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Abstract. Composition is a main challenge for the Semantic Web Ser-
vices (SWS) community. Among existing approaches, it was shown ef-
�cient to use constraint based con�guration to create compo site SWS
orchestrations out of elementary SWS choreographies. Further experi-
ments have revealed the limitations and semantic ambiguiti es that arise
from over-simplistic composition requests. The present paper analyzes
those issues, presents the requirements and speci�cation for an extended
composition request language addressing them, and detailshow to auto-
matically generate the implied constraints for a con�gurat ion based com-
poser. The whole approach has been experimentally validated with use
case partners using a con�guration based composition prototype within
the DIP project.

1 Introduction

The present work builds upon a constraint based approach presented in [1, 2]
where it was proved feasible to compose semantic web services using con�g-
uration [19]. We improve and formalize ideas developped in the DIP european
project [5], speci�ed in [6], and experimented in [7]. The main contribution of this
paper is the full speci�cation of a language to express complex user preferences
when composing web services that allows to avoid the semantic ambiguities that
could arise from over-simplistic composition requests. The current Section intro-
duces the context and some related work. Section 2 presents an overview of the
required expressiveness of a composition request language. Section 3 gives a con-
strained object model for such a language while Section 4 proposes a concrete
syntax and a graphical representation. Section 5 details how this language is
exploited to extend our con�guration based composer. Section 6 provides exper-
iments through a real-life scenario and �nally Section 7 concludes and proposes
future work.

1.1 Brief introduction to Semantic Web Services

Semantic Web Services de�nition Semantic Web Services (SWS) are com-
monly de�ned using both functional and behavioural characteristics. There are



currently two main formalisms for describing SWS: OWL-S andWSMO [4]. This
paper concentrates on WSMO descriptions. They separate thebehavioural de-
scription (called interface) into two di�erent sections: the choreographydescribes
the proper way for a client to consume its functionality, whereas theorchestra-
tion describes how the behaviour of a composed service is achieved using several
clients (typically other SWSs). The functionality is described using acapability.
We therefore consider SWSs being de�ned through:

{ a capability: describes what the SWS can realize and what it requires in
terms of input and output messages. Ontologies are the building blocks in this
knowledge representation. Message types are de�ned using concepts taken
from a speci�c ontology.

{ a choreography: describes how to interact with the service in terms of mes-
sage exchange patterns.

{ an orchestration: in the case of a composed web service, describes how it uses
and communicates with external SWSs to achieve its capability. Orchestra-
tion is the main output of a composition tool or activity.

Abstractions of SWS : atomic goals A user (or a composition tool) looking
for a particular SWS will express requirements allowing itsdiscovery. Such re-
quirements are called (atomic)goals. Goals generalize SWS, as they may match
several registered SWSs and can hence be seen as an SWS abstraction used as a
query for an SWS repository. Therefore, goals are de�ned very much like SWS
capabilities, specifying available inputs, expected outputs and constraints. In
what follows, we call input and output roles the abstraction of input and output
messages mentioned at the goal level.
Figure 1 illustrates a shipping service goal where we specify a destination city
the matching SWS has to provide.

Fig. 1. Goal example for a shipping service

1.2 Brief introduction to Composition

Composition is de�ned as the \act of combining and coordinating a set of Se-
mantic Web Services" (SWS). Under such a de�nition, \composition" naturally
refers to the process involved in computing an orchestration.



1.3 Related Work

Automated work
ow or SWS composition is a �eld of intense activity, with
applications to at least two wide areas: Business Process Modeling and (Seman-
tic) Web Services. Approaches to these problems are experimented using many
formalisms and techniques, among others Situation calculus [12], Logic program-
ming [22], Type matching [13], colored Petri nets [14], Linear logic: [21], Problem
solving methods [16, 24], AI Planning [20], Markov decisionprocesses [15].
This work takes place within an emerging trend of research for semantic web com-
position, involving request languages (EaGLe [20], its evolution in [11] (where
the term \composition goals" occurs)). The composition language in [10] intro-
duces a concept of roles similar to our own de�nition. Some approaches involve
constraint based composition [9]. In [12] situation calculus is used with prefer-
ences. As far as we know, no existing language o�ers all the features covered by
our composition goals. The use of OWL-S as a process languagein all the previ-
ous approaches has several drawbacks, because of its limitations (which requires
extensions in several instances). At the work
ow level, OWL-S does not support
the external choice work
ow pattern, which is a severe limitation if one wants
to deal with full 
edged interactive choreographies.

2 Requirements and aims of a composition request
language

As shown in [1, 2], SWS choreographies can be composed into orchestrations us-
ing a con�guration tool that operates upon UML2 Activity Dia grams work
ows.
There, the \composition goal" simply amounts to the desiredSWS output of the
desired composed web service based on several available inputs. Using these el-
ements, a composer will often produce unwanted (although \valid") solutions,
as can reveal the virtual travel agency example (nothing prevents a composer
to misroute departure\city" data to the hotel booking servi ce). Also, no com-
poser can automatically infer that some messages must be summed (e.g. prices)
to produce a valid �nal output. This calls for a language allowing the user to
precisely formulate complex links between atomic goal messages.

2.1 Flexibility

While we require a complex language allowing the users to precisely enter into
the details of their desired composition, we should not discard the possibility
to handle simple requests. This allows end-usersto formulate a minimal request
and let the tool extend it to all possible solutions. However, this retains the
possibility for middle-users (as industrials designing their composite web service)
to precisely specify how the composed work
ow should behave.

2.2 Abstracting from choreographies

A composition request language must stay at the most abstract level, most
notably by ignoring the details of the participant SWS choreographies.



2.3 Objects restrictions

Users need to constrain the messages they expect or give as input to the system
as well as various functional/non functional properties ofSWS:

{ unary message constraints (e.g a price less to a given value)
{ binary message constraints (e.g price less than budget input message).
{ web services non-functional properties constraints (e.g web service owned by

a speci�c provider).

2.4 Semantic linking of messages

The composition language must provide a way of semanticallylinking messages
for disambiguation. Such links however do not force the �nalwork
ow to involve
direct correspondingdata 
ows For example, linking the arrival city of a 
ight
to the hotel city is necessary but must not prevent the work
ow from using this
arrival city for other needs in the work
ow.

2.5 Actions and concepts transformations

A composed web service must handle basic actions like numerical operations
(e.g. sum of prices). The request language must be able to express the need for
such actions. A request language should therefore be able toexpress constructs
as operation, extraction/aggregation and transformation of concepts (known in
WSMO as OO-Mediators).

2.6 Alternative paths

Necessary alternative paths raise complex issues. When designing a composed
web service to purchase CD's or books, and available web services either provide
one or the other but not both, then alternative paths are required to handle
di�erent cases depending on the user input during execution. In UML2 Activity
diagrams they correspond tomerge and decision nodes between messages.

2.7 Temporal constraints

One may require to delay the execution of some part of the orchestration until
another one is complete (e.g do not order travel until hotel is found). Those can
be viewed ascontrol 
ows between nodes in the work
ow representation.

2.8 Handling cancellation and compensation

Unexpected behavior during the execution of a composition can lead to paths
where the goal cannot be achieved. Side e�ects already produced may trigger the
need for compensation. Compensation is not covered in what follows, meaning
that the user of the request language must detail work
ows down to that level.



3 Abstract Syntax

Following the requirements stated in the previous section,we introduce a request
language for composition as a constrained object model. We present in Figures
2 and 3 a composition goal language used to formulate requests to a composer,
as an UML abstract model together with Z constraints specifying well-formed
composition goals. We are using a subset of the Z language [23, 18] to document
the diagram restrictions that we have chosen to enforce. Z allows for a fully formal
and unquestionable speci�cation of metamodel constraints, that replaces less
expressive OCL statements. We also give unformal semanticsto the constructs
indicating how they will be handled by the composer, which will be formally
detailed in Section 5.

Fig. 2. Goals, roles and concepts model

Classes We do not display the Z de�nition of the classes as they strictly follow
the UML diagrams, but we brie
y and unformally present their semantics for
the composer.

{ Atomic goals: abstractions of SWS's. Used to perform discovery thus making
the matching SWS's avalaible as candidates for compositionin the solution
work
ow.

{ Roles: Inputs and outputs of matching SWS's. Internal rolescan be used
to denote intermediate objects in the orchestration. Each role has a type
de�ned by a concept taken from an ontology.

{ Value Constraints: the solution work
ow respects any givenvalue constraints.



Fig. 3. Constraints on Goals and Roles model

� Unary Value Constraints: the solution work
ow ensures that the speci�ed
object will respect given (ranged) values.

� Relational Value Constraints: the solution work
ow ensures that the
speci�ed objects will respect given constraint between them.

{ Data
ow Constraints: the solution work
ow ensures the existence of a spe-
ci�c data
ow between sources and targets:

� IdentityFlow: roles are semantically equivalent.
� OperationFlow: the data
ow will perform an operation on sources tokens

values to obtain targets.
� MediationFlow: the data
ow between sources and targets needs to use

a speci�c mediator.
� AggregationFlow: the data
ow will aggregate sources into the composite

concept target.
� ExtractionFlow: the data
ow will extract parts of the compo site concept

source into the targets.
� DecisionFlow: the data
ow will go from source to di�erent ta rgets de-

pending on the speci�ed constraints.
� MergeFlow: the data
ow takes any incoming source and delivers it to

target.

Constraints Space limitations prevent us from displaying all model constraints,
but we present here a sample using the Z language:

{ Data 
ow's sources must be of class OutputRole or InternalRole:

8 n : Role j #( n:isSourceOf ) > 1 � n 2 OutputRole _ n 2 InternalRole



{ Data 
ow's targets must be of class InputRole or InternalRole:

8 n : Role j #( n:isTargetOf ) > 1 � n 2 InputRole _ n 2 InternalRole

{ Sources and targets of IdentityFlow, DecisionFlow and MergeFlow must
share the same concept:

8 n : Data
owConstraint j (n 2 IdentityFlow _ n 2 MergeFlow _ n 2 DecisionFlow ) �
sources(n) ! concept = targets(n) ! concept

{ DecisionFlow has a single source:

8 n : DecisionFlow � #( n:sources) = 1

{ MergeFlow has a single target:

8 n : MergeFlow � #( n:targets) = 1

4 Concrete Syntax

We provide a graphical representation based on UML2 Activity diagrams stereo-
types in order to draw and present composition goals in a user-friendly environ-
ment. Figure 4 lists all constructs and their graphical notation. Tagged values
are used for non-displayable items such as concepts and ontologies. We will use
this notation for the examples in the following sections, for instance in Figure
10.

Fig. 4. Graphical representation for composition goals

5 Composing under composition goal constraints

As explained in the introduction, the composition goal language is mainly de-
signed to be exploited by an existing con�guration based composer presented
in [1, 2]. This composition engine works as a �nite model search through the
de�nition of a constrained object model based on UML2 activity diagrams. Due
to space limitations, we cannot recall here the whole model and constraints, but
we present the main classes and relations in Figure 5. The reader can refer to [1,



2] and in particular [3] for a detailed presentation of the latest's version of this
model together with the work
ow composition process.
In order to take into account the composition goal constraints in this con�gura-
tion based composer, the two constrained object models (theone for the com-
position goals and the one for work
ows) could be linked and thus merged into
an extended one combining both, with the appropriate additional constraints
propagating the composition goal semantics to the work
ow model. However,
handling such a large and complex model in a con�guration tool would greatly
and negatively impact the practical performances. To avoidthis, we de�ned a
smaller extension to the work
ow model, and propose a lineartranslation from
the composition goal model to this new extension shown in Figure 6, where
ActivityNode is the only class coming from the work
ow model.

Fig. 5. Brief Overview of the UML2AD subset object model

Fig. 6. Extension of the UML2AD subset object model



5.1 Translation to the extended model classes and constrain ts

We now detail how each composition goal element is translated to this extended
constrained object model.

DataFlowConstraints

{ Input and Output Roles: an instance of the new Role class is created. For
each web service matching the corresponding atomic goal, the relevantEvent
input (or output) pin of its choreography (acting as the input or output
message playing this role) is added to the domain of the relation isPlayedBy.

{ IdentityFlow: an instance of the new IdentityFlowConstraint class is created,
with the relations source and targets instanciated to its source and targets
roles.

{ OperationFlow: a set of ActionNode subclasses represents the supported
operations (They may di�er upon the execution engine). For each Oper-
ationFlow constraint, an instance of the relevant subclassis created with
the appropriate number and type for its input and output pins , as well as
the corresponding roles. An IdentityFlowConstraint is then created linking
sources and targets roles as shown in Figure 7.

Fig. 7. Example of the OperationFlow translation (the diamond here represents the
subclass AdditionFlowConstraint)

{ ExtractionFlow, AggregationFlow and MediationFlow: thos e constraints fol-
low the same pattern as OperationFlow. Appropriate subclasses of ActionN-
ode are created together with their inputs, ouputs, roles and identity 
ow
constraints between them.



{ MergeFlow and DecisionFlow: The translation here is slightly di�erent as
merge nodes and decision nodes do not accept input or output pins. However,
the principle remains the same. The appropriate control node is created with
edges going toGeneralObjectNodeinstances instead of using pins, as shown
in Figure 8.

Fig. 8. Example of the MergeFlow translation (the diamond here repr esents a Merge-
FlowConstraint)

ControlFlowConstraints A JoinNode and a ForkNode instance is created
with their corresponding role, and a control 
ow between them is instanciated.
For each source and target of the initial constraint, an instance of the new
ControlFlowConstraint class is created, with the link to the source (or the target)
role on one side, and the JoinNode (or the ForkNode) role on the other side. This
is illustrated in Figure 9. In the particular case of the init ial constraint having
only one source (or one target), the JoinNode (or the ForkNode) creation can
be skipped.

PropertyConstraints No translation required. Used as additional discovery
constraints on web services NFP's matching the atomic goal.

ValueConstraints

{ UnaryValueConstraints: No translation required. Used as additionnal discov-
ery constraints on web services pre and post conditions. They may also be
used by a composition engine working at the concepts instances level, but
this latter possibility has not yet been implemented in the con�guration-
based composer referenced in this paper.



Fig. 9. Example of the ControlFlow translation (the diamond here re presents a Con-
trolFlowConstraint)

{ RelationalValueConstraints: propagation of those constraints may create Unary-
ValueConstraints thus being taken into account as mentioned before.

5.2 Using the extended model in composition

The previous paragraph detailed how each element of the composition goal is
translated into an extended constrained object model. We now explain how those
new elements impact the composition search. From the composition goal transla-
tion, we can note that all possible constraints are resolvedin the end to only three
classes: the Role class, the IdentityFlowConstraint classand the ControlFlow-
Constraint class.
A set of new con�guration constraints is thus introduced to ensure the com-
puted work
ow respects those new requirements. We present them using the Z
language:

Roles The cardinality 1,1 of the relation isPlayedBy is forces thecomposer to
choose one and only one node from the relation's domain as being the node
playing this role. We only need to add the reverse constrainton the relation
plays.

8 r : Role � isPlayedBy(r ) = f e : ActivityNode j e:plays = r g

IdentityFlowConstraint Although a data 
ow must exist between source and
targets, it should not prevent from having intermediate nodes in between. This
is achieved using the relationintermediates.
A identity 
ow target role's played by node must have an object 
ow coming



from either the source role's played by node, or an intermediate node.

8 n : ActivityNode ; r : Role; c : IdentityFlowConstraint j n = isPlayedBy(r )
^ r 2 targets(c) �

9 o : ObjectFlow j o 2 incomingEdges(n)
^ isOutputOf (o) = f e : ActivityNode j e 2 c:sources ! isPlayedBy

_ e 2 intermediates(c)g

Recursively, an intermediate node must have an object 
ow coming from either
the constraint source role's played by node, or an intermediate node.

8 n : ActivityNode ; c : IdentityFlowConstraint j n 2 intermediates(r ) �
9 o : ObjectFlow j o 2 incomingEdges(n)

^ isOutputOf (o) = f e : ActivityNode j e 2 c:sources ! isPlayedBy
_ e 2 intermediates(c)g

Control
owConstraint As opposed to the identity 
ow, the control constraint
is easier to introduce. Indeed, there is no need for intermediate nodes as the
control is natively transitive. The constraint simply stat es that the targets role's
played by node has an incoming control 
ow from the source role's played by
node.

8 n : ActivityNode ; r : Role; c : IdentityFlowConstraint j n = isPlayedBy(r )
^ r 2 targets(c) �

9 o : ControlFlow j o 2 incomingEdges(n)
^ isOutputOf (o) = f e : ActivityNode j e 2 c:sources ! isPlayedByg

6 Experiments

We present in this Section an experiment on a real-life scenario, developped
together with a DIP use-case partner. The scenario has been integrated in a
full SWS framework, from composition to execution in the 3-layer descriptions
de�ned in [8]. The extension of the work
ow model presented in Section 5 is
directly usable in the con�guration tool (we used ILOG's JCon�gurator for im-
plementation). In this problem, the user wants to design a composed web service
which o�ers to buy a bundle of a network connection, a modem and a PC. Fig-
ure 10 shows a possible composition goal, overdetailed on purpose, in order to
show a large scope of constraints. The purple diamond on the composition goal
represents a ControlFlowConstraint: it expresses the userconstraint that the
con�rmation of orders are only executed if all three orders have been received.
The red diamonds represent ExtractionFlow and AggregationFlow constraints.
Among the possible SWS candidates for the NetworkGoal, we show one of the
possible choreographies in Figure 11, which includes an internal choice of the
web service provider upon request. The modem and PC chosen SWS have an



equivalent choreography. Figure 12 shows the orchestration obtained with this
composition goal. Note that the diagram is incomplete due tospace limitations:
it displays only the �rst two SWS (Network and Modem), but the third one
has a similar behaviour (dots indicate where additional constructions exist in
the complete diagram). In the orchestration �gures, the red arrows represent
object 
ows, while black ones represent control 
ow. The dotted squares are
interruptible activity regions, which show how internal sws choices are turned
into external choices in the computed orchestration.

Fig. 10. A complex composition goal for the NMPC Bundle scenario

Fig. 11. A Network SWS choreography

7 Conclusion

This research provides solid grounds for a composition request language in the
semantic web, analyzing the issues and requirements on the expressiveness. The
proposed language o�ers the SWS designer the possibility tostate unambigu-
ous compositions using the lowest required level of detail.Further work includes
testing the scalability of the constraint based con�gurati on approach and in



Fig. 12. Result (partial) orchestration for the presented composit ion goal

particular how this request language improves performanceof the composition.
We are also planning the use of con�guration at the abstract composition goal
level, specially to automatically infer decision branches, select required atomic
goals and propagate constraints among the elements. Indeed, having used a con-
strained object model to specify our language easily allowsus to do �nite model
search on it. The resulting two-step con�guration based composer (semantic-level
then process-level) would allow for simpler requests, extend them automatically,
and still bene�t from the reduced search space during the second phase.
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