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Abs t rac t :
Inher i tance hierarchies are employed i n  knowledge representat ion and
ob jec t -o r ien ted  programming i n  the  sense o f  represent ing taxonomic i n -
f o rma t i on .  Fea tu re  P ro log  prov ides a use fu l  t oo l  t o  represent
taxonomic  in fo rmat ion  i n  Log i c  i n  a s imp le  and na tu ra l  way. I n  our
approach,  inher i tance  h ie ra rch ies  a re  bu i l t - up  f rom fea tu re  t ypes ,
t ha t  a re  r eco rd -L i ke  s t r uc tu res ,  o rdered  by  sub typ ing .  The p resence  o f
fea tu re  types reduces  the deduc t ion  t ree  and avo ids unnecessary
backt rack ing.  I n  Feature P ro log  there are fea tu re  terms bes ides  the
common  P ro log  te rms  - used  t o  deno te  subse t s  o f  f ea tu re  t ypes .  The ın-
t eg ra t i on  o f  f ea tu re  t e rms  i n to  t he  P ro log  in fe rence  mechan ism needs
an ex tens ion .of SLD=-resolLution w i th  fea tu re  un i f icat ion,  t ha t  i s  un i -
f i ca t i on  respec t ing  the  taxonomic  in fo rmat ion  o f  the  f ea tu re  t ypes .  We
descr ibe an ex tens ion  of the abs t rac t  P ro log  ins t ruc t ion se t ,  known as
WARREN Abs t rac t  Machine,  fo r  inher i tance  h ie ra rch ies .





1 . I n t r oduc t i on_and_Mo t i va t i on

What i s  the intent ion to  dea l  with inheri tance hierarchies in  ProLog

or more genera l l y  i n  deduct ion systems? Ai t -Kaci  /Ai t -Kaci  85/ wr i tes:

"S ince the ea r l y  days of  research in  Automated Deduction, inheri tance

has been proposed as a means to  capture a spec ia l  kind of  information,

v i z . ,  taxonomic in format ion.  For  examp le ,  when i t  i s  asser ted  tha t

wha les  are  mammals ,  we understand tha t  whatever  propert ies mammals

possess shou ld  a l so  ho ld  fo r  wha les . "™

Natura l l y ,  th is meaning of  inheri tance can be expressed in  predica-

te  Logic  by the imp l i ca t ion .

Vx .  Wha le ( x )  => Mammal  ( x )

I t  i s  semant ica l l y  correct  to  so lve  this in  f i rst order Logic by a

deduct ion s tep,  bu t  i s  th is  p ragmat ica l l y  use fu l?  I sn ' t  i t  poss ib le  t o

f ind the information that  wha les  are mammals without a deduct ion step

t o  reduce the  search  space? I s  i t  poss ib le  t o  integrate th is kind o f

taxonomic informat ion d i rec t l y  i n  deduct ion  systems, namely  Pro tog?

Feature Pro log  i s  an approach to  achieve t ha t .

I n  the  f o l l ow ing  we give an ex tens ion o f  P ro log  with inher i tance hier-

archies, as a system of  record-L ike structures,  ca l l ed  feature types,

ordered by subtyping /Smo lka  A i t -Kac i  87/ .  Feature types a re  s im i l i a r

t o  f rames,  i n  the  sense that  every feature type has a set  o f  features

( s l o t s ) ;  and each  feature  i s  an access  funct ion t o  one sLo t  o f  the

feature t ype .  Somet imes we use the not ion c l ass  in  this paper as a

synonym for  feature type = being more meaningful  f rom the history in

connect ion with object  or ientated programming. An instance is  an

object ,  that  be longs to  a c l ass .  I n  Feature  Pro log  we a l so  ca l l  an

instance feature cons tan t .
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Now we can descr ibe Wha le  as a subc lass  o f  the  c l ass  Mamma l .  Wha le  in-

her i tes  a l l  fea tures  of  the  c l ass  Mammal. For example  the inherite

feature  b i o tope  i s  const ra ined to  ocean .  This k ind o f  taxonomic  infor-

mat ion cou ld  be represented in  f i rs t  order  Log ic  by deduct ion,  but in

the f o l l ow ing  examp les  we w i l l  see tha t  th is  i s  a very inef f ic ient

method .  A bet ter  way is ,  t o  bu i l t  th is  taxonomic information d i rec t l y

into deduct ion systems.

Many p roposa ls  have been offered to  dea l  wi th taxonomic in format ion.

/DeKo 79/7 und /ALF r  82/ t ransform the taxonomic informat ion directlLy

into f i rs t  order  Log ic ,  but  then we have the d isadvantages pointed ou t

above .  /BriFi 83/ und /SkiMi 79/ interprete taxonomic information as

semant ic nets, but the corresponding implementat ion doesn ' t  have the

power of  a P ro log  L ike  descr ipt ion Language.  Feature Pro log  is  s im i la r

to  A i t=Kaci  and Nas r ' s  P ro log  d ia lec t  LOGIN, but  there are two diffe-

r ences .  F i rs t ,  LOGIN has on l y  feature types ( ca l l ed  Y-types i n  LOGIN) ,

wh i l e  Feature  P ro log  accommodates  both feature and const ructor  t ypes .

Consequent ly ,  Feature P ro log ' s  uni f icat ion,  ca l l ed  feature  uni f icat ion

/Smolka A i t=Kac i  87/, combines LOGIN 's  ¥=uni f icat ion wi th  order=-sorted

uni f icat ion /Sch 85/, /Wal  87/ .  Furthermore, wh i le  Y=uni f icat ion

admits  cyc l i c  s t ructures,  feature uni f icat ion d i sa l l ows  them. Second,

LOGIN does not  force the programmer to  dec la re  which fea tures  are

poss ib le  fo r  a feature type and thus has a weaker type checking dis-

c i p l i ne .

The computa t iona l  power o f  P ro log  and Fea tu re  P ro log  i s  the  same,

but wi th the in tegrat ion of  taxonomic informat ion and a modif ied uni-

f icat ion a lgor i thm - us ing the taxonomic information ef fect ively,  un-

necessary backtracking i s  avoided and therefore the search space w i l l

be reduced .
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We give an example to show how Labor iousLy and inefficient

taxonomic information is  represented in  common P roLog .

We want to  know i f  the sign_of_zodiac of  Pe te r ' s  grandfather i s

p i sces .  We have some ru l es  for  grandfa ther  and s i gn_o f_zod iac .

Knowledge about  Peter ,  Mary, . . .  t o  be persons and january,  february,

. . .  to be months is  s tored exp l ic i te ly  as facts.

The re la t i ons  has_father  and month_of_b i r th  are a l so  def ined as f ac t s .

Examp le  1a

Z i s  grandfather o f  Y, i f  X ,Y ,  and Z are  persons and the father  o f  Y

i s  Z. Y has t o  be the father  o f  X o r  Y i s  the mother o f  X. The P ro log

system achieves a l l  informat ions by searching i n  the da tabase .  E .g .

the in format ion tha t  the fa ther  o f  Peter  i s  B i l l  gets the P ro log  sy-

stem af ter  searching i n  the database of  has_ fa the r ( . . . , . . . ) .

% THE RULES FOR grandfa ther  %
g rand fa the r (X ,Z ) :=  pe rson (X )  pe rson (Y ) ,  person(2Z),

has_ fa the r (X ,Y)  has_ fa the r (Y ,Z ) .
g rand fa the r (X ,Z ) :=  pe rson (X )   pe rson (Y )  pe rson (Z ) ,

has_mo the r (X ,Y )   has_ fa the r (Y ,Z ) .

Y is  sign of  zod iac  of  X, i f  X i s  a person and X is  born in  a spec ia l

month Z. The whole information about  X achieves the Pro log  system by

sea rch ing  i n  the  da tabase o f  pe rson ( . . . )  and mon th_o f_b i r t h ( . . . , . . . ) .

% THE RULES FOR sign_of_zodiac ZX
sign=-of -zodiac(X,  cap r i co rn ) :  =

pe rson (X )  ,month_of_b i r th(X, january).
s i gn -o f - zod iac (X ,  aqua r i us ) :  —

pe rson (X )  ,month_of_b i r th (X,  f eb rua ry ) .
s ign—=of=zod iac(X,  p i sces ) :  -

pe rson (X )  month_of_bi r th(X,  ma rch ) .

X THE DATABASE ZZ
pe rson (anne ) .
pe rson (mary ) .
pe rson (pe te r ) .
pe rson (b i l l ) .
pe rson ( j ohn ) .

month_of_bir th(peter,  augus t ) .





month_of_birth( john, march).
month_of_b i r th (b i l l ,  january).
month_of_ b i r th (mary ,  february).
month_of_bir th(cr is t ine,  december ) .

has_fa ther (chr is t ine, john).
has_father(mary,  b i l l ) .
has_ fa the r (b i l l , john).
has_father (pe te r ,  b i l l ) .

% THE QUERY: 2%
?= g rand fa the r (pe te r ,X ) ,  s ign_of_zodiac(X, p i sces ) .

Have a Lo t  o f  fun  and t ime to  get  the  cor rec t  so lu t i on  fo r  th is  query.

The two main d isadvantages of  th is P ro log  program a re :

= A Lo t  o f  unnecessary  backt rack ing has t o  be execu ted  i n  order

to  ins tan t ia te  the va r iab le  X o f  the query wi th the grandfather

of  pe te r ,  whose s ign of  zod iac  i s  p i sces .

= A naive reader  may have d i f f i cu l t ies  t o  understand the semant ic

o f  the  c l auses  def in ing grandfa ther (X ,Y) .

Example 1b presents  a more na tura l  representat ion of the above infor-

mat ion i n  a ProlLog L i ke  syntax,  wi th  t he  meaning that  Peter ,  Mary,  . . .

are ind iv idua ls  ( cons tan t s )  o f  type pe rson .  January,  february,  march,

. . .  a re  constants  o f  type mon th .





Examp le_1b

X THE DECLARATION PART: %
cso r t ( pe te r ,  pe rson ) .
cso r t ( b i l l  pe r son ) .
csort(g john, pe rson ) .

csor t  ( january ,  mon th ) .
cso r t ( f eb rua ry ,mon th ) .
cso r t (ma rch ,mon th ) .

Each person has a person as mother and another  person as fa ther .  Each

person is  born i n  a spec ia l  mon th .

% THE FEATURES OF THE FEATURE TYPE person X%
has - fea tu re (pe rson , mother, person).
has= fea tu re (pe rson , father, person).
has=feature(person,month_of_b i r th , month).

The father of  Peter  i s  B i l l  and B i l l ' s  fa ther  i s  John.  B iLL i s  born in

January and John i n  march .

% THE FEATURES OF THE FEATURE CONSTANTS X
has - fea tu re (pe te r , father, bi l l).
has~ fea tu re (b i l l , father, john).
has= fea tu re (b i l l , month_of_ birth, january).
has- fea ture( john,month_of_b i r th , march).

Z i s  the grandfather  o f  a person X, whose fa ther  o r  mother  i s  a person

Y, whose fa ther  i s  the person Z. The Fea tu re  P ro log  system ach ieves

a l l  informat ion by  the fea tures  fa ther  and mother ,  tha t  compute the

va lue  of  someones fa ther or  mother .  Grandfa ther (X,Z)  gets the informa-

t i on  tha t  Z i s  the  grandfather o f  X by  th is  computa t ion  ins tead o f

search ing.

% THE RULE BASE X%
% THE RULES FOR grandfather 2%

g rand fa the r (X: person{father =>Y:person{ fa ther  =>Z :pe rson } } ,

grandfather (x: person(mother  =>Y:pe rson { fa the r  =>Z :pe rson } } ,

The information about  someones s ign of  zodiac is  achieved by the

feature month_of_b i r th .





XZ THE RULES FOR sign of  zodiac %
s ign-o f -zod iac(X:person{month_of  bi r th=>january},  capr icorn} .
s ign-of=-zodiac(X:person{month_of_bir th->february} , aquarius}.

% THE QUERY: Z
?= -g rand fa the r (pe te r , X: person) ,sign_of_zodiac(X, pisces).

The re la t i on  t ha t  a fea tu re  type i s  a subtype o f  another  feature type

i s  expressed wi th  the bu i l t - in  predicate subso r t .  The semant ic of

cso r t ( cons t , t ype )  i s  that  the constant const i s  an individual of  the

feature type t ype .  Not ice,  that  constants  can a l so  be considered as

feature types, consis t ing of  exac t l y  th is  constant  onLy.

has - fea tu re ( t n ,F , tm)  ass igns  the type tn  a feature  F wi th  type tm. No-

te  that  a l l  subtypes o f  t n  and hence a l l  ind iv iduals  o f  type tn,  in-

herite the feature F wi th  type tm or i f  the feature F is  def ined in  a

subtype o f  t n  t hen  the type o f  F has t o  be a subtype o f  t a .

The re l a t i on  tha t  Pe te r ' s  fa ther  i s  b i l l ,  i s  imp l i c i t l y  given by

has - fea tu re (pe te r , f a the r , b i l l ) .  AlLso the knowledge that  Peter ,  Mary,

- . .  are  persons and tha t  january, february,  . . .  are mon th .  I t  i s  not

necessary  t o  def ine i t  i n  the da tabase .  I f  the goa l  g randfa ther  w i th

the constant  pe te r  as f i rs t  argument and the va r iab le  X o f  type person

as second argument i s  executed,  the feature fa ther  se lec t s  B i l l  as

Pe te r ' s  fa the r .  This k ind of  dea l ing  wi th impl ic i te  knowledge rep laces

searching by e f fec t ive computa t ion ,  hence  we reduce the  deduct ion t ree

and avo id  unnecessary  backtrack ing.  The fo l low ing  f igures 1 and 2

shows the type in format ion given in  the above program and the so lu t i on

of  the query one more g raph i ca l l y .





anton
month_of_bi r th->august

fa ther ->person
mother->person

peter
month_of_birth->name_of_month

fa the r ->b i1 ]
mother->anne

b i l l
month_of _bi r th->march

fa ther -> john
mother->person

person
mon th_o f_b i r t h ->name_a f_month

fa ther ->person
mother->person

john
month_of_bir th->march

fa ther ->person
mother->person

anne
mon th_o f_b i r t h ->ap r i l

f a the r ->an ton
mother->person

F ig .1

The ordering of  the feature types and the set of  features for the

feature type pe rson .

mon th_o f_b i r t h  --> march

f cons tan t :  5 - ->so r t va r i ab le :  pe rson

mother - ->so r t va r i ab le :  person

F ig .2

The solut ion o f  the query. The var iable X i s  instantiated with

John, because John i s  the grandfather o f  Peter and John i s  born

i n  the month march so that his sign of  zodiac i s  p isces.





2 .Fea tu re  Un i f i ca t i on  i n  P ro log

We give a short  out l ine  of  the computat ional  part of  inheritance hier-

archies ca l l ed  feature unif ication, that  extends common Pro log  uni-

f icat ion for  feature  t e rms .  A formal  def ini t ion and invest igat ion of

feature uni f icat ion i s  given in  /Smolka Ai t -Kaci  87/.

A term is  a var iab le ,  a constant  or a s t ructure.  I f  a var iable has no

reference to  a term we ca l l  this var iable an unbound variable.

I n  common P ro log  two terms are un i fyab le  i f  one o f  the f o l l ow ing

condi t ions succeeds :

( 1 )  I f  one te rm i s  an unbound var iab le ,  then the o ther  te rm i s
bound to  th is  unbound va r iab le .

( 2 )  I f  bo th  terms are constants,  then  they have to  be identical.
(3 )  I f  bo th  terms a re  s t ruc tures ,  the two functors  have t o  be

i den t i ca l  and  the  a rguments  o f  the  s t ruc tures  have t o  be
uni fyab le .

For a more formal  approach we assume 2 pairwise disjoint,  countably

inf ini te se t s  of symbo ls :

= Functions Symbo ls :  ( f , g , h )

Every func t ion  symbol  f has an ar i ty,  which i s  an nonnegat ive in-

teger;  funct ion symbols with ar i ty zero are ca l l ed  constant  sym—

bols.

= Var iab les :  (X ,Y ,  Z) .

A term i s  a var iab le  or  has the form f ( s ,  . . .S , ) ,  where s , ,  . . .S ,  are

terms and f i s  a funct ion symbo l .  The Le t te rs  s ,  t and u w i l l  a lways

denote te rms .  The s ize  |s| of  a term s i s  1 i f  s i s  a var iab le  and 1 +

| s , | + . . .  + | s , |  i f  s = f ( s ; , . . . ,  S, ) . -

An equat ion has the form s= t .  The Let ter  P w i l l  a lways  range over

equa t ions .

An equat ion system i s  e i ther the empty equat ion system 0 or  has the
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form P , & . . .&  P , ,  where P , ,  . . . ,  P , are equat ions.  The Let ter  E

w i l l  a lways range over equat ion systems.

A t ransformat ion ru l e  fo r  equat ion  systems has the form E => E ' ,  where

E and E' are equat ion systems, meaning the system E i s  rep laced wi th

E ' .

The uni f icat ions ru l es :

Tautoloqgy
(TY) X=X & E => E

Bind ing
(B )  X= t  & E => X=t  & [X= t ]  E

Decompos i t ion
(D )  f ( s1 , . cu ,8 ,0=F ( t y , . . . , t , )  & E => s5,=t;, & . . .&5 ,= t ,  & E

Orienta t ion
( 0 )  s=X  & E => X=s  & E

I n  Feature P ro loq  we dist inguish between unbound, bound and type

var iab les .  A type var iab le  i s  a var iab le  whose domain i s  not  the whole

universe, but  on l y  a subset  of  i t .

A feature term i s  a common Pro log  term or  a type var iable with a

set  o f  f ea tu res :

<feature te rm> : : =  { common- te rm> { <L is t -o f - features> } ;

<common=term> i s  a P ro log  te rm o r  a type var iab le ,  <lList-of-features>

i s  a L is t  o f  feature dec la ra t ions .  A feature dec lara t ion i s :

< feature=dec lara t ion> : : =  < ident> => <termd>;

< iden t>  i s  the  name o f  the fea tu re  and < term> denotes a ProlLog term o r

a feature  te rm .

I n  the f o l l ow ing we of ten use the not ion o f  t o  un i f y  features,  when we

unify the records descr ibed by the features;  feature va lue  i s  a l so  a

synonym for  the record referenced by a fea tu re .

The deduct ion  o f  Feature  P ro log  w i l l  be done by SLD-reso lu t ion ,  but

uni f icat ion w i l l  be changed in  the f o l l ow ing  way:
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( 1 )  A var iable and a non-var iable are uni fyable,  i f  the type of

the non-var iab le i s  a subtype of  the va r iab le .  Add i t iona l l y
the features  of  the var iab le  and non-var iable have to  be
un i f yab le .  The var iab le  i s  bound to  the non va r i ab le .

(2 )  Two va r iab les  a re  un i fyab le ,  i f  there  i s  a g rea tes t  common
subtype of  the i r  types and their  features are un i fyab le .  The
un i f ie r  i s  a new va r iab le ,  the  o l d  va r iab les  are  bound t o .

(3 )  To dec ide  i f  a fea tu re  F i  o f  two fea tu re  terms i s  un i fyab le
we d is t inguish two cases:

I f  the  fea tu re  F i  occurs  onLy  i n  one o f  the two feature
te rms,  then F i  i s  added wi th the re ferenced record t o
the  o the r  fea tu re  t e rm .
I f  the fea ture  F i  occurs  in  both feature terms, then
the features F i  w i l l  be un i f ied.  I f  they have a uni-
f ie r ,  F i  i s  cop ied wi th  the  referenced un i f ie r  in to  the
ins tance feature te rm.

Here i s  the fo rma l  spec i f ica t ion for  the feature  uni f icat ion rules:

We assume3 pairwise disjoint,  countab ly  inf ini te sets  of  symbo ls :

- Type Symbo l s :  ( ¢ ,K ,S )

There i s  a subc lass  o f  type symbo ls  ca l l ed  featuretype symbo ls .

- Funct ions Symbo ls :

There are two dis jo int  subc lasses  o f  funct ions symbo ls :  construc-=

tor  and feature symbo ls .  ALL feature symbols are unary funct ions

symbo l s .  The Le t te rs  1 ,  k w i l l  a lways  range over  feature type

symbo ls .

There are two disjoint subc lasses of  constructor symbols :

Imp l ic i t  constructor symbols  und exp l i c i t  constructor symbols.

E .g .  i n  the signature of  F i g .3  con_person i s  an impl ic i t

constructor for  pe rson .  Impl ic i te  constructors have the prefix

con_.

- Var iab les :  (X ,Y ,Z ) .  Each var iable has a type PX, which is

a type symbol ;  for  each type symbol  ¢ exis ts  an inf inite set  of

var iab les with type ¢ .  I n  our examples each i tem bu i l t -up with

capi ta ls  are var iab les .

A subtype dec larat ion has the form: € £ pm.





11

A funct ion decLarat ion has the fo rm:

f :  €, . . .  ©, => ©, where n i s  the ar i ty of  f .

To be ab le  to  re la te  features to  impl ic i t  constructors, we assume a

to ta l  order " 1 << k " on  the set  o f  a l l  feature symbo ls .

A s i gna tu re  X i s  a set  o f  subtype and funct ion dec la ra t ions .  We say f

i s  a const ructor  o f  ¢ ,  i f  f i s  a constructor  and the declarat ions f :

€1 . . . 0 ,  => Hand  p £ ee occur  i n  X. 1! i s  a feature  o f  ¢ ,  i f  1 i s  a

feature symbo l  and  the dec la ra t ions  1 :  x => ¢ and ¢ £ pr occu r  i n  X.  A

t=-term o f  type M i s  e i ther a va r iab le  X with PX £ pg, o r  has the form

f ( s ,  . . .S , ) ,  and there are dec lara t ions  f : ¢ ; . . . ¢ ,  => ¢ and ¢ £ gp i n  I

and s; are I - terms of  type €; for  aLlL i .

A term of  the form 1 (X )  i s  ca l l ed  a quasi-var iable.

A te rm i s  ca l l ed  canon ica l ,  i f  i t  i s  bu i l t  on l y  from var iab les and

constructors ( exp l i c i t  or  imp l i c i t ) .

For  each  imp l i c i te  constructor  f wi th ar i ty n ex is ts  n features Ly ,

. . . L , ,  such that  L ; ( f ( s ; ,  . . .S , ) )=s ;  ho lds .  Hence the impl ic i t

Constructors are on l y  a syn tac t i ca l l y  aux i l ia ry  t o  improve the com-

prehension of  the feature uni f icat ion.

Let con_person be an impl ic i t  constructor  of  type person, with

the  argument  types age ,  s t a tus ,  f i r s t _name ,  pe rson .

con_person: age, s ta tus,  f irst_name, person, person => person

The fea tures  o f  type person are unary funct ions refering t o  the

argument posi t ions of  con_person, i . e .  we have the equat ions:

per iod _of_Li fe(con_person(Xl i ,  X2, X3, X4, X5 ) )  = X1
soc ia l_s ta tus (con_person (X i ,  X2, X3, X4, XS))  = X2
f i rst_id{(con_person(Xl,  X2, X3, X4, X5) )  = X3
mother  (con_person(Xi l ,  X2,  X3, X4, X5) )  X4
fa the r ( con_pe rson (X i ,  X2, X3, X4, X5 ) )  X5

Then an e lement  X o f  type person has t o  be o f  the form

con_pe rson (X i , . . . ,X5 )  and i s  denoted by  the feature term
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X: person{period_of_Life ->X1 :age , . . . ,mo the r  ->X4:  person}

Let [X= t ]  be a subst i tut ion and E an equat ion system containing the

var iable X. Then we say that  E & X=s can be obtained from [X=s ]  E by

“un fo l d i ng .

An equat ion s= t  i s  t r immed  i f  i t  contains no impl ic i t  constructors, t

i s  a canon ica l  term and s i s  a var iab le  or a quasi  va r iab le .  A tr immed

equat ion  system i s  a equat ion system whose equat ions are a l l  t r immed.

By unfolding we can obtain a tr immed equat ion sys tem.

Have a g l ance  again t o  the s ignature i n  F i g .3  and consider  the

equat ion:

S=E where S and E are the feature terms
S:s tudent { f i rs t_ id  =>NAME,

mother =>{age  =->0:o0ld},
major  =>BIO0:biology)}

and
E :emp loyee{pos i t i on  => JOB: jobt i t le ,

per iod _of_Life => AGE:age ,
sa la r y  => INCOME: income}

S is  a var iab le of  type student  with the features f i r s t _ i d ,  mot-

her  and ma jo r .  Hence S can be represented with impl ic i te

constructors as :

S = con_student (X1,
X2,
NAME,
con_person (0 ,  X3, X4, X5, X6) ,
X7,
BIO)

Simi lar  for  the variable E of  type employee

E = con_employee(AGE,  X8, X9, X10, X11,  JOB, INCOME)

To get a tr immed equat ion system we unfo ld  the impl ic i t  construc-

tor  con_student, that  i s  we replace the substructure

con_pe rson (0 , . . . )  by  a new var iab le  FOLDING o f  type pe rson .

S = con_student(X1,  X2, NAME, FOLDING, X7, B IO)
FOLDING = con_person (0 ,  X3, X4, X5,  XB6)
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As mentioned before, impl ic i t  constructors are onlLy syntact ica l

sugar for  feature terms, a l l  feature terms can be represented

with unary funct ions.  We get the tr immed equat ion system I'_examp-

Le ,  consis t ing o f  common terms on l y .

S=E & f i r s t_ id (S )=NAME & ma jo r (S )=B IO  & mother (S)=FOLDING &
perdiod_of_Life(FOLDING)=0 & per iod_of_L i fe(E)=AGE &
pos i t i on (E )=JOB & sa la r y (E )= INCOME

The feature  un i f ica t ions ru l es :

Tau to logy
(T)  X=X &TI' =>T

Binding |

(B )  X=t & I' => X=t & [X= t ] r
I f  X i s  a var iable occurring in  I" but not i n  t and
i f  P t<PX i s .

(B®)  X=Y & I' => X=Z & Y=Z & [X=2 ,  Y=z ] r
I f  not  PY<PX and Z i s  a new va r iab le .  PZ i s  the
greates t  common subtype o f  PX, PY.

(B * ' )  1 (X )=Y  & TI" => Y=Z & 1 (X )=Z  &[  1 (X )=Z ,  Y=Z ]T
I f  not  PY £ PL (X )  and Z i s a new va r i ab le .  PZ i s
the greatest  common subtype o f  P I1(X) und PY.

Decomposi t ion
(D )  f ( sSy3 , . . . , 5 , )=F ( t y , . . . , t , )  & I" => s ,= t ,  & . . .&s ,= t ,  & I

Or ienta t ion
( 0 )  s=X  &T"  => X=5  & TI"

Merging
(M)  1 (X )=s  & 1 (X )= t  & TI => 1 (X )=5  & s= t  & X

Applying the ru les  to  the equat ion system TI'_example transforms

_example  t o  I'_example’.

1 )  Ru le  B '  t o  S=E
S=E & I'_example => S=W & E=W & [ S=W, E=W]I'_example
W is  a new var iab le of  type workstudy and is  bound on S and
E. I n  I'_example the var iab les  S, W are subst i tu ted with E.

2) Ru le  M to  per iod_of_L i fe (W)=MIDDLE and per iod_of_L i fe (W)=AGE
period _of_L i fe(W)=MIDDLE & per iod _of_Li fe(W)=AGE & I'_oxample
=> per iod_o f_L i fe (W)=AGE & AGE=MIDDLE & I'_example

3 )  Ru le  0 and  B t o  AGE=MIDDLE
MIDDLE subst i tu tes  AGE.
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4)  Rule B ' '  to  salery(W)=INCOME

sa la r y (W)= INCOME & TI'_example =>
INCOME=LOW_INCOME & sa le r y (W)=LOW_INCOME &
[ sa l e r y (W)=LOW_INCOME,  INCOME=LOW_INCOME]I' example
LOW_INCOME i s  a new var iab le  of  type 1low_income , the
va r i ab le  LOW_INCOME subst i tudes the var iab le  INCOME in
I _examp le .

After app ly ing  the  r u l es  0 and B to  I'_example we get  the so lved  equa=-

t ion system I '_example ' :

S=W & E=W & INCOME=LOW_ INCOME
wi th  W:works tudy{per iod_of_ Li fe => MIDDLE,

f i rst_id => NAME,
mother  => FOLDING,
major  => BIO,
pos i t ion  => JOB,
sa la ry  => LOW_INCOME}

The example  above i s  s imple  i n  the sense that i t  does not i l l us t ra te

the use of  inheri tance among complex feature te rms.  I n  the next examp-

Le the type person has the features id-=first, period_of_Life (see the

has- fea tu re  dec la ra t i ons ) .  Now Le t  us suppose that  we a l so  want t o

speci fy  that  a s tudent  i s  o f  subtype person,  i . e .  that  i t  inher i ts

whatever at t r ibutes are imposed on person .  Addit ional student can

achieve some new at t r ibutes,  e .g .  every s tudent  has a major  which must

be a sub jec t ,  and fur ther  constra ins the va lue  o f  feature

pe r i od_o f_ l i f e  wi th m idd le_age .  This i s  achieved by :

has—~feature(s tudent , major, course).
has_feature(student,period_of_Life,middlLe_age).

For the ordering o f  the feature types see F ig3 .
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Examp le  2

% THE DECLARATION PART: X
subso r t ( . . , . . )  see F IG .3
cso r t ( . . , . . )  see F IG .3
has~feature(person,per iod_of_ Life, age).
has - fea tu re (pe rson ,soc ia l - s ta tus , status).
has=feature(person, f i rs t_ id ,  f i r s t_name) .
has—fea tu re (pe rson ,mo the r person).
has - f ea tu re (pe rson , father, person).
has—-fea ture(s tudent ,  mag jo r , sub jec t ) .
has= - fea tu re ( s tuden t ,period _of_Life,middlLe).
has—- fea tu re (employee ,position, jobtitlLe).
has - f ea tu re (emp loyee ,sa la r y , i ncome) .
has - fea tu re (wo rks tudy , salary, Low_income).
has - f ea tu re ( s l , soc ia l _s ta tus , Local).
has - fea tu re ( s2 , soc ia l _s ta tus ,eg member).
has_ fea tu re (w l , soc ia l_s ta tus , local).
has_ fea tu re (w2 ,soc ia l _s ta tus ,no_eg member).
has~ - fea tu re ( s i , major, biology).
has= fea tu re ( s2 , major, chemestry).
has= fea tu re (w l ,  ma jo r ,phys ica l_educa t ion ) .
has= fea tu re (w2 , major, computer_science).
has - fea tu re (s l , f i r s t_ id , peter).
has~feature(s2 , f i rs t_ id , peter).
has_ fea tu re (w l , f i r s t_ id , mary).
has_feature(w2, f i rs t_ id ,abdula) .

To express that a foreign person has the soc ia l_s ta tus  no_eg_member.

% THE FACT FOR foreign X
fo re i gn (X :  person {soc ia l_sta tus =>Y:no_eg_member} ) .

To fo rmu la te  tha t  Less  t han 4 Lec tu res  a re  on l y  a few,  we def ine i t  by

the Length  o f  the cou rse_en ro l lmen t_ l i s t .

%X THE FACTS FOR few_course_enrol lment  ZX
few_cou rses_en roL lmen t (no_Lec tu re ) .
f ew_cou rses_en ro l lmen t ( [X : Lecture, no_Lecture]).
f ew_cou rses_en ro l lmen t ( [X :Lecture, Y: lecture, no_curricutum]).
few_courses_enro l lment

( [X :  Lec tu re ,  Y: l ec tu re ,  Z: Lec tu re ,  no_Lec tu re ] ) .





16
ÄU

YD
U

LU
STY adA

3 
ayy 

£ "914

aW
0oD

ul<-A
Ä

4JP
Les

3131399 
¢~uot3yisod

U
O

S13d<- 424738) 
a|313g0f<-u0L31S

0d

U
O

S180<-4134730U
 

uos.iadc¢-Jayyey
P

U
R

U
"FS

 AL J
P

L
 

IIL
 

e
e

 
uosJ4adc-4ayjou

S
N

eIS
c-S

N
IE

IS
 Le} D

0S 
W

e
 

3S
413<-P

} 35413

8G
ec-3)} 1730 7Pp0j4ad 

SNIEIS<-SNIeIS5” | 8120S
a

0
8

<
c

-3
)1

1jo
 

p
o

tia
d

a
u

o
d

u
l¢

-A
a

e
|e

s

13
431 noey

O
U

 L™MO | (~AJR 8S 
duodui¢-dre|es

a
|3

1
3

q
o

f¢
-u

o
3

iso
d

 
8134390f ¢

-u
o

y3
¢

so
d

 
3uW

odu | ¢
-A

ie
 | es 

auw
oduL¢-rA

ie|eS
32u2198” Ja3ndw

od ¢~J0( eu 
u

o
sia

d
c-d

a
u

le
y 

a
|3

1
3

q
o

f¢
-u

o
1

3
}iso

d
 

a
|3

1
3

q
o

f«
¢

-u
o

t3
iso

d
uoSs418d<- 18238) 

0
5

4
3

0
-4

3
2

4
3

0
 

uos4183dc- 418438) 
u

o
sia

d
e

- 48038)
uoO

S4182d<-418130W
 

aueu IS
d

1
J¢

-P
t 

35413 
u

o
s.ia

d
c-4

8
4

3
0

u
 

uU0OS4180<- 4824300
eIN

PG
eE<-PL”3S4LJ 

B
E

E
 C-SNIEIS [81905 

AURUTISAL J<-PLTISALS 
W

R
U

T
IS

J
1 J<-PITISALI

J3qQ
uan 63 o

u
(-S

N
E

S
” 181505 

36ec-234| yo pot.ad 
50383 

(-S0N3835 "181505 
SN

IEIS (-S
N

IR
IS

" [#
1

0
8

aLlPPIWc-3)11730”po Lad 
Le 

abe c-231|" 30 potaad 
ae ¢-231|" jopot.ad

zn 
aW

0O
DUL M

O
L (A

J 
LES 

jje
ls 

aado 
dua

3|[31390.<-U
0131s0d

3
0

8
0

q
n

s<
- 4.00 eu 

A
Ä

LS
W

P
IC

-JO
T

R
W

uos.iadc¢-sayjey
u

o
sia

d
¢

-a
a

yye
y 

u
o

sJa
d

¢
-a

a
e

y
u

o
ssa

d
¢

-a
a

yyo
u

U
O

S48d<-413470W
 

U
O

S18d<- 124304 
- 

_
_ 

- 
- 

adeU
 IS

U
 

J<
-P

} 
3

5
4

1
)

U
U

 
YSU

 
4<-P

| 
35443 

4
3

3
8

0
<

-P
| 

35413 
-

- 
- 

_ 
S

N
IE

IS
<-IN

IE
IS

 LE }D
05

SN
3eIS<-SN

3eIS" Le LI0S 
4A3QW

aW
 Bac-5N

73e3s 1819505 
2

6
-2

1
1

1
" 

107 
D

0142d
aLPPIWC-241| jo pot aad 

tuc-231|”40"potaad 
<A341 30 pol

uos42d
APN

3SM
40M

3
W

O
D

U
LMO

L C
-AJU

 LES
21313G

0f<-u013}|Sod 
uUOsS413d<- 1 aye 

Ja
qnsc-4sofew

u
o

jje
a

n
p

a
 

(ed 
sA

yd
¢

~
Jo

fe
u

 
uos.iad(-J4 330M

 
uos418d<- 184383)

uosS
42d<-13438) 

4
8

3
8

d
<

-p
} 

8
4

4
) 

U
O

S
41800-4230W

U
O

S413C
<- 1324304 

1230 [<-$S
N

3e3s 
| 8} 00S

 
2W

EU
 354 J J¢=P

) 
3S

4LS

A4sUW
C-P} 385413 

aLPPIW
<c-33 11730 por Aad 

SN
ILIS<-SN

ILIS™
 [81I05

1850|<-8N
e]5” (#1008 

1s 
3

L
P

P
IW

<
-3

3
1

L
jo potaad

arpPpPlW
c-3)1|” Jo potiad 

JU
PM

S
Im





17

The re la t ion  o f  a student and his course enro l lmen t  i s  given i n  the

fac ts  fo r  t akes .

% THE FACTS FOR takes  Z%
t akes (s1 ,  [ chem1,chem2,b io2 ,ma3 ,no_ lec tu re ] ) .
t akes (s2 ,  [chem1,chem2,b io3,ma3,no_Lecture] ) .
takes(w1,L [ma1l ,ma2,ma3,pe2,no_Lecture l ] ) .
t akes (w2 , [ma1 l , comp2 ,no_Lec tu re l ) .

F ina l l y  we def ine that  a l l  s tudents tak ing Less than 3 Lectures are

considered part t ime s tuden ts .  i .

% THE RULE FOR par t ime :  %
pa r t_ t ime (X :s tuden t ) : -

t akes (X :s tuden t ,CL :cou rse_L i s t )
few_courses_enro l lmen t (CL :course_L is t ) .

X THE QUERY:  %
?= f o re ign (Y :works tudy {sa la ry  => Z:Low_income,

f irst_id => X : f i r s t _name} ) ,
pa r t_ t ime (Y ) .

The answer of  the query w i l l  be abdu la ,  because he i s  a foreign

employee,  who i s  a l so  par t t ime s tudent  and h is  sa la r y  c l ass  i s  i n  the

Low income c l ass .

pe r i od_o f_ l1 fe  --> middle

soc ia l _s ta tus  - -> no_eg_member

f i r s t _ i d  - -> abdula

mother - ->so r t va r i ab le :  person

fconstant :  w2€

f a the r  - ->so r t va r i ab le :  person

major - -> computer_science

pos i t i on  - ->so r t va r i ab le :  j ob t i t l e

sa la r y  - ->»so r t va r i ab le :  low_incomeF ig .4  The object  w2
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Cons t ra i n t  P ropaga t i on  w i t h  Feature  P ro log

In  Feature  P ro log  constraint propagat ion supports the reduct ion o f  the

search space .

Examp le :

The signature i s  the same as in  F i g .3  but the feature type person

i s  ex tended wi th the feature room-mate .  Room-mate o f  person i s  o f

type person,  room-mate fo r  student i s  constrained to  student o r  a

subtype of  s tudent .  The equat ion system i s :

S=E wi th
E:employee{room—mate->

person{room=mate=>
person{room-mate=>person}} }

and S i s  o f  type s tuden t .

During unif icat ion the constraint  room-mate -> student is  pro-

pagated to  a l l  room—-mates o f  E. Af ter  apply ing ru l e  B '  t o  S=E the

new var iable W of  type workstudy i s  bound to  S and E. The so lved

equat ion sys tem:
S=W & E=W w i th
W: workstudy{room-mate~>

s tudent  {room-mate=->
student  {room—mate-=>student}}}
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3 .An  I ns t ruc t i on  Se t  f o r  Feature P ro log

I n  this sect ion we define the feature unif icat ion instructions, exten-

ding the WARREN Abstract  Machine (WAM) to  fea tures .  We use the same

not ion as i n  /Be 85 / .

The WAM is  def ined by an abstract  instruct ion set  fo r  the compi la-

t ion of  P ro log  programs.  One idea behind i t  i s  to  transform the uni-

f ica t ion procedure fo r  two unknown terms into severa l  specia l  unif ica-

t ion  procedures determined by the st ructures of  the c lause  headers .

Those s t ruc tures a re  comp le te l y  spec i f ied when the program i s  c rea ted .

Hence they can be compi led into spec ia l  uni f icat ion code,  tha t  can

on l y  uni fy the headers wi th  terms w i th  ana loguous  st ructure,  but  can

do th is very e f f ic ient ly .

The archi tecture of  the WAM i s  very s imi la r  to  the architecture of

a convent ional  compute r .  The WAM has two dif ferent memories, one fo r

the program and one for  the da ta .  The data are s tored onto the GLOBAL

STACK.

I f  we compi le  Pro log  in  a v i r tue l l  code then we are confronted with

three p rob lems :

1) Each goa l  i n  P ro log  i s  considered as a procedure ca l l ,  therefore

an act ivat ion record i s  pushed onto the runt ime s tack .  The task

o f  the comp i le r  i s  t o  compute the s i ze  o f  the  act ivat ion record

and to  generate the according code.  The management of  the runtime

system o f  the WAM i s  very s im i l a r  t o  convent iona l  runt ime sy-

s tems .  Warren ca l l s  the runt ime s tack  LOCAL STACK.

2) New i n  P ro log  i s  the TRAIL STACK, where the o l d  bindings o f

var iab les  have t o  be s to red .  Dur ing backtracking the  var iab les

get the bindings they had unt i l  the o l d  cho ice po in t .
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I f  P ro log  i s  interpreted,  a comple te  uni f icat ion is  executed for

each  a rgument  o f  t he  c l ause  head  a t  a ca l l  o f  th is  c l ause .  The

ProLog  comp i le r  generates spec ia l  code before runt ime in  order to

subst i tu te  comp le te  un i f icat ion with the r ea l l y  necessary  par t  of

the un i f i ca t ion .  E .g .  i f  the f i rs t  argument of  a c l ause  head is  a

va r iab le ,  an ins t ruc t ion  i s  generated,  that  b inds the va r iab le  of

t he  c l ause  head  t o  t he  f i r s t  a rgument  o f  t he  ca l l i ng  goa l .  That

means tha t  there i s  executed on l y  a wr i te operat ion = no read

opera t ion  i n  con t ras t  t o  the  comp le te  un i f i ca t i on .  The c l ass  o f

i ns t ruc t ions  opera t ing  on c l ause  headers  are  ca l l ed

GET_INSTRUCTIONS. ALL Warren ins t ruc t ions  opera t ing  on c l ause

head  arguments  s ta r t  w i th  the  pref ix  GET_. For  the  arguments o f  a

goa l  the  comp i l e r  genera tes  code  t o  bu i l t - up  these  arguments  very

e f f i c i en t l y  dur ing run t ime .  Each  ins t ruc t ion  o f  th i s  c l ass  has

the  pref ix  PUT_. I f  s t ruc tu res  occu r  i n  a L i t e ra l ,  t he  comp i l e r

genera tes  code  t o  requ i re  a spec ia l  access  mechan ism fo r  the

arguments .  The inst ruct ions be long ing  to  th is  c l ass  s tar t  wi th

the pref ix  UNIFY_.

A c l ause  w i th  t he  head  h and  t he  two goa l s  g l  and  g2 :

h ( . . . )  : =  g l ( . . . ) ,  g2 ( . . . )  i s  t rans fo rmated  in to  code do ing  the

fo l l ow ing  ope ra t i ons :

1.  a l l oca te  environment
2.  un i fy  h ( . . . )  w i th  the  ca l l i ng  goa l
3 .  i n i t i a l i ze  argument  reg is te rs  f o r  g l
4.  ca l l  g l
5. i n i t i a l i ze  argument  reg is ters  fo r  g2
6 .  ca l l  g2  .
7. dea l l oca te  env i ronment
8. re tu rn  f rom c l ause

The f i rs t  s t ep  i s  t o  a l l oca te  an ac t iva t ion  record on to  the LOCAL

STACK. I n  s tep  2 the  arguments o f  h ( . . . )  have t o  be uni f ied wi th
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the arguments  o f  the  ca l l i ng  c l ause  - the  comp i l e r  genera tes  code

cons is t ing of  GET_ . . .  and UNIFY_ ins t ruc t ions .  I n  s tep 3 the

arguments fo r  the f i rs t  goa l  ( g l )  a re  bu i l t - up  wi th  PUT_ . . .  and

UNIFY_ . . .  ins t ruc t ions .  I n  the next  s tep  a jump inst ruct ion i s

execu ted  fo r  ca l l i ng  g l .  Af ter  g l  succeeds,  the code bu i l t s -up

t he  a rguments  f o r  g2 ( s t ep  6 ) .  A f t e r  ca l l i ng  g2 and a success fu l

execu t ion  of  g2 the act ivat ion record i s  dea l l oca ted  ( s tep  7)  and

con t ro l  i s  g iven back  t o  the  ca l l i ng  c l ause  ( s tep  8 ) .

The reader  i s  re fe r red  t o  /War  77/, /War 83/  and the  WAM tu to r i a l

/GLLO 84/7 f o r  a more de ta i l l ed  desc r i p t i on .  I n  respect  o f  inher i ted

h ie ra rch ies  we need  some new GET, PUT and UNIFY i ns t ruc t i ons .  We use a

s im i l a r  pseudo code as /Be 85/,  fo r  our f o l l ow ing  def in i t ions of  these

new i ns t ruc t i ons .  A f i rs t  s tep  t o  imp lement  the fea tu re  ins t ruc t ions

was the imp lementa t ion  of  sor t  ins t ruct ions,  descr ibed in  /Bue 85/,

/Hub 85/ ,  /Var  87 / .  Th is  approach ex tends  P ro log  w i th  t ypes  o rdered  by

subtyp ing,  but  s t i l l  not  s t ruc tu red  by f ea tu res .  I n  the  f o l l ow ing  we

o f ten  use the  synonym so r t  f o r  type - the  reason  i s  tha t  the  fea tu re

ins t ruc t ions  are  bu i l t - up  f rom the  sor t  i ns t ruc t i ons .  The in format ion

about  the types i s  s to red  in  a type t ab le ,  the in format ion about

f ea tu re  cons tan t s  i s  s to red  i n  a cons tan t  t ab le .  I f  we need  t he  va lue

of a fea ture  F i  of  a constant  C, we can get  i t  very fas t  us ing the

constant  t ab le ,  which g ives us the  re ference o f  t he  fea ture  va lue  on

the GLOBAL STACK. To be ab le  to  r e l a te  features  to  imp l ic i t

cons t ruc to rs ,  we assume a t o ta l  o rde r  o f  a l l  f ea tu res .  Dur ing comp i l a -

t i on  the  f ea tu res  are  conver ted  in to  i n t ege rs .  The t o ta l  o rder  r e l a -

t i on  i s  g iven wi th  the less_than re la t i on  fo r  the in ternal  representa-

t i on  o f  the  f ea tu res .

I n  the  f o l l ow ing  we use the  no t ion  fea tu re  constant ,  fea ture  va r iab le ,
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feature  s t ruc tu re  f o r  te rms corresponding w i th  a se t  o f  features.

PUT_Y_FVARIABLE Yn ,A i ,S ,A r i t y
This  i ns t r uc t i on  represen ts  a goa l  argument tha t  i s  an unbound,
permanent ,  f ea tu re  va r i ab le .  I t  puts  the adress of  va r iab le  Yn
i n t o  r eg i s te r  A i .  An en t ry  o f  'REF GPOS' i s  made i n  t he  LOCAL
STACK. I n  the GLOBAL STACK at  pos i t i on  GP0OS the va r i ab le  i s
de te rm ined  by an o f f se t ,  con ta in ing  t he  t ag  FEATURE_VARIABLE and
the  t ype  S. A r i t y  represents  the  number  o f  f ea tu res  f o r  the
va r i ab le ,  1 t  1s  used  t o  compu te  t he  nex t  f r ee  memory ce l l  i n  t he
GLOBAL STACK.

Tag .MEM(A1)  <==  REF
MEM(A1)  <-- GPOS
Tag .MEM(Cur renv  + n) <== REF
MEM(Cur renv  + n )  <== GPOS
TAG.MEM(GPOS)  <-- FEATURE_VARIABLE
MEM(GPOS)  <==  GPOS + n
GPOS <== GPOS + 1
TAG.MEM(GPOS)  <-- 5
GPOS <== GPOS + 1
Next=free-=-memory-cel l  <==  Ar i t y  + GPOS
cu r ren t - so r t  <==  S
MODE <== WRITE

PUT_FCONSTANT C, A i  |

This  i ns t r uc t i on  represen ts  a goa l  argument  tha t  i s  a fea tu re
cons tan t .  As b r i e f l y  desc r ibed  be fo re ,  f ea tu re  cons tan ts  a re
s to red  pe rmanen t l y  i n  t he  GLOBAL STACK, th is  i s  done before
run t ime .  W i th  t he  f as t  access  f unc t i on  Get_Const_Ref we ge t  t he
re fe rence  o f  t he  cons tan t  and put  i t  i n t o  reg is te r  A i .

ATTENTION! The mode w i l l  be sw i t ched  f rom WRITE to  CMERGE,
s ince  a l l  f ea tu res  o f  the  f ea tu re  cons tan t  have t o  be un i -
f i ed  w i t h  t he  s to red  f ea tu res  o f  t he  cons tan t .  The advan tage
o f  t h i s  mod i f i ca t i on  i s  t ha t  t he  sea rch  space  w i l l  be r e -
duced  ( see  INSTANT  _ INSTRUCTIONS) .

TAG. A l  <-- REF
A l  <==  Get -Cons t -Re f (C )
MODE <== CMERGE
Nex ta rg  <== C

PUT_FSTRUCTURE An ,A i ,S ,A r i t y
This  i ns t r uc t i on  rep resen ts  a goa l  argument  tha t  i s  a fea tu re
s t ruc tu re .  The s t r uc tu re  i t se l f  was c rea ted  on  t he  GLOBAL STACK
be fo re  run t ime .
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Ali <-- GPOS
Tag.Al i  <-- REF
Tag.MEM(GPOS) <== FEATURE_STRUCTURE
MEM(GP0OS) <-- GPOS +1
GPOS <-- GPOS + 1
Tag.MEM(GPOS)  <-- REF
MEM(GP0OS) <==  An
GPOS <-- GPOS + 1
Next—=free—memory-celLl <==  GPOS + Ar i ty
Cur ren t=so r t  <== §
MODE <-- WRITE

I f  we dea l  wi th  fea tu re  terms occurr ing i n  the  c l ause  head we have the

p rob lem to  a l l oca te  t he  GLOBAL STACK wi th  t he  number o f  a l l  f ea tu res

be longs  to  the  co r respond ing  fea tu re  t ype .  Therefore the  f unc t i on  Ge t -

n r -o f - f ea tu res  w i th  the  argument  So r t  computes  t he  number  o f  a l l

f ea tu res  f o r  t he  f ea tu re  type  So r t .  I f  un i f i ca t ion  o f  a f ea tu re  te rm

with an unbound - or  sor t  var iab le  i s  done,  we can opt imize the

a l l oca t i on  p rocess .  Hence we a l l oca te  the GLOBAL STACK onLy wi th  the

number of  the fea tu res  occur r ing  i n  the  fea tu re  t e rm .  I n  our ins t ruc-

t i on  ex tens ion  t he  argument  'A r i t y  ge ts  t he  in format ion abou t  the  num-

ber  o f  f ea tu res  o f  a f ea tu re  t e rm .

We have two add i t i ona l  MODES: VMERGE and CMERGE.

CMERGE i s  used dur ing un i f ica t ion of fea ture  constants ,  VMERGE i s  used

dur ing un i f i ca t i on  o f  f ea tu re  va r i ab les  and fea tu re  s t r uc tu res .  Fo r  a

de ta i l ed  exp lana t i on  see t he  UNIFY_FEATURE. . .  i ns t ruc t ion  sec t i on .  Be-

cause of the f ea tu re  ex tens ion  we need the new reg is ters  Cur ren t - so r t

and  Nex t - f r ee -memory -ce l l .

cur ren t=sor t  s to res  the current sor t  o f  a feature  t e rm .  We need

Current -sor t  t o  compute  the cons t ra in ts  o f  the  fea tu res  dur ing un i -

f i ca t i on .  Next—=free-memory—-cell i s  a second s tack  po in ter  to  the

GLOBAL STACK. A f t e r  t he  a l l oca t i on  o f  t he  GLOBAL STACK w i th  t he  number

o f  f ea tu res  o f  a f ea tu re  te rm the  s tackpo in te r  GPOS refers  t o  the

f i r s t  memory ce l l  f o r  the  f ea tu re  o f  a f ea tu re  t e rm .  The te rms  deno ted
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by the  fea tu res  are s to red  i n  the  memory ceLLs  referred by Next - f ree-

memory -ceL l .

GET_Y_FVARIABLE Yn ,A i ,S ,A r i t y
This  i ns t r uc t i on  marks t he  beginning o f  a f ea tu re  var iab le
occur r ing  as a head a rgument .  The ins t ruc t ion  ge ts  the va lue  of
r eg i s te r  A i  and de re fe rences  i t .  I f  t he  r esu l t  i s  a re fe rence  to
an unbound va r i ab le  o r  so r t  va r i ab le  t he  va r i ab le  i s  bound  t o  t he
fea tu re  va r i ab le .  I f  the  r esu l t  1s  a f ea tu re  va r i ab le  a new
fea tu re  va r i ab le  1s  c rea ted  on to  t he  GLOBAL STACK w i t h  t he  common
subso r t  o f  bo th  so r t s  and  execu t i on  p roceeds  i n  VMERGE mode .  I f
t he  r esu l t  1s a f ea tu re  cons tan t  t hen  the  so r t  o f  the  f ea tu re
cons tan t  has t o  be a subso r t  o f  t he  f ea tu re  va r i ab le  and execu -
t i on  p roceeds  i n  CMERGE mode.  The common subso r t  o f  bo th  so r t s  i s
w r i t t en  i n  reg i s te r  Cu r ren t - subso r t .  Reg i s te r  Nex t - f ree -memory -
ce l l  re fe rs  t o  t he  nex t  f r ee  memory  ce l l  a f t e r  t he  a l l oca t i on  o f
t he  GLOBAL STACK w i th  t he  number  o f  f ea tu res  o f  t he  f ea tu re  t e rn .

Whi le  Tag .A i  = REF DO A i  <-- MEM(A1)
CASE Tag .A i

UNBOUND:
Cur ren t -sor t  <-- SS
TRAIL(CALI)
Tag.MEM(GPOS) <== FEATURE_VARIABLE
MEM(GPOS)  <==  GPOS + 1
Tag.  MEM(Cur renv  + nm) <==  REF
MEM(Cur renv  + n )  <-- GPOS
Tag.MEM(AL) <==-REF
MEM(A1)  <--= GPOS
GPOS <-- GPOS + 1
Tag.MEM(GPOS) <== Current -sor t
GPOS <== GPOS + 1
MODE <-~-= WRITE
Next=-f ree-memory-cel l  <==  GPOS + Ar i ty

F_VARIABLE:
Cur ren t - so r t  o l
Get - common-subso r t (S , Tag. MEM(MEM(AL)))
Cu r ren t - so r t  <=-

Get—-common~-subsor t (S,Tag. MEM(MEM(Ai)))
I F  Current—-sort  THEN

TRAIL (AIL)
MEM(A1)  <-= GPOS
MEM(Cur renv  + n )  <--= GPOS
Tag .  MEM(Cur renv  + nm) <-- REF
Tag .  MEM(GPOS) <==  Cur ren t -so r t
Nex ta rg  <-- A i  + 1
MEM(GPQOS) <-- GPOS
GPOS <==  GPOS + 1
MODE <== VMERGE
Nex t= f ree -memory -ce l l  <-- GPOS +

(Get—-nr—-of-features Cur ren t - so r t )
ELSE FA IL
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FEATURE_CONSTANT:

I F  I s - subso r t  (Tag .MEM(MEM(A i ) ) ,S )  THEN
MEM(Cur renv  + n )  <==  MEM(A i )
Tag .MEM(Cur renv  + nm) <-- REF
Nex ta rg  <-- Tag .MEM(MEM(A i ) )
MODE <== CMERGE

ELSE FA IL
S_STRUCTURE:

I f  I s - subso r t  (Tag .MEM(MEM(A1 i ) ) ,S )  THEN
Cur ren t - so r t  <-- Tag .MEM(MEM(A i ) )
MEM(Cur renv  + n )  <-- MEM(A1)
Tag .MEM(Cur renv  + n )  <-- REF
MODE <== VMERGE

ELSE FA IL
FEATURE_STRUCTURE:

I f  Is=-subsort (Tag .MEM(MEM(A i ) ) ,S )  THEN
Cur ren t=sor t  <-- Tag .MEM(MEM(A1) )
MEM(Cur renv  + n )  <== MEM(AL)
Tag .MEM(Cur renv  + n )  <-- REF
Nex ta rg  < - -  Tag.MEM(MEM(A1)})
MODE <==  VMERGE

ELSE FA IL
OTHERWISE:

I F  I s - so r t—- tag (Tag .MEM(A i ) )  THEN
Current—-sort  <--

Get - common-subso r t (S , Tag. MEM(A1))
IF  Cu r ren t - so r t  THEN

TRAIL  (A I )
Tag .MEM(GPOS)  <-- FEATURE_VARIABLE
MEM(GPOS)  <== GPOS + 1
MEM(A1)  <==  GPOS
Tag .MEM(A i )  <-- REF
MEM(Cur renv  + nm) <-- GPOS
Tag .MEM(Cur renv  + n) <== REF
GPOS <==  GPOS + 1
Tag.MEM(GPOS) <== Cur ren t -sor t
GPOS <== GPOS + 1
MODE <== WRITE
Next=f ree—-memory-ce l l  <-- GPOS + Ar i t y

ELSE FA IL
ELSE FA IL

The GET _XFVARIABLE  and  GET_FVARIABLE_VOID ins t ruc t i ons  a re  t he

same as GET_Y_FVARIABLE, bu t  (Cu r renv  + n )  i s  r ep laced  by A i  o r

i s  need less .
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GET_FCONSTANT C, A i
Th is  i ns t ruc t i on  represents  a fea tu re  cons tan t  occur r ing  as
a head a rgumen t .  The ins t ruc t ion  gets  the va lue  of reg is te r
A l  and de re fe rences  i t .  I f  t he  r esu l t  i s  a re fe rence  to  an
unbound  va r i ab le  o r  so r t  va r i ab le  t he  va r i ab le  i s  bound  t o
t he  f ea tu re  cons tan t .  I s  t he  r esu l t  a f ea tu re  va r i ab le  a
so r t  check  i s  execu ted  and a l l  f ea tu res  o f  t he  va r i ab le  w i l l
be  un i f i ed  w i t h  t he  f ea tu res  o f  t he  cons tan t .  Remember  t ha t
a f ea tu re  cons tan t  i s  s t o red  pe rmanen t l y  on to  t he  GLOBAL
STACK. The re fo re  we ge t  t he  r e fe rence  to  t he  f ea tu re  va lue
w i t h  'Ge t - fea tu re—-o f—cons tan t  C F i ‘ .

Whi le  Tag .A i  = REF DO A i  <~-- MEM(A1)
CASE Tag.Ail i

UNBOUND:
TRAIL (A I )
MEM(A l1 )  <-=- Get - cons t= - re f (C )
Tag .MEM(A i )  <==  REF

F_VARIABLE :
I F  I s - subso r t (C ,Tag .MEM(MEM(A i ) ) )  THEN

TRAIL (A I )
Tag.MEM(A1) <==  REF
MEM(A l1 )  <== Get= -cons t - re f (C )
r epea t

A l  <== A l  + 1
UNIFY(MEM(MEM(A1) ) ,

Ge t - f ea tu re -o f - cons tan t (
C,
Tag.  MEM(MEM(A1) } )

UNTIL  Tag .MEM(A IL )=END_OF_FEATURE_TERM
ELSE FA IL

FEATURE_CONSTANT:
IF  S<>Tag .MEM(MEM(A i ) )  THEN

FAIL
OTHERWISE:

IF  I s - so r t -= tag (Tag .MEM(A i )  THEN
Sor t  <-- I s= -subso r t (C ,Tag .MEM(A1 i ) )
I F  So r t  THEN

TRAIL (A I )
MEM(A1)  <-- Get—-const—-re f (C)
Tag.MEM(A1L) <-- REF

ELSE FA IL
ELSE FA IL

GET_FSTRUCTURE An ,A i ,S ,A r i t y
This ins t ruc t ion  marks the beginning of  a fea ture  s t ructure
occu r r i ng  as a head  a rgumen t .  The i ns t ruc t i on  ge ts  t he  va lue  o f
r eg i s te r  A i  and dere fe rences  i t .  I f  t he  r esu l t  i s  a re fe rence  to
an unbound  va r i ab le  o r  so r t  va r i ab le ,  th i s  va r i ab le  i s  bound  t o
the f ea tu re  s t r uc tu re .  I f  the r esu l t  i s  a f ea tu re  va r i ab le ,  so r t
s t ruc tu re  o r  a f ea tu re  s t r uc tu re  t hen  a new f ea tu re  s t r uc tu re  i s
c rea ted  on to  t he  GLOBAL STACK and execu t i on  p roceeds  i n  VMERGE
mode.  The so r t  o f  the  s t r uc tu re  i s  w r i t t en  i n  r eg i s te r  Current=-
subso r t .  Reg is te r  Nex t= f ree -memory -ce l l  re fe rs  t o  t he  nex t  f r ee
memory  ce l l  a f t e r  the  a l l oca t i on  o f  t he  GLOBAL STACK w i t h  the
number of  f ea tu res  of the f ea tu re  t e rm .  Note tha t  the un i f i ca t ion
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o f  a f ea tu re  s t ruc ture  i s  execu ted  i n  two s teps  ( i t  i s  the un fo l -
d ing  techn ique descr ibed  be fo re ) .  The f i rs t  s tep  i s  to  uni fy  a l l
f ea tu res  o f  t he  f ea tu re  s t r uc tu re .  The second  s tep  i s  t o  un i f y
t he  s t r uc tu re  t hemseLve .  The GET_FSTRUCTURE i ns t ruc t i on  p repa res
t he  r eg i s te r  An and a memory  ce l l  f o r  t he  second  s tep .  We w i l l
demons t ra te  i t  t h rough  the  f o l l ow ing  examp le :

p ( foo (a ,b ) {F i  => A : s1 ,  F j  => B : s2 } )  : -  . . .
The comp i l e r  genera tes  ( i n  t he  nex t  ve r s i on )  the f o l l ow ing  code :
GET_FSTRUCTURE(10 ,  0 ,  sort_of_ f oo ,  2)
UNIFY_FEATURE_Y_SVARIABLE (F i ,  11 ,  sil)
UNIFY_LAST_FEATURE_Y_ VARIABLE (F j ,  12 ,  s2)
GET_S_STRUCTURE ( f oo ,  sor t_of_foo,  10)
UNIFY_CONSTANT (a )
UNIFY_CONSTANT (b )

Whi le  Tag .A i  = REF DO A i  <-- MEM(A i )
CASE Tag.Ai l

UNBOUND:
Cur ren t=sor t  <== SS
TRAIL (A I )
Tag .  MEM(GP0OS) <==  FEATURE_STRUCTURE
MEM(GPOS)  <== GPOS + 1
Tag.MEM(ANn) <== REF
MEM(AN)  <== GPOS + 1
Tag .MEM(A i )  < - -REF
MEM(A1 l )  <-=- GPOS
GPOS <== GPOS + 1
Tag .  MEM(GP0OS) <== Cur ren t -so r t
MEM(GPOS)  <== GPOS
GPOS <== GPOS + 1
MODE <£-== WRITE
Next -= f ree-memory-ce l l  <-- GPOS + Ar i ty

F_VARIABLE:
Cur ren t -so r t  <==  I s=subso r t ( sS ,Tag .MEM(MEM(A i1 ) ) )
I F  Cu r ren t - so r t  THEN

TRAIL (AL )
Tag .  MEM(GPOS) <== FEATURE_STRUCTURE
MEM(GPOS)  <-- GPOS + 1
Tag.MEM(ANn) <== REF
MEM(ANn) <== GPOS + 1
Tag .MEM(A i )  <== REF
MEM(A1 i )  <--= GPOS
GPOS <== GPOS + 1
Tag.MEM(GPOS) <-=-- Current -sor t
MEM(GPOS)  <== GPOS + 1
Nex ta rg  <-- A i  + 1
GPOS <==  GPOS + 1
MODE <==  VMERGE
Next- f ree—-memory—-cel l  <-- GPOS +

(Ge t -n r -o f - f ea tu res  Cur ren t - so r t )
ELSE FA IL
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S_STRUCTURE:

Curren t -sor t  < - -  I s - subso r t (S ,Tag .MEM(MEM(A i ) ) )
I f  Cur ren t -so r t  THEN

TRAIL (A I )
Tag .MEM(GPOS)  <-- FEATURE_STRUCTURE
MEM(GPOS)  <==  GPOS + 1
Tag.MEM(ANn) <== REF
MEM(AN)  <== GPOS + 1
GPOS <-- GPOS + 1
Tag .  MEM(GPOS)  <-- REF
MEM(GPOS)  <-- MEM(MEM(A I ) )
Tag .MEM(AL)  <-- REF
MEM(A1 l )  <-=- GPOS - 1
GPOS <== GPOS + 1
MODE <==  WRITE
Nex t= f ree -memory -ce l l  <==  GPOS +

(Ge t -n r -o f - f ea tu res  Cur ren t -so r t )
ELSE FA IL

FEATURE_STRUCTURE:
Cur ren t -so r t  <-- Is=-subsor t (S,  Tag.MEM(MEM(A1i) ) )
I f  Current—=sort  THEN

TRAIL (A I )
Tag .MEM(GPOS)  <-- FEATURE_STRUCTURE
MEM(GPOS)  <== GPOS + 1
Tag.MEM(ANn) <==  REF
MEM(AN)  <== GPOS + 1
GPOS <==  GPOS + 1
Tag .  MEM(GP0OS) <== REF
MEM(GPOS)  <-- MEM(MEM(A I ) )
Tag .MEM(A1)  <-=- REF
MEM(A1)  <== GPOS - 1
Nex ta rg  < - -  A i  + 1
GPOS <-- GPOS + 1
MODE <--= VMERGE
Next= f ree—-memory=ce l l  <==  GPOS +

(Ge t -n r -o f - f ea tu res  Current-=sort)
ELSE FA IL

OTHERWISE:
I F  I s - so r t - t ag (Tag .MEM(A i ) )  THEN

Cur ren t - so r t  <-- I s - subso r t ( s ,  Tag .MEM(A1) )
I F  Current—-sor t  THEN

TRAIL (AL)
Tag .MEM(GPOS)  <==  FEATURE_STRUCTURE
MEM(GPOS)  <== GPOS + 1
MEM(A1)  <=-- GPOS
Tag .MEM(A1)  <=- REF
MEM(AN)  <-- GPOS + 1
Tag .MEM(An)  <-- REF
GPOS <-- GPOS + 1
Tag.MEM(GP0OS)  <== UNBOUND
MEM(GPOS)  <-- GPOS
GPOS <-- GPOS + 1
MODE <==  WRITE
Nex t= f ree—memory -ce l l  <== GPOS + Ar i t y

ELSE FA IL
ELSE FA IL
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The f o l l ow ing  inst ruct ions are the ins t ruct ions fo r  the feature  term

arguments .  We can sp l i t  them in to  two d is jo in t  classes:

I ns t ruc t i ons  f o r  f ea tu re  va r i ab les  and f ea tu re  s t ruc tu res  beg in

wi th  t he  p re f i x  'UN IFY_FEATURE ' .

I ns t ruc t ions  f o r  f ea tu re  cons tan ts  beg in  wi th  the  pref ix

"INIT_CONST'.

We use a d i f ferent  i ns t ruc t i on  se t  f o r  fea tu re  cons tan ts  as f o r  f ea tu -

re  s t ruc tu res  and va r i ab les  because fea ture  constants  have a f i xed

s to rage  i n  t he  memory .  I f  we def ine a t e rm  re fe renced  by a fea ture  o f

a cons tan t  we have  t o  un i fy  i t  w i th  t he  f ea tu re  va lue  i n  the  f i xed

s to rage .

Examp le :

Assume we have  t he  fea tu re  cons tan t  pe te r  w i th  t he  fea tu re  mo the r

t ha t  1s  bound t o  a so r t  va r i ab le  o f  t ype  pe rson  before  run t ime .

Dur ing runt ime anne i s  bound to  pe te r ' s  mo the r .  I f  we have a r u l e

L i ke

p (X )  : -  qg(peter {mo the r  => mary } ) .

and ca l l  p then a f a i l u re  has to  occur ,  wh i l e  binding mary to

pe te r ' s  mo the r .

The subrou t ine  'Copy - fea tu res  Nex ta rg  F i '  cop ies  a l l  f ea tu res  Less

than  F i  on to  t he  GLOBAL STACK. Be fo re  the  fea tu res  are  cop ied  a so r t

check  i s  execu ted  and i f  necessa ry  the  so r t  i s  a l t e red .  The va lue  of
Copy - fea tu res  i s  t he  f i r s t  f ea tu re  > F i ,  i f  t he  so r t  check  succeeds.

The sub rou t i ne  'Ge t - so r t -o f - f ea tu re  Cur rent -sor t  F i ’  compu tes  the

so r t  o f  t he  f ea tu re  F i  o f  f ea tu re  type  Cu r ren t - so r t .  The re fe rence to

the  f ea tu re  va lue  o f  a f ea tu re  o f  a cons tan t  i s  ob ta ined  by the  sub-

rout ine 'Get=-feature=-of-constant Nextarg Fi’.
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The nex t  p robLem i s  t o  genera te  the end mark o f  a fea tu re  t e rm .  We

in t roduce  so -ca l l ed  UNIFY_FEATURE_ . . . _LAST  i ns t ruc t i ons .  They do t he

same as the UNIFY_FEATURE_... ins t ruc t ions  but  a f te r  the Last  fea tu re

t he  f l ag  'END_OF_FEATURE_TERM i s  pushed  on to  t he  GLOBAL STACK.

' * Is=-sort=compatibel F i  So r t ’  dereferences the feature  F i  of  a fea tu re

term and execu tes  a so r t  check w i th  the re ference ad ress .  I f  necessary

the sor t  w i l l  be a l t e red .  the va lue  of  ' Is=-sor t -compat ibe l  i s  t rue  i f

the sor ts  are compa t i be l  e l se  nil.

UNIFY _FEATURE_Y_VARIABLE F i ,  Yn
This  i ns t r uc t i on  represen ts  a f ea tu re  te rm argument  t ha t  i s  a
permanent ,  unbound va r i ab le .  I f  the ins t ruc t ion  i s  i n  WRITE mode,
i t  pushes a new va r i ab le  onto  the GLOBAL STACK, and l i nks  the
f ea tu re  F i  w i t h  tha t  va r i ab le .  The r e fe rence  to  the  va r i ab le  i s
s to red  on to  t he  LOCAL STACK a t  pos i t i on  (Cu r renv  + n ) .  The so r t
o f  t he  va r i ab le  compu tes  t he  f unc t i on  Ge t - so r t - o f - f ea tu re  w i th
the  a rgumen ts  Cu r ren t - so r t  and F i .  I f  t he  i ns t ruc t i on  i s  i n  VMER-
GE mode ,  i t  s imp l y  ge t s  the  nex t  f ea tu re  f r om Nex ta rg .  I f  t he  i n -
t e rn  f ea tu re  name i s  l ess  t han  F i  ( no te :  we have  a ' < '  o rde r  on to
the  f ea tu res )  t hen  we copy  t he  f ea tu re ,  r e fe renced  by Nex ta rg
on to  t he  GLOBAL STACK and inc rement  Nex ta rg .  The same ope ra t i on
1s r epea ted  un t i l  one o f  t he  f o l l ow ing  t e rm ina t i on  cond i t i ons
succeeds :

I f  t he  f ea tu re  re fe renced  by Nex ta rg  i s  g rea te r  than F i  we do
the  same as i n  WRITE mode.  I f  the  i n t e rn  f ea tu re  name i s  equa l  t o
F i ,  we copy  t he  f ea tu re  on to  t he  GLOBAL STACK and pu t s  i n
MEM(Cur renv  + n) t he  re fe rence  GPOS.

I s  t he  i ns t r uc t i on  i n  CMERGE mode,  we ge t  t he  re ference to  the
fea tu re  F i  i n  t he  cons tan t  w i th  t he  sub rou t i ne  'Ge t - f ea tu re -o f -
cons tan t  Nex ta rg  F i '  and s to re  the re fe rence of F i  i n  the LOCAL
STACK a t  pos i t i on :  (Cu r renv  + n)

CASE MODE
WRITE :

Tag .  MEM(GPOS) <== F i
MEM(GPOS)  <- -  Next—=free—-memory-cel l
GPOS <-- GPOS + 1
Tag .MEM(Cur renv  + n) <-- REF
MEM(Cur renv  + nm) <==  Next- f ree—-memory-cel l
MEM(Nex t~ f ree—-memory—ce l l )  <--

Nex t= f ree -memory -ce l l
Tag .MEM(Nex t= f ree -memory -ce l l )  <--

Get - so r t - o f - f ea tu re (Cu r ren t - so r t ,  F i )
Nex t - f ree-memory=-ce l l  <--

Nex t= f ree=memory=ce l l  + 1
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VMERGE:

WHILE (<  Tag .MEM(Nex ta rg )  F i )
Copy-~ fea ture(Nextarg ,  F i )

I F  Tag .MEM(Nex ta rg )  = F i  THEN
Tag .  MEM(GPOS) <-- F i
MEM(GPOS)  <-- MEM(MEM(Nex ta rg ) )
GPOS <-- GPOS + 1
Tag .MEM(Cur renv  + n) <-- REF
MEM(Cur renv  + n) <-- MEM(MEM(Nex ta rg ) )
Nex ta rg  <-- Nex ta rg  + 1

ELSE
Tag.MEM(GPOS) <== F i
MEM(GPOS)  <-- Next- f ree-memory=-=cel l
GPOS <-- GPOS + 1
Tag .MEM(Cur renv  + n) <== REF
MEM(Cur renv  + n )  <== Next-free-memory-=celLl
MEM(Nex t= f ree—memory -ce l l )  <--

Nex t= f ree~memory -ce l l
Tag .MEM(Nex t—=f ree—memory=ce l l )  <==

Get=-sor t—-of- feature(Current-sor t ,  F i )
Next—free-memory—-ce l l  <--

Next=free=memory=-celLl + 1
CMERGE:

Tag .  MEM(Cur renv  + n )  <=-= REF
MEM(Cur renv  + Nn) <=-

MEM(Ge t - f ea tu re=o f - cons tan t (Nex ta rg ,F i ) )

UNIFY_FEATURE_Y_SVARIABLE F i ,  Yn ,S
This i ns t ruc t i on  represents  a fea tu re  te rm argument  tha t  i s  a
permanent ,  so r t  va r i ab le .  I f  the ins t ruc t ion  is  i n  WRITE mode, i t
pushes  a new so r t  va r i ab le  on to  t he  GLOBAL STACK, and L inks  the
f ea tu re  F i  w i t h  t ha t  so r t  va r i ab le .  The re fe rence  i s  s t o red  on to
the  LOCAL STACK a t  pos i t i on  (Cu r renv  + n ) .  I f  S i s  a subso r t  o f
' ‘Get-sor t—-of- feature Cur ren t=sor t  F i '  t hen  the new va r i ab le  has
t he  so r t  S e l se  t he  so r t  o f  t he  va r i ab le  i s  the  so r t  o f  t he
fea tu re  F i  o f  Cu r ren t - so r t .  I f  t he  i ns t r uc t i on  i s  i n  VMERGE mode
i t  s imp l y  ge t s  t he  nex t  f ea tu re  f r om Nex ta rg .  I f  the  i n te rn
fea tu re  name i s  Less  t han  (no te :  we have  a ' < '  o rde r  on to  t he
fea tu res )  we copy  t he  con ten t  o f  F i  on to  t he  GLOBAL STACK and i n -
c remen t  Nex ta rg .  The same opera t i on  i s  r epea ted  un t i l  one o f  t he
f o l l ow ing  te rmina t ion  cond i t ions  succeeds :

I f  t he  f ea tu re  re fe renced  by Nex ta rg  i s  g rea te r  t han  F i  we do
the  same as i n  WRITE mode.  I f  t he  f ea tu res  a re  equa l ,  a sor t
check w i l l  be execu ted  and i f  the so r t s  are compa t i be l ,  we copy
the va lue  re fe renced  by Nex ta rg  onto  the GLOBAL STACK and incre-
ment  Nex ta rg .  O the rw ise  FA IL  i s  execu ted .

I s  t he  i ns t r uc t i on  i n  CMERGE mode ,  we ge t  t he  re fe rence  to  t he
f ea tu re  F i  i n  the cons tan t  w i th  ‘'Get=feature=-of=constant Nex ta rg
F i ,  execu tes  a sor t  check and s to res  the re ference in  the LOCAL
STACK a t  pos i t i on :  (Cu r renv  + n ) .
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I f  I s - subso r t (S ,  Ge t -so r t -o f - fea tu re (Cur ren t -so r t ,  F i ) )  THEN

S
ELSE

S <== Get=-sort=—-of-feature(Current-sort,  F i ) )
CASE MODE

WRITE:
Tag.MEM(GPOS) <-- F i
MEM(GPOS)  <== Next- f ree—-memory=cel l
GPOS <==  GPOS + 1
Tag .MEM(Cur renv  + n )  <== REF
MEM(Cur renv  + nm) <-- Next-free—-memory-celLl
MEM(Nex t -= f ree—memory -ce l l )  <--

Nex t= f ree -memory -ce l l
Tag .  MEM(Nex t= f ree -memory -ce l l )  <-- SS
Nex t= f ree—memory -ce l l  <--

VMERGE:
Nex t= f ree -memory=ce l l  + 1

WHILE (<  Tag .MEM(Nex ta rg )  F i )
Copy—- fea tu re (Nex ta rg ,F i )

IF  Tag .MEM(Nex ta rg )  = F i  THEN

ELSE

CMERGE:

I f  I s - so r t - compa t i be l  (MEM(Nex ta rg ) ,S )  THEN
Tag .MEM(Cur renv  + nm) <- -  REF
MEM(Cur renv  + Nn) {==  MEM(Nex ta rg )
Tag .MEM(GPOS)  <==  F i
Tag.MEM(GP0OS) <== MEM(Nex ta rg )
GPOS <== GPOS + 1

ELSE FA IL

Tag.MEM(GPOS) <-- F i
MEM(GPOS) <== Next-=free-memory-cel l
GPOS <== GPOS + 1
Tag .MEM(Cur renv  + n )  <-- REF
MEM(Cur renv  + n) <==  Next= f ree-memory=ce l l
MEM(Nex t= f ree=memory=ce l l )  <==

Next=free-~memory=-cel l
Tag .MEM(Nex t - f r ee -memory—-ce l l )  <==  SS
Nex t= f ree—-memory -ce l l  <--

Next=free=-memory=-cel l  + 1

Fea tu re -a rg  <=-=-=Get- feature—-of-constant(Nextarg,Fi )
IF  I s - so r t - compa t i be l  (MEM(Featurearg),S) THEN

ELSE

Tag .MEM(Cur renv  + n )  <-- REF
MEM(Cur renv  + n )  <-- MEM(Fea tu rea rg )
FA IL
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INIT_CONST_FCONST F i ,C ,C i
This  i ns t r uc t i on  represents  a fea tu re  cons tan t  argument  tha t  i s  a
cons tan t .  S ince  the fea tu re  cons tan ts  are def ined before runt ime,
every  f ea tu re  of  C def ined in  a r u l e  has to  be un i f ied w i th  the
s to red  f ea tu re  vaLue  o f  C. I f  t he  f ea tu re  a rgumen t  F i  o f  C i s  an
unbound  va r i ab le  t he  unbound  va r i ab le  i s  bound  t o  t he  cons tan t
C i .  I f  t he  f ea tu re  a rgument  i s  a so r t  va r i ab le ,  t he  cons tan t  C i
has t o  be a subso r t  o f  t he  so r t  va r i ab le  and t he  sor t  va r i ab le  i s
bound to  C i .  I n  the case tha t  the fea tu re  argument  F i  i s  a
cons tan t  t he  name o f  t he  cons tan t  must  be i den t i ca l  t o  C i .  I f  t he
fea tu re  a rgument  i s  a f ea tu re  va r i ab le ,  t hen  t he  f ea tu re  va r i ab le
i s  bound  t o  C i .  C i  has t o  be a subso r t  o f  t he  so r t  o f  t he  f ea tu re
va r i ab le  and a l l  f ea tu re  a rgumen ts  o f  t he  va r i ab le  have  t o  be
un i f yab le  w i th  the  f ea tu re  arguments  of  C i .

Fea tu rea rg  <-- Get - f ea tu re -o f - cons tan t (C , Fi)
CASE Tag .Fea tu rea rg

UNBOUND:
TRAIL (Fea tu rea rg )
Tag .  MEM(Fea tu rea rg )  <-- FEATURE_CONSTANT
MEM(Fea tu rea rg )  <-- Get=cons t= - re f (C )

F_VARIABLE:
IF  I s - subso r t (C i ,  Tag.MEM(MEM(fea tu rearg) ) )  THEN

Ref=copy  {==  MEM(Fea tu rea rg )
TRAIL (MEM(Fea tu rea rg ) )
Tag .  MEM(MEM(Fea tu rea rg ) )  <-- FEATURE_CONSTANT
MEM(MEM(Fea tu rea rg l ) )  <-- Get=-cons t - re f (C i )
REPEAT

Ref—=copy <== Ref -copy  + 1
UNIFY(MEM(MEM(Fea tu re=-a rg ) ) ,

MEM(Get- feature—-of—=constant
C i
Tag .  MEM(Fea tu rea rg ) ) )

UNTIL Tag .MEM(Re f - copy )  = END_OF_FEATURE_TERM
ELSE FA IL

FEATURE_CONSTANT:
IF  C i  <> Tag .  (MEM(MEM(Fea tu rea rg ) ) )  THEN

FAIL
OTHERWISE:

IF  I s - so r t—- tag (Tag .MEM(MEM(Fea tu rea rg ) )  THEN
so r t  <-- .

I s - subso r t (C i ,Tag .MEM(MEM(Fea tu rea rg ) ) )
I F  sor t  THEN

TRAIL(C(MEM(Fea tu rearg ) )
MEM(CMEM(CFeaturearg)) <== .

Get - cons t - r e f (C i )
Tag .MEM(MEM(Fea tu rea rg ) )  <--=- .

FEATURE_CONSTANT
ELSE FA IL

ELSE FA IL
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INIT_FCONST_Y_SVARIABLE F i ,C ,S ,Yn
This ins t ruc t ion  represents a feature  constant  argument of  a
f ea tu re  cons tan t  t ha t  i s  a so r t  va r i ab le .  We d is t ingu ish  be tween
5 poss ib i l i t i e s .
1 .

2.

3 .

4.

S.

I f  the fea tu re  argument  F i  of  C i s  an unbound va r iab le ,  the
unbound  va r i ab le  i s  bound  t o  the  so r t  variable.
I f  t he  f ea tu re  a rgument  i s  a so r t  va r i ab le ,  a sor t  check  i s
execu ted  and i f  necessa ry  the  so r t  o f  t he  va r i ab le  i s  altered.
I f  t he  f ea tu re  a rgument  1s  a cons tan t ,  t he  cons tan t  has t o  be
a subso r t  o f  S .
I f  t he  f ea tu re  argument  1s  a fea tu re  va r i ab le ,  t he  so r t
va r i ab le  i s  bound to  the  feature va r iab le  - i f  there  ex i s t s  a
g rea tes t  common  subso r t .
I f  t he  f ea tu re  a rgumen t  i s  a s t r uc tu re ,  the  sor t  o f  t he
s t ruc tu re  has t o  be a subso r t  o f  S.

Fea tu rea rg  <-- Get- feature-—-of -constant (C, Fi)
CASE Tag .MEM(Fea tu rea rg )

UNBOUND:
TRAIL (MEM(Fea tu rea rg ) )
Tag .  MEM(MEM(Fea tu rea rg ) )  <-- S

F_VARIABLE :
Sor t  <==

Get-common-=subsort(
5,
Tag .MEM(MEM(Fea tu rea rg ) ) )

IF  Sor t  THEN
TRAIL (MEM(MEM(Fea tu rea rg ) ) )
Tag .  MEM(MEM(Fea tu rea rg ) )  <== Sor t
ELSE FA IL

S_STRUCTURE:
I F  ( no t ( I s - subso r t (Tag .  (MEM(MEM(Fea tu rea rg l ) ) ) ,S ) )
THEN

FAIL
FEATURE  _CONSTANT:

I F  ( nho t ( I s - subso r t (Tag .  (MEM(MEM(Fea tu rea rg l ) ) ) ,S ) )
THEN

FAIL
FEATURE_STRUCTURE:

I F  ( no t ( I s - subso r t (Tag . (MEM(MEM(Fea tu rea rg ) ) ) ,S ) )
THEN

FAIL
OTHERWISE:

IF  I s=so r t - t ag (Tag .MEM(MEM(Fea tu rea rg ) )  THEN
Sor t  <-=-

Get -common-subso r t (
S,
Tag .MEM(MEM(Fea tu rea rg ) ) )

I F  So r t  THEN
TRAIL (MEM(Fea tu rea rg ) )
Tag .  MEM(MEM(Fea tu rea rg ) )  <== Sor t

ELSE FA IL
ELSE FA IL
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The INIT_CONST_X_VARIABLE and INIT_CONST_Y_VARIABLE ins t ruc t ions  pu t

t he  add ress  o f  t he  f ea tu re  argument  F i  o f  the  cons tan t  C on to  t he

LOCAL STACK ( cu r renv  + n) o r  i n  Reg is te r  A i .

INIT_CONST_Y_ VALUE F i ,C ,Yn
This ins t ruc t ion  represents  a fea tu re  cons tan t  argument tha t  i s  a
va r i ab le  bound  to  some g l oba l  va lue .  I t  ge t s  t he  a rgumen t  o f  t he
cons tan t  w i t h  ‘ 'Ge t~ fea tu re -o f=cons tan t  C ,F i *  and un i f ies  i t  w i t h
the va lue  of the va r i ab le  Yn.

(UN IFY
MEM(Cur renv  + n j ,
MEM(Ge t~ fea tu re -~o f - cons tan t  C,F i ) )

The INIT_CONST_X VALUE ins t ruc t i on  i s  t he  same as the

INIT_CONST_Y_VALUE ins t ruct ion,  but  (Cu r renv  + n )  i s  rep laced  by regi -

s te r  A i .





36

Conc lus ion

Featu re  un i f ica t ion i s  an e legan t  method to  so l ve  constra ints  wi th an

ef f i c ien t  i nher i tance  me thod  w i t hou t  t he  use o f  f o rma l  deduc t i on  s teps

- computa t ion  i ns tead  of  sea rch ing .  We have shown tha t  i t  i s  poss ib l e

t o  ex tend  the  WARREN Abs t rac t  Mach ine  to  f ea tu re  un i f i ca t i on .  We have

imp lemented  th i s  ex tended  P ro log  machine p ro to typ ica l l y ,  however there

wi l l  be a Lo t  o f  improvements  o f  runt ime behav io r .

Fea tu re  P ro log  has app l i ca t ions  i n  computa t iona l  L ingu is t i c  and

know ledge  rep resen ta t i on .  E .g .  w i t h  Fea tu re  P ro log  we can  rep resen t

Func t i ona l  Un i f i ca t ions  Grammars (FUG) /Per  87/  very  e f f i c ien t  and

na tu ra l .  The burden o f  represen ta t ion  f a l l s  i n  Fea tu re  P ro log  much mo-

re  heav i l y  on descr ip t ions  than  on r u l es .
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Append ix

I n  the f o l l ow ing  we give the comp i led  code of  the entrance example  i n

t he  Fea tu re  P ro log  ve rs i on .  The genera ted  code  i s  modi f ied  i n  t ha t

sense tha t  a l l  i n te rna l  symbo ls  are conver ted in to  the user  def ined

symbo l s .

The War ren  Code o f  examp le  1b :

grandfather/2 t ry_me_else grandfa ther /2-1
get_fvar iable_void 0 person 1
un i fy _Last_ feature_x_var iab le  mother  10
get_ fvar iab le_vo id  10 pe rson  1
uni fy Last_ feature_x_svar iab le  fa the r  person 11
ge t _X value 11  1

grandfather/2-1 t rus t_me_e lse
get_ fvar iab le_vo id  0 person 1
un i fy  Las t  feature_x_ va r i ab le  fa ther  10
get_ fvar iab le_vo id  10 person  1
un i fy L las t_ fea tu re_x_svar iab le  f a the r  person 11
get_X_ va lue  11  1
p roceed

sign_of_zodiac/2 t r y  _me_e lse  s ign_of_zodiac/2-1
ge t_ fva r iab le_vo id  0 pe rson  1
uni fy_Last_feature_x_var month_of_birth 10
s_get_constant  j anua ry  10
s_get_constant  cap r i co rn  1
p roceed

sign_of_zodiac/2-1 t ry_me_else sign_of_zodiac/2-2
get_ fvar iab le_vo id  0 pe rson  1
uni fy_Last_feature_x_var  month_of_birth 10
s_get_ cons tan t  f eb rua ry  10
s_get_constant  aqua r i us  1
p roceed

s ign_o f_zod iac /2 - . . .  t ry_me_else s i gn_o f_zod iac /2 - . . .

QUERYO a l l oca te  3
put_fconstant  pe te r  0
s_put_Y_ va r i ab le  0 1 person
put_Y_ Loca l_va lue  ©
ca l l  g rand fa ther /2  3
pu t_unsa fe_va lue  0 0
s_put_constant  p i sces  1
cdeal l oca te
execu te  sign_of_zodiac/2
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The next  comp i led  code is  f rom the source code given in  Example2 .  I t ' s

the or ig ina l  code of the imp lemented machine.

(73  (73  . | cou rse_ l i s t ! | )  (48  . I no_cu r r i cu l um | ! )  (47 . | t eache r ] | )  (72 . | j ob t i t l e l )  (46 . | p ro fesso r | )  (45l comp3 | )  (44 . | comp2 | )  (43 . | comp l l )  (42 . Ima3 l )  (41  . Ima21 )  (40 . [ma l l )  (39 . | pe3 | )  (38 . | pe2 ]) (37  . | pe l | )  ( 36  . | c s3 | )  (35  . i c s2 i ) ,  ( 34  . | c s l ] )  ( 33  . | chem2 | )  (32  . | J chem l | )  ( 31  . | b i e3 ] | )  (71  .cu r r i cu l um | )  (30 . | b i o2 { )  (29  . l abdu la l )  (28 . Ima ry l )  (70 . | f i r s t  name l )  (27 . | pe te r | )  (26 . | h i gh income2 | )  (25  . | h i gh  i ncome l ] | )  (24 . |m idd le_ income3 | )  (23  . |m idd le_ income2 | )  (22 . |m idd le  i ncome l l )  (21 . | l ow_ income3 | )  (20  . l l ow_ income2 ] | )  (19  . | l ow_ income l l )  (18 . I f 2 I )  (17 . ( f l )  (16 . { e2 { )  (15 . Je11 )  ( 14  . Iw2 ) )  ( 13  . w l )  ( 12  . 1821 )  (11  . I s l l )  ( 10  . | nc_eg  member ! )  (9  . | l o ca l l )  ( 69  . | s t a tus l )  (8 . l eg  member | )  (68 . | phys i ca l_educa t i on ] | )  (67  . [ compu te r  sc i ence )  (66  . | chemes t r y l )  (65 . [ sub jec t ]
) (64 . | b i o l ogy l )  (63  . l | o l d | )  (62 . Im idd le | )  (61  . l age l )  (60  . I young i l )  (59  . | h i gh  i ncome | )  (58 . Imidd le_ income{ )  (57  . | i n come | )  (56  . | l ow_ income l )  (55  . |wo rks tudy | )  ( 54  . | f acu l i t y l )  (53 . | s t a f f l )  (52 . | emp loyee l )  ( 51  . | pe rson i )  (50 . ! s t uden t ! | )  (49  . l any l ) )

( ( 48 - .  73)  (47  . 72)  (46  . 72)  (45  . 71) (44 . 71) (43  . 71) (42 . 71) (41  . 71) (40  . 71) (39  . 71) (3871) (37  . 71)  (36  . 71)  (35 . 71) (34 . 71)  (33  . 71) (32 . 71) ( 31  . 71) (30 . 71) (29  . 70) (28 . 70)(27  . 70)  (26  . 59)  (26  . 59)  (25  . 59)  (24 . 58) (23 . 58) (22  . 58) ( 21  . 56) (20 . 56) (19 . 56) (1854)  ( 17  . 54 )  ( 16  . 53 )  ( 15  . 53)  (14  . 55 )  (13  . 55)  (12  . 50)  ( 11  . 50)  (10  . 69)  (9 . 69)  (8 . 69) (68 . 65)  (67  . 65)  ( 66  . 65)  (64 . 65)  (63 . 61)  (62  . 61)  (60  . 61) (59  . 57) (58 . 57)  (56  . 57) (5553)  (55  . 50)  (54  . 52)  (53  . 52)  (52  . 51)  (50  . 51)  ( 51  . 49) (57 . 49) (61  . 49) (65 . 49) (69 . 49) (70 . 49) ( 71  . 49)  (72  . 49) (73  . 49 ) )

mmm mmm ———————— THE FEATURE-L IST - -—-—==-—-—==——-—  H
( { I sa l a r y |  . 8) (iposition|{ . 7) ( I lma jo r |  . 6) ( | f a t he r |  . 5) ( imo the r |  . 4) ( i f i r s t  i d !  . 3) ( l I s cc i a l s ta tus |  . 2) ( | pe r i od o f  l i fe|  . 1 ) )

mmm mmm ——— THE CONSTANT PROPERTY L IST - - - - - - - - ) }
(49  9 (48 )  ( 47 )  ( 46 )  ( 45 )  ( 44 )  (43 )  (42 )  (41 )  (40 )  (39 )  ( 38 )  (37 )  (36 )  (35 )  (34 )  (33 )  (32 )  (31 )  (30)  (29 ;(28 )  ( 27 )  ( 26 )  ( 26 )  ( 25 )  ( 24 )  ( 23 )  ( 22 )  ( 21 )  (20 )  ( 19 )  (18 (1 . 61) (2 . 69) (3 . 70) (4 . 51) (5 . 51)(7 . 72)  (8 . 57 ) )  (17  (1 . 61) (2 . 69) (3 . 70)  (4 . 51)  (5 . 51)  (7 . 72) (8 . 57 ) )  (16 (1 . 61) (269) (3 . 70)  (4 . 51)  (5 . 51)  (7 . 72)  (8 . 57 ) )  (15 (1  . 61) (2 . 69) (3 . 70) (4 . 51) (5 . 51) (72) (8 . 57 ) )  (14 (1  . 62) (2 . 10)  (3 . 29)  (4 . 51)  (5 . 51) (6 . 67) (7 . 72) (8 . 57 ) )  (13 (1 . 62) (ZZ- 9) (3 . 28)  (4 . 51)  (5 . 51)  (6 . 68) (7 . 72) (8 . 57 ) )  (12 (1 . 62)  (2 . 8) (3 . 27) (4 . 51) (551)  (6 . 66 ) )  ( 11  (1 . 62) (2 . 9) (3 . 27)  (4 . 51)  (5 . 51) (6 . 64 ) )  ( 10 )  (9) ( 8 ) )

yn on THE (SORT - NR.  OF PROPERTIES)  L IST - - - - ;
( ( 13  . 8) (14 . 8) (17  . 7) (18 . 7) (55 . 8) (15 . 7) (16  . 7) (53 . 7) (54 . 7) (11  . 6) (12 . 6) (5C6) (52  . 7) (51  . 5 ) )

| f o re i gn /1 |
(WPM-GET_FVAR_VOID 0 51 1)
(WPM-UNIFY LAST FEATURE X VAR 2 10)
(WPM-S GET CONSTANT 10 10)
(WPM-PROCEED)
| fewcou rses /1 |
(WPM-TRYME ELSE | few cou rses /1 -1 )  1)
(WPM-S_GET CONSTANT 48 0)
(WPM-PROCEED)
| few_cou rses /1 -1 }
(WPM-RETRY_ME_ELSE | few cou rses /1 -2 ] )
(WPM-S GET STRUCTURE (QUOTE ( | cons i  2 ) )  0 73)
(WPM-S_UNIFY X VARIABLE 10  71 )
(WPM-SUNIFY CONSTANT 48)
(WPM-PROCEED)
| few_cou rses /1 -2 ]
(WPM-RETRY ME ELSE | f ew cou rses /1 -3 ] )
(WPM-S_GET STRUCTURE (QUOTE ( | cons i  2 ) )  0 73)
(WPM-S_UNIFY X VARIABLE 10 71)
(WPM-UNIFY X VARIABLE 11)
{ (WPM-SGET STRUCTURE (QUOTE ( I cons |  2 ) )  11 73)
(WPM-S UNIFY  XVARIABLE 12 71)





(WPM-S UNIFY CONSTANT 48)
(WPM-PROCEED)
| fewcou rses /1 -3 }
(WPM-TRUSTME ELSE)
(WPM-5_GET STRUCTURE (QUOTE ( | cons |
(WPM-S_UNIFY X VARTABLE 10 71)
(WPM-UNIFY X VARIABLE 11)
(WPM-5_GET STRUCTURE (QUOTE ( | cons |
(WPM-S_UNIFYX VARIABLE 12 71)
(WPM-UNIFYX VARIABLE 13)
(WPM-5 GET STRUCTURE (QUOTE ( ! cons |
(WPM~-S_UNIFYX VARIABLE 14 71)
(WPM-S UNIFY CONSTANT 48)
(WPM-PROCEED)
i t a kes /2 |
(WPM-TRYME ELSE | t akes /2 -11  2)
(WPM-GET_FCONST 11  0)
(WPM-S GET STRUCTURE (QUOTE ( I cons !
(WPM-S UNIFY CONSTANT 40)
(WPM-UNIFY X VARIABLE 10)
(WPM-5 GET STRUCTURE (QUOTE ( | cons |
(WPM-S_UNIFY  CONSTANT 33)
(WPM-UNIFYX VARIABLE 11)
(WPM-S GET STRUCTURE (QUOTE ( i cons
(WPM-S UNIFY CONSTANT 30)
(WPM-UNIFY X VARIABLE 12 )
(WPM-S_GET STRUCTURE (QUOTE ( l cons |
(WPM-S UNIFY CONSTANT 31)
(WPM-S UNIFY CONSTANT 48)
(WPM-PROCEED)
| t akes /2 -1 |
(WPM-RETRY ME_ELSE | t akes /2 -2 | )
(WPM-GET FCONST 12 0)
(WPM-S GET STRUCTURE (QUOTE ( | cons |
(WPM-S UNIFY CONSTANT 32)
(WPM-UNIFYX VARIABLE 10)
(WPM-S_GET STRUCTURE (QUOTE ( | cons |
(WPM-S UNIFY CONSTANT 33)
(WPM-UNIFY X VARIABLE 11)
(WPM-S GET STRUCTURE (QUOTE ( | cons ]
(WPM-S UNIFY  CONSTANT 30)
(WNPM-UNIFYX VARIABLE 12)
(WPM-5 GET STRUCTURE (QUOTE ( | cons |
(WPM-S UNIFY CONSTANT 42)
(WPM-S_ UN IFY  CONSTANT 48)
(WPM-PROCEED)
| t akes /2 -2 |
(WPM-RETRY ME ELSE | t akes /2 -3 | )
(WPM-GET FCONST 13 0)
(WPM-S_ GET_STRUCTURE (QUOTE ( { cons ] |
(WPM~SUNIFY CONSTANT 40)
(WPM-UNIFY_X VARIABLE 190)
(WPM~S5GET STRUCTURE (QUOTE ( | cons |
(WPM-S UNIFY CONSTANT 41)
(WPM-UNIFY_X VARIABLE 11)
(WPM—-S_GET STRUCTURE (QUOTE ( | cons !
(WPM~SUNIFY CONSTANT 42)
(WPM-UNIFY X VARIABLE 12)
(WPM-S GET STRUCTURE (QUOTE ( ! cons |
(WPM-S_UNIFY  CONSTANT 38)
(WPM-S_UNIFY CONSTANT 48)
(WPM-PROCEED)
[ t akes /2 -3 |
(WPM-TRUSTME ELSE)
(WPM-GET_FCONST 14  0)
(WPM-S GET STRUCTURE (QUOTE ( l cons |
(WPM-S UNIFY CONSTANT 40)
(WPM-UNIFY_X VARIABLE 10)
(WPM-S_GET_STRUCTURE (QUOTE ( | cons |
(WPM-S UNIFY CONSTANT 44)
(WPM-S_ UNIFY  CONSTANT 48)
(WPM-PROCEED)
f pa r t  _ t ime /1 |
(WPM-ALLOCATE 3)
(WPM-S_GET_X VARIABLE 10 0 50)
(WPM-PUTX VALUE 10 0)

2 ) )

2 ) )

2 ) )

2 ) )

2 ) )

2 ) )

2 ) )

2 ) )

2 ) )

2}) )

2 ))

0 73)

11  73)

13 73)

1 73)

10 73)

11  73)

12 73)

1 73)

10 73)

11  73)

12 73)

1 73)

10 73)

11  73)

12 73)

1 73)

10 73)
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(WPM-S_PUT_VARIABLE VOID 1 73 )
(WPM-CALL | t akes /2 {  3)
(WPM-SPUT_VARIABLE VOID 0 73)
(WPM-DEALLOCATE)
(WPM-EXECUTE | f ew cou rses /11 )
| que ry /1 |
(WPM~ALLOCATE 2)
(WPM-S_GET_X VARIABLE 10 0 70)
(WPM-PUT_Y FVAR 0 0 55 2)
(WPM-UNIFY_  FEATURE  _X VALUE 3 10 )
(WPM-UNIFY_LAST FEATURE_SVAR VOID 8 56)
(WPM-CALL | f o re i gn /1 |  2)
(WPM-PUT_ UNSAFE VALUE 0 0)
(WPM-DEALLOCATE)
(WPM-EXECUTE | pa r t  t ime /11)

QUERYO
(WPM-VAR-MEM "X " )
(WPM-S_PUT_VARIABLEVOID 0 70)
(WPM-EXECUTE |que ry /1 ] )
"end "
( ( l que ry /1 |  . 1) ( I pa r t _ t ime /1 |  . 1 )  ( l t akes /2 ]
"end "

2) ( |  few cou rses /1 | 1) ( |  f o re i gn /1 | 1 ) )
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