
F
ac

hb
er

ei
ch

 In
fo

rm
at

ik
U

ni
ve

rs
itä

t K
ai

se
rs

la
ut

er
n

P
os

tf
ac

h 
30

49
D

-6
75

0 
K

ai
se

rs
la

ut
er

n
SE

KI
 - 

R
EP

O
R

T

Adding WAM-instructions to support
Valued Clauses for the

Relational/Funcional Language RELFUN

HANs-Gunther Hein
SEKI Working Paper SWP-90-02





Add ing  WAM i ns t ruc t i ons  t o
suppo r t

Va lued  C lauses
fo r  the  Re la t i ona l /Func t i ona l

I n teg ra t i on
Language

RELFUN

Hans-Günther  HEIN

Fachbe re i ch  I n fo rma t i k
Un i ve rs i t ä t  Ka i se rs l au te rn

Pos t f ach  3049
D-6750  Ka i se rs l au te rn  1

West Germany

Pro jek ta rbe i t
(Be t reue r :  D r .  Ha ro ld  Bo ley )

December  1989

Page 1



Abstract:
The i n teg ra t i on  o f  f unc t i ona l  and re l a t i ona l  p rogramming
languages  i s  ma in l y  based  on i n t e rp re te r  sys tems .  Th i s  work shows
how to  add i ns t r uc t i ons  t o  the  abs t rac t  PROLOG mach ine  WAM,
i n t r oduced  by  Dav id  H.  D.  War ren  [ 11 ] ,  f o r  comp i l i ng  the
in teg ra t i on  l anguage  RELFUN.  I n  t he  r e l a t i ona l  v i ew  o f
compu ta t i on  t he  b i nd ing  o f  va r i ab les  1s one  o f  t he  bas i c
concep ts ,  whe reas  t he  f unc t i ona l  v i ew  i s  based  on t he  r e tu rn i ng
of  va l ues .  RELFUN i s  bu i l t  around va lued  c l auses ,  i . e .  t he  l as t
ca l l  o f  a c l ause  de te rm ines  t he  va lue  o f  t he  c l ause .
I n  t h i s  pape r  "VALREG"  i ns t r uc t i ons  are i n t r oduced  to  suppo r t
va lued  c l auses  i n  a WAM based  mach ine ,  deve lop ing  a p roposa l
o r i g i na l l y  made by  Ha ro ld  Bo ley  [ 2 ]  f o r  t he  P ro log  mach ine  mode l
(WPE) o f  Dav id  Ma ie r  and Dav id  S. War ren  [ 5 ] .  I t  1s shown t ha t
t hese  1ns t ruc t i ons  a re  i n t eg ra ted  eas i l y  i n t o  t he  ex i s t i ng  WAM
mode l  and t ha t  the  comp i l a t i on  of  RELFUN Prog rams  18
s t ra i gh t f o rwa rd .  The added  i ns t ruc t i ons  were  imp lemen ted  i n  L ISP
fo r  t he  Sven -0 lo f  Nys t roem based  WAM mode l  ( [ 12 ] )  and f o r  a WAM
ex tens ion ,  the  Joach im  Bee r  based  mode l  ( [ 9 ] , [ 101 ,1 [13 ] ) .
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1 .  I n t r oduc t i on

RELFUN 1s a dec la ra t i ve  p rog ramming  l anguage  t r y i ng  t o  comb ine
the  l og i c  p rogramming  s t y l e  (as  1n  PROLOG) and f unc t i ona l
programming  s t y l e  (as 1n L ISP) .  PROLOG use rs  pe r f o rm  the i r
compu ta t i ons  by  b i nd ing  va r i ab les ,  whereas  a L ISP  use r
f o rmu la tes  h i s  a l go r i t hm by  de f i n i ng  a f unc t i on  re tu rn i ng  t he
compu ted  va lue .
The RELFUN app roach  pe rm i t s  p rog ramming  i n  a f unc t i ona l  and l og i c
( re l a t i ona l )  s t y l e  by  the  concep t  o f  va l ue  re tu rn i ng  c l auses .  The
de f i n i t i ona l  i n t e rp re te r  f o r  RELFUN has  been  imp lemen ted  by
Haro ld  Bo ley [ l ] .  Fo r  e f f i c i en t  eva lua t i on  he  se t  up  the  RFM
(Re la t i ona l /Func t i ona l  Mach ine )  p ro j ec t  based  on  comp i l e r s  and
l ow  l eve l  mach ine  mode l s  ( emu la to r s ) .
Th i s  work p resen ts  t he  f i r s t  emu la to r  imp lemen ta t i on  o f  t he  RFM
pro jec t .
The Warren  Abs t rac t  Mach ine  (WAM) i s  the  s tandard  f o r  P ro log
comp i l e r  t echno logy  and 1it has  been  ex tended  to  suppo r t
e f f i c i en t l y  t he  usage  o f  va l ue  re tu rn i ng  c l auses .

RELFUN 's  o r i g i na l  syn tax  i s  L ISP—-based ,  because  the  i n te rp re te r
has  been  imp lemen ted  i n  L ISP  and t he  reade r  o f  L ISP  makes  a
scanne r  and pa rse r  unnecessa ry .  I n  [ 3 ]  a P ro log -based  RELFUN
syn tax  was i n t r oduced .  S ince  t he  deve lopmen t  o f  t he  va lued  c l ause
WAM add i t i ons  s ta r t ed  w i t h  a PROLOG comp i l e r ,  bo th  PROLOG-1l ike
syn tax  (w i t h  a bu i l t - i n  ope ra to r  t o  i nd i ca te  va lued  c l auses )  and
LLISP-1l ike syn tax  w i l l  be  used  i n  t he  f o l l ow ing .

1 .1  Bas i cs  o f  RELFUN

A va lued  c l ause  can  be w r i t t en  as a L ISP  l i s t  con ta i n i ng  a t  l eas t
one ope ra to r  app l i ca t i on :

( ( p l  . . )  (P2 . . )  . .  (pn . . )  )
The f i r s t  e l emen t  o f  t h i s  l i s t  i s  t he  head  o f  the  c l ause ,  the
r es t  ( cd r )  o f  t he  l i s t  i s  t he  body rep resen t i ng  t he  p rem ises  o f
the  clause.

Examp le  (nu l l a r y  ope ra to r s ) :
PROLOG-11ke  syn tax :  p :— q , r .
L ISP-1 l i ke  syn tax :  ( (pP) (gq) ( r )  )

A fac t  can  be w r i t t en  as a l i s t  w i t h  on l y  one  e l emen t .
PROLOG- l i ke  syn tax :  bp.
L ISP- l i ke  syn tax :  ( (pP) )

An ope ra to r  app l i ca t i on  i s  a non—-n i l  l i s t .  The f i r s t  e l emen t  o f
t he  l i s t  usua l l y  i s  a L ISP  a tom deno t i ng  the  ope ra to r  name ,  the
r es t  o f  t he  l i s t  a re  t he  a rgumen ts  o f  t he  ope ra to r  app l i ca t i on .

The a rguments  may be a toms ,  va r i ab les ,  l i s t s  o r  Dbackquoted
l i s t s .  Backquo ted  L ISP  l i s t s  r ep resen t  RELFUN l i s t s  o r
s t r uc tu res  (as  bo th  known f r om PROLOG) .  Norma l  l i s t s  are
i n te rp re ted  as embedded ope ra to r  ca l l s  t o  o the r  va lue  re tu rn i ng
c lauses  and cons t i t u t e  one o f  t he  ex tens ions  t o  PROLOG. We speak
o f  pass i ve  (backquo ted )  and  ac t i ve  (no rma l )  l i s t s .  The va lue  o f  a
c l ause  i s  de te rm ined  by  t he  l as t  ope ra to r  app l i ca t i on  1n  a
c l ause .  A c l ause  may re tu rn  a va lue  exp l i c i t l y  by  a Dbackquo te
ope ra to r .
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A va r i ab le  i s  p re f i xed  w i t h  an unde rsco re .  The p r im i t i ve  " i s "  i s
ex tended  to  a rb i t r a r y  r i gh t  hand  s i des ,  whereas  1n PROLOG 1 t  has
ma in l y  a r i t hme t i c  character.
RELFUN ope ra to r  ca l l s  con ta i n i ng  embedded ca l l s  a re  f l a t t ened
syn tac t i ca l l y .  The e f f ec t  can  be compared  i n tu i t i ve l y  w i t h  the
ca l l - by—-va lue  f unc t i on  eva lua t i on  i n  L ISP .

S ince  t he re  i s  no d i f f e rence  be tween  s t r uc tu res  and  l i s t s  i n
RELFUN ( ye t ) ,  t he re  1s no one - to -one  mapp ing  be tween  the  L ISP-
l i ke  syn tax  o f  RELFUN and t he  syn tax  o f  PROLOG enhanced  w i t h
va lue  re tu rn i ng  c l auses .

Pure RELFUN emp loys  two ma jo r  p r im i t i ves :

The bu i l t - i n  " i ns t "  o r  " backquo te '  ope ra to r  1ns tan t i a tes  1 i ts
a rgumen t .  The bu i l t - i n  " i s "  ope ra to r  un i f i es  i t s  f i r s t  argument
w i t h  1 t s  eva lua ted  second  a rgumen t .  The desc r i p t i on  i n  1 .1  w i l l
now be c l a r i f i ed  by  a number o f  examp les .

1 .2  RELFUN i n  8 examp les

1) L ISP-1 l i ke  syn tax :  ( ( l i kes  j ohn  mary ) )
Remark :  Va lue  t rue
PROLOG-1 i ke  syn tax :  l i kes  ( j ohn ,mary ) .

I f  someone asks :  ? -  ( l i kes  _X _Y) one ge t s :
—> _X = j ohn

Y = mary
Va lue  = TRUE

2) L ISP- l i ke  syn tax :  ( ( l i kes  j ohn  x }  ( l i kes  _x w ine ) )
Remark :  Va lue  computed by ( l i kes  _x w ine )

(+)  PROLOG—1ike  syn tax :  l i kes ( j ohn ,X )  :— l i kes  (X ,w ine ) .
Add t he  f ac t :  ( ( l i kes  gaby w ine ) )
I f  someone  asks :  ? -  ( l i kes  j ohn  gaby )  one ge t s :

—> Va lue  = TRUE

3) Fac  (0 )  r e tu rns  1
L ISP-1 l i ke  syn tax :  ( ( f ac  0) 1)
PROLOG-11ke  syn tax :  f ac (0 )  :— backguo te ( l ) .

4) Fac (N )  i s  ca l cu la ted  by N t imes  the  f ac  of N -1 .
L ISP- l i ke  syn tax :  ( ( f ac  _n ) ( i s  _m ( f ac  ( -  _n 1 ) ) ) ( *  m n ) )
PROLOG- l i ke  syn tax :  f ac (N )  :— i s (M , fac (m inus (N ,1 ) ) ) ,

| t imes  (N ,M) .
The f l a t t en ing  p rocess  resu l t s  i n  ( 1  i s  a va r i ab le )

f ac (N )  :— 1s (_1 ,m inus (N ,1 ) ) ,
i s (M , fac (_1 ) ) ,
t imes  (N,M) .

I f  someone asks :  ? -  ( f ac  3) one  ge t s :
—> Va lue  = 6

5)  Cons ide r  t he  ru l e :  ( ( l i kes  gaby w ine )  “ a lways  )
and t he  r u l e  (+)

l i kes  (gaby ,w ine )  :— backquo te  (a lways ) .
I f  someone  asks :  ? -  ( l i kes  j ohn  gaby )  one ge t s :

—> Va lue  = a lways
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6) F red  i s  o l de r  t han  mary ,  r e tu rn  t he  s t r uc tu re  ( yea rs  5)
L ISP- l i ke  syn tax :  ( ( o l de r  f r ed  mary )  " ( yea rs  5))
PROLOG-1l1ıke syn tax :  o l de r ( f r ed ,mary )  : -

backguo te ( [ yea rs ,5 ] ) .
o r :  o l de r  ( f r ed ,mary )  :—

backgquote ( yea rs  (5 )  ) .
I f  someone  asks :  ? -  ( o l de r  f r ed  mary)  one  ge t s :

—> Va lue  = ( yea rs  95)

7) A i s  o l de r  than  B ,  i f  t he  age o f  A > t he  age o f  B .
Retu rn  d i f f e rence  i n  a d imens iona l  l i s t .
L ISP- l i ke  syn tax :  ( ( o l de r  _A _B)

(>  ( age  _A) ( age  _B))
( l i s t  yea rs  (— (age A )  (age _B ) ) )
)

PROLOG—-1ike syn tax :  o l de r  (A ,B )  : -
g rea te r (age (A) ,age(B)),
l i s t  ( yea rs ,m inus (age (A) ,age(B))).

The f l a t t en ing  p rocess  resu l t s  i n :
( 1 , 2 ,  3,... a re  va r i ab les )

o lde r  (A ,B )  :— i s (_1 ,age (A ) ) ,
i s ( _2 ,age (B ) ) ,
g rea te r (_1, 2),
i s (_4 ,age (A ) ) ,
i s (_5 ,age (B ) ) ,
i s (  _3 .m inus (_4 , 5)),
l i s t  ( yea rs , 5) .

Cons ide r  t he  f o l l ow ing  ru l es :
( * )  ( ( age  f r ed )  45)

age ( f r ed )  :— backquo te  (4D) .
( ( age  mary )  40)
age (mary )  :— backgquote (40 ) .

I f  someone asks :  ? -  ( o l de r  _X _Y) one ge t s :
—> _X = f r ed

_Y = mary
Va lue  = [ yea rs ,3 ]

8) A i s  o l de r  t han  B i f  t he  age o f  A > t he  age o f  B ,  r e tu rn
a l i s t  w i t h  the  two ages .
L ISP- l i ke  syn tax :  ( ( o l de r  _A _B)

(>  ( age  _A) ( age  _B ) )
“ ( exceeds  (age _A) (age _B ) ) )

)
PROLOG-11ke  syn tax :  o l de r (A ,B )  : -

g rea te r (age (A) ‚age (B)),
backquo te (exceeds (age (A) ,age(B))) .

I f  someone  asks  w i t h  t he  ru l es  ( * )  above :
?7— (o l de r  _X _Y) one ge t s :

-> _X = f r ed
Y = mary

Va lue  = ( exceeds  (age  45)  ( age  40 ) )

I f  someone  asks  w i t h  t he  r u l es  ( * )  above :
?7— ( i s  ( exceeds  (age 45) (age _x ) )  ( o l de r  f r ed  oo) )

-> _X = 40 ( Remark :  L ISP conve r t s  l owe rcase  to
_O0 = mary  uppe rcase :  o —> O0)

Va lue  = ( exceeds  (age  45)  ( age  40 ) )

No te  t ha t  t he  t e rms  ' " s t r uc tu re '  and  " l i s t "  have been  used  a lmos t
i n t e r changeab l y  when d i scuss ing  bo th  syn taxes  1n pa ra l l e l .
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2. The Nyst roem based  WAM Mode l  "NyWAM"

The des ign  used  i n  t he  NyWAM was i n f l uenced  d i r ec t l y  by  Dav id
War ren ' s  mode l  ( 1983 )  o f  t he  abs t rac t  WAM mach ine  [ 12 ] .  The NyWAM
i s  imp lemen ted  i n  L ISP .  The p r ima ry  goa l  o f  t h i s  imp lemen ta t i on
i s  t he  poss ib i l i t y  o f  easy  mod i f i ca t i on .  I t  was w r i t t en  by  Sven-—
Olo f  Nys t roem,  Uppsa la  Un i ve rs i t y {12 ] .

2 .1  The main da ta  s t ruc tures

I t  i s  assumed  tha t  t he  r eade r  i s  f am i l i a r  w i t h  t he  memory
manag ing  t echn iques  i n  WAMs as desc r i bed  i n  [ 5 ]  and  [ 11 ] .
"G loba l  S tack "  and  "Heap'"  as we l l  as " Loca l  S tack "  and "Run  T ime
Stack "  a re  synonyms ,  r espec t i ve l y ,  t he  env i r onmen t  and  t he
cho i ce  po in t s  a re  a po r t i on  o f  t he  Loca l  S tack .

Opposed  to  o the r  imp lemen ta t i ons ,  t he  NyWAM has  a d i v i ded  memory
l a you t :  No rma l l y  t he  code  a rea ,  t he  t r a i l ,  t he  g l oba l  and  l oca l
s tack  a re  assumed to  be i n  a common memory ,  s t a r t i ng  a t  d i f f e ren t
add resses .
I n  t he  NYWAM a d i f f e ren t  app roach  i s  used :  The code a rea  i s  sp l i t
up 1n p rocedu res  wh i ch  a re  s to red  on the  p rope r t y  l i s t  under  a
L ISP  i den t i f i e r  cons t ruc ted  f r om the  p red i ca te  name and t he
p red i ca te  a r i t y .  No l abe l  r eso l v i ng  ( " l i n k i ng ' )  i s  done ,  so  a
r e fe rence  to  ano the r  p rocedu re  i s  no t  r ep resen ted  by a numer i c
add ress ,  bu t  by  i t s  symbo l i c  name and 1 t s  a r i t y ,  r esu l t i ng  i n
very  readab le  and  mod i f yab le  WAM Code .
The Loca l  S tack  and t he  Heap  sha re  t he  same t agged  memory
s ta r t i ng  a t  d i f f e ren t  l oca t i ons .  The memory 1s an ar ray o f
de f s t r uc t  e l emen ts  "wo rd ' ,  wh i ch  cons i s t  o f  a t ag  and a value
f i e l d .  Th i s  sha r i ng  eases  t he  l ookup  o f  r e fe rences :  Env i r onmen t
l o ca t i ons  may po in t  i n t o  t he  heap  and t hese  re fe rences  need  no t
be hand led  by  an ex t ra  r ou t i ne .

The f o l l ow ing  t ags  o f  words are  poss ib l e :

Tag  Mean ing

‘emp ty  unde f  i ned .
‘ r e f  a po in te r  t o  a memory add ress .
' s t r uc t  a po in te r  t o a memory address  where a s t r uc tu re

s ta r t s .
" l i s t  a po in te r  t o  a memory add ress  where  a l i s t  starts.
' c ons t  t he  va lue  of  t he  cons tan t  (mus t  be an a tom) .
" f un  a l i s t  ( f unc to r  a r i t y ) ,  used  as t he  f i r s t

word i n  a s t r uc tu re .
" code  a l i s t  ( p rocedu re -name /a r i t y  . i n s t r uc t i on - l i s t )
' t r a i l  a l i s t  o f  r e fe rences  t o  bound va r i ab les .

The t ags  a re  s to red  symbo l i ca l l y .

The t r a i l  l i s t  r ep resen ts  a s tack  o f  va r i ab les  (memory l oca t i ons )
wh ich  a re  t o  be unbound  down to  a ce r t a i n  en t r y  when a f a i l u re
occu rs  and back t rack ing  must  be done .
Unbound va r i ab les  are r ep resen ted  by  a r e fe rence  ( r e f )  t o
t hemse l ve .
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The f o l l ow ing  reg i s te r s  are used:

( * )  P p rogram coun te r  ( po in t s  t o  execu tab le  code )
( * )  CP con t i nua t i on  po in te r  ( po in t s  t o  execu tab le  code )
( * )  E l as t  env i ronmen t  ( po in t s  t o  l oca l  stack)
( * )  B l as t  cho i ce  po in t  ( back t rack  po in t )

( po in t s  t o  l oca l  s t ack )
( * )  A t op  o f  l oca l  s t ack
( * )  TR t op  o f  t r a i l  (TR t r a i l  i s  a l i s t ,

t he  CAR i s  t he  t op )
( * )  H t op  o f  heap
( * )  HB heap  back t rack  po in t
( * )  S s t r uc tu re  po in te r  t o  t he  heap
(+)  A l ,A2 . .  argument r eg i s te r s
(+)  X1 ,X2 . .  temporary  r eg i s te r s  equ i va len t  t o  A l ,AZ , . .

Y1 ,Y2 . .  permanent  va r i ab le  l oca t i ons  i n  env i ronment

( * )  = de f i ned  by  de f i ne - reg i s te r ,  Va lue  on  p rope r t y l i s t  a t t r i bu te ,
r eg -va lue ,  r ep resen ted  by s t r uc tu re  WORD

(+)  = de f i ned  by  t he  a r ray  ' " a rgumen t - regs "

2 .2 .  Env i ronments

An env i r onmen t  i s  c rea ted  i f  the  p rocedure  needs  t o  have l oca l
va r i ab les .  An env i ronmen t  has  t he  f o l l ow ing  s t r uc tu re :

F IELD OFFSET
g p rev ious  env i ronment  CE {—— new E
r ; con t i nua t i on  po in te r  CP
o } Y-va r i ab le  1 (+ Y 0)
W ; a

i : Y - va r i ab le  n (+ Y (1 -  n ) )
n < new A
g

A V

2 .3 .  Cho i ce  po in t s

A cho i ce  po in t  i s  needed  ı f  t he re  i s  more t han  one c l ause  f o r  a
goa l .  I f  a r ecen t  c l ause  f a i l s ,  t he  nex t  c l ause  i s  t o  be exp lo red
wi th  a l l  t he  argument  r eg i s te r s  app rop r i a te l y  se t  and t he
va r i ab les  bound l a te r  t han  t he  i nvoca t i on  o f  t he  cu r ren t  c l ause
res to red  (so  t hey  a re  unbound ) .

FIELD OFFSET
g A-Argument n ( -  A (1 -  n ) )
r ; . . .
oO A-Argument  1 ( -  A 0)
W ı env i r onmen t  BCE
i con t i nua t i on  po in te r  BCP ( code  pointer)
n p rev ious  cho i ce  po in t  B l
g nex t  c l ause  BP

t r a i l  po in t  TR1
A V heap  po in t  H <— new B

{===  new A

Page  8



3. The Beer based WAM Model BBT (Beer /Bü rcke r t /Tepp)

The des ign  used  i n  t he  Bee r  based  WAM [13 ]  1s an enhencemen t  o f
t he  mach ine  desc r i bed  i n  [ 11 ] .  Bee r ' s  spec i f i ca t i on  add i t i ona l l y
suppo r t s  e f f i c i en t l y  t he  comp i l a t i on  and  code—gene ra t i on  f o r  t he
cu t -ope ra to r .  I t  was imp lemen ted  i n  L ISP  by  Hans -Jü rgen  Bu rcke r t ,
Michae l  Tepp  e t  a l .  and  ex tended  to  suppo r t  many—-sorted
r eso lu t i on  [ 8 ] ,  i t e ra t i ve  deepen ing  and  t he  occu r—check .  S ince
the i r  WAM was a imed  a t  phys i ca l  r ea l i za t i on ,  t he i r  L ISP
imp lemen ta t i on  has  been  on  a very l ow  "mach ine  l eve l "  op t im i zed
fo r  speed  ( vas t  usage  o f  mac ros  and  a r rays ) .  Fur thermore  M ichae l
Fo rs te r  has  imp lemen ted  a comp i l e r  f o r  a subse t  o f  t ha t  mode l ,
( cu t ,  l i s t s ,  i t e ra t i ve  deepen ing  and many—-sorted reso lu t i on  have
been  l e f t  ou t ) .

3 .1  The ma in  da ta  s t ruc tu res

I n  t he  f o l l ow ing  t he  t e rm  WAM re fe r s  t o  t he  BBT model.
The WAM i ns t ruc t i ons  o f  a ' 'program' are  gene ra ted  by  t he  comp i l e r
and  s to red  i n  a f i l e .  The WAM-emu la to r  r eads  t he  i ns t r uc t i ons
in to  t he  a r ray  ' code '  r eso l v i ng  any  symbo l i c  l abe l  t o  t he
app rop r i a te  a r ray  i ndex .  Execu t i on  1s an eva lua t i on  o f  t he  code
ar ray  en t r y ,  i ndex  by  t he  p rog ram coun te r  'wpm—ds*pc ' .
The A /X -Reg i s te r s  a re  r ep resen ted  by  t he  a r ray  'wpm—-ds* reg ' ,
where  t he  t ag  o f  r eg i s te r  1 1s s t o red  a t  l oca t i on  2*¥1 and i t s
va lue  1s s t o red  a t  l oca t i on  2 *% i+1 .
The heap  and t he  env i r onmen t / cho i ce  po in t  s t r uc tu res  a re  he ld  ın
t he  a r ray  'wpm—-ds*memory ' ,  po in ted  t o  by  'wpm—ds*gpos '  ( heap )
and  'wpm—ds* lpos '  ( l oca l  s t ack ) .
The t r a i l  uses  t he  ex t ra  s tack  'wpm—ds* t ra i l - s t ack '  and  t he  t op
o f  s t ack  i s  r e fe renced  by  'wpm-ds * tpos ' .

The f o l l ow ing  t ags  a re  poss ib l e :

Tag sym.  Code Mean ing

unbound 0 unbound  va r i ab le .  The va lue  f i e l d  shou ld  po in t
t o  1 t se l f  un less  1 t  1s no t  a no rma l  PROLOG
va r i ab le .  A so r t ed  va r i ab le  po in t s  t o  i t s
so r t .

cons t  1 t he  va lue  i s  a cons tan t .
s t ruc tu re  2 t he  va lue  o f  t he  ce l l  1s  a l i s t  ( f  a r i t y )

Remark: the f unc to r  / a r i t y  i n f o rma t i on  is  not
sp l i t  t o  d i f f e ren t  memory ce l l s .

l i s t  3 t he  va lue  o f  t he  ce l l  i s  a po in te r  t o  t he  ca r
| e lemen t .

r e f  4 t he  va lue  o f  t he  ce l l  ıs  a po in te r  t o  ano the r
ob jec t .  Shou ld  be de re fe renced  to  ob ta i n  i t s
va lue .

s—s t ruc tu re  5 t h i s  ınd i ıca tes  a po in te r  t o  a so r t ed  s t r uc tu re
in  t he  heap  ( so r t  and  s t ruc tu rename) .

Code and  t r a i l  need  no ex t ra  t ag  s i nce  t hey  use  d i f f e ren t  a r rays .

The f o l l ow ing  reg i s te r s  are  used :
(The  t e rm ino logy  o f  [ 5 ]  and [ 11 ]  have  been  added ) .
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wpm—ds*pc  Program coun te r .
IC  [ 5 ] ,  P [ 11 ]

wpm—ds*con t i ns t  I f  goa l  succeeded ,  con t ro l  goes  t o  t h i s
add ress .  Resemb les  Re tu rn  Address  o f  Sub-
r ou t i ne  ca l l s  i n  conven t i ona l  l anguages .
CP [11 ] ,  RETREG [5 ]

wpm—ds* cur renv  Po in t s  t o  the  base  o f  t he  cur rent  en -
v i r onmen t .  E [ 9 ] ,  ENVREG [5 ]

wpm—-ds* l as t_chpn t  Po in te r  t o  the current  cho i cepo in t .
B [11 ] ,  BREG [5 ]

wpm—ds*cut_ po in te r  Po in te r  t o  the l as t  cho i ce  po in t  o f  the
pa ren t  goa l .

wpm—ds*o ld  gpos  Top of  the heap when the cho i cepo in t  was
c rea ted .  Used  f o r  e f f i c i en t  t r a i l i ng .
HB [11 ] ,  ( [ 5 ]  uses  CTRREG i n  cho i ce  po in t )

wpm—ds¥* lpos A [11]  |

wpm-ds*gpos  HREG [5 ]  , H [ 11 ]
wpm-ds* tpos  TRREG [5 ] ,  TR [ 11 ]  ( l i s t ! )
wpm—ds*nex t c l ause  Codeaddress  t o  the  nex t  a l t e rna t i ve ,  r e -

| p resen t i ng  the  nex t  OR-branch,  i . e .  the
c lause  to  be t r i ed  next.
NEXTCL [5 ]
CP [ 11 ]

wpm-ds*nex ta rg  po in te r  i n t o  s t r uc tu red  ob jec t s
SREG [5 ]
S—Reg is te r  [ 11 ]

wpm—ds* reg  ho lds  the  A i /X i—Reg i s te r s  a t
( t ag , va lue )  = ( [ 2 * i ] ,  [ 2¥1+1 ] )

3 .2 .  Env i ronments

The a l l oca t i on  o f  an env i ronmen t  l eaves  t he  f o l l ow ing  s t r uc tu re
on the  l oca l  s t ack :

F IELD reg i s te r  saved

prev ious  env i ronment  wpm—ds* currenv (o l d )
con t i nua t i on  po in te r  wpm—ds*con t i ns t  ( o l d )
p lace  f o r  CUT- f i e l d  a f f ec ted  by  CUTs
Y—var i ab le  0

en .  assum ing  (a l l oca te  n)
Y-va r i ab le  n-3

<-—-— new wpm-ds * l pos
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W

LPOS i s  an ab rev ia t i on  f o r  wpm—ds* lpos
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3.3  Choice po in t s

The f o rma t  o f  a cho i ce  po in t  i s :

g wpm—ds* las t—-chpnt
Yr wpm—-ds* cu r renv
lo) wpm—ds*con t i ns t
W ; l abe l  t o  p roceed
1 wpm—ds* tpos
n wpm—ds*gpos
g end o f  chpnt

L ı argument r eg i s te r s  |
P l 1 . . n  ; ;
0 + +
S V :
LPOS -> =

4.  Imp lemen t i ng  Va lue - re tu rn i ng  WAM- ins t ruc t i ons

Wi th in  t h i s  pa rag raph  the  imp lemen ta t i on  o f  t he  WAM i ns t ruc t i ons
wi l l  become obv ious .  A sou rce  t r ans fo rma t i on  of  RELFUN to  no rma l
PROLOG w i l l  be d i scussed .  When us ing  WAM i ns t ruc t i ons  t he  NyWAM
mode l  ve rs i on  w i l l  be  t aken .

4 .1  Source  t r ans fo rma t i on  of  RELFUN to  PROLOG

The d i f f e rences  be tween  RELFUN and  PROLOG are  t he  va lue  concep t
and  t he  p rocess ing  o f  ac t i ve  t e rms .  These  1 tems  and  t he i r
" cos t s " ,  exp ressed  1n memory usage  and run t ime  behav iou r ,  w i l l  be
d i scussed  i n  t he  f o l l ow ing .

4 .1 .1  The f l a t t en ing  concep t

Ac t i ve  te rms may be  seen  as f unc t i on  ca l l s ,  p roduc ing  re tu rned
va lues ,  each  ' r ep lac i ng "  an ac t i ve  t e rm .  The so lu t i on  f o r
hand l i ng  t hese  ac t i ve  te rms  has  been  p resen ted  i n  [ 1 ] ,  wh i ch  i s
done  by  s t a t i c  o r  dynam ic  f l a t t en ing .  The ac t i ve  te rms  a re
p rocessed ,  t he l r  r esu l t s  ass igned  to  un ique  va r i ab les  and the
ac t i ve  ca l l s  a re  r ep laced  by  t hese  un ique  va r i ab les .  The r esu l t
i s  " f l a t "  RELFUN w i t h  no ac t i ve  terms i n  the  ca l l s .  W i t hou t  l oss
of  gene ra l i t y  f l a t  RELFUN may be assumed as a bas i c
r ep resen ta t i on .  I w i l l  ca l l  t he  new ly  gene ra ted  va r i ab les
" f l a t t en ing  va r i ab les " .

4 .1 .2  The cos t  of  f l a t t en ing  va r i ab les

F la t t en ing  va r i ab les  do occu r  i n  f l a t  RELFUN i n  a t  l eas t  two
p rem ises ,  so  t hese  va r i ab les  a re  used  two t imes .  So t hey  have t o
be s to red  i n  t he  l oca l  env i r onmen t  as an Y - reg i s te r .
The f l a t t en ing—-va r i ab les  used  are  po ten t i a l l y  unsave ,  s i nce  they
do no t  occu r  i n  t he  head :  The i r  f i r s t  occu r rence  b i nds  them to
t he  va lue  o f  an ac t i ve  t e rm ,  wh i ch  can  po in t  t o  a f r ee  va r i ab le
i n  t he  cu r ren t  b i nd ing  f r ame .  The second  and l as t  t ime  they are
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r e fe renced ,  they  may be g l oba l i zed  on to  the  heap  w i t h  a
"pu t_y_unsa fe_va r i ab le '  i ns t r uc t i on ,  consum ing  space  and l eav ing
work f o r  t he  garbage co l l ec to r .

Examp le :

( ( f  r )  (p 2 )  (g  (h  =z )  r )  ) i s  f l a t t ened  t o :
remark :  1 i s  a f l a t t en ing  va r i ab le .
( ( f  _ r )

(p  _2 )
( 1s  _1  (h  _z ) )
(g _1 _ r )

)
( ( h  _s )  _s )
The p rocedu re  f / 1  has 3 Y -va r i ab les :  r z and _1.
_ r  canno t  become unsa fe ,  s i nce  i t  occu rs  i n  the  head .  Assume
tha t  p /1  does no t  b i nd  _z .  Then _1 i s  bound to  _z by the  h /1
p rocedu re .  So _1 has a r e fe rence  to  _z wh i ch  i s  1n the  same
env i ronmen t .  Th i s  env i r onmen t  w i l l  be t r immed be fo re  g /2  i s
ca l l ed ,  so  _1  mus t  be made sa fe  by  mov ing  i t  on  the  heap .

4 .1 .3  The va lue  re tu rn i ng  c l auses  concep t

RELFUN c l auses  are va lued ,  and t he  RELFUN to  PROLOG conve rs i on
desc r i bed  w i l l  a f f ec t  a l l  c l auses .
Th i s  i s  done  by  add ing  an ex t ra  argument t o  a l l  p red i ca tes ,  wh i ch
i s  a va r i ab le  d i s t i nc t  f r om the  o the r  va r i ab les  i n  t he  c l ause .
The l as t  p rem ise  i s  an ass ignmen t  ( ac tua l l y  a un i f i ca t i on )  t o
t ha t  va r i ab le .  I w i l l  ca l l  t hese  va r i ab les  f o r  t he  va lue  b i nd ing
" va lue  re tu rn i ng  va r i ab les ’ .

P lease  no te  t ha t  I sugges t  i ns tan t i a t i ng  t he  " r esu l t "  va r i ab le
a t  t he  end  o f  t he  c l ause .  I f  t he  i ns tan t i a t i on  was no t  done  a t
t he  end ,  terms o r  l i s t s  may be ( expens i ve l y )  cons t ruc ted  on the
heap ,  but  one o f  t he  f o l l ow ing  ca l l s  may f a i l ,  r esu l t i ng  1n
i n s tan t i a ted  va lue  re tu rn i ng  va r i ab les  never  used  o r  wo rse ,
l eav ing  garbage on t he  heap  when cons t ruc t i ng  s t r uc tu res  ( r un t ime
and memory was te ) .

Examp le :
1.  a) a r i  (X ,RESULT)  : -  RESULT i s  t ( t ( t (Y ) ) ) . p (X ,Y ) .

assume p ( . . )  f a i l s  and RESULT i s  un ins ta t i a ted .
— the  terms f o r  t he  RESULT-va r i ab le  a re  a l l oca ted  on t he

heap  a l t hough  i t  i s  never  used .
b) a r i  (X, RESULT) : -  p (X . ,Y ) ,RESULT  i s  t ( t ( t (Y ) ) ) .

space  on  the  heap  i s  on l y  used  i f  i t  i s  r ea l l y  needed .

Note  t ha t  when us ing  t he  second  a l t e rna t i ve ,  f i na l  l i t e ra l
op t im i sa t i on  i s  no l onge r  poss ib l e .

4 .1 .4  The cos t  of  the  ex t ra  argument

A d i sadvan tage  o f  t he  t r ans fo rma t i on  i s  t he  use  o f  an  ex t ra
argument  r eg i s te r ,  wh i ch  i s  a d i r ec t  consequence  of  the  added
a rgumen t .  I f  the re  i s  more t han  one c l ause  i n  t he  p rocedu re ,  i t
cos t s  an ex t ra  memory l oca t i on  i n  t he  cho i ce  po in t  f o r  t he
argument r eg i s te r  (see above) and ex t ra  t ime to  res to re  the A-
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r eg i s te r  upon  f a i l u re .  Desp i t e  t he  f ac t  t ha t  ex t ra  code  i s  needed
f o r  every  ca l l  p repa ra t i on , t he  va r i ab le  mus t  be he ld  i n  t he  Y -
a rea  when more t han  one p rem ise  i s  t o  be p rocessed .

The ex t ra

argument  r eg i s te r ,
i s  t he  l oca t i on ,

(The
be low . )

Examp le :
i s  t r ans fo rmed  t o :
Examp le :

i s  t r ans fo rmed  t o :

i s  comp i l ed  t o :

I w i l l  ca l l  po ten t i a l l y  unsave  Y—var i ab les
The f l a t t en ing  va r i ab le

argument
p rocessed  w i t h  a ' 'get_var iab le perm Y j ,A1 "
the  va lue  i s  un i f i ed  w i t h  a ''get_wvalue_perm Yj,h6 Ak"

wh ich  re fe rences  t he  va lue  t o  be r e tu rned ;  Y j
where  t he  va lue  re tu rn i ng  va r i ab le  1s s t o red ) .

numbers 1n the  b racke t s

A i  i n  t he  head  o f  t he  c l ause  1s t o  be
{ 1 }  i ns t r uc t i on  and

{2}  (Ak i s  the

" { } ' "  above re fe rence  the  examp les

l i kes  (mary ,  j ohn )  :— backgquote (much ) .
l i kes  ( j ohn ,mary ,much ) .
l i kes (mary , _X) :— l i kes (_x , f a the r ( j ohn } ) ,

backgquote ( j ohn )  .
:— f a the r  ( j ohn ,_2 ) ,

l i kes (_ x ,  _2,_).
l i kes  (mary ,  x ,  1)

_1 = j ohn .
l i kes /3  ; assum ing  de te rm in i s t i c  p rocedu re

a l l oca te  3
ge t  cons tan t  mary ,  A l
ge t  va r i ab le  perm Y1 ,A2  ; _X
ge t  va r i ab le  perm Y2 ,A3  ; _1  {1 }
; head  p rocessed
pu t_cons tan t  j ohn , Al
pu t  va r i ab le  pe rm Y3,A2 ; 2
ca l l  3 , f a the r / 2
pu t  va l ue  perm Y1 l ,A l
pu t  unsa fe  _va lue_perm Y3 ,A2
pu t  va r i ab le  temp A3 ,A3
ca l l  2 , l i kes /3
pu t  cons tan t  j ohn ,  Al
ge t  va l ue  perm Y2 ,A1  ; 1 {2 }
dea l  l oca te
p roceed

"U-Y -~va r i ab les " .
" 2 "  i s  a U-Y-variable.

4 .1 .5  Comp i l a t i on  of  t rans fo rmed RELFUN

In  the f o l l ow ing  f l a t  RELFUN i s  cons ide red .
examp les .
S ix  cases  w i l l  be d i s t i ngu i shed .

and  n p rem ises  i s  no t  obv ious ,one

We w i l l  p roceed  by

wi th
the

The sepa ra t i on  o f  c l auses
but  w i l l  be  needed  when

comp i l ed  f o rm  1s d i scussed .

a) Fac t s
are  t r ue  by  de f i n i t i on .
Examp le  t r ans fo rma t i on :

The added argument  mus t  be t r ue .
l i kes  ( j ohn ,mary )  .

—— > l i kes ( j ohn ,mary , t r ue ) .

Gene ra ted  code :  l i kes /3  ; de te rm in i s t i c  p rocedu re  assumed
ge t_cons tan t  j ohn ,A l
ge t_cons tan t  mary , A2
ge t  cons tan t  t r ue , A3
p roceed
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b) Deno ta t i ve  ru l es  w i t h  one p rem ise  are r u l es  re tu rn i ng  a
spec i f i ed  va lue .  The added argument  i s  t he  spec i f i ed  va lue .  The
va lue  may be a va r i ab le  ( poss ib l y  anonymous ) ,  a cons tan t ,  a l i s t
Or  a pass i ve  t e rm .

Examp le  t r ans fo rma t i on :  l i kes  ( j ohn ,mary )  : -  backgquote (much ) .
—— > l ıkes ( j ohn ,mary ,much ) .

Cos t s :  ( * ) : ex t ra  a rgument  (memory , t ime  upon  f a i l u re )

Gene ra ted  code :  l i kes /3  : de te rm in i s t i c  p rocedu re  assumed
ge t  cons tan t  j ohn ,  A l
ge t  cons tan t  mary ,  A2
get_ cons tan t  much ,  A3
p roceed

c) Eva lua t i ve  ru l es  w i t h  one  p rem ise
The added va r i ab le  occu r r i ng  i n  t he  head  as an add i t i ona l  argument
1s passed  to  t he  p rem ise .

Examp le  t r ans fo rma t i on :  l i kes  ( j ohn ,  X) :— l i kes (X ,w ine ) .
——> l ıkes (John ,X ,R ) }  :— l i kes (X ,w ine . ,R ) .

Cos ts :  ( * )  argument
mov ing  t he  va lue  va r i ab le  i f  i t  1s no t  i n  t he  same
argument  l oca t i on  i n  t he  head  and t he  p rem ise .
t h i s  1s t he  ' "cheapest ' "  va r i ab le :

i t  can  be he ld  i n  an A /X -Va r i ab le  t hus  was t i ng  no  ex t ra
memory i n  t he  env i r onmen t .  ( bu t  poss ib l y  i n  t he
cho i ce  po in t  i f  the  p rocedure  i s  no t  de te rm in i s t i c )

Genera ted  code :  l i kes /3  ; de te rm in i s t i c  p rocedu re  assumed
ge t  cons tan t  j ohn ,  A l
ge t  va r i ab le  temp A l ,  AZ

; R need  no t  be  hand led  s i nce  p l ace  1s  ok
pu t  cons tan t  w ine ,  AZ
execu te  l i kes /3

d) Deno ta t i ve  ru l es  w i t h  two p rem ises

The added  va r i ab le  i s  un i f i ed  by  an " i s "  ope ra t i on  t o  t he  r esu l t
of  t he  c l ause .  The resu l t  may be an (anonymous )  va r i ab le ,  a
cons tan t ,  a l i s t  o r  a pass i ve  t e rm .

Examp le  t r an fo rma t i on :  l i kes  ( j John ,X )  : -  d r i nks  (X ,w ine ) ,
backquo te (X) .

——> l i kes ( j ohn ,X ,R )  : -  d r i nks  (X ,w ine ,_ ) ,
R i s  X.

Cos t s :  ( * )  a rgument
- resu l t  o f  t he  f i r s t  p rem ise  mus t  be poss ib l y  he ld
i n  t he  heap  s i nce  the  r esu l t  may no t  be needed ;
o the rw i se  i t  had  t o  be s to red  i n  a U -Y -va r i ab le .
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Genera ted  Code :  l ıkes /3  : assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  2
ge t_cons tan t  j ohn ,  A l
get_ va r i ab le  perm Y2 ,A2  ; X
ge t  va r i ab le  perm Y1 ,A3  ; R
pu t_va lue_  perm Y2 ,A1  ; X
pu t_cons tan t  w ine ,A2
pu t_va r i ab le_ temp  A3 ,A3  ; heap  va r . ( ! )
ca l l  2 , d r i nks /3
put_va lue_perm Y2 ,A1
ge t_va lue_perm Y1 ,A1
dea l l oca te
p roceed

e) Eva lua t i ve  ru l es  w i t h  n p rem ises .

The added va r i ab le  occu rs  i n  the  head  and i n  t he  l as t  p rem ise ,
s ince  t he  l as t  ca l l  de te rm ines  t he  r esu l t .
Othe r  va lue—- re tu rn i ng  p rem ises  a re  p rocessed  be fo re  and  t hey  may
have  anonymous va r i ab les ,  1 .e .  t hose  gene ra ted  by  t he  wva lue -
r e tu rn i ng  concep t  ( some  o f  t hem may be he ld  on t he  heap  1 f  t he i r
va lue  1s no t  needed ) .

Examp le  t r ans fo rma t i on :  p (X )  :— g (X ,Y ) ,  r (X . , 2 ) .
—— p (X ,R )  :— a (X ,Y ,_ )  , r (X ,Z2 ,R ) .

Cos ts :  ( * )  argument
- r esu l t  o f  a p rem ise  may be he ld  i n  t he
heap  s i nce  t he  r esu l t  may no t  be needed ;  ( see  above)
—the resu l t  va r i ab le  must  be s to red  i n  a Y - reg i s te r .

Gene ra ted  code :  p /2  ; assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  2
ge t  va r i ab le  perm Y1 ,A1  ; X
ge t  va r i ab le  perm Y2 ,A2  ; R
pu t  va r i ab le  temp A2 ,A2  ; Y
pu t  va r i ab le  temp A3 ,A3  ; _
ca l l  2 , q /3
pu t_va lue_perm Y1 ,A1  ; X
pu t  va r i ab le  temp A2 ,A2  ; Z
pu t  va l ue  perm Y2 ,A3
dea l  l oca te  |

execu te  r / 3

f )  Deno ta t i ve  ru l es  w i t h  n p rem ises

The added head  va r i ab le  i s  un i f i ed  by  an i s  ope ra t i on  i n  t he  l as t
p rem ise .  Aga in ,  t he  o the r  va lue  re tu rn i ng  ca l l s  may l eave  a
resu l t  i n  t he i r  ex tended  argument  va r i ab le  f o r  l a t e r  p rocess ing
o r  i t  may be d i sca rded .

Examp le  t r ans fo rma t i on :  p (X )  :— a (X ,Y ) ,  S i s  o (X ,Y ) ,
backquo te ( [ f (S ) 1) .

r emark :  o (X ,Y )  i s  an ac t i ve  ca l l  and no t  a s t r uc tu re
——> p (X ,R )  :— a (X ,Y ,_ ) ,  o (X ,Y ,5 ) ,  R i s  [ £ (S ) ] .
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Cos ts :  ( * )  argument |

— every va lue  re tu rn i ng  va r i ab le  no t  used  must  be
a l l oca ted  on t he  heap .

— every  used  va lue  re tu rn i ng  va r i ab le  mus t  be
a l l oca ted  i n  the  env i r onmen t .

Genera ted  code :  p /2  ; assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  4
ge t  va r i ab le  perm Y4 ,A1  ; X
ge t  va r i ab le  perm Y2 ,A2  ; R
pu t  va r i ab le  perm Y3 ,A2  ; Y
pu t  va r i ab le  temp A3 ,A3  ; _
ca l l  4,q9/3
pu t  va lue  perm Y4 ,A1  ; X
pu t_unsa fe_va lue_perm Y3 ,A2  ; Y
put  va r i ab le  perm Y1 ,A3  ; 5
ca l l  2 , 0 /3
pu t  s t ruc tu re  f / 1 ,A1
un i f y_va lue_pe rm Y1
get_va lue_perm Y2 ,A1
dea l l oca te
p roceed

Such t r ans fo rm ing  can be cha rac te r i zed  as y i e l d i ng  a r un t ime  and
space  expens i ve  add i t i ona l  a rgumen t .  Va lues  no t  used  are saved  on
t he  heap  a l t hough  t hey  a re  neve r  needed ,  was t i ng  space  and
p roduc ing  memory ga rbage .  Va lue  va r i ab les  may a l so  be a l l oca ted
i n  t he  env i r onmen t  but  may become  po ten t i a l l y  unsa fe .
F la t t en ing  va r i ab les  a re  even  wo rse :  t hey  a re  po ten t i a l l y  unsa fe
s ince  they  canno t  occu r  i n  t he  head .  I n  sec t i on  4 .2  we w i l l
t he re fo re  p roceed  to  ano the r  imp lemen ta t i on  t echn ique .

4 .2  P ro log  Compu ta t i on  Mode l  and Va lued  C lauses

WAM mode l s  such  as WPE([5] o r  t hose  cons ide red  he re  can  be
ex tended  f o r  va lued  c l auses  by  i n t r oduc ing  a r eg i s te r ,  VALREG,
t ha t  ho lds  re tu rned  va lues  and add ing  pu t / ge t—1 l i ke  i ns t ruc t i ons
tha t  r e tu rn  va lues  t o  VALREG and i s  un i f y  va lues  f r om i t  [ 2 ] .
I t  has  been  a rgued  i n  [ 2 ]  t ha t  VALREG w i l l  a lways  u l t ima te l y
con ta i n  t he  RELFUN va lue  o f  a ma in  ca l l ,  because  i t  1s
ove rwr i t t en  by  t he  r i gh tmos t  subprocedure  ca l l  and the  success fu l
back t rack  b ranch .  I n  t he  f o l l ow ing  I t r y  t o  ske t ch  t he  VALREG
r e tu rn i ng  co r rec tness  on t he  bas i s  o f  an ex tended  PROLOG mode l .

A P ro log  p rogram rep resen ts  an AND/OR g raph ,  wh i ch  i s  exp lo red
dep th - f i r s t ,  l e f t - t o - r i gh t .

OR-Nodes can  be f ound  i n  a P ro log  p rogram i n  a p rocedu re  where
the  d i f f e ren t  c l auses  rep resen t  the  OR-Node a rcs .
I n  t he  WAM th i s  i n f o rma t i on  i s  s t a t i ca l l y  s t o red  i n  t he
p rocedu re ' s  code  w i t h  t he  t r y / r e t r y / t r us t  i ns t r uc t i ons  and
dynamica l l y ,  ın  the  cho i ce—-po in t s .

An AND-Node rep resen ts  the  se t  o f  p rem ises  o f  a c l ause  t oge the r
wi th  t he  c l ause ' s  ( l oca l )  va r i ab les .
Th i s  i n f o rma t i on  i s  t o  be f ound  i n  the  sequence  o f  p rocedu re
ca l l s  i n  t he  WAM code  and  t he  i ns tan t i a t i ons  i n  t he  env i r onmen ts .
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A fac t  1s  a degene ra ted  OR-node hav ing  t he  AND-Node TRUE as a
successo r .  A query  1s an AND-Node wh i ch  i s  the  roo t  o f  t he  AND/OR
Tree .

Va lue  re tu rn i ng  terms are  spec ia l  fo rms o f  AND—-nodes pass ing
va lues  t o  t he  uppe r  OR-Nodes ,  espec ia l l y  f r om the  f ac t s ,  wh i ch
a re  t r ue ,  o r  deno ta t i ve  ru l es ,  wh i ch  g i ve  back  an a rb i t r a r y
va lue .  The i s  p r im i t i ve  un i f i es  the  l oca l  va r i ab les  i n  the  AND-
node  w i t h  VALREG.

P roceess ing  i n  t he  WAM mode l  means  t ha t  an AND-Node has  been
sa t i s f i ed .  So t he  AND-Node ca l cu la tes  e i t he r  a va lue  f r om i t s  OR-
" i npu t s "  (a va lued  ru l e )  o r  passes  the  va lue  o f  t he  r i gh tmos t  OR-
t r ee—arc .

The va lue  o f  an  OR-Node i s  t he  va lue  o f  t he  cu r ren t l y  ac t i ve  AND-
Node .

The va lue  o f  an AND-Node i s
a) TRUE, i f  i t  i s  a f ac t .
b)  t he  backquo te  t e rm ,  i f  i t  i s  a deno ta t i ve  ru l e .
c) t he  va lue  o f  t he  l as t  AND—node—subtree i f  1 t  1s an eva lua t i ve

r u l e .

A g l oba l  r eg i s te r ,  named VALREG, 1s su f f i c i en t  f o r  s t o r i ng  the
va lue  o f  a success  b ranch  ın  an AND/OR- t ree .

Fac t s  b i nd  VALREG to  TRUE,  l - p rem ise  deno ta t i ve  ru l es  b i nd  VALREG
t o  t he  va lue  spec i f i ed ,  eva lua t i ve  ru l es  b i nd  VALREG to  t he  va lue
bound to  i t  by  t he i r  r i gh tmos t  p rem ise  sub t ree .

The va lue  o f  a que ry  1s t he  va lue  o f  t he  ac t i ve  AND- t ree .
I n  t he  WAM-model t he  que ry  1s sa t i s f i ed  1 f  a p roceed  to  t he  que ry
CALL 1s execu ted .  P roceeds  on l y  happen  ın  an AND- t ree ,  so  t he
va lue  1s e i t he r  cons t ruc ted  i n  t he  AND—-node o r  comes f r om the
unde r l y i ng  OR-Node son ,  so i t  1s co r rec t  t o  l eave  VALREG
un touched .  S ince  RELFUN 's  ope ra t i ona l  seman t i cs  spec i f i es  t he
r i gh tmos t  son  o f  t he  AND—tree as t he  que ry ' s  va lue  and the  t r ee
i s  exp lo red  f r om l e f t  t o  r i gh t ,  t he  r i gh tmos t  son  i s  t he  l as t  t o
b ind  VALREG.

4 .3  Add i t i on  of  VALREG-a f f ec t i ng  i ns t ruc t i ons  and t he i r  usage .

I ns t r uc t i ons  are needed  to  cons t ruc t  t he  va lue  o f  a c l ause ,
o the rs  a re  needed  to  imp lemen t  t he  " i s "  p r im i t i ve ,  bas i c l y  a
un i f i ca t i on  be tween  an ob jec t  ( va r i ab le ,  cons tan t ,  l i s t ,  te rm)
r e fe renced  by  VALREG and an ob jec t  on t he  l e f t  hand  s i de  o f  t he
"1s "  p r im i t i ve .

4 .3 .1  Da ta  s t ruc tu res  added to  the  WAM

To suppo r t  va lued  c l auses ,  a l i t t l e  mod i f i ca t i on  1s necessa ry  t o
the  r eg i s te r  mode l .  The VALREG reg i s te r  has  t o  be added .  I n  t he
NyYyWAM t h i s  i s  eas i l y  done  by  t he  gene r i c  de f i n i t i on  f unc t i on

( de f  i ne - reg i s te r  VALREG)
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bu i l d i ng  the  r eg i s te r  on the  p rope r t y  l i s t  and add ing  t he
r eg i s te r  t o  t he  l i s t  o f  da ta  s t r uc tu res  t o  be dumped when
debugg ing .  The o the r  t h i ng  t o  be done  was t o  de f i ne  a f r on t  end
fo r  hand l i ng  ca l l s  o f  t he  fo rm " i s  < te rm>  <ac t i ve  goa l  >" .

I n  t he  BBT Mode l  t he  VALREG reg i s te r  must be r ep resen ted  as an
array ho ld i ng  2 e l emen ts .  The f i r s t  e l emen t  i s  t he  t ag  o f  the
r eg i s te r  and t he  second  e l emen t  i s  the  ac tua l  va lue  o r  po in te r .
I n i t i a l i sa t i on  and debugg ing  suppo r t  had  t o  be  d i r ec t l y  coded  i n
t he  sou rce ,  s i nce  no abs t rac t  cons t ruc to r s  are  supp l i ed .

4 .3 .2  VALREG i ns t ruc t i ons  re tu rn i ng  va lues  i n  c l auses ,

Fac ts  have t he i r  va l ue  TRUE by  de f i n t i on .  The re fo r  VALREG must  be
bound to  TRUE when a f ac t  1s about  t o  succeed .  W i thou t  any
add i t i ona l  code ,  t h i s  can  be ach ieved  by  a s l i gh t l y  mod i f i ed
ve rs i on  o f  "PROCEED" ,  ca l l ed  "PROCEED TRUE" ,  wh i ch  b i nds  the
g loba l  r eg i s te r  VALREG to  TRUE be fo re  re tu rn i ng .  The seman t i cs  o f
PROCEED have no t  been  changed .  The on l y  d i f f e rence  i s  i n  the
comp i l a t i on  o f  no rma l  f ac t s .  The ass ignmen t  o f  a g l oba l  r eg i s te r
cos t s  no memory access  t ime  and i s  t o  be cons ide red  very cheap .
In  the  f o l l ow ing  t he  added NyWAM and BBT-Wam ins t ruc t i ons  w i l l  be
i n t r oduced  t oge the r  w i t h  some examp les .  The NyWAM i ns t ruc t i ons
wi l l  be g i ven  f i r s t ,  f o l l owed  by  t he  BBT i ns t ruc t i ons .  The
d i f f e rence  of  t he  names i s  f o r  the  sake o f  s im i l a r i t y  w i t h  the
i n s t r uc t i ons  o f  t he  two unde r l y i ng  WAM mach ines .

I f  a c l ause  re tu rns  a va lue ,  f i na l  l i t e ra l  op t im i sa t i on  1s no
l onge r  poss ib l e ,  because  a f t e r  t he  l as t  ope ra to r  app l i ca t i on  t he
va lue  t o  be r e tu rned  mus t  be moved t o  t he  VALREG reg i s te r .  Th i s
i s  s im i l a r  t o  t he  me thod  desc r i bed  i n  4 .1 .3 ,  where f i na l  l i t e ra l
op t im i sa t i on  i s  ne i t he r  poss ib l e .

Va lued  c l auses  can  have a va r i e t y  o f  r e tu rned  ob jec t s :

a) r e tu rn  a cons tan t .
va l reg  _wr i te_constant  (c)
wpm—-va l regwrite constant (c)
PROLOG-1 ike  syn tax :  . . .  = . . . ,  backquo te (c ) .
L ISP-1 l i ke  syn tax :  ( ( . . )  ( . . )  . .  ~¢) o r

( ( . . )  ( . . )  . .  ©)
The c l ause  re tu rns  a cons tan t  by  b i nd ing  VALREG to  t ha t
cons tan t .

va l reg  w r i t e  n i l  ()
wpm—-valreg w r i t e_n i l ( )
PROLOG—-1ike syn tax :  . . .  :— . . . ,  backgquo te (n i l ) .
L ISP- l i ke  syn tax :  ( ( . . )  ( . . )  . .  " n i l )  o r

( ( . . )  ( . . )  . .  n i l )

Th i s  i s  a spec ia l  case of  ' va l r eg  w r i t e_cons tan t '  and i t  has
been  i n t r oduced  ma in l y  f o r  symmetry r easons .

b) r e tu rn  an anonymous va r i ab le
va l regwr i te_var iab le_ temp (x)
wpm-va l regwrite variable (x)
PROLOG-1 ike  syn tax :  . . .  t =  . . . ,  backqgquote(X) .
L ISP- l i ke  syn tax :  ( ¢ . . )  ( . . )  . .  7_x) o r
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( ( . . )  ( . . )  . .  _X)

Assumimg X does  no t  occu r  i n  t he  r es t  o f  t he  c l ause ,  t he  a im
of  t h i s  cons t ruc t  i s  t o  r e tu rn  an anonymous va r i ab le .  Th i s
anonymous va r i ab le  must  be kep t  on the  heap .

Examp le :  ( ( f a the ro f  f r ed )  any )
ge t  cons tan t  f r ed ,A l
va l r eg  w r i t e va r i ab le temp
p roceed

c) r e tu rn  a va r i ab le  wh i ch  i s  i n  an X - reg i s te r
va l reg  w r i t e _value_temp (Xn)
wpm-va l regwrite _x_value(Xn)
PROLOG—-11ke syn tax  cv .  = . . . ,  backquo te (Xn ) .
L ISP- l i ke  syn tax :  ( ( . . )  . . .  ~_Xn) or

( ( . . )  . . .  _xn)
Xn 1s a va r i ab le  occu r r i ng  i n  an X - reg i s te r  o f  a c l ause .
Th i s  i s  an i ns t r uc t i on  wh i ch  w i l l  be ma in l y  used  i n
deno ta t i ona l  r u l es ,  where t he  r e tu rn  va lue  can  be f ound  i n
an argument  r eg i s te r  o f  t he  c l ause .
Examp le :  ( ( add  _x 0) _x)

ge t cons tan t  0 ,A2
va l reg  _wr i te_va lue_temp A l
p roceed

d) r e tu rn  a va r i ab le  wh i ch  i s  i n  a Y - reg i s te r  and  Y canno t  be
unsa fe .

va l r eg wr i te_value_perm(Y¥Yn)
wpm—-valreg wr i te_y  va lue  (Yn)
Pro log  l i ke  syn tax :  VW.  = . ,  backquo te (Yn ) .
L ISP- l i ke  syn tax :  ( ( . . ) ( . . )  . .  7_yn)  o r

( ( . . ) ( . . )  . .  _yn )

Yn i s  a va r i ab le  he ld  i n  t he  Y—-area o f  t he  l oca l  s t ack .
Yn i s  sa id  t o  be sa fe  i f  t ha t  va r i ab le  has  been  used  ın  the
head  o f  t he  c l ause  o r  i t  has  been  used  on the  heap  (when
cons t ruc t i ng  l i s t s  o r  s t r uc tu res ) .

e) r e tu rn  a va r i ab le  wh i ch  i s  i n  a Y—- reg i s te r  wh i ch  can  be
po ten t i a l l y  unsa fe .

va l regwr i te_va lue_unsa fe_perm(Yn)
wpm-va l regwrite_y unsafe_value(Yn)
PROLOG—1ike  syn tax :  . . .  = . . . ,  backquo te (¥Yn ) .
L ISP- l i ke  syn tax :  ( ( . . )  ( . . )  . . .  ~_yn)  or

( ¢ ( . . )  ( . . )  . . .  _yn)
Yn i s  a va r i ab le  he ld  i n  t he  Y -a rea  o f  t he  l oca l  s t ack ,  bu t
the  va r i ab le  may become unsa fe .  Th i s  may happen ,  1 f  i t  1s
ne i t he r  used  i n  t he  head  o f  t he  c l ause  no r  i n  a l i s t  o r
s t r uc tu re .  Thus Yn must  be ' ' g l oba l i zed '  be fo re  t he  l oca l
env i ronmen t  1s dea l l oca ted ,  o the rw i se  t he re  wou ld  be
dang l i ng  re fe rences  t o  va r i ab les  re l eased .

f )  r e tu rn  a l i s t .
va l reg  _wr i t e_ l i s t ( )
wpm—-va l regwrite l ist  ( )
PROLOG-1 i ke  syn tax :  . ve .  = . . . ,  backquo te ( [  . . .  1 ) .
L ISP—-1 i ke  syn tax :  ( ¢ . . )  ¢ ( . . )  . . .  7 (  . . ) )
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The va lue  t o  be r e tu rned  i s  a l i s t .  I t  i s  s t o red  on t he  heap
(as  usua l )  and  t he  l i s t  can  be cons t ruc ted  w i t h  t he  o rd i na ry

un i f y  i ns t r uc t i ons .

Examp le :  ( ( o l de r  j ohn  mary)  “ ( age  3 4 ) )  ; l i s t  r e tu rn
o lde r  ( j ohn ,mary )  :— backgquo te ( [ age ,b3 .4 ] ) .

P lease  remember t ha t  i n  o r i g i na l  RELFUN the re  i s  no
d i f f e rence  be tween  l i s t s  and s t r uc tu res .

o lde r / 2  ge t  cons tan t  j ohn ,  A l
ge t  cons tan t  ma ry ,  A2
pu t_ l i s t  A3
un i f y  cons tan t  4
un i f y  n i l
pu t  l i s t  A4
un i f y  cons tan t  3
un i f y  va lue_ temp  A3
va l reg  w r i t e  l i s t
un i f y  cons tan t  age
un i f y  va lue  temp A4
p roceed

g) r e tu rn  a s t r uc tu re
va l reg_wr i t e_s t ruc tu re ( f / a r i t y )
wpm—va l regwrite structure (f/arity)
The va lue  t o  be r e tu rned  i s  a s t r uc tu re .  I t  i s  s t o red  on the
heap  and t he  a rguments  can  be cons t ruc ted  w i t h  t he  o rd i na ry
un i f y  i ns t r uc t i ons .

Examp le :  ( ( o l de r  j ohn  mary )  “ ( age  3 4 ) )  ; s t r uc tu re ( ! ) r e tu rn
o lde r  ( j ohn ,mary )  :— backquo te (age (3 . , 4 ) ) .

Comp i l ed  ve rs i on :
o lde r / 2  ge t  cons tan t  j ohn ,A l

ge t  cons tan t  mary ,A2
va l reg  w r i t e  s t r uc tu re  age /2
un i f y  cons tan t  3
un i f y  cons tan t  4
p roceed

4 .3 .3  VALREG i ns t ruc t i ons  suppo r t i ng  the  i s -p r im i t i ve

The i s -p r im i t i ve  has  the  gene ra l  s t r uc tu re  " i s  <X1>  <X2>" ,  where
<X1> i s  t he  pass i ve  pa r t  and <X2>  i s  t he  ac t i ve  ca l l  o f  t he  1s -
p r im i t i ve .
I f  an ac t i ve  ca l l  i s  t o  be un i f i ed  w i t h  a s t r uc tu re / l i s t ,  t he
ac t i ve  ca l l  i s  t o  be hand led  f i r s t ,  l eav ing  i t s  va lue  i n  VALREG.
Then VALREG mus t  be p rocessed  w i t h  i ns t r uc t i ons  un i f y i ng  t he
s t ruc tu re / l i s t .
The " i s  <va r i ab le )  <ac t i ve  ca l l > "  i s  done  i n  t he  f o l l ow ing  way :
f i r s t  t he  ac t i ve  ca l l  i s  p rocessed  l eav ing  a re tu rned  ob jec t  1n
t he  VALREG reg i s te r .  Then i t  mus t  be  un i f i ed  w i t h  <va r i ab le>
us ing  the  f am i l y  of t he  r ead_va l reg  < { reg i s te r>  i ns t ruc t i ons ,
where  { r eg i s te r  depends  on t he  t ype  (X o r  Y va r i ab le )  and on t he
occu r rence  ( ' " va lue ' ,  " va r i ab le " ,  unsa fe " ) .
W i thou t  l oss  o f  gene ra l i t y ,  de te rm in i s t i c  p rocedu res  a re  assumed
in  t he  examp les .
The f o l l ow ing  cases  mus t  be d i s t i ngu i shed :
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a) The va lue  o f  t he  ac t i ve  t e rm  i n  VALREG 1s t o  be bound to  an
un ins tan t i a ted  X-var iable.

The Syn tax  i s  "<un ins ta t i a ted  X -va r ıab le>  1s
<ac t ıve  t e rm>"

va l reg read_var iab le_ temp (Xn)
wpm—-valreg_read_x_var iable (Xn)

Pro log—1 l i ke  syn tax :  s2 (X )  :— Y i s  succ (X ) ,  backquo te ( f  (Y ) ) .
L ISP-1 l i ke  syn tax :  ( ( s2  _X) ( i s  _Y ( succ  _X) )  ~ ( f  _Y))
cou ld  be used  i n  t he  f o l l ow ing  manne r :

s2 /2  ca l l  0 , succ /1
va l reg read_va r i ab le_ temp X1
va l reg  w r i t e  s t ruc tu re  £f/1
un i f y  va lue  temp X1
p roceed

In  t he  above examp le  a code—-op t im i za t i on  has  been  used  wh i ch  sees
t he  va r i ab le  _Y as a temporary  va r i ab le .  (There  1s on l y  one
" chunk "  [ 14 ]  . )

b)  The va lue  o f  t he  ac t i ve  t e rm  i n  VALREG i s  t o  bound  to  an
un ins tan t i a ted  Y Va r i ab le  i n  t he  l oca l  env i r onmen t .

The Syn tax  i s  ' un ins tan t i a ted  Y -Va r i ab le>  i s
ac t i ve  t e rm>"

va l reg _read_variable_prerm(¥Yn)
wpm-va l reg read _Yy_variable (Yn)

P ro log—l i ke  syn tax :  s2 (X )  :— Y i s  s (X ) ,  qa(¥Y), p (Y ) .
L ISP- l i ke  syn tax :  ( ( s2  _X) ( i s  _Y ( s_X) )  (gq _Y) (p _Y ) )

52 /2  a l l oca te  1
ca l l  l , s / 1
va l r eg  read va r i ab le perm Y l
pu t  va l ue  perm Y1 l ,A l
ca l l  l 1 , q /1
pu t_va lue_  unsa fe  perm Y1 l ,A l
dea l  l oca te
execu te  p /1

¢) The va lue  o f  t he  ac t i ve  te rm i n  VALREG 1s t o  be un i f i ed  w i t h
an i ns tan t i a ted  X -va r i ab le .

The Syntax i s  ' " < i ns tan t i a ted  X -Va r i ab le>  is
ac t i ve  t e rm>"

va l reg read_value_temp (Xn)
wpm—-valreg read_x va lue  (Xn)

Th i s  i ns t r uc t i on  can  be  used  i n  op t im i zed  code—gene ra t i on  and i f
you  have bui l l t—-in p red i ca tes  a f f ec t i ng  X - reg i s te r  Xn t o  be bound
t o  a ce r t a i n  va lue  w i t hou t  t ouch ing  o the r  va r i ab les .  ( a r i t hme t i c ,
e tc . )

Ad) The va lue  o f  t he  ac t i ve  t e rm  i n  VALREG i s  t o  be un i f i ed  w i t h
an i ns tan t i a ted  Y -va r i ab le  i n  t he  l oca l  env i r onmen t .  The va r i ab le
i s  no t  occu r r i ng  t he  l as t  t ime  o r  i f  i t  i s  t he  l as t  t ime ,  i t  1s
not  unsa fe .

The Syn tax  1s ' " { i ns tan t i a ted  Y -Va r i ab le>  i s
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<ac t ıve  t e rm>"

valreg_read_value_perm(Yn)
wpm-valreg_read_y_value (Yn)

Pro log - l i ke  syn tax :  s (X ,Y )  :— Y 1s succ (X ) .
L ISP-1 i1ke  syn tax :  ( ( s  _X _Y) ( i s  _Y ( succ  _X) )  )

s /2  a l l oca te  1
ge t  va r i ab le  pe rm  Y1 ,A2  ; _Y
ca l l  1 , succ /1
va l reg  read  va lue  perm Y1
dea l  l oca te
p roceed

e) The va lue  o f  t he  ac t i ve  t e rm  i n  VALREG 1s t o  be un i f i ed  w i t h
a cons tan t .  I f  t he  cons tan t  i s  n i l ,  a spec ia l  i ns t r uc t i on  1s
p rov ided .

The Syn tax  1s ' " <cons tan t>  i s
ac t i ve  t e rm>"

va l reg_ read_cons tan t ( c )
wpm-va l reg read constant (c)
va l r eg_ read_n i l ( )
wpm_va l regread ni l  ()

Examp le :  ( ( odd  x )  ( i s  1 ( r ema inde r  x 2 ) )  )

odd /1  pu t  cons tan t  2 ,A2
ca l l  O , rema inde r /2
va l r eg read constant 1
p roceed

f )  The va lue  of  t he  ac t i ve  t e rm  i n  VALREG i s  t o  be un i f i ed  w i t h
a s t r uc tu re .  The s t r uc tu re  po in te r  must  be se t  app rop r i a te l y  t o
a l l ow  the  use  o f  subsequen t  un i f y  i ns t r uc t i ons .

The Syn tax  i s  " f ( . . . )  i s  <ac t i ve  t e rm>"

va l regread_s t ruc tu re ( f )
wpm-va l reg_read_s t ruc tu re ( f )

P ro log—l i ke  syn tax :  s (X )  :— o lde r (3 ,4 )  i s  age (X ) .
L ISP-1 i ke  syn tax :  ( ( s  X )  ( i s  ( o l de r  3 4) (age _X) )  )

s / 1  ca l l  0 , age /1
va l reg  read  s t r uc tu re  c l de r / 2
un i f y  cons tan t  3
un i f y  cons tan t  4
p roceed

g) The va lue  o f  t he  ac t i ve  te rm ın  VALREG i s  t o  be un i f i ed  w i t h
a l i s t .  The s t r uc tu re  po in te r  mus t  be se t  app rop r i a te l y  t o
a l l ow  the  use  o f  subsequen t  un i f y  i ns t r uc t i ons .

The Syn tax  i s  " [ . . . ]  1s ac t i ve  t e rm>"

va l reg_ read_ l i s t ( )
wpm—-valreg r ead_ l i s t ( )
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PROLOG-1 i ke  syn tax :  s (X )  :— [3 .4 ]  1s  age (X ) .
L ISP-1 l i ke  syn tax :  ( ( s  _X) ( i s  “ ( 3  4)  ( age  X ) )  )
r emark :  (3  4) shou ld  now be i n t e rp re ted  as a l i s t .

s /1  ca l l  0 , age /1
va l reg  read  l i s t
un i f y  cons tan t  3
un i f y  va r i ab le  temp A l
ge t  l i s t  A l
un i f y  cons tan t  4
un i f y  n i l
p roceed

4 .3 .4  Comp i l a t i on  examp les  compared  to  t rans fo rmed RELFUN

The examp les  1n 4 .1 .5  w i l l  be compared to  t he  VALREG-comp i l ed
fo rm .  "VALREG—-Comp i l a t i on  me thods "  as i n t r oduced  i n  4 .3 .2  and
4 .3 .3  w i l l  be  s l i gh t l y  be t t e r  t han  "T rans fo rma t i ona l  me thods "  as
desc r i bed  i n  4 .1 .  I n  gene ra l ,  t he  VALREG-Comp i l a t i on  methods  do
no t  ommi t  t he  f l a t t en ing  va r i ab les ,  but  a space  op t im i sa t i ons  can
be app l i ed  when a f l a t t en ing  va r i ab le  i s  un i f i ed  w i t h  an ope ra to r
app l i ca t i on ' s  va lue  and d i r ec t l y  used  a f t e rwa rds .  So,  i t  must  no t
be s to red  i n  an U -Y -va r i ab le .
Examp le :  c . .  = g (h (X ) ) ,
i s  f l a t t ened  t o :  . . .  : -  1 = h (X ) ,  g(_ 1 ) ,
comp i l ed  t o :  Co

ca l l  h / 1 ,n  ; Va lue  o f  h /1  d i r ec t l y
va l r eg  w r i t e_va lue_ temp  X1 ; s t o red  i n
ca l l  g / 1 .m  ; a rgument  p l ace

a) Fac t s  a re  t r ue  by  de f i n i t i on .
Dete rm in i s t i c  p rocedu re  assumed ;  no ex t ra  t ime  compared  to
conven t i ona l  PROLOG i s  used  when ommi t t i ng  t he  t ime  f o r  se t t i ng
VALREG to  t r ue .  (Th i s  cou ld  be made pa ra l l e l  i n  a m i c rocoded
ve rs i on  ! )

ge t  cons tan t  j ohn , Al
ge t  cons tan t  mary , AZ
Proceed  t rue

b) l - p rem ise  deno ta t i ve  ru l es  a re  r u l es  immed ia te l y  r e tu rn i ng  a
spec i f i ed  va lue .  The added argument  i s  t he  spec i f i ed  va lue .  S ince
f l a t  RELFUN 1s cons ide red ,  t he  va lue  may be  a va r i ab le
(anonymous ) ,  a cons tan t ,  a l i s t  o r  a pass i ve  t e rm .

l i kes  ( j ohn ,mary )  :— backquo te  (much ) .

Cos ts :  no ex t ra  memory i n  cho i ce  po in t s  and no t ime  consumed upon
f a l l u re  and  res to re .
Gene ra ted  code :  l i kes /3  : de te rm in i s t i c  p rocedu re  assumed

get_ cons tan t  j ohn ,  A l
ge t  cons tan t  ma ry , AZ
va l reg  w r i t e_cons tan t  much
p roceed
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c) Eva lua t i ve  ru l es  w i t h  one  p rem ise .

Examp le  t r ans fo rma t i on :  l i kes  ( j ohn ,X )  :— l i kes  (X ,w ine ) .
Abso lu te l y  no d i f f e rence  i n  comp i l i ng  w i t h  conven t i ona l  PROLOG
can  be seen .

Gene ra ted  code :  l i kes /3  ; de te rm in i s t i c  p rocedu re  assumed
ge t  cons tan t  j ohn ,  A l
ge t  va r i ab le  temp A l ,A2
pu t  cons tan t  w ine ,A2
execu te  l i kes /2

d) Deno ta t i ve  ru l es  w i t h  two p rem ises

Examp le :  l i kes  ( j ohn ,X )  : -  d r i nks (X ,w ine ) ,
backquo te (X) .

Cos t s :
Loca l  Env i ronment  i s  sma l l e r .  The ope ra to r  app l i ca t i on  "d r i nks "
l eaves  a va lue  i n  VALREG,  but  s i nce  no th i ng  i s  done  w i t h  i t ,  i t
i s  d i sca rded .  Th i s  ve rs i on  l eaves  no heap  va r i ab les  !
Gene ra ted  code :  l i kes /3  ; assum ing  de te rm in i s t i c  p rocedu re

a l l oca te  1
ge t  cons tan t  j ohn ,  A l
ge t_va r i ab le_pe rm Y1 ,A2  ; X
pu t  va lue  perm Y1 ,A1 l  ; X
pu t_cons tan t  w i ıne ,A2
ca l l  1 , d r i nks /2
va l reg_wr i t e_pe rm Y1
dea l l oca te
p roceed

e) Eva lua t i ve  ru l es  n p rem ises .

p (X )  :— a (X ,Y ) ,  r (X ,2 ) .

Aga in ,  t h i s  ve rs i on  i s  a no rma l  PROLOG c l ause ,  and t he  add i t i ons
are  t o ta l l y  f r ee .

Genera ted  code :  p /2  ; assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  2
ge t  va r i ab le  perm Y1,Al1 ; X
pu t_var iab le_ temp A2 ,A2  ; Y
ca l l  2 , q /2
pu t_va lue_perm Y1 ,A1  ; X
pu t_va r ıab le_ temp  A2 ,A2  ; Z
dea l  l oca te
execu te  r / 2

f )  Deno ta t i ve  ru l es  w i t h  n p rem ises

p (X )  :— a (X ,Y ) ,  SS i s  o (X .Y ) .
backquo te ( [ f (S ) ] ) .

r emark :  O (X ,Y )  i s  an ac t i ve  ca l l  and no t  a s t r uc tu re
——> p (X ,R )  :— q (X ,Y ,_ )  , o (X ,Y ,S ) ,  R i s  [ £ (S ) ] .

Gene ra ted  code :  p /2  ; assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  3
ge t  va r i ab le  perm Y1 ,A1  ; X
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pu t_va r ıab le_pe rm Y2 ,A2  ; Y
ca l l  2 , q /2
pu t_va lue_pe rm Y1 ,A1
pu t_va lue_pe rm Y2 ,A2
ca l l  2 , 0 /2
va l r eg_ read_va r i ab le_ temp  X1
va l reg_wr i t e_ l i s t
un i f y_s t ruc tu re  f / 1
un i f y_va lue_ temp  X1
dea l l oca te
p roceed

I f  t he  t r ans fo rmed  ve rs i on  wou ld  have been  used ,  4 Y -va r i ab les
wou ld  have been  needed .  When t he  resu l t  i s  t o  be bound  to  R,  t he
cha in  i n to  deepe r  env i r onmen ts  mus t  be f o l l owed .  Th i s  cha in  can
be ra the r  l ong ,  depend ing  on  t he  dep th  o f  t he  compu ta t i on .  The
longe r  t he  cha in ,  t he  more  space  1s was ted  due t o  unnecessa ry
l i nks  and  the  more run t ime  i s  consumed .

Genera ted  code :  p /2  ; assum ing  de te rm in i s t i c  p rocedu re
a l l oca te  4
ge t  va r i ab le  pe rm Y4 ,A1  ; X
ge t  _ va r i ab le  pe rm Y2 ,A2  ; R
pu t_va r i ab le  pe rm Y3 ,A2  ; Y
pu t_va r i ab le  temp A3 ,A3  ; _
ca l l  4,0Q/3
pu t_va lue_  perm Y4 ,A1  ; X
pu t_unsa fe_va lue_perm Y3 ,A2  ; Y
pu t_va r i ab le_pe rm Y1 ,A3  ; 5
ca l l  2 , 0 /3
pu t  s t r uc tu re  f / 1 ,A1
un i f y_va lue_pe rm Y1 HES
ge t  va lue  pe rm Y2 ,A1 l  ; R
dea l  l oca te
p roceed

— ex t ra  a rgumen ts  cos t  memory and res to rage  t ime .

5 .  Conc lus i ons
I t  was shown tha t  t he  added i ns t ruc t i ons  save  t ime  and memory f o r
compu ta t i ons  re tu rn i ng  va lues .  When eva lua t i ve  ru l es  a re  used  as
i n  RELFUN 's  pu re  PROLOG subse t ,  no ex t ra  memory i s  necessa ry ;  t he
on l y  overhead  i s  i n  RELFUN 's  f ac t s ,  wh i ch  are t o  l eave  VALREG
bound  to  TRUE.  Howeve r ,  t he  t ime  used  t o  se t  a r eg i s te r  (VALREG)
to  a cons tan t  (TRUE)  i ncu rs  m in ima l  ove rhead ;  i t  shou ld  be even
non—-measureab le  when t he  t ime -consum ing  un i f i ca t i on  a l go r i t hm
comes i n to  p l ay .  (Move—- reg i s te r - t o - reg i s te r  and move -cons tan t - t o -
reg i s te r  i ns t r uc t i ons  a re  sa id  t o  be t he  mos t  qu i ckes t  1n a
gene ra l  pu rpose  p rocesso r ,  and  ın  a p rocesso r  ded i ca ted  t o  P ro log
execu t i on  t hey  can  be pe r f o rmed  i n  pa ra l l e l ) .
Va lue  re tu rn i ng  c l auses  a re  suppo r ted  e f f i c i en t l y  by  t he
i n t r oduced  i ns t ruc t i ons .  I ndeed  many  ( s tanda rd )  PROLOG programs
are  coded  t o  r e tu rn  va lues  by  an ex t ra  a rgumen t .  However i t  i s  a
ma t te r  o f  s t y l e  no t  t o  r ecode  a f unc t i on  as a r e l a t i on ,  bu t  l eave
i t  exp l i c i t l y  as a f unc t i on .  Programs thus  become more readab le .
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Append i x  A:  S tandard  "append"  — Comp i l a t i on  examp le  i n  PROLOG
and i n  RELFUN

; s t anda rd  PROLOG:
; append ( [ ] . 5 . , 5 ) .
; append ( [H :T ] ,S , [H 'R ] ) :— append (T ,S .R ) .

( de f  p rocedu re  append /3
( t r y  L1 3)
( t r us t  L2  3)

L1
( ge t  _n i l  1)
(ge t_va lue_ temp 2 3)
( p roceed )

L2
(ge t  _ l i s t  1)
( un i f y_va r i ab le_ temp 4)
(un i f y  va r i ab le  temp 1)
(ge t_ l i s t  3)
( un i f y_va lue temp 4)
(un i f y  va r i ab le  temp 3)
( execu te  append /3 )

cons  1s a bu i l t - i n  f unc t i on :  [AB ]  === cons (A ,B )  ! !
cons—f  i s  a de f i ned  Relfun—-Function.

append - f ( n i l ,S )  : -  backquo te (S ) .
append—f(cons (H,T) ,S) :— cons—f (H, append - f (T ,S ) ) .

=== append - f  ( cons (H ,T ) ,S )  : -  _1  i s  append - f (T ,S ) ,  cons—- f (H , 1) .
cons—f  (H ,T )  :— backquo te (cons (H ,T ) ) .

w
e 

W
E 

u
n

 
W

E 
yg

 
w

s 
w

r 
4

( de fp rocedu re  append - f / 2
( t r y  L1 2)
( t r us t  L2 2)

L1 ( ge t_n i l  1)
( va l r eg write _variable_ temp 2) ; Argument 2 i s  the
( p roceed )  ; r esu l t  o f  the c l ause .

L2 (a l l oca te  1)
(ge t  _ l i s t  1)
( un i f y  va r i ab le  perm 1) ; Y1 =H
(un i f y  va r i ab le  temp 1) ; X1 =T
(ca l l  append-£f /2  1)
( pu t_va lue  perm 1 1) ; Y1 —> Al
( va l r eg read variable temp 2) ; va l r eg  —> A2
( dea l  l oca te )
( execu te  cons-—-f/2)

)

( de fp rocedu re  cons - f / 2
(va l reg_wr i te_ l is t )
( un i f y_va lue_ temp  1) ; t h i s  i s  a s imp le  cons
(un i f y_va lue_ temp  2)
(proceed)
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Appendix  B
L i s t i ng  o f  t he  NyWAM

A WAM emu la to r  i n  Common L i sp

Au tho r :  Sven-O lo f  Nys t roem
Summer 1985 and May 1989

Copyr igh t  (c) May 1989 by Sven-O lo f  Nys t roem and Uppsa la  Un i ve rs i t y .
Pe rm iss i on  t o  copy a l l  or  pa r t  o f  t h i s  ma te r i a l  i s  g ran ted ,  prov ided t ha t
the cop les are not made or red is t r ibu ted  for  r esa le ,  and tha t  the copyr ight
no t i ce  and re fe rence  to  t he  sou rce  f i l e  appear.M
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Note :  There  i s  no p ro l og  comp i le r ;  you must  supply  your  own WAM code.a
t

Some documen ta t i on  i s  i n  Swed i sh ,  but  I t h i nk  you ' l l  unde rs tand  the  code
anyway.w

y
 

m
y

The emu la to r  on l y  hand les  the  ' pu re '  p ro l og  i ns t ruc t i ons  g iven i n  War ren ' s
pape r .N

y  
W

g

; ; +  Pa r t  1 .  P r im i t i ve  ope ra t i ons

( de f s t r uc t  (wo rd  ( : p r i n t - f unc t i on  p r i n two rd ) )
( t ag  ' emp ty )
( va lue  n i l ) )

( de fmac ro  de f i ns t r  (name pa ram- l i s t  &body body )
"De f i nes  an i ns t r uc t i on .™
“ ( se t f  ( ge t ' , name  ' i ns t r uc t i on )

# '  ( lambda , pa ram- l i s t  . , body ) ) )

(de fmac ro  de f i ne -o f f se t  (name va lue )
( i f  ( no t  (numberp  va lue ) )

(e r ro r  "Va lue  o f  o f f se t  no t  a number™))
‘ ( se t f  (get  ' , name  ' o f f se t - va lue )  , va l ue ) )

{ (defmacro o f f se t  ( name)
{ge t  ' , name  ‘'offset-value))

(de f va r  * r eg i s te r s *  n i l )

( de fmac ro  de f i ne - reg i s te r  (name)
( se tq  * reg i s te r s *  ( de le te~dup l i ca tes  ( cons  name * reg i s te r s * ) ) )
" ( se t f  ( ge t  ' , name  ' r eg -va lue )

(make -wo rd )) )

( de fmac ro  reg  (name)
‘ ( ge t  ',name ‘ r eg -va lue ) )

( de fmac ro  set-reqg (name va lue )
) ( se t f  ( r eq  ,name)  , va l ue ) )

(de fpa ramete r  memory -s i ze  20000)

(de fpa ramete r  s t a r t - o f - heap  0)

(de fpa ramete r  s t a r t - o f - s t ack  10000)

(de f va r  memory (make -a r ray  memory -s i ze
t : in i t ia l -e lement  (make-word)))

; easy  op t im i sa t i ons :  some de funs  may be coded as a mac ro
(de fun  mem (ad r )

( a re f  memory ( add ress  ad r ) ) )

( de fun  setmem (ad r  va l )
( se t f  ( a re f  memory ( add ress  ad r ) )  va l ) )
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(de fpa ramete r  number -o f -a rgument - regs  16)

(de f va r  a rgumen t - regs  (make -a r ray  number -o f -a rgumen t - regs ) )

(de fun  a rgumen t - reg (n )
(a re f  a rgument - regs  (1 -  n ) ) )

( de fun  se t -a rgumen t - reg  (n va lue )
( se t f  ( a re f  a rgumen t - regs  (1 -  n ) )  va l ue ) )

(de fun  pe rm-va r i ab le (n )
( r e f - p l us  ( r eg  E) ( o f f se t  Y) (1 -  n ) ) )

( de fun  cons tan t  (c¢)
(make-word  : t ag  ' cons t

r va lue  c ) )

( de fun  cons tan t -n i l ( )
( cons tan t  n i l ) )

( de fun  f unc to r  (£f)
(make -word  : t ag  ' f un

: va lue  f ) )

( de fmac ro  de fp rocedure  (name &body k rop )
° ( se t f  (get  ' ,  name ' p rocedu re )  ' , k rop ) } )

( de fun  labe l  ( l abe l )
( l e t *  ( ( ac t i ve -p roc  ( ca r  (wo rd -va lue  ( reg  p } ) ) )

( t emp l  (member l abe l  ( ge t  ac t i ve -p roc  ‘ 'p rocedure) ) )
( temp2 ( i f  (numberp  l abe l )  n i l  ( ge t  labe l  ' p rocedu re } ) ) )

(when (and ( nu l l  t emp l )  ( nu l l  t emp2 ) )
( e r ro r  " Labe l  ~a not  f ound "  l abe l ) )

( i f  ( nu l l  t emp l )
(make -wo rd  : t ag  ‘ code  : va lue  {cons  l abe l  t emp l ) )
(make -word  : t ag  ‘ code  : va lue  ( cons  ac t i ve -p roc  t emp l ) ) ) ) )

( de fun  p roc  ( p roc )
( l e t  ( ( c  ( ge t  p roc  ' p rocedu re ) ) )

( i f  ( nu l l  c) ( e r ro r  ( f o rma t  n i l  "~a i s  no t  a -known p rocedu re "  p roc ) )
(make-word  : t ag  ‘ code

: va lue  (cons  p roc  c ) ) ) ) }

( de fun  neq (x  y)
(no t  (eq x y ) ) )

( de fun  word-equal( {x  y)
(and ( equa l  (wo rd - tag  x) (word-taqg y ) )

( equa l  (wo rd -va lue  x) (wo rd -va lue  vy ) ) ) )

( de fun  add ress  ( va l )
( i f  (member (wo rd - t ag  va l )  " ( r e f  s t r uc t  l i s t ) )

{(word-value va l )
( e r ro r  ( f o rma t  n i l  "Word  ~a does  no t  con ta i n  an add ress™ va l ) ) ) )

( de fun  re f - p l us  ( r e f  & res t  numbers )
(make-word  : t ag  ' r e f

va lue  (app ly  # '+  ( cons  ( add ress  re f )  numbers ) ) ) )

( de fun  re f - l essp l ( r e f l  r e f2 )
(< ( add ress  re f l )  ( add ress  re f2 ) ) )

( de fun  nex t - t e rm-S  ()
(mem (se t - reqg S ( r e f - p l us  ( r eg  S) 1 ) ) ) )

( de fun  new-va lue ( va l )
( se t - r eg  H ( r e f - p l us  ( r eq  H) 1 ) )
( se tmem ( reg  H) va l ) )

( de fun  new~var iab le  ()
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( se t - r eg  H ( r e f - p l us  ( r eg  H) 1 ) )
( se tmem ( reg  H) ( r eg  H ) ) )

( de fun  new-s t ruc  (S)
(set - reqg H ( r e f - p l us  ( r eg  H) 1 ) )
( se tmem ( reg  H) S)
(make-word  : t ag  ' s t r uc t

: va lue  (word-va lue ( reg  H ) ) ) )

( de fun  new- l i s t - ce l l  ()
(make -word  : t ag  ' l i s t

: va l ue  (word-va lue ( r e f - p l us  ( r eg  H) 1 ) ) ) )

( de fun  dere f  ( t e rm)
( i f  (and (eq (wo rd - t ag  t e rm)  'ref)

(neq  (mem te rm)  t e rm) )
(de re f  (mem te rm) )
t e rm) )

(de fun  un i f y ( re f l  r e f2 )
( cond  ( (wo rd -equa l  r e f l  r e f2 ) )

( ( and  (varp  re f l )  (varp  re f2 ) )
( i f  ( r e f - l essp  re f l  r e f? )

(b ind  re f2  r e f l )
( b i nd  re f l  r e f2 ) ) )

( ( va rp  re f l )
(b ind  r e f l  r e f2 ) )

( ( va rp  re f2 )
(b ind  re f2  r e f l ) )

( ( no t  (eq (wo rd - t ag  re f l )  (word- tag re f2 ) ) )
( f a i l ) )

( t  ( case  (wo rd - t ag  re f l )
( ( cons t )

( i f  (equa l  (word-va lue re f l )
(word -va lue  re f2 ) )

n i l
( f a i l ) ) )

( ( s t r uc t )
( un i f y - s t r uc tu res  (mem re f l )  (mem re f2 )  r e f l  r e f2 ) )

( ( l i s t )
( un i f y  (de re f  (mem re f l ) )

( de re f  (mem re f2 ) ) )
( un i f y  (mem ( re f - p l us  re f l  1))

(mem ( re f - p l us  re f2  1 ) } ) ) ) ) ) )

( de fun  un i f y - s t r uc tu res  ( f un l  f un2  r e f l  r e f2 )
( i f  ( no t  ( equa l  (wo rd - tag  f un l )  (word - tag  f un2 ) ) )

( f a i l ) )
( ecase  (word- tag  f un l )

( ( f un )
( i f  ( equa l  (wo rd -va lue  f un l )  (word -va lue  f un2 ) )

( l e t  ( ( a r i t y  ( second  (word -va lue  f un l ) ) ) )
(do ( ( i  a r i t y  (1- 1 ) ) )

( ( ze rop  i ) )
( un i f y  ( de re f  ( r e f - p l us  re f l  1i))

( de re f  ( r e f - p l us  re f2  i ) ) ) ) ) ) ) ) )

( de fun  varp ( t e rm)
(and (eq (wo rd - tag  te rm)  'ref)

(wo rd -equa l  t e rm  (mem te rm) ) ) )

( de fun  b ind  ( r e f  va l )
( se tmem re f  va l )
( i f  (o r  ( no t  ( r e f - l essp  ( reg  HB) r e f ) )

(and
(< s ta r t - o f - s t ack  (add ress  re f ) )
(no t  ( r e f - l essp  ( reg  B) r e f ) ) ) )

( t r a i l  r e f ) ) )

( de fun  t r a i l  ( r e f )
( se t - r eg  TR

(make-word : t ag  ' t r a i l

30



va lue ( cons  re f  (word-va lue ( reg

(de fun  f a i l  ()
( l e t  ( ( t emp  ( reg  TR) ) )

( se t - r eg  TR
(se t - r eg  H
(se t - r eg  E
(se t - r eg  CP
(se t - r eg  P
(se t - r eg  A

(mem ( re f - p l us
(mem ( re f - p l us
(mem ( re f - p l us
(mem ( re f - p l us
(mem ( re f - p l us
( reg  B))

( r eg  B)
( r eg  B)
(reg B)
(reg B)
( r eg  B)

(unw ind - t ra i l  temp ( reg  TR) ) )
( t h row  ‘ f a i l  n i l ) )

( de fun  unw ind- t ra i l  ( r l  r2 )
( uw t r  (word-va lue r l )  (word-va lue r2 ) ) )

( de fun  uwtr  ( r l  r 2 )
( cond

( (neq  r l  r 2 )
( se tmem ( f i r s t  r l )
( uw t r  ( r es t  r l )  r 2 ) ) ) )

( de fun  save-argument - regs  (n)
( do t imes  ( i  n)

( se tmem ( re f - p l us  ( r eg  A)
(argument-reqg (1+ i ) ) ) ) )

( f i r s t  r l ) )

( o f f se t  A)

( de fun  res to re -a rgument - regs  (n)
( do t imes  ( i  n)

( se t -a rqument - reg  (1+ i )

( de fun  se t - read-mode ()
( se tq  * read-mode* t ) )

( de fun  se t -w r i t e -mode ( )
( se tq  * read-mode*  n i l ) )

( de fun  read—mode
* read-mode* )

()

( de fun  l essp (x  y)
(< x y))

( o f f se t
(o f f se t
(o f f se t
(o f f se t
(o f f se t

#3 ;  Pa r t  2 :  Some de f i n i t i ons .

; de f  av r eg i s te r

(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r
(de f i ne - reg i s te r

; de f  av o f f se t  i

P
CP
E

oy

A
TR
H
HB
S

envi roment

( de f i ne -o f f se t  CE +1)
( de f i ne -o f f se t  CP +2)
(de f i ne -o f f se t  Y +3)

de f ine  av o f f se t  i cho ice po in t

(de f ine~-o f fse t  BCE -5 )
( de f i ne -o f f se t  BCP -4 )
( de f i ne -o f f se t  B l  -3 )
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TR) ) ) ) ) )

TR1) } ) )
H1) ) ) )
BCE) ) ) )
BCP) } ) )
BP) ) ) )

(mem ( re f - p l us  ( r eg  A) ( o f f se t  A) (= 1 ) ) ) ) ) )



( de f i ne -o f f se t  BP -2)
(de f i ne -o f f se t  TR1 -1)
(de f i ne -o f f se t  H1 0)
(de f i ne -o f f se t  A -6 )

(de f cons tan t  regs- in -cho icepo in t  6)

( de f cons tan t  r egs - i n -env i r onmen t  2)

#3 ;  Par t  3 .  The i ns t r uc t i ons .

J Fede dk deok kok ok kok Pu t  i ns t r uc t i ons  dekh X i  kdhkkk

( de f i ns t r  pu t  va r i ab le perm (Yn Ai )
(setmem (perm-var iable Yn) (perm-var iable Yn))
(set-argument-reqg A i  (perm=-variable ¥Yn)))

( de f i ns t r  put_var iable temp (Xn Ai)
(set -argument- reg Ai

( se t -a rgumen t - reg  Xn (new-va r i ab le ) ) ) )

( de f i ns t r  put_value_perm (Yn A i )
( se t -a rgumen t - reg  A i  (mem (perm-var iab le  ¥Yn) ) ) )

( de f i ns t r  put _value_temp (Xn A i )
(se t -argument - reqg A i  ( a rgumen t - reg  Xn ) ) )

( de f i ns t r  put unsa fe value perm (Yn A i )
( l e t  ( ( t emp  (de re f  (perm-var iab le  Yn ) ) ) )

( i f  (and (varp temp)
( r e f - l essp  ( reg  E) t emp) )

(b i nd  temp ( se t -a rgumen t - reg  A i  (new-var iable)))
( se t -a rgumen t - reg  A i  t emp) ) ) )

( de f i ns t r  put cons tan t  (C Ai)
(se t -a rqument - reqg A i  ( cons tan t  C ) ) )

( de f i ns t r  put n i l  (A i )
(set-argument-reqg Ai ( cons tan t -n i l ) ) )

( de f i ns t r  put s t r uc tu re  (F Ai)
( se t -a rqumen t - reqg A i  ( new-s t ruc  ( f unc to r  F ) ) )
( se t -w r i t e -mode ) )

( de f i ns t r  put l i s t  (A i )
( se t -a rgument - reg  A i  ( new- l i s t - ce l l ) )
( se t -w r i t e -mode ) )

i k  Ge t  i ns t r uc t i ons  x

( de f i ns t r  get_variable_temp (Xn Ai)
( se t -a rgumen t - reg  Xn (a rgumen t - reg  A i ) ) )

( de f i ns t r  get_variable_perm (Yn Ai)
( se tmem (perm-var iab le  Yn) ( a rgumen t - reg  A i ) ) )

( de f i ns t r  get_value_temp (Xn Ai)
( l e t  ( ( t emp l  (de re f  (a rgumen t - reg  Xn ) ) )

(temp2 (de re f  (argument- reg A i ) ) ) )
( un i f y  templ  t emp2)
( se t -a rgumen t - reg  Xn t emp l ) ) )

( de f i ns t r  get  va l ue  perm (Yn A i )
( l e t  ( ( t emp l  (de re f  (perm-var iable Yn}))

( temp2 (de re f  (argument-reqg A i ) ) ) )
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( un i f y  templ  t emp2) ) )

( de f i ns t r  get_ni l  (A i )
( le t  ( ( temp (de re f  (argument- reg A i ) ) ) )

(cond
( ( va rp  temp) (b ind  temp ( cons tan t -n i l ) ) )
( (wo rd -equa l  temp ( cons tan t -n i l ) ) )
( t  ( f a i l ) ) ) ) )

( de f i ns t r  ge t_cons tan t  (C Ai)
( l e t  ( ( t emp  (de re f  (a rgument - reg  A i ) ) ) )

( cond
( ( va rp  temp) ( b i nd  temp ( cons tan t  C ) ) )
( (wo rd -equa l  temp ( cons tan t  C ) ) )
( t  ( f a i l ) ) ) ) )

( de f i ns t r  ge t_s t ruc tu re  (F Ai)
( l e t  ( ( t emp  (de re f  (a rgument - reg  A i ) ) ) )

( cond
( ( va rp  temp)

(b i nd  temp (new-s t ruc  ( f unc to r  F ) ) )
( se t -w r i t e -mode ) )

( ( and  (eq (wo rd - tag  temp)  ' s t r uc t )
(wo rd -equa l  (mem temp)  ( f unc to r  F ) ) )

( se t - r eg  S temp)
( se t - r ead -mode ) )

( t  ( f a i l ) ) ) ) )

( de f i ns t r  get l i s t  (Ai)
( l e t  ( ( temp (dere f  (argument - reg A i ) ) ) )

( cond
( ( va rp  temp)

(b ind  temp (new- l i s t - ce l l ) )
( se t -w r i t e -mode ) )

( ( eq  (word- tag  temp)  ' l i s t )
(set- reqg S ( r e f - p l us  temp -1 ) )
( se t - read -mode) )

( t  ( f a i l ) ) ) ) )

phx  kkk  kh  kkXk Un i f y  i ns t r uc t i ons  %* dk  kkk  kk  kk

( de f i ns t r  un i f y  var iab le  temp (Xn)
( i f  ( read-mode)

( se t -a rgumen t - reg  Xn (nex t - t e rm-5 ) )
( se t -a rgumen t - reg  Xn (new-va r i ab le ) ) ) )

( de f i ns t r  un i f y  va r iab le  perm (Yn)
( l f  ( read-mode)

(se tmem (perm-var iab le  Yn) ( nex t - t e rm-S ) )
(se tmem (perm-var iab le  Yn) (new-var iab le ) ) ) )

( de f i ns t r  un i f y  vo id  (n)
( i f  ( read-mode)

(do t imes  (? n) ( nex t - t e rm-S ) )
(do t imes  (? n) ( new-va r i ab le ) ) ) )

( de f i ns t r  un i f y  va lue  temp (Xn)
( l f  ( r ead -mode )

( l e t  { ( ( templ  ( de re f  (a rgumen t - reg  Xn ) ) )
( temp2 (de re f  ( nex t - t e rm-S ) ) ) )

( un i f y  templ t emp2)
(set-argument-reqg Xn t emp l ) )

(new-va lue  (a rgumen t - reg  Xn ) ) ) )

( de f i ns t r  un i f y  va lue  perm (Yn )
(1f (read-mode)

( l e t  ( ( t emp l  ( de re f  (perm-var iab le  Yn ) ) )
( temp2 (de re f  ( nex t - t e rm-S ) ) ) )

( un i f y  templ  t emp2) )
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( new-va lue  {mem (perm-var iab le  Yn ) ) ) ) )

( de f i ns t r  uni fy_local_value_temp (Xn)
( i f  (read-mode)

( l e t  ( ( t emp l  ( de re f  ( a rgumen t - reg  Xn ) ) )
( temp2 (de re f  ( nex t - t e rm-5 ) ) ) )

( un i f y  templ  temp2)
( se t -a rgumen t - reg  Xn t emp l ) )

( l e t  ( ( t emp  (de re f  (a rgumen t - reg  Xn ) ) ) )
( i f  (and  ( va rp  temp)

(< s t a r t - o f - s t ack  (add ress  t emp) ) )
( se t -a rgumen t - reg  Xn

(b ind  temp (new-var iable)) )
(new-value t emp) ) ) ) ) }

( de f i ns t r  un i fy_ loca l_va lue_perm (Yn)
(1f (read-mode)

( l e t  ( ( t emp l  ( de re f  (perm-var iab le  Yn ) ) )
( temp2 (de re f  ( nex t - t e rm-S ) ) ) )

( un i f y  templ temp2})
( l e t  ( ( t emp  (de re f  { (perm-var iab le  Yn ) ) ) )

( i f  (and,  ( va rp  temp)
(< s ta r t - o f - s t ack  (add ress  t emp) ) )

( b i nd  temp (new-va r i ab le ) )
(new-va lue  t emp) } ) ) )

( de f i ns t r  un i f y  n i l  ()
( i f  ( r ead -mode)

( l e t  ( ( t emp  (de re f  { ( nex t - t e rm-S ) ) ) )
( cond

( ( va rp  temp) ( b i nd  temp ( cons tan t -n i l ) ) )
( (word~equal temp ( cons tan t -n i l ) ) ) }
( t  ( f a i l ) ) ) )

( new-va lue  ( cons tan t -n i l ) ) ) )

( de f i ns t r  un i f y  cons tan t  (C)
( i f  ( r ead -mode )

( l e t  ( ( t emp  (de re f  ( nex t - t e rm-S ) ) ) )
( cond

( { va rp  temp)  ( b i nd  temp ( cons tan t  C ) } )
( (word -equa l  temp ( cons tan t  C ) ) )
( t  ( f a i l ) ) ) )

( new-va lue  ( cons tan t  C ) ) ) )

j e   Tndexings-instructions Oo

( de f i ns t r  t r y  (L n)
( se t - r eg  A

( re f -p l us
( reg  A) n r egs - i n - cho i cepo in t ) )

( save -a rgumen t - regs  n)
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BCE)) ( r eg  E))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BCP)) ( r eg  CP))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  B l ) )  ( r eg  B))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BP))  ( r eg  P))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  TR1))  ( r eg  TR))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  H1))  ( r eg  H))

( se t - r eg  HB ( reg  H))
( se t - r eg  B ( reg  A))
( se t - r eg  P ( l abe l  L ) ) )

( de f i ns t r  r e t r y  (L n)
( r es to re -a rgumen t - regs  n j
( se tmem ( re f - p l us  ( r eg  B) ( o f f se t  BP))  ( r eg  P))
( se t - r eg  P ( l abe l  L ) ) )

( de f i ns t r  t r us t  (L n)
( r es to re -a rgumen t - regs  n)
( se t - r eg  P ( l abe l  L ) )
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{ se t - r eg  A
( re f -p l us

( reg  A)
(= n)
( -  r egs - i n - cho i cepo in t ) ) )

( se t - r eg  B (mem ( re f - p l us  ( r eg  B) ( o f f se t  B1 ) ) ) ) )

pRukkkkxxk *  added i n s t r uc t i ons  * * ) * * xkkk * * * *  HGH

( de f i ns t r  t r y me else (L n)
( se t - r eg  A

( re f -p l us
( reg  A) n r egs - i n - cho i cepo in t ) )

( save—argumen t - regs  n)
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BCE)) ( r eg  E))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BCP)) ( r eg  CP))
(se tmem ( re f - p l us  ( r eg  A) ( o f f se t  B l ) )  ( r eg  B))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  BP))  ( l abe l  L ) )
(se tmem ( re f - p l us  ( r eg  A) ( o f f se t  TR1l)) ( r eg  TR))
( se tmem ( re f - p l us  ( r eg  A) ( o f f se t  H l ) )  ( r eg  H))
( se t - r eg  HB ( reg  H))
( se t - r eg  B ( reg  A))

( de f i ns t r  r e t r y me else (L n)
( r es to re -a rgumen t - regs  n)
( se tmem ( re f - p l us  ( r eg  B) ( o f f se t  BP))  ( l abe l  L ) )

)

( de f i ns t r  t r us t me else fai l  (n)
( res tore—-argument - regs  n)
(set-reqg A

( re f -p l us
( reg  A)
(=  n)
( -  r egs - i n - cho i cepo in t } ) )

( se t - r eg  B (mem ( re f - p l us  ( r eg  B) ( o f f se t  B l ) ) ) ) )

( de f i ns t r  sw i t ch on type( Va In  Sy Ls St N i  Ot)
( l e t  ( { t emp  (de re f  (a rgumen t - reg  1 ) ) ) )

( case  (wo rd - t ag  temp)
( ( r e f )  ( se t~ reg  P ( l abe l  Va ) ) )
{ ( cons t )  { cond

( (nu l l  (word -va lue  t emp) )  (set-reqg P ( l abe l  N i ) ) )
( ( i n t ege rp  (word-va lue  t emp) )  ( se t - r eg  P ( l abe l  I n ) ) )
( t  ( se t - r eg  P ( l abe l  Sy ) ) ) ) )

( ( l i s t )  (set~reqg P ( l abe l  Ls ) ) )
( { ( s t r uc t )  ( se t - r eg  P ( l abe l  S t ) ) )
(T ( se t - r eg  P ( l abe l  O t ) ) ) } ) )

( de f i ns t r  switch_on_ cons tan t  (Len Table De fau l t )
( l e t *  ( ( t emp  (de re f  ( a rgumen t - reg  1 ) ) )

( des t  ( second  (assoc  (word -va lue  temp)  Tab le  : t es t  # ' equa l ) ) ) )
( i f  dest  ( se t - r eg  P ( l abe l  des t ) )

(set - reqg P ( l abe l  De fau l t ) ) ) ) )

( de f i ns t r  sw i t ch on _structure(Len Table De fau l t )
( l e t *  ( ( t emp  (de re f  ( a rgumen t - reg  1 ) ) )

(des t  ( second  (assoc  (word -va lue  (mem temp) )  Table : t es t  # ' equa l ) ) ) )
( i f  des t  ( se t - r eg  P ( l abe l  des t ) )

( se t - r eg  P ( l abe l  De fau l t ) ) ) ) )

px   Controll i n s t r uc t i ons  * * * x *xkkkkx

( de f i ns t r  a l l oca te  (env i r omen t - s i ze )
( l e t  ( ( t emp  ( reg  E ) ) )

(set- reqg E ( reg  A))
( se tmem ( re f - p l us  ( r eg  E) ( o f f se t  CP))  (reg CP))
(se tmem ( re f - p l us  ( r eg  E) ( o f f se t  CE)) temp)
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( se t - r eg  A
( re f -p l us  ( r eg  A) env i r omen t - s i ze  regs - i n -env i r onmen t ) ) ) )

( de f i ns t r  dea l loca te  ()
(L f  (<= (address  ( reg  B))  (add ress  ( reg  E)))

( se t - r eg  A ( r eg  E)))
( se t - r eg  CP (mem ( re f - p l us  ( r eg  E) ( o f f se t  CP) ) ) )
( se t - r eg  E (mem ( re f - p l us  ( r eg  E) ( o f f se t  CE) ) ) ) )

( de f i ns t r  proceed ()
( se t - r eg  P ( r eg  CP) ) )

( de f i ns t r  execute  (proc)
( se t - r eg  P (p roc  proc)))

( de f i ns t r  ca l l  ( p roc  k)
(set-reqg CP ( reg  P) )
( se t - r eg  P (p roc  p roc ) ) )

p re  U t i l i t y  i ns t ruc t i ons  * * kxkxkxx

( de f i ns t r  choice temp (Xn)
( se t -a rgumen t - reg  Xn ( r eg  B ) ) )

( de f i ns t r  commit _ temp( i  Xn)
( se t - r eg  B (a rgument - reg  Xn ))
( se t - r eg  TR

(make-word
s tag  ' r e fe rence
: va lue  ( compac t - t ra i l

(word-va lue ( reg  TR))
(word-va lue  (mem ( re f - p l us  ( r eq  B) ( o f f se t  TR1 l ) ) ) )
(wo rd -va lue  ( reg  B ) ) ) ) ) )

( de f i ns t r  commi t -perm( i  Yn)
( se t - r eg  B (permanent -var iab le  Yn))
(set - reqg TR

(make-word
: t ag  ' r e fe rence
: va lue  (compact - t ra i l

(word-va lue ( reg  TR))
(word-value (mem ( re f - p l us  ( r eg  B) ( o f f se t  TR1) ) ) )
(word-va lue ( reg  B ) ) ) ) ) )

(defun compac t - t ra i l  (TR TR1 B)
( cond

( ( eq  TR TR1l) TR)
( (<  B (word-va lue ( ca r  TR) ) )

(compac t - t ra i l  ( cd r  TR) TR1 B))
( t  ( cons  ( ca r  TR) ( compac t - t ra i l  ( cd r  TR) TR1 B ) ) ) ) )

JRE hdk kk  kk  Spec ia l  i ns t r uc t i ons  khkdkkkkkkk

( de f i ns t r  has -succeded ( )
(do ( ( va r  *use r - va r i abe l s *  ( r es t  va r ) ) )

( ( nu l l  va r ) )
( f o rma t  * s tanda rd -ou tpu t *

"~% ~a = ~a " ( ca r  ( f i r s t  va r ) )  ( show- te rm  ( cd r  ( f i r s t  wva r ) ) ) ) )
( i f  ( y -o r -n -p  "More  so lu t i ons? " )

( f a i l )
( t h row  ‘ ha l t  n i l ) ) )

( de f i ns t r  has - f a i l ed ( )
( f o rma t  * s tanda rd -ou tpu t *

"No (more )  so lu t i ons " )
( t h row  ' ha l t  n i l ) )

( de f i ns t r  escape- to - l i sp (fun)
( f unca l l

( eva l  f un ) ) )
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-3 (has-fal led)

; ( escape - to - l i sp  #° ( lambda ( ) ( . .  ) ) )
.
r

#73; Pa r t  4 .  Use r  Interface.

(defun in terpre t  ()
( ca t ch  ' f a i l

( l e t  ( ( i ns t r  ( second  (word -va lue  ( reg  P ) ) ) ) )
( se t - r eg  P ( i nc remen t  ( reg  P ) ) )
( exec  i ns t r ) ) )

( i f  n i l  ( p r i n t - changed - reg i s te r s ) ) )

( de fun  exec  ( i ns t r )
(1 f  ( no t  ( a tom i ns t r ) )

( l e t  ( ( i ns t r - body  (ge t  ( f i r s t  i ns t r )  ' i n s t r uc t i on ) ) )
( i f  ( nu l l  i n s t r - body )

( e r ro r  ( f o rma t  n i l  "~a  not  a de f i ned  i ns t ruc t i on "  ( f i r s t  i ns t r ) ) )
( app l y  i ns t r - body  ( r es t  i ns t r ) ) ) ) ) )

( de fun  inc rement  ( r e f )
(when (no t  (eq (wo rd - t ag  re f )  ' code ) )

( e r ro r  "argument to  increment i s  not code -po in te r ” ) )
(make-word  : t ag  ‘ code

sva lue  ( cons  ( ca r  (word -va lue  ref))
( r es t  ( r es t  (word -va lue  re f ) ) ) ) ) )

( de fun  ca l l  ( an ru f )
( i n i t )
( se tq  *use r - va r i abe l s *  n i l )
( l e t *  ( (name ( f i r s t  an ru f ) )

( a rg - l i s t  ( r es t  an ru f ) )
( l en  ( l eng th  a rg -1 l i s t ) )
( ca rg - l i s t  (map ' l i s t  # ' cons t ruc t - t e rm  a rg - l i s t ) )
( name- l en

( i n te rn  ( f o rma t  n i l  "~a/~d"™ name l en ) ) ) )
( do t imes  ( i  l en )

(se t—-arqument - reg (1+ i )  ( n th  i ca rg - l i s t ) ) )
( l e t

( { (code " ( ( t r y  p roc  0)
( t r us t  f a i l  0)
p roc
( ca l l  , name- l en  0)
(has -succeded )
fa i l
( has - f a i l ed ) ) ) )

( se t f  ( ge t  " t op - l eve l  ' p rocedu re )  code)
( se t - r eg  P (make -word  : t ag  " code

: va lue  (cons  ‘ t op - l eve l  code ) ) ) ) )
( se tq  *use r - va r i abe l s *  ( r eve rse  *use r - va r i abe l s¥ * ) )
( s t epp ) )

{(defvar “ *use r - va r i abe l s *  n i l )

(defun i n i t ()
( se t - r eg  E (make -word  : t ag  ‘ r e f

: va lue  s ta r t - o f - s t ack ) )
( se t - r eg  B (make -wo rd  : t ag  ' r e f

va lue  s ta r t~ -o f - s tack ) )
( se t - r eg  A (make -wo rd  : t ag  ' r e f

: va l ue  s ta r t - o f - s t ack ) )
( se t - r eg  H (make-word  : t ag  ' r e f

: va l ue  s ta r t - o f - heap ) )
( se t - r eg  HB (make-word  : t ag  ' r e f
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va lue  s ta r t - o f - heap ) )
( se t - r eg  TR (make-word : t ag  ' t r a i l

: va l ue  n i l ) )
( se t - r eg  S (make-word  : t ag  " re f

zva lue  s ta r t - o f - heap ) ) )

(de fun  show- l i s t  (term-list)
( l e t  ( ( head  ( show- te rm  (mem te rm- l i s t ) ) )

( t a i l  ( show- te rm  (mem ( re f - p l us  te rm- l i s t  1 ) ) ) ) )
( i f  (eq ( f i r s t  t a i l )  ' l i s t )

( cons  head ( r es t  t a i l ) )
( cons  head t a i l ) ) ) )

(defun pr in tword  (word &op t iona l  st ream depth)
( l e t  ( ( t ag  (wo rd - tag  wo rd ) )

(va lue  (word-va lue  wo rd ) ) )
(ecase  t ag

( ( r e f  s t r uc t  l ist)
( f o rma t  s t r eam " [~ (~6a~ ) :~16Qa ]™ tag  va lue ) )

( ( cons t )
( f o rma t  s t ream " [~ (~6a~ ) :~16Ra l "™ tag  va lue ) )

( ( f un )
( f o rma t  s t r eam " [~ (~6a~ ) :~1 l4Qa /~2a "  t ag  ( f i r s t  va lue )  ( second  va lue ) ) )

( ( emp ty )
( f o rma t  s t ream "[?2?? : 2222221" )

( ( code)
( f o rma t  s t ream " [ code  :~16Ra  i n  ~a ] "  ( second  va lue )  ( f i r s t  wva lue ) ) )

( ( t r a i l )
( f o rma t  s t r eam " [ t r a i l  : ~16@a] "  ( f i r s t  va l ue ) ) ) ) ) )

( de fun  p r i n tmseg ( l oc l  l oc2  &op t i ona l  ( s t r eam *s tanda rd -ou tpu t * ) )
(do ( ( i  l o c l  (1+ i ) ) )

( (>  i l o c2 ) )
(p r i n tm loc  i s t r eam)
( i f  (eq l  1 ( add ress  ( r eg  E ) ) )  ( f o rma t  s t r eam " <== E " ) )
( i f  (eq l  i ( add ress  ( reg  B ) ) )  ( f o rma t  s t r eam " <== B" ) )
(Lf (eq l  1 ( add ress  ( reg  H ) ) )  ( f o rma t  s t r eam " <== H" ) )
( i f  ( eq l  i ( add ress  ( reg  HB) ) )  ( f o rma t  s t r eam " <== HB" ) )
( i f  ( eq l  1 ( add ress  ( reg  S ) ) )  ( f o rma t  s t r eam " <== S " ) ) ) )

( de fun  p r i n tm loc  ( i  &op t i ona l  ( s t r eam *s tandard -ou tpu t¥ * ) )
( f o rma t  s t ream "~$mem{~3d ]=~a  " i ( a re f  memory i ) ) )

( de fun  p r i n t r eg  (name)
( f o rma t  *debug-io¥*

"~% Reg is ter  ~2a = ~a "
name (ge t  name ‘ r eg -va lue ) ) )

; Warn ing  : THIS ROUTINE MAY BE MACHINE DEPENDENT
(de fun  s tep-get -char  ()

(do ( ( cha r  ( read -cha r  *debug - i o * )  ( read-char  *debug- io* )  ) )
( { neq  char  # \New l i ne )  (make-cha r  cha r ) )
n i l

; ;  o rg i na l  code:
( de fun  s tep -ge t - cha r  ()

( p rog l  (make -cha r
(p r i nc  ( read -char  *debug- io * )  *debug - i o * ) )

( t e rp r i  * debug - i o * ) ) )w
g 

W
e 

W
e 

W
g

( de fun  s tepp ( )
(w i th-open-s t ream

(*debug- io*  (open " /dev / t ty "  :d i rec t i on
( *debug- io*  (open "TTY:"™

t i o  ))
‚ d i r ec t i on  : i 0 ) )  comment outt i t r e  rT i i i i r i se

( ca t ch
' ha l t
( l oop  ( f o rma t  *s tandard -ou tpu t *  "-% P = ~a

(case  ( s tep -ge t - cha r )

[ IE ]
r r r

: "  (get ' p  ' r eg -va lue ) )
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( ( # \?  #\H #\h)
( p r i n t - s t epp -he lp ) )

( ( # \New l i ne  # \Space  # \S # \ s )  ( i n t e rp re t ) )
( (#\R # \ r )

( l oop  ( i n t e rp re t } ) ) )
( ( # \F  # \ f )

( ca t ch  ' f a i l  ( f a i l ) ) )
( ( # \E  # \e )

( t h row  ' ha l t  nil))
( ( # \V  # \ v )

( show-va lue -o f - some th ing ) )
( ( # \ x  #\X)

{(princ "abc - t es t -debug -message - l a te r - t o - k i l l " ) )
( t  ( p r i nc  "Unknown input  , Type ? f o r  he lp  " *debug - i o * ) } ) ) ) ) )
# * t h i s  i s  the o therwise case

( de fun  p r i n t - s t epp -he lp ( )
( p r i nc

" A l l  commands cons i s t  o f  one cha rac te r .

E ,e  Terminate  and go t o  L ISP .
F , f  Genera te  a f a i l .  (Somet imes  t h i s  command may

cause  t r oub le . )
H ,h ,?  Output  t h i s  He lp -Menu .
R, Ir Execu te  un t i l  p rog ram succeeds ,
S, s, new l i ne  S ing le  s tep  execu t i on .
V,v Output va lues  before  s ing le  s tep .

" *debug - i o * ) )

( de fun  show-va lue -o f - some th ing ( )
( p r i nc  "Va lue o f? "  *debug- io* )
( case  ( s t ep -ge t - cha r )

( (# \? )  ( va lue -he lp )
( show-va lue -o f~some th ing ) )

( ( # \A  # \a )
( p r i nc  "Type  number  o f  a rgumen t reg i s te r s  t o  ou tpu t : "  *debug- io¥*)

(do t imes  ( i  ( r ead ) )
( f o rma t  * s tanda rd -ou tpu t *  "~% A (~2a )  = ~a"  (1+ 1) (argument- reqg (1+ 1 ) } ) ) ) )

( ( # \H  # \h )
( p r i n tmseg  s ta r t - o f - heap  (add ress  ( reg  H ) ) ) )

( ( # \S  # \ s )
( p r i n tmseg  s ta r t - o f - s t ack  (add ress  ( reg  A ) ) ) )

( ( # \R  # \ r )
( do l i s t  (x * reg is te rs¥* )

( f o rma t  *debug - i o *  "~% Reg ~2a = - 16a "  x ( ge t  Xx ' r eg -va lue ) ) )
( t e rp r i  * debug - i o * ) )

( t  ( p r i nc  "Unknown  inpu t  , Type ? f o r  he lp  " *debug - i o * ) ) ) )

( de fun  value-help()
( p r i nc

" A l l  commands cons i s t  o f  one cha rac te r .

? Output  t h i s  He lp -Menu .
A ,a  Output  n ( t o  be read )  a rgumen t reg i s te r s

A (0 ) . .A (n -1 ) .
H ,h  Output  Heap .
R , r  Output  a l l  r eg i s te r s  exept a rgumen t reg i s te r s .
S ,s  Output  s t ack .

" *debug- io¥* ) )

( de fun  b racke t - reader  (&op t i ona l  ( s t r eam *s tanda rd - i npu t * )  cha r )
"Ca l l ed  by read i f  ' { '  i s  s canned . ”
"P ro log l i s t s  have t he  f o rm  [e l  e2 . .  en]  or  [ e l  e2 . .  a . b ] ”
"w i th  n>=0 and e i  and a and b are s -exp r .  "

( l e t  ( ( ob jec t  ( r ead  ) ) )
( i f  ( eq l  ob jec t  # \1)

n i l
(make -cons  : ca r  ob jec t  : cd r  ( b racke t - reade r2  s t r eam) ) ) ) )
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; He lp func t ion  f o r  b racke t - reader .

( de fun  b racke t - r eade r2 (s t r eam )
( l e t  ( ( cha r  (peek-char  t s t r eam) ) )

( cond
( ( eq l  char # \ ] )  ( read-char  stream) n i l )
( ( eq l  char # \ . )

( read-char )
( p rog l  ( r ead )  ;

( i f  (not  (eq l  ( read-char )  # \ ] ) )
( e r ro r  " ]  expec ted " ) ) ) )

( t  (make -cons  : ca r  ( r ead )  : cd r  (b racke t - reader2  s t r eam) ) ) ) ) )

(set -macro-character  #\ [  #'bracket-reader)
(set -macro-character  #\ ]  # ' ( l ambda  (s t ream char)  # \ ] ) )

( de f s t r uc t  ( cons  ( : p r i n t - f unc t i on  pr intcons))
( ca r  ni l)
( cd r  n i l ) )

(defun p r i n t cons (c  &opt iona l  ( s t ream *standard-output*)  (depth nil))
( cond

( (and  *p r i n t - l eve l *  (<= *p r i n t - l eve l *  dep th ) )
( p r i nc  "#" stream))

( t  ( p r i nc  " [ "  s t ream)
(w r i t e  ( cons -ca r  c) : s t r eam s t ream : l eve l  (1+ dep th ) )
( p r i n t r es t cons  ( cons -cd r  c) s t r eam dep th ) ) ) )

(de fun  p r i n t r es t cons (c  s t ream depth)
(cond

( (nu l l  ¢) ( p r i nc  " ] "  s t r eam) )
( (and *p r in t - leve l *  (eq l  *p r in t - leve l *  dep th ) )

( p r i nc  " . .  ] "  s t r eam) )
( {no t  ( cons -p  c ) )

( p r i nc  " . " s t ream)
(wr i te  c : s t r eam stream : leve l  (1+ dep th ) )
( p r i nc  "1 "  s t r eam) )

( t
( p r i nc  ™ " s t ream)
(w r i t e  ( cons -ca r  c) : s t r eam s t ream : l eve l  (1+ dep th ) )
( p r i n t r es t cons  ( cons -cd r  c) s t ream dep th ) ) ) )

( de fun  cons t ruc t - t e rm  ( t e rm)
(cond

( (nu l l  t e rm)
( cons tan t -n i l ) )

( ( cons -p  te rm)
( cons t ruc t - l i s t  t e rm) )

( (a tom te rm)
( cons tan t  t e rm) )

((eq ( f i r s t  term) ‘'var)
( cons t ruc t - va r i ab le  ( second  t e rm) ) )

( t
( l e t  ( ( t emp  (map ‘ l i s t  # ‘ cons t ruc t - t e rm  ( res t  t e rm) ) )

( r e f
( new-s t ruc  ( f unc to r  ( l i s t  ( f i r s t  t e rm)  ( l eng th  ( r es t  t e rm) ) ) ) ) ) )

(mapc # ' new-va lue  temp)
r e f ) ) ) )

( de fun  cons t ruc t - va r i ab le  ( va r )
( cond  ( ( numberp  va r )

(new-va lue  (make-word  : t ag  ‘ r e f
: va l ue  va r ) ) )

( ( assoc  var  *use r - va r i abe l s * )
(new-va lue  ( cd r  ( assoc  va r  *use r - va r i abe l s * ) ) ) )

( t
( l e t  ( ( temp (new-va r i ab le ) ) )

( se tq  *use r -va r iabe ls *  ( cons  ( cons  var temp) *use r - va r i abe l s * ) )
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t emp) ) ) )

( de fun  cons t ruc t - l i s t  ( t e rm)
( l e t  ( ( head  ( cons t ruc t - t e rm  ( cons -ca r  term)))

( t a i l  ( cons t ruc t - t e rm  ( cons -cd r  t e rm) ) )
( r e f  ( new- l i s t - ce l l ) ) )

(new-va lue head)
(new-va lue  t a i l )
r e f ) )

( de fun  show-term ( t e rm)
(ecase  (word - tag  t e rm)

( ( cons t )  (word -va lue  t e rm) )
( ( r e f )  ( i f  (varp  t e rm)  ( l i s t  " va r  (wo rd -va lue  t e rm) )

( show- te rm  (mem te rm) ) ) )
( ( l i s t )  (make -cons  : ca r  ( show- te rm  (mem te rm) )

:ed r  ( show- te rm  (mem ( re f - p l us  te rm 1 ) ) ) ) )
( { ( s t r uc t )

( ecase  (word - tag  (mem te rm) )
( ( f un )

( l e t  ( ( name  ( f i r s t  (word-va lue  (mem te rm) ) ) )
( a r i t y  ( second  (word -va lue  (mem te rm) ) ) )
( r e f  ( r e f - p l us  t e rm  1 } ) )

( cons  name ( show- te rms  re f  a r i t y ) ) ) ) ) ) ) )

( de fun  show~-terms ( r e f  a r i t y )
( i f  ( ze rop  a r i t y )  n i l

( cons  ( show- te rm  (mem re f ) )
( show- te rms  ( re f - p l us  re f  1) (1 -  a r i t y ) ) ) ) )
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( l e t  ( ( t emp l  ( de re f  (a rgumen t - reg  Xn ) ) )

t r uc t i on  gets
reg i s te r  VALREG and un i f i es  tha t  w i th  the con ten ts  of var iab le  Xn.

( temp2 (de re f  ( r eg  VALREG) ) ) )
( un i f y  templ temp2)

i n s

r ep resen ts  a l e f t  hand  s ide o f  an i s -p r im i t i ve  t ha t  i s  an bound  va r i ab le .

(se t -a rgument - reqg  Xn t emp l ) ) )

The

(de f i ns t r  va l r eg  read  va lue  temp (Xn)

OD
r
»
r
»
’
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va l reg read value perm (Yn)
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F i r i i i i i r g  F r i i s
rep resen ts  a l e f t  han
The i ns t r uc t i on  ge t s
r eg i s te r  VALREG and un i f i es  tha t  w i th  the conten ts  of var iable Yn.
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( de f i ns t r  va l r eg read value perm (¥n)
( l e t  ( ( t emp l  ( de re f  (pe rm-va r iab le  Y¥Yn)))

( temp2 (de re f  ( r eg  VALREG) ) ) )
( un i f y  t emp l  t emp2 ) ) )

a 8 ® ® % & ¢ & & 5 6 2 + 8 0 Fw  % 2 Ee  EEE EEE SESE FS  EER SRE AAR 7 & u & &« » Ww & & » & & & & 4 ¥ FE  EFF  U FF  BR PR
FES FRE PEPPER FPR FRE FFE  FFNFERRFPIP IPFRFFFFFFR FFF  TRF  EFRFPEIPPYIFPCFPPFIPFP IFPFPIFPFRYPTYPFEPTIYNDSYY

LJ
rr

va l reg  read cons tan t  (C) ;
LJ
r

& #8 & & 8 & 8 E r  BB N a a. % [ IE  | * 8 FF 5 & 9% FF 8 8 8 FF  FTF  BP  ES  * a & » a & 8 & & 0 4 ® 8 2 & 8 FF FR  VF FER SN
[A  r r s  r r  r r  r r r  r r r r r r r r r r r r r r r  r r r  r Fr r r r r r r r r r rF r r r r i r r r r r yy

Hh
 ~
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ct

 w
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= a.
 =

.
in bo

 se r r r r  r r  r

r ep resen ts  a le  de o f  an i s -p r im i t i ve  tha t  i s  a cons tan t .
The i ns t ruc t i on  gets VALREG and de re fe rences  i t .  I f  the resu l t  i s  a
r e fe rence  to  a va r i ab le ,  t ha t  va r i ab le  i s  bound  t o  t he  cons tan t  C and t he
b ind ing  i s  t r a i l ed  i f  neccesa ry .  O the rw i se  the  r esu l t  i s  compared
wi th  t he  cons tan t  C; i f  t he  two va lues  a re  no t  i dend i ca l , back t rack ing  occu rsa 
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( de f i ns t r  va l r eg read constant (C)
( l e t  ( ( t emp  (de re f  ( r eg  VALREG) ) ) )

( cond
( ( va rp  temp)  ( b i nd  temp ( cons tan t  C ) } )
({ (word-equal t emp  ( cons tan t  C ) ) ) }

( t  ( f a i l ) ) ) ) )

FPR TET sr FFF TR PR FIFE TP TET FRET ETP P PP RFR FRPP FRR PPR PEP EP P i r  i i i  i s i s  i s i s  i c r i a i nd
Fr H
; va l reg_read_n i l ( )  ;
H H
Fe l l  PTT  IT R i se r  e r i  s r l  i i i  I i r  i i r  P i r i e  i i i i i i s i t i i s s i t i ve i i i i i s i s i s s i v i se i i i i i s
; r ep resen ts  a l e f t  hand s ide  of  an i s -p r im i t i ve  wh ich  i s  the  cons tan t  n i l ,

( de f i ns t r  valreqg read  n i l  ()
( l e t  ( ( t emp  (de re f  ( r eg  VALREG) ) ) )

{ cond
( ( va rp  temp)  ( b i nd  temp ( cons tan t -n i l ) ) )
( (wo rd -equa l  temp ( cons tan t -n i l ) ) )
( t  ( f a i l ) ) ) ) )

F l r  RT r r  r i d  i r i  i i  i i i  i i  v i l e  i i d  i i i  i i i  i i i  i i i  i i r i i d i i r v i i i e re i see i i i i v i es i i i
H H
; va l reg_read_s t ruc tu re  (f) ;
H r
FERFAPPFARFPEAFAFORFAPFFARFFPFPRAAFFEFAPPFEPAFUFAAFPFFFARFFAFPAAKFFAFFEFKAFFFANN
; Marks the beg inn ing  of a s t r uc tu re  occu r r i ng  in  a lhs of an i s -p r im i t i ve .
; The i ns t r uc t i on  gets the va lue of reg is te r  VALREG and de re fe rences  i t .
; I f  t he  r esu l t  i s  a r e fe rence  to  a var iab le  that  var iab le  i s  bound t o  a new
; s t r uc tu re  po in te r ,  po in t ing  at the top of the g loba l  s tack and the b ind ing

is  t r a i l ed  i f  necessa ry .  Func to r  f i s  pushed onto the g loba l  s t ack ,  and
execu t i on  p roceeds  i n  w r i t e  mode.  O the rw i se  i f  t he  r esu l t  i s  a s t r uc tu re
and i t s  f unc to r  i s  i den t i ca l  t o  f .  The r eg i s te r  S i s  se t  t o  po in t  t o
the  a rgumen ts  o f  t he  s t r uc tu re  and execu t i on  p roceeds  i n  r ead  mode.W

a 
W

a 
W

y 
W

y

( de f i ns t r  va l reg_read_s t ruc tu re  (F)
( l e t  ( ( t emp  (de re f  ( r eg  VALREG) ) ) )

( cond
( ( va rp  temp)

(b i nd  temp (new-s t ruc tu re  ( f unc to r  F ) ) )
( se t -w r i t e -mode ) )

( ( and  (eq (wo rd - t ag  temp) ' s t r uc t )
(wo rd -equa l  (mem temp)  ( f unc to r  F ) ) )

( se t - r eg  S temp)
( se t - r ead -mode ) )

( t  ( f a i l ) ) ) ) )

“4
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;
; valreg_read_l ist
;
PRRRI I I I I I I IN I I INN IN I I IN i i i i i i i i i I i i i i i i i i i iN i i i i i i iN i i i i i i i i i i i i i i i i
; t h i s  i ns t r uc t i on  i s  a specia l  case of the read va l reg s t r uc tu re .
; i it he  s t r uc tu re  in quest ion i s  i n  t h i s  case  a l i s t .

( de f i ns t r  va l r eg  read  l i s t  ()
( l e t  ( ( t emp  (de re f  ( r eg  VALREG) ) ) )

( cond
( ( va rp  temp)

(b i nd  temp (new- l i s t= - ce l l ) )
( se t -w r i t e -mode } )

( (eq  (wo rd - tag  temp)  ' l i s t )
( se t - r eq  S ( r e f - p l us  temp -1 ) )
( se t - r ead -mode ) )

( t  ( f a i l ) ) ) ) )

Km mm mee  CONTROL“a

SB FP SB  SS EE FEST  EES EE  EE  SSE SE  ERE ESE SS  EET  EEE SE  EE  ERE SE  TE  EE  EES ESR EY  EES EE  ESSE IL ]

PEPPER A A AA  ANA A A A NN A A AN A A A A A AN A AN AN A A AN AN A AE A A A A AN AN AE AE AN A A AE  A A A AE  EEE

proceed t r ue

+ 7 8 9 U DS  3 6B
F rF r r r r r r r ; ¢ PFEFFER

L ISP  cons tan t  TRUE)W
eg
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r r  r r r [4

proceed t r ue  se t s  t he  VALREG-reg is te r  t o  T
( de f i ns t r  proceed t r ue ( )

( se t - r eg  VALREG ( cons tan t  T) )
(set - reqg P ( reg  CP) ) )

; Th i s  f unc t i on  i s  ca l l ed ,  when a goa l  i s  sa t i s f i ed ,
; add i t i ona l l y  VALREG must  be w r i t t en  t o  the sc reen .

(de f i ns t r  has -succeded ( )
(do ( ( va r  *use r - va r i abe l s *  ( r es t  va r ) ) )

( { nu l l  va r ) )
( f o rma t  * s tanda rd -ou tpu t *

"-% ~a = ~a " ( ca r  ( f i r s t  va r ) )  ( show- te rm  (cd r  ( f i r s t  va r ) ) ) } )
( f o rma t  * s tanda rd -ou tpu t *  "~% VALREG = ~a "  ( show- te rm  ( reg  VALREG) ) )
( i f  ( y -o r -n -p  "~%More so lu t i ons?  ")

( f a i l )
( t h row  ' ha l t  n i l ) ) )

FET RT I i  i e r  Te i  r rT i T  Ta i  i r i  r iit i t i  i s  isos i i t  i i l  i ds  i r i s  i r i ve r  i r e  i r i  i r r s r i s i v s i i i s i e i s

’
; ca l l - i s
H
EEN EEE A EH I A EE  I I I I EE SE I I I SE  3 I I

- i s  shou ld  be used for  quer ies  of the form : ?- <pass ive> i s  <act ive>

M
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W
E Q 41
]

fi 
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+
F

H
»

( ca l l - i s  <pass ive> <ac t i ve> )

( de fun  ca l l - i s  ( i s t e rm  anruf)
( i n i t )
( se tq  *use r - va r i abe l s *  n i l )
( l e t *  ( ( name  ( f i r s t  an ru f ) )

( a rg - l i s t  ( r es t  an ru f ) )
( l en  ( l eng th  a rg - l i s t ) )
( ca rg - l i s t  (mapcar  # ' cons t ruc t - t e rm  a rg - l i s t ) )
( i s t e rm  ( cons t ruc t - t e rm  i s t e rm) )
( i s t e rm t  (wo rd - t ag  i s t e rm) )
( i s t e rmv  (wo rd -va lue  i s t e rm) )

(ge t cmd  n i l )
( name- l en
( i n t e rn  ( f o rma t  n i l  "~a/~a"™ name l en ) ) ) )

( do t imes  ( i  l en )
( se t -a rgument - reqg  i ( n th  i ca rg - l i s t ) ) )

(app ly  (ge t  ' a l l oca te  ' i n s t r uc t i on )  ' (1 l )  )
( se tmem (perm-var iab le  0) i s t e rm)

( l e t

us

W
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g



( ( code  ° ( ( t r y  p roc  1)
( t r us t  f a i l  1)
p roc
( ca l l  ‚ name- l en  1)

(valreg_read_value_perm 0)
( has -succeded )
fa i l
(has-failed)

( dea l l oca te ) )
))

( se t f  ( ge t  ' t op - l eve l  ' p rocedu re )  code)
(set-reqg P (make-word  : t ag  ‘ code

: va lue  ( cons  ' top- leve l  code ) ) ) ) )
( se tq  *use r - va r i abe l s *  ( reve rse  *use r -va r iabe ls¥* ) )
( s t epp ) )
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va r i a
(wpm-ds -c rea te -e lemen t  r e f  wpm-ds*gpos  wpm-ds*va l reg 0)

(wpm-ds-copy-e lement  wpm-ds* reg  (*  2 an) wpm-ds*valreqg 0) )

’

i n t o  VALREG

(wpm-ds-c rea te -e lement  cons t  ¢ wpm-ds*va l reg  0))

(wpm-ds -c rea te -e l emen t  cons t  n i l  wpm-ds*va l reqg 0 ) )

wpm-val reg w r i t e  y unsa fe  va lue  (n)

wpm-valreg wr i t e  cons tan t

H

H

wpm-va l reg  w r i t e  x va lue

H

wpm-valreg

wpm-va l reg

;

wpm-valre

’

wr i t e  cons tan t  ( c )

(wpm—-ds-create-element unbound  wpm-ds*gpos  wpm-ds*memory  wpm-ds *gpos )

pu t s  t he  spec ia l  cons tan t  n i l  i n t o  r eg i s te r  VALREG.

(wpm—-ds-set-var wpm-ds*gpos  (+ wpm-ds*gpos  2 ) ) )

H
c rea tes  an unbound  va r i ab le  on the  g loba l  s tack
pu ts  a r e fe rence  to  i t  i n t o  t he  r eg i s te r  VALREG

puts the va lue of r eg i s te r  An i n to  r eg i s te r  VALREG

puts the cons tan t  c i n t o  r eg i s te r  VALREG

(wpm-ds-copy-e lement  wpm-ds*memory  (+ wpm-ds*cu r renv  3

(de fun  wpm-valreg wr i t e  x va lue  ( an )

( de fun  wpm-va l reqgwrite y value (n)
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t he  cu r ren t  env i r onmen t ,  t ha t  va r i ab le

Ht

l n

t e  _yunsa fe  va lue  (n)wr i

(wpm-ds—-copy-element wpm-ds*memory  t emp .ad r  wpm-ds*valreqg 0 ))

( t emp .ad r  ( cad r  t emp) ) )
( case  (wpm-ds-ge t - tag  wpm-ds*memory t emp .ad r )

i s  bound  t o  a new g l oba l  va r i ab le .  The b i nd ing  i s  t r a i l ed  i f  necessary.

( ( 1  2 3465 )

the i ns t r uc t i on  de re fe rences  Yn and puts the r esu l t  i n  VALREG,
I f  Yn de re fe rences  to a var iab le

( l e t *  ( ( t emp  (wpm-ds -de re f  wpm-ds*memory  (+ 3 (*  2 n) wpm-ds *cu r renv ) ) )
( de fun  wpm-va l reg



( t  ( cond  ( (>  t emp .ad r  wpm-ds*currenv)
(wpm-ds -c rea te -e lemen t  (wpm-ds-ge t - tag  wpm-ds*memory t emp .ad r )

wpm-ds*gpos wpm-ds*memory  wpm-ds*gpos)

(wpm-ds-c rea te -e lement  r e f  wpm-ds*gpos  wpm-ds*valreqg 0)
(wpm-ds-c rea te -e lement  r e f  wpm-ds*gpos wpm-ds*memory t emp .ad r )
(wpm-ds -se t - va r  wpm-ds*gpos  (+ 2 wpm-ds *gpos ) ) )
( t
(wpm~ds-c rea te~e lement  r e f  t emp .ad r  wpm~-ds*valreg 0 ) ) ) ) ) ) )

a re fe rence  to  the beginn ing of the l i s t  i s  put in to  reg i s te r  VALREG
execu t i on  p roceeds  i n  w r i t e  mode

PrP Ter iT RTT  PR I r  r b  PPT PP IRTP  TT iT RTT ERR PIR err T i  TR res i s  i s  o r i s i v i t i e i i r e i i s
H H
; wpm-va l reqgwrite l ist  () ;
H H
PEP TET Pr aT Ar Er RIP I PET iT i r  I i  REP s i i  v i i  s i t i  i r i  s i i  v i i i  i v  i s r i t i s v r i c i s r i i i i s vev ie re i t
; c rea tes  a l i s t  a t  t he  cu r ren t  t op  o f  the g l oba l  s t ack
’
’

(defun wpm-va l regwrite l ist {)
(wpm~-ds-create-e lement  l i s t  wpm-ds*gpos  wpm-ds*valreqg 0)
(wpm-ds -se t - va r  wpm—~ds*mode 'w r i t e ) )
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wpm-va l regwrite structure ( f )

w
a

 
"W

a 
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g

[ IEE  I I I TCI  TRI I I I LE I ]  . [ IEE  LN  . 0 )  900  092  TA I 99 SE RR RY I
t r e  r r r r r r r i r r r r  r r  4 r r r  r r  r r  r r r o r r r  rF r r r r r o r r sr r r r r r  r r  r r [4 r r r r

pushes  the  f unc to r  f f o r  t he  s t r uc tu re  on to  the g l oba l  s t ack .
Remark: f unc to r  f i s  (name arity)
Pu ts  t he  co r respond ing  s t r uc tu re  po in te r  i n t o  r eg i s te r  VALREG.
Execu t i on  proceeds in  wr i te  modeW
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( de fun  wpm-val reg_wr i te_st ructure ( f )
(wpm-ds-c rea te -e lement  s t r uc tu re  wpm-ds*gpos  wpm-ds*va l reg 0)
(wpm-ds -c rea te - s t r uc tu re -name  f)
(wpm-ds -se t - va r  wpm-ds*gpos  (1+ wpm-ds *gpos ) )
(wpm-ds -se t - va r  wpm-ds*mode 'w r i t e ) )

The i ns t r uc t i on  s imp ly  ge t s
the va lue of r eg i s te r  VALREG and s to res  i t  i n  yn

N
H H
; wpm-valreg_read_x_variable (n) ;
H H

Fre i  TIT ITT TIT Tr i  Tir  T i r i  i i e r  e i i t i i d i i i i i i s  i i  i d i i i d i d i cs i i i i i i i r i i v i ce i i i r i v i e i i s
; Rep resen ts  a l e f t  hand  s i de  o f  an i s -p r im i t i ve  tha t  i s  an unbound  X-variable,
; The i ns t r uc t i on  s imp l y  ge ts
; the  va lue  o f  r eg i s te r  VALREG and s to res  i t  i n  Xn.

(defun wpm-va l regread x variable (an)
(wpm-ds -copy -e lemen t  wpm-ds*reqg (* 2 an) wpm-ds*va l reg  0} )

Fr l l  r r  i T i ed t?  i t i i  iT i r e t  i i i d  i i i i i t i i d i v  i i  i i i t i i i i i i i i e s i i es i cs i vees i i i i eees i ys
H H
H wpm-va l reg read y variable (n) ;
H H

FP IP TP Et iE rer Ti i r i  rT i r s  i i a r  i s i  r i n  t i  sr v i t e  s t i  i s i s  i t i s  i t s  i ns i t e  r i r i ve r  i t i s i i i i r es
: Rep resen ts  a l e f t  hand s ide o f  an i s -p r im i t i ve  t ha t  i s  an unbound  Y -va r i ab le .
H
H

( de fun  wpm-va l reg read y variable (n)
(wpm-ds-copy-e lement  wpm-ds*va l reg  0 wpm-ds*memory

(+ wpm-ds *cu r renv  3 (* 2 n ) } ) )

48



PPT i i i  s i  i i i  i i  iT TTT e r i  TI rR  Tier  i r  e i s  i i  s i s i i i v i v i i v i i i se r i i i d t i i i d i v i e i i i i i v s :
H H
2 wpm-valreqg read  x value ;
; ;
PP iT  Er T i r  i i i l  R i i s  d i d i  i i i  i i i  T i  i r i s  i i i i i d i t i i i i i i s i i d i i t i i d i i d i s i i i i i i i i i i i i s
; r ep resen ts  a l e f t  hand s ide of an i s -p r im i t i ve  tha t  i s  an bound va r i ab le ,
; The i ns t r uc t i on  ge t s
; r eg i s te r  VALREG and un i f i es  that  wi th the contents  of var iab le an.

(de fun  wpm-va l reqgread x value (an)
(wpm-un i fy  wpm-ds*valreg 0 wpm-ds*reqg (* 2 an ) ) )

CrP  T r e i r  i i TI Pr i e r  P ie l  i i i  i esr iv  i i i i e  s i t i  i i l  i t i  s i  i i s i t i s i s i s ce i r i i e i i v i ds te i r i v i i v
H H
; wpm-valreg_read_y_value ;
; ;
PÜRKARARANKOKKARAFANKSTKAFINSEFTHTANTETFTTESEFITTTI IK ITÖTTOTKTFTTTTTFTAEKTTTTTTTTFTTEN
? rep resen ts  a l e f t  hand s ide of an is-pr imi t ive that  i s  an bound va r i ab le .
# The ins t ruc t ion  gets
; reg is te r  VALREG and un i f i es  tha t  w i th  the con ten ts  of var iable yn.

( de fun  wpm-va l reqgread y value (n)
(wpm-un i f y  wpm-ds*va l reg 0 wpm-ds*memory (+ wpm-ds*currenv 3 (*  2 n ) } ) )

FI TT P0777 775080  P i i s  i i s  i i  e i  i i o i i v i n i i i v re r s i s i i i s i v s i d ib  in i v  iiisisssiessbisissirivnini
H H
; wpm-valreg_read cons tan t  (c) ;
H H
EF PIV PIT T IFT  r r  TT I  Tr EPs er PERT ERT TT I  TTT RIT e er i  t r i  s i s i  T i v i i r i s i s ce r i r i s v i i s i c i ves
; r ep resen ts  a l e f t  hand s ide  o f  an i s -p r im i t i ve  t ha t  i s  a cons tan t .
: The i ns t r uc t i on  ge t s  VALREG and de re fe rences  i t .  I f  t he  r esu l t  i s  a
; r e fe rence  to  a va r i ab le ,  tha t  var iab le  i s  bound  t o  t he  cons tan t  c and t he
; b i nd ing  i s  t r a i l ed  i f  neccesa ry .  O therw ise  the r esu l t  i s  compared
+ w i t h  t he  cons tan t  c ;  i f  t he  two va lues  a re  no t  i dend i ca l  back t rack ing  occu rs

( de fun  wpm-va l regread constant (c)
( l e t *  ( ( t emp  (wpm-ds-—-deref wpm-ds*valreqg 0) )

( t emp .s tack  ( ca r  t emp) )
( t emp .ad r  ( cad r  t emp) )
( t emp . tag  (wpm-ds-get - tag  t emp .s tack  t emp .ad r ) ) )

( case  t emp . tag
(0 (wpm- t ra i l  t emp .ad r )

(wpm-ds-c rea te-e lement  cons t  c t emp .s tack  t emp .ad r ) )
(1 ( cond  ( ( no t  ( equa l  (wpm-ds-get -addr  t emp .s tack  t emp .ad r )  c ) )  (wpm- fa i l ) ) ) )
( t  (wpm- fa i l ) ) ) ) )

EEE NE EEE EEN EEE EERIE  EE EEE EEE EE  EE  E I  I EE  SE  EH SF BH I I OF I I OF
H H
: wpm-valreqg read ni l({() ;
H H
FP PTI  Tier  i i i  i i i  i d i  i i i i  i i i  T i  i n i  i i i  i i r  i r i s  i r i s  iciivivseiisiisissssiesesisssssiss
# represen ts  a l e f t  hand s ide o f  an i s -p r im i t i ve  tha t  i s  the  cons tan t  n i l .

( de fun  wpm-va l regread ni l  ()
( l e t *  ( ( t emp  (wpm-ds -de re f  wpm-ds*va l reg  0) )

( t emp .s tack  ( ca r  t emp) )
( t emp .ad r  ( cad r  t emp) )
( t emp . tag  (wpm-ds-ge t - tag  t emp .s tack  t emp .ad r ) ) )

( case  t emp . tag
(0 (wpm- t ra i l  t emp .ad r )

(wpm~ds-create-e lement  cons t  n i l  t emp .s tack  t emp .ad r ) )
(1 ( cond  ( ( no t  ( equa l  (wpm-ds-get -addr  t emp .s tack  t emp .ad r )  n i l ) )  (wpm-

f a i l ) ) ) )
( t  (wpm- fa i l ) ) ) ) )
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wpm-va l regread structure (f)
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EERE EE EE EERE RE ERR EE EE RE EE ER ER EE ER ERE EERE ER EERE EE EE RR ER EE ER RE ER ERE EE REE EEE REE]
Marks the beginn ing of a s t ruc tu re  occur r ing  in  a lhs of an is-primitive.
The i ns t ruc t i on  ge ts  t he  va lue  o f  r eg i s te r  VALREG and dere fe rences  i t .
I f  the resu l t  i s  a re ference to  a var iab le  that  var iable i s  bound to  a new
s t ruc tu re  po in te r ,  po in t ing  a t  the top  o f  the  g lobal  s tack  and the  b ind ing
i s  t r a i l ed  i f  necessa ry .  Func to r  f i s  pushed  on to  the  g loba l  s t ack ,  and
execu t i on  proceeds i n  wr i te  mode.  O therw ise  i f  t he  r esu l t  i s  a s t r uc tu re
and i t s  f unc to r  i s  i den t i ca l  t o  f .  The r eg i s te r  nex ta rg  i s  se t  t o  po in t  t o
the arguments of the s t ruc tu re  and execu t ion  proceeds in  read mode.W
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( de fun  wpm-va l regread structure ( f )
( l e t *  ( ( t emp  (wpm-ds-deref  wpm-ds*valreqg 0) )

( t emp .s tack  ( ca r  t emp) )
( t emp .ad r  ( cad r  t emp) )
( t emp . tag  (wpm-ds—-get-tag t emp .s tack  t emp .ad r ) ) )

( case  t emp . tag
(0 (wpm-t ra i l  t emp .ad r )

(wpm-ds -c rea te -e lement  s t r uc tu re  wpm-ds*gpos t emp .s tack  t emp .ad r )
(wpm-ds -c rea te -s t ruc tu re -name f)

(wpm-ds -se t - va r  wpm-ds*gpos (+ wpm-ds*gpos 1 ) )
(wpm~-ds-set-var wpm-ds*mode 'w r i t e ) )

(2 ( l e t  ( ( s t r uc .ad r  (wpm-ds-—-get-addr t emp .s tack  t emp .ad r ) ) )
( cond  ( ( equa l  (wpm-ds-get - tag wpm-ds*memory s t r uc .ad r )  f )

(wpm—-ds-set-var wpm-ds*nex ta rg  (+ s t r uc .ad r  1 ) )
(wpm-ds-se t -var  wpm-ds*mode ' r ead ) )

(t (wpm=fa i l ) ) ) ) )
( t  (wpm~fa i l ) ) ) ) )

< T 3 | < [+
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spec ia l  case of t he  wpm-rea
the  s t r uc tu re  i n  ques t i on  i s  i n  t h i s  case a l i s t .

( de fun  wpm-va l reqgread l ist ()
( l e t *  ( ( t emp  (wpm-ds-dere f  wpm-ds*valreqg 0 ) )

( t emp .s tack  ( ca r  t emp) )
( t emp .ad r  ( cad r  t emp) )
( t emp . tag  (wpm-ds-get - tag t emp .s tack  t emp .ad r ) ) )

( case  t emp . tag
(0 (wpm- t ra i l  t emp .ad r )

(wpm-ds-create-e lement  l i s t  wpm-ds*gpos t emp .s tack  t emp .ad r )
(wpm-ds-set-var wpm-ds*mode 'w r i t e ) )

(3 (wpm-ds-se t -var  wpm-ds*nextarg (wpm-ds-get-addr t emp .s tack  t emp .ad r ) )
(wpm-ds-set -var  wpm-ds*mode ‘'read))

( t  (wpm-£ fa i l ) ) ) ) )
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( de fun  wpm-proceed true ()
" t he  p rog ram coun te r  pc i s  r ese t  t o  t he  con t i nua t i on  po in te r  pc "
(wpm-ds-crea te-e lement  cons t  T wpm-ds*va l reg 0)
(wpm-ds-se t -var  wpm-ds*pc wpm-ds*con t i ns t ) )
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