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ABSTRACT
Infrastructure-less mobile ad hoc networks enable the de-
velopment of collaborative pervasive applications. Within
such dynamic networks, collaboration between devices can
be realised through service-orientation by abstracting device
resources as services. Recently, a framework for QoS-aware
service composition has been introduced which takes into
account a spectrum of orchestration patterns, and enables
compositions of a better QoS than traditional centralised
orchestration approaches. In this paper, we focus on the
automated exploration of trade-o� compositions within the
search space de�ned by this 
exible composition model. For
the studied problem, the evaluation of the �tness functions
guiding the search process is computationally expensive be-
cause it either involves a high-�delity simulation or actu-
ally requires calling the composite service. To overcome this
limitation, we have developed e�cient surrogate models for
estimating the QoS metrics of a candidate solution during
the search. Our experimental results show that the use of
surrogates can produce solutions with good convergence and
diversity properties at a much lower computational e�ort.

Categories and Subject Descriptors
D.2.0 [Software Engineering ]: General

Keywords
Service composition, optimisation, surrogate models

1. INTRODUCTION
Advances in networking and hardware technology have

popularised the use of powerful smart-phones and tablets,
which are progressively replacing PCs for web-access [9].
These mobile devices o�er a wide range of built-in sensors,
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fast processors, and networking capabilities. These features
present great potential for creating self-con�guring ecosys-
tems of collaborating devices by forming infrastructure-less
Mobile Ad hoc NETworks (MANETs) [7]. MANETs are
used in various domains, such as healthcare, emergency
management, and smart cities [21].

A MANET is a peer-to-peer network with no central con-
trol entity or pre-existing infrastructure. Within a MANET,
data exchange is realised through multi-hop communications
using intermediate nodes as relays [7]. Service Oriented Ar-
chitectures (SOA) promote node-to-node collaboration in a
MANET by abstracting nodes' available resources as loosely
coupled software services [2]. O�ered services can be called
by any node participating in the network while nodes move
freely and may join or leave the network at any time. One of
the core ideas of SOA is the property of composability [17]
where services are designed to be combined into value added
structures, called service compositions. Service composition
provides functionality that none of the component services
could provide by themselves [24].

While the composition mechanism o�ers a nice program-
ming abstraction for aggregating pieces of software, �nding
compositions providing the desired functionality while si-
multaneously exhibiting optimal Quality of Service (QoS)
trade-o�s is a very challenging task. In a MANET envi-
ronment, nodes with heterogeneous and dynamic resources
o�er services with di�erent QoS levels. There may be a
large number of composite service architectures which ful-
�l the same functionality, but di�er in their QoS such as
network latency and energy consumption. Multi-Objective
Evolutionary Algorithms (MOEAs) are a powerful tool for
�nding trade-o� solutions to problems with large architec-
tural design spaces where an exhaustive search is infeasible.
The QoS metrics of interest for measuring the quality of a
service composition can be used as �tness functions within
a MOEA to guide the search of optimal solutions [13]. How-
ever, determining the QoS of a candidate service composi-
tion is not trivial in the case of a dynamic MANET. We can
determine the QoS of a candidate composition either by sim-
ulating or actually invoking the service composition. Both
approaches are computationally expensive requiring minutes
or even hours for a single evaluation. This fact makes the use
of such an algorithm in our problem impractical as MOEAs
require a large number of �tness function evaluations before
converging to a set of optimal solutions.



Current service composition optimisation approaches use
synthetic �tness functions for simulating the QoS attributes
of services participating in a composition [4, 26]. Others, use
one-time measurements of services' QoS which are consid-
ered to remain static during the life-cycle of the composed
service [22, 30]. These approaches do not take into account
the computational cost for estimating the �tness functions
of a composite service. On the other hand, others use a com-
putationally expensive simulation for estimating the �tnes s
of a solution [19] which is impractical to be integrated in the
process of searching for trade-o� composite services.

In this paper, we propose an e�cient technique for pre-
dicting the QoS of composite applications which is crucial
for supporting automated QoS-aware optimisation of com-
posite services. Our main contributions are the following:

� We introduce low cost surrogate models for pre-
dicting the QoS metrics of composite services in
service-based MANETs. We develop statistical mod-
els for predicting the QoS metrics of network latency,
energy consumption, and success ratio.

� We present a multi-objective surrogate-based op-
timisation approach to explore trade-o� composite
services by replacing the expensive simulation-
based �tness functions with e�cient surrogate
models within the evolution process of the popular
NSGA-II algorithm [8]. Our experimental results show
that the developed surrogates guide the NSGA-II al-
gorithm to high quality solutions with little compu-
tational e�ort and by exploiting limited predictive in-
formation without the need for expensive high-�delity
simulations or real-world service invocations.

The remainder of this paper is structured as follows: In
Section 2 the service composition optimisation problem is
de�ned. Section 3 introduces our surrogate-based optimi-
sation approach to solve this problem using the popular
NSGA-II algorithm. Section 4 presents the considered use-
case scenario and the research questions we seek to answer.
Section 5 presents the experimental results of our study fol-
lowed by Section 6 which discusses related work. Finally,
Section 7 presents conclusions and future work.

2. MOTIVATION AND PROBLEM
In this section, we �rst describe the motivating scenario of

our study and then we formulate the search problem of com-
posing services in a distributed service-based environment.

2.1 Motivating Scenario
Due to their distributed and infrastructure-less nature,

multi-hop ad hoc wireless networks are ideal for building
crisis management applications [6]. Our motivating sce-
nario considers a decision support system for improving the
decision making of �re-�ghters in an emergency situation
such as a forest �re. In the considered scenario, �re-�ghters
are equipped with mobile devices which form a MANET.
These devices, following SOA principles, o�er their resources
(e.g. application data, network and hardware components)
as loosely coupled software services. Service composition
promotes the collaboration between devices by composing
services provided by various devices towards achieving com-
plex applications.

Figure 1: An example service composition plan.

For example, consider the scenario where a commanding
�re�ghter uses a composite application comprised of �ve ser-
vices to infer whether a �re�ghter is in danger and appro-
priate measures should be taken in time. More speci�cally,
the commanding �re�ghter aggregates information about
the condition of his subordinates (position, heart rate, oxy-
gen level). This information needs to be fed to a processing
service which assesses if something is going wrong. In the
case of an emergency event (e.g. a �re�ghter has stopped
moving and high levels of carbon dioxide in the blood are
observed), another team in the close proximity must be no-
ti�ed to intervene along with a medical team which must be
ready to approach. Finally, the various decisions and the
situation event are logged to a central database which may
respond with a set of recommended actions to be taken.

In such a dynamic and time-critical scenario where re-
sources are limited, composite applications should exhibit
QoS properties such as minimum response time and battery
consumption. However, the QoS of an o�ered service is in-

uenced by a variety of factors such as topology changes,
user's mobility, obstacles, resource availability (e.g. batt ery
level), and others. QoS of a composite application are highly
susceptible to changes on the underlying network.

Our goal is to provide to the users of the distributed
system with composite services which exhibit optimal QoS
trade-o�s at a small computational overhead. It is worth
noting that our approach is not restricted to the presented
scenario but it can be applied to others involving mobile
multi-hop communication networks. Such applications can
be found in the domain of Mobile Enterprise Vision [16].

2.2 Problem Formulation
Our problem formulation starts from the abstract plan of

a composite application which describes the services to par-
ticipate in the composition. Within the considered network,
various nodes o�er concrete services which implement the
abstract services of the plan. Also, orchestrator nodes are
responsible for calling services and forwarding the intermedi-
ate results to the appropriate nodes. Our goal is to produce
optimal composition con�gurations by tuning the parame-
ters of a service composition con�guration, called Degrees
of Freedom (DoF) which are the following [10]: (a) selection
of concrete services, (b) partitioning of the composition into
sub-orchestrations, and (c) selection of orchestrating nodes.

Def. 1. Distributed Service Orchestration Problem
Given: A set of m abstract services that compose the ser-
vice composition plan P , a set of n nodes participating in
the network where each node provides a single concrete ser-
vice and can coordinate a single orchestration, a mapping of
the n available concrete services that implement the func-
tionality of the m abstract services, and a set ofq quality
objectives Q = f Q1 ; � � � ; Qqg.














