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Abstract

Most research on service matching and composition (or bundling) has been technical in
nature, viz., at the IT service level. Very little has been done on value-based service matching
and bundling. By “value-based”, we mean the value added by a service over and above the
basic functional requirement that the service is supposed to satisfy. Examples of value added
could be lowered cost, higher performance, improved security, etc. To that end, in this paper,
we present our idea of a Service Value Broker (SVB),that performs value-driven service
matching and bundling. Via an approach specifying business and technical interfaces for
business services and IT services respectively, we show how value can be calculated and
integrated at the business layer. Further, we also show how our approach makes it possible
to determine the appropriate IT services to be selected so as to provide the required value
add at the business layer. We demonstrate our ideas via a realistic case study in the E-
Commerce domain.
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1. Introduction

The idea of broker can be traced back to the beginning of human economic activity.
Typically, a broker is an individual or firm that charges a fee or commission for executing
services among the service providers and customers initiated from either side. It acts as an
agent for a customer or provider and charges the customer a commission for its services. Its
duties typically include: determining service values, advertising properties for service,
showing properties to prospective service customers, and advising customers with regard to
offers and related other services.

Similar challenges exist in E-commerce; a natural extension is to create an E-commerce
platform to address coherence and harmony between business objectives and technology
enablement. It has been shown that E-brokers provide support to enhance interaction among
services and stakeholders. In E-Commerce, the communications among different parties are
completed through Web service calls. In the previous research of E-commerce, Bichler et al.
[2] used e-brokers to enhance the interoperability of E-commerce at the application level.
Loreto et al. [12] used brokers to integrate telephone business and IT world in the manner of
an intermediate layer. Rosenberg and Dustdar [15] used e-brokers to bridge the difference of
heterogeneous business rules. Brokers have been used to fill the gap of QoS expectations. Yu
and Lin [20] utilized service brokers to meet SLAs of services and construct trust network for
bridging reputation information [11].
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Brokers can be used for enhancing resource usage. Srikumar et al. [17] used a broker to
enable grid resource searching and distribution where a broker functions mostly as an
autonomous agent [13]. D'Mello  [7] used a broker to select qualified services in terms of
QoS. Budgen et al. [3] introduced an information broker to integrate health knowledge and
data with enhanced privacy protection.

Existing broker researches have used brokers to discover, match, negotiate, select and
compose services from either a technological or a business perspective. But there are very
few which cover both perspectives at the same time.

Enlightened by the ideology of value driven engineering [5], we have proposed the concept
of Service Value Broker (SVB) [8, 9]" to fulfill the missing link which we have depicted as
various mismatching situations. SVB as modeling and implementation element helps to
integrate the analysis of economic and technical aspects for a business implementation on top
of Web services. SVB related services are not limited to technological level alone such as
most SLA-based approaches [20] but also move up to the business level [2]. This integration
also helps to fill the gap of global [4] scheduling and local planning in an explicit and direct
manner. Although contract negotiation [21] provides the flexibility of service transactions, it
does not provide assistance on guiding the global schedule which SVB supports since the
context of the service composition is usually not explicitly expressed inside a predefined
service contract.

Hence we feel that service matching and composition, which has so far been limited to the
technical level (a notable exceptions being evalue?), needs to consider value-based matching
and bundling at the business level also. To that end, in this paper, we present our work on
Service Value Broker that helps match and bundle business services, and also helps compose
the constituent IT services thereof, in a holistic manner. We show that such an approach helps
bridge the well-known business-technical divide in SOA, and helps discover and match
services that can maximize value generation for customers. We also demonstrate our ideas on
a realistic case study in the E-commerce domain, and also present a proof of concept
prototype.

Our paper is organized as follows. The next section provides background material that will
be used throughout the rest of the paper. Section 3 introduces our Service Value Broker idea,
and describes how it works. Section 4 describes our two-level method for calculating value at
business and technical layers, and integrating value parameters to provide a single unified
value metric for the customer's evaluation. Our implementation and experiments on a realistic
case study in the E-commerce domain are presented in Section 5, while comparison against
related work is presented in Section 6. Finally, the paper concludes in Section 7 with
suggestions for future work.

2. Background

We define a business service as any business functionality provided by a service provider
that solves a business need. The business service is itself decomposable into a set of IT
services; each IT service is a software component that accepts a set of inputs, provides a set of
outputs, and is accessible only via its interface.

We say that each service (business or IT) helps to provide a value to the service customer,
using which the customer can measure the extent to which the service in question satisfies the
customer need. Hence from the interface perspective, we therefore identify two layers of
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service interfaces: technical interface (TIF), at which we have the IT services whose
interfaces are represented in computer-readable form (e.g., REST, SOAP, WSDL), and
business interface (BIF), where IT services are aggregated into business services.

Value is in turn measured as a weighted sum of several orthogonal parameters, each of
which is normalized so that an increase in their numerical value signifies improvement in
value added to customer. Hence a value parameter such as cost can be normalized by taking
its reciprocal, so that an increase in its value implies an improvement in value add to
customer. Hence we assume the value parameters {P;} for services {Sj}. This results in a
service value matrix (Vj;), where Vj; stands for the value of the parameter P; for the service S;.
Such a matrix lends itself to two ways in which value calculation can be composed.

In row-based composition, the values of the parameters for a single service can be
combined into an overall value. Depending on the relative importance of each value
parameter, we assign each as weight wj, so that the overall value is calculated as C; = >w;V;
for the service S;, where Yw; = 1.

In column-based composition, the overall value for a parameter of the service bundle can
also be similarly calculated. In order to decompose this down to the TIF layer, the row-based
composition becomes important. The business service in question is to be further decomposed
into its constituent IT services. Let the business service S; be decomposed into a set of IT
services Ty, which are put together in a particular workflow sequence to meet the input and
output requirements of S;. Then for any value parameter P; for S;, its value Vj; would be
derived from the (incremental) value provided by the individual services Ty Hence,
depending on the overall value to be provided by S;, the appropriate IT services need to be
chosen, along with the appropriate execution sequence, in order to ensure that the execution
does deliver the value which S; needs to provide.

Figure 1 depicts our conceptual model of business and IT (technical) interfaces of services.
A business service would therefore be realizable by a composition of one or more IT services.
The business interface of the service would participate, as part of an E-contract, to provide
value to customers of that service. At this level, several aspects of the business service are
crucial as depicted in Figure 1, viz., administrative, legislative, value provided (or demanded)
and the overall Service Level Agreement (SLA) under which the service needs to deliver its
value. (The focus in this paper would be on the value aspect, leaving other aspects for future
work.)

Interface E-Service

=l

Technical Interface Business Interface

S\ :

Sub-Contract

Language Protocol E-Contract
,ﬁm
Administration Legislation Value SLA

Figure 1. Metamodel of Business and Technical Interfaces of Web Services
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3. Service Value Broker

In order to provide value-based matching and bundling of services to meet customer needs,
we present in this section our Service Value Broker (SVB). Contrary to the usual notion of a
broker that merely matches services against stated customer requirements, our SVB attempts
to provide value-based matching and bundling with a view towards maximizing customer
value. The overall meta-model of our SVB is depicted in Figure 2.

Thus the brokering function can be not only involved in merely fulfilling requirements as
specified by the customer, but can also go above and beyond this to optimize service bundling
so as to maximize overall value to be delivered to the customer. This can go along several

directions:

1. Requirements Engineering: From the (traditional) requirements engineering perspective,
brokers help fulfill the expected requirements via service bundling

2. Value Driven: From the value driven perspective, any processing will be justified as
necessary only if it enhances user satisfaction. Brokers implement this via appropriate
service matching and bundling to maximize value addition.

3. Meta View: Overall, brokering can one or more of the following components (see Figure

2):

a. Function: a broker implements a specified function including certain processing,

etc .

b. Quality: a broker improves the required quality including the availability,
throughput, timeliness, etc.
c. Resource: a broker supplies the expected resources including data, information,

storage, etc.

d. Knowledge: a broker fills the gap on how to enable a mismatching situation
without explicit indications on functionality, quality or resource, e.g., location
mismatching, language mismatching, format mismatching, security, privacy, etc.

e. Control: a broker can supply complex tradeoff or composition of basic forms of
brokerings including function, quality, resource and knowledge to maximize
customer satisfaction.

Requirement

Problem

ValueAdded

Function

=

Btk Satisfaction
I
I
I l
P 1.*
Broker complete Solution
Quality Resource Knowledge

Figure 2. Metamodel of Service Value Broker
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4. Service Value Broker

In this section we present the core contribution of our paper, viz., value-driven service
matching and bundling. We first present our service matching approach with emphasis on the
BIF layer, after which we show how this approach can then be extended to service bundling
at BIF and TIF layers.

4.1. Service Matching

The first step in our approach is service matching. We assume that the customer has a set
of business needs, expressed via a service contract. For each business need, the SVB searches
for the appropriate service or collection of services that would fulfill the need. Among those
services that do fulfill the business need, the SVB would then select those that would help
maximize customer value.

To that end, we define a customer need via the following model that comprises the
following:

- Inputs needed {di}
- Outputs to be generated {dou}
- Description of the need in any format readable by the SVB
- Aset of value parameters {V;}, with each value parameter containing the following:
o ID which represents the value name
o Type | which represents the unit in which the value parameter is measured
o Order Ord which could be one of the following: increasing or decreasing
o Value Val which is the minimum (or maximum, in case Ord is decreasing) value
expected

For example, a business need could be “Provide a mobile phone”, with inputs being the
mobile phone's technical specifications; and outputs being the mobile phone type, model
number, and other details. A value parameter could be cost, which is expressed in US$,
whose Ord is decreasing, and whose Val limit could be an upper limit of US$1,500. While
there could be many business services that can provide a mobile phone for the customer
within his/her price limit, the business service with best value would be that which provides
the cheapest mobile phone satisfying the technical specifications.

Hence any business service can be modelled as per the following capability model:

- Inputs to the service {di.}

- Outputs of the service {do.}

- Service description in a format readable by the SVB
o ID which represents the value name
o Type T which represents the unit in which the value parameter is measured
o Order Ord which could be one of the following: increasing or decreasing
o Value Val which is the value promised by the service

4.2. Value-based Service Bundling

More often, however, a collection (i.e., bundle) of services would need to be assembled in
order to meet the customer need. Alternately, the customer may also specify a set of needs,
which would have to be met by a service bundle. Bundling services based on customer needs
alone can be implemented via the approach detailed in [14]; however, our emphasis here is
more on maximizing the value of the service bundle presented to the customer.

Our method for calculating overall service value is a 2-step method. First, we determine
the overall value of a particular value parameter across all services in the service bundle, via

Copyright © 2014 SERSC 257



International Journal of u— and e— Service, Science and Technology
Vol. 7, No. 6 (2014)

column-based value composition as introduced in Section 2. Second, we then determine the
weighted average of these combined value parameters to determine an overall single value.
This single value can be used to rank the service bundle against others in terms of their
suitability to maximize customer value. _

For the first step, therefore, the overall value of the j" parameter would be V ;» = ¥V,
for the m services in the bundle. The second step would calculate the overall value as
Yi-1"W;V’;, where the w; are the weights associated with each value.

Table 1.
Service Price Privacy Timeliness Reliability
Distribution 100 40 50 20
Currency 20 20 30 10
exchange
Language 20 10 40 32
Time 10 5 20 40

For example, in our experiment of the E-commerce system (see Table 1 for illustration),
we have four business services, viz., distribution, currency exchange, language and time.
Their value parameters are price, privacy, timeliness and reliability. We define Reliability as
the probability of returning responses after web services are successfully processed. We have,

Number of Response M essages

Reliability =
Number of Request M essages

For the first step, we get

(100 40 50 20]
y |20 20 30 10
17120 10 40 32
(10 5 20 40

Let us assume the following weightages for the value parameters:
w;=[040.40.10.1]
We calculate the overall value as V =Y -;"w;/’; = 111.5.
4.3. Value-based Service Generation
The main task, therefore, is to generate a set of service bundles that meet the customer

need (i.e., a set of feasible service bundles), and determine that bundle that helps maximize
customer value. To that end, we present two algorithms.
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A A A mH 1A NA

Algorithm 1 Select Feasible Service Bundle(S)

1 SSEL =@

2: Repeat

3uif (1(Si) &{din} ) or (O (Si)={dow} ) then

4: SSEL = SSEL Usi

5: {din} ={din}-1(SI)

6: {douti} :{douti}' O(Sl)

7:end if

8: Until (All S; visited) OR (({dini}= @) AND ({doui} = D))
Algorithm 2 Generate All Service Bundle Combinations
1:i=0;

2: for all Sgyg do

3:  Inputs =UI(Si), where Si € Sgyp

4:  Outputs = UO(Si), where Si€ Sgg

5. S’= Select Feasible Service Bundle(S - Ssyg);
Gri=i+1

7:S'seL = SseL Ssug + S’

8: end for

Algorithm 1 generates a feasible service bundle, while Algorithm 2 tweaks the feasible
service bundle to determine all other service bundles that also meet the customer need. The
value parameters for each service bundle can then be calculated as per Section 4.2, and the
service bundle with the best value can be presented to the customer. Alternately, all feasible
service bundles can be presented to the customer; he/she can then tweak the weightages
among the value parameters, determine the overall value, and select the service bundle of
his/her choice.

Algorithm 1 works as follows. Each service registered in the SVB is evaluated to
determine if it meets any subset of the inputs and outputs of a customer need. If it does, it is
added to the feasible list. The algorithm iterates until either all customer needs are met, or the
list of services registered in the SVB is exhausted without all customer needs having been
met.
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In order to determine all possible service bundles, Algorithm 2 does three things. First, it
picks any combination of services in the feasible service bundle generated via Algorithm 1,
and removes them from the feasible service bundle. Second, it extracts the customer needs
satisfied by this combination; then it determines a set of services (not in the feasible service
bundle) that meet the extracted customer needs. These services are then integrated into the
feasible service bundle to create a new service bundle. Since Algorithm 2 is iterated for all
possible combinations of services from the feasible service bundle, it will generate all
possible service bundles, for each of which the overall value can be calculated as per Section
4.2.

4.3. Discussion — Derived IT Service Composition

At the TIF layer, any business service is to be represented by a composition of IT services.
The inputs and outputs of the business service can be the requirements to determine this
composition. Several algorithms have been developed in the literature for IT service
composition, viz., [1]. However, these approaches should be enhanced to ensure that the IT
service composition does satisfy the value added to be provided by the business service in
guestion. For example, if the business service would be shipping a product to a customer, this
would be decomposed into IT services such as Select Shipper, Payment Gateway, and
Inventory Management. If the value parameter in question is cost, then the overall cost of
product shipment would be the sum of the costs involved in using these three IT services.
Hence if the aim were to minimize cost in order to maximize customer value add, the
appropriate combination of IT services can be chosen. Determining this optimal combination,
therefore, would be a procedure similar to Algorithm 2 in order to generate all possible
combinations so as to pick the optimal one. For now, we assume that each business service
comes with the appropriate composition of IT services that are able to provide the necessary
value add. For future work, we will be investigating how to compose IT services in order to
generate a business service that meets prespecified value requirements.

5. Implementation and Experiments

We demonstrate an E-commerce system built using value driven service matching and
bundling. This system helps deliver a product for a Chinese customer from an American
provider. This involves services for language translation, logistics, validation, ordering,
inventory management and currency exchange. Our SVB, therefore, should locate the
appropriate business services that also maximize customer value. Our value parameters are,
therefore, quality of service (QoS), price, privacy, timeliness and reliability. Table 2 lists the
various value parameters of the services, normalized to a 0 - 100 range, and adjusted so that
the Ord for each parameter is increasing. That is, a service with higher price parameter can be
assumed to be relatively cheaper.

For each service, there are alternate services that do the same job but provide different
value, such as different price, less or more reliability and less or more privacy, etc. We have
shown alternate services in different composition with different value parameters.

From Section 4.3, using the Algorithm 1, each service registered in the SVB is evaluated to
determine if it meets any subset of the inputs and outputs of a customer need. If it does, it will
be added to the feasible list. For instance, we set the input to the language translation required
service to be English, and output as Chinese. However, the input to translation, is French and
the output of translation, is English. Clearly, translationy is not in the feasible list.
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Table 3. Service Bundles

bundle; bundle,
translation, translation,
currency, currency,
shipping, shipping,
ordering, ordering,
validation, validation,
inventory, inventory,
securityy securityy

For simplification, we have assumed there were two service bundles in Table 3 that were
finally chosen.

For bundle; and bundle,, we get the matrices B1 and B2 from Tables 2, and the
composition information of Table 3. That is,

70 53 53 53 80 67 68 59]
44 14 23 45 60 40 50 70
60 40 69 44 60 40 69 44
Bl=|42 65 55 23 B2={62 65 85 83
30 50 62 54 20 40 32 44
53 70 62 83 53 70 62 83
65 50 64 82 65 50 64 82]

Let us assume the weightages for the value parameters are as follows.

w;=[0.20.30.20.3]

We have calculated the final value of B1, B2, that is B2 = 1687 > B1 = 1474. In other
words, bundle B2 provides greater value add.

6. Related Work

There are many factors, including business processes, which influence service matching.
Gordijn et al. [10] have proposed a Value-Driven Service Matching method which aids
general Business-IT Alignment through matching customer's requirements against available
products/services from providers. However, Comerio et al. [6] demonstrate that, in general,
service contract networks are influenced by the control flow and data flow of service
compositions. Weigand et al. [18] have proposed a design method for value-based service
modeling and design. Based on these findings, our work proposes an integrated method for
service matching and combines customer needs and value adds to customers.

Traditional IT service design follows the process of software design where structural
analysis and structural design focus on static and behavioral aspects respectively. Wittern and
Zirpins [19] propose to model services' commonalities via feature modeling. However as is
well known, it is Web services that integrate static objects in data flow with behavioral
functionality in control flow. We will be leveraging this approach for our future work, where
we will be extending our approach for deriving IT service compositions from business
services.

Future software systems will be more adaptive and distributed in nature, and their value
related requirements are not expected to remain static. To that end, Telang and Singh [16]
model service transactions via contractual relationships expressed as commitments among
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business partners. We consider that work significant, since software systems of the future will
be increasingly differentiated in terms of the overll value they provide, rather than on single
factors such as performance, throughput, price, etc. To this end, we will be considering
integrating the work in [16] as part of our future work.

7. Conclusions

In this paper, we addressed the crucial research issue of value-based service matching and
bundling. Our work is based on the basic premise that service providers need to provide
services that not only meet customer needs, but also maximize value added to customers. To
that end, we proposed the idea of a Service Value Broker that can match customer needs with
business services so as to maximize value. We proposed a definition of value which can be
delineated via several value parameters, and integrated via a weighted approach. We showed
that such an approach also provides the customer sufficient flexibility to evaluate multiple
service bundle options by adjusting their weights. We demonstrated our approach via a
realistic case study in the E-Commerce domain.

Apart from the future work proposed in Section 6, we propose to extend our idea by
incorporating derived IT service composition so as to make our approach more dynamic. In
addition, we will also be evaluating our approach on larger case studies.
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