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a b s t r a c t

We introduce MeTHODICAL, a multihoming-aware decision-making mechanism which
enables applications to capitalize on multihoming availability. MeTHODICAL employs an
algorithm that establishes the foundation for assigning weights to multiple criteria, and
a path optimization algorithm that performs path selection restricted by multiple multih-
oming and traffic performance criteria, a well-known NP-hard problem. The feasibility of
the MeTHODICAL weighting criteria algorithm is demonstrated in this paper for different
classes of service as specified in ITU-Y.1541. The algorithm is shown to have a time com-
plexity of O mcnvð Þ. The path optimization algorithm, with a time complexity of Oðn �mÞ, is
evaluated for the 1:1 and 1 + 1 protection models and is compared with previous proposals
in this area. Results from our testbed evaluation demonstrate that the MeTHODICAL path
optimization algorithm does not suffer from ranking abnormalities, nor does it require
high-volume data to be efficient. The results show that heuristics can enhance the perfor-
mance of MeTHODICAL and eliminate handover side-effects.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Multihoming and multiaccess in IP networks have been
lately fostered by the exponential growth in availability of
devices with multiple built-in communication technolo-
gies. Paradigms where hosts have access to various net-
works have been in the research agenda for over a
decade. Multihoming has long been adopted to increase
resilience, dependability, and performance in high-end
servers. At the other end of the network node spectrum,
mobile phone manufacturers have been integrating differ-
ent cellular radio access technologies into multi-band cell
phones to realize global reachability and ease migration.
Efficient multihoming and multiaccess support in hetero-

geneous networks are still difficult to achieve due to the
current use of path selection mechanisms that are based
on presets and static policies [1].

Optimized path selection mechanisms need to consider
multiple criteria, such as availability, capacity, monetary
cost, packet loss, delay, and IP delay variation, so that over-
all performance is improved. Indeed, profit is assured if
benefits are maximized and costs are minimized. Within
this context, path selection becomes a NP-hard problem
[2,3]. Efficient multihoming and multiaccess support can
be provided by optimization techniques that enable solu-
tions with low computation complexity that foster deploy-
ment. For instance, Linear and Integer Programming [4]
techniques provide optimal solutions, but increase com-
plexity in terms of deployment. On the other hand, MADM
techniques [5] are a natural choice, as they allow subjec-
tive and qualitative criteria to be incorporated in weighting
and path selection algorithms.
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When coping with multiple criteria in path selection,
the importance of each criterion is a fundamental aspect.
As, from a user perspective, the best path can be the one
that provides higher capacity, and has low monetary costs
and small packet loss ratios. Criteria preference is often
associated with subjectivity [6]. For instance, to achieve
the same goal (e.g., improve resilience), users can associate
more importance to the availability criterion than to the
recovery criterion of resilience. Fuzzy logic mitigates sub-
jectivity, but by itself, it is not enough to support consis-
tent judgments (i.e., no guarantee on the preference of
one criterion over others) as discussed in [7]. Optimization
techniques, such as DiA [8] and NMMD [9] do not consider
objective weights determination in their formulation. A
criteria-weighting algorithm is introduced in MeTHODICAL
to establish consistent weights for path optimization prob-
lems. We consider different type of applications, included
in the ITU Y-1541 [10] specification to demonstrate the
capabilities of the criteria weighting algorithm. For each
application weights are determined in a consistent way.

The criteria that is employed by optimization tech-
niques, is often restricted to traffic performance or to a
small multihoming subset (i.e., energy, coverage) that does
not characterize efficiently multihoming [11,12]. That is,
next generation multihomed applications need to consider
a complete criteria set regarding traffic performance and
multihoming [1]. In this context, MeTHODICAL has been
designed to meet the following goals: First, to determine
optimal paths by considering multihoming and Traffic Per-
formance (TP) criteria, as well as the tradeoff between ben-
efits and costs. Second, to support different heuristics that
can provide finer control on optimal path selection. For in-
stance, we can choose simultaneous paths if a 1 + 1 protec-
tion model is required, or simply choose a backup path for
primary path failures (1:1 protection model) [11]. Finally,
to enable easy deployment, without being constrained to
any particular technology or application.

To the best of our knowledge, MeTHODICAL is the first
mechanism to be multihoming-aware with a complete
specification for optimization, including criteria weighting
and path optimization under different protection models.
In the path selection problem, multihoming goals are con-
sidered, namely, resilience and ubiquity. Moreover, criteria
impacting application performance, such as packet loss and
one way delay, are also considered. The first contribution of
MeTHODICAL is a weighting algorithm that determines
weights objectively and in a consistent manner. Further-
more, the weighting algorithm is defined in a flexible form
that can be employed by optimization techniques consider-
ing any number of weights. The second major contribution
of MeTHODICAL is the enhanced path selection algorithm.
MeTHODICAL formulates optimal paths by considering
the type of criteria, benefits or costs, by establishing rele-
vant ranges, on which values of criteria maximize profit,
and by introducing a stabilization factor that does not have
ranking abnormalities. In addition, optimal paths are deter-
mined by considering the path usage model. The primary-
backup model (or 1:1) chooses a path to act as backup of
a path marked as primary. The backup path is only chosen
when the primary fails. The concurrent model (or 1 + 1) al-
lows using paths simultaneously to increase throughput

[11]. The choice of the protection model is performed, be-
fore applications start. Commonly, techniques addressing
the path selection problem only consider the primary-back-
up model, while this proposal supports both models.

Evaluation results including MeTHODICAL and related
approaches demonstrate that the Technique for Order Pref-
erence by Similarity to Ideal Solution (TOPSIS) is inconsis-
tent, and that NMMD is not efficient when there is a low-
number of path alternatives. Moreover, the results show
that TOPSIS, DiA and NMMD are not able to select optimal
paths accurately. MeTHODICAL and respective heuristics
are able to select paths in all cases, including those with
low or moderate number of path alternatives.

The remainder of this paper is organized as follows:
Section 2 overviews related work and Section 3 defines
MeTHODICAL. Section 4 details the evaluation to assess
MeTHODICAL accuracy. The achieved results are discussed
in Section 5, and the paper is concluded in Section 6.

2. Related work

We overview related work in two main areas: First,
path optimization techniques, specifically MADM tech-
niques for optimal path selection. Then, we consider ap-
proaches on criteria weighting algorithms.

2.1. Optimization techniques for optimal path selection

Optimal path determination is not trivial when multiple
criteria are considered, such as availability, monetary cost,
packet loss, delay, IP delay variation, just to name a few. In-
deed, path selection is a NP-hard problem [2,3], which can
be solved by employing optimization techniques like Lin-
ear and Integer Programming [4], MADM [5], Multi-Armed
Bandits approaches [13], polynomial time approximation
schemes [3] or multi objective programming techniques
[14].

Linear and Integer Programming provide optimal solu-
tions as they are tailored for complex problems but are dif-
ficult to use in practice. Multi-Armed Bandits approaches
have deployment issues, as both problem formulation
and corresponding policies have some limitations when
exploring different combinations. The polynomial time
approximation schemes are mainly tailored for delay-con-
strained least cost problems, where the minimum cost is
subject to a given delay constraint. Multi-objective pro-
gramming techniques share the same issues as linear pro-
gramming approaches, as they express the objectives in
functions where criteria are correlated. Moreover, these
approaches require considerable modifications for each
optimization problem, even if the difference between
problems is only the addition of a new criterion.

We restrict the universe of path optimization ap-
proaches with multiple criteria, which is an NP-Hard prob-
lem, to MADM techniques, due to their capacity in
incorporating multiple criteria, which can be combined
with weighting algorithms [15]. For instance, techniques
like TOPSIS [16], DiA [8] and NMMD [9] employ simple
mathematical operations to establish the preferences of
alternatives, by providing ranking of alternatives. TOPSIS,
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