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6.  CONTROL STATEMENTS

6 . 1 .  G E N E R A L

The compiler translates successive statements in the order in which they appear in
the  program.  The s ta tements  a re  a lso  executed  in  th is  same o lder  uo less  the  pro-
grarnmer ioterrupts this flofmal sequence with a "tlansfer of control." Once the
t rans fer  has  taken p lace ,  success ive  s ta tement  sequenc ing  cont inues  f rom the  new
po in t  o f  le fe rence.

Trans fe t  o f  con t ro l  in  ALGOL is  accompl ished th rough use o f  th ree  k inds  o f  con t lo l
s ta tements  -  uocond i t iona l .  cond i t iona l .  and i te ra t i ve .

6 .2 .  UNCONDITIONAL CONTROL STATEMENTS.

The GO TO statement causes an unconditional t lansfer of control to anothe! part of
the  p  log lam.

6 .2 .1 .  The GO TO Sta ternent

The GO TO s ta tement  may be  wr i t ten  in  any  one o f  th ree  ways :

r  GO TO (des ignat iona l  exp less ion>
r  GOTO 4des ignat iona l  expres  s ion2
I GO (designational exp ression>

There  are  th ree  fo rms o f  des ignat iona l  express ions ,  the  labe l  be ing  the  s imp les t .

Example :

L : 0  =  s I N ( S O R T ( Z ) )  $

G O T O L $

GO TO L  in te l lup ts
ment with the labe1

the normal sequence of instluctions and testarts at the state-
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Al te rna t ive ly  the  des ignat iona l  express ion  may take  the  fo rm o f  a  cond i t iona l  ex-

p  ress ion .

E x a m p l e :

GO TO IF  X  EOL Y  THEN L l  I LSF  L2  S

In  th is  case i f  X  equa ls  Y ,  con t ro l  i s  t rans fer red  to  the  s ta tement  labe led

otherw ise ,  the  t rans fer  i s  to  L2 .

A th i rd  fo rm o f  des ignat iona l  express ion  is  a  SWIT€H var iab le  e><p la ined be low '

6 . 2 . 2 .  T h e  5 W I T C H

The SWITCH dec la ra t ion  f lames a  g toup o f  a l te tna t ive  po in ts  in  a  p rogram to  wh ich

cont ro l  may be  t rans fer red .  I t  inc ludes  a  means fo r  se lec t ing  a  g iven des ignat io la l

express ion  f rom the  SWITCH l i s t  by  means o f  a  subscr ip t  express ion  (eva lua ted  a t

execut ion  t ime)  w i th  the  SWITCH ident i f ie r .  In  e f fec t ,  the  SWITCH dec la ta t ion

def ines  a  5WITCH var iab le  wh ich  is  s im i la r  to  a  one-d imens iona l  a l ray  except  tha t

t h e  e l e m e n t s  a r e  d e s i g n a t i o n a J  e x p r e s s i o n s .

To s ta r t  w i th ,  a  sw i tch  must  be  desc t ibed by  a  SWITCH dec la ra t ion  pr io !  to  i t s  use

as  a  swi tch  var iab le .  The range o f  subscr ip ts  i s  f rom 1  to  n ,  where  n  i s  the  number

o f  e lements  in  the  swi tch  1 is t .  I f  a  subscr ip t  express io t r  on  a  swi tch  var iab le  fa l l s

ou ts ide  the  de f ined range o f  the  swi tch ,  then the  swi tch  opera t ion  is  ignored

The  gene ra l  f o rm  o f  t he  dec la ra f i on  i s

SWITCH (sw i t ch  i den t i f i e r>  =  <sw i t ch  l i s t>

S W I T C H  S W I T C H  |  =  e 1 ,  e 2 ,  e 3 ,  -  -  -  e n  $

where  SWITCHl  i s  the  name o f  the  swi tch  and

exp ress ion  s .

e1  -  -  -  en  are  des ignat iona l

A  swi tch  e lement  i s  te fe renced in  a  GO TO s ta tement  by  means o f  the  swi tch

ident i f ie r  w i th  the  appropr ia te  subscr ip t :

GO T0  S ! ' l ITcHr ' i 1 (  I  )

where  I  i s  an  ar i thmet ic  express ion .  Th is  express ion  is  eva lua ted  when the  G0 TO

is  executed .  con t ro l  i s  t rans fer red  to  the  s ta tement  des ignated  by  e lement  I  in  the

swi tch  l i s t  o f  the  SWITCH dec la ra t ion  (count ing  f rom le f t  to  r igh t ) '

To  iL ius t ra te ,  assume tha t  i t  i s  necessary  to  t rans fer  to  s ta tements  labe led  L1 '

L2 ,  L3 ,  and L4  depend ing  on  whether  the  va lue  o f  J  i s  1 ,  2 ,  3  o t  4  Th is  cou ld  be

accompl ished w i th  the  fo l low ing  G0 TO s ta tement i

GO TO I [ :  J  EGL l  THEN L l  f LSF ,
I  F J EOL 2 THEI ' I  L2 ELSF
I  F  J  T ' , L  3  THEN L3  ELST
IF  J  EuL  4  THEI {  L4  S
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However ,

5 I4 I  TCH

i t  i s  much eas ie r  to  se t  up  a  swi tch  to  accompl ish  the  same th ing

S  :  L l r  L 2 r  L 3 r  L 4  $

c o  T o  s ( J )  $

Exampl  e :

S W I T C H  S  :  L l r  I F  X  G T R  Y  T H E t , t  L 2  E L S E  L 3 r  L r t r  T ( I + 6 )  r  L 5  $

I f  the  swi tch  var iab le  S  is  re fe renced f rom a  GO TO s ta tement

G 0  T O  S ( J )  r

the  fo l low ing  t rans fer  o f  con t ro l  i s  made depend ing  upon the  va lue  o f  J :

(1 )  I f  J  =  1  then cont ro l  t rans fers  to  L1 .

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

Cond i t iona l  con t ro l  s ta tements  cause cer ta in  s ta tements  to  be  executed  or  sk ipped
depend ing  on  va lues  o f  Boo lean express ions .  The lF  s ta tement  p rov ides  fo r  execut ing
a s ta temerr t  i f ,  and  on ly  i f ,  some re la t ion  is  t tue  and fo r  sk ipp ing  over  a  s ta tement  i f

th is  re la t ion  is  fa lse .

The lF  s ta tement  may take  the  fo tm:

I F  8 1  T H E N  S 1  $  5 2  $

(2 )  I f  J  =  2  then cont ro l  t rans fers  to  e i the t  L2  o tL3
(3)  I f  J  =  3  then cont ro l  t lans fers  to  L4 .
(4 )  I f  J  =  4  then cont ro l  t rans fers  to  the  labe l  wh ich

des ignat iona l  express io r i  o f  the  swi tch  T .
(5 )  I f  J  =  5  then cont ro l  t rans fers  to  L5 .
(6 )  I f  I  <1  or  J )  5  then no  t rans fer  i s  executed .

depend ing  upon X and Y.

is  the  va lue  o f  the  ( I r6 ) th

s ta tement  no t  beg inn ing  w i th  lF ,  and 52
executed  a f te r  wh ich  cont ro l  passes  to
co f l t lo l  con t inues  a t  52 .

where  B1 is  a  Boo lean express ion ,  51  is  a
is  any  s ta tement .  I f  B1  is  t rue ,  then 51  is

52 .  I f  81  is  fa lse ,  then 51  is  sk ipped and

r -  r :  ^ - - ^ -  c ^ - - .
r r r  u  '  d B r  d , "  r u I x .

B 1  T tue

I
B 1 TH EN

f----__1
1 $ s 2 $

V
S

I
I F

B l  F a l s e
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T h e  g e n e r a l  f o r m  o f  t h e  l F  s t a t e m e n t  i s :

I F  ' ' J I  T H E N  5 1  E L S E  5 2 ' 5  5 J  $

I f  B1  is  t rue ,  s ta tement  S1 is  executed  and s ta tement

s ta tement  S1 is  sk ipped and 52  is  executed .  In  e i ther

s ta tement  S3 (except  when e i ther  S1 or  52  conta ins  a

In  d iagram fo rm

B  1  T r u e

52 is  sk ipped;  i f  B1  is  fa lse ,

case,  con t ro l  co f l t inues  w i th
GO TO s ta tem ent ) .

E L S E S2THI F
I

B 1 $ s 3

L--J
EN

Y
s 1

In  cond i t iona l  s ta tements ,  the  s ta tement  fo l low ing  THEN can no t  s ta r t  w i th  lF '  I t

m a y  b e  c o n d i t i o n a l  o n l y  i f  i t  i s  e n c l o s e d  b y  a  B E G I N  -  E N D  p a i r '  T h e r e  i s  n o

res t r i c t ion  o f l  the  type  o f  s ta tement  fo l low ing  ELSE.

Et rample l

IF  I JOOL THEN BEGI I ' ]  IF  C  G t .C  -5  THEN GO TO CHECK
Ej . ID  ELSE V  =  V+1  $

The  fo l l ow ing  examp le  i l l u s t ra tes  "nes ted "  cond i t i ona l  s ta temen ts :

82 True

I t
E L S E s2 E L S E ] $ s 4

I t
I F I F

I
B 2

THt . t i  G0  T0  I14A6ROOTS
EQL 0  THEN X I  =  X2 .  =  -B /  (2 *A l

=  S A R T  ( o I S C  )  $
=  ( - B + S D I S C l  /  ( 2 * A l  I
:  ( - 8 .  S D I S C )  / I ? + A I

B 1 T H E N

E x a m p l e :

I F  I J I S C  L 5 5  O
r r q , t r  I t r  n T q a

E L S E  t s E G I N
) U  I  ) \ .

X 1
X 2

E N D  $

6 - 4 .  I T E R A T I V E  C O N T R O L  S T A T E M E N T S  _  T H E  F O R  S T A T E M E N T

The FOR s ta tement  fac i l i ta tes  p rogramming i te ta t i ve  opera t ions  A par t  o f  the  pro-

gram is  i te ra t i ve  i f  i t  i s  to  be  executed  repeated ly  a  spec i f ied  number  o f  t imes,  i f  i t

i s  to  be  executed  fo r  each one o f  a  des ignated  se t  o f  va lues  ass igned to  a  var iab le ,

o r  i f  i t  i s  to  be  executed  tepeated ly  un t i l  some cond i t ion  is  fu l f i l l ed  The FOR

sta tement  hand les  any  o f  these th ree  cond i t ions .

H 1  T   I  S E

81 True

B l  F a l s e

T H E N

82 F  a lse

o
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The genera l  ALGOL FOR s ta tement  cons is ts  o f  a<FOR c lause> fo l lowed by  a

s ta tement  S  (s imp le  o r  compound)  where  a<FOR ca luse)  i s :

FOR (var iab le>  =  <  FOR l i s t )  DO

The<FOR l i s t>  i s  a  sequence o f  (FOR l i s t  e lements )  separa ted  by  commas '

The value of each (FoR list elernent> is assigned to the coltrolled or itelatioll

variable in tutn from left to right and the statemetrt s is executed once for each value.

A l l  FOR l i s t  e lements  must  be  o f  a  type  compat ib le  w i th  the  cont ro l led  var iab le

which rnay be any type of simple or subscripted variable.

There  are  th ree  poss ib le  k inds  o f  FOR l i s t  e lements :

r <arithmetic exPression>
r  <ar i thmet ic  express ion> STEP (ar i thmet ic  express ion2 UNTIL  (a r i thmet ic

exp ression2
I  <ar i thmet ic  express ion> WHILE (Boo lean express ion>

6 . 4 . 1 .  S i m p l e  L i s t  E l  e m e r t

FOR V =  <ar i thmet ic  express ion> DO S $

FOR V =  e l ,  e2 ,  e3 ,  e4 ,  -  -  -  ep  DO S $

The controlled variable V is successively given the values of the alithmetic ex-

press ions ,  e1 ,  e2 ,  e3J  -  -  -  eN.  The s ta tement  S  is  executed  once fo !  each va lue

o f  V .

Example :

F O R  X  :  1 . 0 r 1 . 5 r 2 . 5 r 3 ' 5 r 7 . 5  D 0  S  $

6 . 4 . 2 .  S T E P  -  U N T I L  L i s t  E l e m e n t

F O R V :  <  a r i t h m e t i c  e x P f e s s i o n

U N T I L  <  a r i t h m e t i c  e x P r e s  s  i o n
> STEP < a t i thmet ic  express ion

> D O S $

o t

F O I I  V :  E l  S T E P  E 2  U N T I L  E 3  D O  S  $

whete  E1 is  the  s ta r t ing  o i  in i t ia l  va lue  o f  V

E2 is  the  inc rement  by  wh ich  V is  inc reased a lgebra ica l l y

E3 is  the  l im i t ing  or  te rmina l  va lue  o f  V
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The e f fec t  o f  the  FOR s ta tement  i s  p robab ly  bes t  descr ibed by  the  equ iva len t

ALGOL s ta tements :

v  -  c l

L l :  I F
BEG I I.I
s 5

GO TO
END

FOR V
FOR I
FOR I
FOR X

$
( V . E 3 ) * S I G N ( 8 2 )  L E O  O  T H E N

+ E 2 . $
L 1

In  a l l  cases  i f  the  tes t  fa i l s  in i t ia l l y ,  the
(X)  i s  a  ca l l  on  a  s tandard  func t ion  wh ich
on whether  the  va lue  o f  the  argument  X  is
Th is  can be  shown graph ica l l y  as  fo l lows:

V assumes in i t ia l
va lue ,  E1

statement S is rlot executed at all, SIGN
wi l l  re tu !n  the  va lue  1 ,0 ,  o r  -1  depend ing
pos i t i ve ,  zero ,  o r  r iega t ive ,  respec t ive ly .

Add increment Y E S

The s ta tement  S  may redef ine  V as  we l l  as  the  var iab les  appear ing  in  E2 and E3.

Chang ing  E1 w i l l  have no  e f fec t  on  the  execut ion  o f  the  FOR s ta tement  as  the
in i t ia l  va lue  is  ass igned to  V  be fore  S is  executed .  Ex t rdme care  must  be  taken
in  ass ign ing  va lues  to  V  w i th in  S  as  th is  may prevent  V  f rom reach ing  the  te rmina l

va l  ue .

The more  compact  fo rm o f  the  FOR s ta te&ent

F O R V : ( H l r f 2 r E 3 ) D O S $

m a y  b e  u s e d  i n s t e a d  o f

E I  S T E P  E ?  U N T I L  [ 3  D O  S  $
l  STEP l  UNTIL I 'J I ]O S $
( 1 r l r N )  D O  S  $
( 3 . 2 r . 1 r 9 . 9 )  D 0  S  $

(v = na1* 5IGN (E2)

Y  = Y , E 2

S T A T E M E N T S
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6 . 4 . 3 .  w H t L E

FOR V

o r

F O R  V

L i s t

=  <  ar i thmet ic  express ion  >  WHILE <  Boo lean express ion  >  DO

= E I Y H I L E B D O S $

Fi rs t  V  is  se t  equa l  to  the  ar i thmet ic  express ion  E.  l f  B  i s  t rue ,  s ta tement  S  is
executed .  A f te r  the  execut ion  o f  S ,  V  is  rep laced by  E and aga in  B  is  tes ted .  I f ,
on  the  o ther  hand,  B  is  fa lse ,  then S is  sk ipped and cont to l  resumes w i th  the  s ta te -
ment  fo l low ing  the  FOR s ta temeot .

Th is  can be  represented  graph ica l l y  as  fo l lows:

The stRte&ent  S may redef ine V or  the var iab les in  the express ions E and B.

Example ( tak. -n f rom Problem 2 Appeadix D)r

F L t i q  I  =  C " 5  *  t A r ' n l . , D B  +  C L ' B )
I i \ l H I L E  A B S  T  B - O L n B  ]  G T F  1 0 * * { , " 6 ) * B
D O O L D B = B S

In th is  examplethe FOR statement  is  executed unt i l  B,  the square root  of  A,  is
accura te  to  s ix  d ig i ts .

The th ree  fo rms o f  the  l i s t  e lements  may be  combined:

F O R  K  =  1 r 3 I 5 r 1 O  S T E P  2  U I { T I L  2 0 ' 5 0  W H I L E  B  D o  S  $

The s ta tement  S  w i l l  be  executed  fo t

K  =  1 , 3 , 5 , 1 0 , 1 2 , 1 4 , 1 6 , 1 8 , 2 0  a d

wi l l  then  assuhe the  va lue  50  as  long as  B is  t rue .

s $

as  f o l l ows :
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6 . 4 . 4 .  T e r m i n a t i o n  o f  F O R  S t a t e m e n t s

The fo l low ing  sec t ion  shou ld  be  care fu l l y  read because i t  dea ls  w i th  cor icep ts  tha t

are  no t  de f ined in  r igorous  ALGOL 60.  The prob lem is  tha t  a  p rogram wt i t ten  in

UNIVAC 1108 ALGOL 60 wh ich  u t i l i zed  these concepts  wou ld  poss ib ly  no t  work

on a  mach ine  w i th  a  d i f fe ren t  ve ts ion  o f  ALGOL.  The concern  here  is  w i th  the

va lue  o f  the  i te ra t ion  var iab le  in  a  FOR s ta tement  whet  the  FOR s ta tement  i s

te rmina ted .  The ALGOL 60 repor t  leaves  th is  va lue  as  undef ined when the  FOR
sta tement  i s  te rmina ted  by  exhaust ion  o f  the  <FOR l i s t )  ,  bu t  in  UNIVAC 1108
ALGOL i t  i s  we l l  de f ined,  and indeed,  very  use fu l .  1 t  i s  because o f  i t s  use fu lness

tha t  i t  i s  documented here  w i th  the  warn ing  tha t  i t  mav no t  work  on  anothe t  mach ine

I f  the  s ta tement  S  has  a  GO TO s ta tement  lead ing  ou t  o f  the  FOR s ta tement ,  the

va lue  o f  the  i te ra t io f l  var iab le  i s  the  same as  i t  was  be fore  the  GO TO s ta tement

was executed .  (Th is  i s  a lso  t rue  in  ALGOL 60. )  I f  the  ex i t  i s  made f rom the  FOR

sta tement  because o f  the  exhaust ion  o f  the  <FOR l i s t ) ,  then the  va lue  o f  the

var iab le  i s  tha t  va lue  i t  he td  las t  as  may be  de termined f rom the  equ iva len t  ALGOL

sta tements .  For  example ,  to  f ind  the  f i rs t  nonb lank  charac te t  o f  a  s t r ing ,  e i ther

one o f  two methods  cou ld  be  used.

S T R I N 6  S (  1 2 0 ) $
I N T i G f R  I r R  $

F O R  I = I + I  l / i H I L E  ( I  L S S  1 2 1  A N ] D  S ( I }  E O L  I  I )

0 0  $
IF  I  EOL  121  THEN GO TO STRINGALL IsLANK
E L S E  F O U N O I T :  R : R A N K ( S ( I )  }  $

That  method depends on  the  exhaust ion  o f  the  <FOR l i s t>  ,  e i ther  because the

who le  s t r ing  has  been scanned or  because a  nonb lank  chafac ter  has  been found

h one case,  the  f ina l  va lue  o f  I  i s  121 and in  the  o the i  i t  i s  the  index  to  the  non-

b l i , , rk  charac ter .  Note  tha t  a  dummy s ta tement  DO $  fo l lows the  FOR s ta tement
(see 5 .7) .  RANK is  a  s tandard  func t ion  re tu rn ing  the  F ie lda ta  equ iva len t  o f  the

f i rs t  charac ter  o f  the  s t r ing .

The second method is  as  fo l lows:

F O R  I = ( I I 1 I 1 2 0 )  D O  I F  S ( I )  I I E O  '  T  T H E N  G O  T O  F O U N O I T  $
GO TO STRINGALL IJLANK $
FOUi {D IT :  R=R/ i l ' JK  (S (  I  )  )  $

This  method produces  the  cor rec t  va lue  o f  I  because an  ex i t  i s  made f rom the  FOR

sta tement  bv  a  GO TO s ta tement .

O
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A GO TO statem ert
FOR staternent may

F O R  I = ( l r 1 r N )
B E G I N

END $

G O T O L $

The above s ta tement ,

Howeve! ,  i t  i s  easy  to

E x  ampl  e :

f rom outs ide  a  FOR s ta tement  re fe r r ing  to  a  labe l  w i th in  the
lesu l t  in  an  undef ined s i tua t ion  and shou ld  thus  be  avo ided.

DO

GO TO L ,  i s  no t  a l lowed.

program the  above log ic  by n o t  u s i n g  t h e  F O R  s t a t e m e n t .

t -

L O O P :  I  =

.  l r

0
I + l  5

I  LSS N  GO TO LOOP $

G O T O L $


