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Abstract: The highly competitive communications markets ted future should encompass
mechanisms for enabling users to find and assouidtethe most appropriate retailers, i.e.,
those offering at a certain time period, adequatdity services in a cost efficient manner.
This paper presents such mechanisms. Our starbimg i3 the definition of a business case,
through which the role of the best candidate-retaskelection problem is explained. In the
sequel, the problem is analysed and the identifisd-problems are concisely defined,
mathematically formulated and solved. The iderdifeomponents of the best candidate-
retailer selection problem are targeted to theuatain of the quality of a retailer offer and
the reduction of the set of candidate retailergXploitinglearning from experienceotions.

At the final sections results are provided and tading remarks are made.
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1. INTRODUCTION

The ongoing liberalisation and deregulation of aefemunications will introduce several
actors in the respective market of the future B4, In principle, the main role of all the
players in such a competitive environment will beednstantly monitor the user demand, and
in response to create, promote and provide theetksiervices and service features. The
following are some key factors for success. First, efficiency with which services will be
developed. Second, the quality level, in relatidgthwhe corresponding cost, of new services.
Third, the efficiency with which the services wille operated (controlled, maintained,
administered, etc.).

The challenges outlined above have brought todregfound several new important research
areas. Some of them are the definition of new lessnmodels [3,4], the specification of

service architectures (SAs) [5,6,7,8,9,10,11], deeelopment of advanced service creation
environments (SCEs) [12,13,14,15,16] and serviagufes (e.g., the personal mobility

concept [6,17,18,19]), and the exploitation of awhed software technologies, e.g. distributed
object computing [20,21] and intelligent mobile atge[22,23,24,25]. The aim of this paper

is, in accordance with the cost-effective QoS miovi and the efficient service operation

objectives, to propose enhancements to the sogdtistn of the functionality that can be

offered by legacy service architectures.
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A typical view of the competitive telecommunicatioworld of the future can be the one
depicted in figure 1. Without being exhaustive fouain different entities can be identified,
namely, theuser, retailer, (3" party) service(or conten} provider, andconnectivity provider
The role of the (8 party) service (content) provider is to develop affer service (content).
The role of the retailer is to provide the mearerges) through which the users will be
enabled to access the (services - content offeyetieb3” party) service (content) providers.
Limited by techno-economic or administrative reaseach retailer offers services only inside
a domain. Moreover, it can be envisaged that aitranp area will, in general, fall within the
domain of several retailers (figure 2). Finallye ttole of a connectivity provider is to offer
the network connections necessary for supportiagénvices.

Such highly competitive and open environments gsharcompass mechanisms that will
enable users to obtain services through the mgebppate retailers, i.e., those offering, at a
given period of time, adequate quality services ioost efficient manner. In this paper the
relevant problem is callethest candidate retailer selectiorfhe aim of this paper is
(primarily) to address this problem from a theaaltiperspective and (secondarily) to show
how the solution can be incorporated in legacy isenarchitectures. Even though our
reference service architecture will be the one ifipdc by the Telecommunications
Information Networking Architecture Consortium (TANC) [3,7,8,9,26,27,28] the presented
practices can be applied to other models as well.

Our approach is the following. The starting posithe presentation of a tardeisiness case
In general, a business case can be seen as aisdiaarshould be supported in an open
competitive communications environment. Its conititn will be to enable the clarification
of the role of the best, candidate retailer sadecproblem, and to provide information on the
manner in which the proposed solution can be iategrin legacy service architectures. In
the sequel, the problem will be analysed and tkeatified sub-problems will be concisely
defined, mathematically formulated, and solved.

In its more general version the best, candidatsleetselection problem can be described as
follows. Given a user wishing to access a certaiwise, the user preferences, requirements
and constraints regarding the features of the @@nand the set of candidate retailers and
their offers (e.g., cost at which each serviceuieat quality level combination is provided),
find the retailer that offers the most satisfacteeyvice configuration pattern (allocation of
service features to quality levels) in the most-effective manner.

The problem above can be analysed as depictedgumefi3. In general, the core of the
selection process requires a method for evalustiagjuality of each retailer offer. This paper
includes the mathematical description of a pertiggoblem, its formulation as a 0-1 linear
programming problem [29,30], and a brief outline admputationally efficient solution
algorithms. Regarding the determination of theadetandidate retailers, two approaches can
be envisaged. The first (and simpler) one engaljgbeapossible candidate retailers in the
negotiation. The second, which will be also congdan this paper, is motivated by the fact
that, in certain cases, an extensive negotiationecdail a needless amount of computations
and interactions (and consequently, an associateglssive resource consumption). In this
perspective, the notion déarning from experiencg31,32,33] will be exploited, so as to
confinethe set of candidate retailers. This aspect véllblased on, so-called, retailating
mechanisms, which take into account the qualityprevious retailers’ offersperformance
criterion) and whether the expectations raisechénpast (by previous offers) have been met
(reliability criterion).

The rest of this paper is organised as followsti&e@ describes the business case through
which the role of the best candidate retailer sglagroblem, and the manner in which the
proposed solution can be integrated in legacy senrdrchitectures, is explained. The
description is done in terms of the involved busikevel entities and the computational level
components. Section 3 presents the mathematicalittef, formulation and solution to the
problem of evaluating the quality of an offer timmade by a retailer. In essence, the section



presents in finer detail a version of the logictbé& (service architecture) computational
components that play a role in the retailer sedegiiroblem. Section 4 introduces the learning
mechanisms that confine the set of candidate eesaihat should be involved in the selection
procedure. These mechanisms are also potential afayaproving the competence of the

(service architecture) computational component$ fhay a role in the retailer selection

problem. Section 5 provides a set of indicativeiitss Finally, section 6 includes future plans
and some concluding remarks.

2. BUSINESsS CASE DESCRIPTION

This section provides the description of the bussnease, through which the importance of
the retailer selection may be understood. Subaeil provides the description in terms of
business level entities, while in sub-section B description is refined by introducing the
role of the computational level components.

2.1 Description in terms of business level entities

It is assumed that a user wishes to access a isps®ifice. Moreover, it is assumed that the
user can be served by (falls in the domain of)oteacandidate retailerdCRs), as depicted in
figure 2. Enabling the service usage through thestnappropriate retailer requires the
realisation of the three general phases depictédire 4.

The first general phase involves service independeatures like user authentication,
authorisation, etc. It involves the user and aityetiiat will be called default retailer (DR). In
essence, at the end of this phase the user iseehtabitequest services. This phase will not be
further addressed in this paper.

The second general phase is the core of the nesailection. It is assumed that a user wishes
to access a given service through the most apptepretailer. The entities involved in this
phase are the user and the candidate retailegeneral, the set of candidate retailers can be
determined by means of a brokerage (or simplerirectdry) service. Nevertheless, some
retailers can be eliminated, as will be explairagdrl in this paper (see section 4). In general,
the basis for the best, candidate retailer selectio founded by the user preferences,
requirements and constraints regarding the spesgficice, and the retailer policies (e.g., cost
at which each service feature - quality level camabon is provided).

In the third phase the result of the selection vailable, and hence an association, and
subsequently a service usage, may start betwearséineand the selected retailer.

2.2 Description in terms of computational level concept

The TINA-compliant computational level model of thesiness case is depicted in figure 5.
Of interest to our study is the TINA access sessmrtept, which is the gateway to the usage
of a specific service. In general, a session isnddfas the temporary relationship among a
group of objects that are assigned to collectivelfji a task for a period of time. The access
session is a service independent concept, and e€asedn as the gateway to any specific
service usage. It comprises activities that alloseruauthentication, user profile control
(inspection), and service invocation.

The Initial Agent (IA) is the component that enabtle initial access to a domain. The User
Agent (UA) component represents the user beyondetiminal domain (e.g., in the default
retailer domain). Its role is to intercept and @sx user requests. The UA has subordinate
objects (SOs) that maintain user specific infororatiFor brevity, these objects are not shown
in full detail in figure 5. The UA and SO comporemhaintain the user profile related
information (e.g., preferences, requirements andsttaints regarding certain services,
potential service subscriptions, etc.). The Usepli&ption (UAP) models the entity (user
interface) with which the user is confronted wherttie access session mode. The Provider
Agent (PA) represents the retailer in the user domaire Ui invokes the Service Factory
(SF) for initiating a specific service usage.



The overall retailer selection task requires aityettiat will act on behalf of the user. Its role
will be to capture the user preferences, requirésnand constraints regarding the requested
service, to deliver them in a suitable form to #ppropriate retailer entity, to acquire and
evaluate the corresponding retailer offers, andnalely, to select the most appropriate
retailer. As a second step, the retailer seled¢tisk requires an entity that will act on behalf of
each candidate retailer. Its role would be to cbllke user preferences, requirements and
constraints and to make a corresponding offer,ntpldlso into account the underlying
connectivity providers.

Based on the discussion above the following keresibns are made so as to cover the
functionality that was identified above. First, tHa is extended, by being assigned with the
role of selecting on behalf of the user the betilex. Second, th&etailer AgentRA), is
introduced and assigned with the role of promotihg services offered by a candidate
retailer. In other words, the UA possesses the pisdgerences, requirements and constraints
from the profile, interacts with the RAs of the datate retailers so as to obtain their offers,
and selects the most appropriate retailer for #sreld service. The RA promotes the offers
of a candidate retailer, interacts with UAs, ane tanderlying connectivity provider
mechanisms.

Figure 6 presents in more detail the interactiansray the computational level components.
The detailed description of these interactionamgted for brevity.

3. EVALUATING THE QUALITY OF THE OFFER OF A RETAILER

In this section we describe in more detail a versibthe logic that underlies the UA and RA
interactions. As already presented the UA interagth the RA of each candidate retailer
r eR, where R denotes the overall set of candidate retailerg dims of the UA - RA
interactions are the following. First, to supplytb@ RA the user preferences and constraints
regarding the specific service. Second, to obthendorresponding retailer offers. Third, to
select the retailer that makes the best offer.

The tasks outlined require a method that will eedbé assessment of the quality of the offer
of each retailer. In this respect, sub-sections 3.2 and 3.3 include the definition,
formulation and solution, respectively, of a prabléhat can be used for evaluating the
quality of the offer of a candidate retailer Based on this problem, subsection 3.4 describes
the resulting retailer selection algorithm andfiner detail, the functionality of the involved
computational level components (namely, UA and RA).

3.1 Formal problem statement

Each UA acts on behalf of a user, whose profile is known. Usai wishes to use a given
services. A fundamental assumption at this point is tleatise s is composed of a set of
distinct service features (e.g., see figure 7)chiill be denoted aSF(s). Furthermore, let

us assume without loss of generality that thesdcsefeatures are offered (supported) by the
candidate retailers. This assumption can readilselzxed as will be explained in subsequent
sections (e.g., see in section 5 the discussiosrried) to table 2). Among these service
features, of interest to the user are those desidna the user profile and will be denoted as

SF(us) (SF(us) c SF(s)). Each service featurecSF(9 has an associated set of
possible quality levels, represented by the@éf) . The set of quality levels that are in line

with the user profile is denoted K (u,i) (i eSF(u, é). It holds thatQ(u, i) gQ(i). The
user preferences and the retailer policies determath of these quality level sets.

The user satisfaction level (measure) that re$idta the assignment of service featurext
quality level-j is denoted adg,(i,]) (i€ SF(us), jeQ(U,i)), while the associated



price (tariff) that will be imposed on the usertgyailer r is denoted aspSQ(r,i,j) (reR,

i e SF(u,8), j €Q(u,i)).

The objective of our problem is to find a servianfiguration pattern, i.e., an assignment
ASQ(r) of service features (i € SF(u,S)) to quality levelsj (j € Q(u,i)), that is optimal
for retailer r. The assignment should maximise an objective fanctf (r,ASQ(r)) that

models the quality of the retailer offer. Among the terms of this function theretis bverall
user satisfaction level that results from the assgnt, which is expressed by the function

b( ASQ( r)), and the price (tariff) at which retailgr will provide the assignment, which is
expressed by the functiop(r, A r)) .

The constraints of our problem are the followingst: each service featurie{i € SF(u,s) )
should be assigned to only one quality leyel{ j € Q(u,i)). Second, a cost-related
constraint can be imposed. As an example, a v@ljye can be defined for representing the

maximum price (tariff) that can be afforded by tiser for the service usage. Tipg,, value
can be seen as an expression of the user constrdihe corresponding mathematical

description of the constraint ip(r, ASQ(r)) < Pmax- The third problem constraint refers to
the user satisfaction level (measure), which shaoldbe lower than a given vallg, . (this
may be seen as an expression of the user requitemdihe corresponding mathematical
description of the constraint ts( A r)) >B.. .

As an example the model of figure 7 can be consitleA given user wishes to access a
service. The service consists of four service fegtueach offered at three quality levels. The
user profile indicates that the user is interegte®l out of 4 service features. Moreover, these
service features may be offered to the user in @nbf the 3 allowable quality levels. A

benefit (measure of the user satisfaction) willdeived from the provision of a service
feature at an associated (allowable) quality level.

Thus, we may observe the following: ({§f,,...,sf,}; (i) SF(u,s)= {sf,,sf,sf,}; (i)
Q(U, Sf2)= {QZz’ qzs}’ etc.
The overall problem can be formally stated as fedio
Problem 1: [Evaluation of the Quality of the Re¢ailr Offer]. Given:
(a) auseru who wants to use a servise
(b) the profile of usem,

(c) the set of service featureSF(u,S) of service Sthat are of interest (relevant) to
user u (this set is formed by the service specificatitire user profile and the
retailer capabilities),

(d) the set of quality level§(u,i) at which each service featurg(i € SF(u,s) ) can

be offered, according to the service specificatibe, retailer capabilities and the
preferences of user,

(e) the user satisfaction levelds,(i, j) (expressing the user preferences), which
derives from the assignment of service featuig € SF(u,S) ) to quality level |

(1eQW.i))



(f) the price pSQ(r,i,j) that retailerr associates with the assignment of service
featurei (i € SF(y,s)) to quality level | (] € Q(u,i)),

(9) the upper bound on the overall price (tariff),, that the user can afford for the
service usage (this value is an expression of $ke epnstraints),

(h) the lower boundB,_,, on the user satisfaction level that has to be réemeed
during the service usage,

find the best service configuration pattern, essignment of service features to quality levels
Asy(r), that optimises an objective functioh(r,ASQ(r)) that is related to the overall user

satisfaction b(ASQ( r)) and price p(r,ASQ(r)) suggested by the assignment, under the

constraints p(r, ASQ(r)) < P b( A r)) > B, and that each service feature is assigned
to exactly one quality level.
3.2 Optimal formulation

In this sub-section the problem above is formulasda 0O-1 linear programming problem
[29,30]. In order to describe the assignmé\gb(r) of service features to quality levels, the
decision variable(s,(, j) (i € SF(u,s), j € Qu,i)), which take the value 1(0) depending
on whether the service featureis (is not) assigned to quality levgl; are introduced. The
problem of obtaining the most appropriate assignmfésrgg(r) may be obtained by reduction
to the following optimisation problem.

Problem 1: [Evaluation of the Quality of the Regailr Offer].

Maximise:

f(r Alr)) = 2 2 [eo i) e pad )] ol ) &)
ieSF(u, 9 jeQlu,i

subject to D Xsoli, ) =1 Vi e SF(y,s) (2)
j€Q(u.i)
(AyN)= 3 byl )Xol ) 2 By, 3)

ESHuUs) EQu)

p(r’ASQ(r)): 2 2 pSQ(r'i’j)'Xs,(z(i’j)Spmax (4)

ieSF(u, 9 jeQ(u,i)

Agr) = {xsofi 1) [i eSF(u 9, ] eQ(u,i)} (5)

Relation (1) expresses the objective of finding Hest assignment of service features to
guality levels that maximises the cost function,ickhis associated with the overall user
satisfaction and the corresponding price. In otherds, relation (1) expresses the quality of
the retailerr offer (or equivalently, the objective function ualthat is scored by retailer).

Weights c; and ¢, provide the relative value of the user satisfactielated part and the
price related part. Constraints (2) guarantee #aah service feature will be assigned to



exactly one quality level. Constraint (3) guaraattd®t the level of user satisfaction will not
be lower than a pre-defined value that is dictdigdthe user requirements. In the same
manner, constraint (4) guarantees that total cdshet exceed a predefined value.

3.3 Computationally efficient solutions

In general, there are several approaches that mdpllowed for solving the problem that
was presented above. The first one is to exhalgtbearch the solution space, provided that

it is not prohibitively large. The complexity ofalsearch in this case isH| Qu,i)|, ie., a

&£ SHu,s)
function of the service features that are relevarthe user and the quality levels at which
these service features may be offered.

In case the solution space is large the desigmwipatationally efficient algorithms that can
provide good (near-optimal) solutions in reasondbte is required. Classical methods in this
respect are simulated annealing [34,35], taboo chedB6,37], genetic algorithms
[38,39,40,41], greedy algorithms [30], etc. Hybaduser defined heuristic techniques may
also be devised.

3.4 Retailer selection algorithm — Role of computatidr@mponents (UA and RA)

Based on the discussion so far this sub-sectiocritbes the algorithm, on which the UAs and
the RAs base the accomplishment of their tasks. alperithm should be seen as a more
detailed description of the tasks in the retaildestion procedure, also taking into account
the mathematical problem in subsections 3.1, 3233

Step 1 The UA component is acquainted with the prefeesncequirements and constraints
of useru regarding services. These are expressed by the following data. Rinst,
set of the service feature€SF(U,S) that are of interest (relevant) to the user. Secon

for each service feature (i € SF(u,s) ) the corresponding set of allowable quality
levels Q(u,i) . Third, the valuesby(i, j) that describe the user satisfaction level
stemming from the provision of service featureat quality level§ (j € Q(u,i)).
Fourth, the upper limit on the pricp, ,,and the lower limit on the user satisfaction
B,;, that the user can afford, or wants to experierespectively, during the service
usage.

Step 2 The UA obtains the list of candidate retailels, and the references of the respective
RAs.

Step 3 The UA component activates the appropriate nagwtientities (e.g., threads or
mobile agents as specified in [4]). Each negotia¢atity will undertake the
interactions with a candidate retailere R. The negotiator entities will be under the
control of the UA.

Step 4 Each negotiator entity obtains the offer of aitet r € R for the user preferences,
requirements and constraints regarding sergic8-hese are expressed by the prices

p(r, ASQ(r)) associated with the provision of service featurat-quality level .
Step 5 Each negotiator entity evaluates the quality loé tetailer offer by solving the
appropriate instance of problem 1. The resultg@isible) is sent to the UA.

Step 6 The UA selects a retailer by comparing the objedunction values that each retailer
has scored.

Step 7End.



4. DETERMINING (CONFINING) THE SET OF CANDIDATE RETAILERS

This section describes the method for confiningdéeof candidate retailers, so as to reduce
the required interactions and the associated catipns and resource consumption. In other
words, this section provides enhancements to thariteligence, by incorporating learning-
from-experience concepts. Learning refers to a @orapt’'s ability to use the information it
has obtained from the environment, in order to mapr(modify) its decisions and behavior.

As already stated the reduction of the set of ahatdiretailers will be based on, so-called,
retailerrating mechanisms. The rationale of these mechanismesepted in subsection 4.1.
Subsection 4.2 provides the mathematical framewioak underlies the rating mechanisms.
Subsection 4.3 presents the revised version dithand RA intelligence.

4.1 Retailer rating fundamentals

The UA can decide to confine the set of candidatailers based on an estimation of the
retailers’ expected behaviour. In our approachelktimation comprises two factors. The first
is a measure of the quality of the previous ofteet have been made by the retailer, and is
called performance criterion. The second is thealbdity criterion. Its aim is to reflect
whether the service finally provided to the usaresponded to the agreement reached during
the negotiation phase. Our approach is furtheryapdlin the following paragraphs.

The performance criterion is motivated by the theit there may be different levels of user
satisfaction with respect to the various retailefars. In this respect, there may be retailers
that, in principle, do not satisfy the user witreithoffer. Hence, recording the previous

experience can easily assist the UA in decidingtiadreor not to negotiate with a specific

retailer.

The reliability criterion covers cases in which tle¢ailer does not honour the agreement (or
in other words, does not meet up to the expectsitiestablished in the negotiation phase. In
this sense, the reliability criterion introduceg tlavour of trust among the user and the
retailer. Obviously, recording pertinent informationay encourage or discourage a UA in
negotiating with particular RAs. This part of ouonk is influenced by notions appearing in

[42,43].

Naturally, the UA should apply the mechanisms famfming the set of candidate retailers, in
cases it is highly likely that the information orhigh it will be based is accurate. More
specifically, it can be envisaged that the retaileill be changing their policies, in order to
adapt to the market demand. In this respect, UAatipg mechanisms are required. To this
end, several approaches can be found in the litexag.g., the Boltzman exploration strategy.
Moreover, according to a straightforward approdwdt is adopted in this paper, it can be
envisaged that the UA will confine the set of caadit retailers, in case criteria, indicating
that the essential (fundamental) information isqwdtated, are satisfied.

4.2 Mathematical description of the retailers rating ralkanisms
This subsection provides the formulas that redlisaetailer rating mechanisms.
4.2.1 Formulations for the performance criterion of tretailer rating mechanisms

Each retailerr may be rated according to the performance critetiwough the following
formula:

RP (1 =RP(D+Kk,- (rp(r) - E[rp(r)]) (6)

where RP_.(r) and RP, (1) are the retailer- performance-based rating after and before

pre

the updating procedurep(r) is a (reward) function that describes the quaiftyhe retailer-

r current offer (with respect to the other retajieend E[rp(r)] is the mean (expected)



value of therp(r) value. In general, the larger thp(r) value the better the quality of the
current offer, and therefore, the more positiveitifience on the rating of the retailer. Factor
kp (kp > 1) determines the relative significance of the rmeuicome with respect to the old

one. In essence, this value determines the menfidhesystem. Smallkp value means that

the memory of the system is large. Therefore, gotidrs will gradually improve the
retailer’s rating position.

It should be noted that a deterioration of the ityialf the offer of retailerr , with respect to
that made by other retailers, leads to a decregmed rating value, since then the

(rp(r) - E[rp(r)]) quantity is negative. Thep(r) function may be implemented in several

ways. In the result sections of this paper, it wasumed without loss of generality that the
rp(r) values vary from 0.1 to 1.

4.2.2 Reliability Related Rating Mechanism-Update Formeula

This subsection introduces the formulas used f@rating of users according to the reliability
criterion. In general, the approach is similarttattof the previous subsections.

Each retailerr may be rated according to the reliability critarithrough the following
formula:

RR,.( = RR.( 0+ k, (re)-Efrr ())) 7)

where RR (1) and RR,( 1) are the retailer- reliability-based rating before and after the

updating proceduretr(r) is a (reward) function reflecting whether the smevquality is
compliant with the picture established during tlegatiation phase, anE[rr(r)] is the mean
(expected) value of ther (r) value. Thek, factor plays the same role as in the performance
rating case.

It should be noted that the reliability value oétbelected retailer is updated after the user
finally accesses the service. Moreover, this ratiaguires a mechanism for evaluating
whether the service quality was compliant with gieture promised during the negotiation
phase. This mechanism should allow for a fair eatédm that will protect both sides (user and
retailer).

4.3 Revised retailer selection algorithm and role ofraputational components (UA and
RA)

In this sub-section we describe the algorithm, drictv the SUAs and the RAs base the
accomplishment of their tasks. The algorithm shdnddseen as a more detailed description of
their sub-tasks involved, taking also into accabetschemes of this section.

Step 1 The UA is acquainted with the preferences, regoénts and constraints of user
regarding services. These are expressed by the following data. Rinst,set of the
service featuresSF(u,S) that are of interest (relevant) to the user. Sdcéor each

service featurel (i € SF(u,S)) the corresponding set of allowable quality levels
Q(u,i). Third, the valuesby,(i, ) that describe the benefit (user satisfaction)
stemming from the provision of service featureat quality level§ (j € Q(u,i)).

Fourth, the upper limit on the pricp,,,,and the lower limit on the user satisfaction

B,;, that the user may afford, or wants to experierespectively, during the service

usage. Fifth, the estimated retailer rating vali@sed according to the formulas
presented in the previous section.

Step 2 The UA obtains the list of candidate retaildrs, and the references of the RAs.



Step 3 The UA forms the confined set of candidate retajlR. (R. < R), based on the

rating mechanisms presented previously in thisi@ectin case the pertinent
fundamental information is not outdated.

Step 4 The UA activates the appropriate negotiator iestifor undertaking the interactions
with the retailers in the confined set of candideatailers,R. .

Step 5.Each negotiator entity obtains an offer from fdetair (r eR ) for the user
preferences, requirements and constraints regaingce<. These are expressed

by the prices p(r,ASQ(r)) associated with the provision of service featuret
quality level-j .

Step 6 Each negotiator entity evaluates the quality e offer of retailerr (r eR.) by

solving the appropriate instance of problem 1. Tdwult (if feasible) is sent to the
UA.

Step 7 The UA selects a retailer by comparing the objedunction values that each retailer
has scored.

Step 8 The retailers’ rating values (performance andhbdity related) are updated on the
basis of equations (6) and (7) respectively.

Step 9 End.
5. RESULTS

This section provides some indicative results oa behaviour of the retailer selection
mechanisms that are proposed in this paper. Mageifsgally, the contribution of this paper
lies in the following areas. First, the definitioh a business case through which the role of
the best candidate-retailer selection problem wgdasmed. Second, the definition and
mathematical formulation of the evaluation of thelity of the retailer offer problem, which
should be solved in the context of the retaileec®n phase. Third, the presentation of a
method for reducing the set of candidate retailergl hence, the associated computations,
interactions and resource consumption required.

The results of this section aim at the provisionndicative evidence on the following. First,

the efficiency of the overall retailer selectionheme, with respect to a random retailer
selection scheme. Second, the efficiency of thenieg mechanisms that confine the set of
candidate retailers. In the rest of this sectiomw tsets of experiments will be used for
demonstrating these aspects. The experimentsféeeediiated from the specific assumptions
made concerning user preferences and not fromfis which is as described above.

This section assumes the existence of an aredfdlstinto the domains ofR candidate
retailers. Users access the area in order to tmiaservice usage. In the context of our
experiments, it is assumed that users requestemaihference service. A simple and well-
known service has been chosen in order to explaie rffectively the proposed scheme.

The videoconference service comprises two sendagéufes, namely audio and video. In the
context of our study, four quality levels have bemmsidered for these service features.
Specifically, the quality levels that have beenirk for audio correspond to 8 kbits/sec, 16
kbits/sec, 32 kbits/sec and 64 kbits/sec, respagtivn a similar manner, the defined quality
levels for video correspond to 15 frames/sec, athés/sec, 25 frames/sec and 30 frames/sec,
respectively.

Regarding the different users that access the drsaassumed that user classes exist. In
the definition of these user classes we have alsamaed that all users in these classes are
interested for both service features. However, esehn class is interested in different quality
levels of these service features.



Concerning the implementation issues of our expaninthe whole TINA access session has
been implemented in Java [44]. The OrbixWeb CORB#gliant platform [45] was used for
the inter-component communication. Moreover, the & the RA have been implemented
as intelligent, mobile agents based on the uskeof/byager platform [46].

The profiles of each user class in the first experit are presented in Table 1(a). It has been
assumed thak =10. More specifically, this table indicates the gtyalevels for audio and
video, i.e.,QA andQV; (1< j<4), respectively, which are of interest to each uass.

Regarding the user satisfaction level the simgpessible assumption has been made in this
experiment. Specifically, it has been assumedttieatisers in each class are equally attracted
by all the quality levels at which a service featgan be offered. This assumption will be
changed in the second experiment. Neverthelesghenfirst experiment it enables the
acquisition of an initial set of indicative resultet show the behaviour of our schemes. In the
light of the assumption made, the problem is reduocehe selection, for each service feature,
of the quality level that will minimally impact dhe price. Moreover, it should be noted that,

for each user class, the coefficielt@Q(i : j), indicating the user satisfaction level when a
service featur@ is to be provided at a given quality levil are taken to be equal for each

(i,j) combination. Specifically, thd{)SQ(i,j) co-efficients have been arbitrarily set to be
equal to 50.

Table 1(b) describes the retailer policies regaydime features (audio and video) of the
videoconference service and the respective quialitgls. It has been assumed tHat= 10
(i.e., 10 retailers are involved in the experimeMpre specifically, this table indicates the
offered quality levels for audio and video, for leaetailer, as well as the price (expressed in
arbitrary values) which is associated with the mion of a service feature at a given quality
level. It can be observed that the price at whitheretailer offers a service feature — quality
level combination increases, as the quality leveldases.

Another aspect that should be noted is that, irerotdl make the test case more realistic (or
general), all retailers are not assumed to offegp@dsible quality levels. Retailers that do not
offer the lowest allowable quality level for a sees/feature as indicated in the service profile
of the user classl constitute theE(u) set, which comprises retailers that should beusbed

from the negotiation phase. Table 2 presents thefgetailers that should be excluded from
the negotiation with certain user classes, takiig account the profiles and retailer policies
described in table 1.

As previously mentioned, the objective of our expent is to provide indicative evidence of
the overall retailer selection scheme, with respea random retailer selection scheme. In
this respect, table 3 presents the outcome of ppéication of the retailer selection scheme
for the user classes and retailer policies desgnibbéable 1. Specifically, for each user class,
the derived value of objective function (1), théested retailer, and the decrease with respect

to the random retailer selection scheme are shtivi;noted that the co-efficienﬂssQ(i , j)

are taken to be equal to 50. Moreover, with refegen table 3, from the derived results it can
be deduced that the desired service featuresaeyslbffered at the lowest allowable quality
level. This is justified since (a) the users araadly attracted by the different quality levels
and (b) the considered allocation yields minimurstco

In general, from the results of table 3 it is obedrthat the best candidate retailer-selection
scheme exhibits a better performance, which onatfexage is in the order of 20%, with
respect to the random retailer selection schemis. décrease is due to the selection of the
most suitable retailer taking into account the yseferences and the retailer policies.

As previously mentioned, the objective of our expent is to provide indicative evidence on
the efficiency of the learning mechanisms that centhe set of candidate retailers. In this
respect, first, table 4(a) and 4(b) present theaue of the application of the retailer rating



mechanism according to the performance and rdbalgtiterion, respectively, while table

4(c) presents the outcome of the application off looiteria. It should be noted that excluded
retailers are not considered when deciding for ii@st promising retailers during the
configuration of the confined sets. Relations ()l #6) are used for computing the ratings.

Specifically, the reward signal for each retailer, rp(r), is computed asrp(r)=

f(r,ASQ(r))/ Té%){f (k Aol k))] where f (k, A k)) is the objective function value (see
relation (1)) that is scored by retailkr (k € R). In other words, thep(r) value is obtained

by normalising the objective function value of rfear , f(r,ASQ(r)), with respect to the
maximum objective function value scored by theil@tain R.

As a next step, the confined set of candidateleesais formed. Tables 5(a), 5(b), and 5(c)
present the outcome of the application of the iegrmechanisms and the retailer selection
scheme. Specifically, for each user class, theimedfset of candidate retailers, and the
outcome of the retailer selection scheme (i.e.eahje function value and selected retailer)
are shown. In the context of our experiment, theo3t appropriate retailers were selected to
constitute the confined set of candidate retailers.

Apart from the observations above, it should alsstessed that for user claséesk,, Kk, ,

ks, Kk, and k,, different retailers have been selected when apglgifferent criteria for the

configuration of the confined set. Specificallyffelient retailers are selected when applying
reliability ratings and total ratings, in compansto the performance ratings, for the
configuration of the confined set of eligible cathatie retailers. This is due to the introduction
of different degrees of reliability for differenetailers. This introduction can cause the
selection of a different retailer, which offers igtter “safety” feeling to the user, in case the
reliability ratings are taken into account, everewlthe retailer’s performance (i.e., the usual
qguality of the offer) is lower in comparison to ttethers. A better balance between
performance and reliability is achieved when thaltmatings are considered for the selection

of the most promising retailers. For example, feenclass k,, when performance ratings are

considered, retailer-9 is selected. In case, néit\abatings are taken into account, retailer-5 is
the most appropriate one, since, for the spec#ier class, retailer-5 possesses the highest
rating. In case, both criteria are to be taken adoount retailer-7 is selected, since retailer-7
is the most promising one in terms of both perfaroeaand reliability (even though he is not
the best one when these criteria are consideredatefy).

Figure 8 presents information regarding the spseaitbn of retailers in serving certain user
classes. Specifically, the figure presents thegreage of the different user class requests that
were handled by the retailers, when different dewiscriteria were applied. From the
obtained results it is observed that in case pedoce ratings are considered for the
configuration of the confined set, retailers 1 &ndlandle a great number of requests because
of their suitability for adequately serving 3 odttbe 10 user classes. In case reliability or
total ratings are considered for the configuratibrthe confined set of candidate retailers, a
significant decrease is observed in the numbeegiigsts that retailers 1, 9 and 10 handle. At
the same time, a significant increase to the nurabezquests handled by retailers 5, 7 and 8
is noted. This is due to the lower reliability regiretailers 1, 9, and 10 are presenting with
respect to retailers 5, 7, and 8.

Following figure 9 presents a comparison of thet aisproviding the service features at
allowable quality levels when the retailer selettstheme and the performance, reliability,
and total rating criteria are applied. The obtairesults indicate a decrease of the value of the
objective function representing the evaluationt@ guality of the retailer’s offer when the
reliability and total rating criteria are appliethis applies for the majority of the user-classes
and is due to the fact that the most appropridtslee in terms of performance possesses a
lower reliability rating value in comparison to ethcandidates. Therefore, this retailer is not



included in the confined set, according to the e criterion, which in our case is

reliability, or reliability and performance. Foretrest of the user classes the objective
function value is not altered suggesting the reet®n of the same retailer in all cases.
Another thing that should be noted is a quite bigrdase in the value of the objective

function for user clask,,, when the reliability criterion is applied for teenfiguration of the

confined set. However, this decrease is almostimditad in case the retailer’'s performance is
also taken into account.

The profiles and service preferences of the differeser classes in the second set of
experiments are shown in table 6. However, in thi& case it is assumed that the user
satisfaction volume that derives from providingeavice feature at a given quality level, i.e.,

the coefficientsbSQ(i , j), for each user class are not equal for all alldevgjpality levels. In

this respect, table 6 shows for each user classliffezent coefficients, which indicate the
level of attraction for all the quality levels ahieh a service feature, which is of interest to
them, may be offered. Furthermore, from table & derived that, in principle, higher quality
levels are more attractive to the users. Henceplbjective of the retailer selection scheme is
to find the assignment that maximises the valuelgéctive function (1). Regarding the
retailer policies, the ones shown in table 1(b)adse valid in this set of experiments

Table 7 presents the outcome of the applicatiothefretailer selection scheme for the user
classes of table 6 and retailer policies describedble 1(b). Specifically, for each user class,
the derived value of objective function (1), théested retailer, and the decrease with respect
to the random retailer selection scheme are shéwam the results of table 3 it is observed
that the best candidate retailer-selection schethibiés a better performance, which is up to
3%, with respect to the random retailer selectreme. This decrease is due to the selection
of the most suitable retailer taking into accounat tiser preferences and the retailer policies.

Similarly to the first set of experiments, tablé¢a)3 8(b) and 8(c) present the outcome of the
retailer rating mechanism taking into account pengnce criterion, reliability criterion and

both, respectively, for the user classes desciibeable 6 and the retailer policies described
in table 1(b). Tables 9(a), 9(b) and 9(c) preskatdutcome of the application of the overall
retailer selection procedure. More specificallye ttesults provide for each user class, the
confined set comprising the most promising candidadtailers for the specific service

requested, the derived value of objective funciib)) the selected retailer and the quality
levels at which the service features (audio andajidwere provided. Comparing to the

corresponding results in the first set of experitadtables 5(a), 5(b) and 5(c)), it may be
observed that the value of objective function glincreased up to 5% approximately, for user

classk;. The increase is due to the higher attraction!lémea specific quality level. For

example, for user clask;, QA is equal to 55 while in the first set of experirgethe
respective factor is taken equal to 50.

Apart from the above observations, we may alsesttieat for the user classks, k,, k,,
k., k; and k,, different retailers have been selected comparimgthie first set of

experiments. This is, again, owing to the introthrctof different levels of attraction for
different quality levels. This introduction entailse selection of a different retailer, which
offers a better balance between user satisfactidrdarived cost.

Similarly to the first set of experiments, regagiretailer specialisation, figure 10 presents
the percentage of the requests that were handldkebsetailers for the different user classes
and for the application of the different decisiontezia. From the obtained results it is

observed that in case performance ratings are aenesl for the configuration of the confined

set, retailers 2, 4, 9 and 10 handle a great numberquests because of their suitability for
adequately serving user classes. In case religlalittotal ratings are considered for the
configuration of the confined set of candidateitets, a significant decrease to the number of
requests retailers 2, 4, 9 and 10 handle is obdeAtehe same time, a significant increase to



the number of requests handled by retailers 5, & 8 is noted. This is due to the lower
reliability rating retailers 2, 4, 9, and 10 ar@senting in conjunction to retailers 5, 6, 7, and
8.

Finally, figure 11 presents a comparison of thet adsproviding the service features at
allowable quality levels when the retailer selettstheme and the performance, reliability,
and total rating criteria are applied. Similarlythe first set of experiments, a small decrease
is observed in the value of the objective functiepresenting the evaluation of the quality of
the retailer’'s offer when the reliability and thggaegate criteria are applied. This applies for
the majority of the user-classes and is due tofdloe that the most appropriate retailer in
terms of performance possesses a lower reliahiitjng value in comparison to other
candidates. Therefore, this retailer is not inctude the confined set, according to the
selection criterion, which in our case is relidiilior both reliability and performance. For the
rest of the user classes the objective functionev& not altered suggesting the re-selection of
the same retailer in all cases.

It is noted that in our experiments we periodicallydate retailers rating values (UA re-
negotiates with every potential candidate retail@r)order to count for non-stationary
situations arising by the dynamic nature of our eloth a following version of this paper,
UA will be attributed with an exploration specifiorary conforming to the general ideas
presented in section 4.

6. CONCLUSIONSAND FUTURE WORKS

The highly competitive communications markets @ thiture should encompass mechanisms
for enabling users to find and associate with tlestrappropriate retailers, i.e., those offering
adequate quality services in a cost efficient manfleis paper presented such mechanisms.
Our starting point was the definition of a businease, through which the role of the best
candidate-retailer selection problem was explaitedhe sequel, the problem was analysed
and the identified sub-problems were concisely riefj mathematically formulated and
solved. The identified components of the best aatdiretailer selection problem were
targeted to the evaluation of the quality of a itetaoffer and the reduction of the set of
candidate retailers by exploiting learning from esi@nce notions. At the final sections the
paper results are provided and concluding remaeksnade.

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

from simulation-based studies that were conductedhis paper, to the realisation of wide
scale trials, so as to experiment with the applitgtof the framework presented herewith.
Second, the experimentation with alternate appmédor evaluating the quality of the

retailers. Third, the experimentation with explaatspecific libraries supporting UA in his

decision on the confined set of candidate retatigking into account the dynamic nature of
our model.
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Figure 1. A view of the business level entitiethenfuture competitive telecommunications
environment

Figure 2. A user is found in an area from whichshe/wishes to access a given service

through the most appropriate retailer. The areddahto the domain of various candidate
retailers.
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Figure 3. Approach for (phases in) the solutiornhef retailer selection problem



U DR CR, (XX ] CR, eoe CR,

(%)

@

<.

Service Independent Features T ®
* Phase involves features such as usger gj: g_
authentication, authorisation, etc. o K]

¢ At the end of this phase the user i @ o
enabled to request services 2

2

Py

o

Retailer Selection Phase 2
« Determination of the set of candidate retailers 2
« Evaluation of the quality of the retailers’ offers %
« Selection of the best candidate retailer §
§*.

$tart Service Usage

Figure 4. Interactions among the business levétieatduring the best, candidate retailer
selection business case

Candidate

Retailer -1 Domain
Terminal Domain Default Retailer —D RA (37>
Domain 8
7]

°
UAP —H 1A : %
1}
Candidate ‘g.
Retailer -n Domain =}
PA 4[ UA 4ﬂ RA

(7]
Selected @
Retailer Domain g
®
| sF %
13
@,
o
=

Figure 5. TINA-like computational model for the tesndidate retailer selection business
case



UAP PA IA UA SO RA, ooe RA, ooe RA,

Service Independent Features
« Phase involves features such as user authenticaiathprisation, etc.
» Atthe end of this phase the user is enabled toasigservices

Retailer Selection Phase

« Determination of the set of candidate retailers
« Evaluation of the quality of the retailers’ offers
« Selection of the best candidate retailer

Start Service Usage

Figure 6. Interactions among the computational congnts in the context of the best,
candidate retailer selection business case

Senvice Features Quality Levels
O G

® o

Quas

O
O
~Ow

@

/

-

User @432

Ot

O
@1/ O %

O

Retailer policy on service-s

Figure 7. User-u wishes to access service-s, wikicbmposed of different service features.




User | QAr | QA | OAs | QA | Qv | OV, | Qv | QW
Class
Ky v v v v
K, v v v v
Ky v v v
K, v v v
ke v v v v v
Ke v v v
k; v v v
ke v v v v
kg v v
Kio v v v v v v v v
(@

Retailer | QA; QA QA; QA QV, QV» QV3 QV,
R 1 15 3 5 2 3 5 7
R, 09 | 12 2 28 4
R, 1 14 | 25 18 | 25
R, 1 14 | 25 2 28 4
R 09 | 12 18 | 25
R 09 | 17 | 28 | 45 | 25 | 28 | 51 | &9
R 08 | 15 | 25 18
R 1 2 23 | 41
Ry 05 | 15 2
Ro | o8 18 | 23

(b)

Table 1. First set of experiments. (a) Descriptidiservice preferences in the profiles of the
10 user classes. The ticked boxes indicate thatgbes of the class are interested for the
corresponding quality level at which the servicatéiee can be provided. (b) Description of
the retailer policies. Prices at which each senvieature — quality level combination is
provided. Empty boxes indicate that the correspagpdiervice feature — quality level
combination is not supported.



User Class Excluded Retailers
K, )
K, 7,8, 9, 10
K, -
K, 7, 9
K 2,5 7,8, 9, 10
Ke 3,5 7, 8, 09 10
Ky 2,3, 4,5 7, 8,9, 10
K 3,5 7,9, 10
K 3,5 7,9, 10
Kio ]

Table 2: The set of excluded candidate retailerafiouser classes

User | Objective Function| Retailer Selected | Improvement with respect
Class Value to random retailer
selection scheme (%)

K, 97,5 5 25.04

K, 96,3 3 27.33

Ks 97,5 9 19.49

K, 96,9 5 16.92

Ks 95 4 29.78

ks 94,8 2 19.38

Ky 93 6 4.44

Ks 95,1 4 17

K 95,1 2 9.26

Ky 97,5 10 40.84

Table 3. First set of experiments. Outcome of e bandidate retailer selection scheme.
Objective function value, selected retailer, angriavement with respect to the random
retailer selection scheme, per user class involagtie experiment.



User Performance Ratings
Class
R|R|R|IR|R|R|R|R|R]|R
k, 96,432 | 965185 | 96,6179 | 96,4224 | 96,7141 | 96,0217 | 96,8038 | 96,3936 | 96,128 | 96,7974
k, 95,6345 | 96,041 | 96,1423 | 958884 | 963 | 956306
K, 97,0256 | 97,1205 | 97,2179 | 97,0205 | 97,3179 | 96,6077 | 97,4 | 97,0077 | 975 | 97,4128
K, 96,016 | 93,3096 | 96,5128 | 96,2128 | 96,6096 | 96,3256 9,7 9,9
K 94,3158 95 94,7632 94,7053
Ks 936007 | 948 94,6 93,2987
K, | 927551 927
kg 93,8992 | 94,9054 94,8701 93,8938 94,6897
K, 94 95,1 95 94 94,9
Ko | 966719 | 965569 | 96,6531 | 96496 | 96,7141 | 96,2425 | 96,8358 | 964512 | 96,9128 | 96,7974
(a)
User Reliability Ratings
Class
R R R, R, R | R R, Rs R | R
k, 100 | 93,6933 | 96,4774 | 93,4773 | 100,716 | 964773 | 100 100 | 94,9546 | 96,4773
k, 100 | 93,6933 | 96,4774 | 93,4773 | 100,716 | 96,4773
K, 100 | 93,6933 | 96,4774 | 934773 | 100,627 | 96,4773 | 99,7106 | 100 | 94,9546 | 96,4773
K, 100 | 93,6933 | 96,4774 | 93,4773 | 100537 | 96,4773 100
K 100 96,4774 | 93,4773 96,4773
K 100 | 93,6933 93,4773 96,4773
K, 100 96,4773
kg 100 | 93,3039 93,4773 95,9879 99,1106
K, 100 | 93,3039 93,4773 95,9879 98,2211
Ko 100 | 93,3039 | 95988 | 934773 | 100537 | 959879 | 99,7106 | 97,3317 | 94,9546 | 96,4773

(b)




User Total Ratings
Class
R I RIR]JR|JR|R]|R|R| R R,

k, | 196432 | 190212 | 193,095 | 1899 | 19743 | 192499 | 196,804 | 196,394 | 191867 | 193275
K, | 195634 | 189739 | 19262 | 189,366 | 197,016 | 192,108

K, | 197,026 | 190814 | 193,695 | 190,498 | 197,945 | 193085 | 197,111 | 197,008 | 192455 | 193,89
K, | 196016 | 190003 | 19299 | 189,69 | 197,236 | 192,803 196,7 193,377
kg || 194316 191,477 | 183,24 191,183

Ks 19361 | 188,493 188,077 189,776

K, | 192755 189,177

kg || 193899 | 188,209 188,347 189,832 1938

5 194 | 188404 188,477 189,988 193,121

Ko | 196672 | 189,861 | 192,641 | 189,973 | 197,341 | 192,23 | 196257 | 193,783 | 191,867 | 193275

(©)

Table 4: First set of experiments. (a) Performabesed, (b) Reliability-based, and (c) Total
(Aggregate) retailer rating, prior to the UA’s ds@mn on the confined set of candidate

retailers.

User | Confined Set of| Objective Function Retailer Improvement

Class Retailers Value Selected (%)
Ky 7,9, 10 97,5 9 25.04
K, 2, 3,5 96,3 5 27.33
K, 7,9, 10 97,5 9 19.49
K, 5, 8,10 96,9 10 16.92
ks 3, 4, 6 95 3 29.78
K 1,2 4 94,8 2 19.38
Ky 1,6 93 6 4.44
Ks 2, 4, 8 95,1 2 17
kg 2 4, 8 95,1 2 9.26
Kio 7,9, 10 97,5 9 40.84

(@)



User | Confined Set of| Objective Function Retailer Improvement

Class Retailers Value Selected (%)
Ky 1, 5,7 97,4 7 21.8
K, 1, 3,5 96,3 5 27.33
K 1,5 8 97,3 5 13.04
K, 1, 5,8 96,7 8 11.56
Ks 1, 3,6 95 3 29.78
K 1,2 6 94,8 2 19.38
K 1,6 93 6 4.44
Ks 1, 6,8 94,9 8 13.61
K 1, 6,8 94,9 8 5.56
Kio 7, 9, 10 97,4 7 38.47

(b)

User | Confined Set of| Objective Function Retailer Improvement

Class Retailers Value Selected (%)
K, 1, 5,7 97,4 7 21.8
K, 1, 3,5 96,3 5 27.33
Ks 1, 5,7 97,4 7 16.26
K, 1, 5,8 96,7 8 11.56
K 1,3 6 95 3 29.78
Ke 1,2 6 94,8 2 19.38
k; 1, 6 93 6 4.44
K 1, 6,8 94,9 8 13.61
K 1, 6,8 94,9 8 5.56
Kio 1, 5,7 97,4 7 38.47

(€)

Table 5: First set of experiments. Decision ondbefined set of candidate retailers, and
outcome of the retailer selection scheme (i.eeaihje function value and selected retailer),
for each user class, on the basis of the (a) peréorce rating(b) reliability rating, and (c)

total (aggregate) rating.
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Figure 8: First set of experiments. Specialisatidrihe retailers with respect t

o the

interception of requests of the various user clasaden the performance, reliability and

aggregate criteria are considered for the configioa of the confined set
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Figure 9: First set of experiments. Comparisonh&f tetailers’ selection scheme

when the

performance, reliability and aggregate criteria ampplied for the selection of the retailers

comprised in the confined set.



User | QA | QA | OAs | QA | QVi | OV, | OV | QW
Class
K, 50 55 50 | 505
K, 50 | 515 50 50
Ky 50 50 50,5
K, 50 51 50
Ks 50 51 50 53 53
Ks 50 50 51
Ky 50 50 53
K 50 | 503 | 53 50
K 50 51
ko | 50 | 503 | 515/ 50 50 51 51 53

Table 6: Second set of experiments. Descriptisenfice preferences in the user profiles of
the 10 user classes that are involved in the erpanis.

User | Objective Function| Retailer Selected | Improvement with respect
Class Value to random retailer
selection scheme (%)

Ky 102 5 3.13

K, 96.5 3 1.09

Ks 97.5 9 0.41

K, 97.3 5 0.66

Ks 96.5 4 2

K 94.8 2 1

K 93 6 1.53

K 96.5 4 1.71

K 96.1 2 0.5

Kio 97.9 10 1.21

Table 7. Second set of experiments. Outcome tietecandidate retailer selection scheme.
Objective function value, selected retailer, angliovement with respect to the random
retailer selection scheme, per user class involagtie experiment.



User Performance Ratings
Class

R|R|R|IR|R|R|R|R|R]|R
k, 101,296 | 101,599 | 1016 | 101,399 | 101,8 | 100,805 | 101504 | 97,0128 | 101,304 | 97,2124
k, 955725 | 96,0435 | 965 | 962435 | 963 | 959834
K, 97,0128 | 97,1077 | 97,2051 | 97,0077 | 97,3051 | 96,8 97,4 97,2 97,5 97,4
K, 9,5 97 97,1 9%,8 97,3 9,5 9,7 9,9
K 95,1088 9% %5 95,1907
Ks 935549 | 948 94,6 93,2439
K, 95 95,7
kg 9% 95,1 %5 95,1 94,9
K, %5 9,1 % %5 95,9
Ko | 971287 | 97,3257 | 975 | 97,2257 | 97,6 | 97,0137 | 97,4043 | 97,7386 | 97,515 | 97.9

(a)

User Reliability Ratings
Class

R R, Rs R, Rs Rs R, Rs R | Ry
k, 100 | 93,6933 | 96,4774 | 934773 | 100,716 | 96,4773 | 100 100 | 94,9546 | 96,4773
k, 100 | 93,6933 | 96,4774 | 93,4773 | 100,627 | 96,4773
K, 100 | 93,6933 | 95988 | 934773 | 100,627 | 96,4773 | 100 100 | 94,9546 | 96,4773
K, 100 | 936933 | 95988 | 93,4773 | 100,627 | 96,4773 100 96,4773
K 100 95988 | 93,4773 96,4773
K 100 | 93,6933 93,4773 95,9879
K, 100 95,9879
kg 100 | 93,3039 93,4773 95,4984 100
K, 100 | 93,3039 93,4773 95,009 100
Ko 100 | 93,3039 | 95988 | 934773 | 100537 | 95009 | 99,7106 | 97,1106 | 94,9546 | 96,4773

(b)




User Total Ratings
Class

R R R, R, Ry Rs R, Rs R | R
k, 201,296 | 195292 | 198,078 | 194,876 | 202516 | 197,283 | 201,504 | 197,013 | 196,259 | 193,69
k, 195573 | 189,737 | 192,977 | 189,721 | 196,727 | 192,464
K, 197,013 | 190,801 | 193,193 | 190,485 | 197,932 | 193277 | 1974 | 1972 | 192,455 | 193,877
K, 1965 | 190,693 | 193,088 | 190,277 | 197,927 | 96,3256 196,7 193,377
K 195,109 190,988 | 189,977 191,688
Ks 193555 | 188,493 188,077 189,232
K, 195 191,688
kg 195 | 183,404 189,977 190,598 194,9
5 195 | 189,404 189,477 190,009 195,9
Ko | 197129 | 19063 | 193488 | 190,703 | 198,137 | 192,023 | 197,115 | 196,849 | 19247 | 194,377

Table 8: Second set of experiments. (a) Performbased, (b) Reliability-based, and (c)
Total (Aggregate) retailer rating, prior to the U&\tecision on the confined set of candidate
retailers

User | Confined Set| Objective | Retailer | Improvement | Assigned | Assigned
Class| of Retailers | Function Selected (%) QA QV,
Value

K, 2, 3,5 102 5 3.13 QA QV4
K, 3, 4,5 96,5 3 1.09 QA QV,
K 7,9, 10 97,5 9 0.41 QA QV4
K, 2, 3,5 97,3 5 0.66 QA QV,
K 1,4, 6 96,5 4 2 QA QVy
K 1,2 4 94,8 2 1 QA QVs
k; 1,6 93 6 1.53 OA, QV,
Kg 2,4, 6 96,5 4 1.71 QA QVs
kg 2, 4, 8 96,1 2 0.5 QA QVs
Kio 5, 8, 10 97,9 10 1.21 QA QV,




User | Confined Set| Objective | Retailer | Improvement || Assigned| Assigned
Class| of Retailers | Function Selected (%) QA QV,
Value
K, 1,5 7 102 5 3.13 QA QV:
K, 1,3 5 96,5 3 1.09 QA QV;
K 1, 5,7 97,4 7 0.305 A QV;
K, 1,5, 8 97,3 5 0.66 QA QV,
ks 1, 3,6 95,1 6 0.6 QA QVs
K 1,2 6 94,8 2 1 QA QVs
K, 1,6 93 6 1.53 OA, QV,
Kg 1, 6, 8 95,1 6 0.31 QA QVs
kg 1, 6,8 95,9 8 0.3 QA QVs
Kio 1,5, 7 97,6 5 0.91 QA Q.
(b)
User | Confined Set| Objective | Retailer | Improvement | Assigned | Assigned
Class| of Retailers | Function Selected (%) QA Qv
Value
K, 1,5 7 102 5 3.13 QA QV,
K, 1,3 5 96,5 3 1.09 QA QV,
K 5, 7, 8 97,4 7 0.305 A QV;
K, 1,5, 8 97,3 5 0.66 QA QV;
ks 1, 3,6 95,1 6 0.6 QA QVs
K 1,2 6 94,8 2 1 QA QVs
K 1,6 93 6 153 QA QVs
kg 1,6, 8 95,1 6 0.31 QA QVs
kg 1, 6,8 95,9 8 0.3 QA QVs
Kio 1,5 7 97,6 5 0.91 QA QV,
(c)

Table 9: Second set of experiments. Decision ondhéned set of candidate retailers,

outcome of the retailer selection scheme (i.eedbje function value and selected retailer),

and service configuration pattern (allocation of\gee features to quality levels), for each
user class, on the basis of the (a) performandagafb) reliability rating, and (c) total
(aggregate) rating.
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Figure 10: Second set of experiments. Specialisatfdhe retailers with respect to the
interception of requests of the various user clasaden the performance, reliability and
aggregate criteria are considered for the configioa of the confined set.
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Figure 11: Second set of experiments. Comparisdheofetailers’ selection scheme when the
performance, reliability and aggregate criteria ampplied for the selection of the retailers
comprised in the confined set.



