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A B 2 1 . 3 . 6  R E C O R D  HANDLING 

C.  A.  R .  H o a r e  

E n t i a  non  s u n t  m u l t i p l i c a n d a  p r a e t e r  n e c e s s i t a t e m  -

William of Occam. 


1. I n t r o d u c t i o n  

A m e t h o d  is  p r o p o s e d  f o r  the  r e p r e s e n t a t i o n  in  a c o m p u t e r  of 
c o m p l e x  s t r u c t u r e d  o b j e c t s ,  and f o r  t h e i r  m a n i p u l a t i o n  b y  a p r o g r a m  
w r i t t e n  in  a g e n e r a l  p u r p o s e  l a n g u a g e ,  wh ich  i s  h e r e  a s s u m e d  to be an  
e x t e n s i o n  of A L G O L  60. The p r o p e r t i e s  of s u c h  ob j ec t s  can  be  
r e p r e s e n t e d  b y  g r oups  of the  f a m i l i a r  B o o l e a n  and a r i t h m e t i c  q u a n t i t i e s .  
F u r t h e r m o r e ,  a r b i t r a r i l y  c o m p l e x  n e t w o r k s  of r e l a t i o n s h i p s  h o l d i n g  
b e t w e e n  the  ob j ec t s  c a n  be r e p r e s e n t e d  and m a n i p u l a t e d  b y  the  p r o g r a m .  

The m a i n  r e c o m m e n d a t i o n  f o r  the  p r o p o s a l  i s  t ha t  i t  e x t e n d s  the 
s c o p e  of a g e n e r a l  p u r p o s e  p r o g r a m m i n g  l a n g u a g e  to  m a n y  f i e l d s  of 
a p p l i c a t i o n  wh ich  have  h i t h e r t o  b e e n  r e g a r d e d  as  the  p r e s e r v e  of s p e c i a l  
p u r p o s e  l a n g u a g e s .  T h i s  s u g g e s t s  t h a t  the  p r o p o s a l  i s  no a r b i t r a r y  
e x t e n s i o n  to an  e x i s t i n g  l a n g u a g e ,  but  r e p r e s e n t s  a genu ine  a b s t r a c t i o n  
of s o m e  f e a t u r e  w h i c h  i s  f u n d a m e n t a l  to  the  a r t  o r  s c i e n c e  of c o m p u t a t i o n .  

A f u r t h e r  r e c o m m e n d a t i o n  m a y  be found in  the  f r u i t f u l  w a y  in  
w h i c h  the  b a s i c  n u c l e u s  of e s s e n t i a l  f a c i l i t i e s  s u g g e s t s  a n u m b e r  of 
e l e g a n t  and u s e f u l  e x t e n s i o n s ,  s o m e  of which  a r e  s u m m a r i s e d  in  
s e c t ion  7. 

2. S u m m a r y  

2 .1  R e c o r d s  and R e c o r d  C l a s s e s  

The p r o p o s a l  e n v i s a g e s  the  e x i s t e n c e  i n s i d e  the  c o m p u t e r  
d u r i n g  the  e x e c u t i o n  of the  p r o g r a m ,  of an  a r b i t r a r y  n u m b e r  of r e c o r d s ,  
e a c h  of wh ich  r e p r e s e n t s  s o m e  ob jec t  wh ich  i s  of p a s t ,  p r e s e n t  o r  
f u t u r e  i n t e r e s t  to the  p r o g r a m m e r .  The p r o g r a m  k e e p s  d y n a m i c  
c o n t r o l  of the  n u m b e r  of r e c o r d s  in  e x i s t e n c e ,  and c a n  c r e a t e  new r e c o r d s  
o r  d e s t r o y  e x i s t i n g  ones  in  a c c o r d a n c e  wi th  the  r e q u i r e m e n t s  of the  t a s k  
in  hand .  

E a c h  r e c o r d  in  the  c o m p u t e r  m u s t  b e l o n g  to  one of a l i m i t e d  
n u m b e r  of d i s j o i n t  r e c o r d  c l a s s e s ;  the  p r o g r a m m e r  m a y  d e c l a r e  as  
m a n y  r e c o r d  c l a s s e s  as  he r e q u i r e s ,  and he  a s s o c i a t e s  wi th  e a c h  
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class an identifier to name it. A record class name may be thought of as 

a common generic term like "cow", "table" "house", and the records 

which belong to these classes represent the individual cows, tables and 

houses with which a particular activation of a program is concerned. It 

i s  obv ious  tha t  no  o b j e c t  can  be  bo th  a cow and a t a b l e ,  so  i t  is  qui te  
n a t u r a l  to  i n s i s t  t ha t  e v e r y  r e c o r d  s h a l l  b e l o n g  to  one and on ly  one c l a s s .  

2 . 2  F i e l d s  

E a c h  of the  o b j e c t s  r e p r e s e n t e d  b y  r e c o r d s  in  the  c o m p u t e r  is  
l i k e l y  to  p o s s e s s  a n u m b e r  of p r o p e r t i e s  of w h i c h  the p r o g r a m m e r  would  
l i ke  to  k e e p  an  a c c o u n t .  F o r  e a c h  ob j ec t ,  the  a n s w e r s  to q u e s t i o n s  about  
i t s  p r o p e r t i e s  can  be r e c o r d e d  as r e a l  n u m b e r s ,  i n t e g e r s  o r  l o g i c a l  
v a l u e s .  F o r  e x a m p l e ,  the  h e i g h t  of a t ab l e  c a n  be r e p r e s e n t e d  as  a r e a l  
n u m b e r ,  the  n u m b e r  of r o o m s  in  a h o u s e  as  an  i n t e g e r ,  o r  the  l a c t a t i o n  
s t a t u s  of a cow as a l o g i c a l  v a l u e .  Any  q u e s t i o n  w h i c h  m i g h t  be a s k e d  
about  a p r o p e r t y  can  be r e p r e s e n t e d  b y  a f i e l d ,  and the  a n s w e r  to the  
q u e s t i o n  is  the  v a l u e  of the  f i e l d .  E a c h  f i e l d  of a r e c o r d  ac t s  as a 
s p e c i a l  c a s e  of a v a r i a b l e ;  i t  m a y  be a s s i g n e d  a v a l u e  of the  a p p r o p r i a t e  
t y p e ,  and th i s  v a l u e  m a y  be  u s e d  s u b s e q u e n t l y  in  the c a l c u l a t i o n .  

The  s o r t  of q u e s t i o n  w h i c h  i t  is  m e a n i n g f u l  to a s k  of an ob j ec t ,  
and the  type  of the  n u m e r i c  o r  B o o l e a n  a n s w e r  w h i c h  is g iven ,  d e p e n d s  
on the  c l a s s  to w h i c h  tha t  ob j ec t  b e l o n g s ;  and it  w i l l  u s u a l l y  be a b s u r d  
to a s k  the  w r o n g  q u e s t i o n s  about  an  o b j e c t  of a g iven  c l a s s .  Thus  i t  is  
m e a n i n g l e s s  to a s k  the  n u m b e r  of r o o m s  in  a t a b l e ,  o r  the  l a c t a t i o n  
s t a t u s  of a h o u s e .  It is  n a t u r a l ,  t h e r e f o r e ,  to a s s o c i a t e  d e c l a r a t i o n s  of 
the  f i e l d s ,  w h i c h  a r e  r e l e v a n t  to a c l a s s  of r e c o r d ,  wi th  the  dec la i -a t£on 
of the  r e c o r d  c l a s s  i t s e l f .  E a c h  f i e ld  is  d e c l a r e d  i n s i d e  the  r e c o r d  
c l a s s  d e c l a r a t i o n  in  e x a c t l y  the  s a m e  w a y  as a v a r i a b l e  is d e c l a r e d  in  
a b l o c k  h e a d :  i t s  type  is  s p e c i f i e d ,  and an i d e n t i f i e r  g iven  to n a m e  i t .  
The  e f f e c t  of the  d e c l a r a t i o n ,  h o w e v e r ,  is  not  to c a u s e  an a l l o c a t i o n  
of s t o r a g e  once  f o r  a l l ,  as  on b l o c k  e n t r y ;  r a t h e r ,  the  s t o r a g e  to ho ld  
the v a l u e  of the  f i e l d  is  a l l o c a t e d  w i t h i n  e v e r y  r e c o r d  of t ha t  c l a s s  w h e n  
i:hat r e c o r d  is  c r e a t e d  in  the  c o m p u t e r .  

No te  tha t  the  s e q u e n c e  in  w h i c h  the  f i e l d s  a r e  d e c l a r e d  is  no t  
s ignLf ican t ,  and t ha t  e x a c t l y  the  s a m e  e f f e c t  i s  a c h i e v e d  b y  d e c l a r i n g  
t h e m  in  a d i f f e r e n t  s e q u e n c e .  The  s i t u a t i o n  is  the s a m e  as w i th  
v a r i a b l e s  d e c l a r e d  in  the  n o r m a l  way  in  a b l o c k  h e a d .  

2 . 3  R e f e r e n c e s ,  and F u n c t i o n a l  R e l a t i o n s h i p s .  

In a d d i t i o n  to the  p r o p e r t i e s  of o b j e c t s ,  the  p r o g r a m m e r  m a y  
b~ i n t e r e s t e d  in  c e r t a i n  r e l a t i o n s h i p s  w h i c h  ho]d b e t w e e n  o b j e c t s  of the 
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s a m e  o r  d i f f e r e n t  c l a s s e s .  Thus  he  m a y  be  i n t e r e s t e d  in  k n o w i n g  tha t  
s o m e  of the  cows  a r e  m o t h e r s  o r  s i s t e r s  of o t h e r  c o w s ,  o r  t ha t  s o m e  of 
the  t a b l e s  a r e  s i t u a t e d  i n s i d e  s o m e  of the  h o u s e s .  P r o v i d e d  tha t  the  
r e l a t i o n s h i p s  a r e  f u n c t i o n a l  r e l a t i o n s h i p s  ( p a r t i a l  o r  t o t a l ,  m a n y - o n e  o r  
o n e - o n e ) ,  i t  i s  m e a n i n g f u l  to  e n q u i r e  of a n y  g i v e n  o b j e c t  wha t  o t h e r  un ique  
o b j e c t  (if any)  s t a n d s  to  i t  i n  a g i v e n  r e l a t i o n s h i p ;  f o r  e x a m p l e ,  w h i c h  
h o u s e  c o n t a i n s  a g i v e n  t a b l e ,  o r  w h i c h  cow gave  birth to  a g i v e n  cow.  In 
th i s  p r o p o s a l  we c o n c e n t r a t e  e x c l u s i v e l y  on f u n c t i o n a l  r e l a t i o n s h i p s ,  s i n c e  
t h e s e  h a v e  c e r t a i n  d e s i r a b l e  p r o p e r t i e s  f o r  the  p r o g r a m m e r ,  and have  a 
v e r y  c o n v e n i e n t  and  e f f i c i e n t  m e t h o d  of i m p l e m e n t a t i o n  in  a c o m p u t e r .  
N o n - f u n c t i o n a l  r e l a t i o n s h i p s  a r e  f a i r l y  e a s y  to  c o n s t r u c t  in a n u m b e r  of 
a l t e r n a t i v e  w a y s ,  as  s e r i e s  o r  l i s t s  of f u n c t i o n a l  r e l a t i o n s h i p s .  

In  o r d e r  to  r e p r e s e n t  r e l a t i o n s h i p s  as  w e l l  as  p r o p e r t i e s ,  an 
e n t i r e l y  new type  of v a l u e  is  i n t r o d u c e d  in to  the  l a n g u a g e ;  i t  is  c a l l e d  
a r e f e r e n c e .  We a l s o  r e q u i r e  a new type  of f i e l d  w h i c h  w i l l  t ake  
r e f e r e n c e s  as  v a l u e s .  The  v a l u e  of a r e f e r e n c e  f i e l d  r e f e r s  f r o m  the  
r e c o r d  in  w h i c h  i t  o c c u r s ,  u s u a l l y  to s o m e  o t h e r  r e c o r d ;  and th i s  is  
u s e d  to r e p r e s e n t  the  r e q u i r e d  r e l a t i o n s h i p  b e t w e e n  the  o b j e c t s  r e p r e s e n t e d  
by  the  r e c o r d s .  F o r  e x a m p l e  the  q u e s t i o n  "who  is  the  m o t h e r  of" is  
a n s w e r e d  by  a s k i n g  the  v a l u e  of the  r e f e r e n c e  f i e l d  " m o t h e r "  w h i c h  is  
a l l o c a t e d  f o r  t h i s  p u r p o s e  in  the  d e c l a r a t i o n  of the  r e c o r d  c l a s s  f o r  c o w s .  

In  r e a l  l i f e ,  m o s t  r e l a t i o n s h i p s  a r e  con f ined  to  h o l d i n g  b e t w e e n  
m e m b e r s  of g i v e n  c l a s s e s ;  f o r  e x a m p l e  a h o u s e  canno t  be  the  m o t h e r  
of a cow,  n o r  c a n  a cow c o n t a i n  a t a b l e .  Thus  i t  is  n a t u r a l  to  a s s o c i a t e  
w i th  a r e f e r e n c e  f i e l d  the  n a m e  of the c l a s s  to w h i c h  a l l  r e c o r d s  r e f e r r e d  
to by it will belong. This is done on the occasion of declaration of the 

reference field itself. 


2.4 Declared Reference Variables. 


The most important feature about records is that they are created 

dynamically by statements in the program, and they are in this way quite 

different from other quantities which come into existence on passing 

through the declarations of a block head. For these other quantities, the 

method of referring to them inside the block is simply to use the identifier 

which has been associated with the quantity in the declaration. 


However this technique is inapplicable to dynamically created 

records, so that some other method must be found. In fact, all that is 

required is to declare a variable of type reference, not inside a record, 

but actually a block head, in the same way as other declared quantities. 

Thus, apart from representing relationships between records, a reference 

may be used to point from one of the declared variables of some activated 
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b l o c k  to s o m e  e x i s t i n g  r e c o r d ,  wh ich  is  t h e r e b y  s i g n l e d  out as b e i n g  of 
c u r r e n t  i n t e r e s t  to  the  p r o g r a m .  Once a d e c l a r e d  r e f e r e n c e  v a r i a b l e  
g ives  a c c e s s  to  a s i n g l e  r e c o r d ,  the  use  of r e f e r e n c e  f i e l d s  wi th in  tha t  
r e c o r d  can  give  a c c e s s  to  f u r t h e r  r e c o r d s  w h e n  r e q u i r e d .  F o r  e x a m p l e ,  
s u p p o s e  B i s  a d e c l a r e d  r e f e r e n c e  v a r i a b l e  po in t i ng  to  a r e c o r d  of c l a s s  
" p e r s o n "  wh ich  has  a r e f e r e n c e  f i e l d  " f a r t h e r " ;  t h e n  a n o t h e r  r e c o r d  can  
be  r e f e r r e d  to by  the  s o - c a l l e d  r e f e r e n c e - v a l u e d  f i e l d  d e s i g n a t o r ,  
" f a t h e r ( B ) "  o r  e v e n  " f a t h e r ( f a t h e r ( B ) ) " .  

Such r e c o r d s  a r e  s a i d  to  be i n d i r e c t l y  a c c e s s i b l e  as opposed  to the  

o r i g i n a l  r e c o r d  which  is  d i r e c t l y  a c c e s s i b l e .  R e c o r d s  wh ich  cannot  be 

a c c e s s e d  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  t h r o u g h  a cha in  of s o m e  l e n g t h  a r e  

c a l l e d  i n a c c e s s i b l e .  


The  d e c l a r e d  r e f e r e n c e  v a r i a b l e  a l s o  p r o v i d e s  the  m e a n s  of 

a c c e s s i n g  d i r e c t l y  o r  i n d i r e c t l y  o t h e r  f i e l d s  of the  r e c o r d  b e s i d e s  

r e f e r e n c e  f i e l d s ,  f o r  e x a m p l e  


age(B) 


age(father(B)) 


w h i c h ( ~ v e n  s u i t a b l e  d e c l a r a t i o n s )  would be i n t e g e r - v a l u e d  f i e l d  
d e s i g n a t o r s  wi th  an  obvious  i n t e r p r e t a t i o n .  

2 . 5  A s s i g n m e n t .  

A l l  k inds  of f i e l d  d e s i g n a t o r s  ( i nc lud ing  r e f e r e n c e  f i e ld  d e s i g n a t o r s )  
can  a p p e a r ,  in  the  s a m e  way as o t h e r  v a r i a b l e s ,  on e i t h e r  s i d e  of an 
a s s i g n m e n t  s t a t e m e n t .  

age(B):= 34 

age ( f a the r (B) ) :  = age(B)  + 30 

B: = f a t h e r  (C) 

f a the  r (B) :  = y o u n g e s t  s on ( e l d e s t  b r o t h e  r(C)) 

Of c o u r s e ,  w h e n  a r e f e r e n c e  v a r i a b l e  a p p e a r s  on the  l e f t  hand  s i d e ,  the  
va lue  of the  e x p r e s s i o n  on the  r i gh t  m u s t  be  a r e f e r e n c e ,  and a r e f e r e n c e  
to  the  s a m e  c l a s s  of r e c o r d  to  wh ich  the  l e f t  hand  s i d e  is  p e r m i t t e d  to point .  

W h e n  the  va lue  of a r e f e r e n c e  v a r i a b l e  is  changed  by  a s s i g n m e n t ,  
t he  r e c o r d  to  wh ich  i t  p r e v i o u s l y  r e f e r r e d  is  in  no way a f f ec t ed ;  
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the  r e c o r d  r e m a i n s  i n  e x i s t e n c e  and the  v a l u e s  of i t s  fields a r e  u n c h a n g e d .  
E v e n  w h e n  the  r e f e r e n c e  v a r i a b l e  goes  out of e x i s t e n c e  as a r e s u l t  of b l o c k  
ex i t ,  the  r e c o r d  to  wh ich  i t  r e f e r s  is  u n a f f e c t e d  (a l though  i t  m a y  b e c o m e  
i n a c c e s s i b l e ) .  

2 . 6  O t h e r  o p e r a t i o n s  d e f i n e d  f o r  r e f e r e n c e s .  

In o r d e r  to  b r i n g  r e c o r d s  in to  e x i s t e n c e  in  the  f i r s t  p l ace ,  the  r e c o r d  
c l a s s  i d e n t i f i e r  shou ld  be u s e d  as ff i t  w e r e  a func t ion  d e s i g n a t o r  wi thout  
p a r a m e t e r s .  The va lue  wh ich  i t  d e l i v e r s  is  a r e f e r e n c e  to a c o m p l e t e l y  
new r e c o r d  of tha t  c l a s s .  The v a l u e s  of the f i e l d s  of the  r e c o r d  wi l l ,  
n a t u r a l l y  be t indef ined  un t i l  a s s i g n m e n t s  have  b e e n  m a d e  to t h e m  in  the  
n o r m a l  way.  

In o r d e r  to  g ive  the  p r o g r a m m e r  s o m e  chance  to s a v e  s t o r a g e  by  
g e t t i n g  r i d  of r e c o r d s  in  wh ich  he is  no l o n g e r  i n t e r e s t e d ,  a s t a n d a r d  
p r o c e d u r e  " d e s t r o y "  is  p r o p o s e d ,  wh ich  t a k e s  as p a r a m e t e r  a r e f e r e n c e  to 
a r e c o r d ,  and  wh ich  r e v e r s e s  the  e f f ec t  of h a v i n g  c r e a t e d  tha t  r e c o r d .  

In o r d e r  to  e n a b l e  r e f e r e n c e s  to r e p r e s e n t  p a r t i a l  f u n c t i o n a l  
r e l a t i o n s h i p s ,  i . e .  ones  wh ich  do not  n e c e s s a r i l y  y i e l d  a va lue ,  a s p e c i a l  
r e f e r e n c e  va lue  nu l l  i s  i n t r o d u c e d .  This  va lue  f a l l s  to r e f e r  to a r e c o r d ,  
and any  a t t e m p t  to  use  i t  to  r e f e r  to a r e c o r d  l e a d s  to an u n d e f i n e d  r e s u l t .  

The  B o o l e a n  o p e r a t i o n  of e q u a l i t y  is  de f i ned  f o r  r e f e r e n c e s .  Two 
r e f e r e n c e s  a r e  e q u a l  i f  and only  if  t h e y  a r e  both  nul l ,  o r  bo th  r e f e r  to the  
same records. 


Note  tha t  t h e y  a r e  not  n e c e s s a r i l y  e q u a l  m e r e l y  b e c a u s e  the  
v a l u e s  of a l l  the  f i e l d s  of the  r e c o r d s  t h e y  point  to a r e  equa l .  

. E x a m p l e  - F a m i l y  R e l a t i o n s .  

We t ake  as an e x a m p l e  the  r e p r e s e n t a t i o n  in  a c o m p u t e r  of a 
n u m b e r  of p e r s o n s  c o n n e c t e d  by  f a m i l y  r e l a t i o n s h i p s .  We def ine  a r e c o r d  
c l a s s  " p e r s o n "  wi th  f i e l d s  r e p r e s e n t i n g  the  p r o p e r t i e s  wh ich  i n t e r e s t  us ,  
f o r  e x a m p l e ,  da te  of b i r t h ,  s ex ,  e t c .  In add i t i on  we have  r e f e r e n c e  f i e l d s  
to  po in t  to a p e r s o n ' s  f a t h e r  and m o t h e r .  Now it  m a y  be tha t  on o c c a s i o n  
the  p r o g r a m  w i s h e s  to s c a n  t h r o u g h  a l l  the  c h i l d r e n  of a g iven  p e r s o n ,  so  
tha t  i t  is  a l s o  n e c e s s a r y  to  i n t r o d u c e  a d d i t i o n a l  r e f e r e n c e s  to a p e r s o n ' s  
y o u n g e s t  o f f s p r i n g ,  and to his  e l d e r  s i b l i n g ,  who is  d e f i n e d  as h is  f a t h e r ' s  
p r e v i o u s  ch i ld .  A s u i t a b l e  r e c o r d  c l a s s  d e c l a r a t i o n  would  be:  

r e c o r d  c l a s s  p e r s o n ;  

b e g i n  i n t e g e r  da te  of b i r t h ;  
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B o o l e a n  m a l e ;  

r e f e r e n c e  f a t h e r ,  m o t h e r ,  

y o u n g e s t  o f f sp r ing ,  e l d e r  s i b l i n g  (pe r son )  

end;  

A d e c l a r a t i o n  of r e f e r e n c e  v a r i a b l e s  p r o v i d i n g  a c c e s s  to r e c o r d s  of 
th i s  c l a s s  would be:  

r e f e r e n c e  J a c k ,  J i l l  (pc r s  on); 

F i r s t  we quote  a s e c t i o n  of p r o g r a m  r e p r e s e n t i n g  the  b i r t h  of a 
son  (John)  to the  m a n  po in ted  to by the r e f e r e n c e  v a r i a b l e  " J a c k "  and the  
w o m a n  known as " J i l l " .  

b e g i n  r e f e r e n c e  J o h n  (pe r son ) ;  

J o h n : = p e r s o n ;  c o m m e n t  th is  c r e a t e s  a r e c o r d  to r e p r e s e n t  the son;  

da te  of b i r t h ( J o h n ) : = t o d a y ;  

m ale (J ohn):  =t rue ;  

fa the  r (J  ohn): =Jack;  

m o t h e r ( J o h n ) :  =Ji l l ;  

y o u n g e s t  offs p r i ng ( John) :  =null; 

e l d e r  s i b l i n g ( j o h n ) : = y o t m g e s t  o f f s p r i n g ( J a c k ) ;  

y o u n g e s t  o f f s p r i n g ( J a c k ) :  =John 

end 

Nex t  we quote  a p o r t i o n  of p r o g r a m  which  wi l l  d e t e r m i n e  w h e t h e r  
J o e  is  a p a t e r n a l  unc le  (o r  s t e p - u n c l e )  of J ack :  

unc l e :  =false  

m a l e ( J o e )  t h e n  goto c o m p l e t e ;  

~_ J o e = f a t h e r ( J a c k )  t h e n  goto c o m p l e t e ;  
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beg in  r e f e r e n c e  s ea r ch (pe r son} ;  

s e a r c h :  =youngest  offs p r ing( fa the  r ( fa the r(Jack))) ;  

t r y  aga in :  .ff search-nu___~ then  goto comple te ;  

f f  s e a r c h = J o e  then  beg in  unc le := t rue ;  

goto comple te  

end; 

search: =elder s i b l i n g ( s e a r c h ) ;  

goto t r y  aga in  

end; 

comple te :  

. Scope.  

4 .1  Convent iona l  Data  P r o c e s s i n g .  

The m o s t  obvious app l ica t ion  of r e c o r d  handl ing  is  to p rob l ems  in 
da ta  p r o c e s s i n g ,  where  a r e c o r d  c an be used to r e p r e s e n t  the pay 
i n f o r m a t i o n  fo r  an employee ,  an i t e m  on an invoice ,  a ca ta logue e n t r y  in 
a s tock  l e d g e r ,  e tc .  

The technique  of r e f e r e n c e s  enab les  r e c o r d s  to be grouped t o g e t h e r  
in  f i l e s  with e i t h e r  s e r i a l  or  r andom a c c e s s .  A s e r i a l  a c c e s s  f i le  is  a 
group of r e c o r d s ,  each  of which conta ins  a r e f e r e n c e  f ie ld  point ing to i ts  
s u c c e s s o r ;  the r e l a t i o n  of point ing m u s t ,  of c o u r s e ,  be a wel l  o r d e r i n g  
r e l a t i o n .  When p r o c e s s i n g  a s e r i a l  f i l e ,  a r e f e r e n c e  v a r i a b l e  wi l l  be 
a l loca ted  to point  to the c u r r e n t  r e c o r d .  If B is  the po in te r ,  the s t a t e m e n t  

B : = s u c c e s s o r ( B ) ;  

a c c o m p l i s h e s  the " input"  of the next  r e co rd ;  "output"  r e q u i r e s  a m o r e  
complex  sequence  of s t a t e m e n t s :  

C:=B; 


B: =payre cord;  

successor(C):=B; 
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R a n d o m  a c c e s s  f i l e s  wi th  a c c e s s  by g iven  key  can  be r e a d i l y  
p r o g r a m m e d  wi th  the  a s s i s t a n c e  of r e f e r e n c e s ,  u s ing  s t a n d a r d  t e c h n i q u e s .  
R e f e r e n c e s  a l s o  p r o v i d e  n a t u r a l  and e f f i c i e n t  t e c h n i q u e s  f o r  r a n d o m  a c c e s s  
of p a r t  and s u b a s s e m b l y  r e c o r d s  in  a p a r t s  e x p l o s i o n  a l g o r i t h m  f o r  p r o d u c t i o n  
c o n t r o l ;  and t h e i r  a p p l i c a t i o n  to C r i t i c a l  P a t h  A n a l y s i s  is  f a i r l y  obv ious .  

4 . 2  S i m u l a t i o n  S tud i e s .  

In the  s i m u l a t i o n  of c o m p l e x  s i t u a t i o n s  in  the  r e a l  wor ld ,  i t  is  
n e c e s s a r y  to  c o n s t r u c t  in  the  c o m p u t e r  a n a l o g u e s  of the  ob j ec t s  of the  r e a l  
w o r l d ,  so  tha t  p r o c e d u r e s  r e p r e s e n t i n g  types  of e v e n  m a y  o p e r a t e  upon t h e m  
in  a r e a l i s t i c  f a s h i o n ,  F o r  e x a m p l e ,  t a n k e r s  b e l o n g i n g  to an oi l  c o m p a n y  
can  be r e p r e s e n t e d  by r e c o r d s  whose  f i e l d s  give the  r e l e v a n t  o p e r a t i o n a l  
c h a r a c t e r i s t i c s  of the  s h i p s ;  s i m i l a r l y ,  the  po r t s  of a r r i v a l ,  and d e p a r t u r e  
can  be r e p r e s e n t e d  by r e c o r d s  of a d i f f e r e n t  c l a s s .  The sh ip  r e c o r d s  wi l l  
p r o b a b l y  con t a in  r e f e r e n c e s  to the c u r r e n t  p o r t  of d e s t i n a t i o n ,  the p o r t  of 
d e p a r t u r e ,  e t c .  

In a c u s t o m e r  s e r v i c i n g  app l i ca t ion ,  the s e r v i n g  s t a t i o n s  and the 
p o t e n t i a l  c u s t o m e r s  wi l l  be r e p r e s e n t e d  by r e c o r d s ;  e a c h  c u s t o m e r  r e c o r d  
wi l l  co n t a in  a r e f e r e n c e  f i e ld  which  wi l l  point ,  when  r e l e v a n t ,  to the next  
c u s t o m e r  in  a queue .  E a c h  s e r v i n g  s t a t i o n  wi l l  have  a r e f e r e n c e  f i e ld  
po in t ing  to the  c u r r e n t  f i r s t  m e m b e r  of the queue at tha t  s t a t i o n .  If a 
c u s t o m e r  can b e l o n g  to s e v e r a l  " q u e u e s "  s i m u l t a n e o u s l y ,  s e v e r a l  r e f e r e n c e  
f i e l d s  m a y  be a l l o c a t e d  to point  to q u e u e  s u c c e s s o r s :  in  th is  way, i t  is  
p o s s i b l e  to r e p r e s e n t  f in i t e  s e t s  of c u s t o m e r s ,  as ff e a c h  s e t  is a s e r v i n g  
s t a t i o n  s e r v i c i n g  a queue .  

4 . 3  I n f o r m a t i o n  R e t r i e v a l .  

R e f e r e n c e s  can a s s i s t  in  the r e p r e s e n t a t i o n  of c o m p l e x  t a b l e s  of 
i n f o r m a t i o n  wh ich  a r e  bu i l t  up and r e f e r r e d  to in  the  a p p l i c a t i o n  of h e u r i s t i c  
t e c h n i q u e s ;  f o r  e x a m p l e ,  in  i n f o r m a t i o n  r e t r i e v a l  the  c o n s t r u c t i o n  of a 
t h e s a u r u s  of c o n c e p t s  wi th  a c o m p l e x  n e t w o r k s  of c r o s s - r e f e r e n c e s .  E a c h  
e n t r y  in  the t h e s a u r u s  would be r e p r e s e n t e d  by  a r e c o r d ,  g iv ing  i t s  t i t l e ,  
c e r t a i n  w e i g h t i n g  f a c t o r s ,  and r e f e r e n c e s  to m o r e  e m b r a c i n g  c o n c e p t s ,  
s y n o n y m s ,  a n t o n y m s ,  s u b c o n c e p t s ,  e t c .  

4.4 Design Automation. 


In a f in i t e  g e o m e t r y ,  a r e c o r d  c l a s s  can be a s s i g n e d  to e a c h  of the 
m a j o r  k inds  of o b j e c t s ,  f o r  e x a m p l e ,  poin t ,  l i ne ,  polygon,  e t c .  The 
e x i s t e n c e  of r e f e r e n c e s  in  t h e s e  r e c o r d s  would m a k e  i t  p o s s i b l e  to  a c c e s s  
a l l  l i n e s  p a s s i n g  t h r o u g h  a g iven  point ,  a l l  po in ts  i n c i d e n t  to  a g iven  l ine ,  
a l l  l i n e s  e n c l o s i n g  a g iven  po lygon ,  and (ff n e c e s s a r y )  a l l  po lygons  abut t ing  
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to  a g i v e n  Line. The  u s e f u l n e s s  of h i g h l y  d e n s e  i n t e r - c o n n e c t i o n s  wi l l  
•d e p e n d  on the  s o r t  	of p r o c e s s i n g  wh ich  has  to be done ,  and i s  e n t i r e l y  
at  the  d i s c r e t i o n  of the  p r o g r a m m e r .  F o r  e x a m p l e ,  in  s o m e  app l i c a t i o ns  
i t  i s  e s s e n t i a l  tha t ,  f o r  e v e r y  r e c o r d  po in t ed  to,  one shou ld  be able  to  ga in  
a c c e s s  to  a l l  r e c o r d s  po in t i ng  to  i t ,  so  tha t  a b a c k w a r d  po in t ing  cha in  m u s t  
be  c o n s t r u c t e d .  In o t h e r  a p p l i c a t i o n s  th i s  is  qui te  u n n e c e s s a r y ,  and i ts  
o m i s s i o n  wi l l  s a v e  bo th  s p a c e  and t i m e ;  

4 . 5  C o m p i l e r  W r i t i n g .  

In the  c o n s t r u c t i o n  of c o m p i l e r s  f o r  a c o m p l e x  l a n g u a g e ,  r e c o r d s  

can  be u s e d  to  ho ld  the  s a l i e n t  c h a r a c t e r i s t i c s  of v a r i a b l e s ,  a r r a y s ,  b l o c k s ,  

p r o c e d u r e s ,  l a b e l s ,  f o r  s t a t e m e n t s ,  e t c .  As w e l l  as con t a in ing  s u c h  

i n f o r m a t i o n  as type and a d d r e s s ,  e a c h  r e c o r d  r e p r e s e n t i n g  a v a r i a b l e  could 

r e f e r  to  the  b l o c k  o r  p r o c e d u r e  to wh ich  it  is  l oca l ,  the  f o r  s t a t e m e n t  fop 

which  i t  is  c u r r e n t l y  a coun t ing  v a r i a b l e ,  e t c .  


4 . 6  M a n i p u l a t i o n  of S y m b o l i c  E x p r e s s i o n s .  

In r e p r e s e n t i n g  in  a c o m p u t e r  the  n e s t e d  s t r u c t u r e  of an a r i t h m e t i c  
e x p r e s s i o n ,  a r e c o r d  m a y  be u s e d  to c o r r e s p o n d  to e a c h  o p e r a t o r / o p e r a n d  
c o m b i n a t i o n .  One of the  f i e l d s  would be a l l o c a t e d  to  i n d i c a t e  the  n a t u r e  of 
the  o p e r a t i o n ,  f o r  e x a m p l e ,  add i t ion ,  s u b t r a c t i o n  m u l t i p l i c a t i o n ,  o r  d i v i s i o n .  
Two r e f e r e n c e  f i e ld s  would  con ta in  p o i n t e r s  to the  le f t  and r i g h t  o p e r a n d s  of 
the  c o m b i n a t i o n .  

If the  o p e r a n d  so  r e f e r e n c e d  is  not  i t s e l f  a c o m b i n a t i o n ,  the  o p e r a t o r  
w i l l  co n t a in  a s p e c i a l  va lue  i n d i c a t i n g  tha t  the  r e c o r d  r e p r e s e n t s  a v a r i a b l e ;  
in  th i s  ca se  the  two o p e r a n d  r e f e r e n c e s  a r e  m e a n i n g l e s s  and a t h i r d  
r e f e r e n c e  which  e x i s t s  in  e v e r y  r e c o r d  wi l l  be  found to poin t  to a r e c o r d  of 
a d i f f e r e n t  c l a s s  con t a in ing  the  r e l e v a n t  d e t a i l s  about  the  v a r i a b l e .  

Th i s  r a t h e r  c u m b e r s o m e  m e t h o d  of d e a l i n g  wi th  the  u l t i m a t e  
c o m p o n e n t s  of an  a r i t h m e t i c  e x p r e s s i o n  is  due to  the  ru le  tha t  e a c h  r e f e r e n c e  
is  r e s t r i c t e d  to  po in t ing  to r e c o r d s  w i th in  a s i n g l e  s p e c i f i e d  c l a s s ,  so  tha t  the  
o p e r a n d  r e f e r e n c e s  wh ich  a r e  s p e c i f i e d  as po in t ing  to o t h e r  o p e r a t o r ] o p e r a n d  
c o m b i n a t i o n s  cannot  be  u s e d  to  r e f e r  to r e c o r d s  of a d i f f e r e n t  c l a s s  
r e p r e s e n t i n g  v a r i a b l e s .  A m o r e  e l e g a n t  s o l u t i o n  to th i s  p r o b l e m  is  p r o p o s e d  
in  s e c t i o n  7 .5  (Ambiguous  r e f e r e n c e s ) .  

5. De r i v a t i o n .  

5 .1  B u s i n e s s  O r i e n t e d  L a n g u a g e s .  

The  c o n c e p t  of a r e c o r d  c o n s i s t i n g  of a n u m b e r  of n a m e d  f i e l d s  is  
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t a k e n  f r o m  the  c o m m o n  p r a c t i c e  of B u s i n e s s  O r i e n t e d  L a n g u a g e s .  

5 . 2  L i s t  P r o c e s s i n g  L a n g u a g e s .  

A l i s t  m a y  be r e g a r d e d  as a g r o u p  of r e c o r d s ,  ( w o r d s ) ,  s o m e  of 
w h i c h  c o n t a i n  r e f e r e n c e s  ( a d d r e s s e s  of o t h e r  w o r d s ) ,  and s o m e  of w h i c h  
c on t a in  a c t u a l  i n f o r m a t i o n .  H o w e v e r ,  m o s t  l i s t  p r o c e s s i n g  l a n g u a g e s  
i m p o s e  r e s t r i c t i o n s  on the  l a y o u t  and c o n t e n t  of the r e c o r d ,  and do not  
u s e  p r o g r a m m e r - c h o s e n  n a m e s  to r e f e r  to the  c o n s t i t u e n t  p a r t s  of a 
l i s t  s t r u c t u r e .  

5 . 3  E U L E R  (N. W i r t h  and H. W e b e r ) .  

The  c o n c e p t  of r e f e r e n c e  w h i c h  is u s e d  in th i s  p r o p o s a l  is  s i m i l a r  
to  the  i d e a s  of r e f e r e n c e  wh ich  have  a p p e a r e d  in l a n g u a g e s  s u c h  as C P L  
and  E U L E R .  H o w e v e r ,  the  m o t i v a t i o n  f o r  i n t r o d u c i n g  r e f e r e n c e s  to 
r e p r e s e n t  f u n c t i o n a l  r e l a t i o n s h i p s  a p p e a r s  to be qui te  d i f f e r e n t  f r o m  the  
m o t i v e s  of the  a u t h o r s  of E U L E R  o r  C P L ,  who w e r e  p r o b a b l y  i n t e r e s t e d  
in  p r o v i d i n g  s o m e  a n a l o g u e  of the  F O R T R A N  p a r a m e t e r  m e c h a n i s m .  The 
c u r r e n t  p r o p o s a l  avo ids  o r  e v a d e s  s o m e  of the  d i f f i c u l t i e s  a s s o c i a t e d  wi th  
E U L E R  r e f e r e n c e s .  

. 	 r e f e r e n c e s  canno t  be u s e d  to point  to the d e c l a r e d  v a r i a b l e s  of a 

b l o c k ,  w h i c h  go out of e x i s t e n c e  s u r r e p t i t i o u s l y  on b l o c k  ex i t .  

T h e y  can  only  poin t  to r e c o r d s ,  wh ich  r e m a i n  in e x i s t e n c e  f o r  as 

long  as any  r e f e r e n c e  poin ts  to t h e m .  


. r e f e r e n c e s  a r e  r e s t r i c t e d  to po in t ing  to r e c o r d s  of a g iven  c l a s s ,  
s o  tha t  the c o m p i l e r  can  k e e p  an a c c o u n t  of the t y p e s  of a l l  
c o m p o n e n t s  of e x p r e s s i o n s ,  and the  r u n n i n g  p r o g r a m  can  keep  
a c c o u n t  of the w h e r e a b o u t s  of e v e r y  r e f e r e n c e .  

5 . 4  P r o p o s a l  f o r  New T y p e s  ( P r o f .  J .  M c C a r t h y ) .  

The  c u r r e n t  p r o p o s a l  r e p r e s e n t s  p a r t  of the c a r t e s i a n  s u g g e s t i o n  
m a d e  by  P r o f .  J .  M c C a r t h y  as a m e a n s  of i n t r o d u c i n g  new t y p e s  of 
q u a n t i t y  in to  a l a n g u a g e .  

The  m a i n  r e s t r i c t i o n s  of the c u r r e n t  p r o p o s a l  a r e  tha t  r e c o r d s  cannot  
be d e c l a r e d  as p a r t  of the  l o c a l  w o r k s p a c e  of a b lock ,  n o r  as p a r t  of a r e c o r d  
i t s e l f .  

The  r e f e r e n c e  f a c i l i t y  d e s c r i b e d  h e r e  has  one i m p o r t a n t  c h a r a c t e r i s t i c  
not  p o s s e s s e d  by  the  new type  p r o p o s a l ,  tha t  i t  i s  p o s s i b l e  to  have  s e v e r a l  
r e f e r e n c e s  p o i n t i n g  to the s a m e  r e c o r d ,  so  tha t  m a n y - o n e  r e l a t i o n s h i p s  can  
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be  r e p r e s e n t e d  as r e a d i l y  as o n e - o n e  r e l a t i o n s .  

5 .5  	 A E D - O  (D. T. Rose)  

The r e c o r d s  of the  c u r r e n t  p r o p o s a l  c o r r e s p o n d  to " b e a d s "  of 
A E D - O ;  a "p l ex"  is  the  A E D - )  t e r m  f o r  a g roup  of r e c o r d s  m u t u a l l y  
i n t e r c o n n e c t e d  by r e f e r e n c e s .  The i d e a  that  the  r e f e r e n c e  s t r u c t u r e  of 
the  da ta  shou ld  be p l a c e d  e n t i r e l y  u n d e r  the  c o n t r o l  of the  p r o g r a m m e r  is  
a m o s t  i m p o r t a n t  c o n t r i b u t i o n  of A E D - O ,  and is  t a k e n  o v e r  in  th i s  
p r o p o s a l .  

The m a i n  d i f f e r e n c e  b e t w e e n  the c u r r e n t  p r o p o s a l  and A E D - O  
is  tha t  the  c u r r e n t  p r o p o s a l  e n s u r e s  that  the  i m p l e m e n t a t i o n  knows 
e x a c t l y  w h e r e  e v e r y  r e f e r e n c e  e x i s t s  in the s t o r e ,  and what  i t  po in ts  
to ,  so  tha t  f a r  m o r e  c o m p r e h e n s i v e  t e c h n i q u e s  a r e  a v a i l a b l e  f o r  type 
c h e c k i n g  at c o m p i l e  t i m e  and f o r  g a r b a g e  c o l l e c t i o n  at run  t i m e .  

5 .6  	 C o m p a r i s o n  wi th  a P r o p o s a l  on T r e e s .  

The m a i n  a d v a n t a g e s  of the  c u r r e n t  p r o p o s a l  o v e r  a s c h e m e  
p r e s e n t e d  and d i s c u s s e d  at the P r i n c e t o w n  m e e t i n g  of the ALGOL 
C o m m i t t e e  a p p e a r  to be as fo l lows  

(i) 	 The m o s t  i m p o r t a n t  f e a t u r e  of the  c u r r e n t  p r o p o s a l  is  that  it 
p e r m i t s  the use  of m e a n i n g f u l  i d e n t i f i e r s  r a t h e r  than  n u m e r i c  
i n d i c e s  to i d e n t i f y  the i n d i v i d u a l  c o m p o n e n t s  of a s t r u c t u r e d  
r e c o r d .  

(2) 	 It a l lows  e a c h  r e c o r d  to con ta in  i n f o r m a t i o n  of m a n y  d i f f e r e n t  
t y p e s ,  and ye t  i t  p e r m i t s  the type of e a c h  c o m p o n e n t  of an 
a r i t h m e t i c  e x p r e s s i o n  to be d e t e r m i n e d  p u r e l y  by  a l e x i c o g r a p h i c  
s can.  

(3) 	 The concep t  of a r e f e r e n c e  p r o v i d e s  a qui te  g e n e r a l  and a c c e p t a b l e  
way  of r e p r e s e n t i n g  a r b i t r a r i l y  c o m p l e x  r e l a t i o n s h i p s  b e t w e e n  
o b j e c t s ,  wh ich  would  be r a t h e r  d i f f i cu l t  in  t r e e s  wi thou t  " s h a r i n g " .  

(4) 	 The s i z e  of e a c h  r e c o r d  r e m a i n s  c o n s t a n t  b e t w e e n  the  t i m e  of i t s  
c r e a t i o n  and i t s  u l t i m a t e  d e m i s e ,  so  tha t  m o r e  e f f i c i e n t  and 
e c o n o m i c  t e c h n i q u e s  of s t o r a g e  a l l o c a t i o n  can be adop ted .  

(5) 	 The p r o g r a m m e r  is  e n c o u r a g e d  to d i f f e r e n t i a t e  b e t w e e n  r e c o r d s  to 
w h i c h  he is  at any  g iven  t i m e  m a k i n g  f r e q u e n t  d i r e c t  a c c e s s ,  and 
t h o s e  which  he is  not  c u r r e n t l y  i n t e r e s t e d  in,  and can  only r e f e r  to 
i n d i r e c t l y .  Th is  i m p r o v e s  the p r o s p e c t s  of u s ing  t w o - l e v e l  s t o r a g e  
in  a c o n v e n i e n t  and e l e g a n t  f a s h i o n .  
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. ~mplementation. 


T h e r e  a r e  m a n y  p o s s i b l e  m e t h o d s  of i m p l e m e n t a t i o n  and it  is  not  
i n t e n d e d  to  f a v o u r  one of t h e m  aga in s t  a n o t h e r ;  in  o r d e r  to a s s i s t  a c o n c r e t e  
v i s u B l l s a t i o n ,  the  f o l l o w i n g  d e s c r i p t i o n  is  g iven .  

6 .1  R e c o r d s ,  F i e l d s  and R e f e r e n c e s .  

E a c h  r e c o r d  is  r e p r e s e n t e d  by a g roup  of c o n s e c u t i v e  l o c a t i o n s  in  
s t o r e ,  wh ich  wi l l  ho ld  the  v a l u e s  of a l l  f i e l d s  a s s o c i a t e d  wi th  the  r e c o r d  in  
the  r e c o r d  c l a s s  d e c l a r a t i o n .  

E a c h  f i e ld  of a r e c o r d  is  r e p r e s e n t e d  by  tha t  p a r t  of the to t a l  s t o r a g e  
of the  r e c o r d  wh ich  has  b e e n  a l l o c a t e d  to ho ld  i t s  va lue ;  the  a m o u n t  of s t o r e  
w i l l  o f ten  d e p e n d  on the  type of the  a t t r i b u t e ,  e . g .  b o o l e a n ,  i n t e g e r ,  r e a l  
o r  r e f e r e n c e .  

E a c h  r e f e r e n c e  is  r e p r e s e n t e d  by p l ac ing  the  a d d r e s s  of the  f i r s t  
w o r d  of the  d e s i g n a t e d  r e c o r d  in  the  s p a c e  a l l o c a t e d  f o r  the  r e f e r e n c e  
v a r i a b l e .  

6 . 2  S t o r e  A d m i n i s t r a t i o n .  

The i m p l e m e n t a t i o n  of the  p r o p o s e d  r e c o r d  h a n d l i n g  f a c i l i t i e s  r e q u i r e s  
a r a t h e r  m o r e  s o p h i s t i c a t e d  m e t h o d  bf s t o r a g e  a d m i n i s t r a t i o n  than  ALGOL 60, 
s i n c e  a l l o c a t i o n  and r e a l l o c a t i o n  of s t o r a g e  can  o c c u r  at a r b i t r a r y  t i m e s ;  i t  
i s  not  conf ined  to the b e g i n n i n g  and end  of b l o c k s ,  and it  is  not  n e s t e d  in  a 
way  w h i c h  p e r m i t s  s i m p l e  s t a c k  a d m i n i s t r a t i o n .  

In p r a c t i c e ,  h o w e v e r ,  m a n y  i m p l e m e n t a t i o n s  of ALGOL,  p a r t i c u l a r l y  
t h o s e  wh ich  m a d e  use  of r a n d o m  a c c e s s  b a c k i n g  s t o r e ,  a l r e a d y  s u p p l e m e n t  
a s t a c k  a d m i n i s t r a t i o n  of c o r e  by  a fu l ly  r a n d o m i s e d  one f o r  p r o g r a m  
c h a p t e r s  and e v e n  a r r a y s .  

6.3 Page Control. 


A simple method of implementing record allocation and deallocation 

is to use the other end of store which is not being used by the stack. This 

store should be split into pages of (say) 256 words; each page is reserved 

to hold records of a particular size. If more records of a particular size 

are created than wLU fit into a page, a new page is allocated, and this is 

linked into a chain of pages holding records of that given size. 


As r e c o r d s  a r e  d e l e t e d ,  h o l e s  wi l l  a p p e a r  in  the  pages ;  t h e s e  a r e  
c h a i n e d  t o g e t h e r  in to  a f r e e  s t o r e  l i s t  f o r  e a c h  r e c o r d  s i z e .  W h e n e v e r  a 
new r e c o r d  of tha t  s i z e  is  r e q u e s t e d ,  a ho ld  r e c o r d  is  a lways  p r e s e n t e d  in  
p r e f e r e n c e  to a n o n - h o l e  one .  
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In g e n e r a l ,  the  n u m b e r  of d i f f e r e n t  s i z e d  r e c o r d s  u s e d  in  a p r o g r a m  
wi l l  be  qui te  s m a l l ;  in  f ac t ,  i t  cannot  e x c e e d  the  n u m b e r  of r e c o r d  c l a s s e s .  
In p r a c t i c e ,  a l so ,  the  s i z e  of l a r g e r  r e c o r d s  wiU be "padded  out"  so  tha t  an 
exac t  n u m b e r  of r e c o r d s  f i t  in to  e a c h  page .  This  l i m i t s  the  n u m b e r  of 
d i f f e r e n t  r e c o r d  s i z e s  to  31, v iz .  

l t o 1 9 ,  21, 23, 25, 28, 32, 36, 42, 51, 64, 85, 128, 256. 

T e c h n i q u e s  f~r d e a l i n g  wi th  r e c o r d s  l o n g e r  t han  256 w o r d s  a re  f a i r l y  
s l r n p l e ,  but  w i l l  p r o b a b l y  not  be r e q u i r e d .  

6 . 4  S t o r e  C o ] l a p s i n g .  

If the  d y n a m i c  s t a c k  and the  r e c o r d  s t o r a g e  e v e r  m e e t  in  the  m i d d l e ,  
t h i s  m e a n s  tha t  the  p r o g r a m  is  m a k i n g  d e m a n d s  n e a r  the  l i m i t  of ava i l ab l e  
c o r e ,  and s i m p l e  i m p l e m e n t a t i o n s  m a y  s top  at th i s  point .  H o w e v e r ,  a s e r i e s  
of m o r e  a d v a n c e d  t e c h n i q u e s ,  a r e  a v a i l a b l e  to r e t r i e v e  the  s i t u a t i o n  if  
r e q u i r e d .  

If of ten  h a p p e n s  tha t  e v e n  though the  two s t a c k s  have  m e t ,  t h e r e  a r e  
s t i l l  a l a r g e  n u m b e r  of h o l e s  in the  r e c o r d  a r e a ,  wh ich  added  t o g e t h e r  would 
p r o v i d e  s u f f i c i e n t  s p a c e  to con t inue  the  p r o g r a m .  In th i s  c a s e ,  the s o l u t i o n  
is  to  a t t e m p t  to r e l e a s e  s e v e r a l  whole  p a g e s ,  by copying  the  r e c o r d s  out of 
t h e m  in to  h o l e s  o c c u r r i n g  on o t h e r  pages  of the s a m e  cha in .  If the  page 
m a d e  f r e e  is  not  con t iguous  wi th  the s t a c k  the  m o s t  r e  c e n t l y  a l l o c a t e d  page 
can  be cop ie s  b o d i l y  in to  i t s  p l a c e .  

The m o s t  c o m p l e x  p a r t  of th i s  r e s h u f f l e  is  tha t  a l l  the  r e f e r e n c e s  in  
the  d e c l a r e d  da t a  o r  in  the  r e c o r d s  t h e m s e l v e s  m u s t  be  a d j u s t e d  to point  
to the  new p o s i t i o n s  of the  r e c o r d s  r a t h e r  than  the  old.  

Th is  is  only  m a d e  p o s s i b l e  b e c a u s e  the  c o m p i l e r  knows  the  p o s i t i o n s  
of e v e r y  r e f e r e n c e  u s e d ,  and can  pass  the  i n f o r m a t i o n  on to the  s t o r e  c o l l a p s e  
r o u t i n e .  

6 .5  A u t o m a t i c  D e l e t i o n .  

The  t e c h n i q u e s  f o r  r e f e r e n c i n g  r e c o r d s  e n s u r e  tha t  no r e c o r d  e v e r  
goes  out of e x i s t e n c e  wi thout  the  e x p l i c i t  i n t e r v e n t i o n  of the  p r o g r a m m e r ,  wh ich  
he m a y  be unab le  o r  unwi l l i ng  to g ive .  

This  s i t u a t i o n  is  p a r t l y  r e m e d i e d  by  the  f ac t  tha t  w h e n  a r e c o r d  c l a s s  
is  d e c l a r e d  in  an i n n e r  b l o c k  a l l  r e c o r d s  of tha t  c l a s s  go out of e x i s t e n c e  when  
tha t  b l o c k  is  e x i t e d .  H o w e v e r ,  i t  is  qui te  p o s s i b l e  tha t  the  p r o g r a m m e r  f a i l s  
to m a k e  use  of th i s  t e c h n i q u e ,  so  tha t  h is  s t o r e  b e c o m e s  choked  wi th  r e c o r d s  
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w h i c h  in  f a c t  he  does  not  e v e r  wan t  to r e f e r  to  aga in .  

If th i s  is  the  c a s e ,  one of the  s u r e s t  m e c h a n i c a l l y  r e  cognis  ab le  
c r i t e r i a  f o r  the  s i t u a t i o n  is  tha t  a r e c o r d  has  no d e c l a r e d  r e f e r e n c e  po in t ing  
to i t ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  t h r o u g h  r e f e r e n c e  f i e l d s  in  o t h e r  r e c o r d s .  
Such  r e c o r d s  can  be s a f e l y  d e l e t e d  a u t o m a t i c a l l y ,  s i n c e  t h e r e  is  no 
c o n c e i v a b l e  w a y  of w h i c h  the  p r o g r a m m e r  could  e v e r  s u b s e q u e n t l y  a c c e s s  
t h e m .  Th i s  i d e a  is t a k e n  f r o m  J .  M c C a r t h y ' s  L]EP g a r b a g e  c o l l e c t i o n .  

6 . 6  R a n d o m  A c c e s s  B a c k i n g  S t o r e .  

If a h igh  v o l u m e  r a n d o m  a c c e s s  b a c k i n g  s t o r e  is  a v a i l a b l e  to ho ld  
r e c o r d s ,  i t  s h o u l d  be s p l i t  in to  p a g e s  in  e x a c t l y  the  s a m e  w a y  as was  
d e s c r i b e d  f o r  m a i n  s t o r e ,  e x c e p t  tha t  the  page  s i z e  wi l l  p r o b a b l y  be d i c t a t e d  
b y  h a r d w a r e  c o n s i d e r a t i o n s .  Al l  r e f e r e n c e s  in  the  r e c o r d s  t h e m s e l v e s  wed  
now,  of c o u r s e ,  r e f e r  to b a c k i n g  s t o r e  a d d r e s s e s  r a t h e r  t h a n  m a i n  s t o r e .  

In  the  m a i n  s t o r e  w i l l  be he ld  a c e r t a i n  a m o u n t  of b o o k - k e e p i n g  
i n f o i ~ i a t i o n  about  the c h a i n i n g  of the  p a g e s ,  e t c ;  and f u r t h e r ,  t h e r e  wi l l  
be  at  l e a s t  one p a g e - w o r t h  of c o r e  s t o r a g e  a l l o c a t e d  f o r  e a c h  r e f e r e n c e  
d e c l a r e d  in  the  h e a d  of the  p r o g r a m  b l o c k s .  

This means that all direct references are carried out with the 

efficiency of mainstore indirect addressing, and only indirect references 

require access to backing store. Of course, all indirect references will 

be backing store addresses; and it is therefore essential that they should 

be redirected to the main store copy of the relevant page if it happens to 

be in main store. For efficiency, a table of all such pages must reside in 

main store, except on machines with special hardware associative page 

address memories. On such computers, even indirect references can be 

made with no further difficulty if the page is in store. 


If a d d i t i o n a l  p a g e s  of c o r e  a r e  a v a i l a b l e ,  t h e y  can  be u s e d  as b u f f e r s  
to  ho ld  i n f o r m a t i o n  w h i c h  is  u n d e r g o i n g  t r a n s f e r  to o r  f r o m  b a c k i n g  s t o r e ,  
o r  to ho ld  p a g e s  w h i c h  have  r e c e n t l y  b e e n  r e f e r r e d  to and a r e  t h e r e f o r e  
l i k e l y  to be s o o n  r e f e r r e d  to a g a i n .  V a r i o u s  s t r a t e g i e s  f o r  s e l e c t i n g  w h i c h  
p a g e s  to  k e e p  have  b e e n  p r o p o s e d ,  but  i t  is  p r o b a b l y  not  w o r t h  whi le  to get  
too  s o p h i s t i c a t e d ,  s i n c e  the  p r o g r a m m e r  who is  i n t e r e s t e d  in  e f f i c i e n c y  
can  t a k e  c a r e  to  d e c l a r e  enough  r e f e r e n c e  v a r i a b l e s  s o  t ha t  the f r e q u e n c y  
w i th  w h i c h  he  m a k e s  i n d i r e c t  r e f e r e n c e s  is  r e d u c e d  to a m i n i m u m .  

6 . 7  C o l l a p s i n g  and D e l e t i o n .  

The same techniques for store collapsing and automatic deletion 

as are described for core storage can be applied to random access backing 

store. The amount of time to carry out the process will be very much 

greater, but it is to be hoped that the need for it will be very much less 
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f r e q u e n t .  

6 . 8  H o m o g e n e o u s  s t o r e  c o n t r o l .  

If a m e c h a n i s m  f o r  f u l l y  d y n a m i c  s t o r a g e  a l l o c a t i o n  i s  s e t  up, i t  
b e c o m e s  t e m p t i n g  to u se  i t  f o r  a l l o c a t i o n  of s t o r a g e  to v a r i a b l e s  d e c l a r e d  
in  b l o c k  h e a d s .  The  m e c h a n i s m  of r e f e r e n c e s  can  t h e n  be u sed  to d e a l  wi th  
the n e c e s s a r y  p o i n t e r s  wh ich  have  to be s e t  up to t r a c e  t h r o u g h  the 
l e x i c o g r a p h i c a i l y  e n c l o s i n g  b l o c k s  and the  d y n a m i c a l l y  c a l l i n g  b l o c k s ,  and 
to r e f e r  to the  code r e p r e s e n t i n g  the  body  of the  b lock .  The  va lue  of the 
s e q u e n c e  c o n t r o l  i s ,  of c o u r s e ,  a l o c a l  v a r i a b l e  of t he  b l o c k  c o n c e r n e d .  

T h e r e  a r e  t h r e e  a d v a n t a g e s  in  u s i n g  the fuUy  d y n a m i c  m e t h o d  f o r  
l o c a l  v a r i a b l e s  as  we l l  as  r e c o r d s :  f i r s t l y ,  i t  avo ids  the  r e q u i r e m e n t  of 
c o n t i g u i t y  of l a r g e  s e c t i o n s  of s t o r e ,  wh ich  t ends  to i n t e r f e r e  wi th  the  
w o r k i n g  of the  r a n d o m i s e d  s t o r a g e  a d m i n i s t r a t i o n ;  s e c o n d l y ,  i t  e n a b l e s  the  
l o c a l  v a r i a b l e s  of b l o c k s  not  c u r r e n t l y  a c c e s s i b l e  to be dumped  to b a c k i n g  
s t o r e  if  t h e y  a r e  not  r e q u i r e d  f o r  long  p e r i o d s .  T h i r d l y ,  i t  i s  m o r e  e l e g a n t  
to u se  on ly  a s i n g l e  s t o r a g e  c o n t r o l  m e t h o d  f o r  a l l  p u r p o s e s .  

The  fu l l  u se  of n o n - n e s t e d  s t o r a g e  a l l o c a t i o n  f o r  l o c a l  q u a n t i t i e s  
opens  up the  p r o s p e c t  of pe rn~ i t t i ng  s e v e r a l  p r o c e d u r e s  to be ac t ive  
s i m u l t a n e o u s l y .  T h i s  p o s s i b i l i t y  of a s y n c h r o n o u s  w o r k i n g  can  s o m e t i m e s  
be u s e d  to  m i n l m i s e  the  e f f ec t  of d e l a y s  due to  the  s low a c c e s s  t i m e  of 
r a n d o m  a c c e s s  b a c k i n g  s t o r e .  

. P o s s i b l e  F u r t h e r  E x t e n s i o n s .  

7 .1  P r o c e d u r e s  and P a r a m e t e r s .  

The  m o s t  obvious  o m i s s i o n  i s  the  f a i l u r e  to r e l a t e  r e f e r e n c e s ,  r e c o r d s  
and f i e l d s  to  the  p r o c e d u r e  concep t  of A L G O L .  The  r e l a t i o n s h i p  is  in  f a c t  
f a i r l y  obv ious ;  f i e l d  i d e n t i f i e r s ,  and r e f e r e n c e  i d e n t i f i e r s  shou ld  be p e r m i t t e d  
to a p p e a r  as  a c t u a l  p a r a m e t e r s  c a l l e d  b y  n a m e ,  and f i e ld  d e s i g n a t o r s  as  
a c t u a l  p a r a m e t e r s  c a l l e d  b y  n a m e  o r  b y  v a l u e .  

F u r t h e r m o r e ,  i t  s hou ld  be p o s s i b l e  to d e c l a r e  r e f e r e n c e  v a l u e d  
p r o c e d u r e s  and use  t h e m  as  f unc t i on  d e s i g n a t o r s  i n  a r e f e r e n c e - v a l u e d  
e x p r e s s i o n .  

7 .2  P r o c e d u r e  F i e l d s .  

In  m a n y  c a s e s ,  c e r t a i n  c h a r a c t e r i s t i c s  of the  ob jec t  r e p r e s e n t e d  b y  
a r e c o r d  can  be c o m p u t e d  as  a f u n c t i o n  of o t h e r  c h a r a c t e r i s t i c s .  In s u c h  c a s e s  
i t  i s  s o m e t i m e s  u s e f u l  to  avo id  a l l o c a t i n g  a f i e l d  to  ho ld  the  va lue  of the  
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c h a r a c t e r i s t i c ,  and i n s t e a d  to  c o m p u t e  the  va lue  w h e n e v e r  i t  is  r e q u i r e d .  A 
d e c l a r a t i o n  of the  type p r o c e d u r e  to c o m p u t e  the  va lue  could  a p p e a r  a m o n g  the  
o t h e r  f i e l d  d e c l a r a t i o n s .  If th i s  p r o c e d u r e  w e r e  p a r a m e t e r l e s s ,  i t s  u se  as a 
f u n c t i o n  d e s i g n a t o r  would  have  the  s a m e  a p p e a r a n c e  as a f i e l d  d e s i g n a t o r .  

F o r  e x a m p l e ,  the  l e n g t h  of a l ine  can  be de f ined  in  t e r m s  of the 
c o - o r d i n a t e s  of i t s  end  po in t s ,  o r  the  g r a n d f a t h e r  of a p e r s o n  can be de f ined  
as  the  f a t h e r  of h is  f a t h e r .  

7.3 Array Fields. 


In a d d i t i o n  to  p e r m i t t i n g  p r o c e d u r e  d e c l a r a t i o n s  to be a s s o c i a t e d  wi th  
a r e c o r d  c l a s s ,  i t  is  c l e a r l y  s u g g e s t e d  tha t  a r r a y  d e c l a r a t i o n s  be g iven  the  
s a m e  p r i v i l e g e .  C e r t a i n l y  t h e r e  a r e  c a s e s  w h e r e  it  is  u s e f u l  to  p e r m i t  an 
a r r a y  o r  a r r a y s  to be r e g a r d e d  as p a r t  of a r e c o r d .  In p a r t i c u l a r ,  an  a r r a y  
of r e f e r e n c e s  is  a good way  of r e p r e s e n t i n g  a r e l a t i o n s h i p  wh ich  is  not  
f u n c t i o n a l .  

The  i n c o r p o r a t i o n  of a r r a y s  in  r e c o r d s  g ives  the  l a n g u a g e  d e s i g n e r  
the  p r o b l e m  of c h o o s i n g  at what  t i m e  the  s u b s c r i p t  bounds  of the  a r r a y  a r e  
f i xed .  T h e r e  s e e m  to be  t h r e e  p o s s i b i l i t i e s ;  the  m o s t  e f f i c i e n t  is  that  the  
bounds  a r e  c a l c u l a t e d  on e n t r y  to the  b l o c k  in  wh ich  the  r e c o r d  c l a s s  is 
d e c l a r e d ,  so  tha t  a l l  r e c o r d s  of the  c l a s s  wi l l  be t h e  s a m e  s i z e  as a l l  c o -
e x i s t e n t  r e c o r d s  ( though t h e y  m a y  be d i f f e r e n t  on d i f f e r e n t  a c t i v a t i o n s  of the 
b lock) .  The  l e a s t  r e s t r i c t i v e  is  to p e r m i t  the  s i z e  of the  a r r a y  in  e a c h  
r e c o r d  to d e p e n d  on the  ac tua l  a s s i g n m e n t s  m a d e  to  the  s u b s c r i p t e d  f i e l d  
d e s i g n a t o r s .  The s e c o n d  p r o p o s a l  is  s i m i l a r  to  the  t r e a t m e n t  of a r r a y s  
in  E U L E R .  

The  t h i r d  i n t e r m e d i a t e  p r o p o s a l ,  c o m b i n e s  s o m e  of the  e f f i c i e n c y  
of the  f i r s t  and s o m e  of the  f l e x i b i l i t y  of the  s e c o n d ;  i t  a l lows  the  s i z e  of 
the  a r r a y  f i e l d s  to be d e t e r ~ i n e d  at t i m e  of c r e a t i o n  of a r e c o r d ,  but  
i n s i s t s  tha t  the  s i z e  of e a c h  i n d i v i d u a l  r e c o r d  r e m a i n s  c o n s t a n t  t h r o u g h o u t  
its life. 


In  de t a i l ,  the  t h i r d  p r o p o s a l  r e q u i r e s  tha t  f o r m a l  p a r a m e t e r s  be 
s u p p l i e d  in  a r e c o r d  c l a s s  d e c l a r a t i o n ;  t h e s e  would  f e a t u r e  in  the  s u b s c r i p t  
bound  p o s i t i o n s  of the  a r r a y  f i e ld  d e c l a r a t i o n s .  When  the new r e c o r d  is  
c r e a t e d ,  by  m e n t i o n i n g  the  r e c o r d  c l a s s  n a m e ,  an ac tua l  p a r a m e t e r  p a r t  
i s  added ;  and the  p a r a m e t e r s  supp ly  the  v a l u e s  wh ich  wi l l  be u s e d  in  the  
c a l c u l a t i o n  of the  a c t u a l  s u b s c r i p t  bounds .  

7 .4  I n i t i a l  Va lue  s .  

If a r e c o r d  c l a s s  is  to  have  a p a r a m e t e r  m e c h a n i s m ,  it  is  t e m p t i n g  
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to  u se  i t  to  e n a b l e  i n i t i a l  v a l u e s  of s o m e  o r  a l l  of the  f i e l d s  to be s p e c i f i e d  
at the  t i m e  of  c r e a t i o n  of the  r e c o r d .  This  can  be done be a s s o c i a t i n g  wi th  
the  r e c o r d  c l a s s  d e c l a r a t i o n  a s t a t e m e n t  wh ich  wi l l  compu te  and a s s i g n  
i n i t i a l  v a l u e s  to  the  f i e l d s ,  t ak ing  both  p a r a m e t e r s  and g loba l  quan t i t i e s  in to  
accoun t .  

If the  p r o p o s a l s  7 .2 ,  7 .3 ,  and 7 .4  a r e  a c c e p t e d ,  we r e a c h  a 
s i t u a t i o n  in  wh ich  a r e c o r d  c l a s s  d e c l a r a t i o n  has  e x a c t l y  the  s a m e  f o r m  and 
e f f ec t  as a {function) p r o c e d u r e  d e c l a r a t i o n ,  e x c e p t  tha t  i t  d e l i v e r s  as i t s  
va lue  not  a s i m p l e  quan t i ty ,  but  a r e f e r e n c e  to  the  r e c o r d  c o n s i s t i n g  of the  
v a l u e s  of a l l  i t s  l o c a l  q u a n t i t i e s  at  the  t i m e  of ex i t  f r o m  the  p r o c e d u r e .  
Thus  we have  w o r k e d  our  way t h r o u g h  to a s t a r t l i n g  s i m p l i f i c a t i o n ,  which  
e n a b l e s  r e c o r d  c l a s s  d e c l a r a t i o n s  to  be t r e a t e d  l a r g e l y  by  the  s a m e  
m e c h a n i s m  as p r o c e d u r e s .  At  r un  t i m e  the  m e c h a n i s m  is  a l s o  v e r y  
s i m i l a r .  

The  m a i n  d i f f e r e n c e s  a r e :  

. 	 at r un  t i m e  the  s p a c e  a l l o c a t e d  f o r  l o c a l  quan t i t i e s  is  not  f r e e d  

on exi t ;  r a t h e r ,  the  " d i s p l a y "  va lue  f o r  t h e m  is  p a s s e d  on as a 

r e f e r e n c e  to  the  ca l l i ng  p r o g r a m .  


. at  c o m p i l e  t i m e ,  a r e c o r d  of the  i d e n t i f i e r s  and t ypes  of the  l o c a l  
q u a n t i t i e s  a r e  p r e s e r v e d  t h r o u g h o u t  the  t r a n s l a t i o n  of the  r e m a i n d e r  
of the  b lock .  

7 .5  A m b i g u o u s  R e f e r e n c e s .  

We have  s e e n  f r o m  the  e x a m p l e  of 4 . 6  tha t  the ru le  wh ich  r e s t r i c t s  
the  r a n g e  of a r e f e r e n c e  v a r i a b l e  to a s i n g l e  r e c o r d  c l a s s  m a y  l e a d  to 
d i f f i c u l t i e s  and u n n a t u r a l  e x p r e s s i o n s  in  c e r t a i n  a p p l i c a t i o n s .  This  
r e s t r i c t i o n  can  be r e l a x e d  by  p e r m i t t i n g  the  p r o g r a m m e r  to a s s o c i a t e  with 
a r e f e r e n c e  v a r i a b l e  d e c l a r a t i o n  not  a s i n g l e  r e c o r d  c l a s s  n a m e ,  but  a 
who le  l i s t  of r e c o r d  c l a s s  n a m e s ;  and the  r e f e r e n c e  is  p e r m i t t e d  to  r e f e r  
to  r e c o r d s  f r o m  any  of t h e s e  c l a s s e s .  Such a r e f e r e n c e  is  c a l l e d  a m b i g u o u s ,  
and the  l i s t  of c l a s s e s  is  c a l l e d  a union .  It i s  r e c o m m e n d e d  tha t  a un ion  
be  dec la rec l  s e p a r a t e l y  f r o m  the  r e f e r e n c e s ,  and be g iven  a s e p a r a t e  n a m e  
thus :  

union thing (cow, house, table); 


reference B (thing) 


The  r e m a i n i n g  p r o b l e m  is  to  e n s u r e  tha t  the  t r a n s l a t o r  can  s t i l l  
e s t a b l i s h  the  t y p e s  of a l l  the  c o m p o n e n t s  of an  a r i t h m e t i c  e x p r e s s i o n ,  and 
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tha t  the  r u n - t i m e  a d m i n i s t r a t i o n  can  k e e p  an  a c c o u n t  of the  w h e r e a b o u t s  of 
e v e r y  a d d r e s s .  The  f i r s t  p r o b l e m  can  be  s o l v e d  by  an  a d a p t a t i o n  of t he  
t e c h n i q u e  of the  c a s e  e x p r e s s i o n  and c a s e  s t a t e m e n t .  

T h u s ,  ff B is  a r e f e r e n c e  v a r i a b l e  w h i c h  m a y  poin t  to  a cow,  
a h o u s e ,  o r  a t a b l e ,  i t  w i l l  g e n e r a l l y  be  u s e d  ih  a c o n s t r u c t i o n  s u c h  as :  

i f  B is  a h o u s e  t h e n  . . . .  he igh t (B)  . . .  

o r  if  i t  i s  a cow the___~ . . .  he igh t (B)  . . .  

o r f f i t i s  a t a b l e  t h e n  . .  he igh t (B)  . . .  ; 

The  t r a n s l a t o r  now knows  tha t  in  the  t ex t  b e t w e e n  the  f i r s t  t h e n  
and the  f i r s t  o r  if  i t  i s  a the  r e f e r e n c e  B m a y  be t a k e n  to  d e s i g n a t e  a r e c o r d  
of c l a s s  " h o u s e " ;  and S i m i l a r l y  f o r  the  " c o w "  and " t a b l e "  t e r m s .  Th i s  
m e a n s  tha t  the  t r a n s l a t o r  c a n  e v e n  cope wi th  a s i t u a t i o n  w h e n  e a c h  c l a s s  
has  a f i e l d  " h e i g h t " ,  and in  one c l a s s  i t  is  an  i n t e g e r  and in  the  o t h e r  a r e a l  
n u m b e r ,  and  in  the  t h i r d ,  p e r h a p s  a r e f e r e n c e :  

A r e f e r e n c e  w h i c h  is  a m b i g u o u s  c a n  be  r e p r e s e n t e d  in  the c o m p u t e r  
at  r u n  t i m e  b y  two v a l u e s ;  one of t h e m  is a c l a s s  i n d i c a t o r ,  w h i c h  is  a 
s m a l l  i n t e g e r  i n d i c a t i n g  w h i c h  of the  p o s s i b l e  r e c o r d  c l a s s e s  the  r e f e r e n c e  
is  a c t u a l l y  po in t i ng  to ,  and the  o t h e r  is  the  r e f e r e n c e  i t s e l f .  The e x t e n d e d  
c a s e  e x p r e s s i o n  u s e s  the  c l a s s  i n d i c a t o r  to c o m p u t e  the  d e s t i n a t i o n  of a 
s w i t c h  j u m p ;  and the  s t o r e  a d m i n i s t r a t i o n  u s e s  it  to keep  an a c c o u n t  of 
the  r e f e r e n c e  s t r u c t u r e  of s t o r e .  

The  a v a i l a b i l i t y  of a m b i g u o u s  r e f e r e n c e s  fu l f i l s  a s i m i l a r  f u n c t i o n  
to M c C a r t h y ' s  p r o p o s e d  c l a s s  un ion  d e c l a r a t i o n  f r o m  w h i c h  the i d e a  has  
b e e n  t aken ;  

7 . 6  F i n i t e  Se t  D e c l a r a t i o n s .  

In p r o g r a m m i n g  the  s o r t  of p r o b l e m  f o r  w h i c h  r e c o r d s  a r e  u s e d ,  i t  
i s  f r e q u e n t l y  n e c e s s a r y  to r e p r e s e n t  as  a s m a l l  i n t e g e r  a v a l u e  f r o m  s o m e  
f a i r l y  s m a l l  f i n i t e  s e t ;  f o r  e x a m p l e ,  in  a r e p r e s e n t a t i o n  of p l a y i n g  c a r d s ,  
the  s u i t  of the  c a r d  m i g h t  be r e p r e s e n t e d  by  an  i n t e g e r  b e t w e e n  one and 
f o u r ,  u s i n g  the  f o l l o w i n g  conven t ion :  

1 = a Club 

2 = a D i a m o n d  

3 = a Heart 
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4 = a Spade 

In ALGOL 60, and m a n y  o t h e r  p r o g r a m m i n g  l a n g u a g e s  at p r e s e n t ,  
t h i s  s o r t  of c o r r e s p o n d e n c e  t ab le  has  to  be  c o n s t a n t l y  b o r n e  in  m i n d  by the  
p r o g r a m m e r  o r  the  r e a d e r  of the  p r o g r a m ;  and e v e r y  t i m e  a t e s t  of the  
su i t  i s  m a d e  it  m u s t  be  e x p r e s s e d  n u m e r i c a l l y  in  a m a n n e r  which  is  as 
u n n a t u r a l  as the  use  of i n t e g e r  a d d r e s s e s  in  p r i m i t i v e  m a c h i n e  coding .  

What  is  r e q u i r e d  is  a d e c l a r a t i o n  which  a s s o c i a t e d  a n a m e d  s e t  of 
v a l u e s  wi th  a f in i t e  s e t  n a m e ,  and t h e n  p e r m i t s  the  p r o g r a m m e r  to  a s s i g n  
and t e s t  the  v a l u e s  u s i n g  t h e i r  m n e m o n i c  n a m e s .  E x a m p l e s  of f i n i t e  s e t  
d e c l a r a t i o n s  m i g h t  be  

s e t  s e x ( m a l e ,  f e m a l e ,  unknown);  

set suit(clubs° diamonds, hearts, spades); 


set alpha(A, B, C, D, E, F, G, H, I, J, K, L, M, N, O, P, Qm R, S, T, U, V, W, X, Y, Z); 


V a r i a b l e s  wh ich  take  v a l u e s  f r o m  the f in i t e  s e t  can  be d e c l a r e d  thus :  

m e m b e r  c a r d A ,  c a r d B  (s ui t) ,  f i r s t c h a r ,  l a s t c h a r ( a l p h a ) ;  

The  s a m e  t e c h n i q u e  of c a s e  e x p r e s s i o n s  and s t a t e m e n t s  as is  
p r o p o s e d  f o r  a m b i g u o u s  r e f e r e n c e s  can  a l s o  be u s e d  to d i s c r i m i n a t e  
b e t w e e n  v a l u e s  of a m e m b e r  v a r i a b l e ,  thus :  

if c a r d B  is  a d i a m o n d  t h e n  . . . . .  

o r  i f  i t  i s  a club o r  a h e a r t  t h e n  . . . . .  ; 
i i 

In  the  above  s t a t e m e n t ,  the  p r o g r a m m e r  o b v i o u s l y  b e l i e v e s  it  can ' t  
be  a s p a d e ;  and if  i t  t u r n s  out to be ,  the  r e s u l t  i s  u n d e r l i n e d .  

E x a m p l e  of E x t e n d e d  F a c i l i t e s .  . 

The f i r s t  e x a m p l e  of e x t e n d e d  f a c i l i t i e s  is  a r e c a s t i n g  of the  e x a m p l e  
of s e c t i o n  3. The d e c l a r a t i o n  f o r  the  r e c o r d  c l a s s  can  now b e c o m e :  

r e c o r d  c l a s s  p e r s o n ( m ,  f,  mo) ;  

B o o l e a n  m;  r e f e r e n c e  f, m o ( p e r s o n ) ;  

b e g i n  i n t e g e r  da te  of b i r t h ;  
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B o o l e a n  m a l e ;  


r e f e  f e n c e  fa the  r ,  m o t h e  r ,  


• y o u n g e s t  o f f s p r i n g ,  	e l d e r  s i b l i n g  (pe r son ) ;  

da te  of b i r t h :  = today;  

m a l e :  = m;  

f a t h e r :  = f; 

m o t h e r :  = m o ;  

e l d e r  s i b l i n g :  = y o u n g e s t  o f f s p r i n g ( f a t h e r ) ;  
k j  ¸ 

y o u n g e s t  o f f sp r ing :  = nu l l  

end  

Now the  s e c t i o n  of code r e p r e s e n t i n g  the  b i r t h  of a s o n  can be 
w r i t t e n  as  a s i n g l e  s t a t e m e n t :  

y o u n g e s t  o f f s p r i n g ( J a c k ) :  =pe r s  o n ( t r u e ,  J a c k ,  J i l l ) ;  

A s h o r t e r  v e r s i o n  of th i s  can  be ob ta ined  by  e x t e n d i n g  the use  of 
v a l u e  p a r a m e t e r s ,  thus :  


re  c o r d  c l a s s  pe r s  o n ( m a l e ,  f a the  r ,  m o t h e  r) ;  


va lue  m a l e ,  f a the  r ,  m o t h e  r;  r e f e r e n c e  f a t h e r ,  m o t h e  r (pe  rs  on); 

B o o l e a n  m a l e ;  

b e g i n  r e f e r e n c e  e l d e r  s i b l i n g ,  y o u n g e s t  o f f s p r i n g  (pe r son ) ;  

y o u n g e s t  o f f sp r ing :  = nul l ;  

e l d e r  s i b l i n g :  = y o u n g e s t  o f f s p r i n g ( l a t h e  r) 

en d  

A m o r e  s i g n i f i c a n t  e x a m p l e  is  t a k e n  f r o m  the  f i e l d  of s y m b o l  
m a n i p u l a t i o n ,  - the  r e p r e s e n t a t i o n  and p r o c e s s i n g  of a r i t h m e t i c  e x p r e s s i o n s .  
F o r  the  p u r p o s e s  of the  e x e r c i s e ,  an e x p r e s s i o n  is  e i t h e r  a p a i r  of 
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operands together  with an operation, a function designator  of a function with 
a s ingle  pa rame te r ,  a var iab le  or a constant. The following declara t ions  
suffice:  

s ope rat ion(sum, diffe rence ,  product, quotient); e ~  


union express ion(pa i r ,  function designator ,  var iab le ,  constant); 


record  c lass  pa i r  (op, left  operand, right operaud); 


value op, left operand, r ight operant;  


m e m b e r  op(operation); re fe rence  

u 

left  operand, right operand(expression);  


comment  this is  a dummy sta tement ;  


record  c lass  function designator(function part ,  pa ramete r ) ;  

value function part ,  pa rame te r ;  

r e fe rence  function part(function)• p a r a m e t e r  (expression);  

.record class  function(bound var iab le ,  body); 

value bound var iable•  body; 

re fe rence  bound var iab le  (variable)• body(expression) 

re cord class  var iable(name);  


value name;  

i 

s t r ing  name;  

re cord c lass  constant(value); 
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value  va lue ;  

r e a l  va lue;  

This  is  quite a long l i s t  of d e c l a r a t i o n s ,  e s p e c i a l l y  in  c o m p a r i s o n  
with m o s t  l i s t  p r o c e s s i n g  l anguages  which would not r e q u i r e  data  d e c l a r a t i o n s  
at  a l l .  Howeve r  the d e c l a r a t i o n s  in  fac t  r e p r e s e n t  e x a c t l y  the e x p l a n a t o r y  
m a t e r i a l  which m u s t  a c c o m p a n y  a l i s t  p r o c e s s i n g  a l g o r i t h m  to enable  the 
r e a d e r  to u n d e r s t a n d  what  i t  is  doing.  T h e r e  is  l i t t l e  h a r d s h i p  and much 
benef i t  in  e x p r e s s i n g  th i s  i n f o r m a t i o n  in  a s t a n d a r d  way,  so tha t  i t  can be 
unde r s tood  by a p r o g r a m m i n g  s y s t e m .  

As an example of an expression which can be represented as a 

structure in accordance with the declarations, take the expression: 


p-q  

P+q 

where p = g(x) 


q = g(x 2) 


and g = x. a+bx 


This  can be p i c tu red  in  the compu te r  by  th inking  of r e f e r e n c e s  as 
a r r o w s ,  and r e c o r d s  as a box with c o m p a r t m e n t s  conta in ing  (in the case  
of a r e f e r e n c e )  an ind i ca t ion  of the c l a s s  of r e c o r d  to which the r e f e r e n c e  
po in ts ,  o r  (for  a n o n - r e f e r e n c e  f ield)  i t s  va lue .  

T h e r e  a r e  two f e a t u r e s  wor thy  of note; f i r s t l y  tha t  common sub-
e x p r e s s i o n s  (p and q) a r e  dea l t  with in  a m a n n e r  m o s t  e conomic  of s t o r a g e ,  
and without the i n t roduc t ion  of a u x i l i a r y  v a r i a b l e s ;  and s e c o n d l y  tha t  the 
t echnique  of dea l ing  with bound v a r i a b l e s  avoids  a l l  p r o b l e m s  of co l l i s ion ,  
s i nce  t h e y  a r e  c l e a r l y  shown as d i f f e ren t  v a r i a b l e s ,  even  if t hey  happen 
to have  the s a m e  n a m e .  

As an  example  of a p r o c e d u r e  ope ra t i ng  on e x p r e s s i o n s  of th is  f o r m ,  
we take  the e l e m e n t a r y ,  but common ly  quoted, case  of s y m b o l i c  
diffe r en t i a t i on .  

r e f e r e n c e  ( exp res s ion )  p r o c e d u r e  de r iva t ive (e )  with r e s p e c t  t o :  (x); 
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refe  r en c e e  (exp re  s s ion),  x (va r iab le ) ;  


begin  


if  e is  a v a r i a b l e  then  de r iva t i ve :  = if e--x then  

cons tan t ( i )  

e l se  constant(O) 

o r i f  i t  is  a cons tan t  then  de r iva t ive :=  constant(O) 

o r  if  i t  is  a funct ion  d e s i g n a t o r  then  

begin  r e f e r e n c e  f, fdash(funct ion) ,  y (var iab le ) ,  g (express ion) ;  

g: =paramete r (e ) ;  


f :=function par t (e) ;  


y: =bound var iab le ( f ) ;  


fdash:  =function(y, de r iva t ive  (b ody(f), y)); 


de r iva t ive :  = 


pa i r (p roduc t ,  funct ion  des igna to r ( fdash ,  g), de r iva t ive  (g, x) 


end 

o r  if i t  is  a p a i r  then 

begin  r e f e r e n c e  u, v, udash,  vdash (expres s ion ) ;  

u: =left operand(e) ;  

v: =right operand(e}; 


udash:  = de r iva t ive (u ,  x); 


vdash:  = de r iva t ive (v ,  x); 


d e r i v a t i v e : = ~  op(e) is  	a sum then  

p a i r ( s u m ,  udash,  vdash) 
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o r  if  i t  is  a d i f fe rence  then 
i 

pair(riffle r ence ,  udash,  vdash)  

o r  ff i t  is  a p roduc t  then  

p a i r ( s u m ,  pa i r (p roduc t ,  u, vdash) ,  

pa i r (p roduc t ,  v, udash) 

o r  ff i t  is a quot ient  then  

pair(riffle r ence ,  pa i r (quot ien t ,  udash,  v), 

pa i r (p roduc t ,  e,  

pa i r (quot ien t ,  vdash ,  v)); 

coznment  th is  way of e x p r e s s i n g  the de r iva t ive  of a quot ient  is  m o r e  l ike ly  
to be computa t iona l ly  s u c c e s s f u l  than that  of the t r a d i t i o n a l  fo rmu la ;  

end 

end 

9. Impl i ca t ions  f o r  ALGOL 6Y. 

If ALGOL 6Y is  to  be a language in which it  is poss ib le  to p r o c e s s  
the language text  i t se l f ,  i t  i s  e s s e n t i a l  that  i t  should e m b r a c e  some  
conceptua l  f r a m e  work  fo r  the cons t ruc t ion ,  ana ly s i s ,  and p r o c e s s i n g  
of complex  ne tworks  of e l e m e n t s .  It is obvious that  the only s t r u c t u r i n g  
f ea tu r e  of ALGOL (the a r ray}  is i n a p p r o p r i a t e  f o r  the purpose .  It appear s  
a l so  tha t  the g e n e r a l i s a t i o n  of the a r r a y )  is  i n a p p r o p r i a t e  f o r  the purpose .  
I t  appea r s  a l so  that  the g e n e r a l i s a t i o n  of the a r r a y  s t r u c t u r e  provided  by 
E U L E R  and e l abo ra t ed  by the P r o p o s a l  on T r e e s  is somehow inadequate .  
It is  pos s ib l e ,  however ,  tha t  a deve lopment  of the r e c o r d  handl ing  techniques  
wLU be found to mee t  the r e q u i r e m e n t s .  

10. F o r m a l i t i e s  ( for  b a s i c  fac i l i ty ) .  

The fol lowing pages give the m a i n  addi t ions and changes  to the 
Rev i sed  Repor t  on ALGOL 60, which a re  r equ i r ed  to add a b a s i c  r e c o r d  
handl ing  f a c i l i t y  to the language.  

2 . 2 . 3  R e f e r e n c e  Value .  



AB21 p. 64 

< refe rence value• :: null 


A reference value null fails to designate a record; if a reference 

variable has this value, the result of its use in a record designator is 

unde f ined .  

2 . 3  	 D e l i m i t e  r s .  

Add to the  end of the  d e f i n i t i o n s  of d e c l a r a t o r  an  a d d i t i o n a l  t e r m :  

" r e f e r e n c e  r e c o r d  c l a s s " .  
i 

2.7 	 Q u a n t i t i e s ,  K i n d s ,  and S c o p e s .  

At  end  of f i r s t  s e n t e n c e ,  r e p l a c e  "and  p r o c e d u r e s "  b y  ",  p r o c e d u r e s ,  
references and records". 


2.8 	 Values and Types. 


At end  of f i r s t  p a r a g r a p h ,  r e p l a c e  " o r  a l a b e l "  b y  ",  a l a b e l  o r  a 
reference". 

Add a f t e r  t h i r d  p a r a g r a p h .  

" T h e  r e c o r d  c l a s s  a s s o c i a t e d  wi th  a r e f e r e n c e  de f ines  the c l a s s  to which  
a l l  r e c o r d s  r e f e r e n c e d  w i l l  be long .  " 

3. i. I Syn tax .  

R e p l a c e  the d e f i n i t i o n  ff s i m p l e  v a r i a b l e  by  the fo l l owing  f ive  
definitions: 


< simple v a r i a b l e  •::= <variable identifier • I 

< field designator•l,record designator• 


, field identifie r • ::= <identifie r • 


< field designator> ::= ,field identifier ~ <record designator> ) 


< reference identifier • ::= <identifier• 


< record designator> ::= < reference identifier>] <record class identifier • I 


< field reference identifier • ( ~record designator> ) 


<field reference identifier> ::= <identifier • 
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3 . 1 . 2  	 E x a m p l e s .  

Add the fol lowing:  

r e c o r d  d e s i g n a t o r :  

f a t h e r  (Jack) 

f i e ld  d e s i g n a t o r s :  

date of birth (e lde r  s ib l ing(Joan))  

o p e r a t o r  ( left  ope rand(expres s ion ) )  

3 . 1 . 3  	 S e m a n t i c s .  

Add at  end of p a r a g r a p h :  

The c l a s s  of a r e c o r d  r e f e r r e d  to by a r e c o r d  d e s i g n a t o r  
is  def ined by  the d e c l a r a t i o n  of the c o r r e s p o n d i n g  r e f e r e n c e  i d e n t i f i e r  
(of Sec t ion  5 5 R e f e r e n c e  De cla r a t ions ) .  

The type of the value of a f ie ld  d e s i g n a t o r  is  def ined by  the 
d e c l a r a t i o n  of the c o r r e s p o n d i n g  f ie ld  i d e n t i f i e r ,  which occur s  in the 
r e l e v a n t  r e c o r d  c l a s s  d e c l a r a t i o n  (cf Sec t ion  5.6  Record  C la s s  D e c l a r a t i o n s ) .  
In the case  of ne s t ed  r e c o r d  and f ie ld  d e s i g n a t o r s ,  the c l a s s  and type can be 
d e t e r m i n e d  by r e c u r s i v e  app l i ca t ion  of the above r u l e s .  

Add: 


3 . 2 . 6  	 R e c o r d  D e s t r o y i n g  P r o c e d u r e .  

In addi t ion  to s t a n d a r d  func t ions ,  i t  is  r e c o m m e n d e d  tha t  
c e r t a i n  s t a n d a r d  p r o c e d u r e s  be def ined.  Among t he se ,  i t  is  r e c o m m e n d e d  
tha t  t h e r e  should  be one, n a m e l y :  

des t roy(V)  

which r e m o v e s  	f r o m  e x i s t e n c e  the r e c o r d  des igna ted  by  the v a r i a b l e  V. 

This  p r o c e d u r e  has  the e f fec t  of r e n d e r i n g  undefined any 
p r o g r a m  which a t t empts  s u b s e q u e n t l y  to r e f e r  to the d e s t r o y e d  r e c o r d .  
It has  no ef fec t  on any  p r o g r a m  which avoids  such  r e f e r e n c e ,  o the r  than 
p o s s i b l y  to expedi te  i t s  s u c c e s s f u l  execu t ion  on a comput ing mach ine .  
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5. 	 D e c l a r a t i o n s .  

R e p l a c e  l a s t  p a r t  of th is  s e c t i o n  

("No i d e n t i f i e r  m a y  be . . .  < p r o c e d u r e  dec l a r a t i on>  ") 

by:  

No i d e n t i f i e r  m a y  be d e c l a r e d  m o r e  than  once  in  any  one b l o c k  head ,  wi th  
the  e x c e p t i o n  of a f i e l d  i d e n t i f i e r  d e c l a r e d  s e v e r a l  t i m e s  in  d i s j o i n t  r e c o r d  

c l a s s  d e c l a r a t i o n s .  


Syntax .  


< de c l a r a t i o n  • : :  = ~ type  de c l a r a t i o m  I ~ a r r a y  

d e c l a r a t i o n •  I ~ p r o c e d u r e  de c l a r a t i o n  • I 
r e f e r e n c e  d e c l a r a t i o n  >1 ~ r e c ° r d  c l a s s  


d e c l a r a t i o n  > 


Add a f t e r  the  end  of 5 . 4 . 6 :  


5 .5  	 R e f e r e n c e  D e c l a r a t i o n s .  

5.5.1 	 Syntax. 


< r e f e r e n c e  s e g m e n t  • : :  = ~ re fe  r e n c e  i den t i f i e r > 

( ~ r e c o r d  c l a s s  i d e n t i f i e r > )  

~ r e f e r e n c e  i d e n t i f i e r  •, < r e f e r e n c e  s e g m e n t  • 

<refe f e n c e  l i s t  • : :  = < r e f e r e n c e  s e g m e n t  > 

< r e f e r e n c e  s e g m e n t  •, ~ r e f e r e n c e  l i s t  • 

< r e f e r e n c e  d e c l a r a t i o n • : : =  r e f e r e n c e ~  r e f e r e n c e  l i s t>  

5 . 5 . 2  	 E x a m p l e s .  

r e f e r e n c e  le f t  o p e r a n d ,  r i gh t  o p e r a n d  

(combination), vbl(va riable) 
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r e f e r e n c e  m o t h e r ,  f a t h e r ( p e r s o n )  

5 . 5 . 3  S e m a n t i c s .  

A r e f e r e n c e  d e c l a r a t i o n  s e r v e s  to i n t r o d u c e  one o r  s e v e r a l  i d e n t i f i e r s  
to  r e p r e s e n t  v a r i a b l e s  wh ich  wi l l  t ake  v a l u e s  of type r e f e ' r e n c e .  Al l  the  
v a r i a b l e s  d e c l a r e d  in  a r e f e r e n c e  s e g m e n t  a r e  a s s o c i a t e d  wi th  the r e c o r d  
c l a s s  d e s i g n a t e d  by  the  i d e n t i f i e r  in  p a r e n t h e s i s ,  and the  r a n g e  of r e f e r e n c e  
v a l u e s  wh ich  t h e y  a r e  p e r m i t t e d  to t ake  is  r e s t r i c t e d  to r e f e r  to r e c o r d s  of 
this c l a s s .  

5 .6  R e c o r d  C l a s s  D e c l a r a t i o n s .  

5.6.1 Syntax. 


• record class declaration >::= 


record class •record class identifier>; 


be~in •field declaration list> end 


• field de claration list > :: = ~field 


declaration> I 


< f i e ld  d e c l a r a t i o n  • , • f i e l d  d e c l a r a t i o n  l i s t>  


• f i e l d  d e c l a r a t i o n  • ::= <type d e c l a r a t i o n  • 

• r e f e r e n c e  de c l a r a t i on>  

5.6.2 Examples. 


record class customer; 


b e g i n  i n t e g e r  t i m e  of jo in ing  queue ,  


r e q u i r e m e n t ;  


r e f e r e n c e  nex t  ( c u s t o m e r ) ,  s t a t i o n  f o r  


( s ta t ion)  


end  




r e c o r d  	c l a s s  l ine;  

beg in  r e a l  length;  

r e f e r e n c e  ~ e x t  p a r a l l e l ,  p rev ious  

p a r a l l e l ( l i n e ) ,  

s t a r t i n g  point ,  f i n i sh ing  point  

(point}, l o w e r  polygon,  upper  

polygon (polygon) 

end 

r e c o r d  c l a s s  pa i r ;  

beg in  i n t e g e r  ope ra to r ;  

r e f e r e n c e  lef t  operand,  r igh t  operand  

(pair},  vb l (va r i ab le )  

end 

5 . 6 . 3  A r e c o r d  c l a s s  d e c l a r a t i o n  s e r v e s  to define the s t r u c t u r a l  p r o p e r t i e s  
of r e c o r d s  be longing  to the c l a s s .  The p r i n c i p a l  cons t i tuen t  of a r e c o r d  c l a s s  
d e c l a r a t i o n  is  a sequence  of d e c l a r a t i o n s  which define the f ie lds  of the r e c o r d  
t h e i r  types  and n a m e s .  

E v e r y  r e c o r d  belongs  to one and only one c l a s s ;  with e v e r y  r e f e r e n c e  
v a r i a b l e  t h e r e  i s  a s s o c i a t e d  the i d e n t i f i e r  of the r e c o r d  c l a s s  to which any 
r e c o r d  des igna ted  by it  wi l l  belong.  

The cons t i tuen t  f i e lds  of a r e c o r d  a r e  des igna ted  by f i e ld  d e s i g n a t o r s ,  
c o n s i s t i n g  of the r e l e v a n t  f ie ld  i d e n t i f i e r  fol lowed in p a r e n t h e s e s  by  a r e c o r d  
d e s i g n a t o r .  This  r e c o r d  d e s i g n a t o r  m u s t  e i t h e r  be,  or  begin  with,  a 
r e f e r e n c e  v a r i a b l e  a s s o c i a t e d  with the r e c o r d  c l a s s  in the d e c l a r a t i o n  fo r  
which the f i e ld  was d e c l a r e d .  

A r e c o r d  c l a s s  i d e n t i f i e r  a p p e a r i n g  in a r e f e r e n c e - v a l u e d  
e x p r e s s i o n  ac ts  as a p a r a m e t e r l e s s  funct ion  de s igna to r ,  and de l i ve r s  as 
i t s  va lue  a r e f e r e n c e  to a new r e c o r d  of tha t  c l a s s .  
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