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Abstract - Next Generation Wireless Networks (NGWN) consists of heterogeneous networks with the support for vertical handoff. Hence
vertical handoff algorithms (VHA) are the key components of NGWN. The vertical handoff decision may depend on the bandwidth
available for each wireless access network, cost for accessing network, the power usage requirements, user preference, Quality of Service
(QoS), and security. Hence vertical handoff decision may be solved using multi attribute decision making (MADM). Multi attribute decision
making (MADM) problems involve ranking or evaluating a finite number of alternatives with multiple, attributes. There are several vertical
handoffs decision algorithm proposed in the literature based on MADM techniques. In this paper we provide a overview on existing MADM
algorithms for vertical handoff.
Keywords: Multi attribute decision making, Simple additive weighting, Multiplicative Exponential Weighting, Grey relational analysis,
etc,.

1.

INTRODUCTION

Next Generation Wireless Network (NGWN) aims to
integrate heterogeneous wireless systems with seamless
continuity as major goal. In such heterogeneous network
supporting vertical handoff becomes major challenging issue.
Vertical handoff is responsible for service continuity when a
connection needs to migrate across heterogeneous wireless
access networks [1]. The vertical handoff decision problem
deal with making selection between available candidate
networks which provide varies technologies and services with
respect to different criteria. This is a type of Multiple Attribute
Decision Making (MADM) problem [2][3]. In general,
MADM deals with the problem of choosing an alternative
from a set of alternatives which are considered in terms of
their attributes. For decision making multiple attribute,
multiple criteria and multiple objectives are the terms are often
used. Similarly vertical handoff decision algorithm should
consider many parameters such as available bandwidth, QoS,
security, power consumption, user preference, with proper
weightage for each parameter.
In general, the vertical handoff process consist of three
main steps [14][15], namely system discovery, handoff
decision, and handoff execution. The system discovery phase
is responsible for detecting and collecting information of all
the available networks. The mobile terminals which are
equipped with multiple interfaces have to determine which
networks can be used and the services available in each
network. The networks may also advertise the supported data
rates and other characteristics for different services. During
the handoff decision phase, the mobile device determines

which network it should connect to. The decision may depend
on various parameters such as available bandwidth, delay,
jitter, access cost, transmit power, current battery status of the
mobile device, and the user’s preferences. During the handoff
execution phase, connections need to be re-routed from the
existing network to the new network in a seamless manner.
This phase also includes the authentication and authorization,
and the transfer of user’s context information.
MADM problems are diverse in disciplines, but all share
the following common characteristics: alternatives to select,
multiple attributes describing the alternatives in different units
of measurement, and a set of weights representing the relative
importance among attributes [4]. MADM decision problem
can be expressed in an M x N decision matrix, where the jth
attribute of the ith network is represented as xij. The MADM
methods use scoring techniques to rank alternatives. An index
or score is calculated by taking into account the contributions
from each parameter. Before the calculation of the index,
normalization of the parameters is required to deal with
different units. Several vertical handoff algorithms based on
MADM methods have been proposed in the literature. The
MADM includes many methods such as Simple Additive
Weighting (SAW), Multiplicative Exponential Weighting
(MEW), Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS), Analytic Hierarchy Process (AHP), Grey
Relational Analysis (GRA). In the next section we will
provide a brief introduction on these algorithms.
A. Simple Additive Weighting
Simple additive weighting (SAW) is one of the best known
and most widely used scoring methods because of its
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simplicity [3]. In SAW, the criteria value for each alternative features the meeting multi attribute quality of service (QoS)
are normalized and is multiplied with the weights assigned to

requirement. The subjective weight relation of decision

the criteria [5]. If there are M networks and N number of

elements is determined with LS method. The information

parameters for each network, then total score of each

entropy method is employed to derive the objective weights of

candidate network i is obtained by adding the contributions

the evaluation criteria, and lead to the comprehensive weight.

from each attribute rij multiplied by the importance weight wj

Finally decision is made using MEW algorithm based on the

[4].

attribute matrix and weight vector.
ASAW = arg

j rij with the condition that

C. Technique for Order Preference by Similarity
to Ideal Solution

j = 1.
In [17], the authors proposed a SINR (Signal to
Interference plus Noise Ratio) and AHP (Analytic Hierarchy
Process) based SAW (Simple Additive Weighting)(SASAW)
vertical handoff algorithm. The algorithms uses the combined
effects of SINR, user required bandwidth, user traffic cost and
available bandwidth of the participating access networks to
make handoff decisions for multi-attribute QoS consideration
according to the features of the traffic. In [16] the authors

TOPSIS is based on the concept that the chosen alternative
should have the shortest geometric distance from the positive
ideal solution and the longest geometric distance from the
negative ideal solution. The ideal solution is a “hypothetical
solution” with the best values in each parameter while the
negative ideal solution is the opposite. The ideal solution is
obtained by using the best values for each metric. Let ci denote
the relative closeness (or similarity) of the candidate network i
to the ideal solution. The selected network ATOPSIS is:

ATOPSIS = arg

i

proposed a vertical handoff method based SAW which uses
user preference parameter like cost for selecting the target
network.

B. Multiplicative exponential weighting

Steps in TOPSIS method are as follows:
•

Construct the normalized decision matrix,

•

Construct the weighted normalized decision matrix

•

Determine ideal and negative-ideal solutions

•

Calculate the separation measure between the networks
and the positive and negative ideal networks.

•

Calculate the relative closeness to the ideal solution.

In this technique a handoff decision matrix is formed
where a particular row and column corresponds to the ith
candidate network and jth attribute of that network,
respectively. The weighted product of the attributes is used to
determine the score Si of the candidate network as follows:
Si =

wj
ij

where xij denotes attribute j of candidate

network i, wj denotes the weight of attributed j, and

j

= 1.

In [18] the authors proposed an improved MEW algorithm
for vertical handoff in heterogeneous wireless networks. It

In [11] authors proposed a vertical handoff based on
TOPSIS with the introduction of the utility function in Fuzzy
Utility TOPSIS which greatly influenced the ratings of the
alternatives. The proposed method was the first to utilize the
Fuzzy TOPSIS method for the aggregation of conflicting
criteria resolving the issue of possible inconsistency that would
arise if the standard TOPSIS method was used.

D. Grey Relational Analysis

introduced the signal to interference plus noise ratio (SINR)
effects, least square (LS) and information entropy method into
the algorithm. An attribute matrix is constructed considering
the parameters - SINR in the source network and the equivalent
SINR in the target network, the required bandwidth, the traffic
cost and the available bandwidth of participating access
networks. Handoff decision is made according to the traffic

Grey relational analysis (GRA) is suitable for solving
problems with complicated inter relationships between multiple
factors and variables. The Grey theory can provide a solution
of a system in which the model is unsure or the information is
incomplete. Besides, it provides an efficient solution to the
uncertainty, multi-input and discrete data problem [7]. GRA
solves MADM problems by combining the entire range of
performance attribute values being considered for every
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alternative into one, single value. This reduces the original
II. CONCLUSION
problem to a single attribute decision making problem.
Vertical handoff algorithms with the requirement of
The ranking of GRA is performed by building grey
seamless connectivity are the key requirement of next
relationships with a positive ideal network. A normalization
generation wireless networks. A key issue that aids in
process to deal with benefit and cost metrics is required and the
providing seamless vertical handoff is handoff decision, that is,
Grey Relational Coefficient (GRC) of each network is
the ability to correctly decide at any given time whether or not
calculated. The GRC is the score used to describe the similarity
to carry out vertical handoff and determine the best handoff
between each candidate network and the ideal network. The
candidate access network. Several classes of vertical handoff
selected network is the one which has highest similarity to the
methods are available in literature. Vertical handoff decision
ideal network. The selected network is given by
problem can be formaulated as a MADM problem. Several
AGRA = arg
, where Γ0,i is the GRC of network vertical handoff algorithms based on MADM method are
proposed in the literature. In this paper a detailed overview on
i.
vertical handoff strategies based on MADM methods are
In [12] authors proposed algorithmic approach that can
discussed.
realize dynamic interface selection with multiple alternatives
and using GRA. The alternative solutions are introduced to
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E. Analytic Hierarchy Process
This process decomposes a complex decision problem into
a hierarchical structure. The vertical handoff decision using
AHP decomposes the network selection problem into several
smaller problems and assigns a weight value to each of them.
As given in [10] to make a decision in an organized way to
generate priorities of the target network the decision is
decomposed into the following steps [10].
1. Define the problem and determine the kind of knowledge
sought.
2. Structure the decision hierarchy from the top with the
goal of the decision, then the objectives from a broad
perspective, through the intermediate levels to the lowest level.
3. Construct a set of pairwise comparison matrices. Each
element in an upper level is used to compare the elements in
the level immediately below with respect to it.
4. Use the priorities obtained from the comparisons to
weigh the priorities in the level immediately below. This is
done for every element. Then for each element in the level
below add its weighed values and obtain its overall or global
priority.
This process f weighing and adding is continued until the
final priorities of the alternatives in the bottom most level are
obtained.
In [13] proposed a network selection scheme for the
integration of UMTS and WLAN. Analytic hierarchy process
(AHP) is applied to decide the relative weights of evaluative
criteria set according to user preferences and service
applications.
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