQ. O THEN Pari Poip Poririe Py Has two |
IF G E0, 0 THEN Print s ‘Mg pnag | HEE T 'Hos ol | comples |
PRINT &, 15 TRAFALS T’ | mpcsabe | sonon, | souroms, | sohueoen, | wencons
S .. '|3 MWPOSSELE i K PR R
END 'F 1 i

i




CHAPIER #

Ege .
PRNT o, "HAS DNE SOLUTION:
PENT - "X =7 2
END IR
ELEE
HES = B ~ dapel
IF {52 BE. 0) THEM
IF (THSS GT, @) THES
PRRT o AT T SO UTIONGS
S A S
[(—B + DHAL--0.5)(2 4
PRLT =, “X2 -,
(=8 = DISC: 05 a)
ELSE
PRINT = "HAS CHE SOLUTION
PRT o Tt —BEoA)
ENT} IF
Er1SF
PRINT + 'HAS TWD CONPLEX SOLLTIONSG”
PRINT +, —Bit2-81, * » OB - 1,
1= DHEC T SHAL, F o
EKD R
ENG :F
GO TO 1D
¥ END

THE ELEE IF STATEWENT

Dien you mey need 10 use @ whole seres of conditions in e procedure. Figures 4,2
shows » proeedure thal ewiTics one of (o pmenens bescd o st af dwer
Conditons. You can write this procedure m FORTRAN =5 fullow;

IF (cordikan 13 THEN
latprpn T
ELSE
IF fcondiiar 21 THEN
AtaieTent 2
ELSE
IF scoreThon 3] THEK
algtemaar 3
ELSE
Hderman: 4
END IF
END 'F
END IF

CONTAOL STATENENTS ARD STRUCTURED PECNGRAMMING LY
These sEalementy A Perfecty comect. There it, howeyer, 3 more compact wir of
wriling the precedure dsing the 1NTNW IF statement, ov Tollowa:

IF [congitan T} THEM
Faemar !

ELSE [F {pameiior 2% THEN
Natamaet 2

ELSE IF (ponpion J) THEN
Etaterrani 3

ELSE
Heteman! 4

EXD WF

01

This procedere menth cxncily e gome thing a1 tw ooe previously piven, The Era
ELSE JF wptement terminaies the IF block mmd begims 2 new Blogk, calfed in ETSE
IF Hock. Thos, the ELSE IP combines the fomctions of an EL5T and g0 IF stxtement
Wnlen thiy way, 112 prectdure requires only one END P ateiemens, rother than three.

Using & srocored Bowchar, ihere [ @ more compart way o wT10p this kind of
proceduce. Figuee 4.27 15 m short wey of wrting the procedurs in Figore £ 71, The
UHICToN in Cw OPPEr Bon mesAs ‘o bext te conditdm (rom left o righe, 1P any
coaditien [0 true, contrpl phassy o the instructiigng wruen under that condiion.

Figare 4 23 showy # specific rnample of » prosecure 10 sw'oct emong one o thrme
oSk, At OMen haPens BN gmeciice, 1he cases hers are mutsally excfusive—thgt i,
exnct’y one of the cond;[ong it e b, Thus, the oeder in which the conditions are
tested digs nol mathee, sad you can diagram e selection of e casd in e cvem
simpler form shown 1n Figure 4 38 The comesponding FORTRAN ctatements wre 55
follows:

FGLAE 4.2
CHAY OF DECIIONS TO SELECT AVONT FOUS ALTERRATHTS

IF pondiion 1
gy L L]
I cxnition 3
than 2l
a T gapm-1sgn
Sralimen 1 T Eond
e LT
N Slglemenl 2
! Sae | Suie
gt | e s




i}

LHAH o 4

READ « N
_F N LT, 3y THEK

PRINT &, "THE NUWBER |8 NE0ATVE"
ELSE W (v F0 0 THEX

PRINT «, "THE NUNSEZH 1§ ZEAG-
ELSE

PRIMNT « "THE NUMBSR |5 POSITIVE
END F
PRINT -, "THE END"
END

EXAMPLE 4.4 Tuxy Compulation

Th falflorwp e dteyerd b hypothoiica? whie fon Sgunng inoome tax.
& racpmr 1 GVLE Bwr NOT QFER Tar i
4] AT 3% of imcoame
ETh Y W 4 1% nf snreas oper  S4IND
000 FEAERE L S+ DI% of cucts pver 4O
LALACL 317000 3o + A% of exeeva over $10,000
512,000 §I5.40 00 + 3% of encen gwgr B1Z,ME
1% 0ng 10, W0+ A% of ercvu pver 315,000
£200,000 ik, 000 NAN20 4 MMl gl eacesl gwer 420000
£30.0m . — B0 + 5% of cactrs prer $30,000

FIGLRAE 4 27
ANOTHER Wi O WRITING A CHAN OF DECHTONG
] M E'a4 T g Eie
| Concition s | Congronz {  Grerona |}
r
I SUntawmant 1 S 2 Statmerant 3 Tl &
AGLAE 123
AMF ., ELSE IF ... ELSE STRUCTLAE YO SELECT ©OMNE OF THPESE CASES
{ Faad N
I
r Elpa ™ I
1| MR | H=g | Else
! Wt They Trsbupr ! Prind The Aomber Frint “Tha murrbor
W g E¥T L 'S DOt

st Tan i T B FRE ot PR N g PR P Flarat P o o T IR 1€ 7

. FIGURE 492
A SWEER wWaY CF DrAGRANMMING TUE PEOCEDLRE OF E3URE 423

Rapd & |

e CaMe .
WS i Noagd : LY. |

T |

Prent T nirmier Brint Thae r umbar Bret "The fur Ser :
AT L R0 = P v I

The tanpayer dn wlkrwnd 1 5300 deduction from his or her e tropme Tor mech dependend. A st
of dafm carda containd daie on wipayers The dais om (e card s

Social ety mumber fwrter ks e queters wah g SPaCE Mebween themn, thet fq,
Ht 22 1115

Number oF dcpendénis fan bnicger)

Mot g, im dodlar {2 opsd mawsiery -

Amornt withheld, |n doflers {0 real rumber) “

Whu 1 progrem o cvnpas cach perscn's wa e 1he refund due If':l'r aneouin owelf. Sotee
WrpE futpul it

SOCHAL SECURITY NMUMIER 111 - 22 . 2333

WOOVE $ 100000 - .

JERULCTIONS 2 .
TAXATLE [NCOME § 90000 : =
Tax § 16700 &

AVT, WITHHELD 8 <7000
REFUND DUE %00

Figere 4 25 shewt o wp-level design For o program.

FIOURE 4.25
TOP.LEVEL DESIGN FOR EXaweLE 24

v

Whily [here o more Input dete

Ruad Cula Wor one parkon

Compute by ne! Incoera by dubirmcting
5500 par gedhyCtion. H resum o QAT L 0.

Caplyrmireg 1r sbertphets e brachad 350 Omgady e s

I Frin| the aUtpa for i oerson




" aumemenis. You can eapand wep 4 of 52 wep-lenet curhing oy Sown Figur 4 26

s = ARTEA R .
CHAPTER & ot STATENENTS AND STAUCTURED PROGRAVVING

To dewmuing whith reape the sipred income Taby in, vil Can e p eeres of ELSTE IF

PARAVETER (PLT 1 = 005, PCT 2 = 009, A0 3 = 029,
PCT 4 = 075 PCT 5 = 032, POT B = 0.5,
PCT T = 00, PCT B = 025

PARAVETER (AVMT 2 = 600, AMT 3 = 080, AW 4 = 1800,

$ 0 AYT S = 200, AMT B = 232(, AWT 7 = SO0
» INCOME TAX COMPUTATION % ANT B = AN

" -

In o Tpllewing FORTRAN propram, wi wwed =y nibwly eonstamiv {ar uf7 the numhers in 5
o tL bk CUT 1 ia P S cwa®™ powt, WO POT © it pevcontape fie -a formula B,
AMT 2 1a the cofatanl pmgunt m T*tula 2, end wo on. Flere |yt compdels prograc.

REAL NOOME, NET INT, WTHDLD

INTEGER DEDUC, S0C 1, 80T 2, 500 3

FIEAL CUT 1, CUT 2, CUT 3, CUT 4, CUT S CUTH, CUT 7
REAL FCT 1 PCT 2 PCT A PCT 4 POT S PCT 6, PCT 7, PCT B
FEAL AMT 2, AMT 3, AT 4 ANT 5 ANT B AMT 7, ANT 4

» PEPCAT THE FOLLOWING FOR CACH MNOUT Caih,

100 BEAD (- -, END = 5001 SOC 1, $OC 2, 50 1
- DEMIC, '"NCONWE, WTHOLD

143

« COMPUTE THE WET NOOME BY SUBTRACTND 550 PER DEDUCTION.

FARANETER (CLUT 1 = 4300, CUT 2 = 6000, CUT 3 = 10000,
3 CUT 4 = 22000, CUT 5 = 13000, CUT & o 20¢ v 'F THE RESULT 15 NEGATIVE, WaxE IT TEAD.
% CUT 7 = 30400 ' .
NET 1HC = INCONWE = S00-CERIC
FIBLRE 424 IF AT NG LT NET MC = 0
PROGOL! DERIGY FOR EXAYRLE 24 *

- COVEUTE THE TAX

Whalg fhaes o Mg ifot cald * -

IF NET %G LE. CUT 1} THEN
TAY = BT 1+ NET NG

E'8E F (WwET ™aC LE, OUT 2y THEN
TaxX = anT 2 + PCT 2« NET NC

ELSE 'F {NET 'NG LE. CUT 3 THEN
TAY = AMIT 3 » PCT 3 - NET "MGC

ELSE IF (NET 'NC LE, CUIT 4) THEN
TAE = AMT & + PCT 4 - NET MG

ELSE IF (WET NG LE, CUT 5 THEN

Frad wocial pecus 'y numbes, gt fiong, wecnnl. gt ol wil RRoiding

NBL INCOMg = BT R = dad ! ong - 5500

N el o o {1, &2 PRl nopive = 7

Datarrming tpy prbe ket

$4000 | 3500 |310.0001$17,000|%:0,00¢1820,000| ., TAX = AMT 5 + PCT § - NET G
S SA0D0| 1o w 1o -] la I] F T NG _LE. CUT 6} THEM
s5000 | 510.000' $12.000t 5+ 9,000 520,000 30,000] #9000 ELSF”!X '::‘?W'T Py " chUB _}NETE._....C,
Tane | rakm [Tmaw [ Tmae [ Taiem Jrgem ) Tas _ ] ELSE F (NET NG LE. CUT 7 THEN
Tiam [S00+ | 880+ | 1000 < 2400+ | 4370 - | 4000 + | BRIC - TAX = AT T « PCT 7« NET NG
imog gl | 1%l | A% 0 | ZE%e et [ 33%of [ Abteaf [ QA ol | %o ELZE
el et npt rad s el rat e TAX w AMT B = PCT B « NET NG
- 4009 | - 2000 [-10.000 | -12200] -13.000. ~20.000] -30.000 END ¥
Pl goclll faxinh™y ranniers, i comd, X
rducticny, aet e, wil kb ding : PRINT TME RESULTS.
PRINT « “BOCIAL SECURITY NUWIER '
M w Inhatding = 1, FOo80C, = 80C2 - 8002
hen e PRINT », INOCOWE §. INCOVE
FRINT -, "OESUCTIONS ', DEDUC

PA'NY » 'TAXADLE INCOME § KET [NE
PRINT o, "AMT WITHHELD %", WTHOLD
IE (WTHOLD OE. TAX) THEN

Print "Rglung dus’
I- Pwnthhatdireg = Faat

Fraf Tan gus,
lak w mhpinngy

PEBT - ‘REFUND DYS £, WTHOLD - TAX

301




e CHAPTER &
 ELSE
PRI « *aX THIE &, Tax — wWhHOLD
£ F
oo TO 100
00 END

THE DO STATEMENT

Ore of the most coramon: brpes of progrem fooms s one . which g varahle cognt the
numbcr of 1lmes the Joop hat heen cueculed. The DO} siateinent provides an exsy way
o wie thie kind of loop. A TK) Toop is scnza'ly fust m whi'e-J0op dnture im winch o
counter varighle, fallzd the THY varlable, is inetmneried or detranentad atomarically
o EACH [Eraiofn, Thoe, You cxn owwe § DO oop o form sroctupsd progrims B e
e way w5 you weold use the equevalar white Loon.

The following program uses 3 DO stalemend bo pont » ble of squares,

INTEGER X

DO WL X =1, 20
0 PRINT + X, * SCUARE = ', xaa
= END

Thit DO sutemep meant 0 crecntc sMement mumbey 10, e FRINT smement, S
with X = 1, then with X = I, then with X = 3, apd so on, wnikl X = 20, Thus the
PRINT satemment elecutss 20 umes, an’ ' cutpet ing'odcs e sqoares oF et
pumbers 1 through 200 Youw tun represeny this procedune with the stractured Aowchart
thown jp Flgom 477,

Figure 4,28 shows the parms of the THI stacement, Afrer the word DO comes
stalgmcny label. The comma following thi fube! is ophonal. Nexy comes the name of
the PO warisble, ten wn equal sign, then 1wo gr thiee sdthmeiic esprekiom,
scparaied by commay. These gapresaions gre eulled the infial parmmeter, tw termils
sl parameter, pnd e [ncrementation parameter

The steiement label after e word DO s e Libel of e lerhingl stiement of the
Soop. ATL ihe sunements folikeing the DO, ¢p oo and inctuding Ml erminad gemen,
form the rangt of the DO foop, A DO loop ¢on conslst of o single statement, as in
oo Pt example, of ¥ can inclete many statementy

The DO varlable mav be amy rea® or imeger variable name. The vulue of thit
warkibr chanpes ax the DO leop exccwnes. Ta hegin with, e valie of e DO
werable ig ct to che va'ue of the jnitia! paraneter. When the loop et executed once,
the vitue of e [rememtaten paramoicr is akded tg e DO vartable, g the oo
repeats, garting with the fmt scalemeny af'er the DO starement, This Process con-
timoes. Ou eech tterution of e DO Joon, e valie of M ERCATmEnUbion parymeur iy
adided to the DO yurisble. When the va'pe of the PO variabla 35 geeater than the valoe
of the wrmieal paameter, e progren exlis the DO loop, tranchiog o e At
smement after me terminel ra=ment of e DOY pon.

(L et

, FISURE & 20

Detor =4, o !
Pring o, xT F

i

Ewch of yhe inlgt, terming], pnd

IneTerme mest parsme
*MiEYE, oF enpresaien, For Eagmple, Hion 0 My b ¥ ronstam, or

D70, X = 1, 20y w 1 NGE

"fﬂl..l. r,m omil (he IOCTEME I ien Pactlrmeebe! pntire
?‘: Cmining the intrementarion paTAmeter s the
'L

Y talone with the comma before
e 3y specifving & valpe of !

100, | -, m -

means e sgma mx

01

DO'!DB,I-T.W.'l

The immrn!nri;n parameter can be
vz, or i i
oegaiive, the DO variable cpuniy - ‘buchafgd Pt uun:;:“' L e M

DO 100 X = 50, 0, =1

MeER 10 parsvie te DO loop with X eqedl 1y 30, i%en 49, then 45 A7, and s o

FIGLRE 4 28
PARTE OF THE D) STATEVENT

Tri Wrtia

Thas {trmima
Bl rna*..f Tha Incremsn.

[rArrybier Rt parnmgtyr

L

DO labal, | = frst, last, step

' }

Trem piptmvrigr] bt

o |he rarmm et Trais DO vaa rinpin
Halaman o M ﬂ:\f b 0y I eger or caal

DO oo

e —
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CHAPTER ¢ CONIFUL SFATEMENTS A Sim o WO £ Pl rec e s .

The thres paramersr ared e DO warintle el each neay e oF oty integer of
' bpe. For ovanee,

REAL X
DO 00, X =0, 12, 01

menfl o elecute e loop with X o= 00, 01, 0.7, 03, ..., 1, L2, -

Let's st tn more deiail hgw e DO siiemen, wonks. Considar the sigtement in

iy peacnd Torm:

DO il s~ 4, 4,9,

Exccubing te DO kop coesitls of mine 5eps

Siep |

Step 12

Jiep 1!

Strp 4:

Evalugie the parometer,. The veliees of the esprensions ¢, o oand r, A
compuied. [f the DHY wanahle is an ‘neger wanmab’e, the va'mes of the
PaRramEeters LT Lo OvEAsd 10 eger rumhers, Simodarly, of the [ varighte by
mal, the values of the parameren are conwerted to tral MUmbery, Remember
that of you ‘eave OFf TMe meremendation noramter, £y, 00 4 assumed o have
ihe wefue 1.
Inlsigting the PG wariable. This Tus Yie effect of 9% esoment s'alement
LE I-1
Carepure the ferratios cownr, The Bvrwllen count |y the number of Nimes the
DO oo i1t be crcowred. Foe cxamp'e, ihe sacement

DO 100, 1 = 2, 20

wrl o eiecutr e DO loop 20 imier, 5o the icration oount |4 20, For e

* YUETE Al

DO 103, L= —13, 10
the leration coum 3 21, For the vorvemeng
0BG 100, | = *00, 4, =*

the jceration couni v 100, tr geoers!, FORTRAN figurey the itzration oount
uting the formyla

lermtlom ceuert o e, = p o+ oa0r,

10 the rerwlt 4 el w0 antcget, 1 b vonvected fo oan intrger, trepcating any
fractiona] paeL IF the iprwcam Count ia feqr than rers, FORTRAMN vics an
ierifien comt af pero.

T the Fenttior court!_ If e count i3 rem, 1% progrem exity the DO loop,

hegraning wurh the stgiement following the tenite! gawment of the lagp. 1
e count B pewitive, the progmm poes on T S 1 Node (a0 the ieratian
counl MmughT by prve the very Frd Hme dbois Lesled, in o which coses ke T
g B8 0wl cageured at el

Yiep 5: Exprure vhe B loop. If there sre no control statpments io the Toop, the

grograrn execltes &l the statements up o M iermting] strement, [ the loop
LORLAINE G0N siabemenly, i1 16 possthle thid the progrum will exit the Yoop
By branching fa o stebetnent ouriide the foop, in which cese the DK loon B
said 10 Be Inmetbve, and (he loof procesang b 0o junger vontro'led By these
sieps, For irgention I3 comhinu, e program mmdl sventuslly g0 on ko Step
4 .

Step o Fasgurs the termmit! pravement, OF cocrse, i Be DO loop consish of 8

sing'e uniement, then thiv !5 the wame o4 Sten 50 & more complicaled DO
lonp may contiin many sidenenn, inclading comrol suemenin thal brench
within the Logp. Whetever happens within the [oop, the terminnl stigment
must e exeraied Befort loop procouning ©n Conliooe,

Srep 7. Iocreweny dhe DO vorfable, The value of the intrementation prrdficier |2

Sren

added b var,
* Mecrement Ihp frevatign coumt. The new value of the ilcation couml [s 1he

ofd value mipes 1,

Step w: o back W Saep 4,

[T
The eifect of théas nine sepy is shawn in Figume 4,29, %
FIGLRE 439
EFECT OF THE STATEWENT DO lbel, vt = fy 5, &,
Cwkluath I DArametd-y 1
Somprula e willygs of el 1SRN 8, 8 ¥y l
j retw=re (e DO wprabhe 1
v -
Computs the (8 aho GOt

|IWFELHQR COUNE m fdy = 8| + B3]y

WhHIS Horaian Sount > 4

Erercyte ¢ s 3Tt I8 i ik
0D wop

Exstuts Thi termanil Blatemen
[ihl g armiend with bl fa et

Inerpmpnt ha D warab's

Vilr v o 0y

Diecrpeman tha e ion Eoun - [
wrrdsgn popr! = feraian ool =1 J

- — =
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THE CONTINUE STATEMENT Thls rle impres tha! the following program is Wega’,

D 100, SOUNT = 1N+ !
0 OPRNT - COUNT
CONTIMUE ' 100 CONTINUE
- - ILLEGAL GO TO STATEVENT.
GO T 58

The CONTINUE statewent has n simple farr:

This Haement hys o simple pipole, too, T8 dues puthing, 1 ix a0 esecutabile srtement

that Tas 00 cffolt when # 14 exrcured, )
Avn metier of qryle, we generally use w CONTINUE saemient ag the rermingl  The GO TO garement |s purside the DO foop, but it brenches o e stetement (nfide the

patement for & T30 joop. For invancy, e DO loop ) _ .
T bn eedy to seg why this nule is ooceasary. [f branching inte m DO loop wer

alowed, then the valoey of the DO varlave and the ioratiom coumt wou'd be sadefingd

Doz I =N
0 TRINT -, ! al the end of 1he 'oop.
£an afso be writen 1ike Thit. Y cerain 8 s are oot al ¢ i o o 2 5 . ooy
- a0 TO
= wigmd GO T
» CONTINUE anthmetk: 18
bhrt [P gt
Thess two DO loops heve exsclly the same effecl. N . . &
As you will ses in the [ollowlng wction, themr & R few cades whwr w ELSE [F . .
CONTINUE starement must be used (o avpid cemon mrarictions of DO loups. Inmosl | ELSR —
casen, we Just ung it to make the progrm exsier read. END I =,
RETURN (]
sTOP
D

RULES FOR DO LOOPS .
_ A logicel [F staiement |1 wllowed 19 be the tesninel statement bet only if if docs
There are & few remictont on (bt va¢ of e DO sremest, &6 & frw poiRts Bl py conuwn any of the shove culements. '
mead spetio] ention. . For comprlenons, this Mst of (llegd! terminal gatemens [ne e wme sixiements
we Buve ot yel discussed.
Thin rule |mpliey thot the fellowlng DO loop s Hlega'.

l The vatan of the D) vazishle must nct e recdetned wthin e Lo

‘v NLEGAL DO LODP

mmﬂmmmmmnmmummmm D1, =t L
discunscd earlier. You cannol cirgurmvent 1wl procedure by muimnlng & new welue i 0 IF {i==2 EQ, J1 QO TO 20
DO weriable within e T, G following ‘oop s Megal. )
e DO mense o A ) ¢ ‘You can make this loop Tegal by Laing & CONTINUE statement, us fallows,
» RLEGAL OO LDOH ;
DO 19, J = 1. L . i+ LEGAL DO LOOP
Il ED KTt ] ool =, L
13 PRAINT », J IF {2 .EC) JT GO TO 20
L I CONTMUE
A propram mas fon brunch (nee » DO le reom guiside the o P - Atthough the CONTINUE statemem ioelf does moching. il is o begal terminal staicmen

for & DO foop, whereas the |F MalcmEnt L4 nar,




. Y el W m— . - - [ — — o
p— " Aceertinn 1o v e, the Tynns town i Sigurg 417 s Negn!, T‘I1¢ e o
] P Ty et 18 Mgl BLEDL TE Reta, on T W uy e e, T Y M, Somerer, ford own DD e Togem Sauitp dhg aame ormien? saeme,
1 R ,:t,:..._'m ; Sk :FI m".:_‘;.. o P g et e LN TR L e g Crmd DO oremean in e e e e weene roppang' scgbement alel {200 a3 ce
| :::Ei'l' P T Yo L e 1F arater ert otrarde ¢ ' E e dhem e g TIR TRS o “ret B et dn e Rgure.
i mst he imsde B IF Thack, ; :
. Twt o moee DO feop may have e same Krmmal daement. Each thoe the el .i
The following Wratsmenty wintate *his rrle, l s ar B necuned, acterevian:on of te D0 varuble pnd wating of the iteratim coanl ;
. Bre caiec out for esch oo, notam, Rt A Meugh pach 'oop encded with 2w
CLLEGAL TO LOOR AND CF BLOCH it e .
=L 5TL By THEN
mey H " Y] 1
" ql:."_:;‘;_ % in ather wonls, ™ walcments -
A= p-X !
EWD -E DO e
o 2N AT 20 20, J = 1. 10 .
’ - 20 R . ) N
D L AL 'S Loomee have e sami et e they would iF wenmen Nhe this: [
- - bt |
Pl ppctes e COWRR Drpe mu'es Chtopnty g wul wTEE £R2 20 fop Inside "\m ?E et =
e T g, 44 pyewe? o Tivae £ M0, Ty amangemeet - v galled ;:N_;- Jr-.;' e |
mapic LS dpaps, The lpes T Lo e RESLS, iy T nuTER 2. .0 CD\'TN"JF'_
e ! 2T CONTNE N
At T Teoms pertan, Mpm ame of tem may B ety mlde e o '

The rules we geve cariier for DO loops 230y 10 cack "oop in a st of seys=d DO

cloops, Tnopamect, (hey Fordld an iwner DO Cwop fom cheng g the valoe of tig

SIGUME 4,30 vanawk [noan perter D0 Ypan, To Br speeific: i
WEETET 30 LDGRS *

4

—
ol o P ————— — -
M LS 1 v Tws resm! [0) loop Moy el e s e T bl
ratuprmgd! Il : ,
e ! PGUES 23
e TR " e ! LLEGAL WEST™GE OQF 70 LO0RY :
. N N -:Duler O 01wt N ey
I | 00 0a0 ' \ b
et : D vann atatwmant M
53 CoNTwUE : First . )
1 RS b p—
b | Do B 16op !
N . EL T 1 i
D000, M=, 20 LR ! P S
s H - L1 CowhmYE - p— . H
=4t amynt " noy Igen | _ I‘ Dﬁm
= o E 18 iy | g
o coNTNUE —_——
Ahprona! weuDn '
- S i
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Thus the following [HD Tonps are me pennined, 20 PRENT . N = 1 DARTE WERS READ’
PRINT «,* THE SV 15 ', SUW
Do 2ot et ) ]
[alo LN I PR A
siatemont Thiz progrem uses & DO loop with u flarge upper limit. The upper Jimiz wan chosen %
19 CONTNUE et sq arge thet o wowld oever e resched, The program should always £xir the loop
20 CONTINUE vid the END ~ branch on the READ statement,

I is fusl s casy % wrilt s progaam withoo!l uiing a DO loop 6t all, This s
what we've done ¢ the thind wession,

STYLE MODULE—WISUSE OF THE DO STATEMENT D AN TO ADD NUMEERS
INTEGER N
wol 2l Yoops W DN 1oopr. The DO wnement s wweful for some irds of Towrps, hail - TIY
somtrimes you thould vse GO TO and |F slxdemene mvead, Nwl \
Congicer e follow:ng shor program. This program is supposed (o read & dech, af ™ AEAD fv, +, END = 200 X
caftls, wilh gne murber o7 each cand, awd priec e sum of atl the sambers. L P -
SLMT'; SLivt + X "
« F0A PR MOT O NUWBERS ' GO 10
HEAL g&?z © 0 20 PRINT - K, CARDS WERE READ” .
INTEGER I, ¥ PEINT +, ‘THE SLW 1§ -, SUM -
SUM = 0 END
+ READ THE WUMBER OF DATA CARDS . .
READ N There are rwy lessom b Y 'carngdd from this caample, the first fesson s hin
OO 10, Fm 1N -
READ . X L'se DO lanps where apprapintc. Use wiher Linds of foaps wher they am h-t‘tl:umilndq
BUM = ST + X Ihe progeam. ' '
10 CONTINUE . . . ___'I
PRNT «, M " CAHDS WEDE READ
PRINT 4+, “THE 8wy & 50w A DO joop 1b Ane H you Ehow im pdvance how muny rmes the loop beeds tn be
END exscvted, Bur of yor wanl a loop Lo repeal vntld some condition s rue—Ffor nstance

until the program runt out of dats cardi—then yow should combder gaing a different
This use of & DO loop mukes things cavy [oF the programmet, but il makes things haed control stfucture,

for the user of the program. Suppose y wanied ald wp the numbere on abmce 200 The secoml lesson i of 8 more getcral apmare.

cants. You would hae 10 counr 4t e cands before you could run roy ProfTEN. Aund

i you made & mislake in conring, Ce pogain wold nol work, Make . -
I iz much Bemer o ' e comper do the cogoring. That in whe compaicrs are TORE pOgram £4%y W mee "

good ar, Her It one way to do it !
Cf course you wanl 19 muke Jour progeem cady 10 wrte, Thet I3 fne. But do ot do
50 at the expense of making it e o vie. For example, do not make e uver Cog
the dpi carc’s by hand, Compulens have gofien o bwd repuration ever the vears, Some

« BETTER PROGRAN TO ADD MUWBERS
REAL 5L, X
INTEQER N, INFIN

. People see 1hem ng inflexible, ohatinpte Mmachings. In most camcs, tThe prpEmer,

;;TEE:EH [(PNEIN = S0000) the compoler, 45 1o Bleme, The find program in this seton is only & woell example o
DO 10, N = 7, INFIN the: probler. But maty large fruprams writien by profeasional programmers ure kot us
READ (-, LENO = IO X bad. Ax your shill in programming nercdtes, yYou may wery Lhely hepin woling
S - SUNM + X programa for oltiars |0 vse. A9 w progratitner, whether stadert of oroftaaua®, il b

14 . COMTINJE yoor reaponsibility 10 louk gul for the infereynn of the taer,

—d
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STYLE WODULE_COMPATISON 0T Bo4l CYRRESSONS
FOR EQUALITY

You ean ryn jnkn difficulty when youo tse o realionat exprestion of the Fomm

AEQ B

where A wnd B wre roal capressians, The fuwwisy progrure Mlustrates the problem,

+ TEMPERATURE CONVERS'CN TARLE
+ BNGORRECT METHOD)
REAL & F
Fugs
C =580 -4 - 3N
PAINT -, 'FAMSEWME'TY, F, ' GELSHS:!, €
FuFald
IF (F Ef. 481} 5TO?
60 TO W
ENDI

100

Thin 13 » Tgs" program, e on many computers it would ger anek in the Toop.
The reasen bs et F muy never e squa® to 105.0. Mathemaricaty, F oshould be 1050
on the 102nd itcration of the toon. 801 F ia 2 real variable, and them by some inhescnt
eron in real variables Secause of the way ey are stored in the campeter, On the
MZnd wrip throupgh e loop, F omight be eosrat o 005 000000 which 1 very clost
05}, bl nod exact'y equal, so the Toop £2oears again, with F sppronimately squal 1o
5.3, The program might rem forever un'ess stopped by e conmpaict operlor
LLsyaly, the compurer operating systemn will woromasically vog student jobm Lhal run
for mors than w few keconds.)

Te rvoid this problem, o%ere the fotiwing praciice:

Do ool wse reltiond) erprewsiont of e foom

A EDLB

A NE R

where & pr B in o el exprewlon thet might e soproaimaete. Aewrhe e ProErAm 10 wLe
ont of tw form:

ALT.B ALEDR
AGT.EB AGEB

W e B Do loop baosted,

CHAFTER 4 CONTAOL STATEMENTS AND STRUCTURED PROGGRANMMNG

155
STYLE MODULE—REA! DO VARAR TS

Wiken you 0tc & DO Ioop with & real DO varable, the vatuc of The virisble will be
rppronimate. Comslier Se temiperaiore comversion PIUEFAM At the prévious doampie.
We can rewnite this wsing 2 B lonn, as follows:

« TEMPERATUAE COMVERSION PROGAAY
REAL & F
DO F = B 105,
€ = 50840 - (F — 37 |
PRINT «, * FAHRENHEIT:, F, * CELSWS. C
CONTHNE
ENO

OO

This frogram is legal end it dees nor get stuck in 2 loop (because the DO togp 1esy
the ileration ooont, not the walse of F). But the outpytl may fook & BT arge. On a
ceriain compuier, ke program might produce the foflowitg oupul.

1

FAHREMHET 9500000
FAHRENHETT B5 05999
FAHREMHEIT 95,1900
FAHRESWE|T 9524957

CELSIE 22.00000
CELSAS 3505555
CELSIUS 3500

CELSNS 3516665

Skl

The programmer may have wanted (e Fahrenheit emperaruess b be exacily 95.0,
951, 93,2, 95,3, und 0 po. But there (s g comu'siive roundol? ermor that maglH Tram
ndding .1 to F e cath itcrathon. B¢ the ralues of Foare tlightly maccarone and the
auagnil is hard Lo reed.

The wiy mound thiv prolitem B4 1w use imeger arhhmenc, It i lew covemiem w
usc, b it |b e precise, and in o some ppplicariont, e ;3 imporant,

Trutend of & real D0 varieble, You can use an imteper DO vanable &' that vanty
Trom 0w 100, You can compuiz P from N with the simtement !

F o= 050+ NADD

4 b

‘Thit methoyd eliminpies the cumulptive pound-off eoror. Here 13 the comp'ete program,

= TEMPERATURE COMNYVERSHIN TAOLE
REML F O
INTEGER N

OO 100, N = 3, 100
F =535+ NAQO
Cow 5080 F — X0
FRINT « 'FAHRENHEIT; *, F, ' CELEIYS, &
CONTINUE
EMND

4
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CHARACTER DATA

INTRODUCTION A computer is more than lust & “numbar crimcher” that
carned gul rralhematical Corpy'ations. Ml is A4 generalpurpose machine inal
Lan priocers ayrooln of el frpes. Many mpartan compuler applicatons gre
nentamericdl, invalving very flle arlthrenc, Sor ingtance, coaskier the preb-
‘em ol compling a teleahone dreciony for B oty with 200,000 phonas, Sarting
ha CustomErs PATES in BChalelcl order 4 AN eemous oo but one ther
iMvolyes orcessing rot of mrmibers, bu! 0! character Sars, '

noIhig chapter you wil Ymen how 0 use character Cata in FORTAAN
There 2rn charscist constanty, character veriables, and character ex.
presslona simi'ar fo the asihmelc exprossions covered w1 Chapter 3, Qe
DOOg ATETR CONSCMGAN0N T dealing with such data i IMat sach characle:
exniessian has a carain lengh et iz o mnssls o' 4 Cegram mamher of
chaaciers,

I formeng characler axprassiong from cmstant: and verables, you can
use e concatenallon operatnr 1np g two ChArAc'Er strings. The reverse
Qperalon, in & J0n56, 1% exTRCL~g characters Fom a Strng Dy ukng subslring
EXOrEAEInng.

Usng these s'mpols Iools, Yo CAN wrild & viriety of iNtBrest my nonmTe fi-
£a' apoiCetong.

[
Pt
G O

CHARACTER CONSTANTS

A charscier |s o aingle leter, digar, or pymol, The eollection of sl the charasier
that a cormputer can represent bt calid the cormpmmer's Charscior s, For instance, 5
FURTRAN cheracier set inchules the cupinal 'eller A, I, C, .., . Z, the digins 0 [
2, . qlh':ﬂk!pccln:[m,}mbul;a-.f LEY w ot oend S Many
mmpub:rs alser include small fetenion, b, 2, ., ., 2, and other special symbals in
1heir characher sty

A charstier siring i 3 Seduence ur one o rm;tre cherscrers, A churacter
conetant in FORTRAN in & chamcir wring enclossd in quotes {7). Bor example:

ABC

in & chamcter conatent fepepseniing the chemcter siring ABC. The number af char. |
woker in & Caracter wring i called s tenpth, Thuos "ABC hm enph 3,




CHARTER 5
148

A spece Character (bometimes cal'es! 4 Blan's sty o0 ek boa cuneter
Thus the Chameter gonstant

A g

e
consisid of e characiers, A, smee, fE AMwaeh araces ane usally ignosred m
g M e n o lerag et constant,
FORTRAM, they wre sigRificanl withir o 4 .
Ary Chermcter (n the machme ™ (arag el sel mray be pure of a chamier :m_j..m!.
You £an even inciude § quole mark Ea p pec? o7 4 character egnalant by Tepréenting i
R W0 CORsegulive QUOTEY.

DON T

Thas charscier constant comsista of Rye characten Dy, O, 5, quose T.

CHARACTER WAS'ABLES

Integer wariables more ineges walues, and real varisbles store real valugs. To store
: caria'r
characir siring valoe, you w3 character vara'sr. )
¥ou can petyre 8 charagter viriabc Jv o weguemse of empty boues I compater

meenory (Figure 3.1).

FIGLRE 5.1
U
I“TE[]T1I,EIEI!IE11TI—[]’r

_—
—
—
.

memtﬁﬂﬂtu.mdﬂ%hw“w L]
wich Bl G bokl gne Charscter, The Rype g 2Tt

CHARMZTER A, MANE-X, STREET-13

uuwmmﬂuﬂuwm_nm!mi,mm'awm

CHARACTER DATA

tar

Bach "hon,” of chaficter storsce unll,* a3 i1 74 mose propesty called. can hold ong
character, The mumser of aue’ Bunes n m chiracter variable iy e the bength af the
vafihle,

You can vse a CHARACTER stmrerment in FORTRAN 1o drclare varighles 1o be
churncier variables AN ¢wmple ix

CHARACTER AN ED '

of MAME is M) charscwn.

The CHARACTER iatement is w type strieinent, Ve INTEGER and REAL.
That means thet 2 CHARACTER stalement s nonexecgtale, and mmst eome st he
teglnning of your program,

You cen uwe a CHARACTER smatcrwnt 10 dec’are a single wariable, a1 in o

previows example, o 10 declare severa! CRArter vaMab'es, ag i the fallowing
LS

This statement ways 1wo things: thay ¥WAME {3 2 character wirlable, and that the length II

CHARACTER A1, NAVE20, S5TREET-15

This satemeni wys Bt A, NAME, and STREET sre chetarser variahles thuving !
leayms 1, 30, aed 5. t

The Jength wpecifiention thut follows the asterisk afier exch vinable e con be |
BT iRleger comafurt, 4 in the previoos cARMp'EE, OF i0 CEn be pn inlEgAr expression,
encloned in parentheses, 23 10y ymatemen

i
CHARACTER IWE. (2 + 40 » 1)

L

=1
You can pive s charsctr varish’s any ‘ength you choou.

You can give & defwukt fength specification, after tha woed CHARACTER,
which appiact 1o o1 the ¥anabdes in toe CHARACTER sucmen:. For caample:

CHARACTER 12 X, ¥, 7

meany thal X, Y, and Z are ewch churmier varisbies having lengty 10
The default tangeh is the length of cach choracter vadahle for which you o nod
pive mn onplice lengih, In the aicoen;

CHARACTER 10 X, ¥-2, 2

the veriables X and T have ihe defagly length [0, Tt ¥ has length 2, #inoe its length
is dectond explicity,

rhacdey e o g charcmr BORge wah oo byte, Wewtg 1 sowp of bl fmnary JigHit Altwergh
rRNrN A SRt Wl s (e ol UM TR AN rnanghugh, VAR wad B fe 6N CaMRon Wed IR G g
e gy
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* A you provide no fengrh apecifienlion ot all, cac vamtan'e hut the fefau” length
of 1. Thus, e siatemem

CHARACTER A B, C
Tans (he sxme 1
CHARACTER A1 B, Ge1

As with integer und real verialries, yow cun dec/are charooter vaninhles impdécity,
For esample, the maement

IVPUCTT CHARAGTER [T, X)

says thal Updeis otherwine specifed, vamab'es hegmmng with the lemens Coor X will be

character vanghles, hevicg e defauh ooty of 1,

You can declare cataier varzle lenptha, an owell sy namei implicit'y, The
satement

TAPLICTT CHARACTER o2 [A — O}, CHARACTER »13 {X)

st that variables beginmng with the ‘erters &, B, or © are charscier vanables of
lengih I, and variables Deginning with e "cier X ane choracter variables of lengih 10

SYMBOUC CHARACTER CONGTANTS

In Chapter 3 you saw how 10 wse the PARAMETEM ustement o defime symhalic
imeger wnd ral constams, 81 in the following guample.

INTEGER MAXSIZ
AEAL Pt
PARAMETER (MAKSIT » 100, P!l = 1141F)
Similary, you cen defee mymihelic chimaacr constams, es in the Tollowing statements.

CHARACTER TITLE-32
FARAMETER [TITLE = ‘ACKE COWPANY SALES REPORTY

The length of 32 wag psed beceuse there are 17 chaneciers in Us conwtam TITLE,

Anglhet, mone convensnt way L3 et up fhe aymibnlc consiete B this:

CHARACTER TITLE «fs)
PARAMETER {TTILE = ‘ACMWE COVPANY SALES SUROAT)

The difference §s thad the kngth of T'ILE s crved a5 #d sdierisk enclownd in

CHARACTER DATA 1ag
prrentwict. Thiy has the same cTect an the previows definrion, bet it i more

convenicnt bedause you need not count e ghartcters in Me gomeant In general, the
declaranon

CHARACTER ngmg ) .

cin be given to spesify that name i 3 1}'rlnbn.'it: charscuet consteht. The scnoal lemgt™
of name is (hem determised from the PARAMETLER statement |hat defines its wale,

EXAMPLE 11 Simple Crading Frogeam

o u chemaAry clasa, theee were five Ioaarary audignments with 10 poinly pemaible g dach, A
datn cand has been preparmd for ot snuevs, giving v wudem's rame followed try the five
Tabwwrutory prades, &5 10 the following tamply;

TPAULIMG, LY 9%, 95, 90 87, &2

l
Motk tul the mume i+ CRCKID T QUOTEL oa e gtz cad. A tradend meeds 1 ot of JAT
poms ar mofe t pase A bodn! af $30 or pawe s considered exeetlent. Weie n progrem thal
primy £ach Sudaht's nase, praces, wia' prde, and e wor'd EAIL, PASS, or EXCLLLENT.
Some mample output i

PALRLING £ B3 05 90 a7 42 TOQTAL 459 ENCELLENT
BOHR, M. 80 B2 75 g8 B1 TOTAL 404 PaNg
SMITH, X, 0 62 0 50 B0 TOTAL FE FARL .

'rummm.mmunhnm;imrlmaumuwumm
lonped narme. The declgration

CHARACTER WAWE . 25

iowd for & mame of op @ 15 charcuers It sty neene s lomper than 25 cheactens, 1he cxces
Sharmetees will jaw b iruncatel. You cus rmad w dutw oard with the siglement

AEAD [+, -, END = 1) MAME, 51, (32, 63, G4, G5

There are thioe kint of output line, depending on the mling of the vudent: FAIL, PASS,
wr EXCELLENT, D wuy (0 make the schoction is m chome smmy trer FROTT statmens,

IF (TOTAL GE. 4501 THEW
PRENT -, MANE G, G, 131, O 35,
g ‘ TOTAL", TOTAL * EXCELLENTT
ELSE IF (TOTAL GE. 380) THEY R
PRUNT -, NAME, G, 32, G0, G, G4,
5 "TOTAL:', TOTAL * PASS:
ELSE
BRINT -, NAME, GT, G2, Ga, G4, G5,
[ T TOTAL, TOTAL, " Ear:
END *

[
.
o

Tay e
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T A moh tonce micthod, Bowerer, dx dn upe o wnpte PRINT wylement wem g charsier
vurinkle RATING w0 wPuch pme of Ay vahues ha, en rorghed. Tt merttend b i meiraed v
the Fullowing complele prigram

» PROGRAY TO TOTAL LAB GRATCE,

CHARACTER MAMT 35 FATING.10
MTEGER G4, G2, (30, G4, G5 TOTAL
10 READ {«, « END = 10M) MAVE Gr G2 53 G4, 05
TOTAL - Q1 + G2 + GY « 55 ¢ GY
IFTOTAL GE. 450 TRy
PATING = 'ExCELLENT
ELSE IF [TOTAL GE, 3p0 THEN
RATING « PASS

ELSE
BATG = "FAm"
END 'F
PRNT « NAVE, O, G2, G3, 04 GS
5 CTOTAL, TOTAL, ' &, QAT
G0 TO 13
100 ERD-

CHARACTER EXPRESSIONS

Snce chareCior daia is stored in memury ddlerently than nomerlc datn, wou cennol sdd
or sabiract Characher daia m YOO wou moeere Gats. The chararer comalan

STl

. Tvmud the mame b the dnwser congn

123

The Iwg consianis look vimilar on paper, "t in cumputer memory they ke entirely
dfferem. You cannot mix Cumeer with pumerc dra pa in the dncorrear FORTRAN
wALEThE N7

Xoa " + 1

* Both charmcter conan's end charucter varibles are types 0f character ex.
presdons. Altwugh the usua! metserstical Opoiciom o omor vah' in charmler
eipressions, thert |6 one orerior vou can iz o Cvihine chorseier cirmessbes, 1T is
called 1he concatenation anckatar, a0 A repressitod o FORTRAY by 4 davile
sash {ff).

rm

CHARASTER DATA 151

The word eoncutenwtlon (romelimes cal'ed cateniaton) comes from e Greek
word (arengla, Meaning cham. To cOMErndic two Rt megm W chain them
wgerher. [N €L and 2 ore 1wy character cupreayions, then

C1 /2

bs the charscier string ohtsined by joining T2 to the end of 1.
Here i an example:

CHARMCTER Fai, C-7
F o« "FOR

C = F | "TRAN'
PRA'NT «, ©

The sccond duignment #atcments conclicnates "POR" end “TRAN', smigning the
alue FORTRAN 1o C,

[
[a—y

SUBSTRINGS o

Ax vou have ween, you can Uhnk of & charscter variabie =5 o pegeence of boues in
Compuicr memory. SOmeTioes you may went o deal wath the individual boaes, or
Foups of boaes, il make op 5 character varable. That 5 what mabsirings & osed
for. You can think of & sobstring as an individusl boy or & group of adjacent hotes
within the warizbe {Flgure 5.2), More Formally, we can define n subntring of a
charscter variable 13 2 1equence of O @ Mot conseculive Choracter storkge Wmts of
the virfatle,

Character auwmpe units within a variable ape qumbered 1,2, 3, |, starting with
the lefimost charscler. Te specify 3 mbsirng, you need 19 bpecify the name of the

PGURE 5.2
A SURSTAING NAME FEFERS O PART 0F A CHARACTER VARABRLE

1 31 34 # B Fpo BNy BTN NN
AQFEEEGE S EN ARG EAL TR
", v — o \ — ~

ALPHAMT ALPHA3;13) ALPMA]1 T 28]

ALPHA

W thiy Agurn, ALPHA B & CharaCier renatie Cofeiuing of 36 charitiar gy writy. The Butiing
et ALPHALLTIT e K The hemt 1Y Chaessier 95 ity B ALPHA. The AT
AL AT 1)) catare 80 P WJiH Charscier B9 B0E wi. ALP HAST2E] relors 10 ha T 13 cuarechar
IEgE v




\'l.;‘ilEr!l: and the mamber of the it and e hawt characien storne URity The +OM-
TRAM norativn for this |4

NAVE

This notation repreacnis @ subsiring name. MAME i othe pame of 5 chamcter
vanab'e. | and } arc imioger expressions which anc called aubstritg espressions. The
valuc of | 13 the oumber of the fep churacter, ind tw value of [ is the oumber of the
tast champeier in the Bubstng, Wodtice Lhal 1 subs1nng en[iressigns e seiratal by a
colon.

The fellowing éxample ilfusitaien suteinngs.

- EXAMFLE OF SUBSTA'NGS
CHARATTER ALPHA-2E, §-10, C-!
ALPHA = "ABCDEFGHLKLYWOPCRSTIARAKYE
5 = ALPHA[N YD)

PRINT « 5

5 = ALPHALIT 26)

PRINT -, ALPHA[ 51 /5

FEINT «, ALPHA1:S] ! ALPHAIZ3.26)
C = ALPHARD

PRINT «

END

The tutpar froom @i propram is:

ABCDEFGHL

RS TLVWEYZ
ABCDECASTLNWIYZ
AOGDTVWEY L

-]

In this exemple the mubaring cupicaundm I e e CONSINTE, bt they Could be
inccger capressiany inseod, s Qv rthe follawing vatzments.

LYt
PRNT +, ALPHAIN = 5: N + §

Tre lenpth of & wbiring neme # the Aumber of ChatiTers coaine You £an
refer 1o the Pndividunl charcler slormge wnits wang suhsrring names of ‘_:ngﬂt I, like
the Tollowing:

c

ALPHA[N Nt

NAVED + 1!+ Y

A wibwring can have any Toagth. There v um’y e e triinmn,

CHARACTER [TATA 153

Rule for Subuirimg Koeeeinicnl
Wheneviy pu ue o subaermg mame

— e — —

NAVEDD) .
e ralus of the mbstrng expresiment 1 pnd ! must obey e elaiong

txls ) s pogth ool NAME

Thut if you yie a wariable C defned by

CHARACTER C-1D -
it would be illega® to use wbaring Memes
ok
Cian e
1T} =1
of
CL0:51

Becaoss they mier 1o monechent Chirscier Viorage mits.
A substritg nane alweys containd 8 colen, but you can omil either of the inteper
Mibstrigg Eagreasions. The nocton

NAVE(L]

means Cwe wbpiring of NMAME comming of charecter mrmber | trough the end of
NaME. Likewrse, the natgtion

MAREL T}

meami the subsiring of NAME congiering of 21l the chirscters up o character 1. For
example, e ssemens

CHARACTER VOWEL.S .
YOWEL = 'AEIQU

PKT - WOWELER)

PHINT - wOWELL 4)

will prinn e charborers

KL
REID
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LXSMPLE A1 Rhifed Ot fones
Write & program v ponds e (o0Tow IRg ourn

EORTRAAN 77
FORTHAN 77
FORTEAY 77
TOATRAN 77
FORTAAN 77

Thert we & Mgl of 50 owtpan fines, eac's $-ae twrnp vwived e Churacier w0 the nght from the
frevicay ling,

AR casy EY 40 produce the deprerd ol vyt For cach N from 1w AD, pried N dlunk

wpace Maliowed by the somg FORTRAN 77, % Bt AVK by u characier varidte spmusting of 50
Bank waces, Fou M Ost e whsmRE e

BLANK MY

W pod i Aest N apaces.

« PRINT SHIFTED CUTPLT LINES.
INTEGER N
CHARACTER BLAMY-3D
Do, N = 1,50
BLANKM MY = * !
FRANT », BLANKE A FORTSAN 77
0 CORTINUE
EYD

CHARACTER ASSIGNYENT

A character kafgnment datemenl saces chafailsr dinngi. mch hhe mn arilwnes
Haignmenl satement yRL uttenc vilees, Fuf eximple,

MONTH = "JANUARY

sy the character aming JANTIARY e characer varlabie MONTH. Yo huve
a'ready seen scverst ekEmp'es of the chiecer asiignment stalement, They sedlon
enplarmy e £ffect in Mo deil

The Bt rue For cHamgmwr gxsgrmest wivs 'l weu cannd mis chirecier wnd

mumerc Jark iR AR aasiiEme .

CHARACTER 0ATA

1E5

I
U Bwie for Character Assigamear

I the Lt yhde of pn aspigrment tuemens b g Charicier variable, ten the AEM vide mub

b a character evpresion.

Thit, the foflowing sasemenis are [l'cgs! tevanse [23 is an nteper,

- FLEGAL, CHARACTER ASSNGNMENT
CHARACTER €43
Comtm

You cam wie o charkiter auignment steicment fo sigre @ velug in A subntring.

Here ik an eamiple,

+ EXAMPLE OF STOR'NG & VALLE
=K A SURSTRING,

CHARACTER S+10

8013 = tAEe

S48t = poF

7Y = THY

PRMT -, §

EnD

Thit prugram prmis the steing
ABCDEFGHLI

In gencral, the ru’s i1 thig

817

—
Rule for Charocter Azpipnmenr

A charmter JSEment ixtement hey the Ram

f nATH = prDreddioT
!
1

wherz mame 1 & Charmuy wwrable or mubswing neme, awd erprevion i3 4 chevacter

| tapreision,

|

The veriable or mhytping reme an the ef of the equul xign has 4 cemtzin tengih,
a1 ot the capregiion on Bee fght of the cgwal nigh- 1T ihese fengthn are the same, e
ertirg vwolue of the expreision 33 wored, T (ke fepgthe are Sfferene, The effeqy n

desermined by the folowing rofes

R
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Aules for Charoerer Aignmre ]

IF the Jengrh of te veriahle s gremser thaf ahe longih of the o pifexsie, _I!w vt o 1he
FUEAaA 1y pored oy the "B part of P vanabe gnd wpane e skortd TW e remaiang
characters.

Mot kapth of fh wanabie iy 't Pt Smptt of P ouicas, them only the i
Iofumdet characiers We slonec. I

|
The following tnemple (uvtraies tew bao Rl

CHARALTER 1QNG 10, SHORT «3
LOMG = 'ABCDE"

SHOAT = 'ABCIE"

PRINT », LONGHSHOAT

END

The charachery printed are

ABCDE ABC

Figures 5.3 und 5.4 show the effect of '.]u annigPmERT SLIEMEnlL,

FHZUPE 53
CHARACTER LOMNG **0Q
LONG = "ABCDE

AN YR

Lilank
W te

P AR

LOMNG [A!B]C[DEE[ ml.ce“ space ‘ SpacH i mﬂ ApcE ]

CHARACTER DATA

FIGLOE 5.4
CHARACTER SHORT =3
SHORT = 'ABRCDE

"ABCDE {ABICIOIE

lll
SHORT i’é@

Whan Fia variabhe b shorer e T celue ceing pd, onby (b lediost charschees of Ba yaos
o sioewd

Remember that the input list of 8 READ warement conzisty of yarisb'e suies. As
yimt now know, esch variabls has w certain type {inicger. roal, or chetusterh, The first
mule for prepering [rput dam i3 thle

Rulr for Lis-Dhirvited igna Dhed

Esch valre an the dare card mun be & constarl of da wine iype s the coreppoading
variahic im the Jepud lid.

Thus when reading an imeger varizb'e, you would supply ae ineger constant on
the data cand. When eading a real variable, you supply 4 real eonstant, which you qae
rypt a0 ke s3] form o im erponenrtial form,

There §3 w convendent exception to this mole. When resding & real valoe, oo can
feave off the decimal pesmt. To be precie:

Rule for fList-Direeird fapat Daig

Whon mading 2 vahue for 2 real vanisble, e comespnfig dacs vt may huve e orm
ol on integer conslxnd.

-m..nuwmqwm'mnumnqmm.meuu-mﬁmmmw,
vackbie ard G nght pae m AHec weh SIERK Spces.

ANOTHER LODOK AT ™PUT AND Q=T
Chipter T expinined how 1o prepere data oyl Tue yulr progra®. Mo that wour koo
hyw W write FORTRAN consants, we o pive o sore previse devriprion of Jata

cand formal*

= |a Bhiy wiltecn “ Jipune TRt (il = card, Tl i Py e e 'Hl"i'llf WHIT prgranl nyed= Firs
v & e wam nd' Fat e of wemiaald iy e LT R LR

You can mead g valve for & charmower varishic of & mbsmng name, The oomre-
aponding value on the date card must be s charsctcr constant, cnclised in quotes. The
following statemenis real rwo substing nemes omd & charpcler variabke hane .

CHARACTER MANE »20, {1LAST +1)
HEAD » MAME[11:24M, MANME(Q), S ASS

61T

You could prepare w deia cand Mhie thes:
LICHN T OMES” SOPHOMORE

When reading charscter valust, ™ lenprh of the value b adfunned 1o fir the lemeth
of the varighle or subwarfng, scdoeding 1o e lpllowing rule.

157
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Ry Jor LiskDirected Inpar Sloa

IF 1he Tengih of & chardcrer wuna™'e or Jubsne g Aaane | om0 ivpat Ieit o podiler Cwh The |
I.q.-nph of 1the mlp(vndlnl duts walse, 1men R sulue 19 sdored molhe efermasn charsler i
poaefly wst the Pemaining charaeters aom Sled mad Sk sy, 1Y e papt o of P
vAPARYE or whuOng e B e Swn e Sens ol G duta vatue, oo the Cefimaos
ChalaTets A IO,

In emer wordy, readng o walue for & character variable has the seme effect as stoving
e va'ue in the varighlc with an asstgomer! siudement,

You can Iype one valus of several va'ues on oewch Sita card. SpeciAcally, the
muley ane

CHARALTER DATA 158

There iy 2 ahorer way W [ype thiy inpyt, ouing 3 repeffltion Taclor, You

r:.-pc . )
5

In inpur data, the esterisk doca not inicate mutnptcetion. 1L means 1o repesr the

follewire valur. So 50 mesns Eve va'ves of reto, The oumber 5 05 the TEpeLilon
faclor, In geretsl, we have;

Ilmpu:dluyuumwntninﬁwmhn.mmbymm.fn!whl

|| Ault for Lisi-Direcied fmpur Para
| coruant 1oF amy typel w bndwate & sequence oF identaeal inpe vo' ey,
3

T
1

X Rules for Lizr-Directnd Frepur Do

Exh REAL siaioment bwepins reading § new cand. The commater witl reed 11 many cardy
ny teesnary W rupply vhfues for coch new weriah'e inogne inpun Jidl.

i
If yoni pype owxe dhos ohe valor o @ de cand, pem ouh wpanns e va'ure by & l
T pommy, or by pne or mene bienk spaces. of by a2 gomma and one oc mor Blark e i

For eammple, suppoac you &t preperap oald o e rend by the folldwing
stalemenis.

CHARACTEAQ CrTY 10, STATE-2
MTEGER ™
REAL X
READ {s, =, EMNO = 108 CIT¥, STATE. ™, K
You cogld prepare data on one card ke 1
“WAMY TFLT, AT, 2%
On, you could fype the fula without the g, ke g
WAL L 4T A
Or, you could read the datn from two or moee cunds, lke this
"MIAKA L
a7

a3

Sometimes you may want tooresd severd ddemtical walues froem wocand Suppose
you wanl o fead fre vafues, ot e Yoo could e the Sand fle s

00800

Durp_r.n data formar is simifer to input dara format. Cenain detailx of the catput
format will depend on Lhe particular computer you use. Fer caample, 1he slalemen;

FRNT . ABC, 1, 22

ight print the three values separied by spaces, o separnted by commes, or by bath
vpaces and commas. Thus an one syatem D cutpur might boot ke this: '

ABZ 1 23

02T

while on pnciher system, the outpur mig'e fock fke thip:

ARC 22

Derar's wech as how many decume! places 10 print for & feal nurkber ai a'sg dependont
o Ihe panicolar compret aysiom you uee,

:Dne diiference between anpat amed ourpil date forman B that on outpel (0 &
terminal or w4 line printerh, there arg o Quotet around cheracter values, while oq
wpat, ceodes err requined. The statemens:

CHARACTER C-10
C = "COMPLTER
PRINT . 'C

will print the word

COMPUTER

(with no gooea). But i rend 1 vilue with e statementy

CHARACTER C-'
ATADR -
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you noed s lype quoles Woume! e 1mpat wata, e
"COVSYTER

Typmg quoted tround chasmcisr inpt myy wemeimes be inconvenient. There is 4
wiy 0 rehd chametis Qi wilhoul gquohie You con uae 8 foomar moa READ
siatemaenl, Here is uh coamp'e,

FEAD {r, “lAY. END = 1003

You have acen simllar READ staernencs *efore. Byt this one, inuent of having teo
asleriake, b the aymbol

LY

in place of U vocond asierish. This pymbo! reprewents 8 Tormat specificr consinling of
an A Lype ot descripiar, Thiv 1% oltcn ealled on A foema, for shoet, .

Tn Chapser B, yoa wi'l eam 2" shout fonnats. Thers we many cifferent kinds,
Yo can pae ther 1o specify eaactly how g want our input o guepat deia e look,
For now, we will feesf on'y o o of format the A Tormat iffuizramed whowe, The
foffowing mule explans how fo wst L

I ]
1 Ralr o Lig-Diepried fipur Dala l
] Suppote that war 5 @ gharscker vanablc (o ubsnng hmTe] Mving s Tengthoof w
EhrsEiery. The ytafemdnt - l
]
1
1
!

READ .+, {A]", END = SC0) uar

rewde the Pt churaciers from @ Cared grd wrored thet in wer, ARY fenidining charsciers
o8 O card are Tgmorcd, M Gwrte s peo ommwe pet canb. M progrm branches W
| eemen 900 (er 3 whgver srulement Tuwl g wipply shler (e ExD =).

The Fallowing example ilfusirates Uis foem ot the READ smtcond,

FXAMPLE 5.3 Listmg w Cord Dved _
Wbt & progrom thal witl reed = deckt 0 vonoy onad sl Them o the prineer, Yoo could uwe this
PROETEN e ¥ Eing of your FORTRAN programe o 2t .

Her it & vmple progrem that dess e st The RUAD slement reads wll A0 chiractees of
tot oo o et pabetriog LINTLA Tho fotw H cheackn of LINE we hlmh spaces thal
prowbde o lef marpa mhen LINTE 10 prinre. .

+ PROGRAM TO LIST & CART DECH
CHARAACTER LINE 00
UNE (1l =T

CHARATTER [IATA

W AEAD (- (A", END = o LIME{ 190
PR'NT », LINE
GO T

% END

EXAMPLE A & Program Docymeammon Liger

Whencrer You writd & BrOptAM o be ysed moes then once, you will aeed 14 write weme
sacuTeniition tlling hiw 10 uic B progrem o how W change 8. Ofen i it ol o metode
W SedMCrAMicn g5 COMPMETE = ithin fhe program {telf,

Mot all oF {he comments B & sragram will be part of L pental poinram dociesalion,
Sepprne you pdad e following comvemwon:

I.B:i:;chbhch#m‘#m‘ wih & covmmenl cadd tavthg v plos Km in
enbumn 2,
LEﬂdiﬂ:blﬂfiﬂlﬂtﬂaw-ﬂammmi‘amiinh
ol I,

Here is an crampls

«+ PROGAAM TO LIST DOCINENTATION.
AUTHOR: M, MERCHANT,
THEE PROGRAY READS A DECK DF INPUT CARDS ANA PAINTS
ALL TME DOCUWENTATON BLOCKS, A DOCUMENTATION BLOCH 15
DEFINED TO BE ALL OF THE LINES BCTWEEN A "STAST UME AND

. :m?EIOP' UINE {MNTLUDMG BOTM THE START LINE AKD THE STOR

ASTARTLNEBAW.!EHTLMEMTHAMEGMH 1N

COLUMN 2. —_

A STOR LNE 15 A COWNEYT L'NE W A VINUIS SHGY =1 13
== T UMN 2, - [
4

= A PROGRAM KAY HAVE MORE THAN ONE DOCUNMENTATION
+ BLOCK. NOTE THAT ALl |INES IN THE DOCLIVENTATION BLOCH,
T JUST DOMMENTS, AfE L'STED.

- !

The primctple of the progrem it o et afl e oot hney, ig all Bney that we imide a
donvumanisisn block, mid skig ol liven thar we v, Thas, a5 tw progron meady the Jepel | thers
= lwo posible CdEiey” oot ity or geiside of 8 Gocomenistion Weock. Fipone 5.5
showy the topelevel progrm dewgn,

A Imporiend poisl b0 ote i1 tha b ead of & deecimestetion Sock b viputed by a
“wiop” Fne, bl the o i it dtecll pe of the bloet. That re why the (masrson foam being in
& Bk o being ow of 0 block Mo ke plete gfer fe tine Iy prioked.

The progras fenls weme wey %3 Sremember™ whether of iy ittide § documentation Y.
Tou can wee & logeen] waristle INSIDE which by frae wham ingide 8 hioek and f2'sl o i

mhMMM.IMhﬂuwm|mmlighvi|;:m:\ipm
cotumn 3, The equivalent FORTRAN pomditks cart be wiltién;

LNE(T B, e .Gﬂ.' LUNEN 3 ED G+
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CHARTER § CHARACTER DATA 1o

frpuoc 5 TOAMPAR™SG CHADACTZR EXARTSEONG
PROGRAN DOC, w73 RGN LS ER =102 BV, LE5G

I Agyyrig tHit wog 21w putyide & SOCumEn'ahge THOC

The relutipral operatere, LT, EGL, snd so on, £an be used o SoMpan: twa £hareter
eaprrsaions, With charecter £apressions,

Whits 17ant 13 el Inpt

A LT B

P & 2

means, especially, thar A comes befere B in aphabetica® onder. For caemple, the

s is 8 "ElarT kna

e |ntion;

‘
]
]
t
!
]
1
:
[ APPLE' 1T, "BANANA

is True, Mecause APPLE comes beforr BANANA in aiphchaical order. To ste how

W arm Inzich B Chvou e et 0 BROC L

alphabeistal oeder works in FORTRAM, 'el us san wilh the vimplen ¢ase comporeag
Cwenl Chiraclers.

LR IR W ELTIERRY

|
' A'phabetic charsciers compare agcording to the usal alphubelical oader., Thus the

I foffowing celations are atl e,

I
)
1
i
t
;
i

g ko _
) e e
Prin tvy bnp i ‘B'OLT. e I

AAT

{han

MO e A TR

L
E

| Whal Muppeny when you ¢omphre Rondlphabetic characters? Foo example, how
v oomn you 12l wleher the relation

Wi Lip DUTRCE & GoCurmentaT N bicd .

| ot LT, et

NMere ba the cormpbace PORTRAN program.

LOGICAL INSIDE
CHARACTER LINE « B0

INSIDE = FALSE,
READ {, '(Al', END = 800 LINE
100 IF {LNE( 2 EQL et OA. LWENZ) 0. T
L IWEDE = .TAUE,
IF ('MSIDE) PRINT .« LINE

B LEL 2 B, et R LINTRR FO Cet)
% INGIDE = FALEE.

GO TO 10
a0a END

it 1rue of Eale? The answer Jdepends on the partou’ar COMPUIET YHEM you it wsing.
Suppese you toos atl the charatters Inoyour computer’y chatacer set mnd plt them
in tnem generatized alphahetieal order, s thal the Ame chwradier 3% Tess than e
wecpnd, D sccond charpcter by dest than the Lhird, #md &0 on. This arraagement is
vulled the coltating sequence of The compuier's chamoer et
Here i one possib'e collating sequence for the FORTRAN chararier sel:

wace § ' [ )+, ~ JHZMEEISE: = ABCD 2

This ts the collating sequence wpecified by the Amerkcen Stnderd Code for Taforma-
tion Inerchange PASCY, which s uscd on many compueerns.

The ASCII collaling scquence, however, i only one possible chalee, Most 1B
computers use the Extended Binary Coded Docima’ Interchange Codr {ERODICY. The
Iy & differemt cheracler wel, with o differtnn cotlatog sequence.

Alhough the rasct collahing wtquence may vary dmong compuert, cefein 'L
tiong will wlways be true w stanlund FORTHAN, As we inid carlier, yoperCse
piphatetical characten compare Wturling 0 the umnl alphabetical aeter. The Char-
prien comespoading o The digis 0 threagh 9 compre in he uvsual Aumencal onker

———— o —m L - o e
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Thus, the follgwimg wlatom are 27l tree.

o LT
v AT
LT 3
o GLW

A Blank space i3 Sers than oty the Yetter TAT um the charscler 0, THin, the
fu"owing relarions ure rrue, .

(] LTI l'*l
Tl L-Tl in!

There & no pandard rufes for determiung the order of other special characters,
Thit 3, 1he refation

v LT

mighet b rue &m one Compaier Lysem and Qo' of another, Similarly, &M of (he
Toirowrng refElens might be diler rue o !t Copuimdsig un the partsouur cortlatng
suCroE YOUT CONprler gel.

P LT- o

LTA
A LT Y
o LT, =t

tf your computer hey Towsroaee alphabene characters, they will probah’y curnpare
in wiphaherical omler, but they Rave me stam'aed refaton 1 uppereine charsiton. Thys,

'ﬂ‘ LT- 1
might he elther e or fatss, depending on vour ceniputer,

The prceding disownaom dealy with o -snr Twoe simple charsciers, but you can
compare two lenger characrer cepréasivna o well. Suppose chae Cl osend £ we

chrsier cIptEsdionn having B2 dme leopsy . Then the me'aiom

ci EQ. G2

is truc if wnd ooty if esch chamacter of CF iy qowal s the corresponding characier of
. -
To determine whether the felition

&1 LT, C2

CHARACTER DATA ha

i brue, yoo can uid The same l.'gm‘llhl'l:l ¥ usg for puteise fe wonds jo olphobetica?
weder; Compare each churagrer of CUowith the gormewrordsag choracker of ©2, Newp
COMpAIME LAlih Y00 Come oo 4 charscler hat 1y differsl cor until your comme o the ol
of the widng). I the strings ame diiferem, then thesr o phabeimal onder ip the sume n
fhe a'photweical oter of the M Cifferert charmcier. Tirs fhe melation

TRAAT ET. "AAAD"

i e bocawse w fouxth chamcher of the frw exoression is less than the fousth
character of the seocond,

¥ou can also ohmpde charstey eapressions having CitTeren knpths. The ¢
of suth a companecn 13 as though the s4omer siing were podcded an e gl with
blanh, spaces 1o make i the wme leagth an the oot simng. That the relaton

AT R GT. TABCT

is tre.
fe Is il'cpat? o compers g charscer enpression with 3 momeric capression. Thus,
the relstion

" EQ, 123

in iMepal.

Une final nole shout comparing character strings. Besakn using ristiona! oper-
ators, thers wre two oiher vacfu! ways 10 do i1 Dne way is o use the intAnsie
functéians LLT, LGT, LLE, and LGE, which conpare $2rings sxonlng @ the ASCH
col'aiing weqoence. Another way ia 10 ost the innmic funclions THAR and [THAR,
which make rt punsible to Jefine your own cullating sequemce. We will dieuss
imteimic funcioms in Thapler 7,

FXAMPLE 5.5 Clarrching Charimisry
The obpact of thig &aample 1312 read liney af leal and, for sach line, to produce ouipat like he
fallawlng:

DELAWARE RATIFIED THE U5, CONSTITUTHGS O DEC. 71727
6 WOWELS.

22 CONSOMNANTS.

5 DHGITS. -

5 PUNCTULATHON MARKS. -

£a1

The Arut b of ootpul ic the inpol ine The faltawing four 'oes of outmet show haw many
charsghers of £ach IPE werd prewl ot D imped vowee's tA, EL L £, L), constnants (ot
toiver: of M piphuhet, Sigea 00 chwouph 91 and punctysige mik [which, for ko faemplc,
will meun any chafscier oher than & lewer, o digit, cr Wank ppaccl. We dwdeie (il
phahei betleny AT 3" TR

n
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P T L L ]

EsLRE 56
phgrastr "D D ARREY CHARALTEAS
Whlle thars 18 mara Aol detg
1_ Imilialize 87 1T pauntgrs '
Raad 1hn ling
Perint (g e
For aubch CHAMRCTEr on ey hne
Salect cava:
1 1
Vierari! Comorard | jall. 1} i “u"lc!u-'.'oﬂ! Bgni
st fassrie {oaeeow fMIE
AT nambas gl ¢ Rgeben 3l p‘“ uplon
o vowe:d | congonans ; 29 v e f
' 1
Prent Thas pamber of aacs hoe & Chargstes

& wopebeve] design for thic proprum 11 shown 1 bigme 300, For each Input hee, you
orapret each chanicur, AU out et frpc & e Cw a1 K T DEHROPIUE Coumrr

To darrmme e DT oF 2 particular arscter . suppose Wgr CHET i a
charcler vanubls in which the charecter wt Mas been stered oy follinay,

CSET = " ACYIVBCOFGCHAMLMNPORS TV KYZD 22455789
You can wie n whilt-loop Hmcre 0 compare © with each character of CSET a3
Tolkows:

=1
21 F{}LE 37T _AND. C ~NE CSET{S.M ™Ex
Jmdat
GO TO X
END IF

The final walue of T determines [he type of the chaeacter CO 1T &1, O v w Blark
space. MIs) s b Convorel 117 5] <27, U svomorar. {2 23 =17,
C oo ow dign, F 7 2= 17, O iy 0ot pqual ta any o e Camwetzee on OSET, Mwercfore, ©
i o puncioation mark. Here is the comnels procra:

THARACTER DATA

167

PROGFAM T PTAD & SET OF CARDS AND PRWT TME SLASER

- OF VOWELS, COWSONANTS, MGITS ANT SLKCTUATION MARHS.

+

+ VARIABLES:
+~ LOOP COUNTERS:

IMTEGER |, *

— COUNTERS FOS EACH TYPE OF CHARAGTER;

MTEGEA nyQwEL, NOONS, NDIGIT, NPUNG

== STCRAGE FQI THE INPUT LWE, FOR ONE CHARAGCTER, AND FOR THE
« CHARACTER 5ot

1o

’

CHARACTES LINE-80, C-1, GSET-34

CEET = ' AFIQUBCDFGH KLMNPORI TN YA 21456 TRS
SEAD =, "[A]", END = DO LINE
PARINT » L'WE

+ INTALIZE THE COUMTERS.

NYOAWEL = O,
REONS m
NG =g
KPUME =

*INSPECT EACH CHARACTER OF THE LIME AND DETERM'ME THE TYPE.

*

DOt =1, 1

C = LINE|LIy

EL A

IF [JJ'LE' a7 LAND, £ NE, CBETLN) THEM

= o+

G2 TO

END [c

IF1d. B 1) THEN
fIT 15 A SPACE]

ELSE 'F 72 LE. J ANDL
T 15 & VOWELL
AWOWEL = WWIWEL + 1

EL3E 1= {7 LE, J AND, J LE 27} THEN
T 18 & CONSOYANT}
NCONS = NCONS « 1

ELSE IF 28 LE. J .ANDL . LE. 37) THEN
07 15 A DIGIT)
NOMSET = MOMST + 1

ELSE
T 15 SOWETHMNG ELSE, THEREFORE PGS TUATION)
NPURE = WPUNG + 1

END IE

CONTINUE '

Fet

4 LE. ) THIN



Rl CHAPTLR

« DUTPLT THE RESWLTS FOO Terh LS

. FRNT . §VOWEL, " VOWELS,”
PRINT -, WOOWS, - CONSONANTS,S
FRINT «. MNGIT, " DG TS

PRINT »« NP0 FRONTTIATON WASWES
GO T2 10
920 EWND

EXAMPLE 5.8 Coumony Wordh

The wnpar dutn 10 thiy program conieams of @ gt of Gnp'ish pross, rpped ea caridy The
probilem it b UM the Sumbr Of words in fae furitaph. Ao count Ul smhet of ronb'a
Chara<1em 1R The parpptapll aed comens the awctape widd benpt, on charsciers per word. PAnt
the parapraph, 13 well 1 e e pumbees 'ler i wene pneple UTTUL

WHAT & PIECE OF WIORK 15 yiAs!
HOW WOBLE 1N REASON

HOW INFIMNITE IN CACLLTY

W FOR MDY ROEG HOMY
EXPAESS AND ADY FAB.E

3 WORDS, 84 CHAHACTERS,
AN AVERASGE OF 4 8638 CoARAC"ERE PER wWiDRD,

[The guotption 11 Shekeipear, Humdp Aot 220

For smplicley, sapuime TREE 198 5gar onl-iAc o memers o apeciy” charwclers LTS,
poicastion marky, Tn paricr'ar, BRI (0 Rty e TRt ot Pae el of B line.
Fygure 5.7 abowl the topelevel design.

The ouly diffleuh par of hit proceduns i I Celenming e o kv featad 1 tied of
2 word, The probiem can B wmple 1f von ot sinng e defntme of “warc, ™ We wi'l mablme
tha & woend s & poquena ¢ of aonbfank Charetcns Al gyt by ety s Blask caracter or By dhe
eny of the bine, With this defintion, ym 2mn e rly o g doter s amd sghny modifed Yervae
of {he tnnee loof s ahowm In Dpume AR

Thas method alman worhi, bur f hae ome Bow, In e botte® depnion, wha “ppoas
when you 100k &l the lagt crarcer of the ling? Thwre in no “ielewmg chureder,” Wy
Cammol LTy O the iRMATeN, Tom oot Nt w i i problem B osalmg e i om
g complicatad 1o 10ke wnle sEEoBR it T s el chakeCleT wa e Ting. AR Edyigr
renciotion r b Mk wart B Every Fne 'ua am GumR blam, chaacer B ahe end  Sepend the
gyt tine w B0 charsctert fong  You can road i fing inee u vanat'e LIVE tul i Juhieed 1o
Tuwe noc B0, et N1 charscten, and pou it B el charscier st e e

UNEEIAT) = 7
You chl Deen wnE the comdition E conhuds the et boop  Fallows

Glarting with the Frst chasscler In ne ine ‘ool at each characler excepd (R Ty
[the axtra tank), -

Thar hodlom SCCigl ek makis jense, ™ot thong booa Tt ing | urarbet far pvery
Charucter heing Ipoked ae. Thin 1cmgue s Syl siaed sseying charawter ducn Frpqee
5o abamr P BVt ot e

5 CHARACTER DATA re3

Feliooe 57
PRIGEAS o SO T WORNS _TOR| EVEL DL SIGY

‘nililze {he vinaBigh 1M1 courl words Bnd ChEiBCIemE I.

While Iharw In mare ivawy dele

E Eond B \ne grd arim B

InueC | Bach charachar o the b, read-nd -0m feld ta righ| I

g cugrachi i mat & Brpnk
than

A 1 o The !
by OF TR e ‘

H b o e e Ot
N wtd

LT L] LU
1 |
A o ",
ALt O wics | |- I
=
AT R iani bl IRk by T LTI G el 1N e of s i
ngeBlank charmtitra, And {Ma Bvarage nubgr g CRArBCtArE per W 1
FGLAE 58

QETAL OF PROCEDURE FOR DOUNTING woess

INADect gt characier of the Knm, frgm @t 1g right 1

LET E= L o B T
(L

Add 1 g nusaber
of charptien

W the FOFOwInG
charactier iy
& Bara
then LE )

. Add 1 e
nomBd OF wands
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CHARTER 5

2l
BUOCTA 1O COUNT

ME 44

WIS

Mumbar o Eharaz1ers = numbar of worrty = 0

Whikg Jheta 18 mors Ingut fetn

I Raad nling

e E T - - —

J Seowe A dulra ank Al the end o' 0 ing

l Print 1he ing

S1arT g vl b 18 Dirak ERRraL 1 i jhe
T, MoCh B EERCN CREARCTEY vanef E WAt e gal e SRk :
! T Ch ALY iy
B AR
Hum
I A 10 e b of Eharaetens
‘ | " i {aMDwing |
ETrELTE 13 2
i han gy alpa
|
‘ I
| H Al * U 1T FHATOAT OF weoniE
L
Prnl 5 Brank kg, Kol Ty 1P memrer o 2 00T
Iha mumber o Sl rpclerd and [T E B tooe ogdnie ol
Eharaiied Dir wied

« PROGARAW TO COUNT WORDS ANT YONBLANK CHARACTERS
N A BLDOK OF TEXT, WHCH 15 ASSLWED TO CONTA™ NO

' SPECIAL CHARACTERS.
WTEGER SHARS. I, LUNSTT, vOADS
REAL AVER
FARAVECTER (LINST = BO)
CHARACTER BLANK, LINE -LING? = 1)
PARAMETER (BLANK = © 1

CHARS = [
WOALS - O
1 READ (v, "(AI', END = 9001 LInSemGiZ)
LIMEQLMNSIZ &« 1D LNET = 11 = BUANK
CAINT 1, LNE
oMt e T, LINSIT

CHARACTER DATA i

'FLINE{Il (EQ. BLANM} THEM
CONT™E
ELEE
CHARS = CHARS + 1
IF[KEM + %2 | =~ 1) EQ. BLANK) THEN

I:I\‘ID {3
20 CORTJE
GO T0 2
e PRINT -, BLARK
AVER = CHARS
AVER = AVERNNCADS
Pt - WO EDS,  woeDE
L] CHAH% CHAHAI:TERS
SRAT « " AW AVERALE DF -, AVYER, 'CHAHAI.'.‘.".I'EFE FER WORD'
|35

921

AR o

:|.._ur.||..,ql R TN | R

SUNMWARY

A Characler conglant 13 a prng ol Cheraclery entivted = quited You CRn 2'% Jatng
$yTO0s Che B Corsavt wih 3 PARAVITCR yateme .

A characier vasal's Qonsisly af & seguencls ol Chaqasier bOrage o'y, ard 3
cecared by & CHARAUTEA sawevanl Eviy characier vergble, mrd, i 1A0E eviery
CTArACEr EXDIARSON, had 3 caan ‘argth wFieh g e rumber oF Chacacier 3ot age
UL D COMATE You Cethe (e lBRgeh o B Characier vanabie b e CRASASTED
siatpmant Tra yarab'e heg e pame ‘eng thadugrend e progiem

A subsiong s & sepuenca [ ACjACEn Charsc!ar Slompge umda ot A Chatote’
vanagle. ¥ou CAn uae 3 BUDSTTIAG M &0FECT part ot § chasecter wrng TR etarrp
EAprESTNg Thi' de! se the gubiginng muSl Be wizin (e Qroper rangd o &7 eresyton
Brmar o resdT.

A COErACIEr Aroression con e & charecter consiant, variahly, of BuBSTNg NE™e.
Characts gaprees iy Cin he Combmed pdeng the CoNEAlEnSbon Goerkitr, w4t 03
"wG BTG 10 "orm a Ipager siing

WhER B v2UE § r9Bd NlD A CHaracer vanalNe O mIpgred 10 L e Tength s
admysted g M e ver aba M ofhe vE'we I too long lor the waoable, Ne rghimgs
CUBPACTES Ae tunclied Y the valor 9 shooter an T vt Sk SRecel re
added Ia the rigr

When Utang RO eched oyt pech vaue read must be B CONSNRL O e ST
'ypg 39 "he ESras0ond iy vANATS You CBR uga BN A homat i M a0 erlel PouT e
By @ SNQE ChETALE CA'uR

You CaN use TEINONA OPRMAIDAY Y0 COMDatY CRAFECHS! EnDNETRONY. TIF TN Do
Mory EC ey NE | tho il O R COMDanpnn o Bheys ORteritned, Dol tod The gt e
PEUSOeN DOeCEIo . e tesul a Onfy pRtRty delesTeld Dy e uel 0f SRl
FORTEAN Bapca'y, cowraclel ewpresson comog+s sCCnlng 10 A phatet ga aneee
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Thea tha yariable A and X1} are Both et an she syma bocation, Xrly and B oare
sored in e same 'ocailon, #hd 10 o T by (Pusrated m Fiorte 103 Bach varah'e
should he oF the fame rvpe 1y the comeyuumding variable.

Ahhouph the CIMATDN tatements Can be Ji¥ferent in dilferent pragram units,
praciice they arg frequency Blentical. T hay e otfepl of making (ke vartehles in
common glebally deflaed. Thar b, w vara'er -+ Joermon can be wecd By owmy
progrum whit, This b1 oar effgient way 10 paes oofornation gmang sibpmgrams,
apecia'ly when much information B e e g,

An paension of the ondinary COMYON wnement v the fahelt COMIMON
palemenl. which is ¥imiler, gacept that it 2"pws 2 fahe! Jov the common storepe anta-
. For eaample,

COAORIBLOM A, B,

syl W store A, B, end © in e common corage crew catled BLOK, The ddea of this
is siroply 0 allpw Mo tan Bre comiwut yomace ared, The peneexl formt of the
aheled cawnmon Haement 1 :

where block Is n o0 1o sischaracter hloch rame, heginming with u Iotter, and Aame,,
e, are warlable of gray mames, just iy for e colabeled COMMON stmenent.
The effect of thiv paement i idemivsl so s of ™he gnlahe’sd common evcepl
that the vamables ere stored in the mimed common bleck
Labeled comemon blocks wib diferrnt pames e separitc from epch other and
from unlaheled common stoeage, This Featore [n be especially usefyl when wrling o

CIGLRE Q)
In 2 wpute e
COMYEON 8 B, C O EF

n Mdm pEOgEAm
OO0 XeY, ¥, 20

Cammon

Atarage
i - Locpiagn i - A
- LIS LT ] -B
7 Locanon | - <
v o= Looutior A -0
I - LAl 5, - E
oh - Lot |- F

Exampe (f common gl

ALNTIONAL TORCS

ayvem of subrourrnes than work tngetwer. [F YOU wpst W i COMIMON Lgrepe [0 pot
informatszn amang The wWhrguiines, you can kel up g 'ateled comenen block, Then
tiewe subroutines cun be used with o main Dogram or owith another syitem of
subpounnes whichh also uses commen storage. Since e commn siorpr biocks are
e difTerenly, they witl not Interfere with each other. Thert i one oiver differ
ettt piween tabcted and wnlabeled commen warupe. Lahelod commen storpe cob be
iniltalized wilh 4 DATA sutement; unfuheled common tinmEge CInnGt be.

SLOCH DATA SUBPROGRAVS

A DATA stakwent mey nol be osed 10 inTiatize 3 vamatlie which i in commen
starage. This the following is mor oflowed

COMMON WRONGE
DATA WRONG {1, 2, 2./

It |5 wftowanle, Wowever, 1 use n DATA atement I initislize & varable in lobeied
COMmgr siotape. This 33 ome imoorent difTfererce tetween Tabeled and wnlabeed
comman. Varlubles in iabeled common can be iniafized 9y DATA suatements only by
w¥ing & wpecinl 1ype of subprogram called » BLOCK DATA pubpeogram.

The GLOCK DATA yubprogram containg no guecutatie siglements. Only declarn-
ey atementy (soch os INTEGER, COMSIONMS and DATA walement may he
wied, The BLOCK DATA subprogeam beging with the daiement

BLOCHK DATA

T

4

BLOCK DATA name

where nohe i3 any legal subprogrm nume, The declacriions and DATA satemenis
fo"ow. Likt other Sebppgrams. it i krminsted by ax END hat,

STATEVENT PUNCTIONS

Function mbproprams, an you have seen, ore n very tieful feature of FORTRAN, A
statement Funcelon % similar to u fmctson sobprogram, bul it is nod & fubprogrum, U1
v g Fanction defined by p tiaghe olavement. A Halemend fumTion may he deired in
any progrent unil. Wiliin she program unil, y0u gua eocnce the slwtément furdilion
it fike o fanchon wbprogram  Cnivee 3 swhomprem, though, & dremen Tusction
carpol b referenced uutside af the pogrem Waic in which iU v dafined.

Al sisterment [URction Cefinilwom misst oome g1 tae boginmng of & proghem Selons
the firs1 executuh's sitcment amd afier o oher gec'arative staremenits. The sfatemenT

+

3591
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functlon definlifon i+ & declarafve stitement Rreche S ssme o am gaigmtient
yighermenl

Sy a0,

Xl = eyprbaioh
whers F is the function name, k... ., 1. are v specifyipg the Cummy
arquments of the satement fafdran ang wytreivn s SE EEPIOSEN whiclh may
nvolve the dunmy ATCWTEA.

For example, the staiemenl Funciaon deliattamn

FLEy o= M+ S[X) + COS{
declarns that e enpeession Ny iy equiva‘ons fa 1he oupriaion

X o+ GivN) + COSE)

troaghout e program wnit Yoo fou'd mitee the Sy argument Xt any
wciual argument, Just a4 for funcrion subprecsems, Thes,

BRINT -, Fia + B}
hus the same cffect as

PRENT « A + 9 + SINIA + 9} « COStA + 3

FXAMPLE M & Ny Rowid

You have soen crampres of the SORT funcner. weed bopomfne sjuse oot There b fier
wnrthace Funchion ke ooyt B9 moty, bt 0o CBnowrrh sl 3 runcisn Ely BF & MR
Function Marhemathently, e AN maal of 2 pascie puniTRE T %2 WTITER

W
which L the ams: b
'
-
X
Thin valae iv compaied by the saement Tuhcioe 481007 tetined by
ACOTE, M) = Xerld DAERLMNS
The followtng peagram prints o fthle of mats or Rgeter F argnieh 00
- BOOT TABLE.
INTEGER 4

AEAL X, ADCT
ROCTEN, MY = Xao[5 Q/FEAL N

ADDITIONAL TQDIeS 01
PANT 10, 4% Y = 2, 1)
10 FOHYATE D T20, "TABLE OF KTH ROOTS OF X,
£ TS N, T, N ow ¢, T25, 91104
DO 20, X w20, 1000
FHINT 15, X, (ROOTIC N, N o= 2, 16
15 FOAVAT (710, F10.0, 9F10.7) —
M CONTINUE t
END o

THE SAVE STATEWENT

“The SAVE stelement is o declarutive mmemen: vied to spesily thet cerinin variahles

tn & subgmOEram afe 1o remain defined even afier the subprogram eaecutes o RETLRN
or ENDY staterment, MNomma'ly, »hen & wbpropram retoems, 3 variables in the subpro-
grum become undeflned #xcept Tor he {otlowing.

. Warigsles in Blank common siorays

. Varablen thal were incily deSoed (for cxamp'e, Sy & DATA stnement) and
have not been pedefned

3, Variab'ss wppearing in o samed commen Sock that appears in the subprogram and
in st least ane Other progrem unit that i4 ceferencing e spbamogom

L2

The staterment

FAVE v, var L., war,

means to skve te valued of the warfables in e Lkt when the su'program miume. The
Yisled varialtlen Ukt not be part of & labeted common blogk, Sul vou £an sdue the
entirs commen hiock with o statement swch as

SAVE sk

where ffock i the common block name. The Hawment

SAVE

with no liwr of varfables or block Ammer means to save afl wierisbles and 'abe'sc
comman blacks wsed in the subprogrem.

EXAMPLE (0.7 Rondom Nypmberr

In Chapeer 7 yow iw an chample of & program b0 peneri® random mymten The Funttian
RANTHI WL wotkesd by changmg the va'ur of it srpemend. The foaming versiah o w
RANOON funcriom hic po argomenl fAscesd, i1 wavel wr'pe of 1w wirsble [ hevween
weredive foncliom iepmees. The iuns’ valmg of 1ot defiep 0 2 DATA winremwil
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= AAMDOCA WUNBER GENERATOR

REAL FUNTTEC BT )
IKTEGER |, J, o W
PARANVETER { = 5341,

5 K = 55397,

5 Wom 139
SAVE |

_ DaTatr)nof

1w MODR + . + K, M)
FANDOM w (FEALHY « QEHREAL (V)
END

ThcH!ﬂnﬁin:'ﬂlFﬂrﬂ-ﬂ:mthuﬁuwumtwkmmt

MTEGRER |
REAL RANDE
DOt l= @
PRINT =, RANIOW [
18 LOMTINUE
END

ALTERMATE RETURNS FROW A §L'90ROTME

Normally, & SUBRQUTINE nebpropram retums o the co'ling program 2t the saic.
mest folfowing the CALY. There f1 a mehoy Y oy you can hawe it RETem 10 some
-.r!?n:t saternent m the calling program, The lu™uweng ctample jllustrales e 1ech.
n'eue:

= TEST OF ALTERWATE RETUAN.
DO W=, 0
CaLL SUBQ, <5 «100)
FRINT -, ‘NOSVAL RETLRM
GO TO 10
L1 PRINT », ‘ALTERMATE RETLON 1
" CONTINUE
STOP
100 PRRT » ‘ALTERMATE AETURN 2°
END
SUBROUTINE SUBG, » o)
™TEGER |
IE {1 LE. 5) RETL:AN “r
IF {1 LE. ) RET A4
ASTUAN 2
EnG

ADODITIONAL TOMCS J23

Moty that twe of the dewmy aruments in SUR are petenishe, The coresponding
o lr arguments or the CALL aimigment wre stafemen! labw!s of warenents in (s main
program, froveded by asteriska. In twe subwoutine SUB, the statomenl

RETUAN

meani te ke the frt alternate retorn, which means o retam o B MG progm
i GO TO sturement 5. Likewise, the statcment

RETURN 2

1A e AUSPIOEGEN means to bake the oond alicrmase retpm, which means o rebun ta
the mamn pragrum gmd GO TO wtulement 100

In generzl, i 4 whvouline has ¢ Jummy sguments which are afcfisks, Men e
aEMtE M R

AETURN

where | i oW iMeger £xprestion, mmeent 1D Ike e Ok eltemate reem. The corre-
apanding nctual Brgument must be an dlterngte relurn speckher of the form

-5

4

wherm o i 4 peiement Iabel of g starement In the calling program. The ¢ffect 5 10
retarn (o the cafling ond o to wasement 5. IF the vadue of 7 is beas than | or preaier
thim #, bt sbrouline rotumns in e ysuel menner, r

THE EXTEANAL STATEMENT

A cummy argument of & furclion or sbnouting subprogram may itell be & pubpro-
gram name, For esample, the argument F in v following function 1 a2 furction i,

REAL FUNCTION DELTALF, £ -
DELTA = 51X 4 1) -
EnD
-
Suppnie that o main program condana the stae ment N
ol 1

7 = DELTA[FLING, ¥

where FUNT i wome functipn spbmrogram nome. The main program must haes 3 wes
of informing twe FORTRAN gompiler vhat FUNT o & wipmpram farne, ratser than 3
varable, W IMal the argumend can he pamsed cormctly. T dows s by dactar g UNED
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in an ENTERNAL arfaremtept of the 'ty
EXTERNAL FLING

[n generad, when Ln soma’ argeeren B d SUSIGERET 118 Sthprogram name,
cathmny progam most Ceo'wre e greumeent e g eniemal pletenee By includimyg an
EXTERMAL sttement. Natg that the BATERY AL ~laterwal gocs in teg program wat
tun dors e galling, re#ocmothe mempanr am heomg gatml Thos, o the sremp'e
abgve, the EXTERNAL stwment gors 0 Mw main poogram, el in DELTA.

The form of e EXThURNAL sroznen w

CXTEAKAL nams.. nare, ...
wher agme, Bame, . .. we the nongs of subpmgromb 0 Be psed a3 arguments.
This sueement {5 2 dec’eralive Ogsgmen whah sows 20 16 Begifnire of (e progfa
ek,

Only petermal mubpragfim Ames Muy "e used A1 aUment. & viatement funglyon
NAME OF 8 ZEREMC iNENNSE Ferglon fams may oor he 2 ARgumCnt

EXAMBLE M08 Inlegrunon by phe Trppe:.mhn’llhfz

1 fryis o eabovatoed Runctabh, v dnegrat 0 fadt mgy e appraLimued by M deapeuidal
mle; -,

="
] - h
S o G s Ene s (85) o2
d - : -

where m iy some poaltve wAger, pring the Munter of whmenads woww. T folmeing
wtorogre chTEs out B Crrisutation -
+ COMPUTE THE NTEGRAAL OF F =AD& 10 B
» USING THE TRAPEICDAL SR E AT 4 SLRNTEAVALS,
AEaL FLUMCTION YRARE A 9, %!
REAL F, A 8
TEGER LN

TRAP = [ETA} + <(B))Z
oS5 1= H - *
THAR » THAR o T4 o I8 ALY
% CORTINUE
TRAR = TRAR - B A
END

The following mair prorum whd fumoan wsmmeren e the TRAR funcricn 1 sppr-

e the vilue af
r
f ety =
Q

FDDITIONAL TOPICS %5

Sohe tul fe EXTEQW 4! pisecmend pors o U mutt Drogram

« MAN PROGRAY TO TEST TRAR FUNCTON
REAL $'NSI, TRAS
Sx FaNAL GINGD
PRTAT « TRARENSD 00, F-214159 00y
END .

- FUACTICN TD COVPUTE SN = SDUASED OF &,

BEAL FUNCTION ST SC1N] s
REAL X Cud
EINED m BTN =
END

THE EQUWALENCE STATENMENT

The EQUIVALENCE statemeyt pormin the wsc of Teg or maive names for e swme
varae. N I & der'wration, wihich comes ol the Beginning of the program, The “gem
of the EQUTYVALLNCE pamement it

EQUIVALENCE {rame,, nam, ..., Asme ) [, (Lo

All tw Rames eocloscd in cach 1ot of pantnthescs refer ta (he game memory locotion
1hraughane the program, For geaample,

EQUIVALENCE (A, B), 0,

means that Verovghoyt the program uhi, A and B mier 1o the tame memory nelien,
wnt ¥ oand J heah refer o aneiher megnsory lecarwn, Thys,

EQUA/ALEMNGELA, &)
8 =00
Aol
Dnlm 1”, a.
10 FORVATIFIONT

prints U il 10, not 0.0, The stiement A = 18 gayigns the vatie L0 10 hoh A
and W owitwe ey nee the sarme vanalie.

Aray hames cunnot be oquivalenced by 1hit flalement, Sut ey ¢lements car De.
The declarutients

TAMENSIOA K1)
ECUNVALENGED '), XFIRST), (X0, XLAST)

41 XEIRST be uepd ay on a'letrae name For X{13 and XLAST as ar a'rema's ramne
for X1i90.
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To equiva’ence (wo arrays, 't is suPloee o sonvg'Sre 20 e KuIFFEs s PRt
lements: Thus,

DIVENSION A0, B9 -
EC AL EXCEAL D), S

will et the wrray be referred 1o by ether (he g A we B Ihe sipg o e arruy dy
clicenwely 20, since the [ast ten elementy oF 3 are avpnlasle e A as wel,

Tr iy aowah's (o oooivaence watabos af desfeacm TEPCE. THY may Cause
problems, however, due o the dilferenn inema® epreser e nf ambers, |

R

W =t R T D o]0 s e e
! LR !llu I_III R L YT
wa| e Tl " i P

SLUWAARY

A compres rustibar v FOSTAAY 5 3 oar o' red' mombes wheth compancnds 23 The
TG CONCRRE OF B SO PR Consgleag oF 3 i pan BN A sl
oo, Comoles Conglants Sre ancipser 0 oodeesreges CoTD'Ys vanabies are cpdtared
v g COUOLES staernent, Compen ar eng e o FORTRAN pligws e marnpengoal
niek R artUIELE Wt COme NS e B SIS TUWHRRE 'arwmioedl v
ca'dylaten wih Coteata diata

Dounie pregsicn QB 15 Mhe Tea’ d3's Do’ 4 g shaed walte 000k Male'y twfu te
pracigion, THua f & res: vErglle 5 Mo witn Sewet R FRCSOn 5 ckndre-
TGN vl arll Dl BMVES wth DU T eene IV T S0, 0N eEeT § o0 Con s
aw Vs EAotm congtprdy, bt wze e eRer O - oplate o' T Double-oeed s vanatles
A4 ceclarad w1 B DOURLE PRECIS'CY awamer g,

The TATA staeTanl B 3 des'Eraton TRET STOTRE BT TR wBUE 1 B LA beioee
samtultr Degnfts

The gesgned and compared 50 10 bewr e Bre conliol SIAE™E0E e -.n
wanch 1o one o saveral siz’amert tabals Cor e coeoue] GO D e shoenr
cenends on (e w20l of AN Neger axpregsDn Sor e acxgoed GO T, e croge s
gremered Dy g vaue Qe 10 8 wanabie a0 e A550GN slaeanent. Tob - fmane 1F
StaTDMmEnt 1§ AN Chenle COMD gratemer! for brargling g i o' thoes catemgnts,
tawad on e gign of B numend va'lue. '

Common prage Drowices & mehod §F Shanng Ot SMONg AT DemgiBm
Wiy Tank Gertmon Of WBbe'sd COMTAN BOragEe May D2 Ceglated wih g COMWUWIN
gaumer] Ta wubatze valyes n labe'ed cotvon win g OATA slaletges 3 BLOCK
TATA SO e mul Dl b

A BateTerrl heachon © Cebned Ty & 0ReSre QeCaraion Thal makis g fmdicn
plerence squwa'Bnt g BAMB eXpragsion. The Ot Boptes o'y 10 e gaogram uil
i owheCh Il gopmars.

The SAVE Ea'trrw COclpgs [93° Cetan va0athed 1 B SDeEN3 M ars D rptden
et WAl desnt BRer e SUOORIQRA™ ETJNS

Aneingro aelume B"ow 3 Subreutre Moo tetan g any 4rfement oo ha galing
e TN I Sl LU T

ADDNTIONAL TOAICE ar

An EXTEENVAL satwerant st DR USEC T 1N CAT TIOLTET Y s auhoedt

grams ATl agumes a8 SLhoregaT CaTe.
Tha EOLIGALERTE Miatprree] permig oFfereul vanabe names o be used as

SynoryTE W M Orogeem it

o gy eyttt L i e L
e T IH:::i-.!l' AR K s qﬂ.im -:'HF-“" (T ,'|:1 T
' VDCABLILARY
a“ernata retoTna coMugale

DATA slgiesan

aoub'eTregicn M

DOUELE PRECISION v'aemet
EQLIVALENCE statermnant
EXTERMAL #liten~ent

Iy Py et Of & COmaler FumoeT
Stiod e

g8 pan of A corplax Pomog
repat bon factgr in a DATA swatemert
SAVE statennlr

ANl funeiion

aliarita relurn Apeclier
arengls 'S ALK
ASSIGY staloa
mesigried G0 TOr slatmmant
Hank eomman

BLOCK DATA sbpmgnem
CrAbsD™ shabermam
fombgn storaga

ol ramjer
CLOWPLEN siemer
computed GO TO stalerant

T

A R AT

8 ! Lini Ml il ]
) E¥EDTIRES
1, Lol W ba & corolen array of fowr sfemerta wih

W =1+
I."-";, - -1 '-:
W, = -1 -1 Rl

] - —
W, =1 =1

Wirlke & progeen that ponks o mulbplicetion tese of Tese parplex troers The
Dutpet wd Db an ety [P o R WY ]

oW

ot ich choics of F o .
2 Ewprose 4 gl Chaprar 7 fpaga ZH0) showed That 8 prpnt 1o them 1:I|nne can
pm repregenicg ed-ar &% 3 pr of Cootgineles i, Pl te ma W D O odlae mur_dn-
ey i, B A poirl W Bl Sdinata fowrty AR B rEdrenerted 65 8 WRgE eamE Ay






