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Abstract. In today's Web, Web services are created and updated on
the . It's already beyond the human ability to analysis the m and gen-
erate the composition plan manually. A number of approaches have been
proposed to tackle that problem. Most of them are inspired by the re-
searches in cross-enterprise work ow and Al planning. This paper gives
an overview of recent research e orts of automatic Web service compo-
sition both from the work ow and Al planning research commun ity.

1 Introduction

Web services are considered as self-contained, self-débarg, modular applica-
tions that can be published, located, and invoked across thaVeb. Nowadays,
an increasing amount of companies and organizations only iplement their core
business and outsource other application services over latnet. Thus, the ability

to e ciently and e ectively select and integrate inter-org anizational and hetero-
geneous services on the Web at runtime is an important step twards the devel-
opment of the Web service applications. In particular, if no single Web service
can satisfy the functionality required by the user, there stould be a possibility
to combine existing services together in order to ful ll the request. This trend

has triggered a considerable number of research e orts on # composition of
Web services both in academia and in industry.

In the research related to Web services, several initiative have been con-
ducted with the intention to provide platforms and languages that will allow easy
integration of heterogeneous systems. In particular, suctanguages as Universal
Description, Discovery, and Integration (UDDI) [4], Web Services Description
Language (WSDL) [9], Simple Object Access Protocol (SOAP) ¢] and part of
DAML-S [14] ontology (ServicePro le and ServiceGrounding), de ne standard
ways for service discovery, description and invocation (mgsage passing). Some
other initiatives such as Business Process Execution Langge for Web Service
(BPEL4WS) [2] and DAML-S ServiceModel, are focused on reprgenting service
compositions where ow of a process and bindings between séces are known
a priori.



Despite all these e orts, the Web service composition stillis a highly com-
plex task, and it is already beyond the human capability to deal with the whole
process manually. The complexity, in general, comes from th following sources.
First, the number of services available over the Web increass dramatically dur-
ing the recent years, and one can expect to have a huge Web sére repository
to be searched. Second, Web services can be created and upedbn the vy, thus
the composition system needs to detect the updating at runtine and the decision
should be made based on the up to date information. Third, Webservices can
be developed by di erent organizations, which use di erent concept models to
describe the services, however, there does not exist a uniguanguage to de ne
and evaluate the Web services in an identical means.

Therefore, building composite Web services with an automatd or semi-
automated tool is critical. To that end, several methods for this purpose have
been proposed. In particular, most researches conducted [fain the realm of
work ow composition or Al planning.

For the former, one can argue that, in many ways, a composite ervice is
similar to a work ow [8]. The de nition of a composite servic e includes a set of
atomic services together with the control and data ow amongthe services. Sim-
ilarly, a work ow has to specify the ow of work items. The cur rent achievements
on exible work ow, automatic process adaption and cross-eterprise integration
provide the means for automated Web services composition asell. In addition,
the dynamic work ow methods provide the means to bind the abgract nodes
with the concrete resources or services automatically.

On the other hand, dynamic composition methods are requiredo generate
the plan automatically. Most methods in such category are réated to Al plan-
ning and deductive theorem proving. The general assumptiorof such kind of
methods is that each Web service can be speci ed by its precatitions and ef-
fects in the planning context. Firstly, a Web service is a safiwvare component
that takes the input data and produces the output data. Thus the preconditions
and e ects are the input and the output parameters of the senice respectively.
Secondly, the Web service also alters the states of the worldfter its execution.
So the world state pre-required for the service execution ithe precondition, and
new states generated after the execution is the e ect. A typcal example is a
service for logging into a Web site. The input information is the username and
password, and the output is a con rmation message. After theexecution, the
world state changes from \not.loggedin” to \logged _in". The \logged _in" state
will be keeping until the \log _out" service is invoked. If the user can specify the
preconditions and e ects required by the composite servicea plan or process
is generated automatically by logical theorem prover or Al danners without
knowledge of prede ned work ow. During the planning, the business logic can
provide constraints in the planning setting.

In this paper we will present an overview of recent methods tlat provide
automation to Web service composition. The automation meas that either the
method can generate the process model automatically , or thenethod can locate
the correct services if an abstract process model is givenoge methods based on



work ow have been reported in the work by Benatallah [5], but to our knowledge,
no overview on service composition methods related to Al planing has been
published yet. As a result, in the paper, we will have more foas on the Al
planning methods than the work ow based methods.

This paper is organized as follows. Section 2 presents an abasct framework
for Web service composition. Section 3 is the introduction 6 automatic Web
service composition based on work ow methods. Section 4 prades an overview
and comparison for the selected composition methods based @I planning. The
last section concludes the paper.

2 Web Services Composition Framework

Here, we propose a general framework for automatic Web sers&s composition.
This framework is in high-level abstraction, without considering a particular
language, platform or algorithm used in composition proces. The aim of the
framework is to give the basis to discuss similarities and derences of the avail-
able service composition methods. In addition, we also usehe framework to
unify the terms used in the paper.

i
N AN

X

Fig.1. The framework of the service composition system.

A general framework of the service composition system is llistrated in Fig. 1.
The composition system has two kinds of participants, servie provider and ser-
vice requester. The service providers propose Web servicésr use. The service
requesters consume information or services o ered by sereé providers. The
system also contains the following components: translatqrprocess generator,
evaluator, execution engine and service repository. The tinslator translates be-
tween the external languages used by the participants and tk internal languages
used by the process generator. For each request, the procegsnerator tries to
generate a plan that composes the available services in theessice repository
to ful Il the request. If more than one plan is found, the evaluator evaluates all
plans and proposes the best one for execution. The executiogngine executes
the plan and returns the result to the service provider.

Most precisely, the process of automatic service composan includes the
following phases:



Presentation of single service: rstly, the service providers will advertise
their atomic services at a global market place. There are sesral languages
available for advertising, for example, UDDI [4] or DAML-S ServicePro-
le [14]. The essential attributes to describe a Web servicanclude the signa-
ture, states and the non-functional values. The signature $ represented by
the service's inputs, outputs and exceptions. It provides nformation about
the data transformation during the execution of a Web servie. The states
are speci ed by precondition and postcondition. We model it as the trans-
formation from one set of states to another in the world. Nonfunctionality
values are those attributes that are used for evaluating theservices, such as
the cost, service quality and security issues.

Translation of the languages: most service compaosition systems distinguish
between the external and internal service speci cation lamyuages. The exter-
nal languages are used by the service users to enhance acdafty of the
users in the sense that the users can express what they can o @r what
they want in a relatively easy manner. They are usually di erent from the in-
ternal ones that are used by the composition process generat, because the
process generator requires more formal and precise languag for example,
the logical programming languages. So far, the users haveralhdy get used
to the standard Web service languages, such as WSDL and DAMIS. Thus
the translation components between the standard Web servie languages and
the internal languages have to be developed.

Generation of composition process model: in the meantime, the service
requester can also express the requirement in a service speation language.
A process generator then tries to solve the requirement by aoposing the
atomic services advertised by the service providers. The mrcess generator
usually takes the functionalities of services as input, andoutputs process
model that describes the composite service. The process meldcontains a
set of selected atomic services and the control ow and data ow among
these services.

Evaluation of composite service: it is quite common that many services have
the same or similar functionalities. So it is possible that he planer generates
more than one composite service ful lling the requirement.In that case, the
composite services are evaluated by their overall utilitis using the informa-
tion provided from the non-functional attributes. The most commonly used
method is utility functions. The requester should specify weights to each
non-functionality attributes and the best composite service is the one who
is ranked on top.

Execution of composite service: after a uniqgue composite process is selected,
the composite service is ready to be executed. Execution of @mposite Web
service can be thought as a sequence of message passing atiogrto the
process model. The data ow of the composite service is de na& as the ac-
tions that the output data of a former executed service tranders to the input
of a later executed atomic service.



In the following we will give a survey on the methods used for he process
generator to generate the process. The methods can be eithéully automated
or semi-automated.

3 Web Service Composition using Work ow Technique

In the work ow-based composition methods, we should distirguish the static and
dynamic work ow generation. The static one means that the requester should
build an abstract process model before the composition plaming starts. The
abstract process model includes a set of tasks and their datdependency. Each
task contains a query clause that is used to search the real amic Web service to
ful Il the task. In that case, only the selection and binding of atomic Web service
is done automatically by program. The most commonly used stéc method is to
specify the process model in graph. On the other hand, the dyamic composi-
tion both creates process model and selects atomic servicasitomatically. This
requires the requester to specify several constraints, ineding the dependency
of atomic, the user's preference and so on.

EFlow[7] is a platform for the speci cation, enactment and management of
composite services. EFlow uses a static work ow generatioomethod. A com-
posite service is modeled by a graph that de nes the order ofxecution among
the nodes in the process. The graph is created manually but itan be updated
dynamically. The graph may include service, decision and eant nodes. Service
nodes represent the invocation of an atomic or composite seice, decision nodes
specify the alternatives and rules controlling the executon ow, and event nodes
enable service processes to send and receive several typégwents. Arcs in the
graph denote the execution dependency among the nodes. Altugh the graph
should be speci ed manually, EFlow provides the automationto bind the nodes
with concrete services. The de nition of a service node cordins a search recipe
that can be used to query actual service either at process iantiation time or at
runtime. As the service node is started, the search recipe isxecuted, returning
a reference to a speci ¢ service. In particular, the searchecipe is resolved each
time when a service node is activated. They do so because theailability of ser-
vices may change very frequently in a highly dynamic enviroment. In [8], the
authors further re ne the service composition platform and propose a prototype
of composite service de nition language(CSDL). An intereding feature of CSDL
is that it distinguishes between invocation of services andoperations within a
service. It provides the adaptive and dynamic features to cpe with the rapidly
evolving business and IT environment in which Web services i@ executed.

Polymorphic Process Model (PPM)[23] uses a method that comimes the sta-
tic and dynamic service composition. The static setting is sipported by reference
process-based multi-enterprise processes, the procesgleat consist of abstract
subprocesses, i.e., subprocesses that have functionalitlescription but lack im-
plementation. The abstract subprocesses are implementedybservice and bined
at runtime. This is similar to the service binding in EFlow. T he dynamic part
of PPM is supported by service-based processes. Here, a sieeris modeled by



a state machine that speci es that possible states of a seree and their tran-
sitions. Transitions are caused by service operation(alscalled service activity)
invocations or internal service transitions. In the setting, the dynamic service
composition is enabled by the reasoning based on state magte.

4 Web Service Composition using Al Planning

Many research e orts tackling Web service composition prollem via Al planning
have been reported. In general, a planning problem can be desbed as a ve-
tuple 1S; S; G; A; i, whereS is the set of all possible states of the worldS, S
denotes the initial state of the world, G S denotes the goal state of the world
the planning system attempts to reach, A is the set of actions the planner can
perform in attempting to change one state to another state inthe world, and
the translation relation S A S denes the precondition and e ects for
the execution of each action.

In the terms of Web services Sy and G are the initial states and the goal states
speci ed in the requirement of Web service requestersA is a set of available
services. further denotes the state change function of each service.

DAML-S (also called OWL-S in the most recent versions) is theonly Web
service language that announces the directly connection wh Al planning. The
state change produced by the execution of the service is spieed through the
precondition and e ect properties of the ServicePro le in DAML-S. Precondition
presents logical conditions that should be satis ed prior to the service being
requested. E ects are the result of the successful executioof a service. Since
DAML+OIL, the language used to build DAML-S, uses Description Logics [10]
as its logical foundation, DAML+OIL has the express power alowing for logical
expressions. The majority of the methods reported in this savey use DAML-S
as the external Web service description language. There aralso a couple of
methods that use WSDL or their own languages.

In the following we introduces a list of Web service composibn methods
based on Al planning. This kind of methods have been reportedrequently in
recent years, so we can not claim that we have an exhaustivesli of the methods.
We further classify the methods into ve categories, namely the situation cal-
culus, the Planning Domain De nition Language (PDDL), rule -based planning,
the theorem proving and others.

4.1 Situation calculus

Mcllraith et. al. [17, 19, 16] adapt and extend the Golog langiage for automatic
construction of Web services. Golog is a logic programminganguage built on
top of the situation calculus. The authors address the Web serice composition
problem through the provision of high-level generic procedres and customiz-
ing constraints. Golog is adopted as a natural formalism forrepresenting and
reasoning about this problem.



The general idea of this method is that software agents couldeason about
Web services to perform automatic Web service discovery, ecution, composi-
tion and inter-operation. The user's request (generic proedure) and constraints
can be presented by the rst-order language of the situationcalculus(a logical
language for reasoning about action and change). The authar conceive each
Web service as an action - either &PrimitiveAction or a ComplexAction. Primi-
tive actions are conceived as either world-altering actios that change the state
of the world or information-gathering actions that change the agent's state of
knowledge. Complex actions are compositions of individuahctions. The agent
knowledge base provides a logical encoding of the preconiihs and e ects of
the Web service actions in the language of the situation calglus. The agents use
procedural programming language constructs composed witltoncepts de ned
for the services and constraints using deductive machineryA composite service
is a set of atomic services which connected by procedural pgpamming language
constructs(if-then-else, while and so forth).

The authors also propose a way to customize Golog programs bicorpo-
rating the service requester's constraints. For example, he service requester can
use the nondeterministic choice to present which action is elected in a given
situation, or use the sequence construct to enforce the exation order between
two action. The generation of the plan have to obey the predened constraint.

4.2 PDDL

A strong interest to Web service composition from Al planning community could
be explained roughly by similarity between DAML-S and PDDL r epresentations.
PDDL is widely recognized as a standardized input for stateef-the-art plan-
ners. Moreover, since DAML-S has been strongly in uenced by°?DDL language,
mapping from one representation to another is straightforvard (as long as only
declarative information is considered). When planning forservice composition
is needed, DAML-S descriptions could be translated to PDDL brmat. Then
di erent planners could be exploited for further service synthesis.

In presenting the Web service composition method based on PDL, McDer-
mott [15] introduces a new type of knowledge, calledralue of an action which
persists and which is not treated as a truth literal. From Web service construction
perspective, the feature enables us to distinguish the infanation transformation
and the state change produced by the execution of the servic& he information,
which is presented by the input/output parameters are thought to be reusable,
thus the data values can be duplicated for the execution of mliiple services.
Contrarily, the states of the world are changed by the servie execution. We
interpret the change as that the old states disappear and thenew states are
produced.

To deal with this issue is critical for Web service compositon using Al plan-
ning because usually in Al planning, closed world assumptin is made, meaning
that if a literal does not exist in the current world, its trut h value is considered
to be false In logic programming this approach is callednegation as failure The
main trouble with the closed world assumption, from Web serice construction



perspectives, is that merely with truth literals we cannot express that new in-
formation has been acquired. For instance, one service regater might want to
describe that after sending a message to a Web service, an &y number to
the message will be generated. Thus during later communic&n the ID could
be used.

4.3 Rule-based planning

Medjahed [18] present a technique to generate composite sdces from high-
level declarative description. The method uses composaliy rules to determine
whether two services are composable. The composition appash consists of four
phases. First, the speci cation phase enables high-level escription of the de-
sired compositions using a language called Composite Secé Speci cation Lan-
guage(CSSL). Second, the matchmaking phase uses compoddpirules to gen-
erate composition plans that conform to service requestes speci cations. The
third phase is selection phase. If more than one plan is genated, in the selec-
tion phase, the service requester selects a plan based on djt\aof composition
(QoC) parameters (e.g. rank, cost, etc.). The nal phase is he generation phase.
A detailed description of the composite service is automatally generated and
presented to the service requester.

Here, we should pay more emphasis on the composability rulesecause it
is the major issue to de ne how the plan is generated. The comgsability rules
consider the syntactic and semantic properties of Web serges. Syntactic rules
include the rules for operation modes and the rules for bindig protocols of
interacting services. Semantic rules include the followig subset: (1) message
composability de nes that two Web services are composable my if the output
message of one service is compatible with the input messagé another service;
(2) operation semantic composability de nes the compatibliity between the do-
mains, categories and purposes of two services; (3) qualiise composability
de nes the requester's preferences regarding the quality fooperations for the
composite service; and (4) composition soundness consigewhether a compo-
sition of services is reasonable. To this end, the authors tnoduce the notion of
composition templates that de ne the dependency between tle di erent kinds
of services.

The main contribution of this method is the composability rules, because
they de ne the possible Web service's attributes that could be used in service
composition. Those rules can be used as a guideline for oth&veb service meth-
ods based on planning.

SWORD [20] is another developer toolkit for building composte Web ser-
vices using rule-based plan generation. SWORD does not depf the emerg-
ing service-description standards such as WSDL and DAML-Sjnstead, it uses
Entity-Relation (ER) model to specify the Web services. In SWORD, a service
is modeled by its preconditions and postconditions. They ae speci ed in a world
model that consists of entities and relationships among erties. A Web service
is represented in the form of a Horn rule that denotes the postonditions are
achieve if the preconditions are true. To create a compositservice, the service



requester only needs specify the initial and nal states forthe composite ser-
vice, then the plan generation can be achieved using a ruledsed expert system.
Besides the general composition methods, an interesting wk done by SWORD
is that the authors give a discussion on that the rule-based ltaining can some-
times generate \uncertain" results if a precondition can na uniquely determines
a postcondition. The authors argue that the uncertain resuts can avoid only
when the preconditions are functionally depending on the pstconditions inside
a service. In fact, it may happen in most service compositiormethods described
in this survey but not all authors explicitly declare it.

4.4 Other Al-planning methods

Some other Al planning techniques are proposed for the automtic composition

of Web services. In [26] the SHOP2 planner is applied for autmatic composition

of Web services, which are provided with DAML-S descriptiors. SHOP2 is an
Hierarchical Task Network(HTN) planner. The authors believe that the concept

of task decomposition in HTN planning is very similar to the concept of compos-
ite process decomposition in DAML-S process ontology. The @hors also claim

that the HTN planner is more e cient than other planning lang uage, such as
Golog. In their paper, the authors give a very detail descrigiion on the process
of translating DAML-S to SHOP2. In particular, most control constructs can be
expressed by SHOP2 in an explicit way.

Sirin et al [24] present a semi-automatic method for web seri¢e composition.
Each time when a user has to select a Web service, all possibiervices, that
match with the selected service, are presented to the user. fie choice of the
possible services is based both on functionalities and nofunctional attributes.
The functionalities (parameters) are presented by OWL clases and OWL rea-
soner is applied to match the services. A match is de ned betgen two services
that an output parameter of one service is the same OWL class rosubclass of
an input parameter of another service. The OWL inference enme can order
the matched services so that the priority of the matches are dwered when the
distance between the two types in the ontology tree increase If more than one
match is found, the system lIters the services based on the ne-functional at-
tributes that are speci ed by the user as constraints. Only those services who
pass the non-functional constraints can be presented to theservice requester.
The idea of semi-automatic service composition is quite irgresting because it is
very di cult to capture behavior in su cient detail and comp ose the services
in a fully automatic way, especially for the commercial-grade services. Although
the proposed method is simple, it indicates the trend that auomatic planner
and human being can work together to generate the compositeesvice for the
user's request.

4.5 Theorem proving

Waldinger [25] elaborates an idea for service synthesis byheorem proving. The
approach is based on automated deduction and program syntleés and has its



roots in his earlier work [13]. Initially available services and user requirements
are described in a rst-order language, related to classidalogic, and then con-
structive proofs are generated withSnark theorem prover. Finally, service com-
position descriptions are extracted from particular proofs.

Lammermann [12] applies Structural Synthesis of Program SSP) for auto-
mated service composition. SSP is a deductive approach to sthesis of programs
from speci cations. The speci cations of services only intude the structural
properties, i.e. the input/output information. SSP uses propositional variables
as identi ers for input/output parameters and uses intuiti onistic propositional
logic for solving the composition problem. The compositionis based on the
proofs-as-programs property of intuitionistic logic. It equates the program of
service composition to the problem of proof search. The autbr also takes takes
advantage of disjunctions in classical logic to describe eeptions, which could
be thrown during service invocation.

Rao et. al. [21, 22] introduces a method for automatic compdson of seman-
tic Web services using Linear Logic theorem proving. The metod uses semantic
Web service language (DAML-S) for external presentation ofweb services. And,
internally, the services are presented by extralogical axams and proofs in Linear
Logic. Linear Logic, as a resource conscious logic, enablpgople to de ne at-
tributes of Web services formally (including qualitative and quantitative values
of non-functional attributes). In addition, Linear Logic h as close relationship
with  -calculus, which is the formal foundation of many Web servie composi-
tion languages. The view of a Linear Logic proof as a -calculus process was
rstly taken up formally by Abramsky [1], and further elabor ated by Bellin and
Scott [3]. The authors attach the -calculus to the Linear Logic inference rules
in the style of type theory, thus the process model for a compsite service pre-
sented by -calculus can be generated directly from the proof. The autlors also
present the subtyping rules that are used for semantic reasung with LL in-
ference gures. Thus the Linear Logic theorem prover can delawith both the
service speci cation and the semantic Web information. Unlke other methods
that use non-functional attributes only to lter the genera ted plan, the authors
consider the non-functional attributes directly in the the orem proving process.
Both service functionalities and non-functional attribut es are translated into
propositions in the logical axioms, but the distinguish betwveen the function-
alities and non-functional attributes is enabled by the Linear Logic inference
rules.

5 Conclusion

This paper has aimed to give an overview of recent progress iautomatic Web
services composition. At rst, we propose a ve-step model br Web services
composition process. The composition model consists of séce presentation,
translation, process generation, evaluation and executin. Each step requires
di erent languages, platforms and methods.



In these ve steps, we concentrate on the methods of composit Web ser-
vices process generation. We give the introduction and comgrition of selected
methods to support this step. The methods are enabled eitheby work ow re-
search or Al planning. The work ow methods are mostly used inthe situation
where the request has already de ned the process model, butudgomatic pro-
gram is required to nd the atomic services to ful Il the requ irement. The Al
planning methods is used when the requester has no process d& but has a
set of constraints and preferences. Hence the process modsn be generated
automatically by the program.

Although the di erent methods provide di erent level of aut omation in ser-
vice composition, we can not say the higher automation the beer. Because the
Web service environment is highly complex and it is not feadile to generate
everything in an automatic way. Usually, the highly automat ed methods is suit-
able for generating the implementation skeletons that can Ie re ned into formal
speci cation. A discussion on this topic is presented by Hul et. al. [11].

Further work will include a more thorough analysis of the eld in addition
to practical testing of and experiments with the methods.
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