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Abstract: Support for personal mobility will be among theyKactors for success in the competitive
communications market of the future. This papemppses enhancements to the personal mobility
support capabilities of service architectures. TH¢A service architecture is used as a refereneen e
though our approach is applicable to other modslsvell. Our starting point is a business case that
falls into the realm of personal mobility. The airhthe business case is to enable users that anel fo
outside their home domain to access services bgsithg the best visited retailer, i.e., the oneraffg
adequate quality services in the most cost efftaeanner. In the sequel the following key issues ar
addressed. First, the introduction of the additidonactionality that is required for supporting the
business case, and the realisation through appitepservice components. Second, the integration of
the new service components in the standard TINAicerrchitecture. Third, the detailed description
of a version of the logic of the new componentshis last respect, we formally state, mathemdsical

formulate and solve problems related to the visitediler selection.
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1. INTRODUCTION

The ongoing liberalisation and deregulation ofdelamunications will introduce new actors
in the respective market of the future [1,2,3,4]ptinciple, the main role of all the players in
such a competitive environment will be to constantbnitor user demand, and in response to
create, promote and provide the desired servicdssarvice features. Some key factors for
success are described in the following. First, dfffeciency with which services will be
developed. Second, the quality level, in relatidthuhe corresponding cost, of new services.
Third, the provision of universal service accesthwidest possible set of users, regardless
of physical locations, terminals used and the ieherheterogeneity of communication

systems. Fourth, the efficiency with which the &ms will be operated (controlled,



maintained, administered, etc.). Fifth, the reéliseof the services in a highly flexible way in

order to adapt to changing customer service demastntly.

The challenges outlined above have brought todregfound several new important research
areas. Some of them are the definition of new lssimrmodels [3,4], the specification of
advanced service architectures (SAs) [5,6,7,8,9110the development of advanced service
creation environments (SCEs) [12,13,14,15,16], ¢leboration on the personal mobility
concept [6,17,18,19], and the introduction of adwghsoftware technologies, e.g. distributed
object computing [20,21] and intelligent mobile agge[22,23,24,25].

The aim of this paper is to propose enhancementeetpersonal mobility support capabilities
of legacy service architectures. Personal (as @aptisterminal) mobility may be defined as
the ability of telecommunications consumers to seevices that are personalised with their
preferences and identity ubiquitously, indepengeafl both physical location and specific
features of the equipment used. An additional amtoi introduce the enhancements by
minimally impacting the existing service architeetsi Our reference service architecture will
be the one specified by the Telecommunications rinédion Networking Architecture
Consortium (TINA-C) [3,7,8,9,26,27,28]. Howevergetpresented practices may be applied to

other models as well.

Our approach in this paper is the following. Thartshg point is a presentation of
assumptions regarding the entities and the rolestha business level in the
telecommunications world of the future. Then, w@ase the role of some of the presented
business level entities, in a tardgrisiness case.e., an important service provision scenario
that should be supported in an open competitivenconication environment. Through the
business case presentation, the importance ofdtsopal mobility and service architecture
concepts are illustrated. Finally, the use and esioa of legacy service architectures, so as to
support the advanced personal mobility featureb@business case, is discussed. Expansions
refer to the following. First, the identificatior the additional functionality required, so as to
fully support the target business case, and itssemylent attribution to new service
components, so as to minimally impact the existsggvice architecture. Second, the
integration among the new and the already exigérgice architecture (TINA) components.
Third, the detailed presentation of a version efltigic of the new components (however as it
will be discussed, other versions of the logicted hew components may be considered and

incorporated).

A typical view of the competitive telecommunicatioworld of the future may be the one
depicted in Figure 1. Without being exhaustive fmain different entities can be identified,

namely, theuser, service providerretailer, andconnectivity providerThe role of the service



provider is to design and implement services. Tdle of the retailer is to promote, sell,
customise, deliver and operate these services.tedntiy techno-economic or administrative
reasons each retailer offers services only insidibraain A user may have subscription
contracts for specific services with one or morgaiters home retailers Through a
subscription, a user acquires the right to usenécgein a retailers’ domairhpme domain
Finally, the role of a connectivity provider is ¢éfer the network connections necessary for

supporting the services.

Such highly competitive and open environments gharicompass mechanisms that will
enable the users to find and associate with the apygopriate retailers, i.e., those offering,
at a given period of time, adequate quality sesvitea cost efficient manner. Hence, the
following business case that falls into the realfrpersonal mobility may be pursued: to
enable users to access services outside their domains through the best visited retailer

(visited retailer selection

The realisation of the identified business casealireq a significant amount of co-operative
computing among the involved business level estifeeg., user, home and visited retailers).
These interactions are described in a high leveinaain section 2. Service architectures
provide an initial framework wherein such complesxmputations may be encapsulated.
Hence, in section 3 the relevant elements of tiNvATiramework are revisited. Our focus will

be on the access session of the TINA service aathite and on the framework specified for

basic personal mobility support [6,17,18].

Section 4 introduces the extensions necessaryhf@rstipport of the advanced personal
mobility concepts imposed by the business caseeapldins how they can be integrated with
the TINA framework. In this section extensions apecified in terms of the (high level

description of the) new functionality needed, tlwresponding service components, and
software technologies. Section 5 presents in fawtril a version of the logic of the new
components that are required for the visited mtadelection. In particular, we define,

mathematically formulate and solve an optimisatipmoblem that may be used in the
evaluation of the quality of each retailer offerofa that point, the best, visited retailer will be
determined by the performance with respect to thieative function of the optimisation

problem. Section 6 provides a set of indicativaultss Finally, section 7 includes future plans

and some concluding remarks.

2. BUSINESSCASE: SELECTION OF THE BEST VISITED RETAILER

It is assumed that a user is roaming out of hiséadlmmain and wishes to make use of a

specific service. While in a foreign domain, themuaccesses a terminal that can support the



service and makes a request for the particulariceervsage through thierminal software
(TSW). We assume that variooandidate retailer{CRs) may serve the terminal (Figure 2).
Therefore, an interesting option that should bereffl to the user is the selection of the best

candidate visited retailer (for the specific seevémd the related user preferences).

It is assumed that default retailer(DR) undertakes the responsibility of interactimigh the

user, until the candidate retailer selection is pleted. The default retailer may be
determined either automatically (e.g. by means efminal mechanisms), or by user
intervention. Moreover, it is assumed that the hagtailer (HR) maintains the necessary

information for user identification, as well as teer profile and service subscription data.

Enabling the service usage through the most apiatepetailer requires that the three general

phases depicted in Figure 3 are conducted.

The aim of the first general phase is user autbatiin. To this end, co-operation between
the home retailer and the default retailer is rexfui This process will not be further

addressed in this paper.

The second general phase is the core of the met®glection. For this reason, the home
retailer is invited to apply the relevant mecharsisso as to select on behalf of the user the
best retailer for the service at hand. It may muaed that the home retailer determines the
set of candidate retailers by means of a pertisentice (which may be based on location
information, federation agreements, etc.). The h&mi the retailer selection comprises the
user preferences, requirements and constraintbegsare designated by the personal profile
information and the relevant service subscriptiatadthe list of eligible retailers, and the
retailer offers (e.g., cost at which the desiredlity levels are provided). The selection is
service specific and can be a sophisticated pragadsrtaken by an agent. While in principle
the agent could be provided by a third party, itather obvious that the data used by this

agent, are maintained by the service retailer.

In the third phase the result of the selection vailable, and hence an association, and

consequently a service usage, may start betwearstteand the selected retailer.

In the next section we revisit some relevant el@mefthe TINA framework, which will be
the basis for hosting the computations requirethbybusiness case presented in this section.
Section 4 presents the extensions to the TINA freonke that are necessary for fully
supporting the business case presented in thifose&ection 5 describes in more detail a

version of the functionality of the new components.



3. ELEMENTSOFTHE TINA FRAMEWORK

A fundamental TINA concept is that of theession It was introduced for depicting the
temporary relationship among a group of objects @ha assigned to collectively fulfil a task
for a period of time. Four session types have bdefined, namelyaccess service
communication and connectivity (Figure 4) [6]. The access session is the gatewagny
specific service usage. In other words, througtaecess session a user may request or be
invited to services. The service session provides dontext, in which service execution
(usage), control and management takes place. Thenaaication session provides the means
of controlling the communication connections, whégke required during the service session.
A connectivity session serves as an environment dontrolling the actual network

connections.

Relevant to this paper is the TINA access sessitich is a service independent segment
that acts as a gateway to any service specificeudagomprises capabilities that allow user
authentication, basic personal mobility support17618] and service invocation. The basic

structure of the TINA access session is depictdddare 5.

Relevant to the access session aratitess session User Applicati@s-UAP), theProvider
Agent(PA), thelnitial Agent(lA), the User Agent Hom¢UAH) and theUser Agent Visited
(UAV) components. The as-UAP resides in the termb@main and models the entity
through which the user conducts the access sesBi@n.PA represents the retailer in the
terminal (user) domain. The IA is the initial acgegoint to a domain, and supports
capabilities for the user authentication. The Uaktl UAV components represent the user in
the home and visited retailer domains, respectiviiheir role is to intercept and process user
requests. The UAH and UAV have subordinate objé8t3s) that maintain user specific
information. For brevity, these objects are notvamoin full detail in Figure 5. The
information held in these objects is the user subison data (e.g. services, for which there is
a subscription), the user profile (e.g., servicefgnences, conditions for service provision),
etc. In principle, the components in the visitethiter domain are assumed to have subset
capabilities and contents with respect to theirrpae the home domain. Moreover, it is
assumed that the UAH is created when the first@igi®n is made and is deleted when all
subscriptions are terminated. A UAH maintains (ceynacquire through the subordinate
components) the subscription information and pexsaiser information, part of which is
used to initialise the UAV.

The TINA access session components invokeSeneice Factory(SF) when specific service

usage requests are granted. The SF is responsibléhd creation of théJser Session



Manager (USM) andService Session ManagésSM), which are the other basiengice

sessiorrelated components.

4. INTRODUCTION OF ADVANCED PERSONAL MOBILITY FEATURES

This section introduces the extensions to the Tlt&ess session model that are necessary
for fully supporting the functionality required Iblye business case of section 2. Initially, the
new functionality required will be described in @tnhlevel manner in sub-section 4.1. This
functionality will be attributed to service compaoi® in sub-section 4.2. Finally, integration
issues among the new components and the TINA seavithitecture will be provided in sub-
section 4.3. A more detailed description of a wersbf the functionality of the new

components is presented in section 5.
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134.1 Requirements : Identification of additional functidity J ka1 apiBunon

The TINA access session offers the framework fer asithentication and service invocation.
The novel feature that is not supported is the al/éask of retailer selection. As a first step,
this aspect requires an entity that will act onabiebf the user. Its role will be to capture the
user preferences, requirements and constraintgdiagathe requested service, to deliver
them in a suitable form to the appropriate retadetity, to acquire and evaluate the

corresponding retailer offers, and ultimately, étest the most appropriate retailer.

As a second step, the retailer selection requineantity that will act on behalf of the retailer.
Its role will be to collect the user preferencesjuirements and constraints and to make a
corresponding offer, taking also into account thelarlying connectivity providers. The
overall object model is depicted in Figure 6. Thtailer management mechanisms that are
indicated in Figure 6 are standard means througlchwithe retailer-related selection

components may be managed.
4.2 Analysis : Definition of new components

In this sub-section we define the components tlilhtmdertake the functionality identified in
the previous section. New components are defimedrder to comply with the requirement to

introduce the functionality by minimally impactitige service architecture.

In general, the behaviour of the new componentsildhpossess some generic properties,
which are also typical of the software entitiestthee characterised as (intelligent mobile)
agents [22]. The first such propertyastonomy which is the ability of the component to act
autonomously on behalf of an authority, which inr @ase is the user or the retailer.
Autonomy is justified by the potential complexitgsaciated with the retailer selection

problem, which may make user intervention infeasial undesirable. Complexity may also



be tackled by thantelligenceproperty. The third desirable propertysizcial behavioursince
the new components will have to interact not ortyoag them but also with the existing,
standard TINA components. Finally, theobility property, even though not essential, may

provide some performance advantages as discus§2®].in

Based on the discussion above the following compisngre defined and designated with the
functionality that was identified in the previousbssection. First, th8ubscribed User Agent
(SUA), whose role is to select on behalf of therube most appropriate retailer for the
service at hand. Second, tRetailer Agen{RA), whose role is that of promoting the services
offered by the retailer. More specifically, the SdBtains the user preferences, requirements
and constraints from the user profile and the sersubscription data, interacts with the RAs,
SO as to obtain the corresponding retailer offeng] selects the most appropriate retailer for
the desired service. Moreover, it may be extendetetord past experience (e.g., retailer
selections, service usage characteristics, etbg. RA promotes the offers of the retailer,

interacts with SUAs, and the underlying connegtiyitovider mechanisms.

As will be shown in the next sub-sections the SUMA lpe considered as a component that is
also attributed with the mobility property. The eaf the SUA functionality is not affected
from this choice. However, this choice has beenarsalas to be as general as possible with

respect to the SUA capabilities.
4.3 Design : Integration in the service architecture

This sub-section describes the integration of the momponents with the TINA service
architecture. This is accomplished by providingarfal description of the business case and

the interactions among the involved service comptme
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11431 Detailed description of the business case kar apiépnon

The interactions that take place among the invoberdice components are described below

and depicted in Figure 7.

It is assumed that a user who has a subscriptian dervice, accesses a terminal, supplies
personal identification data (e.g., User_Id, Pasdjvand issues a request for the specific
service usage, through the UAP and the PA thateesi the terminal §tep ). The PA
forwards this request to the IA of the default iteta(IA_Default) Step 2 which, in the
sequel, uses the user’s identification data sooadetermine the user’'s home retailer i.e.,
UAH (Step 3. Thereafter, authentication is conducted throtighco-operation of the default
and home retailer, and in particular of the IA_Dé#ffand UAH Step 3. After the successful
authentication, the IA_Default creates a UA_Defaoljether with its SOsStep % and
furthermore invokes the UA_Default in order to imise itself Gtep . The UA_Default is



similar to the UAV introduced in section 3. The aarhe of this phase is an access session

establishment between the default and home retgiguivalent to that depicted in Figure 5).

Following, the PA forwards the service usage reqireshe default retailer domain, and in
particular, to the UA_ DefaultStep J. Eventually, the UAH processes the request and
identifies that the SUA-based mechanism shoulchlited Step §. Therefore, the UAH is
invited to create the SUA and to initiate it withetend user’s service subscription data and

the personal profile informatiors{ep 9.

The SUA uses a service (e.g., brokerage servicedbas location information, federation
agreements, etc.) in order to retrieve the listlafible candidate retailerss{ep 19. Then,

SUA replicas are produced and are assigned tcactteith a particular RA. Since we have
assumed that the SUA is also attributed with théilitp property, the SUAs may be sent to
the nodes of the candidate retailers where theyintéract with the local RAsStep 1). The

overall model of SUA and RA interaction is depictadrigure 8. A version of the logic that
underlies the interactions among the SUA and thevRIAbe presented in section 5. In
particular we will present a scheme for obtainimg @valuating the quality of each retailer

offer.

At this point there is a need for an entity that essess all the offers that have been made by
the retailers, and ultimately, select the bestlestdn this respect, we assume that the results
of the interactions between each SUA replica and &R sent to the SUA residing in the
default retailer domairStep 12 This “parent” SUA is responsible for selectirmg pehalf of

the user) the retailer that makes the best offeis decision is stored in the SUA along with
the results of the negotiation and the object ezfee of the selected retail&tép 13.

Hereafter, the access session with the defaulteetsill be released (if the default retailer is

not selected) and an access and a service sestlitie wstablished between the selected and
home retailer. The SUA residing in the defaultitetadomain requests from the PA to start a
service session in the selected retailer dom@tep( 14 For that reason, the PA sends a
corresponding request to the IA_Select8tep 1% The authentication process for the end-
user takes place between IA_Selected and USkeQH 18 Afterwards, the IA_Selected

creates a UA_Selected together with its SOs anokes the UA_Selected to initialise itself

(Step 17. The IA_Selected completes the establishmenihodaess session by returning a
reply to the PA. The PA requests from the UA_Selgdb start a service session providing
also the Service_id. The UA_Selected analyses &ig iRequest and also requests the SF to
create the SSM and the USM for the specific sers@ssion. For brevity the last few steps are

not presented in Figure 7.



4.3.2 Service component interactions in the context@htisiness case

In this sub-section we describe in more detail ghevice component interactions that take

place in the business scenario. These interacti@nalso depicted in Figure 9(a)-(c).

1.

10.

A user that has a subscription to a service acsesserminal, and through the as-UAP,
supplies personal identification data, and issuescmest for using the service. The
request is forwarded to the PA. The arguments pasdih the request are the service

identifier (Service_id), user identifier (User_ahd user password.

The PA sends an Access_Session_Request() evertetdAt Default. The request

includes the arguments received from the as-UAP.

The IA_Default uses a naming service to get anadlgference for the end user's UAH.

The object reference (UAH_ref) is retrieved.

Authentication process for the end-user takes plasteveen the IA_Default and the
UAH.

After the successful authentication the 1A_Defam#tates a UA_Default (i.e., a UAV in

the default domain) together with its subordinabgects. The IA_Default invokes the

created UA_Default to initialise itself. The iniigation includes the User_id and object
references for the PA (PA_ref) as well as for teerls UAH (UAH_ref).

The IA_Default returns a reply to the PA. This gepicludes the object reference for the
created UA_Default (UA_Default_ref) and the objexference for the UAH (UAH_ref).

The PA requests to the UA_Default to start a newise session of the given Service_id.
It is assumed that the Service_id indicates ttastiection of the best (most appropriate)
retailer is desired (i.e., the service identifierves also as an <optimise service> flag or

command).
The UA_Default analyses the PA’s request and infotime UAH.

The UAH identifies that the retailer selection prdwe should be initiated (through the
service identifier that plays the role of the <opsie service> flag). The SUA is created in

the Home Domain and the list of candidate retailefermed.

The list of candidate retailers is exploited, sot@btain the RA references and the
addresses of the candidate retailer nodes to whielSUA replicas should migrate, in

order to interact with the RAs.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SUA replicas learn the object references obtainettié previous step and migrate to the

identified nodes.

The SUA and the RA in each candidate Visited Retdllomain interact. The aim is to
obtain a retailer offer for the user preferenceguirements and constraints regarding the
specific service. A version of the logic that uriger the interactions between the SUA

and the RA will be presented in section 5.

The results of the negotiations between each Sihceeand the RA of each candidate
Visited Retailer Domain along with the object reieces of IA_candidate

(IA_candidate_ref) are sent to the SUA residinthi Default Retailer Domain.

The SUA residing in the Default Retailer Domain m®&ka decision on the most

appropriate retailer. The reference of the selectaller is denoted as IA_Selected_ref.

The SUA residing in the Default Retailer Domainuests the PA to terminate the access

session established with the UA_Default.

The SUA residing in the Default Retailer Domain uests the PA to start a service
session with the selected retailer. This requestidtes the object reference for the IA in

the retailer's domain that was finally selected (Blected_ref).

The PA sends an Access Session Request to the lgct&b The request includes the

arguments received from the SUA, the user identffisser_id) and the user password.

The IA_Selected uses a naming service to get atblgference for the end user's UAH.

The object reference (UAH_ref) is retrieved.
Authentication process for the end-user takes fiat@een IA_Selected and UAH.

The 1A_Selected creates a UA_Selected (i.e., a UAVhe selected retailer domain)
together with its subordinate objects. The IA_Selédnvokes the created UA_Selected
to initialise itself. The invocation request incksdthe end user identity (User_id) and
object references for the PA (PA_ref) as well aglie end user's UAH (UAH_ref).

The IA_Selected completes the establishment otaass session by returning a reply to
the PA. This reply includes the result (i.e., acess or fail) as well as an object reference
for the created UA_Selected (UA_Selected_ref) dred dbject reference for the UAH
(UAH_ref).

The PA retains the received object reference.



23. The PA requests to the UA_Selected to start a@ereéssion. The service identifier that
is supplied now (Service_id_opt) corresponds toséume service but indicates that the

optimisation mechanisms have been completed.

24. Since there is no <optimise service> flag (commandye arguments the SF is requested
to create the SSM, USM and all the other relevéjgats. From this point on a service

session exists.
5. RETAILER SELECTION PROBLEM

In this section we describe in more detail a vergbthe logic that underlies the SUA and
RA interactions. As already presented SUA replicdésract with the RA of each candidate
retailer (Figure 8). The aims of the SUA-RA intdrans are the following. First, to supply to
the RA the user preferences, requirements and redmist regarding the specific service.
Second, to obtain the corresponding retailer off€rsrd, to select the retailer that makes the

best offer.

The tasks outlined require a method that will eedbk assessment of the quality of the offer
of each retailer. In this respect, in this sectianprovide the following. First, in sub-sections
5.1-5.4, we define and solve a problem that mayded for evaluating the quality of the

retailer offer. The overall algorithm for deternmigi the best retailer is presented in sub-

section 5.5.
5.1 Evaluating the quality of an offer

As already explained each SUA replica acts on helia useru of a given class (i.e., with a

known profile and service subscription data). Usewishes to use a given serviee

A fundamental assumption at this point is that isens is composed of a set of distinct
service features (e.g., see Figure 10). Furthermetais assume without loss of generality
that these service features are offered (suppotbgdihe candidate retailer to this user
(according to the service subscription data andpiadile). Each service feature has an
associated set of possible quality levels. Theisersubscription data of the user and the
retailer policies determine each of these quaditiel sets. Moreover, there is a cost associated

with the provision of a service feature at a gigeality level.

An objective function, which models the qualitythé retailer offer, consists of the following
factors: The benefit, which stems from the provisaf a service feature and the cost, at

which each retailer offers a service feature avargquality level.

The constraints of the problem refer to the follogvi First, each service feature should be

assigned to an allowable quality level. Secondietmay be an upper bound on the overall



price that the user may afford during the servisage. Likewise, the third constraint may be

associated with a lower bound on the overall uagsfaction.

As an example consider the model of Figure 10:\V&mgiuser wishes to access a service. The
service consists of four service features, eacbkredf at three quality levels. It may be
envisaged that a cost is imposed by the retailethfe provision of a service feature at an
associated quality level. The service subscripdiata and the profile of the user indicate that
the user is interested in 3 out of the 4 servieduies. Moreover, these service features may
be offered to the user in only 2 of the 3 allowatpmlity levels. A benefit (measure of the
user satisfaction) will be derived from the proweisiof a service feature at an associated

(allowable) quality level.

Taking into account the aspects outlined aboventbst suitable retailer for user is the one

that makes the best offer, i.e., the one that githeé best solution to the following problem.
Problem 1: [Evaluation of the Quality of the Re¢aiDffer]. Given:

(a) auseru who wants to use a servies

(b) the profile of user and the service subscription data,

(c) the service features that compose sendcéhese service features are designated

by the service subscription data and may be suppdry the retailer),
(d) the quality levels at which each service featurg beoffered,

(e) the benefit (user satisfaction) deriving from tlevision of a service feature at an

allowable quality level,

(f) the cost imposed by the retailer for the provismina service feature at an

associated (allowable) quality level,
(g) the upper bound on the overall price of the serugage that the user may afford,

(h) the lower bound on the benefit (satisfaction) tthe user wants to experience

during the service usage,

find, the best service configuration pattern, iassignment of each service feature to
an allowable quality level that optimises an ohjexfunction, which is associated with
the user satisfaction and the price of the serusage, subject to the constraints

imposed by the upper price bound and the lower setggfaction bound.

Sub-section 5.2 provides a formal statement ofptfablem of evaluating a retailer offer. In
sub-section 5.3 this problem is formulated as alid€ar programming problem [30,31,32].

In sub-section 5.4 we present a heuristic soluticthe problem.



5.2 Formal problem statement

Let u be the user who wants to use a given sergidarough the most suitable retailer. The
comprised service features of servigewill be denoted asSF(s). Among these service
features, of interest to the user are those thiahbeto the service subscription data of the

user profile and will be denoted &F(u,s) . It holds thatSF(u s) < SK(s) .

For each service featuie(i € SF(s)) the respective quality levels, at which it mayused,
are represented by the €9(i). The set of quality levels that are in line witietservice

subscription data of the user profile is denoted @fu,i). It holds thatQ(u,i)gQ(i).

Assuming that service featuieis provided at quality levelf, the benefit and cost associated
with this assignment will be represented &g,(,]) and pg,]j) (ieSF(us),

j €Q(u,i)), respectively.

The objective of our problem is to find an assignmei;, of service featuresi

(ie SF(u,s)) to quality levels j (jeQ(u,i)) that maximises an objective function
f (ASQ). Among the terms of this function there is therallebenefit (user satisfaction from
the assignment), which is expressed by the funddigh,,) , and the costp(Ay,) , at which
the retailer will provide the assignment.

The constraints of our problem are the followings# each service featuie{i € SF(u,s))
should be assigned to only one quality leyel{ j €Q(u,i)). Second, the constraint

regarding the total cost should be preserved. Ttwexethe total cost should not exceed a

predefined valuep,,, representing the maximum price that may be afbdolethe user for
the service usage. Therefore, the conditipfAs,) < p,,,, should hold. Third, the overall
satisfaction that the user should experience shooidbe lower than a given valug,, , i.e.,

b(ASQ) 2 Bmin'

Concentrating again on the example that is illistran Figure 10 we may observe the
following: (i) SF(s)= {sf,...,sf,}; (i) SF(us)= {sf,,sf,,sf,}; (i) Qusf,)= {0, 0l

etc.
The overall problem can be formally stated as fedo

Problem 1: [Evaluation of the Quality of the RegaiDffer].



Given a useru, who wants to use servicg through the most suitable retailer, the
profile and the service subscription data of usethe set of service featur&-(u, s)
that servicescomprises and at the same time are of interestv@at) to usew, the

set of quality level€Q(u,i) at which each service featuremay be offered and are of
interest (relevant) to usar, the benefitb,(i, j) and costpg,(, j) associated with
the assignment of service featurgi € SF(u,S) ) to quality level j (j € Q(,i)), the
upper bound on the pricp,,., that the user may afford, and the lower bouy}, on

the benefit (user satisfaction) that the user waotexperience during the service

usage, find an assignment of service features dtitguevels Ag, that optimises an
objective function f (Ay,) that is related to the overall user satisfactisff,,) and
price p(Ag,) suggested by the assignment, under the constrgifis,) < p,.,.

b(As,) = B, , and that each service feature is assigned tdlgxae quality level.

5.3 Optimal Formulation

In this section, the problem above is formulatedaa®-1 linear programming problem. In

order to describe the assignmefy, of service features to quality levels, we introgldbe
decision variablests, (i, j) (i € SF(u,s), j € Q(u,i)) that take the value 1(0) depending on
whether the service featuieis (is not) assigned to quality levgl- The problem of obtaining
the most appropriate assignmedy,, may be obtained by reduction to the following

optimisation problem.

Problem 1: [Evaluation of the Quality of the RegaiDffer].

Maximise:

Cs- z zbSQG,j)'XSQGaj)_CP' z ZPSQG,J')'XSQG,J') (1)

ESRus) FQu) ESAuS) EQu)
subject to D Xsoll, ) =1 Vi e SF(y,s) )
j€QUu.i)
Z stoa V1) %oy ]) 2 By, 3)

ESHus) EQul)

Z Z pSQ(i , J) XSQG! J) < Prax (4)

ESHus) EQul)



Relation (1) expresses the objective of finding Hest assignment of service features to

quality levels that maximises the cost functionjolhis associated with the overall benefit
(user satisfaction), and the corresponding priceighits c; and ¢, provide the relative

value of the benefit (user satisfaction) related pad the price related part of the objective
function. Constraints (2) guarantee that each serfigature will be assigned to exactly one
quality level. Constraint (3) guarantees that #aeel of user satisfaction will not be lower
than a pre-defined value. In the same manner, @ns{4) guarantees that total cost will not

exceed a predefined value.
5.4 Computationally efficient solution

This section discusses computationally efficiedtitians for the problem of evaluating the
quality of the retailer offer that is addressedtliis paper. In general, there may be a
significant amount of computations associated withoptimal solution of problem 1. In this
respect, the design of computationally efficiergoaithms that may provide good (near-
optimal) solutions in reasonable time is requir€assical methods in this respect are
simulated annealing [33], genetic algorithms [3dhoo search [35], greedy algorithms [31],
etc. Hybrid or (user-defined) heuristic techniqueay also be devised. Finally, exhaustive
search should be conducted in case the solutiaespanot prohibitively large. In this section
we briefly outline the importance of exhaustivershand describe an algorithm that is based

on simulated annealing.
5.4.1 Exhaustive search

Exhaustive search should be conducted in caseoth&am space is not prohibitively large.
These algorithms apply a method for scanning al $lelution space. The cost of the

respective solutions is evaluated and finally, kst solution is maintained. The complexity

of the search in our case isH\Q(u,i], i.e., a function of the service features that are
£ SHu,s)

relevant to the user and the quality levels at tviihi@se service features may be offered.

In the results section there are examples in wikiehcomplexity of exhaustive search is

reasonable.
5.4.2 Algorithm based on Simulated Annealing

Such algorithms are required in case the soluti@te is prohibitively large to be scanned in

an exhaustive manner.

During each phase of an algorithm that is basethersimulated annealing paradigm, a new
solution is generated by minimally altering thereutly best solution (in other words, the

new solution is chosen among those that are “neigtihg” to the currently best one). If the



new solution improves the objective function vafue., the difference between the objective
function value of the old and the new solutié(¢ , is negative) the new solution becomes the
currently best solution. Solutions that decrease dhjective function value may also be

accepted with probabilitg (7"

(Metropolis criterion). This is a mechanism thssiats in
escaping from local optimaCT is a control parameter, which may be perceivedhas
physical analogous of the temperature in the phygicocess. The algorithm ends when
either CT =0 (temperature reaches 0) or when a significantbaunof moves have been

made without improving the cost function.

The development of a simulated annealing-basededtoe means that the following aspects
have to be addressed: configuration space, costtifun“neighbourhood” structure and
cooling schedule (i.e., manner in which the temipeeawill be reduced). The configuration

space is the set of feasible solutioms%(i,j) that satisfy the constraints (2)-(4). The cost
function is the one introduced by relation (1).

The neighbourhood structure of a solution is preduby reallocating a service feature-

from its current quality levelp to another randomly chosen (higher or lower) dudével-

j. The cooling schedule may be calculated accordingl =r-T, where T is the

temperature and is usually a number that ranges from 0.95 to 0.99.
The simulated annealing-based algorithm may beritestas follows.
Basic Simulated Annealing Algorithm.

Step 0 Initialisation. Get an initial solution]S, and an initial temperature valuE. The
currently best solution@BS) is IS, i.e., NBS=1S, and the current temperature
value CT)isT,ie.,CT=T.

Step 11f CT=0, or if the stop criterion is satisfied, the prdaee ends and a transition to

step 6is performed.
Step 2 A new solution (NS ) that is neighbouring t&€BS is found.
Step 3 The difference of the costs of the two solutio@BS and NS is found, i.e., the

quantity Ac= C(CBS) — C(NS) is computed.

Step 4 If Ac<0 then the new solution becomes the currently hsstien, i.e., CBS = NS.
Otherwise, if Ac> 0, then if e “?*" > rand[0]), the new solution becomes the
currently best solution, i.eCBS= NS.

Step 5 The cooling schedule is applied, in order to dale the new current temperature

value CT, and a transition tstep lis performed.



Step 6 End.

There are various alternatives for realising thap striterion mentioned irstep 1 In our
version, the algorithm stops when no improvementtha objective function has been
achieved after a given number of temperature deese@n other words consecutive moves or
alterations of the currently best solution). Neighting solutions gtep 2 are selected
randomly among all the neighbouring ones of theenily best solution, with the same

probability for all neighbours.
5.5 Outline of SUA and RA capabilities

In this section we describe the algorithm, on whitle SUAs and the RAs base
accomplishment of their tasks. The algorithm shd@dseen as a more detailed description of
the tasks in steps 9-14 in sub-sections 4.3.1 a@h#,4aking also into account the schemes of

this section.

Step 1 The “parent” SUA is created and initialised witte preferences, requirements and
constraints of useu regarding services. These are expressed by the following data.

First, the set of the service featurB&(u, s) that are of interest (relevant) to the user.
Second, for each service featurdi € SF(u,s) ) the corresponding set of allowable
quality levels Q(u,i). Third, the valuesby,(i, j) that describe the benefit (user
satisfaction) stemming from the provision of seeviieaturei at quality level

(j €Q(u,i)). Fourth, the upper limit on the prige,., and the lower limit on the user
satisfactionB,;, that the user may afford, or wants to experierespectively, during
the service usage.

Step 2 The “parent” SUA obtains the list of candidatdailers, the addresses of the
corresponding nodes, to which the SUA replicas khouigrate, and the references of

the RAs. A SUA replica is created for each candidatailer.

Step 3 The SUA replicas migrate to the candidate rataillemains and the parent SUA

migrates to the default retailer domain.

Step 4 Each SUA obtains the retailer offer for the ugpeeferences, requirements and
constraints regarding service- These are expressed by the pricngG,j)
associated with the provision of service featurat quality level .

Step 5 Each SUA replica evaluates the quality of thaitet offer by solving the appropriate
instance of problem 1. The result is sent to thempeSUA.



Step 6 The parent SUA in the default retailer domainesi a retailer by comparing the

objective function values that each retailer hasext.
6. RESULTS

In this section, some indicative results are pregiéth order to assess the proposed software
framework, which allows the incorporation of advadcpersonal mobility features in the
TINA SA. In general, the scope of our paper isugraent the personal capabilities of legacy
SAs. To this end, a business case was defined whicbmposed of three phases, namely
user authentication, retailer selection and assoniastablishment. More specifically, the
contribution of this paper lies in the followingeas. First, the realisation of a business case
which required the introduction of new service comgnts and the integration with the
existing SA. Second, the definition, mathematicatnfulation and optimal as well as
computationally efficient solution of the evaluatiof the quality of the retailer offer problem

that should be solved in the context of the retaigdection phase.

The results of this section aim at the provisioningficative evidence of the overall retailer

selection scheme, with respect to a random retsdliection scheme. In the rest of this section
two sets of experiments will be used for demonistgathese aspects. The experiments are
differentiated from specific assumptions concerniagr preferences and not from their focus

which is as described above.

In order to test the performance of the proposadchéwork of this paper we assumed the
existence of a terminal that falls into the domaifid\ candidate retailers. Users access this
terminal in order to initiate a service usage.hHa tontext of our experiments, we assume that
the users request always the same service, whiefdé® conference. We have chosen a

simple and well-known service in order to explaiareneffectively the proposed scheme.

Video conference comprises two service featuresiehaaudio and video. In the context of
our study, four quality levels have been considéoedhese service features. Specifically, the
quality levels that have been defined for audiorespond to 8kbits/sec, 16kbits/sec,
32kbits/sec and 64kbits/sec, respectively. In dlainmanner, the defined quality levels for
video correspond to 15frames/sec, 20frames/secrar@gt/sec and 30frames/sec,

respectively.

Regarding the different users that access the nafmive assume the existence lofuser
classes. In the definition of these user classe$iave also assumed that all users in these
classes are interested for both service featuresieMer, each user class involves different

quality levels for these service features.



Concerning the implementation issues of our expemimthe whole TINA access session has
been implemented in Java [36] (see also [4]). ThieixWeb CORBA compliant platform
[37] was used for the inter-component communicatidre implementation of the intelligent,
mobile agents, i.e., SUA and RA, was based on $ieedf the Voyager platform [38]. The
particular platform was chosen, since it is a rolagent platform that has been successfully
used in other applications. Furthermore, it sugpalt functional and technical requirements

identified for implementing the identified businesse.

In the first set of experiments, the user profitel @ata subscription presented in Table 1(a)

for each defined user class, assuming thatl0 was adopted. More specifically, in this
table we indicate the quality levels, i.€@QA and QV, (1<i, j £4) for audio and video,

respectively, which are of interest to each usas<l The user satisfaction of providing a

service feature at a given quality level, i.e. efficients bSQ(i, j), for each user class is taken

to be equal for all allowable quality levels. Insthespect, the users of each class are equally
attracted by all the quality levels at which a sanfeature, which is of interest to them, may
be offered. Hence, the objective of the retaileled®n scheme is reduced to the

minimisation of the cost at which the service feasuwill be provided.

In the same manner, in Table 1(b) the retailercgesi regarding the features (audio and
video) of videoconference and the respective qudétels is described, assuming that
N =5. More specifically, this table indicates the offkiguality levels, for audio and video,
for each retailer, as well as the cost (expresseathitrary cost values) which is associated
with the provision of a service feature at a givagmlity level. It is noted that in the
considered test case, all retailers do not offiep@dsible quality levels. Furthermore, there is
a non uniform increasing rate at the cost, at wk@th retailer provides a service feature at a

quality level.

As previously mentioned, the objective of our expent is to provide indicative evidence of
the overall retailer selection scheme, with respec random retailer selection scheme. In
this respect, first, in Table 2 we present the @ of the application of the retailer selection
scheme for the user classes and retailer policesribed in Table 1. Specifically, for each
user class, the derived value of objective func{ignas well as the selected retailer is shown.
It is noted that the co-efficientbSQ(i, j) are taken to be equal to 50. Moreover, with
reference to Table 1, from the derived results way monclude that the desired service
features are always offered at the lowest allowghkgity level. This is justified since (a) the

users are equally attracted by the different quadivels and (b) the considered allocation

yields minimum cost.



Following, we examine the effectiveness of the alleetailer selection scheme with respect
to the random retailer selection scheme. In thépeet, in Figure 11 a comparison between
the cost of providing the desired service featatesllowable quality levels when the retailer
selection scheme is applied and the respectivedasating from a random retailer selection,
for each user class, is provided. Again, the usefilps and retailer policies described in
Table 1, have been considered. From the obtairmdtseve observe a decrease, which is up
to 25%, in the overall cost when the retailer s&@acscheme is applied. This decrease is due
to the selection of the most suitable retailerrtgkinto account the user preferences and the
retailer policies.

Regarding retailer specialisation, in Figure 12peesent the percentage of the requests that
were handled by the retailers for the differentrudasses. From the obtained results we
observe that a great number of requests was hahylestailer-5 because of its suitability for

adequately serving 5 out of the 10 user classes.

In the second set of experiments, we have agaiptedahe user profile and data subscription

shown in Table 1(a). However, in this test casehewe assumed that the user satisfaction of
providing a service feature at a given quality leve., co-efficientsbso(i, j), for each user

class is not equal for all allowable quality leveisthis respect, in Table 3 for each user class
we show the different coefficients, which indicalte level of attraction for all the quality
levels at which a service feature, which is of iegt to them, may be offered. Furthermore,

from Table 3, we may conclude that, in principleghier quality levels are more attractive to

the users. This is expressed by the higbg%y(i, j) co-efficients. Hence, the objective of the

retailer selection scheme is to find the assignnibat maximises the value of objective
function (1). Regarding the retailer policies, thees shown in Table 1(b) are also valid in

this set of experiments

Similarly to the first set of experiments, in Taldlave present the outcome of the application
of the retailer selection scheme for the user elmsescribed in Table 3 and retailer policies
described in Table 1(b). More specifically, we perr@s for each user class, the derived value
of objective function (1), the selected retailed ahe quality levels at which the service
features (audio and video) were provided. Compatinipe corresponding results in the first

set of experiments (Table 2), we may observe thatvialue of objective function (1) is

increased up to 5%, approximately, for user cliiss The increase is due to the higher

attraction level for a specific quality level. Forample, for user clas-, QA is equal to 55

while in the first set of experiments the respexfactor is taken equal to 50.



Apart from the above observations, we may alsstiieat for the user classks, k; andk,

different retailers have been selected comparirthedirst set of experiments. This is, again,
owing to the introduction of different levels oftraction for different quality levels. This
introduction entails the selection of a differeetailer, which offers a better balance between

user satisfaction and derived cost.

In Figure 13 a comparison the retailer selectidmeste and a random retailer selection is
provided. In this respect, we present the valueljéctive function (1) in case the retailer
selection scheme and the random retailer selestibeame are applied. Again, the user classes
described in Table 3 and retailer policies descrilbeTable 1(b) have been used. From the
obtained results we observe an increase, whichgeaimately up to 3%, in the value of the
objective function (1) when the retailer selectsmmeme is applied. The increase is due to the

selection of the most suitable retailer for thecpruser preferences and the retailer policies.

Regarding retailer specialisation, in Figure 14peesent the percentage of the requests that
were handled by the retailers for the differentrdasses. From the obtained results we may
observe that a great number of requests was agaidldd by retailer-5 because of its
suitability for adequately serving 5 out of theud®r classes. However, comparing to the first
set of experiments, a more uniform allocation &f litad (handled requests) is observed since
our assumptions on user preferences results in actiee involvement of the rest of the

retailers.
7. CONCLUSIONSAND FUTURE WORKS

This paper proposed enhancements to the persortalitn@upport capabilities of legacy,
standardised service architectures. The TINA seraichitecture was used as a reference,
even though our approach is applicable to otheretsods well. Our starting point was the
elaboration on a business case that falls inta¢hén of personal mobility. The aim of the
business case is to enable users that are fousdleuheir home domain to access services
through the best visited retailer, i.e., the onferafg, adequate quality services in the most
cost efficient manner. The following key issues evaddressed. First, the introduction of the
additional functionality that is required for supiiag the business case, and the realisation
through appropriate service components. Second, itkegration of the new service
components in the standard TINA service architectiihird, the detailed description of a
version of the logic of the new components. In ths respect, problems related to the best-

visited retailer selection problem were formallsgtet mathematically formulated and solved.

Directions for future work include, but are not ifed to the following. First, the migration

from simulation-based studies that were conduotedHis paper, to the realisation of wide



scale trials, so as to experiment with the appiiitplof the framework presented herewith.

Second, the experimentation with various versidrte@SUA and RA functionality.
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Figure 2. A user accesses a terminal in a foreigmdin, i.e., outside his home domain, and
wishes to make use of a service; the terminal faltsthe domain of various candidate
retailers. Candidate retailer 1 (CR1) is also thefalilt retailer (DR)
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User QA; QA2 QA3 QA4 QVy QV: QVs QV,
Class
k; v v v v
k, v v v v
ks v v v
K, v v v
Ks v v v v v
Ks v v v
ks v v v
Kg v v v v
Ky v v
Kio v v v v v v v v
@

Retailer QA QA, QA; QA, QVy QV, QVs QV,
N, 1 15 3 5 2 3 5 7
N, 0,9 1,2 2 2,8 4
N, 1 14 25 18 25
N, 1 14 25 2 2,8 4
N 0,9 1,2 18 25

(b)

Table 1: First set of experiments. Descriptionajf\{ser profile and service data subscription
and (b) retailer policy



User || Objective Function Value Retailer Selected

Class
Ky 97,3 5
k, 96,3 5
K 97,3 5
K 96,6 5
ks 95 3
Ke 94,8 2
K, 93 1
Kg 95,1 2
Ko 95,1 2
Kio 97,3 5

Table 2: First set of experiments. Outcome of #tailer selection scheme application for

Cost

Figure 11: First set of experiments. Comparisotthef retailer selection scheme and the
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User | QA; | QA | QA; | QA, | QVi | QV2 | QVs | QVu
Class
Ky 50 55 50 | 505
k, 50 | 51,5 50 50
K 50 50 | 505
K 50 51 50
ks 50 51 50 53 53
Ke 50 50 51
ks 50 50 53
Ke 50 | 503 | 53 50
Ko 50 51
Ko 50 | 503 | 515| 50 50 51 51 53

Table 3: Second set of experiments. Descriptiarsef profile and service data subscription



User Objective Function Retailer Assigned Assigned
Class Value Selected QA oY
Ky 102 5 QA QVs
k, 96,5 3 QA QV,
Ky 97,3 5 QA QVy
K 97,3 5 QA QY
ks 96,5 4 QA QVs
Ks 94,8 2 QA QVs
ks 95 1 QA Qv
Ks 96,5 4 QA QVs
Ky 96,1 2 QA QVs
Ky 97,6 5 QA QY%

Table 4: Second set of experiments. Outcome géthier selection scheme application for

104 4
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Figure 13: Second set of experiments. Comparisdneofetailer selection scheme and the

random retailer selection scheme
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