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1 Introduction
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Sufen Li, Yushun Fan, Xitong Li
(Department of Automation, Tsinghua University, Beijing 100084, China)
(MIT Sloan School of Management, Cambridge, MA 02142, USA)
Abstract: With the increasing popularity of the service-oriented thinking in the business area, an
overwhelming number of business services have arisen. These business services collaborate with
each other and form a business network or a services-oriented business ecosystem (SOBE). It is a
key issue to select appropriate business services to share and integrate them in the SOBE. Trust
degrees play an important role in the selection of business services. However, existing researches
mainly focus on QoS-based selection methods and few of them take trust degrees into account. In
order to select services more accurately, a trust-based approach to selection of business services is
proposed based on the formal definition of the service-oriented business ecosystem. First, the
method for acquisition and calculation of trust values is developed. The method also considers
other parameters including QoS attributes, the physical distance between users and business
services, and the waiting time. Second, one node in a business flow may need to select two or
more business services to achieve the user’s requirements. Thus, the multi-service selection
method for one node is presented. Third, a fuzzy chance-constrained programming model is
proposed for the selection of business services by considering four kinds of factors: QoS attributes,
trust relation, physical distance and waiting time. Using the characteristic of fuzzy constraints, a
function is developed to convert the fuzzy chance constraints into its crisp equivalents and then
the equivalent crisp model is solved by the GA-based algorithm. For the case in which no
satisfying solution can be found by the GA-based algorithm, a negotiation method is proposed to
reach at a satisfying solution. Finally, a case study is conducted to demonstrate the feasibility and
effectiveness of the proposed approach.
Key words: business services; trust; services selection; business ecosystem; fuzzy programming
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With the increasing popularity and application of service-oriented thinking in business areas,
business services, as a new form of services, have emerged. Business services have some
characteristics, such as large quantities, variety and varying non-function qualities. The selection
of business services is often affected by the user’s subjective factors and the location of business
services. How to manage these business services effectively has become a key issue for resource
sharing and business integration under the network environment.
A business service is a kind of products provided by business components and business
services are an important feature of the business component (Fan 2008). The implementation of
business services can be purely manual or (semi-)automatic processes. Business services in
different enterprises form a business network or a services-oriented business ecosystem (SOBE)
by dynamic combination and collaboration of them (Fan 2010, Desai et al. 2007, Kohlborn et al.
2009).
In SOBE, there are many business services which have similar business functions but different
non-functional parameters, such as execution time, execution cost, reliability, location. It is thus a
key issue for SOBE to select appropriate business services meeting the functional and
non-functional requirements. Currently, the existing researches mainly focus on how to optimize
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services selection results based on QoS constraints (Menascé 2002, Menascé 2004, Li et al. 2007).
Menascé (2002) introduced four kinds of QoS attributes including availability, security properties,
response time and throughput and discussed the QoS issues from the perspectives of the user and
the provider, respectively. Menascé (2006) discussed the dynamic composition of Web services
and gave the method to calculate QoS attributes for composition services. Li et al. (2007)
proposed an approach to multi-QoS constrained Web services selection. Most of the efforts in this
thread focus on QoS-based services selection, but ignore the trust relationship among the services
providers and consumers. The research in this paper is motivated to fill in the gap.
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Trust is not an objective property of an agent but a subjective degree of belief about specific
agents (Misztal et al. 1996), within a specific context, that range from complete distrust to
complete trust (Gambetta, 1990). Trust plays a major role in conducting business of the internet in
service-oriented environments (Azzedin et al. 2007). There are a large number of services
belonging to the same or different enterprises in SOBE, and subjective trust relations result from
various reasons between enterprises, such as friendship, kinship, or old customer relations.
Subjective trust relations between users and business services often affect the result of business
services selection.
In the literature only a few researches take trust degrees into account. Dai et al. (2009)
investigated the trust-aware component service selection and established mathematical models,
but they did not give a method to calculate trust. Hammadi et al. (2009) studied how to determine
the trustworthiness of the composite service and used probability theory to determine the
trustworthiness of the composite service in the composite form of parallel and series. However,
probability theory is usually used to solve objective uncertain problems (Liu 2009) and
inappropriate to be used to calculate trust, because trust is a subjective degree of belief (Misztal et
al. 1996). The approach discussed by Azzedin et al. (2007) used fuzzy logic to model trust in a P2P
environment. This approach requires inference rules to weight first-hand and second-hand information.
It is costly and time-consuming to construct and verify the inference rules. In contrast, the trust degrees
in our approach are calculated by a function according to the information in the business network.
Because fuzzy set theory can help handle the subjective imprecise nature and uncertainty of trust (Liu
2009), our approach uses the fuzzy number to describe trust degrees between the user and each
business services.
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Meanwhile, geographical locations of business services can affect users’ services selection
results. For example, in case of the galvanizing business in Metals manufacturing industry, users
are more willing to select the right business service located close to users’ location so as to reduce
transport costs and time of metals. In the current researches, the factors about geographical
locations are largely ignored. The services selection model in this paper introduces two kinds of
parameters including transport times and transport costs to describe the geographical locations
requirements from users.
In addition, there is a general assumption that every business node in flow just needs one
specific business service. However, in the actual business collaboration, a business node may need
to choose two or more business services to complete the business requirements including
functional and non-functional needs. For instance, the garment manufacturing process is often
composed by many business nodes. The business node of “printing and dyeing” is an important
node in the process which may have much workload in a certain period of time. Although there are
many business services providing the service of “printing and dyeing”, any single service cannot
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complete the workload in the required time. In such case, it is required to select two or more
business services to meet customer needs. However, few of existing researches take this point into
account. This paper will present a multi-service selection method and address this issue.
In general, multi-QoS constrained Web Services composition, with or without optimization, is
a NP-complete problem on computational complexity and cannot be solved in polynomial time
(Yu et al. 2005, Garey et al. 1979). Therefore, many heuristic and approximation algorithms with
polynomial- and pseudo polynomial-time complexities have been designed to deal with this
problem. As a kind of approximation algorithms, our approach uses genetic algorithm to solve the
selection problem of composition services.
Furthermore, the solution set of the business services selection model might be an empty set
with some given business requirements from users, which means that no result can be achieved for
the present user. In this case, there is a need for business providers and the user to negotiate over
various non-functional requirements to obtain an integrative (near) optimal solution that fits the
needs of both parties. To date, existing researches in the field of Web services mainly focus on
Web service discovery. Studies in web negotiations mostly focus on messaging and protocol
languages for negotiation (Keller et al. 2003, Hung et al. 2004). Few have been done on web
service negotiation processes, particularly techniques for automatically generating counter-offers
during the negotiation. Patankar et al. (2008) presents an offset-based automated negotiation
approach to support web service procurement. The approach employs an iterative tradeoff
mechanism for evaluating opponent’s offers and generating counter-offers of mutual gain based on
selected QoS parameters.
In summary, this paper makes four important contributions as follows:
1) This paper provides a method to calculate trust degrees including the direct trust degree and

iew

the indirect trust degree. If the current user’s trust degree is “unknown” for a business service,
then the indirect trust degree is used in the services selection model.
2) Considering the fact that one node in a business flow may need to select two or more
business services to achieve the user’s requirements, a multi-service selection method for one
node is presented. Our approach assumes the parallel work mode of services and gives a method
to calculate the total QoS attributes and select services for one business node.
3) A fuzzy chance-constrained programming model is proposed for the selection of business
services by considering four kinds of factors: QoS attributes, trust relation, physical distance and
waiting time. According to the characteristic of fuzzy constraints, a function is developed to
convert the fuzzy chance constraints into its crisp equivalents and then the equivalent crisp model
is solved by the GA-based algorithm.
4) For the case in which no satisfying solution can be found by the GA-based algorithm, this
paper presents an offset-based automated negotiation approach to support the business services
selection. This approach is implemented by a dynamic negotiation process with information
exchange between providers and users. The aim of the process is to find a satisfying solution for
the present user.
The rest of the paper is organized as follows. The approach to business services selection is
explored based on ecosystem classification mode. Section 2 defines the problems of interest.
Section 3 describes the formal definitions of the service-oriented business ecosystem. Section 4
discusses the method for acquisition and calculation of trust values. Section 5 presents the
multi-service selection method for one node and establishes a fuzzy chance-constrained
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programming model. Section 6 describes the GA-based algorithm to solve the proposed
mathematical model. Section 7 develops a business services negotiation algorithm. Section 8
presents a case study and finally Section 9 presents the conclusions and future work.
2 Notations and the Problem statement
To describe the approach more clearly, some denotations are defined in Table 1.
Table 1 Notation Definition of the business services selection model
The node number in a business flow, i=1,2,3,…I, I is a positive integer. Without loss
of generality, it is assumed that the business services in population i can achieve the
business functional requirements of the node i in a business flow. So i can also
denote the population number.

Fo

i

𝑌𝑌𝑖𝑖,𝑗𝑗

rP

The business service individual number in a population, j=1,2,3,…Ji, Ji is a positive
integer, i=1,2,3,…I

j

0-1variables, the decision variables, i=1,2,3,…I, j=1,2,3,…Ji. If the individual j in
population i is selected, then Yi,,j=1; Otherwise, Yi,,j=0

ee

𝑐𝑐𝑖𝑖,𝑗𝑗 The cost of the individual j in population i for one-time execution
𝑡𝑡𝑖𝑖,𝑗𝑗 The time of the individual j in population i for one-time execution

𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

The transport cost from the location of the individual j in population i to the user’s
location
The transport time from the location of the individual j in population i to the user’s
location
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𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

rR

𝑎𝑎𝑖𝑖,𝑗𝑗 The availability of the individual j in population i
𝑟𝑟𝑖𝑖,𝑗𝑗 The reliability of the individual j in population i

~

iew

𝑤𝑤𝑤𝑤𝑖𝑖,𝑗𝑗 The waiting time of the individual j in population i for the current user

tr i , j The user’s trust degree for the individual j in population i
𝛼𝛼

The confidence level, 𝛼𝛼 ∈ [0,1]

𝐴𝐴𝑖𝑖

The minimum availability users expected for the node i in a business flow

𝑇𝑇𝑖𝑖

𝑅𝑅𝑖𝑖

The maximum execution cost users expected for the node i in a business flow
The maximum execution time users expected for the node i in a business flow

On

𝐶𝐶𝑖𝑖

The minimum reliability users expected for the node i in a business flow

𝐷𝐷𝐷𝐷𝑖𝑖 The maximum transport cost users expected for the node i in a business flow

ly

𝐷𝐷𝐷𝐷𝑖𝑖 The maximum transport time users expected for the node i in a business flow

𝑊𝑊𝑊𝑊𝑖𝑖 The maximum waiting time users expected for the node i in a business flow
𝑇𝑇𝑇𝑇𝑖𝑖 The minimum trust degree users expected for the node i in a business flow
𝐶𝐶0

The maximum total execution cost users expected of the entire process

𝐶𝐶

The total execution cost under a services selection scenario

𝑇𝑇0

The maximum total execution time users expected of the entire process

𝑇𝑇

The total execution time under a services selection scenario

𝑊𝑊𝑊𝑊0 The maximum total waiting time of the entire process

𝑊𝑊𝑊𝑊 The total waiting time under a services selection scenario

Each node in a business flow is called a business node, and each business service in every
business population is called a business service individual in this paper. Business services
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selection is to choose business services individuals from the corresponding populations as 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 , i
= 1, 2,... I, to meet the users’ business flow needs in this paper, see in Fig 1. Users’ needs may be a
single business node, and also may be the form of a business process constituted by multiple
nodes. For each node in the business process, it may need to select two or more business services
to meet the needs, such as the need of the execution time. Factors considered in this paper are
mainly QoS attributes, trust degrees, physical distance between users and business services, and
waiting time of business services. These factors can affect the services selection results. The trust
degree is used to describe the subjective trust relationship between the user and the business
service individual, which have the feature of subjective uncertainty. Fuzzy logic can help handle
the subjective imprecise nature and uncertainty of trust. We use the trapezoidal fuzzy number to
describe the trust degree based on fuzzy set theory. We establish a fuzzy chance-constrained
programming model for the business services selection by considering four kind factors involving
QoS attributes, trust degrees, physical distance and waiting time. The model enables that two or
more services can be selected for one business if it is needed.

Fig. 1 The process of business services selection
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3 Formal definitions of the service-oriented business ecosystem
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Under service-oriented enterprise environment, business services from various enterprises and
their surroundings together constitute a business ecosystem (Fan 2010). We call the ecosystem as
service-oriented business ecosystem (SOBE) and the individuals in SOBE as business services.
The SOBE is used to describe the collaborative relationship and operation mode between business
services. The SOBE describes a new kind of business network including a variety of business
services, which are interdependent, mutual coordination, competing, just as the individuals’
activities in natural ecosystems.
The SOBE is a logical collection of business services and relationships between them. The
component elements of the SOBE are mainly business service individuals and business service
populations. In this section, we give the following formal definitions of the SOBE.
Definition 1 [Business service individual] The Business service individual is a service
description entity generated by parsing the service description file from the service provider,
which can be described as a triple:
Bs = (Function, QoS, Location)
where Function is the functional description of the individual including the business functions
description and input-output description, QoS is the description of an individual’s quality of
service which includes the service execution time, cost, availability, reliability, etc. Location is
URL: http://mc.manuscriptcentral.com/tandf/tcim Email:ijcim@bath.ac.uk
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the description of an individual’s geographical position.
Every business service individual has certain business functions and non-functional attributes.
It is the smallest business unit according to business function in the SOBE.
Definition 2 [Business service population] Business service population is a collection of
business individuals with the same or similar business functions in the SOBE, which can be
described as:
𝑃𝑃𝑃𝑃𝑃𝑃 = (𝐵𝐵𝐵𝐵1 , 𝐵𝐵𝐵𝐵2 , … , 𝐵𝐵𝐵𝐵𝑞𝑞 , … , 𝐵𝐵𝐵𝐵𝐽𝐽 𝑖𝑖 )

Fo

Individuals in the same population have the same business functions, but they may have
different non-functional attributes, such as cost, time, reliability and availability. Therefore, there
is competition between individual business services. The value of business individuals’
non-functional attributes may change with users’ feedbacks or competition from other individuals.
Definition 3 [Trust degree] The trust degree is used to describe the subjective trust

fuzzy numbers:
~

rP

relationship between the user and the business service individual, which is defined by a set of
~

~

~

~

Trust=( tr1,1 , tr1,2 ,… tr i , j ,… tr I , Ji )

ee

where tr i , j describes the user trust degree for the individual j in population i, which is depicted by
1
2
3
4
a trapezoidal fuzzy number in this paper, that is, (𝑡𝑡𝑡𝑡𝑖𝑖,𝑗𝑗
, 𝑡𝑡𝑡𝑡𝑖𝑖,𝑗𝑗
, 𝑡𝑡𝑡𝑡𝑖𝑖,𝑗𝑗
, 𝑡𝑡𝑡𝑡𝑖𝑖,𝑗𝑗
) , 𝑡𝑡𝑡𝑡𝑖𝑖,𝑗𝑗1,2,3,4 ∈ [0,1] ,

rR

i=1,2,3,…I, j=1,2,3,…Ji. Different users may have different trust degrees for the same individual.
And trust degrees are determined in the light of the personal relationship and historical
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cooperation experience between users and business service providers.
Definition 4 [Service-oriented business ecosystem] The Service-oriented business ecosystem
is a collection of business individuals and the relations among them under certain environment,
which can be described as:
𝐶𝐶𝐶𝐶𝐶𝐶 = (𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸, 𝐵𝐵𝐵𝐵, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛, 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇)
where 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is the description of the environment that every individual lies in.
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐵𝐵𝐵𝐵 × 𝐵𝐵𝐵𝐵 refers to the collection of the relations between individuals. 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 has
been defined in Definition 3. 𝐵𝐵𝐵𝐵 is the collection of all individuals in the SOBE, which can be
described as:

𝐵𝐵𝐵𝐵 = (𝐵𝐵𝐵𝐵1 , 𝐵𝐵𝐵𝐵2 , … , 𝐵𝐵𝐵𝐵𝑚𝑚 , … , 𝐵𝐵𝐵𝐵𝑀𝑀 )
and 𝐵𝐵𝐵𝐵 = 𝑃𝑃𝑃𝑃𝑃𝑃1 ∪ 𝑃𝑃𝑃𝑃𝑃𝑃2 ∪ … 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 ∪ … 𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼 , i=1,2,3,…I.

4 The acquisition and calculation methods of parameters
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Where 𝑀𝑀 =

∑𝐼𝐼𝑖𝑖=1 𝐽𝐽𝑖𝑖

Four kinds of parameters are considered in the services selection model: trust degrees, QoS
attributes, distances costs and waiting time.
4.1 Calculation methods of trust degrees
The trust degree is the parameter to describe the subjective relation between user and business
service. Trust is a social phenomenon. “Trust (or, symmetrically, distrust) is a particular level of
the subjective probability with which an agent will perform a particular action, both before [we]
can monitor such action (or independently of his capacity of ever to be able to monitor it) and in a
context in which it affects [our] own action” (Gambetta 1990). Trust decisions are made based on
the agent’s knowledge and experiences (Jøsang 1996).
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Trust has the following properties.
① Trust is subjective: Trust is a user’s belief in a service’s behaviors, and different users may
have different trust degrees on the same business service individual.
② Trust is dynamic: Trust is a dynamic concept evolving with the change of the context and
time.
③ Trust is asymmetric (Sha et al. 2002): The event that A trust B does not means that B trust
A. Even if A trust B and B trust A, the degree may be different.
④ Trust is decaying with time: Trust will decay over time. The more distant the trust
evaluation, the worse its persuasive. For example, if x trusts y at level p based on past experience
five years ago, the trust level today is very likely to be lower unless they have interacted since
then (Azzedin et al. 2007).
According to the access channel, Trust can be classified into two categories: the direct trust
and the indirect trust. Direct trust means that the two entities have had a direct transaction, or have
other trust relations, such as friendship, kinship. Trust value generates from the user's subjective
evaluation of services (Azzedin et al. 2007). Indirect trust is established based on other users’ trust
relations on the current services. The value of indirect trust can be calculated according to other
users’ direct trust degree. The calculation methods of trust can be evidence theory-based method
(Yu et al. 2004, Sun 2008), fuzzy logic-based method (Song et al. 2005) and probability-based
method (Beth et al. 1994, Jøsang 1999).
As trust is a subjective degree of belief about specific business services and fuzzy set theory
can help handle the subjective imprecise nature and uncertainty of trust, fuzzy number will be
used to describe the trust degree in this paper. We propose a model for determining trustworthiness
of services for the current user based on the direct experience (direct trust) and the
recommendations from other users (indirect trust). The corresponding evaluating approach is
described in the following sections.
① Evaluating direct trust
The current user’s trust degree of business services individuals is quantified by the dynamic
parameter trust level that ranges over a set of linguistic label values from very untrustworthy to
very trustworthy as illustrated in Table 2. For each trust level, we associated a trapezoidal fuzzy
number that enables us to specify a range for a given trust level instead of giving it a particular
discrete value. A trapezoidal fuzzy number is defined as a quadruple 𝐷𝐷𝐷𝐷 = (𝑑𝑑𝑑𝑑1 , 𝑑𝑑𝑑𝑑 2 , 𝑑𝑑𝑑𝑑 3 , 𝑑𝑑𝑑𝑑 4 ),
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where 𝑑𝑑𝑑𝑑1,2,3,4 ∈ [0,1] and 𝑑𝑑𝑑𝑑1 ≤ 𝑑𝑑𝑑𝑑2 = 𝑑𝑑𝑑𝑑3 ≤ 𝑑𝑑𝑑𝑑4 .
Table 2 The mapping relations between trust levels and trapezoidal fuzzy numbers
number

trust level

1

very untrustworthy

trapezoidal fuzzy number( 𝐷𝐷𝐷𝐷𝑖𝑖,𝑗𝑗 )

2

untrustworthy

(0.1, 0.2, 0.2, 0.3)

3

common

(0.3, 0.5, 0.5, 0.7)

4

trustworthy

(0.6, 0.7, 0.7, 0.8)

5

very trustworthy

(0.8, 0.9, 0.9, 1.0)

others

unknown

(0.5, 0.5, 0.5, 0.5)

(0, 0.1, 0.1, 0.2)
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② Evaluating indirect trust
The indirect trust degree is calculated by aggregating the other users’ direct trust degrees, and
the function (1) is the proposed calculation function.
𝐿𝐿

𝑖𝑖,𝑗𝑗
𝜔𝜔𝑙𝑙,𝑖𝑖,𝑗𝑗 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗
𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 = ∑𝑙𝑙=1

(*)

where 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 denotes the trust evaluation for individual j in population i by user l, and 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 ≠

(0.5,0.5,0.5,0.5), which is to say that all the other users’ direct trust degrees participating in the
calculation of the indirect trust degree cannot be “unknown”. 𝐿𝐿𝑖𝑖,𝑗𝑗 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑁𝑁, 𝐿𝐿′𝑖𝑖,𝑗𝑗 ), N is a positive
integer, 𝐿𝐿′𝑖𝑖,𝑗𝑗 denotes the total number of users with 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 ≠ (0.5,0.5,0.5,0.5) for the individual

Fo

j in population i.
The next work is to determine 𝜔𝜔𝑙𝑙,𝑖𝑖,𝑗𝑗 in the function (*) which is critical for evaluating
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indirect trust. Based on the trust properties described above, trust will decay over time. Related
research show decay as a power function of time in social relations (Burt 2000). We describe the
time-decay function by the following regression equation:
𝑓𝑓(𝑡𝑡) = (𝑡𝑡 + 1)𝛾𝛾
where t means a time period and 𝛾𝛾 is a constant. Let
′
= 𝑓𝑓(𝑡𝑡𝑙𝑙,𝑖𝑖,𝑗𝑗 − 𝜏𝜏𝑙𝑙,𝑖𝑖,𝑗𝑗 ) × 𝐸𝐸(𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 )
𝜔𝜔𝑙𝑙,𝑖𝑖,𝑗𝑗

where 𝜏𝜏𝑙𝑙,𝑖𝑖,𝑗𝑗 denotes the current time, and 𝑡𝑡𝑙𝑙,𝑖𝑖,𝑗𝑗 denotes the trust evaluation time for individual j

by the following equation:

rR

in population i by user l. f(·) is a time-decay function as defines above. And E(·) means the
mathematical expected value of the fuzzy number. According to Liou et al. (1992), the expected
value of the trapezoidal fuzzy number 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 = (𝐷𝐷𝐷𝐷1𝑙𝑙,𝑖𝑖,𝑗𝑗 , 𝐷𝐷𝐷𝐷2𝑙𝑙,𝑖𝑖,𝑗𝑗 , 𝐷𝐷𝐷𝐷3𝑙𝑙,𝑖𝑖,𝑗𝑗 , 𝐷𝐷𝐷𝐷4𝑙𝑙,𝑖𝑖,𝑗𝑗 ) can be calculated
𝐷𝐷𝐷𝐷1𝑙𝑙,𝑖𝑖,𝑗𝑗 +𝐷𝐷𝐷𝐷2𝑙𝑙,𝑖𝑖,𝑗𝑗
2

𝐷𝐷𝐷𝐷3𝑙𝑙,𝑖𝑖,𝑗𝑗 +𝐷𝐷𝐷𝐷4𝑙𝑙,𝑖𝑖,𝑗𝑗

ev

𝐸𝐸�𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 � = 𝜆𝜆

+(1- 𝜆𝜆)

Then, we can get the weight by the following equation:
′
𝜔𝜔 𝑙𝑙,𝑖𝑖,𝑗𝑗
𝐿𝐿 𝑖𝑖,𝑗𝑗
′
∑𝑙𝑙=1 𝜔𝜔 𝑙𝑙,𝑖𝑖,𝑗𝑗

, 0 ≤ 𝜆𝜆 ≤ 1

iew

𝜔𝜔𝑙𝑙,𝑖𝑖,𝑗𝑗 =

2

𝐿𝐿

𝑖𝑖,𝑗𝑗
, ∑𝑙𝑙=1
𝜔𝜔𝑙𝑙,𝑖𝑖,𝑗𝑗 = 1

③ The trust degree application approaches in services selection model
There are three cases to apply the trust degree in services selection model.
~

~

~

If 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 = (0.5,0.5,0.5,0.5), then
~

Case3 (Azzedin et al. 2007) :

tr i , j = 𝐷𝐷𝐷𝐷𝑖𝑖,𝑗𝑗 .

tr i , j = 𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 .

ly

Case2: If 𝐷𝐷𝐷𝐷𝑙𝑙,𝑖𝑖,𝑗𝑗 ≠ (0.5,0.5,0.5,0.5), then

tr i , j = 𝐷𝐷𝐷𝐷𝑖𝑖,𝑗𝑗 .

On

Case1: If users want to use the direct trust degree only, then

tr i , j = 𝛽𝛽1 𝐷𝐷𝐷𝐷𝐷𝐷, 𝑗𝑗 + 𝛽𝛽2 𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 where 𝛽𝛽1 + 𝛽𝛽2 = 1.

In this paper, we use the case 2, that is, if the current user’s trust level is “unknown” for the
individual j in population i, then the indirect trust degree will be used. Otherwise, the direct trust
degree will be used.
4.2 The acquisition methods of other parameters
The methods for calculating trust-related parameters have been described in section 4.1, then
the acquisition methods of other parameters including QoS attributes, distance costs and waiting
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time are introduced in this section.
For QoS attributes, we mainly focus on the service’s execution time, execution cost,
availability and reliability. The value of these parameters can be found from the Business service
individual description which has been defined by Bs = (Function, QoS, Location) in Section 3.
Physical distances will cause the distance-related costs and distance-related time, such as
transport costs and transport time, which are determined by the location of business services and
the user. The value of this parameter can also be obtained from the Business service individual
description file.
For waiting time, the parameter values can be determined by the service’s one-time execution
time and the current operating state. The former one, as one of the QoS attribute, can be found
from the Business service individual description file. For the later one, the operational status of
business services include idle and busy. If it is idle, the waiting time will equal to zero. If it is busy,
the state will be analyzed by two cases: no queue or have a queue. If it is busy without queue, let
the waiting time equal to the service’s one-time execution time. If it is busy with a queue and the
queue length is q, let the waiting time equal to q+1 multiple the service’s one-time execution time.

ee

5 The business services selection model

5.1 The method to select multiple business services for one business node

rR

iew

ev

In the current research for services selection method, there is a general assumption that every
business node in flow just need to select one specific business service in the research of services
selection. However, in actual business collaboration, a business node may need to choose two or
more business services to complete the business requirements including functional and
non-functional needs. For instance, in Garment manufacturing processes composing by many
business nodes, the business node of “printing and dyeing” is an important node which may have
much workload in a certain period of time. Although there are many business services providing
"printing and dyeing" services, any one service cannot complete the workload in the required time.
In this case, it is required to select two or more business services to meet customer needs. This
case is very common in clusters of Zhejiang in China. It is needed to develop a method to select
multiple business services for one business node, and these services will work in parallel mode.
Therefore, we propose the approach to solve this problem in this section.
To describe the approach more clearly, some denotations are defined in Table 3.
Table 3 Notation Definition of multiple business services selection method

ly

On

𝑐𝑐𝑖𝑖

The total execution cost for business node i with one or multiple selected individuals

𝑟𝑟𝑖𝑖

The total execution reliability for business node i with one or multiple selected individuals

𝑡𝑡𝑖𝑖

𝑎𝑎𝑖𝑖

The total execution time for business node i with one or multiple selected individuals
The total execution availability for business node i with one or multiple selected individuals

𝑑𝑑𝑑𝑑𝑖𝑖 The total distance cost for business node i with one or multiple selected individuals

𝑑𝑑𝑑𝑑𝑖𝑖 The total distance time for business node i with one or multiple selected individuals

𝑤𝑤𝑤𝑤𝑖𝑖 The total waiting time for business node i with one or multiple selected individuals
~

tr i The total trust degree for business node i with one or multiple selected individuals

where i=1,2,3,…I, I is a positive integer.
The implementation process of the proposed approach is depicted in the following steps.
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Step1: Estimate the average execution time of services in each population i. If the average
execution time is greater than m times and less than (m+1) times of the maximum expected
execution time (𝑇𝑇𝑖𝑖 ) by the user for the node i in a business flow, m business services will be
chosen from the population i for the node i. The m business services will work in parallel mode to
reduce the execution time.
Step2: Calculate parameters’ values for m parallel services. The corresponding parameters will
be calculated by the following equations.
① The execution time
For j=Ji, If 𝑌𝑌𝑖𝑖,𝑗𝑗 ≠ 0
Let 𝑡𝑡𝑖𝑖′ = ∑𝑗𝑗 𝑖𝑖=1 1�(𝑡𝑡 𝑌𝑌 ) , Then 𝑡𝑡𝑖𝑖 = 1�𝑡𝑡 ′ ,
𝑖𝑖,𝑗𝑗 𝑖𝑖,𝑗𝑗
𝑖𝑖

Fo

𝐽𝐽

i=1,2,3,…I

② The execution cost

rP

③ Availability

𝑎𝑎𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑎𝑎𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , 𝑗𝑗 = 1,2,3, … 𝐽𝐽𝑖𝑖 , 𝑌𝑌𝑖𝑖,𝑗𝑗 ≠ 0), i=1,2,3,…I

ee

④ Reliability

𝐽𝐽

𝑐𝑐𝑖𝑖 = ∑𝑗𝑗 𝑖𝑖=1 𝑐𝑐𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , i=1,2,3,…I

𝑟𝑟𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑟𝑟𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , 𝑗𝑗 = 1,2,3, … 𝐽𝐽𝑖𝑖 , 𝑌𝑌𝑖𝑖,𝑗𝑗 ≠ 0), i=1,2,3,…I

rR

⑤ The distance time
𝑑𝑑𝑑𝑑𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , 𝑗𝑗 = 1,2,3, … 𝐽𝐽𝑖𝑖 , 𝑌𝑌𝑖𝑖,𝑗𝑗 ≠ 0), 𝑖𝑖 = 1,2,3, … 𝐼𝐼

⑥ The distance cost

𝐽𝐽

⑦ The trust degree
~

~

ev

𝑑𝑑𝑑𝑑𝑖𝑖 = ∑𝑗𝑗 𝑖𝑖=1 𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , i=1,2,3,…I

iew

tr i =
∧(tr i , j Yi , j , j =
1, 2,..., J i , Yi , j ≠ 0) , i=1,2,3,…I
⑧ The waiting time
𝑤𝑤𝑤𝑤𝑖𝑖 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑤𝑤𝑤𝑤𝑖𝑖,𝑗𝑗 𝑌𝑌𝑖𝑖,𝑗𝑗 , 𝑗𝑗 = 1,2,3, … 𝐽𝐽𝑖𝑖 , 𝑌𝑌𝑖𝑖,𝑗𝑗 ≠ 0), 𝑖𝑖 = 1,2,3, … 𝐼𝐼

5.2 The business services selection mathematical model

On

ly

Goal programming is a branch of multi-objective optimization and is an optimization
programe to handle multiple, normally conflicting objective measures. Each of these measures is
given by a goal or target value to be achieved. Unwanted deviations from this set of target values
are then minimized in an achievement function. This can be a vector or a weighted sum dependent
on the goal programming variant used (Wikipedia).
The total execution time and cost of a business flow are two key indicators concerned by users
and the total waiting time can influence the decision of services selection. We will take the total
execution time, the total execution cost and the total waiting time as object elements of the model.
A trust-based business services selection model are proposed by using the goal programming
method in this section. The goal is to minimize the differences between the total execution time,
the total execution cost, the total waiting time and the corresponding expectation values of the user
in lexicographic order. The constraints are functions of QoS attributes, trust degrees, distance costs
and waiting time, respectively. The proposed trust-based business services selection fuzzy
programming model (RBBSSFPM) are described as functions (1)-(13).
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+
+
𝑙𝑙ex min(d+
𝑐𝑐 ⋁0, d𝑡𝑡 ⋁0, d𝑤𝑤𝑤𝑤 ⋁0)
S. t.
d+
𝑐𝑐 = 𝐶𝐶 − 𝐶𝐶0
d+
𝑡𝑡 = 𝑇𝑇 − 𝑇𝑇0
d+
𝑤𝑤𝑤𝑤 = 𝑊𝑊𝑊𝑊 − 𝑊𝑊𝑊𝑊0
𝑤𝑤𝑤𝑤𝑖𝑖 ≤ 𝑊𝑊𝑊𝑊𝑖𝑖 ,
𝑖𝑖 = 1,2,3, … 𝐼𝐼

(1)
(2)
(3)
(4)
(5)

~

Cr{tr i ≥ TRi } ≥ α， i =
1, 2,3,..., I

Fo

rP

𝑑𝑑𝑑𝑑𝑖𝑖 ≤ 𝐷𝐷𝐷𝐷𝑖𝑖 ,
𝑑𝑑𝑑𝑑𝑖𝑖 ≤ 𝐷𝐷𝐷𝐷𝑖𝑖 ,
𝑐𝑐𝑖𝑖 ≤ 𝐶𝐶𝑖𝑖 ,
𝑡𝑡𝑖𝑖 ≤ 𝑇𝑇𝑖𝑖 ,
𝑎𝑎𝑖𝑖 ≤ 𝐴𝐴𝑖𝑖 ,
𝑟𝑟𝑖𝑖 ≤ 𝑅𝑅𝑖𝑖 ,

𝑖𝑖 = 1,2,3, … 𝐼𝐼
𝑖𝑖 = 1,2,3, … 𝐼𝐼
𝑖𝑖 = 1,2,3, … 𝐼𝐼
𝑖𝑖 = 1,2,3, … 𝐼𝐼
𝑖𝑖 = 1,2,3, … 𝐼𝐼
𝑖𝑖 = 1,2,3, … 𝐼𝐼

ee

𝐽𝐽 𝑖𝑖

�

𝑗𝑗 =1

(6)

𝑌𝑌𝑖𝑖,𝑗𝑗 ≥ 1 ,

(7)
(8)
(9)
(10)
(11)
(12)

𝑖𝑖 = 1,2,3, … 𝐼𝐼

(13)

iew

ev
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where function (1) is the object function and (2) - (4) are the object constraints of the goal
programming model. Function (5) and (6) are the waiting time and trust degrees constraints
respectively. Function (7) and (8) are distance costs constraints, and (9) - (12) are the QoS
constraints. Finally, function (13) describes the constraints of decision variables, which means that
one or more business services can be selected for one business node. All the denotations used in
the model have been defined in Section 2 and 5.1.
In the RBBSSFPM model, variables including 𝑊𝑊𝑊𝑊, 𝐷𝐷𝐷𝐷, 𝐷𝐷𝐷𝐷, 𝐶𝐶 and 𝑇𝑇 can be classified
into two categories: time category and cost category. The former one includes: 𝑊𝑊𝑊𝑊, 𝐷𝐷𝐷𝐷 and 𝑇𝑇,
and the later one includes: 𝐷𝐷𝐷𝐷 and 𝐶𝐶. The values of them need to be calculated according to the
flow structure. There are mainly four kinds of basic flow structures in the business flow:
sequential, parallel, branch and loop. Based on Menascé (2004), we give the calculation functions
of 𝑇𝑇 and 𝐶𝐶 as the following equations, and the calculation functions of other variables are
similar to that of 𝑇𝑇 and 𝐶𝐶.
① sequential: Assume that the business flow is formed by I nodes in sequential structure, then:
𝑇𝑇 = ∑𝐼𝐼𝑖𝑖=1 𝑡𝑡𝑖𝑖 , 𝐶𝐶 = ∑𝐼𝐼𝑖𝑖=1 𝑐𝑐𝑖𝑖

On

ly

② parallel: Assume that the business flow is formed by I nodes in parallel structure, then:
𝑇𝑇 = 𝑚𝑚𝑚𝑚𝑚𝑚(𝑡𝑡𝑖𝑖 , 𝑖𝑖 = 1,2,3, … , 𝐼𝐼), 𝐶𝐶 = ∑𝐼𝐼𝑖𝑖=1 𝑐𝑐𝑖𝑖

③ branch: Assume that the business flow is formed by I nodes in branching structure, and the
probability of each node is𝜌𝜌𝑖𝑖 , then:
𝑇𝑇 = ∑𝐼𝐼𝑖𝑖=1(𝜌𝜌𝜌𝜌𝑖𝑖 ), 𝐶𝐶 = ∑𝐼𝐼𝑖𝑖=1(𝜌𝜌𝜌𝜌𝑖𝑖 )

④ loop: Assume that the business flow is formed by I nodes in sequential structure, and there
is a loop from the last node to the first node with the loop probability p, then:
𝑇𝑇 =

1

1−𝑝𝑝

∑𝐼𝐼𝑖𝑖=1 𝑡𝑡𝑖𝑖 , 𝐶𝐶 =

1

1−𝑝𝑝

∑𝐼𝐼𝑖𝑖=1 𝑐𝑐𝑖𝑖
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5.3 The crisp equivalent
The proposed model in Section 5.2 is a fuzzy chance-constrained programming model. One
way of solving the fuzzy chance-constrained programming is to convert the chance constraint into
its crisp equivalent and then solve the equivalent crisp model by the traditional solution process.
In order to get the crisp equivalent, we introduce the Theorem 5.10 from Liu (2009):
“Assume that the function g ( x, ξ ) can be rewritten as,

g ( x=
, ξ ) h1 ( x)ξ 1 + h2 ( x)ξ 2 + . .+ .ht ( x)ξ t + h0 ( x)

Fo

Where,

ξ k are trapezoidal fuzzy variables (rk1 , rk 2 , rk 3 , rk 4 ) , k = 1, 2,..., t , respectively. We

rP

+
( x) hk ( x) ∨ 0 and hk− ( x) =
−(hk ( x) ∧ 0 ) for k = 1, 2,..., t . Then we
define two functions hk=

have
(a) when

ee

α < 1 2 , Cr{g ( x, ξ ) ≤ 0} ≥ α
t

if and only if
t

(1 − 2α )∑ [rk 1hk+ ( x) − rk 4 hk− ( x)] + 2α ∑ [rk 2 hk+ ( x) − rk 3 hk− ( x)] + h0 ( x) ≤ 0

(b) when

rR

=
k 1=
k 1

α ≥ 1 2 , Cr{g ( x, ξ ) ≤ 0} ≥ α

t

ev

t

if and only if

(2 − 2α )∑ [rk 3 hk+ ( x) − rk 2 hk− ( x)] + (2α − 1)∑ [rk 4 hk+ ( x) − rk 1hk− ( x)] + h0 ( x) ≤ 0 ”

=
k 1=
k 1

~

iew

Constraint (6) in RBBSSFPM can be re-written as:

Cr{− tr i + TRi ≤ 0} ≥ α

(14)

According to the Theorem 5.10 from Liu (2009), the crisp equivalent of constraint (6) can be
written as:

On

(1 − 2α )[tri1h + ( x) − tri 4 h − ( x)] + 2α [tri 2 h + ( x) − tri3h − ( x)]



+ TRi ≤ 0
α < 1/ 2 



3 +
2 −
4 +
1 −
(2 − 2α )[tri h ( x) − tri h ( x)] + (2α − 1)[tri h ( x) − tri h ( x)]


+ TRi ≤ 0
α ≥ 1/ 2 


(15)

ly

Where, h( x) = −

∑

Ji

) h( x) ∨ 0= 0 , h − ( x) =
Y , h + ( x=
−(h( x) ∧ 0 )=
∑ ji=1Yi, j .
J

j =1 i , j

Therefore, function (15) can be written as:

(1 − 2α )[−tri 4 ∑ Ji Yi , j ] + 2α [−tri3 ∑ Ji Yi , j ] + TRi ≤ 0
=j 1 =j 1

Ji
Ji
2
1
(2 − 2α )[−tri ∑ j 1 Y
i , j ] + (2α − 1)[ −tri ∑ j 1 Yi , j ] + TRi ≤ 0
=
=

α < 1/ 2 

α ≥ 1/ 2 


(16)

The proposed model can be converted into its crisp equivalent by replacing constraint (6) by
formula (16), which can be solved by the traditional solution process. The services selection and
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composition problem is a kind of NP problem (Yu et al. 2005, Garey et al. 1979). As an intelligent
optimization algorithm, genetic algorithm (GA) has been widely used in solving various
NP-Complete problems. In this paper, we will use GA to solve the crisp equivalent of the
proposed model in section 5.2.
6 The GA-based algorithm

iew

ev
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Generic algorithm (GA) is a stochastic search method for optimization problems based on the
mechanics of natural selection and natural genetics. GA has demonstrated considerable success in
providing good solutions to many complex optimization problems and received more and more
attentions during the past decades.
In this section, we design a GA to solve the crisp equivalent of the proposed model in Section
5.2. First, we encode all nodes’ numbers of the business flow as a chromosome. Second, we do
genetic operations including selection, crossover and mutation operations on the chromosome to
generate a new chromosome with better fitness value. Then we repeat the second step to achieve
the parallel and global search in the solution space. When the algorithm stops, we get a set of
chromosomes which is the solution set of the model and also is the set of service scenarios. The
algorithm process is as follows.
Step 1 Initialize pop-size chromosomes at random.
We define an integer pop-size as the number of chromosomes and initialize pop-size
chromosomes randomly. Every chromosome is constituted by I numbers, each of which is
generated in the interval [1, Ji] randomly, i=1,2,3,…I. And let the generation g=0;
Step 2 Check the terminating condition, if it is satisfied, the algorithm can output the
optimized results and the program stops.
Step 3 Generate the new chromosomes by tournament selection, two-point crossover and
SWAP mutation operations.
Step 4 Check the execution time constraint for each business node to select more business
services if needed.
The detailed realization steps see in section 5.1.
Step 5 Calculate the objective values for all chromosomes,
The objective function is defined as f=100dc++ 10dt++ dwt+, the coefficient in which can be
adjusted if needed.
Step 6 Compute the fitness of each chromosome via the objective values.
The fitness value is calculated by adding constraints punishments values to the objective value.
Step 7 Generate the next generation, and let g=g+1, turn to step 2.
According to step 5, the chromosome or individual with the best fitness value will be in the
next generation. The other chromosomes of the next generation are chose randomly from the
current generation and the new generated chromosomes by genetic operations in Step 3. At last,
the total individual number of the next generation is same as the current generation.

ly
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7 A method for business services negotiation
After discussing the business services selection method in previous sections, this section
focuses on business services negotiation. The solution set of the business services selection model
(RBBSSFPM) might be an empty set with some given business requirements from users, which
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means that no result can be achieved for the present user. Some special solutions may be achieved
when the GA ends which make the object value of RBBSSFPM be zero, but some constraint
cannot be satisfied. This kind of solutions is called sub-satisfactory result and all the
sub-satisfactory results constitute a sub-satisfactory result set. For this case, there is a need for
business providers and the user to negotiate over various non-functional requirements to obtain an
integrative (near) optimal solution that fits the perspectives of both parties.
This section presents an offset-based automated negotiation approach to support the business
services selection. This approach is implemented by a dynamic negotiation process with
information exchange between providers and users. The aim of the process is to find a satisfactory
solution for the present user. Assume that the sub-satisfactory result set is not empty. Items in the
sub-satisfactory result set are used to the negotiation process successfully until a satisfied solution
is reached. The negotiation process is described as following.
Step 1 Get K different solutions with less fitness value from the GA-based business services
discovery algorithm. Every solution stands for a proposal of business services selection for the
user’s business flow. All the K different solutions constitute the sub-satisfied result set.
Step 2 Sequence all the K different solutions by increasing fitness value, and number them
successfully.
Step 3 Negotiate the solutions in turn.
Step 3.1 For k=1,…K, get the solution k.
Step 3.2 For the solution k, set a value for the ratio(𝜀𝜀), which is used to adjusting parameters
values. Assume that 𝜀𝜀 = 0.1, 0.2, 0.3, … ,1.
Step 3.3 For the solution k, in order to express the negotiation process in convenience, we
denote: 𝑋𝑋1,𝑖𝑖 = 𝐶𝐶𝑖𝑖 , 𝑋𝑋2,𝑖𝑖 = 𝑇𝑇𝑖𝑖 , 𝑋𝑋3,𝑖𝑖 = 𝐴𝐴𝑖𝑖 , 𝑋𝑋4,𝑖𝑖 = 𝑅𝑅𝑖𝑖 , 𝑋𝑋5,𝑖𝑖 = 𝐷𝐷𝐷𝐷𝑖𝑖 , 𝑋𝑋6,𝑖𝑖 = 𝐷𝐷𝐷𝐷𝑖𝑖 , 𝑋𝑋7,𝑖𝑖 = 𝑊𝑊𝑊𝑊𝑖𝑖 and
𝑥𝑥1,𝑖𝑖 = 𝑐𝑐𝑖𝑖 , 𝑥𝑥2,𝑖𝑖 = 𝑡𝑡𝑖𝑖 , 𝑥𝑥3,𝑖𝑖 = 𝑎𝑎𝑖𝑖 , 𝑥𝑥4,𝑖𝑖 = 𝑟𝑟𝑖𝑖 , 𝑥𝑥5,𝑖𝑖 = 𝑑𝑑𝑑𝑑𝑖𝑖 , 𝑥𝑥6,𝑖𝑖 = 𝑑𝑑𝑑𝑑, 𝑥𝑥7,𝑖𝑖 = 𝑤𝑤𝑤𝑤𝑖𝑖 .
Step 3.4 For the solution k, let ∆𝑢𝑢,𝑖𝑖 = 𝑥𝑥𝑢𝑢,𝑖𝑖 − 𝑋𝑋𝑢𝑢,𝑖𝑖 , 𝑢𝑢 ∊ {1,2,5,6,7} , and ∆𝑢𝑢,𝑖𝑖 = −(𝑥𝑥𝑢𝑢,𝑖𝑖 − 𝑋𝑋𝑢𝑢,𝑖𝑖 ),

iew

𝑢𝑢 ∊ {3,4} , where, i=1,2,3,…I.
Step 3.5 For i=1,2,3,…I,
if ∆𝑢𝑢,𝑖𝑖 ≥ 0, 𝑢𝑢 ∊ {1,2,3, … ,7}, change parameters values for the corresponding service provider.
These new parameters values are: 𝑥𝑥𝑢𝑢,𝑖𝑖 = 𝑋𝑋𝑢𝑢,𝑖𝑖 , 𝑢𝑢 ∊ {1,2,3, … ,7}.
If ∆𝑢𝑢,𝑖𝑖 < 0, 𝑢𝑢 ∊ {1,2,3, … ,7}, change parameters values for the corresponding service provider.
These new parameters values are: 𝑥𝑥𝑢𝑢,𝑖𝑖 = 𝑥𝑥𝑢𝑢,𝑖𝑖 − ∆𝑢𝑢,𝑖𝑖 × 𝜀𝜀, 𝑢𝑢 ∊ {5,6}, and 𝑥𝑥𝑢𝑢,𝑖𝑖 = 𝑥𝑥𝑢𝑢,𝑖𝑖 + ∆𝑢𝑢,𝑖𝑖 × 𝜀𝜀,

On

𝑢𝑢 ∊ {3,4}.

Step 3.6 For the solution k, Calculate the total value of all parameters for the provider

ly

according to the provider’s function. Assumed the provider’s function is a weighted sum of all the
parameters except for 𝑎𝑎𝑖𝑖 and 𝑟𝑟𝑖𝑖 , which will be replaced by 1�𝑎𝑎𝑖𝑖 and 1�𝑟𝑟𝑖𝑖 in the sum function.
If the total value by calculating the sum function is acceptable for the provider, the negotiation for
business node i is success. Else, go to step 3.2 to get a new ratio until the ratio reaches at 1.
Step 3.7 For the solution k, if negotiations for all business node i are success, the solution k
with new parameters values will be a satisfactory solution for the present user. Go to step 4. If no
solution k, k=1,…K, is negotiated successfully in the process, go to step 5.
Step 4 Print the solution k with new parameters values, and the negotiation process is end.
Step 5 There is no satisfactory solution can be obtained from the negotiation process, and the
negotiation process ends.
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8 Case study
8.1 The business flow
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In this section, an instance based on the Zhejiang business model is illustrated to discuss the
multi factor-based business service selection method in SOBE.
There are as many as 800 business clusters in 85 cities of 88 cities in Zhejiang Province,
including the well-known small wares in Yiwu, leather shoes in Wenzhou, ironwares in Yongkang,
ties in Shengzhou and clothing in Ningbo etc. According to statistics, about 2/3 of the
measurement device in China are produced in Yongkang. Clusters of these enterprises have greatly
improved their industrial competitiveness and promote the rapid development of regional
economy. Clusters of enterprises as in Zhejiang Province can be regarded as SOBE substantially.
Different business units in enterprises are capsulated as business component, through which
enterprises cooperate by service supplying and consuming in the whole value network.
Taking the Eastern Hongye clothing factory as an example, there are almost 30 embroidery
factories, 20 dyeing factories ,accessories manufacturers and 10 Washing plant clustering around.
These small factories survive by supping outsourcing services to the big factories, which in turn
improves the big factories’ competitiveness in dealing with the orders more efficiently (Kou
2004).
An instance basing on the business process of Ningbo clothing factories is illustrated below to
explain the service selection method basing on boundary rationality in SOBE. As shown in Fig. 2,
the whole producing process is composed of designing, manufacturing, and selling. Every node in
the figure is defined as a business unit. Therefore, there are 17 business units totally, each of
which is carried out by consuming services either inside or outside the factory.

On
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Fig. 2 The business flow
According to Fig. 2, the clothing design unit designs the clothing style and makes a set of sizes
according to most people’s navigation shape. After the design is confirmed by customers, different
patterns of this design will be drawn in different sizes, and then patterns for production and layout
table should be made. Then the lining, accessories and sewing thread should be prepared. The
lining will be cut into different pieces according to the design in next unit. The pieces may be
ironed, embroidered and washed if necessary afterward, and finally quality are checked. The
qualified clothing then are packed, exhibited, delivered and sold.
8.2 Parameters initialization
It is assumed that every business service population has the same number of business services
individuals. Parameters values are generated randomly in some real number intervals except the
trust, reliability and availability. The corresponding intervals are ti,j∈(0,10], ci,j∈(0,20],
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wti,j∈[0,60], dci,j∈[0,20], dti,j∈[0,20], i=1,2,…I, j=1,2,3,…Ji. Herein, I=17 in this case study.
Parameters initialization of the trust is achieved in the following procedures. Before introduce
the procedures, let numbers 1, 2, 3, 4, 5 denote trust levels “very untrustworthy”, ”
untrustworthy”, ” unknown”, ” trustworthy”, ” very trustworthy”, respectively.
Step 1: Generate an integer in the interval of [1, 10] randomly for each individuals.
Step 2: If the random number generated in step 1 is less than 6, map the random number
generated in step 1 with a trust level, else, let the trust level be “unknown”.
Step 3: Map the trust level with a trapezoidal fuzzy number according to Table 2 (see in
section 4.1).
Step 4: For the current user, if the trapezoidal fuzzy number equal to (0.5, 0.5, 0.5, 0.5), then
calculate the indirect trust degree according to the method proposed in section 4.1.
~

Step 5: Let the trust degree tr i , j equal to the trapezoidal fuzzy number found in step3 or step

ee

rP

4, i=1,2,3,…I, j=1,2,3,…Ji.
Parameters initialization of the reliability is similar to that of the trust. First, let numbers 1, 2, 3,
4, 5 denote values of reliability which are 0.1, 0.3, 0.5, 0.7, 0.9, respectively. Second, generate an
integer in the interval of [1, 10] randomly for each individuals. Third, if the random integer is less
than 6, map the random integer with a value of reliability depicted in the first step, else, let the
value of reliability equal to 0.5. At last, Let the reliability value 𝑟𝑟𝑖𝑖,𝑗𝑗 equal to the value determined

Ci

Ti

Ai

Ri

WTi

Case 1

19

9

0.5

0.5

55

Case 2

17

9

0.5

0.5

50

Case 3

17(30)

9(3)

0.5

0.5

50

Case 4

15

7

0.5

0.5

45

DCi

DTi

TRi

C0

T0

WT0

19

19

0.5

140

55

260

17

18

0.5

140

55

260

17

18

0.5

140

55

260

17
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in the third step, i=1,2,3,…I, j=1,2,3,…Ji.
For the availability, parameters initialization approach is same as that of reliability.
Then the user’s requirement-related parameters for each indicator are given in Table 2 with
three user cases.
Table 4 the user’s requirement-related parameters (i=1,2,3,…I)

50

230

17

0.5

120

ly

where the parameters of Case 2 and Case 3 are the same except Ci and Ti. In order to simulate the
multi-services selection method for one node proposed in Section 5.1, we assume that the
expected time value of one node in the business flow is less than half of the average value of
services in the corresponding population in Case3. So let T6=3 and C6=30.
8.3 Calculation results and the analysis
According to the parameters initialization method in Section 8.2, the GA designed in Section 6
is used to solve the proposed model in Section 5. The experimental hardware platform is a PC
with AMD Athlon (tm) II 2.71 GHz CPU and 1.87GB memory. The GA is programmed with
VC++6.0. The crossover probability, mutation probability and population size of GA are taken as
0.3, 0.1 and 30, respectively. According to the business flow, see in Figure 1, let I equal to 17, and
suppose Ji=25, i=1,2,3,…I, i ≠ 13, I =17. The node 13 in the business flow(see in Figure 1) is
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“Rejects deal“, which is not considered in this paper, so we let i ≠ 13.

1

2

3

4

5

6

7

8

9

10

11

12

14

15

16

17

Fitness

Case1
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12

13
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7

17

2

21

15

21

16
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Case2
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5

12

16

rR

Node

rP

Fo

Five experiments are designed to illustrate the feasibility and effectiveness of the algorithm.
For the first experiment, GA runs under three different cases (see in table 4) respectively, and
services selection results is in Table 5. For the second experiment, GA runs with four different
confidence level values respectively, and services selection results is in Table 6. The third
experiment is designed to illustrate the convergence of the GA, the calculation results of which are
in Table 7 and Table 8. The fourth experiment is used to show the effectiveness of the algorithm
by testing the CPU execution time. And in this experiment, the CPU execution times are
calculated under three different cases and six different generations, such as 50, 100, 150, 200, 300
and 400, respectively. In the last experiment, Case 4 in Table 4 is considered and the GA cannot
return a solution with the fitness value equaling to zero. In this case, the negotiation algorithm is
used to reach a satisfied solution for the present user.
Table 5 Business services selection results under three cases (𝛼𝛼 = 0.6)

9

12

17

16

18

19

21

25

21

0

number

17
6,

18

20

Table 6 Business services selection results with different confidence level values (under Case2)
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where numbers in medium parts of Table 5 and 6 denote the selected services’ numbers. For
instance, the number 5 in the third row and fourth column of Table 6 denotes that the individual 5
in the population 3 is selected for the business node 3.
Table 5 shows that the fitness values under three cases all equal to zero, which means that the
selected services set can satisfy each user’s needs under each case. It can be also seen that the
services sets under different cases are different, which illustrates that each services set can satisfy
the user’s need, but they are not necessarily an optimal services selection results for the business
flow. Therefore, the proposed services selection method can not only choose satisfied services sets
for users but also can reduce the queue length for the optimal services. Furthermore, for Case 3 in
Table 4, two services are selected for the business node 6 which indicates the method of selecting
multiple services for one business node advanced in Section 5.1.
It can be seen from Table 6 that all the fitness values are equal to zero with different values of
the confidence level, which also shows that the selected services sets can satisfy users’ needs
under each case respectively. Services sets are different with different values of the confidence
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level.
Results of the first and second experiments illustrate the feasibility of the proposed business
services selection method.
Table 7 Fitness values of GA with different generations under three cases (𝛼𝛼 = 0.6)
30

50

70

100

150

200

300

Case1

416

103

81

0

0

0

0

Case2

956

552

420

130

19

0

0

Case3

990

580

543

165

22

0

0
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ee
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GA generation

iew

Fig. 3 Fitness values of GA with different generations under three cases (𝛼𝛼 = 0.6)
Table 8 The execution time of GA with different generations under three cases (𝛼𝛼 = 0.6)
unit: second
50

100

150

200

300

400

Case1

0.703

1.359

2.062

2.671

3.953

5.234

Case2

0.672

1.312

1.921

2.578

3.828

5.093

Case3

0.609

1.203

1.843

2.453
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GA generation

3.718

4.875

ly
Fig. 4 The execution time of GA with different generations under three cases (𝛼𝛼 = 0.6)
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Table 7 shows that the fitness value of the RBBSSFPM model decreases gradually with the
increase of the GA generation. When it is at about 200 generation, the GA fitness values have
reached zero, which means that the corresponding satisfactory services set have been found for
users. It can be seen from Fig. 3 that the line of Case 1 evolves faster than that of the other two
cases and reaches 0 at 100 generation, as well as the line of Case 3 evolves slower than that of the
other two cases. Considering that the user requirements are up-grading from Case 1 to Case 3, Fig.
3 illustrates that the GA evolution is decreases gradually with the increase of users’ requirements.
It can be seen from Table 8 and Fig. 4 that the GA execution time increases with the raise of
GA generation with linear growth rate. The GA execution time is almost the same with different
GA generations under different cases. Consequently, the execution time is affected by the GA
generation, but is not influenced by user requirement cases.
Under Case 4 in Table 4, no satisfactory solution with fitness value equaling to zero can be
found by GA, and some solutions are achieved with object value equaling to zero. Some these
kinds of solutions are listed in table 9.
Table 9 Business services selection results under Case 4 ( α =0.6)

7

20

10

12

17

9

25

12

13

9

7

109

7

20

12

12

17

9
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12

13

9

7

115
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where the object value of each solution equal to zero, and the fitness value of each solution is
more than zero. The fitness values of these solution are different each other.
After the execution of the negotiation algorithm proposed in Section 7, solution 1 in Table 9
changes to a satisfactory solution for the present user by adjusting some parameters values with
the negotiation algorithm. Table 10 and Table 11 list the parameters values of services
discontenting some constraints in RBBSSFPM before and after negotiating respectively.
Table 10 Parameters values of services before negotiating with solution 1 in Table 9

(6, 7)

𝑐𝑐𝑖𝑖,𝑗𝑗

6.91855

𝑡𝑡𝑖𝑖,𝑗𝑗

4.44533

𝑎𝑎𝑖𝑖,𝑗𝑗
0.5

𝑟𝑟𝑖𝑖,𝑗𝑗

0.5

𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

13.1895

𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

10.4599

(9, 13)

14.5665

0.352489

0.5

0.5

On

47.1474

0.657979

17.7502

28.3273

(17, 7)

0.0402844

0.838343

1

1

7.84509

ly

52.9704

(i, j)

19.0283

𝑤𝑤𝑤𝑤𝑖𝑖,𝑗𝑗

Table 11 Parameters values of services after negotiating with solution 1 in Table 9

(6, 7)

𝑐𝑐𝑖𝑖,𝑗𝑗

8.53484

𝑡𝑡𝑖𝑖,𝑗𝑗

4.95626

𝑎𝑎𝑖𝑖,𝑗𝑗
0.5

𝑟𝑟𝑖𝑖,𝑗𝑗

0.5

𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

13.9516

11.7679

(9, 13)

14.6532

1.68199

0.5

0.5

3.92638

17

31.6618

(17, 7)

3.03223

2.07067

0.9

0.9

9.67607

17

45

(i, j)

𝑑𝑑𝑑𝑑𝑖𝑖,𝑗𝑗

𝑤𝑤𝑤𝑤𝑖𝑖,𝑗𝑗
45

Before the negotiation, the object value of solution 1 in Table 9 with parameters value listed in
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Table 10 is zero, but the fitness value of the solution 1 is more than zero, which means that the
solution 1 cannot satisfy the present user’s requirements absolutely by violating some constraints
in RBBSSFPM. After the negotiation, the fitness value of solution 1 in Table 9 with new
parameters value listed in Table 11 reaches at zero, which means this solution is a satisfied
business services selection solution now. This illustrates that the negotiation method can help
users to get satisfied solutions by negotiating with some parameters values when no satisfied
solutions with fitness value equaling to zero can be found by the discovery method in some cases.
In conclusion, the results of the above five experiments demonstrate the feasibility and
effectiveness of the proposed business services selection method.
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9 Conclusions
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The business services selection is a key issue for sharing and integrating of business services
in the SOBE. Existing researches mainly focus on QoS-based selection methods. Trust degrees
also play an important role in the selection of business services. In order to select services more
accurately, a trust-based approach to selection of business services is proposed in this paper. After
analyzing the methods of acquisition and calculation of parameters, a fuzzy chance-constrained
programming model is established for the business services selection by considering four kinds of
factors involving QoS attributes, trust relation, physical distance and waiting time. Furthermore,
for the case in which no satisfactory solution can be found by the GA-based algorithm, a
negotiation method is developed to reach at a satisfying solution. Finally, five experiments have
been conducted to test the proposed approach. The results demonstrate the feasibility and
effectiveness of the proposed approach.
The services selection is bound up with not only QoS attributes and trust degrees but also
relationships among services. In the future, we plan to explore the relationships among services so
that a comprehensive feasible services selection solution can be achieved. Also, a services
relationships network needs to be developed to facilitate the services selection and composition.
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