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Abstract. Dynamic composition of web services is a promising apprceauth
at the same time a challenging research area for the disaganirof service-
oriented applications. It is widely recognised that sendgemantics is a key ele-
ment for the dynamic composition of Web services, sincdatrd the unambigu-
ous descriptions of a service’s capabilities and pararmetdris paper introduces
a framework for performing dynamic service composition kpleiting the se-
mantic matchmaking between service parameters (i.e.utsugmd inputs) to en-
able their interconnection and interaction. The basicrapsion of the framework
is that matchmaking enables finding semantic compatisliamong indepen-
dently defined service descriptions. We also developed gosition algorithm
that follows a semantic graph-based approach, in which phgrapresents ser-
vice compositions and the nodes of this graph representrgan@nnections
between services. Moreover, functional and non-functipraperties of services
are considered, to enable the computation of relevant ared suitable service
compositions for some service request. The suggestedeadetfunctional level
service composition framework is illustrated with a reiidispplication scenario
from the IST SPICE project.

1 Introduction

An important benefit of the Service-Oriented Architectu3©4\) is that it enables dy-
namic service binding, which allows service users to discoselect and invoke ser-
vices at runtime. Web services technologies [1] provideiBle technical foundation
for developing and deploying loosely coupled and reusaitevare components, which
can be invoked through their service poltégeb servicesre distributed and program-
matically accessible over standard Internet protocold jraieroperate independently of
the programming languages, operating systems and hargedaferms used to imple-
ment them. Therefore, Web services technologies offerghaufe richness, flexibility
and scalability needed by enterprises to profit from the Seveffits.

Automated service discovery, selection and compositiereapected to enrich the
experience of service end-users through value-addedcssnand to allow automated
processes to interact with minimal human intervention f&jwever, some work still



has to be done to appropriately support dynamic and autahsateice discovery, se-
lection and composition with the current Web services tetidgies. The automation of
these tasks requires some knowledge about the servicdsasu(@) description of the
service capabilities, for example, in terms of the semaraiclOPEs (Input, Output,
Preconditions and Effects); (ii) process model, which jtes a description of the ser-
vice activities, interaction protocol and exchanged mgssa(iii) grounding specifica-
tion of the service, which describes the coding used to miaprivation onto messages
and the protocols used to exchange these messages. Thesemants are expected
to be covered by defining semantic models of web servicesguschniques from the
Semantic Web servicg3]. A Semantic web service is a web service described ina lan
guage with well-defined semantics. This feature of the S¢imameb services enables
different kinds of inference and reasoning based on thé@esemantic descriptions,
in order to facilitate dynamic service discovery, selattimd composition.

In order to tackle the challenge of service composition, thradshe work done
until now has focused on two main composition approachasehaby considering
functional [4—8] and process [9—12] service aspects. Tipecgeh based on functional
aspects aims at finding a sequence of atomic componentshobsan terms of their
IOPEs that matches a given query. This sequence can be esdoun the start condi-
tions provided by the query, so that the query goal is satisfi¢he end of the sequence.
The approach based on process aspects considers servatatefid processes with a
choreography represented in terms of sequential, conditi@nd iterative steps im-
posed by the service. These two composition approachesamglementary and form
an interesting trade-off to develop solutions for serviomposition [13].

In this paper we focus on a framework for service compostiased on functional
aspects, in which services are chained according to thegtifunal description (IOPES).
The suggested framework uses the Causal Link Matrix (CLMN&ism [14] in order
to facilitate the computation of the final service compositas a semantic graph. The
nodes of this semantic graph represent semantic connedigiwveen component ser-
vices. By computing a CLM we increase the amount of relevantise compositions
that can be obtained. The set of possible solutions are grutecomposition time,
in order to rank the service compositions according to aimopation criteria. These
criteria can be defined based on the semantic similarity ofpmment services and/or
the non-functional properties of the compositions caleday aggregating the non-
functional properties of the component services.

The rest of the paper is organized as follows: Section 2 rat##/our framework
with application scenarios and an example; Section 3 inited the SPICE Automatic
Composition Engine (ACE) architecture in which our framekvis used; Section 4
presents our framework for dynamic service compositiortiBe 5 comments on re-
lated work, and; Section 6 gives some final remarks.

2 Motivation

Dynamic composition of services aims at composing sentitassatisfy a given ser-
vice request from an end-user or service developer. Saraiecomposed of existing
atomic services, which are orchestrated in the service ositipn.



Once dynamic service composition mechanisms are avajltifdeservice creation
task performed by end-users and service developers is ecbe simplified. In this
paper we specially focus on the service developer scertaionte are developing on
the IST SPICE [15] project. In this scenario a service dgwel@ims at creating a new
service with some specific functional and non-functionalgarties. To achieve this, a
formalism should be used to describe these properties invicegequest, specifying
these properties unambiguously to allow automatic reagplp@sed on the service re-
quest. After the service request is specified, the framefaortlynamic service compo-
sition is capable of discovering, matching and composirgt afsservices that together
fulfil the request. The resulting compositions are retuttioetie service developer, who
should select the composition that best fits his needs. Tiesaleveloper may adapt
the selected composition further to fulfil more specific riegments. This process pro-
vides a service developer with a tool for automatically firgdand composing a set of
services that meet his needs, relieving him from the burdenamually dealing with
the whole service creation cycle.

2.1 Example

We consider an example in which a service developer wantsueldp a new service
that receives a piece of text, translates it to English, amdis the translated text by
SMS to a given destination number. In case no support isablaifor the service com-
position, the service developer is forced to create theigehy scratch by connecting
the available atomic services in the service compositiguiémentation manually. In
case an orchestration language such as WS-BPEL [16] isablailthe service devel-
oper can specify the service composition in terms of an atcaton of the atomic
services. In our example this corresponds to an orchestrafithe translation services
and SMS messaging services. The objective of our framewdrkgo one step further
and automatically generate service compositions that egiethe service developer
service request and also meet the non-functional proggig., cost, response time,
etc.) specified in the service request.

2.2 Service Request

Service developers specify service requests in terms aftatians that define the re-
quested service inputs, outputs, goals, preconditiofesstsfand ontologies. These an-
notations are references to elements defined on ontologgsitded in OWL [17]. An
example of annotated service request is:

<I nput >
<"LanguageOnt #Language" nane="srclLang">
<"LanguageOnt #Engl i sh" nanme="tr gt Lang" >
<"LanguageOnt #Text" nane="t xt ToTr ans" >
<"Tel econOnt #PhoneNunt’ name="dest Nunber " >
</l nput >
<Qut put >
<"Tel econDnt #AckSMS" nane="Acknow edgnent SM5" >
</ Qut put >
<Precondi ti ons/><Ef fects/ >
<Coal >
<"Coal Ont #transl ate">



<" Goal Ont #sendSM5" >
</ Goal >
<Non- f uncti onal >
<"NFPOnt #Cost " val ue=6>
</ Non- f uncti onal >
<Ont ol ogi es>
<"Goal Ont" "Tel econDnt” "NFPOnt" "LanguageOnt">
</ Ont ol ogi es>

These annotations indicate that the service developeestgja service that trans-
lates a piece of text to English and sends the translate®ye3MS to a given destina-
tion number. This is the running example used to illustratefamework for dynamic
service composition in this paper.

3 Automatic Service Composition Engine

The aim of SPICE is to provide a platform to support the dgwelent and deployment
of innovative and value-added services during their whifdedycle. The creation and
development of services is achieved in a service creatisim@ment, which allows
the manual creation of services for end-users and servisgafeers. The service cre-
ation environment also contains an Automatic Compositingiie (ACE), which au-
tomatically constructs a service that fits a service regassed by end-users or service
developers.

The SPICE ACE contains four basic componeB&mantic AnalyseComposition
Factory, Property AggregatoandMatcher. Figure 1 depicts the ACE architecture.
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Fig. 1. SPICE ACE Architecture

Figure 1 shows the two basic ACE usage scenarios: (i) an sadigsues a service
request in natural language (at runtime) and gets the midtab&iservice composition,



or (ii) a service developer issues a service request in soefledefined formalism (at
design-time) and gets a set of relevant service composition

The end-user is shielded from the complexity of the compwsjrocess by being
allowed to request services in natural language. Theseestgjare processed by the
Semantic Analyser, which constructs a formal service rsgaecording to the ACE’s
service request formalism. The resulting formal requdkivics the same structure used
by the service developer for defining service requests.

When a formal service request is defined, the CompositiotoRaqueries the ser-
vice repository for a service that matches the service tgifea match exists on the
repository, the matching service is returned. In case naimiatfound, the Compo-
sition Factory creates a composite service that matcheeetheest. In principle, the
Composition Factory may generate multiple alternative positions that match a ser-
vice request.

Services and service requests are characterized by thatidnal and non-func-
tional properties. Functional properties are the servigesls, inputs, outputs, precon-
ditions and effects. These properties are used to perfoeradtvice discovery, match-
ing and composition. Examples of non-functional propsréiee cost, security, perfor-
mance, reliability, etc. Non-functional properties aredi$o limit the space of com-
positions that fulfil the service request, and to rank theegated set of compositions.
Service and service request descriptions also contain dheaith ontologies used to
define the functional and non-functional properties in aambiguous form.

The Composition Factory uses the Property Aggregator topcetthe non-func-
tional properties of service compositions each time a newis®is added to a service
composition. The non-functional properties of the resglservice composition are cal-
culated by aggregating the non-functional properties effomic component services.

The set of generated service compositions is then passéz thlatcher compo-
nent, which matches each service composition with the sereiquest, using the aggre-
gated non-functional properties and the measures of sensamilarity. In the scenario
where the end-user requests a service, the best matchéatgiised to the end-user. This
matching is obtained by taking the user’s profile and cont&@gtrmation into consid-
eration, which are managed by the SPICE platform. In theas@@mhere the service
developer issues a service request, the full set of gemecat@positions is returned,
possibly ranked taking into account the resulting aggesjabn-functional properties
and/or the measures of semantic similarity.

4 Dynamic Web Service Composition

The Composition Factory componentis responsible for thatan of service composi-
tions based on a formal service request, and is the focussofelation. After receiving
the developer’s service request, the Composition Factoeyigs the service repository
in order to retrieve an unordered set of services requiredtopute the service com-
position. Semantic connections between web services amedsbn a CLM-, which is
then used to compute the semantic graph-based composiibrepresents the possible
service compositions matching the service request. Figugees an overview of the
steps performed by our dynamic service composition frannewo
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4.1 Causal Links

When using functional composition approaches, semantioections between differ-
ent component web services are the main issue to be handt@dén to create new
value-added web services. These connections are mainfyl usesemantically link
output to input parameters of web services, creating inhig simple sequential com-
positions of web services. A composition is defined as anreriset of web services
in which the web services of this set are semantically linikegiach other.

Input and Output parameter types of semantic web servieesarcepts defined
in an ontologyZ . These parameter types can be represented by using sordarstan
language, such as, e.g., OWL-S [18] (at profile level), WSKI@][(at capability level),
or SA-WSDL [20]. Retrieving the semantic connection betwego Web services,
ands, is similar to discovering the semantic similarity betweencaitput parameter
Out_s, of s, and an input parametdin_s, of s, (or vice-versa). Consequently, our
goal is to find a matchmaking [21] function between two knalgle representations
encoded using the same ontoldfjy Causal link$ [14] between web services not only
value these semantic matchmaking functions, but also me#sea quality of semantic
links between web services. In other words, a causal link figeire 3) describes a se-
mantic relation between an output paraméler_s, € 7 of a services, and an input
parametefn_s, € 7T of a services,. Therebys, ands, are semantically and partially
linked according to a matchmaking functiSm(Out_s,, In_s;). The matchmaking
function Sim+ determines the matchmaking type [23, 24] between these ananpe-
ters, and can have the following values:

— Exact () if the output parametedut_s, of s, and the input parametérn._s, of
s, are equivalent concepts; formally, = Out_s, = In_s,.

— Plugin (C) if Out_s, is sub-concept ofn_s,; formally, 7 = Out_s, C In_s,.

— Subsume Q) if Out_s, is super-concept ofn_s,; formally, 7 = In.s, C
Out_sy.

— Intersection () if the intersection olOut_s, andIn_s, is satisfiable; formally,
T W= Out_syMIn_s; C L.

% In Al planning area, causal links are sometimes cafiedection intervalg22].



— Disjoint (L) if Out_s,, andIn_s, are incompatible; formally7 = Out_s,
MIn_s, & 1.
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Fig. 3. Causal Link.

Since a causal link is related to a logical dependency amgng and output param-
eters of different web services, [14] defines a causal lirk@iple (s,, Sim7 (Out_sy,
In_sg),sz). s, ands, refer to two web services in a set of available web services
Sws. The concepOut_s, is an output parameter of the serviggwhereas the con-
ceptin_s, is an input parameter of the servigg. The matchmaking functioSim+
returns the matching type depending on the matching degeteebn the concepts
Out_sy,In_s;, € T. A causal link(s,, Simz(Out_s,, In_s;),s;) implies that (a)
sy precedes,, since an output of, is consumed by an input &f;, and (b) no web
service call is planned betwesp ands,,.

Definition 1 (Valid Causal link)
A causal link(s,, Simz (Out_sy, In_s;), s, is valid iff Sims(Out_s,, In_s;) is not
a Disjoint matchmaking.

The matchmaking type returned by the causal link is usefulaloe the possi-
ble semantic connection between two web services and alsompare links. Con-
sidering two web services, ands. with their respective output parametevsit_s,
and Out_s,. Considering a service, so that bothOut_s, andOut_s, semantically
match withIn_s,, Simy is able to quantify the two connectiof®@ut_s,, In_s,) and
(Out_s., In_s,) and also to order them with respect to the matchmaking.

Although the matchmaking®xact, Plugln, and Disjoint can be used without
any change to value causal links in a web service compositiumsal links valued as
Intersection or Subsume (also known as non-robust canga) lneed some refinements
to be fully efficient for causal links composition. Furthestdils on web service com-
position with non-robust causal links are given in [25].

Since a composition of web services consists of a partiadrooflweb services in
which these services are semantically chained by caugal iveb service composition
can be considered as a composition of causal links. Ther@idhis paper we simply
reuse and extend the CLM model to store the causal links teaetevant for service
composition.



4.2 Service Discovery

We perform service discovery based on the service requeds goorder to discover
candidate services for the composition. To discover thepdces we assume that all
the services in the service repository have a semantic gsarightion and references to
ontologies, which can be used to search and discover thaarglservices. Our frame-
work does not support service discovery; we simply assumavhilability of function-
ality to perform goal-based discovery in the service exeoutnvironment. In SPICE,
ontology-based discovery is expected to be supported bscawiry facility.

In our running example, two main goals have been defined foséhvice request:
GoalOnt#translate and GoalOnt#sendSM S. Using these semantic annotations,
the repository is queried for existing services that copkn wiese goals, or services
that have goals semantically close to these goals. We asthaha set of services
Sw s is returned, and no single service fully matches the sereigeest. Table 1 shows
a possible list of discovered servicég, 5, with respective inputs, outputs and non-
functional properties semantic types and values.

Table 1. Discovered Services

ServicgInput Output NF properties
S;1 |LanguageOnt#LanguafjeanguageOnt#EnglishText NFPOnt#Cost [L
LanguageOnt#English
LanguageOnt#Text
So |LanguageOnt#French |LanguageOnt#EnglishText NFPOnt#Cost #
LanguageOnt#English
LanguageOnt#Text
S3  |TelecomOnt#PhoneNuffielecomOnt#AckSMS NFPOnNt#Cost [L
LanguageOnt#Text
S4  |TelecomOnt#PhoneNuffielecomOnt#AckSMS NFPOnNt#Cost B
LanguageOnt#Text
S5 |TelecomOnt#AckSMS [TelecomOnt#SuccessProcgdEPONt#Cost [L

Table 1 shows that servicg is responsible for translating any text in any language
to English, wherea$; translates text from French to English. These web servifes r
to three simpleF L, ontologies, namely.anguageOnt, T'elecomOnt and N F POnt.
The properties of these parameters d&feylishText — Text, French T Language
andCost C N F Property.

4.3 CLM and Non-functional Parameters

We extend the definition of CLM [14] below by considering nofyocausal links but
also non-functional parameters of services. In this wayL& @xtended with non-
functional parameters, denoted as CtNtefinition 2), can be used in the automated
web service composition process by classifying web sesvicean appropriate way,
according to the causal link and the services’ non-funetigrarameters. All causal
links are pre-computed in the CLMto facilitate web service composition. The more
valid causal links can be found, the better the solution &ftinctional composition
problem.



Table 2. Labels of the rows; and columns:; of the6 x 6 matrix M.

i/j index 1 2 3 4 5 | 6
Ti.1abellCi.1abel | LANQUAgE French English| Text PhoneNunﬁAckSMS

Definition 2 (CLM™)

An extended CLM (CLM), M,, ,,, is defined as @ x p matrix of elementsn, ;,
which are a set of tripletss(, score, q,,) € Sws x {Exzact, Plugln, Subsume,
Intersection} x R with

(8y,score,qs,) = (sy, Simz(Out_s,, ), qs,)

Columns:; jeqi,... py @and rOWsr; ;¢ 1 are both labelled by nput(Sw) C T i.e.,
the inputs parameters of servic8g:; r; € 7 NIn(sy) is the label of the®” row such
that In(s,) is the set of input parameters &f; andc; € 7N (Input(Sw s)) is the label
of thej*" column,Out_s, € Out(s,).

A CLM T is a matrix with entries ifP(Sw s x {Ezact, PlugIn, Subsume,
Intersection} x R™). Each entry of the matrix refers to a set of tripleg, score, g5, ),
such that the score represents the semantic similarity dsstvan output parameter
Out_s, € Out(s,) of a web services,, and an input parameter of another web ser-
vice in Sy,. Therefore a CLM pre-computes the semantic similarities between all
output and input parameters of a closed set of web servieesaiset of relevant web
services for composition. According to definition 2, a CtMontains all enabled, le-
gal and valid links since causal links with/2isjoint score are omitted in the CL™
The value of causal link§im s (Out_s,, ¢;) between two parameters in a CLiMs
an element of the sdtExact, Plugln, Subsume, Intersection}. The latter set aims
at value the semantic connection between an output parafmetes, € 7 of s, and
¢; € Input(Sw ) with Ezact being the best anfintersection being the worst.

Moreover, a CLM aims at storing non-functional properties of web services a
a vector inR"™. Therefore, any service, referred to in the matrix contains not only
semantic connections with some other serviceS;pf, but also its own non-functional
propertiesz,, € R".

Example 1 (lllustration of the CLM" indexes and labels.)

Let{Si};ic(1,....6} be the set of web servicésy ; (table 1). The number of rows and
columns of the CLM is equal to 6 according to definition 2. Thus rows, columns of
the CLM" M are indexed by{1, ..., 6} and labelled by the concepts Language, French,
English, Text, PhoneNum and AckSMS, respectively (tablaR)efers to a CLM
with entries inP(Sws x { Exact, PlugIn, Subsume, Intersection} x R). The non-
functional properties ob; 1<;<¢ refer to a simple cost value iR.

The CLMT construction depends on the number of output and input peteamof
web services irbyy ;. Supposet(Output (Sws)) and#(Input(Sws)) be respectively
the number of output parameters of services$in, and the number of input param-
eters of services by ;. The algorithmic complexity for the causal link matrix con-
struction is6(#(Input(Sws)) x #(Output(Sws))) or O((Max{#(Input(Sws)),



#(Output(Sw))}?) so square in the worst case [26]. In other words, the CELMs
construction consists of finding a semantic similakityre between the output param-
eters of all web services, € Sy, and the input parameters of another web service
in Sy,. In casescore is not null, the triple(s,, score, g,,) is added in the CLM ac-
cording to definition 2. For further details [26] defines thieale process of the CLM
construction.

Example 2 (CLM™ illustration)

The entrymy 4 (i.€., Mrezt Texe) Of the matrix is equal tq(S1, 5, 1), (S2,C,4)}. In
Sws there is a serviceS; with an input parameter§’ext and an output parameter
EnglishText, which is semantically similar t@'ext. (S1, Sims(EnglishText,
Text), S3) is a valid causal link. Th&nglishText andText concepts match with the
Plug-in match(C in the matrix) according to the definition &fim+. In this way all

causal links are referred in the CLMM as follows & refers to theExact match):

0o {(51,C,1)} 0 0
000  {(S2C4) 0 0

M= | 90045 ED (52 E 00 0
000 {(S1.C,1),(52,C,4)} 0 {(53,=,1),(54,=.3)}
000 0 0 {(S3,=.1),(55,=.3)}
000 0 0 0

The key contribution of CLM is a formal and semantic model to represent and
manage a relevant set of services together with their nootional properties. Web
services ofSyy s are discovered first, to facilitate the composition proc@serefore
the set of web serviceS;y ; is closed in order to limit the dimension of CLLM Such
a model enables performance analysis of the proposed cdampeshy considering
causal links and non-functional properties of serviceClaims at pre-chaining web
services according to their semantic similarity based @ir tButput/Input specifica-
tion. CLM* describes all possible matchings between all the web sitSyy ; as
semantic connections. Moreover, the Citivhodel is an interesting trade-off to support
development activities such as services composition gatiin (valid causal link) or
repair, by insertion and deletion of web services in the cositjpns.

Once web services Sy, are semantically chained according to the causal link
criteria, the composition algorithm proceeds by geneggtie compositions graph.

4.4 Web Service Composition Process

The actual web services composition is performed using phgbased approach, start-
ing from the service request outputs, and possible effantscomposing backwards in
the direction of the service request inputs and possiblegnditions. The composition
algorithm is executed after performing service discovery @M+ construction. The
CLM™ contains the services that match the service request gmaldave valid causal
links. The algorithm aims at finding a set of services withadaterface matchings
(Ezact), but other semantic matchingBlugIn, Subsume, Intersection), are also
considered in the graph composition algorithm. This is ¢iséaapproach, since per-
fect matches may not always be possible. The non-functignoglerties are taken into
account to optimise the search for service compositiorssghfaph composition branch



Initializes N, and
discover in CLM+ services
that match Service Request
Outputs

Discover services that
match active node

A

NF properties
match service
request

Select next node, n(i), in N |(-

A

Partial
match Found

Add node to N

Fully
match Found

Remove matching inputs
from the list of requested
inputs

Fig. 4. Web Service Composition Algorithm

does not comply with the requested non-functional proggrthe composition on this
branch is aborted. Figure 4 depicts the graph-based sawmposition algorithm.

The algorithm define®/ as the set of nodes to be resolved. Each element ap-
resents a node with inputs that do not fully match the inptit@service request. The
algorithm initializesV with the services that provide outpubst(s,) from the original
service request. After that, the algorithm evaluates wérdtie retrieved set of nodes re-
quire the same inpuiB:(s() as the service request. If services that match both semantic
description®ut(sg) andIn(sy) are found, andV is empty, and the services satisfy
the non-functional properties of service request, thelgcapnposition algorithm stops.

In case the query returns another senstethat does not matchn(sq), but delivers
Out(sp) and matches the requested non-functional propertiess added taV. The
algorithm then processes each nedeof N, by searching in the CLM for services
that match the unresolved inputs (and possibly preconditions). For each matching
service found, the composition graph is checked, inspgetimether the composition’s
aggregated non-functional properties match the requestedunctional properties, if

it complies the service being resolved is removed from Nhéré is no match, the
composition graph branch that is being resolved is prunednimg that the elements
being resolved are removed frol, and the composition branch is removed from the
graph composition. Another heuristic that can be used taavwrealistic compositions
is to limit the graph depth, restricting in this way the maximnumber of services in a
service composition.

Applying the graph composition algorithm to the runningrexde, in the first step,
services that provide as outputdnk S M S, defined on th& elecomOnt ontology, are
selected. Two servicgsSs, Sy} are found in the CLM matrix. None of these services
fully match the service request inputs, but they provid&anct match to one of the re-
quested inputsRhone Num), so in these branches this requested input is set as solved
for the graph composition. Given that not all the inputs hlagen solved, and provid-



ing that the considered non-functional propelty’ POnt#Cost is satisfied, services
{S3,S4} are stored inV as services that provide the requested output, witlanct
semantic match, but do not completely match the requestad.iim the second step,
S3 is resolved by discovering services in the CttMhat provide an output semanti-
cally related to the input of3, namelyText. Services{ Sy, Sz} have been discovered
to provide the text message $3. These services resolve the requested inputs ),
although only as a partial semantic matéht«gin), and they meet the requested non-
functional property, so that the search is closed on themecbes. Having reached the
In(sp) on these branche®/ is inspected to check whether it is empty or n¥tstill
containsS, to be resolved. In the third stepy is resolved, also by using services
{S1,S2}, and the composition process is finished for this branchhigdtep, the ag-
gregated non-functional proper€ost of the S — S; does not meet non-functional
property requirement of the service request, so this graphdh is removed from the
composition graph. After this stef¥ is checked, and since it is empty the algorithm
stops. Table 3 represents the steps discussed above, thesitions found by the graph
composition algorithm, and their respective aggregatedfoactional properties.

Table 3. Service Compositions

Steg N CompositionsNF propertie
1 [{S3,S4}|S3

Sy

2 {54} Sl — 53

Sz — 53

Sy

3 [{-} S1+— S3

So — S3

S1— Sy

SN W U N W

Table 3 shows that the service developer obtains thremattee compositions. Fur-
ther computations could be done to reduce these possbititid determine the “best”
composition as a function of the measured semantic sittyilarid the non-functional
properties. However, we believe that the service devekipauld receive all found com-
positions that match his request, and choose the one(shéisafit his needs himself.
Nevertheless, we suggest in the sequel an algorithm to herdignerated compositions,
using the compositions semantic similarity and non-fuorai properties values.

4.5 Ranking of Composition Results

Our web service composition algorithm aims at retrievingnpositions with valid
causal links and also ensuring that the non-functional gnttgs of the service request
are satisfied by the generated compositions. However, goritim may return more
than one composition, since some services can satisfy the gaals with different
non-functional properties, or can satisfgmantically closgoals with the same non-
functional properties. In order to help service developetkeir choice of service com-
position, we propose to rank composition results, for eXerryy first considering the
semantic value of their causal links and after that, usiegetid-to-end non-functional



properties of the composite services, in case the compositiave identical causal link
values. To this end we assign a score for each kind of sememtisection. A causal
link with an Exact matching is valued td, a causal link with aPlugIn matching is
valued to%, a causal link with aSubsume matching is valued t(% and a causal link
with a Intersection matching is valued tq}. Such a valuation is consistent since an
Ezxact matching between an output parameter and an input paraimetere preferred
than a causal link with ®lugIn, SubSume or Intersection matching.

Algorithm 1: Ranking of Composition Results.

1 Input: An unordered set of composition resuftS., , .. ., Sc, }.

2 Result An ordered set of composition results (based first on cdindal and second on
non functional properties of services).

3 begin

4 foreach S, do

5 semanticquality_S., < Average of causal links i, ;

6 NF_quality_S., < Function of NF properties iS.,;

7 end

8 ({Sey,---, 8¢, }, <) « Ordering{S.,, . .., Sc, } first by means of their

semanticquality and then by means of their Nfuality;

9 return ({Sey, ..., Scn }, <);

10 end

Non-functional properties of compositions are requiredase two potential com-
positions of web serviceS., and S, have the same semantic quality. We overcome
this issue by valuing each composition resijlt by means of a function (line 6 of algo-
rithm 1) of the non-functional properties involved$h, . The latter function depends on
the non-functional properties of the atomic services ofdbmposition. For instance,
a sum is required to value the final cost of a composite sewfmreas the minimum
is required to compute the throughput of a composite seriitee web services may
have multiple non-functional properties, it is necessamyweight these properties, e.g.,
by means of user preferences. For example, an end-user meyngre importance to
the cost of a composite service whereas an another end-agepnefer the composite
web service with the best throughput. In the service dewlepenario such a ranking
method could help the developer especially in case a largeiahof valid composition
results are returned.

5 Related Work

Recently the authors of [27] have addressed in detail thelgno of interleaving web
service discovery and composition, but have considereg iniple workflows where
web services have one input and one output parameter. Irtdlsis the web service
composition plan is restricted to a sequence of limited vezbises corresponding to a
linear workflow of web services. The suggested solutioneets a sequence of causal
links between web services, hence a linear and total ordegrefces. Aiming of gen-
erating a composite service plan out of existing serviae$28] a composition path
is proposed that consists of a sequence of operators thatuterdata, and connectors



that provide data transport between the operators. Thelséar possible operators to
construct a sequence is based on the shortest path alganittine graph of the opera-
tors space. However, only two kinds of services (operatdicamnector) with one input
and one output parameter are considered, which means tlyathersimplest case of
service composition is covered. Contrary to [27] and [28¢ tmodel proposed in this
paper may also consider services with more than one inpubatpdit parameter.

In [29], a composition of services is considered as a dicegtaph, where nodes are
linked by the matching compatibility{xact, Subsume, PlugIn, Disjoint) between
input and output parameters. Based on this graph, the sheeguence of web services
from the initial requirements to the goal can be determifiéis sequence corresponds
to an ordered set of web services, so that this set matchegmtted output parameters
given the inputs provided by a user. [14] perform semantib service composition by
pre-computing the causal link matrix. Their compositiclatgy based on Al planning
performs a regression-based approach and returns a set@tt;eomplete and consis-
tent plans in which services are actions semantically tne causal links. However,
these two approaches [29, 14] compute the best compositmmrding to the seman-
tic similarity of output and input parameters of web sersjogithout considering any
non-functional properties of these services. A formalisrd modelling tool called in-
terface automata has been introduced in [30] to represelntservices and perform
compositions. Atomic services are stored as a graph whetereade represents input
and output parameters and edges represent web servicéswEhcervice contains a
description of its inputs, outputs, and dependencies @ratlkeb services. Web service
descriptions and the graph are used to discover compositsuiftts that satisfy a service
request. In case several alternative compositions arelfaumoptimization mechanism
for selection is provided, so that in case several compositisults match a request the
most suitable compositions still have to be selected.

In [31] a composer is introduced to perform web services amsitipn. The com-
poser supports the end user to select web services for eticitydn the composition
and to create flow specifications to link them. Upon selecéingeb service, the web
services that can produce an output that could be fed aspgeanthe selected service
are listed, after filtering based on profile descriptions Tiker can manually select the
service that he wants to fit in at a particular activity. Afsslecting all the services,
the system generates a composite process in DAML-S. Theasitign is executed by
calling each service separately, and passing the resulteebe services according to
the flow specifications. However, the composition is stithsautomatic because the
user must select a web service in a restricted list. Our fomumalel presented in this
paper aims at automating the process of web service selemtitording to the causal
link criterion and the non-functional properties of seesc

6 Final Remarks

Although web services technology is still in its infancyirsmproposals are being made
to enable dynamic composition of web services. Neverteeteghe best of our knowl-
edge, few of these proposals address both functional andummtional properties of
web services to optimize the composition process. In thiepwe outlined the main



challenges faced in semantic web services, i.e., dynamigosition and optimization
based on non-functional properties. To this end we destalfeamework for the func-
tional composition of web services. Starting from a serdeeeloper service request,
we successively apply web service discovery, causal linkirneomputation, web ser-
vice composition and optimization based on non-functigmaperties of services. By
computing a causal link matrix, we ensure that the obtairedpositions have valid
semantic connections between component web servicedlyftha set of valid service
compositions is selected by considering the non-functipraperties of web services
involved in the composition. If a composition does not matehnon-functional prop-
erties of the service request, it is neglected. Our comiposapproach is quite general
and can be easily applied to web services described using-SW&ervice profile),
WSMO (capability model) or SA-WSDL specification.

In future work, we intend to investigate how an approach aseprocess aspects
can be combined with the approach reported in this papes. Wik should allow more
composition problems to be solved, increase the numberlof amposition results
and improve the correctness of the composition process.
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