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Abstract: In this paper, we investigate the optimization problem of cloud service composition in
cloud environment. First, the performance indexes for the optimization of cloud service
composition is introduced. Then we propose an optimization method of cloud service composition,
and establish a constrained multi-objective model for the optimization problem of cloud service
composition which requires high reliability and low CPU and bandwidth occupancy. After that, a
travel planning scenario is used to illustrate our approach to cloud service composition optimization.
The case study shows the proposed method can effectively solve the problem of cloud service
composition with high reliability and low resource consumption in cloud computing environment.

1. Introduction

As a new model of service computing, cloud computing has quickly become a hot topic in
research and industry because of its advantages of high availability and high scalability. Cloud
computing can provide key software for enterprise management, effectively reduce the cost and
maintenance cost of IT software and hardware, and adapt to the needs of enterprises at different
phases of development. In cloud computing environment, computing task is distributed in resource
pool composed of a large number of computing, storage and other units, enabling users to get the
computing power, storage space and information service capacity according to the application needs.
So that users can dynamically apply the required resources to support the operation of various
applications deployed by users, and be able to focus more on their businesses. This service delivery
model can greatly improve the utilization of resources and improve the quality of service of the
platform, which has attracted wide attention from the industry.

Cloud service refers to any Internet, application software, system platform, computing resources
and other services with large scale, no need for pre investment, on-demand acquisition and easy
expansion. From the perspective of end users, cloud services can be divided into infrastructure as a
service layer (laaS), platform as a service layer (PaaS) and software as a service layer (SaaS) [1].
laaS can be considered as service encapsulation of the hardware / operating system level; PaaS can
be seen as service encapsulation of components and middleware; SaaS can be regarded as service
encapsulation of application software level. In this work, more attention is given to the cloud
services which are the applications or services provided by the SaaS layer as well as the basic
capabilities provided by the PaaS layer. However, with the increasing complexity of computing
tasks and the increasing variety and amount of cloud services, a single cloud service is becoming
increasingly difficult to meet the needs of users. Therefore, it is quite significant to meet the
complex computing needs through the composition of cloud services [2] [3]. Under such context, it
is necessary to optimize the cloud service compositions in a scientific and reasonable way to
provide users and enterprises with the most appropriate cloud services with high reliability and low
resource occupancy.

In this paper, we investigate the optimization problem of cloud service composition in cloud
environment. First, the performance indexes for the optimization of cloud service composition is
introduced. Then we propose an optimization method of cloud service composition, and establish a
constrained multi-objective model for the optimization problem of cloud service composition which
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requires high reliability and low CPU and bandwidth occupancy. After that, a travel planning
scenario is used to illustrate our approach to cloud service composition optimization. The case study
shows the proposed method can effectively solve the problem of cloud service composition with
high reliability and low resource consumption in cloud computing environment.

The remainder of this paper is organized as follows. Section 2 provides an overview of the
related work. In section 3, we introduce the performance indexes for the optimization of cloud
service composition. In section 4, an optimization method of cloud service composition is proposed,
and a constrained multi-objective mathematical model is established for the optimization problem
of cloud service composition which requires high reliability and low CPU and bandwidth
occupancy. In section 5, a case study is presented. Section 6 concludes the paper.

2. Related work

Considering that cloud computing is still at the stage of exploration, there are few researches on
the optimization of cloud service compositions. S.L. Wang et al. [4] established a multi-target
optimization model for the allocation of manufacturing resources in the context of cloud
manufacturing, where the maximum succession method was used to solve the model to verify the
stability and feasibility of the model. W.N. Liu et al. [5] proposed a solution algorithm based on
adaptive particle swarm for the multi-target problem in cloud manufacturing service composition.
C.F. Lin et al. [6] proposed a relaxable QoS-based service selection algorithm for composite web
services, which can recommend prospective service candidates to users by relaxing QoS constraints
if no suitable or available web service could exactly fulfill user requirements. These works have
certain theoretical significance and practical value for establishing a cloud service composition
optimization model and promoting the application and promotion of cloud computing. However,
less attention is given to those situations with a huge number of candidate cloud services as well as
the low reliability and load balancing in service composition.

3. Performance indexes for the optimization of cloud service composition

In our proposal, the cloud computing service platform implements a specific planning algorithm
and can generate service composition schemes to complete the required task according to the given
information [7]. The platform selects a collection of cloud services with the same function for each
sub-task in the composition scheme. Since it will produce a large number of alternative service
composition paths which have the same topology as the composition scheme, a service filtrating
process is performed to reduce the number of alternative service composition paths [8]. The
sub-task structure in the scheme often contains a variety of basic topologies (such as sequential,
parallel, etc.), so the alternative service composition paths often cannot be processed directly by the
service composition optimization algorithm [9]. This paper introduces a mechanism to transform
the basic topologies into an aggregate topology, so that the topology of a candidate service
composition path can be transformed to a simple sequential topology after multiple transforms. So
the composition optimization algorithm can help to choose the appropriate service composition path
that optimizes multiple performance targets at the same time from all possible ones according to the
performance constraints and load balancing factors. This problem is called a constrained
multi-objective service composition optimization problem.

The performance indexes for the optimization of cloud service composition include:

(1) Time: Time (for short T) refers to the total duration of the execution process of a cloud
service.

(2) Cost: Cost (for short C) refers to the price payed by the requestor for a specific cloud service.

(3) Availability: Availability (for short A) refers to the possibility that a cloud service can provide
a specific service normally. Availability is expressed as A=T avail/ Ttotal, Where Tavail represents the
total running time available for cloud service in the time period Total.

(4) Reliability: Reliability (for short R) reflects the possibility or capability of a cloud service
completing the assigned service within the specified time under certain conditions, which can be
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expressed by successful execution rate of the service, i.e. R=Rexe (t)/B(t), where Reye(t) is the number
of tasks executed by the cloud service successfully in time period t; B(t) refers to the times of the
service being awakened in time period t.

(5) CPU occupation rate: CPU occupation rate (for short Cor) refers to the proportion of the
computing power needed by a cloud service to the total available computing power of the service
node. It can be expressed as Cor=CPU q/CPUayi. The Cor value of a service composition path is
defined as the largest one in the Cor values of all cloud services in the service composition path.

(6) Bandwidth occupation rate: CPU occupation rate (for short Bor), refers to the bandwidth
utilization of overlay connection between candidate cloud services. It can be expressed as
BOr=BW eq/BW avail, Where BW e refers to the overlay connection bandwidth required between two
candidate services; BWayil refers to the available bandwidth. The Bor value of a service
composition path is defined as the largest one in the Bor values of all the connections in the service
composition path.

4. Optimization of cloud service composition

The ultimate goal of the optimization of cloud service composition is to select a collection of
cloud services based on the user's demands to minimize the CPU occupation rate and the bandwidth
occupation rate, and maximize the reliability of the cloud service composition. Meanwhile, users
propose the requirements and restrictions on the tasks. The main constraints include the total
constraint for time, cost and availability. According to the above goals and constraints, a
multi-target planning model for the optimization of cloud service composition is established as

below:
Min Cor(pg) Min Bor(pg) Max R(pq) 1)
subjectto  T(Pg) <Tmax 2
C(pd) <Crnax (3)
A(pd) ZAmin (4)

Eq. (1) represents the three target functions of the whole planning model. Cor(pg4), Bor(pg) and
R(pqg) represent the CPU occupation rate, bandwidth occupation rate and the reliability of one
possible cloud service composition pg, respectively (d=1,...,V; V represents the total number of
possible cloud service composition after service filtering). Eqg. (2) indicates that the delivery time
for completing the task by the cloud service composition cannot exceed the maximum delivery time
Tmax- EQ. (3) shows that the total cost of completing the task by the cloud service composition
cannot exceed the maximum cost that the user can pay Cmax. EQ. (4) indicates the lowest limit to the
availability of the cloud service composition is Anmin.

For the process of a cloud service composition, each overall index in the service composition
needs to be calculated according to the structural features of the partial processes in cloud service
composition. The basic structures of the service composition flow involve sequential structure,
parallel structure, selective structure and loop structure.

Here, we assume CSS' represents the filtered candidate cloud service collection of the i subtask.
The six optimization indexes of a cloud service ¢s/(cs! e ¢ss’, j =1, ..., Ni, and N; denotes the

number of candidate cloud services completing the i subtask after the filtering) are denoted as
7(6st), €(Sh), ACS)), R(cs)), cor(cst) and Bor(cs}). The following calculation method is used

to synthesize the service composition evaluations under the four fundamental composite structures.
(1) For sequential structure, 7 p)e = 3 TS
=1 J

C(p,)y =30 C(Cs)
Ap) =TT, Acs)
Rp,) =TT, RCS))

Cor(p,)**" = max(Cor(CS}))
Bor(p,)**" = max (Bor(CV:,), Bor(CN::!))
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Here, ¢v», and cvy are the input and output overlay connections of the service node where

cloud service ¢s! resides.
(2) For parallel structure, 7(p,)

max (T(CS;))

Clp) =% (s

Alp)™ =TT, ACsD

Rp)" =11, RS

Cor(p,)™ = max(Cor(CS?))

Bor(p,)™ = max (Bor(CV w ), Bor(CV!))

(3) For selective structure, 7, )=/ - S (7(eSsT) x 4,)

Clp,)y =37 (C(CS)) x 4,)
Alp,)yt =7 (ACS)) x 4;)
R(p,) =37 (RS x A,)
Cor(p,)*™ =" (Cor(CS}) x ;)
Bor(p,)" = (max(Bor(CN ), Bor(CN)) x 2,)
Here, 2 is the probability that the cloud service c¢s! is selécted, which satisfies S =1
(4) For loop structure, 7 P = 0x 3" T(CST)
Clp)'™ =6 x 3" C(CS))
Ap) =TT, Acs)
Rp)"” =1, 7S
Cor(p,)"*” = max (Cor(CS}))
Bor(p,)"*" = max(Bor(CNg,), Bor(CV ), Bor(CN

—s!
J, J1

Jn

))

Here, ¢ represents the times the cloud service is executed in a loop; cv,, . represents the

ol
cst,

overlay connection from ¢s2 to ¢si in the loop.

Based on the above model, the process of cloud service composition optimization is given as
below.

Step 1 Normalize the data /,, of cloud service ¢S’ on the six optimization indexes.

- - - - V{lmx - VI / max ITIiﬂ
The value of negative-type index is normalized as 0 - g gm0
ij J J
17 V;nax _ I(;xlin _ 0
... . . . V.. —pme , )
The value of positive-type index is normalized as e TS 0, where
ST OV Y

—

e = Max(V,), VI = Min(V,,), 1 < 7 < &, and k represents the number of cloud services.
Step 2 Transform the multi-target problem into a single-target problem to solve, that is
Min Z(pg) = w1 Cor(pg) + woBor(pa) + wa/R(pq)
Where w1, W, and ws represent the weight of CPU occupation rate, bandwidth occupation rate
and reliability respectively, which satisfies wi+w,+w;=1.
Step 3 Implement the algorithm in [10] to solve the problem and obtain the optimal cloud service
composition.

=
|
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5. Case study

In case study, we take a travel planning scenario as an example. When a user submits a travel
reservation request to the cloud computing service platform, the platform implementing an Al
planning algorithm generates a service composition scheme containing four sub-tasks, i.e. ST1, ST,
STs, ST, to perform the required task according to the given information. Here, ST1 and ST, are in
sequential structure, while ST, and STs are running in parallel. Then the platform selects a
collection of cloud services with the same function for each sub-task, before a service filtrating
process is performed based on the evidential reasoning method, and the number of alternative
service composition paths is greatly reduced. After that, with the filtered cloud services, an
optimization model for cloud service composition is established, which can be detailed as
following.

(1) Extract the performance data of the six indicators, i.e. time, cost, availability, reliability, CPU
occupation rate and bandwidth occupation rate, of candidate cloud services from the cloud
computing service platform, and normalize these data.

(2) According to the demand of user, determine the weight of the three goals, i.e. w1=0.3,
w2=0.3, w3=0.4, as well as the longest duration Tnax= 15, the maximum cost Cnax= 200, and the
minimum availability Anin=0.99.

(3) By solving the composition optimization model in Eqg. (1) — Eq. (4) using the algorithm in
[10], the optimal cloud service composition is obtained, i.e. {cs!, ¢s?, cs?, csi} .

The cloud computing service platform has a very large number and various types of cloud
services. With time going by, the scale of cloud service continues to increase, which can easily lead
to a decrease in the efficiency of the optimization of cloud service composition as well as bring
great challenges to the high-efficient operation of cloud computing service platform. The method
presented in this paper has the features of high efficiency and universality in the optimization of
cloud service composition. It can effectively solve the problem of cloud service composition with
high reliability and low resource consumption in cloud computing environment. Besides, it is also
beneficial to improving the service efficiency of cloud computing service platform and helping
quickly locate user's service demands, to find the optimal cloud service composition.

6. Conclusion

An optimization method for cloud service composition is proposed in this paper. Firstly, the
performance indexes for the optimization of cloud service composition is introduced, including time,
cost, availability, reliability, CPU occupation rate and bandwidth occupation rate. Secondly, the
evidential reasoning method is adopted to filter the various cloud services based on the user's
demands to form the candidate cloud service collection, so that the solution space of the cloud
service composition optimization is greatly reduced. Thirdly, a multi-target planning model is
established with the properties of the lowest CPU and bandwidth occupation rate and the highest
reliability of the cloud service composition. The cloud services will be selected from the candidate
cloud service collection to make a composition, and further determine the optimal cloud service
composition by solving the model. Finally, the case study in travel planning scenario shows the
proposed method can effectively solve the problem of cloud service composition with high
reliability and low resource consumption in cloud computing environment.

Furthermore, this method can be applied to other fields by changing the performance indexes and
service composition objectives, such as web service composition, cloud computing for education
and learning, cloud healthcare and other cloud platforms. The optimization process and model of
cloud service composition will be improved and the intelligent solution algorithm will be used to
further improve the solving efficiency.
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