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D e fi n i t i o n  o f  a n  a b s tr a c t  ALGOL 6 8  machine

by

L . G . L . T .  Me e r te ns

ABSTRACT

This  r e p o r t  c onta i ns  t h e  d e fi n i t i o n  o f  a  machine-independent a bs tr a c t
machine, t h e  "MIAM" ,  whose c ode  may s e rv e  a s  t h e  t a r g e t  code  f o r  a  por ta b l e
ALGOL 6 8  c om pi l e r .  Imple me nting ALGOL 6 8  w i th  t h e  MIAM e n ta i l s  tw o s te ps :
implementing ALGOL 6 8  i n  te rms  o f  t h e  K A M
'  a n d  i m p l e m e n t i n g  
t h e  
M I A M  
i n

terms o f  a n  a c tu a l  c ompute r .  T h i s  r e p o r t  de fine s  o n l y  t h e  "c ore "  o f  th e
MIAM, w hi c h i s  s u f fi c i e n t  t o  model a l l  a c t i ons  pre s c r i be d i n  th e  s e c tions
headed w i t h  "Semantics"  o f  th e  Re v is e d Re por t ,  w i t h  t h e  e x c e ption o f  th e
widening c oe rc i ons  a nd t h e  de nota t i ons .
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O. INTRODUCTION

Th is  r e p o r t  c o n t a i n s  t h e  d e fi n i t i o n  o f  t h e  "MIAM"  (" Ma ch in e -I n d e p e n d e n t
A b s t ra c t  Ma c h in e " ) ,  wh o se  co d e  may s e rv e  a s  t h e  t a r g e t  co d e  f o r  a  p o r t a b l e
ALGOL 6 8  c o m p i l e r .  Th e  p h i lo s o p h y  t h a t  h a s  g o ve rn e d  t h e  d e s ig n  o f  t h e  MIAM,
and n o t a b l y  t h e  " c u t  p r i n c i p l e " ,  h a v e  been  d e s c r ib e d  i n  [ 1 ]  a n d  w i l l  n o t  b e
re p e a te d  h e r e .  I n  ma k in g  t h i s  d e fi n i t i o n  a v a i l a b l e ,  i t  i s  hoped  t h a t  i t  may
a ls o  b e  i n s t r u c t i v e  i n  t h e  t a s k  o f  c r e a t i n g  a n  ALGOL 6 8  c o m p i l e r  f o r  a
fi x e d  t a r g e t  ma ch in e .

The d e fi n i t i o n  g i v e n  h e re ,  j u s t  a s  t h e  ALGOL 6 8  Re v ise d  Re p o rt  [ 3 ]
(some f a m i l i a r i t y  w i t h  wh ich  i s  a ssu me d ),  i s  n o t  e a sy  t o  re a d .  S in c e  t h e
d e fi n i t i o n  o f  a  MIAM i s  a  c o n t r a c t  (a l t h o u g h  n o t  w i t h  l e g a l  s t a n d i n g ) ,  i t
a ims a t  a  l e v e l  o f  p r e c i s i o n  t h a t  i s  t h re a t e n e d  b y  t h e  i n f o r m a l i t y  re q u i re d
f o r  a n  e n jo y a b le  e x p o s i t i o n .  Wo rse  e ve n ,  a n y  r e l i a n c e  o n  wh a t e ve r assump-
t i o n ,  h o we ve r re a so n a b le  b y  i t s e l f ,  a s  t o  h o w t h e  MIAM w i l l  b e  u se d  i n
t r a n s l a t i n g  ALGOL 6 8  p ro g ra ms,  b u t  t h a t  ca n n o t  b e  r i g o r o u s l y  deduced f ro m
the  d e fi n i t i o n  p r o p e r ,  d e s t ro y s  t h e  c u t  p r i n c i p l e  imme d ia t e l y .

However,  so me  c o n s id e ra t i o n s  a s  t o  wh y p a r t i c u l a r  s o l u t i o n s  h a ve  been
chosen, s u g g e s t i o n s  f o r  p o s s i b l e  imp le me n t a t io n  app roaches a n d  o t h e r  h o p e -
f u l l y  h e l p f u l  re ma rk s  a r e  i n c o rp o ra t e d  i n  t h e  t e x t  b y  p l a c i n g  th e m between
" d o u b le  p ra g ma t i c  b r a c k e t s " ,  v i z . ,  " {P e  a n d  " 1 1 " .  Th e se  re ma rks  sh o u ld  i n  no
way b e  c o n s t ru e d  t o  b e  p a r t  o f  t h e  d e fi n i t i o n  { {a l t h o u g h  t h e y  may b e  h e l p f u l
t o  sh o w t h e  in t e n d e d  mean ing  i n  t h e  ca se  o f  sh o rt co min g s  i n  t h e  d e fi n i -
t i o n } ) .

I mp le me n t in g  ALGOL 6 8  w i t h  t h e  MIAM e n t a i l s  t wo  s t e p s :  imp le me n t in g
ALGOL 6 8  i n  t e rms  o f  t h e  MIAM, a n d  imp le me n t in g  t h e  MIAM i n  t e rms  o f  a n  a c -
t u a l  c o mp u t e r .  I n  o r d e r  t o  re d u ce  c o n f u s i o n ,  t h e  t e rm " t r a n s l a t i o n "  w i l l  b e
used f o r  t h e  f o r m e r ,  a n d  " r e a l i z a t i o n "  f o r  t h e  l a t t e r  s t e p .

The d e fi n i t i o n  g i v e n  i n  t h i s  r e p o r t  d e fi n e s  o n l y  t h e  " c o re "  o f  t h e
MIAM. F o r  a  co mp le t e  d e fi n i t i o n ,  a  l a r g e  number o f  r e l a t i v e l y  s imp le  i n -
s t r u c t i o n s  h a ve  t o  b e  a d d e d ,  e . g . ,  t o  d e a l  w i t h  t h e  numerous o p e ra t io n s  d e -
fi n e d  i n  t h e  S t a n d a rd  P re lu d e .  Th e  c o re  d e fi n e d  h e re  i s  s u f fi c i e n t  t o  mode l

a l l  a c t i o n s  p r e s c r i b e d  i n  t h e  s e c t i o n s  headed w i t h  " S e ma n t ics "  o f  t h e  Re -
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vised Re por t,  w i t h  t h e  e x c e ption o f  th e  wide ning c oe rc ions  and t h e  de nota -
t i ons .

One c a v e a t i s  i n  or de r .  The  MIAM described he re  has  n o t  been te s te d  i n

an a c tua l  e f f o r t  t o  t r a n s l a te  ALGOL 6 8 ,  n o r  ha s  i t  been r e a l i z e d  on  a n a c -
tu a l  computer.  Such a n e f f o r t  i s  bound t o  b r i n g  problems t o  l i g h t  t h a t  have
not be e n fore s e e n i n  th e  de s ign phase.

1. THE MACHINE AND THE PROGRAM

1.1 .  Tokens

a) A  " tok e n"  i s  a  p r i m i t i v e  e n t i t y .  Tokens t h a t  a r e  named w i th  d i f f e r e n t
names a r e  d i f f e r e n t .

{{Tokens s e rv e  as  l i t e r a l s  w i thout i nhe r e nt meaning o r  i n t e r n a l  s t r u c -
ture  by  v i r t u e  o f  which i t  i s  pos s ible  t o  di s c r i m i na te  c e r ta i n  e n t i t i e s . } }

1 .2 .  Re gi s te r s

a) A  " r e g i s te r "  i s  a  v a r i a bl e  f o r  hol di ng c e r ta i n  ob j e c ts .  { {No r e l a t i o n
w i th hardware  r e g i s te r s ,  i f  a ny ,  o f  th e  r e a l i z a t i o n  on a n a c tua l  computer
is  assumed.}] G l oba l  r e g i s te r s  o f  th e  MIAM a r e  " T"  a nd " S "  f o r  ho l d i ng  keys
o f  l oc a l e s ,  a nd "P" f o r  hol di ng a  po i nte r  t o  a  process de s c r i p to r .  I f  a  r e -
g i s te r  R i s  " s e t  t o "  a n  obj e c t x ,  t h i s  means t h a t  R i s  made t o  ho l d  a  copy
of x .  I f ,  s ubs e que ntly ,  " R"  i s  used i n  a  c onte x t where a n  ob j e c t  i s  asked
f o r ,  i t  s ta nds  f o r  th e  ob j e c t  c ur r e ntl y  he l d i n  R.

1 .3 .  Are a s ,  po i n te r s  a nd models

{{Areas a r e  th e  ba s i c  way t o  a bs tra c t fr om  memory management. An  a r e a ,
once c r e a te d,  ha s  a  fi x e d  ( i . e . ,  dynamica l ly  i n v a r i a n t )  s i z e .  I n  t h e  r e a l i -

za t i on ,  a re a s  w i l l  be  modelled by  contiguous  segments o f  memory. The s e  s e g-
ments c o n ta i n  "hidden" fi e l d s ;  n o ta b l y  the  scope and th e  model o f  t h e  a r e a ,
and presumably a l s o t h e  s pa n,  g i v i n g  i t s  s i z e . } )



a ) A  "span" i s  a  nonne ga tiv e  i n t e g e r .  { {The  te r m  "span" i s  i ntr oduc e d t o
avoid c onfus i on w i th  t h e  ALGOL 6 8  te r m  " s i z e " ,  whic h ha s  a  t o t a l l y  d i f -
fe r e nt me a ning.  S i nc e  i n te ge r s  may be  us e d i n  th e  MIAM f o r  i nde x  c a l c u l a -
t i ons ,  t h e y  c orre s pond t o  th e  i n te g e r s  o f  " s i z e  0 "  ( i . e . ,  ha v i ng th e  mode
INT) f r om  ALGOL 68011
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b) A n  " a re a "  ha s  a  span s  a nd a  "k e y "  k
t  a n d  i s  t h e n  
c o m p o s e d  
o f  
a  
s e -

quence o f  s  c ontiguous  {{memory}) " c e l l s " ,  s e l e c te d  by  " p o i n te r s " ,  whic h a r e
denoted k • O
t  k - l p  
k -
( s -
1 ) .

{{Areas come i n t o  be i ng a s  t h e  r e s u l t  o f  a  GEM o r  E S T- i ns tr uc t i on .  I t  i s
not f u r t h e r  s p e c i fi e d  h e r e  wha t c e l l s  a r e ,  b u t  i n  t h e  r e a l i z a t i o n  the y
should c orre s pond t o  t h e  s ma l l e s t u n i t s  o f  memory t h a t  a r e  a dre s s a ble  i n  a n
e f fi c i e n t  w a y .  On by te -or i e n te d  machines , t h i s  w i l l  be  a  b y te .  The  k e y  o f
an a re a  and t h e  p o i n te r  o f  a  c e l l  b o th  c orre s pond,  i n  t h e  r e a l i z a t i o n ,  t o
i t s  a ddre s s .  The  ma in re a s on f o r  m a i nta i n i ng a  d i s t i n c t i o n  between "keys"
and " po i n te r s "  i s  t h a t  t h e  ope ra tiOns : " g i v e n  th e  p o i n te r  k • i
t  d e t e r m i n ethe  c orre s ponding address" a nd " g i v e n th e  p o i n te r  k . i p  de te rmine  t h e  k e y  k"
must b o th  be  e f fi c i e n t l y  r e a l i z a b l e ;  t h e  l a t t e r  t o  make garbage  c o l l e c t i o n
to l e r a b l y  e f fi c i e n t .  A  s imple  way i s  t o  r e pr e s e nt t h e  p o i n te r  k . i  by  a  p a i r
<a ddre s s (k ),  a ddre s s (k )4 1 > ,  a l though t h i s  r e qu i r e s  more memory f o r  a
po i n te r .  Unde r  t h i s  r e a l i z a t i o n  scheme, a  k e y  may be  re pre s e nte d more s uc -
c i nc t l y  th a n  a  p o i n te r . } }

c) E a c h  c e l l  i s  un i que l y  de te rmine d by  i t s  p o i n t e r ,  a nd v i c e  v e rs a ,  t h a t

i s ,  k 1. 1 1 a nd  k 2. 1 2 s e l e c t  th e  same c e l l  i f  a nd on l y  i f  k 1 =  k 2 and i  =
1
2
. {{The e f f e c t  o f  garbage  c o l l e c t i o n  and compaction i s  tr a ns pa r e nt:
a l though,  i n  a  r e a l i z a t i o n  o f  t h e  MIAM, c e l l s  may be  phy s i c a l l y  moved, t h e
corresponding re pre s e nta ti ons  o f  keys  a nd po i n te r s  a r e  a c c ordi ngl y  upda te d.
This  r e q u i r e s ,  o f  c ours e ,  t h a t  t h e  r e a l i z a t i o n  o f  th e  MIAM i s  a b l e  t o  keep
tra c k  o f  a l l  p o i n te r s . } )
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d) T h e  key  o f  a n a re a  i s  s a i d  t o  "access" t h a t  a r e a
l  a n d  t h e  p o i n t e r s  
o f
an a r e a  a r e  a l s o  s a i d  t o  "access" t h a t  a re a  [ (a l though t h e  p o i n te r s  p o i n t  t o
s i te s  i n  th e  a r e a } ) .

e ) I f  p  =  k - i ,  where  p  i s  a  po i n te r  and k  i s  a  k e y ,  t h e n  p - j  s ta nds  f o r
k . ( i + j ) ;  i t  i s  " re qui re d"  { { 1 . 7 . 1 . f } }  t h a t  0  <  i + j  <  s ,  where  s  i s  t h e  span
o f  th e  a re a  accessed by  k .

f )  A r e a s  have a  "s c ope " ,  which i s  a  nonnegative  i n te g e r .  The  scope  " o f "  a
key o r  p o i n te r  i s  th e  scope o f  th e  a re a  t h a t  i t  accesses { (a nd t h e  scope  o f
othe r  obj e c ts  i s  t h e  l a r g e s t  ( i . e . ,  "ne we s t" ) scope  o f  component k e y s  o r
poi nte r s )) .

{{This scope i s  a k i n  t o  th e  ALGOL 6 8  scope; i t  i nd i c a te s  t h e  n e s t i n g  o f
l i fe t i m e s  o f  a re a s ,  a nd the re by  o f  obj e c ts  r e s i d i n g  i n  th e  a re a s .  By  d e fi n -
ing th e  scope o f  obj e c ts  i n  te rms o f  the  scope o f  a re a s ,  i t  i s  s u f fi c i e n t
to  remember, i n  a  r e a l i z a t i o n ,  one  scope pe r  a r e a ,  i ns te a d  o f  pe r  o b j e c t ,
reduc ing th e  memory re quire me nts .  A  pr i c e  i s  pa i d  i n  t h a t  i t  may be  ne c e s -
sary t o  keep a  whole  a r e a  because o f  one ob j e c t  t h a t  may n o t  be  r e l i n -
quished, a s  i n  th e  presumable t r a n s l a t i o n  o f  REF I NT  X  =  (HEAP [ l a r g e ]  I N T )
[ 1 ] . ) )

g) A  copy o f  a n " obj e c t"  { (1 . 5 . a } }  o f  a  " ty pe "  H1 .4 .8 .1 ) < k
l  a
y  1 ,  u ,  m >
"occupies" a  " s i t e " ,  "a ppointe d"  b y  a  p o i n te r  p  =  q . a  which i s  " s u i ta b l e "
fo r  t h a t  ty p e ,  a nd t h e  s i t e  the n  c ons is ts  o f  th e  c e l l s  s e l e c te d by  q • l p

s e e p  q . u .

{(The s o-c a l l e d  "dynamic pa r ts "  a r e  n o t  cons idered p a r t  o f  t h e  o b j e c t .
I n  th e  t r a n s l a t i o n ,  th e y  a r e  represented by  po i n te r s . } }  I f  q  i s  k - i p  whe re  k
i s  t h e  k e y  o f  a n a re a  w i th  span s ,  th e n  p  i s  s u i ta b l e  f o r  th e  ty pe  i f  i  i s

a m u l t i p l e  o f  m, 0  <  1 +1  and i + u  <  s .  The  o b j e c t  may be  de note d,  i n  a  c on-
te x t  where t h e  ty pe  i s  known, b y  * p .  ( { I f  th e  ty pe  i s  n o t  known, t h e  de nota -
t i o n  " * p"  i s  ambiguous .})



h) N e w  c opi e s  may be  made t o  occupy s i t e s ,  the r e by  o b l i t e r a t i n g  (p a r ts  o f )

former c op i e s ,  i f  a ny .  I f  x  de note s  a n  o b j e c t  o f  known ty p e ,  x  = *  p  s tands
fo r  t h e  a c t i o n  by  which a  new copy o f  t h e  o b j e c t  x  i s  made t o  occupy th e
s i te  a ppoi nte d  by  p ;  i t  i s  r e qu i r e d  { { 1 . 7 . 1 . f } }  t h a t  p  be  s u i ta b l e  f o r  x  and
th a t  t h e  s c ope  o f  x  be  a t  l e a s t  t h a t  o f  p .  More ov e r,  i f  x  i s  a  l a b e l ,  i t  i s
re qui re d t h a t  x  n o t  be  a bor t i v e  { { 1 . 7 . 1 . ( } } .

{ { I t  c a n b e  shown t h a t

be t h e  k e y  o f  a  l o c a l e  ( 1 .
area t h a t  i s  n o t  a  l o c a l e

s i b l e  t o  r e t r i e v e  t h e  k e y
o f  MI AM-i ns tr uc t i ons . i l

a k e y  occupy ing a  s i t e ,  o r  he l d  i n  T  o r  S ,  must
6 . a ) .  The  G E N-i ns truc ti on ( 3 . 3 . a )  f o r  c r e a ti ng a n
does n o t  make i t s  k e y  a v a i l a b l e ,  a nd i t  i s  impos -
of  a n a r e a  fr om  a  p o i n te r  access ing i t  by  means

0  T h e  phra s e  " p  a ppoi nts  a  s i t e  oc c upie d by  a  copy o f  x "  may be  shortened
to " p  p o i n ts  t o  x " .

j )  T h e  o b j e c ts  " c onta i ne d i n "  a n  a r e a  a r e  t h e  obj e c ts  poi nte d  t o  by
poi nte rs  o f  t h e  a r e a .  { {Ca re  s hould be  ta k e n n o t  t o  c onfus e  th e  poi nte rs
"of"  a n  a r e a ,  i . e . ,  s e l e c t i n g  a  c e l l  o f  t h e  a r e a ,  a nd th e  po i nte r s  " c on-
ta ine d i n "  a n  a r e a . } }

k ) A p a r t  f r o m  t h e  " prope r"  p o i n te r s  i ntr oduc e d i n  s e c ti on 1 . 3 . b ,  th e r e  e x -
i s ts  a  { {unique }}  dummy p o i n te r ,  t h e  tok e n " Ni x " ,  which does n o t  access any
area { l a nd t h u s  does  n o t  s e l e c t  a ny  c e l l } } ,  a nd which i s  uns ui ta bl e  f o r  any
ty pe .  The  s c ope  o f  Ni x  i s  O .

5

1) A  "mode l"  i s  a  { {pos s i bl y  empty}} s e t  o f  p a i r s  < t ,  d > ,  where  t  i s  one  o f
the  tok e ns  "KEY" a nd "PTR",  a nd d  i s  a n  i n te g e r .  Each a re a  has  a  model,

which may v a r y  a s  a  r e s u l t  o f  e x e c uti on.

m) A n  a r e a  A  i s  " re a c ha ble "  i f  i t  i s  accessed by  T o r  S  [ 0 . 6 . b n ,  i f  i t  i s
the  C - l o c a l e  { { 1 . 6 . 0 ) ,  i f  P  { { 1 . 5 . 2 . 0 }  accesses th e  a re a ,  i f  the  a re a  c on-
ta i ns  a  proc e s s  de s c r i p to r  whose tok e n  i s  Ha l te d ,  o r  i f  some s i t e  i n  a
reachable  a r e a  A '  i s  occupied b y  th e  k e y  o f  A o r  by  some p o i n te r  accessing
A. An  a r e a  i s  re a c ha ble  on l y  i f  i t  i s  re a c ha ble  by  v i r tu e  o f  th e  prev ious
sentence.
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n) " M o d e l  conformance" hol ds  i f  th e  fo l l ow i ng  thr e e  c r i t e r i a  a r e  me t:
( i )  T h e  model o f  th e  C-l oc a l e  { { 1 . 6 . 0 )  i s  empty ;
( i i )  T h e  C-l oc a l e  c onta ins  no poi nte rs  o r  keys access ing a  d i f f e r e n t  l o -

ca le ;
( i i i )  F o r  each reachable  a re a ,  o th e r  tha n th e  C- l oc a l e ,  th e r e  i s  a  o n e - t o -

one correspondence between th e  poi nte r s  k . d  o f  t h a t  a re a  t h a t  p o i n t
to  a  key ( a  p o i n te r ) ,  a nd th e  e lements <KEY, d >  (<PTR,  d > )  o f  t h e
model, w i th  a  pos s ible  e x c e ption f o r  keys a nd poi nte r s  t h a t  a r e  N i x
or t h a t  access t h e  C-l oc a l e .

{ { I f  model conformance hol ds ,  t h i s  means t h a t  t h e  s i te s  o f  keys  a nd
pointe rs  may be  deduced from th e  model f o r  purposes o f  garbage c o l l e c t i o n
and a re a  compaction. I n  th e  r e a l i z a t i o n ,  a  s pe c i a l i ze d r e pr e s e nta ti on o f
the  s e ts  t h a t  models a r e  may be  used.  Because o f  th e  dynamic span d e te r m i -
na ti on o f  areas t h a t  a r e  n o t  l oc a l e s ,  t h e  c o l l e c t i o n  o f  models t h a t  may
play a  r o l e  dur i ng e x e c ution i s  n o t  fi n i t e l y  bounded.  However,  t h e
corresponding models have  a  r e p e t i t i v e  s tr uc tur e  and may be  re pre s e nte d i n
the  r e a l i z a t i o n  by  means o f  "hyper-models",  b y  a l l ow i ng,  r ough l y ,  t h e  a b -
bre v i a ti on "and s o on u n t i l  th e  end o f  th e  a re a " .  The  s e t  o f  hyper-models
tha t  may pl a y  a  r o l e  c a n the n be  k e pt fi n i t e  a n d  may be  de te rmined s t a t i -
c a l l y . } ) .

o) T h e  formula  "m-pd'", where  m i s  a  model a nd d '  i s  a n  i n te g e r ,  s ta nds  f o r
the  model { < t ,  d i - e >  1  < t ,  d>  E  111}.

1 .4 .  Types

{{Types i n  th e  MIAM a r e  a k i n  t o  ALGOL 6 8  modes. The y  a r e  s t a t i c  a t t r i -
butes t h a t  a l l ow  th e  r e a l i z a t i o n  o f  e f fi c i e n t  tr e a tm e nt o f  ob j e c ts .  The
main d i f fe r e nc e  w i th  ALGOL 6 8  i s  t h a t  a  giv e n ty pe  "de s c ribe s "  t h e  l a y - o u t
o f  a  c ontiguous  segment o f  memory o f  fi x e d  s i z e .  P o i n te r s  have a  common

type t h a t  does n o t  c onta i n  th e  ty pe  o f  th e  ob j e c t  poi nte d t o .  { {The re  i s  no
such t h i n g  as  ty p e  check ing i n  th e  MIAM.}) However, i n  ope ra tions  m a ni pu l a t-
i ng obj e c ts  through t h e  access prov ide d by  a  p o i n te r ,  t h e  ty pe  o f  t h a t  o b -
j e c t  i s  a lways s t a t i c a l l y  known.
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The " p h i l o s o p h y "  b e h in d  t h e  t y p e  mo d e l u se d  i n  t h e  MIAM i s  a s  f o l l o w s .
I n  a c t u a l  c o mp u t e rs ,  t h e r e  a re  c e r t a i n  p r i v i l e g e d  " p r i m i t i v e  t y p e s "  i n
te rms o f  whose  s e ma n t ic s  t h e  ma ch in e  i n s t r u c t i o n s  a r e  d e s c r i b e d .  A n  e f fi -

c i e n t  r e a l i z a t i o n  mu s t  make  u se  o f  t h i s  f a c t  wh e n e ve r re a s o n a b ly  p o s s i b l e .
Now i t  may o c c u r  t h a t  n o t  a l l  a d d re sse s a r e  e q u a l l y  s u i t e d  f o r  s t o r i n g  o b -

j e c t s  o f  a  g i v e n  p r i m i t i v e  t y p e .  F o r  e xa mp le ,  i t  may happen  t h a t  i n t e g e r s
may b e  o p e ra t e d  u p o n  e f fi c i e n t l y  o n l y  i f  t h e y  a r e  s t o r e d  a t  a d re sse s  t h a t
a re  a  m u l t i p l e  o f  f o u r .  I f  t h e  d e s ig n  o f  t h e  MIAM d o e s n o t  re c o g n iz e  t h i s
f a c t  o f  t e c h n o lo g y ,  e f fi c i e n t  r e a l i z a t i o n  o f  t h e  MIAM i s  o u t  o f  t h e  q u e s -

t i o n .  Now t h e  t r a n s l a t i o n  phase  s h o u ld  n o t  b e  b o t h e re d  b y  p a ra me te rs  o f  t h e
t a rg e t  h a rd wa re :  t h e  MIAM code  t u rn e d  o u t  f o r  a  p a r t i c u l a r  ALGOL 6 8  p ro g ra m
sh o u ld  b e  i d e n t i c a l .  Th e  s o l u t i o n  ch o se n  i s  t o  a s s ig n  t y p e s  t o  o b j e c t s  o f
the  MIAM i n  s u c h  a  wa y t h a t  t h e  r e a l i z a t i o n  may ch o o se  a d re sse s  f o r  MIAM
p o in t e rs  s u i t a b l e  f o r  t h e  o b j e c t s  p o in t e d  t o .  Wh e th e r t h i s  i s  in d e e d  p o s s i -
b le  f o r  a  g i v e n  c o n t r a p t i o n  depends o n  how re a so n a b le  i t s  a d re s s  r e s t r i c -
t i o n s  a r e .  T h e  mo d e l d e ve lo p e d  h e re  w i l l  n o t  c a t e r  f o r  t h e  ca se  wh e re  i n -
te g e rs may n o t  b e  s t o r e d  a t  a d re sse s  t h a t  a r e  o n e  mo re  t h a n  some p r ime
number. Th e  a ssu mp t io n s  u se d  a re :

( i )  Th e  h a rd wa re  a d re sse s  s u i t a b l e  f o r  a  g i v e n  p r i m i t i v e  t y p e  P  a re  o f

the  f o rm a  +  n  *  m1" wh e re  n  ru n s  t h ro u g h  t h e  i n t e g e r s .  ( I t  i s  n o t
assumed
) o f  
c o u
r s e
,  
t
h
a
t  
t
h
e
r
e  
i
s  
a
n  
i
n
fi
n
i
t
e  
n
u
m
b
e
r  
o
f  
s
u
i
t
a
b
l
e  
a
d
r
e
s
s
e
s
;

see u n d e r ( i i ) . )  Th e  q u a n t i t y  m
p
,  t h e  
" m o d u l u s "  
o f  
P ,  
i s  
a t  
l e a s t  
o n e
.

A lthough  t h i s  f a c t  i s  n o t  u se d ,  i t  i s  re a so n a b le  t o  ch o o se  a
p  s u c h  t h a t0 <  a
p  
<  
m
p
,

( i i )  Th e  h a rd wa re  c e l l s  t h a t  w i l l  b e  o ccu p ie d  b y  a  P  o b j e c t  " a t "  a d d re ss
a +  n  *  m a r e  1  +  n  *  m t h r o u g h  u  +  n  *  m ,  a n d  i f  a l l  o f  t h e se  c e l l s

p h y s i c a l l y  e x i s t ,  t h e  a d re s s  i s  in d e e d  s u i t a b l e .
( i i i )  Th e re  e x i s t s  a  ( l e a s t )  common m u l t i p l e  M o f  a l l  p r i m i t i v e  t y p e  mo d u l i

( i . e . ,  t h e  s e t  o f  mo d u l i  i s  fi n i t e ) .
I n  t h e  r e a l i z a t i o n ,  a n  a re a  mu s t  a lwa ys  b e  " a l i g n e d "  i n  su ch  a  way t h a t

the  a d re ss  c o r re s p o n d in g  t o  i t s  fi r s t  c e l l ,  k . 0 ,  i s  a  m u l t i p l e  o f  M.  T h i s
ensures t h a t  a  l a y - o u t  a l l o w i n g  e f fi c i e n t  a c c e s s  t o  t h e  o b j e c t s  i n  a n  a re a
i s  p o s s i b l e . ) )
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a ) A  " ty pe "  i s  a  qui ntupl e  < t
1  a ,  1 ,  u ,  
m > ,  
w h e r e  
t  
i s  
a  
t o k e
n  
a n
d  
a ,  
1
,  
u

and m a r e  i n te ge r s .  The  "modulus" m i s  a t  l e a s t  1 ,  a nd i s  a  d i v i s o r  o f  t h e
"area modulus",  de note d by  "M" .  Moreover,  1  s a t i s fi e s  0  <  1  <  m,  a nd t h e
"span" o f  th e  ty pe ,  u-14 .1 ,  i s  a t  l e a s t  O.

{ { I f  a  =  1  f o r  a l l  p r i m i t i v e  ty pe s ,  t h i s  pr ope r ty  i s  i n h e r i te d  f o r  com-
pos i te  ty pe s  i f  th e  formula e  giv e n be low a re  used.)).

b) T h e  tok e n o f  a  ty pe  i s  e i t h e r  a n "a tomic  ty pe  tok e n"  o r  th e  tok e n

"STRUCT". The  names o f  th e  a tomic  ty pe  tok e ns  c orre s pond,  one  t o  one ,  t o
the  te r m i na l  produc tions  o f  ' t o k '  { { 2 . 1 . h} } ,  a f t e r  l e a d i ng  n o n -s i g n i fi c a n t
d i g i ts  ' 0 ' ,  i f  a ny ,  ha v e  been omi tte d from th e  c ons t i tue n t  de e ,  i f  a ny  {{s e e
2.1.mi}l. I f  two ty pe s  have  th e  same a tomic  ty pe  tok e n,  th e n  the y  a r e  one  and
the  same ty p e .

{{Although each o b j e c t  has  a  ty pe ,  th e r e  a r e  no obj e c ts  whose ty p e  has
the  tok e n STRUCT. The  l a t t e r  k i nd o f  ty pe s  may be  used t o  model "c ompos i te
obje c ts " ,  t h a t ,  t o  t h e  MIAM, a nd nota bl y  i t s  r e a l i z e r
t  e x i s t  o n l y  i n  
t h e
eye o f  th e  be holde r  (s e e  a l s o  th e  remarks i n  s e c ti on  1 . 5 . a ) .

The fu n c t i o n  o f  t h e  a tomic  ty pe  tokens  i s  t o  a l l ow  tw o ty pe s  t o  be  d i f -
fe r e n t ,  e v e n i f  a l l  f o u r  c ha r a c te r i s t i c  numbers a r e  e qua l ,  s i nc e  some
hardware may r e qu i r e  d i f f e r e n t  i ns tr uc t i ons  f o r  d i f f e r e n t  p r i m i t i v e  ty pe s ,
even i f  the  a bs tr a c t  meaning o f  th e  i ns tr uc t i ons  i s  th e  same.11

c ) " T j o i n ( t
l
,  t
2
) "  
a n d  
" D j o
i n ( t
v  t
2
) "
,  
w
h
e
r
e  
t
l  
a
n
d  
t
2  
a
r
e  
t
y
p
e
s
,  
s
t
a
n
d

fo r  a  ty pe  t  a nd a n i n te g e r  d ,  r e s pe c ti v e l y ,  s a t i s fy i n g :

( i )  i f  p  i s  a  p o i n te r ,  s u i ta b l e  f o r  t ,  th e n  p  i s  a l s o  s u i ta b l e  f o r  t
l  a n dp•d i s  s u i ta b l e  f o r  t 2;
( i i )  t h e  s i te s  a ppointe d by  p  f o r  t
l  a n d  b y  p • d  
f o r  t
2  a r e  
d i s j o i n t
,  
a n d

are c onta ine d i n  th e  s i t e  a ppointe d by  p  f o r  t ;
( i i i )  t h e  tok e n o f  t  i s  STRUCT;

( i v )  i f  t 1 i s  o f  th e  for m  <STRUCT, 0 ,  0 ,  u ,  M> ,  th e n  t  i s  o f  t h e  for m
<STRUCT, 0 ,  0 ,  v ,  M> .



T j o i n  a nd D j o i n  a r e  { { d e te r m i n i s t i c } )  fu n c t i o n s  o f  t h e i r  a rguments .
Moreover, i f  Se q(np t ) ,  whe re  n  i s  a n  i n t e g e r  >  0  and t  i s  a  ty p e ,  i s  d e -
fine d i n d u c t i v e l y  by

•  S e q(0
9  t )  
=  
T y
p e
[ G
]  
{ {
2 .
2 .
j )
} ;

•  Se q(n+1 ,  t )  =  T j o i n (S e q (n ,  t )
1then th e r e  e x i s ts  a  fu n c t i o n  S h i f t ,  mapping ty pe s  t o  i n te g e r s ,  s uc h t h a t

the  v a l ue  o f  D j o i n (S e q (n+ 1
1  t ) ,  t )  
i s  D j o i n
( S e q ( 0 ,  
0 + n * S h
i f t ( t ) .

{{Formulae c omputing t  a nd d ,  g i v e n  t
l  =  < k
i
,  a
l
,  1
1 9  u
l
,  m
l
>  a n d  
t
2  
=

<k2,  a 2 1 2  u 29 m2> s a t i s f y i n g  t h e  re qui re me nts ,  a r e :
•  l e t  q
2  
b e  
( u
1
+ m
2
- 1
2
)  
+  
m
2
*
m
2  
a
n
d

l e t  q  b e  ( q 2- ( u 1+ 1 -1 2 ) )  •  m *m1 l '
•  t  =  <STRUCT, a
l
+ q
p  1
1
+ q
1
,  u
2
+ q
2
,  
L C
M  
( 2 1
1
,  m
2
) > ,  
w h
e r
e  
L
C
M  
s t
a n
d s  
f
o
r  
t
h
e

Lowest Common M u l t i p l e ;

•  d  =  ( a 2+q2 ) - ( a 1+q1) .
The i d e a  i s  t h a t  i n  t h e  compound ty p e  t h e  s i t e  o f  t h e  t
2
- o b j e c t  i s

s h i fte d  ov e r  q
2  c e l l s  
t o  
t h e  
r i g
h t ,  
b e
i n
g  
t
h
e  
l e
a
s t  
m u
l t
i p
l e  
o
f  
m
2  
s
u
c
h

tha t t h e  s h i f t e d  s i t e  i s  d i s j o i n t  f r om  t h e  e a r l i e s t  pos s i b l e  s i t e  f o r  th e

t
i
-
o
b
j
e
c
t
.  
N
e
x
t
,  
t
h
e  
t
l
-
s
i
t
e  
i
s  
s
h
i
f
t
e
d  
t
o  
t
h
e  
r
i
g
h
t  
o
v
e
r  
q
l  
c
e
l
l
s
,  
b
e
i
n
g

the  g r e a te s t  m u l t i p l e  o f  m
l  t h a t  
l e a v e s  
t h e  
s i t e s  
d i s j o i
n t ,  
i n  
o r d
e r  
t
o  
o b
-

ta i n  a  t i g h t  pa c k i ng.  T h i s  i s  n o t  ne c e s s a r i l y  t h e  t i g h t e s t  pa c k ing i f  th e

e qua l i ty  LCM(m
l
,  m
2
)  =  
m a x ( m
l l  m
2
)  
d o
e s  
n
o
t  
h
o l
d  
f
o
r  
t
h
e  
m
o
d
u
l i  
i n
v o
l v
e d
.

More r e a l i s t i c a l l y ,  i n te r c ha ng i ng  t h e  o r d e r  o f  t h e  fi e l d  s i t e s  mi ght a l s o
give  a  t i g h t e r  pa c k i ng.

The "a x iom" d e fi n e d  b y  means o f  t h e  a u x i l i a r y  fu n c t i o n  Seq means t h a t
s i te s  f o r  a  sequence o f  ob j e c ts  o f  t h e  same ty p e  a r e  a l l oc a te d  e q u i d i s ta n t -
l y . ) )

d) " S h i f t ( t ) “ ,  whe re  t  i s  a  ty p e ,  s ta nds  f o r  t h e  i n te g e r
Dj oi n(S e q(n+1 ,  t ) ,  t ) - D j o i n ( S e q ( n ,  t ) ,  t ) ,  whe re  Seq i s  t h e  fu n c t i o n  i n t r o -
duced i n  t h e  pre v i ous  s e c t i o n  {{a nd S h i f t  i s  t h e  same fu n c t i o n  whose e x -
is te nce  was p o s tu l a te d  t h e r e ) ) .

9
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{{A formula  computing S h i f t (< k ,  a
l  1 ,  u ,  m › ) ,  
i f  
t h e  
f o r m u l a
e  
f o r  
T j o i
n

and D j o i n  giv e n above a r e  used,  i s  ( u  +  m -  1 )  •  m a  m.  T h i s  f u n c t i o n  i s
us e ful  f o r  t r a n s l a t i n g  s e l e c ti on on m u l t i p l e  v a l ue s . } }

1 .5 .  Obje c ts

a ) A n  " obj e c t"  i s  a  " p l a i n  obj e c t"  {1 1 .5 .1 .a 1 1 ,  a  k e y  o r  a  p o i n t e r ,  o r  a
"de s c r iptor"  { { 1 . 5 . 2 . a ,  1 . 5 . 2 . 0 } .  Each o b j e c t  has  a  ty p e  and a  s c ope .  The
token o f  th e  ty pe  o f  a  key  ( a  po i n te r )  i s  "KEY" (" P T R" ) .

{{The t r a n s l a to r  may model "composite  obj e c ts "  b y  composing the m o f  a
sequence o f  o the r  ob j e c ts .  The  MIAM prope r  does  n o t  " re c ognize "  t h e  e x -
is tence  o f  composite obj e c ts  - -  o the r  tha n p a r a l l e l  a c t i o n  de s c r i p to r s ,
whose i n te r n a l  s t r u c tu r e ,  however, i s  ina c c e s s ible  - - ,  b u t  prov i de s  a l l
necessary equipment f o r  th e  mode l l ing,  s uc h a s  ty pe s  f o r  compos ite  o b j e c ts ,
being a  func t i on  o f  th e  ty pe s  o f  th e  components, de te rmine d w i th  t h e
"Tjoin"  fu n c t i o n .  The  s i t e  occupied by  a  "copy" o f  such a  compos ite  o b j e c t
I s  the n  occupied by  a  sequence o f  copies  o f  i t s  components, p o s s i b l y  l e a v -
ing some c e l l s  unused i n  between. The  "scope" o f  a  composite  ob j e c ts  i s  t h e
l a rge s t o f  th e  scopes o f  i t s  components.}}

1 .5 .1 .  P l a i n  obj e c ts

a ) A  " p l a i n  obj e c t"  i s  a n  i n te ge r ,  a n  "answer" ( i . e .
"Yes" a nd " No" ),  a  " l a be l "  H1 . 7 . 1 . 0 1 1  o r  some " o th e r
a c ha ra c te r  o r  a  r e a l  number}}. The  tok e n o f  t h e  ty pe
answer, a  l a b e l )  i s  " INTO" ("ANS",  " LAB" ).  The  names
types o f  o the r  p l a i n  obj e c ts  correspond, one  t o  one ,
ductions o f  ' t o k '  obta i ne d by  adding produc tions  f o r
The scope o f  a  p l a i n  obj e c t i s  O.

one o f  t h e  tok e ns

pl a i n  ob j e c t"  { { e . g . ,
o f  a n i n te g e r  ( a n

of th e  tok e ns  o f  t h e

to  th e  te r m i n a l  p r o -
i t  by  v i r t u e  o f  2 . 1 . 1 .

{{The d e fi n i t i o n  a nd tre a tme nt o f  o the r  p l a i n  obj e c ts  a r e  l e f t  ope n i n
th i s  d e fi n i t i o n  o f  th e  MIAM. F o r  a  c ontr a c t be tween t r a n s l a t i o n  a nd r e a l i -
za ti on,  the s e  have t o  be  fi l l e d  i n ,  o f  c ours e . } }
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{ {P a ra l l e l  a c t i o n s  may be  t r a n s l a te d  by  means o f  p a r a l l e l  a c t i o n  and
process d e s c r i p to r s .  S t a r t i n g  fr om  some p r i m a l  process  d e s c r i p to r ,  a  t r e e
i s  descended o f  c u r r e n t l y  a c t i v e  proc e s s e s .  I n  t h e  model g i v e n  be low,  t h e
branches o f  t h e  t r e e  c orre s pond t o  p o i n te r s  p o i n t i n g  i n  t h e  d i r e c t i o n  from
leaves t o  r o o t .  Howev er,  n o  e x p l i c i t  c onne c ti on i s  g i v e n  between a  process
de s c r i ptor  a nd a ny  p a r a l l e l  a c t i o n  d e s c r i p to r  c r e a te d b y  th e  c orre s ponding
process ( b y  t h e  a c t i o n  o f  a  S P AWN-i ns truc ti on).  A  da ta  s t r u c tu r e  r e a l i z i n g
the  t r e e  mus t c o n ta i n  s upple me nta ry  p o i n te r s  t o  c onne c t t h e  t r e e ;  o t h e r -
wise ,  t h e  " I f  t h e r e  e x i s ts "  i n  t h e  d e s c r i p t i o n  o f  "Search Process"
(1 . 7 . 2 . c )  c o u l d  n o t  be  e f fe c te d  i n  a  re a s ona ble  way. A l s o ,  t h e  de te rmi na -
t i o n  o f  "S pa wne r(p)"  { { 1 . 5 . 2 . d } )  r e q u i r e s  i m p l i c i t  p o i n te r s  p o i n t i n g  upwards
i n  th e  t r e e . ) )
.
a ) A  " p a r a l l e l  a c t i o n  de s c r i p tor "  i s  a n  o b j e c t ,  composed o f  a  sequence o f
"process de s c r i p tor s "  { { 1 . 5 . 2 . b } )  a nd  a  " pa r e nt"  p o i n t e r  ({Whic h,  i f  i t  i s
not N i x ,  p o i n t s  t o  a  proc e s s  d e s c r i p to r  <Spawned, 1 > ) ) .  The  s i t e  occupied by
a copy  o f  a  p a r a l l e l  a c t i o n  d e s c r i p to r  i s  oc c upie d by  a  sequence o f  c opie s
o f  i t s  components ,  p o s s i b l y  l e a v i n g  some c e l l s  unused i n  between. The  scope
o f  a  p a r a l l e l  a c t i o n  d e s c r i p to r  i s  t h e  l a r g e s t  o f  th e  scopes o f  i t s  com-
ponents .  A  p a r a l l e l  a c t i o n  d e s c r i p to r  w i t h  n  process de s c r i ptor s  has  a  ty pe
whose tok e n ha s  a  name o f  t h e  for m  "PARdec", whe re  V a l (de c ) { { 2 . 2 . b } )  i s  n .

b) A  "proc e s s  d e s c r i p to r "  i s  a n  o b j e c t ,  composed o f  a  tok e n and pos s i bl y
othe r  o b j e c ts ;  i t  i s  o f  one  o f  t h e  fo l l o w i n g  f o u r  forms :
•  <Running›;
•  <Spawned, l > ,  whe re  1  i s  a  l a b e l  ( { f o r  c on t i nua t i on  a f t e r  a l l  spawned
processes ha v e  re a c he d c om pl e ti on));

•  < Ha l te d ,  s p ,  k
T
,  k
s o  
1 > p  
w h e r
e  
s p  
i
s  
a  
{ ( s e
m a p h
o r e )
)  
p o
i n
t e
r  
p o
i n
t i
n g  
t
o

an i n t e g e r ,  k
T  a n d  
k  
a r e  
k e y
s  
a n
d  
1  
i
s  
a  
l a
b
e l  
(
(
f
o
r  
r e
s u
m p
t i
o n  
i
f  
t
h
e  
c
o
n
-

d i t i o n  t h a t  c a us e d t h e  h a l t i n g  no l o n g e r  a p p l i e s ) ) ;
•  <Comple te>.

The scope  o f  a  process  d e s c r i p to r  i s  t h e  l a r g e s t  o f  t h e  scopes o f  i t s
components, w he re  t h e  tok e ns  a r e  assumed t o  have  scope  O .
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c ) T h e r e  i s  a  r e g i s te r  "P" ho l d i ng  a  p o i n te r  whic h,  i f  i t  i s  n o t  N i x ,
poi nts  t o  a  process de s c r i p tor  { { the  (un i que ) "<Running>" proc e s s  d e s c r i p -
to r } } .

d) " S pa w ne r (p )" ,  where  p  i s  a  po i n te r  p o i n t i n g  t o  a  process  d e s c r i p to r ,  i s
the  p a r a l l e l  a c t i on  de s c r i p tor ,  po i n te d  t o  by  th e  p o i n te r  q ,  s uc h t h a t  t h e
s i te  a ppointe d by  p  i s  c onta ine d i n  th e  s i t e  a ppoi nte d by  q .

{{This d e fi n i t i o n  i s  gi v e n i n  te rms  o f  p o i n te r s ,  s i nc e  d i f f e r e n t  p a r a l -
l e l  a c t i on  de s c r iptors  mi ght c onta i n  i d e n t i c a l  process  de s c r i p tor s . } }

1 .6 .  Loca les

a ) A n  a re a  may be  a  " l oc a l e " .

{{Locales a r e  c re a te d by  a n E S T-i ns tr uc ti on; o t h e r  a re a s  a r e  c r e a te d  by
a GE N-ins truc tion.  Loc a le s  a r e  cha ined by  a  dynamic a nd a  s t a t i c  ( l e x i c o -
gra phic ) c ha i n .  P a r a l l e l  a c t i o n  de s c r iptors  may b u i l t  a  t r e e  for m  fr om
these ,  othe rwis e  l i n e a r ,  c ha i ns . } }

b) T h e r e  e x i s t  two r e g i s te r s  T  and S  t h a t  may ho l d  keys  o f  l o c a l e s ,  t h a t
are the n  known as  t h e  " T-l oc a l e "  a nd th e  " S - l o c a l e " ,  r e s pe c t i v e l y .

c ) T h e  " C-l oc a l e "  i s  a  {{s tandard}} l o c a l e ,  e x i s t i n g  w i thout  e x p l i c i t  c r e a -
t i o n ,  whose scope i s  0  and whose span i s  s u f fi c i e n t l y  l a r g e  { { i f  r e a l i z a t i o n
permits}} t o  accomodate th e  s t a t i c  a c t i on  pre s c r ibe d by  a l l  o f  t h e  CF I L L -
i ns truc ti ons  { 0 . 2 . f } } .  " C"  s ta nds  f o r  th e  k e y  o f  th e  C- l oc a l e .  I t  i s  r e -
qui re d t h a t  no  poi nte r s  o r  keys access ing a re a s  o th e r  tha n  th e  C - l o c a l e  a r e
made t o  occupy s i te s  c onta ine d i n  th e  C- l oc a l e .

{{The C-l oc a l e  i s  t h e  on l y  l oc a l e  whose scope i s  0
1  a n d  i t  i s  
a l s o  t h e

only  a re a  t h a t  e x i s ts  w i thout  c r e a t i on ,  n o t  c ounti ng some fi c t i t i o u s
l oc a l e (s )  f a c i l i t a t i n g  th e  semantic  de s c r i pti on. } ).



1 . 7 .  Ac t i o n s

1 . 7 . 1 .  The  progra m
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a) T h e  progra m c ons i s ts  o f  a  sequence o f  " i n s t r u c t i o n s " .  The  "e x e c ution"
o f  t h e  progra m c ons i s ts  o f  t h e  e x e c uti on o f  t h e  i n s t r u c t i o n s ,  one  by  one ,
s t a r t i n g  w i t h  t h e  fi r s t  i n s t r u c t i o n ,  a nd  e ndi ng,  i f  t h e  program i s  norma l ly
comple ted,  w i t h  t h e  l a s t  i n s t r u c t i o n .  The  e x e c uti on o f  each i n s t r u c t i o n

determines  a  s uc c e s s or ,  w hi c h i s ,  un l e s s  othe rw i s e  s p e c i fi e d ,  t h e  ne x t i n -
s t r u c t i o n  i n  ( ( t h e  sequence whic h i s ) )  t h e  progra m,  o r  i t  r e s u l ts  i n  " a bor -
t i o n "  w i t h  a n  " e r r o r  c ode "  ( a n  i n t e g e r ) ,  whereupon no f u r t h e r  i ns tr uc t i ons
are  e x e c ute d.

b) F o r  some i n s t r u c t i o n s  t h e  e x e c uti on i s  e mpty ,  a p a r t  fr om  de te rmining
the  n e x t  i n s t r u c t i o n  a s  successor ( ( e . g . ,  a  LABEL i n s t r u c t i o n ) ) .  Such i n -
s t r u c t i o n s ,  ma y ,  howe v e r ,  i n fl u e n c e  t h e  meaning o f  o th e r  i n s t r u c t i o n s .  T h i s
i nflue nc e  i s  e x e c uti on-i nde pe nde nt a nd mus t,  t h e r e f o r e ,  b e  de te rmined s t a t -
i c a l l y  b y  pe r for m i ng onc e ,  i n  t h e  t e x t u a l  o r d e r ,  t h e  " s t a t i c  a c ti ons "
pre s c r ibe d f o r  the s e  i n s t r u c t i o n s .

((Thi s  h o l d s ,  e s p e c i a l l y ,  f o r  t h e  CF I LL- i ns tr uc t i ons  a nd f o r  th e  EST-FIN
pa i r s .  I f  t h e  r e a l i z a t i o n ,  i n  a  second pass  thr ough t h e  program t o  ge ne ra te
c onc re te  c ode  f o r  t h e  dynamic a c t i o n s ,  s houl d  r e -pe r for m  th e  s t a t i c  a c -
t i o n s ,  t h e  meaning remains  t h e  same. F o r  example ,  t h e  "meaning" o f  4  i n  th e
CO P Y -i ns truc ti on i n

JOIN, A ,  I N T ,  4 ;
COPY, I NTO ,  6 6 6 ,  te r4 ;
JOIN, 4 ,  I N T ,  4 ;

i s  t h a t  O f f s e t [ 4 ] ,  t h a t  ha s  be e n s e t  i n  t h e  fi r s t  i n s t r u c t i o n ,  e v e n though
the  f o l l o w i n g  s e t t i n g  o f  O f f s e t [ 4 ]  i s  a l l ow e d a nd has  a  w e l l -de fine d  e f -
f e c t . ) )

c ) A  " l a b e l "  i s  t h e  " v a l ua t i on"  { { 2 . 2 . a } )  o f  a  " l a b"  { ( 2 . 1 . q ) ) .  The  scope o f

a l a b e l  i s  0 ,  a n d  i t s  ty p e  i s  LAB.
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d) T h e r e  e x i s ts  a  s pe c i a l  c la s s  o f  " a bor ti v e "  l a b e l s ,  whic h have  a n  e r r o r
code.

e ) " LABE L"  { { 3 . 4 . c } )  a nd "DOWN" { { 3 . 5 . d )}  i n s t r u c t i o n s  a r e  " l a b e l l e d "  w i t h
the  v a l ua ti on  o f  t h e i r  fi r s t  a rgument [(whic h i s  e x e c uti on i nde pe nde nt)) .  I t
i s  re qui re d t h a t  no tw o d i f f e r e n t  i n s tr u c t i o n s  be  l a b e l l e d  w i th  t h e  same
l a be l .

0  I f ,  i n  t h i s  de s c r i p ti on ,  some c ondi t i on  i s  s a i d  t o  be  " r e q u i r e d " ,  t h i s
means t h a t  th e  MIAM i s  n o t  des igned t o  be  a b l e  t o  cope w i th  th e  s i t u a t i o n
a r i s i ng i f  th e  c ondi t i on  i s  n o t  f u l fi l l e d .

{ { I t  i s  c e r ta i n l y  n o t  th e  i n te n t i o n  t h a t  a  r e a l i z a t i o n  o f  t h e  MIAM
should check th e  re quire me nts .  Ra the r ,  t h e  t r a n s l a t i o n  s hould ge ne r a te  a
program whose e x e c ution cannot v i o l a te  the m. } )

1 .7 .2 .  Au x i l i a r y  a c ti ons

a) " Ne wk e y (m
t s ,  
c ) " ,  
w h e
r e  
m  
i
s  
a  
m o
d e
l ,  
s  
i
s  
a  
s
p
a
n  
a
n
d  
c  
i
s  
a  
s
c
o
p
e
,

stands f o r  th e  key  y i e l de d by  th e  fo l l ow i ng  a c t i o n :

•  i t  i s  re qui re d t h a t  model conformance hol ds  { (1 . 3 . :1 )} ;
•  th e  a c t i on  y i e l ds  t h e  key  o f  a  newly  c re a te d a r e a  w i th  model m,  s pa n s
and scope c .

{ { I t  may be  h e l p fu l  t o  know t h a t  t h i s  a c t i o n  i s  o n l y  pre s c r i be d by  t h e
i ns truc ti ons  EST { { 3 . 2 . a } }  a nd GEN { { 3 . 3 . a } }
t  a n d  t h a t  p r i o r  
t o  i t s  
i n v o c a -

t i o n  th e  e x e c ution o f  the s e  i ns tr uc t i ons  does  n o t  c a l l  f o r  a c t i ons  t h a t
might i nflue nc e  t h e  occupancy o f  any a re a . } }

b) " G o t o ( 1 ) " ,  where  1  i s  a  l a b e l ,  s ta nds  f o r  th e  a c t i o n  whereby t h e  i n -
s tr uc ti on l a be l l e d  w i th  t h e  l a b e l  1 ,  i f  a ny ,  i s  de te rmine d a s  successor t o
the  i n s t r u c t i o n  c ur r e n t l y  executed; othe r w i s e ,  i t  i s  r e qui r e d  t h a t  1  b e
a bor ti v e  and th e  a c t i on  r e s u l ts  i n  a bor t i on  { { 1 . 7 . 1 . a } )  w i t h  t h e  e r r o r  c ode
o f  1 .



15

c) " S e a r c h  Proc e s s "  s ta nds  f o r  t h e  fo l l o w i n g  a c t i o n :
I f  the r e  e x i s t s  a  p o i n te r  q ,  c onta i ne d i n  a  re a c ha ble  a r e a  f t1 . 3 . 1 0 ) ,  p o i n t -

ing t o  a  proc e s s  d e s c r i p to r  < Ha l te d ,  s p ,  k
T
,  k
3 1  1 >
9  s u c h  
t h a t  
s p  
p o i n t s

to  a  nonne ga ti v e  i n t e g e r ,
then

•  <Running> = *  q ;
•  P  i s  s e t  t o  q ;

•  T  i s  s e t  t o  k T a nd S  i s  s e t  t o  k  •S'
•  G o to (1 ) ;

othe rwis e ,
•  G o t o ( a )
9  
w h e r
e  
a  
i
s  
a
n  
a b
o r
t i
v e  
l
a
b
e
l  
w
i
t
h  
e
r
r
o
r  
c
o
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e  
D
e
a
d
l
o
c
k
.

d) " D i s c a r d  P a r ( k ) " ,  whe re  k  i s  t h e  key  o f  a  l o c a l e ,  s ta nds  f o r  th e  f o l -
lowing a c t i o n :
I f  P  a nd k  access  t h e  same l o c a l e ,
the n

•  l e t  Spa wne r(P ) { { 1 . 5 . 2 . d } )  b e  t h e  p a r a l l e l  a c t i o n  de s c r i p tor  { { 1 . 5 . 2 . 0 }

<pp, p d
l
p  . .
.  
9  
p
d
2 ;

•  P  i s  s e t  t o  pp;
•  <Running> = *  P ;
•  < Ni x ,  <Comple te > ,  • . •  < C o m p l e t e > >  = *  s  { {whic h,  i n  a  r e a l i z a t i o n  o f
the  MIAM
9  
s h o u
l d  
b
e  
a  
d u
m
m
y  
a c
t i
o n
} )
;

•  Di s c a rd P a r ( k )  { { a ga i n} ) ;
othe rwis e ,

•  i f  k  i s  n o t  T ,  Di s c a r d P a r ( * k . u ) ,  where  u  i s  O f fs e t [U ]  {{2 .2 .1a}}.

2. ARGUMENTS

2 .0 .  N o t a t i o n

I n  t h e  n e x t  s e c t i o n ,  a  s y nta x  d e fi n i t i o n  method i s  used t h a t  i s  a  v a r i -
a nt o f  BNF. Non-te r m i na l  symbols a r e  a  sequence o f  l ow e r  case  l e t t e r s .  A

colon s e pa ra te s  t h e  l e f t  hand s i d e  o f  a  r u l e  fr om  th e  r i g h t -h a n d  s i de ,  a nd
the  a l te r n a t i v e s  a r e  s e pa ra te d by  a  ba r  ( " 1 " ) .  A l l  o th e r  marks a r e  te r m i na l

symbols a nd s ta n d  f o r  the ms e lv e s .  Bl a nk  spaces a r e  n o t  s i g n i fi c a n t  { { b u t  a r e
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{{The fo l l ow i ng  tr a ns c r i p t i ons may be  h e l p f u l :
& -po i n te r  t o N -No
* - fo l l ow  po i n te r S -S - l oc a l e
A -Around-chain fi e l d T -T - l o c a l e
C -C-l oc a l e U -Upon-c ha in fi e l d
E -Es tabl ished l oc a l e X -n i X
G -Generated a re a Y -Yes
H - s H i f t
I - I n d i r e c t

ins e r te d i n  th e  s y nta x  r u l e s  i n  such a  way t h a t  th e y  h e l p  t o  i nc r e a s e  l e g i -
b i l i t y  i n  th e  te r m i na l  produc tions  i f  t r e a te d  a s  te r m i n a l  symbols }}.

2 . 1 .  Sy nta x

ans-answer
arg-argument
dee-decimal
ins -ins pe c ta ble  ( o n l y )
i t - i n t e g e r
j tp - j o i ne d  ty pe
l a b-l a be l
l e v -s ta t i c  l e v e l
l i t - l i t e r a l

a ) a r g :  l i t  1  i n s  1  r e c

g) t y p :  t o k  1 j t p

l oc -l oc a l e
o f f - o f f s e t
p t r -p o i n te r
r e c -r e c i p i e n t  p o i n te r
r e s -r e s i de nt (c opy )
s in-s igne d i n te g e r
tok -tok e n o f  ty pe
ty p-ty pe

b) l i t :  s i n l Y I N I L d e c l A d e c l X 1 H t y p

c ) O t h e r  produc tions  f o r  ' l i t '  may be  added,  to g e th e r  w i th  r u l e s  f o r  t h e i r

v a lua tion { { 2 . 2 . a } } .  {{Presumably , the s e  o th e r  produc tions  correspond t o
denota tions  f o r  th e  ALGOL 6 8  modes mi r rore d by  I NTs i n  w i th  V a l ( s i n )  0  and
by a dd i t i ona l  produc tions  f o r  ' t o l e ;  s e e  2 . 1 . i . } }

d) s i n :  de o 1  -d e c

e) i n s :  • C o f f  1 * T o f f  1  * S o f t  1 * I o f f 1. o f f 2

f )  r e c :  C o f f  1 & C o f f  1  T o f f  1 & T o f f  1 S o f t  1  & S o f t  1 I o f f 1. o f f 2
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i )  O t h e r  pr oduc ti ons  f o r  " t o k
s  m a y  b e  
a d d e d .  
{ { P r e s u m a b
l y ,  
o t h e
r  
p r o d
u c -

ti ons  f o r  ' t o k '  a r e  'CHAR' ,  'R E A L s i n ' ,  'B I T S s i n "  a nd 'BY TE S s i n ',  a nd 'CHAN-
NE L',  'BOOK' a n d  ' B U F '  i f  t h e  approach fr om  VAN V LI E T[2 ] i s  ta k e n f o r  the
t r a n s l a t i o n . } }

j )  j t p : U 1 A 1 d e c

k ) l e v :  de o

1 ) o f f :  j t p  I  o f f - I - j tp

m) d e e :  a  nonempty  sequence o f  de c ima l  d i g i t s

A de e  may have  l e a d i n g  d i g i t s  0 ;  howe v e r ,  ° d e a
l  i s  c o n s i d e r e d  
e n t i r e l y
e quiv a le nt t o  de e 1 { { s o L0 0 7  a nd L 7 ,  e . g . ,  a r e  one  a nd t h e  same l a b ) ) .

n) r e s :  i n s  I  C o f f  1 T o f f  1 S o f f

o) i n t :  s i n  1  H t y p  1  r e s

p) a n s : Y I N I r e s

q) l a b :  Lde o 1  Ade c  I  r e s

r )  p t r :  X  I  i n s  I  r e o

({Aux i l i a ry  d e fi n i t i o n ) )

s ) l o c : C 1 T I S

2 . 2 .  V a l u a t i o n

1
7

a ) T h e  " v a l u a t i o n "  o f  a n  a r g  de te rmine s  a n  o b j e c t  { { ge ne r a l l y  dur ing execu-

t i o n ) ) ;  i t  i s  de note d by  V a l ( a r g ) .  A  t y p  t  de te rmine s  s t a t i c a l l y  a  ty pe ,
denoted by  T y p e [ t ] ,  a nd a  mode l ,  de note d by  Mode 1 { t) .  More ov e r,  i f  t  i s  a
j t p ,  i t  de te rmine s  a n  i n t e g e r  { {a n " o f f s e t " ) ) ,  de note d by  O f f s e t [ t ] .  I n  the
s ta t i c  o r  dynamic  re qui re me nts  a nd a c t i o n s ,  T y p e [ t ] ,  O f f s e t [ t ]  and
M o d e l [ t h  whe re  t  i s  a  j t p ,  ha v e  a  meaning o n l y  i f  the y  have  been s e t by
the  s t a t i c  a c t i o n  o f  a  t e x t u a l l y  pre c e di ng i n s t r u c t i o n  which has n o t  been

i nv a l i da te d  b y  a  t e x t u a l l y  i n te r v e n i n g  i n s t r u c t i o n ,  a nd th e y  have th e  mean-
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i ng as  s e t  by  the  te x tu a l l y  l a s t  such i n s t r u c t i o n .

b) T h e  v a lua tions  o f  th e  l i t s  a r e  {{e x e c ution independent and a r e )}  d e t e r -
mined a s  fo l l ow s :
•  V a l (de c ) i s  th e  i n te ge r  whose dec imal re pre s e nta ti on i s  de c ;
•  V a l (-de c ) i s  -V a l (de c );
•  V a l (Y ) i s  the  answer Yes;
•  V a l (N) i s  the  answer No;
•  V a l (Lde c ) i s  the  l a b e l  "Ldec"; i t  i s  r e qui r e d t h a t  th e r e  be  e x a c t l y  one
i ns tr uc ti on l a be l l e d w i th  "Ldec";
•  Va l (Adec ) i s  a n a bor ti v e  l a b e l  w i th  e r r o r  code V a l (de c );
•  V a l (X ) i s  the  po i n te r  Ni x ;
•  V a l (Hty p) i s  S h i f t (T y p e [ ty p ] ) .

c ) O f f s e t [ o f f + j t p ]  i s  O f fs e t (o ffl o -O f fs e t [ j tp ] .

d) V a l ( te Co f f )  i s  th e  p o i n te r  C . O f f s e t t o f f ] .

e) V a l ( l e r o f f )  i s  th e  p o i n te r  T - O f f s e t [ o f f ] .

f )  V a l ( te S o f f )  i s  th e  p o i n te r  S • O f f s e t [ o f f ] .

E) V s l ( l o c o f f )  i s  * V a l (te l oc off)  { { e . g .
'  V a l ( T 4 )  =  
* V a 1 ( t e T 4 )  
=

* T . O f fs e t [4 ] ) ) .

h) V a l ( T o f f 1. o f f 2)  i s  th e  p o i n te r  p - O f f s e t [ o f f 2]
1  w h e r e  p  i s  
V a l
( T o f f 1  
) *

'
i t  i s  re qui re d th a t  p  be  a  p o i n te r ,  o th e r  tha n  Ni x .

i )  V a l ( * a r g )  i s  * V a l (a r g )  f f ;  i t  i s  re qui re d t h a t  V a l (a r g )  be  a  p o i n t e r ,
othe r  tha n Nix } } .

j )  T y p e [ G ]  i s  <STRUCT, 0 ,  Op - 1 ,  1 >  and Mode l [G] i s  t h e  empty s e t .

k ) T y p e r E )  i s  <STRUCT, 0 ,  0 ,  - 1 ,  M> ,  where  M i s  th e  a re a  modulus ( [ 1 . 4 . a n p
and ModelEE] i s  th e  empty  s e t .

1 ) T Y P e r t o k i ,  where t o k  i s  n o t  G o r  E ,  i s  th e  ty pe  whose tok e n i s  named
tok .



m) M o d e l f t o k ]  i s  { < t o k ,  0 > }  i f  t o k  i s  KEY o r  PTR, a nd th e  empty  model 0
othe rw i s e .

n) T y p e [ U ]  i s  T j o i n (T y p e [E ] ,  Ty pe [KE Y ])
o  O f f s e t [ U ]  i sD j o i n (T y p e [E ] ,  Ty pe [KE Y D,  a nd Mode l [U] i s  (<KEY,  O f fs e t tU )> 1 -

o )  T y p e [ A ]  i s  T j o i n (T y p e [U ] ,  Ty pe [KE Y ]),  O f fs e t [A ]  i s
D j o i n ( T y p e [ U )
1  T y p e
[ K E Y 1 ) ,  
a n
d  
M o d
e l
[ A ]  
i
s  
{ <
K E
Y ,  
O f
f s
e t
[ U ]
> ,  
<
K
E
Y
,

O f f s e t i A D I .

{{The e f f e c t  i s  t h e  same a s  would be  obta ine d f o r  decs u  and a  by
JOIN, E ,  KE Y ,  u ;
JOIN, u ,  KE Y ,  a 0 )

p) T y p e [ d e c ] ,  O f fs e t [d e c ]  a nd Mode l ide c ] a r e  de fine d i f  s e t  by  a  J OIN,
EST, MAX o r  F I N - i n s t r u c t i o n  { { 3 . 1 . a ,  3 . 2 . a ,  3 . 1 . c ,  3 . 2 . b n .

3. THE  INSTRUCTIONS

3 . 0 .  N o t a t i o n

3 . 1 .  Ty pe  i n s t r u c t i o n s

a ) J O I N ,  s ,  t ,  u ;
s ,  t :  t y p
u: d e o  { { ty pe } )

19

I n  e a c h i n s t r u c t i o n  for m a t g i v e n  be low,  a  lowe r-c a s e  l e t t e r ,  pos s i b l y
adorned w i t h  a  s ubs c r i p t o r  a n  a pos trophe ,  s ta nds  f o r  a  non-te rmina l  symbol
f o r  whic h a  pr oduc ti on  r u l e  i s  g i v e n i n  th e  l i n e s  fo l l ow i ng  th e  i n s t r u c t i o n
for m a t.  I n  t h e  re qui re me nts  a nd a c ti ons  gi v e n f o r  th e  i n s t r u c t i o n ,  th e y
s ta nd f o r  t h e  te r m i n a l  produc ti ons  by  which the y  a r e  re pla c e d i n  th e  a c tua l
i n s t r u c t i o n .  P r oduc t i on  r u l e s  f o r  d i f f e r e n t  non-te rmi na l  symbols t h a t  have

a common r i g h t - h a n d  s i de  may be  re pla c e d by  one  r u l e  whose l e f t -h a n d  s i de
c ons i s ts  o f  a  l i s t  o f  th e  o r i g i n a l  l e f t -h a n d  s i de s .
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S ta ti c  a c t i on:

•  Ty pe {u] i s  s e t  t o  T j o i n (Ty pe [s ] ,  T y p e [ t ] ) ,  O f f s e t f u ]  i s  s e t  t o
Dj oi n(Ty pe [s ],  T y p e r t ) ) ,  a nd Mode l l u i  i s  s e t  t o  t h e  uni on o f  Mo d e l [s ]  a nd
Model[t]-1 -Offse t[u] { { 1 . 3 . 0 ) .

{ { I f  s  and t  accomodate th e  ALGOL 6 8  modes SS a nd T T ,  t h e n  u  w i l l  a c -
comodate STRUCT(SS fl ,  T T  f 2 ) .  I f  th e  argument T o f f  gi v e s  access t o  a n  o b -

j e c t  o f  the  composite ty pe  u ,  th e n  T o f f  giv e s  access a l s o ,  i n  a  c o n te x t
where a n obj e c t o f  ty pe  s  i s  i m pl i e d ,  t o  t h e  fi r s t  fi e l d ,  a n d  Toff-442 g i v e s
access t o  th e  second fi e l d .  A  s tr uc tur e d mode w i th  more tha n  tw o fi e l d s ,

e . g . ,  STRUCT(SS fl ,  T T  f 2 ,  UU f 3 ) ,  may be  ha ndle d by  t r e a t i n g  i t  a s
STRUCT(STRUCT(SS fl ,  T T  f 2 )  f x ,  UU f 3 )  ( o r  a s  STRUCT(SS fl ,  S TRUCT(TT
f2 ,  UU f 3 )  f y ) ,  whic h does n o t  ne c e s s a r i ly  g i v e  t h e  same l a y  o u t ) .

The ty p  G i s  a  dummy t h a t  i s  us e fu l  t o  make un i for m  t r a n s l a t i o n  schemes
in which the  fi r s t  ( o r  th e  l a s t )  fi e l d  doe s  n o t  have  t o  be  t r a n s l a t e d  i n  a

specia l way; Ty pe [G] i s  de fine d a s  th e  ty pe  o f  a  v i r t u a l  o b j e c t  o f  z e r o
span th a t  can be  accommodated a t  a ny  s i t e .  G  i s  a l s o  us e fu l  t o  c r e a te  ty pe s
tha t a re  e quiv a le nt t o  a l re a dy  gi v e n ty pe s ,  e x c e pt t h a t  th e  tok e n i s
STRUCT, a s  i s  r e qui r e d by  th e  MAX -i ns truc ti on.

The ty p  E  forc e s  a l ignme nt i n  th e  r e a l i z a t i o n .  I t  i s  e s pe c i a l l y  u s e fu l
fo r  a l l oc a ti ng  s i te s  i n  a  l oc a l e  ( i n  t r a n s l a t i n g  a n e s ta b l i s h i n g -c l a u s e ) .
Consider, f o r  example, BEGIN SS x l ;  T T  x 2 ; UU x 3 ;  . . .  END. T h i s  c a n  b e  ha n-
dled as  BEGIN STRUCT(SS fl ,  T T  f 2 ,  UU f 3 )  x x ;  . . .  END, b u t  th e n  t h e  t r a n s -
l a t i o n  f o r  accessing x l ,  s a y ,  a s  fl  O F  x x ,  depends on  t h e  subsequent
i de nt i fie r -de c l a r a t i ons .  I f ,  however,  a  dummy de c l a r a t i on  "EE dummy" i s  a s -
sumed immedia te ly  fo l l ow i ng  th e  BEGIN, where  EE i s  t r e a te d  a s  a  mode accom-
modated by  Ty pe [E ],  t h e  access f o r  x l  a s  computed by  t h e  above scheme b e -
comes independent o f  th e  s e que l .  Ac tu a l l y ,  t h e  E S T-i ns tr uc t i on  i n tr oduc e s

not onl y  EE a l ignme nt a utom a ti c a l l y ,  b u t  a l s o ,  f o r  convenience ,  t w o  e x p l i -
c i t  fi e l d s  f o r  k e y s ,  a s  i n  BEGIN EE dummy; KEY upon,  a round; . . .  E ND. } }

b) S J O I N ,  s ,  t ,  u ;
s, t :  t y p
u: de o {{ ty pe }}



S ta t i c  a c t i o n :

41k The  same s t a t i c  a c t i o n  i s  pe r forme d a s  would be  pe rforme d by
JOIN,  s ,  t ,  u ; .
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Dynamic Re qui re me nt:
•  I t  i s  r e q u i r e d  t h a t ,  f o r  a ny  non-e mpty  s i t e  a ppoi nte d by  a  p o i n te r  t h a t
i s  t h e  r e s u l t  o f  v a l u a t i n g ,  d u r i n g  e x e c uti on,  a n  argument o f  th e  fo r m

te loc j tp1 . f. . . 4 - j t p
n
_
1
4 .

u,  whe re  t h e  v a l ue  o f  O f f s e t [ u ]  i s  de fine d  b y  v i r t u e  o f
an S J O I N- i n s tr u c t i o n ,  n e i t h e r  t h a t  s i t e  n o r  a ny  p a r t  o r  component th e r e o f ,
be a ppoi n te d  b y  a ny  p o i n t e r  c onta i ne d i n  a  re a c ha ble  a r e a  { (1 . 3 . m )) .

{{To gr a s p  t h e  us e ful ne s s  o f  t h e  re qui re me nt,  i t  s hould be  s tre s s e d t h a t
re quire me nts  o f  t h e  MIAM, b e i n g  c la us e s  fr om  a  c ontr a c t  between th e  t r a n s -
l a t o r  a nd t h e  r e a l i z e r ,  c orre s pond t o  promises  on  th e  p a r t  o f  th e  fi r s t
p a r ty .  S i nc e  i t  i s  a lways  pos s i b l e  t o  us e  a  J O I N- i ns tr uc t i on ,  t h e  s e l f -
i n fl i c t e d  r e qu i r e m e nt o f  a n S J O I N-i ns tr uc t i on  i s  a  promise  by  th e  t r a n s l a -
t o r  t h a t  n o  " a l i a s
,
'  p o i n t e r s  
w i l l  
b e  
s e
t  
u
p  
a p p o
i n t i
n g  
s i
t e
s  
d e
s c r
i b e
d  
w
i
t
h

the  o f f s e t  u .  T h i s  makes i t  pos s i b l e  f o r  t h e  r e a l i z a t i o n  t o  keep t h e
c orre s ponding ob j e c ts  i n  hardware  r e g i s t e r s ,  i f  t h i s  i s  de s i r a b l e  f o r  o p -
t i m i z a t i o n  purpos e s ,  w i th o u t  g l o b a l  d a t a - fl o w  a na l y s i s  t o  check t h e  s a fe ty .
I n  t h e  ge ne r a l  c a s e ,  t h e  t r a n s l a t o r  c a n o n l y  make t h e  promise  a f t e r  some
degree o f  g l o b a l  a na l y s i s  o f  t h e  s ourc e  t e x t .  T h i s  i s  n o t  necessary ,  howe v -
e r ,  f o r  t h e  c ode  e m i t te d  f o r  anonymous c ounte rs  needed t o  t r a n s l a te ,  e . g . ,
v a r ious  a c t i o n s  o n  m u l t i p l e  v a l ue s ,  i n  which case  t h e  i nte nde d o p t i m i z a t i o n
may be  q u i t e  p r o fi t a b l e . } ]

c ) M A X ,  s ,  t ;
s: j t p  { { ty pe ]}
t :  j t p  { { ty pe ])

S ta t i c  r e qui r e m e nt:
•  Ty pe ts ]  i s  o f  t h e  for m  <STRUCT, 0 ,  0 ,  u ,  M> ,  a nd T y p e [ t ]  i s  o f  th e  for m
<STRUCT, 0 ,  0 ,  v
l  M > .
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S ta ti c  a c ti on:

•  Ty pe (t)  i s  s e t  t o  <STRUCT, 0 ,  0 ,  max Cu,  v ) ,  M>;
•  any s ta t i c a l l y  preceding s e tti ngs  o f  O f f s e t [ t ]  a nd Mo d e l [ t ]  become i n -
v a l i d .

({The MAX -ins truc tion i s  us e ful  f o r  t r a n s l a t i n g  UNITED modes. By  us i ng
the  ty p  E ,  t h e  re qui re d ze ros  and M can be  fo r c e d .  T h i s  i s  h a r d l y  a  r e s -
t r i c t i o n ,  s inc e  each un i te d  obj e c t has  t o  be  a l l oc a te d  a n  a re a  o f  i t s  own
i n  orde r  t o  be  a ble  t o  s e t  th e  model p r ope r l y ,  a nd s i nc e  a re a s  ha v e  t o  be

aligned anyway i n  th e  r e a l i z a t i o n .  T h i s  a rgume nta tion i s  i n v a l i d  i n  cases
l i k e  UNION(INT, REAL),  where  both v a r i a nts  g i v e  r i s e  t o  a n empty  mode l ,  s o
some c e l l s  may remain unused because o f  th e  s t a t i c  re qui re me nt.  S t i l l ,
there i s  a  good reason f o r  always a l l o c a t i n g  a  s e pa ra te  a re a  f o r  " u n i te d "
objects: the y  may the n be  c opie d by  s imply  c opy ing th e  p o i n te r  y i e l d e d  by
the GEN-ins truc tion.  T h a t  t h i s  i s  th e  case does  n o t  f o l l o w  from a ny  p a r t i c -
ula r  prope rty  o f  the  MIAM, b u t  from th e  Semantics o f  ALGOL 6 8  i t s e l f .

Another i mpor ta nt a ppl i c a ti on  o f  MAX -ins truc tions  i s  f o r  accomodating
s i tes  f o r  anonymous i nte rme di a te  y i e l ds  i n  a  l o c a l e :  t h e  "work ing s ta c k " .
The ty pe  o f  th e  l oc a l e  may be  tr e a te d  as  t h e  uni on o f  a l l  ty pe s  f o r  a l l  i n -
termediate s tages  th e  s i t e  l a y  out o f  th e  l o c a l e  may be  i n . } )

3 .2 .  I ns tr uc ti ons  concerned w i th  l oc a l e s

((The fo l l ow i ng i ns tr uc t i ons  use  a  " s t a t i c  l e v e l "  w i t h  a  " ty p e  number".
As fol l ow s  from the  s t a t i c  re quirements ,  t h i s  i s  re dunda nt ( b u t  p o s s i b l y
he l p fu l )  i n for m a ti on; however,  a  ne s ti ng o f  EST and F I N - i n s t r u c t i o n s  i s
thereby enforced.11

a) E S T ,  1 ,  s ;
1: l e v  [ { s ta t i c  l e v e l } )
s: de o ({ ty pe l }

S ta ti c  requirement:
•  V a l (1 )  i s  one  more th a n  th e  c ur r e nt s t a t i c  l e v e l .



S ta t i c  a c t i o n :

•  t h e  s t a t i c  l e v e l  i s  s e t  t o  V a l ( 1 ) ;

•  Ty pe [s ] i s  s e t  t o  Ty pe [A] a nd Mo d e l [s ]  i s  s e t  t o  Mode l [A];
•  t h e  ty pe  number o f  t h e  s t a t i c  l e v e l  i s  s e t  t o  V a l ( s ) .

Dynamic a c t i o n :

•  l e t  c  be  t h e  s c ope  o f  t h e  T - l o c a l e ;
•  l e t  k  be  Ne wk e y (Mode l [A],  o s ,  f ( 1 . 7 . 2 . a } } ,  where  os  i s  th e  O ffs e t[s ]
s t a t i c a l l y  s e t  a t  t h e  c orre s ponding ( i . e . ,  t e x t u a l l y  fi r s t  fo l l o w i n g )  i n -
s tr uc t i on  " F I N ,  1 ,  s ; " ;  [ ( w i t h  t h e  same 1  a nd s ] ] ;
•  S  i s  s e t  t o  T ;
•  T  i s  s e t  t o  k ;
•  S  = *  T . O f f s e t [ U ]  a nd S  = *  T . O f f s e t [ A ] .

((This  i n s t r u c t i o n  i s  t y p i c a l l y  t h e  fi r s t  t o  be  e mi tte d i n  the  tr a ns l a -
t i o n  o f  a n  e s ta b l i s h i ng -c l a us e .  I f  t h e  "upon"  a nd th e  "around" l oc a l e  do
not c o i nc i de ,  one  o f  t h e  fo l l o w i n g  i n s t r u c t i o n s  i n  the  tr a ns l a t i on  o f  an
e s ta bl i s hi ng c l a us e  w i l l ,  pre s uma bly ,  b e  a  S E TS -ins truc tion. } }

b) F I N ,  1 ,  s ;
1: l e v  ( ( s t a t i c  l e v e l ] ]
a; d e o  ( ( l o c a l e  ty p e ) )

S ta t i c  re qui re me nts :
•  V a l (1 )  i s  t h e  c u r r e n t  s t a t i c  l e v e l ,  a nd V a l ( s )  i s  th e  corresponding ty pe

number;
•  t h e  T - l o c a l e  doe s  n o t  c on ta i n  a  p a r a l l e l  a c t i o n  de s c r i ptor ,  n o t  a l l  o f
whose process  de s c r i p to r s  a r e  <Comple te ›;
•  I f  V a l ( l )  i s  0 ,  t h i s  i n s t r u c t i o n  i s  t h e  l a s t  i ns tr uc t i on  o f  the  program.

S ta t i c  a c t i o n :

•  O f f s e t [ s ]  i s  s e t  t o  D j o i n (T y p e [s ] ,  T y p e [0 ] )  [ f o r ,  maybe, t o  obta in a  mul -
t i p l e  o f  M
9  t o  
S h i f t
( T y p
e [ s ] )  
i
n  
t
h
e  
a
c
t
u
a
l  
r e
a l
i z
a t
i o
n }
} ;

•  t h e  s t a t i c  l e v e l  i s  decreased by  one .

23
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Dynamic re qui re me nt:
•  The  dynamica l ly  l a s t  preceding E S T-i ns tr uc ti on  n o t  y e t  dy na mic a l ly
matched by  a  corresponding F I N- i ns tr uc t i on  i s  t h e  s t a t i c a l l y  c orre s ponding
E S T-i ns truc ti on.

Dynamic a c t i on :
•  T  i s  s e t  t o  T . O f fs e t (U ) ;
•  S  i s  s e t  t o  T . O f fs e t (A )  ( ( i n  which T  i s  t h e  ne wly  s e t  T1 ) .

{ (Ty pic a l ly ,  some MAX -ins truc tions  may have  i nte r v e ne d be tween t h e  EST
and F I N- i n s tr u c t i o n  t o  s e t  T y p e (s ) . ) )

c ) MO D,  m;
m: j t p  ((mode l ))

Dynamic a c t i on:
•  th e  model o f  the  T - l o c a l e  i s  made t o  be  Mode l [m].

((This  i n s t r u c t i o n  i s  used t o  ensure  t h a t  Mode l  conformance ho l ds  p r i o r
to  th e  e x e c ution o f  a n EST- o r  G E N-i ns truc ti on.  I t  i s  n o t  necessary ,  o n
tr a ns l a t i on ,  t o  is s ue  a  MOD-ins truc tion f o r  each change i n  t h e  occupancy by
keys o r  po i nte r s ;  i f  no EST- o r  G E N-i ns truc ti on may i n te r v e ne  be tween th e
execution o f  two MOD-ins truc tions ,  t h e  fi r s t  o n e  was s upe r fluous .  C a r e
should be  ta k e n t h a t  a l l  s i te s  o f  keys and po i n te r s  i nd i c a te d  i n  t h e  model

have inde e d been fi l l e d  b e fo r e  a n EST- o r  G E N-i ns tr uc ti on i s  e x e c ute d; f o r
pointe rs  t h i s  may be  done by  us ing Nix . )).

d) KE E P ,  P ;
p: p t r

Requirements:

Le t A be  th e  a re a  accessed by  V a l (P ) .

•  A i s  n o t  a  l oc a l e  ( ( i . e .
'  A  i s  
c r e a t e d  
b y  
a  G E N -
i n s t r u c t i
o n ) ) ;

•  The  scope o f  th e  T - l o c a l e  i s  g r e a te r  tha n  0 ;
•  The  scope o f  A i s  t h e  scope o f  th e  T - l o c a l e ;

-  'the  scope o f  any  ke y  o r  p o i n te r ,  a  copy o f  which oc c upie s  a  s i t e  i n  A
t  i saost t h e  scope o f  th e  S - l oc a l e .



Dynamic a c t i o n :

•  t h e  scope o f  A i s  made t o  be  t h e  scope o f  th e  S - l o c a l e .

{{The KE E P -i ns tr uc ti on e x i s ts  o n l y  f o r  reasons o f  e ffi c i e n c y .  Wi th o u t
t h i s  i n s t r u c t i o n ,  t h e  m u l t i p l e  v a l ue  y i e l de d by  th e  i n n e r  c los e d-c la us e  i n ,
e . g . ,

BEGIN [ ]  REAL x  =  ( [ l a r g e ]  REAL x x ; ;  x x ) ;  . . .  END
would have  t o  b e  c opi e d t o  a  newly  c re a te d a r e a  s i nc e  i t s  scope would be
too l a r g e  ( i . e . ,  num e r i c a l l y ) . } }

e) S E T S ,  a ;
a: a r g  { {k e y  o f  l oc a l e } )

Dynamic a c t i o n :
•  S  i s  s e t  t o  V a l ( a ) .

f )  C F I L L ,  t ,  1 ,  u ;
t :  t o k

1: l i t  { to b j e c t  o f  ty pe  T y p e i t i } l
u: o f f  { { f o r  o b j e c t  o f  ty pe  T y p e t t ] l l

S t a t i c  re qui re me nts :
•  t  i s  n o t  G ,  E ,  KEY o r  some PARdec { { f o r  whic h,  anyway, no  l i t s  can be
g i v e n } ) ;
•  n o  t e x t u a l l y  pre c e ding CFI LL-i ns tr uc ti on  has  caused a  copy t o  occupy th e
s i t e  a ppoi nte d by  C . O f f s e t t u b  n o r  any  p a r t  o r  component th e r e o f .

S t a t i c  a c t i o n :
•  V a l ( 1 )  = *  C . O f f s e t [ u ] .

UThe fi l l i n g  o f  t h e  C-l oc a l e  i s  pe rformed be for e  e x e c ution s ta r ts ;  s o
an I n s  o f  t h e  fo r m  * C o f f  may be  used be fore  t h e  corresponding CFILL-
i n s t r u c t i o n .  F o r  t h i s  t o  be  me a ningful ,  however,  t h e  ( s t a t i c )  meaning o f
O f f s e t [ o f f ]  ha s  t o  be  th e  same i n  both i n s t r u c t i o n s . } )
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3 .3 .  I n s t r u c t i o n s  concerned w i th  poi nte r s

a ) G E N ,  t ,  s ,  t ' ,  a
y  r ; t ,  t ' :  t y p  ((pos s i bl y  G))

s: i n t  ((number o f  t '  e le me nts ))

a : a r g  ((k e y ))
r :  r e c  { { f o r  po i n te r )}

Dynamic re qui re me nt:
•  l e t  N be  V a l (s ) ;
•  N >  O.

Dynamic a c t i on :
•  l e t  c  be  th e  scope o f  V a l (a ) ;

•  l e t  t o be  Type{G] a nd l e t  m0 be  Mode l[G] { { i . e . ,  e mpty ));
For i  from 1  t o  N:

•  l e t  t
i  
b e  
T j o
i n ( t
i
_
l
,  
T
y
p
e
( t
1
)  
a
n
d  
l
e
t  
m
i  
b
e  
t
h
e  
u
n
i
o
n  
o
f  
m
i
_
i  
a
n
d

M o d e l { t " ) + D j o i n ( t
i
_
l
,  
T y p e t t l ) ;

•  l e t  u
o  
b e  
T j o
i n
( T y
p e
[ E ]
,  
T
y
p
e
t
t
]
)  
a
n
d  
l
e
t  
n
o  
b
e

Mode l [t]-1 -Djoin(Ty pe [E]
l  T y p e [ t ] ) ;
•  l e t  *1
1  b e  
T j o
i n
( u
o v  
t
N
)  
a
n
d  
l
e
t  
n
i  
b
e  
t
h
e  
u
n
i
o
n  
o
f  
n
o  
a
n
d

m e j o i n ( u
o
,  t
N
) ;

•  l e t  k  be  Ne w k e y (n
l
,  D j o i n ( u
l
p  T y p e
( G ) ) ,  
c )  
{ ( 1 . 7
.
2 . a ) )
;

•  k . Dj o i n (Ty pe [E ],  T y p e t t ] )  = *  V a l ( r ) .

((The computa tions  a r e  th e  same a s  would have been performed i n

JOIN, G ,  t ' ,  t
l
;
JOIN, t
i
p  
t ' ,  
t
2
;

• •  •

JOIN, t
N
_
1
,  
t '
o  
t
N
;

JOIN, E ,  t ,  u
o
;
JOIN, uov  t
N  u l ;which, however,  c a nnot be  performed s t a t i c a l l y  i f  N I s  n o t  known s t a t i c a l -

l y .  See  a l s o  th e  remarks a bout Model conformance i n  3 . 2 . 0 . ) }



b) C O P Y ,  t ,  a ,  r ;
t :  t o k

a: a r g  { { obj e c t o f  ty pe  Ty pe [t ] } }
r :  r e c  { { f o r  o b j e c t  o f  ty pe  T y p e [ t r n

S ta t i c  re qui re me nt:
•  t  i s  n o t  G ,  E  o r  some PARdec.
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Dynamic re qui re me nt:

•  i f  t h e  v a l u a t i o n  V a l ( a ) ,  a c c ording t o  S e c ti on 2 . 2 . a ,  i s  some * V a l ( b ) ,
the n e i t h e r  V a l (b )  =  V a l ( r ) ,  o r  th e  s i te s  a ppoi nte d by  V a l (b )  a nd by  V a l ( r )
have n o  c e l l s  i n  common.

Dynamic a c t i o n :
•  V a l ( a )  = *  V a l ( r ) .

{{The c opy ing o f  a  composite  obj e c t (s e e  1 . 5 . a )  ha s  t o  be  w r i t t e n  o u t  i n
terms o f  c opy ing i t s  p r i m i t i v e  components. The re  i s  no way i n  which a
p a r a l l e l  a c t i o n  de s c r i ptor  c a n be  c opie d. }}

c ) D O T ,  t ,  p ,  d ,  r ;
t :  j t p
p: p t r
d: i n t

r :  r e c  { { f o r  p o i n te r  t o  obj e c t o f  ty pe  T y p e f t p )

Dynamic a c t i o n :
•  V a l ( p ) - V a l ( d )  = *  V a l ( r ) .

{{This  a c t i o n  i s  ge ne r a l l y  on l y  meaningful i f  p  i s  de r i v e d fr om  th e  r e s u l t
o f  a  G E N-i ns tr uc ti on ,  a nd d  i s  th e  r e s u l t  o f  m u l t i p l y i n g  a n i n te g e r  w i th
V a l ( H t ' ) ,  whe re  t
-  i s  
t h e  
f o u r t h  
a r g u
m e n t  
o
f  
t h
a t  
G E N -
i n s t
r u c t
i o n .  
B e
c a
u s
e

o f  t h e  c ommuta ti v i ty  o f  a dd i t i on ,  fi e l d -s e l e c t i o n  o n  m u l t i p l e  v a lue s  ( e . g . ,

giv e n some E ]  COMPL z z
y  r e  O F  
z z ) ,  
c a n  
e a s i l
y  
b e  
t r a n s l
a t e d . }
}
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d) SCOPE, p ,  r ;
p: p t r
r :  r e c  [ ( f o r  i n te ge r ))

Dynamic a c ti on:
•  l e t  a  be  th e  scope o f  V a l (P );
•  c  1=i1 V a l ( r ) .

e) I F I S ,  p ,  q ,  1 ;
p, q :  p t r
1: l a b

Dynamic a c ti on:
I f  V a l (p) =  V a l (q )
then

•  G oto(V a l (1 ));
otherwise,

•  no a c ti on.

f )  I F I S N T ,  p ,  q ,  1 ;
p, q :  p t r
1: l a b

Dynamic a c ti on:
I f  V a l (p) =  V a l (q )
then

•  no a c ti on;
otherwise,

•  G oto(V a l (1 )) .

3 .4 .  I ns tr uc ti ons  concerned w i th  c ontr o l  fl o w

a ) I N I T ;

S ta ti c  requirement:

•  the  i ns tr uc ti on  i s  th e  te x tu a l l y  fi r s t  i n s t r u c t i o n  o f  th e  progra m.



Dynamic a c t i o n :

•  th e  s t a t i c  l e v e l  i s  s e t  t o  - 1 ,  a nd
l oc a l e ;
•  P  i s  s e t  t o  a  p o i n t e r  t o  a  process

fi c t i t i o u s  l o c a l e  o f  scope  0 ;
•  <Running> = *  P .

b) I M A T
t  1 ; 1: de e  n i n e  numbe r}).

Ac tion: none  { { b u t  presumably  t h i s  may be  p u t  t o  some di a gnos ti c  us e }} .

c ) L A B E L ,  1 ;
1: L d e c

S ta t i c  a c t i o n :

•  V a l ( 1 )  i s  made t o  l a b e l  t h e  i n s t r u c t i o n .

d) G O TO ,  1 ;
1: l a b

Dynamic a c t i o n :
•  G o t o ( V a l ( 1 ) ) .

e ) J U MP ,  v ,  1 ;
v: a r g  { {k e y })
1: Lde c

Dynamic a c t i o n :
•  l e t  k  be  T ;
•  T  i s  s e t  t o  V a l ( v ) ;
•  Dis c a rd P a r ( k ) ;
•  G o t o ( V a l ( 1 ) ) .

f )  U N L ,  b ,  1 ;
b: a n s
1: Lde c

T and S  a r e

de s c r iptor ,

set t o  t h e  key  o f  the  C -

a ppointing a  s i t e  i n  a
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Dynamic a c t i o n :
I f  V a l (b )  =  Yes
the n

•  no a c t i on;
otherwise ,

•  G o to (V a l (1 ) ) .

E) CAS E ,  i ,  c ,  1 ,  1
0
,  l
i
p

i :  h i t
c: de e

1 1 0 '  :  Lde c

S ta t i c  re quire me nt:
•  V a l (c )  i s  n .

Dynamic a c t i on:
I f  0  <  V a l ( i )  <  n
then

•  Goto(Va1(1V a l ( i ) ) ) ;
otherwise ,

•  G o to (V a l (1 ) ) .

3 . 5 .  I ns tr uc t i ons  concerned w i th  p a r a l l e l  a c t i o n  de s c r i ptor s

a ) SPAWN, c ,  1 2 1 n1 1 n4-1,  r ;
c: de o

1
2
,  
1
n
4
.
1  
:  
L
d
e
c

r :  r e c  I f f o r  a  p a r a l l e l  a c t i o n  de s c r i p tor  o f  ty pe
Type[PARn]l)

S ta t i c  re qui re me nt:
•  V a l (c )  i s  n .

Dynamic a c t i on :

•  l e t  s  be  a  p a r a l l e l  a c t i o n  de s c r i ptor  < pp,  p
i
,  ,  p
n
>  w h o s e  
c o m p o n e n t s

are  de te rmined a s  fo l l ow s :

•  pp i s  P ;



•  p 1 i s  < Runni ng›;
•  p  =  2 ,  . . .  ,  n ,  i s  < Ha l te d ,  s p ,  T ,  S ,  V a l ( 1 ) > ,  where s p i s  a
po i n te r  a p p o i n t i n g  a  s i t e  i n  a  fi c t i t i o u s  l o c a l e  o f  scope 0 ,  occupied by
a c opy  o f  a  fi x e d ,  p o s i t i v e  i n t e g e r ;

•  <Spawned, V a l ( 1
1 1 4 . 1
) ) >  = *  
P ;

•  s  = *  V a l ( r ) ;

•  P  i s  s e t  t o  a  p o i n te r  t o  p
l
.b) COMPLETE;

Dynamic r e qui r e m e nt:
•  * P  i s  <Spawned, 1 >  f o r  some l a b e l  1 .

Dynamic a c t i o n :

•  l e t  Spa wne r(P ) { { 1 . 5 . 2 . d } )  be  < pp ,  p
i
p  ,  p
n
› ;

•  <Complete> = ,  P ;

I f  f o r  some i
t  1  <  
i  
<  
n ,  
p
i  
i
s  
n
o t  
< C o
m p l
e t e
> ,

the n

•  Search Proc e s s  H1 . 7 . 2 . 0 1 1 ;
othe rw is e ,

•  <Running> = *  pp ;
•  P  i s  s e t  t o  pp ;
•  G o t o ( 1 ) .

a ) U P ,  r ;
r :  r e c  { { f o r  i n te ge r } }

Dynamic a c t i o n :
•  *Va l (r ).4 -1  = *  V a l ( r ) .

d) DO WN,  1 ,  r ;
1: Lde c
r :  r e c  { { f o r  i n te ge r } }

S ta t i c  a c t i o n :
•  V a l ( 1 )  i s  made t o  l a b e l  th e  i n s t r u c t i o n .
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Dynamic a c ti on:
I f  • V a l ( r )  >  1
then

•  * V a l ( r ) -1  = *  V a l ( r ) ;
otherwise ,

•  <Ha l te d,  V a l ( r ) ,  T ,  S
t  V a l ( 1 ) >  
= *  
P ;

•  Search Process [ ( 1 . 7 . 2 . 0 } .

3 .6 .  I ns tr uc ti ons  concerned w i th  s imple  a r i t h m e t i c

a ) A D D ,  1 ,  j ,  r ;
j :  i n t

r : r e c  [ { f o r  i nte ge r } }

Dynamic a c ti on:
•  V a l (i )-1 -V a l (j ) = *  V a l ( r ) .

b) S U B ,  i ,  j , • r ;
i
v 
j
:  
i
n
t

r :  r e c  ( ( f o r  i nte ge r } }

Dynamic a c ti on:
•  V a l ( i ) - V a l ( j )  = *  V a l ( r ) .

c )  ME G
'  i ,  
r ;

i :  i n t

r :  r e c  { { fo r  i nte ge r )}

Dynamic a c ti on:
•  - V a l ( i )  = *  V a l ( r ) .

d )  M U L
v  1 ,  
j p  
r
;

i :  i n t

i t
,  
i
n
t

r :  r e c  { { fo r  i nte ge r } }



Dynamic a c t i o n :
•  V a l ( i ) * V a l ( j )  = *  V a l ( r ) .

3 . 7 .  I n s t r u c t i o n s  concerned w i th  s i m pl e  comparisons

a ) I F e
l  i
v  .
. 1
1  
1
;

c: L T  i  L E  1  EQ 1  NE  1  GE 1  G T

i
v 
j
:  
i
n
t

1: l a b

Dynamic a c t i o n :

•  l e t  *  be  <  ( < ,  = ,  >
1  > )  i f  
c  i s  
L T  
( L E ,  
E Q ,  
N E
,  
G E
,  
G T
) ;

I f  V a l ( i )  *  V a l ( J )
the n

•  G o to (V a l (1 ) ) ;
othe rwis e ,

•  no a c t i o n .
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