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4 .  E X P R E S S I O N S

4  .  G E N E R A L

An express ion  is  a  ru le  fo r  comput ing  a  va lue .  There  are  fou t  k inds  o f  express ions :
ar i thmet ic ,  Boo lean,  s t r ing ,  and des ignat iona l .  Express ions  are  composed o f  operands ,
opera tors  and parentheses .  Operands  a ie  cons tan ts ,  var iab les ,  func t ion  des ignators ,  o r
o ther  express ions .  Opera tors  a re  symbols  wh ich  des ignate  a f i thmet ic ,  re la t iona l ,  o r
log ica l  opera t ions ,  and pareotheses  are  used to  de termine the  sequence o f  opera t ions
to  be  per fo rmed.  The va lue  o f  an  ar i thmet ic  exp less ion  is  a  number  o f  the  type
I N T E G E R ,  R E A L ,  R E A L  2  o r  C O M P L E X ,  T h e  v a l u e  o f  a  B o o l e a n  e x p r e s s i o n  i s
e i t h e r  T R U E  o t  F A L S E ,  a n d  t h e  v a l u e  o f  a  s t r i n g  e x p r e s s i o n  i s  a  s t r i n g  o f  s y m b o l s .
The va lue  o f  a  des ignat iona l  express ion  is  a  s ta tement  labe l .  Express ions  must  be
formed in  accordance w i th  mathemat ica l  convent ion  and w i th  the  ru les  d iscussed in
the  fo l low in  g  pa  ra  g raphs .

4 , 2 .  A R I T H M E T I C  E X P R E S S I O N S

Ar i thmet ic  quant i t ies  a re  combined in to  a r i thmet ic  express ions  by  rneans  o f  the  fo l low-
ing  ar i thmet ic  opera tors :

+  denotes  add i t ion
-  denotes  subt rac t io r r
,  d e n  o t e s  m  u  l t  i p l  i c a  t i o n
/  denotes  d iv is ion
* *  d e n o t  e s  F Y n n n  F n r  i a t i o n

d e n o t  e s  i n t e g e r  d i v i s i o n

The  exp re : : i on

A /  / B

can be  wr i t ten  on ly  when A and B are  bo th  o f  type  INTEGER.  The express ion  has  the
in teger  va lue  o f  the  unrounded quot ien t  o f  A  by  B.

Thus  5 / /3  =  1

The express ion

A**B

m e a n s  A  r a i s e d  t o  t h e  p o w e r  B .
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4 , 2 . 1 ,  O r d e r i n g  R u l e s  f o r  O p e r a t i o n s

The  h ie ra rchv  o f  a r i t hme t i c  ope ra t i o f l s  i s

c l a s s  1  * *

C l a s s  2  *

C l a s s  3  |

E xp  on  en t i a t i on

Mu l t i p l i c  a t i on

D iv i  s i on

ln tege r  d i v i  s i on
Add i t i on

Sub  t  r ac  t i on

Express ions  w i th  opera tors  in  d i f fe ren t  c lasses  are  eva lua ted  in  o rder  (1 ,2 ,  and then

3)  un less  parentheses  are  used to  change the  order ,  Express ions  conta in ing  opera-

to rs  in  the  same c lass  are  eva lua ted  f rom le f t  to  r igh t .  Parentheses  may be  used to

over r ide  the  g iven order  o f  eva lua t ion .  Express ions  w i th in  i r inermost  paren theses

are  eva lua ted  f i  rs  t ,

E x a m p i e s :

E xpres  s ion

, \ , F l - a

A-8* *C
A**B-C{ r *D
A+ts/  c
A/B /C
A * * 6 * * C

4.2 .2 .  H ie rarchy  o f  Operand Types

C ompi  ler  In terpretat ion

(  A - B  )  - C

11-  (  B{ .*C )
( A * * B ) - ( C * * l l l
A+ (  R, /C )
(  A , /B t  /  c
( A * * B ) * * C

Mixed -mode  a r i t hme t i c  i s  pe rm i t t ed .  The  eva lua ted  a r i t hme t i c  exp ress ion  assumes

the  t ype  o f  t he  dom inan t  ope ra ld  t ype  i n  t he  exp ress ion .  The  o rde r  o f  dom inance  i s

C O M P L E X ,  R E A L  2 ,  R E A L ,  a n d  I N T E G E R .  E x p o n e n t i a t i o n  r o u t i n e s  f o r  C O M P L E X
* * R E A L  2

E x a m p l e :

I  NTEGER
REAL
R E A L  2
C OMPLE X

t hen

I  * R
R 2 + l t
c - R 2 + I

a n d  R E A L  2 * * C 0 M P L E X  h a v e  n o t  b e e n  i m p l e m e n t e d .

J $
R $
R 2  $
a 4

I S  R E A L
I S  R E A L  2
I S  C  O M P L E  X



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

T h e r e  a r e  l w o  e x c e p l i o n s  r o  t h c above  ru  l e :

R  E A L  w h e n  A  a n d

R EAL when A and

B are

B are

l sI

I

A / B

A X * B

I N T E G E R

I N T E G E R

4.2 .3 .  Operands  o f  Ar i thmet ic  Express ions

The operands  o f  a r i thmet ic  exp fess ions  are  cons tan ts ,  var iab les ,  func t ion  des ignators
(de f ined be low) ,  o r  o ther  a r i th rne t ic  express ions .

4 .2 .3 .1 .  Subscr ip ted  V ar i  ab les

A var iab le  may be  e i ther  a  s imp le  var iab le  o r  a  subscr ip ted  var iab le .  A  subscr ip ted

var iab le  represents  one o f  the  fo l low ing :

(1 )  A  s ing le  e lement  o f  an  ar ray  denoted  by  the  ident i f ie t  wh ich  names the  ar tay

fo l lowed by  a  subscr ip t  l i s t  enc losed in  pg len theses ,

(2 )  A  por t ion  o f  a  s t r ing  var iab le ,  o r

(3 )  A  combina t ion  o fbo th  (1 )  and (2 )  in  the  case o f  STRING ar rays .  A-subscr ip t

l i s t  cor ls is ts  o f  a r i thmet ic  exp tess ions  sepata ted  by  commas.

The fo l lowing are examples of  subscr ip ted var iab les:

A ( I r J )
trt ( I + I r J+ I )
V ( F ( P + 1 )  r 0 + 1 2 )
Z ( W ( T )  r X ( T )  r Y ( T )  r Z ( T )  )
X ( 1 J )
A ( l * 2 t I / / 2 \

The expressions which make up the subsci ip t  may be of  any complex i ty .  REAL
va lues  are  a i lowed,  in  wh ich  case the  rea l  number  i s  rour tded to  the  neates t  in teger .

Each subscr ip t  express ion  must  have a  va lue  wh ich  is  no t  less  than the  min imum
and not  g rea ter  than the  max imum spec i f ied  by  the  ARRAY dec la ra t ion  or  fo r  the
s t r ing  as  spec i f ied  by  the  STRING dec la ra t ion  (see Sec l ion  3) .  The number  o f

subscr ip t  express ions  must  equa l  the  number  o f  d imens i  \ns  o f  the  ar ray  as  g iven

in  the  ARRAY dec la ra t ion .  Thus ,  i f  an  ar ray  is  dec la re '  as  fo l lows,

i i f  A L  A l l l l A Y  A  (  1 : 1 0  r  1 : 1 0  )

then A(3 ,11)  i s  un  de f ined.

4 . 2 . 3 . 2 .  F u n c t i o n  D e s i  g n  a t o  r s

A func t ion  des ignator  i s  e i ther  a  ca l l  on  a  dec la red  func t ion  procedr - r re  (see Sect ion
7)  o r  a  ca l l  on  a  s tandard  func t ion .  These s tandatd  func t ions  are  the  ones  com-
monly  employed in  mathemat ics ,  such as  the  square  roo t ,  s ine ,  and arc tangent
func t ions .  A  comple te  l i s t  o f  the  ava i lab le  func t ions  is  g iven  in  APpend ix  B .  Fo !

example ,  the  f r . rnc t ion  whose va lue  is  the  square  roo t  o f  X  is  ca l led  SQRT;  there-
fo re  i f

R [ _ A L  X  i
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t hen

S G R T  (  X  )

i s  a  f unc t i on  des igna to r .

Ope rands  t hemse l ves  may  be  a r i t hme t i c  exp less ions ,  and  comb in ing  t hem by  means

o f  ope ra to l s  may  g i ve  r i se  t o  more  a r i t hme t i c  exp ress ions .  Assuming  t he  dec la ra -

t i ons :

R E A L  R  $
I I . ITEGER I $
I N T E G E R  A R R A Y  A ( O : I O )  $

Then the  fo l low ing  a te  va l id  a r i thmet ic  express ions :

(  R *  I  )  /  (  A  (  I  )  + 7  )
( A  (  A  ( 2 )  )  - I * * 3 )  * M O D ( A ( 7 )  r 4 )

MOD is  an  example  o f  a  s tandard  func t ion .  In  these examples ,  l ibera l  use  is  made
of  pa ten theses  to  ind ica te  o rder  o f  eva lua t ion .

4 . 3 .  B O O L E A N  E X P R E S S I O N S

The on ly  Boo lean cons tan ts  a re  TRUE and FALSE and these have the i r  f i xed ,  obv ious
mean ing ,  A  Boo lean operand may be  e i ther  a  s imp le  var iab le  tha t  has  occured in  a
Boo lean dec la ra t ion ,  a  subscr ip ted  var iab le  tha t  has  appeared in  a  Boo lean ar tay
dec la ra t ion  or  a  Boo leao func t ion  des ignator  such as  NUMERIC,  o f  a  Boo lean cons tan t
(see Append ix  B) .  Boo lean exptess ions  are :

Boo lean operands

Ar i thmet ic  o r  s t r ing  express ions  connected  by  the  re la t iona l  opera tors  LSS,  LEQ,
E Q L ,  G  E Q ,  G T  R  O T  N  E Q

Boolean express ions  connected  by  the  log ica l  opera tors  NOT,  AND,  OR,  IMPL,  EQIV,
o r  X O R

4 . 3 . 1 ,  R e l a t i o n a l  E x p r e s  s i o n  s

The re la t iona l  opera tors  have the  semant ic  mean ings

I

I

ALGO L
EXPRESSION

A  L S S  B
A  L E Q  B
A  E Q L  B
A  G E Q  B
A  G T R  B
A  N E Q  B

MATH EM ATIC AL
N OTATION M E A N I N G

Less than
Less  than or  equa l  to
E q u a l  t o
Greater  than or  equa l  to
Greater  than
Not  equa l  to

A <  B
A <  B
A =  B
A Z B
A >  B
A F  B
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F o r  a r i t h m e t i c  o r  s t r i n g  e x p r e s s i o n s  A  a n d  B ,  t h e  B o o l e a n  e x p r e s s i o n :

A< re la t ion  a l  opera tor>  B

i s  T R U E  i f  t h e  r e l a t i o n  h o l d s  a n d  F A L S E  i f  i t  d o e s  n o t .  A  a n d  B  m a y  b e  m i x e d

m o d e .  I f  e i t h e r  A  o r  B  i s  C 0 M P L E X ,  o r l y  t h e  r e l a t i o n s  E Q L  a n d  N E Q  c a n  b e  u s e d .

I f  A  and B are  bo th  s t r ing  express ions  (see 4 .4) ,  the  s t r ings  are  compared charac ter -

by-charac ter  s ta r t ing  a t  the  le f t ,  The shor te r  s t r ing  is  cons idered to  be  f i11ed ou t

w i th  b lanks  to  the  length  o f  the  longer .  The co l la t ion  sequence o f  charac ters  i s  tha t
o f  F  i  e l d a t a .

4 . 3 . 2 .  B o o l e a n  O p e r a t o r s

The s ix  Boo lean ( log ica l )  opera tors  a re :

N O T  n e  g a t i o n
AN D con ju  n  c t ion
O R
IMP L  im p l i ca t ion

E QIV e  qu  iva  lence
XOR exc lus ive  d is junc t ion  (exc lus ive  OR)

The va lue  o f  a  Boo lean express ion  o f  the  fo rm:

A (  Boo lean opera tor  >  B

is  ob ta ined f rom the  fo l low ing  tab le .  NOT is  a  unary  opera tor '

Assume the fo l lowin g declarat ions:

B O 0 L L A f ' i  A r B  I '
R I A L  X t Y t Z  $
S T R I N G  5 ( 1 0 0 )  $

Then the fo l lowing are leg i t imate Boolean expressions,

il Ai\tD A
1 O . O  L E Q  X  A ' . I D  X  L E A  9 9 . 0
N O T B O R A
N O T  ( X  L S S  Y  I I . 4 P L  Z  E Q L  7 - * * 2 1
N U I ' 4 f  R I C  ( S )  0 R  N 0 T  A L P H A B T T I C  ( S )

In the above exanple NUMERIC and ALPHABETIC are s tandatd funct ions (see
Appendix B) .

i n c l us i ve  d i s j unc t i on  ( i nc l us i ve  OR)

B N O T  A  A O R B  A A N D B  A X O R B A I M P L B  A E Q I V B

T R U E  T R U E

T R U E  F A L S E
F A L S E  T R U E
F A L S E  F A L S E

F A L S E  T R U E

F A L S E  T R U E
TRUE TRUE
T R U E  F A L S E

T R U E  F A L S E

F A L S E  T R U E
F A L S E  T R U E
F A L S E  F A L S E

T R U E  T R U E

F A L S E  F A L S E
T R U E  F A L S E
T R U E  T R U E
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P a r e n t h e s e s  s h o u l d  b e  u s e d  i n  c o m p o u n d  e x p t e s s i o n s

p re ta t i on  by  human  reade rs  (no t  t he  comp i l e r ) '

avo id  con fus ion  o r  m is i n te r -

4 . 3 , 3 .  P r e c e d e n c e  o f  B o o L e a n  O p e r a t i o n s

P a r e n t h e s e s  m a y  b e  u s e d  t o  s p e c i f y  t h e  o r d e r  o f  o p e r a t i o r s  i n  B o o l e a n  e x p r e s s i o n s .

I f  p a r e n t h e s e s  a r e  o m i t t e d  ( o r  w i t h i n  p a r e n t h e s e s ) ,  B o o l e a n  e x p r e s s i o n s  a r e  s c a n n e d

f rom l e f t  t o  r i gh t ,  and  ope ra t i ons  a re  pe r fo rmed  acco rd ing  t o  t he  f o l l ow ing  p recedence :

( 1 )  A r i t h m e t i c  o p e r a t i o n s  a c c o r d i n g  t o  4 , 2 . L .

(2 )  Re la t i ona l  ope  ra t i  on  s

( 3 )  N 0 T

( 4 )  A N  D

( s )  0 R  x 0 R

( 6 )  I M P  L

(7 )  E  Qrv

E x a m p l e :

A + 1  G T R  t ]  O R  C  A I J D  G + 2  N E O  H

w i l l  b e  c o m p u t e d  a s

( ( A + 1 )  G T i r  t i )  0 R  ( C  A N D  ( ( G + 2 )  I ' I F O  l l ) )

t o

4 , 4 .  S T R I N  G  E X P R  E S S I O N  S

S t r i ngs  have  no  ope ra to rs  wh i ch  p roduce

a re  de f i ned  by  g i v i ng  a  s ta r t i ng  pos i t i on

va  r i  ab le

S T R I i . l c  5  (  1 2 0  )

t hen

Subs t r i ngs  o f  a  dec la red  s t r i ng

F o r  e x a m p l e ,  i f  S  i s  a  s t r i n g
a  s t i i n  g  resu l t .

and  a  l en  g th .

s( i )

denotes  the  i th  charac ter  in  the  s t r ing  S where  the  charac ters  a le  numbeied  f rom the  le f t

s ta r t ing  w i th  one.  Thus ,  5 (6)  i s  the  s ix th  cha.ac ter  in  s t r ing  S '

s (  i ,  i )

denotes  a  s t r ing  o f  j  charac ters  taken in  ascend ing  order  f ron t  s t r ing  S s ta r t iog  w i th  the

charac ter  in  the  i th  pos i t ion .  S(1 ,10)  i s  the  subs t r ing  o f  S  cons is t ing  o f  the  f i rs t  ten

c h a r a c t e i s  o f  S .  T h e  s u b s t r i n g  S ( 1 )  i s  e q u i v a l e n t  t o  S ( 1 ,  1 ) .  T h a t  i s ,  i f  t h e  l e n g t h  i s

omi t ted ,  i t  i s  taken to  be  l .
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I n  summary ,  cons ide i  s t r i ng  S .

S T R I N G  S ( l 0 r l t ( 2 0 )  T S T A C K ( 3 r O P ( 5 )  )  r 4 )

In  th is  s t r ing  the  fo l low ing  th ree  s t r ing  express ions  a l l

they  a l l  re fe r  to  the  same f i ve  charac ters .

S ( 3 4 r 5 )
S T A C K  ( 4 r 5 )
OP

have the  same va lue :  tha t  i s ,

Par t ia l  s t r ing-ar ray  var iab les  are  subscr ip ted
l i s ts  separa ted  by  a  co lon  ( : ) ,  A  subscr ip ted

S(<  s t r ing  par t  > :  <  subscr ip t  l i s t  > )

I f  S  is  a  two-d imens iona l  s t r i f lg  a r ray ,  then

S ( l : j ,  k )

two separa te  subsc t ip t
i s  wr i t ten  as

va r i ab les  w i t h

s t r i ng  va r i ab le

denotes  the  i th  charac ter  in  the  j ,  k th  e lemer t  o f  the  s t r ing  ar ray  S.  I f  a  g roup o f

ch  arac ters  i s  des i red ,  then

s( i ,  l : j  ,  k )

w i l l  denote  the  group o f  I  charac ters  taken in  ascend ing  order  s ta r t ing  w i th  the  chat -
ac ter  in  the  i th  pos i t ion  f rom the  j ,  k th  e lement  in  the  s t r ing  ar ray .  On the  o ther  hand,

i f  the  en t i re  s t r ing  f rom the  j ,  k th  e lement  in  the  s t r ing  ar ray  is  des i red ,  then the  co lon

m a y  b e  o m i t t e d .  T h u s ,

s( i ,  k)

spec i f i  es  the  en t i re  s t r ing ,

E xample :

S T R  I  N G  A R f i A Y  S ( L  ( q 0  )  r t i  (  4 n  ) : 1 :  l 0 r  1 !  1 0  )

then

5 ( 4 1 t 4 0 i 4 r 1 0 )

spec i f ies  the  las t  40  charac ters  o f  the  s t r ing  in  the  four th  row and ten th  co lumn o f  the
two-d imens iona l  a r ray .  Each o f  the  e lements  co f ls is ts  o f  80  charac ters .

A  numer ic  s t r ing  express ion  may be  used as  an  ar i thmet ic  operand:

S ( 1 r 5 ) + l
s ( 1 )  E O L  1
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When used in  th is  contex t ,  the  s t r ing  express ion  is  conver ted  to  an  in teger  exPress ion

by  a  t rans fer  func t io l '  I f  the  s t r ing  does  no t  rep lesent  an  in teget ,  an  er ro r  message is

pr in ted  (see Append ices  B and C) .  I f  the  in teger  va lue  o f  the  s t r ing  is  g rea ter  than

(235-1) ,  an  er ro r  message resu l ts .

4 . 5 .  D E S I G N A T I O N A L  E X P R E S S I O N S

Des ignat iona l  express ions  are  express ions  whose va lues  are  s ta tement  labe ls  (see 5 '5 ) '

The fo rm o f  a  des ignat iona l  express ion  is  e i ther  a  1abe l ,  a  sw i tch  var iab le ,  o r  a  cond i -

t iona l  express ion  in  wh ich  the  va lue  o f  a  Boo lean express ion  de termines  wh ich  o f  two

des ignat iona l  exPress ions  to  use '  For  fu r ther  de ta i l s  see  6 .2  and 6 '3 '

4 .6 .  COND]TIONAL EXPRESSIONS

The va lue  o f  an  express ion  may depend on  the  va lue  o f  a  Boo lean express ion '  For

ex  am p  1e ,

IF X EOL Y THEN 1 E,LSE 2

i s  a f l  in tege i  express io l  whose va lue  is  1  o r  2  depend ing  on  whether  X  equa ls  Y '  The

genera l  fo rm o f  a  cond i t iona l  express io [  i s :

lF  (Boo lean express ion> TH EN <  s imp le  express ion>
ELSE < exP res  s ion  >

The express ion  fo l low ing  THEN and the  express ion  fo l low ing  ELSE must  be  o f  the

same k ind  (a r i thmet ic ,  Boo lean,  o r  s t r ing) .  The express ion  fo l low ing  ELSE may be

another  cond i t ion  a l  exp tess ion .

Example :

I F  X  G T R  O  T H E N  O  E L S E  ( X  I O L  O )

i s  i l l ega l  because  i n  some  cases  i t  has  an  a r i t hme t i c  va lue  (0 )  a f l d  i n  o the r  cases  a

Boo lean  va lue  (X  EQL  0 ) .  I n  t he  cases  whe re  t he  cons t i t uen t  exp ress ions  a ie  a r i t h -

me t i c ,  t hen  t he  t ype  o f  t he  en t i r e  exp ress ion  i s  a lways  t he  more  gene ta l  o f  t he  two

exp fes  s l on  s :

I F  X  E ( i L  0  T l ' i E N  ( 1 . 0 r 2 . 0 )  E L S E  2 . 0

h a s  a  v a l u e  o f  e i t h e r < 1 . 0 , 2 . 0 ) o r ( 2 . 0 , 0 . 0 ) ;  t h a t  i s ,  a  v a l u e  o f  t y p e  C O M P L E X '

Note  tha t  ELSE must  a lways  be  preseot  in  cond i t iona l  exPtess ions '

The<s imple  exp iess ion>may be  any  express ion  f lo t  s ta r t iDg w i th  lF ,  o r  any  express ion

put  in to  parentheses .  For  example ,  the  fo l low ing  is  no t  a  s imp le  express ion  because i t

beg ins  w i th  lF ,  bu t  i t  con ta ins  a  s imp le  express ion  in  the  parentheses '

IF  A  IHLN X{ ( IF  t s  THEN X  { ,LST  Z }  ELSE IF  R  TH[ I . ,  Z  €L 'E  O


