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Abstract. QoS-aware service selection deals with choosing the service
providers from the candidates which are discovered to fulfill a require-
ment, while meeting specific QoS constraints. In fact, the requester and
its candidate service providers usually are autonomous and self-interested.
In the case, there is a private information game of the service selection
between a requester and its candidate providers. An ideal solution of the
game is that the requester selects and reaches agreement about the in-
terest allocation with the high-QoS and low-cost service providers. This
paper proposes an approach to design a novel incentive mechanism to
get the ideal solution of the game. The incentive mechanism design is
solved as a constrained optimization problem. Finally, the experiments
are performed to show the effectiveness of the incentive mechanism.
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1 Introduction

Service-Oriented Computing (SOC) is a computing paradigm that utilizes
self-contained and platform-independent services as computational elements for
developing software applications distributed within and across organizational
boundaries. Currently, QoS-aware service selection is an important problem. Ex-
isting approaches of QoS-aware service selection usually focuses on the develop-
ment of various QoS metrics. The work [I] proposes the QoS ontology for
annotating service with QoS data, and finds optimal services by matching QoS
constraints against candidate services’ QoS data. In their views, the requester that
offers an application requirement is considered as a controller that could choose the
service providers using QoS constraints and command the selected providers to re-
alize the requirement. In fact, the requester and the service provider usually are
autonomous, rational and self-interested in nature. In the case, the requester pub-
lishes an application requirement and the service provider actively discovers the
requester’s requirement. The requester gets a benefit while its requirement is re-
alized under the QoS constraints by the service providers. To motivate the service
providers to realize the requirement, a part of the benefit should be regarded as a
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transfer payment to the service providers. Generally, the requester prefers to pay
little transfer payment to its service providers, while each service provider prefers
to get high transfer payment. Thus, in the scenario, the requester and its candi-
date provider have a common interest for realizing the requirement, but they have
a conflicting interest over the transfer payment.

By relying on the game theory [2], this scenario could be modeled as a game.
For a candidate service provider, its profit is the difference between the transfer
payment and its service cost. In the game, its strategy explicitly is for maxi-
mizing its profit. For a requester, its profit is the difference between the benefit
from its satisfied requirement and the transfer payment to its service providers.
Considering the service providers which could gain same profit, the requester
could pay less transfer payment to the service providers which have lower cost.
Moreover, the higher QoS constraints, such as short response time and high
availability, could bring the more benefit to the requester. The strategy of the
requester thus is to find such service providers that could have high QoS and
relatively low service cost (called the efficient service providers in this paper).
Obviously, the QoS and service cost are the critical information in the game.
Because that the QoS of a service provider is verifiable at run time, we suppose
that the service provider will report its actual QoS to the requester. So, the QoS
is the open information for the requester and its providers. However, the service
cost of a service provider is not verifiable by the requester at any time, and the
service provider definitely is not willing to expose its actual cost. Hence, there
is a private information game between a requester and its candidate providers.

This paper proposes an approach to design an incentive mechanism to get an
ideal solution of the private information game. We propose that the ideal solution
is: 1) the requester and the efficient providers among the candidate providers
could reach agreement about the QoS constraints and transfer payments; 2) in
the service providers which reach agreement with the requester, the efficient
provider gets more profit than that the relatively inefficient provider gets and 3)
the more efficient the candidate providers are, the more profit the requester could
get. The solution ensures that the efficient providers are willing to participate
in the game and inefficient ones are motivated to improve their efficiency. The
requester also is willing to offer their requirements in the game.

2 The Game of Service Selection

In the set up game, there involves two kinds of players: i) a requester and ii)
the candidate service provider. The requester publishes a functional requirement,
and the candidate service providers, which meet the functional requirement, have
different QoS and different service costs. The basic model of the requester and
the service provider are given as follows.

2.1 Requester and Service Provider

The functional requirement F). is described as a finite set of desired state tran-
sitions F, = {t;|¢ € [1,n]}. For different desired state transition, the requester
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could have different QoS constraints, such as response time and availability, etc.
The work [3] proposes using a single QoS value to be a measurement of the QoS
constraints. Based on the work, we could use a single QoS value to represent
the QoS constraints of a desired state transition. The benefit that the requester
r could get from a desired state transition ¢ is described as O;(g), in which
q € (0,+00) is the QoS of executing the desired state transition t.

The functional description of a service provider s € S also is given as a finite
set of state transitions Fs. We suppose that the provider discovers the requester’s
functional requirement F), while it could meet the requirement (Fs = F}.), and
its QoS is configurable, such as the work [6], i.e., the provider is able to adjust its
QoS to meet the requester’s QoS constraint. According to economics, besides the
QoS, the cost also depends on another factor, marginal cost. The marginal cost,
an economic concept, depicts the change in cost that arises while the quality
improves by one unit [4]. In other words, the smaller the marginal cost is, the
service cost increases less, while the QoS improves by one unit. It could be
concluded that the efficient providers, i.e., those have high QoS and low cost,
have small marginal cost. Thus, it is the marginal cost of service provider that
the requester wants to know in the game. In the paper, the marginal cost is
called the type of service provider. Without loss of generality, we suppose that
the fixed cost of a service provider is zero. The cost function of a provider for
executing a state transition has two parameters: QoS and type of the provider.
Formally, for a state transition ¢ € Fy, the cost function of the provider s is
described as Ci(g,0), in which ¢ is the QoS of executing the state transition ¢
and 6 is the type of the provider s.

Generally, although the requester does not know the exact service costs of
its candidate providers, the requester still could find out that the type of ser-
vice provider follows a kind of probability distribution. Formally, the type of
service provider follows a continuous probability distribution I' over the in-
terval (0,+00), with a probability function f(f#) > 0. For an interval [0;_1,

0;] C (0,+00), a cumulative probability function is P[0;_1,6;] = f:il f(0)do.

2.2 Procedure of the Private Information Game

In the procedure of the QoS-aware service selection, as shown in Figlll there is
a set of candidate providers whose types follows a continuous probability dis-
tribution I' over the interval (0,+o00). There is a requester whose functional
requirement is described as a set of desired state transitions F,.. The requester
could know the benefit and cost functions of the desired state transitions in Fi.,
but is not aware of the exact types of the candidate providers. Based on the
distribution I" and the benefit and cost functions of F;., the requester makes and
offers a set of contracts for its desired state transitions F,. (step ). The contracts
are made to create the mutuality of obligation concerning the QoS constraints
and the promised transfer payments about the desired state transitions. The can-
didate providers accept or reject the contracts by using a proposed contracting
process (step 2). If all contracts are accepted by some of the candidate providers,
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Fig. 1. Procedure of the Private Information Game

a solution of the service selection is obtained (step 3). A solution of the game of
service selection thus is a situation where each contract offered by the requester
is accepted by at least a candidate provider. If the contracts are not accepted,
there exists a loop where the requester revises and offers the contracts again.
The loop continues until that the revised contracts are accepted by some of the
candidate providers.

3 Incentive Mechanism

In the incentive mechanism, we propose a two-phase contracting process between
requester and provider. A requester r has a functional requirement F;.. Given m
candidate providers S = {s1, ..., s, }, the requester r does not know the candi-
date provider’s type, but it knows that the provider’s type follows a probability
distribution I.

3.1 Two-Phase Contracting

First Phase. The requester firstly makes a set of contracts for its desired sate
transitions according to the benefit and cost functions of the desired state tran-
sitions and the probability distribution of the provider’s type. Concretely, the
requester decides a set of partition points © = {6,601, ...,0,}, and gets the
intervals of provider’s type {(o,01], ..., (0n—1,6,]}. The requester makes a set
of contracts {(¢t(61),q(61),0(61)), ..., (t(6),q(0,),(0,))} based on the intervals.
In a contract (¢(6;),q(6;),(6;)), 6(0;) denotes a transfer payment to the ser-
vice provider whose type is in (6;-1, ;] (the provider is also called the (6;_1, 0;]
provider in this paper) which executes the desired state transition t(6;) € F,. at
the QoS ¢(6;) € (0, +00).

The requester does not know its candidate provider’s type, but it could figure
out the probability that the provider’s type is in a given interval based on the
probability distribution. Let P(-,-) be the cumulative probability function of
the distribution. For a contract (¢(6;),q(0;),d(8;)), the profit that the requester
could get from the contract is V' (60;) = Oy(,)(q(6:)) — 6(6;). The probability that
there exists at least a provider whose type is in the interval (6,1, 6;] among the
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m providers is denoted as p(6;). The expected profit in the phase is described
as Egpgt (V(0:)) = p(6;) - V(0;). In the phase, a service provider is permitted
to choose and accept a contract. If a provider accepts a (0;_1,6;] contract, the
requester then knows that the provider’s type is in (6,1, 6;]. In this way, the
requester could know the scope of the most efficient candidate provider’s type.

Second Phase. While there are the contracts which are not accepted in the
first phase, there is a second phase. Since the requester knows the scope of the
most efficient provider’s type, the requester could revise the remanent unac-
cepted contracts to the most efficient provider. Concretely, while the (6x—_1, 0]
provider does not exist among the candidates and the (6;_1,6;] provider is the
most efficient provider among the candidates in the first phase (the probabil-
ity of the situation is described as p(f,6;)), the requester revises the contract
(t(0k), q(0r),0(0k)) to be (t(0k), qo, (0:), g, (0;)) in the second phase. The revised
contract (t(0r), qo, (0;), d¢,(0;)) promises that if the (6;_1,6;] provider realizes
the desired state transition ¢(0) at the QoS ¢, (6;), the provider will get the
transfer payment dg, (6;). The requester could get the profit from the revised
contract as Vg, (0;) = Oys,)(q0,,(0:)) —0g, (0;). The expected profit in the phase
then is described as Egq.onq(Vo, (0:)) = p(0k, 0;) - Vo, (0:).

Expected Profit Function of Requester. By adding the expected profits in
the two phases, the expected profit of the requester r is described as F ¢ .

3.2 Constraints in the Mechanism

Participation Constraint. A service provider will quit the game, if it will get a
negative profit from the contract. Thus, a contract is acceptable at least provider
could get a non-negative profit. Formally, given a contract (t(6;),q(6;), §(6;)) €
&, the participation constraint that ensures the (6;_1, ;] provider participates in
the game is described as follows: U(6;) = §(6;) — Cy,)(q(0:),0:) = 0. A requester
will quit the game, if it will get a negative expected profit. The participation
constraint that ensures the requester to participate in the game is described as
follows: Fe.r = 0.

Incentive Compatibility Constraint. The requester makes a contract based
on an interval of provider’s type. While the requester does not know the provider’s
type, the incentive compatibility constraint is to ensure that the provider whose
type is in the interval is willing to accept the contract and the other providers
whose types are out of the interval are unwilling to do so.

Constrained Optimization Problem. A set of contracts is feasible if it sat-
isfies both participation and incentive compatibility constraints. The problem to
make a feasible set of contracts that bring the requester a maximum profit be-
comes a constrained optimization problem. The constrained optimization prob-
lem to maximize the expected profit F ¢ r under the constraint (7) is given.

max For (1)
{(t(6:),q(6:),6(8:)) li€[1,n]}

subject to the set of contracts is feasible
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The solution of the optimization problem is an optimal feasible set of contracts
®. The requester offers the optimal feasible set of contracts to its candidate
providers. If the contracts are accepted, a solution of the game is obtained.

4 Experimental Results

A prototype system of the QoS-aware service selection using the incentive mech-
anism is implemented in Java. Matlab is a numerical computing environment
and the interior point algorithm [5] that is proposed for solving the constrained
nonlinear optimization problem has been realized in the Matlab environment.
The interior point algorithm in the Matlab is directly used for solving the opti-
mization problem (5) to make an optimal feasible set of contracts.

A repository of 100,000 state transitions and their benefit and cost functions
are generated randomly and the cost functions are sensitive to the provider’s
type. In real world, the most efficient and inefficient service providers usually are
very few and there are many average service provider. Thus, we use the gamma
distribution to imitate the probability distribution of the provider’s type. As the
experimental data, the requester’s requirement is generated randomly as a set
of desired state transitions from the repository. Each requester has 30 candidate
providers whose types are generated randomly from the gamma distribution.

The gamma distribution has a shape parameter. The smaller the parameter is,
the more efficient providers there exist in the candidates. The number of desired
state transitions of a requester is set to be 10. Fig plots the average expected
profit of 100 requesters, while the shape parameter of the gamma distribution is
set to be from 6.5 to 5.5. The result shows that the more efficient the candidate
providers are, the more profit the requester could get.

We also compare our approach with a service selection without using the
incentive mechanism. In this kind of service selection, the requester and its can-
didate providers still follow our proposed two-phase contracting process. But the
expected profit function of a requester is figured out without consideration of
the incentive compatibility constraint. The contracts also are made by solving
the problem to maximize the expected profit. In the experiments, the shape pa-
rameter of the gamma distribution is set to be 6 and the number of desired state
transitions in an requester is set to be from 1 to 25. Fig plots the average
expected profit of 100 requesters. The result shows that it is clearly better while
the mechanism is employed and the expected profit increases while the number
of desired transitions increases. In the game of service selection, Fig plots
the average actual profit of the 100 requesters. The result shows that the actual
profit are mainly in accord with the expected profit. The selected providers of the
100 requesters also get their profits in the game. Fig plots the average ac-
tual total profit of the selected providers. The result shows that the actual total
profit of the selected providers also is better while the mechanism is employed.

The reason is that the incentive mechanism motivates the efficient providers
to contract with the requester. The desired state transitions of the requester
could be fulfilled at the high QoS by the efficient providers which have relatively
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low cost. As a result, the requester and its selected service providers both are
benefited from our proposed incentive mechanism.

5 Related Work and Conclusion

The QoS in Web services is an important research issue. Various QoS mod-
els are proposed for capturing non-functional features of Web services [3]. The
service selection then relys on that the services are differentiated based on the
well-defined QoS attributes. Zeng [6] proposes a planning algorithm for the Web
service selection with QoS constraints. But, with more and more services are
deployed, the requirement begin to have the computational burden to get a so-
lution satisfying the QoS constraints. Serhani [7] proposes the third-party broker
for service registry which helps the requester conveniently knowing the services.
The broker balances the burden of the requester.In the approaches, the requester
takes the responsibility to choose services based on QoS constraints and com-
mand the selected services to realize its requirement. Considering the service
provider’s autonomy, agent-based approach is proposed. Tang [8] proposes that
service providers, acting as agents, collaborate with requesters on their own
initiative. The work does not focus on the incentives for requester and service
provider. Recently, some incentive mechanisms are designed relying on monetary
rewards. Jurca et al. [9] design the incentives for the participants according to
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their reputations. In the approaches, the reputation could be observable in ad-
vance and it is the open information for all players. In fact, the service cost is the
critical and private information of the provider, there is a private information
game of the service selection.

The requester and its candidate providers are autonomous and self-interested.
There is a private information game between a requester and its candidate
providers in the QoS-aware service selection. The main contribution of this pa-
per is the novel incentive mechanism which coordinates the interests of the re-
quester and its candidate providers in the private information game to get a
ideal solution. The incentive mechanism ensures that in the ideal solution, ¢) the
requester contracts with the efficient providers, ii) the more efficient the candi-
date providers are, the more profit the requester gets and 4i7) in the providers
which are under contract to the requester, the efficient provider gets more profit
than that the relatively inefficient provider gets. In the future work, the multilat-
eral negotiation among the requester and its candidate providers in the private
information game will be into consideration.
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