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Abstract Cloud computing is a great model of demand and supply in information communication and services. It
represents a complex infrastructure and provides a dynamic, distributed, heterogeneous and autonomous platform for
solving problems in business, science and technology. This paper proposes a cloud computing environment that
supports dynamic application service composition model. We develop a Quality of Service (QoS) based framework
for effective web services allocation. In computing, the service consumer is projected to provide the QoS
requirements as part of service discovery query. The cloud as marketplace for trading instances of web services can
be bought or leased by web applications. We found that using dynamic decision-making management approach
relaying on dynamic portfolio allocation model mainly used in finance, one can achieve the purpose of saving
resources by reducing costs of quality of services and eliminating risks related to different services simultaneously.
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1. Introduction
Cloud computing viewed as an upcoming model is a
convenient communication and symbol of internet that
represents a complex infrastructure integrating configurable
computing resources, namely hardware, software, processing
power applications, storage as a service among many
computers [1,2]. With the development of new internet
technologies available, the number of web services is
increasing depending on the needs of users in different
situations as well as the responses to different needs and
business process [3,4]. The web service can be defined as
a technology that offers software services or pathways that
will trigger the shift in the ways distributed systems are
created. This architecture works, in general, with two
main entities: (1) the service provider and (2) the service
consumer. The Quality of Service (QoS) and the web
service are in most cases built to satisfy the customers’
needs; however, the functional and non-functional
characteristics of web services and its composition have
raised great concerns in academia and industry.
In [5] describe the service oriented cloud computing
system platform that enables web delivery of application
based services with a set of common business domain and
operational service. Some companies in [6,7] raise the
issue with single user cloud provider, which has limited
resources for use and lack interoperability among cloud
providers. In [8] a reservoir, architecture and computational

resources were portioned by a visualization layer into a
virtual execution environment used for clouds. However,
the existing models are mainly agent based computing of
QoS parameters and service request monitors can fulfill
the QoS requirements.
This paper proposes a cloud computing environment
with optimal and dynamic allocation of service
composition with ultimate goal to satisfy the best dynamic
workflow environment, such as the cloud computing web
service that has optimal and dynamic workflow that leads
to a novel management system. In this work, we propose a
new approach based on multi-objective portfolio selection
in optimal service management in cloud computing.
The paper is organized as follows: In section 2, we
develop the cloud computing architecture for web services;
in section 3, we present the dynamic resource decision
allocation in cloud computing system; in section 4, we
discuss the web service portfolio allocation model; in
section5, we present the multi-objective techniques in
practice. In section 6, we highlight some steps toward the
solution, and finally, we end this work with a short
conclusion in section 7.

2. Cloud Computing Architecture
2.1. Cloud Computing Architecture
Cloud computing architecture of a cloud solution is a
system, which comprises on premises in cloud resources,
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middleware, services, and components of software,
geolocation, and the relationships between them. The term
also refers to documentation of a cloud architecture
systems that facilitates communication between stakeholders,
documentation of high-level decisions, and allows reuse of
design components and patterns between projects.
When talking about a cloud computing system [for
example in [9,10]], it's helpful to divide it into two
sections: the front end and the back end, which are
connected to each other through a network, usually the
Internet. The front end is the side that a computer user or a
client sees, and the back end is the "cloud" section of the
system. The front end includes the client's computer (or
computer network) and the application required to access
the cloud computing system. It is important to mention
that not all cloud computing systems have the same user
interface and services like Web-based e-mail programs
leverage existing Web browsers like Internet Explorer or
Firefox; other systems have unique applications that
provide network access to clients. On the back end of the
system are the various computers, servers and data storage
systems that create the "cloud" of computing services. In
theory, a cloud computing system could include
practically any computer program you can imagine, from
data processing to video games. Usually, each application
will have its own dedicated server. A central server
administers the system, monitor traffic and client demands
to ensure everything runs smoothly. It follows a set of
rules called protocols and uses a special kind of software
called middleware that allows networked computers to
communicate with each other. Most of the time, servers
don't run at full capacity which means that there's unused
processing power going to be wasted. It's possible to fool
a physical server into thinking it's actually multiple
servers, each running with its own independent operating
system. The technique is called server virtualization. By

maximizing the output of individual servers, server
virtualization reduces the need for more physical
machines. If a cloud computing company, for example,
has a lot of clients, there's likely to be a high demand for a
lot of storage space. Some companies require hundreds of
digital storage devices. Cloud computing systems need at
least twice the number of storage devices it requires to
keep all its clients' information stored. That's because
these devices, like all computers, occasionally break
down. A cloud computing system must make a copy
of all its clients' information and store it on other devices.
The copies enable the central server to access backup
machines to retrieve data that otherwise would be
unreachable. Making copies of data as a backup is called
redundancy.

2.2. Cloud Computing for Web Services
As cloud computing is relatively new innovation to the
world of technology, there are various open issues, which
need to be resolved before cloud computing is fully
accepted by the broad community. Before we will dive
into the research methodology of this thesis, a deeper
explanation is needed about cloud computing. We already
had a discussion regarding the definition of cloud computing
and now recall the definition. “Cloud computing is a
model for enabling convenient, on-demand network access to
a shared pool of configurable computing resources
(e.g., networks, servers, storage, applications, services)
that can be rapidly provisioned and released with minimal
management effort or service provider interaction” [11].
The above definition is supported by five key cloud
characteristics; three delivery models and four deployment
models. These supporting properties will be explained
below, after which we will discuss various security issues
and concerns related to cloud computing [11].

Figure 1. Architecture design of cloud computing systems: This figure shows the architecture of cloud computing, its infrastructure, applications and
information about the software platform. (Source: NIST SP 500-292)
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Figure 2. Cloud computing management system: This figure shows how cloud computing works with the peripheral devices connected to it. In the
cloud computing system, we have application, platform, and infrastructure that communicate with the clients. (Source: Wikipedia.org./Cloud computing)

managed automatically as to enable resource allocation
with less cost and resource efficiency with module on the
functional prospective, which is an internet facing selfdescription, self-contained basic building blocks of
distributed computing with cross platform.

3. Dynamic Resource Decision Allocation
Figure 3. Cloud computing input-output system: This figure explains the
communication structure between clients and web services. The client
and web services are connected through the Internet. Whenever a request
message is sent, the clients receive a response via Internet from web
services. (Source: Quora.com)

The architecture of Cloud Computing represent a toplevel architecture of cloud that depicts various cloud
service delivery models. Cloud enhanced collaboration,
agility, scalability and availability provide the potential for
cost reduction through optimized and efficient computing.
From an architectural perspective, given this abstracted
evolution of technology, there is much confusion
surrounding how the cloud is both similar and different
from existing models and how these similarities and
differences might impact the organizational, operational
and technological approaches to cloud adoption as it
relates to traditional network and information security
practices [9,12,13].
Generally speaking, the web service composition
provides a good idea of the cloud computing environment.
We have a real time monitoring system quality and service
quality information and resources [8,12,14]. In order to
achieve customer expectation objectives, the system is

3.1. Resource Allocation
The process of assigning available resources to the
needed cloud application is called resource allocation
[15,16,17]. Cloud resources can be provisioned, fine-grained
on demand and multiplexed manner. Cloud resources are
requested by the cloud user when the application needs.
Here, underutilization and overutilization of resources is
avoided as much as possible, but the requested resources
might not be available when a request is needed. The
service provider has to make an allocation from other
participating cloud data center. Resource Allocation
Starves (RAS) service if the allocation is not managed
precisely; on the other hand, resource provisioning solves
the problem by allowing the cloud provider to manage the
resources for each individual module by integrating cloud
provider activities with allocation scarce resources within
the limit of cloud environment to meet the needs of cloud
applications called resource allocation strategy. For
completing user jobs it requires to the type and amount of
resource needed by each application. For optimal RAS,
the order and time for allocation of resources is an input
that should avoid the following criteria:
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•
•
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Resource contention: it happens when two applications
try to access the same resource at the same time.
Resource fragmentation: it refers to a situation
when there would be enough resource but cannot be
allocated due to fragmentation into small entities
for the needed application. The more resource
fragmentation is raised; the better resources are
isolated.
Under provisioning: it occurs when the application
is assigned with fewer number of resources than are
demanded.

4. Web Service Portfolio Allocation
4.1. Concept of Modelling
Let us consider a web application that needs to allocate
multiples instances of web services from a cloud based
market. A cloud market is a place where are facilitated
buying and selling instances of web services, which are
offered with different prices and QoS. In [8,14], the
auction–based approach was used to allocate all instances
of web services from single to multiple providers that
have the lowest price and optimal QoS. In this work, we
use the same approach as in [15,16].

4.2. QoS Dynamics
The initial model presents the QoS ( qi ) and various
services Si ; i = 1: n with constraints on weights as
follows

qn = w1S1 + w2 S2 + ..... + wn Sn

1
 w1 + w2 + ....... + wn =

(1)

The expected return of the web service portfolio Ei
that is built by allocation of instances of web services
from n providers is
n

E p = ∑ wi
1

qi
Ci

(2)

To optimize the global risk of the portfolio R p and find
the optimal solution, we must know how much weight wi
should be invested in each web service Si to minimize the
portfolio risk (construct a low risk portfolio). This is a portfolio
optimization problem that is found in mathematical
finance; it was first introduced in (Markowitz, 1954) and
recently [15,16] have developed a new approach to
portfolio allocation using Genetic Algorithm anfd
stochastic constraints in some case. They have found that
additional constraints might facilitate the finding of the
optimal solution in a given search region. Several other
techniques have, so far, been used to solve the portfolio
optimization problem. In [8,9] generalized reduced
gradient was used; the fitness function was introduced in
order to solve the constrained optimization problem. [14]
used the principle of the divided and conquer technique,
which consists of decomposing the search tree in set of
sub trees, assigning each sub-tree to a computing core.
The issue with such an approach is that it cannot assure
good local balancing between all services. [8,12] proposed
series of innovative approaches to tackle the problem.
Genetic algorithm was introduced and optimal solution
was found using efficient computation. However, the
search space of services and best terminal generation time
remained unsolved. We recall that our ultimate goal in this
work is to find the optimal percentage weight associated
to each web service instance as to obtain the best
allocation of all possible portfolios. We will use the same
technique as in [15,16].

5. Multi - Objective Techniques
The main aim in this study is the cost efficiency and
risk hedging of service allocations in cloud computing. In
practice, we have to collect the services that are cost
efficient and can reduce the risk. Consider portfolio
consisting of k services below:

S ( i ) ; i = 1,....., k . Let σ ( i, j ) ; j = 1,....., k be the
covariance matrix of these services, then there is a set of
services such that 0 ≤ w ( i ) ≤ 1 ,

and

k

∑ w ( i ) = 1 and
1

n

∑ wi =1

(3)

1

(5)

1

Where wi represents the weight of the web services that is
allocated from the service provider Si and Ci the cost of
the web services.
The risk of the Service Level Agreement (SLA) σ i is
quantified as the percentage between the numbers of SLAs
that have been violated to total SLA delivered by the
product provider Si . The global risk of portfolio σ p is
calculated through the local risk σ i associated to the web
services Si . We have

σp =

k

E ( S ( k )) = ∑ S (i ) w (i )

n

∑ wi2σ i2
1

.

(4)

k

σ ( k ) = ∑ σ ( i, j ) w ( i )w ( j )

(6)

1

where E ( S ( k ) ) is the expected return and σ ( k ) the risk
associate to k services. Thus, the portfolio selection
problem is a multiobjective optimization problem.

5.1. Multi-Objective Optimization Approach
Portfolio optimization in dynamic asset allocation in
cloud computing associated to Web service instances is a
multi-objective problem.
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A. Naïve Portfolio Optimization

the objective function on web services,
Z1 =
−Z (i ) ; i =
1,....., k the problem becomes

we

min Z1


1,....., k
 s.t. Z ( i ) ≤ α ( i ) ; i =

Where
=
Z1

1

set

k

 

2 ∑ w ( i )σ ( i )  c − ∑ w ( i )S ( i ) 
1
 1
 

k

+

(11)

k

∑ w ( j )σ ( i, j )
1

k

1

1

∑ Z ( i ) w ( i ) ; 0 ≤ w ( i ) ≤ 1;=
∑ w (i )

1 ; α (i )

are parameters to be gradually decreased till no solution is
found. The problem with this method is the choice of the
thresholds α ( i ) ; in the case of equality, this method is
guaranteed to give a Pareto optimal solution.
B- Fuzzy logic portfolio optimization
Another approach is to use the Fuzzy logic to study
each objective function individually and find its minimum
and maximum respectively.

min Z ( i )
.

max Z ( i )

(8)

where p = 1,....., k .
Theorem 1. The optimal portfolio exists if and only if the

{

}

optimal weights w∗ (1) , w∗ ( 2 ) ,......, w∗ ( k ) exist.
Theorem 2. The optimal portfolio exists if and only if the
condition ( 7 ) is fulfilled.
Proof.
The proof of theorems 1 and 2 follows from the subsection above.
C. Simulation study
We consider a model with two level of services with the
following initial recorded data S ( 2 ) = 0.15 , σ (1,1) = 0.28 ,

S (1) = 0.24. Applying the steps in section (6) it is

Then determine

( min Z ( i ) − Z ( i ) )

( max Z ( i ) − min Z ( i ) )

.

(9)

Thus, 0 ≤ m ( i ) ≤ 1 .

{

k

c 3∑ w ( i )S ( i ) − E {S ( k )} +
2=

(7)

k

m (i ) =

∂L ( λ )

= 0 where λ is the Lagrange multiplier.
∂λ
Eliminating the Lagrange multiplier we obtain

Set

In the Markowitz, portfolio is a set of securities chosen
to maximize the expected return and minimize the
expected risk. Typically risk is measured by the variances
to obtain the best allocation. Assume Z ( i ) ; i = 1,....., k

27

}

Applying max min {m ( i )} , i = 1,...., k , this method is
guaranteed to give a Pareto optimal solution although it is
a bit difficult to apply for large number of objective
functions.

6. Steps Toward the Solution
We begin by modifying the first objective so that all
objectives functions are minimizing function, that is
k

Z ′ (1)= c − ∑ w ( i )S ( i ) where c is a real number.
1

We have two objectives:
(i) Minimize Z ′ (1)
(ii) Minimize σ ( k ) .
Using the Lagrange approach, the necessary condition for
optimality is achieved.
k


  k
L (λ ) =
c − ∑ w ( i )S ( i )   ∑ w ( i ) w ( j ) σ ( i, j )  +

 i , j =1
1
 (10)
k


+λ c − ∑ w ( i )S ( i ) 
1



straightforward that (12) is satisfied and the solution is
presented in Table 1 below.
Table 1. In this Table, the efficient portfolios are derived; we
obtained several efficient frontiers associated to web service levels

w (1)

w ( 2)

E {S ( i )}

σ k {S ( i )}

0.02

0.06

0.19

0.21

0.03

0.34

0.18

0.13

7. Conclusion
The current research focused on cloud computing
analysis combining cost efficiency quality of services and
web services allocation. The cloud computing web
services management system structure is similar to
portfolio management system. Analyzing such architecture,
the best solution corresponds to the best allocation of
weight measures to all existing services as to construct a
low risk quality of services. We found that dynamic
decision making management approach relaying on
dynamic portfolio allocation can achieve the purpose of
saving resources.
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