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A, SIMPLE MECHAN.I.SM MODELLING S~IE FEATURES OF ALOOL60 


E. W. D i j k s t r a  

The pu rpose  of  t h i s  n o t e  i s  t o  d e s c r i b e  an a b s t r a c t  machine,  which has 
been d e s i g n e d  p r i m a r i l y  f o r  e x p l a n a t o r y  p u r p o s e s .  As such a machine r e s p o n d s  
i n  a un ique  way t o  any g i v e n  i npu t  c h a r a c t e r  sequence  one may hope ' t ha t  such 
a machine  may s e r v e  a u s e f u l  p u r p o s e  as  a t o o l  f o r  l anguage  d e f i n i t i o n .  Th i s  
does  no t  p r e t e n d  t o  p r o v i d e  an a d e q u a t e  t o o l  f o r  t h e  d e f i n i t i o n  of an 
a r b i t r a r y  programming l a n g u a g e .  The p r e s e n t a t i o n  o f f e r s  a c l a r i f i c a t i o n  of  
some of  t h e  mechanisms e s s e n t i a l  f o r  the  u n d e r s t a n d i n g  of ALGOL60. These  a re  
e v a l u a t i o n  of  an e x p r e s s i o n ,  a ss ignment  t o  a v a r i a b l e ,  t he  b lock  s t r u c t u r e ,  
t he  p o s s i b l y  r e c u r s i v e  c a l l  of a p r o c e d u r e  and t h e  p ~ r ~ n e t e r  mechanism. I t  
does no t  dea l  w i th  l a b e l s  and a r r a y s .  

I n  t h e  f o l l o w i n g  o p e r a t o r s ,  c o n s t a n t s ,  and what we u s u a l l y  c a l l  
i d e n t i f i e r s  a re  a l l  t r e a t e d  as s i n g l e  c h a r a c t e r s ,  i n d i v i d u a l l y  r e c o g n i z a b l e .  
I n s i d e  t he  machine d i s t i n g u i s h a b l e  c h a r a c t e r s  of a f u r t h e r  c a t e g o r y  w i l l  be 
g e n e r a t e d ;  t h e y  may no t  o c c u r  in  an i n p u t  t e x t  and we c a l l  them " r e f e r e n c e s ' °  
There  w i l l  be a s p e c i a l  r e f e r e n c e ,  c a l l e d  t he  "dummy r e f e r e n c e ' .  

The machine can be v i s u a l i s e d  as  c o n t a i n i n g  t h r e e  s t a c k s .  The f i r s t  one 
i s  c a l l e d  " the  working s t a c k  W, t he  second i s  c a l l e d  " the  c o r r e s p o n d e n c e  s t a c k ' °  
The t h i r d  one i s  on ly  used  t o  c o n t r o l  t h e  sequenc ing  of t he  c h a r a c t e r  r e a d i n g  
p r o c e s s ,  s i n c e  t h i s  i s  d e f i n e d  r e c u r s i v e l y .  We w i l l  no t  r e f e r  t o  i t  any 
f u r t h e r .  

The b a s i c  c y c l e  of  t he  machine c o n s i s t s  of t r e a d i n g  the  next  c h a r a c t e r ' ,  
£ . e .  p a s s i n g  i t  by and r e a c t i n g  t o  i t .  Th i s  h o l d s  whether  t h e  c h a r a c t e r  i s  
r ead  from t h e  i n p u t  t e x t  o r  i n t e r n a l l y .  The machine b e g i n s  by r e a d i n g  the  
f i r s t  c h a r a c t e r  of t h e  inpu t  t e x t ,  i t s  t h r e e  s t a c k s  be ing  empty. 

I n  a d d i t i o n  t o  t h e  s t a c k s  t he  machine has a s t o r e ,  in  which may be he ld  
f i n i t e  sequences  of c h a r a c t e r s .  A r e f e r e n c e  g i v e s  a c c e s s  t o  t he  f i r s t  c h a r a c t e r  
of  a s t o r e d  sequence .  The r emain ing  c h a r a c t e r s  of such a sequence can only  be 
read  i n  s u c c e s s i o n ,  j u s t  as  i s  assumed f o r  t he  i npu t  t e x t .  

For  s i m p l i c i t y  we s h a l l  dea l  on ly  wi th  t he  case  t h a t  i n  t he  i npu t  t e x t  
no i d e n t i f i e r  i s  d e c l a r e d  more t h a n  once .  We s h a l l  moreover  assmue t h a t  a t  
t h e  b e g i n n i n g  of  each b l o c k  j u s t  one i d e n t i f i e r  i s  d e c l a r e d .  E v i d e n t l y  t h i s  
e n t a i l s  no l o s s  of  g e n e r a l i t y .  

The machine i s  a t  any moment in  one of two s t a t e s ,  c a l l e d  r the  a c t i v e  
s t a t e "  and r the  p a s s i v e  s t a t e  r r e s p e c t i v e l y .  The machine  beg in s  i n  t h e  a c t i v e  
s t a t e .  

We s h a l l  now d e f i n e  the  machine by d e s c r i b i n g  i t s  r e a c t i o n  t o  t h e  
v a r i o u s  c h a r a c t e r s ;  f i r s t  we s h a l l  do so f o r  t he  a c t i v e  s t a t e .  
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This acts as a "block begin', and also the next character will 

be read. If the next character is not an identifier, the machine 

gives a failure indication (and stopS. In the case that the 

next character is indeed an identifier a new reference, unequal 

to the dummy reference, is generated and a new element is put 

on top of the correspondence stack. This element consiste of the 

identifier paired with this reference; furthermore a single 

character sequence is generated, consisting of the single 

character "undetermined'. Until further notice the reference 

will give access to this single character sequence. 


This  a c t s  as  a " b l o c k  e n d ' .  I f  t h e  c o r r e s p o n d e n c e  s t a c k  i s  no t  
empty, i t s  t op  e lement  w i l l  be removed; f u r t h e r m o r e  the  sequence  
t o  which t h e  r e f e r e n c e  in  q u e s t i o n  r e f e r s  i s  r e p l a c e d  by t h e  
c h a r a c t e r  "unde te rmined  w. I f  t he  c o r r e s p o n d e n c e  s t a c k  i s  
a l r e a d y  empty, or  i f  t he  e lement  removed c o n t a i n e d  t he  dummy 
r e f e r e n c e ,  f a i l u r e  i n d i c a t i o n  i s  g i v e n .  

unde t e rmined  	 F a i l u r e  i n d i c a t i o n  i s  g i v e n .  

a r e f e r e n c e  	 Read a c t i v e l y  t h e  sequence  of c h a r a c t e r s  r e f e r r e d  t o  by the  
r e f e r e n c e  up t o  t h e  s p e c i a l  c h a r a c t e r  " T ' ,  t hen  r e t u r n  t o  t h e  
c h a r a c t e r  next  t o  t he  r e f e r e n c e  in  q u e s t i o n .  (The s p e c i a l  
c h a r a c t e r  "T" - a p a r t  frmn u n d e r l i n i n g  I s h a l l  use  c a p i t a l s  
t o  d e n o t e  s p e c i a l  c h a r a c t e r s  - a c t s  as  an end marker  f o r  
l i n e a r  s equences .  Al l  sequences  in  s t o r e  w i l l  be t e r m i n a t e d  
by t h e  c h a r a c t e r  " T ' ,  a p a r t  from a p a t h o l o g i c a l  one l i k e  
"unde te rmined  w, where t h i s  i s  p o i n t l e s s . )  

an i d e n t i f i e r  The c o r r e s p o n d e n c e  s t a c k  i s  s e a r c h e d ,  s t a r t i n g  at  t he  
(no t  f o l l o w i n g  "T~  top  s i d e ,  f o r  t he  o c c u r r e n c e  of t he  i d e n t i f i e r  in the  

e l e m e n t s .  Th i s  s e a r c h  ends as  soon as the  i d e n t i f i e r  
has  been found ,  o t h e r w i s e  because  the  c o r r e s p o n d e n c e  s t a c k  
has  been e x h a u s t e d .  I n  the  l a t t e r  ca se  the  f a i l u r e  i n d i c a t i o n  
i s  g i v e n ,  in the  f i r s t  case  t he  machine c o n t i n u e s  as i f  i t  had 
read  t he  r e f e r e n c e  passed  wi th  o c c u r r e n c e  of the  i d e n t i f i e r  
d e t e c t e d  in  t he  c o r r e s p o n d e n c e  s t a c k .  

Note 1 	 The d i s t i n c t i o n  between " i d e n t i f i e r "  and " r e f e r e n c e "  i s  
n e c e s s a r y  because  even wi thou t  t h e  " r e d e c l a r a t i o n "  exc luded ,  
an ALGOL60 i d e n t i f i e r  does  not  i d e n t i f y  a un ique  o b j e c t :  t h e  
l o c a l  v a r i a b l e s  of  a p r o c e d u r e ,  which i s  a c t i v a t e d  r e c u r s i v e l y ,  
e x i s t  in  m u l t i p l o  d u r i n g  i n n e r  a c t i v a t i o n s  and an a d d i t i o n a l  
r u l e  must s p e c i f y  t o  which copy the  i d e n t i f i e r  r e f e r s .  The 
c o r r e s p o n d e n c e  s t a c k  and t he  way in  which i t  i s  used ,  s u p p l i e s  
such an a d d i t i o n a l  r u l e .  

a c o n s t a n t  	 C o n s t a n t s  a r e  put on top  of the  working s t a c k .  
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an operator 	 The operator is performed. Usually this implies some operations 

on the top of the working stack. Some examples of possible 

unary operators are: 


the unary minus sign: if the top character of the 

working stack is a numerical character, its sign is 

inverted, 	 otherwise a failure indication is given. 


Wnon= • 	 the logical negation: if the top character of the 
working stack is a logical value, it is replaced by 
its inverse, otherwise failure. 

•s~ir t 	 if the top characher of the working stack is a 

non-negative number, it is replaced by its square root, 

otherwise a failure indication it given. 


Examples of possible binary operations are: 


W m W 
 if the top two characters of the working stack are 

numerical, the top character is subtracted from the 

top character but one. The answer replaces the top 

character but one, the top character itself is 

removed from the working stack. If not both top 

elements are numerical, a failure indication is given. 


%u 
 Numerical equality. If the top character of the working 

stack and the top character but one are not both 

numerical, a failure indication is given. Otherwise 

they are removed; if the two characters removed are 

equal, the character •true • will subsequently be put 

on top of the stack, otherwise the character ffalseU. 


e t c . ,  e t c . °  

Put •(t on top of the stack. 


Put ~) • on top of the stack. 


S 	 Put rT" on top of the stack. 

Note  2 	 The above three rules are only a trick. Reading a character w(~ 
or wTw in a text will have other effects, so I need other means 
if I want to generate them on top of the working stack. 

sel ,  	 The s e l e c t i o n  o p e r a t o r  i s  a t e r n a r y  o p e r a t o r .  I f  the  top  
c h a r a c t e r  of the  working s t a c k  i s  not  a l o g i c a l  v a l u e ,  a 
f a i l u r e  i n d i c a t i o n  i s  g i v e n .  I f  t he  top  c h a r a c t e r  of the  working 
s t a c k  i s  t r u e ,  t h e  two top c h a r a c t e r s  of the  working s t a c k  a r e  
removed from i t .  I f  the  top c h a r a c t e r  of the  working s t a c k  i s  
f a l s e ,  t h e  t h r e e  top  c h a r a c t e r s  a r e  r e p l a c e d  by the  middle  one. 
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Thus the execution of the operator ~ transformo the working 

stack top 


• W 
... a b c the W into ... a b • 

whereas 


W • 

... a b c false • is transformed into ... a c ~ 


o~ 
 The r e m o v i n g  s e q u e n c e  a s s i g n m e n t ,  I f  t h e  t o p  c h a r a c t e r  of  t h e  
w o r k i n g  s t a c k  i s  n o t  a r e f e r e m c e ,  f a i l u r e  i n d i c a t i o n  i s  g i v e n .  
Otherwise, the stack is scanned downwards until the first 

terminating character T is encountered. The characters passed 

are taken to be the new sequence to which th~ reference in 

question will refer intil further notice (i.e. a new 

assignment er removal of the reference from the correspondence 

stack.). The new sequence •assigned to the reference r will be 

terminated by a T at the other end, the previous sequence 

referred to by the reference is deleted, and the top characters 

of the working stack are deleted •down to and including • the 

terminal T in the working stack. This may be clarified by the 

following ex~tple, giving the state of the top of the working 

stack and the referencing before and after the execution of the 

removing sequence assignment, 


B e f o r e :  • . . .  a b c T d e f •  and f ~ •p q r T • 

A f t e r :  ~ . . .  a b c w and f - ~  "d e T • 

u n d e r  t h e  a s s u m p t i o n s  t h a t  • f •  i s  a r e f e r e n c e  and d and e a r e  
b o t h  u n e q u a l  t o  •T • .  

The  r e t a i n i n g  s e q u e n c e  a s s i g m n e n t .  As above, b u t  f o r  t h e  f a c t  
t h a t  o n l y  t h e  t o p  c h a r a c t e r  o f  t h e  w o r k i n g  s t a c k  i s  r e m o v e d .  
U n d e r  t h e  same i n i t i a l  c o n d i t i o n s  a s  a b o v e ,  t h e  e x e c u t i o n  o f  
t h e  • :  r w i l l  g i v e  t h e  f i n a l  s i t u a t i o n  

• . . .  a b c T d e • and f --~ • d  e T P 

The r e m o v i n g  c h a r a c t e r  a s s i g n m e n t ,  H e r e  t h e  l e n g t h  o f  t h e  new 
m 


s e q u e n c e  t o  be  r e f e r r e d  t o  by  t h e  r e f e r e n c e  i s  by  d e f i n i t i o n  a 
two  c h a r a c t e r  s e q u e n c e ,  c l o s i n g  T i n c l u d e d .  The two t o p  
c h a r a c t e r s  o f  t h e  w o r k i n g  s t a c k  a r e  r e m o v e d .  U n d e r  t h e  same 
a s s u m p t i o n s  a s  a b o v e ,  t h e  j~ .  c r e a t e s  

. . .  a b c T d • and f --~ e T 

The r e t a i n i n g  c h a r a c t e r  a s s i g n m e n t .  As t h e  p r e v i o u s  o p e r a t i o n  
b u t  f o r  t h e  f a c t  t h a t  o n [ y  t h e  t o p  c h a r a c t e r  w i l l  b e  r e m o v e d  
f rom t h e  w o r k i n g  s t a c k .  U n d e r  t h e  same a s s u m p t i o n s  t h e  e x e c u t i o n  
o f  ~:.m c r e a t e s  

W . . .  a b c T d e ~ and f ~ re  T w 
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T 	 Reading will be resumed at the character following bncthe occurrence 

of the reference (or paired identifier) on account of the reading 

of which the now terminating reading of the sequence in question 

has been initiated. 


Closing passivity bracket. When read while in the active state~ 

a failure indication is given. 


Opening passivity bracket. When read while in the active state 

a "passivity bracket counter" is set to one and the transition 

to the passive state takes place. The stacks remain unaltered. 


We shall now describe the actions of the machine in the passive state. 


All characters except "(', ")', "T', "[', r], are put unaltered on top 

of the working stack. 


If ~T" is read in the passive state a failure indication is given. 


If r [ ,  is read the next character is also read. If this is not 
an identifier, a failure indication is given, otherwise a next 

elemen~ is added to the correspondence stack, consisting of the 

identifier in question paired with the d~my reference. 


If the correspondence stack is not empty and the top element 
pairs an identifier with the dummy reference then the top element 
of the correspondence stack will be removed. Otherwise a 
failure indication wil l  be given. 

identifier If an identifier is read in the passive state the stack 
(not following [ ) of correspondences is searched as in the active state. If 

it is not found, a failure indication is given. If it is 
found, paired with at,rue reference, this reference will be put 
on top of the working stack; if it is found paired with the 
dummy reference, the identifier itself is put on top of the 
s tack .  

The "passivity bracket counter u will be increased by one and 
the opening passivity bracket just read will be put on top of 
the working stack. 


The "passivity bracket counter" will be decreased by one. If 

the result is positive, the closing passivity bracket will be 

copied on top of the working stack, otherwise the working 

stack will remain unchanged and the trahsition to the active 

state takes place. 


Note J 	 As can be seen from the above description the passivity brackets 

show enough resemblance to string quotes - reading implies 
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the removal of the outer pair! - that it is worthwhile to 
point out the difference. During passive reading the identifier- 
referencereplacement will take place whenever the identifier 
is found in the correspondence stack, but not paired with the 
dummy reference. This mechanism is used for two purposes. 

When an ALGOL60 block is entered, in which a procedure is 
declared, this procedure may refer to quantities global and 
local to its body. It is intended to make at this moment a new 
copy of the procedure body in which 
(a) all global identifiers are replaced by the correct references 

in so far as this has not already happened, 
(b) all local identifiers remain unchanged, which is achieved 

by the trick of the dummy reference. This reflects the 
attitude that the moment to introduce references for its 
local quantities will come whenever it is activated, i.e. 
whenever its character sequence will be read in the active 
state. 
The other purpose is closely resembling: it en~)les us to 

specify actual parameters just prior to entry of the procedure 
body, but ehsuring that the identifier-reference replacement is 
performed in accordance with the situation at call side. 

N o t e  4 Characters in the working stack are never "read" in the sense 
in which we used the word reading. The only characters which can 
be read in this sense are those of the input sequence and in 
sequences referred to by a reference. Sequences of such #readable" 
characters we have called text. The working stack does not 
contain text, it contains material out of which, finally, an 
assignment operation can construct a piece of readable text. 

N o t e  5 When a d d i n g  a new e l emen t ,  w i t h  a non-dummy r e f e r e n c e  t o  t h e  
c o r r e s p o n d e n c e  s t a c k  we s a i d  a "new" r e f e r e n c e  i s  g e n e r a t e d .  
I n t e n d e d  i s  a r e f e r e n c e  no t  u s e d  b e f o r e .  '#hen an e l emen t  w i t h  
a non-dummy r e f e r e n c e  was removed from t h e  c o r r e s p o n d e n c e  s t a c k  
we t o o k  p a i n s  t o  e n s u r e  t h a t  from now on i t  would p o i n t  t o  t h e  
s i n g l e  c h a r a c t e r  " u n d e t e r m i n e d  W. We had t o  t a k e  t h i s  p r e c a u t i o n  
b e c a u s e  we have not  e x c l u d e d  a p r i o r i  t h a t  t h e  s e q u e n c e  
r e f e r e n c e d  by Ua~ c o n t a i n s  a s  e l emen t  t h e  r e f e r e n c e  fb w, where 
r e f e r e n c e  "b w w i l l  be removed e a r l i e r  t h a n  r e f e r e n c e  "a ~. 
(In AL(;OL60 we have variables with a limited life-time: if they 
are normal variables, their values must be constants, the 
life-time of which embraces the life-time of the whole program. 
Formal parameters will be treated as variables, the value of 
which - viz. the corresponding actual parameter - may be 
built up from mortal components. But the structure of ALGOL60 
ensures that the life-time of these components embraces that of 
the formal variable. Therefore the situation noted will not 
occur in ALGOL60.) 
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N o t e  6 	 In the above we have spoken about "the deletion from store of 
sequences of text r, viz. when a reference will refer to a new 
sequence. We have to envisage the situation, however, that the 
third stack points to a character in this sequence, and that 
therefore the machine will try to continue reading it at some 
later moment. The most elegant solution is to keep the sequence 
in store anonymously as long as the third stack contains 
returns to it. A "usage counter W per sequence in store will do 
the job. 

I n  the following examples small letters will be used as identifiers; a 
dash will be added - as long as no confusion arises - to denote the 
reference associated with it. Only under exceptional circumstances will we 
use the character assignments. 

Example 1 
Let us consider the following ALGOL60 program. 

~begin integer x; x := 5; x := x + 2 end ~ 


This will be represented as follows: 


[xSS(x) :=Sx2+(x) :=] 

We give the stack contents at successive characters. 


1 and2) E s t a b l i s h m e n t  o f  t h e  c o r r e s p o n d e n c e  X -- X ~ x ° ~ u n d e t e r m i n e d  

3) T 

4) T 5  

5) t r a n s i t i o n  t o  p a s s i v e  s t a t e  

6) T5 x* 

7) transition t o  a c t i v e  s t a t e  

8) x* "-~ 5 T 

9) T 

10) T5 

1 I) T 5 2  

12) T ~  

13) t r a n s i t i o n  t o  p a s s i v e  s t a t e  

1#) T 7x* 

15) t r a n s i t i o n  t o  a c t i v e  s t a t e  

16) x * - ~  7 T  

17) r e m o v a l  o f  c o r r e s p o n d e n c e  x - x ° x ° --6 u n d e t e r m i n e d  
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Example 2 

A type procedure with value actual parameter. 

Ubegin integer y; 

integer procedure sq(u); value u; integer u; 

sq := U x u ;  

y := sq(5) 

end," 
The top of the  s t ack  wi l l  be used to  t r ansmi t  the  ac tua l  parameter  to  the  
p rocedure  and t o  r e c e i v e  the  r e s u l t .  Our t ex t  wi l l  be (with two supe r f luous  
passivity brackets): 

[ y [ sq 

s([u(u) : = u u × ] )  (sq) :: 

S S 5 sq ( y )  := ] ] 

The f i r s t  l i n e  i n t r oduces  two new re fe rences ,  the second l i n e  i s  the e q u i v a l e n t  
of the procedure declaration, the last line represemts the function call and 

assignment, followed by two block ends. Explanatory pictures are: 


y-y y* -~ undetermined 


sq- sq* sq" -~ undetermined 


T[u u - dummy 


T [ u (u) := u u x ] sq" 


stack empty but: sq'-~[ u(u) ::uux]T 

TT5 U " U ~* 

TTSu* 


u" -~ 5T 


T 3 3  

T9 removal u- U" u s -~ undetermined 

Tgy" 

stack empty y" "~ 9 T 

Examvle 3 

In future we shall need the operator. E which is applicable when the top 


character of the working stack is a reference, which removes this reference, 

~d reads the.sequenCe it refers to before going on. It amounts to reading 

the top character of the working stack in the active state after removing it. 
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We can  a c c o m p l i s h  t h i s  i f  we h a v e  i n  s t o r e  t h e  r e f e r e n c e  

E" - ~  [ f ( f ) :_~. f ] T 

From now on we s h a l l  r e g a r d  E a s  one of  o u r  p r i m i t i v e s ,  i . e .  e a c h  p r o g r a m  
s h o u l d  be  v i e w e d  a s  e ,abedded i n  b e t w e e n  

" [ E S ( [ f ( f ) .:~2 f ] E )  := " and " ] " 

Example  4 
I n  ALGOL60: 

Wbe~in i n t e g e r  b ;  

p r o c e d u x ' e  n e g a ( u ) ;  i n t e g e r  u;  u := - u ;  

b : =  5;  

n e g a ( b )  

end w 

Our t e x t  w i l l  be  a s  f o l l o w s  ( t o  be  embedded a s  d e s c r i b e d  a b o v e ) :  

[ b [ ne~a 

S ( [ u ( u )  := S u E n e~  u := ] n e g a )  := 

S 3 ( b )  := 

S ( ( b ) ) n e g a  ] ] 

A f t e r  t h e  r e a d i n g  of  t h e  s e c o n d  l i n e  we h a v e  c r e a t e d :  

n e g a  ° --~ [ u ( u ) := S u E" neg  u := ] T 

and t h e  p r o c e d u r e  d e c l a r a t i o n  h a s  b e e n  p r o c e s s e d .  
The n e x t  l i n e  c r e a t e s :  

b"  --~ .5 T 

The  l a s t  l i n e  s t a r t s  by p u t t i n g  on t h e  w o r k i n g  s l a c k :  

T [ b ' )  

and t h e n  t h e  t e x t  r e f e r e n c e d  by n e g a  ° w i l l  be  r e a d ,  g i v i n g :  

T ( b ' ) u  ° 

empty  u'-~ ( b ' )  T 

T b ;  

T 3  
T-3b ° 

empty  b ° -~ -3T 
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Exam~l e 5 

The conditional action: We consider what could be loosely written as 


if_ B the_.__n "At " tlse "A2" 


~A7 w and ~A2" here represent alternative pieces of text. B represents a Boolean 

expression which according to the usual rules generates true or false, on top 

of the stack. In the case that both AI and A2 have matching activity brackets 

we can express this by means of 


B S ("At") S ("A2") if 

provided the reference if* poi~ts to 

if" --~ [ b [ a l [  a2 ( a2 ) := ( al ) := ( b ) .~. ( al a2 ) b se l  E ] ] ] T 

In the above c a l l  it will" create the relations 

a2" ...-i> "A2 f T al* ~ WAl~ T 

Example 6 

Partial evaluation of an actual parameter. The well known exmaple, of 


course, is that in the case of an ALGOLdO call like ~ncga(A['E1W])w we cannot 

prevent the expression WEl" from being evaluated once for each occurrence of 

the formal parameter. One would like to express that the value of El at the 

moment of call should be substituted in the actual parameter. As I do not deal 

with subscription at present I shall show how to transmit the actual parameter 

derived from "a ÷ b" but where b should be replaced by its value at the 

moment of call 


At call side we write: 


S ( a )  b ( + )  


which gene ra t e s  on top of the  s t ack ,  say, 


Ta*7+ 


The consuming procedure may start with 


[u(u) . - ' - . . . . . . .  

generating the initialisation of the formal parameter in the form 


u" - ~  a" 7 ÷ T 

Eindhoven, 
Apri l  1964. 


