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What is a Semantically Annotated Resource?

A semantically annotated resource is any kind of good,
tangible or intangible (e.g. a document, a image, a product,

a service) endowed of a description that refers to a shared
ontology.

<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="rose"/>
<owl:Restriction>
<owl:onProperty rdf:resource="has_color"/>
<owl:minCardinality

rdf:datatype="#nonNegativelnteger">
. 1
Roses all white </owl:minCardinality>
</owl:Restriction>

<owl:Restriction>
<owl:onProperty rdf:resource="has_color"/>
<owl:allValuesFrom>

<owl:Class rdf:about="white"/>

</owl:allValuesFrom>

</owl:Restriction>

</owl:intersectionOf>
</owl:Class>
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What is a Semantically Annotated Resource?

A semantically annotated resource is any kind of good,
tangible or intangible (e.g. a document, a image, a product,
a service) endowed of a description that refers to a shared
OntOIOgy. <owl:Restriction>

<owl:onProperty rdf:resource="flight_booking"/>
<owl:allValuesFrom>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="Round_Trip"/>
<owl:Restriction>
<owl:onProperty rdf:resource="departure"/>
<owl:allValuesFrom>

<owI.:CIass rdf:about="Bari"/>
@ We book roundtrip flights form owiRestrictions
BARI to MILTON KEYNES e eoon>

<owl:onProperty rdf:resource="destination"/>
e — <owl:allvaluesFrom>
<owl:Class rdf:about="Milton_Keynes"/>
</owl:allValuesFrom>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:allValuesFrom>
</owl:Restriction>
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Resource Retrieval

Given a set R of available resources and a request q, find
and rank all the resources r,[IR such that they might satisfy

the request q.

e Classical text based Information Retrieval can be considered a sub-problem
of the Resource Retrieval one. In IR, resources are only documents.

ISSUES

e When a resource r; might satisfy/match q ?

e Can we determine criteria useful for match ranking?
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KR approach to Resource Retrieval

* Text Based Information Retrieval

e The model for both the query and the document (resource) is extracted based on
heuristic procedures for Natural Language.

e Such procedures also evaluate metrics in order to establish the match degree between
the two models

e ISSUE: The extracted model is not related to the semantics of the document.

* Semantic Based Resource Retrieval

e Semantic annotation rules out ambiguities of Natural Language. The model is explicit,
well-defined, as it refers to a common ontology.

o ISSUE: A problem arises about how well a single resource fits a particular request, or
whether there is a pool of resources that - suitably composed — can fulfill a request.
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Match: HOW TO evaluate?

In classical KR approaches to Resource Retrieval, typically, two inference services are exploited:

 Classification

* “Is the resource [ classified by the request q with respect to the common knowledge
base?”

* “Are all the request specifications within the resource description?”

Given a knowledge base kB: KB = r [1 q ?
e Consistency

* “Is the resource I consistent with the request  with respect to a common knowledge
base?”

*“Is in I any specification which contradicts the ones within ¢?”

Given a knowledge base kKB: KB EF A Q=1 ?
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The need for explanation

e Classification and Consistency limits

Classification relation represents a full match between the request and the
resource.

e A full match could not occur during the search process.
¢ A resource could be “almost” classified with respect to the request.

e Is it possible to hypothesize an explanation for the non-exact match?

In case of inconsistency, the requester might be interested in refining the
request in order to retrieve an appealing resource.

e The user should know which part of the request is not compatible with the
resource

o If a belief revision process is allowed, is it possible to suggest explanation
to the user on which part of the request should be revised?
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Explanation application

e Query refinement

The user could refine the request based on incompatibility explanation or,
in case of compatibility, on non-classification explanation hypothesis.

e Negotiation in P2P scenarios

In a P2P scenario, the request description and the one related to available
resources are not uniquely identified during a negotiation process. For
instance, the supplier is able to refine his resource offer in order to make it
more appealing with respect to the requester.

e Resource ranking based on the explanation “length”

Having a metric based on explanation semantics, it is possible to compute
a score, in case of non-exact match, representing how good is a resource
with respect to a request. Such score can be used to rank different
resources with respect to the same request.
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Example

Request: graduated(internal personne)) with experience in programming,

networking

Resourcel: Computer science engineer belotgig_to internal personnel

expert in networking

Networking?

e Resourcel does not completely match Request. The implication Resourcel [1 Request
does not hold. To reach an exact match, at least networking skills have to be hypothesized in
Resourcel.

Resource2: Graduated programmer, working as
and SAP

e Resource2 is not compatible with Request because of personnel type specification. In order
to gain compatibility, whether internal personnel in Request or consultant in Resource2
should be retracted.

Notice that once compatibility is reached, hypothesis can be formulated in order to make true
the implication Resource2contracted [1 Request (or Resource2 [0 RequeStcontracted)
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Theoretical framework

Three Kinds of Belief Changes

e Expansion: add some information
Why KB =r O q does not hold?
Add (hypothesize) some information in r

e Contraction: retract on some information
Why KB=ErAq=17?
Contract whether q (revise your request) or r

e Revision: first retract and then add information
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the INFORMATIONAL ECONOMY criterion

e Information is a precious good.
e We should change information as small as possible.

e Minimality criteria are necessary.

Expansion: Hypothesize explanation as small as possible.
Contraction: Contract your request as small as possible.
AS SMALL AS POSSIBLE: What does it mean?

e The explanation is dependent from the task.

e We could be interested in

e explanation with the minimal syntactical length (e.g. containing the minimum number
of terms)

e explanation depending on some semantic criteria (e.g. contract only terms in the
request representing concepts classified as NEGOTIABLE by the user)
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Description Logics

A family of logic-based knowledge representation formalism.

Elements:
e concept names (unary predicates): sets of objects.
e role names (binary relations): relations between objects.

o operators and quantifiers: combine basic elements to form concept and role
expressions.

Each DL allows a different set of operators and quantifiers:
ALICIINIHIT[QI[O]

Computational issues

OWL — DL : SHOIN(D) INTRACTABLE
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Inference Services in DLs (1)

Standard Inferences
Given an ontology T and two concept expressions
qandr

Subsumption (Classification)
Is r more specific than q (r = q) with respect to
the ontology?

Satisfiability (Consistency)
Is their conjunction (q 1 r) satisfiable with
respect to the ontology?
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Inference Services in DLs (2)

Non-Standard Inferences
Given an ontology T and two concept expressions q and r

Concept Abduction (Explanation Hypothesis)
If their conjunction (r 1 q) is satisfiable with respect to T, why the
relation r = q does not hold?
May we hypothesize a concept expression H such that
rmHCq?

Concept Contraction (Inconsistency Explanation)
If their conjunction (r 11 q) is not satisfiable with respect to T, is it
possible to formulate an inconsistency explanation for r
(respectively for q) ?
What should be given up (G) and what should be kept (K) in r
(respectively in q) in order to regain satisfiability ?
Why r 1q is not satisfiable?
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Resource matchmaking via Contraction and
Abduction: example

T = { PC = Computer [ JhasOS
HomePC C PC [] VhasOS .MS [] dJpointer
HighLevel C dcost [] Vcost.Expensive
Expensive C —-Cheap

g = HomePC [] dmonitor [] Vpointer.Vcost.Cheap
r=PC[] Vpointer. (Mouse [| HighLevel) [] VhasOS.Unix

r vs.q
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Resource matchmaking via Contraction and
Abduction: example

T = { PC = Computer [1 FhasOS

/r HomePC C PC [] VhasOS .MS [] dJpointer

HighLevel C dcost [] Vcost.Expensive

| Expensive C —Chead

| MS = —Unix}

q =|HomePC|[ ] dJmonitor [|Vpointer.Vcost. Chlgép
r=PC []|Vpointer| (Mouse [||HighLevel) hasOS.Unix

Gqg = HomePC [] Vpointer.Vcost.Cheap

Kq = PC [1 dpointer [|dmonitor

H,, = Jdmonitor
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Proposed Minimality Criteria

« maximal under &,

e minimum length (<)

e minimal conjunctions (1)

e negotiable and strict constraints

e penalty functions (Cali et al. KES'04)
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Concept Covering via Concept Abduction

Given an ontology T, a set of concept descriptions
R={r,, r,, 3 ...,r,} and a concept q.

A Concept Covering Problem(CCoP),is finding, if it exists, a
subset of concept descriptions Rc < R, such that
e the conjunction of all concepts r, € Rc is consistent

w.r.t. the ontology T
TerMr=1
e a solution for the related Concept Abduction Problem
Te(Mrp)NMHEQ
IS such that H = q does not hold.
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Concept Covering for composed resource retrieval

GREEDYsolveCCoP(R,q,T)
Input concepts q, ri € R, i=1...k, q e ri satisfiable in T
Output (Rc,H)
begin algorithm
Rc =&;
e Try to cover q as much as possible g_uncovered = q;

solving Concept Abduction Problems :min =q;
(o]

rmn=T

reachrie R

if Rc U {ri} is a cover for q_uncovered then
H = solveCAP((L, ri, g_uncovered, T));

e Choose the resource r; with less if H < H_min then

explanation hypothesis > r_min = ri;
H_min =H;
end if
end if
e Return the composed resource and end for each
what is yet to be hypotesized w.r.t. q if r_min # Tthen
R = R\ {ri};
Rc = Rc U {ri};

g_uncovered = H_min;
end if
while (r_min # T);
return (Rc, q_uncovered);
end algorithm
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Investigated scenarios

° e-commerce
e negotiable and strict constraints in e-commerce for negotiation

e demand vs. supply classification and ranking

e skill matching

e automated job assignment and team composition

e e-learning

e concept covering for automated courseware creation

sautomated Web Services orchestration

e create a ws execution flow with respect to a given request, using ws profile
description
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OWL - DL and ALN

C <owl:Class rdf:ID = “C”/>
R <owl:0ObjectProperty rdf:ID = “R”/>
<owl:Thing/>

1 <owl:Nothing/>
ACC <rdfs:subClassOf/>
A=C <owl:equivalentClass/>
<nR <owl :maxCardinality/>
>nR <owl:minCardinality/>
=nR <owl:cardinality/>

- A <owl:disjointWith/>

iR <owl:someValuesFrom/>
VRC <owl:allValuesFrom/>
CnbD

<owl:intersectionOf/>

Polynomial in time
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MaMaS: MatchMakerService

©7::: MAMAS : : : home page : : - Microsoft Internet Explorer M=) |
Fle Modifica \Visualizza Preferii  Strument  ? '.!F
— — e ’ = —, _ >
@Indietro i > | |1'] @ r';‘] >~ | Cerca “;::? Preferit '@} - .-_-; 5 E ﬁ
Indirizzo ﬁ http: /fdee 227, poliba it: 3080 /MAMAS -devel findex, himl |1] ual Collegament **
Google - | v| Bpsearchweb ~ Gsearchsite 2 P O @ Tt @ & -

tch ker ervice

ﬁ PR R AR e

__home | _description | demo | download | contact

This is the home page of MAMAS project.

MAMAS is an extended implementation, available via HT TP, of the
matchmaker module presented in [1]. It allows both to compute the
semantic similarity between two individuals expressed in an ALN
Description Logic [see ALN DL and OWL-DL] with respectto a
reference ontology and to solve Concept Abduction Problems [2]. |t
embeds a modified version of the original NeoClassic, from AT&T
labs, implementing both rankPotential and rankPartial presented in
[1] and findlrred presented in [2].

e |

http://dee227 .poliba.it:8080/MAMAS-devel/
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MaMaS: MatchMakerService

File Edit ?

Reasoner address |

DIG Text to MAMAS [ Tells | Asks | MaMa | GetiD |

#xml wersion="1.0" encoding="I530-8559-1"-
asks xmlns="http: //dl.kr.org/dig/lang” xuwlns:ixsi="http: /v w3, org/ 2001 LA chena—
<matchlake 1d="g8">
<individual name="Toylntology#SRV1™ /=
<indiwidual name="Toylntology#D'™ /=
</matchMakes-
<abiduce id="§"> it e
<individual name="ToyIntology#SRV1™ /= L g
Lindiwidual name="ToyIntology#D' /= =
abduce T
1] Il | [ ¥
@| E] L:: i
DIG Text from MAMAS
7xml werzion="1.0" encoding="UTF-58"2> &
responses xmlns="http: //dl.kr.org/dig/lang” xmlns:xsi="http: /A w3, org /2000 AMLE0—
<matchMake id="6">
<type name="rankPotential™ /=
<result num="z2" />
</matchMakes- 1
<conceptiet id="6"> T
<and>
<caton name="ToyOntology#home PCT /-
= fard-
</foonceptiets L
Jresponsess |
-
4] [ KT | OK H Cancel |
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