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Before starting ...

• Web service retrieval is only the last problem

• We have had:

! plumber retrieval

! data retrieval

! document retrieval

! software component retrieval

! ... and now Web service retrieval
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... a look at the real world

• Once upon a time... 

! Friends of mine

! Friends of friends of mine

! ... (Friends of )n mine with 1 ! n ! 6

• Advertising rules!

! White pages

! Yellow pages

• e-Advertising rules! 

! http://www.whitepages.com

! http://www.yellowpages.com
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Agenda

• All about Web services retrieval

! Who, What, Where, When, Why, How

• Web services registry in-the-large

! LDAP, RMI, UDDI, ebXML

• Web services registry in-the-small

! structural and semantic matchmaking

! quality matchmaking

• URBE (UDDI Registry By Example)

• Concluding remarks
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Who does retrieve Web services?

• Web services retrieval is one of the fundamental 
steps in SOA

• Final users need to retrieve Web services

• We need to consider Web service providers as well
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What do we retrieve? 1/2

• We need to find a Web service (obviously)

• But, which one? The one:

! able to perform what we need

! accessible in a way we need

! working in a way we need

7



P. Plebani, Web services retrieval,  April 11th 2007 

What do we retrieve? 2/2

• A shared model for both Web service providers and 
Web service users is required

• This model must consider:
! functionalities

! conversation

! quality

• Lot of specifications are available today:
! WSDL

! WS-CDL

! WS-BPEL

! WS-Policy

! ... and many others
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Where do we retrieve Web services?

• All the information should be collected and stored in 
well known places:

! centralized solution

! distributed or peer-to-peer solution

• Who has the ownership on this information?

! registry

! repository

9
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When do we retrieve Web services?

• At design-time

! we can code the client-side

• At deployment-time

! we need a declarative model

• At run-time

! we need... something
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Why do we retrieve Web services?

• Only for a single invocation

• For building a partnership

• As a part of my application

• As the whole application
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How do we retrieve Web services?

• (Friends of )n mine with 1 ! n ! 6

• Browsing the Web (XMethods, SALCentral (?) )

• Googling

• White pages

• Yellow pages

• Are we re-inventing the wheel?

! if you think so, try to describe your plumber with WSDL

! or to call him by SOAP
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Service registries

• Web service registries support:

! the publication of new Web services

! the retrieve of desired Web services

• Some tools:

! directory: LDAP

! basic registry: RMI, UDDI

! advanced registry: ebXML

• Why in-the-large? Because ...

! they provide a general framework (they show the path)

! solutions for specific cases can be embedded in
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Directory

• Registry is a way for:

! indexing items

! associating to them metadata

! supporting users in searching the most suitable items with 
respect to the users needs

• A directory is the building block of a registry

! a set of information with similar attributes organized in a logical 
and hierarchical manner (from Wikipedia)

! usually adopted for organizing telecommunication services

! also adopted for organizes pieces of software (EJB)
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LDAP

• Lightweight Directory Access Protocol
! introduced for interacting with directory services

• LDAP follows the X.500 model
! A directory is a tree of directory entries (classification)

! An entry consists of a set of attributes (metadata). An attribute 
is a <name, values> pair

! Each entry has a unique identifier: its Distinguished Name 
(DN). 
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LDAP protocol

• LDAP server usually supports the following set of 
basic information:
! Bind - authenticate and specify LDAP protocol version

! Search - search for and/or retrieve directory entries

! Compare - test if a named entry contains a given attribute value

! Add a new entry

! Delete an entry

! Modify an entry

! Modify DN - move or rename an entry

! Abandon - abort a previous request

! Extended Operation - generic operation used to define other 
operations

! Unbind - close the connection (not the inverse of Bind)
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From Directory to Registry

• A registry follows the same approach of directory

• Information describing a registry item:

! will be more complex than attribute

! will use XML

• Searching methods will be more sophisticated

• Currently we have two main solutions:

! UDDI (Universal Description, Discovery, and Integration)

! ebXML Registry

! these approaches take inspiration from former ideas such as 
CORBA, RMI
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RMI Registry

• Registry supporting the Remote Method Invocation

• Developed only for Java classes

19
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UDDI

• OASIS standard (v. 3)
! Formerly a joint proposal of (IBM, SAP, BEA, ...)

• UDDI Service discovery is driven by:
• Keyword-based query

• Pre-defined taxonomies browsing

• UNSPSC

• ISO 3166

• NTIS - NAICS

• UDDI supports publication of generic services, not 
necessarily Web services
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UDDI Publication model

• A service provider or a group of them agree on 
service specifications:

! what the service does

! how it can be used

• Everyone now can offers a service according to 
such specifications

• Both service specifications and service instances 
must be accessible
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The UDDI acronym 

• Universal Description: UDDI does not rely on a 
specific approach for describe a service (WSDL is 
only one of them)

• Universal Discovery: service retrieval can be 
performed in several ways

! white pages: by service provider

! yellow pages: by service classification

! green pages: by service type

• Universal Integration: services are described 
regardless of the underlying technologies
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UDDI architecture 23

API 

Business 
Registry 

Service Type 
Registry 

UDDI Business Registry 

Specification of a class 
of services

Specification of real 
services

Interface for browsing 
both registries
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UDDI Data Model 24

from C. von Riegen (ed), UDDI Version 2.03 Data Structure Reference
http://uddi.org/pubs/DataStructure-V2.03-Published-20020719.htm, 2002
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UDDI query model

• Discovery process is mainly performed manually
• browsing one of the available taxonomy

• using keywords 

• I need to exactly know how information are 
organized in the registry
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ebXML

• ebXML provides a complete framework for business 
interactions able to answer at the following 
questions: 

! How do I describe my business process and specific 
interfaces?

! How do I share my business process with other partners?

! How do I find out which business processes my partner 
supports?

! How do I describe the business messages for a particular 
transaction?

! How do I describe the security policy and technical 
configuration to be used?
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ebXML tools

• Centralized Shared Registry: 

! Registry Information Model (ebRIM)

! Registry Services Specification (ebRS)

• Business Processes & Collaboration: 

• Business Process Specification Schema (ebBPSS)

• Collaboration-Protocol Profile and Agreement Specification 
(ebCPPA)

• Messaging: 

• Message Services Specification (ebMS)
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ebXML Registry

• ebXML Registry hosts all the information required 
for a collaboration between partners

! XML Schema

! CPP (Collaborative Partner Profile)

! CPA (Collaborative Partner Agreement)

! WS-BPEL

• ebXML is focused on both discovery and 
collaboration (at both design-time and run-time)
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ebXML architecture 29

from A. Parikh, Get Familiar with ebXML Registry, 
http://www.javaworld.com/javaworld/jw-04-2005/
jw-0425-webservices.html, 2005
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ebXML Registry Information Model

• Taxonomies introduced in UDDI are used in ebXML 
as well

• All the documents published in an ebXML Registry 
are classified according to one or more of these  
taxonomies
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from B. Dournaee, Introduction to ebXML, 
http://dev2dev.bea.com/pub/a/2004/12/ebXML.html, 2004
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Comparison 31

Feature LDAP UDDI ebXML

metadata " " "

content validation "

content cataloging "

version control "

pre-defined queries " " "

ad-hoc queries "

pre-defined taxonomies " "

custom taxonomies (" ) "

ACL " " "

Object replication " "

Federated queries "
from http://www.risc.uni-linz.ac.at/people/rbaraka/Registry_Capability_Matrix.html

(some checks have been modified)
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Coding with Registries

• All the introduced solutions has a programmatic 
interface

! UDDI: SOAP

! ebXML: SOAP

! LDAP: its specific protocol 

• In case of Java coding:

! LDAP can be accessed through JNDI

! JAXR (Java API for XML Registries) specifically supports the 
interaction with XML Registries (e.g., ebXML, UDDI)
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Limitations of current approaches

• Web service retrieval is now mainly driven by:

! keywords

! pre-defined taxonomies browsing

• We need more!

! autonomic computing (self-adapt, self-healing)

! pervasive computing (The mountain does come to us!)

! GRID (resources starving)

! Semantic Web (machine-understandability)

• We have more!

! WS-* specifications
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Web service description

• Some current useful specifications
! WSDL

! SAWSDL (formerly WSDL-S)

! OWL-S (formerly DAML-S)

! WSMO

! WS-Policy

! WSOL

! WS-CDL

! WS-BPEL

! ...

• How much Web service description costs?

35
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How to extend

• Interface matching
! Stroulia and Yang, Woogle (WSDL)

• Semantic matching
! OWL-S MM, WSMO MM

• Hybrid matching
! Lumina (SAWSDL)

• Quality driven matching
! WSOI (WSOL), UDDIe (Proprietary Language)

• Hybrid+Quality matching 
! URBE (WSDL, SAWSDL, WS-Policy)

• What about behavior?

36
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WSDL 37



P. Plebani, Web services retrieval,  April 11th 2007 

Interface matching: Zaremski & Wing 1/2

• Proposed for reusable components

• Introduces concepts useful and used in Web service 
retrieval 

• Two kinds of similarity evaluations:

! signature matching

! specification matching

• Various degrees of similarity

! exact-match

! several relaxed matches
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Interface matching: Zaremski & Wing 2/2

• Signature matching: based on data type analysis

! Exact match

! Partial match (generalized match, specialized match)

! Relax match (generalized relax match, specialized relax 
match)

• Specification matching: based on pre- and post-
condition analysis

! Exact match

! Plug-in match

! Plug-in post match

! Guarded post match
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Interface matching: Stroulia and Yang

• Two main aspects

! structural similarity based only on data type analysis (casting)

! semantic similarity based on operations and parameters 
names

• This approach also considers the documentation 
field

! relies on IR approach (tf/idf)

• Term similarity evaluation is based on Wordnet
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Interface matching: Woogle

• Proposed by Dong et al. at VLDB 2004

! now it seems to be abandoned

• Operation-based query

• Based on parameter names clustering

! parameters tend to express the same concept if they occur 
together often

• Operation matching is based on the defined clusters

• Tool available on line
http://data.cs.washington.edu/webService/
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Semantic approaches: the roadmap 42

from E. Klein, A. Bernstein, Toward High-Precision Service Retrieval, 
IEEE Internet Computing, Jan-Feb 2004 

Modeling query and 
description with logics.
Unfeasible as a general purpose 
solution

Based on ad-hoc ontology 
classifying documents

Attribute-values pair
e.g., UDDI

Describe services as interlinked 
subactivities
Easy to describe and general 
purpose

Google Style
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OWL-S: the upper ontology 43

All the images about OWL-S are from
OWL-S Web site (http://www.ai.sri.com)

• Languages for specifying Web service ontology

• Based on OWL (formerly DAML)
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OWL-S: Service Profile (v.1.1) 44
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OWL-S Matchmaking

• Reasons on the OWL-S Ontology

• Proposes three kinds of similarity:

! exatch

! plug-in

! subsumes

• The related paper introduces a new aspect: 
reputation!
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WSMO

• WSMO provides ontological specifications for the 
core elements of Semantic Web services:

! Web services, Goal, Mediator, Ontology

• We are mainly focused on the Web service 
definition

46
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WSMO Matchmaker

• Needs to consider both goals and capabilities

• Kaufer & Klusch proposes a matchmaker

! extracts relevant information from description (derivative)

! works on that information

47

order symbol degreeof match pre post
1 ! equivalence G = W
2 " plugin G # W W # G
3 $ inverse-plugin G % W W % G
4 & intersection G ’ W (= )
5 * fuzzysimilarity G * W
6 + neutral by derivative specific definition
7 , disjunction(fail) G ’ W = )

Table 1. Degrees of hybrid semantic matc hing of WSMO service and goal deriv atives

3.2 Matc hing filters

3.2.1 Typematching

The matchingof typesTG and TW of the goal and ser-
vice derivative DG and DW is performedby meansof
computing the degree of their semanticrelation in the
matchmaker ontology accordingto a requestedtype sim-
ilarity relation TSR defined as meta-relationvalues in
DG [typeSimRel-- TSR]. WSMO-MX offersthefollow-
ing derivative typesimilarity relations(in F-Logic):

• equiv alent: TW = TG . TW :: TG / TG :: TW

• sub: TW :: TG (TW subtypeof TG ); super: TG :: TW

• sibling : 0TP .TG :: TP / TW :: TP /
¬(0TX .0TY .TX 1 { TG , TW } / TX :: TY / TY :: TP );
typeswith oneimmediatecommonancestor(parent).

• spouse:
0TC .TC :: TG / TC :: TW / ¬(0TX .0TY .TX 1
{ TG , TW } / TC :: TY / TY :: TX ); typeswith one
immediatecommondescendant(child)

• comAnc (commonancestor):
0TP .TG :: TP / TW :: TP

• comDes (commondescendant):
0TC .TC :: TG / TC :: TW

• r elati ve: existsapathin theundirectedontology
graphbetweenTG andTW

ThemaximumdistanceTD 1 N\{ 0} betweentypesin the
matchmakerontologywith respectto whicheachof thelat-
ter threerelationsgetsevaluatedto true is specifiedin the
goalderivative in termsof DG [typeDistance-- TD ]. TD
is thepathlengthbetweenboth typesin theundirectedon-
tologygraph;for thetyperelationscomAnc andcomDesc
it musthold that theadditionof thepathlengthsfrom both
derivativesto their nearestcommonchild/parenttype is at
mostTD . Optionally, thesamerestrictioncanbe imposed
on the type relationssub and super with TD greateror
equalthepathlengthfrom DG to DW .

The valuationof the type matchingof DG andDW for
eachof the hybrid semanticmatchingdegreesof WSMO-
MX is listed in Table2. If more thanone type similarity
relationTSR is specifiedin thegoal, themaximumof the
valuationvectorsis selectedasa result.

3.2.2 Relation matching

Given that the DG and DW are complex, the hybrid
semanticmatchingmust continue recursively with com-
paring their relations. Let the relation signaturesof
DG and DW be defined as follows: DG [R122 E1; ...;
Rk 22 Ek ; S122 F1; ...; Sl 22 Fl ; ...; Sm 22 Fm ], and
DW [R122 G1; ...; Rk 22 Gk ; T122 H1; ...; Tn 22 Hn ],
whereR1, ..., Rk , S1, ..., Sm , T1, ..., Tn areuniquerelation
nameswith

⋃
i∈[1,m ] Si ’

⋃
j ∈[1,n ] Tj = ) andderivatives

E1, ..., Ek , G1, ...Gk , F1, ..., Fm , H1, ..., Hn therespective
rangesof therelations.

The relationsR1, ..., Rk of the goal derivative DG for
whichequallynamedrelationsdoexist in DW arevaluated
for thehybrid degreeof matchingby recursively matching
their rangeswith eachother. That is, WSMO-MX attempts
to matchthe(goal)derivativesE ! with the(service)deriv-
ativesG! for all τ 1 [1, k] andcomputetherespective val-
uationvectors.

We assumethat for all relations Sµ , µ 1 [1, l ] in
DG that cannot be paired with an equally namedrela-
tion in DW (under unique name assumptionfor shared
namespaces)there exist one so called missing strategy
whichindicatesthematchmakerhow to copewith thisprob-
lem. Sucha missingrelation strategy is specifiedin the
goal in termsof DG [missing Str at@(Sµ )-- M Sµ ], with
M Sµ 1 { assumeEquiv alent, assumeFail ed,ignore} .

The valuationsfor relationswith missingstrategiesare
given in table 3. It lists also the valuationsfor the rela-
tionswithout missingstrategy (Sl , . . . Sm andT1, . . . , Tn ),
whichdependonwhetherthey arepartof apre-or postcon-
dition.

The final valuation vector for the recursive relation
matchingbetweenDG and DW is an aggregation of all
valuationvectorscomputedfor the missingrelations,and
thosefor the relationrangederivative matchings.Thecor-

3

Proceedings of the European Conference on Web Services (ECOWS'06)
0-7695-2737-X/06 $20.00  © 2006
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Hybrid approaches

• Considers both interfaces and semantics

• Usually based on annotations

• SAWSDL extends WSDL with annotations offering 
semantic description about operations, messages, 
parameters

• Good balance between:

! expressiveness

! feasibility

• What about the matchmaker?

48
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SAWSDL 49

Domain
Terms 

Ontology
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Quality Driven matching

• Service Oriented Computing is based on the 
loosely-coupling concept

• A common way to describe Web service quality is 
required

! No quality language currently has the same consensus as 
WSDL for functionalities

• Web service retrieval will exploit such a description 
matching quality required and quality offered

• At this stage the quality matching approaches can 
be compared to constraints satisfaction problems

50
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WSOL 

• Proposed by V. Tosic, K. Patel, and B. Pagurek, 
Carleton University, Ottawa, CA

• Describes classes of services and their relationships

• Multiple categories of constraints:

• Functional

• QoS

• Access rights

• Context

• QoS metrics are defined in external ontologies

51
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WSOL: example 52

buyStock Web Service

buyStockPortType
  buyStockOperation 
    buyStockRequest
      symbol
      quantity
    buyStockResponse
      totalStockBuyingCost 
  …   
buyStockBinding
buyStockPort

buyStock.wsdl

ServiceOffering1
 accounting party: provider
 subscription (1 day): 0.5$
 Constraint1: preCondition
   domain: buyStockOperation
   quantity > 0
 Constraint2: QoSConstraint
   domain: buyStockOperation
   ResponseTime < 0.5 s
ServiceOffering2 … 

buyStock.wsol

from Tosic, V. “Service Offerings for XML Web Services and Their Management Applications”, 
Ph.D. dissertation, Carleton University, Ottawa, Canada, August 2004
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WS-Agreement

• WS-Agreement itself is sort of a frame-work for 
getting agreements on several different domains. 
The details of things to be agreed are of course 
domain-specific and is out of the scope of the WS-
Agreement Spec. 

• e.g., Job-submission using JSDL is a candidate to be used 
within the frame-work. 

• Relation to other specification

• Relies on WS-Addressing, WS-ResourceProperties, WS-
ResourceLifetime and WS-Base Faults

53

Copyright (C) Global Grid Forum (2005). All Rights Reserved.
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WS-Agreement: the model

Whether Agreement Initiator becomes a Service Consumer or 
Service Provider (i.e. Agreement Responder becomes a Service 
Provider or service Consumer) is completely domain dependent

54

Consumer Provider

create()

foo()
Application Instance

Factory

Manager

create()
Factory Agreement

Ops:
terminate(limits)
inspect(query)
...
SDEs:

Terms RelatedStatus
Agrmts

inspect()

Agreement 
Layer

Service 
Layer

Consumer Provider

create()

foo()
Application Instance

Factory

Responder

create()
Factory Agreement

Ops:
terminate(limits)
inspect(query)
...
SDEs:

Terms Statusinspect()

Agreement 
Layer

Service 
Layer

Initiator

The service layer
represents the
application-specific layer
of the service being
provided.
The class of provided
service MAY or MAY NOT
be a Web service
interface .

Agreement Layer:
Provides a Web service-
based interface that can
be used to create,
represent and monitor
agreements with respect
to provisioning of services
implemented in the service

Copyright (C) Global Grid Forum (2005). All Rights Reserved.
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UDDIe

• Proposed by A. Shaikhali and O. Rana (University of 
Cardiff)

• Extends UDDI Registry with quality aspects 
introducing:

! blue pages: discovery based upon information that describes 
the service known as the service properties

! service leasing: limited and unlimited

! new find_service method with queries including logical 
operators AND/OR

55
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Main features

• Interface matching

• Semantic matching

• Quality driven matching

• So far:

! we have deeply studied the first point

! we are going to validate the second point

! we are still defining the third one

• The main goal is: retrieval for substitutability

57
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URBE

• Uddi Registry By Example

! is compliant with UDDI (publishing, searching, data models)

! performs content based query based

- user submits a WSDL expressing the requirements

- URBE returns a list of Web services close to the request

• Similarity function fSim is the core of URBE

! structural analysis

! semantic analysis 

58

JOURNAL OF LATEX CLASS FILES, VOL. 1, NO. 8, AUGUST 2002 6

As discussedin detail in the restof this section,similarity amongWeb servicedependsboth

on thesimilarity of termsincludedin thedescriptorsandon thesimilarity amongtheir structures

(e.g.,numberof operations,numberof input andoutputparameters).Thus,our approachin Web

serviceretrieval canbe summarizedby the following expression:

σp ! ! ! q " fSim(σq, σp) > 0. (1)

It is worth noting that our similarity function fSim holds the following properties:

• fSim(σi, σi) = 1

• fSim is not symmetric

• fSim is not transitive

To further filter theselection,a thresholdthfSim might be introducedand,in this case,a Web

serviceσp will be included in ! ! q if its similarity to σq resultsgrater than thfSim. In sucha

scenario,we assumethat sucha thresholdis set by a domainexpert to a value in [0..1]. The

domainexpert,on the basisof its experienceandof the analysisof the ! , andafter a validation

on a trainingset,will decidewhich is thepropervaluefor the threshold.Thedecisionwill affect

the numberof membersin ! ! q : if thfSim = 0 then ! # ! ! q ; on the opposite,if thfSim = 1

thenthe returningWeb serviceswill be exactly the sameof the desiredone,but the probability

to find themin a registry is extremely low [19].

In more details,fSim takes into accountboth naming and structuralaspects.On the one

hand, naming aspectsrefer to the namesadoptedfor identifying the service, the available

operations,and the related exchangedparameters.On the other hand, the structural aspects

refer to the numberof operationsavailableandthe datatype of the input/outputparameters.As

a consequence,the similarity amongtwo Web servicesσq andσp canbe obtainedas follows:

fSim(σq, σp) = wNamingSim $ nSim(σq, σp) + (2)

+ wStructSim $ sSim(σq, σp)

,

wherewNamingSim, wStructSim ! [0..1] andwNamingSim + wStructSim = 1

April 10, 2007 DRAFT
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Similarity Function fSim

• Structural analysis

! data types

! number of inputs

! number of outputs

! number of operations

• Semantic analysis

! portType names

! operation names

! parameter names

JOURNAL OF LATEX CLASS FILES, VOL. 1, NO. 8, AUGUST 2002 10

In our work, termSim is differentlydefinedwith respectto thekind of ontologyin which the

termsareincluded.In caseof generalpurposeontology, any of themeasuresuggestedby [26] is

suitable4. On the contrary, if we considerthe domainspecificontology, we decideto calculate

the relatednessas the inverseof the shortestpath lengthbetweentwo words:

termSim (ta, tb) =
1

path(ta, tb) + 1
(5)

We decideto make a distinctionin calculatingthetermsimilarity with respectto theontology,

dueto their differentnature.In fact, if two termsare includedin a domainspecificontology, it

meansthat the expert considersthemrelevant for the domain.So,morelengththe pathbetween

the terms,weaker their similarities. On the opposite,in caseof generalpurposeontology, we

assumethat we only needto stateif two termsare, in someway, related.

It is worth noting that beforeevaluatingthe similarity among terms,the sub termsresulting

from the tokenizationneedto be stemmed.Thus,wordsassendingor exchanged might be used

in their stemmedversion:send, exchange. Currently, stemmingprocessis a well-known process

and it is adoptedby several Information Retrieval approaches.So, for the sake of simplicity,

hereafterwe assumethat all the termswe considerarealreadystemmedor stemmingprocessis

performedbeforethe termscomparisonoccurs.

Relying on the function nameSim , the function nSim – includedin f Sim – evaluatesthe

similarity amongtwo Web servicescomparingall the namesincludedin the descriptor. Sucha

comparisonoccursfor namesat thesamelevel: operationnamesagainstoperationname,message

namesagainstmessagenames,andsoon. As a consequence,thenSim : (! q, ! p) → [0..1] solves

the samelinear programmingproblemof (3):

nSim (! q, ! p) = (6)

wStep · nameSim (! q.name,! p.name) +

(1− wStep) · opt(opNSim (! q.opi , ! p.opj ))

4In our currentimplementationwe adopt the approachproposedby Secoet al. in [29]

April 10, 2007 DRAFT
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numberof operationsrequestedin σq andthe datatype of the parametersconstitutingthe input

and the outputof the involved operations.More specifically:

sSim(σq, σp) = (9)

wDataType · opt(opSSim(σq.opi , σp.opj )) +

(1 ! wDataType) · min

(
|σq.opi |
|σp.opj |

;
|σp.opj |
|σq.opi |

)

Even for the structuralsimilarity, we introducea coefficient, i.e., wDataType, to balance

the importancegiven to the similarity of operationsstructurewith respectto the one given to

the coverage.The coverageis calculatedsimply dividing the numberof operationsin σq to the

numberof operationsin σp (we take the inversein casethe result is graterthan1). In this way,

we assumeto give the samepenaltyin casethe requestedservicerequiresmore thanwhat the

offeredonecansupportand,conversely, the offeredservicesupportsmore thanwhat required.

Analogouslyto sSim, the similarity betweenthe operationsstructureis calculatedas follows:

opSSim(opq, opq) = (10)

wDataType · opt(msgSSim(opq, opp)) +

(1 ! wDataType) ·
[

0.5 · min

(
|opq.ini |
|opp.inj |

;
|opp.inj |
|opq.ini |

)

+

0.5 · min

(
|opq.outi |
|opp.outj |

;
|opp.outj |
|opq.outi |

)]

In this case,we considerseparatelythe coverageof the input andthe outputparameterseven

if their similarity hasthe sameweight in the whole similarity computation.The sameapproach

is followed in computingthe similarity of inputsandoutputswhenconsideringthe datatypes:

msgSSim(opq, opq) = (11)

[0.5 · opt(typeSim(opq.ini .type, opp.inj .type)))] +

April 11, 2007 DRAFT
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Adopted linear problem 60

P.1

P.2

P.3

Q.1

Q.2

Q.3

WS Q WS P

opt(sim(Q, P)) = 1.0 + 0.7+ 1.0 = 2.7

1.0
0.5
0.7

0.3
0.8

0.7
0.2

1.0

0.2



P. Plebani, Web services retrieval,  April 11th 2007 

Names similarity

• Quantifies how much two names are related

• We need that to compare service, operation, and 
parameter names

• Stemming and tokenization are required before 
comparing names

• We assume that the WSDL is automatically 
generated

61
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TABLE II

EXAMPLE OF TOKENIZATION

Rule Original term Tokenized version

Casechange currencyExchange currency, exchange

Casechange SendSMSTo send, sms, to

Suffix numbers elimination currency1 currency

Underscore separator currency exchange currency, exchange

nameSim(tq, tp) = max

! j! J
i! I termSim(tq,i, tp,j) · xi,j

opt(|tq|, |tp|)
(3)

"

j! J

xi,j ≤ 1 ∀i ∈ I

"

i! I

xi,j ≤ 1 ∀j ∈ J

I = [1..|tq|], J = [1..|tp|]

Roughly speaking, the names similarity depends on the maximum similarity among the terms

composing the given names.

The problem as formulated in (3) will be adopted several times in our approach. So, for the

sake of clarity, hereafter with opt(gx) we refer to the optimization problem as in (3) applied to

the function gx. According to the following notation,

nameSim(tq, tp) = opt(termSim(tq,i, tp,j)) (4)

tq,i ∈ tq, tp,j ∈ tp

Terms similarity is returned by a function termSim : (term, term) → [0..1]. In the literature,

several approaches are available to state the similarity and the relatedness among terms 3. These

algorithms usually calculate such a similarity relying on the relationships (e.g., is-a, part-of,

attribute-of) among terms defined in a reference ontology.

3Pedersen et al. [26] list some of them and introduce a tool able to execute such algorithms

April 4, 2007 DRAFT
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Structural analysis

• Mainly related to the data types analysis

• Also considers how many operations (messages, 
parameters) are required w.r.t. the ones offered

62

JOURNAL OF LATEX CLASS FILES, VOL. 1, NO. 8, AUGUST 2002 13

Group Simple Data Type

Integer group int, integer, byte, short, long

Realgroup real, float, double,decimal

String group char, string, arrayofchar

Booleangroup boolean

TABLE III

SIMPLE DATA TYPE GROUPS.

typeSim Integer Real String Boolean

Integer 1 0.8 0 0.1

Real 0.8 1 0 0

String 0 0 1 0

Boolean 0.1 0 0 1

TABLE IV

typeSim FOR SIMPLE DATA TYPES.

[0.5 · opt(typeSim(opq.outi .type, opp.outj .type))]

Along with the coverageissue, the data type similarity representsthe way in which two

servicesare consideredstructurallysimilar. About this, we adopta different approachin case

of simple or compositedata types. In the latter case,at this stage,similarity is calculatedby

comparingthe namesof the datatypesusingthe function nameSim. A morepreciseapproach

canbe obtainedflattening[19] the compositedatatypesin a list of simple datatypes.We can

also adoptthe approachesrelatedto the XML schemamatchingliterature??. Considering the

simple datatypes,we take inspirationby [30] groupingthe primitive datatype in 4 classesas

shown in Table III.

Typesimilarity takesinto accountthemembershipin thesegroups.In moredetail, let dtq, dtp

the datatype to be comparedtypeSim is obtainedaccordingto the valuesin Table IV.

April 4, 2007 DRAFT
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Group Simple Data Type

Integer group int, integer, byte, short, long

Real group real, float, double, decimal

String group char, string, arrayofchar

Boolean group boolean

TABLE III

SIMPLE DATA TYPE GROUPS.

typeSim Integer Real String Boolean

Integer 1 0.8 0 0.1

Real 0.5 1 0 0

String 0.3 0.3 1 0.3

Boolean 0.1 0 0 1

TABLE IV

typeSim FOR SIMPLE DATA TYPES.

[0.5 · opt(typeSim (opq.outi .type,opp.outj .type))]

Along with the coverage issue, the data type similarity represents the way in which two

services are considered structurally similar. About this, we adopt a different approach in case

of simple or composite data types. In the latter case, at this stage, similarity is calculated by

comparing the names of the data types using the function nameSim . A more precise approach

can be obtained flattening [19] the composite data types in a list of simple data types. We can

also adopt the approaches related to the XML schema matching literature ??. Considering the

simple data types, we take inspiration by [30] grouping the primitive data type in 4 classes as

shown in Table III.

Type similarity takes into account the membership in these groups. In more detail, let dtq, dtp

the data type to be compared typeSim is obtained according to the values in Table IV.
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Benchmark

• 35 WSDLs, 64 descriptors divided in 5 groups

! Group A: Currency (4 WSDLs, 9 descriptors)

! Group B: DNA (5 WSDLs, 5 descriptors)

! Group C: SMS (12 WSDLs, 18 descriptors)

! Group D: Weather (6 WSDLs, 18 descriptors)

! Group E: ZIP (8 WSDLs, 14 descriptors)

• Machine

! IBM xSeries, 2 CPU Intel XEON 3GHz, 2 GByte RAM
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Average precision 64

Precision for different groups
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General recall 65

Recall for different groups
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Semantic vs Structural precision 66

Precision with different weights
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Semantic vs Structural recall 67

Recall with different weights
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Groups B & E: precision & recall 68

Group B
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Exploting the annotations

• Recall can be improved if SAWSDL description is 
available

• In this case name similarity is based on the 
annotations

• About this aspect we are investigating a useful 
distance measure
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About the quality 70

Domain application
community 

Quality 
Tree

User Provider

User
Quality Tree

User
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Quality tree 71

Quality of 
service

Video
quality

PriceResolution Framerate Colordepth Encoding Sampling

Sound
quality

{ 320*200;
  800*600;
1024*768 }

[10..30] { 8; 16; 
  24; 32 }

[0..!) { MP3; 
  WMA;
  ALAC }

[64..192]
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How many approaches?

• We have a lot of approaches 

• We will have more in the future!

! lot of perspective

! lot of descriptions
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My standpoint

• Quality matching represents, at this stage, the 
biggest open issue

• Web service registry managing should be deeply 
investigated as well

• Semantic based approaches suffer of the need of 
services semantically described 

• Web services retrieval must be, first of all, usable!
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