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Abstract 

L a n g u a g e i m p l e m e n t o r s f r e q u e n t l y make p r e - e m p t i v e dec i s i ons c o n c e r n i n g t h e e x a c t 
i m p l e m e n t a t i o n s of l a nguage f e a t u r e s . These dec i s i ons cons t r a i n p r o g r a m m e r s ' c o n t r o l o v e r 
t h e i r c o m p u t a t i o n s and may tempt them to w r i t e i nvo lu ted code to ob t a i n s p e c i a l (o r e f f i c i e n t ) 
e f f e c t s . In m a n y c a s e s , w e c an d i s t i ngu i sh some p r ope r t i e s of a l anguage f a c i l i t y tha t a r e 
e s s e n t i a l to t he s e m a n t i c s and o t he r p r o p e r t i e s that are i nc iden ta l . Recen t a b s t r a c t i o n 
t e c h n i q u e s e m p h a s i z e d e a l i n g w i t h s u ch d i s t i nc t i ons b y s epa r a t i n g the p r o p e r t i e s tha t a r e 
n e c e s s a r y to p r e s e r v e the seman t i c s f r om the deta i l s for wh i c h some de c i s i o n must b e m a d e 
b u t m a n y c h o i c e s a r e a dequa t e . We sugges t he r e that t hese ab s t r a c t i o n t e c h n i q u e s c a n b e 
a p p l i e d to t he p r o b l e m of p r e - e m p t i v e language dec i s i ons b y s p e c i f y i n g t he e s s e n t i a l 
p r o p e r t i e s of l a n g u a g e s fac i l i t i e s in a s k e l e t on base language and de f i n i ng i n t e r f a c e s tha t w i l l 
a c c e p t a v a r i e t y of imp l emen t a t i o n s that d i f f e r in o the r de ta i l s . 
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G o v e r n m e n t . 
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1. Introduction 

T r a d i t i o n a l l y , the d e s i g n e r s and imp lemen to r s of p r og r amming l anguages h a v e m a d e a 

n u m b e r o f d e c i s i o n s abou t the na tu r e and r e p r e s e n t a t i o n of v a r i o u s l anguage f e a t u r e s t ha t 

t h e a u t h o r s f e e l a r e u n n e c e s s a r i l y p r e - e m p t i v e . For examp le , s u ch de c i s i o n s a re c o m m o n l y 

m a d e a b o u t a r r a y s : most l a nguage s s uppo r t on l y r ec tangu la r a r r a y s , and e a c h i m p l e m e n t a t i o n 

g e n e r a l l y u s e s s o m e pa r t i c u l a r r e p r e s e n t a t i o n , su ch as r o w - m a j o r o r d e r , f o r al l a r r a y s . 

N e i t h e r o f t h e s e c h o i c e s is l og i ca l l y n e c e s s a r y : a l anguage cou l d , f o r e x a m p l e , p e r m i t 

t r i a n g u l a r a r r a y s o r a r r a y s in w h i c h ea ch r ow has a d i f f e ren t l eng th , and t h e r e a r e m a n y 

p o s s i b l e r e p r e s e n t a t i o n s e v e n fo r s imp le r e c t angu l a r a r r a y s . 

In m a n y , e v e n mos t , s i t u a t i on s , the Kinds of l anguage and imp lemen ta t i on d e c i s i o n s t o w h i c h 

w e r e f e r a r e b e n e f i c i a l . The p r o g r a m m e r usua l l y doesn ' t c a r e wha t r e p r e s e n t a t i o n is c h o s e n 

f o r a r r a y s , f o r e x a m p l e , and the de fau l t dec i s i ons have b e e n r e f i n ed t h r o u g h l o ng e x p e r i e n c e 

t o y i e l d r e p r e s e n t a t i o n s that a r e b r o a d l y a c cep tab l e . Un f o r t una t e l y , p r e c i s e l y t h e s a m e 

d e c i s i o n s o c c a s i o n a l l y h a v e a de t r imen ta l e f fec t on bo t h p r o g r a m c l a r i t y ( s t r u c t u r e ) a n d 

e f f i c i e n c y . The a u t h o r s h a v e s e e n numerous examp le s of FORTRAN p r o g r a m s that s t o r e t w o 

t r i a n g u l a r m a t r i c e s (one of t hem t r a n spo s ed ) in the same F O R T R A N a r r a y . T h e r e s u l t i n g 

p r o g r a m is g e n e r a l l y e x t r e m e l y d i f f i cu l t to unde r s t and s ince a t e rm l ike A(IJ) may r e f e r t o a n 

e l e m e n t of e i t h e r ma t r i x . In add i t i on , it is e r r o r - p r o n e be cau se the c o r r e s p o n d e n c e o f 

s u b s c r i p t s to r o w s and co l umns is not cons i s t en t . Such p r og r ams may a!s$ b e s l o w e r t h a n 

o n e m igh t l i ke s i n c e most imp l emen ta t i on s are t uned to v a r y i n g the same s u b s c r i p t p o s i t i o n 

m o s t r a p i d l y f o r al l a r r a y s ; s i n ce one matr ix is t r a n s p o s e d in the a r r a y , a c c e s s to o n e o r t h e 

o t h e r is n e c e s s a r i l y n o n - o p t i m a l . 

A l t h o u g h o n e may q u e s t i o n the p r og r amme r ' s w i s dom in pack i ng t w o ma t r i c e s t o g e t h e r i n 

t h i s w a y , t he fau l t a c t ua l l y l i es more w i t h FORTRAN and its imp l emen ta t i ons t h an w i t h t h e 

p r o g r a m m e r . T h e p r o g r a m m e r needed a compac t l y imp lemen ted ab s t r a c t i o n ( t r i a ngu l a r a r r a y s ) , 

b u t t h e l a n g u a g e / i m p l e m e n t a t i o n comb ina t i on ne i t he r p r o v i d e d it no r p r o v i d e d a w a y t o 

d e f i n e i t . In at l ea s t s ome of t h e s e cases , the s pa ce that wou l d have b e e n w a s t e d b y u s i n g 

t w o fu l l r e c t a n g u l a r a r r a y s w o u l d have p r e v e n t e d the p r og r am f r om r unn i ng at a l l ! T h u s , t h e 

p r o g r a m m e r r e a l l y h a d l i t t l e c ho i c e . 

T h e p u r p o s e of th i s no t e is to advoca te a somewha t d i f f e r en t p h i l o s o p h y of l a n g u a g e 

d e s i g n . W e w i l l e x p l o r e a c o l l e c t i o n of p r e - e m p t i v e dec i s i ons , and w e w i l l o b s e r v e t ha t t h e 

a b s t r a c t i o n f a c i l i t i e s of m o d e r n l anguages s u ch as A l p h a r d [Wulf 76 ] , C L U [ L i s k o v 7 7 ] , E u c l i d 

[ L a m p s o n 7 7 ] , G y p s y [ A m b l e r 7 7 ] , A d a [ Ichb iah 79 ] , and so on p r o v i d e an a b s t r a c t i o n f a c i l i t y 

a d e q u a t e to e x p r e s s the k i nds of dec i s i on s that have t r ad i t i ona l l y b e e n p r e - e m p t e d . T h e s e 

a b s t r a c t i o n f a c i l i t i e s , c o u p l e d w i t h a ph i l o s ophy that the dec i s i ons s hou l d not b e p r e - e m p t e d 
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b y t h e l a n g u a g e d e s i g n , c a n sub s t an t i a l l y enhance the ex tent to wh i c h l a nguage s p e r m i t u s t o 

e x p r e s s w e l l - s t r u c t u r e d and e f f i c i en t p r og r ams . 

In m a n y c a s e s , w e c a n r e a d i l y d i s t i ngu i sh some p r ope r t i e s of a l anguage f e a t u r e tha t a r e 

e s s e n t i a l to i t s s e m a n t i c s and o t h e r p r o p e r t i e s that are inc identa l . A n a r r a y i m p l e m e n t a t i o n , 

f o r e x a m p l e , mus t e s t a b l i s h a o n e - t o - o n e c o r r e s p o n d e n c e b e t w e e n s u b s c r i p t v a l u e s a n d 

m e m o r y l o c a t i o n s . H o w e v e r , ne i t he r the o r d e r in wh i ch the loca t ions a re l a id out in m e m o r y 

n o r t h e a l g o r i t h m u s e d to a ch i e v e the mapp ing is essen t i a l to a ch i ev i ng the d e s i r e d e f f e c t . 

S i n c e a b s t r a c t i o n f a c i l i t i e s a re c o n c e r n e d w i t h p r e c i s e l y the d i s t i n c t i on b e t w e e n s p e c i f i c a t i o n 

( s e m a n t i c s ) a n d i m p l e m e n t a t i o n , w e sha l l advoca te a language de s i gn p h i l o s o p h y in w h i c h only 

t h e e s s e n t i a l s e m a n t i c s of l anguage fac i l i t ies are de f i ned for the base l anguage , a nd a d a t a 

a b s t r a c t i o n m e c h a n i s m p e r m i t s the p r og r ammer to p r ov i de a v a r i e t y of i m p l e m e n t a t i o n s t h a t 

d i f f e r o n l y in s e m a n t i c a l l y i n e s sen t i a l w a y s * . The semant i cs of the l a nguage t h e r e f o r e 

b e c o m e " r e l a t i v e " to the s eman t i c s of the p r o g r a m m e r - s u p p l i e d c o m p o n e n t s o f t h e 

i m p l e m e n t a t i o n , a nd the c o r r e c t n e s s of the who l e wi l l d e p e n d on the c o r r e c t n e s s o f t h e 

p r o g r a m m e r - s u p p l i e d c o m p o n e n t s . Thus , the "essent ia l seman t i c s " of the l a nguage i n c l u d e s a 

c o l l e c t i o n of p r o p e r t i e s that must be p r o v e n for the p r o g r a m m e r - s u p p l i e d i m p l e m e n t a t i o n s . 

T h e p r o o f s of t h e s e p r o p e r t i e s a re no d i f f e ren t f rom those for p r o g r a m m e r - s u p p l i e d 

d e f i n i t i o n s tha t e x t e n d the l anguage , so the sa f e t y of the r e su l t i ng s y s t e m is in no w a y 

c o m p r o m i s e d . 

It is p e r h a p s w o r t h no t i ng the d i f f e r en ce b e t w e e n the ph i l o s ophy that w e sha l l e s p o u s e 

a n d o n e tha t w e b e l i e v e to be p r e va l an t in the data abs t r a c t i on l anguage c o m m u n i t y . In l a r g e 

m e a s u r e , t he p o p u l a r image of da ta ab s t r a c t i on mechan isms is that t h e y p r o v i d e a w e a k , b u t 

i m p o r t a n t , f o r m of l a nguage e x t e n s i o n . That is, t hey p r ov i de the means b y w h i c h o n e e x t e n d s 

a l a n g u a g e " u p w a r d " to i n c l ude new data t y p e s not p re sen t in the ba s e l a nguage ( w h i c h i s 

g e n e r a l l y c h o s e n to be r o u g h l y the l eve l of Pasca l ) . The au thors w h o l e h e a r t e d l y s u b s c r i b e t o 

t h e i d e a of u p w a r d e x t e n s i o n ; it is an impor tan t i ng red ien t of mode r n no t i on s of s o f t w a r e 

e n g i n e e r i n g . H o w e v e r , w e a l so b e l i e v e that con t ro l of dec i s i ons below t he l e v e l o f a 

P a s c a l - l i k e l a n g u a g e a r e a l so impor tan t — and that is the i ssue w e w i s h to e x p l o r e i n t h i s 

n o t e . 

N o i e that default definitions should still be provided for the programmer who chooses not to be concerned w i t h 
t h e s e details. 
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2. Traditionally Pre-empted Decisions 

l a t h i s s e c t i o n w e sha l l s imp l y l ist a set of dec i s i ons that h a v e t r a d i t i o n a l l y b e e n 

p r e - e m p t e d — u n n e c e s s a r i l y , w e be l i e v e . Th is list is not i n t ended to be e x h a u s t i v e ; t h e 

r e a d e r m a y w e l l b e ab l e to add o the r dec i s i ons . Rather , it is i n t e n d e d as a b a s i s f o r 

d i s c u s s i n g s o m e w a y s in w h i c h da ta ab s t r a c t i on and language changes c ou l d h e l p to b r i n g 

s o m e of t he d e c i s i o n s unde r the p r og r ammer ' s c on t r o l . We sha l l a l so g i v e s o m e b r i e f 

e x a m p l e s o f f a c i l i t i e s that h a v e not p r e - e m p t e d these dec i s i ons ; the in tent of t h e s e c o m m e n t s 

i s l i k e w i s e not to b e e x h a u s t i v e , but r a the r to i l l us t ra te that p r e - e m p t i o n is not a n e c e s s a r y 

p r o p e r t y of l a n g u a g e d e s i g n . F ina l l y , note that not all of these i s sues a r i s e in all l a n g u a g e s . 

In p a r t i c u l a r , s o m e a p p e a r o n l y in l anguages that p r o v i d e a v/ay for a p r o g r a m m e r to d e f i n e 

n e w d a t a t y p e s . W e i n c l ude t ho se i s sues he re , h o w e v e r , be cause an impo r t an t c l a s s of n e w 

l a n g u a g e s is i n v o l v e d and b e c a u s e t h e y i l l us t ra te some of the i n t e r a c t i on s among f e a t u r e s 

t h a t m a y o c c u r in the p r o c e s s of l anguage des i gn . 

- Storage layout: S e v e r a l de c i s i on s are ac tua l l y i n vo l v ed he r e , i n c l ud i ng t he 
t r e a t m e n t s of s c a l a r r e p r e s e n t a t i o n s , a r r a y r e p r e s en t a t i o n s , r e c o r d e l e m e n t 
r e p r e s e n t a t i o n s , and pa c k i ng . The r e are s e v e r a l a l t e rna t i ve cho i c e s fo r e a c h of 
t h e s e , a nd it is not a priori c l ea r wh i c h is best ; i ndeed it is c l ea r that no s i n g l e 
o n e is b e s t in all c a s e s . V a r i o u s d e g r e e s of c on t r o l o v e r t he se d e c i s i o n s h a v e 
b e e n p r o v i d e d in l a nguage s . M a n y o lde r l anguages (e.g., F O R T R A N and A L G O L ) 
p r o v i d e d no c o n t r o l at a l l . Some l anguages have p r o v i d e d l im i ted c o n t r o l i n t h e 
f o r m of s p e c i f i c a t i o n that a r e c o r d is to be " p a c k e d " — but not a d e t a i l e d 
s p e c i f i c a t i o n of the p a c k i n g i tse l f . Other l anguages , such as Ada , h a ve p e r m i t t e d 
d e t a i l e d c o n t r o l o y e r p a c k i ng s t r a t egy , s i ze of v a r i ab l e s , i n t e rna l v a l u e s f o r 
e l e m e n t s of an e n u m e r a t i o n , and so on; e v e n Ada , h o w e v e r , d o e s not a l l ow 
( r e ) d e f i n i t i o n o f a r r a y r e p r e s e n t a t i o n s . In con t r a s t , B l i s s s ub s t an t i a l l y d e p a r t s 
f r o m t h e "no c o n t r o l " a p p r o a c h — in B l i ss the p r og r amme r mast p r o v i d e a 
m a c r o - l i k e d e f i n i t i o n of the a c ce s s i ng a lgor i thm for e v e r y n ew da t a s t r u c t u r e , 
a n d t h u s mast s p e c i f y e v e r y deta i l of the r e p r e s en t a t i o n (Sec t i on 4.2 e l a b o r a t e s 
o n th i s ) . 

- Declarations, initialization, finalization: In most p r og r amming l a nguage s , t h e 
d e c l a r a t i o n o f a v a r i a b l e may cause s e v e r a l th ings to h a p p e n : a l l o ca t i on of s p a c e 
f o r t h e v a r i a b l e , b i n d i n g of the name to the add res s (or o f f s e t ) of th is s p a c e , a n d 
i n i t i a l i z a t i o n of t he v a l u e of the va r i ab l e . In add i t ion , it may imp l y s o m e 
" f i n a l i z a t i o n " a c t i on s w h e n c on t r o l l eaves the s cope in w h i c h the v a r i a b l e is 
d e c l a r e d , mos t n o t a b l y dea l l o ca t i on of the space . Un f o r t una t e l y , t h e s e a c t i o n s 
a r e u s u a l l y o n l y d e f i n e d for the base t y p e s of the l anguage and a re s i m p l y 
e x t e n d e d o n a de f au l t ba s i s fo r p r o g r a m m e r - d e f i n e d t y p e s . To s u p p o r t s o m e 
a s p e c t s of m o d e r n p r o g r a m m i n g me thodo l ogy , h o w e v e r , it is n e c e s s a r y f o r t h e 
p r o g r a m m e r to c o n t r o l t he se ac t ions . For examp le , t y p e - s p e c i f i c i n i t i a l i z a t i o n 
a c t i o n s m a y b e n e c e s s a r y in o r d e r to e s t ab l i s h an invar ian t p r o p e r t y of t he t y p e 
( tha t is , to a s s u r e a v a l i d in i t ia l va lue) . A l p h a r d p r o v i d e s fu l l i n i t i a l i z a t i on a n d 
f i n a l i z a t i o n f a c i l i t i e s ; A d a p r o v i d e s l imi ted in i t i a l i za t ion fac i l i t i es that c an b e u s e d 
t o a c h i e v e fu l l i n i t i a l i z a t i on w i t h minor c i r cum locu t i on . 
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- Built-in operators and the semantics of assignment and equality: T he r e a d a b i l i t y 
o f a . p r o g r a m is s u b s t a n t i a l l y enhanced w h e n inf ix no ta t i on c an be u s e d f o r 
o p e r a t o r s , p a r t i c u l a r l y w h e n the the new l y de f i n ed t y p e s a re f am i l i a r 
m a t h e m a t i c a l o n e s (e.g., comp lex ) . Many languages [Schuman 7 1 ] h a v e p r o v i d e d 
w a y s t o e x t e n d , o r o v e r l o a d , the bu i l t - i n ope r a t o r s ; bo t h A l g o l 6 8 and A d a 
p r o v i d e th i s f a c i l i t y , f o r e xamp l e . Un fo r tuna te l y , these l anguages h a v e p r o v i d e d 
no w a y to c o n t r o l the add i t i ona l p r o p e r t i e s that are usua l l y , bu t not a l w a y s , 
a s s u m e d f o r t he b u i l t - i n o p e r a t o r s (for examp le , is an o v e r l o a d i n g of V 
c o m m u t a t i v e a n d a s soc i a t i ve? ) . E v e n in l anguages that pe rm i t o v e r l o a d i n g , 
o v e r l o a d i n g o f a s s i gnmen t and equa l i t y are o f t en sub jec t to s pe c i a l r e s t r i c t i o n s 
o r p r o h i b i t e d e n t i r e l y ; w e su spe c t that this is because the " n o rma l " s eman t i c s of 
t h e s e o p e r a t i o n s a re so impor tan t to a p r og ram. H o w e v e r , t y p e - s p e c i f i c 
d e f i n i t i o n s of t h e s e o p e r a t i o n s can be made sa fe l y and are s ome t imes e s s e n t i a l 
t o p r e s e r v e t he s eman t i c s of a new t y pe . 

- Dynamic storage allocation: S t o r age a l loca tors t yp i c a l l y i n c o r p o r a t e p o l i c i e s 
c o n c e r n i n g s e a r c h s t r a t e g y , g a r b age co l l ec t ion , co l l aps ing ad jacen t f r e e ce l l s t o 
l imit f r a g m e n t a t i o n , and so on . P r ob l em- spe c i f i c c h a r a c t e r i s t i c s s t r o n g l y 
i n f l u e n c e t he b e s t d e c i s i o n s about these po l i c ies . Fo r e xamp l e , in s ome c a s e s 
p r i o r k n o w l e d g e abou t r eque s t s i z e s or o r de r of a l locat ion and d e a l l o c a t i o n m a y 
m a k e e x t r e m e l y e f f i c i en t a l l oca t ion poss ib l e . Euc l id p r o v i d e s zones to a l l ow 
p r o g r a m m e r s to d e f i n e spec i f i c a l loca t ion a lgor i thms; this mechan i sm is d i s c u s s e d 
i n S e c t i o n 4 .3 . A d a pe rm i t s r ud imen t a r y con t ro l o v e r dynamic s t o r a g e a l l o c a t i o n 
v i a a m e c h a n i s m f o r d e t e rm i n i n g the s i z e of the s t o r age poo l f o r e a c h t y p e o f 
d y n a m i c a l l y - a l l o c a t e d v a r i a b l e , but the a lgor i thm for manag ing th is s t o r a g e p o o l 
is f i x e d f o r e a c h imp l emen t a t i o n . 

- Loop control: W h e n a p r o g r a m i t e ra te s s y s t ema t i ca l l y o v e r a da t a s t r u c t u r e , t h e 
d e s i g n e r of tha t d a t a s t r u c t u r e is in a much be t t e r pos i t i on t han t he l a n g u a g e 
d e s i g n e r to k n o w the most a pp r op r i a t e or e f f i c ient o r d e r fo r p r o c e s s i n g t h e 
e l e m e n t s of t he s t r u c t u r e . In add i t ion , d i f f e ren t t r a v e r s a l p a t t e r n s may b e 
p r e f e r r e d in v a r i o u s s i t ua t i ons . A l p h a r d and C L U p r o v i d e means f o r t he d e s i g n e r 
o f a d a t a s t r u c t u r e to p r o v i d e a lgor i thms for s upp l y i n g e l emen t s to l o o p s . T h e 
A l p h a r d s c h e m e is d i s c u s s e d in Sec t i on 4.1. 

- Scheduling and synchronization: In spec i f i c s y s t ems , the p r o g r a m m e r may h a v e 

. t h e n e e d o r d e s i r e to e x p r e s s the r e l a t i ve p r i o r i t i e s o r dead l i ne s of s e p a r a t e 

t a s k s . A l t e r n a t i v e l y , the p r og r amme r may have k now l edge of c o d e o r d a t a 
s h a r i n g tha t make s c o - s c h e d u l i n g of c e r t a i n tasks v a s t l y more e f f i c i en t t h a n 
i n d e p e n d e n t s c h e d u l i n g . S im i l a r l y , c e r t a i n s yn ch r on i z a t i o n and c o m m u n i c a t i o n 
s c h e m e s m a y b e b o t h more na tu ra l and more e f f i c ient fo r c e r t a i n p r o b l e m 
decompos i t i ons* . P a r a l l e l i sm , of c ou r s e , has not b e en common in l a nguage s o t h e r 
t h a n t h o s e f o r s imu l a t i on and r ea l - t ime app l i ca t ions . L anguages s u c h as A d a , 
C o n c u r r e n t P a s c a l [ B r i n c h Hansen 7 5 ] and Modu la [W i r th 7 7 ] h a v e f o l l o w e d t h e 
t r a d i t i o n a l a p p r o a c h and p r o v i d e d s ing le fac i l i t ies and imp l emen ta t i on s — t h e 
m a x i m u m v a r i a b i l i t y b e i n g the ab i l i t y to de f ine the re l a t i ve p r i o r i t y of p r o c e s s e s . 

T h e r e a r e , o f c o u r s e , many o t h e r cand ida te s for n o n - p r e e m p t i v e dec i s i on s ; among t h e m a r e 

t y p e - s p e c i f i c i n p u t / o u t p u t ( i n c l ud ing the mapp ing to and f rom l i t e ra l s of a u s e r - d e f i n e d t y p e ) , 

t h e d e t a i l s o f p r o c e d u r e i n v o c a t i o n and pa r ame te r b ind ing , and the p r o c e s s i n g of e x c e p t i o n s 

( e s p e c i a l l y t h e p o l i c y f o r l o ca t i ng a hand le r ) . 
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3. Some Consequences of Pre-emptive Decisions 

In t h e i n t r o d u c t i o n w e a l l uded to the negat i ve c on sequence s of p r e - e m p t i v e d e c i s i o n s ; i n 

t h i s s e c t i o n w e w i l l amp l i f y o n those remarks . In r ead ing th is , the r e a d e r s h o u l d r e m e m b e r 

t ha t o f t e n t h e d e f au l t d e c i s i o n s made b y language des i gne r s and imp l emen t o r s a r e p e r f e c t l y 

a d e q u a t e . W e a r e not r e c o m m e n d i n g that all low l eve l dec i s i ons s h ou l d b e made b y all 

p r o g r a m m e r s f o r every p r o g r a m t h e y w r i t e . Rather , we are r e c ommend i ng tha t , i n t h o s e 

c a s e s w h e r e the de f au l t d e c i s i o n may be i n app rop r i a t e , it s hou l d be p o s s i b l e f o r t h e 

p r o g r a m m e r to o v e r r i d e it in a sa f e and s t r u c t u r ed manner . In p r a c t i c e , w e e x p e c t tha t t h e 

d e c i s i o n s to c h a n g e imp l emen t a t i o n s s e l e c t ed b y the language d e s i g n e r s w i l l u s u a l l y b e m a d e 

as p a r t o f t h e t u n i n g p r o c e s s that goes on in the f inal s tages of a p r o j e c t ; in a d d i t i o n , w e 

e x p e c t t ha t t h e m o d i f i c a t i o n s w i l l g ene r a l l y be made b y spec i a l i s t s in s u c h ma t t e r s , not b y a l l 

p r o g r a m m e r s as a m a t t e r of c o u r s e . 

T h e f a t a l f l a w of p r e - e m p t i v e l anguage dec i s i ons a r i ses f r om the i r con f l i c t w i t h o n e of t h e 

m o s t f u n d a m e n t a l p r e c e p t s of s t r u c t u r e d p rog ramming , o r i g i na l l y e n u n c i a t e d b y P a r n a s 

[ P a r n a s 7 2 ] : t h e order in w h i c h de s i gn dec i s ions are made is c ruc i a l . One must first m a k e 

t h o s e g l o b a l d e c i s i o n s that a re least l i ke ly to be changed ; one s hou l d postpone t h o s e 

d e c i s i o n s tha t a r e mos t l i k e l y to be changed . Dec i s ions cannot be p o s t p o n e d f o r e v e r , o f 

c o u r s e , bu t o n e s h o u l d wa i t unt i l the maximal i n fo rmat ion is ava i l ab le . Th i s is t he e s s e n c e o f 

t h e " t o p - d o w n " d e s i g n m e t h o d o l o g y . One f i rs t makes ( on l y ) , h i g h - l e v e l o r g a n i z a t i o n a l 

d e c i s i o n s . O n l y t h r o u g h r e f i n emen t does one wo r k d own to the l owes t l e v e l . 

In a p u r e l y t o p - d o w n d e s i g n , the last dec i s i ons to be made a re u sua l l y t he l o w e s t l e v e l 

r e p r e s e n t a t i o n a l c h o i c e s . T h e dec i s i on s w e have t e rmed " p r e - e m p t i v e " a r e a l so , g e n e r a l l y 

s p e a k i n g , r e l a t i v e l y l ow l e v e l ; i n d eed , the conven t i ona l ra t iona le fo r p r e - e m p t i n g t h e m is t ha t 

t h e y a r e s o l o w - l e v e l that " the p rog rammer shou ldn ' t n eed to w o r r y a bou t t h e m " . 

U n f o r t u n a t e l y , w h i l e t h e r e is a g o o d dea l of t ru th in this, it is p r e c i s e l y the po in t o n w h i c h t h e 

t r a d i t i o n a l a p p r o a c h to l a nguage de s i gn runs afoul of a t o p - d o w n a p p r o a c h to p r o g r a m 

d e s i g n . M a k i n g r e p r e s e n t a t i o n a l c ho i c e s at language de s i gn o r imp l emen t a t i o n t ime is a b o u t 

a s e a r l y as p o s s i b l e not as la te as poss i b l e . Consequen t l y , t h e y are n e c e s s a r i l y m a d e w i t h 

o n l y a v a g u e image of t h e i r t y p i c a l use — not a de ta i l ed k now l edge of t he i r u se in a s p e c i f i c 

p r o g r a m . 

W e c a n s e e m a n y c o n s e q u e n c e s of the gene ra l a rgument a bo ve : 

-Introducing circumlocutions: S i tua t ions such as the pack i ng of t w o t r i a n g u l a r 
m a t r i c e s in o n e a r r a y , men t i o ned in the i n t roduc t i on , a re c i r c um l o cu t i o n s f o r c e d 
u p o n t h e p r o g r a m m e r . T h e bas i c a lgor i thm of a p r og r am , a l t hough i n h e r e n t l y 
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s i m p l e , is o b s c u r e d b y the n e e d to " p r og r am a r ound " a l im i ta t ion of e i t h e r a 
l a n g u a g e o r i ts imp l emen t a t i o n . Had the p rog rammer rea l l y b e e n ab le to f o l l ow a 
t o p - d o w n d e s i g n s t r a t e g y , that is fo l l ow it f u r the r " down" , the p r o g r a m w o u l d 

h a v e b e e n m u c h c l e a r e r . 

- Preventing feasible optimizations: A good op t im i z ing comp i l e r can s u b s t a n t i a l l y 
i m p r o v e the e f f i c i e n c y of a p r o g r am . Howeve r , the most impor tan t i m p r o v e m e n t s 
i n a p r o g r a m ' s e f f i c i e n c y d e r i v e f rom good data s t r u c t u r e and a l go r i t hm c h o i c e s . 
If a l a n g u a g e d o e s not p r o v i d e the app r op r i a t e s t r u c t u r e the p r o g r a m m e r w i l l b e 
f o r c e d e i t h e r to u se a l ess e f f i c i en t a lgor i thm or to en code the s t r u c t u r e 
e x p l i c i t l y in t e r m s of the s t r u c t u r e s that are ava i lab le . Un f o r t una t e l y , the l a t t e r 
a l t e r n a t i v e c a r r i e s i ts o w n se t of p r ob l ems . A comp i l e r , e s pe c i a l l y an o p t i m i z i n g 
o n e , mus t , p r e s e r v e the semant i c s of the language c on s t r u c t s ; m o r e o v e r , 
c o m p i l e r s c anno t d e d u c e a p r og r ammer ' s Intent. Thus , d i r e c t l y and e x p l i c i t l y 
e n c o d i n g o n e s t r u c t u r e in t e rms of ano the r usua l l y r e su l t s in much l e s s e f f e c t i v e 
o p t i m i z a t i o n t h a n w o u l d have b e e n poss i b l e if the o r ig ina l s t r u c t u r e h a d b e e n 
d e f i n e d i n a s t r a i g h t - f o r w a r d manner . Th is is pa r t i cu l a r l y t r ue if c o m p l i c a t e d 
a c c e s s a l g o r i t hms must atso be exp l i c i t l y encoded . Aga in , if the p r o g r a m m e r h a d 
r e a l l y b e e n a l l o w e d to f o l l ow a t o p - d o w n des ign , the e f f i c i en t r e p r e s e n t a t i o n 
w o u l d h a v e b e e n u s e d — l ead ing to an in t r ins i ca l l y b e t t e r p r o g r a m as w e l l as 
o n e tha t the o p t i m i z e r c an manage be t t e r . 

- Discouraging the use of high-level languages: A l t hough most p e o p l e n o w a g r e e 

tha t t he u s e of h i g h - l e v e l l anguages is des i r ab l e , the fact r ema ins that m a n y 

m a j o r s y s t e m s a re s t i l l w r i t t e n in a s semb l y language. The r e a re , of c o u r s e , m a n y 

r e a s o n s f o r th i s — o n l y some of wh i ch can be a d d r e s s e d b y the p r e s e n t 

p r o p o s a l . H o w e v e r , in many ca ses the r easons for the cho i ce of a s s e m b l y 

l a n g u a g e a r e r e l a t e d to the abso lu t e need for bo th g r e a t e r e f f i c i e n c y and m o r e 

c o n t r o l o v e r l o w - l e v e l de c i s i on s than is p r o v i d ed b y most c o n t e m p o r a r y 

l a n g u a g e s . 

In a d d i t i o n to the me t hodo l og i c a l and p ragmat i c a rguments above , t h e r e is an a n a l o g y w i t h 

t h e t h e o r e t i c i a n s ' e x p e r i e n c e w i t h spec i f i c a t i ons : if a spec i f i c a t i on con ta ins mo re de t a i l t h a n i s 

a b s o l u t e l y n e c e s s a r y , it may c o n s t r a i n the imp lementa t i on in such a w a y as to e l i m i n a t e 

r e a s o n a b l e a l t e r n a t i v e s . M o r e o v e r , a spec i f i c a t i on is a gua ran tee ; all i m p l e m e n t a t i o n s of t h e 

s p e c i f i c a t i o n a r e o b l i g a t e d to f o l l ow all of it. Thus , if the spec i f i c a t i on con t a i n s t oo m u c h d e t a i l 

— a n d s o m e o n e c o m e s to d e p e n d on that deta i l all f u tu re imp lemen ta t i ons w i l l b e o b l i g a t e d 

t o p r o v i d e tha t de t a i l^ . B o t h of t hese e f f e c t s are p r e c i s e l y what we o b s e r v e w h e n l a n g u a g e 

d e s i g n s , o r t h e i r imp l emen t a t i o n s , b i nd dec i s i ons too ea r l y . 

2 R e c a l l , f o r example, the trauma induced by the docision to change the original definition of FORTRAN ar rays as being 

" b a c k w a r d s " in memory. 
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4. A Proposed Approach and Examples 

F a c e d w i t h t he a r gumen t s - a bo ve , one might fo l low any of s e v e r a l pa th$ . One p o s s i b i l i t y is 

t o a v o i d h i g h - l e v e l l a n g u a g e s a l t oge the r ; i ndeed , Pa rnas has advoca t ed the use of a p o w e r f u l 

m a c r o p r o c e s s o r i n s t e a d of a h i g h - l e v e l l anguage [Pa rnas 74] . Su ch a p r o c e s s o r w o u l d , 

p r e s u m a b l y , l e a v e all r e p r e s e n t a t i o n a l dec i s i ons under p r og r ammer c o n t r o l . H o w e v e r , it 

w o u l d p r o v i d e no g u i d a n c e about good o rgan i z a t i on o r s t y l e , and it w o u l d s u p p o r t 

i d i o s y n c r a t i c n o t a t i o n r a t h e r t han s t a nda r d s yn t ax w i t h un i fo rm i n t e r p r e t a t i o n s . Th i s e x t r e m e 

s e e m s n e i t h e r n e c e s s a r y no r d e s i r a b l e . Le t ' s cons i de r an a l t e rna t i ve . 

A s w e n o t e d in the i n t r odu c t i o n , r e s e a r c h on abs t r a c t i on fac i l i t i es has f o c u s e d o n a 

p a r t i c u l a r f o r m of l a n g u a g e e x t e n s i o n . It has b e e n c o n c e r n e d p r ima r i l y w i t h f a c i l i t i e s t h a t 

p e r m i t t h e p r o g r a m m e r to d e f i n e new, app l i c a t i on - spec i f i c da ta t y p e s in t e r m s o f a 

p r e d e f i n e d se t s u p p l i e d b y the l anguage . Among the fac i l i t i es that a re n o w c o m m o n l y 

p r o v i d e d b y d a t a a b s t r a c t i o n l anguages a re : 

- Separation of specification and implementation: Wh i le not s t r i c t l y n e c e s s a r y 

f r o m a l o g i c a l s t a ndpo i n t , th is s e pa r a t i o n aids the human r e a d e r / w r i t e r and , i n 

p a r t i c u l a r , h e l p s to h ide the imp lementa t i on [Parnas 7 1 ] and de f i n e a modu l e 

b o u n d a r y . W h e n the s pe c i f i c a t i o n is u sed as the so le s o u r c e of i n f o r m a t i o n 

a bou t a modu l e , ma in t a i nab i l i t y is enhanced because assumpt i ons s h a r e d b e t w e e n 

t h e u s e r a nd the imp l emen t o r a re exp l i c i t . 

- Encapsulation: E n c a p s u l a t i o n pe rm i t s the de f i ne r of an a b s t r a c t i o n to m o r e 
t i g h t l y c o n t r o l the p r o p e r t i e s (no tab l y r e p r e s en t a t i o n s and o p e r a t i o n s ) that a r e 
v i s i b l e to t he u s e r . En cap su l a t i o n fac i l i t ies of a l anguage can e n f o r c e the p o l i c y 
of s e p a r a t i n g s p e c i f i c a t i o n and imp lementa t i on in fo rmat ion . 

- Overloading: O v e r l o a d i n g of o p e r a t i o n names pe rm i t s the d e f i n e r of an 

a b s t r a c t i o n to mask the d i s t i n c t i on b e t w e e n those abs t r a c t i on s that a r e p r i m i t i v e 

t o t h e l a n g u a g e .and t hose that are p r o g r a m m e r - d e f i n e d . Th i s s u b s t a n t i a l l y 

e n h a n c e s r e a d a b i l i t y . 

- Generic definitions: Aga i n , wh i l e not s t r i c t l y n e c e s s a r y , gene r i c de f i n i t i o n s p e r m i t 

t h e a b s t r a c t i o n d e f i n e r to c o v e r a b r o ade r c lass of ab s t r a c t i on s w i t h a s i n g l e 

d e f i n i t i o n . I n d e e d , the p r e s e n c e of the gene r i c fac i l i t y f u r t h e r f o c u s e s o n e s 

a t t e n t i o n o n t he e s s en t i a l p r o p e r t i e s of a de f i n i t i on w i t hou t c o n s t r a i n i n g 

i r r e l e v a n t , bu t v i s i b l e ' d e t a i l . 

N o w let u s c o n s i d e r u s i ng the same bas i c a pp r o a ch and the same bas i c a b s t r a c t i o n f e a t u r e s 

f o r t h e d e s i g n of a l a nguage . The d e s i g n wi l l cons is t of s e ve r a l c omponen t s : 

( 1 ) A s y n t a c t i c d e f i n i t i o n . The ba se s yn t ax is not of i tse l f p a r t i c u l a r l y c r u c i a l ; 

p r e s u m a b l y it w i l l b e s im i l a r to the Pasca l d e r i v a t i v e s in the da t a a b s t r a c t i o n 

m i l i e u . 
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( 2 ) A s e m a n t i c d e f i n i t i o n . Un l i ke the semant i c de f in i t i ons of most c o n t e m p o r a r y 
l a n g u a g e s , the s eman t i c s fo r this l anguage wi l l be " i n comp l e t e " in that it w i l l 
s p e c i f y e s s e n t i a l p r o p e r t i e s , but not all deta i l s , for some c on s t r u c t s . F o r a n y 
a p p l i c a t i o n , t he s eman t i c s of those cons t ruc t s wi l l b e f l e s h ed out b y 
i m p l e m e n t a t i o n s that p r e s e r v e the essen t i a l p r ope r t i e s . 

( 3 ) A l i s t o f s p e c i f i c a t i o n s of " e s sen t i a l p r o p e r t i e s " for the c on s t r u c t s left i n c o m p l e t e 
i n (2) . T h e s e s p e c i f i c a t i o n s a re not mere l y " sugges t i ons to the imp l emen t e r " ; 
t h e y p l a c e f o rma l c on s t r a i n t s on the poss i b l e imp lementa t ions . A n y a b s t r a c t 
d e f i n i t i o n w h o s e s p e c i f i c a t i o n a s su r e s at least these p r o p e r t i e s of a c o n s t r u c t 
w i l l p r o v i d e an a c c e p t a b l e imp lemen ta t i on of that cons t ruc t . Some of t h e s e m a y 
b e s imp l e ( s u ch as a s p e c i f i c a t i o n for "boo lean") ; o the r s may be g e n e r i c ( s u ch as 
t ha t f o r a " g e n e r a t o r " — see [Shaw 7 7 ] and be low) . 

( 4 ) A u s e f u l i m p l e m e n t a t i o n fo r e a c h of the abs t rac t i ons l i s ted above . T h e s e w i l l b e 

t h e d e f au l t imp l emen t a t i on s ; t h ey c o r r e s p o n d to the p r e - e m p t e d d e c i s i o n s i n 

t r a d i t i o n a l l a n g u a g e s . 

L e t ' s c o n s i d e r a s imp l e e x amp l e of th is so r t of des i gn app roa ch . The RED c a n d i d a t e f o r 

A d a [ N e s t o r 79 ] d e f i n e d a da t a t y p e data Jock (essent ia l l y a mutex s e m a p h o r e ) and a r e g i o n 

s t a t e m e n t . I n f o rma l l y , the o p e r a t i o n s on datajocks w e r e Lock and UnLock w i t h s e m a n t i c s 

s i m i l a r t o D i j k s t r a ' s P and V on boo l e an (mutex) s emapho re s . The f o rm and s eman t i c s o f t h e 

r e g i o n s t a t e m e n t a r e i l l u s t r a t e d b y the f o l l ow ing examp le : 

v a r L: d a t a _ l o c k ; 

t • • 

p e g I o n L d o , , , e n d r e q i o q 

T h e r e g i o n s t a t e m e n t imp l i c i t l y p e r f o r m s a Lock o n L b e f o r e e x e c u t i n g i ts b o d y a n d 

g u a r a n t e e s tha t it w i l l p e r f o r m an UnLock on L on any exit f rom the b o d y 0 . 

R E D d i d no t , h o w e v e r , d emand that the va r i ab l e ment ioned in the r e g i o n s t a t e m e n t (L 

a b o v e ) b e of t he p r e - d e f i n e d t y p e , datajock. Rather , the language me r e l y d e f i n e d tha t t h e 

r e g i o n s t a t e m e n t g u a r a n t e e d to i n voke Lock(L) and UnLock(L) at the a p p r o p r i a t e p l a c e s — 

a n d d e f i n e d w h a t the s eman t i c s of t hese ope ra t i on s had to be . The p r e - d e f i n e d t y p e 

datajock s a t i s f i e d t h e s e seman t i c s and thus made the r eg i on s ta tement immed i a t e l y u s e f u l , 

b u t t h e u s e r w a s f r e e to d e f i n e ano the r t y p e that sa t i s f i ed these s pe c i f i c a t i o n s a n d u s e it 

w i t h t h e region s t a t emen t . Do ing so gave the p rog rammer c on t r o l o v e r , f o r e x a m p l e , 

s c h e d u l i n g a n d r e s o u r c e a l l o ca t i on dec i s i ons that wou l d norma l l y h a ve b e e n p r e - e m p t e d by 

t h e i m p l e m e n t a t i o n . A t t he same t ime, the l anguage did p r ede f i n e datajocks s o tha t t h e 

^This euarantoe includos exits causod by exceptions that are not handled by the body, return, exit, and ftoto 

s t a t e m e n t s in the body, abnormal terminations of the task in which the body is executing, and so on. 



p r o g r a m m e r w h o d i d not n e e d more e l a bo r a t e fac i l i t ies or po l i c i e s needn ' t b e c o n c e r n e d w i t h 

d e f i n i n g t h e m . 

In t h e f o l l o w i n g s u b s e c t i o n s w e wi l l e x p l o r e a number of examp le s that i l l u s t r a t e h o w d a t a 

a b s t r a c t i o n c a n be u s e d to avo i d p r e - e m p t i v e dec i s i ons . Each of t h e se e x a m p l e s s h a r e s 

s e v e r a l a t t r i b u t e s of t he r e g i o n s t a t emen t : 

- T h e s t e p s i n v o l v e d in de f i n i ng a f l ex ib l e fac i l i t y w h o s e de ta i l s a r e u n d e r 

p r o g r a m m e r c o n t r o l w i l l u sua l l y be (1) to r educe a d i s t r i b u t ed e f f ec t — s u c h as 

d y n a m i c s t o r a g e a l l o ca t i on , s y n ch r on i z a t i o n , or i t e r a t i on to a (smal l ) se t of 

e v e n t s , (2) to c a r e f u l l y de l i nea t e the e f f e c t s that must take p lace in t h o s e e v e n t s 

( t he " e s s e n t i a l s eman t i c s " ) and the va r i ab i l i t y that can be a c commoda t ed , a n d 

t h e n (3) to g i v e the p r o g r a m m e r con t r o l o v e r what h appen s at t ho se p o i n t s 

w i t h i n the s t a t e d l imits of v a r i ab i l i t y . 

- In o r d e r to t u r n c o n t r o l of i nc iden ta l e f f e c t s o v e r to the p r o g r a m m e r , w e w i l l 
d e f i n e b o t h a f e a t u r e ( gene r a l l y an e x p r e s s i o n or s t a temen t ) and one o r m o r e 
r e l a t e d a b s t r a c t t y p e s . The semant i c s of the s ta tement w i l l be d e f i n e d in t e r m s 
of o p e r a t i o n s o n the t ype ( s ) . Con s t r a i n t s on the ope r a t i o n s that the p r o g r a m m e r 
is p e r m i t t e d to s u p p l y w i l l e n f o r c e the n e c e s s a r y semant i c s . 

I d e a l l y , a fu l l i m p l e m e n t a t i o n of ou r p r o p o s a l wou l d i n vo l ve a fo rma l s eman t i c d e f i n i t i o n o f 

e a c h o f t h e t y p e s , t he i r o p e r a t i o n s and the s ta tements that re l a te to them. M o r e o v e r , i d e a l l y , 

p r o g r a m m e r - d e f i n e d imp l emen ta t i on s wou l d be mechan i ca l l y v e r i f i e d aga in s t t h e s e 

s p e c i f i c a t i o n s , t hus e n s u r i n g the va l i d i t y of the who l e . A las , the t e c h n o l o g y d o e s no t s e e m 

q u i t e u p t o e i t h e r of t h e se i dea l s — as yet. The lack of th is t e chno l ogy , h o w e v e r , d o e s no t 

p r e v e n t u s f r o m an t i c i p a t i n g it b y adop t i ng the language des i gn a p p r o a c h p r o p o s e d h e r e . 

4 . 1 . L o o p C o n t r o l 

In [ S h a w 7 7 ] , t he a u t h o r s (w i th Ra l ph London) d i s c u s s ed a g ood e x amp l e of t h e k i n d o f 

l a n g u a g e d e s i g n a p p r o a c h that w e are advoca t i ng he re . The po int at i s s ue is i t e r a t i o n 

s t a t e m e n t s s u c h as DO in F O R T R A N and (or in the A l go l - P a s c a l fami ly; b o t h the d e f i n i t i o n s a n d 

t h e i m p l e m e n t a t i o n s of t h e s e c on s t r u c t s unne ce s s a r i l y p r e - e m p t too many d e c i s i o n s . C o n s i d e r 

t h e P a s c a l p r o g r a m f r a gmen t , 

sum := 0 : 

f o r I s =1 ]L2 n ¿ 0 

sum i = sum + A[ i ] j 

C l e a r l y t h e p u r p o s e of th i s f r agmen t is to f o rm the sum of the e l emen t s of A i n sum. 

H o w e v e r , t he c o d e is not an idea l e x p r e s s i o n of th is : it s pe c i f i e s an exp l i c i t o r d e r f o r 

a c c e s s i n g t h e e l e m e n t s of A e v e n t hough the o r de r is immater ia l , it r e f e r s to the v a r i a b l e n 

w h i c h w e mus t p r e s u m e is the s i z e of A, and it u ses the l i t e ra l 1 w h i c h w e must p r e s u m e i s 
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t h e l o w e r b o u n d of the i ndex of A It wou l d have b e e n much be t t e r if w e c ou l d h a v e s i m p l y 

s a i d " f o r e a c h e l emen t o i At add that e lement once to sum". Do ing so w o u l d c e r t a i n l y h a v e 

b e e n c l e a r e r — and it might have b e e n more e f f i c ient as we l l s i nce most c o n t e m p o r a r y 

c o m p u t e r s a r e a b i t b e t t e r at l o ops that count d o w n to z e r o , and the l e s s s p e c i f i c l o o p 

s t a t e m e n t w o u l d p e rm i t a d e c r e m e n t i n g imp lementa t i on . 

N o w c o n s i d e r a n o t h e r Pa s ca l p r o g r a m f ragment for a s imi lar task: 

s u m := 0 ; 

p : = B; 

yh\1e p <> n i I d o 

foeq?n sum := s u m + p A . d a t a ; p := p A . l i n k encf 

T h i s f r a g m e n t f o r m s the s um of the e l emen t s of B in sum. In th is case , h o w e v e r , t h e d a t a 

s t r u c t u r e is a l i s t , and -as much code is d e v o t e d to t r ac ing d o w n the l ist as to f o rm i ng t he s u m ; 

t h e c o d e has s p e c i f i c d e f i c i e n c i e s c ompa rab l e to those of the p r e v i o u s e xamp l e . 

T h e s e t w o e x a m p l e s s e r v e to i l l u s t ra te an e v e n more s e r i ou s de f i c i e n c y . Ea ch f r a g m e n t 

m a k e s a v e r y s t r o n g s u g g e s t i o n about the r e p r e s e n t a t i o n of the da ta s t r u c t u r e that c o n t a i n s 

t h e e l e m e n t s to b e s ummed . Th is is a v i o l a t i on of the p r i n c i p l e that s u c h i n f o r m a t i o n s h o u l d 

b e l o c a l i z e d — e v e r y l o o p that p r o c e s s e s the e l emen t s of the s t r u c t u r e is a f f e c t e d . 

A s is i l l u s t r a t e d b y the s e c o n d loop , the de s i r e to i t e ra te o v e r the e l emen t s of a t y p e i s 

n o t l i m i t e d to a r r a y s . I ndeed , most t y pe s , inc lud ing p r o g r a m m e r - d e f i n e d one s , h a v e o n e o r 

m o r e n a t u r a l t r a v e r s a l o r d e r s . The na tu ra l t r a ve r s a l s o v e r the i n t ege r s , f o r e x a m p l e , i n c l u d e 

i n c r e a s i n g and d e c r e a s i n g i n t e r va l s ; t hese g i ve r i se to the common " s t e p p i n g " f o r m s of t h e 

i t e r a t i o n s t a t e m e n t . In A l p h a r d w e p r o v i d e d a means for the p r og r amme r to d e f i n e t r a v e r s a l s 

f o r a r b i t r a r y t y p e s . In pa r t i c u l a r , w e de f i n ed a for s ta tement w h o s e seman t i c s a re r e l a t i v e t o 

a n a b s t r a c t i o n c a l l e d a generator. B y de f in i t i on , a g ene r a t o r is an ab s t r a c t i o n that p r o v i d e s a 

c o l l e c t i o n of o p e r a t i o n s w i t h s p e c i f i e d p r o pe r t i e s . To i l l us t ra te , the Pas ca l l o op a b o v e c o u l d 

be w r i t t e n in A l p h a r d as: 

s u m 2 = 0 ; 

f o r x f r o m I n v e c ( A ) do sum : = sum + x o d 

H e r e Invec is a g e n e r a t o r ; i n t u i t i v e l y , it p r o v i d e s the s equence of v a l ue s f r om the a r r a y A 

T h e f o r m a l d e f i n i t i o n of g e n e r a t o r s and the f O £ s ta tement a re b e y o n d the s c o p e of t h i s 

p a p e r , bu t e s s e n t i a l l y a g e n e r a t o r p r o v i d e s f i ve ope r a t i o n s : (1) start to i n i t i a l i ze t he l o o p , ( 2 ) 

done t o d e t e r m i n e w h e t h e r the l oop is f i n i shed , (3) value to get the v a l u e of t he c u r r e n t 

s e q u e n c e e l emen t , (4) next to s t ep to the next s equence e lement , and (5) finish w h i c h 

p e r f o r m s a n y n e c e s s a r y c l c a n - u p . The for s ta tement is d e f i n ed to i n voke t he se o p e r a t i o n s at 

o b v i o u s p o i n t s ; i ts s eman t i c s a re c a p t u r e d in te rms of a p roo f ru l e and a se t of a s s u m p t i o n s 

a b o u t t h e g e n e r a t o r o p e r a t i o n s . 
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Of c o u r s e , A l p h a r d p r e d e f i n e d a number of g ene r a t o r s , inc lud ing the t r ad i t i ona l " s t e p p i n g " 

f o r m s , Inuec (as u s e d above ) , and o the r s . Howeve r , the p r og r ammer wa s not l im i ted to t h e s e 

a l o n e . A n y a b s t r a c t d e f i n i t i o n that p r o v i d e d the p r o p e r ope r a t i on s c ou l d be u s e d as a 

g e n e r a t o r . Of c o u r s e , in d e f i n i ng a g ene r a t o r , the p r og r amme r assumes the r e s p o n s i b i l i t y f o r 

v e r i f y i n g t he a s s u m p t i o n s that the for s ta tement makes about g ene r a t o r s . 

4 . 2 . S t o r a g e Layou t 

It h a s l o n g b e e n r e c o g n i z e d that a comp i l e r ' s de c i s i on about da ta s t r u c t u r e l a y o u t i sn ' t 

a l w a y s t h e b e s t o ne . E a r l y l anguages d id no th ing about the p r o b l em e x c ep t o c c a s i o n a l l y t o 

p r o v i d e e x p l i c i t c o n t r o l of the s i z e and pos i t i on of f i e lds in a r e c o r d [Cobo l 6 0 ] [A i r F o r c e 

7 6 ] . M o r e r e c e n t l y , c o n c e r n s fo r e f f i c i en t s t o r age u t i l i za t i on have mo t i va t ed f e a t u r e s , s u c h as 

P a s c a l ' s p a c k e d a t t r i b u t e [ J e n s e n 74 ] , that a l low the p r og r amme r to se lec t f r om a s h o r t m e n u 

o f p a c k i n g s t r a t e g i e s w i t hou t d e t e rm i n i ng f ie ld p lacement exp l i c i t l y . Th is p a c k i n g c o n t r o l m a y 

a l s o e x t e n d to a g g r e g a t e s o t h e r than r e c o r d s . 

U n f o r t u n a t e l y , c o n t r o l o v e r the s ta t i c p lacement of f ie lds in r e c o r d s isn ' t e n o u g h . T h e 

a r r a n g e m e n t of d a t a may c hange dynamica l l y , or the mapp ing b e t w e e n ind i ces and e l e m e n t s 

m a y b e c o m p l e x , o r co rnp i l e - t ime b ind ing of names to loca t ions (or e v e n to o f f s e t s in t h e 

s t a c k ) m a y b e i n a d e q u a t e f o r some o the r r e a son . Be cause of the r i c h c o l l e c t i o n o f 

p o s s i b i l i t i e s f o r m a p p i n g da ta a c ce s se s , at the p r e s en t t ime it d oe s not a p p e a r ( to u s ) t ha t 

a n y p u r e l y d e c l a r a t i v e mechan i sm is adequa te fo r d e s c r i b i n g the en t i r e , u s e f u l c o l l e c t i o n . 

L a c k i n g s u c h a d e c l a r a t i v e mechan i sm, the on l y su f f i c i en t l y p o w e r f u l mechan i sm a p p e a r s to b e 

a n a l g o r i t h m i c d e s c r i p t i o n of the a c ces s i ng a lgo r i thm — that is, a means of s u p p l y i n g an 

a r b i t r a r y c o m p u t a t i o n . 

O n e a l t e r n a t i v e is to a l l ow the p r og r amme r to s p e c i f y a r b i t r a r y c o m p u t a t i o n s to b e 

p e r f o r m e d w h e n a name is a c c e s s e d in e i the r a r i g h t - h and ( fe tch) con tex t or in a l e f t - h a n d 

( s t o r e ) c o n t e x t . S u c h a s c heme is d e s c r i b e d by Ges chke and M i t che l l in [ G e s c h k e 7 5 ] . 

A l t h o u g h th i s c l e a r l y s u p p o r t s a r b i t r a r y r e p r e s en t a t i o n s it is, in a s en se , too r i c h . Tha t is , no 

b u i l t - i n c o n s t r a i n t s e n s u r e that the computa t i ons c o r r e s p o n d to the r e a d e r ' s s e n s e o f w h a t it 

i s a p p r o p r i a t e f o r an a s s i gnmen t to do. E v en the examp le in [Ge s chke 7 5 ] i l l u s t r a t e s t h i s : 

T h e a u t h o r s p r o p o s e d e f i n i n g a Vector da ta t y p e (point in 2 - s pa ce ) that s u p p o r t s m a n i p u l a t i o n 

o f b o t h p o l a r a n d C a r t e s i a n i n t e r p r e t a t i o n s of the va lue . The e f fec t is to p r o v i d e w h a t 

a p p e a r t o b e r e c o r d f i e l d s (X, Y, Rhot Thcta) that i n te rac t in n o n - o b v i o u s w a y s ; t he v a l u e o f , 

s a y , Rho c a n b e a f f e c t e d not o n l y b y ass i gnments to Rho, but also b y a s s i gnmen t s to X a n d Y. 

F r o m t h e s t a n d p o i n t of p r o g r a m ve r i f i c a t i on , th is c o r r e s p o n d s to v i o l a t i ng the a s s i g n m e n t 

a x i o m s f o r t he f o u r f i e l d s . 
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A n i n t e r m e d i a t e p o s i t i o n is to ins ist on a c o r r e s p o n d e n c e b e t w e e n names and v a r i a b l e s 

( l o c a t i o n s ) a n d to p r o v i d e a mechan i sm for assoc ia t i ng an a d d r e s s - c a l c u l a t i o n a l g o r i t h m 

( s o m e t i m e s c a l l e d a selector) w i t h ea ch name. Add i t i ona l p r o t e c t i o n is n e e d e d to g u a r a n t e e 

t h e i n d e p e n d e n c e of t h e se de f i n i t i ons , but if an add re s s ca l cu l a t i on is a s s o c i a t e d w i t h t h e 

p r o g r a m n a m e , t he l e f t - s i d e and r i gh t - s i de ca l cu la t ions w i l l at least b e c on s i s t e n t . S u c h a 

m e c h a n i s m is p r o v i d e d b y s t r u c t u r e s in B l i s s [Wulf 71 ] . A s t r u c t u r e is v e r y much l i ke a m a c r o 

e x c e p t tha t p a r a m e t e r s may be b ound at the dec l a r a t i on s i te as we l l as at the u se s i t e . F o r 

e x a m p l e , t h e F O R T R A N a r r a y 

DIM A ( 1 0 0 , 2 5 ) 

• • t 

A ( I , J ) = X 

w o u l d be e x p r e s s e d in B l i s s as a s t r u c t u r e dec l a r a t i on (to de f i ne the n o t i o n o f a 

t w o - d i m e n s i o n a l a r r a y ) , f o l l o w e d b y code ana logous to the o r i g i na l FORTRAN. 

s t r u c t u r e F 0 R T A R Y [ a , b ] = [ a * b ] ( . F O R T A R Y + ( a * ( . b - l ) ) + ( . a - l ) ) j 

own A : F O R T A R Y t 1 0 0 , 2 5 ] : 

• t t 

A [ I , J ] = X 

T h e d e t a i l s of th i s c o d e a re i r r e l e van t (espec i a l l y the dots)^, but in the s t r u c t u r e d e c l a r a t i o n , 

t h e p h r a s e  n[a>\'b] n s p e c i f i e s the s i ze of the a rea to be a l l o ca ted and the r e m a i n d e r of t h e 

d e c l a r a t i o n s p e c i f i e s the a c c e s s i ng a lgor i thm. In k eep i ng w i t h the g ene r a l B l i s s p h i l o s o p h y , 

t h e r e is no c o n c e r n abou t s a f e t y or a l ias ing. The s imi lar cons t ru c t in A l p h a r d , a selector^ mus t 

g u a r a n t e e tha t t h e r e a re no e x t r a n e o u s s ide e f f e c t s and p r e s e r v e the p r o p e r t i e s of t h e 

a s s i g n m e n t a x i om . 

U n f o r t u n a t e l y , if s e l e c t o r s a re p r oh i b i t e d f rom hav ing s ide e f f e c t s , t h e y a r e no t s t r o n g 

e n o u g h t o h a n d l e s ome r e a s onab l e ca ses . Cons i de r , fo r e xamp l e , the p r o b l e m o f 

s t o r a g e - e f f i c i e n t imp l emen t a t i o n s of s p a r s e a r r a y s . No p r o b l em a r i s e s in s e l e c t i n g an e l e m e n t 

f o r w h i c h s p a c e has a l r e a d y b e e n a l loca ted , and a r i g h t - h and s ide a c ces s of a z e r o (o r 

n o n e x i s t e n t ) e l e m e n t c an be hand l ed b y sha r i ng one c o p y of z e r o among all s u c h e l e m e n t s . A 

l e f t - h a n d s i d e a c c e s s of an e lement that is c u r r e n t l y nonex i s ten t w i l l , h o w e v e r , r e q u i r e s i d e 

^In evaluating A[I,J], a and b are the values supplied in the declaration, .a and b are I and J , and, F O R T A R Y is the 

a d d r e s s of the f i rs t w o r d of A. 
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e f f e c t s in t he f o r m of s t o r a g e a l loca t ion or r ea r r angemen t of the da ta s t r u c t u r e 0 . T h u s w e 

b e l i e v e tha t s o m e of the c u r r en t a l t e rna t i ves for manag ing s t o r a ge l ayou t a re t oo r i c h a n d 

o t h e r s a r e t o o m e a g e r . We su spec t that the r e so l u t i on of the p r o b l e m l ies in f i nd i ng a w a y t o 

s p e c i f y s u i t a b l e c o n s t r a i n t s on an ex i s t i ng mechan ism, not in the d e s i g n of y e t a n o t h e r 

m e c h a n i s m . 

4 . 3 . S t o r a g e A l l o c a t i on and Management 

P r e - e m p t i v e d e c i s i o n s o f t en dea l w i t h d i s t r i bu t ed e f f e c t s in the p r o g r a m — that i s , w i t h 

b a c k g r o u n d c o m p u t a t i o n s that are not d i r e c t l y t r i g ge r ed b y exp l i c i t o p e r a t i o n s in t he c o d e . 

S t o r a g e m a n a g e m e n t is one of the most consp i cuous of such c a se s : 

- A l l o c a t i o n may be c a u s e d b y b lock en t r y , exp l i c i t r e que s t s , o r as s ide e f f e c t s of 
p r i m i t i v e o p e r a t i o n s (e.g., CONS in LISP). 

- D e a l l o c a t i o n may be exp l i c i t , but it is more o f t en an impl ic i t e f f e c t of b l o c k ex i t 
o r u n r e a c h a b i l i t y . 

- T h e h o u s e k e e p i n g for any th i ng more comp lex than n e s t e d b l o ck s t r u c t u r e (i.e., a 
s t a c k a l l o c a t i o n me thod) o f t en r equ i r e s p r o c e s s e s su ch as g a r b age c o l l e c t i o n tha t 

a r e d r i v e n b y i n t e r a c t i o n s of ind iv idua l dec i s i ons (i.e., the s t a te of the h e a p ) 

r a t h e r t h a n b y the i nd i v idua l a l locat ion dec i s i ons . 

M a n y a l g o r i t h m s h a v e b e e n d e v i s e d for manag ing dynamic s t o r age ; t h e s e w e r e c l a s s i f i e d b y 

[ W e i n s t o c k 7 6 ] . Th i s s t u d y c on f i rmed that no s ing le a l l oca t ion s t r a t e g y is s u p e r i o r to t h e 

o t h e r s , a n d tha t the s p e c i a l k now l edge that is o f t en ava i l ab le about p a r t i c u l a r s i t u a t i o n s c a n 

m a k e á s i g n i f i c a n t d i f f e r e n c e in the pe r f o rmance of the a l l oca to r . P r o g r a m s w r i t t e n i n 

a s s e m b l y l a n g u a g e c a n (o f t en must) do the i r o w n s t o r age management , but th i s d e g r e e o f 

c o n t r o l is u s u a l l y s a c r i f i c e d in the move to a h i gh - l e ve l l anguage . 

T h e mos t e x t e n s i v e l a nguage - l e v e l r e s pon s e we a re awa re of is Euc l i d ' s f a c i l i t y f o r 

c o l l e c t i o n s a n d z o n e s . In Euc l i d , dynam ica l l y a l l oca ted v a r i a b l e s d r a w the i r s t o r a g e f r o m p o o l s 

c a l l e d collections, and e a ch va r i ab l e of a po inter" t y p e is a s so c i a t ed w i t h o n e of t h e s e 

c o l l e c t i o n s . A l t h o u g h the p r ima r y mot i va t ion for i n t r oduc i ng co l l e c t i on s w a s to c o n t r o l 

a l i a s i n g , t h e y h a v e a l so b e e n u sed as the uni ts of s t o r age management . T w o p o l i c i e s a r e 

s e l e c t e d i n d e p e n d e n t l y fo r e a ch co l l e c t i on : 

- T h e v a r i a b l e s of the co l l e c t i on may be r e f e r e n c e - c o u n t e d (and au t oma t i c a l l y 
d e a l l o c a t e d w h e n the coun t s go to z e r o ) or not. 

Indeed, in some implementations assignment of a zero value to an element that was previously nonzero may also 

requ i re side e f f e c t s to free the elomont. 
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- A s t o r a g e managemen t modu le , ca l l ed a zone, may be a s so c i a t ed w i t h t he 

c o l l e c t i o n . 

A l t h o u g h t h e Eu c l i d s o l u t i o n doe s not dea l w i t h the p r ob l em of d i s t r i b u t e d e f f e c t s (it i sn ' t 

p o s s i b l e t o w r i t e a g a r b a g e - c o l l e c t i n g a l locator , for examp le) , it d oe s i l l u s t r a t e t h e 

d e c o m p o s i t i o n w e h a v e in mind he r e . 

T o d e c l a r e a s t o r a g e poo l fo r dynam ica l l y a l l o ca ted v a r i a b l e s of t y p e Entry u s i n g a 

p r i v a t e l y - d e f i n e d managemen t a lgo r i thm and some po i n t e r s into that poo l , a Euc l i d u s e r w r i t e s 

yar_ "Groups co l 1 cct ion of Ent ry i n HyZone 
t y p e I tem = "Group 
va r Th i sOne, ThatOne: Item 

V a r i a b l e s a r e d y n a m i c a l l y a s so c i a t ed w i t h ThisOne and ThatOne v i a ca l l s o n the s t a n d a r d 

p r o c e d u r e New that is a s s o c i a t e d w i t h the co l l e c t i on Group. S i n ce a p r i v a t e s t o r a g e 

m a n a g e m e n t modu l e , MyZone, has b e e n spe c i f i e d w i t h the co l l e c t i on , the ca l l o n New w i l l 

i n v o k e a f u n c t i o n Allocate that must be p r o v i d e d w i t h MyZone. The r e q u i r e m e n t orí t h e 

s p e c i f i c a t i o n of Allocate is that it r e t u r n a po in te r to a su i tab le b lock of s t o r a g e and tha t al l 

s u c h p o i n t e r s b e g u a r a n t e e d to point to d i f f e ren t va r i ab l e s . MyZone must a l so s u p p l y a b l o c k 

o f s t o r a g e in w h i c h to p e r f o r m its s t o r age management and a p r o c e d u r e Deallocate tha t w i l l 

b e c a l l e d w h e n the u s e r i n v o ke s s t anda rd p r o c e d u r e Free. Deallocate is not r e q u i r e d to d o 

a n y t h i n g in p a r t i c u l a r , bu t in most r e a sonab l e s y s t ems it wi l l r e t u r n the f r e e d s p a c e to t h e 

f r e e l i s t . 

A c o m p l e t e l y s a f e and g e n e r a l so l u t i on to the s t o r age a l loca t ion p r o b l e m must a l s o d e a l 

w i t h i s s u e s o f t y p e s a f e t y , g a r b a g e co l l e c t i on , and spec i f i c a t i ons about s t o r a g e u s a g e (i.e., 

t h a t s t o r a g e is n e i t h e r lost no r doub l y - a l l o c a t ed ) . 

4 . 4 . P r o c e d u r e Invoca t ion 

P r e - e m p t i v e d e c i s i o n s n e e d not be l imi ted to data and d a t a - r e l a t e d a spe c t s of a l a n g u a g e . 

S u b p r o g r a m s a r e a g o o d e xamp l e w h e r e the l anguage de s i gne r s e l e c t s a p a r t i c u l a r mix o f 

f a c i l i t i e s a n d t h e imp l emen t o r s e l e c t s a s ing le s t r a t e g y for imp lement ing that mix. B o t h t h e 

d e s i g n e r a n d i m p l e m e n t o r h a ve on l y no t ions of t yp i ca l use ava i l ab le ; t h e y a re m a k i n g t h e 

d e c i s i o n s t o o s o o n . 

S o m e of t h e d e c i s i o n s that a re t yp i c a l l y made inc lude: 

- W h e t h e r to s u p p o r t c o r o u t i n e s o r s ub rou t i n e s , or bo th . Sha l l the s u b p r o g r a m 

u n i t s b e r e c u r s i v e o r r e - e n t r a n t ? 

- W h i c h p a r a m e t e r b i nd i ng c l a s se s to p r o v i d e — e.g., ref , name (as in A l g o l 60 ) , 
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v a l u e , r e s u l t (as in A l go l W), e tc . 

- W h e n p a r a m e t e r s a re to be bound and the o r de r of b ind ing them. 

T h e l a n g u a g e S L 5 [Hanson 7 8 ] has p r o v i d ed a de compos i t i on of s u b p r o g r a m i n v o c a t i o n i n t o 

a n u m b e r of e v e n t s , and p r o v i d e d the p r og rammer the means to de f i n e w h e n t h o s e e v e n t s 

o c c u r — and to s o m e e x t en t , what they are. The goa ls of the S L 5 mechan i sm a r e no t 

p r e c i s e l y o u r s ( th i s is r e f l e c t e d in the s uppo r t i n g s yn t ax of the i r f ac i l i t y ) , and so it is no t a 

c o m p l e t e e x a m p l e of ou r p r o p o s e d de s i gn app roa ch . Neve r t h e l e s s , it is an e x c e l l e n t e x a m p l e 

o f t h e k i n d of d e c o m p o s i t i o n w e are sugges t i ng be done for many l anguage f e a t u r e s . 

B r i e f l y , in S L 5 (as in A l g o l 6 3 ) the tex tua l fo rm of a p r o c e d u r e is v i e w e d as the l i t e r a l 

r e p r e s e n t a t i o n of a f i r s t - c l a s s ob jec t of the language — that is an ob j e c t that one c a n a p p l y 

o p e r a t i o n s to , that c an be a s s i gned , etc . Thus, 

p r o c e d u r c ( x , y ) . . . encj 

i s a c o n s t a n t of t y p e p r o c e d u r e , and the s ta tements 

a : = p r o c e d u r e ( x , y ) t . f e n d ; 

b := a 

f i r s t a s s i g n th i s o b j e c t to a and t hen to fc. A p r o c edu r e , h o w e v e r , is not an e x e c u t a b l e e n t i t y 

— a n environment is . A n env i r onmen t , o r . ac t i va t ion , is c r e a t e d f r om a p r o c e d u r e . T h u s , if a 

i s t h e v a r i a b l e a b o v e , 

e i= c r e a t e a: 

w i l l c r e a t e an e n v i r o n m e n t fo r the p r o c edu r e . G i v en an env i r onmen t , a r gumen t s c a n b e b o u n d 

i n t o t h e e n v i r o n m e n t that is, a c o r r e s p o n d e n c e can be e s t a b l i s h ed b e t w e e n the a c tua l a n d 

f o r m a l p a r a m e t e r s . Th i s is a c comp l i s hed b y the w i t h o p e r a t o r : 

e w i t h < e l* • • • f e n > 

00 

T h e v a l u e of t he w i t h o p e r a t o r is the same env i r onmen t , e, but w i t h the fo rmats ( r e ) b o u n d t o 

t h e a c t u a l s e j t h r o u g h e n . F ina l l y , g i v en an env i r onmen t w i t h b o u n d p a r a m e t e r s , o n e c a n 

c a u s e it to b e g i n e x e c u t i o n . S ince S L5 w i she s to make no commitment to a d e c i s i o n b e t w e e n 

s u b r o u t i n e s a n d c o r o u t i n e s , the o p e r a t o r to in i t ia te e xe cu t i on is ca l l ed r e sume . 

r e s u m e e 

T h e v a l u e of t h e r e s u m e o p e r a t i o n is the va lue " r e t u r n e d " b y the i n v o k e d p r o c e d u r e ^ . 

The value re turned actually cons ists of t w o components — a value and a signal. This is not essential to our point, 

h o w e v e r . 
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B e f o r e p r o c e e d i n g , t w o spec i a l c a se s are w o r t h no t ing . The fami l iar s y n t a x 

f < a , b ) 

f o r f u n c t i o n i n v o c a t i o n is t r e a t e d as a s ho r t hand for 

r o s u f r t c ( c r e a t e f yi\th ( a , b ) ) 

w h i c h , o b v i o u s l y , has the e x p e c t e d semant i cs . A l so , the s ta tement r e t u r n is c o n s i d e r e d t o 

m e a n " r e s u m e the las t e n v i r o n m e n t that r e s u m e d me H , w i t h the cavea t that " the last r e s u m e r " 

d o e s no t i n c l u d e t he last r e t u r n e r " ; th is too c o r r e s p o n d s to the e x p e c t e d s eman t i c s . 

S L 5 a l s o p e r m i t s u s e r c o n t r o l of the b ind ing c lass of p a r ame t e r s too. A f o rma l p a r a m e t e r 

s p e c i f i c a t i o n is of t he \orvcJ 

<id>:<exp> 

w h e r e t h e e x p r e s s i o n , <exp>, de f i n e s someth ing ca l l ed a " t ransmi t te r " . W h e n a r g u m e n t s a r e 

b o u n d w i t h a w i t h e x p r e s s i o n , the actua l p a r ame t e r s are f i r s t " p a s s e d " to the t r a n s m i t t e r 

a s s o c i a t e d w i t h t he fo rma l ; the va l ue r e t u r n e d b y the t r ansm i t t e r is ac tua l l y b o u n d t o t h e 

f o r m a l . P r e d e f i n e d t r a n s m i t t e r s i nc lude val and rcf for " b y - v a l u e " and " b y - r e f e r e n c e " b i n d i n g 

r e s p e c t i v e l y . In g e n e r a l , h o w e v e r , any p r o c e d u r e can be u s ed as a t r a n s m i t t e r . T h i s 

p r o v i d e s an e x t r e m e l y p o w e r f u l fac i l i t y that can be u sed for t y p e c he c k i ng and o t h e r f o r m s 

o f p a r a m e t e r v a l i d a t i o n in add i t i on to the usua l no t ions of b ind ing . 

5. Summary 

P a s t i n v e s t i g a t i o n in to a b s t r a c t i o n t echn iques has c on c en t r a t e d o n ab s t r a c t d a t a t y p e s a n d , 

i n p a r t i c u l a r , o n " bu i l d i ng u p " — c r ea t i ng " b i gge r " th ings out of " sma l l e r " o n e s . In t h e 

d e s c r i p t i o n of t he b i g g e r t h i ng w e s u p p r e s s much of the deta i l about h ow it is c o n s t r u c t e d 

o u t o f t h e sma l l e r one s ; th i s is the s ou r c e of ou r l e v e r age and p o w e r . The l e v e r a g e i s 

i n c r e a s e d b y g e n e r i c de f i n i t i on s , w h i c h f ix the e s sen t i a l p r o p e r t i e s of a t y p e w i t h o u t 

c o n s t r a i n i n g i r r e l e v a n t but v i s i b l e de ta i l . 

W e p r o p o s e u s i n g the same po int of v i e w for o r gan i z i ng a l anguage and in p a r t i c u l a r f o r 

g i v i n g p r o g r a m m e r s c o n t r o l o v e r i nv i s i b l e de ta i l s . Ins tead of p r o v i d i n g a l a n g u a g e w i t h 

f u l l y - d e f i n e d f e a t u r e s , let us t r y to p r o v i d e s k e l e t on de f i n i t i ons that g u a r a n t e e t he e s s e n t i a l 

s e m a n t i c s t o g e t h e r w i t h i n t e r f a c e spec i f i c a t i on s for the pa r t s that n e e d to be f i l l e d i n . In 

e s s e n c e , t h i s amoun t s to de f i n i ng "gene r i c l anguage f e a t u r e s " w i t h c o n s t r a i n t s o n t h e 

a b s t r a c t i o n that c a n b e p r o v i d e d to ins tan t i a te the gene r i c f ea tu re s . 

T h e r e is also a scope definition as part of the formal parameter specification, but if is not essential her*. 

file:///orvcJ
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