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Executive Summary

1. Summary

This deliverable and its annexed documents and archives ddtthe principles,

assumptions, organization of a prototype for a tool achieng automated goal di-
rected composition of Semantic Web Services. The documenmickits annexes are
intended to allow project partners to run the prototypes as aneans of demoing
or testing, and eventually to adapt the three prototype varants that are pro-

posed. In the latter case, since the prototype is far from b&y shipped as a
product, some help from ILOG should probably be needed.

2. Contribution
This work is an original attempt to use constraint based nie model search to
achieve SWS composition, in the objective of both:

being usable as a helper application within the DIP tools thaallow for
SWS edition,

reaching the highest possible level of functionality .

The essential role of this internal early prototype is to prgare the speci cation
deliverable due at M24. One essential expected e ect of danenting this early
program is to trigger valuable input to the speci cation. Byworking with part-

ners wishing to use and adapt the programs, ILOG expects to igeexpertise and
insight concerning the precise partner needs within the DIBroject.

3. Interactions within DIP
This deliverable is impacted by the WSMO speci cation for chreography and
orchestration. The programming interface of the prototypes an input to DIP
WP4 applications, as required for their integration. The pototype depends upon
several DIP/WSMO APIs required to read/parse the speci caton of SWS.

4. Target audience
The deliverable is of particular interest to DIP participarts involved in Choreog-
raphy, Orchestration, Discovery, Process Mediation, Dat®ediation, Use Cases.

Disclaimer: The DIP Consortium is proprietary. There is no wrranty for the accuracy
or completeness of the information, text, graphics, linksr@ther items contained within
this material. This document represents the common view ohé consortium and does
not necessarily re ect the view of the individual partners.

Deliverable 4a.9 v0.6 i July 5, 2005
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1 Introduction

This deliverable presents a prototype work ow composer foDIP based upon con-
straint programming technologies. The prototype is availale in three variants, pub-
lished as three independent packages, but organized in a danway. The present
document is expected to provide enough information to opdeathe prototypes with-
out any help. The chapter "User Manuel" addresses this. Fornaexperienced Java
programmer aware of constraint programming (and con gurabn) topics, a "Refer-
ence Manual" chapter details the content and organizationfdhe source code, giving
hints on the meaning of classes and functions used, as wellidsntifying the code
portions where modi cations should most likely be perforngk As a project partner,
and due to the relative immaturity of the current programs, LOG is ready and willing
to help other partners in adapting these programs to their rexls. The deliverable also
proposes a powerpoint le that can be used to demo the produonce standard instal-
lations of the tools and prototypes have been made. The rest this section briey
presents the scope and context of con guration based workvwo composition, and can
be skipped by a reader already aware of these issues.

1.1 Scope

We place ourselves in the scope of automatic or computer aiti@ork ow composition,
with immediate applications to Business Process Modeling the Semantic Web. The
basic assumptions for composing work ows is that there exssa form of directory
listing of elementary work ows that are potential candidaes for composition, as well
as a directory listing of transformations that are usable tanediate between work ows
having \bitwise" incompatible message type requirementsHow and when a proper
list of elementary work ows and transformations can be obtaed is beyond the scope
of this prototype, and is treated as if it was available to theprogram from the start.

We also assume that the composition process is goal orienteduser may list the
message types he can possibly input to the system (e.g. cteckrd number, expiry
date, budget, yes/no answer etc...), and the same user mayrfalate the precise (set
of) message(s) that must be output by the system (e.g. a plartecket reservation
electronic con rmation: the \goal”).

In order to be su ciently self contained, the present introduction borrows some
material from the articles [1] and [2]. A reader aware of coguration techniques and of
con guration applied to web service composition may skip tis part or read it quickly.
A previous work [1] proved the feasibility of using a con guator program to solve this
problem, and presented a constrained object model adequdte this purpose, using
the semi formal language UML/OCL. The current internal delverable attempts to
help the DIP community discover this technique, so as to prasge valuable input in
the course of preparing the speci cation deliverable D4.1@ue at month 24.

1.2 Context for work ow composition

We consider work ows de ned using a variant of extended workw nets, as are UML2
activity diagrams [11] or the YAWL language [25]. The undeyling model is that of
colored Petri nets, where messages (tokens) have types. Wert consider however
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the underlying semantics of the work ow language, but focusn the properties of the
corresponding metamodel. Indeed, we treat work ow compdiin as the process of
connecting input and output message ows to preexisting ordaed work ow items,
like fork, join nodes or auxiliary user input handling actims. Hence the only element
retained for composition are the structural properties ofrgument work ows, messages,
and transformations. We do not need to emulate work ows in ancase, but can
however formulate some constraints that to some extent guamtee the viability of the
result.

The same general context is envisioned in several researdmmunications [27, 6,
18]. We illustrate our central assumptions by consideringhe rather complex Pro-
ducer/Shipper composition problem from [18]. The problemsito compose a valid
work ow from a producer work ow and a shipper work ow. One diculty is that the
execution of both work ows must be interleaved. The produgeoutputs results that
must be fed into the shipper so that both "o ers" can be aggregted and presented
to the user. This inter-connection remains unknown to the @s. This example is
interesting because:

both the shipper and the producer make an o er correspondingp the user
request, which are aggregated to make a global o er which cdre accepted or
rejected by the user. Note that the shipper needs input datadm the producer
to build its o er,

both the producer and the shipper are speci ed using partialork ows, and do
not simply amount to simple isolated activities,

the two partial work ows cannot be executed one after the otér, but they
must be interleaved, as each one must wait for the other o erot obtain an
O erAcceptance and therefore complete the transaction,

the ShipperWork ow needs a size as input, which can only be tained by ex-
traction (i.e transformation) on the ProducerO er,

nally, the goal is decomposed into two sub-goals: the proaer and the shipper
order con rmations.

Figure 1.1 illustrates the shipper's partial work ow, as dened before search begins.
The producer's work ow is similar, modulo the message typentologies.

The composition result is shown in Figure 1.2. This composemdork ow involves
synchronization, interleaving, transformations (we usedaval boxes to denote trans-
formations) and it should be noted that some execution pathare discarded: indeed,
under user rejection, the goal cannot be ful lled. This illgtrates why we later will
need a Boolean attribute for active paths in the metamodel.

Basically, the external user is present via the message ifputs to the global work-
ow. In Figure 1.2, all the work ow elements that are not visible in the shipper
work ow above or its producer counterpart must be introducd automatically in order
to obtain a valid composition.

1.3 Brief introduction to con guration

A con guration task consists in building (a simulation of) a complex productfrom
componentspicked from a catalog otypes Neither the number nor the actual types of

2
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Figure 1.1: The shipper provided work ow

the required components are known beforehand. Componente aubject torelations,
and their types are subject toinheritance. Constraints (also called well-formedness
rules) generically de ne all the valid products. A con gurdor expects as input a
fragment of a target object structure, and expands it to a sation of the con guration
problem, if any. This problem is semi-decidable in the gerarcase.

A con guration program is well described using aonstrained object modeln the
form of a standard class diagram (as illustrated by Figure 3), together with well-
formedness rules or constraints (also called the semanticsthe UML/OCL frame-
work). Technically solving the associated enumeration pbtem can be made using
various formalisms or technical approaches: extensionstbe CSP paradigm [16, 9],
knowledge based approaches [23], terminological logicZ][logic programming (us-
ing forward or backward chaining, and non standard semansg [22], object-oriented
approaches [14, 23]. Our experiments were conducted usirg tobject-oriented con-
gurator llog JCon gurator [14].

There currently exists no universally accepted languagerfepecifying constrained
object models. The choice of UML/OCL is advocated [8], and ialistic in many sit-
uations, but has some drawbacks due to a number of limitati@nn the OCL language,
as for instance the lack of a relational cross product ope@t As shown in [12] the Z
relational language has enough expressive power and extbilisy to properly address
the task of specifying a constrained object model, withouteiquiring to use an ad hoc
object oriented extension of Z.

UML diagrams mention some of the model constraints, most nably relation car-
dinalities, as e.g. that a message relates to at most one Agty in Figure 1.3, but
there is no possibility to graphically cover the whole rangef constraints that may
occur in an object model.
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Figure 1.2: The shipper and producer composed work ow

1.4 From con guration to work ow composition

Con guration emerges as an Al technique with applicationsni many di erent areas,

where the problem can be formulated as the production of a te instance of an
object model subject to constraints. Reasoning about workws falls into this cate-

gory, because a work ow description is an instance of a givanetamodel (as is the
UML metamodel for activity diagrams [11]). Composing workows is a con guration

problem in that in so doing, one must introduce an arbitrary nmber of previously

non existent transitions (fork, join, split, merge, transbrmations, pre-de ned user-
interactions sequences), and interconnect input and outpunessage pins provided
they have compatible types. The user of a work ow compositiosystem in our sense
provides:

a list of potentially usable work ows, implemented in the fom of partially de ned
instances of the work ow metamodel used, (e.g. a producerrfsome good, a
shipper, a payment service, etc.)

the ontologies for the data types linked to the input/output messages present
in the work ows (e.g. types of journeys: by train, plane, etc , methods of
payment: cheque, credit card, cash etc.)

a goal to be satis ed by the result composition (e.g. a trainitket reservation),

a list of the data input he can provide (e.g. simple \yes/no" aswers, credit card
number, expiry date, selected item etc.)
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theOutputs

Activity Message

0.1 isOutputOf

Active: boolean thelnputs Active: boolean

Relation: Owner - Order: Boolean
0.1 islnputOf

1

Action ControlFlow ExternalSignal InitialNode

5
Transformation FinalNode
Decision Merge

Fork Join

Figure 1.3: Meta-model for work ows activities

In our approach the goal is de ned as the type in an appropri& ontology of a message
connected to the nal node of the composite work ow. The inpts provided by the
user are modeled as external signals.

The user of a work ow composition system expects in return fdis input a com-
plete "compositeé' work ow, that interleaves the execution of several of the lkementary
argument work ows, while ensuring that all possible integty constraints remain valid.
Among such constraints are those that stem from the metamoldiself: for instance
some constraints state that two or more work ows should not & inter-blocking, all
waiting for some other to send a message. Other constrainteanore problem speci c,
like those stating for instance that an item being shipped isxdeed the one that was
produced.

1.5 Related work

Automated work ow composition is a eld of intense activity, with applications to at
least two wide areas: Business Process Modeling and the ($etic) Web Services.
Tentative techniques to address this problem are experimia using many formalisms
and techniques, among which Situation calculus [15], Logprogramming [20], Type
matching: [5], Coloured Petri nets: [27, 6], Linear logic:1P], Process solving meth-
ods [3, 10, 24], Al Planning [4], Hierarchical Task NetworkHTN) planning [21, 26],
Markov decision processes [7].
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2 Fact sheet

2.1 Deliverable name

The prototype SWS composer is called GOWOC (an acronym for @b Oriented
WOrk ow Composer).

2.2 Contact person with contact details

For technical information about GOWOC or questions, pleaseontact Mathias Kleiner,
by email at mkleiner@ilog.fr or by snail mail at

ILOG
9 rue de Verdun BP85
94253 Gentilly France

2.3 Brief description of purpose

GOWOC aims at validating the feasibility of using constraih based nite model enu-
meration techniques for (SWS) work ow composition within e DIP project. In so
doing, the aim is also to clarify the requirements imposed tihe work ow metamodel
needed for such a composition, as well as to identify the elents that must be attached
to (or present within) the WSMO speci cation of choreograples.

2.4 Brief description of scope

GOWOC addresses the problem of work ow composition for DIPUtt bypasses the cur-
rent limitations or ambiguities of Choreography/Orchestation descriptions. GOWOC
exploits as a metamodel for work ows a large subset of UML2 &ty diagram con-
cepts, hence addresses the problem in a true generality.

GOWOC currently reads WSMO ontology descriptors using WSM@J but does not
read WSMO choreographies (the functionality is still absénfrom WSMO4J). As a
resut of this limitation, parts of the problem statement (ircluding the description of
web servce work ows) must be formulated in Java code using ¢lLOG Jcon gurator
APIs.

GOWOC does not export its results in the form of WSMO orchesations. Note
that this last step also requires the ability to automaticaly infer the choreography
description from the orchestration.

GOWOC does not address scalability issues. Computation tes are impacted by
many factors, including the presence/absence of redundacwnstraints that help Iter
out unwanted con gurations. Work in this direction is planned for the nal prototype
due at M30.
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2.5 Brief description of functionality

GOWOC currently is a standalone prototype. E orts where diected so far in using
the WSMO/DIP APIs for importing the description of web services but the program
results cannot yet be exported automatically to WSMO Studimr to DIP databases.

GOWOC employs constraint based con guration techniques tgolve three broad cat-
egories of problems:

1. structural composition of work ows
2. semantic and structural composition of work ows

3. application to process mediation

Constraint based con guration can be viewed as an object emted generalization of
both description logics and constraint programming [13]. Aon gurator like ILOG
JCon gurator can automatically build the structure of a conposite object involving
relations by inserting in the solution and specializing coponents that where absent
at the start. This technique, when applied to work ow composion for instance, can
introduce in the solution all the work ow items (fork/join n odes, split/merge nodes,
data transformations, ...) that are needed to implement a ‘& combination. The
article annexed to the current deliverable provides furthedetails.

In all cases, the program expects as input:

a goal as a set of desired output messages, that belong to sild ontologies
(option 1 above) and/or

a goal as a set of capabilities, that belong to selected cajiléip ontologies (option
2 instead)

candidate participant WS, made available to the program ashe partial UML2
work ow extracted from their choreographies. If applicake#, the work ows are
further documented by links between actions and symbolic pabilities,

a set of possible input messages, that belong to selectedaagies, and that the
user (of the composition) may produce. These possible inpatessages may be
inter-constrained within a partial work ow describing the user.

all the necessary data ontologies, read from WSMO descripsoor UML diagrams

Given such details, GOWOC produces as its output a compositeork ow having
the desired output messages (option 1) or achieving the desi symbolic capabilities
(option 2). Note that a single capability may be decomposed iseveral sub capabilities.
The result can be interpreted as an UML2 activity diagram, ntrally, or as the
orchestration of the resulting composite service -with merexpected di culties-, but
neither functionality is implemented.

In the protocol mediation case, the program expects as inpuhe partial work ows
of two web services, a set of messages desired as outputs, pratiuces a composite

7
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work ow involving these two WS and that produces the target nessages. This problem
occurs as a special case of the general composition problem.

2.6 Type of API (e.g. Java, WSDL)

GOWOC is a standalone Java executable, built using third pdy libraries and soft-
wares from ILOG (JCon gurator, JViews) and DIP/WSMO (WSMO4 J).

GOWOC is built using the JAVA SDK 1.5.0+ and ILOG JCongurator 2.1. The
programming API for modi ying hard coded elements of the prgram and demos are
thus the JAVA 1.5.0+ API and the ILOG JCONFIGURATOR 2.1 API.

2.7 Format of program input

During its development, GOWOC has experimented using WSM@Q4o load ontology
related information and translate it to an internal object nodel.

WSMO4J cannot currently read choreography descriptors. GEOC therefore requires
that this information be produced by hand coding using the IDG JCon gurator Java
API, in the form of con guration instances, links and relatel constraints. Because of
this current limitation, and although loading WS ontologies using WSMOA4J is feasible,
the current state of the prototypes do not make use of this pemility. GOWOC doesn't
require having installed WSMO4J.

The work ow metamodel is also implemented using the ILOG JQogurator Java API
in the form of con guration ontologies and related constrauts.

The goal de nition is also implemented using the ILOG JCon girator Java API.

2.8 Format of program results

GOWOC generates a main XML le and an XML style le that are exploited by the

program JVIEWS to display the result as a work ow diagram. N¢e that not all the

information present in the resulting object model instances exported. For instance, in
JCon gurator some relations must be implemented using twopposite roles. Although
there are two such links between a message and an action fostance, only the link
pointing to the target node is displayed.

2.9 Files attached to the current document

The DIP Deliverable D4a.9 consists in the present documentys the following les:

1. composition wfonly.zip: a zip archive of all the sources needed to build the
prototype in version 1 work ow based composition

2. composition wf_and_semantics.zip a zip archive of all the sources needed to
build the prototype in version 2 work ow + capability based composition
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3. protocol_mediation.zip: a zip archive of all the sources needed to build the pro-
totype in version 3 experimental protocol mediation

4. jviews_screenshots.zip a zip archive of screenshots

5. a zip archive of all third party libraries required when biding/executing the
prototype

6. D4a.9 Annex SWS Composition DEMO.ppt: a powerpoint le that can be used
to demo the prototype

7. an extended version of the article [1] published at BPM'O@hich presents the
Z speci cation of our work ow metamodel. This article is al® available at
http://arxiv.org/abs/cs.Al/0506031 .
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3 Detailed license information

This section describes the license and conditions granteg LLOG to test or use the
prototype within the DIP project.

3.1 License

This deliverable does not have the dissemination level stat, but is internal to DIP.
The present document and all attached les and products heechave a consortium
level status.

3.2 How to obtain a license

For any licensing information regarding the ILOG JCon guraor commercial product
embedded in the current prototype, please contact Christrade Sainte Marie at ILOG:

ILOG
9 rue de Verdun BP 85
94253 Gentilly France

10
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4 Detailed third party tool information

4.1 JAVA SDK 1.5.0+

license

The Sun license for the Java SDK 1.5.0+ is available at
http://java.sun.com/j2se/1.5.0/jdk-1_5_0_04-license Axt
Third party licenses available at http:

http://java.sun.com/j2se/1.5.0/j2se-1_5_O-thirdpart yreadme.txt

obtain a license

The license is granted by accepting the proposed conditioas download time.

download
The Windows installer is available for download at the url

http://java.sun.com/j2se/1.5.0/download.jsp

installation

Simply run the installer.

4.2 1LOG JCONFIGURATOR

license

This is a commercial product, sold or distributed under the érms of a commercial
licence.

obtain a license

The product, and license, may be obtained from ILOG, via Chstian de Sainte Marie,
or Patrick Albert, who can be reached at the phone number +33B083500, or by mail
at csma@ilog.fr palbert@ilog.fr or by snail mail at

ILOG

9 rue de Verdun BP85
94253 Gentilly France
download

No download available.

installation

Simply execute the CD rom, that should start automatically hen follow the instruc-
tions. For full compliance with the demoing instructions, he product should be in-
stalled in its default location: \C:/ILOG".
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4.3 1LOG JVIEWS

license

This is a commercial product, sold or distributed under the érms of a commercial
licence.

obtain a license

The product, and license, may be obtained from ILOG, via Chstian de Sainte Marie,
or Patrick Albert, who can be reached at the phone number +33B083500, or by mail
at csma@ilog.fr palbert@ilog.fr or by snail mail at

ILOG

9 rue de Verdun BP85
94253 Gentilly France
download

No download available.

installation

Simply execute the CD rom, that should start automatically hen follow the instruc-
tions.

4.4 wsmoad

This library has been tested with the prototype, but is not neded to run the current
programs and demos.

12
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5 Technical requirements for using/installing the
prototype

The prototype is available for platforms running Windows XP and requires at least
512K of RAM. The program performance is satisfactory on mastes having a 3 Giga-
Hertz processor or faster. The machine must have at least 1 G& free disk space if
all components are to be installed (Java SDK inclusive).

5.1 JAVA SDK 1.5.0+

Running the prototype or the demo requires having installed release of Java 1.5.0++.

5.2 1LOG JCONFIGURATOR

Running the prototype or the demo requires having installed release of ILOG JCon-
gurator 2.1, under the patch level 7. Please contact Chrisan de Sainte Marie for
any question regarding this product.

5.3 1LoG JviEws

Graphically visualizing the program results requires hamy installed a release of ILOG
JViews. Running the demos however does not require this.

5.4 wswmoa4J

Running the program does not require having installed a redse of WSMOA4J.

13



FP6 { 504083
Deliverable 4a.9 v0.6

6 Detailed information on how to use/evaluate
the prototype

6.1 Download

All of the prototype archives can be downloaded from the BSCWerver, in the section
dedicated to deliverable D4a.9

6.2 Installation

The steps for installing the prototype are:

1. Install the J2SE 1.5.0 SDK (or higher) on your computer in g@ath containing
NO SPACES.

2. Set your JAVA_HOME environment variable to your java sdk directory. ( Unde
Windows : My Computer) properties) advanced) environment variables
) system variables) new) JAVA _HOME )

3. Install JCon gurator 2.1 in the default path ( llog/JCon gurator2l )

4. Extract the archive to the root of the hard disk where you istalled JCon gu-
rator. It will ask if it can overwrite, click "yes for all". It should have created
a new folder named "dip.composition_prototypes" in the llog directory, if it
didn't, you didn't extract in the good place. This will patch your JCon gurator
in the same time.

The resulting directory structure should for instance, in lhe case of the le:
protocol_mediation.zip

be:
C:/ILOG/DIP_protos/protocol_mediation/{classes,data Jjava,output}

You can launch the prototypes with the "runcomposer.bat" conmand. You can
view the log.txt le for a text output of the composition result. To view a graphical
output of the result requires having installed ILOG JViews.This option is not docu-
mented in this early prototype. You may contact Christian deSainte Marie at ILOG
for this. It simply requires to double click on the le "/outp ut/composedWsS.idpr".
Further details regarding installation issues are providein the user manual section of
this deliverable.
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7 Roadmap on future plans for further develop-
ing the prototype

The current early prototype is an important milestone in theprocess of developing
a nal prototype due at M30. The GOWOC program was used to asse technical
choices, to evaluate risks, and to raise important issueslagve to its integration into
the project. As a side e ect, this study may have helped prode signi cant input to
the DIP project in areas concerned with choreography, orckiation or mediation.

The next step is to develop the entire speci cation for the ral prototype. The
speci cation is due at M24 and the prototype at M30. The next &ps of the roadmap
thus relate to speci cations and the essential aspects are:

the speci cation of the nal work ow metamodel
the speci cation of the nal program functions
the development of algorithms for extracting choreograpes from orchestrations

the speci cation of a module capable of loading choreograpBpeci cations using
future versions of WSMOA4J
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8 User Manual

The GOWOC prototypes are documented in the following pages ia standard way.

A user manual covers the whole range of issues related witlstalling and using
the prototypes.

A reference manual details the compilation scripts and theavious program
sources, explaining the role of each or another element.

8.1 installing the prototypes

The prototype comes in three distinct variants
1. protocol mediation
2. goal directed composition based on message ontologies
3. goal directed composition based of capability ontologie
Each version is available in a separate archive:
protocol_mediation.zip
composition_wfonly.zip
composition_wf_and_semantics.zip

In order for the \ant" make le to work properly, the archives must be executed in
a directory structure where no le name conatains a space opscial character. For
instance, the archives must not be extracted inside the stdard directory called "My
Documents". After extracting the archives, you should obta three corresponding
directories:

protocol_mediation
composition_wfonly
composition_wf_and_semantics

Each such directory contains the same elements:
classes (a directory: the compiled Java classes)
data (a directory: project related information)
java (a directory: the Java sources)
output (a directory: the program output)
log.txt (a le)
runcomposer.bat (a le)
build.xml

Following a standard product install, the les build.xml and runcomposer.batneed not
be modi ed. They expect a product located in the directory \LOG/JCon gurator21".
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8.2 running a prototype

Running a demo simply involves startinguncomposer.batin the prototype directory.
The rst time you do so, depending whether the compiled exetable is already present
in the classessubdirectory, the program may enter a compilation phase, wth however
will be performed only once.

8.3 program output

The log le log.txt is updated after each program execution, but does not prowd
meaningful information to a simple user. Program results argenerated under the
subdirectory output. There you will nd four les composedWS.xmicomposedWsS.css
composedWS.idprand tmp_relations.xml The le composedWS.xmtan be loaded by
the JViews viewer to display the program results.

17
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9 Reference Manual

The source les are located under the "java/Composition” diectory, in each prototype
directory. Each prototype has the same organization. Therare two source les and
a parameter log le:

CompoMain.java (source)
CompoEngine.java (source)
log4j.properties.file (log parameters)

9.1 logging

The log4j properties le needs not be modi ed. The compilatn unit simply copies it
in the classes/Composition subdir, where it is available as program resource at run
time. To deactivate logging, you must remove théog4j.properties. le from both the

classes/Compositionand java/Composition locations.

9.2 compilation parameters

The le responsible for compilation instructions isbuild.xml, located beside therun-
composer.batle. Typical contents for build.xml are

<?xml version='1.0'?>

<!--::::::::::::::::::::: === === = = =->
<l-- Ant makefile for the computer lab -->
<'--::::::::::::::::::::: === === = = =-->

<IDOCTYPE project [
<IENTITY genericTargets SYSTEM "C:/llog/JConfigurator2  1/etc/buildapp.inc">
1>

<project default="build">

&genericTargets;

<property name='target.name' value='Composition'/>

<property name='target.exec.main’ value='Composition. CompoMain'/>
</project>

The line "<IENTITY genericTargets..." must eventually be mdied to adapt a
di erent JCon gurator location. Note that the main ant para meter option le is
called etc/buildapp.inc and is located below the JCon gurator product installation

9.3 compiling

The le responsible for initiating the compilation isruncomposer.bat A typical compile
session looks like:

Buildfile: build.xml
run:
init:
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build:
init:
makedir:
build.generic:
[javac] Compiling 2 source files to C:\...\protocol _media tion\classes
[copy] Copying 1 file to C:\...\protocol mediation\class es
run.generic:
[echo] run.generic
BUILD SUCCESSFUL
Total time: 18 seconds
Press a key to continue...

Note that the message "BUILD SUCCESSFUL" also applies whenoncompilation

occurs because no le date change was detected. The \build'rqress must be un-
derstood as the global compile and run operation. Hence coiiny is automatic each
time a source le is modi ed.

9.4 the source le CompoMain.java

The le CompoMain.javade nes the main() routine called at program start. This le
needs not be modi ed. Beside auxiliary functions, the progm logic is implemented
in the function main:

public static void main(String[] args) throws Exception

{

PrintStream o = System.out;

setFileOutput("log.txt");
/I Create an composition engine

CompoEngine engine=new CompoEngine();
/I Create engine session

IIxConfigController controler=engine.createConfigura tor();
/I Solve

engine.solve(controler,o);

System.setOut(0);

}

The le CompoMain.javaneeds normally not be changed when adapting a prototype.
The con guration constraints are implemented in the clas€€ompoEngine The class
CompoEngineitself is described in the le CompoEngine.java The function create-
Con gurator is implemented by the CompoEngine superclasgxCon gEngine. The
constructor CompoEngine() and the function solve(lixCon gController,PrintSteam)
are implemented in the le CompoEngine.java

9.5 the source le CompoEngine.java
The le CompoEngine.javais responsible for stating the composition problem by:
1. de ning the work ow metamodel as a con guration model,

2. de ning the web service work ows that can be used as argumis by the con g-
urator in the form of partial instances of the abovemention& metamodel,
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3. stating the con guration request in the form of an initial (root) object to be
con gured: this is the nal output message or capacity ontadgy. Again, this
request is formulated in the form of a partial instance of thevork ow metamodel,

4. solving the con guration problem.

Among a number of essentially 1/O utility functions presentin the le CompoEngine
the composition problem is addressed in two functions:

public CompoEngine() throws Exception;
public void CompoEngine.generateConstraints(lloConfig urationModel);
public void CompoEngine.solve(lIxConfigController,Pri ntStream) throws Exception;
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9.5.1 CompoEngine: the constructor CompoEngine()

The constructor CompoEngine() performs the following steps:

1. load the essential part of the con guration model via a \ba" le located in
the data subdirectory of the prototype. This step is perforrad by invoking the
super class constructorsuper("data/proto_simple.bom®).

2. obtain a container object for constraints and con guratn objects, in the form
of anlloCon gurationModel instance, as a result of calling the inherited function
getSharedlloModel()

3. generate the con guration problem statement, viggenerateConstraints()

4. internally \compile" the problem representation by caling the function build()
on the lloCon gurationModel. This call is necessary because the declarative
nature of model and constraint statements allows to referem elements before
they are actually declared.

5. output the results
This is illustrated by a sample body of the functionCompoEnginebelow.

public CompoEngine() throws Exception {
/I Load generic model
super("data/proto_simple.bom");

/I Load lloConfiguration model
lloConfigurationModel om = getSharedlloModel();

/I constraints
generateConstraints(om);

/I Build configurator
om.build();

/I Display configurator
om.display();
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9.5.2 CompoEngine: the bom le

The rst step in a con guration problem statement is eventudly to load a \.bom"
le. This le is normally generated by the JCon gurator object model editor, but can
be edited by hand, since it is declarative and its syntax clety resembles Java. The
bom le loaded here de nes the work ow metamodel. This part 6the con guration
problem does not vary and can be de ned here. Other parts of ¢hcon guration
model, like the ontologies related with the message data tgp, or with the work ow
choreographies, should be read from WSMO repositories dynially. The central
class in the current metamodel is théActivity class. It is a root class which inherits
no other.

public class Activity
{

public int Active
property iloDomain "[0,1]";

public Composite isContainedin
property iloPriority "3"
property iloCatalogObject "false"
property iloCardinality "[0,1]"
property iloConfigureTargets “false";

public CompositionMessage thelnputs
property ilolnverse "CompositionMessage.isinputOf"
property iloPriority "1"
property iloCatalogObject "false"
property iloCardinality "[0,10]";

public CompositionMessage theOutputs
property ilolnverse "CompositionMessage.isOutputOf"
property iloPriority "2"
property iloCardinalityFirst "false"
property iloCatalogObject "false"
property iloCardinality "[0,10]"
property iloConfigureTargets "false";

}

This source illustrates several features:

attribute (constrained data) elds have a name (e.g.Active) and aniloDomain
(of values) in the form (here) of an integer interval (as e.dg:[0,1]"). The attribute
Active is used as a Boolean and helps deciding which part of a compesvork ow
is a path towards the goal or not (in our model, a part of an argmnent WS
work ow can be ignored in the result, because it does not deér the expected
response. This is often the case with error conditions).

elds implementing relation roles have anloCardinality, again as an interval.

the property ilolnverse states that a relation role implements the opposite view-
point over a relation of a role de ned in an other class.

the property iloCatalogObject when false declares that the target object must
itself be con gured and cannot be simply counted.
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the property iloCon gureTargets is a search instruction, that permits, wherfalse
to prevent immediate (depth rst) recursive con guration of connected objects.
Di erent choices for this parameter yield signi cantly di erent behaviours of the
search strategy.

the property iloPriority is a search heuristic. Fields with lower priority will be
congured rst. Again, di erent choices for this parameter will yield di erent
program behaviours. Very often in a con guration problem, eme elds func-
tionally depend upon other choices, and should not be con ged early, since
their value naturally becomes bound after a few decisionshis parameter can
be used to control this.

Most con guration classes introduce no new eld or relatiorand are provided solely to
specialize an abstract classActivity has two main subclassesAtomic and Composite
(activities):

public class Atomic extends Activity{}
public class Composite extends Activity{}

There are only two composite activity types declared in the 8M: WSinterface and
GenericComposite

public class WSinterface extends Composite{}
public class GenericComposite extends Composite{}

Atomic subclasses are actions, initial and nal nodes, trasformations (i.e. data me-
diators according to the WS terminology), external signaléi.e. messages sent by the
user or the resulting composition), and control ow nodes (g. fork, split etc.).

public class Action extends Atomic{}

public class InitiaINode extends Atomic{}
public class FinalNode extends Atomic{}
public class Transformation extends Atomic{}
public class ControlFlow extends Atomic{}
public class ExternalSignal extends Atomic{}

Some intermediate types are used as abstractions useful tatgyg constraints. Merge
and split constructs are placed in two groups:

public class AbstractJoin extends ControlFlow{}
public class Join extends AbstractJoin{}
public class Merge extends AbstractJoin{}

public class AbstractSplit extends ControlFlow{}
public class Decision extends AbstractSplit{}
public class Fork extends AbstractSplit{}

public class GeneralFork extends Fork {}

The class CompoCopy is a particular type of Fork node with caial importance in
our model. It is used to duplicate message ows, by sendingpies of the same input
message to several participants. This construct is necegsavhen combining complex
interleaved work ows. It implements its own relations for echnical (constraint related)
reasons.
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public class CompoCopy extends Fork{}
{
public Activity[] theContainedActivities
property ilolnverse "Activity.isContainedIn"
property iloCatalogObject "false"
property iloCardinality "[0,20]";
public InternalMessage[] thelnternals
property iloCatalogObject "false"
property iloCardinality "[0,10]";
}

Two speci c classes of actions are provided, among which thetion that implements
a user acknowledgement

public class UserAckAction extends Action{}
public class GeneralAction extends Action {}

Messages occur in their own independent hierarchy.

public class Message

{
public int Active property iloDomain "[0,1]";
public Data theData
property iloPriority "1"
property iloCatalogObject "true";
}

Note that the data bound to a message is useful by its type alenit is implemented
by an object which is not con gured (hence anloCatalogObjec) but considered by
its type. A speci c hierarchy of messages follows, includininternal messages (a mes-
sage within a composite activity) or composition (externalmessages, that have two
extremities:

public class InternalMessage
extends Message

{
public Composite theComposite
property iloCatalogObject "false"
property iloCardinality "[1,1]";
}
public class CompositionMessage extends Message
{
public Activity isIlnputOf
property iloCatalogObject "false"
property iloCardinality "[0,1]";
public Activity isOutputOf
property iloCatalogObject "false"
property iloCardinality "[0,1]";
}

public class UserProvided extends CompositionMessage{}
public class WSIO extends CompositionMessage{}

public class WSinternal extends CompositionMessage{}
public class CompositeWS extends CompositionMessage{}
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Goals are de ned as rst class objects. The de nition of a gdas needed to anchor
the con guration process that computes a given compositiorA goal can be inactive
if the current solution does not ful Il it, and is de ned as requiring a number of input
messages (in the \work ow only" prototype).

public class Goal

{
public int Active
property iloDomain "[0,1]";
public Message[] requiresMessages
property iloCatalogObject "false"
property iloCardinality "[0,5]";
}

Finally, an ontology of message types in connection with awgn variety of WS com-
position problems can be listed in the BOM, or can be dynamittg loaded using
WSMOA4J in future versions.

public class Data {}

public class DataShipper {}

public class DataUserAck extends Data{}
public class DataUserChoice extends Data{}
public class DataWSOffer extends Data {}
public class DataWSOfferAck extends Data{}
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9.5.3 CompoEngine: the function CompoEngine.generateCon straints

This function is divided in a number of successive sectiondlodifying the work ow
model or the problems statement requires to change consings stated in one or an-
other such sections. The parameteloCon gurationModel passed to the function is
the interface for creating and holding objects and constnaiis that will play a role
during solve.

The function rst de nes more JCon gurator classes. These lasses should be
loaded from the appropriate WSMO repository using WSMO4J. W have tested the
possibility of doing this, but the current coverage of chowgraphies by WSMO4J
being insu cient, the classes are currently de ned by progam, which also simpli es
the distribution of the prototype.

//**********************************

/I Datatypes (Ontologies)

//**********************************

/I Predefined composition DataTypes
/-

lloClass DatalnternalClass = om.makeClass("Internal”, Data");
lloClass DataWSOfferClass = om.getClass("DataWSOffer") ;
lloClass DataWSOfferAckClass = om.getClass("DataWwSOffe rAck");

lloClass DataShipperProducerConfClass = om.makeClass(" ShipperProducerConf","Data");

nn

lloClass DatalocationClass = om.makeClass("Location", Data");
lloClass DataProductSizeClass = om.makeClass("ProductS ize","Data");

/I DataTypes used by the avalaible WS (which could be importe d using WSMO4J)
/-

/I Shipper

lloClass DataShipperDeliveryConfClass = om.makeClass("  ShipperDeliveryConf","Data");
lloClass DataShipperRequestClass = om.makeClass("Shipp erRequest","Data");

lloClass DataShipperOfferClass = om.makeClass("Shipper  Offer","DataWSOffer");

lloClass DataShipperOfferAckClass = om.makeClass("Ship  perOfferAck”,"DataWSOfferAck™);

/I Producer

lloClass DataProducerProductConfClass = om.makeClass(" ProducerProductConf","Data");
lloClass DataProducerRequestClass = om.makeClass("Prod ucerRequest","Data");

lloClass DataProducerOfferClass = om.makeClass("Produc erOffer","DataWSOffer");

lloClass DataProducerOfferAckClass = om.makeClass("Pro ducerOfferAck"”,"DataWSOfferAck™);

This code illustrates two functions from the JCon gurator APl: makeClasscreates
a class by giving its name, and an optional super class name.otd that multiple
inheritance is not allowed.getClassretrieves theiloClass object from its name. This
is useful to store in a Java variable a reference to a class ldeed in the BOM le for
instance. This is the rst activity performed by generateCastraints in the next lines:
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/I Retrieve useful classes from model
/]-- -

lloClass GoalClass = om.getClass("Goal");

lloClass WSinterfaceClass = om.getClass("WSlInterface") ;
lloLogicObjectvar WSinterfaceVar = om.logicObjectVar(W SinterfaceClass);

lloClass MessageClass = om.getClass("Message");
lloLogicObjectVar MessageVar = om.logicObjectVar(Messa geClass);

lloClass CompositionMessageClass = om.getClass("Compos itionMessage");
lloLogicObjectvVar CompositionMessageVar = om.logicObje ctVar(CompositionMessageClass);

lloClass InternalMessageClass = om.getClass("InternalM essage");
lloLogicObjectVar InternalMessageVar = om.logicObjectV ar(InternalMessageClass);

This source excerpt also illustrates the creation of a forrhaariable, used later in
guanti ed constrained expressions. From anloClass object, the function logicOb-
jectVar creates such a formal variable, as altoLogicObjectVar. Now is time to post
constraints.

i Cardinalities of Activities Inp uts / Outputs

om.add(om.forAll(AbstractJoinVar,
om.eq(AbstractJoinVar.getintField("Active"),1),
om.eq(om.cardinality(AbstractJoinVar.getObjectSetFi eld("theOutputs™)),1)

)

om.add(om.forAll(AbstractSplitVar,
om.eq(AbstractSplitvVar.getintField("Active"),1),
om.eq(om.cardinality(AbstractSplitVar.getObjectSetF ield("thelnputs™),1)
)

This section constrains the cardinalities of the input and atput roles of split/fork and
merge/join nodes depending whether they are active or not.nEse rst two constraints
mathematically would read as:

8x : AbstractJoin x:active=1) #( x:theOutputg =1
8x : AbstractSplit x:active=1) #( x:thelnputs) =1

In other words, an activejoin has exactly one output message, and an actisplit
has exactly one input message, which conforms to intuitionVery intuitively too,
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an intField models an integer attribute, and anobjectSetFieldmodels the role of a
relation, implemented as a set, from which the cardinalityan be computed. Note from
the above example that all constraint operators are obtaimefrom the con guration
model which behaves as a factory(\om.").

T "Active” Attribute propagation constraints

I* WS Level */
/I If a WS contains at least one active activity, it is active
om.add(om.forAll(WSlInterfaceVar,
om.ge(om.sum(WSiInterfaceVar.getObjectSetField("theC  ontainedActivities"),
"Active"),1),
om.eq(WSlInterfaceVar.getintField("Active"),1)

)
I* Workflow level */
/Il if a message is "Active”, it has to be OutputOf and its incom ing activity is active
om.add(om.forAll(CompositionMessageVar,
om.eq(CompositionMessageVar.getintField("Active"),1 ),
om.and(

om.eg(om.cardinality(CompositionMessageVar.getObjec  tField("isOutputOf")),1),
om.eg(CompositionMessageVar.getObjectField("isOutpu  tOf").getIntField("Active"),1)

)

The previous two examples use more constructs. The calin.sum denotes the sum
of values of an attribute for the set of objects connected to given relation role. The
operator om.and denotes the logical conjunction of two constraints.

M Wsinterfaces

/[ a WSinterface cannot be Containedin anything
/-

om.add(om.forAll(WSlInterfaceVar,
om.eq(om.cardinality(WSlInterfaceVar.getObjectField( "isContainedIn™)),0)

)E

Here the om.forall statement has only one parameter. It has in this case standhr
semantics, unlike before where it modeled a logical impliwan between the two argu-
ments.
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NN Messages ordering constraints

/I Comment this part if you don't want to check for "ordering | oops" :
/I (will make solving faster)

/I For all controlflows, min(inputs) > max(outputs)
om.add(om.forAll(ControlFlowVar,

om.lt(
om.max(ControlFlowVar.getObjectSetField("theOutputs "),"Order"),
om.min(ControlFlowVar.getObjectSetField("thelnputs" ),"Order")

)
)
/I For all actions, min(inputs) > max(outputs)
om.add(om.forAll(ActionVar,

om.lt(
om.max(ActionVar.getObjectSetField("theOutputs™),"O rder"),
om.min(ActionVar.getObjectSetField("thelnputs"),"Or der")

)
)
/I For all transformations, min(inputs) > max(outputs)
om.add(om.forAll(TransformationVar,

om.lt(
om.max(TransformationVar.getObjectSetField("theOutp uts"),"Order"),
om.min(TransformationVar.getObjectSetField("thelnpu ts"),"Order")

)
)

This new section de nes the ordering constraints that enser whether a composite
work ow involves no deadlock. The general idea is to use an t@er" eld on messages,
and to make sure that message orders are strictly incremedtéy each activity.

/ kkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkk

// Compo Interface

/ kkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkx

/I Declare the WS instance compositeWS
lloObject compositeWS = om.makelnstance(WSlInterfaceCla ss,"CompositeWS");

/I create instance Goal
lloObject Goal = om.makelnstance(GoalClass,"Goal");

This section creates the instance of the "CompositeWS". Thiobject will hold the
resulting work ow: a collection of atomic nodes plus acknodgement activities that
allow all participants to communicate. The source uses "ommakelnstance" twice:
the goal too is an instance of the class "Goal". These objectdll participate to the

solution and illustrate the fact that a con guration reques is formulated as a fragment
of the nal result.
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i Predefined element : Compocopy for for warding/copying messages

lloClass CompoCopyClass = om.getClass("CompoCopy");
lloLogicObjectVar CompoCopyVar = om.logicObjectVar(Com poCopyClass);

/I increase this number if you think it is needed for your prob lem
for(i=0;i<10;i++) {
lloObject CompoCopy = om.makelnstance(CompoCopyClass,'CompositionCopyTransition"+i);

/I Those activities belong to the Composition WS
om.add(om.eq(CompoCopy.getObjectField("isContainedl  n"),compositeWS));

}

/l same message cannot be input and output of a compocopy :

/[ to avoid "stupid" constructions and any compocopy could o utput anything

/l n.b : cannot extend this constraint to all activities,

/[ as some loop patterns can work this way

om.add(om.forAll(CompoCopyVar,
om.nullintersect(CompoCopyVar.getObjectSetField("th elnputs"),
CompoCopyVar.getObjectSetField("theOutputs"))

)E

/I a message cannot link 2 compocopy : to avoid unnecessary (i  somorphic) constructions
om.add(om.forAll(CompositionMessageVar,
om.eqg(CompositionMessageVar.getObjectField("isInput Of").getClassification(),
CompoCopyClass),
om.neq(CompositionMessageVar.getObjectField("isOutp  utOf").getClassification(),
CompoCopyClass)
);
om.add(om.forAll(CompositionMessageVar,
om.eqg(CompositionMessageVar.getObjectField("isOutpu  tOf").getClassification(),
CompoCopyClass),
om.neq(CompositionMessageVar.getObjectField("isInpu tOf").getClassification(),
CompoCopyClass)

)E

om.add(om.forAll(ControlFlowVar,
om.eq(ControlFlowVar.getintField("Active"),1),
om.eq(1,
om.cardinality(
om.union(om.classUnion(ControlFlowVar.getObjectSetF ield("thelnputs"),"theData"),
om.classUnion(ControlFlowVar.getObjectSetField("the Outputs™),"theData")
)
)
)
)

This section de nes the semantics of a very important objean our model: the class
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CompoCopy. Recall that this class is meant to distribute cdps of a single input
message to a number of participants in the composition. Thigortion of the source
has a number of particular features: the source creates a abtnumber of ten Com-

poCopyobjects. This is required since JCon gurator21 is unable toreate objects by
necessity. If a particular result should require more thanhis number, this section of
the code would be responsible for the failure to nd solution In that case, the num-
ber of CompoCopy objects must be increased. Also, this sextiuses set constraints:
null intersection of sets or set union. To understand this,gu must understand that

JCon gurator implements relation roles as sets. Normally lis portion of the code
should not be modi ed to test variants of the program, sincetiis closely related to
the underlying model.

//**********************************

/I User Interface

/ kkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkx

/I Declare the WS instance User
lloObject User = om.makelnstance(WSinterfaceClass,"Use  r");

lloClass UserAckActionClass = om.getClass("UserAckActi on");
lloLogicObjectVar UserAckActionVar = om.logicObjectVar (UserAckActionClass);

lloClass UserProvidedClass = om.getClass("UserProvided ");
lloLogicObjectVar UserProvidedVar = om.logicObjectVar( UserProvidedClass);

In our model, the user of the work ow is represented as a workw on its own with
input and output messages.

I Predefined element : User can accept/r eject offers

/I If your problem includes offers acceptations,
I give a certain number of those constructions
for(i=0;i<2;i++) {
lloObject UserAckAction = om.makelnstance(UserAckActio  nClass,"UserAckAction"+i);

om.add(om.forAll(CompositionMessageVar,
om.eqg(CompositionMessageVar.getObjectField("isInput Of"),UserAckAction),
om.or(
om.eqg(CompositionMessageVar.getClassField("theData" ),DataWSOfferClass),
om.eq(CompositionMessageVar.getClassField("theData" ),DataUserAckClass)

)
)R

om.add(om.le(om.cardOf(CompositionMessageVar,
UserAckAction.getObjectSetField("thelnputs"),
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om.eq(CompositionMessageVar.getClassField("theData"
om.add(om.le(om.cardOf(CompositionMessageVar,
UserAckAction.getObjectSetField("thelnputs"),
om.eq(CompositionMessageVar.getClassField("theData"
/I Input range for UserAckAction
om.add(
om.imply(
om.eq(UserAckAction.getintField("Active"),1),
om.eq(om.cardinality(UserAckAction.getObjectSetFiel

)
);
om.add(
om.or(
om.eg(om.cardinality(UserAckAction.getObjectSetFiel
om.eq(om.cardinality(UserAckAction.getObjectSetFiel

)
);

),DataUserAckClass)),1));

),DataWwSOfferClass)),1));

d("thelnputs")),2)

d("thelnputs")),0),
d("thelnputs"),2)

Here again, the total number of user acceptations requirea tsolve the composition
problem must be approximated. An excessively low gure mayesult in failing to
discover solutions.

/*

/I Problem specific constraints (most of the changes you mig

/*

I

//--

I

kkkkkkkkkkkkkkkhkhkkkkkkkkkkkhkkhkkkk

kkkkkkkkkkkkkkkhkhkkkkkkkkkkhkhkkhkkkk

Goal of the composition

The Goal is active

om.add(om.eq(Goal.getintField("Active"),1));

I

Constraint : the goal has an order = MIN

/lom.add(om.eq(Goal.getintField("Order"),0));

/*

I

Goal at message level */

All messages required by the Goal are active

om.add(om.forAll(CompositionMessageVar,
om.member(CompositionMessageVar,Goal.getObjectSetFi eld("requiresMessages")),

)E

om.eq(CompositionMessageVar.getintField("Active"),1

)

ht have to make are here)

/I Define here the message(s) you want to have as inputs to the user

I

GoalMessagel

lloObject GoalMessagel = om.makelnstance(CompositionMe ssageClass,"GoalMessagel™);

I

om.add(om.eq(GoalMessagel.getClassField("theData"),

is a "ShipperProducerConf"

DataShipperProducerConfClass));
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/I is required by the goal
om.add(om.member(GoalMessagel,Goal.getObjectSetFiel d("requiresMessages")));

This last section is where the program parameters are to vaifyadapting the prototype

for other needs. The goal is set active, as well as the messag#dached to the goal
(recall that a goal may involve several messages). In the cent example, it is said that
the goal is to receive a Shipper/Producer composite con rnti@n. The corresponding
message is set as a member of the goal's required messagey st membership
constraint.

/I User Provided messages (maximum number is i)
/-

for(i=0;i<4;i++) {

lloObject UserProvided = om.makelnstance(UserProvidedC lass,"UserProvided"+i);
lloObject UserSignal = om.makelnstance(ExternalSignalC lass,"UserSignal"+i);

om.add(om.eq(UserSignal.getObjectField("isContained In"),User));
om.add(om.eq(UserProvided.getObjectField("isOutputO f"),UserSignal));

/~k

/IAnother Way of giving possible inputs, prevents multiple inputs of the same type
if(i==0) om.add(om.eq(UserProvided.getClassField("th eData"),

DataProducerRequestClass));

if(i==1) om.add(om.eq(UserProvided.getClassField("th eData"),DatalLocationClass));
if(i==2) om.add(om.eq(UserProvided.getClassField("th eData"),DataUserAckClass));
if(i==3) om.add(om.eq(UserProvided.getClassField("th eData"),DataUserAckClass));

*/

}

/I Constraint : Provided possible types
om.add(om.forAll(UserProvidedVar,
om.or(
om.or(
om.eqg(UserProvidedVar.getClassField("theData"),Data LocationClass),
om.eq(UserProvidedVar.getClassField("theData"),Data UserAckClass)
),
om.eq(UserProvidedVar.getClassField("theData"),Data ProducerRequestClass)
)

)E

This section de nes the messages that the external user islalio produce. For in-
stance, in an electronic commerce situation, the user may lexpected to pay using
a large number of payment means (cash upon receipt, chequeonpreceipt, visa card
at buy time, mastercard etc...) Not all of these will be used rouseful in a given
composition. But the composer must know what is available.
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/I Transformation for decomposing the goalMessage
[ mmmm e

lloObject GoalDecomposition = om.makelnstance(Transfor  mationClass,"GoalDecomposition™);

I/l belongs to the compositeWS
om.add(om.eq(GoalDecomposition.getObjectField("isCo ntainedIn™),composite WS));

/I Input Types
om.add(om.forAll(CompositionMessageVar,
om.eqg(CompositionMessageVar.getObjectField("isInput Of"),GoalDecomposition),
om.or(
om.eq(CompositionMessageVar.getClassField("theData" ),
DataShipperDeliveryConfClass),
om.eq(CompositionMessageVar.getClassField("theData" ),
DataProducerProductConfClass)

)

om.add(om.le(om.cardOf(
CompositionMessageVar,GoalDecomposition.getObjectSe tField("thelnputs"),
om.eqg(CompositionMessageVar.getClassField("theData" ),
DataShipperDeliveryConfClass)),1));
om.add(om.le(om.cardOf(
CompositionMessageVar,GoalDecomposition.getObjectSe tField("thelnputs"),
om.eq(CompositionMessageVar.getClassField("theData" ),
DataProducerProductConfClass)),1));

/I Input range for Goal Decomposition
om.add(
om.imply(
om.eq(GoalDecomposition.getintField("Active"),1),
om.eg(om.cardinality(GoalDecomposition.getObjectSet Field("thelnputs")),2)
)

)i
om.add(
om.or(
om.eg(om.cardinality(GoalDecomposition.getObjectSet Field("thelnputs")),0),
om.eg(om.cardinality(GoalDecomposition.getObjectSet Field("thelnputs")),2)
)
)i

/l Output types for GoalDecomposition

om.add(om.forAll(CompositionMessageVar,
om.eq(CompositionMessageVar.getObjectField("isOutpu  tOf"),GoalDecomposition),
om.eqg(CompositionMessageVar.getClassField("theData" ),DataShipperProducerConfClass)
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)
// Output range for GoalDecomposition
om.add(om.le(om.cardinality(GoalDecompaosition.getOb jectSetField("theOutputs™)),1));

/I Constraint : GoalMessagel is OutputOf GoalDecompositio n
om.add(om.eq(GoalMessagel.getObjectField("isOutputO  "),GoalDecomposition));

A speci ¢ transformation is required for decomposing the @b into sub elements.

/I Available transformations
/-

/I Shipper Request Maker Transformation

lloObject ShipperRequestMaker =
om.makelnstance(TransformationClass,"ShipperRequest  Maker");

om.add(om.eq(ShipperRequestMaker.getObjectField("is ContainedIn"),compositeWS));

/I Input Range

om.add(om.eqg(om.cardinality(ShipperRequestMaker.get ObjectSetField("thelnputs")),2));

/I The possible inputs

lloObject SRMLocation = om.makelnstance(CompositeWSMesageClass,"SRMLocation");
om.add(om.eq(SRMLocation.getClassField("theData"),D atalLocationClass));
om.add(om.eq(SRMLocation.getObjectField("isInputOf" ),ShipperRequestMaker));

lloObject SRMProductSize = om.makelnstance(CompositeWSMessageClass,"SRMProductSize");
om.add(om.eq(SRMProductSize.getClassField("theData" ),DataProductSizeClass));
om.add(om.eq(SRMProductSize.getObjectField("isInput Of"),ShipperRequestMaker));

/I Output range

om.add(om.eq(om.cardinality(ShipperRequestMaker.get ObjectSetField("theOutputs")),1));

/I Les Outputs possibles (Output range)

lloObject SRMShipperRequest =
om.makelnstance(CompositeWSMessageClass,"SRMShippé&equest");

om.add(om.eq(SRMShipperRequest.getClassField("theDa ta"),DataShipperRequestClass));

om.add(om.eq(SRMShipperRequest.getObjectField("isOu tputOf"),ShipperRequestMaker));

/I Product Size Extraction Transformation
lloObject ProductSizeExtraction =

om.makelnstance(TransformationClass,"ProductSizeExt  raction");
om.add(om.eq(ProductSizeExtraction.getObjectField(" isContainedIn"),compositeWS));

/I Input Range

om.add(om.eq(om.cardinality(ProductSizeExtraction.g etObjectSetField("thelnputs™)),1));

/I Inputs

lloObject PSEProducerOffer = om.makelnstance(Composite WSMessageClass,"PSEProducerOffer");
om.add(om.eq(PSEProducerOffer.getClassField("theDat  a"),DataProducerOfferClass));
om.add(om.eq(PSEProducerOffer.getObjectField("isinp utOf"),ProductSizeExtraction));

/I Output range
om.add(om.eq(om.cardinality(ProductSizeExtraction.g etObjectSetField("theOutputs")),1));
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/I Outputs

lloObject PSEProductSize = om.makelnstance(CompositeWS MessageClass,"PSEProductSize");
om.add(om.eq(PSEProductSize.getClassField("theData" ),DataProductSizeClass));
om.add(om.eq(PSEProductSize.getObjectField("isOutpu  tOf"),ProductSizeExtraction));

/I Prepared copy that will deliver the PSEProducerOffer : ac celerates solving
lloObject CompoCopy = om.makelnstance(CompoCopyClass,'CompositionCopyTransition");
om.add(om.eq(CompoCopy.getObjectField("isContainedl  n"),compositeWS));
om.add(om.ge(om.cardinality(CompoCopy.getObjectSetF ield("theOutputs")),2));
om.add(om.eq(PSEProducerOffer.getObjectField("isOut putOf*),CompoCopy));

Data transformations are essential elements. They allow group/split data items or
transform by performing simple, side e ect free computatios (as e.g. a conversion).
The current program version prepares for a list of such traf@mations, that corre-
spond to WS mediators. the constraints de ne the types of dathandled by each or
another transformation.

//**********************************

/I CANDIDATE WS classes & instances

//**********************************

/I When avalaible in WSMO4j, it will be possible to import tho se from WSMO

/l When avalaible, it will be possible to get those from disco very

/I Define the candidate WS as JConfig constraints : Create th e WSinterface,

/[ its activities, the capabilities it can execute, and all ¢ orresponding messages
/I ' You can define the choreography using either (or a mix of) :

/[ Atomic activities having inputs/outputs and internal me ssages between its activities
/l more complex activities using "composite activities" th at can hold internal messages.
/[ You can then put constraints on how its inputs/ouputs acti vate

Il SHIPPER WS

/I the WSinterface
lloObject WSShipper = om.makelnstance(WSlInterfaceClass ,"WSShipper");

/I An action which takes a ShipperRequest and gives a Shipper  Offer and DK1

lloObject ShipperRequestToOfferAction =
om.makelnstance(ActionClass,"ShipperRequestToOfferA  ction");

om.add(om.eq(ShipperRequestToOfferAction.getObjectF ield("isContainedIn™),WSShipper));

/I Input Range
om.add(om.eq(
om.cardinality(ShipperRequestToOfferAction.getObjec tSetField("thelnputs™)),1));
/I Inputs
lloObject ShipperRequest = om.makelnstance(WSIOMessage Class,"ShipperRequest”);
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om.add(om.eq(ShipperRequest.getClassField("theData" ),DataShipperRequestClass));
om.add(om.eq(ShipperRequest.getObjectField("isInput Of"),ShipperRequestToOfferAction));

/l Output range
om.add(om.eq(

om.cardinality(ShipperRequestToOfferAction.getObjec tSetField("theOutputs™)),2));
/I Outputs
lloObject ShipperOffer = om.makelnstance(WSIOMessageCl ass,"ShipperOffer");
om.add(om.eq(ShipperOffer.getClassField("theData"), DataShipperOfferClass));
om.add(om.eq(ShipperOffer.getObjectField("isOutputO "), ShipperRequestToOfferAction));

lloObject ShipperDK1 = om.makelnstance(WSlInternalClass ,"ShipperDK1");
om.add(om.eq(ShipperDK1.getClassField("theData"),Da  talnternalClass));
om.add(om.eq(ShipperDK1.getObjectField("isOutputOf" ),ShipperRequestToOfferAction));

Finally we describe the candidate SWS for composition. Eadluch candidate is de ned
using a list of work ow constructs, implemented as instanceof the metamodel. The
graph of links between work ow items is de ned very straighforwardly here. This is
the main place where changes wight be implemented.
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9.5.4 CompoEngine: the function CompoEngine.solve

The function solve computes the solutions. It proceeds as follows:

1. obtain the session con gurator

2. declare which object the con guration should start to comure: here the com-
position goal

3. optionally position a Boolean to trace decisions. This &g tool must be used
cautiously because of the generally tremendous amount offonmation being
logged in that case

optionally display the con gurator state before the sole
solve
if the results are positive: write them for JViews

optionally loop again on further solutions

© N o 0 bk

if the results are negative, invoke whyFail to obtain a smiest set of constraints
responsible for the fail. In easy cases, this call will prode a precise diagnosis of
the two or more constraints that are incompatible as a wholdf the program fails
after a long search, the explanations will contain all the kztracking decisions,
hence will provide an information di cult to exploit.

The function printinformation displays execution statistics.

public void solve(lixConfigController controler,PrintS tream o) throws Exception

{

lloConfigurationModel om=getSharedlloModel();
System.out.printin("#### Solving ####");
lloConfigurator cfg=controler.getSessionConfigurator 0;
cfg.addRootObject(cfg.getObject("Goal"));
/lcfg.setTraceDecisions(); // decisions will be written t 0 log.txt
/[cfg.display();
if (cfg.solve()) {

System.out.printin("====> SOLUTION");

cfg.display();
cfg.printinformation();

this.writeJviewsOutput(om,cfg);

//System.out.printin("");
*while(cfg.next()){
System.out.printin("====> SOLUTION");
cfg.display();
cfg.printinformation();
o
} else {
System.out.printin("====> NO SOLUTION");
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cfg.printinformation();
System.out.printin("Explanations");
whyFail(cfg);
}
/lcfg.display();
cfg.end();
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10 Demonstration Information

10.1 How can the prototype be demonstrated?
Calls to the three prototypes are embedded in the le
D4a.9 Annex SWS_Composition_DEMO.ppt

attached to the current deliverable. The powerpoint le ale provides contextual infor-
mation to explain the essence of the approach as well as casobns and perspectives.
The powerpoint le also provides slides produced using thé/dews viewer on the pro-
gram output. The powerpoint demo hence doesn't require to ddionally install this
product.

10.2 How to obtain demo les
Prototype archives, as well as the powerpoint demo les arevailable from the DIP
BSCW server, attached to the deliverable.

10.3 Detailed sketch of the demonstration

The le
D4a.9 Annex SWS_Composition_DEMO.ppt

is self explaining.
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