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Basiclldeas Of Preferendmased CBR

C The work done in this paper is a continuatiorpoévious
work by ( EHUllermeierand P. Schlegel, Preferenbased
CBR: First steps toward a methodological framewQ®&BR
2011).

C Previous work constructed a cabased inference
methodologyto predict a most plausible candidate solution
given a set of preferences on other solutions.

C In this paper we extend previous work by embedding this
method in a more general searddased problem solving
framework.



Goalsand Contributions

A searchibasedproblemsolvingframework

embeddinga method for predictinga most
plausiblecandidatesolution givena set of
on other solutions

This preferencaased framework well accommodates

the uncertain and approximate nature of calsased
problem solving, by allowing learning from comparing
alternative solution pairs instead of providing just a single
correct solution at the end.



ConventionalCBR

Experiences—— (z,y) € XxY
2 is an element fronproblem spaceX

Y is an element fronsolution spaceY

solution g optimally solves problenw

C!aadzySa SEA&AGSYyOS 2

C Potential loss of information

C Limited guidance in case of failed suggesti




PreferencebasedKnowledgeRepresentation

Experience «—— (z,y = z) € XxY
Yy mz 2
Yy 1s more preferred thanz as a solution forz
C Itis not required that one of these solutions is optima

C No loss of information

C A ranking of candidate solutions is given for guidance ¢
finding a solution




CasebasedRepresentation of Experience

C Drugdiscovery Findingligands(smallmolecule3 with
highbindingaffinity to atarget protein.

C CBRperspective protein = problem, ligand=solution



CasebasedRepresentation of xperience

C Showingwo dockingposesto adomainexpert chemist
pharmacis}, shecaneasilydecidewhichof the moleculedfits
better.

C Incontrastto this, shewill find it difficult to assigna numerical
scoreto an individualmolecule

C Moreover the notion of coptimalityais not well defined(the space
of moleculess hugeandonly partly known).



Oragle

Expert providing valid knowledge from which our preferences
are created:

C Expensively computed reference
CldzYly SELISNI Ay F FAStRY LK

C Expensive computer program
Oracle

CB




Problem SelvingFramewotk

Problem Space Solution Spacsy’
Oracle

1™ is the ideal solution forx

Assumption:¥Y4 =z, Y1 becauseAy(y4, y*) < Ay(yz 3 y*) 10
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A DiscreteCChoiceiModebforrPreferences oniSolutions

Preferences are created based on the idea that preferencg ef Y

depends on its distancg\y (y,y*) >( to an ideal solutiory™
WhereAy(y,y*) ia | a RSBbpIStEZ 7 T

and the probability of observing a preferencg > 2

IS

P(y - 2) = (1 +exp (= B(Ay(2,57) — Av (y, y*)))>_1

g

measure of precision



A DiscreteCChoiceiModebforrPreferences oniSolutions
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A DiscretecChoice/ModebforrPreferences onSoalutions

preciseobservationslow
levelof noise

Impreciseobservations high
levelof noise
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Casebased | Inferenee (Maximumikikeliheod: Estimation)

Gven set of observed preferences

D={y" =20},

assumed to be representative of current problem
WKEFEG Ada GKS Y2aid LY Ixdzaiof S a

among a given set of candidate¥y C Y ?



Casebased | Inferenee (Maximumikikeltheod: Estimation)

Solution Spacgy’

Eachpairwisepreferenceprovidesa hint at the ideal solution
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Casebased | nferenee (Maximumilkikeliheod Estimation)

To estimate parameter vectorg* — (y* g*) € Y x Ry

the loglikelihood of g = (y, 3) IS given by

U0) = £y, B) = = XLy log (1 + exp (= BAGY, ) = A, 1))
\

CBI (Case Based Inference) equation

The maximum likelihood estimatior®,;; = (yM~, ML) of §*
Isgivenby
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CBRaas arPreferencauided Search

Problem Spac& Case Base

Given a new problem
queryxy retrieve the K

nearest neighbors of this
problem, those with the

smallestAX from

The preferences of the nearest neighbors are collected from the CB and
are used to guide the search process.



