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Abstract— In the past, Always Best Network Connection
(ABNC) has been presented to selecting an accesstwmrk
based on the characteristics of communication seesi in
heterogeneous wireless networks. The novelty of AENis to
consider both source and destination access netwarkvhen a
voice session is being setup. However, it is notitsble for
multimedia service, which consists of video and dat in
addition to voice. This paper presents an Always B¢
Multimedia Network Connection (ABMNC) model to support
multimedia services. ABMNC is an integration of a Miltiple
Attribute Decision Making (MADM) problem and a util ity-
based Multiple Knapsack Problem (MKP). We present a
hybrid Analytic Hierarchy Process (AHP) and SimpleAdditive
Weighting (SAW) scheme to solve the problem. Finall a
heuristic algorithm was proposed to reduce the conipxity of
access network selection. The simulation results e that the
presented approach performs better than current appoaches.
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l. INTRODUCTION
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network but also on the chosen corresponding access
network.

ABNC [5] extends ABC to let users select the best
network connection, which consists of the sourcd dre
destination access network pair when handsetscaipped
with multiple interfaces. It has been shown that NKB
indeed works better to meet user’s requirementsveier,
ABNC is designed for voice sessions and is nogbiet for
multimedia services for the following reasons: frsa
multimedia session can be established on many pathbas
more than one media type and thus, we may choose mo
than one path and have to assign each media typleeto
chosen paths, which is not considered in ABNC. 8éigo a
multimedia session contains media type such asoudat
requires much larger end-to-end bandwidth than @evo
session. This paper presents a more flexible moditd
Always Best Multimedia Network Connection (ABMNC).
ABMNC extends ABNC to support multimedia servicesl a
deals with different multimedia sessions such adew;
voice, and data. ABMNC constructs multiple end-tol-e

Nowadays, various access networks such as Generepnnections between users, and then chooses the bes
Packet Radio Service (GPRS) [1], Long Term Evohutio configuration that comprises one or more connestiaith

(LTE) [2], Microwave Access (WIMAX) [3], and Wiress

Local Area Networks (WLAN) [3] have been deployed

widely. Each access network provides different levef
Quality of Service (QoS), in terms of bandwidth, bitity,
coverage area, and cost to the mobile users. Nadrgtion

respect to multiple media sessions.

In this study, ABMNC is formulated as a Multiple
Attribute Decision Making (MADM) problem. The ABMNC
decision hierarchy chooses a set of network cororect
based on attributes such as cost, quality, secuaity power

networks (NGN) commonly known as 4G integrate thesgonsumption. The ABMNC decision hierarchy weighlis a

different access technologies and support all keddraffic.
Indeed, 4G users will be able to connect seamlegsly
various access networks that offer the best passilohlity at
any time and any place.

Despite all potential advantages of 4G, selectibthe
best network connection remains one of the mosbitapt
concerns and critical issues. Based on user prefese the
best access network must be selected to estallistection

between source handset and corresponding handset.
widely accepted approach called Always Best Cormkect

(ABC)[4] has been proposed to solve this problerBCAis
user-centered which means it makes users alwayssettbe
best available access networks at any place andimey

media types in a multimedia service and then assign
media type to a network connection. In order taucedthe
complexity of MADM and have a reasonable number of
alternatives, the MADM hierarchy is decomposed imiany
iterated sub-MADM hierarchies. Also, the media gssient
problem is formulated as a utility-based Multipl@dpsack
Problem (MKP) and a heuristic approach is presemted
solve the problem. Simulation results show thathauristic
afmproach can perform well as compared with thatmof
exhaustive searching scheme.

This paper adds contributions to [6] by introduciag
heuristic path selection algorithm. Also, simulatiovas
performed to study the performance of our presented

However, in many situations choosing a good accesglgorithms.

network is not good enough. For example,
communication is charged not only based on souccess
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The rest of the paper is organized as follows. iGedt
summarizes related work. Section Il describes the
multimedia session selection and formulates theolpro.
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Section IV depicts the proposed methodology, dndtiates lll.  MULTIMEDIA SESSION
a hybrid scheme of SAW and AHP. ABMNC performarge i .
evaluated in Section V. Finally, Section VI conasdthe A ProblemDefinition
paper. Given a pair of communicating parties, each is [gogeqd
with N interfaces. Then there exist possible network paths
Il RELATED WORK or connections between them. Media session contites,

ABC has been extensively studied by a number ofoice, and data, and each can take any one of the
researchers. The concept and architecture of ABE arconnections. Assume one medium can pass only on one
described in [3]. In [7], the ABC problem is formatéd as a connection and more than one medium can share athe p
variation of the Knapsack problem with multiple pgacks, when the path has sufficient bandwidth. With this
and further proved it to be NP-Hard. Given a sdtaf's, in ~ assumption, we havg¢n?)®=n® possible transmission
[8], authors formulate ABC as a variant of_bln_ pgagk configurations.
problem and present a series of approximation igos Given source handset S and corresponding handset C.
based on First Fit Decreasing (FFD) algorithm #elect a s c
network to meet user's QoS requirements and witkinme A’ and Aj denote access networks of source handset and
admitted flows for a user. However, the approaddus [7]  access networks of the corresponding handset, aeaglg.

addresses the problem from a network perspectivetWis | et S, denote a connection established from source

maximized is the admitted flow, not the user satiSbn. handsets interface to corresponding handset’s interfgce
Roy et al. [9] intends to achieve ABC over WLAN and P 9 9

WiMAX by using a new mechanism to detect QoS supporand be defined &; =(A°,A’). For example S, suwr

of the underlie networks. _ . means the connection is established from UMTS fiterof
The work in [10, 11] take multiple criteria into source to the WiFi interface of corresponding. Daethe
consideration, however, still leaving some problefisr  nature of multimedia session, ABMNC considers mben
instance, weight elicitation has been ignored; ti@lrank  one connection. Lét be a set of configurations that indicates
irregularity problem is not addressed. [12] consideoth how caller and callee are connected through thetess
user preference and attributes of access networks anetworks. Then, the configuratiok = (S swir » S wir )
formulate ABC asa problem of MCDM. In adql|t|on,[lr8- means there are two connections established fronrT®&M
15], an access link selection management is prop@Se ng \wiFj interface of source to the WiFi interfacé
incorporate user preference profiles as a pati@selection  gestination. Characteristics of a multimedia sessare
policies. determined by source and destination access network

_ Many hybrid approaches have been used in solving.AB Connections can be characterized by cost, powenrise
Liu [16] proposes a hybrid ANP [17] with RTOPSIS8]  |evel, and utility.

based on several decision making algorithms tocséhe «  Cost (C, ): The cost information can be acquired

best candidate networks(s) from the user perspectiv .
Mohamed et al. [19] presents selection strategyedam from ISP. Charging depends on both source and

ANP and TOPSIS while [20] integrates AHP and TOPIBIS destination networks, we represent cost as
selecting a network. In [21], four MADM algorithms, C(S)=C(A°,A’) . The cost should be
namely SAW, MEW, TOPSIS and GRA, are simulated to accumulated on the number of interfaces used by
show the impact of criterion’s weight on the coméints. both sides during communication.

They solve the rank irregularity problem and eliatén the .

Power (B, ): The energy consumed per unit of time.

It depends not only on the type of access netwafrks
source handset but also on the number of interfaces
used during a call.

interdependence between criteria. All previous aegees in
ABC focus on source access network selection, which
appropriates when a multimode handset is in a btand
mode. However, when a service session is beingpsétBC

is no longer efficient as the performance of aisersession  Security Level GL, ): The security level goes from

depends not only on the source access networkalboiton UMTS, WIMAX, WiFi in a descending order. Since

the corresponding destination access network. a path consists of a number of access networks, so,
In [5], ABNC is proposed to enable users with the access network with minimal security level will

multimode handsets to select the best network axiomefor determine  security level of the path

a voice session, which consists of source and régisth SL(S ) =min{SI(A°),SL(A°)}.

access network pair, to satisfy quality constraamtd users’ 7 ! 7 ) . o

preferences. However, when a multimedia sessicm mire « Utility (U, ): The quality of a multimedia session is

than one media type is being setup, ABNC cannott tinge represented by utility. Here, we use the data aate

need. Thus, a more comprehensive model than ABNC is the quality index. The utility functiond , for

required to meeting multimedia session services. configurationk will be defined in the next section.
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The best configuratiorS™ is selected by comparing
scores ofk , which is the addition of the normalized
contribution from each criterion multiplied by theeight
factors.S" is defined as follows.

§* = argy max(w¢ Cx + wp, P + w Uy + wgSLy),

1
s.tCB>TgandCS < T, @)

wherew,, w,, Wy, andw, are weights for criteria cost, power,
utility, and security level, respectivel¢gB is the set whose
elements are adequate when they are bigger tHareshold
T, . Bandwidth is an example. Als@GS is the set whose
elements, such as delay, are adequate when theyreaier
than a threshold@; . Based on (1), ABMNC is modeled as a
MADM problem. The goal of the MADM hierarchy is to
select the most suitable configuratisn  for transiois at
the top level and solution alternatives are locaa¢dhe
bottom nodes. More information on mathematical rhasle
presented in [6].

B. Ultility-Based Media Assignment

In this section, a utility-based measurement sch&ne
presented to evaluate the quality of multimediavises,
based on which, the media session assignmentrisufated
as a MKP, which is a generalization of the stan¢taspsack

N

Uy = maxzz Ul X im
Xm 1 m

i=
N

= maxz Z wplog, (1 +

Xm i=1 m

X

m
b

) Ximo

s.t. Z XmXim < W5,

m
N

inm — 1, %, € {01},

i=1

®3)

Xm

S_
b

Wy =1, Ty <1,

whereU , is the utility or scores acquired by optimizing the
allocated rate for a configuratiok comprising a set of
dedicated connection(sy,,, denotes ther” kind of media
object assigned to th& path, andV, denotes the available

bandwidth for path.

The first constraint ensures that the total alledat
bandwidth to each paihwill not exceed its limit (knapsack
weight), and the second one indicates that eacliumedan
only be assigned to one patX,, /b, is ranged from zero to

one, so, the maximal value of, is one.T limits X to
have a minimal threshold value to ensure an acblepta

problem from a single knapsack to m knapsacks wittguality level for media m. A connection is feasibldy if it

different capacity. The objective is to assign e#em to at
most one of the knapsacks such that none of thacisp
constraints are violated and the total profit af ftems put
into knapsacks is maximized.

The design of the utility functions is to strikebalance
between system utilization and system QoS requinégne

Let U," be the utility function of a given configuratida

for some medium m, whera [{video, voice, datgd and be
defined as follows.

2

UP = wylog, (1 +2),
bm

has bandwidth larger than the threshold value.

IV. ABMNC

Selecting the best connection for multimedia sess@
complicated process due to intensive comparisoa lafge
number of alternatives. In this section, we propade/brid
scheme of SAW and AHP in order to reduce the nurober
configurations (alternatives) and hence the contjpma
complexity. AHP is used to decide relative impocerof
criteria and media, which is then used by SAW fmrmg.

When the source handset want to start multimedia
session it initiates a network discovery procedoreletect

all available networks and candidate p&s These paths

where X andb,, are the allocated and requested B.W. forare input to our heuristic algorithm for path sétet To

media m, respectively,, is media weight which is obtained
from AHP. Because humans are more sensitive twdfee
(speech) than video, and data is considered tdé&detst
important, the weight for video, voice, and datee ar
Wvoice >indeo >Wdala'

In MKP, every path of different bandwidth betweée t
caller and callee is considered as a bucket oémdifft size.
Each medium of different bandwidth requirement i
considered an object of different size that to rioguided in
one of many possible buckets. The objective is dsiga
objects to the available buckets such that we ntlge
maximal utility value while each bucket is not dieved.
Thus, given N different paths, the media assignrpestilem
of the ABMNC is defined as follows.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-283-7

speed up the computation of MADM, we integratedphth
selection scheme with our hybrid AHP and SAW apgihoa
The hybrid AHP and SAW rates the path alternatiogs
considering all criteria, except utility, to progdua partial
score first. We sort all candidate paths by thaitipl scores
in a descending order. Then, we select paths basdbeir
contribution on utility value or their bandwidth.ftér the
heuristic algorithm selects a configuration, therall score

ISis computed by merging the utility value with media

assignment. Fig.1 shows the process of multimeelsisn
selection.
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A. SAW-AHP hybrid scheme

AHP illustrates the importance of each criterion by
determining the relative weights of the compareiteica
where weights are decided according to user's meées. M denotes the number of criteria ang is the weight
Since our approach deals with media sessions, ABIBhS  of the j*" criterion. r;; is the normalized score of thg"
both criteriaw,,w ,,w 4, andw, , and media which is used criterion of theit" alternative.

during media assignment. - .
Table | shows how AHP weights each media. Voice rov\F" Heunsthlgonthm. ) »
shows that voice is twice as important as videmehimes  Our heuristic algorithm classifies the sub-MADM
as important as data, and equal to itself. Videosbows the hierarchies into three modes, single-path, dudi:pand
video is twice as important as data. We use Aritioidean  triple-path. The first mode takes one path while siecond
of the Normalized Column Vectors (AMNCV) and get takes two paths, and so on. Each mode outputs ¢se b
W, =0.297, w . =0.539, andw,,_ =0.164. By a configuration as input to next mode if it existsheTnext
v @ mode tries to find a better result by combiningitiut best
configuration and one of the remaini%y Note that each
w, , andw, from AHP. AMNCYV is defined as follows. mode re-considers all remaining paths again foretieb
result. If a better configuration cannot be foutha, result of
the previous mode is the result. Also, the conpadils if
nothing is found in the single-path mode. Tableshbws

MAXY wr, )

=1

voice

similar process, we can readily obtain weightvqr, w ;,

1 a 1o (4) notations used in the heuristic algorithm.
f‘mlzl ] 1,j=12,.|m|, The heuristic algorithm is designed to choose tbst b
2.4, configuration from a set of ranked paths for media
= transmission. The algorithm considers first thenpaith a

larger score without utility value, and then a patith a
larger bandwidth. It reduces the number of candigeths
ABMNC ) by deleting a path with a lower bandwidth and ragki
T compared with the others.
K }g Single-path, dual-path, and triple-path mode acevshin
il Algorithm 1. We specify the rules for the dual-paifid the
triple-path mode with some replacements to simpitg
pseudo code because they're based on the sameptafce

the single-path mode. For example, S&W.f . ,)at line

(. amp )
AHP

&
I
|
|

N |
|
|

|

ighting medi 1

- awe |
F

C,P,SL, L

Weighting Criteria |

Media Assign (U)

L

e, Wy, Wt
— = SAW(C,PSL)

AHP
video, voice, data

19 means scoring a new alternatife ,f,,) based on
results at line 3.

ALGORITHM 1: Single-path heuristic path selection algorithm

1: BEGIN
_ _ _ ' _ 2: s; =0 I* score,, (S, =0) is zero*/
Figure 1. Process of multimedia session selection 3 SAW (F)
TABLE I. COMPARISON MATRIX OF MEDIA WITH RESPECT TO THE 4: Of; OF : Sort f, in decreasing order by score.
CRITERION UTILITY ] )
5: f, OF: B(fi)Zzbm targets af, which has higher order
Utility | Video | Voice | Data d thers | than it frdm
Video 1 12 > R , and remove others lower than it frdn.
Voice | 2 | 1 | 3 | Ster) |
Data 1/2 1/3 1 6: Q=F

. 7 For f, in Q removef;.; from
SAW is used to produce the overall score of an N Q Velixi Q

alternative and is computed as the weighted sumlldhe stB(f;)zB(fi.), 1< < |Q | Endfor

attribute values. In our study, we use parameterdifferent | Step(2) |
access technologies and user preferences to constru

isi i i . 8: For f. i
decision matrix with respect to cost, power, anduggy . or f; in Q
level. Then, we normalized the table based on vemethe SPRA(f,)
criteria is beneficial, e.g., security and utiliyr non-  10: Get the overall score f
beneficial, e.g., cost and power. The best condifjiom is  q;. If (score, (f,)>score, (S;)) S, =f, Endif

obtained by comparing the weighted average of all,.

. X o, . Endfor
alternatives from the normalized decision matritcdisws.
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i Step(3) i Default simulation parameters used to analyse the
13: If (IsUpdated§, ) is TRUE) performance are listed in the Table Ill. For diffier access
14 (o technologies, the cost is referred by recent ISBrgthg
. bestl ~ “k H 1 H -
. mechanism, the power consumption, i.e., standb tisn
ig; Else EJxlthmp Dual-path based on the specifications of some representative
17: Endif multimode handsets, and the relative values ofrigdavel
are from some wireless technical reports. We assume
Dual-path monthly charged cost, and the cost is counted th baller
18: Repeat Step(1) but repld@e=F by Q =F —{f,.} , and callee no matter who initiates the call. Meugghts are

) ) calculated from AHP.
19: Repeat Step(2) but ins&AW (f, f,,) afterline 8,

20: Replace alf, by (f; f,g,) and SPRAby DPRA.

21: Repeat Step(3) butreplatg,, by (f q:foes) UMTS ~_ s Tntemet 1oees -~ UMTS
22: Replace Dual-path by Triple-path. RN < T y G
Triple-path WiMax -~ Ssoxps “(g _____ = | Joowps (? \y ';M_m; ~ WiMax
100Mbps
23: Repeat Step(1) but repl F b =F —{f_..f . . - ——
P P(1) but repla@e=F by Q =F ~{f ey o d TEIE 505+ o - =~ o S
24: Repeat Step(2) butins8AW (f, f,,.fre,) after line 10, IMS
Interface Interface
25.  Replace alf; by (f, ,f s f peg2) @NASPRADY TPRA. Calfar Callen
26: END ) ) )
Figure 2. Environment for analysis
TABLE II. SUMMARY OF NOTATION FOR OUR HEURISTIC ALGORITHM
TABLE III. SIMULATION PARAMETERS
Symbol ; Symbol Meanin
Y Meaning Y g Number of N Cost for 0.0003%/s
The final Retrieving the handset: caller/lUMTS
S, transmission score saved partial Number of 3 Cost for 0.0005%/s
confiouration score of an input] interfaces caller/WiMax
9 configuration Number of feasible 9 Cost for 0.0001%/s
Available Single-path rate paths callee/Wi-Fi
B bandwidth of SPRA | allocation Power/UMTS | 420mins Cost for 0.00053/s
some path (media callee/lUMTS
assignment) ) ) Cost for 0.0003%/s
Dual-path rate Power/WiMax 180mins caller/WiMax
F A set of DPRA allocation - . Cost for 0.0002%/s
candidate paths. (media Power/Wi-Fi 210mins callee/Wi-Fi
as; |Ignmerr]1t) Security/UMTS Moderate Wyideo 0.297
f Elementin sorted|  TprA ;—HI(F))CE;-I?OEII’: (rrrlzgeia
F assignment) Security/WiMax High Wyoice 0.539
The best result . -
Q ﬁasr‘:jti g;t%oo;jths f o found in single- Security /Wi-Fi Low Waata 0.164
P path mode
SAW Score input - The best result = ==l BB == =3I st =528
configurations (FoestsTrex2) | found in dual- |
without utility path mode
Retrieve the
scorey, saved overall
score of an input
configuration

V. PERFORMANCEEVALUATION

This section evaluates the performance of our mepo
solution, ABMNC, through simulations. Fig.2 showsro
simulation environment in which two handsets arkingi to
establish a multimedia session. Each handset igomep

with three interfaces. We assume there are ninsiblea 0

pathsS; which satisfy the minimum bandwidth requirement, ¢ ¢ 0w 0§ % U 08 0
and S, S, Sy denote the paths from source handset's Weightof s )

interface of UMTS, WiMAX, and Wi-Fi to th@" interface ‘

of destination, respectively. Figure 3. Scores of various alternatives
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We compare ABMNC results with an exhaustive searcltomplexity. Simulation results show that ABMNC can

(EX) method. The EX is a very general problem-sajvi

choose network connections that match well with fE¥st

technique that examines all configurations as rsdtieres.  of the time.
EX takes a large amount of time to complete a d®tis REFERENCES
making when the number of candidates is large. thi [1] C. Jain and D. Goodman, “General packet ragivise in GSM,"

simulation, the user is more interested in quadityl cost,
and cares less about security or power. Thus, aseder's [
preferences we set, = 0.05,wy = 0.05, andv, + w; = 0.9.
Fig. 3 illustrates the scores of all possible ogunfations at
various weights of cost, and the respective weight of [3l
utility wy,.

Fig. 4 illustrates the decision making results [BMNC 4]
and EX. We observed that the result convergestovhen
W, increases becaus®; has the smallest cost among all [5]
alternatives, and the cost dominates the overalescwhen
W, is getting large. ThusSss is the best connection for
general users that want to save money. On the agntr
configuration  (S,,,S,,,S;,) and (S,,,S,,.S,;) are [6]
recommended for the users who strongly demand tyjuesi
w, becomes large. One can observe that the overalé sc 7]
changes when weights change, which is a desirallirke
for a scoring system. Note that the chosen cordigur is
not shown in this figure.

! 8]
09
" [0l
90‘7
§ 06
)
in 0 [10]
S04
0 ——ABMNC
03 [11]
02
01
0 [12]
0 0l 02 03 0 0 0 08 09
Weight of cost w,)
. . [13]
Figure 4. Comparison between ABMNC&EX
It can be observed from Fig. 4 that results arelapped  [14]
with one another except in the interwa = [0.25, 0.35].
This is due to the nature of the heuristic pattectan
algorithm. In this interval, ABMNC does not perforas |15
well as the EX. EX chooses the dual-path or trjpdé¢h
configurations rather than single-path S21 by ABMNC
VI.  CONCLUSIONAND FUTUREWORK (16]

In this paper, a new approach called ABMNC wag[17]
presented to selecting best network connection for
multimedia communication. Unlike all previous apgebes,
in ABMNC the problem was formulated as a MADM

. . . . . [18]
hierarchy with MKP media assignment. The complexity
the selection process was tackled by combininghytrid
SAW and AHP scheme with our novel heuristic algonf  [19]

which all together work on reducing the number of
alternative paths, and thus simplifying the compoita
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