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Abstract. Recently, more and more web services are being made avail-
able and their use can potentially highly increase cooperation in P2P
systems, where different partners intend to share and exchange digital
resources. A major concern, in this framework, is related to the devel-
opment of semantic driven techniques for description and organization
of available services in semantic communities for discovery purposes. We
propose an ontology-based Semantic Driven Service Discovery approach
in P2P systems, where peers are organized in a semantic community to
support effective automation of service discovery. In the approach ontolo-
gies are exploited both to improve precision and recall of search results
by means of an innovative service matchmaking strategy and to organize
services in the community by means of intra-peer and inter-peer semantic
links. Some experimental results are briefly discussed.

1 Introduction

Recently, an ever-growing number of web services are being made available to in-
crease cooperation and in P2P systems, where different partners intend to share
and exchange digital resources. Automation of service discovery is a crucial as-
pect in this context. P2P systems are featured by lack of a common understand-
ing of the world and high heterogeneity in resource description. A major concern
is related to the development of ontology-based techniques for description and
organization of available services in semantic communities for discovery pur-
poses. However, members of a P2P semantic community cannot be constrained
to use the same reference ontology. In our application scenario, each peer of the
community adopts its own ontology (called peer ontology) to express domain
knowledge related to service descriptions.

During community constitution, we assume that a peer called promoter
spreads out a manifesto containing a relevant portion of its peer ontology, ex-
pressing a core domain knowledge for the community. A peer that aims at joining
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the community matches its own peer ontology against the manifesto and replies
to the promoter. Once the community is established, services registered on the
community members can be searched through ontology-based techniques. When
the peer receives a service request expressed in terms of a different peer ontology,
an innovative ontology-based service matchmaking procedure must be applied
and strategies to forward the request over the P2P network must be exploited
to improve discovery efficiency and avoid network overloading.

In particular, in this paper we propose the Semantic Driven Service Discovery
approach for open P2P systems, that applies the service matchmaking strate-
gies introduced in [5]: (i) to improve discovery results working with different
peer ontologies in a distributed scenario; (ii) to improve performances through
the identification of semantic connections between the peers of the community
(called inter-peer semantic links) by comparing their service descriptions. This
ontological framework extends functionalities of traditional UDDI Registry, im-
proving keyword-based searching strategies.

The paper is organized as follows: Section 2 shows how different peer ontolo-
gies can be used to enable service discovery in P2P systems; Section 3 presents
the adopted matchmaking models, while Section 4 explains how these models
are used to define semantic links for optimization purposes; Section 5 gives some
experimental results; Section 6 compares our approach with related proposals in
literature; finally, in Section 7 final considerations and future work are discussed.

2 Exploitation of peer ontologies

We consider a P2P semantic community, where each peer can be a service
provider or a broker where service descriptions are published in a UDDI Reg-
istry extended through its own peer ontology to provide semantic knowledge re-
lated to service descriptions. Brokers are in charge of receiving service requests,
applying matchmaking models on services published locally and forwarding re-
quests to the other brokers. Service descriptions represent functional aspects,
based on the UDDI and WSDL standards, in terms of service category, ser-
vice functionalities (operations) and input/output messages (parameters). Each
peer ontology is constituted by: (i) a Service Functionality Ontology (SFO), that
provides knowledge on the concepts used to express service functionalities (op-
erations); (ii) a Service Message Ontology (SMO), that provides knowledge on
the concepts used to express input and output messages (parameters) of ser-
vices. In general, a service request description could contain terms not defined
in the peer ontology of the broker to which the request is sent. To deal with
this problem, the peer ontology is extended by a thesaurus that provides terms
and terminological relationships (synonymy SYN, broader /narrower term BT/NT
and related term RT) with reference to names of concepts in the ontology. In
this way, the resulting extended registry (called Semantic Peer Registry) enables
enlarged matchmaking capabilities when looking for correspondences between
elements in service descriptions and concepts in the ontology. Furthermore, we
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assume that a broker can serve more semantic communities, that is, its registry
can contain descriptions of services offered by different communities.

The joint use of the peer ontology and the thesaurus allows to define the two
basic concepts presented in the following.

Definition 1 (Name Affinity coefficient). Given the thesaurus TH, the
Name Affinity coefficient between two terms t,t' € TH, denoted by NA(t,t'),
is: (i) 1.0 if t = t'; (i) maxy(t(t =L ) if t # ' At = #'1 > 1, where
L't' denotes a path of terminological relationships from t to t'; (iii) 0.0
otherwise. A weight oy € [0,1] is associated to each kind of terminological
relationship tr, in order to evaluate its implication for mame affinity; in our
experimentation, osyny = 1, opr/ny = 0.8 and orr = 0.5. The function
(it =l t) = H;Zl(at,«k) € [0,1] defines the strength of t —! t' as the pro-
duct of the weights of all terminological relationships in the path. Since between
two terms in the thesaurus there can exist more than one path, the one with the
highest strength is chosen. We say that t and t' have name affinity (t~t') if and
only if NA(t,t") > «, where o > 0 is a threshold given by experimental results
to select only terms with high values of the name affinity coefficient.

t —

Definition 2 (Affinity-based subsumption test). Given an atomic concept
C in the peer ontology PO, we define the set of terms in the thesaurus that have
name affinity with a given concept as Cry = {TE€TH | T~C}. Analogously, we
define the set of concepts of PO that have name affinity with a term T in TH
as Tpo = {CePO | T € Cry}.

Given the peer ontology PO, the thesaurus TH and a pair of terms T1 and
T2 wused in service descriptions to denote service elements, T'1 is subsumed by
T2 with respect to TH, denoted by T1 CTry T2, if and only if there exists
C € Tlpo and D € T2po» such that C T D is satisfied in PO. Note that we
pose T1 =74 T2 if both T1 Eq9 T2 and T2 Sy T1 hold.

3 Service matchmaking model

The Name Affinity coefficient and the affinity-based subsumption test are ex-
ploited to perform service comparison according to different matchmaking mod-
els [5]: (a) a deductive model, based on deduction algorithms for reasoning on
service functional descriptions [4]; (b) a similarity-based model, where the degree
of match between services is measured [6]. These matchmaking models are com-
bined together to produce better searching results according to precision and
recall values, as shown in Section 5.

In the deductive model, the affinity-based subsumption test is exploited to
determine the match type between a service request R and a supplied service
S, considering separately service elements (categories, operations, parameters),
as summarized in Figure 2. A formal description of these match types to infer
the match between two service descriptions is given in [5]. During a pre-filtering
phase, categories are used to select a set of services, called candidate services,
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Fig. 1. Similarity Coefficients between service descriptions R (request) and S (supply).

that have at least one associated category related in any generalization hierarchy
with the category of R in peer ontology.

Similarity-based model applies the Name Affinity coefficient between service
elements to quantify the service similarity. In particular, exact and plug-in
matches denote that the supplied service completely fulfills the request and ser-
vice similarity is set to 1.0 (full similarity); if mismatch occurs, the similarity
value is set to 0.0; finally, subsume and intersection matches denote partial
fulfillment of the request and similarity coefficients exposed in Figure 1 are com-
puted. Matching results are only those services such that the match type is not
mismatch and GSim value is equal or greater than a global similarity threshold

J.
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MatchType Description

Exact S and R have the same capabilities, that is, they have: (i) equiv-
alent operations; (ii) equivalent output parameters; (iii) equiva-
lent input parameters

Plug-in S offers at least the same capabilities of R, that is, names of
the operations in R can be mapped into operations of S and, in
particular, the names of corresponding operations, input param-
eters and output parameters are in any generalization hierarchy
in the peer ontology

Subsume R offers at least the same capabilities of S, that is, names of the
operations in S can be mapped into operations of R; it is the
inverse match type with respect to plug-in

Intersection S and R have some common operations and some common I/0O
parameters, that is, some pairs of operations and some pairs of|
parameters, respectively, are related in any generalization hier-
archy in the peer ontology

Mismatch Otherwise

Fig. 2. Classification of matches

4 Definition and deployment of semantic links

We propose optimization strategies based on the use of semantic links between
services. These strategies aim at reducing the number of service comparisons
according to the matchmaking models introduced above, finding all local ser-
vices that fulfill the request and decreasing the network overload. Two kinds of
semantic links can be established: (a) semantic links between services belonging
to the same peer (intra-peer semantic links); (b) semantic links between services
belonging to different peers (inter-peer semantic links). In the latter case, the
related peers are referred as semantic neighbors. A peer p; is a semantic neighbor
of another peer p; with respect to a service description S; if there exists a service
description §; published on p; such that S; and S; are related by an inter-peer
semantic link. A semantic link is defined as a 4-uple:

sl =< source, destination, MatchType, GSim > (1)
where source and destination identify the services related through the semantic
link, MatchType the match type and GSim the global similarity value. Semantic
links are established once the semantic community is established. To do this, it
sends a probe service request for each service it wants to make sharable; this
probe service request contains the description of the service functional interface
(categories, operations, I/O parameters). The probe service request is sent to
all the other peers of the semantic community. Each peer receiving the probe
service request matches it against its own service descriptions by applying the
matchmaking techniques explained in the previous section. Note that, in a P2P
context based on UDDI technology, a service is identified by: the businessKey
and serviceKey in the UDDI Registry and the IP address of the host on which
the UDDI Registry is located.
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Service functional descriptions related by means of semantic links are stored
in a service ontology for each peer of the semantic community. In particular,
the peer knows its services, intra-peer semantic links between them and inter-
peer semantic links towards its semantic neighbors. Intra-peer semantic links
are exploited during service discovery on the broker that receives the request, to
prune the set of candidate services and reduce the number of service comparisons.
Inter-peer semantic links are used to select a subset of semantic neighbors of the
broker that receives the request, making request forwarding over the community
more efficient.

Pruning of candidate services. In this phase, we exploit previously estab-
lished matching results and intra-peer semantic links to infer a match or a mis-
match between request and candidate services. Our purpose here is to avoid the
application of the hybrid matchmaking model if this is not strictly necessary, but
at the same time to identify each offered service matching the request. Therefore,
the expected result of the pruning process is an improvement of performances
in the proposed approach. From an operative point of view, we suppose that
the match type between the request R and a candidate service S; offered on a
given peer has been already established. Now, intra-peer semantic links relating
S1 with other offered services can be considered. For instance, if match(R,S1)
evaluation results in a plug-in match and there exists a semantic link between
&1 and S; that states that match(S;,S2) is a plug-in, we can infer that also the
match(R,Sz2) is a plug-in. Generally speaking, given a match type between R
and S; and a semantic link between &; and Sy it can occur that:

- exactly one match type between R and Sy can be inferred, therefore it is not
necessary to apply the matchmaking model to evaluate the match between R
and So;

- a mismatch between R and Sy can be inferred; also in this case it is not nec-
essary to apply the matchmaking model;

- more than one match type between R and Ss can be inferred, allowing to re-
strict the set of possible match types;

- nothing can be inferred from the available information.

Figure 3 provides the details on all the different cases that can occur and
shows the matches or mismatches that can be inferred in each case. The column
headers of the table describe match types associated to a semantic link between
S1 and S3. The row headers describe possible match types between R and Sj.
An cell is empty if nothing can be inferred in association with a given column
and row.

Selection of semantic neighbors. Given a service request R sent to a peer
p, the peer searches for suitable services in its own Semantic Peer Registry and
retrieves a list C'S = {(S1, GSimy, mt1), ...(Sn, GSimy, miy)} of services with
corresponding similarity values GSim; > ¢ and match type mt; different from
mismatch.

If a service §; € C'S presents an exact or a plug-in match with the request,
then S; satisfies completely the required functionalities and it is not necessary to
forward the service request to semantic neighbors with respect to S;. Otherwise,
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match(51,S2) [exact plug-in subsume intersection mismatch
match(R,S;1)
exact (exact) (plug-in) (subsume) (intersection) (mismatch)
1.0 1.0 GSim(81,S2) GSim(S1,S2) (0.0
plug-in (plug-in) (plug-in) - (plug-in OR (mismatch)
intersection OR
mismatch)
1.0 1.0 - - 0.0
subsume (subsume) (exact OR (subsume) (subsume OR  [(subsume OR
plug-in OR intersection) intersection OR
intersection OR mismatch)
subsume)
GSim(R,S1) |- - - -
intersection [(intersection) [(plug-in OR (intersection OR |- (intersection OR
intersection) subsume OR subsume OR
mismatch) mismatch)
GSim(R,S1) |- - - -
mismatch (mismatch) (plug-in OR (mismatch) (plug-in OR -
intersection OR intersection OR
mismatch) mismatch)
0.0 - 0.0 - -

Fig. 3. Exploitation of intra-peer semantic links to prune the set of candidate services.

if S; presents a subsume or an intersection match with the request, the peer
p forwards the request to those peers that are semantic neighbors with respect
to S;. Peer p does not consider semantic neighbors that present a subsume or
an exact match with §;, because this means that they provide services with
the same functionalities or a subset of §; functionalities and they cannot add
further capabilities to those already provided by S; on the peer p. This phase
is repeated for every §; € CS. Semantic neighbors which present inter-peer
links with any service S; stored on p, but not included in C'S, are discarded
since they are not relevant with respect to R. Each selected semantic neighbor
sn presents a set of k inter-peer semantic links with some services on p that are
suitable for R. It is described as (sn, {(S1, GSimy, mt1),...{(Sk, GSimg, mty)}),
where S ...S, € CS and have a semantic link with some services stored on sn,
featured by GSim; ...GSimy similarity degree and mt; ... mty type of match,
respectively. Note that this formulation holds even if sn has more than one
service related to the same service S; € C'S.

Since the relevance of sn does not depend only on the similarity associated to
the semantic links between p and sn, but also on the similarity degree between
S; € CS and R, the harmonic mean is used to combine these two aspects.
Therefore, the relevance of a semantic neighbor sn is defined as:

1 XL 2% GSim; x GSim(R, S;) 5

s T 22 T GSim, + GSim(R, Sh) @

Relevance values are used to rank the set of semantic neighbors in order to filter

out not relevant semantic neighbors (according to a threshold-based mechanism)

and to further constrain the request forwarding (according to a token-based

strategy). The harmonic mean is used here to combine the similarity values

between the request and locally offered services with the similarity values of
semantic links.
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5 Experimental evaluation

Our approach is supported by the COMPAT MatchMaker Version 1.0, imple-
mented in Java as a Web application. The MatchMaker exploits reasoning facil-
ities of RACER OWL-DL reasoner Version 1.9. We applied the MatchMaker on
a set of 480 web services specified in WSDL1.1 and covering touristic, e-banking,
ERP and geographic application domains and a set of 10 queries formulated us-
ing both terms extracted from the peer ontology and terms that are not defined
as atomic concepts of the ontology.

Recall-Precision Curve
1.02 T T T T T
—— DLbased
= - DLbasedWithAff| |
— 4 — SimilarityBased
—%— - HybridWithAff
OWLS-M4

!

Precision

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Recall

Fig. 4. Comparison of hybrid, deductive and similarity-based matching models on the
basis of recall-precision performances.

Figure 4 shows the Precision-Recall curves by applying the deductive (with
and without affinity-based subsumption test), the similarity-based and the hy-
brid matchmaking models, compared with another hybrid approach exposed
in [7]. We evaluated the average values of precision and recall over the service
requests by varying the global similarity threshold § to filter out relevant results.
Application of deductive matchmaking model presents high precision values, fur-
ther improved by the joint use of peer ontology and thesaurus in the affinity-
based subsumption test. Similarity-based matchmaking model is featured by
lower precision values, although it is better than traditional IR metrics due to
the use of similarity coefficients explicitly meant for service comparison. The best
performances are obtained by applying the hybrid matchmaking model. Figure 5
depicts the response time for different matchmaking models, showing that the
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hybrid matchmaking performs quite linearly with the number of considered ser-
vices. Therefore, improvement in precision and recall offered by matchmaking
model is paid in term of a higher response time with respect to other approaches.
However, further experimentations aim at demonstrating that the application of
the proposed optimization rules based on semantic links will improve the overall
performances of the discovery approach due to the lower number of comparisons
among service requests and advertisements.

Response time
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Fig. 5. Average response time of hybrid, deductive and similarity-based matching mod-
els.

6 Related work

Semantic description of services in a P2P context and semantic links between
peers based on services they provide is a crucial aspect to improve effectiveness
and performance of peer discovery. Several proposals have been made in liter-
ature to enable semantic-enhanced service discovery. Their main features are
summarized in Table 1. Some of these approaches use centralized ontologies:
GloServ [1] defines a predefined skeleton ontology, represented as a taxonomy of
concepts each of them representing a category of services, that in turn is asso-
ciated to an high level server. Each server represents a P2P network of nodes
organized via a Content Addressable Network (CAN) [10]. These peers provide
services belonging to the category represented by the ontological concept as-
sociated to their own server. The skeleton ontology is a centralized structure,
replicated and cached in each of the high level servers.



Table 1: Comparison between approaches for P2P service semantic discovery

[System

[[Network architecture

| Semantic infrastructure

[Service publishing

[Service discovery

METEOR-S [12]

focus on:
- semantic overlay

hybrid P2P;

special peers are intro-
duced to handle a global
ontology;

- a centralized registries ontology to classify peer
registries;

- local domain specific ontologies to provide ser-
vice semantics;

- no semantic links between peers;

- semantically enriched WSDL to describe ser-
vices

- service semantic de-
scriptions are kept in
semantically enhanced
UDDI registries

two phases:

(a) browsing of the registries ontol-
ogy to find the proper registry;

(b) deductive-based service profile
matching based on I/O comparison

- semantic overlay

- service semantic descriptions are made accord-
ing to semantically enriched WSDL;

cal UDDI registries

DAML-S for||pure P2P - local DAML-S ontologies to describe services; |- service semantic de-|deductive-based service profile
P2P [9] - no semantic links between peers scriptions are kept in lo-|matching based on I/O comparison
cal UDDI registries ex-

focus on: tended with DAML-S

- service match- ontologies

making

WSPDS [3] pure P2P - local ontologies to provide service semantics; |- service semantic de-{deductive-based service profile
- semantic links between peers based on similar-|scriptions are kept in se-|matching based on I/O comparison

focus on: ity of services they provide; mantically enhanced lo-

GloServ [1]

focus on:

- semantic overlay
- network architec-
ture

hybrid P2P network, with
high level servers and
peers in a Computer Ad-
dressable Network (CAN)
organized according to a
concept taxonomy

- centralized ontologies (skeleton ontology and
thesaurus) replicated in each high level service;
- CAN lookup table to store information about
peer contents inside the CAN networks;

- service semantic descriptions are made accord-
ing to semantically enriched WSDL

- services are provided
by peers organized in the
CAN networks

two phases:

(a) browsing of the taxonomy of con-
cepts to find the proper high level
server;

(b) keyword-based search through
the CAN lookup table

WSMO-based
P2P [11]

focus on:
- network architec-
ture

pure P2P;

network is organized as
n-dimensional hypercube
(according to the Hyper-
Cup model) with the pur-
pose of improving routing
efficiency

- hypercube infrastructure built according to an
ontology;

- peers are clustered according to an ontology con-
cept and form a hypercube dimension;

- service semantic descriptions are made accord-
ing to the WSMO model

- service descriptions are
kept in the WSMX reg-
istry;

- service organization is
flat

keyword-based matching on the non-
functional service description

Artemis [2]

focus on:

- semantic overlay
- medical domain
specific services

hybrid P2P,

with  mediator super-
peers: each peer registers
to a mediator and sends it
both advertisements and
requests

- each peer has a coarse-grained Service Func-
tionality Ontology (SFO), to classify services,
and a fine-grained Service Message Ontology
(SMO), to annotate services with medical con-
cepts, based on medical information standards;
each mediator super-peer keeps reference SFO
and SMO and stores mappings among these and
corresponding ontologies of the peers

- service descriptions are
stored in UDDI reg-
istries on the mediator
and annotated with on-
tology concepts saved in
an ebXML registry on
the mediator

(a) a peer sends a request to its refer-
ence mediator expressed in terms of
its own ontologies;

(b) the mediator uses ontology map-
pings to find matching services in its
local registries;

(c) the mediator also forwards the re-
quest to the other mediators

0T

Te % Turpuelg



Service Matching and Discovery in P2P Semantic Community 11

Service discovery is organized in two phases: (a) browsing of the taxonomy of
concepts to find the proper high level server; (b) keyword-based search through
the CAN lookup table.

WSPDS [3] describes a P2P network where peers have local DAML-S on-
tologies to provide service semantics and semantic links with other peers based
on similarity of services they provide. When a request is submitted to a peer,
it searches for local matching results and forwards the request to all the se-
mantic neighbors, independently of the current request or the local results of
the query. Also in WSMO-based P2P [11] the centralized ontology is used to
organize peers of the P2P network as a n-dimensional hypercube (according to
the HyperCup model); service semantic descriptions are made according to the
WSMO model [8]. Service descriptions are stored in a registry and there is no
use of semantic links between peers. METEOR-S [12] uses a centralized organi-
zation of peer registries, where service descriptions are kept in UDDI Registries
semantically enhanced with local domain specific ontologies, while a central-
ized registries ontology is used to classify peer registries. During the discovery
process, the registries ontology is browsed to find the proper registry to which
submit the request. Sometimes, to overcome the heterogeneities between ontolo-
gies, it is required a manual-defined mediator-based architecture. For example,
ARTEMIS [2] defines a network of peers, each of them has a coarse-grained
functionality ontology to classify services and a fine-grained message ontology
to annotate services with medical concepts, based on medical information stan-
dards. Each peer registers in a mediator super-peer the services it provides. A
peer sends a request to its reference mediator expressed in terms of its own on-
tologies; mediator uses ontology mappings to find matching services in its local
registries and also forwards the request to other mediators. Rarely semantic links
between peers are considered and so the request is broadcasted on the network
increasing its overload. In DAML-S for P2P [9] it is considered a network of
peers, where each member stores a local DAML-S ontology to describe services;
service semantic descriptions are kept in local UDDI registries extended with
DAML-S ontologies. No semantic links are maintained between peers that pro-
vide similar services. Moreover, if a peer does not satisfy a request a flooding
mechanism is used to find candidate services on the other peers of the network.

Original contribution of our approach relies on the application, in a flexible
way, of similarity-based and deductive matchmaking models to increase pre-
cision and recall. Deductive service matching is performed with a joint use of
information coming from peer ontologies and terminological aspects to deal with
different reference ontologies in a P2P semantic community. Moreover, semantic
links between services are exploited to speed up the discovery process and to
make more efficient service request propagation on the network.

7 Concluding remarks
In this paper, we proposed the application of ontology-based strategies: (i) in an

innovative service matchmaking technique, that combines different matchmaking
models to improve discovery results; (ii) in the organization of services by means
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of semantic links, in order to improve performances during service discovery in
a semantic community built on the top of a P2P network. Heterogeneity in P2P
systems is considered, without constraining peers to use the same reference ontol-
ogy. Further experimentation will evaluate the impact of the proposed approach
on service discovery in P2P networks according to well-known parameters (such
as network overloading) and concrete applications (e.g., scientific collaboration
in medicine between healthcare organizations) will be studied.
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