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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 XbiLdata interchange
have increased the importance of web servicesn@jrporating standards
such as SOAP[25], WSDL [11] and XML Schema [19].Wséxrvices
support an infrastructure for the applications bjirdng a set obperations
that can be invoked over the communication netwdfkeb service
operations are self contained using metadata toridesdata types of their
argument and result, i.e. their signatures, usir§DIN. An important class
of operations is to search data accessible througlh services. However,
web services don’t support any general query laggua view capabilities.

As the applications query data from different webvices, 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 weestigate methods to build
such mediators for querying data provided throughb vservices. The
development of a web service based mediator prmtoig expected to
provide insights into a number of research question

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

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

3. How can the modern query optimization and rewgthhiques be
used to provide efficient and scalable accessapit@mally utilizes
the limited data access and update capabilitiediftérent web
services?

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

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

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

SQL view definitions calledWVSMED viewsare defined in terms of
imported WSDL descriptions of web service operatidfurthermore, multi-
level WSMED views can be defined in terms of otW8MED views. Web
services often return nested XML structures (iezords and collections),
which have to be flattened into relational views$obe they can be queried
with SQL. The knowledge how to extract relevantadiibom a given web
service is added by the user as queries caedch definitionsFor each
search definition, the flattening is specified aaject-oriented query using
the WSMED query languag@/NQL) that has support for web service data
types. The result of a web service operation introoas translated into data
structures that are queried by the search defirstid\Iternatively, XQuery
[7] can also be used for the flattening but it lieeg more complicated
conversion of each web service result into a teamyaXML document.

By creating views and querying these views thro8gh., we partially
answered research questions two and three. Thesanalf 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 definit®odepending on what
view attributes are known in a query. This is aalleebinding patternof a
search definition. The WSMED query optimizer autdoaly 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 sigmat
description does not provide any information abuadiich parts of the
signature is a key to the data accessed througbpgértion. As we show,
this information is critical for efficient query egution of multi-level
WSMED views. Therefore, we allow the user to dexlar the system all
(compound) keys of a given WSMED view. To answee ttesearch
questions four and five regarding semantic enriaiimave will need to
study further.



2. Background

This chapter introduces a literature study of tlekiground knowledge
about the major enabling technologies for mediatuedp services. It briefly

covers data base management systems, informatitegration, web

services, and the core technologies involved witth veervices such as
XML, WSDL, SOAP, and semantic web representations.

2.1. Database Management Systems

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

« It allows the users to create a database and meedd data types
and structures known as @atabase schemahrough aData
Definition Language (DDL).

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

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

* It preserves the consistency of data through agiity system

« It provides a recovery control system to restore dlatabase to a
previous consistent state after hardware and sodtwailures,
called transaction and recovery control.

* It provides a user-accessible catalogue, called sttteemathat
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-levatriggion language for
schemas is required: that is known asdhg 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 wasettgpped utilizing
hierarchicalandnetworkdata models. These data models highly focused on
the physical data arrangement and storage of daththey didn’t support
any high-level query languages. Navigation throagraph or tree of data
elements was the only possible way for data redtieVherefore the users
had to have detailed knowledge about the physaial @rrangement.
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Therelational data model was introduced by Codd [13] at the ro@gg
of the 1970s. It relaxes the users’ burden of howatcess data and
Relational Database Management Systems (RDBi%#$ed to evolve. This
model is based on mathematical relations that ptéke data to the users in
two dimensional tables. Each cell of the table aimst a data value with
different atomic types such as string, charactedrrammbers. Even though it
resembles the traditional tabular data represemsti 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 basedhese
formalisms, among them ti&tructured Query Language (SQbhgcame the
de facto language. The SQL query processing modtiassfer the
declarative queries into axecution planwhich is a program to specify in
details how the data is retrieved. Further it alloereatingviews they
resemble virtual relations defined through a quexpression, but do not
exist physically and can be queried as they exXigsigally. It is sometimes
possible to modify views by an insertion, deletionupdate.

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

The applications from the new areas such as compiged engineering,
geographic information systems, and multimedia irequwomplex data
representations exposed the limitations of thetioglal model and they
demanded for a new generation DBMSSbject Oriented Database
Management Systems (OODBMBased onobject—oriented (OO)data
model. Theobjectsare classified irclasses A class consists of type and
methoddhat can be executed on objects of the class.wegdal 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 bydaject identity (OID).
Classes are arranged according to a class hieraftiay 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 objecrted languages
such as C++ or Java with database capabilities saghpersistence,
concurrency control, and recovery. The object—éei@nmodel enriches the
database with features to become more powerful adeling real world
objects for the new applications. Early OODBMSsIdonot support any
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declarative querying facilities. Queries were sfiedithrough navigating the
graph structures where arcs are defined by OlDsdtas attribute values of
other objects. The ODMG (Object Data Managemenu@y 9] developed
a standard query language for OODBMSs that con€dsject Definition
Language (ODLaNndObject Query Language (OQLJhe OODMS are well
suited for the applications that process completa déth less significant
query requirements such as computer-aided desitkages.

By combining the declarative power of RDBMSs witie 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 objedcthal model
incorporates extensions of the relational modeh wit following features:

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

* Complex type support via type constructors for rofsescords),
collections (sets, bags, lists, and arrays), amutotypes;

« Special operations, methods, can be defined fod, applied to,
values of user-defined types;

« Unique OIDs identify each object and its data value

» User defined query optimization rules gives co$brimation 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 featunese extended features are
implemented SQL:1999 [14]. Further, ORDBMS is tperapriate choice of
applications that process complex data and have pleemquerying
requirements.

2.1.1. Entity-Relationship Data Model

The Entity-Relationship (ER) modeis a data model for abstract
representation of database schemas. During théaksadesign process,
initially the database schema is represented inEBRe model and then
converted to the data model of the DBMS, e.g. glational model. ArER
diagram is the graphical representation of an ER schenth boxes and
arrows representing the data elements and thatiaeships. It represents:

« Entity: represents real-world data objects.

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

« Attribute denotes the property of an entity type.

 Relationshipis a meaningful association between entity types.



In an ER diagram, rectangles represent the enfilyst ovals interpret the
attributes, and diamonds denote the relationsHips.lines interconnect the
respective attributes of an entity type and theo#ntity types involved in a
relationship.

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

» One-to-one: Each occurrence of one entity is aagattiwith 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 asgmtwith 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 iweage 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 activibe®trieve required data
from a database. Thpiery processoFigure 4 is the group of components
of a DBMS responsible for query processing.

Query in a high-level language

|

PARSER

Intermediate form of query

\ 4

Query
Optimizer

Execution plan

\ 4
Executor

v

Result of the query

Figure 4.Query processing steps.

The parser ensures the query syntax follows the allowed gramaf the
query language. The parser transforms the querp iab internal
intermediate form. Thguery optimizettranslated the parsed query into an
execution plan, which is a program to retrieve datse query execution
plan is functional program with DBMS-specific evation primitives such
as scan operators, selection operators, variowexiadan operators, several
join algorithms, sort operators, and a duplicai@iektion operator. A query
typically has many feasible execution plans, areddhoosing the efficient
plan is namedjuery optimizationand is performed by the query optimizer.
The traditional query optimization based on costeoboptimization [24]. It
considers all likely execution plans and estimates cost of each of the
plans based on the number of disk blocks read,raleptocessing unit
(CPU) usage, and communication cost. Meta-dataigeevcost metrics.



Based on this the cheapest execution plan is chdggically heuristics are
applied to transform the execution plan to reduw ¢ost. Theexecutor
interprets the execution plan to produce the quesyit.

2.2. Information Integration

Producing, storing and transporting informatioriaérge scale are no longer
momentous problems in the world. One significastiesin the Information
era is the information integration: find any pautar 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]: fedemativarehousing, and
mediation. There are subtle issues during the imdbion 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 pnelsemted as a
string in another

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

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

4. Missing values: Some data sources may not keep gafimenation
that other sources provide. For example, a datadd®inistrator of
a university keeps the initials of students’ namwbdle the students
office database does not keep them.

The above inconsistency issues are solved in numbeys 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 otlwersttieve information. A
wide range of solutions are proposed in the litestwith different terms



such as distributed databases, federated databamdis.databases, and
interpretable systems[31].

XML
database

A

\ 4

, )
vy]

|- I\)

Infomix

Figure 5 Federated databases

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

Each database involved in a federation maintairlscal import and
export schema. The export schema describes the informatidhe local
database shared with the other databases in fexferahile import schema
is a description of the information can be retrifr®m the other databases.

2.2.2. Data warehouses

When the data from data sources of diverse locaittoa 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, pidostoring the processed
data in the data warehouse. Users query direcdywlirehouse instead of
particular data sources.

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

* Reconstruction Data warehouses are periodically reconstructed
from the currently available source data. During tlconstruction
the system is closed for queries. The major dratbace the time
consuming reconstruction process and that dateapplications
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 sourues last
modifications to the warehouse. This kind of updateluces
amount of the time and data. But the process floutating the
changesincremental updatess very complex.

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

User query l I Result
3

Extractor Extractor

A
Sourcel Source2

Figure 6:Data ware house architecture

2.2.3. Mediators

Mediators are software modules used to query hg¢eenus wrapped

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

A mediator represents a virtual view or compositidrviews that integrate

several heterogeneous data sources. Mediators dginle any data
themselves and this contrasts mediation from tha warehouse approach.
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Instead as shown fRigure 7, it makes use ofrappersto retrieve data from
heterogeneous data sources.

queryl Tresult

Mediator

quer%/ result \iery

Wrapperl Wrapper2

query [result query result

Er=ETS

Figure 7.Mediation architecture

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

There are several systems such as Garlic [55]friwbon 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 espnting structured data
and semi-structured data that have a structuregaimgmapidly Simplicity,

11



open standard, platform or vendor independencegnsiility, and
reusability are some important aspects of XML.

An XML document consists of tagged data structufes.elementis a
technical name for the pairing of a start tag and ¢ag in an XML
document. Each element contains zero or more a@isb Anattribute is
specified by name-value pair.

Grammatical constraints on the structure of XML woents 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 imtiram XML document, or
as an external referenc@/ith a document type declaration, independent
groups of XML documents can agree to use a comnumurdent type
declaration for exchanging data. Further an apjiticacan use a standard
document type declaration to verify that data tlateceived from the
outside world is valid and can also use a docurtyg@ declaration to verify
its own data. The DTD is used to verify thellformednessndvalidity of
an XML document. Wellformedness ensures the XMLudeent is syntax
error free while validity makes sure the elememts attributes in the XML
document conforms to a predefined grammar.

XML schemg19] provides a much more powerful means by whizh
define the XML document structure and limitatiod&L Schemas are
themselves XML documents. A schema can be assdcigitth 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. #erdkind 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 ctments on the
attributes, supports some sophisticated struct[B4f such as definition
derived by extending or restricting other definisp and a name space
mechanism allowing the combination of differentestias.

Two types of XML documents emerge from applicatiodata-centric
(Figure 8) and document-centric (Figure 9). Data-centric XML is
characterized by a regular structure. It occurshia 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.
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< Notice >
<Location>room 1345</Location>
<MeetingTime>15:15 PM</MeetingTime>
<Purpose>discuss future directions</Purpose>
</ Notice

Figure 8.Data-centric

<Notice>

Lab meeting will be held at the
<Location>room 1345</Location>hy
<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 LXNbcuments to
facilitate querying and data retrieval. With thesti approach [50], an
RDBMS or ORDBMS can be used to store whole XML duoents as text
fields within a DBMS. A special document processiogmponent is
deployed to handle the XML documents and the ampréawell suited for
schema-less and document-centric XML documents. SBwend approach
[36, 60] is utilizing an existing RDBMS to trangtanto a relational schema
XML documents that follow a specific XML DTD or XMlIschema. A
mapping algorithm manages to derive a databasearscltempatible 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 mechanitmeduce the size of
the documents.

2.3.2XML querying

Several systems have been built to query XML inegeh e.g. [17, 22, 23,
28, 42]. The Lore system [23] has its own XML basida model and a
query 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 defirendirectory-like path
along some conditions placed on the path. XPathsiders an XML

document as a tree with nodes for each elementpuw#t, text and
namespace. Further, the XML Query Working Groud [fitroduced a data
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model for XML containing query operators such aejgmtion, selection,
iteration, join, sorting, aggregation, and a XMLequ language known as
XQuery [7]. XQuery is a functional language in wihie query is represented
as expressions: path expressions and FLWR expnsssidbhe path
expressions make use of abbreviated XPath syntabended with a
dereferenceoperator and aange predicate. A set of XML documents is
accessed like a database. The FLVWRj(re 1Q expression is constructed
from FOR, LET, WHEREand RETURNCclauses. The FOR clause is used
whenever an iteration is needed with a specifiethisgde while LET clause
is used to binds variables to paths before thatiter is performed. The
WHERE clause defines the conditions and the RETUWiRMSse 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 caral®QL with XQuery to
access both ordinary SQL-data and XML documentsedtm 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 @atippteroperable
machine-to-machine interaction over a network.al$ n interface described
in a machine-process able format (specifically WEDDther systems
interact with the Web service in a manner presdripg its description using
SOAP messages, typically conveyed using HTTP witkKBIL serialization
in conjunction with other Web-related standards.

Web services provide a message exchanging framefoopplications 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 SOAPW&SDL [11], XML
Schema [19], HTTP [61] and UDDI [5]. A web servisedescribed using
the WSDL language. A WSDL description uses XML-Suheto describe
data types of the arguments and results of opesatid/SDL descriptions
are published in a UDDI directory, which is a cahpslace that holds set of
web service descriptions. Any one can find requiregb service
descriptions by querying the UDDI directory. A SOMARessage is used to
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invoke a web service operation call by packingtasl necessary details in a
standard format. HTTP may be deployed to transferS3OAP message to
invoke a web service and return the result back.

The web service architecture can be illustrateth Veyered technologies
as shown irFigure 11 Thediscoverylayer acts as a centralized repository
of web services and by querying this repository oogld find the required
web service. The open standard technologies UDDafsl WS-Inspection
[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, dépeb, 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 capdiei$ 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 5 Service
Requestor n Provider
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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 tratespoby the
communications layer using internet technologieduising HTTP, SMTP
[46] and FTP [47].

Theservice qualityayer addresses protocols that ensure the qudlitye
service such as security, reliable messaging, daioss, management etc.
The WS-policy framework [2] declare the service lqgyaequirements and
capabilities that enables service quality policidsweb services to be
attached to the different parts of a WSDL defimti&ecurity policies for
authentication, data integrity, and data configdityi 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 ser® qualities and usage.

Other service layers represent the protocols usedséme different
purposes such as composing services to create mpghcations. For
example, BPEL4AWS [1] provides a workflow orienteahposition model
well suited for business applications.

Figure 12 illustrates the interrelationship of SQA¥YSDL 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@@svice
requestorqueries to the registry to find a service eithemyne, category,
identifier, or supported specification. Once theviee is found, the service
requestor receives the information about the looatbf its WSDL
document. Then the service requestor creates a S@OW®Bsage in
accordance with service descriptions of WSDL docunad sends it over
the network to the service provider to apply thevise. Thebind operation
embodies the relationship between the service stguend the service
provider.

2.5. Web Services Description Language

The functional description of a web service is wedi by web services
description language (WSDL) [11] that conforms he XML grammar. A
WSDL document defineservicesas set of network endpoints, jports In
WSDL, the abstract definition of endpoints and ragss is separated from
their concrete network deployment or data formatlinigs. This allows the
reuse of abstract definitionsiessagesvhich are abstract descriptions of the
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data being exchanged, amuebrt typeswhich are abstract collections of

operations An operation defines the description of an acsapported by

the service. The concrete protocol such as SOAPTR{Tand data type

specifications for a particular port type represemteusabléinding A port

is defined by associating a network address witlinding. Different type

definitions other than XMLSchema can be used tocriles 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 doeghe operations provided by the service and th& da
needed to invoke them.

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 seetifitions A grammar that
contains a definition element at the root denotesdstructure of a WSDL
document as in Appendix A.

<service <binding> <portType> <message
o s v <types
[SOAP] <operat|on>< [Request] [data]
<port — <operatior
vore <binding> message
por <operatior»
[.....] [Response]

Service(s) Supported
Proiocol(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 bindings that describe how a web seridcaccessed. Each

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

each operation to indicate the input and outpatrodperation.

Definitions
A definition contains the elementsame, documentatiorimport, types
messageportType binding andservice The elementefinitions contains
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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
namespacexmling declarations are also part definitions The import
element permits the separation of the differentmelets of a service
definition into independent documents by assoaatmamespaceavith a
documentocation

Types
Types denote the data types for the exchanged gessad adopt the types
supported XML-Schema.

M essages

A message consists one or mpaats. Each part is associated with a type
and element attribute. Theameprovides a unique name among all other
parts and messages. Generally a message defimgticonsidered as an
abstract definition. A message binding describesnttapping between the
abstract and concrete definitions.

Parts

A part supports a mechanism for depicting the abstontent of a message.
A binding is specified with reference to the nanieaopart 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 the smbstnessages.
Thenameattribute provides a unique name. A port typeeifinedd as:
<wsdl:definitions .... >
<wsdl:portType name="nt">
<wsdl:operation name="nt" .... /> * !
</wsdl:portType>
</wsdl:definitions>

Operations

An operation defines a method on a web servicduydig the name of the
method and input parameters and the output paresnetéhe method. All
the operation names within a single port type #ferdnt.

1. One-way: The endpoint only receives the message.
<wsdl:definitions .... >

1x _ zero or more
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<wsdl:portType .... > *
<wsdl:operation name="nt">
<wsdl:input name="nt"? message="qname"/>
</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"/>
<wsdl:output name="nt"? message="gname"/>
<wsdl:fault name="nt" message="gname"/>*
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>
3. Solicit-response: The endpoint sends a messagecaees a response.
<wsdl:definitions .... >
<wsdl:portType .... > *
<wsdl:operation name="nt"
parameterOrder="nts">
<wsdl:output name="nt"? message="gname"/>
<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="gname"/>
</wsdl:operation>
</wsdl:portType >
</wsdl:definitions>

Bindings

Message formats and protocol information for eaglration and message
defined under a port type is defined byiading A given port type may

have any number of bindings. The attribn@meprovides a unique name
for a binding. A binding have to specify exactlyeoprotocol and must not

2 nts- nmtokens [9]
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specify any address information. The referenced pge is depicted by
attributetype A concrete grammar for input, output and faultseages is
specified by the binding elements. The followingeeplifies 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>
</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 thiédw the binding to be
extended with elements from different XML namespade describe
bindings to any number of transport protocols agISOAP, HTTP.

SOAP Binding extension

Extension elements are used to bind a WSDL desmmigb the SOAP
protocol. TheSoap:bindingis an obligatory element when using the SOAP
binding. Thestyleattributes shows subsequent operations followirg tbe
two alternativesdocumenbr rpc (Remote Procedure Callyhe optionrpc
declares that the messages have parameters amd wetues while the
optiondocumenindicates that the messages contain documenthefuthe
documentoption specifies how the body of the SOAP messaije be
interpreted in straight XML, while thigoc option indicates that the binding
uses RPC conventions for SOAP body specificatidrie style for the
binding can be overridden by the style attributestiie 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. Tl®ap:bodydeclares the structure of the
contents of the message. The attribp#ets specifies which parts will be
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used during the SOAP message creation processsddygfault element
shows the contents of the SOAP faults details.

Ports

For each binding the attribuigort defines a single address endpoint. An
extensibility element specifies the address infdionaof 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 glanthat 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>
</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 documemts based this
version. W3C now concentrates on WSDL 2.0, and ddfined with three
specifications:

« Part I, the core Language

* Part Il, Message Patterns

« Part Ill, Bindings
Some new features are added, some removed ando$ahsn 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 combinatiaith other protocols
such as SMTP, TCP [63]. The simplicity and exteitligibare the major
design goals of SOAP.

Structure of a SOAP message

A SOAP messagd-(gure 19 is made up of three elements:
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« 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 rowain delivery
setting, authentication assertions, and transactbotexts.

« A SOAP bodycontains the actual message to be delivered and
processed.

Envelope

Header

SOAP block

SOAP block

Body
SOAP block

SOAP block

Figure 14.SOAP Message

In addition to the above components$aalt block could appear with in the
body whenever there is an error to be reportede¢osender of the SOAP
message. The SOAP block denotes a single compmaatinit of data by the
processor of a message.

Example of a SOAP message:
<SOAP-ENV:Envelope
xmins:SOAP-ENV="http://schemas.xmlsoap.org/soap/en velope/"

SOAP-ENV:encodingStyle=
"http://schemas.xmlsoap.org/soap/encoding/">

<SOAP-ENV:Body xmIns="http://terraservice-usa.com/ ">
<GetPlaceList>

<placeName>Atlanta</placeName>
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<Maxltems>100</MaxItems>
<imagePresence>true</imagePresence>
</GetPlacelList>
</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 oiyefwaen a sender to a
receiver. To exploit the unique characteristicshef network protocols used
for a transmission, SOAP implementations can bemipéd. Generally
messages are routed alongn@ssage pathwhich contains one or more
intermediate nodes in addition to the eventualidason. Further, thactor
attribute is used to indicate the intended pardictp of various parts of a
SOAP message and used to direct a SOAP messagrghhaosequence of
intermediaries, with each one processing its portid the message and
forwarding the remainder.

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

2.7 Semantic Web

The semantic web [62] is an emerging framework #iats at machine-
processible information for information sharingdéfines standards not only
for syntactic form of documents, but also for tkeenantic contents. Further,
it enables intelligent services such as informabookers, search agents and
information filters to offer more functionality anthteroperability than
current technologies. The prominent W3C standatidiza efforts are
XML/XML schema and RDF [35]/RDFSchema [10] to féteile semantic
interoperability.Anontologydefines a hierarchy of concepts within a domain
and describes each concept’s crucial propertiesutjfir an attribute-value
means Ontologies play a vital role in the semantéb for processing,
sharing and reusing metadata between applicatioms.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 expressimigrimation about a
web source that needs to be processed by apphsatmthe information can
be exchanged between applications without lossezfnimg. 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, ciifges also known as
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statementswith some rules about the semantics (meanint)estatements.
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 subjfety;//www.it.uu.se/edu/course
kursstart/spring.html and the predicate,maintained with the object
Department of information technolaglfurther, RDF permits the object to
be lists, bags, and sequences.

RDF can be used in resource discovery for enhanseagch engine
capabilities, and cataloguing for content desaiptdf web sources and
interrelationship of contents. W3C [35] standardize concepts and syntax
of RDF to achieve:

» 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 dgpees

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

triples. The subject is what's at the start nodinefedge, the predicate is the
type of edge (its label), and the object is wiathe 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/edi Department
of Information Technology

Figure 15. An RDF graph

In practice, name of predicate and object prefiwgth a URI for the
global identification.Blank nodesepresent objects where the name of the
object is unknown. RDF specifies how the triples ased to represent
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knowledge, i.e. and abstract model. The triples raemally encoded in
XML. Most of the abstract model of RDF comes dowititese simple rules:
* A fact is expressed as a Subject-Predicate-Objet.t
» Subjects, predicates, and objects identify entitidsether concrete
or abstract, in the real world.
« Names are URIs, which are global in scope, alwaferting to the
same entity in any RDF document in which they appea
» Objects can also be given as text values, céitiexdl values, which
may or may not be typed using XML Schema data types

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

RDF Schema [10] defines the vocabulary used in Rizgfdels such as
specifying which attributes apply to which kindsatfjects and what values
they can take, and describing the interrelatiorsiigtween objects. Users
that specify RDF documents are free to define thvwm terminology in RDF
Schema. An elementary block in RDF schema e¢taasto group resources
where each member shares some same propertiesotfibe important
elementary statement is the inheritance relatiortwd®n classes:
subClassOf. While XML Schema constraints the structure of XML
documents based on syntax, an RDF Schema defieagdabulary for the
semantics used in RDF documents.

RDQL [51] and SPARQL [45] are two standard quergglaages for
semantic web data. An RDQL query consists of algpagitern, 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 variabhesset of variables those
produce answer set.

select ?a

where (?a, <http://www.type.com/syntax-ns#type>,<ht tp:/ffin
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
e named graphs
e 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 mediatalutaos able to handle
semantic integration of underlying sources. Thdesgsinterpreting these
mediator modules are known as thediator engineThis chapter addresses
schema representations in mediators, and queregsiy techniques used
to handle limited capability sources. The WSMEDngsfor web service
mediation is developed by extending the AMOS |l ragat engine [48, 49].
Further this chapter overviews the AMOS Il mediadgstem 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 compowé&ht many 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 soufthe global schema
definition is difficult, in particular when thererea many heterogeneous
sources.

Mediators are providing a common data model CD¥efwesent the data
integrated from different sources. The mediatorirengnterprets queries in
terms of the CDM. Views play the prominent roletire meditation and
defined by means of the CDM. Since the diversecasurepresent the same
information differently from the mediator schemamadiator must include
view definitions describing how to map the sourcghesna into the
mediator's schema. The most common methods iniqeaate:

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

* 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
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approach simplifies the insertion of new sourcesweler, there
are some issues of how to resolve differences where are
conflicts and overlaps between sources. Usually edaudt

reconciliation based on accessing best sourcecthadrs the best
data is needed for a user query. That is, the lasaiew 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 commontigeaén the industry.
Mediators can be defined to integrate such datecesuThey allow certain
attributes as inputs and produce outputs with regtributes, but have to
real query capabilities. We say that these souneeelimited capabilities.
In addition, there are some other reasons foréith#ource 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 gy@etinputs.
» Security:To ensure the privacy of data, such as defensennaftion,
sources permit only limited queries.
« Limitation by indexestndexing the data is a common mechanism to
speedup the queries and is widely adopted in DBMSer queries
to the attributes that are not indexed are not @upg by the data
sources as those queries examine millions of tuples

The traditional cost based optimization is inadeguar web sources as
queries to sources with limited capabilities ard oaly 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 whetlgepldns can execute at all
using the limited capabilities of a data sourcest@oeasures can be used to
choose among the feasible plans. Source capabibtie represented and
examined during the query optimization mainly irotways:

* Rule-based checkingrhis approach is implemented in mediator
systemssuch asGarlic [20], Information Manifold [38], and
TSIMMIS [39] to match the source capabilities. Smucapabilities
are represented as capability records [38] or byesspecial
description languages such as Relational Query riptisn
Language (RQDL) [56]. Complex rules are appliedfital the
suitable sources. During the query optimizationsghi@write rules
are applied for efficient query execution.

 Binding patterns:Source capabilities are represented by a set of
adornmentd21] known ashinding patternsMatching sources are
selected by analyzing the binding patterns. Infdiomasystems
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such as the web query optimization system [59]izetibinding
patterns to represent the source capabilities.

Estimating cost metrics in the mediation environmemuite 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 skeever providing

service is highly loaded by several requests foa.daong-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 atteilmitthe data
source. It is represented by an alphabet with fipgoeaning:
« f (free)- the value of the attribute need not to be spetif
* b(bound)- the value of the attribute must be specified
* 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 thbilit#smof
sources that can be accessible via web servigés. is common when
accessing web forms.

3.3. Active Mediator Object System (Amos II)

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

3.3.1. Amos |l data model

The primitive conceptebjects types andfunctionsrepresent the Amos Il
data modelKigure 17. It is used as the CDM for the mediation and iaun
extension of the Daplex [49, 52] functional datadedo

Objects: They model all the entities in the database. Athdss system
objectsand user-defined objectObjects are represented in two ways, as
literal or surrogates Surrogates represent the real world entities aagh
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-mainthinigects and do not have
any explicit OIDs. For example numbers and strinfjhere are also
collectionsof other objectsbhags vectors andrecords A bag represents
unordered sets with duplicates whiectors denote the order-preserved
collections. Vectors are accessed Wy wherev is a variable holding a
vector, and is the index of an element in a vector. Recordsusmeful to
manage data retrieved through web services as dftep handle nested
structures. Records access uses the notafikjn wheres is a variable
holding a record, ankl is the name of an attribute in a record. Thusn@sco
are indexed by arbitrary keys while vectors arexadl by numbers only.

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

[——
integer real record bag vector /\

ODBC_DS || JDBC Dt

Figure 17. Amos Il data model

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

Types Objects are classified intgpesand each object is anstanceof
one or more types. Thextentof a type represents the set of all instances of
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the type. Types are ordered into a multiple inhages type hierarchy. A
type is defined and stored in the internal datalofigke system with system
functioncreate typeE.g.

create type Vehicle;
create type Truck under Vehicle;

Functions represent properties of objects, computations owkjects,
relationships between objects, and are used astipasin 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 atigbute color of the
type Vehiclewould have the signature:

colour(Vehicle) - Charstring

Theimplementatiordefines the mapping of a function to compute tssul
for given arguments. Further, Amos Il can inversaynpute one or several
arguments values of a function if the expectedlresilue is known; this is
known as themulti-directional feature of a function. The inverse usage of
functions is crucial to specify general querieshwiinction calls over the
database. For example:

select vehichlenumber(v)
from Vehicle v
where colour(v)="blue’;

Functions can be classified according to their enpntations as:

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

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

 Foreign functionsupport low-level interfaces for wrapping external
systems. They can update the external sources. \Wowmreign
functions to be used in queries must be side-effeet Further, it
is possible to associate several implementationisnadrses for a
given foreign functionmulti-directional foreign functionswhich
informs the query optimizer that there are seva@dess paths
implemented for the function. Users can help thergyrocessor
by associatingost and selectivity estimates for each access path
implementation. Multi-directional foreign functionare defined
using binding patterns. For example:
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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})

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 arewknoThe
function gp_foodDescr retrieves data when the value for
groupcodeis known. Similarlykw_foodDescrreturns values when
keywordis known. In the case of both values f@ywordand
groupcodeare specified, thgp_kw_foodDescmethod will be
used. The cost specifications estimate both ex@tutiosts in
internal cost units and result sizes (fanouts) [ff] a given
method invocation. In a web service mediation sgena
commonly many web service operations from divereb gervices
are involved. This common practice defines datahdses with
multiple capabilities enabled with different bindipatterns. Multi-
directional foreign functions implement these kimds/ziews with
various capabilities.

Data source Diverse data sources are represented explititpugh the
system typeDatasourceand its sub-types. Some of the sub-types embody
generic kinds of data sources that share commopepties. 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 haisj@e name and set of
imported types.
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3.4 \Web service mediation

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

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

processed by the mediator to answer the user qioye detailed web

service mediation with multi-level views is addmegdn the chapter 5.

SQL queri Iresult

WSMED

quer// result ‘\iery

Wrapper Wrapper [+

Web Web :
service result gepviced [result
cal——_ call

Web Web
servicel service2

Figure 18.Mediation of web services
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4. The WSMED system

This chapter gives an overview of the WSMED syst@ime web service
schema subsection describes WSMED's internal reptaBons of web
service descriptions defined by WSDL documents asér provided
semantic enrichments. The system components stioisedescribes
functionalities of WSMED system modules.

4.1 Web Service Schema

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

A service describes a particular web service and supportetaof
operations, the Service entity. Each web service has reame, and a
namespace URI nu is a URI to identify the web service. Thaports
relationship represents the association betweamndce 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. Téngcoding stylees, is a URI that
indicates the encoding rules for data in the SOARsagesThetarget URL,
tu, determines the address of the SOAP messageSDdactionURIsu,
identify the task of the SOAP Message.

Each operation has a numberimfut andoutputelements. Arelements
an abstract definition of the data being transmitied is associated with a
type definition using XML Schema. The input andpuitelements define
the signatureof the operation. Complex data elements may cbosisther
sub-elementa/here each sub-element has a data type, alongawitime 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 tigie in WSMED.

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

A WSMED viewdefinition may reference several web service dpmes, as
indicated by theview_ofrelationship. It is defined in terms of a numbér o
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attributes. Eachattribute has aname a datatype and a flag i6_key to
indicate whether it is the primary key of the WSMEiBw. To simplify the
schema, we here ignore representation of secohkessy

Web service descriptionsg WSMED enrichments @

@/@ @ searchdefinition
Servica_M @
WSMED view @
1
M @

Attribute H

Operation

L
5

sub
elements

bp — binding pattero — costdq — declarative quergs — encodingstyle
fo — fanoutha — namenu — namespace URH — search definition
st — stylesu — SOAPactionURI tu — targetURL

Entity (type inWSMED Relationship (function in

N 1 inali i S :
Cardinality constraints —_— Direction of function

Q Attribute (function inWSMED

Figure 19.Web Service Schema
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A WSMED view is defined in terms of a set of difet search strategies,
called search definitions A search definition has an associatadding
pattern, bp indicating the attribute bindings when the seatefinition is
applicable.

Thedeclarative querydq, of a search definition specifies for a particular
binding pattern a query that computes the vieweims 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 estimatedltregze,fo (fanout). The
user can explicitly specifgo andfo by profiling the search definitiédnin the
search definition Kigure 20, fbfb is the binding pattern,select
foodDescr(fgc,fd)s the declarative query of the search definitiang the
numbers associated with the keywaombtrepresentso 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 modeils 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&dtSMED
using the object-oriented query language AmosQL, @. An entity is
represented as ype 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);

3 Automatic computation afo andfo is future work.
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create function input(Operation)
-> vector of Element;

create function output(Operation)
-> Vector of Element;

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,
dqg Charstring,
bindingpattern Charstring);

create function searchdefinitions(WSMEDView)
->Bag of Searchdefinition;

Figure 21.WSMED representation of the web service schema

}(/;//pSEL data WSMED datatype | WSDL datatype Y)\,/psévl ED data
anyURI Charstring Integer Real
baseBinary | Charstring Language Charstring
Boolean Boolean Long Integer
Byte Integer Name Charstring
Date Date NCName Charstring
dateTime Charstring Negative Integer Real
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Decimal Real NMTOKEN charstring
Double Real NMTOKENS charstring
Duration Charstring Nonnegative Integer 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 @bthe key of the data
returned by a WSMED view, the attribuis_key This enrichment is
important to detect common sub-expressions in gagds will be shown in
the forthcoming chapters.

4.2. System Components

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

The WSDL Importercan populate the web service descriptions by, gikien
URL of a WSDL document, reading the WSDL documesing the Java
tool kits WSDL4J[66] and Castor [68]. It parses the retrieved WSDL
document, converts it to the format used by the aelvice schemaand
stores the extracted meta-data in the web serveta-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 antiegisnediator engine Amos
Il [48,49]. The query processor calls thveb service manageromponent,
which is implemented using the APBAAJ[65]. The web service manager
is accountable for invoking web service calls us®@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 generatoproduces a domain calculus expression from an SQL
query. This expression is passed todbery rewriterfor further processing
to produce an equivalent but simpler domain cakefpression. The query
rewriter calls theview processoto translate SQL query fragments over the
WSMED view into relevant search definitions thatll caeeb 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 keaystraints. We show in
Chapter 6 that such rewrites significantly improtree performance of
queries to multi-level views of web services.

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

A call to the web service manager is specifiedM@p service properties
such as SOAPactionURI, style, encodingstyle, namespaceUdid
targetURL(Figure 19. Furthermore, it contains the actual parametttheo
operation, called thmput elementsAs shown byFigure 24 the web service
manager uses two sub components to create a SOAPage 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 messtlga ®OAP body
(Figure 25. The SOAP processor requires additional inforaragiven web
service properties to complete the SOAP messagdiane

<SearchFoodByDescription>
<FoodKeywords>Sweet</FoodKeywords>
<FoodGroupCode>1900</FoodGroupCode>

</SearchFoodByDescription>

Figure 25.The content of request SOAP body

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

The result extractor extracts data from the SOABsage conterfi{gure
26). It requires the properties of the output elersghigure 19 from the
web service operation call, such tgpe and maxoccurs;to constructs the
result data of the web service call. The resultaetor retrieves the values
for typeandmaxoccurdrom the web service meta-database. The typleof t
operation's output elements is used by the restrhator for converting the
XML data format into the data format used by WSMEIhe attribute
maxoccurgs used to construct the result object structisigally the result is
sent back to the execution engine.

<soap:Envelope xmlIns:soap="http://schemas.xmlsoap
.org/soap/envelope/" xmins:xsi="http://www.w3.0rg
/2001/XMLSchema-instance" xmlns:xsd="http://www.w
3.0rg/2001/XML Schema'">

40



<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 proogsspecified by the

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

41



5.WSMED Views

To illustrate and evaluate WSMED views we use diplylavailable web
service to access and search to the National Mutimtabase for US
Department of Agriculture [67]. The database carganformation about the
nutrient content of over 6000 food items. It comgaifive different
operations: SearchFoodByDescriptions  CalculateNutrientValugs
GetAllFoodGroupCodesGetWeightMethodsand GetRemainingHits We
illustrate WSMED by the operatioBeachFoodByDescription® search
foods given aFoodKeywordsor a FoodGroupCodeThe operation returns
NdbNumber LongDescription and FoodGroupCodeas the results. The
WSMED view food in Table 2 allows SQL queries over this web sarvic
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 etjud 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,gpcod e>)
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(“fffb” select ndb, “”,descry
where foodDescr(*”,gpcode)= <ndb,descry,g pcode>)

(“fbff” select ndb,descry,gpcode

Wy

where foodDescr(keyword, “")= <ndb,descry ,gpcode>)

(“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 asl@edive 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, theiew binding patternsThe query
optimizer automatically chooses the most promisiegrch definitions for a
given query to a WSMED view. Each search definifiwavides a different
way of using the web service operations to retrieeel items. The binding
patterns are:

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

« fffb- a value is specified only for fourth attrib@gpcode This means
that the search definition returns all food iterns & 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 patterrflifb. 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
parameter§oodKeywordsandFoodGroupCodelt selects relevant pieces of
a call to the operatioBearchFoodByDescriptioto extract the data from the
data structure returned by the operation.

To simplify sub-queries and provide heuristicsdstimating selectivities,
it is important for the system to know what atttdsi 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.qg.:
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declare_key(“food”, {"ndb});

Key constraints are not part of WSDL and requirevidedge about the
semantics of the web service. In our example welicgethe attributendbis
the key. The (compound) key attributes are spetifis a set of attribute
names for a given vieye.g. {"ndb”}). Multiple keys can be specified by
several calls tdeclare_key

The query optimizer may also need to estimate ths to invoke the
query, 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 inforneat is not available and
the cost is then estimated by default cost modethat uses available
semantic information such as signatures, keys, linding 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, tnetion foodDescrin
Figure 27 has the following definition:

1.create function foodDescr (Charstring fkw,

2. Charstring fgc)

3. ->Bag of <Charstring ndb,Charstring desc ry,
4, Charstring gpcode>

5. as select re["NDBNumber”],re[“LongDescription],

6. re[“FoodGroupCode”]

7. from Record out, Record re

8. where out =

9.  cwo(“http://ws.strikeiron.com/USDAData?WSDL

10. “USDAData”,

11. “SearchFoodByDescription”,

12. {fkw, fgc}))

13. and re in out[*SearchFoodByDescriptionResult ";

Given a food keywordfkw, and a group coddgc, the functionfoodDescr
returns a bag of result rows extracted from thealtesf calling the web
service operation name&earchFoodByDescriptionAny 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 &nd the input argument
list for the operation (line 12). The result frawo is bound to the variable
out (line 8). It holds the output from the web servageration temporarily
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stored in WSMEDs local database. The system autoaligit converts the
input and output messages from the operation etords, sequences, and
other data structures. In our example, the arguiigrtiolds the parameters
FoodKeywordsand FoodGroupCodg(line 12). The resulbut is a record
structure from which only the attributearchFoodByDescriptionResutt
extracted (line 13). Extractions are specified gghre notatiors[k], wheres

is a variable holding a record, akis the name of an attribute.

The search definition selects relevant parts ofréselt from calling the
operation. In our example, the relevant attribus® NDBNumber,
LongDescription,and FoodGroupCodewhich are all attributes of a record
stored in the attribut8earchFoodByDescriptionResuoltthe result record.

In our example it turns out that, when botbodkeywordsand
foodgroupcodeare empty strings, the operati®@earchFoodByDescription
returns descriptions of all available food. On éieer 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 itermf the group code with
matching keywords. This knowledge about the semanftthe 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 vieviood The viewfoodclassess used to classify
food items whilefooddescriptionglescribes each food item:

create view foodclasses(ndb, keyword, gpcode)
as select ndb,keyword,gpcode from food;

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

This scenario is natural for our example web sertiat treatfoodclasses
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 cakgeneratorRigure 23
into a domain calculus expression

{I'| foodclasses(ndb,keyword,gpcode) a
fooddescriptions (ndb,descry) g

descry=I 0O
gpcode="1900'}

The definitions of the viewkbodclassesandfooddescriptionsare defined in
domain calculus &s

foodclasses:{ndb, keyword, gpcode| food(ndb, keywor d,

* gpcode)}

fooddescriptions:{ndb,descry | food(ndb, *, descry,
)}

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

46



Given these view definitions the calculus expressaransformed by
the view processoiF{gure 23 into:

{I [food(ndb,* *'1900") O
food(ndb,*,1,*)}

Here the predicatéood represents our WSMED view. At this point the
added semantics thaidb 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, lb=ea [18]. If a key constraint thatdb

IS the key is specified, this is used by the quewyriter to combine the two
calls tofood

{I'| food(*,*,1,/1900)}

Without knowing thahdbis the key the transformation would not apply and
the system would have to join the two referencethéoviewfood in the
expanded query. The simplification is very impottém attain a scalable
query 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>

oa NLJ

Y food Descr(*",™) Y food Descr(*",gpcode)

<gpcode>

Figure 29.Naive execution plan
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The next step is to select the best search deifinfior the query. The
heuristics is that if more than one search definiis applicable, the system
chooses the one with the most variables bound.e3irgcthe query output
and gpcodeis given, the binding patterrifff and fffb both apply, and the
system chooseffb because it is considered cheaper by default. @ahea
food then becomes:

{I'| I=foodDescr(*","1900")}

Similar to relational database optimizers, givea definition offoodDescr

a cost based optimizer generates the algebra eimneg Figure 28 which

IS interpreted by the execution engine. The appBbrator {) calls a function
producing one or several result tuples for a giigut tuple and bound
arguments [27]. By contrasEigure 29 shows an execution plan for the
non-transformed expression where the system dddsow thatndbis key.

It is using a nested loop join (NLJ) to join theawsdh definitions. An
alternative possible better plan based on hash(ibi that materializes 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 wery performance, we
have experimented with four different kinds of gquexecution strategies.
They are:

1.

The naive 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€dis makes the
search definition be regarded as a black box cé#kedtively in a nested
loop join since the system does not know fhatiDescrreturns a large
result set when both arguments are empty. The &regplan inFigure

29 shows the naive plan.

. With the default cost modethe system assumes that the viewd is

substantially more expensive to use when attrigptadeis not known
than when it is known, i.e. it is cheaper to execaitsearch definition
where more variables are bound. Still there is ep $pecified Figure
32illustrates the plan.

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

With full semantic enrichmernhekeyof the view is specifiedzigure 28
shows the execution plan.

As shown inFigure 30the naive strategy was the slowest one, somewhat
faster than using the default cost model with resdep join. The default
cost model with a hash join strategy scaled sigaifily better, but requires
enough main memory to hold the inner call fmdDescr Figure 31
compares the default cost model with hash join with performance of full
semantic enrichments. The hash join strategy wasndrfive times slower.
This clearly shows that semantic enrichments atieairfor high performing
queries over web services. The diagrams are basetheo experimental
results in Table 3 and the experiment was madesingithe 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.

49



6000.00 -

|
5000.00 1 =
4000.00
g A
< L A
Lo}
£ L]
i= 3000.00
&
|
S A
g 2000.00
. i
o
g ® Al
A
1000.00 { AA
AA
000 +——0000—0—066— 06— 06 &6————

0 100 200 300 400 500 600 700 800 900

Number of Food Items

o full semantic enrichment ¢ hashjoin strategy
A default cost model m naive implementation

Figure 30.Performance comparison of the four query execugtoategies

VG | NF | S1 S2 S3 | A4

0900| 303| 1985.14 1512.94 5.Y7 1]p2

0600| 390| 3177.28 1848.48 5.55 1,33

1400| 219| 1831.0% 1041.44 550 1.8

1100 779| 4891.13 3785.30 6.22 169

2000| 157 1655.46]3 777.3] 541 0.p4

0800 359 3114.2J§ 1723.28 559 135

0400| 201| 1914.23 955.3§ 6.38 1.08

1800 517 3524.34 2452.22 593 1[]33




2200| 132 174151 645.03 5.62 0.p3
1900 293| 2595.22 1415.98 5.58 119
1300 729 5596.36]3 3478.12 6.40 1[4
Table 3.Experimental results
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Figure 31.Performance comparison hash join and full semayu@ry execution
strategies

With the naive strategy the system does not use langling pattern
heuristics and will calfoodDescrwith empty stringYfoodpescr(~)) Which
produces large costly results containing all faeds in the outer loop. This

is clearly very slow.

With the default cost model strategy the systemrass that queries over
the view food produce larger results when the attrib@geupcode is
unknown than when it is known. Based on this tHetodoodDescrwith a
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known groupcodevalue is placed in the outer loop of a nested |mip.
This clearly is a better strategy than the nai@eémentation.

<ndb, descry, gpcode>

pg N
<ndb, descry, gpcodcy Ndb’ descry, gpcode>
Y foodDescr(*”,gpcode) Y foodDescr(“”,™)

<gpcode>

Figure 32.Execution plan for default cost model query exiecustrategy

Finally by utilizing key constraints in the WSMEDew definition the
system will know that the two applications fobdDescrcan 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 seadable plan and that it
needs no costing knowledge.

<ndb, descry, gpcode>

HJ

<ndb, descry, QW Ca Qﬂb. descry, gpcode>
Y foodDescr (“",gpcode) Y foodDescr (“”,"™)

<gpcode>

Figure 33.Execution plan for hash-join strategy

52



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 semaniibe important
contributions and main functionalities of thesetegss briefly analyzed and
compared with the WSMED system.

Web Service Management System (WSM S)

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

N

Metadata Component % L » | Web service 1
Query| =4 J
— 2 - g
& | Query processing and 3 )
2 | optimization g [ Web service 2
Resulf £ | component S J
7 L @
= (%]
= | Profiling and Statistics | < )
o >
g componer 2 [ Web service n )

Figure 34.WSMS

A client can query the system with a given integglatichema. WSMED also
resemble this feature with the support of the WS3iDporter component. It
automatically extracts the meta-data from the giVe8DL document to
represent it using the web service schema. In WSMmization and
execution of declarative queries, as well as invgkielevant web services
are managed by thgquery processing and optimization componértie
profiling and statistics componeptofiles the response time of web services
and maintains relevant statistics of data retuthesugh web services. This
component supports query optimization decision ngki
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Precedence constraints exist when querying multy@é services. For
example, to retrieve data from one web servideit may expect output of
another web servioe2. Thereforen2 will be queried beforevl is accessed.
Due to the restricted web service interfaces quencessing over web
services are considered by WSMS as work flow orlpp processing.
Initially some input data is fed to the WSMS andsequently this data is
processed through a sequence of web service Qalkxy processing in this
scenario is sped up by pipelined parallelism bexausb services that are
independent of precedent constraints can be exccufmrallel.

The major contributions of WSMS are:

* When multiple web services are queried and somé¢hem are
executed in parallel the execution time is influmthdy the slow
response of web services. This is kind of bottl&nmast metric is
formalized.

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

« When data sent to web services in chunks, the rysttimates the
optimal chunk size.

WSMED allows SQL queries to the wrapped web sesvias WSMS.
WSMS currently concentrate on optimizing pipelinegecution of web
service queries. In contrast WSMED utilizes sentammnrichments 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 mfe\an integrated view
of a variety of legacy data sources. Each datacsoisr associated with a
smart wrapper. In addition Garlic supports its omepository forGarlic
complex objectshat users can create to bind together existipgctd from
the data sources. Garlic's data model and prograghinierface are based
upon the Object Database Management Group (ODM@)st@ndard.

Garlic objects are can be accessed both througIC#3te programming
interface and Garlic’'s query language which is #xtension of SQL to
support path expressions and nested collectionsleBly, WSMED is using
mediator-wrapper approach and SQL query interfaties.global meta-data
of Garlic describes a unified schema of the wrapgath sources and it
doesn’t contain any a priori knowledge about theatdlities of the sources.
By contrast, WSMED enriches the basic meta-datha wser given binding
patterns and key constraints to represent the asucapabilities

In Garlic wrappers model the contents of the unleyl data sources as
Garlic objects and then invoke the methods on tijects and retrieve the
attributes. Other functionalities of Garlic wrappearre participating in query
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planning and execution. Further, wrappers represestticted declarative
knowledge of source capabilities as they don't hamy capability
specification languages. Instead wrappers reprabensources’ querying
capabilities as methods. Each wrapper determinea oase-by-case basis
the portion of the original user query its undertysource could answer.

By contrast, WSMED supports user provided semaetiichments such
as binding patterns to identify data sources’ cditieb. Based on this
knowledge, the query processor can invoke the gpiate 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 sourcéairther, WSMED
optimizes multi-level views by using key constrainto integrate the
different web service operations from differentagb services.

TSIMMIS

TSIMMIS [20] also uses the mediation approach fatadintegration from
multiple heterogeneous sources to provide users imtegrated views of
data. It transforms a user query for the integraieds into a collection of
queries to sources and the results from the sajureges are post-processed
to answer the user's query. Wrappers are defindthi thie Wrapper
Specification Language (WSL) to query the undedyidata source.
TSIMMIS define data source descriptions and quapabilities by rules.

WSMED also represents capabilities of sources addesthrough web
services but the capability specification is basadinding patterns which
are simpler than the general rule based constrafitSIMMIS. TSIMMIS
has a logic-based object-oriented langualjiediation Specification
Language (MSLysed to specify the mediators. Mediators and weeppre
automatically produced by wrapper and mediator ggoes from the
descriptions of their functionalities. By contraMSMED uses a built-in
common web service wrapper to access any kind bfseevices and allows
users to create multi-level views and SQL queries ¢he views to mediate
the web service operations. Furthermore the viee®ariched with the user
given semantics such as binding patterns and kestizonts.

TSIMMIS uses a lightweight Object Exchange ModeE{) to transport
information among the components mediators, wrappand sources. The
query language Lightweight Object Repository Langué. OREL) is used
for user queries. Using all those components TSIBINALild a mediator
network which contains mediator-wrapper, wrappdad&ource, and
mediator-mediator interactions for information giation.

In TSIMMIS, query execution is performed in threleapes. The logical
plan generated by theew expandemodule is passed to the plan generator
module. All the source queries that can procests dra logical plan are
identified during the initial step of the plan gest@on process. The
capabilities of the sources are also taken intoaatc The second step is to
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find the feasible execution sequences of sourceapibased on the binding
requirements. During the final optimization phase optimizer chooses the
best feasible plan by applying standard query ap#tion techniques.
However, TSIMMIS does not use any key constramtsimplify the queries
for efficient query processing.

I nformation Manifold

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

By contrast, WSMED uses binding patterns that argler compared
with capability records. In Information Manifolddlsource description are
used to prune the collection of information sourfmgsa given user query
and to generate executable query plans. It uselstonal model augmented
with certain object-oriented features for descgband 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 differertenface programs to wrap
different data sources. It devices the semantiaalyect query plan based
on the ordering of sub goals of a given query ichsa way that plan will be
executable by adhering sources’ capabilities. UniKSMED, there are no
simplifications made based on the key constraihtee@mediator view.

Web Query Optimizer System

The architecture of the mediator and wrapperFigure 35 [59] is
proposed for Internet accessible web sources wtiteld query capabilities.
Each call to a source defined ¥gebSource ImplementatiafwSl) that
associates both capability and cost. The limitegl'goapabilities of a source
are defined by amput-output relationship ior: Input-Output wherelnput
is a set of attributes that must be bound @udiputis the set of projected
output attributes.

Capability based rewriting of the query is procesby theCBR Tool
Another important contribution is the two-phase@myuoptimizer. The first
phase known as pre-optimization phase wWeb query optimizer (wgo)
selects one or more WSIs. By using cost-based dtmsnivqo 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

The web query optimizer also follows a similar aygwh as WSMED to
associate the source capabilities with bindinggpast In particular WSMED
extends multi-directional foreign functions [40] @efine semantically
enriched views extracting data from the resultasveb service operations
using an object-oriented query language [48, 49ftHermore, WSMED

utilizes semantic enrichments of key constraintsfgtimize the multi-level

views of web services with different capabilitieile the web query
optimizer only uses binding patterns to device gyxan.

OWL-S

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

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

» Automatic Web service invocatiois: the automatic invocation of a
web service by a software component, given onlhgscdption of
that service, in contrast to when that software poment has to be
pre-programmed to call that particular service. tTisa OWL-S
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provides an application programming interface timatudes the

semantics of the arguments of web service calld th@ semantics
of the messages that are returned when the sesucesed or fail.
A software component can interpret this mark-uputmerstand
what input is necessary to invoke the service,\anat information

will be returned.

« Automatic Web service compaosition and interopenafiovolves the
automatic selection, composition, and interopenatiof web
services to perform some complex task, given a -tegél
description of a user objective.

presents Service Profile

@ provides | Service Grounding

described-by Service Model

Figure 36.Service ontology

OWL-S supports a service ontologkfigure 39, where aservice profile
describes what a service does in a way understintgta 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, sags formats, and
other service-specific details such as port numibeesd in contacting the
service. In addition, the service grounding musicsy, for each semantic
type of input or output specified in the serviced®lp an unambiguous way
of exchanging data elements of that type with #wise, i.e. serialization
techniques. A service can be described by at mustservice model, and a
service grounding must be associated with exacttyservice.
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WSMED supports automatic web service invocationpbgviding web
service description for any web services with dtbaifunction cwo (section
5.1). Service discovery and composition need toabalyzed 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 abtes$irough web
services by defining multi-level views of data meted from web service
operations and allowing SQL queries over these vigBiven the URI of a
WSDL description of a web service, WSMED automalycamports the
basic meta-data from the WSDL file and represeh&nt as a database
schema. In terms of the database schema représentatuser can define
multi-level views of web service operations usingSMED's query
language. They can then be queried using SQL trclsgasult structures
from SOAP messages being the response of a weltesaperation calls.
WSMED exploits the SOAP protocol to marshal messdgdanvoke a web
service operation and makes use of HTTP for tragsion of messages. We
addressed the research question one in the Chhfgrdeploying WSDL,
SOAP and XML Schema with WSMED to wrap the datarsesi accessible
through the web services. Further, WSMED allows tiser 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 todat accessed through the
operation. Instead the user can add key constraimes defining WSMED
views.

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

We gave an answer to research question two by idgfimulti-level
views and showing that those views can be querigd 8QL. The query
optimizer automatically select the best searchnitefh based on the
heuristics of the provided binding patterns andpéiiies the web service
calls by identifying overlaps between different spleries and views calling
the same web service operation. Normally expliogtanformation 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 floisnario have joins of
views and those views are created in terms of iffierent operations from
the diverse web services. Some web service oparadills need inputs from
some of the other operations’ outputs, nanmgcedence constraint3o
optimize these kinds of web service operation dall/SMED, we have to
investigate synergies of pipelined execution sgiate 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 @uebpecially those calls
embedded with the join querieAdaptive data partitioning(ADP) [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 infoonao prune useless
results in the early stage of query execution withaterrupting the query
plan need to be studied. These kinds of adaptiegygqorocessing techniques
need to be investigated further to improve the gogtimization capability
of the WSMED. Incorporatingartial evaluation a program transformation
technique [33], during the query optimization i®#er interesting approach
to investigate in this context. The partial evalwatreduces queries before
the cost-based optimization by simplifying the quedby iteratively
evaluating some predicates at compile time untfixgooint is reached.
These are some future directions to provide furthieswers to research
question three.

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

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

The semantic web is an emerging prominent appréactine future data
representations where WSDL working groups are psimgostandards to
incorporate semantic web representations [62]. Wlenext 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
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further investigation is needed for a complete amsWResearch 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 "2 targetNamespace="uri"?>
<import namespace="uri" location="uri"/>* !
<wsdl:documentation .... /> ? 8

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

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

<wsdl:message name="nt"> *
<wsdl:documentation .... />?

<part name="nt" element="gqname 92 type="gname"?/> *
</wsdl:message>

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

® nt — nmtoken[9]

"* _zero or more

82 . zero or one

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

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