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2. Communicating Answer Set Programming (CASP)
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3. Modelling and solving the SMP in CASP




The Stable Marrlage Problem

| prefer Sarbie 1 to N\ prefer Spock 0N\
Barbie 2 and Barbie , Kirk and Kirk to




The Stable Marrlage Problem

I preferred Barble 1 to | preferred Spoek to
Barbie 2 but got palred } Kirk but got paired
.. loBabe2 .~ ™
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The Stable Marriage Problem

Goal of the SMP: find a stable set of marriages

bloc <|ng paD/ \V

Classmal SI\/IP as many men as women, stnet and Cemplete
preferences

g Iways exieTe‘ ~
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SMP with unacceptabillity: strict but incomplete preferences
allowing the men and women to point out unacceptable partners




SI\/IP Wlth unacceptablllty

-~ 'Drefer Barbie 110 IlOrefer Spook N
{ Barbie 2, but Barbie 3 } ’ Kirk and Ken are

\._ isunacceptable ./ \_ nacceptable




SMP with unacceptablllty

T ound Kirk
Blocking individual { unacceptable but
\_got paired to Kirk /




The Stable Marriage Problem

of marnages =
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: ~without blocking pairs g~
~_ blocking individuals__

~always exists




SMP with unacceptability and indifference

SMP with unacceptability and indifference: incomplete
o preferences not necessarily strict

I equally prefer Spoek
, and Kirk, butKenis
™. Unacceptable "

Goal of the SMP with
unacceptability and indifference:
find set of marriages

‘f

_Without blocking individuals and
(blocking pairs i.e. a man and woman *
ho strictly prefer each other to thelr
actual partner
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(Communicating) ASP

CASP = Communicating Answer Set Programming

g

ASP program: finite set of rules of the form

a<bi,...,bp,notey, ... (@0 4
v \ Y J \ v o
head positive negative

negation-as-failure: not c¢,,, is true if no proof for ¢,, =

Goal of ASP: program rules describe the problem and
answer sets provide the solutions of the problem
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Answer sets of ASP programs

Example: answer sets of an ASP program

a < notb
b <+ nota
quess derived from

ASP program
{} + {a,b} — no answer set
{a} |=  {a} — answer set
by |=  {b} — answer set
{a,b} |£ {1 — NO answer set
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Communicating ASP

CASP program: unit of communicating ASP programs (components),
.e. finite set of rules of the following form:

— ( Ai)_cg < By:by,...,B,:b,,not Ci:cq1,...,notC,,:cp,
|

\ J
Y

There is proof that a is true in component A /

There is no proof that ¢, is true in component C,,,

* This rule belongs to component A




Answer sets of CASP programs

Example: answer sets of a CASP program P

Q:a + R:a,not Q:b R:b < notQ:a
Q:0+— Q:a, R:b R:a <+ Q:b

I ={Q:b, R:a} answer set of P?




Answer sets of CASP programs

Example: answer sets of a CASP program P

Q:a + R:a,not Q:b R:b < notQ:a
Q:0+— Q:a, R:b R:a <+ Q:b

I ={Q:b, R:a} answer set of P?
o Io = {b} answer set of Q' andI g = {a} answer set of R’

reduct ‘ reduct K




Answer sets of CASP programs

Example answer sets of a CASP program P

I = {Q:b, R:a} answer set of P?

& 1o ={b} answersetof Q' andl g = {a} answer set of R’ |\

reduct ‘ reduct K -
- | - . remove this part because Q a |
N\ delete this rule because Q:bisin [ : s notin T

i delete this rule because R:b is not in 1 :remove this part because Q:bis I !
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Answer sets of CASP programs

Example answer sets of a CASP program P

a(—RanotQ
QbeQaRb

I = {Q b, R:a} answer set of P?

& 1o ={b} answersetof Q' andl g = {a} answer set of R’ |\

reduct ‘ reduct K .
| o remove this part because Q a |
\ M. delete this rule because Q:bisin [ s notin I

i delete this rule because R:b is not in I {ramove this part because Q:bis i I

= R' ={b<+,a+}

— I, is no answer set of R’

= @' contains no rules

= I, isnoanswer set of @’

= ] is no answer set of P

14 of 20 _



Answer sets of CASP programs

Example: answer sets of a CASP program P

Q:a + R:a,not Q:b R:b < notQ:a
Q:0+— Q:a, R:b R:a <+ Q:b

I = {R:b} answer set of P?




Answer sets of CASP programs

Example: answer sets of a CASP program P

Q:a + R:a,not Q:b R:b < notQ:a
Q:0+— Q:a, R:b R:a <+ Q:b

I = {R:b} answer set of P?

& Ig={} answerset of Q' and I,z = {b} answer set of R’

reduct ‘ reduct K




Answer sets of CASP programs

Example' answer sets of a CASP program P

I = {R b} answer set of 79”?

& Ig={} answerset of Q' and I,z = {b} answer set of R' |\

reduct ‘ reduct K -
| . remove this part because Q a |
‘ delete this rule because R:ais notin I s notin I

“remove this part becauseR:b is in T ;delete this rule because Q:bis not in/
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Answer sets of CASP programs

Example: answer sets of a CASP program P

I = {R. b} answer set of P?

& Ig={} answerset of Q' and I,z = {b} answer set of R' |\

reduct ‘ reduct K S
| § | | ~ 1 remove this part because Q a |
| delete this rule because R:ais not in I s notin I o/
“remove this part becauseR:b is in I :delete this rule because Q:bis not inl
= Q' ={b<+a} L = RI={b)

' I
= 1, IS ananswer set of ) = I,r is an answer set of R’

= [ is an answer set of P
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3. Modelling and solving the SMP in CASP




SMP in CASP

Gale-Shapley algorithm to calculate a stable set of marriages

transparent model
easlly extending to other variants

easily adding constraints

Three components for CASP ProgramP:
% M : to model the intentions of the men,

¢ TV:to model the intentions of the women,

¢ A:to model the acceptance of each other as partners.
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SMP in CASP

JIIOrefer Barbie 1
L Barbie 2 and Barbie 2 &
*g“wtonmeSmwﬁﬁ

M::propose(sp, by) +
M:propose(sp, by) < not A:accept(sp, by) — ¥
M: propose(sp, bs) < not A:accept(sp, by ), not A: acept‘s 2)
(sp, sp) < not A:accept(sp, by), not A:accept(sp, bs),
(

not A:accept(sp, b3)

A:accept(sp, by) < M:propose(sp, bi), W:propose(sp, by)

‘eq ually prefer SDOC}“. '

. 1 and Kirk, but Kenis j
W:propose(sp,br) <= not A:accept(ki, b1) unacceptable

W:propose(kt, by) < not A:accept(sp, by)
W:accept(by, b1) < not A:accept(sp, b1), not A:accept(ki, by) d
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Answer sets and stable sets

Connection between the answer set of a CASP program induced by an
SMP instance and the stable sets of marriages of that SMP instance:

% For every stable set I = {(m1,w1), (m2,wz), ...} of marriages of
a certain SMP instance, the CASP program induced by it has an
answer set which contains A: accept(m, w) for every (m,w) in I.

¢* Conversely, for every answer set I of the CASP program
iInduced by a certain SMP instance, the set of marriages
consisting of the couples (m, w) for which A:accept(m,w) isin I
IS a stable set of marriages.

k} The CASP program induced by an SMP instance solves the
SMP instance
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Future work

«¢* Using CASP to find ‘optimal’ stable matches
(matches that are more preferred than others)

*¢* Extending CASP with utilities to fit cooperative

games

contact: SofieR.DeClercg@UGent.be
20 of 20



mailto:SofieR.DeClercq@UGent.be
mailto:SofieR.DeClercq@UGent.be

