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Performance Evaluation of Coalition and Bargaining Games for Efficient

and Fair Bandwidth Allocation
Park Jaesung’

ABSTRACT

Fair and efficient bandwidth allocation methods using the coalition game theory and the bargaining game theory following the axiomatic
approach have been proposed when sending nodes with different traffic input rate try to share the bandwidth. These methods satisfy the
axiomatic fairness provided by the mathematical ground of the game theories. However, since the axioms of the two game models are
different from one another, the allocated bandwidths to each sending nodes become different even in the same communication
environments. Thus, in this paper, we model the bandwidth allocation problem with these game theories, and quantitatively compare and
analyze the allocated bandwidth and loss rate of each sending nodes in various communication environments. The results show that the
bargaining game allocates relatively less bandwidth to a node with a higher sending rate than that with a lower sending rate while
coalition game allocates bandwidth according to the sending rate of each node.

Keywords : Bandwidth Allocation Problem, Coalition Game, Bargaining Game

1. M2 FAl =T Abolof]l x9lo] FAT EujE 93 o= dg
71l Aol gtk V]Ee] Aty dgE @ s

YEHD A= g $4 =250 5d 74 == & AP-F4 ¥4A (min-max fairness) 71%2H1] 4l &l

ol E dEshs Aol ditdelrt, o] F§- o5 F4 2 244 (proportional fairness) 71" ol[2] tEAolT}. 1

ZEo] AEe HolHE Y 4l =t 2 g9 E AU HAu-Ha TAAY He TS fodEZe oleg =

Foanh osh ol # wro WAES i £ oA agdel wom wdH FAY /WS 5A wmtof

E7F Ffrehe BN A wE A a4 o] &3 Hrh we RS sgsm M NS ojs AFEE wo
o &l Wst AFA Aot o= 2AE AL
oh;]_

A 3 4 g dE YR} ATt

=R 20104 6€ 1€ ool whe} 9o} pe AL I By AL Y& A

S 4 913 20109 649 259 ° 3 _

A0 68 1Y g o848 ZWE A Adsn Yk ALY o



[l

———
M4=2(2010.8)

Xl C HM%CT

=
i

F§|

g2MeE

386

F b o
oF ,ﬂ
O )
lr;,.waﬂ#.ou;oﬂ,mo
TR ET ﬁl
= w = o ﬂm_
ﬂado#e]o#e a0 1
JE il Hﬁwog ﬂﬁo o BE
ng%qé o o LT ERSSE
ME&.I]E 4 o ;&BOEHT jnﬂﬂTﬂu
ZO]ALOL; ‘ul o o= —_ ) ‘:‘_4
KSR =T 25 xunuf%ﬂﬂr = PC,E_JHL
o e ~ = o0 s L <
o ﬂﬁ:% d 5 pill = m.m]u|/@] nwwxmﬂﬁ/ﬂuqr
o N Ll E 5 ELi T = " = o
¢.¢ ~ o I )
o Mo H oﬁeﬂ R 7o o X 5 o VI | i) ﬂuﬂdﬂﬂl Ml :J]
o P W ETRCGS mﬁ on WP mm o 7o Mﬂ ur o Bl = i i No A .LW =
M- B \.._Al,ﬂueéoﬁa ‘m,o| 1o iA[umo o ¥ X foﬂ_].mL,;o ol L.,DI.ML:‘ ~ e
—_ -~ Jla_,oe - N — o8 —_
.ﬂ@.ﬂwwEle o kT i %:ldralbcﬂ+ﬂu Eax%lurm& ,ﬂESo_n% - % nw%%
urlmogédax v & }iwn;gm.@9 W T % é}%mﬂ s =5
,m?7E A = aai_sL 2> X+H|SE (oweﬂ/rlr)Otlw_.‘_t o o V,o .OM
Lﬂ.@mﬂa..ﬂe_bﬂo #ﬁmﬂ . T =N u&wfvﬂoﬂw@@ﬂr%m« ).%.l,mlﬁ gt = 4
%if;of g =% o F;ﬁmmfﬁﬁ%i& miﬂ 5 Zar
oZ‘J._];o = — W p— i W/Ao - ~n 53 _]y;o g = o
ﬁﬂqﬂu%mmﬁwu = E Y oﬂuzﬂﬁ._tau%@mx%ﬂ%zb;h _,vazﬁ% T zr <
I 5o n E5a ;%4wa9ﬂwmwggghm@n L= 3wy g% s T3
o = o = Mr = O = =2 9 G 5 2w T ® ¥ o Ao T
wibmﬂ%mﬂo% W z mu_mmouTmﬂwﬁMsm%:u.%N,ma mwvbmf 27 m,o,
%%ﬂzmjmwmﬂﬂ Hr AT Dolung%wmﬁcﬂmmgﬂﬂi<5@ @%mv,% yﬂM(Mwm
= aﬁiurmﬂ;ﬁm ar Wowo oﬂﬂoﬂo%xw}m anﬂﬁ.o#oluwmoe @&uuﬁa. m,noumu\o)7
B ) By = ﬂaﬂ_:ﬂe _/WN#ME_;DME? ,Wl\)(w\ﬂuqoﬂ_uﬂflbo-u 21 S%ﬂu uz_u ,‘mvbt
o F o . T T ,ﬂwfﬂu@al@%ogﬁwyg o % | Sy & 5
# N utzoiﬁ HlﬂﬂlﬂﬂS@bVﬂWnﬂ%.ﬁﬂEa .)%E]j..)m% ﬂﬂm_ﬁu@?
T 9w il 11;0_”n,ﬂﬂ }Q,_ﬂ_lj] . co>V,7E @ogﬂ+§
T K o I B _ = = = & %5 =3
ZEEUEETE - ffwmfi;wmmi it PRz
%x.ﬁﬂ]ﬂ = = ﬂd.?_ R noz\v,% = ﬂv,LyS,mn
wﬁgﬁiwwmmuurwm% Mmrmuno mﬁSﬂuEeMOAvm%WorzomMN,ﬂ /wmmwmcﬂlmmdh :u(S\._oeme.\Jﬂ
o oF EOE e\l;o_l., r o ~ ]9](_7] o L2 N ll.t o
Aaﬁﬁlﬂkecsm _ﬂmﬂa%wm%ﬁl v MM?@%M @ﬂ@%% E,MWM_%
RN o — of T N N 0 oy = —
w_wfioawowam@ w@mog@lﬁ_t o o d 5w w _mmﬂoéa G2
B Mo T ~ & R R 2 X i %llo@ & X R L)d. T
A Mo bW T o T 3 g . = oy
xworoogﬂlPdAmwm @H%ﬂE?dr.ms__% ~ omnﬂwmulﬁo .7ﬂ%mw%ﬂuwwn¢dl
. F al B o0 ~ 5 = o o
HLAMWLO .7%.a1r wf o_nau]AmM]Eﬁ %oiWEﬂ]Sﬂcﬂ,_é.ﬂ‘_ﬂe o %MH/HE
o T ~ E,DlE 5 ,.;auIOt ol X X B hal w o i N do M L s T
ov&ﬂmw%iﬂm% @ﬂmumﬂﬂuﬂu?Mu% %ﬂﬂ%ﬂ%.ﬂﬂ@ﬂ?]?g = S
- wﬁﬂﬂacq 7%ﬂmwwogamJ }@m>a15m;o%ofw%wmif 4@%:51
%%%ML%%MMEO mo1aﬁ_ag)mlﬂ.uﬁo mrﬂ%.m @%ﬁwﬁ%?%b%ﬂ M ﬂ_zfe_;ﬁiwﬂ_urmmﬁl
n}vx; : ]&.gol;aﬂmoﬂ% .%Emmgaa% %qi_og m;%ﬂx_}@mq%ar}
dlxoetﬂao ﬂmﬂrol =T 2 oidr}ooak_za ]o:ﬂzolkzuﬁoo I ol bl 1o
Jmfaﬂau}ﬁupo%)u%NM?mm?A S e° Wy Eqam%qg =T urmm;g_sgiﬂi%
) .xuﬂj,_:émxm%ﬂo*ﬁm%wﬂr. (Muomﬂomnﬁwvnm_ﬂEﬂmufm_.muEEﬂlE% %v@%% .E%mﬂﬁmﬂ_ﬂe
Mqa%aiigqumﬁqwmo@a¢%%ﬂugﬁgqmﬂﬂ¢Wﬁ4 EITEEIERL -
onqATM%LEQ ﬂ%m%ﬂia_hﬂﬁﬁw M%de[rsEaEaﬁﬂ%ﬂormm Eeol,gommlnsnmﬁiﬂnm%mmﬁ
LS o ) — ; g —_ . _
Mmﬁoqlawro_uﬂlﬁlviowomﬂﬂudroaﬂ.ﬂﬂi@u_owha]mWﬂ%drw@u%uwﬁoﬂlﬂ nﬂmﬂuﬁﬂ.o]wmﬂ%%mﬂ&o]oﬁa
q%mﬁmxsqﬂ ReLysl T U= ﬂzoﬂmw z° Qﬂjyuaﬁﬂz > olnﬂ*oﬂﬂo%%
4q%m%m@@%gmhﬁpﬁqﬂi%1l L s TTaE %m%qmﬂg;%%%a
ormokxﬂ ﬂoDx%wﬂowerVJLﬁuwoluwﬂr,aﬁmuﬂwuzoAﬂkoec%_?or __%_ﬂﬂc_xnoﬂ muogducu
m o ﬁol].:aejloilu ohﬂo oﬂ;oﬁa]]ﬂo ﬂ;oio T FO H q]10
) ROt Efo;fzv R @_ﬂoz BENE w A Mok %mom?ﬂf — o,
o] ™ Eﬂ ﬂmumﬂgaiﬁo&oﬂu%mﬂaﬁ ﬂ_ﬁomuuzmlﬂw 2T JLIL‘E B ]ALeTﬂuE.IiLOfE
T = S hlall amo a]L W ) R = o d.% -
LmuE%Tﬂn,.ouéﬂloﬁoNr&oﬁ;M_msu mlﬂe7ﬂu Ho o X Wn n_tuwwm &oomuoﬁﬂﬂo]uﬂ_.
! foax . _— — f = ! rSEEON
L %mwﬁﬁﬂﬁ%wmqwﬂimoﬁw.ﬁcoqmu%ﬂﬂ%g Lfsﬁﬂlfﬂiaoﬁmlrm
xu%%ﬂ].wAﬂﬁmorﬂﬁ.q@m,oeﬂpuzogeﬂ,gomﬁuﬂiﬁz'ﬂu Wﬁsﬁﬂ&vﬂ@ :LAO,A
o T o ~— o~ = _]]\ a7l B
Loﬁagwm%% Ma%%ﬁﬁqw wm%ﬂuaggwaﬁw
o 3 = T ST e DT N oo
o o o) o = Hl o B = %! o E ~ H
= < Uy T ~ B 3 ii]%o Jl]I,ﬁe#
heﬂ,q“ﬂy]ﬂﬂ%.\oﬁﬂ d!O#JImeo _lc.énﬁmoiﬁ H
T Ho o g © R Hmuxog TG g T
T 0% W s AT fﬂiio m_urmaof
R W Zﬂﬂ‘.m,l X o Ei
S gﬁﬁﬂlgg -
T = e TR
S E e W T T o
Lﬂ_.m_.mﬁao_wrog
ouae%oaﬁ
Aﬁ‘muul

et

ke

e AN



=

=H0|

Aot 22 FYE wHESE F9% dlE Shapley value
(SV)ghar b th23 2ol Aol "}
b = 3 BTl sl
SCN n.
2 (DollA s= AFF S U9 Mg5E YelY S-{i)
= SolA FHolxl iE AL UHX] FoAER FAAE Al
e vehdo

. = 0 ‘|:|_ 1=

e $4 =7 8% CY k=9 9 Y9EFE I
e A dgE 39 SAE 4 $A w29 EfY 99
&5 1t 7 4 i d9EHE gdE5s TAG
FeAoR AAse Aotk wEbA 4l = (o Ey
FEEol agl 4F dgE 9 AF AY Nyve 932
ol T HTh
* N={1,2n}): AY #FAR} 19 Eg3 Ge&o] a2 nil

o &4 =E
+ v(S) = max (0, C— X, cy/sa; ) vIN) = C.

Z, v(S)e AF Soll FstA ae BE oz (NS)E
Al dFEES & & F T2 do dFF YeEi v9)
= 4 =u7t gl A$E dERATh oAl 4 $A =&
oA &FEE tgEL SVl 2 (Dol o3 AAF )

22 Ha A 22 s 0|8 HYE &L T|Y

2.2.1 4 A

B AYL ol #AT AFste v Al Felds
o] Aylol & (utility) & i3} 317] 913 A=e 4AS

A2 8y 2

LCIEEER
FolAEe B8

k4= (utility function)® 4 9

[
dr
(o

lo, rin ®
off

ro

-1

~ 1o M

9
E.
<
)
[¢)
=}
=1
(o]
c.
2
o il

47

A ALE &
NBS(Nash Bargainging Solution), Raiffa-Kalai-Smorodinsky
Solution, Modified-Thomson Solution ¢ €4+ a7} Aot
Ho gidE g SHA olE2 A FAE Hes
Btk Aol WAy wEd[12] B =RdME gg=E
g Sdo) A NBS9F Al AYe] 45& vlwssitt

=

3

%

K

Ja
of

o
o, oo

H o
c =
k)
kS
rlr

22
2, i

=

= &)

i=4

gogo] Asate] A
Aol i g, d=

>
o

a
XN

L

o

RORES

1t
fo
2

X

por
o
=
Z,
7
5
rr
rlr Ku)
L) ™,

= UlO
o

e E #% (Pareto optimality): @4
A AREE FA 3 o) AAHelA

SUE B AR 28 #AE ZeSh

Ay gl g EWA (Independence of linear trans-
formation): (U, d)¢] A& W#k Vol g Az A

VULV s= e B Adel (U,d)9 se 59

=2
A gl dibEd digk EWA (Independence of
irrelevant alternatives): (Uﬁ)g a7} uola U, < Upu'
EUol™ u'E (U9 dfelth. %, sish 34 AsjHol
EIFHEE F4 ATE Fax7HEE Y sl 54
=

e, ) ol ol o

= 1= flel 9

934 (Symmetry):

o
olm d7} 1 % 9ol Urha ¥

99l gesel W Bg A @7 At B W u=
(upy-u’) 7t NBS7} €k, %,

— n

u = argmaxg(l_‘[(u1 *d,)

i=1

2

=
o

ofl
X o
iil Ew) o
18 v
2

18
1

o

0%

=

e R N L .iY
o

£ 2 IH

i=a
N
)
rlo
i
ofl

H

ol el
i
I
o
o
0ol
=3
lo
re

gy

= e
o
o
oyt
oy W
r
o
1o op
ol
Y

fols
A oo [d

o
(log(1+ai/by)7F Al
T 7 gEHe 28
om o]% Hxzpe] 7
7184712 $ht}

ox,
of

o

5

32

=

b
I

e
&
]
B 32 rlr ) oo ofy

=

o
i
c
=]
@
B



388 ZEMElE=2X C M17-CH M4=(2010.8)

oA wlmek wwE 9s) 3749 4 =7k C-8Mbpse]
92 U9Ee TR B4 A4S B9 $4 =
=o) B gege] S Fol v)AE

71
o4 TMbps=. WEHAZIEA 2 71 54 sy
W% Y AY B oa 4 $4 wmEeld Y
= o0eE 5 3)ell 7
=

bt

(loss rate)S A3

Hie} o] BE AN AYE a/bhE uZ AF A
NBS (Linear) 712 (w=log(l+a/b))E AAE NBS
7Y (Log)# A9 frAe 5A4S vehdch E=3 AF A
(2l A Coalitione. & F&)o] oa zZ+ H4 »=
SFEE dYEe J4 Add o FEEE $4 =29
G ZE3} 2ol g B

29 EY gE€go] BT =2 A (a9 1) 4

B

w

1

4000
3500 [
. 3000
(%)
o
o)
<
T 2500 [
3
2
2 2000 [ 1
8 - s1, Linear
2 P4 s1, Log —*—
T 1500 [ Pl s1, Coaliion —5—
8 s2, Linear —#—
< | s2,Log —°— |
1000 s2, Coalition —®—
b4 s3, Linear —&—
500 [ v s3,Log 4
s3, Coalition — ¥ —
0
0 1000 2000 3000 4000 5000 6000 7000
Traffic input rate of node3 (Kbps)
(a) allocated bandwidth
0.6
05 [
047
2
s
§ 03 s1, Linear —+—
- sl,Log —*—
s1, Coalition —=—
0271 s2, Linear —#— 1
s2,Log —°—
s2, Coaliton —®—
01t s3, Linear —a— |
) s3,Log —*—
s3, Coalition — ¥ —
0
0 1000 2000 3000 4000 5000 6000 7000

Traffic input rate of node3 (Kbps)
(b) loss rate

(3 1) aitta, 25 23 tHAZL| 10%= =H HEE o
M ZE A 2ol ofs) SR tHHZEn £ME H|w

7IHES HAA (symmetry) SA o3 9 A9&3 F
B dEHEo] 22 5 sl A 5L Fof UYgES
DR 517 9 EAES 39 YHEY FHAEA 5L}
o (28 D-(a). 22l 34 AL 718 A9 a=2.7Mbps
A 2t FA =2 O3S TYsA &9 we A AlF
Ao e BE F4A w9 g¥go] FTUHAE a=
56Mbps €® 7t F4 ==& C/3& Y g9 wn
a3<5.6Mbps?! A% s13 27} sgoll vlal] RHup B gEs
g gkt ol® QE (g D-(h)ek 2ol azol a, a°l
Hla] w2 A AlF AYel g 530 EAES F4 AY
o g 539 EAE HE| AdH o IA YERTH

(28 2 519 Yg880] 56MbpsE =1L 529 YE80]
1.6MbpsZ W& A9 2 d9E &3 A 7]l g3l
= dEy £488 a8 WA

A mESAA E3E=

6000

5500

5000

Allocateed bandwidth (Kbps)

1500 [

1000 |

500

0.5

0.45 |

047

0.35 [

03[

Loss rate

021

0.15 [

017

0.05 [

4500

4000

3500

3000

2500

2000

s1, Linear ——
sl,Log —%— |

— s1, Coalition —=—
= s2, Linear —®—

s2,Log —°—
p= s2, Coaliton —®—
g s3, Linear —4—
~a. s3,Log —*— 1
Rﬁi,]%o/al@oﬁ""

1000 2000 3000 4000 5000 6000 7000
Traffic input rate of node3 (Kbps)
(a) allocated bandwidth

0.25 [

s1, Linear ——
sl,Log —%— |

s1, Coalition —=—

s2, Linear — 8@
s2,Log —— |

s2, Coaliton —®—
s3, Linear —2— |

s3,Log A

s3, Coaliton — ¥

1000 2000 3000 4000 5000 6000 7000
Traffic input rate of node3 (Kbps)

(b) loss rate

(O 2) a2 B3 HES %= =H MELLD a8z 3

Ll =ol 20%= A HEE ZoM 2 A =2
of olsf £E=l= tHYED £42 H



=850
WA A3 Adtolth ax08MbpsE Efto] WHAE AH$
A AYS A8 HL 5ol AAE 16MbpsE WA
th E3 ol5 VHES o FEstal @ 9% 6.4Mbps
£ s 28 g9&ol Hlgstel F sl A ety a;>
32Mbps ol/de] W BPGHE FHEel i3 sl A=
& g9 Ze] uiQl 32MbpsE wE Al EEetel whA Al
F ALY AS 0< a3 < 27Mbps?l A sooll EFHE O
AZL oA 1.1MbpsE APH o2 ZHAEY a3 > 2.7Mbps
A A ol FFE= dYF2 LiMbpsE 2AH AL, 22
TRENA spell B E = dES A AY 71 HlE
A Sk o2 <lE (ZE 2)-(b)ell EAIF whel 2
of ¥ AL B¢ POl FE o EHEL 002
BAAEAR AF AL B o EHEL 03272 A
o7 Eokth ey o] Ak P o] =L 59 AF
o & Al o &gl AF Aol o EHE
Bt} A
s 9 EfE gHEo] v (1.6Mbps) FA =27}
EREA FE HF (a3 <48Mbps) 7 G F & A 7]
WEe 7 wmso EdY 9Ug uE ddEe 99w
6000 T
P4
v
,/’/
5000 [ v
s1, Linear ——
B s1,Log —*—
S 4000 [ s1, Coaliton —=—
E s2, Linear —®—
-g s2,Log —°—
b L s2, Coaliton —®— |
K] 3000 s3, Linear —&—
§ s3,Log —*—
= s3, Coalition —¥—
8 2000 [ 1
<
1000 |
0 . . . . . .
0 1000 2000 3000 4000 5000 6000 7000
Traffic input rate of node3 (Kbps)
(a) allocated bandwidth
0.35
03 s1, Linear —+—
sl,Log —*—
L s1, Coalition —=—
0.25 s2, Linear —#—
s2,Log —°—
° 02t s2, Coalition —®—
‘§ : s3, Linear —2&—
a s3,Log A
S 015 | s3, Coalition — ¥
0171
0.05 [

(O 3) aitta, 25 23 HAEL| 20%= RH HYE

A

0

=
*

4000

"

1000 2000 3000 5000
Traffic input rate of node3 (Kbps)

(b) loss rate

M 2 A 2ol oo SEE= tHZnt

6000

=

7000

ot A= s 2T Mz Al @ Alge 45 E7F 389
(28 3)-(a). et} ay>48MbpsE S A& ol
C-8MbpsE Zashc 4 #4 AU 3 YAz +9
stel 7 weoA BgHE dgEe waA gt 19
AT AY el S ael AT A QEsol e
st ol BFHE BIES LiMbps7t B WA e
o ol <ls) (2% 3)-(b)el 29l vk} o] Tia, > C 7
i ay>48Mbpsel A% @4 Aol s Qeso] e
s 9 EAES Y Wl FAHA AF A o
3t 99 EALE FEHAT AF ALl 9F w9l &2
28 @4 A val 2ot

4.8 2

2 owRAE AR A% 98 AL 08w U=
49 s A% 7 $4 msol BYHE U %)
% Q% 7 $4 wmEe E4% Fol4 ARHow v
3 EASG 29 AY olge 34 34N 1
& RARAT AF ALY FF AQY Fet Az o=
7 W] olES olg¥ UYE BY AW At g
Atk W A B 4 A wEel 2o Qe
Fol FREE BB} Lol AeIH RE $A wE
oA B ol S Bt webd] s ge
Eoe A5aE wud £480 187 §e wEd &
Agud AQL AR AYY S BE A wso 29
3 Qego] FAF F9ol 2 mrol BIHE vof ol
2ol mebd 54 wssh dEdd we sdRe &
AEA HE $Ag0] Ae wEe £ag ZvET.
ost g Ashe 9% ade] BAol e A2 the g
9 A Me Aol Stk A2 dnlse, g5 Fol
A 0% eY Bl BE $49 AY B 48 7))
e FF AT a7d,

#m2s

(1

2]

[3]

(4]

(5]

Flavio Bonomi, and Kerry W. Fendick, “The Rate-Based
Flow Control Framework for the Available Bit Rate ATM
Service,” IEEE Network Magazine, Vol.9, No.2, pp.25-39,
1995.

Frank Kelly, “Charging and Rate Control for Elastic Traffic,”
European Trans. on Telecommunications, Vol.8, pp.33-37,
1998.

Martin J. Osborne, ‘An Introduction to Game Theory, Oxford
University Press, 2003.

P. Dubey, “Inefficiency of Nash Equilibria,” Mathematics of
operational research, Vol.11, No.1, pp.1-8, 1986.

Edilayne Meneses Salgueiro, Paulo R. F. Cunha, Paulo R. M.
Maciel, Jose A. S. Monteiro, and Ricardo ]. P. B. Salgueiro,
“Defining Bandwidth Constraints With Cooperative Games,”
in Proc. of ICUMT 09, pp.1-8, 2009.



390 ZFEMElEe=2X C M17-CH M4=(2010.8)

[6] Haikel Yaiche, Ravi R. Mazumdar, and Catherine Rosenberg,
“A Game Theoretic Framework for Bandwidth Allocation and
Pricing in Broadband Networks,” IEEE/ACM Trans. on
networking, Vol.8, No.5, pp.667-678, 2000.

[71 Corinne Touati, Eitan Altman, and Jerome Galtier,
“Generalized Nash Bargaining Solution for Bandwidth
Allocation,” Elsevier Computer networks, Vol.50, No.17,
pp.3242-3263, 2006.

[8] M. AOKI, ‘The Co-Operative Game Theory of The Firm,’
Oxford University Press, 1984.

[9] L. S. Shapley,” A Value for n-Person Games, Contributions
to the Theory of Games, Vol.II,” Annals of Mathematics
Studies, Vol.28, Princeton University Press, 1953.

[10] J. C. Harsanyi, “Rational Behavior and Bargaining Equilibrium
in Games and Social Situations,” Cambridge University
Press, 1977.

[11] Martin J. Osborne, Ariel Rubinstein, ‘A course in game
theory,” The MIT Press, 1994.

[12] Zbigniew Dziong, and Lome G. Mason, “Fair-Efficient Call
Admission Control Policies for Broadband Networks - A
Game Theoretic Framework,” IEEE/ACM Trans. on
networking, Vol.4, No.l, pp.123-136, 1996.

[13] Hongxia Shen, and Tamer Basar, “Differentiated Internet
pricing using a Hierarchical Network Game Model,” IEEE
American Control Conference, pp.2322-2327, 2004.

[14] L. Zhao, L. Guo, ]J. Zhang, and J. Zhang, “Game- Theoretic
Medium Access Control Protocol for Wireless Sensor
Networks,” IET Communications, Vol.3, No.8, pp.1274-1283,
August 2000.

[15] Dust Niyato, and Ekram Hossain, “Cognitive Radio for
Next-Generation Wireless Networks: An Approach to

Opportunistic Channel Selection in IEEE 802.11-Based
Wireless Mesh,” IEEE Wireless Communications Magazine,
Vol.16, No.1, pp.46-54, February, 2009.

[16] Walid Saad, and Zhu Han, Mérouane Debbah, Are
Hjgrungnes, and Tamer Ba,sar, “Coalitional Game Theory
for Communication Networks: A Tutorial,” IEEE Signal
Processing Magazine, Vol.26, No.5, pp.77-97, September
2009.

[17] E.Altman, T.Boulogne, R.El-Azouzi, T.Jimenez, and L.Wynter,
“A survey on networking games in telecommunications,”
Computers & Operations Research, Vol.33, pp.286-311, 2006.

[18] Mark Felegyhazi, and Jean-Pierre Hubaux, “Game theory in
wireless networks: a tutorial,” EPL Technical Report, LAC-
REPORT-2006-002, 2006.

SN R
e-mail : jaesungpark@suwon.ac.kr
19951 AAMhetal A2 8HH(EHA})
1997 AA 3oL A 7245 8Fah (5 84 A}
2001 AATE AL A7), A2 ok (E et
upAL)
2001 ~2002'd  University of Minnesota
PostDoc. Research Faculty
20023 ~200511 LGHA} A QA4
20059 ~20080 A tgtal QAE A
20089 ~d Al FAdstu JE A
Aok o] 5 #E] V=

A=

’




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


