IT Licentiate theses
2007-001

Querying Mediated Web Services

MANIVASAKAN SABESAN

UPPSALA UNIVERSITY
Department of Information Technology






280 S
>

UPPSALA
UNIVERSITET

Querying Mediated Web Services

BY
MANIVASAKAN SABESAN

January 2007

COMPUTING SCIENCEDIVISION
DEPARTMENT OFINFORMATION TECHNOLOGY
UPPSALAUNIVERSITY
UPPSALA
SWEDEN

Dissertation for the degree of Licentiate of Pholoisy in Computer Science with
specialization in Database Technology
at Uppsala University 2007



Querying Mediated Web Services

Manivasakan Sabesan

msabesan@it.uu.se

Computing Science Division
Department of Information Technology
Uppsala University
Box 337
SE-751 05 Uppsala
Sweden

http://www.it.uu.se/

© Manivasakan Sabesan 2006
ISSN 1404-5117
Printed by the Department of Information Technolddgpsala University, Sweden



Abstract

Web services provide a framework for data intergeanbetween
applications by incorporating standards such as %bHema, WSDL
SOAP, HTTP etc. They define operations to be indo&eer a network to
perform the actions. These operations are desciioddicly in a WSDL
document with the data types of their argument i@salt. Searching data
accessible via web services is essential in maplicapions. However, web
services don’t provide any general query languageview capabilities.
Current web services applications to access tha natst be developed
using a regular programming language such Jav@#or

The thesis provides an approach to simplify queryireb services data
and proposes efficient processing of database epiéoi views of wrapped
web servicesTo show the effectiveness of the approach, a potiveb
Service MEDiator system (WSMEIs developed.

WSMED provides general view and query capabilitieger data
accessible through web services by automaticallsaeting basic meta-data
from WSDL descriptions. Based on imported meta-diéta user can then
define views that extract data from the resultscafls to web service
operations. The views can be queried using SQLiv&ngview can access
many different web service operations in differeatys depending on what
view attributes are known. The views can be spatifn terms of several
declarative queries to be applied by the querygssar. In addition, the user
can provide semantic enrichments of the meta-déta key constraints to
enable efficient query execution over the views &ytomatic query
transformations. We evaluated the effectivenessuofapproach over multi-
level views of existing web services and show tttet key constraint
enrichments substantially improve query performance
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1. Introduction

The growth of the Internet and the emergence of XbtlLdata interchange
have increased the importance of web servicesn@rporating standards
such as SOAP[25], WSDL [11] and XML Schema [19].Wsérvices
support an infrastructure for the applications bfirdng a set obperations
that can be invoked over the communication netwdofeb service
operations are self contained using metadata toridesdata types of their
argument and result, i.e. their signatures, usir®DW, An important class
of operations is to search data accessible through services. However,
web services don't support any general query laggwa view capabilities.

As the applications query data from different webvies, there is need
for a system to efficiently integrate data fromdregeneous data sources
accessible over the web servickediatorsare software to enable queries to
different kinds of data sources. In this work wedstigate methods to build
such mediators for querying data provided througkb vservices. The
development of a web service based mediator pymoig expected to
provide insights into a number of research question

1. To what extent can the web service standards, asciWDSL,
SOAP, and XML-Schema, be automatically utilizedabmediator
engine to query the sources efficiently and scafbl

2. How can views in a high level query language suelS@L be
defined in terms of imported web service descrigi

3. How can the modern query optimization and rewethhiques be
used to provide efficient and scalable accessapi@nally utilizes
the limited data access and update capabilitiedifedrent web
services?

4. What minimal set of extra semantic enrichment igdeg in
addition to the current web service standards deoto provide
scalable access through the views?

5. How can the semantic enrichments be automaticatgaied and
verified?

We have developed a system calW&MED — Web Service MEDiater
to enable high level and scalable queries over datéeved through web
services. WSMED can access dynamically any welicgeby retrieving the
meta-data of a WSDL document describing servicerfiates and then
invoking the web service operations. WSMED usesi@egc web service
schema for representing any web service descrifyoa WSDL document
that conforms to an XML schema, such as operatignatures and other
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properties. The meta-data are used to constructragts in calls from
WSMED to web service operations and to convertréisailt of a call to the
format used in WSMED. Further it exploits the SOARtocol to pack
messages to invoke web service operations. Theotgp®t makes use of
HTTP [61] for transmission of message and is usMg§DL, SOAP and
XML Schema to wrap the sources accessible throgtweb services. This
addresses research question one.

SQL view definitions calledWSMED viewsare defined in terms of
imported WSDL descriptions of web service operatidrurthermore, multi-
level WSMED views can be defined in terms of otM8MED views. Web
services often return nested XML structures (iezords and collections),
which have to be flattened into relational view$obe they can be queried
with SQL. The knowledge how to extract relevantaditom a given web
service is added by the user as queries calkdch definitionsFor each
search definition, the flattening is specified ahject-oriented query using
the WSMED query languag@NQL) that has support for web service data
types. The result of a web service operation intronas translated into data
structures that are queried by the search defirgtié\lternatively, XQuery
[7] can also be used for the flattening but it ieggi more complicated
conversion of each web service result into a teamyoXML document.

By creating views and querying these views thro8gL, we partially
answered research questions two and three. Thegsanalf the update
capabilities is subject to the future directionsoddrn Query optimizations
need to be investigated deeper in the future.

An important semantic enrichment is to allow foe thser to associate
with a given WSMED view different search definitiodepending on what
view attributes are known in a query. This is @hliikebinding patternof a
search definition. The WSMED query optimizer auttinaly selects the
optimal search definition for a given query by amalg its used binding
patterns.

To further improve query execution performance, tiser can addey
constraintswhen defining WSMED views. A WSDL operation signat
description does not provide any information abuiitich parts of the
signature is a key to the data accessed througbgbeation. As we show,
this information is critical for efficient query egution of multi-level
WSMED views. Therefore, we allow the user to dexlay the system all
(compound) keys of a given WSMED view. To answee fttesearch
guestions four and five regarding semantic enricitmave will need to
study further.



2. Background

This chapter introduces a literature study of tlekiground knowledge
about the major enabling technologies for mediatip services. It briefly
covers data base management systems, informatitegration, web
services, and the core technologies involved wittb vgervices such as
XML, WSDL, SOAP, and semantic web representations.

2.1. Database Management Systems

A software system that allows creating and manimdahe huge amount of
data in a structured way is known asDatabase Management System
(DBMS) A databaséds defined as the group of data managed by a DBMS.
DBMS facilitates the following:

* It allows the users to create a database and med$ data types
and structures known as @atabase schemahrough a Data
Definition Language (DDL).

* It permits the users to insert, delete, updatecaredly data from data
bases through Rata Manipulation Language (DML)

* It provides a security system to support multilesethentication
control for the users

* It preserves the consistency of data through agiity system

* It provides a recovery control system to resto diatabase to a
previous consistent state after hardware and softwailures,
called transaction and recovery control.

It provides a user-accessible catalogue, called sttleemathat
contains meta-data of the data in the database.

To describe the data requirements of an organizaiio a readily
understandable way by the users, a higher-levatrigi®n language for
schemas is required: that is known asdat modefor the DBMS. DMBSs
use different kind of data models. The evolution BBMS follows

development of new data models.

In the late 1960s the first commercial DBMSs wasettgped utilizing
hierarchical andnetworkdata models. These data models highly focused on
the physical data arrangement and storage of daththey didn’'t support
any high-level query languages. Navigation throagiraph or tree of data
elements was the only possible way for data redtieVherefore the users
had to have detailed knowledge about the physital drrangement.



Therelational data model was introduced by Codd [13] at therb&gg
of the 1970s. It relaxes the users’ burden of howatcess data and
Relational Database Management Systems (RDB#®)ed to evolve. This
model is based on mathematical relations that pteke data to the users in
two dimensional tables. Each cell of the table amst a data value with
different atomic types such as string, characterranmbers. Even though it
resembles the traditional tabular data represenigti internal storage
structures are very complex in order to providéciffit data manipulation.
Further, it supports &igh level query languagéor efficient data base
programming. The functionaklational algebraand declarativeelational
calculusare the major primitives to specify a query.

There are number of query languages emerged basih@ése formalisms,
among them theStructured Query Language (SQbgcame the de facto
language. The SQL query processing modules transfer declarative
gueries into amxecution planwhich is a program to specify in details how
the data is retrieved. Further it allows creatigws they resemble virtual
relations defined through a query expression, butat exist physically and
can be queried as they exist physically. It is somes possible to modify
views by an insertion, deletion, or update.

The relational model providetata independencly separating the high-
level query language from the low level implemebota details. There are
two kinds of data independencehysical and logical. Physical data
independence means the capability of changingltlgsigal structure of data
without affecting the applications, while logicadtd independence refers to
the immunity of the conceptual changes to the apptin programs.

The applications from the new areas such as compigded engineering,
geographic information systems, and multimedia ireqeomplex data
representations exposed the limitations of thetioglal model and they
demanded for a new generation DBMS33Sbject Oriented Database
Management Systems (OODBMBased onobject—oriented (OO)data
model. Theobjectsare classified irclasses A class consists of gpe and
methodghat can be executed on objects of the class.wegal type system
is represented with primitivatomic types, record structures, collection
types (sets, bags, arrayahdreference types (pointershlso complex types
could be defined by repeatedly apply record-stmectand collection
operators. Each object is uniquely identified bydoject identity (OID).
Classes are arranged according to a class hietartiay is, each class can
be defined as aub classof another andnherits all properties from some
other classes witbverloadingandoverriding characteristics.

The OODBMSs are implemented by extending obje@rded languages
such as C++ or Java with database capabilities saghpersistence,
concurrency control, and recovery. The object—oei@mmodel enriches the
database with features to become more powerful adeling real world
objects for the new applications. Early OODBMSs Idonot support any
declarative querying facilities. Queries were sfiedithrough navigating the
4



graph structures where arcs are defined by OlDedtas attribute values of
other objects. The ODMG (Object Data Managemenu@®r@9] developed
a standard query language for OODBMSs that con€ieject Definition
Language (ODLandObject Query Language (OQLYhe OODMS are well
suited for the applications that process completa dath less significant
query requirements such as computer-aided desigkages.

By combining the declarative power of RDBMSs withe tmodeling
power of OODBMSs another innovative kind of DBM3bject Relational
Database Management System (ORDBM®&)s introduced and it is now
broadly used in commercial products. The objectehal model
incorporates extensions of the relational modeh wie following features:

* Extensible base type system Uger Defined Types (UDThat can
be introduced along with user defined functionserapors, and
aggregates operating on the values of these types;

» Complex type support via type constructors for rofsscords),
collections (sets, bags, lists, and arrays), arintgrotypes;

» Special operations, methods, can be defined fad, applied to,
values of user-defined types;

» Unique OIDs identify each object and its data value

» User defined query optimization rules gives cofbrimation about
user-defined functions.

» User defined index structures provide a genericptata index
structure, e.g. Generalized Search Trees [30].

The major advantages of extending the relationalehs come from reuse
and sharing. To enable object-relational featunesd extended features are
implemented SQL:1999 [14]. Further, ORDBMS is tperapriate choice of
applications that process complex data and have pleamquerying
requirements.

2.1.1. Entity-Relationship Data Model

The Entity-Relationship (ER) modeis a data model for abstract
representation of database schemas. During théatestadesign process,
initially the database schema is represented inHRemodel and then
converted to the data model of the DBMS, e.g. dtational model. ArER
diagramis the graphical representation of an ER schenth bdxes and
arrows representing the data elements and thatiageships. It represents:

* Entity: represents real-world data objects.

* Entity Type represents a group of objects with the sameqptigs.

* Attribute denotes the property of an entity type.

* Relationshipis a meaningful association between entity types.

In an ER diagram, rectangles represent the enfiyst, ovals interpret the

attributes, and diamonds denote the relationsfiips.lines interconnect the
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respective attributes of an entity type and thewoéntity types involved in a
relationship.

Based on the number of entity types participatmg@ relationship, it can
be characterized dsinary, n-aryetc. For example, when two entity types
participate in a relationship it is calledbaary relationshipand ifn entities
participate it is am-ary relationship Cardinality constraintspecifies the
number of entity occurrence take part in a relafop In a binary
relationship there can be the following common telity constraints:

» One-to-one: Each occurrence of one entity is aatatiwith one of
the other entity occurrence asHigure 1

Manager |1 Manages 1 | Branch

Figure 1.one-to-one relationship

» One-to-many: Each occurrence of one entity is agsmtwith many
of the other entity occurrences ad-igure 2

Staff m @ 1 Department

Figure 2.one-to-many relationship

* Many-to-many: Each occurrence of first entity isagated with
multiple occurrences of the second entity and ewegurrence of
second entity has association with many of the weage of the
first entity as inFigure 3

Student |-M @ N_| Course

Figure 3.many-to-many relationship




2.1.2. Query processing

Query processing involves the essential activitieetrieve required data
from a database. Thypiery processof-igure 4 is the group of components
of a DBMS responsible for query processing.

Query in a high-level language

|

PARSER

Intermediate form of query

A 4

Query
Optimizer

Execution plan

A\ 4
Executor

|

Result of the query

Figure 4.Query processing steps.

The parser ensures the query syntax follows the allowed gramaof the
query language. The parser transforms the querp iab internal
intermediate form. Theuery optimizeitranslated the parsed query into an
execution plan, which is a program to retrieve datae query execution
plan is functional program with DBMS-specific evatfion primitives such
as scan operators, selection operators, variowexiadan operators, several
join algorithms, sort operators, and a duplicaiimielktion operator. A query
typically has many feasible execution plans, areldhoosing the efficient
plan is namedjuery optimizationand is performed by the query optimizer.
The traditional query optimization based on costieoboptimization [24]. It
considers all likely execution plans and estimdtes cost of each of the
plans based on the number of disk blocks readralgmbcessing unit (CPU)
usage, and communication cost. Meta-data providstroetrics. Based on
this the cheapest execution plan is chosen. Typibalristics are applied to
transform the execution plan to reduce the cose eXecutorinterprets the
execution plan to produce the query result.



2.2. Information Integration

Producing, storing and transporting informatioriarge scale are no longer
momentous problems in the world. One significaatigsin the Information
era is the information integration: find any pauter piece of information
and combine this information with the existing imf@mtion. Modern
database systems are evolving in the direction rsvainformation
integration to emphasize an approach for data atale from multiple
heterogeneous data sources. This is a key applicatithe daily operation
of business, government, and academic organizatidie principal
approaches for data integration are [21]: fedematiwvarehousing, and
mediation. There are subtle issues during the mmdétion integration:

1. Format differences: It covers the differences itadgpe, domain,
precision, and item combination. For example, a pamber is
represented as an integer in one data source gnesemted as a
string in another

2. Value differences: The concept could be represemedifferent
ways. E.g. one source could represent the valstatd as 'Georgia’
while other will represent as 'GA’.

3. Semantic differences: The same term could be iretag differently
in diverse sources. A university database keepstemategree
students under the undergraduate section whilehanatniversity
database maintains it with the postgraduate portion

4. Missing values: Some data sources may not keep #ufornation
that other sources provide. For example, a dataddsenistrator of
a university keeps the initials of students’ namwbde the students
office database does not keep them.

The above inconsistency issues are solved in numberys by different
information integration systems.

2.2.1Federated databases

A federated databaseesembles a class of heterogeneous databases. A
common phenomenon is that the information sourcesralependent, but
one source is able to communicate with the otteersttieve information. A
wide range of solutions are proposed in the litegtwith different terms
such as distributed databases, federated databasds,databases, and
interpretable systems[31].



XML
database

A
\ 4
)
oy)
|- N

Infomix

Figure 5 Federated databases

Figure 5illustrates four different databases in a federativhere 12 pieces
of code is needed to translate the query from armhar. In generaln
databases in federation needn-1)translations to support queries between
each other.

Each database involved in a federation maintaifscal import and
export schema. The export schema describes the informafiche local
database shared with the other databases in femeratile import schema
is a description of the information can be retrebff@m the other databases.

2.2.2. Data warehouses

When the data from data sources of diverse locatéwma stored in a single
central database it is known data warehouse (Figure 6)t requires a
global schemaFurther, data from the heterogeneous data soareepre-
processed, e.g. by filtering and aggregating, piostoring the processed
data in the data warehouse. Users query direcywirehouse instead of
particular data sources.

For consistency, direct user updates to a data hoase should be
avoided. Generally in a data warehouse, data istaarted in three different
ways:

» Reconstruction Data warehouses are periodically reconstructed
from the currently available source data. During aconstruction
the system is closed for queries. The major drakdace the time
consuming reconstruction process and that dataafglications
that require data from the warehouse is unavailable

* Periodical updateThe data warehouse is periodically updated based
on the changes that have been made to the souroes last
modifications to the warehouse. This kind of updateluces
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amount of the time and data. But the process ftwulzing the
changesincremental updatess very complex.

* Immediate updateEach change or small set of changes occurred in
the sources are immediately reflected in the warsboAs this
approach incurs much communication, it is bestesuitor a
warehouse that contains data sources changingyslowl

User query l I Result
3

/

Extractor Extractor

A —_— -
Sourcel Source?2

Figure 6:Data ware house architecture

2.2.3. Mediators

Mediators are software modules used to query hgg¢eeous wrapped

data sources and applications[37] amediatoris defined as:
A mediator is a software module that exploits emctb&nowledge about
some sets or subsets of data to create informdtora higher layer of
applications.

A mediator represents a virtual view or compositidrviews that integrate

several heterogeneous data sources. Mediators dadoie any data

themselves and this contrasts mediation from thia @arehouse approach.
Instead as shown fRigure 7, it makes use ofirappersto retrieve data from

heterogeneous data sources.

10



queryl Iresult

Mediator

quer// result \u‘ery

Wrapperl Wrapper2

queq' result query result

Figure 7.Mediation architecture

A wrapper is a software module that facilitates rguprocessing and
translation of data from a particular external dedarce. When a query is
given to the mediator, it could then constructdperopriate sub queries and
send them to the wrappers. A wrapper accepts guéien a mediator and
translates them so they can be answered by thelyindedata source. Then
it returns back the result to the mediator anduim tthe mediator collects
data from several wrapped data sources and posegses them before
sending back the result of the user query. Medadieploy a common data
model (CDM) to map schemas of heterogeneous saurdesliation
addresses data integration in a more dynamic way tbderation by using
extraction, transformation, and integration proessswhile a federation
represents a static approach by utilizing agreadplotgs to allow view
creation.

There are several systems such as Garlic [55]rrivdton manifold [38],
and TSIMMIS [20] using mediators for data integvatirom heterogeneous
data sources.

2.3. XML

XML [9] has evolved as a de facto standard for @spnting structured data
and semi-structured data that have a structuregomgmapidly Simplicity,
open standard, platform or vendor independencegnsitility, and
reusability are some important aspects of XML.

An XML document consists of tagged data structufas.elementis a
technical name for the pairing of a start tag and ¢éag in an XML

11



document. Each element contains zero or more w@isb Anattribute is
specified by name-value pair.

Grammatical constraints on the structure of XML uloents are imposed
by a Document Type Definition (DTOP]. A valid XML document must
contain a validDocument Type Declaratiothat conforms to the DTD. A
document's type declaration can be declared imtiresn XML document, or
as an external referenc@/ith a document type declaration, independent
groups of XML documents can agree to use a comnuourdent type
declaration for exchanging data. Further an aptdicacan use a standard
document type declaration to verify that data tisateceived from the
outside world is valid and can also use a docurtyg declaration to verify
its own data. The DTD is used to verify thellformednessnd validity of
an XML document. Wellformedness ensures the XMLutheent is syntax
error free while validity makes sure the elememis attributes in the XML
document conforms to a predefined grammar.

XML schemd19] provides a much more powerful means by whizh
define the XML document structure and limitation€ML Schemas are
themselves XML documents. A schema can be assdcisitdh an XML
document by specifying the schema location vinamespaceAn XML
namespace is composed of a URI and a local name. XML schema
definition itself has its own DTD. XML schema prdes a set of basic data
types [19], callesimple TypesThe users can define their own simple types
by adding constraints to the basic data types. H#arokind of user defined
data types known a@&Somplex Typewhich allow user defined data structure
definitions containing elements and attributes. (B&mtypes cannot have
elements or attributes. These types are much waleging than the basic
PCDATA and CDATA of DTDs. Further it specifies ctragnts on the
attributes, supports some sophisticated struct[Béf such as definition
derived by extending or restricting other defimigp and a name space
mechanism allowing the combination of differentetias.

Two types of XML documents emerge from applicatiotata-centric
(Figure 8) and document-centric (Figure 9). Data-centric XML is
characterized by a regular structure. It occurshi context of structured
data exchange and representation of semi structlated Document centric
XML has a much more irregular structure, is oftdraracterized by the
ubiquitous nature of mixed mark-up in it, and iseaf encountered as the
means of encoding information about documents. &hare XML
documents that follow both data-centric and docuroentric structures,
namely hybrid XML documents.

< Notice >
<Location>room 1345</Location>
<MeetingTime>15:15 PM</MeetingTime>
<Purpose>discuss future directions</Purpose>
</ Notice

12



Figure 8.Data-centric

<Notice>

Lab meeting will be held at the
<Location>room 1345</Location>by
<MeetingTime>15:15 PM</MeetingTime>
to<Purpose>discuss the future
directions</Purpose>

</Notice>

Figure 9.Document-centric:

2.3.1. XML databases

Various approaches [16] are followed to organize LIXBbcuments to
facilitate querying and data retrieval. With thesfi approach [50], an
RDBMS or ORDBMS can be used to store whole XML doeunts as text
fields within a DBMS. A special document processiogmponent is
deployed to handle the XML documents and the ampraawell suited for
schema-less and document-centric XML documents. sHwend approach
[36, 60] is utilizing an existing RDBMS to trangainto a relational schema
XML documents that follow a specific XML DTD or XMlschema. A
mapping algorithm manages to derive a databasemscltempatible with
the XML DTD or schema. The third approach [43] tesaa new type of
DBMS for storing XML documents, which includes siadized querying
and indexing facilities, and compression mechanitmseduce the size of
the documents.

2.3.2XML querying

Several systems have been built to query XML inegely e.g. [17, 22, 23,
28, 42]. The Lore system [23] has its own XML baskda model and a
guery language Lorel to allow navigation of bothribtites and sub-
elements. XPath [12] is a declarative query langudgr XML and
collections of elements can be retrieved by defjnndirectory-like path
along some conditions placed on the path. XPathsiders an XML
document as a tree with nodes for each elementipwt, text and
namespace. Further, the XML Query Working Groug fifroduced a data
model for XML containing query operators such aejgution, selection,
iteration, join, sorting, aggregation, and a XMLegu language known as
XQuery [7]. XQuery is a functional language in whig query is represented
as expressions: path expressions and FLWR expnsssibhe path
expressions make use of abbreviated XPath syntatended with a
dereferenceoperator and aange predicate. A set of XML documents is
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accessed like a database. The FLVFR)re 10 expression is constructed
from FOR, LET, WHEREand RETURNCclauses. The FOR clause is used
whenever an iteration is needed with a specifiaihlile while LET clause
is used to binds variables to paths before thatiter is performed. The
WHERE clause defines the conditions and the RETUWRMse generates
the output of the FLWR expression.

FOR $B IN DISTINCT(document(“staff.xml”)//@branchNo )
LET $S:=document(“staff.xml”)/STAFF/[@branchNo=$B]

WHERE count($S)>20

RETURN $B

Figure 10.FLWR expression

The SQL 2003 standard [15, 64] facilitates to coralBQL with XQuery to
access both ordinary SQL-data and XML documentedto a relational
database.

2.4. Web Services

A web service is defined by W3C [8] as:

A Web service is a software system designed to aigpteroperable
machine-to-machine interaction over a network.al$ an interface described
in a machine-process able format (specifically WDOther systems
interact with the Web service in a manner presdrithe its description using
SOAP messages, typically conveyed using HTTP wittXBIL serialization
in conjunction with other Web-related standards.

Web services provide a message exchanging framefwokpplications by
defining a set obperationsthat can be invoked over the communication
network. Each web service operation defines a Bpeattion performed.
Web services incorporate standards such as SOAPWaSDL [11], XML
Schema [19], HTTP [61] and UDDI [5]. A web servisedescribed using
the WSDL language. A WSDL description uses XML-Suohketo describe
data types of the arguments and results of opesatid/SDL descriptions
are published in a UDDI directory, which is a cahplace that holds set of
web service descriptions. Any one can find requivetd service descriptions
by querying the UDDI directory. A SOAP messagessdito invoke a web
service operation call by packing all the necessetails in a standard
format. HTTP may be deployed to transfer the SOA#3sage to invoke a
web service and return the result back.

The web service architecture can be illustratedh Veyered technologies
as shown irFigure 11 Thediscoverylayer acts as a centralized repository
of web services and by querying this repository ooeld find the required
web service. The open standard technologies UDDafe WS-Inspection
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[3] can be deployed at this layer for how to publisategorize, and search
for services based on the their service descriptidimedescriptionslayer
deals with how to represent service behavior, déiped, and requirements
in machine readable form.

Discovery

Descriptions

Other Services

Service quality

Message packaging

Communications

Figure 11.Web service architecture

WSDL [11] is used to define the functional capaieit of a service in terms
of operations, service interfaces, and messages.typlso it supplements
deployment information such as network addressassport protocols, and
encoding formats of the message transmission.

Service
Registry
Find Publish
Service < Bind Service
Requestor in Provider

Figure 12:Service-oriented architecture

The communicationslayer carries the data over the network for the
application. Data is converted into an internalnfat by the message
packaging layer. SOAP provides a standard way for such ngessa
packaging. Then the packed message will be tratexpoby the
communications layer using internet technologieduning HTTP, SMTP
[46] and FTP [47].
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Theservice qualityayer addresses protocols that ensure the qudlitye
service such as security, reliable messaging, ddians, management etc.
The WS-policy framework [2] declare the service lfjyaequirements and
capabilities that enables service quality policadsweb services to be
attached to the different parts of a WSDL defimti&ecurity policies for
authentication, data integrity, and data configgityi are standardized by
OASIS as WS-Security policy [37]. The web servicanagement task force
[70] is tailoring the standards for web service agament that involves with
monitoring, controlling, and reporting of serviceadjties and usage.

Other service layers represent the protocols usedséme different
purposes such as composing services to create mp@hcations. For
example, BPEL4WS [1] provides a workflow orientemmposition model
well suited for business applications.

Figure 12 illustrates the interrelationship of SQAPSDL and UDDI in a
service oriented environment. Theervice provideris responsible for
creating a service description using WSDL, and ighbk service in a
service registry, UDDI The UDDI advertises the service and all®ssvice
requestorqueries to the registry to find a service eithembyne, category,
identifier, or supported specification. Once thevee is found, the service
requestor receives the information about the looadif its WSDL document.
Then the service requestor creates a SOAP mesmagecordance with
service descriptions of WSDL document and sendsdt the network to the
service provider to apply the service. Thiad operation embodies the
relationship between the service requestor andehece provider.

2.5. Web Services Description Language

The functional description of a web service is nedi by web services
description language (WSDL) [11] that conforms e XML grammar. A
WSDL document defineservicesas set of network endpoints, ports In
WSDL, the abstract definition of endpoints and ragss is separated from
their concrete network deployment or data formatlisigs. This allows the
reuse of abstract definitionsiessagesvhich are abstract descriptions of the
data being exchanged, amebrt typeswhich are abstract collections of
operations An operation defines the description of an acsapported by
the service. The concrete protocol such as SOAPTHHTand data type
specifications for a particular port type represemteusabléinding A port
is defined by associating a network address withinding. Different type
definitions other than XMLSchema can be used tccriles all message
formats present and future, WSDL allows using otiype definitions via
extensibility, known agxtensibility element§ hrough this structure WSDL
describes:
1. What a service doe3he operations provided by the service and the da
needed to invoke them.
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2. How a service is accesseDetails of the data formats and protocols
necessary to access the service’s operations.

3. Where a service is locatedetails of the protocol-specific network
address, such as a URL.

A WSDL document can be described as a sete@hitions A grammar that
contains a definition element at the root denobesdtructure of a WSDL
document as in Appendix A.

<service> <binding> <portType> <message
o N > <types
[SOAP] <operat|on>< [Request] [data]

<port> <bindi <operatiorr
<port> inding> message

<operatiorr

[Response]

Service(s) Supported
Protocol(s)

Figure 13.Document structure of WSDL

A simple document structure is illustrated Bigure 13 Each service has

several ports to define where it is located. Imteach port is attached with

one or more bhindings that describe how a web serigcaccessed. Each

binding is attached with portTypehaving a set of operations to answer
what a service is does. Request and response regsasg attached with

each operation to indicate the input and outp@atrodperation.

Definitions

A definition contains the elementsame, documentationmport, types
messageportType binding andservice The elemendefinitions contains
the attribute name (usually the name of the web service) for only
documentation purpose. The attributergetNamespace stores the
namespace URI for the entire WSDL file. That atitébis used to form
QNames(Qualified names) oportTypes bindings and so on, and how to
combine WSDL descriptions that span multiple fil@he usual XML
namespacex(ing declarations are also part difinitions The import
element permits the separation of the differentmelets of a service
definition into independent documents by assoajtimamespaceavith a
documentocation
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Types
Types denote the data types for the exchanged gessad adopt the types
supported XML-Schema.

M essages

A message consists one or mpits. Each part is associated with a type
and element attribute. Theameprovides a unigue name among all other
parts and messages. Generally a message defimiti@onsidered as an
abstract definition. A message binding describesmnfapping between the
abstract and concrete definitions.

Parts

A part supports a mechanism for depicting the abstrontent of a message.
A binding is specified with reference to the nanfeacpart for binding-
specific information. Multiple part elements arefided with messages to
specify multiple logical units.

Port types

A port typedefines a set of abstract operations and theaabstmessages.
Thenameattribute provides a unique name. A port typecifinegd as:
<wsdl:definitions .... >
<wsdl:portType name="nt">
<wsdl:operation name="nt" .... /> *
</wsdl:portType>
</wsdl:definitions>

Operations

An operation defines a method on a web servicdydinng the name of the
method and input parameters and the output paresnetehe method. All
the operation names within a single port type #ferdnt.
1. One-way: The endpoint only receives the message.
<wsdl:definitions .... >
<wsdl:portType .... > *
<wsdl:operation name="nt">
<wsdl:input name="nt"? message="gname"/>
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>
2. Request-response: The endpoint receives a messagiesends a
response.
<wsdl:definitions .... >
<wsdl:portType .... > *
<wsdl:operation name="nt" parameterOrder="nts 2>
<wsdl:input name="nt"? message="gname"/>

L+ _ zero or more
2 nts- nmtokens [9]
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<wsdl:output name="nt"? message="qgname"/>
<wsdl:fault name="nt" message="gname"/>*
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>
3. Solicit-response: The endpoint sends a messageeaeaiyes a response.
<wsdl:definitions .... >
<wsdl:portType .... > *
<wsdl:operation name="nt" parameterOrder="nts">
<wsdl:output name="nt"? message="qgname"/>
<wsdl:input name="nt"? message="gname"/>
<wsdl:fault name="nt" message="gname"/>*
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>

4. Notification: The endpoint only receives a message.
<wsdl:definitions .... >
<wsdl:portType .... > *
<wsdl:operation name="nt">
<wsdl:output name="nt"? message="qname"/>
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>

Bindings
Message formats and protocol information for eagbration and message
defined under a port type is defined byiading A given port type may
have any number of bindings. The attribnéneprovides a unique name for
a binding. A binding have to specify exactly onetpcol and must not
specify any address information. The referenced pgre is depicted by
attributetype A concrete grammar for input, output and faultseages is
specified by the binding elements. The followingemplifies a binding
conforming to the above:
<wsdl:binding name="TerraServiceSoap"
type="tns:TerraServiceSoap">
<soap:binding
transport="http://schemas.xmlsoap.org/soap/http"
style="document" />
<wsdl:operation name="ConvertLonLatPtToNearestPlace ">
<soap:operation soapAction="http://terraservice-
usa.com/ConvertLonLatPtToNearestPlace"
style="document" />
<wsdl:input>
<soap:body use="literal" />
</wsdl:input>
<wsdl:output>
<soap:body use="literal" />
</wsdl:output>
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</wsdl:operation>
</wsdl:binding>

Further a binding element for a given port type ckmote a transport
protocol such as SOAP over HTTP, SOAP over SMTP,TRTPOST
operation, etc.

Binding extensions

WSDL supports three extensibility conventions thléaw the binding to be
extended with elements from different XML namespade describe
bindings to any number of transport protocols saglsOAP, HTTP.

SOAP Binding extension

Extension elements are used to bind a WSDL degmmipgb the SOAP
protocol. TheSoap:bindingis an obligatory element when using the SOAP
binding. Thestyleattributes shows subsequent operations following the
two alternativesdocumenbr rpc (Remote Procedure Callfhe optionrpc
declares that the messages have parameters amd vetues while the
optiondocumenindicates that the messages contain documenthefuthe
documentoption specifies how the body of the SOAP messaiike be
interpreted in straight XML, while theoc option indicates that the binding
uses RPC conventions for SOAP body specificatidiie style for the
binding can be overridden by the style attributesthe child operation
elements. ThesoapActiondefines the name of the action (method) to be
invoked by the service. It is placed in tB®APActiorHTTP header as the
part of an HTTP message. Theap:bodydeclares the structure of the
contents of the message. The attribpégts specifies which parts will be
used during the SOAP message creation processsddyefault element
shows the contents of the SOAP faults details.

Ports

For each binding the attributgort defines a single address endpoint. An
extensibility element specifies the address infdimmaof a port and more
than one address can't be specified for a port.

Services

A service groups is a set of related ports. An edanthat defines service
element is:
<wsdl:service name="TerraService">
<documentation
xmlns="http://schemas.xmlsoap.org/wsdl/">TerraServe r
Web Service</documentation>
<wsdl:port name="TerraServiceSoap"
binding="tns:TerraServiceSoap">
<soap:address location="http://terraservice.net
[TerraService2.asmx" />
</wsdl:port>
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</wsdl:service>
Thenameattribute specifies a unique service name.

The structure of WSDL described above is based &DW1.1 of W3C
recommendation. Most of the existing WSDL documeats based this
version. W3C now concentrates on WSDL 2.0, and defined with three
specifications:

* Part I, the core Language

* Part Il, Message Patterns

* Part Ill, Bindings
Some new features are added, some removed ando$ah®sn are modified
for unambiguity, better naming, and simplifications

2.6. SOAP

SOAP is an XML based lightweight, platform independ protocol for
information exchange in a distributed environm&®AP is not only used
with HTTP but also potentially used in combinatisith other protocols
such as SMTP, TCP [63]. The simplicity and exteiligtbare the major
design goals of SOAP.

Structure of a SOAP message

A SOAP messagd-{gure 14 is made up of three elements:

» A SOAP Envelopés a top element that encapsulates the other two

elements representing the message.

» An optional SOAP headeprovides a generic mechanism for adding
additional features to the message such as roatnty delivery
setting, authentication assertions, and transacbotexts.

* A SOAP bodycontains the actual message to be delivered and

processed.
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Envelope

Header

SOAP block

SOAP block

Body
SOAP block

SOAP block

Figure 14.SOAP Message

In addition to the above componentsaalt block could appear with in the
body whenever there is an error to be reportedéosender of the SOAP
message. The SOAP block denotes a single commahtinit of data by the
processor of a message.

Example of a SOAP message:
<SOAP-ENV:Envelope
xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/en velope/"
SOAP-ENV:encodingStyle=
"http://schemas.xmlsoap.org/soap/encoding/">
<SOAP-ENV:Body xmiIns="http://terraservice-usa.com/ ">
<GetPlaceList>
<placeName>Atlanta</placeName>
<Maxltems>100</MaxItems>
<imagePresence>true</imagePresence>
</GetPlaceList>
</SOAP-ENV:Body>
</SOAP-ENV:Envelope>

The current SOAP specification is version 1.2 [@3¢ased by W3C in June
2003. SOAP message transmission is basically onefigan a sender to a
receiver. To exploit the unique characteristicshef network protocols used
for a transmission, SOAP implementations can benoptd. Generally

messages are routed alongm@ssage pathwhich contains one or more
intermediate nodes in addition to the eventualidason. Further, thactor

attribute is used to indicate the intended parictp of various parts of a
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SOAP message and used to direct a SOAP messagmghhaosequence of
intermediaries, with each one processing its portid the message and
forwarding the remainder.

In addition to pure messaging semantics, SOAP dsfanmechanism for
RPC by placing some constraints such as how theelement of SOAP
body is to be named and how the data could be excod

2.7 Semantic Web

The semantic web [62] is an emerging framework #Hiats at machine-
processible information for information sharingdéfines standards not only
for syntactic form of documents, but also for tkenantic contents. Further,
it enables intelligent services such as informabarkers, search agents and
information filters to offer more functionality anghteroperability than
current technologies. The prominent W3C standatidiza efforts are
XML/XML schema and RDF [35]/RDFSchema [10] to fa#eile semantic
interoperability.Anontologydefines a hierarchy of concepts within a domain
and describes each concept’s crucial propertiesugfir an attribute-value
means Ontologies play a vital role in the semamtéh for processing,
sharing and reusing metadata between applicatiims. OWL [26] layers
OWL Lite OWL DLandOWL Full along with RDF are the commonly used
as ontology languages in the semantic web.

RDF facilitates a common framework for expressimgrimation about a
web source that needs to be processed by applisamthe information can
be exchanged between applications without losseznimg. What sets RDF
apart from XML is that RDF is designed to represknbwledge in a
distributed world while XML-Schema is purely syniafstructural to
encode an application-specific data interface. Ribévides a method to
decompose any knowledge into small segments, ciaifges also known as
statementswith some rules about the semantics (meaningf)ettatements.
Each triple containsubject objectandpredicate Thesubjectrepresents the
entity described by the piece of knowledge. phedicateis an identifier for
some property of the subject. Thbjectdenotes the value of the property.
Consider the following knowledge represented by @&ntence
“http://www.it.uu.se/edu/course/kurs start/sprinmhtveb page maintained
by Department of information technoldgy An equivalent RDF
representation can be stated with the subfets;//www.it.uu.se/edu/course
kursstart/spring.html and the predicatemaintained with the object
Department of information technolaglurther, RDF permits the object to
be lists, bags, and sequences.

RDF can be used in resource discovery for enhanseach engine
capabilities, and cataloguing for content desaiptof web sources and
interrelationship of contents. W3C [35] standardize concepts and syntax
of RDF to achieve:
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» Simple data model: easy to handle by the applicatio

» Formal semantics and inference:

» An extensible URI-based vocabulary

» An XML-based syntax and support of XML schema dgpes

The knowledge is represented by the RDF staten@ntslabeled, directed
graph, theRDF Graph(Figure 15. An RDF graph represents a set of RDF

triples. The subject is what's at the start nodihefedge, the predicate is the
type of edge (its label), and the object is whett¥he end node of the edge.

http://www.it.uu.se/edu/ course/kursstart/springlht

http:// Jit.uu.se/edu/maintained

http:/ /www.it.uu.se/edubepartment
of Information Technology

Figure 15. An RDF graph

In practice, name of predicate and object prefingth a URI for the
global identification.Blank nodegepresent objects where the name of the
object is unknown. RDF specifies how the triples aised to represent
knowledge, i.e. and abstract model. The triples ravamally encoded in
XML. Most of the abstract model of RDF comes dowithiese simple rules:

* A fact is expressed as a Subject-Predicate-Objpt.t

» Subjects, predicates, and objects identify enfitidsether concrete
or abstract, in the real world.

* Names are URIs, which are global in scope, alwaferning to the
same entity in any RDF document in which they appea

* Objects can also be given as text values, céitiedl values, which
may or may not be typed using XML Schema data types

The W3C specifications define an XML format to eteoRDF triples,
RDF/XML [4].

RDF Schema [10] defines the vocabulary used in Rigfeels such as
specifying which attributes apply to which kindsatfjects and what values
they can take, and describing the interrelatiorshiptween objects. Users
that specify RDF documents are free to define tbwin terminology in RDF
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Schema. An elementary block in RDF schema ataasto group resources
where each member shares some same propertiesotiibe important
elementary statement is the inheritance relatidwden classesubClassOf.
While XML Schema constraints the structure of XMacdments based on
syntax, an RDF Schema defines the vocabulary fersgmantics used in
RDF documents.

RDQL [51] and SPARQL [45] are two standard quergigiaages for
semantic web data. An RDQL query consists of algpitern, expressed as
a list of triples and each triple pattern is corsed of nhamed variables and
RDF values (URIs and literals). An RDQL queBigure 1§ can support a
set of constraints on the values of those variablesset of variables those

produce answer set.
select ?a
where (?a, <http://www.type.com/syntax-ns#type>,<ht tp://fin
d.com/someType>)

Figure 16.RDQL query

SPARQL has all the features of RDQL and more:
* ability to add optional information to query result
« disjunction of graph patterns
* more expression testing E.g. date-time support
* hamed graphs
* sorting
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3 Querying data sources with Mediators

Performance and scalability over the amounts d datrieved are important
design aspects of mediators. Further, a mediatatutaois able to handle
semantic integration of underlying sources. Theesgsinterpreting these
mediator modules are known as thediator engineThis chapter addresses
schema representations in mediators, and quenegsog techniques used
to handle limited capability sources. The WSMEDngsfor web service
mediation is developed by extending the AMOS |l rat engine [48, 49].
Further this chapter overviews the AMOS Il mediatgstem including its
data model and other functionalities.

3.1.Schema representations in mediators

Many systems [20, 38, 55] have been developed ubmgentral mediator
approach where the mediator is a central compowéhtmany wrappers.
Other kinds of mediators are calledmposable mediatorshere mediators
may wrap other mediators [34]. A mediator can haggobal schema that
includes all data schemas from the external sourtke global schema
definition is difficult, in particular when thererea many heterogeneous
sources.

Mediators are providing a common data model CDefwesent the data
integrated from different sources. The mediatorimngnterprets queries in
terms of the CDM. Views play the prominent roletive meditation and
defined by means of the CDM. Since the diversecsurepresent the same
information differently from the mediator schemamadiator must include
view definitions describing how to map the sourahesna into the
mediator's schema. The most common methods inigeaate:

* Global as view [20, 27]: With this strategy, thediador schema is
defined in terms of a number of views that map wegpsources.
This global mediator view is defined by matchingl aransforming
data from the source schemas. Whenever new soaredsserted
the view definitions need to be extended accorging|

* Local as view [38]: It contains a fixed mediatohema. Whenever a
new source is inserted, the view definitions haveldfine how to
map data from the mediator schema to the new ssuschema
without any further alternation in the mediator estia. This
approach simplifies the insertion of new sourceswever, there
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are some issues of how to resolve differences where are
conflicts and overlaps between sources. Usually edfault

reconciliation based on accessing best sourcecthadrs the best
data is needed for a user query. That is, the lsaliew approach
is ill suited for reconciliation of the differencesd similarities
between different sources’ data.

3.2.Capability based optimization in mediators

Data retrieval through web sources is a commontigedn the industry.
Mediators can be defined to integrate such datecesuThey allow certain
attributes as inputs and produce outputs with cedtributes, but have to
real query capabilities. We say that these sounesslimited capabilities.
In addition, there are some other reasons fordithitource capability:
* Legacy sourcesData is kept in some outdated format and it is
impossible to convert the data format into a mod®&BMS.
Legacy sources only allow certain queries with Bpetinputs.
 Security:To ensure the privacy of data, such as defenseniaftion,
sources permit only limited queries.
« Limitation by indexestndexing the data is a common mechanism to
speedup the queries and is widely adopted in DBMSsr queries
to the attributes that are not indexed are not aupp by the data
sources as those queries examine millions of tuples

The traditional cost based optimization is inadéguar web sources as
gueries to sources with limited capabilities ard paly based on cost
metrics but also depends on what query capabitiiesources provide. The
optimization strategycapability-based optimizatiofd4, 58] is tailored to
consider the feasible plans on the basis whetleepléns can execute at all
using the limited capabilities of a data sourcest@oeasures can be used to
choose among the feasible plans. Source capabilitie represented and
examined during the query optimization mainly irotways:

* Rule-based checkinglhis approach is implemented in mediator
systemssuch asGarlic [20], Information Manifold [38], and
TSIMMIS [39] to match the source capabilities. Sucapabilities
are represented as capability records [38] or byesepecial
description languages such as Relational Query ripdisn
Language (RQDL) [56]. Complex rules are appliedfita the
suitable sources. During the query optimizationsghewrite rules
are applied for efficient query execution.

 Binding patterns:Source capabilities are represented by a set of
adornmentd21] known ashinding patterns Matching sources are
selected by analyzing the binding patterns. Infdionasystems
such as the web query optimization system [59]zeatibinding
patterns to represent the source capabilities.
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Estimating cost metrics in the mediation environtmemuite difficult as the

data sources are independent from the mediator.ekample, with data
accessible via web services the data retrieval temebe very slow due to
congestion on the communication network or that seever providing

service is highly loaded by several requests féa.dsong-term observation
or continuous monitoring of services will help faccurate cost estimation
[29].

3.2.1. Representation of Source capabilities with binding
patterns

The capability specifications of a data source @escribed as a set of
adornmentd21]. One adornment is attached with each atteilnftthe data
source. It is represented by an alphabet with §peueaning:
* f (free)- the value of the attribute need not to be sptif
* b(bound)- the value of the attribute must be specified
e c[L](choice from a list L) the value of the attribute must be
specified from the values in the list L.
* o[L](optional, from the list L)the value of the attribute is optional,
and if a value is specified it could be chosen fthmlist L.

f, b, andc[L] are the common adornments used to address thbild#gsof
sources that can be accessible via web servmé$. is common when
accessing web forms.

3.3. Active Mediator Object System (Amos II)

We have developed the prototype WSMED based orexfsting mediator
engine Amos Il [49]. Amos Il is an extensible manemory oriented system
that mediates distributed data sources. An objeetited query language,
AmosQL. is the primary query language. The system camp@tiseveral
wrappers to make heterogeneous data sources qidey A wrapper
perform [48] the following:
» Schema importationTranslate the sources’ schema into a form
compatible with Amos II CDM.
» Query translation:translate AmosQL queries into API calls, web
service calls or query expressions executable égolrces.
» Statistics computationestimate costs and selectivities for the calls
to retrieve data from sources.
* Proxy OID generation: constructs proxy object identifiers to
describe the data from sources.
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3.3.1. Amos Il data model

The primitive concept®bjects types andfunctionsrepresent the Amos I
data modelKigure 17. It is used as the CDM for the mediation and iamn
extension of the Daplex [49, 52] functional datadeio

Objects: They model all the entities in the database. Athdms system
objectsand user-defined objectObjects are represented in two ways, as
literal or surrogates Surrogates represent the real world entities sasch
vehicles, persons, etc; and have associated Olbsy Tan be explicitly
created and deleted by the users and the OIDs @irdaimed by the system.
Literal objects are self-described system-mainthinl@ects and do not have
any explicit OIDs. For example numbers and stringhere are also
collectionsof other objectsbags vectors andrecords A bag represents
unordered sets with duplicates whiectors denote the order-preserved
collections. Vectors are accessed Wi wherev is a variable holding a
vector, and is the index of an element in a vector. Recordsuseful to
manage data retrieved through web services as dftep handle nested
structures. Records access uses the notafih wheres is a variable
holding a record, anldis the name of an attribute in a record. Thusndxo
are indexed by arbitrary keys while vectors arexsdl by numbers only.

Object
Type Function Literal userobject datasource
%-\ P
. - e
Numbe Charstring || Collection AMos Relational

[——
integer real record bag vector /\

ODBC_DS JDBC D¢

Figure 17. Amos Il data model

Literals are automatically deleted by a garbagkecur when they are no
longer referenced.

Types Objects are classified intypesand each object is anstanceof
one or more types. Thextentof a type represents the set of all instances of
the type. Types are ordered into a multiple inbedes type hierarchy. A
type is defined and stored in the internal datalofitee system with system

functioncreate typeE.g.
create type Vehicle;
create type Truck under Vehicle;
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Functions represent properties of objects, computations oobjects,
relationships between objects, and are used asitipgs in queries and
views. A function contains two parts:signatureand animplementation
The signature defines the types and names of therants and the result of
a function. For example, the signature modeling attebute color of the
type Vehiclewould have the signature:

colour(Vehicle) - Charstring

Theimplementatiordefines the mapping of a function to compute tesul
for given arguments. Further, Amos Il can inverssynpute one or several
arguments values of a function if the expectedlresilue is known; this is
known as thamulti-directionalfeature of a function. The inverse usage of
functions is crucial to specify general querieshwiiinction calls over the
database. For example:

select vehichlenumber(v)

from Vehicle v

where colour(v)="blue’;
Functions can be classified according to their enntations as:

» Stored functionsire used to represent the properties of objentedst
in an Amos Il database.

» Derived functionsare defined in terms of other Amos Il functions as
queries. They are side-effect free and they areopnpiled and
optimized as soon as they defined. The queriesegpeessed in
AmosQL, using has an SQL-likeelect statement for defining
derived functions.

* Foreign functionssupport low-level interfaces for wrapping external
systems. They can update the external sources. \Wowireign
functions to be used in queries must be side-effeet Further, it
is possible to associate several implementationsarses for a
given foreign functionmulti-directional foreign functionswhich
informs the query optimizer that there are sevexaess paths
implemented for the function. Users can help therguyrocessor
by associatingcost and selectivity estimates for each access path
implementation. Multi-directional foreign functionare defined

using binding patterns. For example:
create function food(Charstring keyword,
Charstring groupcode)

—(Charstring ndb, Charstring descr)
as multidirectional
("ffff" foreign “JAVA: webservicewrapper/foodDescr”
cost{100,1})

("fbff" foreign “JAVA: webservicewrapper/gp_foodDes cr’
cost{200,4})

("bfff" foreign “JAVA: webservicewrapper/kw_foodDes cr
cost{150,3})

("bbff" foreign “JAVA: webservicewrapper/gp_kw_food Descr”

cost{400,6})
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Here, the Java methodsodDescr, gp_foodDescr, kw_foodDescr
andgp_kw_foodDescare defined to retrieve some food data with
different binding patterns. THeodDescrmethod will deliver data
when none of the arguments of function food arewkmoThe
functiongp_foodDescretrieves data when the value §youpcode

is known. Similarlykw_foodDescreturns values whekeywordis
known. In the case of both values f@ywordandgroupcodeare
specified, thegp_kw_foodDescimethod will be used. The cost
specifications estimate both execution costs igriral cost units
and result sizes (fanouts) [40] for a given methnebcation. In a
web service mediation scenario, commonly many wetvice
operations from diverse web services are involvidds common
practice defines database views with multiple cdpals enabled
with different binding patterns. Multi-directionfdreign functions
implement these kinds of views with various captaéd.

Data source Diverse data sources are represented explititiyugh the
system typeDatasourceand its sub-types. Some of the sub-types embody
generic kinds of data sources that share commopepies. For example,
the typeRelationalrepresents the common properties of all RDBMs.eOth
subtypes represent specific kinds of sources swuhtype JDBC DS
represents the JDBC drivers. Instances of thesestyppresent individual
data sources. Each data source type instance hasj@e name and set of
imported types.

3.4.Web service mediation

Our mediator engine for web services, WSMHBig(re 18, provides web

service meditation by extending the Amos Il mediatgstem. One common
web service wrapper is deployed to wrap any webicgarSQL user queries
can be issued to WSMED. When an SQL query is redeilie required web
service calls are passed to the web service wrdpgee invoked. The result
of the web service call is normally a nested XMlusture. It is post

processed by the mediator to answer the user gqldoye detailed web
service mediation with multi-level views is addmedén the chapter 5.
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4. The WSMED system

This chapter gives an overview of the WSMED systd&ime web service
schema subsection describes WSMED’s internal reptasons of web
service descriptions defined by WSDL documents as@ér provided
semantic enrichments. The system components stiosedescribes
functionalities of WSMED system modules.

4.1 Web Service Schema

A WSDL description of a web service describes fatees of its operations
and the XML Schema data types are usegure 19 shows an ER-diagram
of WSMED'sweb service schemnthat represents WSDL descriptions. The
web service descriptionstore the WSDL core elemergsrvice, operation,
andelement.

A service describes a particular web service and supportsetaof
operations, the Service entity. Each web service has rame, and a
namespace URI nu is a URI to identify the web service. Thmorts
relationship represents the association betwearéce and its operations.
Each operation named na represents a procedure that can be invoked
through the web service. Thatyle, st, indicates whether the operation is
RPC-oriented or document-oriented. Térecoding stylees, is a URI that
indicates the encoding rules for data in the SOARBsagesThetarget URL
tu, determines the address of the SOAP messageSDdactionURIsu,
identify the task of the SOAP Message.

Each operation has a numberimut andoutputelements. Arelements
an abstract definition of the data being transmiitied is associated with a
type definition using XML Schema. The input andpuitelements define
the signatureof the operation. Complex data elements may con$isther
sub-elemente/here each sub-element has a data type, alongamgime and
the number of maximum occurrences within the supkment. The
WSMED uses aonversion tablgTable 1) for type conversion from/to a
XML Schema data type to/from the corresponding tigia in WSMED.

The right part of Figure 19 describes some semantic enrichments
provided through WSMED in order to improve quereextion efficiency.

A WSMED viewdefinition may reference several web service dpuerg, as

indicated by theview_ofrelationship. It is defined in terms of a numbér o

attributes. Eachattribute has aname a datatype and a flag i6_key to
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indicate whether it is the primary key of the WSMEBw. To simplify the
schema, we here ignore representation of secohessy

searchdefinitions

WSMED view @

1

input
: Attribute H

su — SOAPactionURIsd — search definitioes — encodingstylest — style
fo — fanout tu — targetURLna — namenu — namespace URIco — cost
bp — binding patterniq — declarative query

Web service descriptions: WSMED enrichments @
@ searchdefinition ‘@
Serv& - () @

sub
elements

Entity (type inWSMED \Ijveslf;\l/tliégship (function in

N 1 inali i S .
Cardinality constraints — Direction of function

O Attribute (function inWSMED
Figure 19.Web Service Schema
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A WSMED view is defined in terms of a set of diffet search strategies,
called search definitions A search definition has an associatgidding
pattern, bp indicating the attribute bindings when the seadefinition is
applicable.

The declarative querydg, of a search definition specifies for a particular
binding pattern a query that computes the viewemms of the structure
returned from web service operations. For querynopation each search
definition also has some optional statistics, like estimated costo, to
execute the search definition and its estimatedltratze,fo (fanout). The
user can explicitly specifgo andfo by profiling the search definitiénin the
search definition Kigure 20, fbfb is the binding pattern,select
foodDescr(fgc,fd)js the declarative query of the search definitiand the
numbers associated with the keywaobtrepresentso andfo, respectively.
Chapter 5 explains more details of the vieadDescr.

("fbfb" select foodDescr(fgc,fd) cost {1000,100});

Figure 20.Search definition

In case the user cannot specify the costdefault cost modeis used to
approximate the execution cost of web services. ddfault cost model is
defined in Chapter 7.

Figure 21shows how the web service schema is represent&ESMED
using the object-oriented query language AmosQL, B9. An entity is
represented as type a relationship as &unction, and an attribute as a
propertyof a type.

create type Service
properties (name Charstring,
namespaceuri Charstring,
wsdluri Charstring);
create type Operation
properties(name Charstring,
soapactionuri Charstring,
style Charstring,
encodingstyle Charstring,
targeturl Charstring);
create function port(Service) -> Bag of Operation;
create type Element
properties(name Charstring,
mappedtype Charstring,
maxoccurs Integer);
create function input(Operation)
-> vector of Element;
create function output(Operation)
-> Vector of Element;

3 Automatic computation afo andfo is future work.
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create function subelements(Element)
->Vector of Element;
create type WSMEDView
properties (name Charstring);
create function view_of(WSMEDView)
->Bag of Operation;
create type Attribute
properties (name Charstring,
type Charstring,
is_key Boolean);
create function attributes(WSMEDView)
->Bag of Attribute;
create type Seachdefinition
properties (name Charstring,
co Integer,
fanout Integer,
dg Charstring,
bindingpattern Charstring);
create function searchdefinitions(WSMEDView)
->Bag of Searchdefinition;

Figure 21.WSMED representation of the web service schema

:/)\,/psgl‘ data WSMED datatype | WSDL datatype }[/;,/psé\/l ED data
anyURI Charstring Integer Real
baseBinary | Charstring Language Charstring
Boolean Boolean Long Integer
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Byte Integer Name Charstring
Date Date NCName Charstring
dateTime Charstring Negative Integer Real
Decimal Real NMTOKEN charstring
Double Real NMTOKENS charstring
Duration Charstring Nonnegative Intege Real
ENTITIES Charstring nonPositive Integer real
ENTITY Charstring Normalized String charstring
Float Real NOTATION charstring
gDay Charstring positivelnteger real
gMonth Charstring QName charstring
gMonthDay | Charstring Short integer
gYear Charstring String charstring
gYearMonth| Charstring Time Time
hexBinary Charstring Token charstring
ID XS _ID unsignedByte integer
IDREF XML unsignedint integer
IDREFS XML unsignedLong integer

Int Integer unsignedShort Integer

Table 1.Mappings between WSDL and WSMED data types

An important semantic enrichment is information atbtihe key of the data
returned by a WSMED view, the attribute _key This enrichment is
important to detect common sub-expressions in gseds will be shown in
the forthcoming chapters.
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4.2. System Components

Figure 22 illustrates WSMED’s system componen®SMED represents
WSDL meta-data in theveb service meta-databasising theweb service
schemgFigure 19 left part).

WSDL
document
WSDL Web Service
Importer Manager
X
A
Query | Results
Processor | qu. sQL

A \ query
\

A \

Web service| | Web service WSMED
schema meta-databage | enrichments

Figure 22.WSMED system components

The WSDL Importercan populate the web service descriptions by, gikien
URL of a WSDL document, reading the WSDL documesihg the Java
tool kits WSDL4J[66] and Castor [68]. It parses the retrieved WSDL
document, converts it to the format used by the wetvice schemaand
stores the extracted meta-data in the web servata-database. In addition
to the web service descriptions, WSMED also keegditianal WSMED
enrichmentgFigure 19 right part) in its local store.

The query processoexploits the web service descriptions and WSMED
enrichments to process queries. It utilizes antiegjsnediator engine Amos
Il [48,49]. The query processor calls thveb service manageromponent,
which is implemented using the APEAAJ[65]. The web service manager
is accountable for invoking web service calls ustB@AP in order to
retrieve the result for the user query
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Figure 23.Query Processor

Figure 23 illustrates architectural details of the query gassor. The
calculus generatomproduces a domain calculus expression from an SQL
guery. This expression is passed todhery rewriterfor further processing
to produce an equivalent but simpler domain cakelpression. The query
rewriter calls theview processoto translate SQL query fragments over the
WSMED view into relevant search definitions thatll caveb service
operations. An important task for the query rewriteto identify overlaps
between different sub-queries and views calling saene web service
operation. This requires knowledge about the kaystraints. We show in
Chapter 6 that such rewrites significantly improthee performance of
gueries to multi-level views of web services.

The rewritten query is translated into an algebgaression by acost-
based optimizethat uses a generic web service cost model asiltetde
algebra has operators to invoke web services an@ply external functions
implemented in WSDL (e.g. for extraction of datanfrweb service results).
The algebra expression is finally interpreted gydkecution engindt uses
the web service meta-database to convert betweenWSMED data
representation and a SOAP message when a webesepacation is called.

A call to the web service manager is specifiedMap service properties
such as SOAPactionURI, style, encodingstyle, namespaceUdid
targetURL (Figure 19. Furthermore, it contains the actual parametéthe
operation, called thimput elementsAs shown byFigure 24 the web service
manager uses two sub components to create a SOAPagee ThdResult
extractor and the SOAP ProcessorThe result extractor and the SOAP
processor are using SAAJ APIs.
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Figure 24.Web Service Manager

The SOAP processor creates a request SOAP messtiiga §OAP body
(Figure 25. The SOAP processor requires additional inforamatiiven web

service properties to complete the SOAP messagtiamne
<SearchFoodByDescription>
<FoodKeywords>Sweet</FoodKeywords>
<FoodGroupCode>1900</FoodGroupCode>
</SearchFoodByDescription>

Figure 25.The content of request SOAP body

Finally the SOAP message is sent over the networknvoke the web
service operation call. The response from the remab service call is also
received as a SOAP message. The contents of thePS@éssage is
extracted by the SOAP processor and sent it toethidt extractor

The result extractor extracts data from the SOABsage conterf{gure
26). It requires the properties of the output elemghigure 19 from the
web service operation call, such gpe and maxoccurs;to constructs the
result data of the web service call. The resultaexor retrieves the values
for typeandmaxoccurdrom the web service meta-database. The typleeof t
operation's output elements is used by the restaaor for converting the
XML data format into the data format used by WSMEIhe attribute
maxoccurss used to construct the result object structiir@ally the result is

sent back to the execution engine.
<soap:Envelope xmins:soap="http://schemas.xmlsoap
.org/soap/envelope/" xmins:xsi="http://www.w3.0rg
[2001/XMLSchema-instance" xmlns:xsd="http://www.w

40



3.0rg/2001/XML Schema">
<soap:Body>
<SearchFoodByDescriptionResponse xmlns="http:
[lwww.strikeiron.com/">
<SearchFoodByDescriptionResult>
<SearchByKeywordsOutput>
<NDBNumber>02044</NDBNumber>
<LongDescription>Basil, fresh
</LongDescription>
<FoodGroupCode>0200</FoodGroupCode>
</SearchByKeywordsOutput>
</SearchFoodByDescriptionResult>
<ResponseStatus>
<response_code>0</response_code>
<response_string>Success </response_string>
</ResponseStatus>
</SearchFoodByDescriptionResponse>
</soap:Body>
</soap:Envelope>

Figure 26.The response SOAP message
The execution engine performs further post proogssipecified by the

execution plan such as filtering and data transédion before the query
result is delivered to the user.
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5.WSMED Views

To illustrate and evaluate WSMED views we use diplytavailable web
service to access and search to the National Mutimtabase for US
Department of Agriculture [67]. The database cargtamformation about the
nutrient content of over 6000 food items. It congaifive different
operations: SearchFoodByDescriptions  CalculateNutrientValues
GetAllFoodGroupCodesGetWeightMethodsand GetRemainingHits We
illustrate WSMED by the operatioBeachFoodByDescription® search
foods given aroodKeywordsor a FoodGroupCodeThe operation returns
NdbNumber LongDescription and FoodGroupCodeas the results. The
WSMED view food in Table 2 allows SQL queries over this web servic
operation.

food:
ndb keyword descry gpcode
19080 Sweet Candies 1900

Table 2. WBMED view food

For example, the following SQL query to the vidaod retrieves the
description of foods that have food group code Etiua 900 and keyword
‘Sweet’:
select descry
from food
where gpcode ='1900’
and keyword = 'Sweet’;

The WSMED view food is defined as follows:
create SQLview food (Charstring ndb ,Charstring key word,
Charstring descry, Charstring gpcode)
as multidirectional
(“ffff" select ndb, “",descry, gpcode

where foodDescr(*",*",)= <ndb,descry,gpco de>)
(“fffb” select ndb, “",descry

where foodDescr(*",gpcode)= <ndb,descry,g pcode>)
(“fbff” select ndb,descry,gpcode

where foodDescr(keyword, “”)= <ndb,descry ,gpcode>)
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(“fbfb” select ndb, descry
where foodDescr(keyword,gpcode)= <ndb,descry,
gpcode>)

Figure 27.WSMED view definition

A given WSMED view can access many different wetvise operations in
different ways. When the user defines a WSMED vievcan specify the
view by several different search definitions adaedive queries. They each
implement a different way of retrieving data thrbugeb service operations.
Different search definitions can be defined baseavbat view attributes are
known or unknown in a query, theilew binding patternsThe query
optimizer automatically chooses the most promisegrch definitions for a
given query to a WSMED view. Each search definifiwavides a different
way of using the web service operations to retrieeal items. The binding
patterns are:

« ffff- all the attributes of the vieod are free in the query. That is, it
does not specify any attribute selection value.this case the
search definition specifies that all food itemsidde returned.

« fffb- a value is specified only for fourth attribigpcode This means
that the search definition returns all food iteros & given food
group code.

» fbff- a value is specified in the query only for thecand attribute
keyword i.e. all food items associated with the givenvkesd are
retrieved.

« fbfb- both the valuekeywordandgpcodeare specified in the query,
finding the relevant food items.

In our example query the binding patterrflifo. The search definitions are
defined as queries that all call a functimodDescrin different ways. The
function foodDescris also defined as a declarative query (sectidh that
wraps the web service operatiddearchFoodByDescriptiorgiven two
parameters-oodKeywordsandFoodGroupCodelt selects relevant pieces of
a call to the operatioSearchFoodByDescriptioto extract the data from the
data structure returned by the operation.

To simplify sub-queries and provide heuristicsdetimating selectivities,
it is important for the system to know what atttémi in the view are
(compound) keys [18]. Therefore, the user can $péey constraintdor a

given view and set of attributes by a system fumatieclare_keye.g.:
declare_key(“food”, {"'ndb"});

Key constraints are not part of WSDL and requirevikedge about the
semantics of the web service. In our example welicgethe attributendbis
the key. The (compound) key attributes are spetifie a set of attribute
names for a given viee.g. {*ndb”}). Multiple keys can be specified by
several calls tdeclare_key
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The query optimizer may also need to estimate thet to invoke the
guery, and an estimate of the size of its resudt, its fanout. Costs and
fanouts can be specified explicitly by the usersifch information is
available. However, normally explicit cost infornaat is not available and
the cost is then estimated by default cost modethat uses available
semantic information such as signatures, keys, leinding patterns to
roughly estimate costs and fanouts.

Key constraints will be shown to be the most imaott semantic
enrichment in our example, and additional costirigrimation is not needed.

5.1 Search definitions

For defining search definitions WSMED uses Amos@8, [49] with special
web service oriented data types. For example, timetion foodDescrin
Figure 27 has the following definition:
1.create function foodDescr (Charstring fkw,
Charstring fgc)
->Bag of <Charstring ndb,Charstring des cr,
. Charstring gpcode>
. as select re["'NDBNumber”],re[“LongDescription™],
re[“FoodGroupCode”]
from Record out, Record re
where out =
cwo(“http://ws.strikeiron.com/USDAData?WSDL
10. “USDAData”,
11. “SearchFoodByDescription”,
12. {fkw, fgc}))
13. and re in out[“SearchFoodByDescriptionResult ;

©COoN>TOA~WN

Given a food keywordikw, and a group codégc, the functionfoodDescr
returns a bag of result rows extracted from theiltesf calling the web
service operation namedearchFoodByDescriptionAny web service
operation can be called by the built-in functiomo (line 9). Its arguments
are the URI of WSDL document that describes theice((line 9), the name
of the service (line 10), an operation name (lidg and the input argument
list for the operation (line 12). The result framwo is bound to the variable
out (line 8). It holds the output from the web servaggeration temporarily
stored in WSMEDs local database. The system autcatigit converts the
input and output messages from the operation &tords, sequences, and
other data structures. In our example, the arguiisritolds the parameters
FoodKeywordsand FoodGroupCodg(line 12). The resulbut is a record
structure from which only the attributgearchFoodByDescriptionRestitt
extracted (line 13). Extractions are specified gshe notatiors[k], wheres

is a variable holding a record, ak@ the name of an attribute.
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The search definition selects relevant parts ofré@salt from calling the
operation. In our example, the relevant attribu® NDBNumber,
LongDescription,and FoodGroupCodewhich are all attributes of a record
stored in the attribut8earchFoodByDescriptionResoltthe result record.

In our example it turns out that, when bofbodkeywordsand
foodgroupcodeare empty strings, the operati®@earchFoodByDescription
returns descriptions of all available food. On ¢leer hand, ifoodkeywords
is empty bufoodgroupcodes known, the web service operation will return
all food with that group code. Similarly, fbodgroupcodeis empty but
foodkeywordss known, the web service operation will returhfabd with
that keyword. If botifoodkeywordsandfoodgroupcodeare non-empty, the
operation will return descriptions of all food iterof the group code with
matching keywords. This knowledge about the semaritthe web service
operationSearchFoodByDescriptiois used to define the search definitions
in Figure 27
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6. Impact of key constraints

To illustrate the impact of key constraints we defitwo other views in
terms of the WSMED vieWiood The viewfoodclassess used to classify

food items whilgooddescriptionslescribes each food item:
create view foodclasses(ndb, keyword, gpcode)
as select ndb,keyword,gpcode from food,;

create view fooddescriptions(ndb, descry)
as select ndb, descr from food;

This scenario is natural for our example web servi@at treat$oodclasses
different from fooddescriptions The following SQL query accesses these

views.
select fd.descry
from foodclasses fc, fooddescriptions fd
where fc.ndb=fd.ndb and fc.gpcode="1900’;

First the example query is translated by the cakgjeneratorHigure 23
into a domain calculus expression

{I'] foodclasses(ndb,keyword,gpcode) O
fooddescriptions (ndb,descry,gpcode) O
descry=l O

gpcode="1900}

The definitions of the viewodclassesndfooddescriptionsare defined in

domain calculus &s
foodclasses:{ndb, keyword, gpcode| food(ndb, keywor d,
*, gpcode)}

fooddescriptions:{ndb,descry | food(ndb, *, descry,
)}
Given these view definitions the calculus exprasssaransformed by
the view expandeiFjgure 23 into:
{I [food(ndb,*,*,"1900") O
food(ndb,*,1,*)}

4 The variables are implicitly quantified.
5 * means don't care.

46



Here the predicatéood represents our WSMED view. At this point the
added semantics thadb is the key of the view play its vital part. Two
predicatep(k,a)andp(k,b)are equal ik is a key and it is then inferred that
the other attributes are also equal, bea [18]. If a key constraint thatdb
is the key is specified, this is used by the quewryriter to combine the two
calls tofood

{I | food(*,*,1,/1900")}
Without knowing thahdb s the key the transformation would not apply and
the system would have to join the two referencethéviewfood in the
expanded query. The simplification is very impottém attain a scalable
guery execution performance as shown in Chapter 7.

<ndb, descry, gpcode>

Y foodDescr(*",gpcode)

<gpcode>
Figure 28.Execution plan with full semantic enrichment

<ndb, descry, gpcode>

pg NUI
<ndb, descry, QPCOdy <ndb, descry, gpcode>

Y foodDescr(”,”y Y foodDescr(*",gpcode)

<gpcode>

Figure 29.Naive execution plan

The next step is to select the best search defniior the query. The
heuristics is that if more than one search definiis applicable, the system
chooses the one with the most variables bound.e$irecthe query output
and gpcodeis given, the binding patterrifff and fffb both apply, and the
system choosefffb because it is considered cheaper by default. alida

food then becomes:
{I'| I=foodDescr(*","1900")}
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Similar to relational database optimizers, givea definition offoodDescy
a cost based optimizer generates the algebra akpnds Figure 28 which
is interpreted by the execution engine. The applrator {) calls a function
producing one or several result tuples for a giigut tuple and bound
arguments [27]. By contragtjgure 29 shows an execution plan for the non-
transformed expression where the system does ot kmtndbis key. It is
using a nested loop join (NLJ) to join the searefirgtions. An alternative
possible better plan based on hash join (HJ) ttedenalizes the inner web
service call is shown in Chapter 7.

In case no costing data is available about theckedefinitions (which is
the case here), the system uses built in heuristeesa default cost model.
In our case the cost based optimizer produceslémeipFigure 28which is
optimal for our query.
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7. Query Performance

To determine the impact of semantic enrichment weryg performance, we
have experimented with four different kinds of quexecution strategies.
They are:

1. Thenaive implementatiodoes not use any semantic enrichment at all

and no binding pattern heuristics. That iskegis specified for théood
view definition and no default cost model was us€lis makes the
search definition be regarded as a black box céledtively in a nested
loop join since the system does not know foadDescrreturns a large
result set when both arguments are empty. The érecplan inFigure
29 shows the naive plan.

2. With the default cost modethe system assumes that the viead is
substantially more expensive to use when attrigptaodeis not known
than when it is known, i.e. it is cheaper to execatsearch definition
where more variables are bound. Still there is ep $pecified Figure
32illustrates the plan.

3. Figure 33shows the execution plan with the default cost eh@hd a
hash join strategyvhere the results from web service operation eaks
materialized by using hash join to avoid unnecgssasb service calls.
This can be done only when the smaller join opeardbe materialized
in main memory.

4. With full semantic enrichmerihekeyof the view is specifiedigure 28
shows the execution plan.

As shown inFigure 30the naive strategy was the slowest one, somewhat

faster than using the default cost model with rieédep join. The default
cost model with a hash join strategy scaled sigaifily better, but requires
enough main memory to hold the inner call famdDescr Figure 31
compares the default cost model with hash join with performance of full
semantic enrichments. The hash join strategy wasnar five times slower.
This clearly shows that semantic enrichments atieairfor high performing
gueries over web services. The diagrams are basetheo experimental
results in Table 3 and the experiment was madesinguhe real values to
actually retrieve the results through web servigerations. VG, NF, S1, S2,
S3, and S4 denote the value used for parangetempcode the number of
food items (actual fanout), and the execution timeeconds for the four
different strategies.
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Figure 30.Performance comparison of the four query execudtoategies

VG | NF | S1 S2 S |HA

0900| 303| 1985.14 151294 5.7 1]22

0600| 390| 3177.2% 1848.28 5.55 133

1400 219| 1831.0% 1041.44 5.50 1,08

1100 779| 4891.13 3785.30 6.22 1,69

2000 157 165548 777.31 541 0.p4

0800| 359 3114.28 1723.28 559 135

0400| 201 1914.23 955.34 6.38 1.08

1800| 517| 3524.34 2452.42 5.93 1383

2200 132 174151 645.03 5.62 0.93




1900 293| 2595.22 141598 5.58 119

1300| 729 5596.3!13 3478.12 6.40 174

Table 3.Experimental results
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Figure 31.Performance comparison hash join and full semaytéry execution
strategies

With the naive strategy the system does not use l@ngling pattern
heuristics and will calfoodDescrwith empty stringgYfoodpescr(~,)) Which
produces large costly results containing all faeds in the outer loop. This
is clearly very slow.

With the default cost model strategy the systerarass that queries over
the view food produce larger results when the attribypupcode is
unknown than when it is known. Based on this tHetogoodDescrwith a
known groupcodevalue is placed in the outer loop of a nested Ifmop.
This clearly is a better strategy than the naivelementation.
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<ndb, descry, gpcode>

pg NLJ
<ndb, descry, QPCOdy <ndb, descry, gpcode>

Y foodDescr(”,”y Y foodDescr(*",gpcode)

<gpcode>

Figure 32.Execution plan for default cost model query ex@rustrategy

Finally by utilizing key constraints in the WSMEDew definition the
system will know that the two applications fobbdDescrcan be combined
into one call. With thisfull enrichment strategyonly one web service
operation call is required for execution of the guand no hash join is
needed. We notice that this is the fastest and se@dable plan and that it
needs no costing knowledge.

<ndb, descry, gpcode>

Da HJ
<ndb, descry, QW Qﬂb, descry, gpcode>

¥ foodDescr (", gpcode) Y foodDescr (")

<gpcode>

Figure 33.Execution plan for hash-join strategy
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8. Related work

This chapter presents the overviews of the systasisg the mediator
approach to integrate data from heterogeneous dataces and the
ontologies used to represent web services semantibe important
contributions and main functionalities of theseteyss briefly analyzed and
compared with the WSMED system.

Web Service Management System (WSMS)

Figure 34 illustrates the WSMS system [53]. It provides DBM&
capabilities when data sources are web serviceeaables queries against
multiple web services. It consists of three majmmponents. Thenetadata
componentmanages metadata, registration of new web serviaas,
mapping their schema to an integrated view providetie client

N

N\

Profiling and Statistics
componer

Metadata Component % _>[ Web service 1
Query *% y
Query prqcessing and | T )
optimization o — [ Web service 2
Result component S g
@
n
o]
(3]
=

SQL-like interface

_’[ Web service n

J

Figure 34.WSMS

A client can query the system with a given integdadchema. WSMED also
resemble this feature with the support of the WSmporter component. It
automatically extracts the meta-data from the giVé8DL document to
represent it using the web service schema. In WSigfmization and
execution of declarative queries, as well as invgkielevant web services
are managed by thguery processing and optimization componé€rite
profiling and statistics componeptofiles the response time of web services
and maintains relevant statistics of data retutheaugh web services. This
component supports query optimization decision nmgki
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Precedence constraints exist when querying muliiygé services. For
example, to retrieve data from one web serwdet may expect output of
another web servioe2. Thereforew2 will be queried beforevl is accessed.
Due to the restricted web service interfaces quancessing over web
services are considered by WSMS as work flow oelpip processing.
Initially some input data is fed to the WSMS anchsequently this data is
processed through a sequence of web service Qalkxy processing in this
scenario is sped up by pipelined parallelism bezausb services that are
independent of precedent constraints can be exaoufwrallel.

The major contributions of WSMS are:

* When multiple web services are queried and somé¢heim are
executed in parallel the execution time is inflleshdy the slow
response of web services. This is kind of bottlernsxst metric is
formalized.

» Algorithms are developed for arranging web servioethe pipeline
to maximize the throughput in the presence of plenee
constraints.

* When data sent to web services in chunks, the mysstimates the
optimal chunk size.

WSMED allows SQL queries to the wrapped web sesvias WSMS.
WSMS currently concentrate on optimizing pipelinedecution of web
service queries. In contrast WSMED utilizes sentamnrichments for
efficient query processing over multi-level view$ web services. The
parallel execution of web services is planned aduture work of WSMED.

Garlic

Garlic [55] supports the mediator approach to pievan integrated view
of a variety of legacy data sources. Each datacseoisr associated with a
smart wrapper. In addition Garlic supports its owepository forGarlic
complex objectshat users can create to bind together existingctd from
the data sources. Garlic's data model and prograghinterface are based
upon the Object Database Management Group (ODM@)s@ndard.

Garlic objects are can be accessed both througl€C¥e programming
interface and Garlic’'s query language which is éxension of SQL to
support path expressions and nested collectionslgsly, WSMED is using
mediator-wrapper approach and SQL query interfatles.global meta-data
of Garlic describes a unified schema of the wrapgath sources and it
doesn’t contain any a priori knowledge about thegabdities of the sources.
By contrast, WSMED enriches the basic meta-dath wéer given binding
patterns and key constraints to represent the asucapabilities

In Garlic wrappers model the contents of the uryilggl data sources as
Garlic objects and then invoke the methods on thjeots and retrieve the
attributes. Other functionalities of Garlic wrappearre participating in query

planning and execution. Further, wrappers represestticted declarative
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knowledge of source capabilities as they don't hamy capability
specification languages. Instead wrappers reprebensources’ querying
capabilities as methods. Each wrapper determinea ocase-by-case basis
the portion of the original user query its undertysource could answer.

By contrast, WSMED supports user provided semaertiichments such
as binding patterns to identify data sources’ cdipes. Based on this
knowledge, the query processor can invoke the a@pite web service
operation call. Garlic’s query processor didn't @s® knowledge such as
the key constraints to simplify the sub queriedikenWSMED that utilizes
key constraints to efficiently querying the sourcésurther, WSMED
optimizes multi-level views by using key constrainto integrate the
different web service operations from differeninab services.

TSIMMIS

TSIMMIS [20] also uses the mediation approach fatadintegration from
multiple heterogeneous sources to provide users integrated views of
data. It transforms a user query for the integraiedss into a collection of
queries to sources and the results from the saureges are post-processed
to answer the user's query. Wrappers are defingth wie Wrapper
Specification Language (WSL) to query the undegyidata source.
TSIMMIS define data source descriptions and quapadbilities by rules.

WSMED also represents capabilities of sources adaesthrough web
services but the capability specification is basadbinding patterns which
are simpler than the general rule based constrafitSIMMIS. TSIMMIS
has a logic-based object-oriented langualyediation Specification
Language (MSLused to specify the mediators. Mediators and weeppre
automatically produced by wrapper and mediator gdoes from the
descriptions of their functionalities. By contra#SMED uses a built-in
common web service wrapper to access any kind bfseevices and allows
users to create multi-level views and SQL querie= ¢the views to mediate
the web service operations. Furthermore the viee®ariched with the user
given semantics such as binding patterns and kesticonts.

TSIMMIS uses a lightweight Object Exchange ModeE[W to transport
information among the components mediators, wrappend sources. The
guery language Lightweight Object Repository Lamgué OREL) is used
for user queries. Using all those components TSIBINLild a mediator
network which contains mediator-wrapper, wrappdadaource, and
mediator-mediator interactions for information iiation.

In TSIMMIS, query execution is performed in thrdeapes. The logical
plan generated by thdew expandemodule is passed to the plan generator
module. All the source queries that can procests mdra logical plan are
identified during the initial step of the plan gemi#on process. The
capabilities of the sources are also taken intowac The second step is to
find the feasible execution sequences of sourcdagubased on the binding
requirements. During the final optimization phdse optimizer chooses the
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best feasible plan by applying standard query dp#tion techniques.
However, TSIMMIS does not use any key constraintsimplify the queries
for efficient query processing.

Information M anifold

Information Manifold [38] provides a uniform acceds a set of
heterogeneous information sources accessed thraboghinternet and
supports a mechanism for declarative descriptiorcaitents and query
capabilities of information sources. There is aacldistinction between a
declarative source description and the real defailsnteraction with the
information sources. The capabilities of sources aescribed using
capability recordsthat describe properties such as the number wibwtes
that can be retrieved as an output, the maximumnaindnum number of
inputs allowed, and the possible outputs from thece.

By contrast, WSMED uses binding patterns that ampler compared
with capability records. In Information Manifoldelsource description are
used to prune the collection of information sourftgsa given user query
and to generate executable query plans. It uselsi@gonal model augmented
with certain object-oriented features for descigband reasoning about the
contents of information sources and keeps an iatedrview of sources
known asworld viewas a collection of virtual relations and classes.

Instead WSMED supports multi-level views with uggven semantic
enrichments. Information Manifold uses differerienmfiace programs to wrap
different data sources. It devices the semantialyect query plan based
on the ordering of sub goals of a given query ichsa way that plan will be
executable by adhering sources’ capabilities. WnWKSMED, there are no
simplifications made based on the key constraihtseomediator view.

Web Query Optimizer System

The architecture of the mediator and wrapperFigure 35 [59] is
proposed for Internet accessible web sources wititeld query capabilities.
Each call to a source defined ®WebSource ImplementatiafwsSl) that
associates both capability and cost. The limiteghgeapabilities of a source
are defined by amput-output relationship ior: InpubOutput wherelnput
is a set of attributes that must be bound @utputis the set of projected
output attributes.

Capability based rewriting of the query is procesbg the CBR Tool
Another important contribution is the two-phase@myuoptimizer. The first
phase known as pre-optimization phase web query optimizer (wqo)
selects one or more WSiIs. By using cost-based stmsnivqo evaluates the
selection of WSI and chooses a good pre-plan. Tierelational optimizer
devices a best plan.
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Figure 35.Mediator Architecture for web sources
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The web query optimizer also follows a similar aygoh as WSMED to
associate the source capabilities with bindinggpagt In particular WSMED
extends multi-directional foreign functions [40] tefine semantically
enriched views extracting data from the resultsveb service operations
using an object-oriented query language [48, 4@ftHermore, WSMED
utilizes semantic enrichments of key constraintsgtimize the multi-level
views of web services with different capabilitieile the web query
optimizer only uses binding patterns to device yuydan.

OWL-S

OWL-S [41] is an extension of the semantic web lmgyp language OWL to
define web service ontologies. It provides a sestaictures for describing
the properties and capabilities the web servicasnammbiguous, computer-
interpretable form. OWL-S enables:

» Automatic Web service discoverg:an automated process to locate
web services that provide a certain class of sereapabilities,
while holding user specified constraints.

» Automatic Web service invocatiois: the automatic invocation of a
web service by a software component, given onhgscrdption of
that service, in contrast to when that software pament has to be
pre-programmed to call that particular service. tTisa OWL-S
provides an application programming interface timatudes the
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semantics of the arguments of web service calld,tlh@ semantics
of the messages that are returned when the sesticesed or fail.
A software component can interpret this mark-uputmerstand
what input is necessary to invoke the service,\alnat information

will be returned.

» Automatic Web service composition and interoperaiiovolves the
automatic selection, composition, and interopenatiof web
services to perform some complex task, given a -ldgeél
description of a user objective.

presents Service Profile

@ provides Service Grounding

described-by Service Model

Figure 36.Service ontology

OWL-S supports a service ontologkidure 39, where aservice profile
describes what a service does in a way underst@ntgia service seeking
agent. Theservice modetlescribes how to use the service, by detailing the
semantic content of requests, the conditions umdech particular output
will occur, and, where necessary, the step by gtepesses leading to those
output. Theservice groundingstates the details of how a service can be
accessed by specifying communication protocols, sages formats, and
other service-specific details such as port numleesd in contacting the
service. In addition, the service grounding mustcHy, for each semantic
type of input or output specified in the serviced®mlp an unambiguous way
of exchanging data elements of that type with #wise, i.e. serialization
techniques. A service can be described by at mastservice model, and a
service grounding must be associated with exactyyservice.

WSMED supports automatic web service invocationpbgviding web
service description for any web services with dtaifunction cwo (section
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5.1). Service discovery and composition need tart@dyzed further in future
within the semantic web context.
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9. Conclusions and future work

We devised a general approach to query data abtzs$irough web
services by defining multi-level views of data meeed from web service
operations and allowing SQL queries over these vigsiven the URI of a
WSDL description of a web service, WSMED automadliycanports the
basic meta-data from the WSDL file and represeh&snt as a database
schema. In terms of the database schema représenttuser can define
multi-level views of web service operations usingSMED's query
language. They can then be queried using SQL talseasult structures
from SOAP messages being the response of a welrtesaperation calls.
WSMED exploits the SOAP protocol to marshal messdgeanvoke a web
service operation and makes use of HTTP for trassion of messages. We
addressed the research question one in the Chhfgrdeploying WSDL,
SOAP and XML Schema with WSMED to wrap the datarcesi accessible
through the web services. Further, WSMED allows tilser to associate
different search definitions with a given WSMED wiedepending on the
binding pattern of a query to the view, i.e. whigw attributes are known. A
WSDL operation signature description does not glevany information
about which parts of the signature is a key todh& accessed through the
operation. Instead the user can add key constraimen defining WSMED
views.

The performance of queries to multi-level WSMEDwsevaried very
substantially depending on what query processimgtegly is used. We
evaluated four different query processing stragegising WSMED and
existing web services. Our experiments showeddimaling patterns and key
constraints are essential for scalable performain multi-level views are
defined.

We gave an answer to research question two by idgfimulti-level
views and showing that those views can be querigid 8QL. The query
optimizer automatically select the best searchndednh based on the
heuristics of the provided binding patterns andptifies the web service
calls by identifying overlaps between different sjukeries and views calling
the same web service operation. Normally expliogtdnformation is not
available for call to a web service operation dredost is then estimated by
a default cost modehat uses available semantic information suchegs, k
and binding patterns to roughly estimate costsfanduts. By incorporating
these features, WSMED partially answered researebtipn three.
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Generally web service mediation involves more thaa operation from
different web services. The common queries in $gisnario have joins of
views and those views are created in terms of iffereint operations from
the diverse web services. Some web service operadills need inputs from
some of the other operations’ outputs, nanplgcedence constraintyo
optimize these kinds of web service operation aall/SMED, we have to
investigate synergies of pipelined execution stjigke of web service
operation calls as in WSMS [53]

Generally users have to pay to access commerclabesvices. Reducing
the number of redundant web service calls is asdecibenefit from an
economic perspective. To gain this kind of perfanoebenefit, the pruning
of superfluous web service operation calls is @uespecially those calls
embedded with the join querieAdaptive data partitioninglADP) [32],
which is based on the idea of dividing the souratadnto regions, each
executed by different, complementary plans, is alsseful approach. Some
prominent approaches like, passing adaptive infaomato prune useless
results in the early stage of query execution withaterrupting the query
plan need to be studied. These kinds of adaptieeyqurocessing technigues
need to be investigated further to improve the yugtimization capability
of the WSMED. Incorporatingartial evaluation a program transformation
technique [33], during the query optimization i®#rer interesting approach
to investigate in this context. The partial evalmatreduces queries before
the cost-based optimization by simplifying the queby iteratively
evaluating some predicates at compile time untfixgooint is reached.
These are some future directions to provide furihweswers to research
guestion three.

Currently the semantic enrichments are added mimEaiture work will
investigate when it is possible to automate this laow to efficiently verify
that an enrichment is valid. For example, detertionaof key constraints is
currently added manually, and this could be autechdly querying the
source. Another issue is how to minimize the regisemantic enrichments
by self tuning cost modeling techniques [29] based monitoring the
behavior of web service calls.

Currently we assume all web service operations useplieries are side
effect free. Another issue is semantic enrichmémtsllow SQL updates of
web service data views.

The semantic web is an emerging prominent appréacthe future data
representations where WSDL working groups are simgostandards to
incorporate semantic web representations [62]. Wenext investigate the
mediation of web services based on semantic webeseptations like
RDF[35] and RDF-Schema [10].

We summarize that we answered research questiomsand two by
developing WSMED. Research question three is pigrtenswered and
further investigation is needed for a complete ars\Research questions
four and five is going to be answered in the ongairk.
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Appendix A: WSDL document structure

<wsdl:definitions name="nt 642 targetNamespace="uri"?>
<import namespace="uri" location="uri"/>* !
<wsdl:documentation .... /> ? 8

<wsdl:itypes> ?
<wsdl:documentation .... />?
<xsd:schema .... />*

<-- extensibility element --> *
</wsdl:types>

<wsdl:message name="nt"> *

<wsdl:documentation .... />?

<part name="nt" element="gname 2 type="gname"?/> *
</wsdl:message>

<wsdl:portType name="nt">*
<wsdl:documentation .... />?
<wsdl:operation name="nt">*
<wsdl:documentation .... /> ?
<wsdl:input name="nt"? message="gname">?
<wsdl:documentation .... /> ?
</wsdl:input>
<wsdl:output name="nt"? message="gqname">?
<wsdl:documentation .... /> ?
</wsdl:output>
<wsdl:fault name="nt" message="gname"> *
<wsdl:documentation .... /> ?
</wsdl:fault>
</wsdl:operation>
</wsdl:portType>

<wsdl:binding name="nt" type="gname">*
<wsdl:documentation .... />?
<-- extensibility element --> *
<wsdl:operation name="nt">*
<wsdl:documentation .... /> ?
<-- extensibility element --> *

5 nt — nmtoken[9]

7* _ zero or more

82 - zero or one

® XML qualified name [6]
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<wsdl:input> ?
<wsdl:documentation .... /> ?
<-- extensibility element -->
</wsdl:input>
<wsdl:output> ?
<wsdl:documentation .... /> ?
<-- extensibility element --> *
</wsdl:output>
<wsdl:fault name="nt"> *
<wsdl:documentation .... /> ?
<-- extensibility element --> *
</wsdl:fault>
</wsdl:operation>
</wsdl:binding>

<wsdl:service name="nt"> *
<wsdl:documentation .... />?
<wsdl:port name="nt" binding="gqname"> *
<wsdl:documentation .... /> ?
<-- extensibility element -->
</wsdl:port>
<-- extensibility element -->
</wsdl:service>
<-- extensibility element --> *
</wsdl:definitions>
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