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Abstract—Service providers leverage cloud ecosystems and 
cloud e-marketplaces to increase the business value of their 
services to reach a wider range of service users. The operations of 
commercial e-marketplaces can be further enhanced by enabling 
service composition mechanisms that allow automatic 
aggregation of atomic services into composite offerings that 
meets complex user requirements.  Existing approaches of cloud 
service selection are yet to achieve this. Currently, users are 
constrained to make choices only from a set of predefined atomic 
services, or at best, manually configure their desirable features 
and QoS requirements in order to realize their complex 
requirements given that they have deep knowledge of the service 
domain. In this paper, a constraint-based approach for service 
composition and selection to address this problem was proposed. 
The proposed approach applies constraint-based automated 
reasoning on feature models to formally guide the aggregation of 
atomic services to offer composite services in order to satisfy 
complex requirements with minimal user involvement. The 
plausibility of the proposed approach is demonstrated via an 
illustrative customer relationship management (CRM) service 
ecosystem. The study offers a credible way to replicate the kind 
of user experience that is currently available on e-commerce 
platforms in cloud service e-marketplaces. 

Keywords—cloud computing; ecosystem; e-marketplace; 
feature model; constraint programming 

I. INTRODUCTION 

In addition to basic cloud service models like IaaS, PaaS, 
and SaaS, more complex models that support the notion of 
anything or everything-as-a-service (XaaS) are also possible. 
However, the current monolithic model imposes vendor lock-
ins, such that services cannot be dynamically combined with 
other third party services to offer more value-adding 
functionalities to the users [1]. The maturity of cloud 
computing will be fast-tracked by the ability to commoditize 
services in e-marketplace environment enabled by cloud 
ecosystems [2]-[5]. 

An important enabler for the realization of a true cloud e-
marketplace is the possibility of formal and/or incidental 
service composition to derive complex business solutions [6]. 
Formal composition refers to the combination of one or more 
services into composite services before-hand, while incidental 
composition is described as ‘on the spot’ service composition 
based on specific user request [6]. A review of existing e-
marketplaces, such as, Saasmax (saasmax.com) and 
AppExchange (appexchange.com) etc. shows the existence of 
basic features like product search and product directory, but 
lacks sophistication that can enable dynamic service 

composition in order to support the realization of complex 
business processes [6]. A cloud e-marketplace can benefit from 
an ecosystem, such that atomic services can be aggregated into 
composite offerings to be listed in the e-marketplace directory 
[4], [6]. As a result, multiple service providers can then 
participate in service provisioning, thus increasing revenue for 
stakeholders, while users can better access a variety of value-
adding service offerings that try to satisfy their requirements 
[3]. 

According to [7], ad hoc service composition by the e-
marketplace provider is quite impractical and error prone, 
particularly considering the multiplicity of constraints that 
might limit the composition of two or more services. Hence the 
need for an approach that enables automatic service 
composition in way that obscures the user from the underlying 
complexities of service provisioning [5]. But existing proposals 
for a cloud service e-marketplace, like [3], [5], [6], did not 
specify particular methodology of realizing service 
composition, but rather presented architectural blueprints of 
possibilities. In addition, the plethora of services in an e-
marketplace necessitates some type of decision support that 
can assist users to make selection decisions. 

Unfortunately, many proposed cloud service selection 
methods (e.g. [8]-[10]) only enables a user to make selections 
from a list of predefined atomic services, which cannot address 
more complex  situations where a user’s requirements extend 
beyond the limit of individual atomic services [11]. But [11]-
[14] have attempted to address these kinds of complex 
scenario, by enabling prospective users to select desirables 
features that are available in specific atomic services in order to 
realize their complex set of requirements. This usually includes 
specifying both the QoS requirements and selecting features of 
the services. Still, the drawback of these attempts is that it is 
cognitively demanding because the user is expected to have 
deep knowledge of the domain in order to make useful 
selections. The proposed approach in this paper bridges this 
gap; by first organizing and formally guiding the automatic 
aggregation of atomic services to in way that satisfies complex 
user requirements; also it reduces the cognitive load in the 
process of cloud service selection by affording minimal user 
involvement. 

This paper proposes a constraint-based approach that 
employed techniques from the domain of product configuration 
and product line engineering, by adopting feature models to 
model the inter-relationships and constraints among atomic 
services. The applicability of the proposed approach is 
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demonstrated by an example of customer relationship 
Management (CRM) as a service ecosystem.  The proposed 
approach in this paper contrasts previous efforts in that it 
demonstrates a plausible way to facilitate automatic 
aggregation of atomic services in order to realize complex user 
requirements in a manner that improves user experience by 
supporting minimal user involvement. 

The rest of this paper is structured as follows: Section II 
presents the background of this paper discussing relevant 
concepts. In Section III, related work is presented, while an 
exemplar problem scenario is described in Section IV. The 
proposed solution approach is presented in Section V. 
Section VI discusses the implication of the proposed approach, 
while this paper concludes in Section VII with future works. 

II. BACKGROUND 

This section presents a background on key concepts in the 
context of this paper. The details are described in the sequel 
sections. 

A. Cloud Service e-Marketplace 

An e-marketplace is a platform where the demand and 
supply for certain products or services are fulfilled using 
information and communication technologies [3], [15], [16]. 
The cloud e-marketplace extends the concept of an e-
marketplace, and is an online platform that manages the 
distribution and trading of cloud services. On this platform, 
service providers enlist services with the purpose of integration 
with other services to form composite services for users to 
purchase [1], [3], [5], [6], [17], [18]. Typical examples of cloud 
e-marketplaces include SaaSMax, AppExchange, Oracle 
marketplace, Google play store. 

The maturity of cloud computing would be fast-tracked by 
successful partnerships and collaborations among multiple 
service providers to tie services together [19], [20]. The 
collaborations leverage integrators enabled by Service Oriented 
Architecture and provide an environment where XaaS are 
delivered to meet business needs [20]. 

B. Cloud Service Ecosystem 

A cloud service ecosystem is an environment that host 
heterogeneous cloud service offerings from different providers 
and affords the opportunity for collaborations. The structure of 
cloud ecosystem is analogous to software product line 
engineering (SPLE) and product configuration (PC) domains 
[21], [22]; which enables mass-customization of concrete or 
insubstantial products targeted at specific requests. In the same 
vein, a cloud ecosystem affords customized selection and 
composition of services either formally or on the fly in order to 
respond top concrete user requirements. 

C. Constraint—Based Reasoning and Feature Modelling 

1) Feature Modelling 
A feature model is a hierarchically arranged collection of 

features and consists of the inter-relationships between a parent 
feature and its child features, and a set of cross–tree constraints 
that define the criteria for feature inclusion or exclusion [23], 
[24]. 

Benavides et al. [23] identified three main types of feature-
based models: basic, cardinality-based and extended feature 
models (EFM). Basic feature model was introduced by Kang et 
al. [24] and it describes three feature types (Mandatory, 
Optional, and Alternative) and two cross-tree constraints 
(Requires and Excludes). A mandatory feature is a feature that 
must be included in a product, while an optional feature is a 
feature that may or may not be included in a feature. An 
alternative feature is one that is selectable from a set of 
possible features that can be included in a product. Required 
and Excludes cross–tree constraints in basic feature model are 
defined as follows: given features X and Y; X requires Y is 
defined as if X is included in a product, then Y should also be 
included, but not vice-versa; while X excludes Y means that if 
X is included then Y should not be included, and vice-versa. 

EFMs [23] are annotated with quality information (such as 
non-functional attributes), and analysis could use these 
qualities as a basis for specifying valid combination. In this 
paper, the EFM notation was adopted because of its ability to 
model the cloud ecosystem, by capturing cloud services, their 
QoS attributes, inter-relationship and constraints, which is vital 
to the generation of valid combinations. 

2) Constraint-based Feature Model Analysis 
Automated analysis of feature models uses computer-aided 

tools to extract important information from feature models 
[23]. This process entails transforming the feature models into 
a logic-based representation, which becomes inputs to solvers 
e.g. Choco constraint solver; and analysis operations are 
performed to obtain useful information about the model. 
Approaches that can transform the feature model into formal 
representations have been classified into Description Logic, 
Propositional Logic, and Constraint Programming [23]. In this 
paper, the constraint approach was employed because the 
process is more straightforward compared to others, and not 
solver-dependent [23]. Formally, constraint satisfaction 
problem (CSP) is fined as: 

Definition 1 (CSP): A CSP is defined as a finite set of 
variables, each of which is associated with a finite domain, and 
a set of constraints that restrict the values the variables can 
simultaneously take. 

The steps and rules for encoding feature models as CSP and 
the analysis operations that can be performed on the model are 
described in [23]. 

3) QoS Aggregation Functions 
At least more than one service is composed in a valid 

combination. The QoS attributes of the constituent atomic 
services are cumulated using aggregation functions so as to 
determine the overall QoS attributes for the composite service. 
Aggregation functions are mathematical operators employed to 
cumulate atomic values based on the composition patterns and 
the nature of the QoS attribute [25]. Four basic composition 
patterns inform the arrangement of constituent services in a 
business process; they include Sequential; Parallel; Conditional 
(or branch); Loop [25]. Three classes of QoS aggregation 
functions exist: summation, multiplication and min-max; and 
are used if a QoS attribute of the composite service is a sum, 
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product or minimum/maximum of QoS components 
respectively. In this paper, the sequential pattern is assumed 
because it is the fundamental pattern, and other patterns can be 
reduced or converted to it [26]. Also, based on the QoS 
attribute considered, applied summation and multiplication 
aggregation functions (see Table 1). The multiplication 
function can be converted to summation by a logarithmic 
function [27]. 

TABLE I. AGGREGATION FUNCTIONS 

Aggregation Type QoS Attribute Aggregation Function 

Summation 
Cost 

 

Response Time 

Multiplication 
Availability 

 

Reliability 

III. RELATED WORKS 

The popularity of cloud services and the rise of 
marketplaces to trade services require means to harness the 
multiplicity of services via aggregation and/or customization to 
meet user’s need. Previous works have proposed the use of 
feature models to capture the variabilities of cloud services and 
applied automated means to generate valid cloud service 
offerings. An SPL-based approach for cloud service selection 
that employs feature models, extended with cardinalities and 
attributes, to describe the variability in cloud environments has 
been proposed in [12], [13]. The approach utilizes a domain 
model to support the consistent configuration of the complete 
stack of cloud services that comply with user’s requirements. 
In the same line, an approach was presented in [11] to harness 
cloud service capabilities using variability model. The 
variability models serve as representation mechanisms and are 
called Cloud Feature Models (CFMs). CFMs are used to elicit 
requirements and to perform the filtering operation. To manage 
the variability among cloud-based applications with support for 
multiple stakeholders, authors in [14] applied extended feature 
modeling to configure cloud-based multi-tenant aware 
applications, by using the model to express the variability in 
functionality and QoS attributes. The proposed approach 
manages dynamic configuration in an adaptive staged 
configuration process capable of adding/removing providers or 
users from the cloud platform and allows for reconfiguration of 
variant services as requirements changes. 

In these approaches, users are expected to painstakingly 
configure cloud services, with the assumption that all users are 
full domain experts. However, a cloud service e-marketplace 
should among others, provide a real online shopping 
experience similar to existing ecommerce platforms [3], [6]; 
where available service offerings are indexed in the e-
marketplace service directory, more like a catalogue, and 
seamlessly updated in a manner completely transparent to the 
users. The user is shielded from the underlying complexity of 
performing service configuration, and since all possible 
alternatives are composed formally [6]. With the proposed 
approach users would be able to explore other alternatives with 
respect to their requirements like on ecommerce platforms. 

IV. PROBLEM SCENARIO 

For the purpose of the paper, the scenario of a Customer 
Relationship Management as a Service (CRMaaS) ecosystem 
was envisioned. The envisioned CRMaaS ecosystem involves 
multiple atomic service providers who collaborate to provision 
CRM solutions, while prospective small businesses can 
purchase CRM solutions from the e-marketplace. The 
components that make up the CRMaaS ecosystem include 
Contact Management, Database, Marketing, and Social media 
analysis. The description of each module is as follows: 
Contact Management Service: This is a tool to manage user 
contacts and communication; including appointment 
management, task management and scheduling, 
communication (SMS, email); Cloud Database: The cloud-
based database system will store user information including 
user personal data, purchase history, preferences etc.; 
Marketing Service: These are tools for communicating with 
users; including email marketing, text message marketing, 
social media marketing, etc.; Social Media Analytics: This is 
a tool that monitors conversations on social media and analyses 
feedbacks, capturing user sentiments; Cloud Platform: The 
derived valid compositions would require a cloud platform on 
which to run. 

Samples of the constituent services that can fulfill each 
module, together with the values of the QoS attributes are 
shown in Table 2, while samples of required and exclude 
constraints are presented in Table 3. Although other QoS 
attributes are also important, four QoS attributed was chosen 
for this scenario for illustrative purposes. The QoS attributes 
considered includes: availability and reliability, measured in 
percentages (%); response time measured in milliseconds (ms), 
while cost is measured in Dollars/month ($/Month). An 
instance of the CRMaaS offering is a combination of any/all of 
the atomic services to create a complete CRM solution. On the 
e-marketplace, multiple variants of CRMaaS solutions exist 
and are differentiated by QoS factors. A small business can 
then search for and purchase CRM solution that satisfies their 
preferences. 

The e-marketplace service directory should contain a set of 
m CRM solutions with n QoS criteria. With the user’s 
requirements converted into a search query, the e-marketplace 
is expected to generate results that show the ranking of the 
composite CRM solutions in relation to user requirements. This 
arrangement will make it easy for users to find satisfactory 
service. 

TABLE II. SAMPLE CONSTRAINTS ON SERVICE COMPOSITION 

CM2 Excludes M1 
CD2  Excludes P2 

SMA3 Excludes CD2 

CM1 Requires P1 
CM1 Requires CD1 

SMA1 Requires CD2 
SMA2 Requires M1 

𝑞𝑖ሺ𝑠ሻ ൌ  𝑞𝑖ሺ𝑍𝑗ሻ
𝑡

𝑗ൌ1
 

𝑞𝑖ሺ𝑠ሻ ൌ ෑ 𝑞𝑖 ቀ𝑍𝑗ቁ

𝑡

𝑗ൌ1
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TABLE III. SAMPLE ATOMIC SERVICES TO REALIZE CRMAAS MODULES 

CRMaaS 
Components 

Candidat
e Services 

QoS Values 

Avail. Resp. Time Reliability Cost 

Contact 
Management 

CM1 90 -- 90 30.50 
CM2 95 -- 67 29.99 

CM3 70 -- 40 25.50 

CM4 99 -- 79 34.99 

Cloud 
Database 

CD1 89 100.22 60 13.50 

CD2 79 50.54 75 20.50 

CD3 97 120.34 80 50.00 

Marketing 
M1 99 --  55.50 

M2 91 --  59.99 

Social Media 
Analysis 

SMA1 90 200.45 88 49.99 
SMA2 95 138.56 90 50.00 

SMA3 85 125.45 79 45.67 

Platform 
P1 99 300.45 70 199.99 
P2 99 423.10 75 149.99 

V. PROPOSED SOLUTION APPROACH 

In response to the CRMaaS problem scenario, the proposed 
solution approach is conceptualized in the steps shown in 
Fig. 1. First, the atomic services are modeled using extended 
feature models notations to produce the ecosystem feature 
model which is transformed into a CSP. Automated reasoning 
is performed to determine valid compositions aggregated into 
composite services which are listed on the e-marketplace 
service directory. Users can find services that match their 
preferences using service selection mechanisms. The following 
subsections discussed how the proposed approach addresses 
the CRMaaS problem scenario. 

 
Fig. 1. Process flow of proposed approach. 

 

Fig. 2. High-level view of the CRMaaS cloud ecosystem feature model. 

A. Modelling the Cloud Service Ecosystem 

We modeled the cloud service ecosystem by adopting 
extended feature models (see Fig. 2), which was christened 
called Cloud Ecosystem Feature Model (CEFM). All CRMaaS 
components are mandatory; however, each candidate service is 
an alternative to other candidate services within the same 
module group. The CEFM was transformed into CSP based on 
the rules outlined in [23]. 

B. Reasoning Engine 

We used Choco constraint solver as the constraint-based 
reasoning engine to perform automated analysis of the CEFM. 
The solver determines the satisfiability of the CSP, and also 
searches for a solution in a CSP, using inbuilt search 
algorithms to generate all the possible combinations of values 
for each variable in the CSP. Choco solver employs, by default, 
a backtracking approach to finding solutions. The search is 
ordered as an enumeration tree and traversed using a Depth-
First Search (DFS) algorithm augmented with variable and 
value selection heuristics [28]. The corresponding CSP 
representation of the CEFM is read by the reasoning engine 
and performs automated analysis on the CSP representation to 
generate all valid service compositions. The overall QoS 
attribute of all valid combinations was determined by 
considering the QoS factors of constituent services. This was 
performed by aggregating the QoS of each atomic service 
using QoS aggregation functions in Table 1. 

C. Service Directory 

The service directory indexes all the QoS information about 
the collection of valid combination services generated by all 
products operations on the CEFM. The encoding of the CEFM 
as CSP, together with the aggregation functions were 
implemented using Java in NetBeans 8.1 based on the 
constraints provided in the Choco library [28]; the analysis 
operation performed to generate all products from the CEFM 
yielded a total 38 valid combinations (see, Table 4), including 
the constituent atomic services, and the aggregated values for 
each QoS attributes. The generated composite services are then 
indexed as the services contained in the cloud service e-
marketplace service directory. The indexed list becomes the 
catalogue, from which users are served recommendations with 
respect to their QoS requirements. 

D. Cloud Service Selection 

The requirements for cloud service selection are similar 
across all approaches as they include: a finite or infinite set of 
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alternatives, at least two evaluation criteria, and a decision 
maker, in this case, a user; and the goals, include choosing, 
ranking, or sorting alternatives [29]. Decision making requires 
that many alternatives be evaluated along some criteria, in 
order to arrive at the best choice. Selecting a service(s) from a 
cloud e-marketplace can be regarded as a multi-criteria 
decision analysis (MCDA) problem [9], [10].  The services 
listed in the directory share similar functionalities with varied 
QoS attributes, and user’s preference on these attributes defines 
the utility functions by which each service alternative is 
evaluated. The decision matrix is defined as: 

TABLE IV. VALID COMPOSITIONS GENERATED BY REASONING ENGINE 

ID Constituents Services 
Aggregate QoS Values 

Avail. Res. Time Relia. Cost 

1 CM4; CD3; SMA3; M2; P2 98.68 668.89 75.73 340.64 

2 CM3; CD3; SMA3; M2; P2 97.16 668.89 72.78 331.15 

3 CM4; CD3; SMA3; M2; P1 98.67 546.24 75.43 390.64 

4 CM3; CD3; SMA3; M2; P1 97.16 546.24 72.48 381.15 

5 CM4; CD1; SMA3; M2; P2 98.29 648.77 74.48 304.14 

6 CM3; CD1; SMA3; M2; P2 96.79 648.77 71.53 294.65 

7 CM4; CD1; SMA3; M2; P1 98.29 526.12 74.19 354.14 

8 CM3; CD1; SMA3; M2; P1 96.79 526.12 71.23 344.65 

9 CM2; CD3; SMA3; M2; P2 98.49 668.89 75.02 335.64 

10 CM2; CD3; SMA3; M2; P1 98.49 546.24 74.72 385.64 

11 CM2; CD1; SMA3; M2; P2 98.11 648.77 73.77 299.14 

12 CM2; CD1; SMA3; M2; P1 98.11 526.12 73.47 349.14 

13 CM4; CD3; SMA3; M1; P2 99.03 668.89 75.73 336.15 

14 CM3; CD3; SMA3; M1; P2 97.53 668.89 72.78 326.66 

15 CM4; CD3; SMA2; M1; P2 99.51 682 76.3 340.48 

16 CM3; CD3; SMA2; M1; P2 98.01 682 73.34 330.99 

17 CM4; CD3; SMA3; M1; P1 99.03 546.24 75.43 386.15 

18 CM3; CD3; SMA3; M1; P1 97.53 546.24 72.48 376.66 

19 CM4; CD3; SMA2; M1; P1 99.51 559.35 76 390.48 

20 CM3; CD3; SMA2; M1; P1 98.01 559.35 73.04 380.99 

21 CM4; CD1; SMA3; M1; P2 98.66 648.77 74.48 299.65 

22 CM3; CD1; SMA3; M1; P2 97.15 648.77 71.53 290.16 

23 CM4; CD1; SMA2; M1; P2 99.14 661.88 75.05 303.98 

24 CM3; CD1; SMA2; M1; P2 97.63 661.88 72.1 294.49 

25 CM4; CD1; SMA3; M1; P1 98.66 526.12 74.19 349.65 

26 CM3; CD1; SMA3; M1; P1 97.15 526.12 71.23 340.16 

27 CM4; CD1; SMA2; M1; P1 99.14 539.23 74.75 353.98 

28 CM3; CD1; SMA2; M1; P1 97.63 539.23 71.8 344.49 

29 CM1; CD1; SMA3; M2; P1 97.88 526.12 74.75 349.65 

30 CM1; CD1; SMA3; M1; P1 98.24 526.12 74.75 345.16 

31 CM1; CD1; SMA2; M1; P1 98.73 539.23 75.32 349.49 

32 CM4; CD2; SMA1; M2; P1 98.02 551.35 75.62 360.46 

33 CM3; CD2; SMA1; M2; P1 96.52 551.35 72.67 350.97 

34 CM2; CD2; SMA1; M2; P1 97.84 551.35 74.91 355.46 

35 CM4; CD2; SMA2; M1; P1 98.62 489.46 75.72 360.98 

36 CM3; CD2; SMA2; M1; P1 97.12 489.46 72.76 351.49 

37 CM4; CD2; SMA1; M1; P1 98.39 551.35 75.62 355.97 

38 CM3; CD2; SMA1; M1; P1 96.88 551.35 72.67 346.48 

Definition 2 (Decision Matrix): Let A be m × n Matrix 
that contain the QoS information of all service si ϵ S where 
each element ai,j  represents the jth QoS value of the ith service, 
while i, j > 2. 

 

From 𝐴, a row vector would describe a service 𝑠 ∈ 𝑆 with 
QoS attributes where each element represents the QoS attribute 
of service 𝑠 . Given the decision matrix A, a cloud service 
selection problem is to determine the optimal service option, 
A+ with the highest degree of desirability with respect to all 
relevant criteria [30]. Therefore, service selection is effectively 
enabled by matching the representations of user’s requirements 
to the properties of the service offerings; this can be achieved 
using existing cloud service selection methods such as those 
proposed in [8]-[10], [30], [31]. 

VI. DISCUSSION 

With other cloud service selection approaches, the user can 
only select services from a predefined list of atomic services. 
There are cases in atomic services can alone not satisfy the 
user’s requirement. In such cases, manual configuration of 
atomic will increases the cognitive demand on the user. 
However, the proposed approach aggregates atomic services in 
a manner that satisfies the constraints between these services 
and generates a list of potential composite offerings, which 
forms the basis of cloud service selection. While satisfying 
complex user requirements, the proposed approach reduces the 
cognitive load in the process of cloud service selection by 
affording minimal user involvement; thereby replicating the 
kind of user experience that is currently available on 
ecommerce platforms in cloud service e-marketplaces. 

Furthermore, the automated analysis reveals a number of 
useful information about the ecosystem. For example, the e-
marketplace provider may be interested in the number of 
composite services that can be offered based on the number of 
participating atomic services. The provider can also determine 
those atomic services that will not fully benefit from the value-
chain of the ecosystem (partly or fully due to their presence in 
a few or none of the likely compositions), and advise 
accordingly. 

In addition, the proposed approach encourages variability 
in the ecosystem as multiple functionally equivalent atomic 
services can collaborate in service provisioning. Small-scale 
service providers will benefit from the proposed approach, by 
participating in the global market of e-services ecosystem; thus 
promoting their profitability by multiplying their revenue and 
impact. The use of a structured model and automated analysis 
will also enable these providers to estimate the profitability of 
their services by the number of compositions their services are 
a part of, and use this discovery to position their offerings for 
better competitiveness in the ecosystem. 

Besides, the proposed approach makes it easier to 
accommodate new services in a manner that is seamless and 

𝐴 ൌ

⎝

⎜
⎛

𝑎11 𝑎12 ⋯ 𝑎1𝑛

𝑎21 𝑎22 ⋯ 𝑎2𝑛

⋮
𝑎𝑚1

⋮
𝑎𝑛2

⋱
⋯

⋮
𝑎𝑚𝑛 ⎠

⎟
⎞
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natural to an ecommerce platform, with little or no disruption 
to e-marketplace operations. The proposed approach can 
effectively handle the scenarios of new entrants and exits of 
services into and from the ecosystem. With each case of 
entrants or exits based on the stated entrance and exit policies 
of the e-marketplace, such that if the feature model is altered;  
a seamless automated update of the e-marketplace service 
directory can be still achieved. This presupposes that service 
registration and disengagement from the ecosystem is 
performed offline, not at request time, giving the proposed 
approach the scalability advantages in the event of multiple 
concurrents exists and entrants. 

VII. CONCLUSION 

A cloud e-marketplace is an ecosystem of atomic services 
from multiple sources. The different ways in which these 
services are aggregated creates a plethora of potential offerings 
that can meet diverse business needs of users. In this paper, a 
constraint-based approach was proposed to perform formal 
composition of atomic services to satisfy complex business 
process in an e-marketplace. Extended feature model was 
employed to explicitly capture the services, their QoS 
attributes, and the cross-service relationships and constraints in 
a logical and structural manner as part of an ecosystem. This 
model was used to determine blueprints to consistently 
generate valid compositions that are available on the e-
marketplace for users to purchase. With the aid of an example, 
the applicability of the proposed approach was demonstrated 
by showing how atomic services in a CRM service ecosystem 
are aggregated and made available to users via the e-
marketplace platform.  The main contribution of this paper is 
that it presents a plausible approach for enabling formal 
composition of atomic services in order to respond to complex 
user requirements. By so doing it presents an opportunity to 
replicate the kind of user experience that is currently available 
in the ecommerce platforms, which existing cloud service e-
marketplaces do not yet offer. 

Since constraint solvers have the ability to analyze numeric 
or text-like attributes, the proposed approach will be improved 
to cater for qualitative QoS attributes like security, user-
friendliness and eco-friendliness etc. whose values are qualifier 
tags. The proposed approach will be integrated into a service 
selection framework to improve the user experience of the 
cloud service e-marketplace environment in the near future. 
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