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Motivation

Constraint  Logic Programnring (JL)
r  Al low more general  constra inr ts to body of  LP
c lauses .  For  ins tance,  CLP(R)  p rograms a l low
rea l  inequa l i t ies  and equa l i t ies  as  cons t ra in ts .
o Constra ints may be solved by specia l  resources.
o  Domain  where  cons t ra in ts  eva lua ted  is  f i xed .

Constra int  Programs (MNR)
o Is  an  ex tens ion  o f  CLP parad igm.
.  Domain  is  no t  f i xed .  An example  use  is  in
cont ro l l ing  a  p lan t  where  se t  o f  app l i cab le  ru les
depends on  p lan t ' s  s ta te  a t  d isc re te  in te rva ls .
o Constra ints need to be sat is f ied before eval-
ua te  remainder  o f  c lause.
r  Constra ints t rue in model  consist ing of  atoms
computed in process.
o  Can s t i l l  use  spec ia l  hardware .

General ized constra ints are a new source of
complex i ty  to  be  s tud ied .  We wi l l  d iscuss  th is
complexi ty for  the proposi t ional  case of  a va-
r iety of  nonmonotonic formal isms.



The Polynomial  HierarchY (PH)

NP - >l  :  nondeterminist ic P-t ime
s.P ?\ stP
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Quantif ied Boolean Formulas
>3 :  i l8 -  Proposi t ional  formulas
>it+rl 1|,, closed under (-") where intended

meaning  o f  (u )A@,6)  i s  A(0 ,  bv  e , ( r ,6 ) .
[f l+r)_ tnk closed under (V") where intended

meaning o f  (v r )A @,6)  is  A(0,  b  n ,q , (1 ,  d) .

QBFp - boolean combinat ions of  27, and fr \ r .

QBFk(A) -  a QBF7 formula where al low atoms
t - J _ , . . . t f r n  €  A .  V i e w  f r L r . . . f r n  d s  b i n a r y  f o r  a

number  and ask  i f  in  se t  A .

FACT: Validity of lf l-sentences is If l-complete.



Our system for logic programming LPt
An LPp program P is  a f in i te  l is t  o f  c lauses:

p  < -  ( r t , .  .  . ,  ap  :  B1(d r ) ,  . . . ,  Bn( i r i l  ( * )

w h e r e  p , a L ) . . . ) a n  o ( Q  v a r i a b l e s  a n d  B  e  Q B F n .
LPoo - uLPp. LPk(A) - constraints from QBF7(A).

Stabfe Model Semantics Let P € LPk, M be
a subset  of  P 's vars.  Let  ux4 be t ruth assign.
induced bV M. Let  Pxa be obtained by delet ing
clauses whose constra ints aren' t  sat is f ied by
uM and by delet ing the constra ints f rom what 's
left. Let l /y be least model of Py. M is a
stable model of P if  M - Nxa

Supported Model Semantics A supported model
of  P € LPk is  a t ruth assign.  z to vars in P such
tha t  u (p)  -  1  i fF  I  a  c lause (x )  in  P  and (Vz , j )
u(a)  :  l - ,  D(B(b]))  :  1.  We wr i te LP[ 'p i f
consider ing supported models.  We wr i te LPI
for  programs wi th pairwise dis jo int  supported
mode ls .



Theorem
1.  LPs is  equ iva len t  to  log ic  p rogamming w i th

negat ion .
2.  Whether an LPn program has a model  is

LP**r-com plete.

3.  Whether a n LP* prog ra m has a model  is

PSPAC,E-complete.
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Our system for circumscription CCr.
Circumscr ibed mode ls  o f  a  p rop .  fo rmula  are
m in ima l  mode l s  unde r  i nc l us i on .  Cou ld  l ook
at  min ima l  mode ls  o f  QBF7,  fo rmulas .  Th is
doesn ' t  separa te  cons t ra in ts  f rom computa t iona l
component.  Instead,  CCk program P is a f in i te
l i s t  o f  c lauses :

B(d) <-: c(6)
wi th  B  €QBFs and C €QBFk CCo"  -UCC7.
CCk(A) -  constra ints f rom QBF7(A)

Semant ics Let  S be a subset  of  vars in P and
let  ug be corresponding var.  assignment.  De-
f ine n PS' . :  / \Aeps B where Pg is

{ B l B < - : C € P ^ r s @ ) - 1 } .
A model  of  P is  a model  of  th 2nd-order for-
mula N Pm A -lrnfzXr Prn Am C M).

Theorem
1.  CCo is  equ iva len t  to  p rop .  c i rcumscr ip t ion .
2 .  Whether  a  var iab le  occurs  in  a l l  mode ls  o f
a CCp program is f lp**r-complete.
3. The problem for CCo, is PSPACE-complete.



Our system for default logic DLr
A DLn theory is  a pair  (D,VV).  Here D is a

f in i te col lect ion of  defaul t  ru les:

a ' .  B t ( b l ) ,  . . . ,  B - , ( b ; )

I

where a, 'y  e QBFo and B; C QBF7. W is a

f in i te set  of  prop.  formulas.  DLo" -  uDLp-

DLk(A) - constraints from QBFk(A)

Stable Model Semantics A rule d is S-appl icable
i f  B, ;u S is  consistent  for  each constra int  in

d .  Form Ds by  de le t ing  non-S-app l icab le  ru le

from D and deleting constraints from rest. Let

Cnx(W) be al l  formulas provable f rom W us-

ing ru les in X and prop logir : .  An extension

for  (D,W) is  a set  of  formrulas S such that

CnDs(W) :  S.  A stable model  for  \D,W> €
DLn is a t ruth assign.  sat is f : / ing an extension

o f  (D ,W) .



Supported Model Semanti,cs A rule d, is strongly
S-appl icable i f  i t  is  S-appl ic ;able and the pre_
requis i te e.  of  d is  in ,S.  Form DS,_ as Ds
but use strong S-appl icabi l i ty .  A weak ex_
tension for  (D,Wl is  a set  of '  formulas S such
that CnDs,*(W) - S. A supported model for
(D,W> €  DLk is  a  t ru th  ass ign .  sa t is fy ing  an
weak extension of (D,W). M/e write DL"k"e if
cons ider ing  s tab le  mode ls .

Theorem
1.  DLo is  the same as usua l  defau l t  log ic .
2 .  Whether  (D,W) e  DLn ha:s  an extens ion is
Zp**r-com p lete.
3. The problem for DL.o it is p,SpACE_complete.
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Compactness of knowledge representation

Def in i t ion (GKPS, CDS) Let  A and B be rea_
soning formal isms. Then A as succinct  as B,
wr i t ten B 4" A i f :  For each 6e in B there is  a
knowledge base d,q in A such that
(a)  6n and ga use f ree var iables and have the
sa me models
(b)  the  s ize  o f  de  is  po tynomia l  in  the  s ize  o f
6e.
We wr i te  A  f "  B  i f  (a )  and (b )  fa i t  to  ho td .

Definition We say A is as weak succinct as B,
wr i t ten B {-"  A i f  the condi t ions above hold
but  cond i t ion  (a )  i s  rep laced w i th
(o ' )  d t  con ta ins  a l l  o f  ds 's  var iab les  and a l l
models of  6a are expansions of  models of  Qp,

.  GKPS g ive  a  succ inc tness  h ie rarchy  among
prop log ic ,  Horn  log ic ,  c i rcumscr ip t ion  and de-
faul t  logic which is  st r ic t  provided pH.I .



Hierarchies of Knowledge l=ormalisms

(a) LPp <s DLn

(b) LP; <s CCn 1" DLn

(c) LPf =*" Lefun =ps LPp ,-..-.*...ty1s CCp /.......t.,,g

<-"  DLTP =-" DLtr , :1r ls Lpp11.

o St r ic tness in  above under  assumpt ion pHI .

(d) :A, LP;(A) 1-" CC7(A) <" DLk(A)
(e )  LP* : - "  CC* :u "  DLa

Theorem I f  1(  is  a reasoning formal ism wi th
AI+r-.o{el  checking then CCp f" K untess
tlrr+, e Lt+tlpoly.

Theorem Suppose 1( is  a reasoning formal ism
for which Model6*(fr) can bel expressed as a
QBFn formula.  Then K {-"  L,Pp.
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