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Problem Description

In current mobile systems, services are limited and known by both the user and the mobile device.
It is hence quite simple for a user roaming onto a location to make use of the services available at
this location. In the near future, mobile devices will be capable of connecting to multiple
heterogeneous mobile network systems simultaneously such 3G, WLAN, WIMAX, UWB, etc. and
have access to multiple services that are fully, partially equivalent or completely different in terms
of functionality, performance, quality, security, price, etc. The challenge is then to discover and
recognize these services in order to offer them to the user. It is also crucial that the service
discovery and matching are accomplished in acceptable amount of time. The first goal of this
project is to study, and evaluate existing service discovery system, protocols and procedure.
Secondly, the project is aiming at designing a service discovery for future mobile services. The
project consists of the following tasks:

o Study of current service discovery systems

Requirements of future mobile services

Evaluation of current discovery systems

Specification of future service discovery systems

Design of a service discovery for future mobile services

O O O O
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Abstract

The pervasive computing environment for heterogesawetwork is on a continuous rise. The
ability to interact and control network devices lwdifferent functionalities within office and

home environment could be very beneficial to eofatisers. The service discovery in computers
and mobile devices enabled them to interact witke amother through wireless and

heterogeneous wired networks. Services adverteie ¢lxistence in a dynamic way and devices
are designed with this capability to discover thesevices and its properties automatically.
These devices are though based on different tecbiesl but are still able to communicate and
discover one another based on existing serviceodesy architectures. It is notable that a
significant number of networked devices are now iflecdnd these mobile devices make service

discovery more challenging.

In future mobile multi-domain multi-language enwviroents, a service can be anything and
introduced by anybody. Consequently, same or etpnvaervices may have different names
and services with same name or type may be conhpléiiéerent. Existing service discovery

systems are incapable of handling these situations.

We have implemented a service discovery system hwlsigpports semantics to service
descriptions. It allows any user to act as a serprovider and introduce any service at any time.
The service provider can define any service asvatpnt to any existing service and in any
language as wanted. In addition, it is capabldarnd $ervices that are not exact matches of the
requested ones. More semantics are introduced ghrattributes like EquivalenceClass,
ParentType and Keywords. The test conducted orsyfsiem in real time proves that the system
is efficient and can be applied in real life.
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Abbreviations

3G Third Generation (Mobile Communication System)
DA Directory Agent

DAML-S DARPA Agent Mark-up Language for Services
DHCP Dynamic Host Configuration Protocol
DNS Domain Name System

GENA General Event Notification Architecture
GPRS General Packet Radio Service

GSM Global System for Mobile

HTTP Hyper Text Transport Protocol

IANA Internet Assigned Numbers Authority
IP Internet Protocol

ISO International Standards Organization
LUS Look up Service

NAT Network Address Translation

NIC Network Interface Card

OWL Ontology Web Language

(OF] Operating System

P2P Peer to Peer

PDA Personal Digital Assistant

RDF Resource Description Framework

RMI Remote Method Invocation

SA Service Agent

SLM Salutation Manager

SLP Service Location Protocol

SMS Short Message Service

SOAP Simple Object Access Protocol

SQL Structured Query Language

SSDP Simple Service Discovery Protocol
SSL Secure Socket Layer

TCP/IP Transmission Control Protocol/Internet Protocol
™ Transport Manager

UA User Agent

uDDI Universal Description, Discovery and Integration
UDP User Datagram Protocol

uiC UPNP Implementers Corporation
UPnP Universal Plug and Play

URI Uniform Resource Identifier

URL Uniform Resource Locator

uwB Ultra-Wideband

VOIP Voice over Internet Protocol

VPN Virtual Private Network



WLAN Wireless Local Area Network

WIMAX Worldwide Interoperability for Microwave Access
WSDL Web Services Description Language
XML Extensible Markup Language



Definitions

Service
Network service
Service availability

Service continuity

Service discovery

Service advertisement
Service search

Service lookup/service
request

Service matching

Equivalent service

Parent type

a mechanism enabling the end-user’s access toranere capabilities
service offered to the user by a network system
the time when the service can be accessed

the ability for a user to maintain an ongoing seevduring mobility

across domains, networks, and devices

the process of finding services that match the irements of the

service requestor

the procedure to announce the service to potamiis/consumers
the procedure to search and find the desired sevic

the mediation of a request for a service

the process of comparing the service request ag#ies available
service advertisements and determining which servist satisfies the

request

The service which has the same attributes or fanatity is considered

as equivalent service.

The service which is being defined as a parenticerdue to the
similarities are being inherited by the service phecess of comparing
the service request against the available serviberasements and

determining which service best satisfies the refques

Vi
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Chapter 1 Introduction

Chapter 1

1 Introduction

“If you go out 10 years, computers are not goingpéothese rectangular objects we
carry around. They are going to be extremely tiflyey are going to be everywhere.
There is going to be pervasive computing. It imgdo be embedded in the
environment, in our clothing. It is going to befswiganizing.”

Ray Kurzweil, 2007

In this modern era, computer devices and networkics are playing an important role to
accomplish our daily tasks. Ranging from classseaVices as printers, scanners, fax machines to
others common services such as radio, televisiorroadition, and DVD player, etc. can all be
expressed as “ubiquitous computing”. This term @mnésd by Mark Weiser in (1), means that

computers are present everywhere in our daily enuent.

Users should be able to choose and make use skthizes that are available to them. Ideally,
they would like to obtain access to the right ssesiimmediately, without requiring them to
reconfigure their device. This function should betnoticeable by the user. They should be able
to interact and manage all the devices and serwbesiever required without any difficulty.

In future, a number of different services will beadable but discovering the appropriate service
is a major challenge. For example if a user atam tstation is searching for a service “Train
Booking”, but he ended up discovering a servicehwiame “book” which is a service for

lending a book. This is a simple example that higtt the problem but such a discovery

mistake could be very devastating and disastrogase of emergency.

Service discovery also plays an essential roledih@ communications (2). The mobile phone,
Pocket PC and laptop could form an ad hoc networlsuch network without administrative

control, the device must be self organizing. Foaregle, the laptop may offer a translation
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service to mobile phone and the phone may offarit access service via its General Packet
Radio Service (GPRS) Interface. Since this netwsrtynamic, there is a need of dynamic and
automatic service discovery functionality. Moreotte® voice and data services are expensive on
the conventional communication systems such asGEd/ etc. Voice over IP (VoIP) is getting
popular for its affordable service as comparedaiaventional telephony service. It is becoming
popular for the Service Provider to provide accésstheir users from different access
technologies in order to promote their servicesaAsxample T-Mobile, a worldwide telecom
operator has announced that it will introduce Wmiged Mobile Access (UMA) in 2006. It will
provide “GSM over WiFi”, thus filling coverage @& and possibly allowing for lower traffic
charges (3) . This will have certain challenges avservice continuation. The multiple
connections will enable access to a wider variétseovices that need to be discovered, properly
understood and used.

Unfortunately, the existing service discovery syseare limited to their own domains and
specific devices and not able to discover theserdes services that were introduced in an
unorganized way. Therefore, a more efficient servidiscovery solution capable of

interoperating-cover different network technologaesl platforms is needed.

1.1 Motivation

The networks of today are going through an evofupbase with the main focus shifting toward

making the life easier for the end user. The teldgywenhancements are therefore done keeping
in view of the above requirement. The main focusht document is for service discovery for

future mobile services.

Telephony
~ [Phone Call)
» SIS
., Emergency

= ) Calls
Maobile Device

Figure 1-1 Existing Network Scenarios
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Traditional mobile networks as illustrated in Figut-1 have limited number of specified
services which can be listed down as Telephony, Skt8ice, emergency calls, etc. But if we
closely look at the current mobile devices that @railable today we will realize that they are
capable of connecting to more than one networkTHis will allow the mobile device to access
different network services, such as a PDA can cont® a GSM network and meanwhile

connect to a WLAN as well by using the built in etk Interface Card (NIC) (5).

Suppose a device currently connected to a GSM mktisaising a telephony service, during the
call, the mobile device detects a WLAN network. iOpally the device can choose to connect
with WLAN to use cheaper Voice over IP (VOIP) seevihat has been defined equivalent at the
time of registration to telephony service of GSMigi worth noting that only functionality and
not quality is considered by the user in this cashg challenge is how the device can discover
any equivalence between services? This could be musleading if the service name is not
appropriate or having ambiguity. The scenario ecefed in Figure 1-2 where the device is not

able to detect any equivalence service until oessthey have the same name or same type.

.-"-FF T
- =
| .ﬁ.';'.!';i H{rr!wu;h = *Telephony (Phane Call)
. gt L
*Emargency Calls
-
- '\-\_\_\____ e -~
e
___,_,-""_ s _\_-_\-\-""-\.
e
Mabille Device —— i
WLAN Yo [F'hpne Callj
*MESEadING SeryIce
- Emeroency calls
0 o

Figure 1-2 Current Scenarios

In current mobile systems, the number of servicedimited and known by both the user and the
mobile device. It is hence quite simple for a usEming onto a location to make use of the

services available at this location. In the neanri as illustrated in figure 1-3, mobile devices
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will be capable of connecting to multiple heterogus mobile network systems simultaneously
such as 3G, WLAN, WIMAX, UWB, etc. and have accassnultiple services that are fully or

partially equivalent, completely different in ternef functionality, performance, quality,

security, price, etc. The challenge is then to @isc and recognize these services in order to

offer them to the user. It is also crucial that $leevice discovery and matching are accomplished

in acceptable amount of time.

The first goal of this thesis is to design and iempént the newly presented service discovery

system and its procedure. Secondly, it is aimintesting and evaluating the proposed service

discovery architecture for future mobile services.

e i b

y

|

abilo Diewico

T

" Wimax LTE j
[ 5
f.

—

e ——

T

':.
o

l:-

—

—— : .

Enterpriso ;
MNaotwaork -
et

Figure 1-3 Future Scenario

1.2 Problem Statement

Addressing the described situation the main prold&atements of this work are as follows:

* How can the services be discovered rapidly whemtbleile user is roaming into an area?

* What are the requirements for the future servisealiery?

« How can the future service discovery method alltv introduction of new services by

anybody at any time?

* How can the service discovery be performed semahtic

* How can we discover same service with different eswefficiently?

4
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« How can different services with same name be des@m/without confusion?
* How can services be defined as partially equiv&ent

* How can services be introduced in multiple langs&ge

1.3 Methodology

The research methodology used for this work is thasethe design science research process (6).

The process is not a research method on its ownabigirmalized combination of existing
methods.

Figure 1-4 illustrates the common view of the desigience research process.

15t Phase - 3 Phase
Problem ide piifi'éation Evalu a'éibn\
| 2" Phase
b Refine
; dentify . b "\ hypothesis
aroblem Soluth;n design | Pa —— .

Literature
research -
Pl

Expert
interviews

Case study
Jaction
research

Expert
survey

Design
_ artefact

Pre-
evaluate
relevance

Laboratory
experiment

Literature
research -
Pl

Summarize
results

Figure 1-4 Common view of design science researocbgss
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According to this process, the research methodakgdwided into three phases which are:

First Phase: Problem identification

This phase is more related to Analysis stage itassit software design life cycle. It specifies
research questions and verifies its practical eslee. From there, the research question is

defined. There are four steps involved which are:

i. ldentify problem: This is to assure its relevanoe anderstanding. Literature research or
expert interviews can be used in order to idertify/problem.

il. Literature research — Part I: It is needed to mevibe state-of-the-art concerning the
identified problem or to analyse possible obstaates difficulties for its solution.

iii. Expertinterviews: It is used to identify relevamid addressed problems.

iv. Pre-evaluation relevance: Based on the problemtifaesh from the literature research or
expert interviews the pre-evaluation relevance eéinéd. The step involves creating a
general research hypothesis in the form of a ytilieory, postulating a link between the

solution space and the problem space.
This phase offers a solid and important foundatowrihe further research process.

Second Phase: Solution design

The second phase consists of two steps which are:

i. Design artefact: During this stage, the problem lsarrestated. The existing solutions and
state-of-the-art have to be taken into account.

ii. Literature research — Part Il: This is a more degitidy on the existing solutions and their
state-of-the-art. It is important to keep trackoofyoing current activities to be able to react

on changes in research findings.
Third Phase: Evaluation
The steps involved in this stage are:

i. Refine hypothesis: Should be refine by “smallerpbghesis with a more constricted but
more precise scope.

il. Case study/action research: It shows applicabiityractice.

6



Chapter 1 Introduction

iii. Expert survey: By showing general interest.

iv. Laboratory experiments or simulations: Which isdusecompare different approaches.

Steps (ii), (ii) and (iv) are the alternativesaainducting the evaluation based on types of output

or expected outcome of the research process.

At the end of the research process, results arensuired and published. As the nature of action
research, the iteration process (for e.g. backdesign artefact” or “identify problem”) are

relevant.

The different stages in each phases have not h#kwéd strictly through this work, since
several different problem areas have been invdstigand several different artefacts have been

developed. The steps involved in this research are:

i. ldentify problem and Literature research — ParFirst Phase
In this phase first the existing service discov&gtems are studied and evaluated. Based on
the limitations identified, some research questimithe research are defined.

ii. Design artefact and Literature research — Part$lecond Phase
In the second phase, the requirements of futurelensbrvices are proposed which is based
on the findings from the initial stage (Problemntigication phase). An in depth study on the
existing service discovery systems and their stbtbe-art as well as current research
activities involved are also conducted in orderb® able to react on changes in research
findings. The outputs of this phase are concept@lels of future service discovery system
and descriptions of requirements for future mobdevices.

iii. Case study and Laboratory experiments — Third Phase
In this phase, the future service discovery systeimplemented based on the conceptual
model of the design artefact (Solution design ph&eme case studies are given to show the
applicability in practice and the laboratory expegnts are conducted for testing and

evaluation purpose.
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1.4 Organisation of Thesis

This report is organized as follows:

Chapter 1 begins with an introduction of service discoverghteology and its limitation in
modern heterogeneous networks. It also brieflyoshiced the reasons for proposing this
research.

Chapter 2 explains existing well known service discovery poatls briefly and web services
particularly in detail.

Chapter 3 presents requirement for the future service disgoygotocol and evaluation of
current service discovery architectures based guirements proposed.

Chapter 4 proposes the design of future mobile service dispparchitecture by specifying use
cases for different scenarios that are deriveddercto fulfil the requirements.

Chapter 5 provides all the details that have been coveredrder to implement the proposed
Architecture.

Chapter 6 presents Testing of the implemented solution whitater on followed by the
evaluation.

Chapter 7 concludes this report.
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Chapter 2

2 Background

“You see, wire telegraph is a kind of a very, véopg cat. You pull his tail in New
York and his head is meowing in Los Angeles. Do yaderstand this? And radio
operates exactly the same way: you send signaks tieey receive them there. The only

difference is that there is no cat”

Albert Einstein, when asked to describe radio.

As the title of the project suggests, the contidwutof this research is to specify service
discovery for future mobile services. This chaptell present existing well known service
discovery protocols. In order to have a basic utdeding of existing well known service
discovery architectures we will explain each protan detail. Web services will be discussed
in detail in second section of this chapter asilt e further used for implementation in this

project whereas the architectures that will beusised briefly includes

1) Universal Plug and Play
2) Jini

3) Service Location Protocol
4) Salutation
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2.1 Existing Service Discovery Architectures

This section will present existing well known servidiscovery protocols. In order to have a
basic understanding of existing well known sendeeovery architectures we will explain each
protocol briefly. As the future implementation diet proposed architectures will be relevant to
web services architecture therefore it will be d&sed in complete details. The protocols that

will be discussed briefly are as follows

2.1.1 Universal Plug and Play

Universal Plug and Play (UPnP) are a set of netingrigrotocols which are designed to support
zero-configuration (7), "invisible" networking, armditomatic discovery for a breadth of device
categories from a wide range of vendors. The URunRitacture allows peer to peer networking
of computers, networking in home appliances, anceless devices. It is a distributed, open
architecture protocol based on established stasdsudh as TCP/IP, UDP, HTTP, XML, and
SOAP.

When a new UPnP device is connected within a néviar the first time it will search for
DHCP server by using its Dynamic Host Configurati®rotocol (DHCP) (8) client which is
already embedded in it. If the DHCP server is ad the device will use the IP address that
was assigned to it. If there is no DHCP Serverlalste the device will use Auto IP to choose an
address from a set of reserved private addressks Aetwork. The device can then move easily
between managed and unmanaged networks. Aftedtiressing phase the discovery phase will
take place and that will be handled by Simple Serfdiscovery Protocol (SSDP) (9).

Universal Plug and Play (UPnP) is a widely accepdthdard for automatically detecting

devices and services in a Local Area Network (LANhwever UPnP does not provide any
mechanisms for authentication. The protocol stakg used in UPnP includes IP as its lowest
layer which is a very big constraint as it is liedtto HTTP over UDP over IP. UPnP does not
support the naming of devices as in DNS servet asMays allocate IP address. IP multicast

does not scale very well on big networks.

10
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2.1.2 JINL

Jini pronounced “Genie”, is introduced by Sun systein 1999. The basic idea behind the

invention of this technology has been to provide tlexibility in the network (10). Different

resources can be shared and used across the netsotkey are available locally. JINI

architecture consists of major three componentdlids Client, a Service Locator, and JINI

services (11). Discovery in JINI is very simple amhsists of the following six steps:

» Discover: The device is plugged in and discovery occurs wherService Provider looks for
a Lookup Service (LUS) to register with Lookup byilticast. The Client uses unicast if

know the lookup service otherwise it uses multicast

Join: Once the LUS is found, it returns a service regisbject to the service, which is used

to register the service in the lookup.

» Discover: When a Client wants to use a specific serviceatrches for the service by either

unicasting discovery if the LUS location is knownby multicasting discovery.

» Lookup: When Client reaches to LUS it gets the servicéstegobject, which Client uses to
lookup particular service by LUS catalog and seesclbased on the type, name or

description of service.

* Receive: LUS will return java proxy which contains the sifieation on how to connect
directly to the service. If the service object astssof two programs, one proxy on the client
and another controlling program on hardware devibe, communication between them

might use Remote Method Invocation (RMI).
* Use: Now the Network Client interacts directly withethetwork service via service proxy.

JINI is efficient as it is easier to add or rem®esvices, relocation of services, fast discovery,
and the services are available immediately anddautomatically. It requires Java which needs
48 KB of memory. For future network there is naus®f memory. Jini has so many advantages
but it is not scalable for future mobile where n@rsbhof nodes are too high. Jini application can

be written in any language but it has to be wrappitid Java which requires JVM to be present.

11



Chapter 2 Background

2.1.3 Service Location Protocol (SLP)

Service Location Protocol was introduced by IETF1BO7 and was later updated with SLP

version 2 (12). SLP provides a scalable framewarsk providing hosts with access to
information about the existence, location and gpmation of networked services (12) . An SLP
agent is a software entity that processes SLP pobtoessages and acts in three different roles
which can be listed down as User Agent (UA), SernAgent (SA) and Directory Agent (DA).
The SLP User Agent is responsible for looking aartthe location of services; Service Agent
advertises the location of service whereas theciirg Agent can be considered as a caching
entity. It is an optional entity that is used tayide scalability and also acts as a centralized
repository for service location information.

SLP eliminates need of prior information to accassl use a service. The user supplies the
required type of service and its attributes desugilthe service whereas SLP retrieves the
service for the user. SLP provide the dynamic cumfition for services in Local Area Network
where dynamic changes occur rapidly. The devicesSk$ to announce services on Local Area
Network. A service must have a URL for locating #evice. In addition it can have a number

of different key-values pair called attributes.

SLP is a simple protocol for advertisement of sasiin Intranet. The entities and operation of
SLP is really simple. It has a really secure asthitre. However it is not scalable over the
Internet. There is no mechanism to deal with fgiag attacks. If Directory Agent fails due to

any reason the whole network and service are ngeloavailable to communicate with each

other.

2.1.4 Salutation

Salutation is a service discovery architecture tizet been developed by Salutation Consortium
(13). The goal of Salutation is to solve the sendiscovery problem and making it possible with
wide range of appliances and equipment within anrenment that has widespread connectivity
and mobility. As the devices are of various kindhwdifferent functionalities, these devices are
required to be processor, operating system and eoneation protocol independent. The
Salutation architecture enables it applicationsyises and devices to describe and advertise
their capabilities to other applications, servieesl devices. Application, services and devices

12
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can also search other applications, services acelevor a particular capability, and to request

and establish interoperable sessions with them (14)

Major Components of Salutation can be listed dowen @alutation Manager (SLM) and
Transport Manager (TM). The core of the architextigrthe Salutation Manager. It contains a
Registry where it keeps the record of the servaaslable. A Client can register or unregister
itself from the nearest Salutation Manager avadlaibhe Salutation Manager discovers the other
Salutation Managers by matching types and attribatespecified by local Salutation Manager.
The Salutation Managers communicate amongst on¢hemdy using Salutation Manager
Protocol. As all the services are registered wihikirtlocal Salutation Manager so in order to
know about them, a unique feature capability exgbda needed. After discovering the required
services the Client can then request the Salutdfianager to keep the track of availability of
service by checking periodically. The Transport siger is responsible for providing reliable

communication channels, regardless of what thenyidg network transports are.

Salutation provides us with certain advantagesut8tbn is independent on the network
technology and may run over multiple infrastructyrguch as over TCP/IP and IrDA (15). It is
not limited to HTTP over UDP over IP. There are specified programming languages to be

followed for Salutation unlike Jini which has Jasits pre requisite.

2.2. Web Services

Web services introduce a new trend of reusing egptin modules; they are self-contained and

self describing application components which caruged as a part of other applications (16) .
An XML Web service can be used internally by a Ergpplication or exposed externally over
the Internet for use by any number of applicatiansessible through a standard interface, an
XML Web service allows heterogeneous systems tokwoigether as a single web of

computation.

A web service is platform independent as it usesXNIL language and HTTP that can be used
with any device. The HTTP protocol is mostly commianthe current devices for example

(Palmtop, Pocket PC, 3G cell phones). The featumerhakes web services so special is the fact

13
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that HTTP is using port 80, which is open, at mbstwalls (17). Web services allow

heterogeneous systems to work together as a simjieof computations.

DETAILED WEEB SERVICES PROCESS

(1) searech

LDDl

Jaus]
| o

~ (4 2 Web
— Service|

S0OAPFXNML

Figure 2-1 Web Service Architecture

The Web service elements
As shown in Figure 2-1, the web service concepiised on the three elements. We will discuss

in details each of the elements. The details aaeudsed as under

2.2.1. Simple Object Access Protocol
Simple Object Access Protocol (SOAP) is basicalipamunication protocol that is being used

to access a Web service. SOAP basically allowsogram that is running in one kind of
operating system (such as Windows XP) to commuaiadgth same or another kind of operating
system (such as Linux) by using the HTTP and XML the mechanisms to exchange
information in a decentralized distributed envir@amn(18). SOAP also specifies how the called
program can return a response. SOAP as other pietdtave certain advantages and

disadvantages which are discuss as under

Advantages:

« SOAP is simple, extensible and platform independent

« SOAP is language independent.

14
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Unlike previous remote execution technologies S@%Er HTTP provide extensibility
and flexibility making it as platform independemidafirewall-friendly.

SOAP allows use of different transport protocol$.TIR is the standard transport protocol
used in the stack, but different protocols for eglaRSS, SMTP etc are also usable.

Disadvantages:

Soap has various disadvantages which its compdtighlights and are discussed below as

under

* SOAP can be slower than the competing middlewareni@ogies because of the XML

architecture.

» The interacting parties role are fixed as only pagy (the client) can call the service of

the others when HTTP is used as the transporogoband WS addressing or ESB are

not in use.

SOAP Elements:

A SOAP message is an ordinary XML document and isth®f certain elements which are
defined as follows.

Envelope: It is a mandatory part of a SOAP message. It ipsdhe start and end point
of the message.
Header: It is an optional part of a SOAP message. It @mstany additional attributes

of the message which can be used in processirgeohessage.

Body: It is the mandatory part of a SOAP message.rtains the XML data regarding
the message which is being sent.

Fault: It is an optional part of the message. It contamfigrmation about the errors that

might occur while processing the message.

A SOAP message containing a SOAP header blockaaSDAP body is written down to

illustrate the elements (19)

<env:Envelopexmins:env="http://www.w3.0rg/2003/@&p-envelope">
<env:Header>

<n:alertcontrolxmins:n="http://example.org/alerttaf'>
<n:priority>1</n:priority>
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<n:expires>2001-06-22T14:00:00-05:00</n:expires>
</n:alertcontrol>

</env:Header>

<env:Body>

<m:alert xmlns:m="http://example.org/alert">
<m:msg>Pick up Mary at school at 2pm</m:msg>
</m:alert>

</env:Body>

</env:Envelope>

Conclusion:

SOAP is a lightweight protocol that can replace enaomplicated, distributed object

technologies for many applications. However, SOARs of Web servers to tunnel through
firewalls may limit its usefulness because it ptitdly opens corporations to external access.
SOAP may increasingly find itself in the sights sefcurity personnel as it will become more
ubiquitous.

2.2.2. Web Service Description Lanquage

WSDL stands for Web Services Description Languagkia a standard format for describing a
web service. It is an XML based protocol that isdifor exchanging information in a distributed
environment. It is the language that UDDI uses. WSiIas developed jointly by Microsoft and
IBM. WSDL is pronounced as 'wiz-dull' and spelled as '"W-S-D-L'. W3C defines the standard
as "an XML format for describing network servicesaaset of endpoints operating on messages
containing either document-oriented or procedurenbed information. WSDL is extensible to
allow description of endpoints and their messagagandless of what message formats or

network protocols are used to communicate." (20).

WSDL is often used in combination with SOAP and Xlgithema to provide web services over

the Internet. A client program connecting to a welvice can read the WSDL to determine what
functions are available on the server. Any spedadé types used are embedded in the WSDL
file in the form of XML Schema (21). The client ctren use SOAP to actually call one of the

functions listed in the WSDL.
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Elements of WSDL:

Web Services can be broken down into three speei@ments by WSDL which can be reused
once defined or can be combined. A WSDL documentiave various elements, but they are
contained within these three main elements. Thhseetmajor elements of WSDL can be
defined separately as

« Types
« Operations
« Binding

The main structure of a WSDL document looks liks (22)

<definitions>

<types>

definition of types........
</types>

<message>

definition of a message....
</message>

<portType>

<operation>

definition of a operation.......
</operation>

</portType>

<binding>

definition of a binding....
</binding>

<service>

definition of a service....
</service>

</definitions>
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Sub Elements of WSD[23):

- Definition: It is always the root element of a WSDL documdinspecifies the name of
the web service and declares multiple namespa@ssingemaining of the document. It
is also the container for the remaining of the merelements specifies in the document.

- Data types: The data types are declared for later use imbesages.

« Message:A message is an abstract definition of the da¢agmted in the entire document
or as an argument that can be later returned esudt of message invocation.

« Operation: Operation is an abstract definition for a messageh as naming a method,
or business process, that will accept and protessiessage

- Port type: It is a set of operations that is mapped to oneare end points, defining the
collection of operations for a binding.

« Binding: Protocol and data formats for the operations andssages which are
specifically defined for a particular port type.

« Port: The target address for the service communicatdmch is a combination of
network address and the binding.

« Service:Services map the binding to the port and includeextensibility definitions.

2.2.3. UDDI

The universal description, discovery and integrajoDDI) defines a method to publish and
discover information about web services (24). Totaot a business for ordering something, it is
required to find information about that businedseet address, telephone number, website, or
web service address. It can obtain the informatimectly from a business representative,
perhaps in the form of business card, handwrittee,ror e-mail. It can also look up a business
name in a telephone directory and obtain the addaesl telephone number. Similarly, the
information necessary for a program running on mpaer to talk to a program running on
another computer over the web must be publishethoAgh UDDI is like a white pages or
yellow pages for web services, it also enables Idpees to interact with UDDI at both design
time and runtime. In short, UDDI resources can basaered part of the web services
architecture and infrastructure (25). The “web m&rvprovides a business specific functionality
through internet connection, for the purpose o¥log a way for another company or software

program to use the service.
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UDDI Service Cloud

UDDI / -
Publish

Figure 2-2 UDDI Service Cloud

Figure 2-2 shows a UDDI service cloud, which caissid several collaborating UDDI registries.
Web services are playing an important role in @rihisted business environment. For example,
company “X” providing a service for the paymentotlgh the internet, any business client can

use the service of “x” for the secure transaction.

In the beginning, it seems to be very simple to aganthe process of web service discovery. But
the reality is different, because there are a nunobalifferent organizations each providing

different services, this leads difficulty in thesdovery of a service.

The UDDI is implemented in a common XML format tgoa the interoperability issues;
because many companies started to define waydow #teir internal applications to interact
with the business systems at other companies uki@gemerging web infrastructure. Each
company invents a unique approach based on exper@gsigners, available technologies and
project budgets. The XML solve the integration peob between different companies and

provide a single registry for all the services.)(26

The UDDI has two main parts: registration and digcg. The registration part means that
businesses can post information to UDDI that othesinesses can search for and discover,
which is the other part. Businesses and individurdkract with UDDI by using SOAP API’s or
one of the user interfaces provided by the opesator other web services vendors. UDDI
operators post WSDL descriptions of their web smwifor registration and discovery. UDDI
provides separate WSDL file for registration andcdvery services, using its own XML

document format.
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« A UDDI registration consists further into threengmonents:

- White pages - contain address, contact details,kanevn identifiers for Web services
providers.

+ Yellow pages - have industrial categorization of BVgervices based on standard
taxonomies.

- Green pages - contain technical information abentises.

Conclusion

Web service is a great concept which allows thesttantion of applications using components
distributed across heterogeneous networks and dembBiowever, the Web service discovery
based on UDDI is falling because of inconsistendietveen the information stored by the
UDDI registries and the Web services really avéddain the Web The readers can refer to (27)
for discussing shortcomings of UDDI and the praperbf an ideal. Discovery of a Web service

is critical for privacy issue which is a securitpncern for the use of Web services (28).
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Chapter 3

3 Requirements of Future Mobile Services

“Why can‘t computers in real life work like theyp @n Star Trek? (. . . ) They don‘t
have to do all that careful handwork involving aabland IP addresses and logins
and passwords on Star Trek—it all just works. Igust special effects, or are we

missing something?”

Paul Vixie

In future mobile environment, mobile devices wik lable to perform handover between
access networks to improve connectivity. To ens@mice continuity, services in the new
network must be discovered rapidly. However, dueht® plurality and diversity of the

services introduced by different players at différeémes and places it is quite challenging to
identify services rapidly and new service discoveggtem is required. As the previous
section contain an overview of different servicecdvery methods, this part is focusing on
the requirements of future services, which are usededuce the future service discovery
requirement. Both requirements will be defined aexblained thoroughly for clear

understanding.

The chapter is divided in two sections as follows
3.1) Requirement for future mobile services

3.2) Evaluation of existing service discovery arettures based on requirement for future
mobile services
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3.1. Requirement for Future Mobile Services

3.1.1. A service in the future can be anything

= Future service discovery must be capable of hagdiifferent services with same
names without confusion.

The future service can be anything and can be ghddai by anyone, this leads to a
number of challenges. The consequence is the isituahere the same name or word
can have several meanings and denotes differevicesr Ambiguity and confusion
are hence introduced which can result to diffenet@rpretation (29). For example if a
user search for “Book” this may lead to an ambigbgtween the Literature book and
ticket booking. Figure 3-1 shows the problem wheser searching for the “Book”
might get erroneous result. Therefore, the futereise discovery must be capable of
handling different services with same name withemrtfusion.

Search  Packages

{# Flight ) Flight + Hotal

() Hotel (") Flight + Car Nﬂ FL!GHT
Ocar (0 Mot Gor BOOKING FEES
() Activities (") Flight + Hotel + Car # Learn mom

() Cruisna

ﬁm&m.nw_ ToCkynemeoramod

mirieary'y

[Anyime =i

Figure 3-1 Ambiguity in words

3.1.2. A service can be introduced by anybody at any time

Future service discovery,
= must be capable of having services with multiple@sin multiple languages.
= must allow the introduction of any service anytimpeanybody
The future service discovery must allow introducamy service any time by anybody,
the result of this flexibility may raise the follimg consequences.
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Not all services can be standardized as in cugenice discovery systems where
a service is well specified and has a uniquelyragefiname.
Another consequence is that the same service cagivba different names by
different service providers
Since there is no regulation about a service defimia service may be close to
another one but not 100% similar. There are twesas follows:

0 A service A contains similar elements with serviBebut have also

different elements as shown in Figure 3-2 a). Ttersection of A and B

is not empty and different from both A and B.

ANB+@+A+B
ANB =A

a) b)

Figure 3-2 Relations between services

0 A service A is a subset of service B since all ékements of A are also
elements of B.

The service may have several names in differemuiages but all of them refer to
the same thing. The goal is to work globally withany language ambiguity. One
of the users from China should be able to useacsethat is provided in English
and the same should be the case for an Englishrhanmant to use a Chinese or
a Japanese service without having language as @dlehufhe future service
therefore should lay special emphasize on the ggeompatibility.
A service name may have several names in difféamiguages as shown in Figure

3-3.
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Chinese
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English
Norwegian ST w”—“?"’_“\-\h\
urdu——— |
Malai ( enguags Compatipility Same Experience for
of service 4 AllUsers
Spanish =
French
Duteh

Figure 3-3 Language semantics

3.1.3. In a mobile environment, services must be discovalevery fast:

= Requirement for future service discovery, it mestvéry efficient.

The future service discovery must be very efficidgfficient is a relative word for

future service discovery. Efficient means to bé faswo ways.

* In future the user equipment can perform handofiveen networks while using
any service such as telephony, online shoppingkibgretc. The goal of future
service discovery is to be fast enough to disctiverservice before the handover
(30). This can be more illustrated from the follagriexample. A user “A” using
internet banking service from (GPRS) GSM netwotle tlevice of user A is
capable to connect with WLAN as well. When usemfee in his office its device
found a network with higher bandwidth and conneith WLAN while using the
internet banking the device discover the serviceVMbAN and handover to

WLAN while continuing the internet banking serviae shown in Figure 3-4.
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Figure 3-4 Fast discovery of service during handoff

3.1.4. ltis crucial not to misunderstand or confuse onee&yvice with another one

= The service discovery must be error-free

It is crucial not to misunderstand about a senocelo confuse one service with
another one. The service discovery must be simpudeuaique in order to error free.
The service discovery is based on the name of ¢hdce, whenever a user uses a
service it checks the available services and ha&l@m about the service from its
name. Sometimes the service function can be misstodel because of the short
service names. The structure for the service has mple and unique. The end user
should be able to easily use the service withoyt ambiguity that can create the
confusion for him regarding the service type (3l)e service names should be long
enough to define a service properly. For examplenton_Victoria_train_schedule”
instead of “Train_schedule” only the first make #emse to understand what a service
will provide. So if the user does not provide coetel information such as
“Train_schedule” which is not sufficient to locage specific service, the service
discovery should request to add more detail in otdediscover the service without

any error.
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3.1.5.

3.1.6.

3.1.7.

3.1.8.

All the services available in an area must be diswered

= The service discovery must be sound

The future service discovery must be sound in otdediscover all the available
services. When the user find a service the serdiseovery should return a valid
answer instead of terminating the service discowvétli a message “Not Found”. If
the service discovery does not find any appropritataust request the user to add
more key words in order to discover the service.atbieve this, the future service

discovery must be sound.

It is also essential to verify that a service is tdring what it announces

= It must be possible to extend the service discowéhyverification functions.

Before using any service it is very important tovdna little knowledge about the
service or description which describes the senAsein web service UDDI contains
the description. In UPnP, after the discovery o$eamvice the step 2 description
describe the service. Same with Jini Lookup SeryidgS) have knowledge of the
service but this description cannot directly seetly user they are more at the
protocol level and user is unable to see the detsani Therefore the future service

discovery must verify the service to ensure whatise is providing.

Itis also essential to be able to conclude thatservice is trustful

= It must be possible to extend the service discowetly security functions to
validate a service

It is also essential to make sure that a servideustful. A service has to registered

with a central database, server or repository. €higty is responsible to ensure that a

service is trustful. So whenever a user will beeasing the service, he will trust a

service because of the entity verifying it. It vidk based on mutual trust.

The user must be able to move everywhere in the wdr

= The future service discovery must be ubiquitoustylacation aware.

For each user there is usually a set of servicasht#/she is using frequently such as
for example weather, taxi, hotel, bus, cinema, ldtavever, quite often these services
are changing according to the location of the uSer.example, when the user is in
Paris he/she will initiate the service taxi andthins context he/she means “taxi in

Paris” and not “taxi in Trondheim”. When the usarives to Paris and switch on
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3.1.9.

his/her mobile phone and the service discovery tlito find the services weather,
taxi, hotel, buss, cinema in Paris. If they exlstlae information will be queried and

all the necessary preparations will be made. Wheruser wants to request for a taxi
then he/she will get the Paris taxi.

There are many services and service discovery sysig it is important to ensure

interoperability

= Service Discovery must be capable of discoverimgeau existing services.

The service discovery for future network would haeaumber of different features

such as fast, secure, reliable and with many atpecialities, but the future service
discovery should be capable to discover the exjstiervices already deployed and
available for use. This is a challenge for the faitservice discovery mechanism to be
interoperable with respect to the service discoyeryoth the future services as well

as the existing services. For example, if an engstiervice was launched to use for
finding a location in a city, then this service shibbe discovered by the future

service discovery. As shown in Figure 3-5 the fatservice discovery can discover
both the existing as well as the future services.

Future services

Existing Services

Usercan discoverall

% the services

User

Figure 3-5 Service interoperability

= The service discovery must be capable of operatittgexisting service discovery
systems.
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The future service should be interoperable withaheent services. One of the main
concerns for the future services is that the usergfammers have to design the
future services from scratch but the future ses/iteist be able to communicate with
the current service discovery systems in ordemteract with the current services.
This includes all the current service mechanisnth sas Web services, Salutation,

Jini, and UPnP to communicate and interoperable fuiure service discovery.

Web Service
Jini
Salutation Future Services
UPnP
DLNA

Figure 3-6 Service discovery interoperability
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3.2. Evaluation of existing Service Discovery Architaes

This part will focus on the evaluation of currenglikknown service discovery architectures.
We will now evaluate current existing service digexy architectures using the requirements
previously identified in part 1 of this chapter.bla 3-1 evaluates the existing service
discovery systems by sequence mentioned below

1. Universal Plug and Play

2. Jini

3. Service Location Protocol
4. Salutation

5. Web services
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3.2.1) Summarizing the evaluation

Table 3-1 Summarizing evaluation of existing asttiires

Capable off No Partially No 3.2.1 No No
handling fulfilling if it is
different 128 bit handled
services with service id ig manually
same names remembered
without
confusion
Capable off No Yes by| Partially No No
services with attributes of| supporting
multiple a service
names in
multiple
languages
Allow the | No. Partially Partially No No
introduction of With Supporting | Salutation uDDI is
any  service registering | for local | manager authority for
anytime by with LUS domain but responsible | publish a
anybody not globally | for service
registration
Efficient Partially Partially Partially NO No
fulfilled If  unicast| Fast when
With cache| address s directory
its fast but| known agent is not
when used
primary
proxy fail
it's not
efficient
Error-free Yes Yes Yes Yes Yes
By Leasing uDDI
contains the
description
Sound Partially No No Partially Partially
fulfilled With
salutation
manager
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Possible tg Partial No Yes No No
extend service fulfilled
discovery with
verification
functions
Possible tg No No Yes Yes Partially
extend the Internal But Identification| SSL  only
service mechanism vulnerable | and provide 1-1
discovery with to replay| Password Not for
security attack scheme multiple
functions  to entities
validate a
service
Capable off No No Partially if| No No
functioning operating
ubiquitously with DA

and Scopes
Capable ofl Partially Yes Partially No Partially
operating with| With JINI With UPnP,| With JINI With JINI
existing Web
service Service and
discovery SLP
system
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Chapter 4

4 Design

“To write good software you must simultaneouslgkéno opposing ideas in your
head. You have to be able to think how hard cdre® With one half of your brain

while thinking it will never work with the other”

Paul Graham

There are few important steps involved in servisealery which are to be kept in mind

when proposing a new model. The steps are as fsllow

» Service registration:
o What type of information should be supplied to tBervice Broker to make it

sufficient enough to do registration?

» Service discovery:
o On the way how the discovery is organized. It ist®le system consisting of many

servers, databases and functionality to discoveséhnvices.

o There are few challenges such as:
= The service nhame — since the service can be fropthiag and it can be

introduced by anybody at any time, the open andifle future service discovery
might result to different types of service namesrbéntroduced and it is not
standardized. This will result as a challenge for service broker on how the
service matching will be performed.

» Service matching:
o0 Where would the service matching functionality heldould it be in the Client side or

at the Network side?
» If the service matching is done in the Client sideis needed to consider the
Client’s terminal ability as it will require moreowerful processor

= If the service matching is done at the Network sideould take longer time

From discussion above two major features are ifiediti
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» Service Discovery — where the Client sends a messathe Service Broker asking what
are the services available
o Ifitis a powerful Client, it can do the matchihy itself
» Service Lookup/Service Request — where the Clisking for the specific service
o In this feature, both the service discovery andiisermatching are done by the

Service Broker and it could take longer time.

There are number of systems which use syntactichimag for locating the contents such as
“Gnutella” (32) and direct locating based on Distied Hash Table Chord (33), they are
widely used for file sharing, in the case of segsidt could be used for discovery of services.
The chord has been proved to be efficient. But rafrtbe methods support semantic lookup.
The proposed system will be a combination of sytitand semantic desigio have a more

clear picture of the system design and considehaghallenges discussed above we will use

the unified modelling language (UML) (34) use cdsgrams.

Four cases are specifically identified to repregbethigh level requirements of the future
mobile services. A Service provider can registeemice whereas a client can discover a list
of available services, request a specific servied then select a service. The cases are

illustrated in Figure 4-1 and are discusses inide¢dow

-
Register a Service

Service Provider

Discover
Services
Request a
Service
Select a Service

Client

Figure 4-1 case diagram of Future service discovstem
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4.1. Service Reqistration:

In traditional old systems the services that ass@nt in the system are having a standardized
name which is specifically assigned to it e.g tetapy with a dedicated service number
which uniquely identifies it. Hence a direct syntaatching is done but as we know that in
future the mobile will be capable of connectingheterogeneous network and therefore
different services will exist which will be entisenew to the client . So in order to be
discovered the services will have to advertis@lite Service Provider will have to provide
certain details while introducing a new service ebhiwill make it easier for the user to

identify the desired services.

Service name:

Service name is the first item of information thas to be provided by the Service provider
while introducing a service. As specified in thquigements previously there is no restriction
as anyone can introduce any service at any tineeg tis no specific naming convention to be
followed which has been the case previously foistaxy service discovery architectures.
Moreover the service name can be introduced inipteltanguages which cannot be done

earlier in other existing service discovery arattiiees.

Service type
Service type is one of the necessary informatiauired while registering a service. It is

important in order to identify a service functiobgle.g a service name of Micheal Jackson

will have a service type as Music. In existing ssgwdiscovery system the service type are

already standardized and no new service type canntoeduced, hence negating our

requirements 1 and 2 which state that a servicebeantroduced by anyone . Moreover our

system type allows anyone to introduce service tgpd in any language. There can be

different cases while introducing a new serviceetwhich are discussed as follows

* Brand-new service type:without relation with any existing service type:s@rvice

type description in XML (eXtensibleMarkup Languag®ntaining the service type
Name, Keywords, ParentType, StateVariables, etshawsn in Figure 4-2 below. In
addition an URI (Uniform Resource Identifier) hasbie assigned to this service type
description. This service type description will bged later in the service matching.
Since the service type is a brand-new type thatneaslerived by any existing service

type ParentType and ParentType has to be set.tdhel service type does not have
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any alias since there exists no equivalent setye. The EquivalentClass is then left

empty.

» Equivalent service type The service type has a different name and magno¢her

implementation but is equivalent to an existing/mer type. The service provider has

to add the name of the existing service type asd all the known service type in

different languages.

* Subtype of an existing service type The service type has all the functions and

features of an existing service type but has atkhitianal ones. The parent type is

hence indicated.

Service type description template
A service type description has the following items:

Name:The name can be in any language and less thana6datérs.
Keywords:Some words that can be used in the first rouncbuleny
ParentTypeThe name of service type ththe current type is derived from.
ParentTypeURIThe URI of the parent type
EquivalenceClas&All alias in any language are given here
StateVariables. Thestate variablesletermine the states of the services. They are
left empty in the service type description
Actions Actions are the methods that can be called @ntdior other services
o Each action hasmameand a set gbarameters
= Each parameter hagype allowable valuegfor enumerated
types), andlirection (in or out)
Events: Enable clients to subscribe to the occurrenceprticular event

Figure 4-2 Service type description template

After defining the require fields we will take aoloat the execution of the events by drawing

a sequence diagram for registration of servicepagified in Figure 4-3. The steps are as

follows

1) Service provider will request the service broke register a service by providing

necessary information i-e Service name, ServiceeTikpywords etc.

2) The service broker in order to register a senhas to make sure that the service type

already exist or is it a brand new service typét sall pass the service type information to

service matcher.

3) The service matcher will check whether the sentype already exists or do we need to

add a new service type. If the service type alreadgts it will just pass the information to
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service broker after the successful lookup. If #'®ew service type, it will be added in our
system and then the information will be passed twéne service broker respectively.

4) Once the service type exists, the service brakiésend the necessary information to the
service info base (repository) in order to regisiverservice. The service name will be used to
check if any service with the same name and samempgype cannot be added twice whereas
a service with same name and completely differenttionality can be added with different
parent type.

5) The service info base will update the servigaker that the service has been successfully
registered.

6) The service broker will update the service pdevithat the service has been successfully

added and is now ready to be used.

Service Broker Service Matcher Service Infobase
(WS-App) (OWL) (Repository)

Service Provider Client

1. Regis#er Service /1
(ServiceName, ServigeType, Keywords etc) i
| I

i

i

2. Look Up Existing <!
Service Type

I

8. Check for existing
Iservic®type or new
i service type

Il

4. Update Ser}‘/ice InfoBase

Succeg‘;s_f_ui ________________ ]

Figure 4-3 Sequence diagram for “Registration ofvEz"
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The collobaration diagram for registration of avés¥ can be found in figure 4-4 illustrated

below

Service Matcher

2. Look Up Existing

Service Type

3. Check for
or new service type

isting/service type

1. Register Sery
(ServiceName, Serv
Keywords etq

Client

Service Broker

4. Update Service

4

A

ice
ceType,

)

InfoBase
5. Service Infobase

Updated

6. Servic%: Registration
S ué‘ccessful

vV

Service
Provider

"| Service InfoBase

(Repository)

Figure 4-4 Collaboration Diagram for Registratioi Service

4.2 .Discovery of Service:

After the services are registered the most imporpant for the client is to discover the

services. This can be achieved by advertising ¢énéces. There can be two possible ways of
doing it either by broadcasting or the user carienat all services by requesting the service
broker. As the web service architecture is beed useur application and it is not capable of

broadcasting periodically until it is being invokeg any process or a client. The services can
therefore be discovered by the client by simplydasy a request to the service broker. The

process is explained in collaboration and sequelgram below and the respective steps

are defined accordingly.
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Service Provider Client Se(r\v}\i]cseABrol;er Service Matcher Service Infobase
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Figure 4-5 Sequence Diagram for “Discovering seeat

The event execution is as follows

1) Client request list of available services for sfie@ervice types i-e communication,
Music etc.

2) The service broker on receiving the request perfoemlook up for the available
services in the repository. The services are sabkedg with their parent id which
makes it easier for the user to select the appatgpservice.

3) On getting the requested services from the repgsib@ service matcher will look for
any equivalent class defined for the service a$ itggbarent type to provide the client
which might be of interest to him.

4) Once retrieving the desired services and its etprveclasses the services will be
returned back to the service broker.

5) The service broker will return the list of availatdervices along with their equivalent
type that can be either logical or any service ndefaed in different language that is

providing the same functionality.
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The collaboration diagram for discovering a servgcghown below in Figure 4-6

Service Broker

2. Database Lookup

1. Request list of avgifable

. Returprlist of available
_~~ Services

’

Client

Service
Provider

.| Service InfoBase

(Repository)

N 3. Get Eq

4. Return Service \with Parent Type
and Equivalent Classes

ivalent for Service,
Rarent Type

A

N Service Matcher

Figure 4-6 Collaboration Diagram for “DiscoveringeBvices”

4.3.Select a Service

Once the list of available services are discoveaedient need to select the appropriate

service as per his requirement. This can be dontbdéyglient going through all services that

were retrieved and then making a decision manuailyhich service to invoke. However

this architecture provides the client with an optio select a service by specifying precisely
the service name and service type. It is knownemgice search or service lookup. This
greatly increases the efficiency of the systenhasietwork automatically search and find the
service for the client hence relieving him fromstlburden. However this approach holds a

major drawback as the client is unable to discovvly introduced services which may be

of interest to him. Service lookup events are erpldin sequence diagram below
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Service Broker Service Matcher Service Infobase

Service Provider Client
(WS-App) (OWL) (Repository)
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Figure 4-7 Sequence Diagram for “Service Request”

The events are executed as follows

1) Client request service A specifically with its sSeestype. The service type is send to
avoid confusion as different services can havestirae name so just to make sure
that right service is retrieved.

2) The service broker on receiving the request perdaartook up for the desired service
in the repository.

3) On retrieving the requested service from the reéposihe service matcher will look
for any equivalent class defined for the serviceval its parent type

4) Required service and its equivalent class if anly then be returned back to the
service broker.

5) The service broker will then return service A alavith their equivalent type if any to
the client.

The collaboration diagram for service type is shd&low in Figure 4-8
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.| Service InfoBase

Service Broker

2. Database Lookup (Repository)
1. Request servie€ A .
5. R/et’u/rn Service A N 3. Get Equivalent for Service,
i 4. Return Servi\ée\with Parent Type Rarent Type
and Equivalent Classes
Client
\\\ '
"N Service Matcher
Service
Provider

Figure 4-8 Collaboration Diagram for Service Type

4.4 .Find A Service:

Client can also find the desired services by saagchased on the appropriate keywords. The

service provider while registering a service, pdea keywords that highlight the main feature of
the service. These keywords can be used later ordaer to return the appropriate service to the
client e.qg if a client search for food, dining etichotel service defined with such keywords will
be returned. The sequence diagram for findingacers as follows
1) The client sends a request to service broker byigirg appropriate keywords in order
to find a service.
2) The service broker forwards the information to skevice info base for service lookup.
3) Service InfoBase lookup for the service by seamghagainst the service and the
keywords that were defined while registering itthg service provider.
4) Once the service is retrieved it might also bentérest for the client to have different
service that are equivalent to the service thedtiseved through the keyword search so a
lookup will be carried out accordingly for the ser/type equivalent or its parent type

equivalent.

41



Chapter 4 Design

5) Services retrieved are then sent to the servickebrso that they can be send back to the
client.

6) The client is presented with the service responsieases of his key word search.

Service Provider Client Service Broker Service Matcher Service Infobase
\ (WS-App) (OWL) (Repository)

T T

1.Find Service

|
|
|
|
|
|
|
|
2. Service Lookhp Based on the \1

i

| |

| |

| |

; ~

! (Keywords) !

| |

| .

| | Keywords |
| | |

} } 3.Perfor@rd lookup
| | |
| | )
| |

| |

i i service

| i ___ 3. Return matching

} } info

| |

| |

| 6.Service Response |

KEmmmmm e 1

|
|
|
| |
;/1. Lookup for Equivalent o‘f
| |
| |
| |
| |
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

Figure 4-9 Sequence Diagram for “Finding a Service”
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The collaboration Diagram for finding a servicgigsented below in Figure 4-10.
Service Brok 2. Service Lookup | Service InfoBase
ervice Broker Based on the Keywords™ | (Repository)
. w keyword
) . lookup
6‘Ser(//i;e Response \\\\ 4. LOOkU D fOl‘ Equivalent Of
A service
5. Return maching info
Client \\\
\\ '

Service
Provider

| Service Matcher

Figure 4-10 Collaboration Diagram for “Finding a 8ece”
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Chapter 5

5 Implementation

“The function of good software is to make the clexpappear to be simple.”

Grady Booch

This chapter describes implementation details & #ervice discovery for future mobile
environment. Brief overview of complete architeetr classes and database is presented in
order to make it simpler to understand that howslystem has been implemented. However the
four use cases that are specifically presente@sigd are presented on functional level as it is of
interest. For further implementation details rd@arclass and database overview which is part of

this report in Appendix A. Chapter 5 will be divdiento Following 4 sections listed below
5.1) System Overview

5.2) Class overview

5.3) Database Overview

5.4) Methods Descriptions

44



Chapter 5 Implementation

5.1.0verview of the system architecture

The major components of the architecture are:
5.1.1. Web Service Client

This component is an application running on theatenmobile terminal. The Client on behalf of
the user can ask/search for a service. It canadeehalf of the Service Provider introduce and
register a new service. The protocol used betweeiCtient and the actual XML Web Service is
SOAP (Simple Object Access Protocol) (35).

Service Discovery
ﬂjjf DL
s WL
\22

| H

=
S
I .
PR e
ASP MET

Wiebsile

I 1 Network Systems

Figure 5-1 Future service discovery system arclutex

Components of the service discovery system congisti:
1) ASP .Net(36)Website (XML Web Service This service acts as an interface
between the Client/Service Provider and the SysBarver. The IIS Internet
Information Services 5.01 (37) is customized ineortb publish the ASP.Net
pages on the Internet.
i)  Database— This component acts as a service repositorywsticres the services

registered by the service provider.
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iii) OWL (38)file — is used for semantic matching with the OWL Lite

(EquivalenceClass and ParentType).

5.1.2. Development Environment

The hardware as well as the software componentd fmethe system implementation are
described below:

1) Hardware
A computer with installed Windows XP is used aseaver. The server can process several
request from multiple clients at parallel. The @Gtiean request the server by using any platform
or browser to retrieve the desired services. Thee8eontains an original Intel Processor (2.60
GHZ) along with 2 GB of RAM in order to ensure fagieration of the system.

i) Software
5.1.1. Operating System

The operating system is selected by consideringpwsitechnical aspects which are discusses
below.

Server side

Since the application is developed using .Net teldgy, the .Net framework version 2.0 (39) is
installed on the server. Microsoft Windows basedrapng system is the minimum requirement
for this version of .Net framework. Therefore Misoft Windows XP (40) was installed on the
server.

Client:

The Client is independent of any architecture aadck can access the services by using any
industry standard Internet browser from any opegasiystem that has access to the Internet.
5.1.2. Programming languages

For the implementation of this project MicrosoftsWal Studio 2005 IDE for C# (41) was used.

The application was developed in C# whereas thesielwas developed using ASP.Net
technology.

C#:

C# was mainly used as an implementation languagause of its convenient programming
capabilities, the object oriented paradigm it sufpaype-safety and wide range of libraries

available as a part of .Net framework. Another og@a® use C# was the OwlDotNetApi that was
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mainly used to access OWL file in order to defiaegmt as well as equivalent classes for service
types. The detail of this APl can be found on (42).
ASP.Net:
ASP.Net is used for the XML web service and the @i interface for accessing the web
service. There were certain reasons for using ABRdNring implementation phase
1) For building XML web service because it makes exppsnd calling web
services very simple.
2) For Client website because of the flexibility otarface it provides and
support for the mobile devices. By building a wéban ASP.Net one has to
write the code once and the ASP.Net automaticadlyegates pages based

on the device they are called.

5.1.3. Support for ontologies:

As the semantic meaning in this project of seruiligcovery is being achieved by using
ontologies. OWL (Ontology) file was continuously nitored manually by using Protégé 4.0.2
(43) in order to check the updates. OWL Lite issdmoin the implementation of this project due
to its simplicity and the dynamic nature of thejpob even though it is known that it has some
limitations as to compare with the OWL DL and OWLIIF44). Since the services can be
introduced by anybody and there is no control meisma on introducing the services, therefore
it is required to avoid complexity in the systenages and for that only the EquivalenceClass and
the ParentType properties is used which can bengulcshed by the OWL Lite. More over the
owl has another important feature which is the bdia to support multiple languages (45)

which is very useful in context of our system

5.2. Class Overview

There are eight classes in total that have beetewror the implementation of the system. Each
of the classes was used accordingly to fulfill eliént functionalities. The class diagram is
shown in Figure 5-2 where the classes relationshgthere functions can be seen. Each method
and field functionality for each class is speciiganentioned in Appendix Al and can be
referred to for detail. A brief introduction to éaclass and its basic functionality is discussed

below.
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5.2.1. Base Class:

The Base class provides the functionality to cohmath the data base tables. In addition to
connectivity it provides the database functionshsas (Insert, update and retrieval). This class
has a number of overloaded methods to extend tiifunality. The Base class is inherited by

three different classes to reuse the code.

5.2.2. DALService

The Data Access layer service (DALService) claseiits the Base class and reuses its basic
functionality to connect with the database, insertand retrieval. Additionally it provides the
functionality to access the service table in théalbiase. This includes adding of equivalent

service id, finding of service, retrieval of aletservices on matching and insertion of service.

5.2.3. DALServiceType

The Data Access layer service type (DALServiceTygass inherits the Base class. In addition

to the base class functionality it also provideseas to the servicetype table in the database.
This class not only accesses the servicetype haltlg has to ensure the consistency between the

database table and the ontology.

5.2.4. DALKeyword
The Data Access layer keyword (DALKeyword) clasiseirts the Base class for reusability of

the code such as the basic connectivity with thabdese, insertion and retrieval. It provides
additional functionality to access the keywordhe tlatabase. Moreover it ensures not to use the
same keyword for two services. At the time of regiag a service it first checks whether the
same keyword is already stored in database foro#imgr service. If any value is matched then
instead of adding the keyword the keywordID is usedvoid the redundancy.
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Figure 5-2 Class Diagram
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5.2.5. Discover

The Discover class contains the overall logic obwervice, the methods of discover class are
directly exposed to the client to use them. The A8Ppage also consumes this web-service.
Discover class is performs most prominent functitiea by calling other class methods in the

same package, the discover class performs diffdesikis such as adding new service type,
finding service by name, keyword, serviceld and deyvice type. The discover class also

performs the process of service registration.

5.2.6. OwlHelper
OwlHelper class uses the OWLDOTNET API to perforiffiedent tasks in ontology. These tasks

contains searching of class from ontology on th&sbaf service type name, For every class in
ontology contains an URI, this URI uniquely identthe class but this URI is a long string

include the name of the class, OwlHelper is usedxtibact the name of class from the URIL.

Along this the OwlHelper returns all the equivalelasses from the ontology.

5.2.7. Service

service class is a representation of each individeavice which is being used to perform

different functions associated with service suchsessice registration, service retrieval and

service matching. Service class includes overloametstructor, properties (attributes such as
description of service, equivalent services, asdedi keyword, name of the service, address
URI) and different fields.

5.2.8. ServiceType
The servicetype class is a representation of eadividual servicetype which is being used to

perform different functions associated with seriyipe such as servicetype registration,

servicetype retrieval and servicetype matching. rviSetype class includes overloaded

constructor, properties: (attributes such as Allieglent classes in the ontology, Parent (service
type) of the servicetype, name of the servicetyp¢he ontology, associated keyword, unique
URI in the ontology and different field.
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5.3. Database Overview

Microsoft SQL server 2005 enterprise editfé6) was used as repository during implementation

of this project. The database was used to storéhallavailable service, service type, service

URI, keywords for each specific service as welegaivalent for each service or service type if
any exist. A brief overview of each table is disrt below whereas the relationships between
these tables can be seen in ERD diagram illustreitgure 5-3. For more detail on each table

sample data is illustrated for each table separateRppendix A.2 which can be referred to if

required.

ServiceKeyword Keyword
ﬂ Servicekeywordld ﬂ Keywardld
J Serviceld J Keyword
J keywordId
- 5

Service

ﬂ Serviceld

J ServiceMame

J Service Typeld

J Servicellri

J ServiceDescription

]

ServiceType
j ServicaTypald EquivalentService

J ServiceTypehlame ﬂ Equivalencyld
J ServiceTypelr J Serviceld

J ServiceTypeParentId J EquivalentServiceld

Figure 5-3 Entity Relationship Diagram

51



Chapter 5 Implementation

5.3.1. Service

The table service is used to store the data feryevegistered service. This table typically
contains each service id which is generated bylthabase at the time of registration of service.
The second field is ServiceName which is a striafue to store the name in Unicode (the
Unicode is used to support characters of diffetanguages. For any service there must be
parent service which describes the belonging tygbeclassification of service, this association
is being done by using the servicetypeld as adar&ey from the table of serviceType. Until
now there is no field which define the addressh® service from where a service can be
invoked this is done with ServiceURI to store thRIWf a service. To ensure that the user has
selected appropriate service there is a field dadlerviceDescription to store brief description of
the service which could be helpful to select thestappropriate service.

5.3.2. ServiceType
This table is used to store every service type Wwisdoeing inserted in the ontology. There are

two reasons for doing this.
I First it used to ensure the relationships betwaenservice and their service type
along with the equivalent services, this is donerdduce the complexity of the
system.

i. The second reason is to increase the performantleeo$ystem. By decreasing
lookups in the ontology which take longer time aspare to database lookup.

The service type table is used to maintain therteobthe classes which has been inserted in the
ontology at the time of registering service typé.tlde time of registration of service type the
database allocate an auto-generated id which lisdstno ServiceTypeld field. The service name
could also be retrieved from the ontology but duéhe performance issue it is better to store in
database field instead of ontology, the serviceNgmee is used to store the name of the service
type. The servicetype shows a relation betweennpard child including the grandparent
relation, for grandparent a servicetype could bédabf another service type. To achieve the
grandparent relation the ServiceTypeParentld igl,ui@s relation is not only used for the

grandparent but it is also used for the semanfiti@aiion. There must be some link to identify
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service type from ontology this is done by storihg unique URI for each class in the ontology

in ServiceTypeURI.

5.3.FquivalentService

One of the goal of service discovery is to retimam $ervices which has partial features. This type
of services are stored in the system with the @iflequivalent services. To store the equivalent
service there must be two services (Serviceld apvalentServiceld) to be equivalent of each

other and uniquely identify the relation i.e. EcalencylID.

5.3.4. ServiceKeyword

The keyword table contains the auto generated Kegpddor every keyword. This table is used
to store the keyword for the later usage of keyword

5.3.5. Keyword

The service keyword table has been designed tadaealundancy of keywords. For this the
table stores association between the keywords amwvites. To accomplish this it contains auto
generated ServiceKeywordld for every associatioiwben the service (ServiceType) and

keyword (Keywordld).

5.4.Main methods

As four use cases were specifically explained in aesign, these methods are explained in

detail. Each class and its methods are mentionearaly in Appendix A.1, whereas database
sample data is presented in Appendix A.2 whichloameferred to for detail lookup if required.
The four methods are described in detail below.

5.4.1. Reqister Service

Definition of the method: This method is used to register a service, foistegjion few things

has to be provided such as

- Service name (It could be any name which give aa @bout service)
« Service URI (contains the URI/ address of the sertd invoke)
- Service description (Short description that canresgnt a general overview about the

service)
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- Keyword ( this could be different words which helger to search about service e.g. for taxi
service one can insert the keywords such as: ptralsport, travel )

« Service type (service name alone is not suffictendiefine the type of service because two
services can have same name they could be diffgrfimm the type they belong the service
type makes the difference)

- Available services (it shows all registered servifm the selected type. The user optionally

selects one of the services to make them equivatesdrvice level).

Functionality:
For Registration of service the first method callediscover.RegisterService () this method
calls all the necessary method. The method follitnedoop illustrated in Figure 5-4.

Once the user enters the service name and othacesgrarameters, the user also select the
service type. For the selected service type thetesys calls the method
_OWLHel per. SearchServi ceType() which returns the object of service type and pass
toDALSer i ceType. Cet Servi ceTypel d.

DALSer vi ceType dal Servi ceType = new DALServi ceType();

int typeld =
dal Servi ceType. CGet Servi ceTypel d(_ow Hel per. SearchServi ceType(srv. Typ
e. Sevi ceTypeNane))

Once the ServiceTypeld is returned then the sersioegistered from the following code.
dalService.Insert(string ServiceName,int Serviceelgistring ServiceURI,string ServiceDescription);

Optionally a service can be declared as equivateahy other service if user selects any service
that is equivalent to it. This can be accomplished

dal Servi ce. AddEqui val ent Ser vi cel d( newSer vi cel d,

srv. Equi val ent Servi celds[i]);
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Register Service
(ServiceName,
ServiceType,URI, Discover.RegisterService()
Keywords)
New Service Type
Registered J
4
NO Existing Service YES
Type ?
v A 4
Register Show
o Available
ServiceType Seryices
v
\O Service YES
quivalent?
v v
Register New Up?::chsairglce
Service and
! And create
update Service equivalent
Infobase Relationship
\ \4

Figure 5-4 Main Loop followed for Registration ar@ices

5.4.2. Lookup by Service Type:

Definition of the method: This method is used to lookup services by sertyipe. The system
returns all services of given type. This require¢haaameter of service type. Service Type
Lookup follows loop which is being illustrated imgkre 5-5 below.

Service type (the user enters the service type)
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Request List of DALServiceType.GetSe

q

Available Service rviceTypelId(ServiceT
(Service Type) vpe serviceType)

Lookup for Available
service, Service Type

!

Type ID as

NO \W Yes

,//No Service O\ /" Return
\ Exist J \ Services

Figure 5-5 Main loops for Service Type lookup

Functionality

First the system search for given service typeacthfdatabase by:

DALSer vi ceType. Get Servi ceTypel d( Servi ceType servi ceType)

Once the Service type id is returned, the systelinowk for all the services whose service type
id (Parent id) is the one returned by the GetSewpeld().

This task is accomplished by:

DALSer vi ceType. Get Servi ceByServi ceTypel d(i nt ServiceTypeld).

After retrieving the values the result is diplayedthe ASP Page for the client.
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5.4.3. Lookup by Keyword:

Definition of the method: This method is used to lookup services by Keywpadsed in
argument. The system returns all the services adsdcwith the keyword. This required a

parameter Keyword.
- Keyword(the user enters the keyword)

Functionality

The system searches for the specified keyword byuke method. Keyword Lookup follow

loop illustrated in Figure 5-6
DALKeywor d dal keyword = new DALKeyword();

Dat aTabl e dt Servi ces= dal keywor d. Get Ser vi cel dByKeywor d( Keywor d) ;

The method returns all the associated servicesstordd the result in a temporary datatable.

Each service is returned by using:
DALSer vi ce. Get Servi ceByServi cel ()

After getting all the service lds the system chdok all the equivalent services, this
accomplished by:

DALSer vi ce. Get Equi val ent Servi cel d()

This method returns equivalentlds, however frons tequivalent id the services cannot be
returned directly, therefore the system uses etpnvad to get service id, which can display all
the services.

DALSer vi ce. Get Servi ceByServi cel )

The lookup method avoids circular reference.
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Find Service
(Keywords)

Perform
Service
Lookup based
on Keyword

NO Service

Get all the service id associated with keyword

Yes

exist?

‘//Evice \

NO

Equivalent YEs

\_Doesn’t exist /

Return service
with Parent
Type

Qeturn Service

Services ?

Return
Services with
there
equivalent and

Parent Type

‘/ Return
\ Services

Figure 5-6 Loop followed for Keyword lookup

5.4.4. Get Service by Service name:

Definition of the method: This method is used to lookup services by direptigviding the

service name.

« Service Name (the user enters the service namecthikl be in English or any other

Unicode).

Functionality

Services are being retrieved on the basis of passedce name as an argument. System

retrieves all the services with matching of namiteAthe syntactic matching, system check for

semantic matching which is searching of all eq@matlass for a service.
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DALSer vi ce. Get Ser vi ceByNane()

The above method returns a service (or more thanservice with same name). After getting
the required service the system checks for thacetype (Parent type). At this point the system
returns either single or more than one service witir ParentType. This method follows the

loop specified in Figure 5-7.

Request Specific
Service(Service
Name)

NO Service Yec
exist?

Service NO qre th:;: one VES
Doesn’t exist service with same
name ?

Return more
Return service then one
with Parent service with
Type there Parent
Type

. Return
Return Service .
Services

Figure 5-7 Loop for Service Name Lookup
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Chapter 6

6 Testing

“Program testing can be used to show the presesfcbugs, but never to show their

absence!”

Edsger Dijkstra

In order to ensure that the implementation is waglproperly and is fulfilling the requirements
specified in chapter 3 testing was conducted. Théapter is divided into two parts. Part 1 covers
five use scenarios that are being set to ensutetlibanecessary requirements for the future
service discovery are being achieved. The five @&gtes are as follow

0 Anybody can introduce a service at anytime

o0 Service name with multiple languages

0 Same service with different name

o Different services with same name

o Partial matching services
Part 2 deal with the scalability issues and teat How does the system behaves with different
number of services. There are five points of chbel were laid down in order to note down the
system behavior. The check points are as follows

0 Service Repository with 50 services
Service Repository with 100 services
Service Repository with 250 services

Service Repository with 500 services

o O O O

Service Repository with 1000 services
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Section |

6.1Use Scenarios

“But what is it good for?”

Engineer at the Advanced Computing
Systems Division of IBM, commenting on
the microchip, 1968

6.1.1. Anybody can Introduce a service at anytime

The system is really flexible for any user to inge a service anytime without any requirement
for registration initially to post a service in thepository. As in traditional service discovery

systems the service types are well defined andiske is not able to register a service type until
the authority approve and update it at his ownsBlystem allows the user to register any service

type at anytime without such delays.

Service Discovery

Menu:

Register new service type

® Register Service
® Register Service Type
o Find Senice Service type name: |Education

Service type: + food
# Telephony
# hook
# transport
Equivalent type # food
# Telephony
# hook
# transport

Add Service Type

Figure 6-1 User interface to register a new Servigpe

If a user wants to register a service for his ursirg and no service type of education exist he
can register a new service type of education ag/ishio Figure 6-2 below. If he feels that there

should be further subtype of University in educati® can add it as a subtype of service type as
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shown in Figure 6-2 below. The user also has th®po define service type equivalent to any

other service type by using the same interfacewatitbut any prior registration.

Service Discovery

Menu:
o Redister Senice Register new service type
* Register Senice Type
s Find Service Service type name: |University
Service type + food
Education
= Telephony
# book
= transport
Equivalent type: # food
Education
= Telephony
# book
= transport
Add Service Type

Figure 6-2 User interface to register a new SengcdType

Once the service types are registered, the usereggster his university service by simply
providing service name, service URI , service dpion, and selecting his service type. The
procedure is elaborated in Figure 6.3 below

tenu
« Pesister Senice Register new service
» Register Senice Type
» Find Senice Serwice name: MNTHU
Service Uri [ NTNL_NO
Norwegian University
Senice Description: of Science and
Technology
lNorwegian science
Keyward: university, hest
education, engineering
Senvice type: ® book
# Education
® food
lovestory
& transport
gharagari
® Telephony
Available Serices
Register Service
Register Service Type
Home

Figure 6-3 User Registration a new service with lyenggistered Service Type

Once the service types are registered the useregsster his university service by simply
providing service name, service URI , service dption, and selecting his service type. The
procedure is elaborated in Figure 6.3 below.Theiceis successfully registered as illustrated in
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figure. Hence one of the basic requiremet spedifyirat anyone should be able to register a
service at anytime is successfully fulfilled andming. The service registered and retrieved is

shown in Figure 6-4 below.

Service Discovery

I

* Eagister Ganide
® Hpoigler Jemce Tygy
» Eindl denice

Find service

Senice
Mamg

Senvice
Type

Kiawed

KTHLU

Tirae takoen; 0
Sendlces found: 1

NIHU  www,niming

| Fmd.
([Find ]

Find

service Description

Hoswegian Gnlwersity of Srisnce s
Tochmolagy

Education

Figure 6-4 User successfully registering the sexvieceived

6.1.2. Similar services in different lanquages.

If a client wants to find a service he can eithertdat by providing search criteria in English

which is the default language or in his native laage e.g a taxi service can have different

names in multiple languages e.g

Taxi: {Teksi, Rikshayrakcwu, ...

.}

If the Client want to search for an appropriatevieer and his search is based on word ‘Taxi’ or

in his native language which is equivalent to ‘Taixwill not only return taxi service define in

English but all other services define in differdabhguages and are declared independent to

taxi..The process is illustrated in Figure 6-5 lelo
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Menu:
« Fegister Serce Find service
* Register Service Type

* Find Service gzxig.e | <5 |[ Find ]
%ﬁ;‘;‘ce [ |[ Find ]
Keyword | |[ Find I

Time taken: 2.5
Services found: 5

Service
Name

ralayTeksi iy i al aytek si.com

London taxi www.londontaxi.com.uk

whitecat wwwy whitecab.com.pk
TaKCH WY TAKC M. COMT
) wewewr e hitecab.com.pk

Service Description

malaysiateksi service

Taxi in London

white cab service,
available im all major
cities of Pakistan

taxi service in
bulgarian

best taxi serdice in
pakistan

Service Type

teksi Equivalent

Type: taxi, transport
Cab Equivalent Type:

taxi, transport

taxi Equivalent Type:

teksi EqQuivalent
Type: Cab, transpaort

Testing

Figure 6-5 Service in different languages equivatenTaxi

As shown in Figure 6-5 above if a user try to fandervice by entering taxi in its native language
which is “urdu” in this case, all the services wh are logically equivalent to it and are defined
at time of registration are being retrieved andmghto the client. The same process is elaborated

for a user who is searching for a taxi service‘lulgarian” by enteringrakcu. The result is

illustrated in Figure 6-6 below.

Find service

® Register Service
® Register Service Type

e Find Service Service |TﬁKCH |[ Find ]
Mame:
Servi i
T;;?::.:.EE | |[ Find ]
Keyword: | |[ Find ]

Time taken: 109,375
Services found: 5

Service
MName

malayTeksi  www.malayteksi.com

London taxi www.londontaxi.com.uk

o wiww s hitecab.com.pk
whitecab wowrwy Wihitecab.com.pk
TakK W TAK CALCO T

Service Description
rmalaysia teksi service

Taxi in London

best taxi service in
pakistan

white cab service,
awvailable in all major
cities of Pakistan

taxi service in
bulgarian

Service Type

teksi Equivalent
Type: taxi, transport

Cab Equivalent
Type: taxi, transport

taxi Equivalent
Type: teksi

Equivalent Type:

Cab, transport

Figure 6-6 Service in different languages equivateriraxch
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It can be seen from the figures that more thansemeice are returned when a user is searching
in its native language. It is because the senacedogically equivalent and are defined so at the
time of registration. It could be really helpfulrfthe user considering the heterogeneous nature
of the future mobile services. The services maybknawn to him because of the different
languages but if he is abroad and the servicekgielly equivalent he can still use them for his
purpose.

6.1.3. Same services with Different Name

When a Client wants to find a service, for e.g atRarant service he will use any appropriate
word either in standard English or his native laagpl The Restaurant service can have other
different names for e.g.

Restaurant: {Restoran, Ristorante, Café, Bistrorung, ... }

If the Client enters the word Café, it will retunot only the Café service but also other similar
service which are defined with Café in other namikgh are equivalent to it and are specified at

time of its definitions. This is illustrated in kige 6-7 below.

» Register Senice Find service

* Hegister Serice Type

* Find Service Serice
S Marne: cafe
Serice
Type:
Keyword

Time taken: 62.5
Services found: 3

wwwitalycafe.com

the center of
italy city

Service Service Service Tvpe
Name Description yp
restaurant
http: S jurneirah.com burj Al rabon of Equiralent Type:
ol Jfenfhotels-and-resorts i (i ristorante Equivalent
* : Jdestinations/dubaifburj- AR Type: restoran
al-araby Equivalent Type:
bistro, food
restaurant
; Equiralent Type:
. hittp S pak tive.corm /S abri- erE\DsLtJ:ndll\.ls:n:rT ristorante Equivalent
- Mihari 1 44WEO1.htrml g ) Type: restoran
by sabri brothers - .
Equiralent Type:
bistro, food
best italy cafe in ristorante Equivalent

Type: restaurant,
food

Figure 6-7 same services with different name
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6.1.4 Different Services with Same Name
Since in the future ubiquitous communication systéne service can be anything and introduce
by anybody, there can be a possibility of havirffedent term and perspectives of knowledge of

the service from the user and service provider.flihge service discovery supports the function

of having different services with the same namshasvn in Figure 6-8.

Service Discovery
hlenu:
= Register Service Find service
= Register Service Type
s Find Serice Service
Service
Type:
Keyword:
Time taken: 46.875
Services found: 2
Service q R Service
Name Service Description e
Eook i amazon.com/harrypotter  Harry Potter Mowvel story '\é%\éel!’
book . eazviet.com, hook online Booking service Eazy|et,
a00x whw e azyjet.com/book
Eazylet airline Flane

Figure 6-8 Different service with same name

As in the above example, the word Book can refea tgpe of Book service (for e.g. buying
online book or information about a book). There edso be other meaning of Book service

which may refer to a Reservation service. Even ghothe future service discovery allows
having different services with the same name, thbiguity and confusion can still be avoided
via the details of the Service Description and BerType returned during the service search.
6.1.5.Partially Equivalent Service

The future service discovery is using a semantitchnag instead of just syntactical match as the

one used in the existing service discovery. Thisesy important especially in the situation

where no equivalent service is available but theist service, which have more additional
functions than the requested one — partially maezhice.

The future service discovery introduces the usseof¥ice sub-typing by having ParentType and

attributes ParentType in the Service Type desoripimplate.
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Service Type Telephony
"f \\"n.
e N,
r ff-’
-‘Jf.-’
K =
Service Subtype IP Telephony GSM
_,"; g " 1"'l
Services S1P Skype G1

Figure 6-9 Parent type and Subtype relation foepélony

As illustrated in Figure 6-9, when the Client ikiag for Telephony service; Skype, SIP and G1
are returned because they are grand children aphehy (Skype and SIP are subtype of IP
Telephony while G1 is subtype of GSM) and have i@ all the characteristics of Telephony.
In this case the Skype, SIP and G1 are havingairfuhctions (voice call — which is the generic
Telephony features) but some of them have moréffereht additional functions (for e.g. Skype
has video call feature) and they are also differentservice components and service

implementations.

Service Discovery

Find service

Saritd [E
i L r.!!'l"J |
Seraca =

Typi Tataphary | Find |
by i Fing|

Timin Enken B2A

Sendcai fownd: 3

Livteice nrn:rlmluﬂ TTF.HI"I.'II Type

s TR T ik Ired viicw and IPSi T @l iy,
bk (R RELL, S A Fdaa call on dnrarne .'ﬁ!q-p‘r\:'.'ul,l
PO sl
e b eee s nA U T B To maky free calts i ;1,,“';,:_;._:,._:““'
T o make payad viice
Gl boptSweew.oemworldcom  calls-from yauravobdle | GEL Tafephiony
Pl

Figure 6-10 Retrieval of services in telephony

However, if the Client is asking for a specific $kyservice, only the Skype is returned and

nothing else. This is as illustrated in Figure 6-11
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Service Discovery

Ietirr

v e B Find service

o Rlagstar Semice Tyoe

» find Sgnice Seeee g [:
Semice
Tﬂl"
oyt | )
Tene 1akon 15625
Services found; 1

service
S Service Drescrrption Serice Type

Namg

; " . mdke fiee volce and vided  (PMEDTelEphiny,
ol o intenns Telephiony

Figure 6-11 Retrieval of service by service name
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Section 1l

6.2. Scalability

“When you are stuck in a traffic jam with a Porscla you do is burn more gas in
idle. Scalability is about building wider roads,otnabout building faster cars.”
-Steve Swartz

As per the requirements specified previously aisershould be discovered really fast. Ideally
the system should therefore discover the serviagskky. The retrieval time for the tests
conducted is when a client requests a service fitmmservice broker till the time it is being
returned back to the client. The system behaviogxigsected to be stable with service name
lookup being the fastest way to retrieve the serand keyword lookup being the slowest. The
minimum time is always expected to be with serviaene search as the search will be conducted
in database and no lookup in the ontologies isiredun this case. In case of service type and
keyword search it will consume more time to rettha result back to client. Reason for this
delay is Owl lookup which is required to determiparentType and EquivalentType etc after
database lookup is performed. Considering thas testre conducted to measure how does the
system scale with the different number of servieggstered in repository. The system behavior

was tested with system in following states

1) Service repository with 50 services

2) Service repository with 100 services
3) Service repository with 250 services
4) Service repository with 500 services

5) Service repository with 1000 services

Considering the internet architecture, fluctuatiomesponse is expected for every process once
repeated. Moreover it will also depend how mucloueses are being consumed at the server
once a request is being received, therefore torertbe authenticity of these tests each process
was repeated for 5 times and the mean value wasdsyed as the final concrete response time.
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6.2.1. Service Repository with 50 services

The first test was conducted when the total numbérservices registered were fifty whereas
twenty service types existed in the OWL file. Tlversario was considered in order to check the
system behavior with different ranges of servicesesl. Initial point was decided with small
number of services to see how does the system bedray to have a clear picture for future
behavior of system when more number of servicebaieg added in the system and more tests
are being carried out.

a) Retrieving All Services

When all services were retrieved the system behataie and no major fluctuation in retrieval
time was being observed that can be clearly seemant 6-1 displayed below. The mean time
was found to be 178.125ms.

Time ms Retrieving for All services
500
400 - 1
300 - m2

m3
200 -

l: 4

100 -

ms

41 B ... e
1 2 3 4 5 Mean
Reading

Chart 6-1 Retrieving all services when number o¥ises registered are 50

The readings time for discovering all servicesamdollows

Reading 1 453.125 ms
Reading 2 109.375 ms
Reading 3 109.375 ms
Reading 4 109.375 ms
Reading 5 109.375 ms
Mean Reading Value 178.125 ms

70



Chapter 6 Testing

b) Retrieving specific service by service name

When a specific service which was “Skype” in tliase was requested by its service name
the system behaved efficiently as expected anducoasrery little time as only the lookup
was being performed in the database. The time mgatiiat were observed are displayed in

chart 6-2 below. The mean time was found to be5HLfs.

Retrieving By Service Name
Time ms
70
60 -
50 - ml
40 - m2
m3
30 -
m4
20 - m5
10 - I I B Mean
O N T T T T T
1 2 3 4 5 Mean
Reading

Chart 6-2 Retrieving services by service name whanber of services registered are 50

The readings time for retrieving a service by é@s/ge name is as follows

Reading 1 62.500 ms
Reading 2 .6 ms
Reading 3 31.28%
Reading 4 28D ms

Reading 5 15.650 ms
Mean Reading Value 31.255 ms
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C) Retrieving services by service type

Testing

When the services were tried to be retrieved by dbevice type lookup the system

behaved slower as expected as compared to thésresuhe service name lookup. The

reason for this delay is that the initial look ggoeing carried out in database and then the

equivalent classes are being looked in ontologyvihich consumed considerably more

time. However the system still discovers the sewieally fast and scale well. The mean

time for service type lookup was found to be 75.689 Time consume for retrieving the

services can be seen in chart 6-3 below.
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Chart 6-3 Retrieving services with service typeigowhere services registered are 50

The readings time for retrieving a service by @s/ge type is as follows

Reading 1
Reading 2
Reading 3
Reading 4

Reading 5

Mean Reading Value
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d) Retrieving services by Keyword

When the services were tried to be retrieved byvoegt lookup the system behaved slower than
the preceding both cases as expected. The reastmdalelay is that the initial look up is being
carried out in database and syntax based matchibging done in the keyword table. Once the
services are retrieved a lookup against these satuperformed in ontology file. It also depend
that how many services were returned as a restepfword search as against each value a
lookup in ontology will be carried out. Time conseinfor retrieving the services when
performing keyword search can be seen in chartb@dw. The mean time was found to be

103.125.

Time ms

Retrieving by Keyword

180
160
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|

Mean

Reading

ml
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Chart 6-4 Retrieving services by keywords when rmurabservices registered are 50

The readings time for retrieving a service by @s/ge name is as follows

Reading 1 156.25 ms
Reading 2 78.125 ms
Reading 3 93.750 ms
Reading 4 109.37 ms
Reading 5 78.125 ms
Mean Reading Value 103.125 ms
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6.2.2.Service Repository with 100 services

The second test was conducted when the total nsndfeservices registered were hundred and
service types stored in OWL file were thirty in noen. This scenario was considered in order to
check the system behavior by increasing the vaigemwices twice then the first test.

a) Retrieving All Services

When all services were retrieved the system behalmaer. As all information specific to each
service is stored in different tables at the timeegistration and when retrieval is requested for
each service a lookup against each service is cvediin all the database tables and it results in
a slower time response then all three other saemarhich are discussed later on in this section.
A look at Figure 5-3 can explain the database icelate ERD diagram moreover the database
tables and the sample data can be seen in App&n@ixHowever no major fluctuation in

retrieval time was being observed that can be seehart 6-5 displayed below. The mean time

was found to be 325.00 ms.
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Chart 6-5 Retrieving all services when number o¥ises registered are 100

The readings time for discovering all servicesagdollows

Reading 1 765.625

Reading 2 218. 1156
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Reading 3 8Zb0 ms

Reading 4 218.750 ms

Reading 5 203.125 ms
Mean Reading Value 8PH ms

b) Retrieving specific service by service name

“Skype” service was searched once again to testdystem behaviour. The system response
time was extremely efficient and a faster respavae experienced. The mean time was found to
be 40.625 ms and the response time experiencedafdn reading can be seen in chart 6-6
displayed below

Retrieving by Service Name
Time ms
70
60 - m1
50 - =2
40
30 4 m3
20 - m4
10 - m5
0 - T T T T T W Mean
1 2 3 4 5 Mean
Reading

Chart 6-6 Retrieving services by service name whanber of services registered are 100

The readings time for retrieving a service by @s/ge name is as follows

Reading 1 62.50 m
Reading 2 313%
Reading 3 46.87%
Reading 4 1.25 ms
Reading 5 31.25 ms
Mean Reading Value 40.625 ms
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c) Retrieving services by service type

Testing

The service type instances were also increasediirOWVL file to test how the system

scales to the increased number of service typegaloth the services. The system was

still observed to be efficient and the service cleday it service type was performed in a

competent way. No major fluctuations were obseindtie system behaviour. The mean

time for service type lookup was found to be 196.8%. Time consume for retrieving

the services can be seen in chart 6-7 below.

Time ms
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Retrieving by ServiceType
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Chart 6-7 Retrieving services by service Type whanber of services registered are 100

The readings time for retrieving a service by @s/ge type is as follows

Reading 1 171.875 ms
Reading 2 187.500 ms
Reading 3 293.750 ms
Reading 4 171.875 ms
Reading 5 156.250 ms
Mean Reading Value 196.250 ms
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d) Retrieving services by Keyword

When the services were tried to be retrieved bywegt lookup the system behaved slower
than the preceding both cases as expected. “Fowb’ used as the keyword to search all the
available services relevant to it and 17 serviceseweturned as a result of search criteria. As
explained earlier these services were not onlyrékalt of the services which were stored in
database with following keywords bur also whichrshthe equivalent relationship with these
values. The system did scale well in this case al and performed efficiently. Time
consume for retrieving the services when perfornkiegword search can be seen in chart 6-8
below. The mean time was found to be 237.034.

, Retrieving by Keywords
Time ms
350
300
250 w1
m2
200 -
1 I I I E :
150 -
m4
100 -
m5
50 -
B Mean
O 1 T T T T T
1 2 3 4 5 Mean
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Chart 6-8 Retrieving services by Keyword lookup mhember of services registered are 100

The readings time for retrieving a service by kesdgds as follows

Reading 1 202.35 ms
Reading 2 207.46 ms
Reading 3 256.45 ms
Reading 4 319.65 ms
Reading 5 199.52 ms
Mean Reading Value 237.034 ms
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6.2.3.Service Repository with 250 services

Total number of services was increased to 250 valseservice type was increased to 50. This
scenario was considered in order to develop a etmetiew of the system behaviour at regular

interval of times.

a) Retrieving All Services

As experienced previously the system response Wwagswhile retrieving all services once the
number is been increased to 250. The mean timefoues to be 787.5.500 ms for the five
reading been carried out to retrieve all the sexid he reading values are been display below in

chart 6-9 below

. Retrieving All Services
Time ms
1800
1600
1400 - m1l
1200 - m?2
1000 -~
800 - "3
600 - m4
400 - m5
200 -
0 = T T T T T .Mean
1 2 3 4 5 Mean
Reading

Chart 6-9 Retrieving all services when number o¥ises registered are 250

The readings time for discovering all servicesamdollows

Reading 1 1531.25 ms
Reading 2 598. s

ReaagiB 593.750 ms
Reading 4 &% ms

Reading 5 609.375 ms
Mean Reading Value 787.560

78



Chapter 6 Testing

b) Retrieving specific service by service name

“Skype” service was searched once again to teststystem behaviour when the total number of
services were increased to 250. The system resgoneewvas extremely efficient just like the
prior cases. The mean time was found to be 62.58ndghe response time for each reading can
be seen in chart 6-10 displayed below

Retrieving by Service Name

Time ms
90
80
70 - ml
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m2
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30 - m4
20 - m5
10 - H Mean
O = T T T T T

1 2 3 4 5 Mean
Reading

Chart 6-10 Retrieving services with service namemumber of services registered are 250

The readings time for retrieving a service by @s/ge name is as follows

Reading 1 78.125ms
Readihg 62.500ms
Reading 3 62.500ms
Reading 4 &aths
Reading 5 62.500ms
Mean Reading Value 62.500ms
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c) Retrieving services by service type

The service types were also increased to fifty @laith the value of services to take a closer
look at system behaviour. Service type ‘Telephomgs searched and 8 services were returned.
The services returned was a result of databaseupoals well as OWL look up in order to
determine the relationship that exist through OWie f-e parent, child etc. The system is
observed to be behaving stable with service lodegrch as efficient discovery is experienced.

The readings are illustrated below in chart 6-11.

Retrieving by Service Type
Time ms
300
250
ml
200 -
m2
150 - m3
100 - ma
m5
50 -
B Mean
O = T T T T T
1 2 3 4 5 Mean
Reading

Chart 6-11 Retrieving services by Service Type nathof services 250

The readings time for retrieving a service by @s/ge type is as follows

Reading 1 281.250 ms
Reading 2 234.375 ms
Reading 3 265.625 ms
Reading 4 250.000 ms
Reading 5 234.268 ms
Mean Reading Value 253.103 ms
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d) Retrieving services by Keyword

When the services were tried to be retrieved byweg lookup the system behaved a bit slower
as expected. Once again the search was conductpobigling the keyword “Food” and 22
services were retrieved as a result of it. Thealesp was a bit slower compared to service name
or service type search but still it was quiet édfit considering the syntax matching that is being
conducted in the database and then the lookupstiprformed in ontology files. The mean time
for key word lookup with 250 services stored inagipory was found to be 450.094 ms. all five

reading that were carried out are displayed intcB&l2 below and reading value can also be

seen beneath that.
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Chart 6-12 Retrieving services by keyword when rarrobservices registered are 250

The readings time for retrieving a service by @s/ge name is as follows

Readihg 453.125 ms
Readihg 424.376 ms
Readg 413.436 ms
Readihg 472.505 ms
Readbg 492.015 ms
Mean Rieqy Value 451.091 ms
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6.2.4. Service Repository with 500 services

Fourth interval for testing was decided at 500 ises/with 75 service types. This was one of an
important real time test by adding a lot of sersigethe system to monitor the system behavior.

It will make it easier to understand how the syst@ithbehave in real time.

a) Retrieving All Services

When all services were retrieved the system behal@der as estimated, however no major

fluctuation in retrieval time was being observedttban be seen in chart 6-13 displayed below.

The mean time was found to be 1193.75 ms.
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Chart 6-13 Retrieving all services when numbereoVises registered are 500

The readings time for discovering all servicesamdollows
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Mean Reading Value
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b) Retrieving specific service by service name

Testing

“Skype” service was searched once again to test system behaviour when the total

number of services were increased to 500. The mysteponse time was extremely efficient

as anticipated and been observed in previous cabBesmean time was found to be 78.125

ms.The response time for each reading can be se#ait 6-14 displayed below
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Chart 6-14 Retrieving services by name when nurobservices registered are 500

The readings time for retrieving a service by @s/ge name is as follows

Reading 1
Reading 2

Reading 3

Reading 4

Reading 5

Mean Reading Value
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c) Retrieving services by service type

Testing

The service types were further increased to seviergyalong with the value of services

to make the system more real time and tests shiutdore efficient accordingly. Service

type ‘Telephony’ was searched once again and 8iceswvere returned as no new

services were registered in this service type cayegrhe system is observed to be

behaving stable with service lookup search asiefftadiscovery is experienced and no

major fluctuation in real time was noted. The regdiare illustrated below in chart 6-15.
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Chart 6-15 Retrieving services with service typeitg 500 services

The readings time for retrieving a service by @s/ge type is as follows

Reading 1 515.625 ms
Reading 2 359.375 ms
Reading 3 484.375 ms
Reading 4 421.875 ms
Reading 5 604.125 ms
Mean Reading Value 477.075 ms
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d) Retrieving services by Keyword

Testing

The last test for this case was key word lookuprier to retrieve the desired services. Once

again ‘Food‘ was searched and the mean time takerreturning the list of matching

services was found to be 1487.50 ms. It was sldaethe reason explained previously,

however it was still efficient considering that 2&rvices were look up from 500 services

based on syntax matching and then performing ONTGYGile matching accordingly. No

major fluctuation of timing was experienced whilenducting this testing. The readings are

illustrated in chart 6-16 below
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Chart 6-16 Retrieving services by keyword when rarmobservices registered are 500

The readings time for retrieving a service by @s/ge name is as follows

Reading 1 1359.375 ms
Reading 2 1250.000 ms
Reading 3 1203.000 ms
Reading 4 1656.255 ms
Reading 5 1968.715 ms
Mean Reading Value 1487.500 ms
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6.2.5. Service Repository with 1000 services

Fourth interval for testing was decided at 500 ises/with 75 service types. This was one of an
important real time test by adding a lot of sersida the system to monitor the system

behaviour. It wil make it easier to understand waWthe system will behave in real time.

a) Retrieving All Services

When all services were retrieved the system no mndifterence were observed except a slight
slower as estimated, however no major fluctuatioretrieval time was being observed that can

be seen in chart 6-17 displayed below. The meam wWas found to be 2345.6 ms.
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Chart 6-17 Retrieving all services when numberes¥ises registered are 1000

The readings time for discovering all servicesamdollows

Reading 1 2523.175 ms
Reading 2 2310.425 ms
Readihg 2280.605 ms
Reading 4 2305.225 ms
Reading 5 2310.475 ms
Mean RewpValue 2345.600 ms
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b) Retrieving specific service by service name

Testing

“Skype” service was searched once again to test system behaviour when the total

number of services stored in database are 1000.sy$tem response time was extremely

efficient as been observed previously. The meare tmas found to be 110.653 ms.The

response time for each reading can be seen in @éHa&tdisplayed below
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Chart 6-18 Retrieving services by name when nurobservices registered are 1000

The readings time for retrieving a service by @s/ge name is as follows

Reading 1
Reading 2
Reading 3
Reading 4

Reading 5

Mean Reading Value
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c) Retrieving services by service type

The service types were further increased to hunfirethis final test case along with the
value of services to make the system more vulnerabl real time. Service type
‘Telephony’ was searched once again and 17 serwees returned as response by the
application. New services were registered in teivise type category which results in
retrieval of more services. The system is obseteede behaving a bit slow because of
database and then OWL lookup accordingly. The nggdare illustrated below in chart
6-19. The mean time has been found to be 1340.&35 this case.

Retrieving for Service Type
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Chart 6-19 Retrieving services with service typeitg 1000 services

The readings time for retrieving a service by @s/ge type is as follows

Reading 1 1378.725 ms
Reading 2 1269.425 ms
Reading 3 1379.450 ms
Reading 4 1321.125 ms
Reading 5 1354.450 ms

Mean Reapiralue 1340.635 ms
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d) Retrieving services by Keyword

When the services were tried to be retrieved bywoegl lookup the system behaved a bit
slower as expected. Once again the search was cieddoy providing the keyword “Food”
and 31 services were retrieved as a result ofhie ean time for key word lookup with
1000 services stored in repository was found tel@&0.492 ms. all five reading that were
carried out are displayed in chart 6-20 below aatliing value can also be seen beneath that.

Retrieving for Keywords
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Chart 6-20 Retrieving services by keywords whenises registered are 1000

The readings time for retrieving a service by @s/ge name is as follows

Reading 1 4055.975ms
Reading 2 3815.325ms
Reading 3 4197.125ms
Reading 4 3815.325 ms
Reading 5 4268.715ms
Mean Reading Value 4032m9
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6.3 System Overall Behavior

As per the requirements specified previously aisershould be discovered really fast. The
system is expected to take minimum time in retlie¥aervice by its service name as only
database search will be performed, whereas moereismonsumed for ServiceType and
Keyword lookup as ontologies are also looked uerafatabase lookup. Chart 6-21 illustrates
the overall system behavior for retrieving of seed as per user request i-e Service name,

service type etc with different number of servioagistered in system repository.

System Overall Behavior

4500.00
4000.00 /Y
3500.00 /
3000.00 /
m
£ 2500.00 / / —¢—2all available services
qé 2000.00 —fl—service name
1500.00 service t
ype
1000.00 / —<keyword
500.00
0.00 ——LL_.—.

50 100 250 500 1000

No. of services

Figure 6.21 System Overall Behavior

The x-axis shows the number of services used &ingwhile y-axis is the time taken (in
milliseconds) to return the results based on dffietypes of parameters used in discovery of

services which are:

1) retrieving all available services
2)  retrieving by service name
3) retrieving by service type
4)  retrieving by keywords
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The mean reading value for each number of serested is used to plot the graph hence this
result is retrieved. The system behaved exactgxpected and been discussed at the beginning
of this section. Service name lookup was really &sl scales well to real time tests that were
conducted at different intervals by adding moreises in the system repository. However the
service lookup and key word look were consideraldyver then preceding service name lookup
as after retrieving the information from the datsddookup was carried out in ontologies to
provide semantic meaning to the search and sethscevery, hence making it gradually slower.
However the system overall real time performancs feand to be satisfactory and it scales well

to the increased number of services.

The System performance can be further enhanceatimgluction of a powerful server to host

this application. Search tends to be slower onceemmesources are being consumed at the
machine so a powerful server will ensure more efficy. OWLDOTNETAPI can also be edited
for scaling well to large number of services ant definitely help a great deal to increase the
architecture efficiency. Due to the shortage oftitinis cannot be conducted in this master thesis
but can definitely be an area of interest for fatuwork.
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Chapter 7

7 Conclusion

“There’s two possible outcomes: if the result aon$ the hypothesis, then you've made a

discovery. If the result is contrary to the hypaiisethen you've made a discovery.”

Enrico Fermi

This chapter summarizes the works done in this endkesis. Major contributions through this
research oriented project along with the resultioleid are discussed in detail. We will also
discuss the test results that have been conduttedier to measure the system efficiency in real
time environment along with the future work thatosll be focused on. This chapter is

organized as follows
7.1) Major Contribution of this thesis
7.2) Summary of thesis

7.3) Future Work
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7.1 Major Contribution of this thesis

The aim of this thesis has been to identify requasts for future mobile services, design an

architecture that fulfill future mobile servicesqueérements and implement the design

accordingly. The major contributions in this prajace therefore summarized as follows:

Requirementsfor future mobile services are proposed by foresgéiat how future mobile
environment will be shaping in years to come. Base these requirements current well
known service discovery architectures are evaluatettheir shortcomings were specifically
identified.

Design of system for future mobile servicehas been proposed. In traditional service
discovery architectures no method has been spedifiedefine services as equivalent or
partially equivalent to one another, however cossid) ubiquitous nature of the future
mobile environment it will be really important. Tlsgstem has been designed to allow the
services to be introduced by anybody at any timehe defined as equivalent or partially
equivalent to any other service of its type alonghwnulti language support. No formal

approval is required for the introduction of a seewvhich makes this design really flexible.

Implementation is successfully carried out for the design prodoSéhe development was
carried out in Windows environment and makes trstesy usable for any user in mobile or
normal environment. This implementation is for fi#&l usage, and makes it possible to use
service discovery in any distributed applicationusing a simple graphical user interface.
The class view, Database tables sample data armdesoade is presented in Appendix A.
System design and its implementation has been s$igumfor approval to WIMOB
conference 2010 in Canada. The paper draft caowelfin Appendix B.

Testing was conducted considering use scenarios whiclstdrdacked in current service

discovery architectures. The system was evalugtedifgcally for scalability in the real time

environment and was found to be quiet efficient stathle in most of the scenarios.
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7.2 Summary of thesis

We successfully created a system that fulfills rdguirement of our system allowing anyone to

act as a service provider and introduce a sertie@ytime. The services can be introduce in any
language by the service provider as well as cameléf equivalent to any existing service. The

service can be searched by its service type oicgename. Moreover the user can also retrieve
similar services by requesting any specific sertyge or all available services registered. The
system provides Semantic meaning to the serviceodesy by using OWL to define the

relationships among the services.

We consider five real time use scenarios in ordecheck the system functionality that is
missing in current architectures. Same service$ witferent names, different services with
same names, services in multiple languages, artthlpaquivalent services were specifically
identified and were found to be successfully prongdsemantics to the service discovery.
Anyone can introduce a service at any time andléxéility proposed was ensured. The system
was tested for scalability by adding a lot of seegi and at different check points. The system
behaved quite efficient in service name search ahthe desired information was retrieved
really fast. The service type lookup and key wamkl up was found to be a bit slow because the
system once searching in database has to lookdiogbr in OWL to find the equivalent and
ensure semantic needed by the service discovlgy/system resources were found to be one of
an important feature at time of searching so a pvserver is proposed in order to implement

it in real time environment.
7.3 Future Work

Due to the shortage of time there are several tikscould not be completed during the work

of this thesis. Further works include:
i. Carry out larger experiments and test on the fusereice discovery system with:
a. various number of clients
b. different bandwidth
c. by increasing number of Parents (ParentType)
d

. complicated service ontology
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ii. To move the future service discovery system toah mebile and wireless environment (the
Client is implemented on real mobile phones). Thienection of the mobile could be either
via the mobile network or the local WLAN etc. It ght also be interesting to carry out
experiment with a larger number of mobile phoneshallenge the capacity and robustness

of the service discovery.

iii. To have a distributed ontology framework on theufat service discovery system as
illustrated inFigure 7-1.

/ / ontology
D) ?

Internet

ontology

Web services

: tol
" @% ontology

Mobile Clients Web services

Figure 7-1 Distributed ontology framework for fuéuservice discovery system
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Appendix A

A.1 Class Description

Al.1. Base Class:

The Base class provides the main connectivity Withdata base. In addition to connectivity it

provides the database functions such as (Insedgta@and retrieval). This class has a number of
overloaded methods to extend the functionality. Base class is inherited by three different

classes to reuse the code.

The Base class exposes the following method aidkfie

Method
Name Description
i ExecuteDataSet(string sqlString) The method argurtedes the sql string and returps
dataset.
a ExecuteDataSet(string The method argument takes the stored procedurey& ke

storeProcedure, params objegtjjalue parameter and returns dataset.
KeyValueParameters)

a ExecuteDataTable(string sqlString) It returns treadtable for both methods; the on
difference is the argument.

y

sV DataTable

) ExecuteDataTable(string
storeProcedure, params object]]
KeyValueParameters)

i ExecuteNonquery(string sqlString) The method isluse (update, delete, insert) & return
number of rows affected.

a ExecuteNonquery(string
storedProcedure, params object[]
KeyValueParameters)

i ExecuteReader(string sqlString) It returns the eeabject for both methods; the only
difference is the argument.

a ExecuteReader(string
storedProcedure, params object[]
KeyValueParameters)

a ExecuteScalar(string sqlString) It returns a singlkie.
v ExecuteScalar(string
storedProcedure, params object[]
KeyValueParameters)
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Fields

Class Description

Name Description

connectionString A protected field

type of SqlCoctien.

g sqlAdapter A protected field type of SqlDataAdapter
g sglComm A protected field type of SqgiCommand.
o sglConn A protected field type of SglConnection.
g sqlReader A protected field type of SglDataReader.

Al.2. DALService
The Data Access layer service (DALService) claseeiits the Base class and reuses its basic

functionality as connectivity with the databasesertion and retrieval. Additionally it provides

the functionality to access the service table i diatabase. This includes adding of equivalent

service id, finding of service, retrieval of aletservices on matching and insertion of service.

The DALService exposes the following members.

me

Dr

vice

Constructor
Name Description
L DALService() Initializes a new instance of the DAdr8ice class
Methods
Access Name Description
modifier
L AddEquivalentServiceld(int Serviceld |t creates the equivalent relation in the data base
int EquivalentServiceld)
L FindServiceByName(string It returns the data table for the service ng
ServiceName) specified in argument. It's a wild card matching|
L GetAllEquivalent(int Serviceld, It adds all the service ids which are equivalent to
ArrayList servicelds) specified service id in array.
L GetEquivalentServiceld(int Serviceld) It return aarrid for those services which are
equivalent with the specified argument.
L GetServiceByName(string The method returns the data table for exact service
ServiceName) name.
L GetServiceByServiceld(int Serviceld) Returns themplete information in data table f
a service id.
L GetServiceByServiceTypeld(int[] It returns the data table for more than one ser|
ServiceTypeld) type id.
L GetServiceByServiceTypeld(int It returns the datale for a service type id.
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Class Description

ServiceTypeld)
Insert(string ServiceName,
ServiceTypeld, string ServiceUR

string ServiceDescription)

intit returns the service ID generated by the ¢
| base.

ata

Al.3. DALServiceType

The Data Access layer service type (DALServiceTyga3s inherits the Base class. In addition

to the base class functionality it also provideseas to the servicetype table in the database. This

class not only accesses the servicetype tablethhdsi to ensure the consistency between the

database table and the ontology.

DALServiceType exposes following methods and fields

Fields
Name Description
o _owlHelper An object of OWL helper class to workhwvontology.
Constructor
Name Description
L DALServiceType() Initializes a new instance of &LServiceTyp class.
Methods
Name Description
L GetServiceByServiceTypeld(int It return the service type and the parent type dase
ServiceTypeld) service id passed as an argument

L GetServiceTypeld(ServiceType It return the database id of a service type basedhe

serviceType) object of servicetype as an argument

W GetServiceTypeldsHierarchy(int It returns the parent servicetype id i-e an arrdy|

ServiceTypeld) servicetype id for passed ServiceTypeld.

L Insert(string ServiceTypeName, stringt inserts a servicetype in the database.

ServiceTypeURI, int ParentTypeld)

L Insert(ServiceType newType) It insert the servipetput first it checks for the parent
passed servicetype id. If the parent does not éést it
first add the servicetype id for the parent anahtherform
the insertion of servicetype.
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Al.4. DALKeyword
The Data Access layer keyword (DALKeyword) clasikeirts the Base class for reusability of

the code such as the basic connectivity with thaldese, insertion and retrieval. It provides the
additional functionality to access the keywordhe tlatabase. Moreover it ensures not to use the
same keyword for two services. At time of regisigra service it first checks whether the same
keyword is already stored in database for any atberice. If any value is matched then instead
of adding the keyword the keywordID is used to dvthe redundancy. The DALKeyword
exposes the following methods.

Constructor
Name Description
L DALKeyword () Initializes a new instance of the DReyword class.
Methods
Name Description
L GetServiceldByKeyword(string It returns the array of service id associated whth passec
Keyword) argument.
L Insert(int Serviceld, string Keyword) It insertetkeyword with its associate service id.

Al.5. Discover Members

The Discover class contains the overall logic obwervice, the methods of discover class are
directly exposed to the client to use them. The A8Ppage also consumed this web-service.
The Discover class is performing the most promintemictionalities by calling other class

methods in the same package, the discover classrper different tasks such as adding new
service type, finding service by name, keywordyiseld and by service type. The discover class

also performs the process of service registratiom.iscover class exposes the following

members.
Constructor
Name Description
L Discover() Initializes a new instance of the Diseoglass.
Method
Name Description
a AddServiceType(ServiceType serviceType) This metlaodls a service type in the
database and in ontology it creates a class.
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a FindService(string ServiceName) It find the senbesed on name
v FindServiceByKeyword(string Keyword) It returns dHe service which associate
with the keyword.
a GetServiceByld(string Serviceld) It returns thevier by service id.
a GetServicesByServiceType(ServiceType It returns all services by passing the seryice
srvType) type.
i GetServiceTypes() It returns all available servjqees.
a RegisterService(Service srv) It registers the servi
Fields
Name Description
v _owlHelper An object of OWL helper class to wark
with ontology.
o _strBaseURI This field stores the main URI to iradiéo
each class in the ontology.
v _strOwlFile File location of Ontology.

Al.6. OwlHelper Members
The OwlHelper class uses the OWLDOTNET API to perfalifferent tasks in ontology. These

tasks contains searching of class from ontologyhenbasis of service type name, Each of the

class in the ontology contains an URI, this URIquely identify the class but this URI is a long
string include the name of the class, OwlHelpeused to extract the name of class from the
URI. Along this the OwlHelper returns all the ecalent classes from the ontology.

The OwlHelper exposes the following members.

Constructor
Name Description
L OwlHelper() Initializes a new instance of the Owp&
class.
Method
Name Description
v ExtractName(String node) It extracts the class nénom the URI in
the ontology.
a GetEquivalentClasses(string ServiceTypeURI) It meguall the equivalent classes for
passed serviceTypeURI from the ontology.
i GetServiceType() It returns all the classes froendhtology.
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a SearchServiceType(string ServiceTypeName It rettiie matched class for the specif

argument.

Fields

Name Description

o _strBaseURI This field stores the main URI to iradiéo
each class in the ontology.

o _strOwlFile File location of Ontology.

Al.7. Service Members

The service class is a representation of each iothgaV service which is being used to perform

different functions associated with service suchsesvice registration, service retrieval and

service matching. Service class includes overloambtstructor, properties: (attributes such as

description of service, equivalent services, asdedi keyword, name of the service, address
URI) and different fields.

Constructor
Name Description
L Service() Initializes a new instance of the Disaalass.
W Service(string Name, stringOverloaded constructor

URI, string Description

int]] EquivalentServicelds,

string([] Keywords,

ServiceType Type,

string StateVariables,

string  Actions, string

Events)
Properties

Name Description

=) Description String field to store short descriptadyout the service
ey EquivalentServicelds Array of all equivalent seevids
=) Keywords Associated keywords
=) Serviceld Integer ID for Service
e ServiceName To store the name of service.
iy ServiceURI URI of service WWW.GOOGLE.COM
=y Type OBJECT OF SERVICE TYPE
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Al1.8. ServiceType Members

The servicetype class is a representation of eadividual servicetype which is being used to

perform different functions associated with sertype such as servicetype registration,

servicetype retrieval and servicetype matching. rviSetype class includes overloaded

constructor, properties: (attributes such as Alliegjent classes in the ontology, Parent (service
type) of the servicetype, name of the servicetypéhe ontology, associated keyword, unique
URI in the ontology and different field.

The Base type exposes the following members.

Constructor
Name Description
L ServiceType() Initializes a new instance of thevi®eType class.
L ServiceType(string Overloaded constructor

ServiceTypeName, string
ServiceTypeURI, string[
EquivalentClasses,
ServiceType
ParentServiceType)

Fields
Name Description
o _parentType Value of Parent type e.g (Transpgarent type of TAXI).
v _strEquivalentClasses Value of equivalent e.g(Gaguivalent of Taxi)
Y _strServiceTypeName Value of the servicetype itsg{Taxi)
Y _strServiceTypeURI This field stores the main URI ibdicate each class in tTe
ontology.
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A.2 Database table overview

Microsoft SQL server 2005 enterprise editid6) was used as repository during implementation
of this project. The database was used to stotbalhvailable service, service type, service URI,
keywords for each specific service as well as egjaivt for each service or service type if any
exist. A brief overview of each table is discusbetbw whereas the relationships between these
tables can be seen in ERD diagram illustrated Eigu8. For more detail on each table sample
data is illustrated for each table saperately ip&mlix A.2 which can be referred to if required.
A2.1. Service Table

The table service is used to store the data foryekegistered service. This table typically
contains each service id which is generated byl#tabase at the time of registration of service.
The second field is ServiceName which is a striafue to store the name in Unicode (the
Unicode is used to support characters of diffetfanguages. For any service there must be
parent service which describes the belonging tygleclassification of service, this association
can be possible by using the servicetypeld aseadrkey from the table of serviceType. Until
now there is no field which define the addresdhefdervice from where a service can be invoked
this is done with ServiceURI to store the URI adaavice. To ensure that the user has selected
appropriate service there is a field called Seesription to store brief description of the

service which could be helpful to select the megirapriate service.

The Sample data for service table

Servicel | ServiceName | ServiceTypeld| ServiceURI ServiceDescription
d
78 oz e e 108 http://www.jumeirah.com/en/hotelburj Al rab on of the
s-and- best restaurant
resorts/destinations/dubai/burj-al-
arab/
79 Cassis 155 http://www.cassis-gourmand.com/ restauranakatia
Restaurant
86 Book 161 www.amazon.com/harrypotter Harry Pottiavel
story
87 Book 163 www.eazyjet.com/book online Booking
service EazyJet
airline
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A2.2. Service Type Table

This table is used to store every service type wigcbeing inserted in the ontology. There are

two reasons for doing this.
I. First it used to ensure the relationships betwéenservice and their service type
along with the equivalent services, this is donerdduce the complexity of the

system.

il. The second reason is to increase the performandkeo$ystem. By decreasing

lookups in the ontology which take longer time aspare to database lookup.

The service type table is used to maintain therceobthe classes which has been inserted in the
ontology at the time of registering service type.tihe time of registration of service type the
database allocate an auto-generated id which iedsta ServiceTypeld field. The service name
could also be retrieve from the ontology but du¢hi performance issue it is better to store in
database field instead of ontology, the serviceNgmee is used to store the name of the service
type. The servicetype shows a relation betweennpaaad child including the grandparent
relation, for grandparent a servicetype could biédabf another service type. To achieve the
grandparent relation the ServiceTypeParentld igl,ules relation is not only used for the
grandparent but it also used for the semantic egipin. There must be some link to identify the
service type from ontology this is done by storihg unique URI for each class in the ontology

in ServiceTypeURI.

Sample data for service type table

ServiceTyp | ServiceTypeName | ServiceTypeURI ServiceTypeParen

eld tid

108 restaurant http://www.semanticweb.org/ontolsfgie | 107
mol.owl#restaurant

155 restoran http://mww.semanticweb.org/ontologies/| -1
mol.owl#restoran

161 Novel http://www.semanticweb.org/ontologies/del160
mol.owl#Novel

163 EazyJet http://www.semanticweb.org/ontologies/d 162
mol.owl#EazyJet
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A2.3. EquivalentService

One of the goal of service discovery is to retima services which has partial features. This type
of services are stored in the system with the a@flequivalent services. To store the equivalent
service there must be two services (Serviceld aquvalentServiceld) to be equivalent of each

other and uniquely identify the relation ie EquesatyID.

Sample data for EquivalentService table

Equivalencyld Serviceld EquivalentServiceld

16 91 83

A2.4. ServiceKeyword

The keyword table contains the auto generated Kegdtdor every keyword. This table is used
to store the keyword for the later usage of keyword

Sample data for service keyword table

ServiceKeywordIld Serviceld | Keywordld
79 78 60

80 78 61

81 78 62

82 79 60

83 79 63

A2.5. Keyword

The service keyword table has been designed talaedundancy of keywords. For this the table
stores the association between the keywords amicesr To accomplish this it contains auto
generated ServiceKeywordld for every associatiotbwéen the service (ServiceType) and
keyword (KeywordId).

Sample data for serviceKeyword table

KeywordId Keyword
60 Restaurant
61 Dubai

62 Italy

63 Karachi
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Appendix B. Publication

The following paper draft has been submitted t&/MUB conference 2010 under category

“ Ubiquitous Computing, Services and Applications”. The conference is scheduled to be held
in October whereas the decision on the approvelisfpaper draft will be announced by end of
July. The draft of the paper is attached from mage.
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Abstract—In mobile multi-domain muli-language environments,
a service can be anything and introduced by anybody.
Consequently, same or eguivalent services may have different
names and services with same name or type may be completely
different. Existing service discovery systems are incapable of
handling these situations. We propose a service discovery, which
is able to discover all these new service types. In addition, it is
capable to find services that are net exact matches of the
requested ones. More semantics are introduced through
attributes like EquivalenceClass, ParentType and Keywords.

Keywords-service  discovery;  service  lookup;  service
advertisement; service request; service matching; semantic
matching

L [NTRODUCTION

The popularity of the mobile phones reflects the user’s
appreciation of the freedom, 1.e. having access to any service
anytime anyvwhere. However, so far the mobile services are
mostly limited to voice communication and Short Message
Service (SMS). Advances in wireless technologies have
allowed mobile phones to be connscted simultaneously to
several network systems, e.g. GSM, GPRS, UMTS, WLAN,
WiIMAX, LTE, etc. and paved the way for mnovative mobile
services. But the success criterion is this existence of a sound,
flexible and efficient service discovery which enables the
clients to find and use the services. The future service
discovery must be capable of finding relevant services offered
by heterogencous network systems In such a ubiguitous
communication enviromment, similar services can  have
different names in different languages. Furthermore, services
with same name may not offer the same functions and
capabilities. A future service discovery must be capable of
dealing with the described challenges without confusion and
returning correct answers in acceptzble amount of time. In
addition interoperability with existing service discovery
systems must be ensured.

The goal of this paper is to present a service discovery
system for mobile multi-domain multi-language environments.
The paper starts with a brief review of the state-of-the art
service discovery systems and their limitations. Next, 15 the
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specification of the requirements of the future service
discovery system. The main part of the paper provides a
comprehensive description of the system, which includes a
service nammng and description convention and an overall
architecture. The sequence diagrams and use scenarios are
given to illustrate the effectiveness of the proposed service
discovery. Future works are summarized in the conclusion.

II. STATE OF THE ART SERVICE DISCOVERY

In this section the state of the art service discovery systems
are discussed.

A Jini

In Jini. the service 15 classified by the types of the service
object also known as service ifem. It contains three fields
which are the ServiceID (globally unique 128-bit value
generated by the Lookup service), Ssrvice (a refersnce to
the object implementing the service) and AttributsSet:
(a set of tuples describing the service) [1]. The Client can
request a service by using the ServiceID (if the Client
knows exactly which service it wants). However, the
ServiceID might sometimes be long and difficult to be
remembered. Therefore a Lookup service i1s necessary. A
Client locates an appropriate service by 1ts type — that 15, by 1ts
interface wrtten in the Java programming language - along
with descriptive attributes that are used in a wser interface for
the Lookup service. It 15 worth noting that two different
service msfances or fwo service types are not allowed o have
same name. If the first level checling (first filter) does not
give any result or it does give multiple results, the Lookup
service will then check on the Attribute3ests for the
second level matching and to reduce the number of matching
services. There can be multiple instances of the same class
with different attribute values, as well as multiple instances of
different classes in the service item contained in the service
Lockup directory.

The Jimi system uses the Java classes for a svntactic
ontology (e.g. wsing printer class for a printer) and includes a
Lockup Attribute system to infroduce more semantics. A wide
variety of hierarchical views is obtained by aggregating items
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according to service type and attributes. The main limitation
that makes Jini mappropriate for foture mobile envirenment is
the strict naming convention, which requires the unigneness of
the service name and type.

B. UPnP

The classification for UPnP 1s based on the device type
which consists cf a UUID (Universal Unique [dentifier) and a
URL (Uniform Resource Locator) of the description of the
device [2] This information is retrieved by the Control Point
during the discovery. There are very few details about the
device and a more detailed description of the device 15 then
retrieved. The device description is divided into two logizal
parts: a device cescription describing the physical and logical
containers and scrvice desenption describing he capabilitics
exposed by the device A single phvsical device mav confain

muliiple logical devices which can be a single root device with
emtedded devices (and services) or multiple root devices
(with no embedded devices). The UPnP Device Architecture
defines a schema or template for creating device and service
deseriptions for any device or service type Indiwidnal working
committees subsequertly standardize on various device and
service types and create a template for each individual device
or service tvpe. Finally, a vendor fills n this template with
informaticn specific 1o the device or service, such as fhe
device name, model number, manufacturer name and URL of
the service descrption

The service description in UPnP is at syntactic level hence
the service matching is limited to syntactic comparison based
on attributes or interfaces. It will not be atle to deteci a
partially match such as the case where the service descriptions
involve different representations of conceptually equivalent
content. Furthermore, the device type must be predefired
resulting to an inflexibility of paming and classifying of
devices and services.

III. FLTURE SERVICE DISCOVERY REQUIREMENTS

The requirements for futre service discovery hiave been
derived and highlighted in [3]. This section will specifically
discuss thoroughly the rzquirements of future service
discovery which are not fulfilled by the ewsting service
discovery systems like Jint and UPnP.

The emergence of network technologies has allowed
mebile user to have access 10 mere than enc netwerk at a time.
This results to the infroduction of many services in different
type of nevwork systems. It 1s hence possible to conclude that:

“d service in the future mulri-domaip snvironment can be
anyihing and be introdiced by amybody ar anytime.”

This leads to a large variety of names and would result to
the following situations:

J) The same service may have different name: and in
different languages.

Publication

# Requirement: The future service discovery must be
capable of handling the same service with different
names in multi -languages.

2) The same service name or word hes several meanings
and denotes different sarvices
# Requirement: The future service discovery must be

capable of handling different services with same
name without confusion.

3) The service jound may not be an exact maich of the
requested service but is a superser ie have exira
[fumciions in addition fo the requested ones.

# Requirement: The future service discovery must be
capable of discovering the services which amwe
partially matches of the requested one.

IV. FUTURE SZRVICE DISCOVERY SYSTEM

In this section the overall architecture of the proposed
future service discoverv and its development environment (s
described. The call fow on each method used 15 also
explained in the sequence diagrams.

A, Service naming and description convention

According to the requirements described in the previous
section, the service name and service type should not be
restricted to any length or format. The service providar must
have the freedom to the name and tvpe as pleased. This

requiremen: poses problem for the service matching to
succeed.

To solve the problem we propose to iniroduce more
semantics in the service descrption as Figure 1. In addition to
regular parameters like Name, Type, State Variable and
Actions which provide the syntaxe: of the service additional
parameters like Keywords, PerentType, EquivalenceClass ae
introduced o provide more semantics to the service. They will
be used in the service matching to find the requested services
in an efficient and unambiguous menner. Their usage will be
elucidated by the nse scenarios in later section.

Sevicetype descriptio tem plale
Fserace fppe descoption has the foll owirg items:
*  Mamo The name can be oy langsspe and ess then o characers
 Eppwords Someswond st can bevsed in e Bratrond decowe
o PavewType The vimmeof seevace tyoe that the curcent type i desived from
o PareniTyos LR TheUTlof the parnt type
o Zgmmlemcellor: £10 dis moany lnguage ae gronlere
SlataFarabior The réatevaroble: determins thesbuber o fh s secricer They aes
126 evvpy o she sereice type descition
o detom: Actonsare the method 2 thit can be calk d by diests or cher sovice:
a  Each action b aneme ond 1 26t of porase far
»  Fachparameter bassovps adkneo S wileer (for coumerater
types), sod dl e He (oo e ot
Pt Enabile slents o mibaribeto the perwrerce af a perb eilar event

Fizure 1. Service deseription templata

B.  Overview of the system architecture

Figure 2 illustrates the system architecture for futuse
service discovery.
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Figure 2. Futurs :ervice dizcovery system architachurs
‘Ihe major compenents of the architzcture are:

i) Web Service Client — This compenent 13 an
application runnmg on the remote mobile terminal.
The Client on behalf of the user can ask/search for a
cervice. It can alio on behzlf of the Service Provider
intreduce and register 3 new service. The pretocel
used btetwezn the Cliznt and the actual XML Web
Service i3 SOAP (Simple Objeet Access Drotocol)
[41.

2) Compenenrs of the
consistng ot

service  ciscovery  system

iV ASP Net [5] Wabsite (XML Web Service) —
This service acts as an interface between the
Client/Service Provider and the System
Server  The TIS  Taternet  Taformation
Serviees 5,01 or later 1z customized in order
o publish the ASPNet pages on the

Internet.

ii} Database — This component acts as a service
repository which  stores lae services
registered by the service provider.

i) OWL [6] file - 13 used for semantic
matching  with  the OWL  Lite

[EquivalenceClass and ParentTvpe).

Jervice discovery rasibed
The hardware as well as the software components nsed for

the svst2m implementation are described below:

1) Hardware - A compuier with installed Windows XP
iz used a3 a server. The scrver czn process scveral
request from muoluple clients at the paraliel. The
Client caa r2quest the server by using any platform or
browser to 1etrieve the desired services.

2} Software
Cperating System
al  Server side: Since the applicstion 15 developed

using Net techrology, the Net framework version 2.0 13

installed on the server. Microsoft Windows bazed

eperating system is the minimum reguirement for tus
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version of Net framework. Therefore Microsoft Windows
XP was installed on the server.

Bl Clienr: The Cliznt 5 independent of any
architecture and hence can access the serices hy using
any induetry standard Internet browser from any operating
srstem that has access to the Internet.

-} Mhm v gzt fan =
&F  SFOETATRININE

iplementaion of (s meject Microsol Visual Sl
2005 IDE for C# was used. The application was
developed mm Cs whereas the website was developed
using ASP Net technology.
e Cx C# was manby vssd as an implementation
language because of it convenient programming
capahil:ties, the abject orented paradigm 1f supports,
type-safety and wide range of lihranes available as a
part of Net framework [7]. Another reason to use CF
was the OwlDotNetApi that was mainly used o
access OWL file in order to define parent as well as
equivalznt classes for service types. The detail of this
API can be found on [8].
*  d5FNer ASP Net 15 used tor the XML web
service and the web form interface for accessing the
web service. Reason for using ASP Net:
o for bonilding XML web service becauze it
makes exposing and calling web services very
simplz.
o for Client websice because of the flexibilicy
of inerface it provides and support for the
mobile devices. By building a wezbsite 'n
ASP Net one has to write the codz once and the
ASP Ner antematically generates pages hased on
the device they are called.

Forronpmman - Ty Fhe
[Reriha iei g2 gt e 5 o

o) Fuppord for onielugies. As e seinaulic medning
ir this project of service discovery is being achieved by
ontelogies thev werz continuously monitored manually by
using Protégé 4.02 [9]. OWL Lite s chosen in the
implementation of this project due to its sumplicity and
the dyaamic nature of the project even thouvgh it is known
that it has some limitaticns as to compare with the OWL
NT. and OWT. Full Since fhe services can he introdiced
by anybody and there iz no control mechanism on
irtroducing the servicag, therefore it is required to avo:.d
complexity in the systom uvsage and for that oaly the
LCguivalenceClass and the ParentType properties s used
which can be accomplished by the OWL Lite.

¢ Saguanca Diagram

The call sequence diagrams [10] are used to explain the

flow of the four mam methods 1 the future service discovery.

I} Regiztration a service. This method is nsed for the
Service Provider to tegister 3 08w service.
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Figure 3. Call sequance diagram for Registration a service

i)

ii)

iii)

)

v)
vi)

2)

When a2 Service Provider wants to register a
service, he/she will first type the particular
details of the service (e.g. the Service Name,
Service Type and Keyword).

The Service Broker which is the Web Service
Application will then lockup for Equivalence
Service Type.

The Service Matcher which in this case 15 the
OWL Lite will check for existing Service Type
or new Service Type.

The Service Broker will then update the Service
Infobase which is the Service Repository of this
system.

After that the Service Infobase 1s updated.

The service registration is successful and Service
Provider can see the new service registered in the
service list.

Discovering services: This method is used for the
Client which wants to find all available services.

| Lok b e A Tiac ]

Fizure 4. Call sequence diagram for Discovering servicss

i)

When the Client wants to discover available
services, it may request for list of services 1o the

ii)

iif)

V)

3)

Publication

Service Broker.

The Service Broker then will lookup for
available services from the Service Infobase.

The Service Infobase will then get the Equivalent
for Service and Parent Type from the Service
Matcher (OWL).

The Service Matcher will return the available
services and all Equivalent Classes to the Service
Broker.

The Service Broker will return the services
available and its Equivalent Classes to the Cliznt.

Service Reguest: This method 15 used if the Client
wants to find a particular service or set of services
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ii)

iii)

)

4)

Fizmre . Call sequence diagram for Service Request

When the Client wants to request for a particular
service, he may find the service either by using
the Service Name or the Service Type.

The Service Broker will Lookup for a particular
service A and its Service Tvpe in the Service
Infobase.

The Service Infobase will then get the Equivalent
for Service A and its Parent Type from the
Service Matcher (OWL).

The Service Matcher will return the requested
Service A and its Equvalent Classes to the
Service Broker.

The Service Broker will return the Service A and
1ts Zquivalent Classes to the Client.

Find a service: This method is used if the Client
wants to find a service but knowing very Litle
information about the service (for e.g. just having a
Keyword).
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Fizwa 6. Call saquence diazram for Find 2 service

il The Client can also find a service wvia the
Keyword if he 1s not sure about the servics
Name

i} The Service Broker will do the Service Lookup
based on th: Keywerd and send 1@ to the Servics
Infobzse.

iiil The Service Infobase will then perform the
Keyword looknp.

vl The Service Matcher (OWL) will taen Lookup
for Equivalent services.

v Service Matcher will return the matching
mfermat:on to the Szrvice Broker.

vil The Service Broker w:ll finallv senc the servics
response to the Client.

V. USE SCENARIOS

Based on the requirements specified in Section IIL threz
use scenarios are selected for described in details.

LUise scenario {

The network svstem has smmilar services with different
names and different languages.

When a Client wants to find a service, such as tor exampls
- a festauran! service he will use enther a standard English or
s native language. The Kestouran service can be regstered
under other different names m mulfiple languages Jore.g.

Restaurznt: {Restoran. Ristorante, Café, Bistro, Wanng, ... }

If the Client enters th: word Cqfé, the fumrz servics
discovery will return 2ot only the Café service but also other
similar service with Caf2 in other names as depicted in Figurs
7.

Fignre /. Use scenano la) - having simla semnes with differert names

In additon, the fumre service discovery also supports for
finding 3 service in multiple-languages as shown in Figure 3.

Sernce scavay

Fizore 8. Use seenanio 1k kaving dmilar service in mulzple languages

By having this featuze fhe Client will not have to worry
aven theugh other names returned when he wants to find a
service (especially if he is abroad and different lanzusges s
nsed to call a service) because the service discovery svsiem
returns only services equivalen: to the one requested.

There are three options for the Client when it wants to find
3 Service:
il By Service Name — if the Client knows exactly the
service it wants to look for
iil By Serviea Type — if the Client 1= not snee ahont the
Service Name but only knows the Service Type
i) By Kayword — of the Client only knows very liftle
about the service and hes some clues describing the
servire (for e g Dining nr Meal whirh refer o
Restaurant)

Use scenaro 2

The network system has d:fferent services with the same
name
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Since in the furure ubiguitous communicaton sysems the
service can be anvihing and intreduced by anybody. there can
be 2 possibility of having different term and perspectives of
knowledge of the service from the user and service provider.
The future service discovery supports the function of having
different services with the same name as depicrad in Figure 9.

Servce Discovery

Fignre & Tlse srenzin 7 = havmg diffavent services noth the mama nama

As 1n the above example, the word Book can refer to a type
of Dook service (for e.g. buying online book or information
about a book). There can zlso be other meaning of Book
service which may refer to a Reservation service.

Even though the future service discovery allows having
different services with hie same wane, (e ambigeily and
confusion can still be avoided via the details of the Service
Description. and Service Type returned during the service
search.

Usescenario 3
The service discovery
requested sarvice.

reurns  partially matches t

The future service discovery is using a semantic matching
in addition to syatactical matching as the oac used in the
existing service discovery. This is very mmportant especially in
the sitnation where no equivaleat service available but there
exists service, which have additioral functions to  the
requested ones. Such a service 1s called — parrially match.

The future service discovery introduces the use of service
subtyping by having ParentTvpe and atiributes ParentTvpe in
the Service Type description template. As llustrated 12 Figure
10, when the Client is asking for Telephony service. Skype,
SIP and Gl are elwned becawse they are grand childien of
Telephony (Skype and SIP are subtype of IP Telephony while
G1 is subtvpe of GSM) and have inherited all the
characteristics of Telephony. In this case the Skype, SIP and
G1 are having similar fanctions (veice call — which is the
generic Telephony features) but some of them have more or
different additionzl functions (for e.g. Skype has video cal
feature) and thev are also different in service componznts and
service implementations.

Publication

Frzurs 10, Use scenuio 3a) - having partially match service

However, if the Client is asking for 1 specific Skype
service, only the Skype is returned and nothing else This 1 as
il'wstrated in Figure 11

Service Discovery

Tw

b b D riptioe Tk Trsa

ke frvatrce 2] wrea oo

1 THHEL

Figure 11. Use scenano 3b) - zervice subtype

VI CONCLUSION

In this paper a service discovery for mobile multi-domain
and multi-language environments is propeszd. To allow any
service provider to introduce service as anvthing at anytime
and anywhere more semantics are introduced. In addition to
the service name and type. the relationship Kevwords,
ParentType and EquivalenceClass are introduced to concreize
the service classification. A prototype 1s  successfully
implemented and 15 workmg fne. The nest step will be o
carry out larger experiments and tests on the system, =g
increase the number of parents. the number of eguivalent
services, etc. It is also quite interesting to move the system fo
a real mobile and wirzless environment where the client 1s
implemeared on real mobile phones.
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