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Lack of Service Composition tools
tooling available for creation of web services

little progress has been made towards tooling for service composition, though
prototypes exist

existing prototypes handle only part of the problem

Need for an Integrated Development Environment (IDE) to ease the process of
composition, thereby reducing development time and integration efforts

Tooling Challenges
web services are actively running entities that need to be composed together

new web services may come up or old ones may go down dynamically, leading to
much more frequent changes than in traditional software libraries or components

the tool should be able to work with components in the runtime environment in
addition to offline development modules

has implications on functionality, interface, performance and runtime behavior of the
IDE
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R.1 Functionality
IDE has to encompass the entire process of web service composition

from requirements gathering to creation of the composite service to deployment

R.2 Support for multiple users
scope extends from developmental to runtime aspects

the IDE needs to cater to different kinds of users including service developers, service
deployers, and administrators.

R.3 Interface
needs to present a unified view of different stages of software development

boundaries between the development, deployment and runtime stages need to be evened out
for enabling smooth transition

R.4 Integration
The IDE needs to deal with a set of disparate technologies such as OWL/OWL-S, WSDL and
BPEL etc.

hide all heterogeneity from the user

needs to unify the solutions developed by various communities for different but (compaosition)
related problems

integration includes providing support for different kinds of editors, viewers and registries

the information content in all of these should present a consistent view of the composition
scenario being worked out



R.5 Usability

need to use most commonly used controls and menu options and enable all the complex
functionality through these

to help create a familiar environment with most tasks organized in an intuitive fashion.

R.6 Adaptation

dealing with runtime aspects of the composition requires adaptation to faults and other
runtime changes

R.7 Scalability

should be able to scale from a small set of services (e.g. inside an enterprise) to Internet
environment

R.8 Security
need for an appropriate access control mechanism

to ensure that only authorized users are allowed to perform critical operations such as
deployment of new business functionality



Synthy: A Two Stage Web Service Composition Approach

enables semi-automatic composition of Web services by introducing a differentiation between web
service types and instances

Service Types

groupings of similar services, i.e. capture the functional description

semantically described with the help of inputs, outputs, preconditions and effects
Service Instances

refer to the actual services that can be invoked

described with the help of Web Service Description Language (WSDL) along with the non-functional
(QoS) attributes associated with the instance

Staged approach to composition

the functional composition based on Types (called the Logical Composition) is decoupled from the non—
functional composition based on Instances (called the Physical Composition)

Similar approach proposed by Paul Hoffman et. al. in ICWS 2006



Synthy IDE
implemented as a plug-in to the Eclipse platform (an open source meta IDE built using
Java and can be used for building other IDES)

the plug-in based approach enables integration with various existing and future
components being added to the Eclipse platform

IDE Design

Synthy Core view

central view that provides an interface to most of the composition tasks

surrounded by several helper views that let the developer access a variety of
information

Four tabbed panes
Requirements, Logical, Physical, Composed Service
Enable a wizard like feature for a guided traversal of composition process

provides smooth navigation between development, deployment and runtime
stages
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Synthy IDE




Lets the user give the specification of the new service in terms of its functional parameters
Four panes that accept

Inputs, Outputs, Preconditions and Effects (IOPE)
“View specification” option

lets the user view the new service specification in OWL-S, generated from IOPEs specified by the user
“Create Service” option

triggers the functional composition process and transitions to the Logical tab

A conscious design choice

accept partial specification at this stage, in
terms of functional requirements alone

incorporate the non-functional requirements
later in the process

helps the user focus on the initial task of
functional composition, with sufficient inputs to
get started

makes the solution more scalable since the
composition problem is reduced to searching
for solution in a smaller set of service types

also enables a role based usage of the IDE

a business person might be concerned
with functional composition alone

a service developer would take this
functional composition and use the IDE
to create a deployable composite
service meeting QoS guarantees

enables control points for restricting
access
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provides the abstract workflow generated
using Al Planning techniques

The “Back” option

lets the user go back to the requirement
specification stage if the generated abstract
workflow is needs to be refined

The “Add Service” option

lets the user add the newly generated workflow to
the registry, as a new composite service type

this enables new and more complex services to be
built from simpler, existing services

The “Select Instances” option

allows user to proceed to the next step where
actual instances corresponding to the service types
in the workflow can be selected
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Physical Tab

handles specification of non-functional
requirements for selection of web service
instances

parameters are specified in terms of QoS
guarantees expected from either the individual
component services or from the composite service
as a whole

current version of the IDE supports three QoS
parameters, namely, availability, cost and
response time

The “Generate BPEL” option

generates BPEL corresponding to the composed
service

involves invocation of a QoS Solver module

it selects instances for each service type in the
abstract workflow while optimizing the end—to—end
QoS of the composed service subject to (QoS)
constraints specified by the user

on a successful assignment, the IDE transitions
to the “Composed Service” tab else it prompts the
user to try again
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Composed Service Tab

lets the user verify and manually manipulate
the composite service created

Edit BPEL and Edit WSDL options

Deploy
once satisfied, a user can proceed to deploy

the composite service onto a runtime
infrastructure

Reuse of composition

reuse of composed service as a component
in a bigger scenario

this bottom-up approach allows developer to
first build smaller components and then reuse
these to form higher level components

essentially results in a library of service
types that become reusable assets for future
needs



Synthy IDE
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A helper view

complements the Synthy Core view by capturing and maintaining the context of the composition process
from start to finish

The Navigator view

The Navigator view displays the resource tree representing the organization of various files on disk
associated with the composition project.

Registry views
connect to different repositories
service Type view
shows a list of available service types
allows searching for them as well
IOPEs of each service are displayed within this view
service Instance view
shows a list of available service instances

view connects service type and instance repositories by allowing service instances for a particular
service type to be searched for

Ontology views
enable the user to browse through the concept ontology as well as view it graphically

Synthy Log view
displays status information related to user interaction in the Synthy Core view



Eclipse Plug-in Architecture
a meta-IDE

supports extensibility by providing well defined
extension points called plug—ins

a plug-in is the smallest pluggable component
identified by the Eclipse framework

this feature is particularly useful for developing a
complex IDEs such as ours

loading of a plug—in happens on demand

Synthy IDE
includes a generic set of Eclipse components and a
Synthy Plug—in set
Synthy Perspective binds all the Synthy
components together
Synthy Core uses

Synthy Core Editor, BPEL Editor, WSDL
Editor, Binding Editor and the Default Text
Handler

In-house plug-ins
Ontology viewer
Binding Viewer

BPEL4WS

For visualizing and editing the BPEL4AWS
specification generated for the composite
service



Presented and demonstrated at various conferences (WWW 05, AAAI 06, COMSWARE 06,
ICWS 06)
Proof-of-concept for a large telecom service provider
Usability Study — preliminary survey results
7 out of 10 people felt that the tool is user friendly
8 out of 10 people felt that output of the tool is useful in terms of deployment on a run—time engine
no clear answer emerged regarding this tool enabling faster time to market for new services

1 person who earlier didn’t think that semantics help in service composition changed his opinion after the
demonstration

Half the people thought that this tool enables SOA, while 2 were neutral and the rest did not know

the participants thought that developers and business process analysts would find this tool most useful

the analysts can use it to define a template of the composite service

the developers or deployers can use the physical stage to ground the bindings for each of the component
services

Suggestion received
incorporation of hierarchical browsing and searching of the ontology
supporting expressions to specify IOPEs of the composite service at the logical composition stage
support for visual composition (drag and drop)
automatic deployment of the output of the tool, and

adaptation of the composition to the changes in the run—time environment



Summary

We presented the requirements and design of an Integrated Development Environment (IDE) for end-
to-end composition of Web services

The design of the IDE is based on a two staged service composition approach that separates the
functional and non—functional requirements of the service being composed.

The IDE, attempts to synergize the strengths of disparate technologies, i.e. Semantic Web
technologies (like OWL, OWL-S) and distributed programming techniques (like WSDL, BPEL).

From a solution integration point of view, the IDE is built upon several modules each of which
implements a key technology enabling the end to end solution

the service type discovery and functional composition uses an Al Planner
selection of service instances for binding requires an IP Solver

the specification, storage, and retrieval of service specifications uses an ontology management
system as well as a service instance registry

Development of the IDE on Eclipse, an open source platform
A preliminary usability study of the IDE

Future Work
Incorporate suggestions from the surveys
Continue making refinements

Fault resilience, i.e. adaptation
Access Control

Support for multiple registries
Enhanced matchmaking



Publications on Synthy

G. Chafle, P. Doshi, J. Harney, S. Mittal, and Biplav Srivastava, Improved Adaptation of Web Service Compositions Using Value
of Changed Information, Industrial Track paper in the Proceedings of the IEEE International Conference on Web Services (ICWS
2007), Salt Lake City, USA.

Girish Chafle, Koustuv Dasgupta, Arun Kumar, Sumit Mittal and Biplav Srivastava, Adaptation in Web Service Composition and
Execution, In Proceedings of the IEEE International Conference on Web Services (ICWS), September 18-22, 2006, Chicago, USA

Biplav Srivastava, The Synthy Approach for End to End Web Services Composition: Planning with Decoupled Causal and
Resource Reasoning, NECTAR paper in Proceedings of the 21st National Conference on Atrtificial Intelligence (AAAI-06), Boston,
USA

(Invited Paper) Vikas Agarwal, Girish Chafle, Koustuv Dasgupta, Neeran Karnik, Arun Kumar, Sumit Mittal and Biplav Srivastava,
Synthy: A System for End to End Composition of Web Services, Journal of Web Semantics, Elsevier, 3 (4), Dec. 2005.

Arun Kumar, Biplav Srivastava and Sumit Mittal, Information Modeling for End to End Composition of Semantic Web Services,
Proceedings of 4th International Semantic Web Conference (ISWC), 6-10 November 2005, Galway, Ireland.

Vikas Agarwal, Koustuv Dasgupta, Neeran Karnik, Arun Kumar, Ashish Kundu, Sumit Mittal and Biplav Srivastava, A Service
Creation Environment based on End to End Composition of Web Services, In Proceedings of 14th International World Wide
Web Conference (WWW) ), 10-14 May 2005, Chiba, Japan.

Vikas Agarwal, Girish Chafle, Koustuv Dasgupta, Neeran Karnik, Arun Kumar, Ashish Kundu, Anupam Mediratta, Sumit Mittal and
Biplav Srivastava, Building Applications with End to End Composition of Web Services, AAAI-05 Intelligent Systems
Demonstration Program, July 9-13, Pittsburgh, Pennsylvania, USA

Questions ?



