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Abstract Load balancing is an important issue in Heterogeneous Wireless Networks (HWNs).
We propose a user-network association algorithm based on population games to solve the prob-
lem. Firstly the user-network association is modeled as a population games which satisfies the re-
quirement of potential games relying on the user utility function in access network. By means of
replicator dynamics, we demonstrate that evolutionary result eventually converges to Nash Equi-
librium. This makes sure each user connecting to a network with the maximum payoff. Moreo-
ver, it is proved that the throughput of whole HWNS system can be maximized after reaching
Nash Equilibrium, which ensures the efficiency of Nash Equilibrium. Finally, a user-network as-
sociation algorithm is presented with the principle of replicator dynamics. Simulation shows that

Nash Equilibrium point is achieved and the results of theoretical analysis are verified.
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k=1 1-1

(8

B S B & A LA

m,

EZ”* (y)(yk U, (y)*LZy».\»,um,(y)):
—1 1= De i

2

) )(9)

EMZ”' — 1A Jensen K% 3 AT AN 14 5 o
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@ Barth D, Bournez O, Boussaton O, Cohen J. A dynamic
approach for load balancing. LORIA Research Report.
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Fev-2008. pdf



1256 iHom

Bl

e 2012 4

L
&

AR YRR

T AT A3 A 3 T R RO AR Y R 4% 1
FEAT X HWNs 2 588 (R 1 68 19 82 Wi 75§ 17 19
TR RN RE B R &R f () =

SISV g B, ()5 U RGO R R
1 1=1

HWNs # B g F ™ 3R 197 58 1 S A RE 25 i 4
MM EERE PR B G FR A EREN
¥ I e R R A T AL A S A R A P 3 T
IRER=g Ve RENDRN e G E NN LS S o
27 a5 AL BT AT P B AR IR T R A 2
A2 H ARG I R 2% 1 PR AT D 2 0 A
P 2% A i A AR CE AR R R 7Ol T S B R AR A A
MR i — 20 BRI B2 P B RAR AT Ol RE
W B AT I HWNs £ ik i s8 %0 £ () IF HAE 9841
I P AT O T AR E AR GE R B A i
BRI RR. B AR BT RGB A m f  $5 ek 5
A T3 A I R R B ok B 8 7 A R B R
TR I Jay o fie AL RIS 4 Jmy Frg KA 2 T 1T FR A1)
AL B 2 A 249 45 5% R SR RE B T B AT 31k

EE 4 ARG E KAk B KR8
max fCy) [A] 3R w ) 198 FH 349 4 12 55 4 9.

WAL ARG R R AL R ] KR

n m,
max >} 3y, B, ()
Yook=11=1

IR ] 4% 1 2 5 A 10 285 v 114 1T ’5&2%5, = bis

ViEN;H v, =0, YiEN,JEM. # v,; =0 £~
2 G OREEAR Ry R TE R

FRATTHE X A e Ao Ak [ 8 5% A B Lagrangian i
N AR TN

(1D

LCyspsh) =fC) + D (e — D ve, )+
k=1 =1

12)

n le
E 2 /l/«.\[y/:.\/
E=11=1

25 ) B K AE AT B B Kuhn-Tucker — Ffy 4%
HanF

(KT 2L —

Ay, Hi i3

1

(KT2) Ay, =0;

(KT3) A, =0.

(D IEM AR RGE kit fOOHETRIEHAS »
A fe AR WAR . 9 AE B AR FEEE w () AR T 981
YA,

Tucker — B 644, WIXAE B AOFEAE 7, Horp (KT #

(KTZ)H*E"ET%aan:uU (y) = WA, (KTD) F

(KT & & XAEE ) j € M, (y) =p — A, =
i AT WX EEAR © rh A A BT E R R i PR
25w () =g =maxu; (). XEWHAEREHE RN v
B RER AR P s R B RO A S A
S 0y P28 e S T LA AR B AR IR w () Ik B 91T

(2) WEW AN RS 415 O v B A R Y AR A AR
IR w O BUS T AT B4 W R G frnk it £ () B
5 R AH.

AHSCHE AR AE SR WG 2 G s TR w () IK B 4N
Fl 254 0 B A BE AR @ P P R IR ES w, ()
ﬂsiuﬂ%ﬁﬁ,ﬂag;fj)
uy; () =0, H Ay, =0. BT LUAE Y 5 403 2 Kuhn-
Tucker —Fir &, L £ 2B B2 1 BT L ()
SR R B £ G M e RALEE S 1. 02 mT LAAS
) fCNAME— I R ME BT L Kuhn-Tucker 2% 4 fig
83l 2 4 Ry A . TR Ul R A S A SR 2

=maxu,; (y) =p. Aj; = p; —

2 I 26 75 A R AL ) Bl max > ) >y, B, () 1A
Yo ok=11=1

. 2T H A i 2 S 1K T 2 3 B 0 2
Wk T 5 It

5 RARMZRERSLIH

TE T T AR 35 53 PP e BEE A AT L UE B TORE AT
5w Cy) T 52 ) 3l 25 10 3 A T2 g Wi S L S
35168 R 00 A R (EL R 52 B 1) S 4 IR 4% 30 85 R —
NESEU ARG B ATHR S HWNs fp— A5 T2
1l B 25 9 P R 4 SC IR AR . A X M T I v A
{9 FH Y 47— A 5 W AL 23 20 A 1) L 32 1) P O
E NPTy DR R N CIE PN ORI R S
PF P AT LARR 3 B B 228 56 il BIL 308 4% — 1 S AR
ARG 1) H . — A F 45 ) SR 2 B 5 1 [R] A AR R
P Pt 28 2 R O v 1 S i 4 45 R B P
FEFEAN — A W45 H T o AR A At 1oy i 4 (0 30 HE I %
SR ABE SR 73 A 1) P gk R AN [ 0 4% 1) E R R 5 f
T 24 1T 1) 28 Hh A WA i [ DA 465 Hh A R A1 2 i
it PEAT PO AR 2 AT R /N TP U (L AR B
JUH SR AL 3R 0 A1 1) S B AL M R — S A S



6 1 L RAE ST ST R4 SR B AL - — TR A R B ik 1257

A Y BT R KT 0 as o P AS B0AE XY iR
A W45 BN EEAN P ) 5 A R 43 A ) e — A
P ] 1 I SR A R SR AR IS AT I A 2 ) 25 A
1y v P SR TSRO 4 A R A HE AR ST 20K
T o AN T B KA I A AME A T .

HWN's 5T #0258 09 F P 0 45 QI Bk B
RN AT RIRWE

Wb i Z) HWN's o i 4 208 14 5T A 2 Bl AL
b BB — - A 45, BE B 43 TE — A SR W M 2R o A
i) AR R @ R R P a1 5R W HE R 0 A 1) i =
. BRJE HE W 4 R R

féHJET?Jt M 2% RIS ALl v (O AT R
i —AH P a AL 15800k
w; Cy(). P a WSR3 A ) &2 52 7, (). H1 7 a
Xt HE A4 50 e ME SR A3 A 7, (O BT AR
G+ =m, ) +e(l+tuw; (y))) Ay, —m,; (&)

(13)

Ho j e M, 1, R a4 w0 32 A R 45
IFi] 224 i D90 265 " — S B 1 AN — B B 0. e S AL Y
Mg [R5 o 22 B B R A% ke 28 WA I T B8 UK

FEW AL R T, (o P BB R — A 2% 1 M R
A EBT 188 BT 0. B T s s . 3
112 1B WA BIE 0, M 0y, — H 7, (DK H] T3
A A 5 (L 4% BET T8 1% 0 D0 DR L

T (14 1) < 0 IR =, (1) <0,
(41 <1 W 7, (1) >1—0y

FHF a DN 28 422 0 3] 7 B4R 1 °F- 347 0 451
B FIAE RIS P A U35 BN 0 2% rh 3R A5 A 1 R
Byl as AT LE S AR TP @ M ET IR wyy (0) <<
a, (o) S AR 7, Ce—+ 1) Bl AL 5% — A8 1 19 4. RP
FFJF'F% ANFEHLEL rand O ﬁn%

(Tys, T, 50t s Ty
1 2 m

(14
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With the development of multiple broadband wireless ac-
cess technologies as well as intelligent mobile terminals, the
ways that people acquire Internet information and service are
also changing rapidly. Mobile users will be confronted with
different wireless access technologies, such as WLAN,
UMTS and WiMAX, in heterogeneous wireless networks
(HWNs) environment, and the mobile terminals could intel-
ligently select more appropriate access network by vertical
handover or horizontal handover. Generally, mobile termi-
nals make network selection based on the decision informa-
tion including residual bandwidth, signal strength, transmis-
sion rate and so on, but the information is uneasy to capture.
A more effective method is to make use of the mechanism of
try and error. At first each user chooses an access network
randomly. Then it constantly changes its strategies in terms
of the profit and selects an optimal access network definitely.
We adopt the thought of try and error to wireless resource
optimization of HWNs,

In the paper, we specialize in the user-network associa-
tion based on population games in order to implement maxi-

mum of the user’s payoff and load balancing of the HWNs
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system. Generally speaking, the main contributions in this
paper include: (1) The issue of user-network association is
modeled as population games which is subject to the condi-
tions of potential games based on the user’s payoff function.
By means of replicator dynamics, we demonstrate the conver-
gence of evolutionary games. Moreover, the bandwidth max-
imum of HWNs system is also proved. (2) A user-network
association algorithm is designed with the principle of replica-
tor dynamics. and the process of network selection is imitated
by the simulation. Simulation shows that Nash Equilibrium
point can be achieved, and the results of theoretical analysis
are verified.
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