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Abstract—This paper describes an approach for service 
composition optimization and its application in cloud computing 
to streamline resource usage that in turn contributes towards 
energy efficiency. The suitability and usefulness of the approach 
is evaluated by experimentation. In the experiments, physical 
hosts at various cloud sites represent candidate services that are 
brought together in a composition to satisfy the requirements of 
applications. The composition is optimized based on functional 
and non-functional criteria to determine a set of cloud services 
representing energy efficient deployment configurations. We also 
propose a runtime adaptation model that can help in minimizing 
energy consumption of cloud applications at runtime.  
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I.  INTRODUCTION 

Service composition involves combining the functionality 
of multiple services in a unified solution on the basis of 
several factors, e.g., cost, performance, SLAs, etc. However, 
an automated approach for service composition may end up 
with sub-optimal solution (or composition) for a number of 
reasons e.g. some services may not work properly with other 
services in a composition and there can be a number of 
services that offer the same functionality with minute 
variations. Thus selecting a set of service that when brought 
together in a composition can achieve a specific goal is a 
multi-criteria optimization problem. To address such 
problems, composition optimization approaches are devised to 
identify services, by applying multi-criteria selection 
procedures, which can work together while contributing 
towards the overall goal of the composition.  

In this paper we describe an existing service composition 
optimization approach and analyze its performance in solving 
a multi-criteria optimization problem in cloud computing. The 
problem relates to determining a set of cloud services that 
when brought together (as composition) can ensure optimal 
energy consumption in the cloud while satisfying the 
application resource requirements and execution constraints. 

In the rest of the paper, we provide an overview of the 
composition optimization approach that we use for determining 

energy efficient application deployment configurations 
(Section II). Further we describe the application domain of the 
optimization approach and the problem we aim to solve using 
the approach (Section III).  In Section IV we describe the 
design of the experiments and Section V presents the results of 
the experimentations that show suitability of the optimization 
approach in achieving the desired objective. Section VI 
describes an adaptation model devised to ensure minimal 
energy consumption by application throughout their 
deployment lifecycle on the cloud. In the end, Section VII 
presents an overview of existing work on energy efficiency in 
cloud computing before drawing direction for our future work 
in this area.  

II. OVERVIEW OF COMPOSITION OPTIMIZATION APPROACH 

Here we provide an overview of an existing composition 
optimization approach that we use in our study. The 
optimization approach [2] was basically developed for 
semantically annotated services or semantic web services and 
uses semantic link-based approach [2] for service composition. 
In this approach a link is established between the output and 
input parameter of two services in a way to partially link them 
based on a matching functionality. This matching functionality 
is represented by a matching function that enables, at design 
time, finding some types of compatibilities and 
incompatibilities among the descriptions of different services. 
The links between services in a composition are valued based 
on two functional quality criterion derived from heuristics [7].  

a. Common description of a link between two services - 
the first criterion estimates the proportion of service 
descriptions and how they match with each other. 

b. Matching quality of a link - the second criterion 
calculates the matching quality between service links as a 
function of cost. Where, lower cost represents better matching 
quality between two services.  

In the optimization approach [2] the above functional 
quality model is extended by considering non-functional 
properties of services (also known as Quality of Service or QoS 
parameters) in the composition. In [2] these QoS parameters 
include Price (i.e. fee requested by the service provider) and 
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Response Time (i.e. expected delay between request and 
response time of a service). Based on this extended quality 
model the best quality link (between two services in a 
composition) is the one with best functional quality (common 
description, matching quality) and non-functional quality (the 
cheapest and fastest services).  

In this respect, the optimization approach determines the 
quality of a service composition by considering the overall 
matching quality (functional and non-functional) of its links. 
The prototype implementation of the optimization approach 
(described in [2]) is based on the interplay of three components 
described below: 

i. Service repository (implemented as a database) to 
store candidate web-services.  

ii. Optimizer or genetic algorithm (implemented in Java) 
to compute the best set of services in a composition while 
considering the functional and non-functional quality 
constraints 

iii. DL Reasoner (an adaptation of Fact++ [1]) to 
compute the quality of links between different services. 

In the next section, we elaborate how the existing 
optimization approach was adapted for achieving the desired 
objective in cloud computing domain. 

III. COMPOSITION PROBLEM AND CANDIDATE SERVICES 

In this section we describe an application and a cloud 
model. Together these two models form the basis of the 
problem that we address by applying the composition 
optimization approach from Section II.    

A. Application model and composition problem 
We assume that applications are composed of one or more 

tasks (sample shown in Figure 2) that can be deployed in a 
single VM or in distributed VMs at different physical hosts in a 
cloud infrastructure.  

Each task has specific resource requirements (e.g. memory, 
CPU) that need to be fulfilled for successful execution of the 
task as well as the overall application. Furthermore, tasks 
interact or exchange information with each other. Based on this 
model, an application can be represented by a process template 
that specifies the set of tasks required for successful execution 
of application, interlinked in a specific order based on any 
execution-level constraints. The tasks in a process can be 
annotated with information about specific resource 
requirements and any execution level constraints. Based on the 
availability of an annotated process  the problem, addressed in 
this paper, is to find a set of cloud services that, when brought 
together, can adequately perform the tasks (i.e. satisfy task 
requirements and constraints) while consuming minimal 
energy.  

B. Cloud model and candidate services 
We consider a federated cloud model where the cloud is 

composed of multiple cloud sites brought together in a 
federation (cf. [8]). The different layers of federated cloud are 
shown in  
Figure 1. Based on this layered representation, a federated 

cloud is composed of more than one cloud site, where each site 
can have more than one physical host and each host can run 
one or more VMs.    

 
Figure 1: Layered representation of federated cloud 

infrastructure 

Since application deployment in cloud typically involves 
analyzing the suitability of resources (e.g. available CPU, free 
memory) offered by physical hosts against the requirements 
and execution constraints of applications, we consider the host 
layer as an adequate level to consider in an application 
deployment decision making model.  

Hence, we assume in a federated cloud scenario physical 
hosts can be represented by cloud services, in a way that each 
cloud service possesses the following characteristics that  
contribute towards application deployment decision making: 

• Free memory 
• Available CPU 
• Number of active VMs 
• Power Consumption (in appropriate measures) 

The availability of different cloud services in a federated 
cloud scenario represents opportunities for the execution of the 
application tasks on different physical hosts - across distributed 
cloud sites. In this respect, more cloud services mean more 
chances of finding suitable cloud services for the execution of 
tasks, which could mean more complexity in computing the 
suitability and compatibility of services that can be used in a 
composition.  

IV. DETERMINING APPLICATION DEPLOYMENT 
CONFIGURATIONS UISNG SERVICE COMPOSITION 

Based on the availability of a process template and set of 
cloud services, we designed some experiments with the 
purpose to analyze the suitability of the service composition 
optimization approach (from Section II) in determining energy 
efficient application deployment configurations. The 
experiments also allowed us to study the effects of dynamic 
changes (in the numbers and characteristics of candidate cloud 
services) on the behavior of the optimization approach. 

The design of the experiments involves the following: 
Services: the offerings of each physical host in the federated 

cloud were represented by a cloud service (or web-service in 
the context of the experiments). Cloud services were annotated 
with semantic descriptions about the functionality (or 
resources) they offered and all services were stored in a 
centralized service repository. 

Application: an application (to be deployed on cloud) was 
represented by a process template composed of several tasks 
interlinked using a combination of sequential patterns as well 
as AND/OR branching operators representing execution level 
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communication traffic between involved parties which in turn 
contributes towards energy efficiency. Consequently there are 
valid arguments for run-time re-arrangement of task allocation 
to cloud services in a decentralised manner aiming to 
adaptively optimise energy efficiency. 

A well-known approach to distributed problem solving is 
utility-based optimisation, which is widely applied in many 
application domains [9][10]. In this approach distributed 
problem solving components are assumed to take rational 
decisions aiming to maximise their individual utility. 
Component utility is calculated using a suitable utility function 
and each component bases its decision on the calculated utility 
associated with alternative decision options by identifying the 
option that would result in maximum individual utility. 
Components are generally not fully interconnected and a key 
aspect is that the individual component utility depends on the 
decisions that have been previously taken by its neighbours, 
namely the components to which it is directly connected. The 
overall system utility is commonly calculated as a sum of the 
individual component utilities and therefore the local decisions 
towards maximising individual utilities contribute towards 
maximising the overall system utility. Due to the 
interdependency of component utilities the above optimisation 
process generally requires more than one step since at each 
step a component may select to change its decision if the 
utility resulting from the alternative options has changed due 
to recent changes to decisions by its neighbours. This 
generates an evolutionary process which in many cases has 
been found to produce quite satisfactory results [11]  and has 
been shown to be applicable in adaptive management of cloud 
infrastructure resources [12]. 

We propose to use a utility-based decentralised optimisation 
scheme for run-time adaptive task-to-cloud service allocation 
aiming to optimise energy efficiency.  

Let T a directed acyclic task graph comprising M tasks and S a set of N cloud services. The edges of T define execution 
precedence relations between tasks, that is to start executing a 
task requires all its predecessors to have finished execution. 
Otherwise tasks can be executed at any order.  

 Each task ݐ  has specific memory, CPU, and number of 
VMs requirements, namely ݉ ݑܿ ,  and ݉ݒ . Each cloud 
service ܿݏ א ܵ has specific memory, CPU and number of VM 
capacities denoted by ݉௫ ௫ݑܿ ,  and ݒ ݉௫  respectively. 
Furthermore, each ܿݏ consumes  amount of energy per unit 
time when in operation. 

Cloud services belong to service federations, Furthermore, 
we consider that each cloud service comprises a CPU capacity ܿݑ௦. We further consider that the CPU requirement ܿݑof 
task ݐ is also measured in instructions per second (ips) and we 
denote by ݀ the required duration of task ݐ execution.  

The main underlying assumption is that to optimise energy 
efficiency, tasks are assigned to cloud services in a manner 
that task requirements are met and energy consumption is 
minimised. However, task execution does not necessarily 
begin immediately, for example in the case where tasks are 
waiting for input that will be produced from preceding tasks in 
the task graph. The operating system may be utilising this 

unused CPU capacity for internal tasks, however the 
application tasks are guaranteed to receive the allocated CPU 
capacity when they are ready to commence execution, hereby 
we assume a real-time task execution approach. 

Hence, the expected energy consumption ܿ  of each task ݐ 
assigned to cloud service ݆ depends on its estimated duration ݀ and the unit energy consumption requirement of the cloud 
service to which it is allocated. That is: ܿ ൌ ݀ ڄ  ௫ (1)ݑܿ

Following the utility-based optimization approach [9][10] 
the utility of each task is defined as the inverse of its expected 
energy consumption, that is: ݑ ൌ 1ܿ  

and the global system utility is defined as the sum of 
all individual task utilities:- 

(2) 

ܷ ൌ  ݑ  (3) 

The way utility functions have been defined is unrelated to 
the task dependency relations and concerns only energy 
consumption. Then the problem to be solved is defined as: 

max  ݑ   

subject to: 
  ݉ݒ  ݒ ݉௫ೕ

ୀଵ  ,     ݉  ݉௫ೕ
ୀଵ  ,    ݑܿ  ௫ೕݑܿ

ୀଵ  

݆ ൌ 1. . ܰ 

where ݊ is the number of tasks allocated to cloud service ݆. 
We consider that each task is represented by an appropriate 

software component, such as a software agent. This 
representation enables tasks to maintain connections with the 
other tasks ݐ  in the same task graph ܶ . Furthermore, tasks 
maintain links to other cloud services in the federation ܵ that 
are not currently assigned a task of task graph ܶ. 

Therefore, a task is aware of the characteristics, such as 
memory, cpu and number of VMs, of all cloud services in the 
federation of the cloud service it is currently assigned to, and 
of all cloud services of the federations that the other tasks of 
the same task graph ܶ  are currently assigned to. Tasks are 
initially assigned to cloud services by some external authority 
and then act independently. Finally, the availability of cloud 
services can also vary resulting in a fully dynamic model. 

When tasks select a service to execute them they become 
associated with that service, they transfer there if located 
remotely, and they are placed in a queue waiting for execution. 
Tasks can change their selected service before the start of their 



execution according to utility-based local optimization rules 
described in Algorithm 1. A simple way to trigger adaptation 
is to have each task periodically check the utility of the current 
service selection and modify it as needed. 

Let ܵ  be the cloud services assigned with a task from the 
same task graph ܶ as ݐ or belonging to the same federation as 
the cloud service ݆ currently assigned with task ݐ . For every 
cloud service ݆ we denote with ݉, ܿݑ and ݒ ݉ the amounts 
of currently available memory, CPU capacity and VMs 
respectively. Then for each task ݐ currently allocated to cloud 
service ݆ we can apply the following algorithm: 
Algorithm 1:  ݀ ՚ 0  ݇ ՚ 1  
while ݇  | ܵ| do 
 if ܿݑ ൏ ݑܿ  and ݉ݒ  ݉ݒ  and ݉  ݉  and                 ܿ ൏ ܿ then 
ሾ݀ሿݐݏܿ  ൌ ܿ 
 ݀ ՚ ݀  1 
 end if 
 ݇ ՚ ݇  1  
end while ݊݁ܵݓ ՚ ,ܵݓሺ݊݁݊݃݅ݏݏܽ  ሾሿሻݐݏሺܿ݊݅݉݃ݎܽ   ሻݐ

Successive applications of the above algorithm for all tasks 
that have not yet started their execution will result in 
adaptively balancing task allocation so that overall energy 
consumption is reduced. However further experimentation is 
required to identify the algorithm behaviour for different types 
of task graphs and cloud service federations. Furthermore, 
possible extensions to the algorithm than would reduce the 
number of iterations need to be examined. 

VII. EXISTING WORK AND FUTURE DIRECTIONS 
Energy efficiency gets relatively less attention as relevant 

context information for application deployment on clouds and 
current research while focusing on security and other SLA 
related issues overlooks the energy consumption and resulting 
environmental implications as a critical factor of application 
deployment on cloud.  

Among the first efforts on energy efficiency, [4] use game 
theoretical methodologies to optimize energy consumption 
with system performance in a grid environment. Further, in [5] 
Kolodziej et al describe genetic-based scheduling techniques 
that apply dynamic voltage and frequency scaling models to 
reduce the cumulative energy consumed by computational 
resources. The dynamic voltage and frequency scaling allow 
the processing units to operate at various energy consumption 
levels, thus making it feasible for multi-criteria, multi-
objective genetic-base scheduling techniques to workout 
energy efficient task allocations (to appropriate processing 
units) based on user requirements. However, their approach 
requires support from specialized hardware components (e.g. 
CPU) to dynamically manipulate energy or performance 
parameters and such support cannot be promised in a multi-

site cloud infrastructure. Further, in [6], Lingberg et al provide 
an overview of eight scheduling algorithms that can be used in 
scheduling tasks on a distributed system with the aim to 
minimize energy consumption subject to task resource 
requirements and constraints. The algorithms use a variety of 
techniques such as iterative, greedy, constructive and genetic. 
The results from simulating the algorithms in a simulation 
testbed are used in the performance comparison, allowing the 
selection of different algorithms based on specific 
requirements. The work presented in this paper can be seen as 
an addition to the set of techniques discussed in [6]. 

In our future work, we intend to introduce more cloud 
related parameters in the optimization approach (such as 
network traffic and latency) and study the behavior of 
optimization approach when considering cross-site 
demographics and application execution time constraints. 
Further, we intend to evaluate the run-time adaptation model by 
means of experimentation or simulation before investigating 
the integration of two models (for initial deployment and 
runtime adaptation) in a comprehensive energy efficiency 
application deployment solution for federated clouds.  
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