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— 13 —



s f Ld fLoet,
z'.dj:.l'l x.
obif¥)l.

§OAE B & TR

Yo 1 oa At e R (discourse sinuations il kT
8 opy A A e E (interprotation) B D,

G- gisenurse_vonslraint(
[[sit) [soalsponking, Cjack, _}, yes),
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T={<><a>,<ab><ac>, The trivial tree = [ < >}
<d>, <de>,<df>}

Fig.l. Trees

Fig. 3. cas>*T={<> <a>,<ab> <ac>}
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a1 ap

~ J

T

Fiﬂ"i. T=ﬁl*rr1+ 'R -i—a"tTt.L

h:ng

Fig.6. t=(T,g) : a partially tagged tree.
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a d
b e
4= =
1 @ ? @ v T @ 3
= 2 ) NG
Fig. 7. Merge of trees
a b
plx)= pl{e/x,dix})=
D @

- \ )
pex) (=1t)
\ e :
3@ @
0 ¢ match({a/x},t)
p ¢ match{{a/x},t)
S

Fig.9. Matching assignment



{ =,v.,{a/x,b/x},{a/y,biy}}

Fig.10. An infinite tree

uz}af::,br'x},
v={a/{e/1},b/{c/2}}.
T TR
a b [ a b
B(x)= B(u)= d d B(v)= . .

u{xl=|I|

B(u) and B(v) are compatible, but, u and v are not unifiable

g(u)sag{v)Aa3t(o(u)stAa(u) =t),but,u and v are not unifiable.

Fig.11. Unifiability and Compatibility



-1 @k 33

ﬂﬂﬂﬂhﬂﬂﬂﬂﬂ”:ﬂrﬁ¢HM¥Hwﬂin#ﬁii;x

ComsLraint Prograesing basol on Lagy Boolean Proadieralos
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ABSTRACT

A simple constraint language @8 ddesigned ineluding cqual ity aml basie
arithmelie relations. Constraints ean be delined  dn the  Langeage by the usor.
An ipnorprotalion is given te Lhe Danguape based on Lhe [amoes "reeee”

control predicate. The busic idea Tor constraction of  the iplorprotor  is Lo
deline the set ol standard logical connectives  “and™, “or”, "not”, amd so
on in lazy evaluation peinciple by using the [reeze.

I NTRODUCT 10K

Complex siructore and constrainis Torm a very basie Tramceork Tor designing
conplex probles areas like natural language processing. larious instances of
this paradigm can be casily seen in rocent computational linguiztics and
somanlics, Tor example.

4 brief explanation is given hara abowt how to exiend Prelog o have a sore
Mesible power in deseribing scewctore and constrainl. fir solution te the
represontation part ix partially specilied 1o, which is o kind ol extoension
10 Lhe wsual term. The ather solution 1o the "penstraint” opart s "lazy
evaluation” based on freeze{Colecraces 82). Though our mein bntontion Ps mixed
s of both constraints and structeres, we mpost concenlrale here ob how Lo
build such o constraint syvstem on Lop of Prolog. .

What is constraint? For our purpose, we give i1 a restricted characlerization
as Tellows: 1} 1L has a declarative sewantivs, 2) Fosiove aml negative
consLraint arce Lreated svemetrically, 30 Interpretation of the constraint is
done withoul deep backiracking.

The proposed constraint sublasguago of an oxtonded Crolog 15 50 simple and
nataral, and Bas o so eloar declarative  sopantics thai i will beoa useful
sol of eonslrainls.

1t should be neted, however, that "Trecsze-"based system ean aot derive the
contradiction From such like conjuneiion x-y and x=y unless both x and ¥
horome 1o be groumd, This suggests that the sublanguage weg b b aowiddie
lovel =c of constirainta.

FREEAECRIND _HOHE )

The poal ol the fore "frecaciX. pld))" means that the embedded poal pid)
is suspended  while ¥ is  wpbound,  where X0 05 4 vardabile amd plX) is 4an
pxecutable goul, 1t i% masy 1o see Chal tho predicate can be wiod ax Lhe
primitive for both steeam and corouline profranming.

CONSTRALNT INTURPRETATION




"Constr” is the main predicate for constraint interpretation. For a4 constraint
oxprossion w, boolean expressions @, yaed &, the meaning of of the goal
of the Torm of constr{a .8 .v .8 ) is explained as follows,

wa given coRsLraint cxprossion,
g,y .8 tewe,false,undetermined.,

The apcrational mecaning, on the otherhand, is explained by listing a portion
aof 1op lovel part of the actoal definition in DEC-10 enlog.

yatene il & is proved Lo trae,
welalee il o is proved o be Tasle,
¥ rundetornined: olhorewise,

Both of £ and & aro wsed as contral iolorsation,

Y=conste(l=2, true, _, _} =¥ 4laild
Peponstri¥=l, true, _, _} =1 X=]

P-ponstr(E=1, Talse, _, _) =) X is atill unhound
YeonstriX=l, _. _. _J =3 X i5 sLill unbound
T-vonstr{Xi==2, Fulse, ', ¥, =3 U = false, ¥ = 2
T-vonstefl4X=r2¥, , , ), ¥Y=4 =) X = 3, ¥ = 4
Yeponstrii+N==Y), ¥=3, V= dlailh

=}

4
& PORTION OF THE DEFINITION,
=Y oin the fellowing means the extendod wnification of O1L syston,

consLrl{X. P, 0,0} i -bound(H) . T.
consbr{X. 0,8} i —unbound { X}, ', K=", X=0).
cansted tee, PLUL R - Perrue Usnrue,
consir{false,F.Q.K):=t  FsLrue, lJ=lalse,
vconstrinot(A), F QR i=t,

nol(V. 1"},

net{l,q).

constr{A, V.U, K},
vconstel (AR, P08 -1,

and(X,¥.0'),

and (7,00,

conste{A,X,4.R),

constr{H, Y, 1,0,
consteland (A B P8, R¥i=1y % Seaeontial Tamd”

and (X, Y.,

and (7,010,807,

constrl A, X 58D,

[P, conseel B, ¥ UK.
constelassigalX, Yy, P, O, R):=1,

Assienl XY 0L H),

=0,
constel =Y, P00, Bl =t eaqual (X, ¥, 10,0,
constriXi==Y ', J, k)= conserinot{X=¥) ', Q. 1},
constri¥=:=Y,I",Q,k} =1,

and(I'},P2,1",

apnd (L Q2 G},

oxpt X, T PL,Q1,RY,

oxplY,T.M2,02,R).
conslriX, P, B, Kii- Suser delined

doleon(X, Y,

constel(Y, I Q. W),
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LAZY ROOLEAS TREDNICATES

This sertion is a technical enre of the paper, Basic idea is nxplained with
the fallowing sinple example: and(X, Y, Fli=T= 4YERR

Ve and (X, ¥, A, & = Lrue,
=% % o= trne, Y5 lewe, A5 Lrue
- and X, ¥, Talse), =X and ¥ aro undoternined,

Kote that in this case there is an ambiguity in the possible vaboes of (X, Y)
From the Hoolean logical lTaw. The following are sample delinitions ol Lhose
lapy Boolean prodicates,

not(i,Y)i=
fropnel( X, pelF,if {8, Y=Talse Y=truc)}),
frocrc (Y, pelF, il (¥, X=Talse, X=Lruc) ).

and{ X, Y, 40
Frooee (%, pe(I, iT0X, Y=2,f=Talsed)d,
Froceo (Y. pvil, if (Y, 5=%, 2= Talsn) )],
[rocwe( f,pe (P if{Z (X=1rue. ¥Y2Lrue ],
andu(I,T}]Jﬁ.
andx( X, V-
rrnﬂkeif.ir{i, F=fﬂ|5ﬂ}1~
Trocee(Y,i00Y, X=lalso)},

ifftrue, k=Y,_J:=1,K=Y,
P, KeViNey,

pyv (F, _¥i=hound(F), 0.
pul ], X=¥)-X=1,

LAZY GQUALITY

The spocial case of the Tors consir(¥=Y, &, B, ¥) is redoecd 1o equal (X, ¥, 7,
G, V). The follawing is iws procedural interpretation: 1) Cheek ogqual iy
betwoen X and Y in lary wav, The resoltlteue/false) will be returned Lo
U, 23 When "vewe” is given to 7, X oand ¥ oare unified jwmediavely. X and ¥
shovwld  be difTerent  Trom each other iF "Talse™ is given o 20 3) Whenover ¥
iz bound, theres i3 no noeod Lo contines Lhis chookieg.

Yo eguab (LY Palse ALRY, X=1, 824,
=} ¥ =1, F =4, 4 = Ialge, #§ = _4]

ASS GRNENT

The predivate called assignment is an internal predicacve for resiricled uses,
Argument passing is a main intention of its wse, It lookes Tike an extension
of Lhe assignment in the pregrasming languagos FORTRKAM, Tor instancc, The
enification works hoth wavs as follows: wnify(0{X, 1), T(2,070 =2 %=2, Y=1. tm
vthe over hand, assipnmcnt works only o specified way: azsignlff(X, 1), FI2.¥0!
=% ¥=t (8% unbound) Resteiction:Back variable is now allowsd to oeror nore
than onee in the  second argument: the Torw "assigalfOAglB)), TUZ0)T is not
al lowed,

SEQUENT[AL_CONTHOL

Wee of Leen pesesd somes soguential controels I'ere rroonstrainl eva lualion, Fese
example, lel ws consider the Tollowing delinition  of the "wesler”,

eenber{X. [X[_1],
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gember(¥, [ I¥V]):i-member{X, Y}.

We pan define a constraint version, say it "mem”, of the predicate in
aur baneuage as lollows:

delvoni{men{X, Y},
and(assigniy, (NITI), (¥=1 mem(X, TI)DD.

Thee body ol this delinition tells, by using Lhe seguential  Tand”,  Lhat
Tparamoter passing”  musl be prior Lo the cvaluation of the body.

9= ponstr{sent X, [Y121), true, A, ), V=1, 4={U, B], Y=u. h=3, =3l = 2, 4 =
troe, X = 2, B =3, ¥ =1, 4= [2,3]

9 constrimem{ X, (¥]Z)), false, A}, ¥=i, #=(1, B),
¥=2 B=3, =} X = 2, B = By o=
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