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Motivation
� Traditional software development

� driven by use of software libraries – involve off the shelf components

� provides design time availability of component interfaces and corresponding implementations

� enables software developers to write new programs that build on existing functionality

� Web services paradigm 
� involves actively running components available in the network

� either the web service references are hard-coded or a search step becomes necessary for 
component discovery and matching

� Goal
� Can the successful programming model of OO languages like Java be replicated for services ?
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Problem Description
� Drawbacks of the current model

� Prone to Volatility of services
� the dynamic nature of service availability makes the developers dependent on runtime environments
� leads to frequent expiry of searched results making dependent programs highly brittle
� a web services software developer cannot deliver a reliable program without verifying availability of 

component services in the runtime environment

� Lack of right Abstraction
� developers are expected to translate and encode high level service contracts into programs written in 

OO languages such as Java
� find ways to fulfill functional requirements (through composition, for example) as well as enforce 

policies containing non-functional requirements
� much of the information they need belongs to the runtime environment and is dynamic

� Run-time discovery of service
� Service references are hard-coded or search needs to be performed at invocation time
� Lot of efforts being put in for optimizing service discovery

� Entire registry needs to be searched 
� Inefficient and not scalable

� Need for a new model that
� Decouples software development from dynamics of runtime environment
� Provides service level programming abstraction and enables some static type checking
� Dynamic binding beyond what is enabled by existing frameworks such as WSIF
� Introduces scalability
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Contributions
� Programming Models

� Split service discovery across design time and run-time phases

� Raising the level of programming abstraction by elevating services to first class entities 
replacing objects

� A library of service level operations
� Similar approach presented here on Tuesday, ServiceJ:- A Java Extension for Programming Web 

Service Interaction, Sven De Labey, Marko van Dooren, Eric Steegmans, ICWS 2007 Application 
Services and Industry Session 5

� Notion of Service Pools
� Approaches appear complimentary

� Service Matchmaking
� Enhancement of service matchmaking process with multi-level matching

� Refinement of current work on input/output matching
� Also identified and addressed in the ICWS 07 Research Session 4 paper on Tuesday by Umesh

Bellur and Roshan Kulkarni, entitled Improved Matchmaking Algorithm for Semantic Web 
Services Based on Bipartite Graph Matching

� Different approaches

� Introduction precondition and effect matching
� Introduction of service level matching

� A step towards creation of a Service Oriented Software Development (SOSD) 
methodology
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Services as First Class Entities

� Service discovery split across design time and runtime phases 
� Functional matching at design time

� Functional description expressed using concepts from an ontology
� Enables service discovery

� Non-functional matching at run-time

� Data types of message parameters, QoS constraints etc.
� Enables service selection
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A Semantic Model for SOC  (SCC ’06)
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Services as First Class Entities (contd.)

� Service Types enables compile time availability of functional definitions of services

� Programs need to commit only to service interfaces and not to their implementations

Service Type ���� data type            

Service Instance ���� range of Service Type

� Partial type checking at compile time using Service Type descriptions
� Enabled by Service level matchmaking operations

� Development Environment equipped with Service Type registry & functional matching 
capability

� similar to Java programming model with class libraries where instances i.e. objects, are created 
at runtime

� in services case, the ‘instances’ may already exist or may have to be instantiated through a 
service factory

� objects by definition conform to their corresponding class description; does not hold good for 
service instances

� dynamic type checking would be required for verifying Service Instance conformance with 
Service Type definition (can be a simple string comparison)
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Service Matchmaking
� Existing functional matching approaches 

� use semantic web service technologies to represent service interfaces
� define a soft notion of similarity rather than purely exact match
� compute semantic distance between attributes and obtain degree of match
� exact, plugin, subsumption, disjoint

� Existing techniques take a simplistic view of services
� equivalence is the only service level operation available
� do not capture all semantic relationships between services

� FreshFlowerShop Service   subtypeOf FragrantFlowerShop Service

� service attributes, including preconditions and effects are merely ontological concepts 
� actual descriptions could contain complex boolean expressions as preconditions and effects
� matching is performed at runtime

FromAddress, ToAddress,              
FlowerName, NumOfFlowers

Input

FreshFlowerShop Service

Output

Precon

Effect

SenderAddress, ReceiverAddress,              
FlowerName, NumOfFlowers

Input

FragrantFlowerShop Service

Output

Precon

EffectOrderReceipt sentTo FromAddress
Amount available, Packet available 
DeliveryReceipt sentTo FromAddress

OrderReceipt, Packet, Amount, 
DeliveryReceipt

FromAddress available

OrderReceipt sentTo SenderAddress
Amount available, Packet available

OrderReceipt, Packet, Amount

SenderAddress available, 
ReceiverAddress available

Syntactic Difference

Receiver’s Address
Optional Mandatory

DeliveryReceipt
also provided

RequestAdvertisement
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A Holistic View of Matchmaking
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� We propose a service level semantic matching solution
� Parameter level matching

� Based on the ontological terms
� Expression level matching

� Builds on parameter level matching to match precon/effects represented as expressions
� Operation, Interface and State level matching
� Service level matching

� Builds upon these
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Parameter Matching
� Parameter Matching

� Service attributes in Inputs, Outputs, Preconditions and Effects are ontological terms

� Original algorithm by Paolucci et. al. [ISWC 2002] uses set theoretic model

� Problem
� it does not conform to the object oriented principles that underlie the concepts of 
subsumption
� apart from equivalence scenario, an exact match is also returned for outputs when 
requested output is a subclass of advertised output
� the assumption is that by advertising for an output O the provider commits to provide 
outputs consistent with every subtype of O

� E.g. if a service interface has ‘Car’ as an output then this implies that the service commits to be 
able to output any kind of ‘Car’

� this is not in agreement with the established concept of subtyping
� a subtype extends the definition of its supertype
� a subtype can be used in place of a supertype but not the other way round

� Roshan et. al. demonstrated on Tuesday that this results in false positives as well as false negatives
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Refined Parameter Matching
� We redefine the relationships using OO based modeling

� Relationship for Inputs is defined from Req. to Advt. and vice versa for Outputs

� For Outputs 
� Exact – if advt. concept is equivalent to requested concept  
� Plugin – if advt. concept is a subclass of requested concept   (e.g. need ‘Car’, ‘Toyota Camry’ available)
� Contains – if advt. concept is composed of requested concept  (e.g. need ‘CityName’, ‘Address’ available)
� Subsumption – if advt. concept is a superclass of requested concept  (e.g. need ‘Toyota Camry’, ‘Car available’)

� Part-of – if advertised concept is contained by requested concept (e.g. need ‘Address’, ‘CityName’ available)

� Disjoint – no match
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Service that expects a component can be used for 
a service that accepts a composite object as inputRequirements of the service are partially met

Service that offers more specific output can replace
a service that offers more general input
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Refined Parameter Matching (Contd.)

� Determining corresponding parameters
� Semantic relationships defined above determine the degree of match between two 

given input/output parameters

� For comparing entire set of inputs and outputs in advertisement and request 
specification, we first need to determine which parameters correspond to each other

� We model this as a Bipartite graph matching problem

Advertised Input Required Input
FromAddress, ProductCode, State Address, ItemCode, DeliveryState

Possible parameter matches
{(Address, FromAddress), (Address, State), (Itemcode, ProductCode), (DeliveryState,State), (DeliveryState, FromAddress)}

Address

FromAddress

City
Street
State

DeliveryState

ItemCode ProductCode
Sample
Ontology

S S

C

C

C E

Legend
S:  SubclassOf
E:  Exact
C:  Contains
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Maximum Weighted Maximum Cardinality Matching

Advertised Input
FromAddress, ProductCode, State

Required Input
Address, ItemCode, DeliveryState

Possible parameter matches
{ (Address, Fromaddress), (Address, State) (Itemcode, ProductCode), 

(DeliveryState,State), (DeliveryState, FromAddress) }

Maximal Matchings
{ (Address, FromAddress), (ItemCode, ProductCode),     

(DeliveryState, State)} And 
{ (Address, State), (ItemCode, ProductCode),                  

(DeliveryState, FromAddress) }

Maximal Weighted – Maximal Matching
{ (Address, FromAddress), (ItemCode, ProductCode),      

(DeliveryState, State) }
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401Delivery State
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302Address
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Address
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City
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DeliveryState

ItemCode ProductCode
Sample
Ontology

S S

C

C

C E Legend
S:  SubclassOf
E:  Exact
C:  Contains

� A semantic match matrix is computed that captures semantic distance between all pairs of attributes
� Using maximum weighted maximum cardinality matching the best match across all parameters is 
selected 

� The resulting match is considered successful if semantic match value of each parameter 
considered in the match is equal to or above the specified match threshold
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Expression Level Matching
� Precondition / Effects are represented as boolean expressions involving predicates 

� e.g.  Available (CreditCard),  sentTo (OrderReceipt, SenderAddress) 
� Algorithm for matching constituent parameters is the same as just described
� Consider the symbolic advt. and req. predicates

Semantic Relations for predicates in Effects

DisjointDisjointDisjointDisjointDisjointUnrelated(OpdA1)

Part-ofPart-of-SubsumptionPart-of-ContainsPart-of –Plug-inPart-ofContainedBy(OpdA1)

Subsumption-Part ofSubsumptionSubsumption-
Contains

Subsumption-Plug-inSubsumptionSuperClass(OpdA1)

Contains-Part-ofContains-SubsumptionContainsContains-Plug-inContainsContains(OpdA1)

Plug-in-Part ofPlug-in-SubsumptionPlug-in-ContainsPlug-inPlug-inSubclass(OpdA1)

Part-ofSubsumptionContainsPlug-inExactEqual(OpdA1)

Op
d
R
1 

ContainedBy(OpdA2)SuperClass(OpdA2)Contains(OpdA2)Subclass(OpdA2)Equal(OpdA2)

OpdR2
Relation (Req, Adv)

Req :   OpdR1    operatorB OpdR2

Advt. : OpdA1    operatorA OpdA2
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Expression Level Matching

� Precedence relation for preconditions and effects

� Algorithm for matching entire effects (conjunction of predicates)
� Bipartite graph matching

� Operation Level Equivalence Matching is computed as minimum 
of match levels of all inputs, outputs, preconditions and effects of 
that operation

� Interface Matching is computed as minimum of match levels of all
operations in the interface
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Service Level Matching

� Equivalence Matching
� Minimum of semantic match levels of all interfaces of that service

� Library of Operations
� (refined) Equivalence 
� subtypeOf, superTypeOf

� Based on service inheritance (subsumption) relationship (defined in SCC 06)
� Contains, componentOf

� Based on service composition relationship  (defined in SCC 06)

� Scalable Service Matching
� Functional Matching performed offline
� New unlabeled service instance undergoes this matching process to be labeled either as

� An instance of an existing Service Type
� Derivable from an existing Service Type
� Superclass of an existing Service Type
� A new Service Type

� Results into a simplified ontology of Service Type names
� Client programs search registry using appropriate Service Type names

� Simplified information from user; scalable searching (string comparison)

� Service oriented software development
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Prototype Implementation

� Service Matching engine
� Accepts a functional description of requested service

� Returns the best matching service and strength of match

� Ontology Management system
� Domain ontology as well as services registry

� IBM’s SNOBASE system with OWL-S 1.1 extensions

Domain
Ontology

Service
Types

Registry
Domain
Knowledge

Advertised
services

Best matched
Service, 
Match StrengthRequested 

Service
Specification

Service Matching Engine

Expression Matcher

Parameter Matcher

Operation Matching
State 
Matching

Ontology Mgmt. 
System



19 Web Services Programming and Interoperability Session | IEEE ICWS, July 2007 © 2007 IBM Corporation

IBM India Research Lab 

Conclusions

� Summary
� Proposed techniques for enabling services to be treated as first class language level 

entities

� Split Service discovery into design time and run time phases
� Enriched functional matchmaking

� Refined parameter matching
� Precondition/Effect (Expression) matching
� Service level matching

� Library of Service level matching operations
� Benefits include

� Isolates developers from dynamics of runtime environment
� Fast and scalable discovery of services during invocation
� First step towards a service oriented software development methodology

� Future Work
� Incorporate semantic matching engine in a web services software development tool

� Build the programming model further for incorporation into today’s programming 
languages

� Demonstrate the utility of enriched matchmaking in some real applications
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Thank You

� Related papers
� Arun Kumar, Anindya Neogi and D. Janaki Ram, An OO Based Semantic Model for Service 

Oriented Computing, In Proceedings of the IEEE International Conference on Services Computing 
(SCC), September 18-22, 2006, Chicago, USA. 

� Girish Chafle, Gautam Das, Koustuv Dasgupta, Arun Kumar, Sumit Mittal, Sougata Mukherjea and 
Biplav Srivastava, An Integrated Development Environment for Web Service Composition, In 
Proceedings of the IEEE International Conference on Web Services (ICWS), July 9-13, 2007, Utah, 
USA 

� 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.

� Questions ?


