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ABSTRACT

The  Rsts rge tab le  Back  gno  <HBE'  p ro jec t  o f  the  Trans la to r  Depar tment
a ims  a t  p roduc ing  a  gene ra l i zes  t ao l e -a r i ven  code  gene ra to r  t ha t  w i l l
make  i t  easy  to  c rea te  comp i le rs  fo r  a  va r ie t y  o f  new  and  ex i s t i ng
hardware  arch i tec tures*  inc lud ing  V-Mode,  X-Mode,  M6800Q,  e tc .

The  feasioi l i ty  of  this  goal  has  been  demonstrated  oy  the  wri t ing  of  a
pro to type  code  generator  us ing  the  Graham-Glanv i l le -Ganapath i  method  o f
code  generat ion  by  at t r ibuted  LR  pars ing.

This  document  gives  an  overview  of  the  nature  of  the  code  generat ion
p r o b l e m  a n d  h o w  t h e  G r a h a m - G l a n v i l L e - G a n a p a t h i  m e t h o d  p r o v i d e s  a
s o l u t i o n .  R e s u l t s  o b t a i n e d  u s i n g  o u r  w o r k i n g  p r o t o t y p e  a r e  d e s c r i b e d .

P lease  d i r ec t  ques t i ons  t o  Sco t t  Tu rne r,  ex t .
MS  10B-17-3,  or  to  any  member  of  the  RBE  Group.

4 0 7 3 ,  x . m a i l  T U R N E R ,
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I  Q.£be  _Gener_at_2g_r2

Co  de fene ra t i on  i s  t he  te rm  g i ven  to  t he  l as t  t r ans la t i on  s tep  i n  a
comp i le r.  In  th i s  l as t  s tep  an  In te rmed ia te  Represen ta t ion  ( IP )  o f  the
use r ' s  p rog ram  i s  t r ans la ted  i n to  compu te r  i ns t r uc t i ons  (and  s to red  i n
a  B inary  o r  o the r  such  fi le  o f  execu tab le  o r  a lmos t -execu tab le  code) .

Code  generat ion  has  t radi t ional ly  been  done  by  a  detai led  and  ad  hoc
analys is  o f  the  var ious  cases  for  which  code  is  to  be  emi t ted.  Such
code  generators  have  usually  been  programmed  in  the  same  imp  lementatipn
language  used  for  the  rest  of  the  compiler.

I t  has  oecome  increas ing ly  ev i
m e t h o d o l o g y  i s  n o t  a d e q u a t e
free  from  bugs,  easy  to  extend,
means  to  make  an  existing  com
spec ific  compute r.  To  rehos t  m
a n o t h e r  c o m p u t e r . )  C o d i n g  a
between  source  language  and  IR
d i r e c t l y  i n  t h e  i m p l e m e n t a t
t r a n s f o r m a t i o n  p r o g r a m  m u s t  b
n e c e s s a r y .  I n  c o n t r a s t ?  a
a lgor i thms  tha t  a re  independen t
t h a t  a r e  d e p e n d e n t  o n  i t ,  m
comprehend  and  modify.

d e n t ,  h o w e v e r ,  t h a t
t o  p roduce  comp i l e r s  t

o r  e a s y  t o  r e t a r g e t
p i ler  produce  code  that
cans  to  make  the  compil

c o m p l e x  t r a n s f o r m a t i o
or  that  between  IR  and
i o n  l a n g u a g e  m e a n s  t
e  r e w r i t t e n  w h e n e v e r

t a b l e - d r i v e n  a p p r o a c h
o f  t he  t a rge t  a r ch i t ec

ak ing  the  code  generat

t h i s  t r a d i
hat  are  rel
•  ( T o  r e
will  run  o

er  it  self  r
n  s u c h  a s

t a r g e t  m
h a t  t h e

r e t a r g e t i n
separa  tes

t u r e  f r o m
or  much  eas

2  LR_p2.rsJ.nu

Tne  recognition  of  the  constructs  of  any  language,  be  it  PL/I,  FORTRAN,
o r  any  o the r,  i s  conven ien t l y  and  e ffic ien t l y  done  in  modern  comp i le r
F r o n t  E n d s  v i a  t a b l e - d r i v e n  p a r s i n g  m e t h o d o l o g y.  A n  e x a m p l e  o f  a
tab le -d r i ven  pa rse r  he re  a t  P r ime  i s  DEREMER  (see  PE-T-535) ,  wh ich
recognizes  constructs  in  a  language  by  preprocessing  a  BNF  (Backus-Naur
Form)  descript ipn  file  to  produce  compact  tables  that  are  used  ta  dr ive
an  LR  pa rse r.  An  LR  ga rse r  i s  a  p rog ram  tha t  r ecogn i zes  l anguage
c o n s t r u c t s  i n  a  b o t t o m - u p  f a s h i o n .  F o r  e x a m p l e ,  w e  m i g h t  d e fi n e  a
f ragment  o f  a  p rogramming  language  invo lv ing  paren thes ized  express ions
using  the  following  BNF  product  ion:

exoression  ::=  term  |  expression  '+»  term  |  •(•  expression  ♦)»

This  me
an  expr
dr  iven
input  (
a t t ^ r n a
p r o d u c t
recogn  i
p r o d u c t
r e s u l t s
recogn  i
d e fi n e d
above)  •

ans  that  an  expressi
ession  and  a  term,
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f r o m  t h e  s o u r c e  I
t ives  of  the  product
i o n  a p p l i e s  o r  a
zes  the  constructs  d
i o n  fi r s t ,  t h e n  t h

in  a  bottorn-up  par
z e d  b e f o r e  t h e  h i g

in  terms  of  low-lev

on  can
or  a  pa
d  from
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ion  app
user  sy
e s c r i b e
e  produ
se  bee
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el  ones

cons  i
rent  h
t h i s

fi  t
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nt  ax
d  on
c t  ion
ause
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sust  either  of  a  term,  the
esized  expression.  An  LR  p

p r o d u c t i o n  w o u l d  e x a m i n e
e)  and  decide  which  of  the
f  n o n e  a p p l y *  e i t h e r  a n

has  pecurred) .  The  p
r i g h t - h a n d  s i d e  o f

who le  i s  recogn ized .
l o w - l e v e l  c o n s t r u c t s

h i g h - l e v e l  c o n s t r u e
in  the  sample  produ

e r r o r
t h e
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3 Ih e _ G r a h a m - G .la n v i l._e -G a n 3jP_a_!li_?i__h o d

R .  S .  G l a n v i l l e  a n d  S .  L .  G r a h a m  o f  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  -
B e r k e l e y  r e u l i z e o  t h a t  L R  p a r s i n g  c o u l d  b e  a p p l i e d  t o  t h e  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  a  u s e r  p r o g r a m  ( i n  t h e  f o r m  o f  a  t r e e  o f  d a t a
s t r u c t u r e s )  j u s t  a s  e a s i l y  a  i - >  t o  t  h  - ?  u s e r  p r o g r a m  i t s e l f .  C o d e
g e n e r a t i o n  o y  p a r s i n g  i s  j u s t  s s  f a s t ,  f r e e  o f  b u g s *  a n d  e a s y  t o  c h a n g e
a s  a n y  o t h e r  L R  p a r s i n g  a p p l i c a t i o n .

M •  G a n a o a t h i  o f  t h e  U n i v e r s i t y  o f  W i s c o n s i n  -  M a d i s o n  e x t e n d e d  t h e
G r a h a m - G l a n v i l l e  m e t h o d  t o  m a k e  i t  h a n d l e  m o r e  o f  t h e  c o d e  g e n e r a t i o n

w a y  b y  a d d i n g  a t t r i b u t e s ,t a s k  a n a  t o  d o  i t i n m o r e  fl e x i b l e
p r e d i c a t e s ,  a n d  a c t i o n s . T h e s e  d e t a i l s  w i l l  b e  o m i t t e d  h e r e  i n  o r d e r
t o  s i m p l i f y  t h e  p r e s e n t a t i o n .

Re  fe  rences
Ganapathi  *  s

o  f u r t h e r  i n f o r m a t i o n  o n  t h e  G r a h a m - G l a n v i l l e  m e t h o d  a n d
e x t e n s i o n s  a r e  p r o v i d e d  a t  t h e  e n d  o f  t h i s  p a p e r.

4  ue  tails  of  ^the_GGG  ..Met  hod

T h e  G r a h a m - G l a n v i t l e - G a n a p a t h i  ( G G G )  m e t h o d  r e q u i r e s  v i e w i n g  t h e  I R  a s
a  s e q u e n c e  o f  p r e fi x  o p e r a t o r s  a n d  t h e i r  o p e r a n d s .  T h u s  i  s o u r c e
language  s ta tement  such  as  "a  =  b  +  c "  i s  v iewed  in  i t s  p refix  fo rm  as
" =  a  +  b  c " .  L R  p a r s i n g  t h e n  d e c o m p o s e s  t h e  I R  i n t o  p i e c e s
c o r r e s p o n d i n g  t o  p a r t i c u l a r  m a c h i n e  i n s t r u c t i o n s .

As  an  examp le ,  cons ide r  the  IR  s ta temen t  "= j u s t  m e n t i o n e d .
t y p i c a l  G G G  c o d e  g e n e r a t o r  w o u l d  p a r s e  t h i s  i n t o  t h r e e  p i e c e s ,
c o r r e s p o n d i n g  t o  t h e  d e s i r e d  i n s t r u c t i o n  s e q u e n c e

LDA  o
ADD  c
STft  a

L o a d  b  i n t o  a  r e g i s t e r .
A d d  c  t o  t h e  r e g i s t e r.
S t o r e  t h e  r e g i s t e r  i n t o  a

T h e  t h r e e  p r p d u c t i p n s  t h a t  w o u l d  b e  r e c o g n i z e d  m i g h t  l o o k  a s  f o l l o w s

ex  press ion
e x p r e s s i o n
st  at  ement

:=  memory__ref  erence
: =  +  e x p r e s s i o n  m e m o r y _ r e f e r e n c e
=  • = »  m e m o r y  r e f e r e n c e  e x p r e s s i o n

S i n c e  e a c h  p r o d u c t i o n  m u s t  b e  a s s o c i a t e d  w i t h  t h e  a p p r o p r i a t e
i n s t r u c t i o n  t o  b e  e m i t t e d ,  p r o d u c t i o n s  a r e  e x p a n d e d  i n t o  o n d u c t i o n s
c o n t a i n i n g  t h e  i n s t r u c t i o n s ,  t h e i r  c o s t  ( t h i s  i s  u s e d  t o  h e l p  g u i d e  t h e
p a r s e  w h e n  a l t e r n a t i v e  p a r s e s  e x i s t ) ,  a n d  o t h e r  r e l e v a n t  i n f o r m a t i o n
s u c h  a s  B o o l e a n  e x p r e s s i o n s  r e p r e s e n t i n g  s e m a n t i c  r e s t r i c t i o n s
( e x a m p t s :  r e c o g n i z e  a n  i n c r e f n e n t  ■  i n s t r u c t i o n  o n l y  w h e n  t h e  o p e r a n d  i s
a  c o n s t a n t  h a v i n g  t h e  v a l u e  1 ) .  A  s i m p l i fi e d  s e t  o f  o n d u c t i o n s  f o r  t h e
e x a m p l e  m i g h t  l o o k  a s  f o l l o w s :

ex  oress  non
ex  oress  ion
st  atement

m e m o r y _ r e f e r e n c e  :  L D A  $ 1
*  e x p r e s s i o n  m e m o r y _ r e f e r e n c e  :  A D O  S 3

* - •  m e m o r y _ r e f e r e n c e  e x p r e s s i o n  :  S TA  % 2
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The  $n  notat ion  refers  to  a  value  (cal led  an  at t r ibute)  associated  wi th
the  n th  symbo l  in  the  produc t ion ,  w i th  the  le f t -hana  s ide  counted  as
s y m d o I 3 •

5  The_GG6_.  Pr  o  t  q  t  y  pe

O u r  e x p e r i m e n t a l  c o d e  g e n e r a t o r  i s  c a l l e d  D E M O . S E G  a n d  i s  l o c a t e d  i n
d i r e c t o r y  < T R A N 3 7 > R B E > D E H G  o n  s y s t e n  E N X .  D E M O  r e a d s  i n  a  s p e c i fi e d
M a c h i n e  D e s c r i p t i o n  fi l e  t h e n  a c c e p t s  I R  p r e fi x  s t r i n g s  f r o m  t h e
t e r m i n a l  a n d  d i s p l a y s  t h e  r e s u l t i n g  c o d e  ( c o d e  i s  o n l y  g e n e r a t e d  i n
h u m a n - r e a d a b l e  f o r m a t ,  s i n c e  t h i s  i s  a n  e x p e r i m e n t a l  s y s t e m ) .

DEtfG  was
p r o c e s s i
CPU  time
f a c t  t h a
every  t  i
s t  ruc tu r
t h a t  t h e
code  gen
fi l e ) ,
a s  f a s t

w r i t t e n  t o  b e  fl e x i b l e  a n d  e a s y  t o  m o d i f y ,  a t  t h e  e x p e n s e  o f
ng  t ime.  I t  takes  a  la rge  amount  o f  memory  and  a  g rea t  dea l  o f

t o  p r o c e s s  e v e n  a  s m a l l  e x a m p l e .  T h i s  i s  d u e  fi r s t  t p  t h e
t  t h e  d e s i r e d  M a c h i n e  D e s c r i p t i o n  fi l e  i s  r e a d  i n  a n d  p r o c e s s e d
T < e  D E M O  i s  l o a d e d  ( i n s t e a d  o f  s a v i n g  t h e  i n t e r n a l  d a t a
e s  i n  a  fi l e  a n d  r e a d i n g  t h e m  b a c k  i n )  a n a  s e c o n d  t o  t h e  f a c t

p a r s i n g  t a b l e s  a r e  c a l c u l a t e d  d i r e c t l y  f r o m  t h e  o n d u c t i o n s  a t
e r a t i o n  t i m e  ( i n s t e a d  o f  b e i n g  p r e c a t c u l a t e d  a n d  s a v e d  i n  a
A n  a c t u a l  i m p l e m e n t a t i o n  o f  t h e  G G G  m e t h o d  w o u l d  p r o b s o l y  r u n
a s  a n y  o t h e r  k n o w n  t a b l e - d r i v e n  c o a e  g e n e r a t o r  m e t h o d .

I n s t r u c t i o n s  o n  t h e  u s a g e  o f  D E M O  a n d  a  f u l l  i n t e r n a l  d e s c r i p t i o n  a r e
p r o v i d e j  i n  t n e  f o l l o w i n g  u o c u m e n t s *  a v a i l a b l e  i n  t h e  D i r e c t o r y
<TRANS7>R3E>D0C:

RBE.3 .DOC
RBE.  4.DOC

P r o t o t y p e  D e s i g n
P r o t o t y p e  F u n c t i o n a l i t y

PRIME  RD&E  RESTRICTED Page
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&  Sa_EP_L^_Eilchine_Desc_rip_^ion_F  jHe

The  following  is  a  tiny  DEMO  machine  description  file  for  an  imaginary
computer  having  two  memory  locations  (called  Mi  and  M2)  and  two
registers  (catted  Rl  and  R2).  Only  the  operations  of  loading,  adding,
and  storing  are  modelled  in  this  machine  description.

X T y p e s
i n t
pt  r

%Range  -2~15...2~15-1;
^Constants  ml,  m2»

^Operators
{

Operands
j  Result  Operand

Goer  at  or  _J  Tv_p_e  Ty_oes  Commutes  Comment  s  >
♦  2  i n t «  i n t ,  i n t  % C o m m u t e ;  C a d d }
a l  1  i n t  *  p t  r ;
=  2  s t m t , p t r ,  i n t ;

{ d e r e f e r e n c i n g }
Cass i qnmentJ

/^Registers
i  Najn  e  IX.2.£  Number  of  ^e^isters)

r  i n t  2 ;

%Cdtegori  es
{  Nam  2  Iy_2.£^

m r  p t r ;
r e f  i n t ;

% Ins t r uc t i ons

{Memory  References)
m r  : * — ml
m r  : •  r m2
r e f  : I z 3  mr
r e f  : I  -

r e f i n t

♦Ml'
•M2'
$2.ref  code

%Coat 0
%Cost  0
%Cost  2

•R'  i|  STRINGCS1.number)
%Cost  1

» = •  j  |  STR INGCS1.value)
SCost  2

%Size  0;
%Size  0;
% S i z e 0 J

%Size  0;

% S i z e Of

{ I ns t ruc t i on  Se t }

r  :  I -  r e f

r  :  :  -  ♦  r  ref

stmt  ::= =  mr  r

:'L0AD  R*  fi  STRING(S0.number)  j|  ♦,♦
|  |  $1.ref_code  f  j  •;'

%Cost  1  +  Sl.ref_cost  %Size  i;
\  EGUAL_REG($0.number,  $2.number)
:'ADD  R'  if  STRING(SO.numoer)  \\  •*•

(|  $3.ref_code  (j  •;•
XCost  2  +  S3.ref_cost  %Size  l;

:»ST0RE  R*  M  STRING(S3.number)  ||  •,•
||  $2.ref_code  |{  ♦;•

%Cos r.Size  i;

PRIME  ROSE  RESTRICTED i -age
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7  Exper imen ta l  .Resu l t s

The  following  subsections  give  examples  of  IR  and  correspond  inc.;  machine
c o d e  e m i t t e d  f o r  s e v e r a l  o f  t h e  m a c h i n e  a r c h i t e c t u r e s  i n v e s t i g a t e d .
This  section  is  meant  to  give  dn  idea  of  the  ease  with  which  code  for
v a r i o u s  c o m p u t e r s  c a n  o e  g e n e r a t e d  u s i n g  t h e  G G G  m e t h o d ?  m a n y
d i f fi c u l t i e s  a n d  l i m i t a t i o n s  w e  h a v e  d i s c o v e r e d  w i l l  n o t  b e  d i s c u s s e d
here  dus  to  their  technical  nature  as  well  as  their  known  potential  for
be ing  reso lvao le  by  fu r ther  wor* .

7.1  P_£il!ie_y_-Ho  de

Example  of  emi t t ing  an  increment  ins t ruct ion  as  an  opt imizat ion  for  an
INTEGERS  add i t i on :

=int2  addrel  SB  11  +  int2  1  3int2  addrel  S3  12
(Add  the  constant  1  to  the  contents  of  loc^tipn  S3+-12

and  store  the  result  in  Ipcation  S6♦11)
s i z e  -  3  c o s t  =  9 4 0

LD4  SB%+12
A1A
STA S B % *  i1

■Example  o f  ind i rec t ion ,  index ing ,  and  the  use  o f  a  temporary  memory
location  in  calling  a  procedure  and  passing  an  argument  I

call  3ptr  acdrel  LS  5  2
arg  addrel  addrel  SB  200  Sint2  addrel  SB  ->5
empty

(cal l  indirect  via  the  contents  of  LB+52,  with  an  argument
whose  address  is  calculated  by  adding  to  SB+200  the  value
contained  in  SB+55)

s i z e  =  9  c o s t  =  1 4 6 8 0
LDX  S3X+55
EAL  SB%*200 ,X
STL  T_PTR4_1
P C L  L 3 % + 5 2 , *
A P  T _ P T R 4 _ 1 , * S L

Example  of  converting  an  INTEGER*2  to  a  REAL*4:

=r?at4  SB  Sint2  LB
(Store  the  INTEGER*2  value  pointed  to  by  the  LB  register  into
the  INTEGER*^  value  pointed  to  by  the  S3  register)

s i z e  -  5  c o s t  =  3 3 8 0
L D A  L B S
FLTA
FST  SB%

Example  of  REAL*4  ari thmetic:

PRIME  ROSE  RESTRICTED P a a f>
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= r e a 14 SB n e g r 4 a r e a 14 LB
(Hove  the  negative  of  the  REAL*4  v^lue  pointed

register  to  the  REAL*4  vurisole  oointed  to  by
s i z e  =  6  c o s t  =  5 9 5 0

FLG  Ld%
fFCM
FRM
FST  S  3  %

t h
by  the  LB

S B  r e a i s t e r )

Example  of  INT£GlR*4  ari thmetic*.

=  int4  addrel  S3  50  +  int4  49  aint4  addrel  SB  52
(Add  the  1?^TEGER*4  value  contained  in  SB  +  5  2  to  th
constant  49  and

LDL
AOL

s i z e
s t o r e
=  6  ■

t h e  r e s u l t

S3%+52
= 49
SB%+50

in  SB+5  0)
cost  =  1040

7. Prime X -H o de

The  examp les  i n  t h i s  sec t i on  concen t ra te  on  one  aspec t  o f  X -Mode ,
Prime's  new  instruct ipn  mode?  they  demonstrate  the  abi l i ty  of  DEMO  to
e a s i l y  h a n d l e  t h e  T i a n y  s p e c i a l  c a s e s  o f  s h i f t i n g  i n  X - H o d e .  " ^ \

Figure  I  is  an  excerot  from  the  partial  X-Mode  machine  description  used
f o r  t h e  e x a m p l e s ;  i t  c o n t a i n s  t h e  o n d u c t i o n s  t h a t  d e s c r i b e  a l l  t h e
s h i f t  i n s t r u c t i o n s .  T h e  s p e c i a l i z e d  i n s t r u c t i o n s  ( e . g . ,  t h o s e  w h i c h
shi f t  by  one  or  two)  speci fy  the  condi t ions  under  which  the  instruct ion
may  apply,  and  a  cost  that  makes  i t  cheaper  than  the  more  genera l
i n s t r u c t i o n s .  D E M O  u s e s  t h i s  i n f o r m a t i o n  t o  g e n e r a t e  t h e  m o s t
e f fi c i e n t  i n s t r u c t i o n s  b y  s e l e c t i n g ,  f r o m  t h o s e  o n d u c t i o n s  w h o s e
conditions  are  met,  the  one  with  the  lowest  cost.

The  puroose  of  Figure  1  is  to  give  the  flavor  of  a  machine  description
of  a  complex  aspect  o f  a  mach ine.  I t  conta ins  the  fo l lowing  termina l
a n d  n o n - t e r m i n a l  s y m b o l s  t h a t  a r e  d e fi n e d  i n  p a r t s  o f  t h e  m a c h i n e
descr ipt ion  that  are  not  shown;

g r stands  for  a  general  register  --  anytime  it  is  used  on
le f t  s ide,  DEr iO  a l locates  a  reg is ter  for  i t .

i n t 2  i s  a  t e r m i n a l  s y m b o l  i n t o  w h i c h
I e x e d .

a n y  1 6 - b i t  i n t e g e r  i s

sh f t l  i s  the  sh i f t  opera to r?  wh ich  takes  two  in t2  operands

m  r  i  n  t  2  is  on  the  left  sides  of  onductions  that  are  not  shown,  but
w h i c h  g e n e r a t e  r e f e r e n c e  a t t r i b u t e s  w h i c h  c o n t a i n  t h e
a p p r o p r i a t e  s t r i n g s  f o r  t w o  b y t e  ( h a l f  w o r d )  m e m o r y
r e f e r e n c e s .
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m r i n t i  i s  l i s c e  - n r i n t 2 *  b u t
s t r i ngs  fo r  f ou r  Py te

i t s  r e f e r e n c e  a t t r i o u t e  c o n t a i n s
( fu l l  worn )  memory  re fe rences .

{SHIFT  FROM  MEMORY  BY  1  OR  2}
g r  : : -  s h f t l  - n r i n t 2  i n t 2  \ E Q U A L ( S 3 . v a I u e , 1 )

:  'LriLl  R  '  {  (  STRIfJGCSO.number  )  |  {  *  ,  *  ||  S2  .  ref  _code  {  \  •  ;  '
*cost  $2.ref_cost  +  10  is ize  l ;  {Load  Hal fword  Lef t  shi f t  1}

g r  ; : =  sh f t l  m r i n t2  i n t2  \E2UAL($3 .va lue *2 )
:  'LHL2  R»|  |STRING(SQ.number)|  j»,»  j  {$2.ref_codej  |•;•
*cost  $2.ref_cost  +  10  %size  l ;  {Load  Hal fword  Lef t  shi f t  2}

gr  ::=  shftl  mrint4  int2  \EQUAL(S3.value  *  1)
:  'LL1  R'j  iSTRING($U.number)|  j  ♦,  •  \  |$2.ref_code||»;•
^cost  $2.ref_cost  +  10  %size  i ;  {Load  word  Left  shift  1}

g r  : :=  sh f t l  mr in t4  i n t2  \EQUAL(S3 .va lue ,2 )
:  * L L 2  R * j j S T R I N G C S G . n u m b e r ) | j » , ' |  j $ 2 . r e f _ c o d e j | * ; *
Scost  $2*ref_cost  +  10  Ssize  l ;  {Load  word  Left  shift  2}

{SHIFT  FROM  REGISTER  BY  ONE  CR  2J
gr  : :=  sh f t l  g r  in t2  \EQUAL(S3.va lue ,1 )

\EQUAL_REG(S0.number,$2.number)
:  ' S L L 1  R ' | [ S T R I N G C S C . n u m b e r ) | |♦ ; •
Si  cost  5  %size  i;  {Shift  Logical  Left  1}

gr  ; :=  shf t l  gr  in t2
\EQUAL(S3 .va lue ,2 )  \EQUAL_REG($0 .number,£2 .number )
:  'SLL2  R'i  jSTRING(SO.number  )  j  f  ♦;  ♦
i cost  5  As ize  i ;  {Shi f t  Logica l  Lef t  2}

gr  : :=  shf t l  gr  in t2
\LGUAL($3.value,- l>  \EGUAL_REG<  SO.number,$2.number)
:  'SLR1  R» i {STRING(SO.number ) j |♦ ; •
icost  5  ss ize  l ;  {Shi f t  Logical  Right  1>

gr  ::=  shft  I  gr  int2
\EQUAL(S3 .va tue , -2 )  \EQUAL_REG($0 .number,$2 .number )
:  'SLR2  R»|  jSTRINGCSO.number  )  |  |  *;  •
Scost  5  Xsize  i ;  {Shift  Logical  Right  2}

{SHIFT  FROM  REGISTER  BY  CONSTANT}
gr  ::=  shft  I  gr  int2

\RANGE( -32 ,S3 .va lue ,32)  \EQUAL_REG(SC.number,$2 .number )
:  ' I S H L  R ' | { S T R I N G ( S O . n u m b e r ) | | •♦ = • | j S T R I M G ( $ 3 . v a l u e ) | | * ; •
Scos t  10  %s ize  i :  { Immed ia te  SHi f t  reg is te r  Le f t }

{SHIFT  FROM  REGISTER  3Y  CONTENTS  OF  REGISTER}
gr  : :=  shft l  gr  reg  \E3UAL_REG(SO.number,$2.number)

:  'SHL  R»|  |STRING($0.number)|  j  ♦,•|  {$3.ref_codeJ  |»;'
i cos t  100  %size  2 ;  {SHi f t  Log ica l  by  contents  o f  reg is ter }

£ i£^£^- i ^Z-ShT^ tJn£_Lxcero is_ f rpm  an  X-Mode  Grammar
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7.2.1  d_Very__D^tall_ed_E>[arnpJle

The  orocessing  of  the  first  example,  which  demonstrates  the  use  of  the
s p e c i a l  l o a d - a n a - s h i f t  i n s t r u c t i o n s  ( o n l y  f o r  a  l e f t  s h i f t  b y  o n e  o r
two),  wi l t  be  i l lustrated  in  some  detai l .  The  IR  could  be  from  a  F77
s t a t e m e n t  l i k e :

I = L S ( J , 1)

where  I  is  at  S3%+0  and  J  is  at  SB%+1000.  The  code  emitted  is:

IR>  =int4  so  shftl  3int4  addrelw  sb  1000  1
=  I\iT4  SB  SHFTL  SINT4  ADDRELW  S3  INT2.1000  INT2.1

s i z e  =  3  .  c o s t  =  1 0
L L 1  R 1 , S 8 % + 1 0 0 0  *  L o a d  w o r d  L e f t  s h i f t  1
S T  R 1 , S B %  *  3 T o r e

F igure  2a  shows  the  parse  by  wh ich  the  code  was  emi t ted  fo r  th is
example.  The  rules  that  apply  are  shown  in  Figure  2b.
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IR >  -  i  n  14  so  shftl  ;-:  i  n  t  4  a  d  d  r  e  I  *  sb  1000  1
=  I.\;T4  S3  SHFTL  3iINT4  ADDRELW  SB  IMT2.1000  INT2.1  {1}

i
j -Re f_cooe:  Sr i *
j

=  I*T4  BR  SHFTL  olINT4  ADDRELW  SB  INT2.10Q0  INT2.1  {3}
i
j -Ref_coae:  S3%
i

=  INT4  MRNI  SHFTL  2INT4  ADDRELW  SB  INT2.1000  INT2.1  {1}
I
|-Ref_code:  S3%
i

=  IMT4  MRNI  SHFTL  31  NT  4  ADDREL^BR^iNT^il  0  0.0  INT2.1  {4}
i
|-Ref_code:  SB%+1000
?!

=  INT4  HRNI  SHFTL  SINT4  MRNI  I  NT  2.1  C2>
I
j-Ref_code:  SS%+100G
I

=INT4  MRNI  SHFTL  SlNT4_MR  INT2.1  {5}
I
j-Ref_code:  S5%+1QOO
i

=  INT4  tfRNI  SHFTL_MRINT4_iNT2j.l  {6}
f  " ~

j -Code :  LL1  R1 ,SB%+1000 ;
ti

=INT4  MRNI  GR  {?}
«I
j - C o d e :  L L 1  R l t S B % + 1 0 0 0 ;
j-Ref__code:  Rl
I

ElMIi_MR.NI._REG  itO
i
j - C o d e :  L L 1  R 1 , S B % * 1 0 0 0 ; S T  R 1 , S B % ;
i
STMT
LL1  R1,S3%+1000
S T  R 1 , S B %

£ l_u r e ,2 a_-_S te__b__S t e__E x a m p I e o f _C o de_Ge n erat jnn
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l | b r
2 }mr
3 i m r n i
4|mrn  i

5 i m r i n t 4
6|  gr

7  i  reg
8 j s t rn t

«ST

&  :  *
m i  :
r  :  s
d c r e I

S 2 . r
int  4
h f 11
*LL1
r  :  *
nt 4 m

t

i D A
S l

l . r
w  b
e f _
mr
mr i

R
R ' |
r  r

*t*
. r e f
ef  _c
r  i  n
c o d e
:  $2
n t 4
f  i  IS
I STR
eg
3.  re

_c oa e
ode«
t 2 \ R A N G E ( 0 , $ 3 . v a I u e » 2 ~ 1 6 - 1 )

f i  • + •  i f  S T R I N G  ( S 3 . v a l u e ) ;
. r e f _ c o d e I
i n t 2  \ E Q U A L ( $ 3 . v a t u e , l >
TR  IN  3(SO.number)  [  |  '  ,  »  {  \$2.ref_coce
I  NG($1.number)*

f _ c o d e | | • » • ( |  S 2 . r e f _ c o d e | | » ; •  ;

i q u r e O n d u c t i o n s  U s e d  i n  F i o u r e
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h  t h e
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are  of
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in  F  i
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aure  2a  in

7 .2 .2  Other  Examp les  o f  Sh i f t i ng

Example  i l lustrating  a  shift  when  both  operands  must  come  from  memory.
The  IR  could  be  from  a  F77  statement  like:

I  =  LS(J,K)

where  I  is  at  SB%+0,  J  at  LB%*0,  and  K  at  S8%+1000.

IR>  =  int4  sb  shftl  3int2.  lb  3int4  addrelw  sb  1000
=  I\IT4  SB  SHFTL  SINT2  LB  3INT4  ADDRELW  SB  INT2.100Q

s i z e  =  8  c o s t  =  2 0 0
L  R 2 , S B % + 1 0 0 0  *  L o a d
L H S E  R 1 , L B %  *  L o a d  H a l f w o r d  w i t h  S i g n  E x t e n t e d
S H w  R 1 ,  R  2  *  S H i f t  L o g i c a l
S T  R l » S u %  *  S T o r e

Example  i l lust rat ing  the  use  of  the  specia l  case  shi f t  by  one  pr
i n s t r u c t i o n s ,  w h e r e  t h e  fi r s t  o p e r a n d  i s  a l r e a d y  i n  a  r e g i s t e r ,
example  could  be  the  IR  from  a  F77  statement  like:

two
The
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I  =  LS(J*5»2)

where  I  is  at  SB%  +  G  and  J  is  at  SB.%+100.

IR>  =  int<*  sb  shftl  +  int4  jint4  add  re  I  w  sb  100  b  2
=  !NiT4  SB  SHFTL  +  INT4  Bl\m  ADDRELW  SB  INT2.100  INT2.5  INT2.2

s i z e  -  7  c o s t  =  8 0
L  R l , = 5  *  L o a d
A  R 1 , S j 3 * * 1 0 0  *  A d d
S L L 2  R l  *  S h i f t  L o g i c a l  L e f t  2
S T  a i t S B S  *  S T o r e

Examp le  us ing  spec ia l  i ns t ruc t i on  tha t  sh i f t s  du r i ng  a  l oad ,  and  a l so
soec ia t  i ns t ruc t ion  tha t  i nc rements  a  reg is te r  by  2 .  The  IR  cou ld  be
from  a  r  7  7  statement  like:

1 = 2 +  L S ( J , 2 )

where  I  is  at  So%  +  0  and  d  is  at  SB  %+  900.

IR>  =int4  sb  +int4  2  shftl  3int2  addretw  sb  900  2
=  IMT4  $6  +INT4  INT2.2  SHFTL  a)INT2  ADDRELW  S3  I#T2.900  INT2.2

s i z e  -  4  c o s t  =  1 5
L H L 2  R 1 , S B * + 9 Q 0  *  L o a d  H a f w o r d  L e f t  s h i f t  2
I R  2  R l  *  I n c r e a s e  R e g i s t e r  b y  : • >
S T  R 1 , S 3 %  *  S T o r e

7.3  8  Q_3  0._illc.r_op_  ra  cessor

Example  of  INTEGER*4  arithmetic.  Note  that  this  example  uses  the  same
IR  as  the  last  V-Mode  example  above.
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=  i  n  14  aodreL  SB  50  +  i  ri  t  4  49  21  n  t  4  addrel  SB  52
(  A 3  d  the I  *.;  T E G E R *  4  value contained in  SB + p  2.  to  the
constant  49  and  store  the  result  in  S5+50)

L X I  B , = 5 2
SP4L
DA}  B
CALL  LDI4
D S  2
L X I  D , = 4 9
CA.L  TNTL
D B  1
CA^L  ADDI*
D B  2
D B  1
LXI  3,  =  50
SPHL
DAD  3
CAlL  ST4
D 3  2

size  = cost  =  103

A  furth?r  example  of  INTEGER*4  arithmetic:

=int4  addrel  SB  11  1
(Store  the  constant  1  as  an  INTEGER*4  in  the  location  SB+11)

s i z e  =  1 6  c o s t  =  3 8
L X I  D , = l
CA.L  I^TL
D B  1
L X I  B t = l l
SPHL
DA J  B
CAlL  ST4
D B  1

7.4 ^P.i2_Mic_r_OD_r_o c_es s 0£

( T h e s e  e x a m p l e s  a l l  u s e  8 - b i t  a r i t h m e t i c ,  f o r  s i m p l i c i t y. )

Example  of  a  large  expression  forcing  the  Accumulator  to  be
into  a  temporary  memory  location:

" s p i l i e d "
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=  +04  +  +  a  400  8  401  *  Si  402  &  405
(Store  the  sum  of  locations  400  through  4  03  into  locaticn  404)
LDA 4 03
c l :
ag:  402
STA 203
LDA 40 1

ad:  400
c l :
ad:  200
STA 404

Example  of  the  simultaneous  use  of  both  indexing  modes:
=  +addr  100  S  +addr  400  2  3
(Store  the  number  3  in  the  location  obtained  by  adding  2
to  the  contents  of  location  400  to  find  a  location  s  ,
then  adding  the  contents  of  s  tp  the  contents  of
location  100  J

LDA #3
LDX  12
LDY 40 0,X
STA  100tY

The  DEtfD  prototype  code  generator  was  written  by  Debby  Minard,  David
Spec to r,  and  Sco t t  Turner  unoer  the  leadersh ip  o f  Sco t t  Turner.
Experiments  with  various  machine  descriptions  files  were  conducted  by
Lou  Gross,  David  Spector,  and  Scott  Turner.
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