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3 .  DECLARATIONS

3 . 1 .  G E N E R A L

An ALGOL program may be  broken in to  log ica l  segmer ts  ca1 led  b locks  wh ich  are

comple te  and independent  un i ts '  The i r  s t ruc tu re  i s  d iscussed in  Sec t ion  8 .  One

impor tan t  p roper ty  o f  a  b lock  is  tha t ,  a t  the  beg inn ing  o f  the  b lock ,  a l l  o f  the  loca l

e f l t i t ies  tha t  a re  to  be  re fe renced ins ide  the  b lock  must  be  dec la red .  Dec la ta t ions

determine how the  compi led  program wi l l  t lea t  cer ta in  o f  i t s  e lements ;  thus  i t  i s  neces-

sary  to  p recede the  use  o f  an  ident i f ie r  w i th  a  dec la ta t ion  o f  type .  Ao ident i f ie t  may

appear  in  on ly  one dec la ra t ion  w i th in  a  b lock ;  however  a  b lock  may conta in  b locks

wi th in  i t se l f  (as  shown in  8 .3 ) .  Any  o f  these b locks  may dec la re  va t iab les  tak ing  on

names used in  ou ter  b locks ,  thus  redef in ing  them fo r  the  inner  b lock .

3 . 2 .  T Y P E  D E C L A R A T I O N S

The type dec la ra t ion  de f ines  the  type  o f  var iab le  named by  an  ident i f ie t '  Th is

dec la ra t ion  spec i f ies  tha t  a l l  va lues  wh ich  the  ident i f ie r  assumes must  be  o f  the

des ignated  type .  The genera l  fo rm o f  type  dec la ra t ion  is :

<  t y p e >  <  t y P e  l i s t >

where<type l i s t l i s  a  l i s t  o f  iden t i f ie rs  separa ted  by  commas '  Each dec la ta t ion  is

te rmina ted  by  a  ;  o r  $ .  The f i ve  poss ib le  type  dec la ra t ions  are :

INTEGER -  In tegra l  va lues  ̂ tgp fesented  in te rna l l y  by  36  b i ts '  The range o f  an  in teger

( in  magn i tude)  i s  zero  th ru  2Jr -1  inc lus ive .

REAL -  F loa t ing  po in t  numbers  in te rna l l y  rep tese f l ted  by  9  b i ts  fo r  s igo  o f  the  number

and the  exponent  and 27  b i ts  fo r  the  f rac t ion .  The range o f  a  tea l  number  ( i [  magn i -

tude)  i s  10-38  to  1038 and 0  w i th  approx imate ly  8  d ig i ts  o f  p lec is io r '  Any  rea l

quant i t y  wh ich  is  less  than 10-38 is  represented  by  zero '

REAL 2  -  F loa t ing  po in t  r tumbers  in te rna l l y  tepresented  by  12  b i ts  fo r  s ign  o f  the

number  and the  exponent  and 60  b i ts  fo r  f rac t io l '  The range o f  a  REAL 2  number  ( in

magn i tude)  i s  approx imate ly  10-308 to  19308 .n6  zero  w i th  approx imate ly  18  d ig i ts

o f  p tec is ion .

COMPL EX -  Cornp lex  va lues  o f  the  fo rm A t  i *B  where  A and B are  REAL numbers '

B O O L E A N  -  T r u t h  v a l u e s ,  T R U E  o r  F A L S E '
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E;<amples  o f  type  dec la ra t ions  are :

I  NTEGER
R E A L
BOOLEAN
COMPLEX
R E A L  2

I r  J r  K r  C O U N T E R  $
X r  Y r  T E M P r  V E L O C I T Y  $
A J A X  $
Z L t  Z Z t  U r  V  $
A r  B r  C  5

3 . 3 .  A R R A Y  D E C  L A R A T I O N  S

When dec la r ing  s imp le  var iab les  as  descr ibed above,  a  d i f fe ren t  name must

fo r  each d i f fe ren t  var iab le  be ing  de f ined,  The ARRAY dec la ra t ion  p tov ides

of  re fe t r ing  to  a  co l lec t ion  o f  numbets  tha t  fa l l  in to  a  mat i i x  o r  a r ray  by  the

s ine le  ident i f ie r .

be  u  sed
a  m e a n s
u s e  o f  a

Th is  ARRAY dec la ra t ion  spec i f ies  to  the  comPi le !  the  s t ruc tu re  wh ich  is  to  be

imposed on  th is  co l lec t ion .  An ar tay  i s  a  g roup o t  se t  o f  e lemeots  a r ranged so  tha t

each may be  ident i f ied  by  i t s  pos i t ion  w i th in  the  g toup.  The compi le r  cons iders  a l l

e lements  o f  a r ray  to  be  o f  the  same type '

Ar rays  in  th is  cornp i le r  a re  res t r i c ted  to  those o f  lec tangu lar  cons t luc t ion  in  n -

d imens iona l  sp  ac  e .

For  exar rp le ,  the  dec la ra t ioo  REAL ARRAY A(1 :10)  de f ines  an  ar ray  A w i th  ten

e lements  wh ich  may be  re fe renced by :

A ( 1 )  A ( 2 )  A ( 3 )  A ( 4 )  A ( 5 )  A ( 6 )  A ( 7 )  A ( 8 )  A ( 9 )  A ( 1 0 ) .

The  gene ra l  f o rm  o f  a r ray  dec la ra t i on  i s

< t y p e > A R R A Y  < a r r a y  l i s t )  ( < b o u r d  p a i r l ist>)

I f  t ype  is  omi t ted ,  i t  i s  assumed

the ar rays .  The bound-Pa i r  l i s t
where  type  may be  o f  any  o f  the  types  g iven in  3 .2 .

to  be  REAL.  The ar ray  l i s t  spec i f ies  the  names o f

cons is ts  o f  a  bound pa i r  fo r  each ar ray  d imens ion ,

lower  1 im i t :uppe r  l im i t

Each bound pa i r  i s  o f  the  fo rm:

A comple te  a r tay  dec la ra t ion  fo r  a  s ing le  a r ray  is  o f  the  fo rm:

ARRAY A !Y t1 ,  12n2,  13 :u3 ,  - - -  1n :un '

Where  l ' s  rep tesent  lower  bounds and u 's  represent  uPper  bounds '  E i ther  o r  bo th  o f

the  bounds may be  negat ive ,  bu t  I i  (  u i ,

F o r  e x a m p l e :

I N T E G E R  A R R A Y  I  ( 0 i 4 r  1 ! 3 )
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defines an array composed of f ive rows and thiee colurnns of integers as follows:

I

I
t

I

I
I
I
I

I

0 r 1
1 r 1
4 a  L

3 r  1

O t 2 l
L ) 1 t

2 t 2 )
3 r 2 )
4 t 2 l

I ( 0 r 3 )
I ( 1 r 3 )
I  ( 2 r 3
I t 3 r J
I ( 4 r 3( 4 r l

In  the  p tev ious  dec la ra t ion ,  the  par ts  0 :4  and 1 :3  a re  ca l led  bound pa i rs ,  and each se t
of them defines a subscript position. The fi lst digit of the bound pair specifies the
lowest  poss ib le  va lue  fo r  tha t  subscr ip t  pos i t ion ,  and the  second spec i f ies  the  h ighes t .
An element of array I is referenced by the identif ier I followed by a subscript l ist en-
c losed in  parer theses  (see 4 .2 .3 .1 ) .  S ince  the  lower  bound o f  the  f i rs t  subscr ip t  pos i t ion
is 0, I(3,2) refers to the element in the fourth row and second column of array I. There
is  no  l im i t  to  the  nurnber  o f  subscr ip t  pos i t ions  an  ar ray  may have.  However ,  dec la ra t ions
l i ke

R H A L  A R i i A Y  A  I 6 : 5 )  $

are  no t  a l lowed;  s ince  the  lower  bound must  no t  be  grea ter  than the  upper  bound.

Ar ray  ident i f ie rs  o f  the  same type,  sepa ia ted  by  commas,  may be  inc luded in  one
dec la ra t ion :

E O O L E A N  A R F A Y  A ( 1 . . 2 ) r  B ( 1 : 1 0 t L 4 i 2 2 l t  C ( ' Z i ' l t  0 : 1 0 0 )

I f  two o t  more  a f rays  are  o f  the  same type and same s ize ,  they  may be  l i s ted  sequeDt ia l l y
with the dimeflsion specification after the last array identif ier in the group-

C O M P L L X  A I I R A Y  C O M r  C O M I r t r E C O M r C 0 I . ' C O N J ( 3 : 1 0 )  $

Th is  dec la ra t ion  de f ines  four  one-d imef ls iona l  a t rays .  Each cons is ts  o f  e igh t

complex  numbers  and the  subscr ip ts  o f  the  e lements  range f tom th ree  to  ten .

One o f  the  most  impor tan t  fea tures  o f  ALGOL is  tha t  the  express ions  fo r  the  bound pa i !s

need r lo t  be  cons tan ts ;  they  can be  any  mean ing fu l  express ions  (see Sect ion  4) .

E  x  am p le :

R I A L  A R R A Y  A  (  l i N r  T / / a . . E I ' I ' T I E R  ( X ) , 0 : T I M E M A X )  ' D P 1 ' D P z ( . Y I I F I I . J I T Y :
D P I  r D P 2 ( - I N F I T . I I T Y  :  I N F I N I T Y  )  $

I I ' JF IN ITY  )  $

The s ize  o f  these ar rays  depends on  the  va lues  o fN,  I ,  X ,  T IMEMAX,  and INFINITY.
Therefore, the size valies from one execution to aoother, Because of this, the actual
storage cells for the array are allocated during execution each time the block (in which
the  ar ray  dec la ra t ion  occurs )  i s  en tered ;  i .  e . ,  a t  the  p lace  the  ar ray  is  dec la red .  Th is
is called 'dynamic' stolage allocation, A1l the variables in a program except own
var iab les  (see 3 .5)  a re  a l loca ted  io  s to rage i r t  th is  way.  Sec t ion  8  exp la ins  the  process
of  a l loca t ing  var iab le  s to rage fo r  ALGOL.  Note  tha t  the  dynamic  a l loca t ion  concept
cannot  be  used in  the  ou termost  b lock  ( i ,  e . ,  the  bound pa i r  l i s t  may conta in  on ly
cons tan ts  in  the  ar ray  dec la ra t ions  in  the  ou termost  b lock) ,
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3 . 4 ,  S T R I N G  D E C L A R A T I O N S

The STRING dec la ra t ion  prov ides  a  means o f  re fe r r ing  to  a  co lLec t ion  o f  a lphanumer ic

charac ters  in  F ie lda ta  code by  the  use  o f  a  s ing le  ident i f ie r ,  and a t  the  same t ime

spec i f ies  to  the  compi le r  the  s t ruc tu re  wh ich  is  to  be  iu rposed on  th is  co l lec t ion .  The

s t r ing  dec la ra t ion  de f ines  the  name and length  o f  ihe  s t r ing :

S T R  I  t J G  5 ( C t 0 )  $

St r i ngs  may  have  subs t r i ngs ,  e i t he r  named  o t  unnamed :

S T R I N G  S ( L ( 4 u )  r R ( 4 0 )  )  $

de f i nes  a  s t r i ng  S  as  hav ing  a  i eng th  o f  80  cha tac te rs  w i t h  t he  f i r s t  40  cha rac te rs  be ing

a  s t r i ng  L  and  t he  second  40  a  s t r i ng  R .

S T R I N G  S ( 6 r 5 7 ( 1 0 )  r 4 r O ( 8 r Q 9 ( l ) , 2 )  )  $

The above dec la ra t ion  de f ines  the  s t r ings  S,  57 ,  and Q and Q9.
re la t i ve  pos i t ion  s ince  6 ,  4 ,  and 2  are  unnamed subs t r ings .  The

length  o f  a  s i i ing  must  be  pos i t i ve  and less  than 4096.  S t r ings ,

and ar ravs ,  mav be  dec la red  w i th  an  ident i f ie r  l i s t :

S T R I N G  C A I i D  ( 8 0 )  r  L I N E ( 1 3 2 )  I  I T E i I , I ( C O D E  ( D E P T
5 r l . l A l v l E  ( 3 0  )  I  R A T E ( 5 ) r  T I M E ( 5 ) r  G R O S S (

I t  a lso  g ives  th  e i r

express ion  fo r  the
l i ke  s imp le  var i  ab les

( 2 )  r  S E C T T o N  ( 8 )
1 0 ) r  N E T ( 1 0 ) ) $

The s t r ing  CARD ho lds  80  charac ters  cor tespond ing  to  a  card  image.  Cor respo ld ing ly ,

the  s t r ing  L INE ho lds  one pr in t  l ine  image.  The s t r ing  ITEM,  on  the  o ther  hand,  has

the  somewhat  compl ica ted  s t .uc tu re  shown be low:

D E P T ( 2 ) sEcrroN(8) Rate
(s)

T i m e
(s)

G ross
( 1 0 )

N e t
(10)NAME(30)

ITEM has  75  charac ters  par t i t ioned in to  the  s t r ings  CODE,

and NET.  In  add i t ion ,  the  s t r i rg  CODE o f  10  charac ters  i s

DEPT and SE C T  lON.  Thus

r rEM(8)  =  coDE(8)  =  SECTION(6) .

N A M E ,  R A T E ,  T I M E ,  G R O  S S ,
par t i t ioned in to  the  s t r ings

St r i ng  A r rays

A  comb ina t i on  o f  t he  s t r i ng  and  a r t ay  dec la ra t i ons  de f i nes  a  quan t i t y  known  as  a

s t r i ng  a r ray .  A  s t r i ng  a r ray  i s  an  a r ray  whose  e lemen ts  a l e  s t r i ngs .  The  f o rm  o f

dec la ra t i on  i s :

coDE(10 )

rTEM(7 s)

S T R I N G  A R R A Y  S ( < s t r i n g  P a r t > : < a r r a y  P a  > )
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where<st r ing  par t>spec i f ies  the  length  o f  each e lement  o f  S  (and a lso  de f ines  ary
subs t r ings  jus t  l i ke  a  s t r ing  dec la ra t ion)  and la r ray  pa f i> is  the  l i s t  o f  bound pa i rs
jus t  as  fo r  a  s imp le  a r ray  (see 3 .3) ,

Examp le :

S T R I N G  A R f < A Y  S ( L ( 4 0 )  r R ( 4 0 ) : 1 i 1 0 r  1 : 1 0 )  S

def ines  a  two-d imens iona l  a ray  S w i th  ten  rows and ten  co lumns,  Each e lement  o f
the array is a string of 80 characters. Furthermore each striog consists of substrings
L and R each 40  charac ters  long,  Referenc ing  o f  subs t r ings  is  d iscussed in  4 .4 '

3 . 5 .  O W N  D E C L A R A T I O N S

Whenever  a  b lock  is  en tered ,  the  s i rnp le  var iab les  and auays  tha t  a re  dec la red  w i th in

that block are given the value zero, and striogs are given the value (blank) in each of

the i r  cha lac ter  pos i t ions .  The add i t iona l  sy rnbo l  OWN in  f ron t  o f  any  one o f  these types
of  dec la ra t ions  changes th is  in i t ia l i za t ion  in  the  fo l low ing  way:  the  f i rs t  t i rne  the  b lock
is  en tered  they  are  g iven in i t ia l  va lues  as  above.  In  subsequent  en t tances  to  the  b lock

they  have the  same va lue  as  they  had on  the  las t  ex i t  f tom the  b lock .

Examples :

I J E G I N  I N T f G E R  I  $
R E A L  F X I  F Y  9
O y' l t ' . |  BO0LEAN ALPHA r FETA $
O ! / N  R E A L  A R R A Y  D E V  ( 1 i l 0 r  1 i 1 0 )  $

In  genera l  a l l  dec la ra t ions  a l lowed in  3 .2 ,3 .3 ,  and 3 '4  o f  th is  chapter  a re  a lso  permi t ted

as  OWN dec la ra t ions .  The except ion  to  th is  ru le  i s  tha t  the  length  o f  a  s t r ing  or  the

length of any of the subsciipt positions of an array does not change after the first

en t rance to  the  b lock .  Thus ,  i f  a  b lock  beg ins  by :

B L G I N  O i , t N  A R I , I A Y  A ( O : N )

and N has  the  va lue  s ix  (e lements  a re  numbered zero  th rcugh s ix ) ,  the  length  o f  A
remains  seven th roughout  the  program even i f  N  has  a  d i f fe ren t  va lue  a t  the  nex t
en t rance to  the  b lock .

3 . 6 .  D E F A U L T  D E C L A R A T I O N S

The OTHERWISE dec la ra t ion  a l lows the  programme!  to  spec i fy  tha t  a l l  s imp le  var iab les
( those w i thout  subscr ip ts ) ,  unnamed in  a  type  dec la ra t ion  are  assumed to  be  o f  a  g iven

tYPe '

B E G I N  R E A L  X I  F X T  F P X  $
I I . ITEGER OTHTRWISE
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means tha t  any  o ther  s imp le  var iab les  bes ides  X,  FX,  FPX tha t  a re  encountered  in  th is

b lock  are  to  be  i f l tegers .  The OTHERWISE dec la ra t ion  may no t  be  used in  connect ion

wi th  an  ar ray  or  s t r ing .  A  hazard  o f  th is  dec la la t ion  is  tha t  i t  car r ies  the  danger  tha t
'nerv '  var iab les  may be  c rea ted  un in ten t iona l l y  and no t  no t iced .

E x a m p l e :

! . } E G  I  N  I N T I G E I I  O T H E R W I S E  4 ,
B 0 0 M i l 0 0 M  =  2 $
A E N  =  4 $

i tco! t ioo lv l  :  (  (  B0oMR00[4+AEl ' ;  )  *B0o[4Bo0Fl+AEN )  * t ]00Mi]01,1

The var iab le  BOOMBOM has c rep t  in to  the  ca icu la t ion  when BOOMBOOM was the

p r o p e r  o n e .  T h e r e f o r e  t h e  0 T H E R W I S E  d e c l a r a t i o n  m u s t  b e  u s e d  w i t h  c a r e '  A n o t h e r

type dec la ra t ion  may fo l low the  OTHERVI ISE dec la ra t ion .

3 . 7 .  T H E  C O M M  E N  T

The COMMENT a1 lows the  programmer  to  inc lude such th ings  as  c la r i f y ing  remarks  and

ident i fV ing  symbols  in  the  pr in ted  compiLa t ion .  A  commentmay serve  any  purpose the

programmer  des i res  once i t  i s  ignored by  the  compi le r '
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B  E G I N  C O M M  E N T
;  C O M M E N T < a n y

E x a m p l e :

B  E G I N  C O M M  E N T

Two  common ly  used  f o rms  a re :

<  any  sequence  no t  con ta in i ng

seque f l ce  no t  con ta in i ng ;  o r  $
;  o r
> ;

$  > ;

S A M P L E  P R O G R A Mu s t N c  u N t v A c  l l 0 8  A L G O L  $

Any charac ters  fo l low ing  an  END and preced ing  another  END,  EL5E,  o r  a  semico lon

are  a lso  t rea ted  as  comments .

E x a m p l e s :

E N D  O F  I  r i N E f t  L O O P  E N D  O F  O U T E R  L O O P  $

E N D  T H I S  T E R M I N A T E S  T H E  T H E N  P A R T  E L S E

E I . I D  O F  H E A T  T R A N S F E R  P R O G K A 1 4  $

3 . 8 .  F O R M A T ,  L I S T ,  5 W I T C H ,  P R O C E D U R E ,  L O C A L

The other  declarat ions are of  a  more compl icated r ta ture and appear i f l  o ther  pat ts  of  the
manual .  FORMAT and LIST are concerned only  wi th input /output  and are d iscussed in

Sect ion 9.  Procedures are d iscussed in  Sect ion 7 and swi tches in  Sect ion 5 '  The

LOCAL declarat ion is  added to the language to a l low faster  (one pass)  t ranslat ion in to

ob iec t  code '  I t  i s  d i scussed  i n  Sec t i on  8 .


