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7 .  P R O C E D U R E S

7 .  1 .  I N T R O D U C T I O N

A p rocedu re  i n  ALGOL i s  used  t o  spec i f y  a l l  i ndependen i  sec t i on  o f  a  p rog ram (wh i ch

usua i l y  ! ep resen ts  an  a lgo r i t hm)  t ha t  can  be  ca l1ed  o r  execu ted  a t  d i f f e re f l t  po in t s

th roughou t  t he  same  p rog ram o r  may  be  used  i n  o the r  p rog rams .  The  ope ra t i ons  t o  be

pe r fo rmed  a re  f i xed ,  bu t  a  l i s t  o f  pa !ame te rs  makes  i t  poss ib l e  f o r  a  p l ocedu re  t o  be

used  w i t h  va ry i ng  va lues  and /o r  va r i ab les .

A  p rocedu re  mus t  be  dec la red  i n  t he  dec la ra t i on  pa r t  o f  t he  b lock  i n  wh i ch  t he  p ro -

cedu re  i s  r e fe renced -  More  t han  one  p tocedu re  may  be  de f i ned  a t  t he  beg inn i [ g  o f  a

b lock .  Du r i ng  p rog ram execu t i on  when  a  b lock  i s  en te red ,  t he  f i r s t  s t a temen t  execu ted

i s  t he  f i r s t  execu tab le  s ta temen t  f o l l ow ing  t he  p rocedu tes  ( i f  any ) .

The  p rocedu re  dec la ra t i on  cons i s t s  o f  a  p rocedu re  head ing  and  a  p rocedu re  body .

The  head ing  cons i s t s  o f  a  p rocedu re  i den t i f i e r ,  a  f o rma l  pa rame te r  l i s t ,  i f  any ,  a

va lue  l i s t ,  i f  any ,  and  spec i f i ca t i ons ,  i f  any .  The  p rocedu re  body  f o l l ows  t he  spec -

i f i ca t i ons  and  cons i s t s  o f  a  s ta temen t ,  compound  s ta te rnen t ,  o r  a  b l ock

E x a m p l e l

P R O C T . D U R ft I F A C  T  (  A R G l  r
INTEGER ARG1 I
I IEG I  N

I N T E G E R  I
A R G 2  =  1
F O R  I  :  1

A R O 2
EI\I)

APGZ )  5 '
A R G Z  S

$
STEP l  U I ' JT IL  ARGl  DO

=  A R G 2 *  I  $

In  the  above example  NFACT is  the  ident i f ie r  fo r  a  p tocedure  tha t  ca lcu la tes  the

va lue  o f  N fac to r ia l -  ARGl  and ARG2 are  the  fo rmal  parameters  (a rguments )  fo r  the
procedure .  ARGl  i s  the  number  whose fac to r ia l  i s  to  be  ca lcu la ted ,  and ARG2 is  the

resu l t  a f te r  the  procedure  has  been executed .  ARGl  and ARG2 are  INTEGER var i -

a b l e s .  T h e  B E G I N - E N D  p a i r  s e t s  o f f  t h e  b o d y  o f  t h e  P R O C E D U R E .  T h e  B E G I N -

END pa i r  can  be  dropped i f  the  procedure  body  is  jus t  one s ta tement .  S ince  I  i s  de-

c l a r e d  a s  a n  I N T E G E R ,  i t  i s  l o c a l  t o  N F A C T .

o f  the  above procedure  wou ld  be  o f  the  fo rm:

I ' l F  A C T  ( N T F A C T )

I N F A C T  ( N l  r F A C T l  )  $
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In  the  f i rs t  ca l l ,  the  ac tua l  parameters  N and FACT a fe  subs t i tu ted  fo r  the  fo rmal

parameters  ARGl  and ARG2.  La ter  the  parameters 'N1 and FACTl  a re  subs t i tu ted

for  ARGl  and ARG2 in  the  same fash ion .  Thus  procedu le  i s  a  c losed subrout i [e ,

and the  ca l i  es tab l i shes  a  l inkage to  the  subrout ine .

An a l te rna te  fo rm o f  the  parameter l i s t  a l lows comments  to  be  inser ted  be tween the

formal  parameters  s i [ce  the  comma separa t ing  fo rmal  parameters  i s  equ iva len t  to :

) 4 s t r i n g l : (

P R o C E D U R L  N F A C T  (  A R G l  '  A R G 2 )

cou ld  be  wr i t ten  as :

PROCEOUi iE  I . ]FACT (ARGI )  A I . J I )  STORE RESULT IN :  (ARG2)  S

P R o C E D U R E  N F A C T  ( A R G I )  A R G I  I I ' J P U T  A N D  A R G 2  O I J T P I J T :  ( t R G 2 )  $

The  fo l l ow ing  i s  a  p tocedu re  f o r . t he  mu l t i p l i ca t i on  o f  two  ma t r i ces :

P R 0 C E O U R E  1 4 A T M U L  ( A r B r C r N r l . 4 r P )  $
R E A L  A R R A Y  A r B r C r  $
I N T E G E R  N r M r P  $
i JEGI I ' l  I i ITEGER I  r J rK  $
RtAL TEi\ , lP $
F O R  I : 1  S T F P  l  U N T I L  N  D O
F O R  J = l  S T E P  l  U N T I L  P  D O
EEGIN TE i ' 4P=O.  O  $  FOR K :1  STEP 1  I JNT IL  M DO
TEMP:TEIVP+t j  (  I  r  K  )  *C  (K  r J )  $
A ( I r J ) : T E I 4 P  E N D  I r J  L O O P
END l'lATI'4UL $

A procedure  s ta tement  ca l l s  fo r  the  execut ion  o f  a  p tocedure  body .

Given  the  dec la ra t i on

R E A L  A R R A Y  A 1 ( 1 ! 1 0 r 1 : 7 )  r  A 2 ( 1 : 1 0 r 1 i 1 5 )  I  A 3 ( 1 : 1 5 r 1 : 7 )  $

t h  e n  t h e  p r o c e d u r e  s t a t e m e n t

f " I A T M U L  ( A l r A 2 r A 5 r l 0 r  1 5 r 7 )  5

has the  e f fec t  o f  mu l t ip ly ing  the  two mat t i ces  A2 and 43  and s to r ing  the  resu l ts  i r l

A 1 .

Express ions  may a lso  be  used as  ac tua l  pa famete ls .  Ca le  must  be  taken to  match

the  type  and k ind  o f  each fo rmal  and ac tua l  parameter  in  any  ca l l .
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VALUE ASSIGNMENT (CALL BY VALUE)  AND NAME REPLACEMENT (CALL BY

N AME)

The above p tocedure  NFACT makes use on ly  o f  the  va lue  o f  ARGl  whereas  i t  changes
the  va lue  o f  the  ac tua l  parameter  wh ich  rep laces  ARG2.  Thus  NFACT cou ld  be  re -
written as follows:

PROCEDURE NFACT (ARG1 '  AR62)
VALUE ARGI  $
INTEGER ARGI I  ARG2 $
BEGIN

INTEGER I  $
A R G z  =  1 $
FOR I  =  1  STEP I  UNTIL  ARG1 DO

ARGz =  ARG2* I
ENDS

The procedure  s ta tement

N F A C T  ( N U M B E R T F A C T O R I A L I  $

has th is  e f fec t :  the  va lue  o f  the  ac tua l  pa lamete ! ,  NUMBER,  rep laces  ARGl  wher
the  procedure  s ta tement  i s  encountered  and NFACT does no t  have access  to  the
loca t ion  ass igned to  NUMBER.  ARGl  i s  known as  a  (  Ca l l  by  va lue)  parameter .
A  va lue  parameter  must  a lso  have a  type  spec i f i ca t ion  and cannot  appea i  to  the  le f t
o f  the  rep lacement  opera tor  in  the  procedure ,

Any  parameter  (such as  ARG2)  wh ich  is  no t  l i s ted  in  the  YALU E par t  o f  the  procedure
dec la ra t ion  is  sa id  to  be  a  <  Ca l l  by  name)  parameter .  The name FACTORIAL re-
p laces  the  name ARG2.  The va lue  o f  FACTORIAL is  changed as  the  p !ocedu ie  i s
e x e c u t e d .

In  the  fo l low ing  examples ,  r luner ic  va lues  or  express ions  are  used as  ac tua l  para-
meters :

f j F A C T  ( l 5 r F A C T l )  $
t , l F A C T  ( J + K + M T F A C T 2 )  $

I t  shou ld  be  no ted  tha t  a  va lue  pa iameter  wh ich  is  a l l  a i ray  o r  s t r ing  ident i f ie r  re -
qu i res  tha t  the  en t i re  a r ray  o t  s t r ing  supp l ied  by  the  procedute  ca l l  be  cop ied  loca l l y
w i th i f l  the  procedure ,  As  a  resu l t  la rge  amounts  o f  work ing  s to iage may be  used un-
expec ted ly  when the  procedure  is  ca l led .  A11 ca lcu la t ions  in  the  procedure  use  tha t
tempofary  copy .  As  an  example ,  suppose i t  i s  necessary  to  f ind  the  de terminant  o f
a  mat l i x  w i thout  des t roy ing  the  mat r ix "  The usua l  computa t iona l  methods  fo r  f ind ing
detelminants destroy the matrix with which they are working. Thus the original
mat r ix  must  be  cop ied  somewhere .  Spec i fy ing  the  ar tay  as  VALUE accompl ishes
th is :

7 . 2 .
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R E A L  P R O C E O U R E  D E T ( A )  S O U A R E  M A T R I X  v l H O S E  D I M E N S I O N  I S : ( N } $
V A L U E  A r N  I
REAL ARRAY A  $
INTEGER N $
B E G I N
(  STATEMENTS )
O E T = . .  r  E N D  O E T  $

This  i s  an  example  o f  a  func t ion  procedure  exp la ined in  7 .4 -  l f  an  express ion  is  used

as an  ac tua l  parameter ,  and i f  the  parameter  i s  ca l led  by  name,  then the  exp less ion

is  reeva lua ted  a t  each occur rence o f  the  fo rmal  parameter  in  the  procedure '

7 . 3 .  S P E C l F I C A T I O N S

The ( type l  o f  a l l  fo rmal  parameters  de f ined by

spec i f ied  i r l  the  spec i f i ca t ion  par t  o f  a  P locedute
f ica t ion  par t  i s  as  fo l lows:

<spec i f i ca t ion> <  ident i f ie r  l i  s t> ;

The  spec i f i ca t i on  may  be  i n

< tYP e>

A R  R A Y

(type)  AR RAY

P R O C E D U R E

< t y p e z  P R 0 C E D U R E

L A B E L

swtTcH

F O R M A T

L  I S T

and( type)  is  one ALGOL
o r  5 T  R I N  G

a procedure  dec la ra t ion  must  be
h e a d i n g .  T h e  f o r m a t  o f  t h e  s p e c i -

any  one  o f  t he  f o l l ow ing  f o rms :

t v p e :  I N T E G E R ,  R E A L ,  R E A L  2 ,  B O O L E A N ,  C O M P L E X ,

The ( ident i f ie r  l i s t>  cons is ts  o f  the  fo rmal  paramete t  iden t i f ie rs  co t ta ined i l l  the

procedure  dec la ra t ion  separa ted  by  commas '

The reason tha t  a l l  fo rmal  parameters  must  be  spec i f ied  is  tha t  the  compi le i  must

know the  type  and k ind  or  c lass  o f  a l l  parameters  in  o rder  to  compi le  p roper  mach ine

c o d e .

Exam p Ie  s :

I N T L G L R  I I  K  i

R E A L  X r  Y  i
R E A L  A R R A Y  Z  '
I ]OOLE AN PROCF"DURE F  '
STRII 'JG 5 ;I

I
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Spec i f i ca t i ons  do  no t  i nc l ude  i n fo rma t i on  abou t  l eng ths  o f  s t r i ngs ,  t he  d imens ions

and  bounds  o f  a r rays ,  t he  f o rma l  pa rame te r  pa r t s  o f  p rocedu res ,  o r  t he  co r l t en t s  o f

f o rma ts  and  i i s t s .  The  ac tua l  dec la ra t i ons  o f  t hese  ex i s t  e l sewhere  i n  t he  p rog ram.
The  de ta i l s  o f  cons t ruc t i ng  a  p rocedu re  can  be  i l l u s t ra ted  by  an  examp le :

P R O C E i J U I . { E  T R A I ' I S P O S E  ( A )
V ALUE I'] 5
A R t i A Y  A  $
I N T E G I R  N  $
IJEG I  I t

itEAL ,^l $
I N T F G [ i t  I r  K  $
F O R  I : 1 S T I P  1
F C R K = 1 + I S T E P

O R D E R :  ( N )  $

B I G I N
l , l / = A

A ( I r K
A ( K r I

Et..lo
ENI ]  TR  A  NSPOSI$

I r K )

I J I ] T  I  L  N  I ] O
I UNIT I L I'I DO

s
( K r I )  $

7 . 4 .  F U N C T I O N  P R O C E D U R E S

Procedures  wh ich  are  to  be  used as  func t ions  (e .g . ,  S IN,  EXP)  must  have a  type
assoc ia ted  w i th  the  procedure  ident i f ie r  ( i .e .  p rocedure  name) .  Th is  type  dec la ra t ion
must  be  the  f i rs t  symbo l  o f  the  procedure  dec la ra t ion .  A lso  fo r  the  func t io l  p focedure
to  have a  va lue  assoc ia ted  w i th  i t ,  the  procedure  ident i f ie r  must  occur  a t  leas t  once
as  the  Ie f t  par t  o f  an  ass ignment  s ta tement  in  the  procedure  body .  In  add i t ion ,  a t
leas t  one o f  these ass ignment  s ta tements  must  be  executed  on  a  g iven procedure  ca l l
fo t  a  va lue  to  be  ass igned to  the  procedure .  I f  more  than oae such ass ignment  s ta te -
ment  i s  executed  w i th in  the  body ,  then the  las t  one executed  be fore  ex i t ing  f rom the
procedure  de termines  the  va lue  assoc ia ted  w i th  the  procedure .  Any  o ther  occur tences
of  the  procedure  ident i f ie r  w i th in  the  body  o f  the  procedute  a le  cons idered as  re -
curs ive  ca l l s  on  the  procedure .

The procedure  NFACT cou ld  be  wr i t ten  so  tha t  the  on ly  parameter  wou ld  be  N and the
v a l u e  o f  N F A C T  w o u l d  b e  N  f a c t o r i a l .

I I " JT i .GER PROCLDURE NFACT (  ARG)  $
I i !TE6Eit  AI iG $
bEGI i , I

I N T E G E R  I I  T E M P  S
T E ! ] P : 1 5
FOR I  =  1  STEP 1  U ITT IL  ARG

OO TEI4P = TEMP* I  $
NFACT =  TE I4P

IND NFACT $

The ca l l  fo r  the  above procedure  wou ld  be  o l  the  fo rm

COI \4P ]ENT SLT  FACT =  N  FACTORI  ALT
F A C T  =  N F A C T  ( N )  $



n u m e r i c a l  o r  l o g i c a l  v a 1 u e .  N F A C T ( N )

in tegra l  va lue  and can thus  be  used in

c o u l d  b e  u s e d .

7 . 5 .  R E C U R S I V E  P R O C E D U R E S

A func t ion  procedure  is  re fe renced by  a f unc t i on  des igna to r  wh i ch  de f i nes  a  s i ng le

i s  a  f unc t i on  des igna to r  wh i ch  w i l l  have  an

any  exp tess ion  i n  wh i ch  an  i n tege r  va r i ab le

In  the  example  above,  a  new va t iab le  TEMP was used to  s to re  the  in te rmed ia te  resu l t

o f  the  ca lcu la t ion  o f  N fac to r ia l .  Then the  ex t ra  s ta temer t  NFACT =  TEMP was

needed to  g ive  NFACT the  proper  va lue  The reason fo r  th is  i s  tha t  ins ide  the  pro

cedure  body ,  whenever  the  name o f  the  procedure  occurs  on  the  le f t -hand s ide  o f  an

ass ignment  s ta tement ,  i t  i s  a<procedure  ass ignme| I t>  s ta tement '  tha t  i s '  the  s ta te -

men iwh ich  ass igns  the  va lue  to  the  p locedure  Wherever  e lse  the  name occuts '  i t  i s

a  ca l l  on  the  Procedure

Th is  k i n  d  o f  cons t ruc t i on

i s  even  s imp le r  t o  w r i t e .

b o d y :

I  I . ]TEGf R PROC LDURF,
INTTGER T I  $
N F A C T = I F N E O L

can be  used to  p roduce another  ve ls ion  o f  NFACT wh ich

I n  f a c t ,  i t  r e q u i r e s  o n l y  o n e  s t a t e m e n t  i n  t h e  p r o c e d u r e

N F A C T ( N )  $

O  T H E N  1  E L S E  N * N F A C T ( N - 1 )  S .

wh ich  i s  equ i va len t  t o  t he  recu rs i ve  de f i n i t i on

f a c t o r i a l ( n )  -  1  n = 0

-  n * f a c t o r i a l  ( n - 1 )  n  1 0

A procedure  ca lL  w i th  the  ac tua l  parameter

e f fec t .  A f te t  the  subrout ine  l inkage is  se t

t o :

N F A C T = I F  4  F O L  O  T H E N  l  E L S E  4 *

r , jF  AC T  (3 )

N F A C T ( 3 )
is  rep l  aced

Th is  p roduces  another  ca l l

Th is  goes  on  un t i l  f ina l lY :

4  (FACT =  NFACT(4)
up,  the  procedu ie  bodY

has  t he  f o l  l ow in  g

i s  v i r t ua l l y  cha rged

i s  ano the r  ca l l  o f  t he  f unc t i ona l  p rocedu re  hav ing  t he  resu l t  t ha t  t he  ca l l

w i t h  t he  p  ro  cedu  re  bodY :

I { F A C T = I F  4  E O L  O  T I " ] E N  1 E L 5 E  I +  *
( I F  5  E O L  O  T H E N  I  E L S E  3 * I . ] F A C T ( 2 )  )

on NFACT resu l t ing  in  another  change o f  the  s ta tement '

NFACT: IF  4  EAL  O THEN 1  I -LSE 4*
( r F  3  E Q L  0  T H E N  I  E L S E  3 * ( I F  2

EQL 0  T i l [ t i  l  ELSE 2*  l l F  l  rGL  0
iHr r ' r  r  ELs[  r * ( IF 0 EoL 0 THEr ' ]  1
E L S E  1 *  ( N F A C T ( 0 ) ) ) ) ) )  $
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The process  is  te rmina ted  when 0  EQL 0  occurs  in  the  re la t ion  o f  the  cond i t iona l
express ion .  The usua l  exp less ion  fo r  the  fac to r ia l  i s  ob ta ined a f te !  the  u f l [ecessary
par ts  o f  the  above s ta te rne [ t  have been removed:

4 factori al =4*3*2'k 1

A11 procedures  wr i t ten  in  ALGOL may be  ca l led  f rom wi th in  themse lves .  But  i t
shou ld  be  mer t ioned tha t  recu is ive  procedures  are  no t  a lways  pu t  to  good use,  For
example ,  us ing  the  recurs ive  p loper t ies  o f  p rocedures  makes a  much neater  look ing
NFACT,  bu t  a lso  a  much less  e f f i c ien t  one.  However ,  recurs ive  procedures  may
have prac t ica l  uses .  For  example ,  mu l t ip le  in tegra t io l  p lograms use a  quad la tu re
procedure  to  eva lua te  the  inner  func t ion  as  we l l  as  to  do  the  in tegra t ion .  (See ACM
Algor i th rn  233 "S impson 's  Ru le  fo r  Mu l t ip le  In tegra t ion , "  Communica t io f l s  o f  the
A C M  V o l . 7 ,  N o . 6 ,  J u n e  1 9 6 4 . )

7 . 6 .  E X T E R N A L  P R O C E D U R E S

Externa l  p rocedures  a le  p rocedu les  whose bod ies  do  no t  appear  in  the  main  prog iam.
They are  compi led  separa te ly  and l inked to  the  rna in  p rogram a t  i t s  execut ion .  The
EXTERNAL dec la ra t ion  serves  the  purpose o f  in fo rming  the  compi le !  o f  the  ex is tence
of  these procedu les ,  the i r  t ypes  ( i f  any) ,  and the  proper  manner  to  cons t ruc t  the
necessary  l inkages .  The genera l  fo rm o f  the  ex terna l  dec la ra t ion  is :

E X T E R N A L  ( k i n d )  ( t y p e )  P R O C E D U R E  (  i d e n t i f i e r  l i s t >

where  < type> is  the  ar i thmet ic  type  or  i s  empty ,  <  ident i f ie r  l i s t )  i s  a  l i s t  o f  iden t i -
f ie rs  o f  ex te rna l  p rocedures ,  and

(  k ind)  : :  =  empty /  FO RTRAN/NON-  R ECU RSIVE

The wotds  'FORTRAN'  and 'NON-RECURSIVE'  have spec ia l  s ign i f i cance on ly  in
th is  contex t .  Procedures  o f  k ind jempty l  a re  ALGOL procedutes  and a te  t rea ted
exac t ly  l i ke  an  ord ina ty  p rocedure  dec la red  w i th in  the  program.  However ,  they  need
not  be  wr i t ten  in  ALGOL language.  Procedures  o f  k ind  'FORTRAN'  a re  FORTRAN
subrout ines  or  func t ions  and procedures  o f  k ind  'NON-RECURSM'  a re  necessar i l y
wr i t ten  in  mach ioe  language.  Io  the  fo l low ing  paragtaphs  we assume a  knowledge o f
the  UNIVAC 1108 Execut ive  Svs tem,  FORTRAN (see 7 .6 .2 ) ,  and the  UNIVAC 1108
A s s e m b l  e r  ( s e e  7 . 6 . 3 ) .

7 .6 .1 .  ALGOL Externa l  P  ro  cedu res

An ALGOL p tog tam wh ich  cons is ts  en t i te ly  o f  a  p rocedure  is  nonexecutab le  be-
cause i t  con ta ins  on ly  a  p rocedute  dec la ra t ion  (see 7 .1 . ) .  When such a  prog tam is
compi led ,  the  name o f  the  procedure  is  marked as  an  en t ly  po in t  when the  program
is  en tered  in to  the  program f i le .  L ike  a l l  names in  the  prog tam f i le  the  f i rs t  s ix
charac ters  o f  the  procedure  name must  de f ine  i t .  Such a  p tocedure  may be  re fe r -
enced f rom another  ALGOL program as  an  ex terna l  p rocedure .
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E x a m p l e :

I ]ROGR AFl  1

L I E G I T J  R E A L  P R 0 C E D U R f  D E T  (  A  t l l )  $
I T E A L  A R R A Y  A  5
I  I , I T L G E R  N  $
V A L U I  A r N  $
3 E G  I  N
C 0 t ' 4 i ' 4 E N T  T H I S  P R O C E D U R E  F I N D S  T H E  D E T E R M I | . I A N T  o F  A  R E A L  I ' J  t J Y  l J
r 4 / t T R I X  A r  L E A V I N G  A  U N C H A N G E D  A N D  A S S I G N I I ' J G  T H E  V A L U F  T o  0 E T  $

b E T  = ' .  .  .  E l ' l D  D E T
ENIJ $

PRoGRAi\4 2

1 3 E 6 I N  R E A L  A i . ] R A Y  I ' I A T R I X  ( 1 : 1 0 . 1 : 1 0 )
EXTERNAL R IAL  PROCF- IURE OET 5

W R I T E ( D E T ( i / A T R I X ' 1 0 )  )  $

E N D  $

A user  cou ld  bu i ld  a  l ib ra ty  o f  p rocedures  tha t  a re  use fu l  to  h im and ther r  re fe r  to

v rh ichever  he  needed by  mere ly  dec la r ing  them as  ex terna l  p rocedures  in  h is  ma in

p  ro  g ram.

7 . 6 . 2 .  F O R T R A N  S u b p  r o  g r a m  s

A FORTRAN sr . rb rou t ine  or  a  FORTRAN func t ion  may be  made ava i lab le  to  a l

ALGOL program by  the  dec la ra t ion :

E X T E R N A L  F o R T R A N  <  t y p e >  P R O C E D U R E  < i d e n t i f i e r  l i s t >

Actua l  parameters  in  ca l l s  on  such procedures  may be  e i ther  express jons  or  a r rays .

(Labe is ,  s t r ing  express ions ,  and s t r ing  ar tays  are  spec i f i ca i l y  exc luded.  )  The

FORTRAN subprogram is  a  subrout ine  or  func t ion  depend ing  on  the  absence or

presence o f  ( type2 in  the  ex terna l  dec la ra t ion .  A  FORTRAN func t ion  is  used

l ike  an  ALGOL func t iona l  p rocedure  i .e . ,  as  an  express ion .  For  example ,  i f

DET (above)  were  a  FORTRAN subrout ine :

PROGRAM 1

SUIJ I i (TUT I  I ! [  NLT(A
D I  [ 1L l f r s  I 0 l ]  A ( i ' l  rN )
C L)LT F I  I ' t t - tS THE
C : IATT i IX  A  AND
C  D I S T R O Y I N G  A .

[1.1t)

r N r D )

DETERMIT \Ar . lT  0F  A  REAL Nx \
L E A V E S  T H L  R F S U L T  J I ]  D I



vP-7 544 U N I V A C  I I 0 8  A L G O L

P R O G R A M  2

IJEGIN RtAL Al. iRAY lv l  A T R I  X (  1 i  1 0 r  I  ;  I  0 )  $
i tEAL  DLTVALUE $
f X T E R N A L  F O R T R A N  P R O C E D U R E  O E T  $

i iET  (  IVAT f I IX  r  10  r  DETVALUE )  $
END 5

7 . 6 . 3 .  M  a c h i n  e  L a n g u a g e  P r o c e d u r e s

A procedure  w l i t ten  in  1108 Assembler  language may be  re fe renced in  e i ther  o f  two
ways.  The more  d i f f i cu l t  manner  occurs  when the  procedure  is  dec la red  exac t ly  as
an ALGOL ex terna l  p rocedute .  In  th is  case the  Assembler  p rocedure  must  behave
l ike  an  ALGOL procedure  ( tha t  i s ,  i t  must  be  ab le  to  hand le  recurs ive  ca l l s ) .  Here
the  nonrecurs ive  case is  cons idered.  The fo rm o f  the  dec la ra t ion  fo r  these is :

E X T E R N A L  N O N - R E C U R S M ( , t y p e )  P R O C E D U R E  <  i d e n t i f i e r  l i s t  )

To  unders tand how to  wr i te  such procedures  cons ider  the  cod ing  prodr - rced by  the
ALGOL compi le r  as  the  resu l t  o f  a  ca l l  in  the  fo l low ing  program:

E X T L R i . ] A L  N O N - R E C U R S I V E  P R O C F  N T T R E  P U N C H  $
I f . I T E G E R  G r  S  $

P U l . i C H ( Q r S )  $

The statement  PUNCH (Q,S) resul ts  in  the four  l ines of  coding:

L^4J 11 r  PUI ' lC l l
+ 2
F  0 0 r 0 1 r 0 1 r Q
F  0 0 r 0 1 r 0 1 r S

The  second  l i ne  s ta tes  t he  number  o f  pa rame te rs  be ing  handed  th rough  and  t he
fo l l ow ing  l i nes  p rov ide  i n fo rma t i on  abou t  each  pa rame te r  i n  t u rn .  The  ac tua l  f o rm
o f  F  i s  de f i ned  e l sewhere  i n  t he  sys tem by  a  FORM d i rec t i ve

F  F 0 R l 4  6 t  3 t  3 t  2 4

which speci f ies the number of  b i ts  in  each f ie ld  of  F.  (See "UNIVAC 1108 As-
sembler  Programmers Reference Manual , "  UP-4040.)

L
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The  fou r  f i e l ds  o f  F  a re  de f i ned  and  encoded  as  f o l l ows :

KIN D

0 0 .  E x p  r e s s i o n
10 =  Ar ray

TYP E

O 1  =  I N T E G E R
0 2  =  R E A L
O 3  =  C O M P L E X
04 =  BOOLEAN
05 =  STRING
0 6 .  R E A L  2

R E F E R E N C E

00 =  Con s tan t
0 1  .  N a m e
02 =  Ind i rec t
06  =  R esu l t

L  O CATION

The loca t ion  f ie ld  spec i f ies  the  loca t ion  o f  the  parameter .  Ind i rec t  address ing  may

be spec i f ied  and index  reg is te r  11  is  usua l ly  des ignated  in  th is  24-b i t  f ie ld .  Wi th

th is  in  mind ,  the  fo l low ing  ru les  shou ld  be  fo l lowed in  wr i t ing  an  Assembler  p ro-

c  edu re :

(1 )  The re tu rn  po in t  fo r  a  ca l l  w i th  N parameters  i s  (X11)+N+1.

(2)  The va lue  o f  the  procedure  ( i f  any)  must  be  le f t  in  reg is te r  A2 (and 43  fo r

C O M P L E X  a o d  R E A L  2 ) ,  a b s o l u t e  1 4 .
(3 )  Reg is te rs  1 -4  may no t  be  used w i thout  sav ing  and res tor ing .

(4 )  Reg is te r  10  must  never  be  des t royed.
(5 )  The I th  parameter  shou ld  be  re fe renced by  an  ind i rec t  command,  e 'g ' ,

L A  4 2 t * 1 1 1 1 1

I f  the  parameter  under  re fe rence is  a  doub le-word  quant i t y  (COMPLEX o t

REAL 2)  i t s  second ha l f  i s  in  the  nex t  loca t ion ,  and the  parameter  shou ld  be

r e f e r e n c e d  w i t h  a  D L  A 2 , * I , X 1 1

D L  A 2 t * J r X 1 1

(6)  When us ing  an  ar i thmet ic  o r  a  Boo lear i  express ion ,  the
( 5 )  i s  t h e  v a l u e  o f  t h e  e x p r e s s i o n .

(7 )  When us ing  e i ther  an  ar i thmet ic  o r  a  Boo lean ar ray ,  the
is  i t se l f  the  address  o f  the  fo l low ins  in f6 rmat ion :

word  t e fe renced  i n  ru l e

word  re fe renced  i n  (5 )

number  o f  e l  em ents
p  rec  r  s ron
1ow er  bound (N)

lower  bound (1 )

,  address  o f  f i r s t  e lement

, N
,  leng th  (N)

,  lene th  (1 )
o
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where  N is  the  number  o f  d imens ions  o f  the  ar ray ,  lower  bound ( I )  i s  the  va lue
of  the  lower  bound o f  subscr ip t  pos i t ion  ( I )  and length  ( I )  i s  i t s  leng th .

(8 )  When us ing  a  s t r ing  express ion ,  the  wotd  re fe renced in  (5 )  i s  a  s t r ing  descr ip to r
o f  the  fo tm:

F O R i v l  ! t r 6 r 1 8

F length ,  s ta r t ,  address

' leog th '  i s  the  length  o f  the  s t r ing  wh ich  s ta r ts  a t  charac ter  pos i t ion  ' s ta r t '  o f
the  word  a t  'address . '  For  th is  puryose ' s ta r t '  i s  coded as  0-5  to  se lec t  a  s ix th
o f  a  w o r d ,  S 1 - 5 6 .

(9 )  When us ing  a  s t r i f lg  a r ray ,  the  word  re fe renced in  (5 )  cons is ts  o f  two addresses ,
the  le f t  one be ing  the  address  o f  a  s t r ing  descr ip to r  and the  r igh t  one the  address
of  the  ar ray  in fo rmat ion  (as  in  7 ) .  The address  f ie ld  o f  the  s t t ing  descr ip to r
must  be  added to  the  f i rs t  e lement  address  to  f ind  the  f i i s t  e lement  o f  the  s t r i rg
ar ray .  Both  ar rays  and s t r ing  ar rays  are  s to red  by  co lumn.

(10)  The name o f  the  ex terna l  p rocedure  must  be  the  en t ry  po in t  o f  the  Assembler
P ro c edu re.


