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Abstract
In a heterogeneous networking environment of Fourth Generation nication
technology, there will have a coexistence of different radio acgess tech serve the
user. The users will always try to get the best service fr heterogéfiegls network. So

selection of best access network at a particular time=Wil De problematie and challenging.
There will be a conflict between the network tech ies of geneous networking
system. We have taken into account the influence, of some fa ohn which the selection of
best access network will depend. Also, we h ied to s % network selection problem
by using Game theoretical concept. By usir ﬁconcep strategy space, quality points and

weighting factors in the game theoreti @ del, % atical way for selecting the best
network is demonstrated. The pap {Uoduces ncept of optimum network selection
mechanism from any numbe@z&petin works. Lastly it is shown that the best
connected networking system can Ways% le in 4G communication network using this

network selection mechani@‘ficiently.
* \

Keywords: 4G }!&0 eneo nication networks, game theory, network selection,
quality points space@ly , drainage rate

1. Introduction 6

The communic @ghnology is developing very fast. The total communication system
in general is div&to 1% to 4" generation. The communication networking system up to
third generati G) is homogeneous. So there needs no selection of network or there are no
options a@ future generation wireless access networks, the users will have the chance of
ch i@lmong multiple connectivity opportunities provided by different access networks
[@(ourth generation (4G) [2], the networking system is heterogeneous .A lot of network
technologies are combined to create a communication networking system. Actually, the
advantages of different networks are combined to provide the best service to the users. This
kind of network is defined as heterogeneous network. So selection of best network to serve
the user at any instant from a heterogeneous networking system is needed as there are a lot of
options. The phenomenon is illustrated in Figurel.
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Best network selection from such a hetero % networ'* G communication networks
has become an important topic of rese ?\ rious @rc papers on network selection
have already been published [3- 9]. In %al pa@ work selection mechanism for 4G
[3], the authors have describe e best access technology from a

ogies. But the mechanism to select an
us network consisting of more than three

optimum network technology a hete
technologies was beyond t)@cope of t k. The work of J. Antoniou et al., [4] is about
selection of best networ a converge®4G networking system by Game theory. “A game
theoretic approach ’v\ ork selee%” [5] is much effective in this field. The work of A.
Kaloxylos et al., S With\@ar selection mechanism from a heterogeneous wireless
network. V. i ®f al., [7] gives Us a good idea about 4 G mobile communication systems.
Location Ba@S-AW %ork Selection Mechanism for the Nomadic Mobile Services
[8] has useful data fori ing QoS. The research paper of R. V. Eijk et al., [9] is about
Access Network Se in a 4G Environment. To know about the evolution of different
generations, the & paper named by “2G-4G Networks: Evolution of Technologies,
Standards, and Déeployment” [10] is tremendous. There are also a lot of works related to 4G
communica\%&etwcrks which are not mentioned here. The concept of Game Theory [11-
13] is USQ nsively in these research papers. In this paper we have shown the complete
way t the best network from a heterogeneous network of 4G combining any number of
t Ies. The mechanism tells us the way to select the best network at any instant. The
Garng’theoretic approach is used to select the best network. Introduction of strategy space,
weighting factor and quality point makes it easier to select the best network. A heterogeneous
network combining four different networking technologies (WCDMA, WLAN, WIiMAX &
Flash-OFDM) and four services (streaming video, Internet surfing, Voice call, HDTV)
against them is taken as an example. The selection of a particular network to serve an
individual service to the user depends on a number of factors. This work targets to take into
account these factors and their influences in the selection of best network. Five possible
factors are taken into account to hunt the best network. The properties of the individual
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network technologies are verified and compared based on the five factors. All the factors
related to the selection of best network are easily computable for a heterogeneous network
consisting of four technologies. But computation of one of the five factors called drainage
rate of batteries [14] seems to be quite difficult when the numbers of network technologies
are greater than four. Because a lot of combinations for drainage rate are possible for such an
increased number of technologies and it is not so easy to compute drainage rate for every
single combination dynamically. We have succeeded to overcome this difficulty by
computing drainage rate directly or statically using a simple equation which is described in
section 6 of this paper.

Finally a mechanism is implemented to select a best network from a heterogeneous
network combining any number of networks. By using this network selection mechanism
efficiently, a relatively congestion [15] free best connected [16] networking sys an
always be possible in 4G. Most importantly, a network provider’s main view is Y0 Jmprove
the QoS for the consumers. Improvement of QoS can also be possible by usjfig network

selection mechanism. * . @
2. Game Theory Q\ \/

Game Theory provides appropriate models and to@ handl tiple, interacting entities
attempting to make decision and seeking a solution stafe that maximizes each entity’s utility
[5]. Game theory can be defined as the stud émathem I model of conflict and co-
operation between intelligent rational decisio ers [11 \

Game theory is the formal study of t an @raﬁon. Game theoretic concepts

R A
apply whenever the actions of seve nts dependent. These agents may be
individuals, groups, firms or any o@etion of &The concepts of game theory provide
a language to formulate structure, analyze, an rstand strategic scenarios.

More specifically game theory™€an b as a distinct and interdisciplinary approach
isCiplines most involved in game theory are

to the study of human vior. T
mathematics, economi e othensocidl and behavioral sciences. [12]
Game Theory ha&%g extensi ’{gsed in networking research as a theoretical decision-

making framewouk,N\N.e., for ro , “‘congestion control [15] resource sharing etc. The
Network Se 3, 6 ision may benefit from such a theoretical framework that
considers decision-making;NfTtefacting entities.

3. Our Propose anism

Game theory 1s,used by us to select the best network from a 4G communication network.

To do so, I%@nsider the following game:
Four netw@ chnologies are used here (4 players)
—

1. C@A P1 (player 01)
2. N > p2 (player 02)

3. WIMAX 7 P3(player 03)
4. Flash-OFDM > P4 (player 04)
And four services against them (4 Strategies)

1. Video streaming - 1 (strategy 01)
2. Internet surfing - 2 (strategy 02)
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3. Voice call —— 3 (strategy 03)
4. HDTV —> 4 (strategy 04)
Let,

G={N,K,P} [3]

Where,

N= A set of players= {WCDMA (P1), WLAN (P2), WiMAX (P3), Flash OFDM (P4)}
K= A set of service requests that the access network is going to serve (Strategy).
Pi= payoff of each player P for choosing a strategy from set K. The strategy space is

describing in the next section. R \/

3.1 Strategy space

In this section, a new concept called “strategy space rdduci [[owing are the
elements that make up the strategy space:

a) Individual access network: According to a Ga'\/ etic el [#], the players of the
game are the individual access network (in our wi CDM AN, WIiMAX,& flash-
OFDM).Each of which compete to win a servi uest .

b) Strategies that access networks can‘% InaG e}heoretlc model each player can
choose a strategy from a set of strategles% netwo tion oriented game, the strategies
are the service requests. At a partlcul eachﬁQ‘ makes choice of a strategy with the
h

aim of achieving highest payoff work ach“etwork technology makes choice of a
service request with this almﬁe ore the varying combinations of these strategies
which give the strategy space co-ordinat y instant of time each of the player choose a
strategy and thus the stratégypspace fo . For example, by the co-ordinate (1,1,1,2) we
mean that WCDMA) & WIiMAX networks have chosen the same strategy, that is
strategy 1 (Streamm Q&OFDM has chosen strategy 2(Internet surfing). Our
model says me WI|| layed between the three players (WCDMA , WLAN &
WIMAX) m‘e ma ce of the same strategy but flash-OFDM will not have to
compete the e becau ' S no competitor at that moment and can serve with its chosen
strategy . Finally, the of the competing networks are computed and the network with

the highest payoffs& serve the chosen strategy in that particular time.

4. Calcul(%
4.1 Ianu@ factors
L@ng to the approach of this work, the payoffs of the network are influenced by some

i ctors. These inputs are considered in this work to compute payoffs. These are as
follows:

a) The type of services---Streaming Video (1), Internet surfing (2), Voice call (3), HDTV (4)
b) User preference--------- Cost (1), Quality (2)

c) State of network (traffic) ----- Dense (1), Medium (2), Free (3)

d) Speed of the user------- High speed (1), Low speed (2), Stable (3)
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e) Drainage rate of battery (1),(2),(3),(4),(5),(6),(7),(8),(9),(10).......ccceevririinn ... (24).

The input factors can also be calculated dynamically .The fifth factor (drainage rate) is
dynamic here.

Let us clarify the concept of this factor. In this work, the authors have considered a user
equipment or device which can operate in four modes: WCDMA, WLAN, WiMAX, and
flash-OFDM. The drainage rate of battery power is specific for each mode. The drainage rate
of battery depends on a lot of factors which are not considered in this work. So, dynamic
factor means that the 4G core network will collect real time information regarding the
drainage rate of battery at four mentioned modes. Therefore the drainage rate of battery as
well as the fifth factor can be explained by the following ways:

1. WCDMA>WLAN>WiIMAX>Flash-OFDM ¢

This means that, WCDMA has the least rate (Battery power remains for e) &
flash-OFDM has the highest drainage rate of battery power. (Battery power Igst n a short
time) when input condition 01 is selected. .

In the same way, the other combinations for input n2 3 SO on can he
represented as follows:
2.WCDMA>WLAN>Flash-OFDM>WiMAX 14Q1AX>VM>FIash-OFDM >WLAN
3.WCDMA>WiMAX>WLAN>Flash-OFDM WIMA LAN>WCDMA> Flash-OFDM
4 WCDMA>WiMAX>Flash-OFDM>WLA 6.WIMAX2 LAN> Flash-OFDM >WCDMA
5. WCDMA>Wi-Fi> WLAN >WiMAX \ 17 X> Flash-OFDM >WCDMA>WLAN
6.WCDMA>FIash—OFDM>WiMAX>K@I 4 X> Flash-OFDM >WLAN>WCDMA

7.WLAN>WCDMA>WiMAX> a@ DM ash-OFDM >WCDMA>WLAN>WiIMAX
8.WLAN>WCDMA>FIash-OE%> MAX 0. Flash-OFDM >WCDMA>WiMAX>WLAN
9.WLAN>WiMAX>WCDMA>FTash-O \ 1. Flash-OFDM >WLAN>WCDMA>WiMAX
10.WLAN>WiIMAX>Flas M>WC$A 22. Flash-OFDM >WLAN>WiMAX>WCDMA

iMAX  23. Flash-OFDM >WiMAX>WCDMA>WLAN

CDMA 24. Flash-OFDM >WiMAX>WLAN>WCDMA
h*OFDM

Every network te gy in 4G may have advantages & disadvantages over another
network technolo ifferent situations. These advantages and disadvantages have been
interpreted math ically by a point defined as quality Point. The quality points to each
player (Ne%@ based on the above mentioned five factors are assigned by the following
way. Her

E@Olsplayer 1(P1)

is player 2(P2)
WIMAX is player 3 (P3)
Flash-OFMD is player 4(P4).
A) Based on inputl (Type of service)
Al.When input 1=1(streaming video)
Quality point for four players-------
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Qp1,in1=1=3 Qp2, in1=1=5 Qp3, in1=1=6 Qp4, in1=1=7
A2.When input 1=2(internet surfing)

Quality point for four players---------

Qp1l, in1=2=3 Qp2, in1=2=4 Qp3, in1=2=4 Qp4, in1=2=5
A3.When input 1=3(voice call)

Quality points for four players--------

Qp1l, in1=3=7 Qp2, in1=3=4 Qp3, in1=3=4 Qp4, in1=3=3
A4. When input 1=4(HDTV)

Quality points for four players-------- Yy
Qpl, in1=4=7 Qp2, in1=4=5 Qp3, inl= 4 4 Qp4® 4
B. Based on input 2(user preference)

B1.When input 2=1(cost: i.e. the user prefers cost to Euah@ &

Quality points for four players------

Qpl, in2=1=3 Qp2, in2=1=7 §p3 |n2 Qp4, in2=1=4
B2. When input 2=2(Quiality: i.e. the user pre allty to

Quality points for four players------ 6

Qp1l, in2=2=3 Qp2,in -2®\ éﬁg\n2=2=6 Qp4, in2=2=7
ﬂw&twork): \6

C1.When input 3= 1(netwo@fﬁc is d@

Quality points for f@v *
Qp1, in3=1=0 9 p2, in3@ Qp3, in3=1=0 Qp4, in3=1=1

C. Based on input 3(state of

C2. When in net rl@ffic is medium)

Quality points for four V& ———————

Qpl, in3=2=7 (&.2 in3=2=3 Qp3, in3=2=5 Qp4, in3=2=8
C3.when inpu 3@w0rk traffic is free)

Quality pai four players-------

Qpl,i - Qp2, in3=3=7 Qp3, in3=3=4 Qp4, in3=3=8

d on input 4(speed of user)

D1.when input 4=1(high speed)

Quality points for four players-------

Qp1, in4=1=5 Qp2, in4=1=0 Qp3, ind=1=7 Qp4, in4=1=8
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D2.when input 4=2(low speed)

Quality points for four players-------

Qp1l, in4=2=6 Qp2, in4=2=1 Qp3, in4=2=7 Qp4, in4=2=8
D3.when input 4=3(static user)

Quality points for four players-------

Qp1l, in4=3=3 Qp2, in4=3=7 Qp3, in4=3=3 Qp4, in4=3=4
E. Based on input5 (Drainage Rate of Battery)

E1.When input5=1(WCDMA>WLAN>WiMAX> Flash-OFDM)

Quality points for four players------

Qp1l, in5=1=7 Qp2, in5=1=5 Qp3, in5=1=3 %@12

E2.When input5=2(WCDMA>WLAN> Flash-OFDM >W|

Quality points for four players------
Qpl, In5=2=7 Qp2, in5=2=5 QPQ Qp4 in5=2=3

E3.When input5= 3(WCDMA>W|MAX>WLArQuash o:@
Quality points for four players------ *

Qp1, in5=3=7 Qp2, in5=3= % )pINIT5=3=5 Qp4, in5=3=2
E4.When input5=4(WCDMA>Q@> Flash,OFDM >WLAN)
Quality points for four players----

ih5=4=2 \Q Qp3, in5=4=5 Qp4, in5=4=3

Qp1l, in5=4=7

ES5.When input5=5(WEDMA> FI DM > WLAN >WiMAX)

Quality points layers----2

Qp1, in5=5=@ ,@&=5=3 Qp3, in5=5=2 Qp4, in5=5=5

E6.When input5=6(W, > Flash-OFDM >WiMAX>WLAN)
Quality points f rplayers------
Qp1, in5=6$ Qp2,in5=6=2 Qp3,in5=6=3 Qp4, in5=6=5
E7.W ®1t5=7(WLAN>WCDMA>WiMAX> Flash-OFDM)
ints for four players------
Qp1Yin5=7=5 Qp2, in5=7=7 Qp3, in5=7=3 Qp4, in5=7=2

Similarly quality points for the other combinations can be assigned depending on the
condition of those combinations.

The quality point for each factor used in this work can be static or dynamic. They are not
necessarily fixed. Depending on various properties of the network, they can be rearranged.
The authors have just shown a mathematical method of network selection decision. The
quality points used here are based on assumption and one can take these as example.
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4.3 Weighting factors

One can easily understand that the five factors have considered in this work are not equally
important. Some are more important and the others are less. Therefore, the weighting factors
are used to interpret this effect. The weighting factors are considered as follows:

W= weighting factor for input A (Type of service) =20
W;= weighting factor for input B (User preference) =30
W= weighting factor for input C State of the network) =50
Wp= weighting factor for input D (Speed of the User) =40
We= weighting factor for input E (Drainage rate of battery) =35 \/0

The weighting factors used here are based on assumption and one can ta Se as
example. Depending on various properties of the network, they can be rearra e ically.

4.4 Calculating payoffs

The payoff of each network is the weighted su qual p WhICh a network
obtains from the five inputs. Therefore, the foIIOW| uatlon used to calculate the

payoffs of the networks.

-WAQA+WBQB+WCQC+WDQD+WEQE . ............................ (0D [3]
Here,
i = 1(WCDMA), 2(WLAN) 4(Flash 8&
Qa, QB ...QE are the quahty 0 tamed players from inputs ranging from A to E.

Wa, Wg, oo e WGIgh@tOI’S for inputs ranging from A to E.

Equation (01) can bewn@ﬁ separa% players as:
1*WpQp

Piwcomay =Wy BQBl+

1+WEQE1 ......................... (02)

P, (WLAN) >+ W Q@\/CQCZ+WDQD2+WEQEZ ......................... (03)
P3 (WIMAX) = AQA3++Wch3+WDQD3+WEQE3 .......................... (04)
P4 (Flash-OFDM) =WAQ Bl+Wch1+WDQD1+WEQEl ........................... (05)

4.5 The net Irk lection decision
Using ve four equations ,one can get the payoff for each network and the network

tworks (players) make choice of the same service request (strategy) at the same
that case, each network technologies want to build up a highest payoff for which they
need to maximize their quality points. As an output of that action the users always get the best
service from the heterogeneous network. So, always best connected networking system is
developed. If the requested services are different for the four networks then the payoff
calculation is not needed as there is no completion. A relatively congestion free network is
also developed.
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4.6 Flow chart for network selection process

Start

Take the first input (the
service requests that the
access networks choose as
their strategy)

Are the strategies
different?

*
Take the other \/
4 inputs v

The access network can serve

the requests according to their

A N
Wa drainage  rate

A“igﬁt}’ PUiﬂtitU statically & Assign quality
thgn 55 networi\. points to the access networks

based on the inputs

strategic decision.

A RJ

L2

f
eNotal pavoff of the

rorks using weighted
uality points

v
Ee'lect the best network for the
Q users based on the total pavoff.

@e 2. Network selection process

5. The Implemen% and Proof of the Mechanism

The implem ioh of the network selection mechanism is done by using C++
programming dangtage. The program takes the values of all inputs that are described before.
Calculati yoffs is also done by using the program. The payoffs for different networks
ared to decide which network is best. Finally the optimum network is selected
ogram. Some examples of the result are described below to clarify the whole
of the mechanism.
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B (Inactive F:\THESIS\BIN\FINAL 201.EXE) - [of x|
4G network selection mechanism program

there are 4 players in the strategy space I

player1 is WCDHA
player2 is UWLAN
player3 is WiMAX
players is Flash-OFDH

type 1 for streaming video
type 2 for internet surfing
type 3 for voice call

type 4 for HDTU

Enter a point in strategy space:1 2 3 4
selected strategies are:

.
playeriselected strategy1 V
player2selected strategy2
player3selected strategy3 0

playel‘ 4selected sty ategyll
__'—‘
Z

needs no computation \

the service request will be served accordlng elec

KIN \/
Figure 3. i

In the example shown in Figure 3, the st s 1,2, @ected by the four players are
different. So there are no competition eds n utation of payoffs which is very
easy to determine.

4G network :
............. «. e
there are

i:;.

jeriselected strategy3

type user preference:2
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type state of network 1:3 :l
type state of network 2:2

type state of network 3:2

type state of network 4:2

enter the speed of user :2
specify the drainage rate of battery:19

we used the inputs and weighting factors to compute the total payoffs
total payoffs for WCDMA is:845
total payoffs for WLAN is:525
total payoffs for WIMAX is:860
total payoffs for Flash-OFDM is:1235
seleced strategies are :
playeriseleced strategy 3
player2seleced strategy 3

*
player3seleced strategy 3 VV
3

playeriseleced strategy 3

Flash-0FDHM wins with its strategic decision and seroesxgquest@@
Figure 4. Cas Q \/

In this case, the selected strategies (strategy 3) a e for W players as shown in
Figure 4. That kind of competitive conditiondneeds to gogfipute the payoffs. The player
containing highest payoffs will win in thig c ition andN the request. The other three

players will remain idle and wait for the ice@.
\

4E network selectiofepiechanism prigras =
there are 4 play@n the str® |
playeri,i
playe LAN
player3Ni HAX
pla@ Flash-0OF |
u r strpa ideo [
pe 2/ for inte} rfing |
yp i

t Furuul |

type 4 for

Enter a p isi strategy space:1 1 1 4
selected s eqies are:
playeriselegt strategy
playerZselected strategyl

play ected strategyl
plG elected stratequl |

|

< b e user preference:2 __j
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type state of network 1:2 ﬂ
type state of network 2:3
type state of network 3:1
type state of network 4:2

enter the speed of user :2
specify the drainage rate of battery:19

we used the inputs and weighting factors to compute the total payoffs

total payoffs for UCDMA is:915

total payoffs for WLAN is:745

total payoffs for WIMAX is:658

total payoffs for Flash-OFDM is:1255

seleced strategies are : 4
playeriseleced strategy 1

\/’
player2seleced strategy 1 v

player3seleced strategy 1
playeriseleced strategy 4 0

WCDHA can serves according to its strategic de

Figure5 elll , 6\

In that condition, there are two wmne -OF as no competitor as it selects the
different strategy (strategy 4). So it |th | ¢ decision. WCDMA, WLAN &
WIMAX are in a competition as th e select ame strategy (strategy 1). WCDMA

wins in that competition as it t payo he other two players (WLAN & WiMAX)
The whg cess is shown in Figure 5.

as
will go for the next service reqﬁ'ek

B (Inactive F:ATHEZISW!™IFINAL201. EXI:
achanism program

e“strategy space

type streaming video
type r internet surfing

pe 3’ for voice call
4 for HDTU

er a point in strategy space:2 2 3 3
@ected strategies are:
a

yeriselected strategy2
player2selected strategy2
player3selected strategy3
playeriselected strategy3

36 Copyright © 2014 SERSC



International Journal of Hybrid Information Technology
Vol.7, No.1 (2014)

type user preference:2 :]

type state of network 1:1
type state of network 2:1
type state of network 3:2
type state of network 4:3

enter the speed of user :2
specify the drainage rate of battery:15

we used the inputs and weighting factors to compute the total payoffs
total payoffs for WCDMA is:495

total payoffs for WLAN is: 445
total payoffs for WIMAX is:1035

total payoffs for Flash-OFDH is:18680
seleced strategies are :
playeriseleced strategy 2
player2seleced strategy 2
player3seleced strategy 3
playeriseleced strategy 3

Flash-0FDM wins with its strategic decision and serue\Aequest
WCDMA can serve according to its strategic decision

Figure 6. Ca@

In the case depicted in Figure 6, there a 0 winn CDMA & WLAN has a
competition for the same service (Strateg get Wi & Flash-OFDM has also a
competition to get the same service (stra : Flash-OFDM are the winners in
their respective competition as they ha est p&

B (Inactive F:\THESIS\BIN\F'NAL201.EXE)

player® i@mn
playe LAN
plaig isPUinAX
pl d Flash-0F

; @uideo
e i urfing

ed strategy3
play ected strategy2
P elected strategy2

@<>ype user preference:2 |
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type state of network 1:3
type state of network 2:1
type state of network 3:1
type state of network 4:1

enter the speed of user :1
specify the drainage rate of battery:2

we used the inputs and weighting factors to compute the total payoffs
total payoffs for WCDMA is:795

total payoffs for UWLAN is:485

total payoffs for WIMAX is:610

total payoffs for Flash-OFDM is:785

seleced strategies are :

L 4
playeriseleced strategy 1 V
player2seleced strategy 3
player3seleced strategy 2
playeriseleced strategy 2 0

WCDHMA wins with its strategic decision and serves thegraguést®

Flash-0FDM can serve according to its strategic deci \ V :‘

c
WLAN can serve according to its strategic decisji Q

Figure 7. Ca \\/

The example portrayed in Figure 7 is the teresti it has three winners in that
condition. WCDMA & WLAN are the wiﬂ%Q their respective strategic decisions because

they have no competitor. But there is a @ itiond WIMAX & Flash-OFDM as they
have selected the same strategy (str@‘ . Flash& has the highest payoffs to win this

competition.

Thus, the mechanism fo cting thé network at a particular time in a 4G
heterogeneous networking s@em can bg\gs ealized from the above discussed examples.
6. Elongated Pr & Possible Solutions

Five factors ing the dra @ e rate of battery are considered to calculate the payoffs.

But Calculat dynamically is problematic when the number of technologies
in a heterogeng ystem is beyond four. Because declaration of quality point
for more than 4 player. difficult.

In case of 5 or rs, there will be 5! =120 or 6! =720 combinations. So, dynamic

calculation of dr. rate is very difficult and it seems that this dynamic calculation may

overcome the above difficulty, we will calculate the drainage rate statically or
ollowing formula [17] can be used to calculate the drainage rate directly.

IA)*0.8 = (WH/W)*0.8 1 iiririiieiiirrieeeeeeneenns (06)

Where,

T =Time in hours.

AH = Amp Hours of Battery.

A = current or Amps used by the load.
WH = watt-hour capacity of the battery.
W = wattage of the load device.

0.8 is the battery Efficiency (assumed).
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To calculate AH or WH of a battery at any instant, an ammeter or a watt meter can be
added with the battery terminal to get the value of A or W. The time taken by the last load is
calculated by a stop watch.

Then,

AH = A*(t-h)

Where, Initial AH (rated on the battery casing)
Initial A from ammeter.

t = initial drainage rate =

h = time taken by the last load. \/’
Similarly, WH can be calculated.

For Example, a network provider wants to give a service (Voice<all) t s for which
the corresponding load consumes 50 watts off a 12 volt \Q cle batt at is rated for
120AH. Now it is important to calculate how long art proyide ervice before the
battery fully drains. \

The Calculation is as below: Q .
o> 9

WH = 12v x 120AH = 1440WH

W =50W 6\ ‘\Q
N
T=(WH/W)x.8=(1440WH / 83 t 23 Hours
R

Now Eq" (01) is changed to

Pi=WAQA+WBQB+VyC @Q.ﬁw '?%&jirect calculation of Drainage Rate WgQe is
replaced b §

Then the complexi reduce & the calculation of the payoffs for any number of
technologies can sible. Other properties of batteries (on which the drainage rate
depend) have no considered in our work.

Howeveme”. (01) is replaced by Eq" (07) and dynamic calculation of drainage rate is

above discussed static one. Actually, the value of T in Eq" (07) is computed

replaced @1
segfa@ y using eq" (06) and all other calculations remain same as before. Then the

................................... 07)

will work efficiently with any number of technologies & services.
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B F:\THESIS\BIN\DRANAIGE. EXE !n

To calculate drainage rate of
WcbMA, Press 1

WLAN, Press 2

WiMAX ,Press 3
Flash-0FDH,Press 4

1

Calculation for WCDHMA

Enter the value of battery power in AH/WH
1200

Enter the value of current used by the load/wattage of the load in Amp/watt
28
Drainage rate of battery is=48Hours_

Figure 8. Example output for calculation of drainage ra@

In this example, we have tried to give an idea about ho t tllate t% age rate by a
simple program. One can calculate it for all the four tec res 1,2, 3, and 4.
Then the program will ask for the value of AH or e v Iue rrent (A) used by
the load or wattage (W) of the load.

Finally the value of drainage rate T will be u ated. is\way the drainage rate is
calculated statically. The value of T is put to & 07) to‘g@ate payoffs.
7. Conclusion

The objective of this work &d out the&\mum network from a heterogeneous
networking system of 4G. To fuI t goal idea of strategy space, weighting factor &
quality point is used. Five poss factors g the properties of the networks are taken
into account to calculate g points. @hg quality points and weighting factors, a total
equation to calculage offs i rated Finally the payoffs are calculated and
compared by C++ e to find out the best network. This kind of software
will be an essenti r sele best network at any instant.
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