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The success of ASP

Main factors:

« avallability of interesting implementations: dlv,
Smodels, ASSAT ...

« shift of perspective from theorem proving to
constraint programming/model generation

* many interesting applications in planning,
reasoning about action, configuration, diagnosis,
space shuttle contral, ...

Natural next step: qualitative optimization
brings in a lot of new interesting applications
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Formalism |
LPOD: finite set of rules of the form:

Ch X ... XCn%Al,... ,Am,notBl,... , not By,

Ci, Aj, B; ground literals.

If body then some C'; must be true, preferably C, if
Impossible then Csy, if impossible (s, etc.

« Answer sets satisfy rules to different degrees.

» Use degrees to define global preference relation
on answer sets.

 Different options how to do this (inclusion based,
cardinality based etc.).
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Formalism ||

Optimization programs

* answer set generation independent of quality
assessment

» P, generates answer sets, preference program
P,,.y compares them

» P,..s uses rules of the form

Ci > ...>Cp < body

C; boolean combination built using, A, —, not .
= In front of atomspot In front of literals only.
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Abduction and diagnosis

K program,H hypotheses)) observations
E explanation oD (div view) Iff £ minimal among

{HHCH|SeAS(H UK),O CS,S consistent

corresponding LPODP,,.( K, H, O):

K U{+noto|oe€ O}
U {—ass(h) x ass(h) | h € H}
U{h < ass(h) | h € H}.

E explanation IffS consistent answer set of
Pui(K,H,O)andE = {h € H | ass(h) € S}
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Consistency based diagnosis

» programpP describes normal behavior using
ab-predicates

« diagnosis minimal subsét’ of componentg”
such that

{ab(c) | c € C'} U {=ab(c) | ce C\ C'}

explains observations
« corresponding LPOP.,(P,C, O):

PU{<+ noto | o € O}U{—ab(c)xab(c) | c € C}
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| nconsistency handling

programpP, possibly inconsistent; consistency
restoring rules?

namesNp and Ny for rules InP andR
generate weakening @&t U R by replacing

head < body With head <+ body, r;

wherer; rule’s name
add{r x —-r | r € Np} U{—r x1r|r € Ng}

minimal set of P-rules turned off, minimal set of
R-rules turned on

meta-preferences may expresgsrules to be
neglected only if necessary
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Solution coherence

« assume solutio' for problemP was computed
» problem changes slightly t&’

 not interested in arbitrary solution &f, but
solutionas close as possibleto S.

 distance measure based on symmetric difference
(AAB=A\BUB\A)

S1<gSyiff STAS C S AS
» corresponding preference program;

{a >nota|ae StU{nota>a|agS}.
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M eeting scheduling

part(pi,mi)  part(ps,mz)  unav(pi,s)
part(ps,m1)  part(ps,m3)  unav(ps, si)
pm"t(p% m?) part(plla m3) unav (p47 82)

Meetings need 1 slot (using cardinality constraints):
1{slot(M,S) : slot(S)}1 < meeting(M)

Constraints:

— part(P, M), slot(M,S),unav(P,S)
<~ part(P,M),part(P, M"), M # M,
slot(M, S), slot(M', S)
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M eeting scheduling, ctd.

A solution: slot(my, s1), slot(ms, s2), slot(mg, s3)
ps becomes unavailable a§: unav(ps, s3)

Preference rules:
slot(my, s1) > not slot(my, s1),
slot(mg, s3) > not slot(ma, S2), . . .

Former solution invalid. Some new solutions:

Sy : slot(myq, s1), slot(ms, s3), slot(ms, s4)
Sy @ slot(myq, s2), slot(ms, s1), slot(ms, s4)
Ss : slot(myq, s3), slot(ms, s3), slot(ms, s1)

Inclusion based strategy,; better thans,.
cardinality based strategy; better thanS; and.Ss.
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Preference description language

* variety of existing preference combination
strategies

« want to combine them in flexible ways
 PDL s a language for doing this

 consists of preference rules and (possibly nested
expressions

(combey...ep,)

wherecomb Is a combination strategy; an
appropriatePDL expression.
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Generalized preferencerules

Ciipr > ... > Cripr bOdy

C; boolean combinations
p; Integer penalties satisfying < p; whenever < j.

Ci >0 > ... >Ck%b0dy
abbreviates

C1:0>C%1>...> Chik-1 < body
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Syntax of PDL

PDIP and PDL expressions:

1. rIs preference rule> r € PDL?,
. €1,...,e, € PDIP = (psum ey ...e) € PDIP,
.e€ PDIP = e € PDL,

. By ,€]€€PDLP$
(tncey...ep), (rincey...ex), (card ey ... eg)
and(rcard ey . ..ex) € PDL,

5. e1,... ,ep € PDL =
(pareto ey ...exr) and(lex ey ...e;) € PDL.

B~ W DN
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Penalties and rule semantics

1. prex =Chiipr > ... > Clipr < body
S satisfledody and at least oné’;:
pen(S,prex) = p;, wherej = min{t | S = C;},
otherwise:ppen(S, prex) = 0.

2. prex = (psum ey ... ex)
pen(S, prex) = Zlepen(s, e;).

3. Ord(prex) preorder associated wighrezx, r rule:
(S1,52) € Ord(r) iff pen(Sy,r) < pen(Ss, ).
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Complex expressions
>, preorder &, partial order) represented Iy,
i,j range ovef1,... .k}, P = {j | pen(S,e;) = p}

* (51,52) € Ord(pareto ey ... ey) iff
S1 > So forall j.

e (51,59) € Ord(lex ey .. .eyp) iff
Sy >, Sy forall jor
S1 > So for someyj, and for alli < 7: .57 >; So.

* (51,52) € Ord(ince;y . ..eg) iff Pgl D PSO2.

* (51,52) € Ord(rinc ey .. .eg) iff
pen(St,e;) = pen(Ss, e;) for all 5 or
P¢ D Pg for somep andPg = P¢ for g < p.
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Complex expressions, ctd.

* (51,59) € Ord(card ey .. . ey) iff
P, | = |Pg,).
e (51,952) € Ord(rcard e; .. .ey) iff
Pg | = |Pg | for all p or
Pg | > |P¢ | for somep, and
Pg | = |Pg | forall g < p.

* (51,52) € Ord(psum ey .. .e;) iff

Z?ﬂ pen(St, 0;) < Zle pen(Ss, 0;).
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Special cases

1.
2.

preference progg-i,... ,rp}: (paretory...ry)

ranked preference progs:
(lex (paretoriy...rig,)...(pareto rpy...Tnk, ))

cardinality and inclusion based combinations:
userinc andrcard

weak constraints:

< body. [w]: useT:w < body with psum

< body. [w:l]: group wrt. priority level:

(lex (psum riy... 714 ) (PSUM Ty .. . Thk,))
minimize{a, = wy,... ,ar = wy} Statements:
single statementipsum ai:w; . . . agiwy)
sequencetlex(psum . ..)...(psum...))
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Tester programs

« T(P, M, prex) based on generating prograr
current answer set/, compilation ofprex

* generates answer sets strictly better than
* generate and improve optimization strategy
« compilation examplélex e; .. .ep):

geq; < gegia, - - - ,g4eq;k
geq; <— better;

better; < better; 1
better; < geqy .1, better; s

better; < geq;1,...qgeq; —1,better;
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Conclusion

» ASP: successful declarative problem solving
paradigm

« optimization facilities greatly increase
applicability

« context dependent preferences among formulas
flexible and powerful

« applications in diagnosis, planning, inconsistency,
configuration with weak constraints, ...

» foundations of a preference description language
for specifying flexible optimization strategies
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