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A b s t r a c t  : 

We imp lemented  an a u t o m a t i c  code 

g e n e r a t o r  g e n e r a t o r  based on the  approach 

o f  G l a n v l l l e  and Graham. We d e s c r i b e  our 

e x p e r i e n c e  w l t h  t h l s  system and compare 

the  gene ra ted  code w l t h  t h a t  o f  a conven-  

t i o n a l  Pascal  c o m p i l e r .  

l-lo~[ggg~igO 

Recent r e s e a r c h  I n  code g e n e r a t i o n  

focused  on systems t h a t  a u t o m a t i c a l l y  

gene ra te  code g e n e r a t o r s  f rom machine 

d e s c r i p t i o n s  ( [ C a t t e l l  78,  6anapa th i  80, 

G l a n v l l L e  78.  Koz lak  813.  more r e f e r e n c e s  

In  [ 6 a n a p a t h l / F l s c h e r  813) .  The alm of  

t h l s  r e s e a r c h  l s  to  f o r m a l i z e  and automate 

t h e . c o n s t r u c t i o n  of  complLer  back ends 

s l m i l a r  to  the  use of  pa r se r  g e n e r a t o r s ,  

a t t r i b u t e  grammars and o t h e r  t o o l s  i n  

f r o n t  ends.  

A code g e n e r a t o r  has to  pe r fo rm  

several tasks that are more or less 

dependent  on the  t a r g e t  machine.  The most 
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I m p o r t a n t  t asks  are t ype  mapping,  memory 

a l l o c a t i o n  and code s e l e c t i o n .  I n  t h i s  

p a p e r ,  we w t l l  c o n c e n t r a t e  on the  l s s u e  

of  code s e l e c t i o n ,  the  f i n a l  mapping of  

the  source  program l n t o  a sequence of  

t a r g e t  I n s t r u c t i o n s .  

P resen t  a u t o m a t i c  code g e n e r a t o r  

g e n e r a t o r s  reduce code s e l e c t i o n  to  a 

p a t t e r n  ma tch ing  p rob lem.  The program to  

be comp i l ed  i s  g i v e n  i n  some I n t e r m e d i a t e  

r e p r e s e n t a t i o n  IR.  The e f f e c t  o f  the  

i n s t r u c t i o n s  l s  d e s c r i b e d  by p a t t e r n s  i n  

terms of the IR. Instructions can be 

selected If their pattern is matched in 

the program. The varlous code generator 

g e n e r a t o r s  use d i f f e r e n t  a l g o r i t h m s  to  
implement thls pattern matching. 

We have implemented an automatic code 

generator generator CGS8 [JansohnlLandwehr 

80] on the basls of the approach taken by 

61anvllle and Graham [Glanville 783. With 

t h i s  system code g e n e r a t o r s  f o r  Pascal  

have been produced f o r  the  p rocesso r  

t ypes  Siemens 7 .000 and M o t o r o l a  68000. 
In  the  f o l l o w i n g ,  we d l s c u s s  the  main 

aspec ts  o f  t h i s  sys tem,  w l t h  s p e c l a l  

emphasis on the  d i f f e r e n c e s  between our 

system and t h a t  o f  G l a n v i l l e  as d e s c r i b e d  

i n  h l s  t h e s i s .  Chapter  t h r e e  r e p o r t s  our 

e x p e r i e n c e  w i t h  u s i n g  CGSS i n  a Pascal  

c o m p i l e r .  
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2 The Code 6 e n e r a t o r  ~o~b~i~_~X~m_~ 

¢=l_Iba_~aga_~aLa~i~o_6kg~c!~bm 

As ment ioned above,  code s e l e c t i o n  can 

be regarded  as a s p e c i a l  k ind  o f  p a t t e r n  

matching. In our system the pattern 

match ing  process  l s  d i v i d e d  l n t o  two 

s teps :  f i r s t ,  a s y n t a c t i c  parse  o f  the 

I n t e r m e d i a t e  r e p r e s e n t a t i o n  to  r e c o g n i z e  

a se t  o f  p a t t e r n s  and, second,  the 

s e l e c t i o n  o f  one o f  these p a t t e r n s  

a c c o r d i n g  to  a cos t  f u n c t i o n  and the 

e v a l u a t i o n  of  a t t r i b u t e s .  

The i n t e r m e d i a t e  r e p r e s e n t a t i o n  o f  the 

program to  be comp i led  i s  a sequence o f  

o p e r a t o r  t r e e s ,  where each t r e e  r e p r e s e n t s  

an e l e m e n t a r y  s t a temen t  o f  the i n p u t  

p rogram,  e .g .  an ass ignment .  For the 

s y n t a c t i c  p a r s e ,  the  t r e e s  are l i n e a r i z e d  

In  p r e f i x  o r d e r .  

The s y n t a c t i c  parse i s  done w i t h  a 

m o d l f i e d  L A L R ( 1 ) - p a r s e r .  For t h l s  purpose 

a c o n t e x t - f r e e  p r o d u c t i o n  i s  a s s o c i a t e d  

w l t h  each I n s t r u c t i o n  o f  the t a r g e t  

machlne.  The r l g h t  hand s i de  o f  t h i s  

p r o d u c t i o n  r e p r e s e n t s  the  s u b t r e e  t h a t  i s  

matched by the I n s t r u c t i o n .  The L e f t  hand 

s l d e  l s  the  rep lacemen t  f o r  t h i s  s u b t r e e  

r e p r e s e n t i n g  the r e s u l t  o f  the I n s t r u c -  

t i o n .  As an example ,  c o n s i d e r  an add 

Immediate instruction ADDI that adds a 

constant to a register. The assoclated 

production is 

reglster ::= plus register constant 

Severa l  i n s t r u c t i o n s  can be a s s o c i a t e d  

w l t h  the  same p r o d u c t i o n .  An Inc remen t  

lnstruct lon INCR that adds the constant 

one to a register would  have the same 

production as the ADDI inst ruct ion.  

The context-free grammar constructed 

from the co l lec t ion of these productions 

is usually ambiguous, a consequence of 

the fact that there are normally several 

p o s s i b l e  code sequences f o r  the  same 

source s t a t e m e n t .  Because o f  t h l s  a m b i g u i -  

t y ,  and s ince  s e v e r a l  i n s t r u c t i o n s  can be 

a s s o c i a t e d  w l t h  the same p r o d u c t i o n ,  the 

s y n t a c t i c  parse can o n l y  d e t e r m i n e  a set  

of  i n s t r u c t i o n s .  The s e l e c t i o n  of  a 

s l n g l e  i n s t r u c t i o n  from t h i s  se t  has to  

be c o n t r o l l e d  by o t h e r  means. 

The i n s t r u c t i o n s  i n  the  se t  may d i f f e r  

In  t h e l r  c o s t ,  f o r  example code s l z e  or 

e x e c u t i o n  t i m e ,  or In  r e s t r i c t i o n s  they 

lmpose on the l r  operands. The INCR 

instruct ion above, for example, can only 

be used I f  the c o n s t a n t  to  be added has 

the  va l ue  one. 

After the parse has determined a 

subtree that can be matched by one or 

more patterns, the code generator w i l l  

test the condltlons of the corresponding 

Instruct ions,  for instance whether a 

constant belongs to a certain range. Only 

Instruct ions wlth va l id  conditions are 

appllcable. I f  there remains more than 

one a p p l i c a b l e  I n s t r u c t i o n ,  a cos t  

f u n c t i o n  i s  a p p l i e d  to  d e t e r m i n e  the 

cheapest Instruct ion.  To check the 

r e s t r i c t i o n s  the  code g e n e r a t o r  uses 

a t t r i b u t e s  t h a t  a re  e i t h e r  g i ven  In  the 

i n t e r m e d i a t e  r e p r e s e n t a t i o n  or computed 

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

A f t e r  the code g e n e r a t o r  has s e l e c t e d  

a s l n g l e  I n s t r u c t i o n ,  a d d i t i o n a l  a c t i o n s  

s p e c l f l c  f o r  t h i s  I n s t r u c t i o n  are  p e r f o r -  

med, f o r  examp le ,  c a l l s  to  the  r e g i s t e r  

a l l o c a t o r  or compu ta t i on  o f  a t t r i b u t e s .  

In  o rde r  t o  g e n e r a t e  the  code gene ra -  

t o r ,  the  CG8S needs l n f o r m a t l o n s  about  

the  i n s t r u c t i o n  se t  o f  the  t a r g e t  mach lne,  

e s p e c i a l l y  about  the  p r o d u c t i o n s ,  r e s t r i c -  

t i o n s  and a d d i t i o n a l  a c t l o n s  a s s o c i a t e d  

w l t h  each I n s t r u c t i o n .  Th ls  i n f o r m a t i o n  

l s  g l v e n  In  a " t a r g e t  machtne d e s c r i p -  

t i o n " .  The f o l l o w i n g  c h a p t e r  g i v e s  a 

Summary of the form of a target machine 

descrlptlon used In the C688. 

57 



The t a r g e t  machine d e s c r i p t i o n  .(TMD) 

l s  the  i n p u t  to  the C688. I t  c o n s l s t s  of  

a d e f i n i t i o n  of  the  i n t e r m e d i a t e  r e p r e s e n -  

t a t i o n  ( IR)  t h a t  serves  as i n p u t  to  the 

code g e n e r a t o r  and o f  a c o l l e c t i o n  o f  

I n s t r u c t i o n  d e s c r i p t i o n s  c a l l e d  " r u l e s " .  

Each r u l e  must c o n t a i n  

- the  c o n t e x t - f r e e  p r o d u c t i o n  f o r  the  

I n s t r u c t i o n  

- t he  semant lc  c o n d i t i o n s  t h a t  must be 

f u l f i l l e d  I f  the  I n s t r u c t i o n  s h a l l  be 

s e l e c t e d  

- the  cos t  o f  the  I n s t r u c t i o n ,  e .g .  l t s  

s l z e  or e x e c u t i o n  t ime  

- the  a c t l o n s  t h a t  must be pe r fo rmed  when 

the I n s t r u c t i o n  l s  s e l e c t e d ,  e .g .  

e m l t t l n g  the I n s t r u c t i o n  to  the  code 

f l t e  or c a l l l n g  the  r e g i s t e r  a l l o c a t o r .  

We were faced w i t h  severe  d i f f i c u l t i e s  

when we t r l e d  t o  f o r m a l i z e  the  c o n d i t i o n s  

and a c t l o n s  o f  a r u l e  because o f  the  

d i v e r s i t y  o f  the I n s t r u c t i o n  se ts  o f  

d i f f e r e n t  machines.  The t a r g e t  machine 

d e s c r i p t i o n  Language used by 6 l a n v i l l e ,  

f o r  examp le ,  does not  a l l o w  the  c o r r e c t  

d e s c r i p t i o n  o f  the  IBM 360 l n t e g e r  

m u l t i p l i c a t i o n  I n s t r u c t i o n s  R and HR. 

Ne c i r c u m v e n t  t h l s  p rob lem by a L l o w l n g  

In  the  TRO Pascal  e x p r e s s i o n s  and s t a t e -  

ments. (Pasca l  l s  the  i m p l e m e n t a t i o n  

language of  the  g e n e r a t e d  code g e n e r a t o r  

as w e l l  as t h a t  o f  the  C6SS.) Access to  

the  a t t r i b u t e s  o f  a symbol In  the c o n t e x t -  

f r e e  p r o d u c t i o n  l s  a l l o w e d  v i a  i d e n t i f i e r s  

a t t a c h e d  to  these  symbols.  

As an examp le ,  the d e s c r i p t i o n  o f  an 

I nc remen t  I n s t r u c t i o n  INCR and an add 

Immedia te  I n s t r u c t i o n  ADDI as d e s c r i b e d  

In  s e c t l o n  2.1 w l l l  be as f o l l o w s :  

RULE r e g i s t e r . r O  

: : = - p l u s  r e g i s t e r . r 1  c o n s t a n t . c  

I p lus  c o n s t a n t . c  r e g i s t e r . r 1 ;  

COST 2; (x s i z e  2 by tes  x) 

CONDITION c . v a l u e  = 1; 

ACTION 

tO.number := r l . n u m b e r ;  

w r i t e l n  (symcode, "INCR " ,  rO .number ) ;  

END_RULE; 

RULE r e g l s t e r . r O  

: : =  p l us  r e g i s t e r . r 1  c o n s t a n t . c  

i p lus  c o n s t a n t . c  r e g i s t e r . r 1 ;  

COST 4;  (x s i z e  4 by tes  x) 

( *  no c o n d i t i o n , a l l  c o n s t a n t s  a l l o w e d  x) 

ACTION 

rO.number := rl.number; 

wrlteln (symcode, "ADDI ",rO.number 

, c . v a L u e  ) ;  

END_RULE; 

As a l r e a d y  m e n t i o n e d ,  the  I n p u t  to  the 

code g e n e r a t o r  l s  a sequence o f  t r e e s ,  

each t r e e  r e p r e s e n t i n g  a source s t a t e m e n t .  

Ne c a l l  a node In  such a t r e e  an o p e r a t o r .  

Each o p e r a t o r  has a f l x e d  number o f  

operands ( p l u s  has two ,  c o n s t a n t  has ze ro  

operands)  and may have a r b i t r a r y  a t t r i b u -  

t e s .  ALL o p e r a t o r s  are d e f l n e d  i n  the 

TRD, and each d e f i n i t i o n  o f  an o p e r a t o r  

op c o n t a l n s  the  f o l l o w i n g  I n f o r m a t i o n  : 

- the  name o f  the  o p e r a t o r  

- a code f o r  t h l s  o p e r a t o r ,  a n a t u r a l  

number f o r  I t s  I d e n t i f i c a t i o n  

- the  a t t r i b u t e s  o f  the  o p e r a t o r  

- the  number o f  operands and 

- f o r  each operand 1 the  se t  F IRST(op,  1) 

o f  o p e r a t o r s  which may occur as the  

f l r s t  o p e r a t o r  o f  t h l s  operand i n  the 

l n p u t  t o  the  code g e n e r a t o r .  

The l a s t  r e q u i r e m e n t  y i e l d s  an l m p l i c l t  

d e f i n i t i o n  o f  the  p o s s l b l e  l n p u t  to  the 

code g e n e r a t o r  and i s  used f o r  u n i f o r m i t y  

check lng  (see Z . 3 ) .  The d e f i n i t i o n s  o f  

the  o p e r a t o r s  i n  the  example above are  



r e g i s t e r  [CODE = 1; number : 0 . .  1 5 ] ;  
c o n s t a n t  [CODE = Z ;  v a l u e  : I n t e g e r ] ;  

p l u s  [CODE = 3] 

( p l u s ,  r e g i s t e r ,  c o n s t a n t )  

( p l u s ,  r e g i s t e r ,  c o n s t a n t ) ;  

Some I n s t r u c t i o n s  do not  r e t u r n  a 

r e s u l t ,  e . g .  b ranch  or s t o r e  I n s t r u c t i o n s .  

These I n s t r u c t i o n s  n o r m a l l y  co r respond  to  

o p e r a t o r s  I n  the  IR t h a t  a l so  have no 

r e s u l t ,  such as an a s s i g n  o p e r a t o r .  We 

c a l l  such an o p e r a t o r  a S T H T - o p e r a t o r ,  

and as the  l e f t  hand s i de  o f  a p r o d u c t i o n  

d e s c r i b i n g  an I n s t r u c t i o n  w l t h  no r e s u l t  

we use the  symbol STMT, as In  

8TMT : : =  ass l gn  aOdress.a  r e g l s t e r . r  

f o r  STORE r , a .  The se t  o f  o p e r a t o r s  t h a t  

a re  STMT-opera to rs  l s  a l so  d e f l n e d  In  the  

TMD. 

I n  v iew of  the  many s p e c i a l  cases 

wh ich  have to  be c o n s i d e r e d  In  a code 

g e n e r a t o r  I t  l s  ve ry  d i f f i c u l t  f o r  the  

c o m p i l e r  w r l t e r  t o  check t h a t  eve ry  

c o m b i n a t i o n  I s  c o r r e c t l y  h a n d l e d ,  espe-  

c i a l l y  I f  the  code g e n e r a t o r  l s  used f o r  

some years  and has been changed by 

s e v e r a l  peop le .  The e s s e n t i a l  advantage 

o f  us i ng  the  p a t t e r n  ma tch lng  approach i s  
due to  the  s p l i t t i n g  of  the  code s e l e c t i o n  

task  l n t o  manageable p i e c e s :  p a t t e r n  

m a t c h i n g ,  a t t r i b u t e  e v a l u a t i o n ,  d e c i s l o n  

w i t h i n  a smal l  se t  o f  p o s s i b l e  i n s t r u c -  

t i o n s  f o r  a p a t t e r n .  The p rope r  coope ra -  

t i o n  of  t hese  p i eces  l s  gua ran teed  by the  

g e n e r a t o r .  

I f  the  d e s c r i p t i o n  o f  each I n s t r u c t i o n  

l s  c o r r e c t  ( t h i s  l s  q u i t e  e a s i l y  checked 

s i n c e  the  Length o f  a r u l e  I s  10 l i n e s  on 

the  a v e r a g e ) ,  one o f  the  f o l l o w i n g  e r r o r s  

may occur  d u r i n g  code g e n e r a t i o n  : 

(1 )  The code c o u l d  be e m i t t e d  I n  wrong 
o r d e r .  

(2 )  The parser may Loop (due to  the  

a m b i g u i t y  o f  the  grammar) .  

(3 )  The pa r se r  may e n t e r  an e r r o r  s t a t e  

( s y n t a c t i c  b l o c k i n g ) .  

(4 )  A l l  I n s t r u c t i o n s  c o r r e s p o n d i n g  to  a 

g l v e n  s y n t a c t i c  p a t t e r n  have c o n d i -  

t i o n s  t h a t  e v a l u a t e  to  f a l s e  ( seman t i c  
b l o c k i n g ) .  

As l s  shown be low ,  the  C6SS wlLL 

e l t h e r  a v o i d  these  e r r o r s  or g l v e  an 

e r r o r  message a t  code g e n e r a t o r  g e n e r a t i o n  

t l m e ,  so the  code g e n e r a t o r  w i l l  p roduce 

c o r r e c t  code f o r  eve r y  Legal  l n p u t .  For a 

non -Lega l  t n p u t  the  pa r se r  wlLL e n t e r  an 

e r r o r  s t a t e  and the  c o m p i l a t i o n  l s  

a b o r t e d  a f t e r  l s s u l n g  an e r r o r  message. 

Note t h a t  t h i s  can o n l y  occur  I f  ano the r  

p a r t  o f  the  c o m p l l e r  I s  e r r o n e o u s .  

(1)  C o r r e c t  code i n  c o r r e c t  o r d e r :  

The code l s  gene ra ted  by the  code 

g e n e r a t o r  In  a s l ngLe  bot tom up,  L e f t  t o  

r l g h t  t r e e  t r a v e r s a L ,  p a r a l l e l  to  the  

L R - p a r s l n g  of  the  I n t e r m e d i a t e  r e p r e s e n t a -  

t i o n .  T h e r e f o r e  the  code I s  gene ra ted  In  

a c o r r e c t  o rde r  p r o v i d e d  a p o s t f l x  t r e e  

t r a v e r s a t  o f  the  IR s p e c i f i e s  a l e g a l  

e x e c u t i o n  o r d e r .  I f  any r e o r d e r i n g  i s  

r e q u i r e d  f o r  o p t i m i z a t i o n  pu rposes ,  I t  

must  be per fo rmed b e f o r e  the code l s  
g e n e r a t e d .  

(Z) L o o p l n g :  

Loops can onLy occur  when the  p a r s e r  

reduces a c c o r d i n g  to a sequence of  cha in  

p r o d u c t i o n s  such as X -> Y -> Z -> X. 

Each Loop can be broken up by chang lng  

the  r e s o l u t i o n  of  a reduce~reduce -con -  

f l i c t .  The CGSS does t h l s  a u t o m a t i c a l l y .  

The a l g o r i t h m  i s  s l m l L a r  to  t h a t  o f  

GLanv lLLe.  However,  I t  uses and m o d i f i e s  
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t he  gene ra ted  p a r s e r  t a b l e s  t n s t e a d  o f  

the  l t em s e t .  

(3 )  S y n t a c t i c  b l o c k i n g :  

The l n p u t  Language f o r  the  code 

g e n e r a t o r  l s  a sequence of  I R - " s t a t e -  

men t s " ,  where each s t a t e m e n t  i s  a p r e f l x  

e x p r e s s i o n  s t a r t l n g  w l t h  a 8TMT-opera to r  

and each operand 1 o f  an o p e r a t o r  op 

s t a r t s  w l t h  an o p e r a t o r  b e l o n g i n g  to  the  

se t  F IRST(op ,1 )  (see Z . Z ) .  The code 

g e n e r a t o r  w l l l  no t  s y n t a c t i c a l l y  b l ock  I f  

t he  Language accep ted  by the  p a r s e r  

l ncLudes  the  l n p u t  l anguage .  We c a l l  the  

p a r s e r  " u n i f o r m "  I f  t h i s  c o n d i t i o n  h o l d s .  

The s p e c l a l  form of  the  l n p u t  language 

and the  p r o d u c t i o n s  I n  the  machlne 

d e s c r i p t i o n  a l l o w  to  check the  u n i f o r m i t y  

o f  the  gene ra ted  p a r s e r  I n  the  C688. To 

t h l s  end the  system computes f o r  each 

s t a t e  q I n  the  p a r s e r  t he  p a i r s  ( o p , 1 )  

where 1 l s  t he  operand o f  the  o p e r a t o r  op 

expec ted  when the  p a r s e r  l s  i n  s t a t e  q. 

The p a r s e r  l s  u n l f o r m  I f  f o r  a l l  opl  I n  

F I R S T ( o p , t )  the  p a r s e r  a c t i o n  f o r  s t a t e  q 

and lookahead opl  l s  adm lssab le .  

N o n - u n i f o r m  s i t u a t i o n s  seem to  be r a r e  

I f  t he  f u l l  I n s t r u c t i o n  se ts  o f  r e a l  
machtnes are d e s c r i b e d  ( b u t  they do 

o c c u r ! ) .  They are more o f t e n  the  conse-  

quence o f  an I n c o m p l e t e  TMD, and the  

u n i f o r m i t y  t e s t  e x h l b l t s  t h a t  someth ing  

l s  s t l l l  m l s s l n g .  

(4 )  8emant l c  b l o c k i n g :  

I f  t he  c o n d i t i o n s  f o r  a l l  I n s t r u c t i o n s  

a s s o c i a t e d  w l t h  a g l v e n  s y n t a c t i c  p a t t e r n  

e v a l u a t e  to  f a l s e ,  the  code g e n e r a t o r  

canno t  s e l e c t  an I n s t r u c t i o n  and w l l l  

b l o c k .  

The s i t u a t i o n  w l l l  o n l y  occur  I f  a l l  

I n s t r u c t i o n s  a s s o c i a t e d  w l t h  the  p a t t e r n  

have a c o n d i t i o n  a t t a c h e d .  To a v o i d  t h i s  

p rob l em ,  the  C688 searches  f o r  p a t t e r n s  

w l t h  t h l s  p r o p e r t y  and then  adds a new 

" a b s t r a c t  I n s t r u c t i o n "  to  the  se t  o f  

a t t a c h e d  I n s t r u c t i o n s  wh lch  can be 
gene ra ted  u n c o n d i t i o n a l l y .  Very o f t e n  

t h l s  a b s t r a c t  I n s t r u c t i o n  can be Implemen-  

ted  as a sequence o f  r e a l  I n s t r u c t i o n s .  

T h l s  sequence i s  c a l l e d  the  " d e f a u l t  
t l s t "  f o r  the  p a t t e r n .  I f  no d e f a u l t  l l s t  

l s  found  by the  C688, an a p p r o p r i a t e  

message l s  g l v e n ,  and the  c o m p l l e r  w r i t e r  

has to  check whether  he f o r g o t  someth ing  

or whe the r  the  c o m b i n a t i o n  of  a l l  c o n d i -  

t i o n s  cove rs  a l l  cases o c c u r r i n g  I n  a 

l e g a l  l n p u t .  

The q u a l l t y  o f  t he  g e n e r a t e d  code can 

depend on the  q u a l l t y  o f  the  d e f a u l t  

L l s t s .  As Shown In  the  nex t  c h a p t e r ,  the  

C688 may no t  f i n d  the  bes t  p o s s l b l e  

s o l u t i o n ,  and I t  l s  r e a s o n a b l e  to  check 

the  g e n e r a t e d  d e f a u l t s  a f t e r  the  machine 

d e s c r i p t i o n  l s  comple te  I n  a l l  o t h e r  

a s p e c t s .  D e f a u l t  I n s t r u c t i o n s  can be 

d e f i n e d  e x p l i c i t l y  by add ing  an e x t r a  

r u l e  to  the  TMD. 

For Judg ing  the  pe r fo rmance  of  the  

C688 and the  q u a L l t y  o f  the  gene ra ted  

code,  we used our  sys tem,  amongst o t h e r  

p r o j e c t s ,  f o r  I m p l e m e n t i n g  Pascal  compi -  

Lers  f o r  a 81emens 7 .000  p r o c e s s o r  (same 

Instruction set as the IBM 3601370 

series), and the Motorola M68000 processor 

[A rm lngeon  813. A Pascal  f r o n t  end 

p r o v l d e d  by W.M.Walte was used i n  these  

c o m p i l e r s .  Chapter  3.1 c o n t a l n s  I n f o r m a -  

t i o n  about  the  TMD's and the  pe r fo rmance  

o f  the  CG88, w h l l e  c h a p t e r  3 .2  l s  c o n c e r -  

ned w i t h  the  q u a l l t y  o f  the  gene ra ted  

code and the  pe r fo rmance  o f  t he  code 

g e n e r a t o r s .  

EC,' 



To gene ra te  a code g e n e r a t o r  f o r  some 

t a r g e t  mach ine ,  a d e s c r i p t i o n  of  t h l s  

machine must be w r i t t e n  and p rocessed  by 

the  C688. Th i s  s e c t i o n  i s  concerned w l t h  

the  t a r g e t  machlne d e s c r i p t i o n s  t h a t  we 

used f o r  our  Pascal  complLer  and w l t h  the  

p r o c e s s i n g  of  these  d e s c r i p t i o n s  w i t h  the  

CGSS. Tab le  3-1 g l v e s  some f i g u r e s  about  

the  TMD's and the  pe r fo rmance  of  the  

CG88. The TMD f o r  the  M68000 does not  

l ncLude  r e a l  a r i t h m e t i c ,  whereas the  

81emens d e s c r i p t i o n  does. 

As ment ioned i n  s e c t l o n  Z .Z ,  we use 

Pascal  s t a t emen ts  i n  the  r u l e s  d e s c r i b i n g  

the  machlne I n s t r u c t i o n s .  T h l s  f a c t  

s u b s t a n t i a l l y  c o n t r i b u t e s  to  the  s i z e  of  

the  TMD's. U s u a l l y  our  d e s c r i p t i o n s  f o r  

r e a l  machtnes are about  ZOO0 L ines  Long. 

The Pascal  s t a t emen ts  f rom the  TMD, 

supp lemented w l t h .  the  access pa thes  to  

the  a t t r i b u t e s ,  are i n c o r p o r a t e d  i n t o  the  

code g e n e r a t o r  f rame.  

The gene ra ted  t a b l e s  compr ise  the  

p a r s e r  t a b l e  and t a b l e s  to  c o n t r o l  the  

e v a l u a t i o n  of  the  c o n d i t i o n s  and a c t l o n s  

a s s o c i a t e d  w l t h  the  p a t t e r n  s e l e c t e d  by 

the  p a r s e r .  The pa r se r  t a b l e s  are con-  

s t r u c t e d  and o p t i m i z e d  u s l n g  modules from 

our  pa r se r  g e n e r a t i n g  system P6S [Dencker  

7 7 ] .  

Th ts  l s  no t  the  p l a c e  to  d i s c u s s  a l l  

aspec ts  o f  the  two machine d e s c r i p t i o n s .  

But  two p o l n t s  are e s p e c i a l l y  I m p o r t a n t  

and shou ld  be men t ioned .  One of  them l s  

the  h a n d l i n g  of  the  d i f f e r e n t  address 

modes a v a i l a b l e  on r e a l  mach ines ,  the  

o t h e r  l s  the  use of  s p e c l a l  I n s t r u c t i o n s  

by the  a u t o m a t i c a l l y  gene ra ted  code 

g e n e r a t o r  and the  n e c e s s i t y  o f  d e f a u l t  

l l s t s  (see s e c t l o n  2 .3 )  as a consequence 

o f  t h t s .  

S l ze  of  TMD 

Number o f  r u l e s  

Average s l z e  of  r u l e s  

Number o f  o p e r a t o r s  

Number o f  p a r s e r  s t a t e s  

81ze o f  gene ra ted  t a b l e s  

no t  o p t i m i z e d  

o p t i m i z e d  

S l ze  of  gene ra ted  code 

to  be I n c l u d e d  I n  the  

code g e n e r a t o r  f rame 

T o t a l  p r o c e s s i n g  t ime  of  

the  CGSS on a 87 .760 

1870001M68000 

Z5OOIZIO0 L ines  

1501 130 

101 10 l l n e s  
871 64 

1491 154 

I 

301 36 KByte 
5 7 Keyte 

ZOOO 1100 L ines  

Pascal  

148 152 sec. 

An RX-address on the  Slemens 7 .000 ,  

c o n s i s t i n g  of  two r e g i s t e r s  and a c o n s t a n t  

o f f s e t ,  can be r e p r e s e n t e d  by ten  d i f f e -  

r e n t  p a t t e r n s  u s l n g  the  o p e r a t o r s  +,  r 

and c f o r  a d d r e s s - a d d i t i o n ,  r e g l s t e r  and 

constant resp. : c, r, +cr, +rc, +c+rr, 

+r+cr, +r+rc, ++crr, ++rcr and ++rrc. It 

Is, In practlce. Impossible to descrlbe 

a l l  t hese  a d d r e s s i n g  modes t o g e t h e r  w l t h  

the  I n s t r u c t i o n .  For an o p e r a t i o n  us l ng  

an RX-address ( a lmos t  a l l  r e g i s t e r - s t o r a g e  

o p e r a t i o n s  on the  8 7 . 0 0 0 ) ,  the  machine 

d e s c r i p t i o n  would  c o n t a l n  no t  one,  bu t  

ten  p a t t e r n s .  The comple te  d e s c r i p t i o n  of  

a MOV I n s t r u c t i o n  on the  M o t o r o l a  would  

r e q u l r e  more than  f l f t y  d i f f e r e n t  p a t -  

t e r n s .  On the  o t h e r  hand,  I t  I s  necessary  

to  use the  p o s s i b i l i t i e s  o f f e r e d  by the  

hardware to  produce good code. F o r t u n a t e -  

l y ,  the  same a d d r e s s i n g  modes are used 

f o r  most I n s t r u c t i o n s ,  and we dec lded  to  

use a s p e c l a l  n o n t e r m l n a l  " add ress "  from 

wh lch  a l l  the  p o s s l b l e  address e x p r e s s i o n s  
can be d e r l v e d ,  and the  address computa-  

t i o n  l s  d e c r l b e d  by r u l e s  L l ke  
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RULE add ress .a  : : =  a d d r e s s _ p l u s  
c o n s t a n t . c  r e g i s t e r . r ;  

COST O; 

CONDITION ( c . v a L u e  IN [ 0 . ,  40953) AND 

( r . numbe r  IN [ 1 . . 1 5 ]  ) ;  

ACTION a . o f f s e t  := c . v a l u e ;  

a .base := r . n u m b e r ;  

a . l n d e x  := O; 

END_RULE; 

I t  t s  c h a r a c t e r i s t i c  f o r  such r u l e s  

t h a t  t hey  do no t  co r respond  to  an I n s t r u c -  

t i o n  and do no t  cause any cos t s  s i n c e  no 

code l s  e m l t t e d .  I n  the  d e s c r i p t i o n  of  an 

I n s t r u c t i o n  u s i n g  an a d d r e s s ,  o n l y  t h l s  

n o n t e r m l n a l  appears I n  the  p a t t e r n ,  as In  

r e g l s t e r  : : =  t n t _ p l u s  r e g i s t e r  
l n t _ c o n t  add ress .  

As the  cos t  o f  an I n s t r u c t i o n  can o n l y  be 

glven by a c o n s t a n t ,  t h l s  s o l u t l o n  a l l o w s  

the  e x a c t  d e s c r i p t i o n  of  an I n s t r u c t i o n  

o n l y  I f  t he  cos t  o f  the  I n s t r u c t i o n  does 

not depend on the  s p e c l f l c  a d d r e s s i n g  

mode chosen.  For machines such as the  

M68000, where e . g .  an I n s t r u c t i o n  occup ies  

an e x t r a  word I f  t he  address mode c o n t a l n s  

an o f f s e t ,  t he  a d d r e s s i n g  modes can be 

grouped l n t o  c l a s s e s  w l t h  equa l  c o s t ,  and 

a d i f f e r e n t  n o n t e r m l n a l  can be used f o r  

each c l a s s .  

As an example f o r  the  use of  s p e c l a l  

I n s t r u c t i o n s  and d e ' f a u l t  l l s t s  l e t  us 

c o n s l d e r  the  ADD I n s t r u c t i o n  on the  

M68000 t h a t  adds the  c o n t e n t s  o f  a 

r e g l s t e r  to  a memory c e l l .  The d e s c r i p t i o n  

o f  t h l s  I n s t r u c t i o n  I s  

RULE 8TMT : : =  l n t _ a s s l g n  address .a1  

l n t _ a d d l t i o n  d a t a _ r e g . d r  

t n t _ c o n t  a d d r e s s . a 2 ;  

COST 2; 
CONDITION Is_same address (al, aZ); 

AOTION (x emlt ADD dr,al x) 

END_RULE; 

Th l s  i n s t r u c t i o n  can be used f o r  

Pascal  ass ignments  of  the  form 

"4 := 1 + e x p r "  where the  v a l u e  of  expr  

l s  I n  the  data  r e g l s t e r  d r .  The s y n t a c t i c  

p a t t e r n  g l v e n  above does no t  exp ress  t h a t  
t he  two addresses al  and a2 must denote  

the  same memory c e l l .  As a consequence,  
t h l s  p a t t e r n  w l l l  a l so  be found  f o r  a 

s t a t emen t  l l k e  "1 := k + e x p r " ,  and the  

c o n d i t i o n  w l l L  then  e v a l u a t e  to  f a l s e ,  so 

t h a t  t h i s  I n s t r u c t i o n  canno t  be used. 

There l s  no o t h e r  i n s t r u c t i o n  w l t h  the 

same p a t t e r n ,  so the  code g e n e r a t o r  c o u l d  

no t  g e n e r a t e  any code i n  t h l s  case u n l e s s  

i t  can s p l l t  the  p a t t e r n  I n t o  s m a l l e r  

p a r t s  f o r  wh ich  I t  can g e n e r a t e  code. 

T h l s  i s  e x a c t l y  what the  d e f a u l t  l l s t  

c o n s t r u c t i o n  l s  d o l n g .  The p o s s i b l e  

p a t t e r n s  f o r  our example and the  c o r r e -  

spond ing  I n s t r u c t i o n s  are 

PI:  d a t a _ r e g . d r  : : =  l n t _ c o n t  a d d r e s s . a  

"MOV a , d r "  

P2: d a t a _ r e g . d r O  : : =  l n t _ a d d i t l o n  

d a t a _ r e g . d r l  d a t a _ r e g . d r 2  

"ADD dr2, drO" 

P3: data_reg.drO ::= int_additlon 

data_reg.drl 

Int_cont address.a 

"ADD a,drO" 

P4: 8TMT ::= Int_asslgn address.a 

data_reg.dr 

"MOV dr, a" 

O b v i o u s l y .  we can s p l l t  the  p a t t e r n  

8TMT : : =  l n t _ a s s l g n  address .a1  

l n t _ a d d l t l o n  d a t a _ r e g . d r  

l n t _ c o n t  add ress .aZ  

i n  two d i f f e r e n t  ways : u s l n g  the  p a t t e r n s  

P3 and P4 ( r e s u l t i n g  In  the  code sequence 

ADD a Z , d r ;  MOV d r , a l )  or  P1, P2 and P4 

(resulting In the code MOV aZ,drl; 

ADD drl,dr; MOV dr,al). Both possible 

default llsts are correct, but the first 

one l s  b e t t e r  because I t  r e s u l t s  i n  

s m a l l e r  and f a s t e r  code. 

The C G S $  a u t o m a t i c a l l y  g e n e r a t e s  

d e f a u l t  l l s t s  at code g e n e r a t o r  g e n e r a t i o n  
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t lme  I f  t hey  are necessa ry .  I f  a d e f a u l t  
L l s t  can be f o u n d ,  the  C6S$ w l l l  f l n d  

one. I f ,  however ,  more than  one d e f a u l t  

l l s t  l s  p o s s i b l e ,  the  C6SS w l l l  s e l e c t  

one at  random even I f  ano the r  one m lgh t  
be b e t t e r .  The prob lem to  d e t e r m i n e  a 

"good" d e f a u l t  L i s t  a t  code g e n e r a t o r  

g e n e r a t i o n  t lme  has no t  ye t  been s a t i s f a c -  

t o r i l y  s o l v e d .  As soon as the  code 

g e n e r a t o r  l s  comple te  I n  t h a t  I t  can 

gene ra te  code f o r  eve ry  l e g a l  l n p u t ,  I t  

l s ,  t h e r e f o r e ,  w o r t h w h i l e  to  have a look 

a t  the  gene ra ted  d e f a u l t  L l s t s .  I f  one l s  

too  bad,  I t l s  a lways  p o s s l b l e  to  i n s e r t  

an e x t r a  r u l e  In  t he  TMD w l t h  the  p a t t e r n  

In  q u e s t l o n  and p r o v l d e  the  d e f a u l t  L l s t  

e x p l i c i t l y  I n  the  body.  Th l s  r u l e  w i l l  

have no c o n d i t i o n  and a h l gh  cos t  so I t  

wlLL o n l y  be used I f  no o t h e r  r u l e  w l t h  

t he  same p a t t e r n  l s  a p p l i c a b l e .  

The gene ra ted  code g e n e r a t o r  f o r  the  

Siemens 7 .000 l s  about  3800 l l n e s  of  

Pascal  (1800 L lnes  f o r  the  frame and 2000 

L lnes  gene ra ted  by the  C6SS). The e q u i v a -  

Lent  program f o r  the  M&8000 has 3500 

L ines  (2400 f o r  the  frame and 1100 

gene ra ted  L i n e s ) .  These programs pe r fo rm 

the  code s e l e c t i o n  and r e g l s t e r  a l l o c a t i o n  

phase f o r  our  c o m p i l e r ,  t ype  mapplng and 

v a r i a b l e  a l l o c a t i o n  are done by a sepa ra te  

module.  

Because our purpose was to  t e s t  the  

power o f  the  code s e l e c t i o n  a l g o r i t h m ,  

a l l  o t h e r  p a r t s  o f  the  c o m p l l e r  have been 

Implemented s t r a i g h t f o r w a r d  w l t h  as 

L l t t L e  e f f o r t  as p o s s i b l e .  T h l s  l s  a l so  

t r u e  f o r  r e g l s t e r  a l l o c a t i o n ,  wh lch  i s  

done "on the  f l y " .  C a l l s  to  the  r e g l s t e r  

a l l o c a t o r  are lmbedded I n  the  a c t i o n s  of  

the  r u l e s  In  the  TRD's. The r e g i s t e r  

allocation algorithm assumes that a 

s u f f i c i e n t  number o f  r e g i s t e r s  e x l s t ,  
means f o r  r e g l s t e r  s p l L L l n g  are no t  

p r o v i d e d .  I f  the  r e g l s t e r  a l l o c a t o r  runs  

ou t  o f  r e g i s t e r s ,  the  c o m p i l a t i o n  l s  

a b o r t e d  a f t e r  l s e u l n g  an a p p r o p r i a t e  

e r r o r  message ( t h l s  case d l d  no t  occur  

e x c e p t  f o r  s p e c i a l l y  w r i t t e n  t e s t  p r o -  

g rams) .  Because no c o n t e x t  l s  c o n s i d e r e d  

when a l l o c a t i n g  a r e g i s t e r ,  I t  can happen 

t h a t  a v a l u e  I s  loaded l n t o  t he  wrong 

k l n d  o f  r e g l s t e r  ( e . g .  l n t o  an odd 

l n s t e a d  o f  an even one) and must then  be 

moved l n t o  ano the r  r e g i s t e r .  

The g e n e r a t e d  code g e n e r a t o r  p rocesses  

about  200 source  l l n e s  per second,  

I n c l u d i n g  r e a d i n g  the  I n t e r m e d i a t e  

r e p r e s e n t a t i o n  f rom a f l L e  and w r l t l n g  

the  gene ra ted  i n s t r u c t i o n s .  For our  f r o n t  

end (see t a b l e  3 - Z ) .  the  code g e n e r a t o r  

needed 33 seconds.  Expe r imen ts  where the  

l o  has been sepa ra ted  f rom the  code 

s e l e c t i o n  l n d l c a t e  t h a t  the  pe r fo rmance  

of  the  code g e n e r a t o r  can a t  Leas t  be 

t r l p L e d .  

The code gene ra ted  f o r  the  $7.7&0 was 

compared w l t h  the  code gene ra ted  by the  

s t a n d a r d  complLer  on t h i s  sys tem,  a 

p r o d u c t  deve loped  on the  bas l s  o f  the  

PascaL-P c o m p i l e r .  Tab le  3-2 g l v e s  the  

code s l z e  f o r  the  modules o f  our  complLer  

when complLed w i t h  our and w l t h  the  

s t a n d a r d  c o m p i l e r .  O v e r a l l ,  the  a u t o m a t i -  

c a l l y  gene ra ted  code i s  about  10 Z 

s h o r t e r  than  t h a t  o f  the  s t a n d a r d  compl -  

Ler .  A more d e t a i l e d  a n a L y s l s  shows t h a t  

the  a u t o m a t i c a l l y  gene ra ted  code made 

b e t t e r  use of  spec laL  I n s t r u c t i o n s  and 

a d d r e s s i n g  modes, whereas the  r e g l s t e r  

usage was b e t t e r  I n  the  s t a n d a r d  c o m p i l e r .  

E s p e c i a l l y ,  the  s t a n d a r d  complLer  e l i m i n a -  

tes  slmpLe common s u b e x p r e s s l o n s  l n s i d e  

b a s l c  b l o c k s  and uses more r e g i s t e r - r e g i -  

s t e r  o p e r a t i o n s .  

We have a l so  compared the  run t lme  o f  

t he  code gene ra ted  by the  two c o m p i l e r s .  

Tab le  3-3 shows the  CPU-t lme used on a 
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8 7 . 7 6 0  p r o c e s s o r  by some s o r t  p rog rams  

f o r  s o r t l n g  an a r r a y  o f  1000 r e a l  numbers 

w l t h  s e v e r a l  methods : h e a p - s o r t  (HEAP),  

s h e l l - s o r t  (SHELL) ,  a h y b r l d  b u b b l e  s o r t  

(DOBOS) and q u i c k - s o r t  (QUICK) .  As can be 

s e e n ,  t h e  a u t o m a t i c a l l y  g e n e r a t e d  code l s  

a p p r o x i m a t e l y  15 X s l o w e r ,  a f l g u r e  t h a t  

was c o n f i r m e d  by o t h e r  e x p e r i e n c e s .  The 

maln  r e a s o n  f o r  t h e  a d v a n t a g e  o f  t h e  

s t a n d a r d  c o m p l t e r  l s  t h e  b e t t e r  r e g l s t e r  

usage and t h e  f a c t  t h a t  we d l d  n o t  p u t  a 

g r e a t  e f f o r t  I n t o  t h e  r u n - t l m e  sys tem f o r  

ou r  g e n e r a t e d  Pasca l  sys tem.  

The code g e n e r a t e d  f o r  t h e  M o t o r o l a  

M68000 was compared w l t h  code g e n e r a t e d  

f o r  t h l s  p r o c e s s o r  by c o m p i l e r s  f rom 

H e w L e t t - P a c k a r d  and f rom M o t o r o l a .  T a b l e  

3-4  shows t h e  code s i z e  f o r  t h e  s o r t  

p rog ram a l r e a d y  m e n t i o n e d  as g e n e r a t e d  by 

ou r  c o m p l L e r  and by t h e  M o t o r o l a  c o m p i l e r .  

A c o m p a r i s o n  w l t h  t h e  HP c o m p l l e r  f o r  t h e  

same p rog rams  was n o t  p o s s i b l e .  A f l r s t  

a n a L y s l s  shows t h a t  t h e  a u t o m a t i c a l l y  

g e n e r a t e d  code l s  s h o r t e r  t h a n  t h e  one 

g e n e r a t e d  by t h e  o t h e r  two c o m p i l e r s .  The 

maln  r e a s o n  f o r  t h l s  seems t o  be t h e  

b e t t e r  usage o f  s t o r a g e - s t o r a g e  o p e r a t i o n s  

f o r  s lmpLe s t a t e m e n t s .  

The C688 l s  now i n  use f o r  more t han  a 

yea r  and ou r  o v e r a l l  e x p e r i e n c e  l s  

p o s i t i v e .  Wl th  an e f f o r t  o f  s i x  man month 

we have been a b l e  t o  p r o d u c e  a code 

g e n e r a t ~ r  f o r  P a s c a l  whose q u a l i t y  i s  

c o m p a r a b l e  w l t h  an I n d u s t r i a l  p r o d u c t  

l n t o  w h l c h ,  t o  ou r  k n o w l e d g e ,  a t  L e a s t  

s l x  man y e a r s  have  been I n v e s t e d .  I n  

a d d i t i o n ,  t t  was p o s s t b L e  t o  r e t a r g e t  

t h l s  code g e n e r a t o r  f rom t h e  S lemens 

7 . 0 0 0  t o  t h e  H68000 In  a p p r o x i m a t e l y  

t h r e e  man month .  

I P a s c a L I  s l z e  o f  code l  
modu le  I s o u r c e l  c o m p l l e r  I change 

I L i n e s  I our  I s t a n d .  I 
+ . . . . . .  + . . . . . .  + . . . . . .  4 

f r o n t  end I 6940 I 782401 836361 +7 

t y p e  m ~ p p l n g ,  I I I I 

IR g e n e r a t o r l  6060 I 486821 612601 +25 X 

h a n d L l n g  

o f  s e t s  

c o n s t a n t  

f o l d l n g  

code 

g e n e r a t o r  

code e d l t l n g  

L l s t l n g  

g e n e r a t o r  

s u m  

I 

I 2400 

I 

1500 

3770 

2430 

I I I 

211041 236441 +12 Z 

I I 

11234 l  107381 -4  

I I 

572721 566521 -1 

263141 266641 +1 Z 

I I I 

1400 I 121361 118041 - 2  

124500 125498212743981 +8 

Ia~k~_]:Z_~ code s l z e s  o f  c o m p l t e r  

modu les  on t h e  8 7 . 0 0 0  ( l n  b y t e )  

I our compller I standard comp. 

program I slze I tlme I slze I tlme 

÷ t + . . . . . . .  + 

SHELL I 2424 I 219 I 2484 I 184 

HEAP I 2762 1 244 I 2736 I 206 

DOB08 I 2596 I 264 I 2628 I 225 

QUICK I 3360 I 124 I 3200 I 111 

! a g L Q _ ] : ] _ Z  c o m p a r i s o n  o f  s o r t  p rog rams  

on a 8 7 . 7 6 0  p r o c e s s o r  ( code  s l z e  I n  

b y t e ,  t l m e  In  m i l l i s e c o n d s )  

I code s l z e  E b y t e ]  I 

p rog ram I ou r  comp. I M o t o r o l a  I change 
+ + + 

SHELL I 1976 I 2048 I + 4 

HEAP I 2250 I 2394 I + 6 

DOBO8 I 2140 I 2256 I + 5 

QUICK I 2746 I 3036 I +10 I 

I t Q L g _ ] : ] _ ~  compar l sm o f  s o r t  p r o g r a m s  

on a M68000 p r o c e s s o r  
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We are j u s t  s t a r t l n g  to  s t udy  how our 
code s e l e c t i o n  a l g o r i t h m  f l t s  l n t o  the  

f ramework of  an o p t i m i z i n g  c o m p i l e r .  A 

lot of optlmizatlons interfere with code 

s e l e c t i o n ,  e s p e c i a l l y  the  d e c l s i o n  
whether a possible optimization is 

profitable. Common subexpression eLimina- 

t l o n  at  the  a d d r e s s i n g  L e v e l ,  f o r  example ,  

may d e t e r i o r a t e  the  q u a l i t y  o f  the  

gene ra ted  code i f  an address e x p r e s s i o n  

l s  Loaded i n t o  a r e g i s t e r  w h i l e  I t  cou l d  

have been e v a l u a t e d  w l t h l n  the  a d d r e s s i n g  

p a r t  o f  an i n s t r u c t i o n .  We b e l i e v e  t h a t  

codegenerators generated by the C6SS can 

be used to  s u p p o r t  such o p t l m i z a t i o n s ,  

e . g .  by comput ing  machlne dependent  

a t t r i b u t e s  f o r  c o n t r o l l i n g  o p t i m i z a t i o n  

modules or by actually performing optiml- 

z a t l o n s  wh lch  have been found p o s s i b l e  by 

p r e v i o u s ,  machlne i n d e p e n d e n t  phases of  

the  c o m p i l e r .  

The most important Improvement on the 

way to an automatlcalLy generated "produc- 

tion q u a l i t y "  code g e n e r a t o r  i s  the  

I n t e g r a t i o n  o f  a more s o p h i s t i c a t e d  

r e g l s t e r  a l l o c a t i o n  a l g o r i t h m  l n t o  our 

system. Th l s  w l l l  reduce the  s i z e  of  the  

gene ra ted  code and above a l l  s h o r t e n  the  

e x e c u t i o n  t lme .  

t i o n s  of  the  p a t t e r n  ma tch ing  are p o s s i b -  
Le, and more e x p e r i m e n t s  i n  t h l s  f l e l d  

would  be i n t e r e s t i n g .  

In the present form, the C688 allows 

to build, wlth a minlmum of effort, code 

g e n e r a t o r s  t h a t  a re  r e l i a b l e ,  need o n l y  

r e a s o n a b l e  r e s o u r c e s  a t  run t ime  and 

produce good code t h a t  can s tand  a 

compar ison  w l t h  a c o n v e n t i o n a l  code 

g e n e r a t o r .  
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