HEEEN2ER
H3UH HIk
2009% 3AH 39

AJo| 2 o] &4t Herltio] Au] s

AuH A g FaelE

%% O #xxt k% = %
ABA ARG A A

Resource Allocation Algorithm for Differentiated Multimedia
Services Using Game Theory*

KwangSup Shin** - Jae-Yoon Jung*** - Doug Young Suh**** - Suk-Ho Kang**

m Abstract =

Game theory is adapted to a variety of domains such as economics, biology, engineering, political science, computer
science, and philosophy in order to analyze economic behaviors. This research is an application of game theory to
wireless communication. In particular, in terms of bargaining game we dealt with a multimedia resource allocation
problem in wireless communication, which is rapidly spreading such as Wibro, WCDML, IPTV, etc. The algorithm is
assumed to allocate multimedia resources to users who can choose and access differentiated media services. For
this purpose, a utility function of users is devised to reflect quality of service (QoS) and price. We illustrated ex-
perimental results with synthesis data which were made to mimic real multimedia data, and analyzed differentiated
service providing and the effect of the utility function.

Keyword : Multimedia Resource Allocation, Game Theory, Bargaining Solution, Proportional
Fairness
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1.4 & ankart= 719 Folxpgo] N ARE wakst,
95 G A AT dEE  dE AR
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A A 2o g AAEe R AEEE A A o FAA(fairness) : AFH AU AHEAE
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sit} o]5 Heslr] $13 A|A] ¥ Bargaining game
9] & o}E & o2 Kalai-Smorodinsky Bargain-
ing Solution(KSBS)”7} 1t} KSBSE= NBSe| Al
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Algorithm 1. Resource Allocation Algorithm

Input
Total amount of resources : Ry

Pairs of maximum and minimum requiremen

t: (R, R), Vie{l, -, n)
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Unit cost : €=(C -+, C,)

Bargaining power : 8=(8, - B,)

Preliminary set up

1) Resource manager randomly assigns serv-
ice types to users,

2) Obtain utilities from the resources allocated
by KSBS : (X))

3) Determine the sequence to change the
service type
SEQ = order of users’ utility status
(e -x)

Repeat
Let user » be the first user of SEQ, and the

¢

service type of » be the ;

1) Obtain the set of utilities U if r selects
other service types

2) If any of other service types can guarantee
the bigger utility than current one, » will
change the service type as the best one
(")

Jj" =argmaxz,(x, | f) > 7,(x,c | B)

N el m)
3) Otherwise, » will not change the service
type.
4) Discard the first user from SEQ.

Until
SEQ is empty

A9 Bl 7 AGAAA A Au2
S92 A4 ¥, KSBSE o 48] a4 A48 A
] IS

L=t
ARE &3 H3 QT FFY Ho|Z VFoeR
AHs F88 WA A5 Ao 7 AbeAs

ofe) AL Bl A9 BT ALY s
F St A5o/] QA SHIE B
sk sk, 1 Aol obelst 2k

Ao 31: AHE F&4 (Pareto Optimality).
X=(X, -, X,)={mx ), - 7,(x,|a)} €S
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(X,, ey X
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JHE G842 9 ol BRE AEAEY A
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g e AhoRREH EEHe 8847
o A AG S vle) o] AYS Ideh= 7]
KSBS®] gele} 1 ofulo] thal] ApA|skAl A
th KSBSelA = oA Ao 7hsal = ol
9] 329 o] 4 ¥ (Bargaining Set) o= A
o 4 ArH2l.

Aol 32:8A AF (Bargaining Set). FA

A B 7hsal A S SollA /pdH s

2§
E &84S wEshe fdelth

A9 3.3 : KSBS (Kalai-Smorodinsky Bargain-
ing Solution). °}&le] Ul 714 & W=
A7 HAAS X' =F(@S, d) 5 A2 AR F
= 4ol 3 KSBSeha HEt}

1) SdHE &K (Pareto Optimdlity) : x*
= JHE 2848 U5

2) 27 B A (Independence of Linear
Transformations) = 01" A& WH3L ¢ of
A= o(F(S, d) = F(6(9), p(@)E HF
B

3) WEd S2AUndividual Monotonicity) :
T UE 7bs B8 A 5ol st whof
§o8, d=d, MWy X, = MAXp oy
X forall kefl, -, np\{i} o, [F(S, )]

2[F6. D] o g W3

4) WA (Symmetry) : AHEAFS a8l =
S 7} Bdsjok 3t & F(S, d)=F,(S, d) for

all possible user i, j.

3 AR Bel Aol 31014 AF Al £&
He orlse, oAl g wek § ALgA)
A% BEFSG A2 A $2L M3 Q)
b BUF BES dolof ¢ ofulaith A A
Fele BEFFS AR £F0| HYH WBo]
HetE sk Wak ekotok @2 ovigi. 3,
LHGF AR £Fol NFHoR F7h 5L 7
aetriehE A9A WRe doud AA P el
A AT KSBSE mgshol 32 vl eei14]
v Fele @aslel sbs o] 54 AR
oA feld Yo ek ol wEAl Y

an n
‘ (6)
X, >0, > a =1, a 20, Vl}

i=1

58
Qom, Aulz AR $EDE el ielA =
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WL o §aA Ao AT AYS ol
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V= BAL Algorithm 291 7]145 o] 9l

Algorithm 2. Bisection method

Input :
lower bound /:=min(R}, -, R))
MAX

upper bound u:=R
threshold &>0

Repeat
1) Let R be the mid—point of 7and « ;
R =(u+l)/2

2) Obtain R (i=2, -,
equation (7)

3) Check the feasihility of R (i=1 -, n)for
the bargaining and budget constraint

4) If feasible /:=R, else u:=R

n) based on R using

Until difference between 7and « is less than the

threshold & u-i<e

4. ZEerot ARl g

B g AsAe 58852 94 4ols

L, Algorithm 1°] 74 AR @ARER HAsE +

sk U B HA 238 ARAEHA AR Rt Al 2

ol A A npel o], ARSARE AEA| whet
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AHgRLe] Z4E5E AoEr] YsiM ABAA
@o] AAE 93 vl & (distortion rate) EF2} A}
extel e 3

| &
Wavelet #]H 2. IZCE 913 o= H|E 24y} 7
[e]
[

R +D,, R=2R;, D, 20, u>0 9)

0

HIT @ Al 28] o223 Al @ 2H(Mean Sq-
uared Error : MSE)2 £4 71s8hH, 2 nji7¥4

e HY L AR 54, AeHE S, A
Hj2=o] AA T oJujgth. BE mpyides 4ol
o
=

)

T, e Ao & 7IESR PSNR
ak Signal to Noise Ratio)& The# 7Eo] 49
T AUtk

% g
=Y

2
PSNR =10log,, % 10)
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R =7'(X) (16)
X =m, (xi) = NoiseRatio,(R,(x,)) + A.COST(R.(x,))

i Ri(xi)_Rio)

k 13)
Dy, (Ri (Xi ) -R ) + Ly

AR (x)3C, o W, 7 AHgApE HHe] LA X & X =8
i=1

' o, XMAYR AL 2= glom oK F83HRY

oJoll 4] Q15Fa Hle} o] 4] (IS o] &al 7+ A

A A 28R X 2R 48 ¢ Sl

R, :Ri‘(xi):”;I(X:)
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o) Witel B2YYE neln] AaAdE Yol
0(o<o<1) @oll Wl v F-54o] dets B

ofopet gt

27 (0X, +(1-0)Y) <Ry, for X, YeS  (21)

2 (18 HE gtel whet v 754 (22)F
£5% 5 dr}
> (0x,+(1-0)Y,)
Zn:ﬂfl (X)<R» ifg=1
(22)
= 7 (V)< Ry if@=0

27 (0X,+(1-0)Y) (23)

o] Ak 2)< E3f AWFF 54 3 x
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4.3 =27|8t Congestion Game
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O
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Game T3 o] Congestion ModelZF5 #4
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A2l 4.2 : Congestion Game :
G=(M, (Q),., ().,)

Congestion Gameel 4]y #H(9),., = ] 41
A Aelg s} BA3, 2 Ak ik 54 A
o AEPe o AL 5 A olo]

feM)E TE 3} o] Hojut,

u, : Q->R,

u(0)= z/w, Cr (”f (‘7))
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g S-S AlAEE Congestion Game®] % el

=, o]t oA TU A AERE AL

GAke] ol w3 Fepolofof gtk o174 Conge-
3

stion Game®] ©|9&4E 3] &8 AJH T

(PO) 2 Tk} o] AFA ATt
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A Adte @e vy, AAneds 1
Ast lgol A2SE 5+ UET sobn Bk F,
AR AHEAEE ool £FE BT wesn
= o Bel@ A% 59 g Adse 2 %
A% ozt Gk web 54 v 59 S E
Hejg AbgA 59 Ha EQ At g2 o9
S et 2ol AP & gk

pix)= X" X

e [ 53 ﬂ/x”] (26)

o &A= ARAF JISI ] A ghol7] vl
woll, AR ol M= o4 Anjs Fids 4
© Ante] 7bestng Hae] a8 A 2 B
< T UE AHA FEE YA "l o] KSBS
o] g3t A &G FAoAM = &8 HHE F
ok AH|2~0] 8-S AYgh AMEAIES] ol B
—’F-‘q FHE X4 7hssithe 2s on|gitt uhet
=4 AQslE KSBSE o83 A4 3
< Congestion Model (M A, (£2,);c ,p(p;);c 4>
& 7}sele, AREA) 7o) Ak AL ulsk
AR AL @=M(2),c 0 () 2> Conge-
stion Gamel. & F3&o] 71531t A

KSBSE o] &3 #Addd AgAo] Congestion
Game®| FElE 7HA7] Wil A A5g Con-
gestion Game®] A% s} o]+ Nash &9
98 g Sk 54 2Ask] B =2 A

d18E JA| et Nash #3S 7HIthal
T Sk

¢

2o oqe g mo fr
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7
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=
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=R
I~

o
=

4.4 Mu|A~ HFE

S oA ALgA 8 AHIZ o] Aol

Atk 7HA A E dhu o]Abe] Nash #3o] &
5

A BT L SRFAAE 2 ARl
e AHa1s) o] A9E ol g e A

Mo 4@ olRE o) of ok AL W

ol @zElel s, 19, 20, o

i 1 ahhel ALgAE AHlZ FEE W
I Jvkal 7431, Elementary Stepwise System
(ESS)& ©]8-38taaf gt} ESSt= A o= AL
A7E QAF AR WHS AlFE, e AR
x} (n~ 1)114 <>Joﬂ Nash w3 =93 + 3150
] é«] L #] Fitol A= ESS

Algorithm 3. ESS algorithm

Input :
Set of users U={l, 2, -, n}

Current service type x={x}, VieU

Repeat
1) find the first user who will change the

. u = argma: s U
service type : ,(g,_nXp( i) ue
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2) obtain the optimal service type (1) for

user u -

.| 7, (x,) = max(7,(x,))

ST 1, m,(x;) < max(z,(x,))

User will change the service type only if it

J1ev{l, -, m}/j

can find the other service type that user

can obtain larger utility than current one.

w
=

update the vector x, with the result of the
previous Step
L j=j
X. = )
T, =
4) Discard user «from the set of users U :
U=U —{u}

Until the setuis empty : |U|=0

5. 4 ¢

B A ¢5le] Wavelet H|t] e A AAF[12,
14114 AAE G2 dolHe] 48 ngoz 3§
o A9} fArer 48 7k 7 "E Y] b
olE| & AABIH oM, < 2> AAlE upe} o]
A2 (m) ek AREAE F(n)el]l iske] 37FA] A
g5 AAsch 2714, 37HA), 571x 9] Apd sk
7bA ] Auj 2ol giste], 242} 671, 1071, 2071<] H
o|HE AAdste] AEE T8I F, (m, n)=
(2, 6), (3, 10), (4, 20). THAl 7FA] AH] 2 S1~S5+
oo gk &9 H8-S 1.0~3022 A5
T(AA AEA] Hg9 Scaled a0 o8 24 7}
9, dlT ARaE Agst Abgate] Gl
(bg.power)> ©9] H]gof HFES A3} )

o Al 7HA] AFelA Fojshe ARl E
mtje] dlolee] Hdl QFFHR™ ) min#kd
maxgt Held §U# HAS FAGES G959
. dE E° (m, n)=(2 69 4%, R"™={20,
25, 30, 35, 40, 4515 ztet)

e (m=2,n=6)¢ 4347

<E S (m=2, n=6) AFAAE vjrHSg
28] Wstel] W& ARgAtEe] HFHow AXT
8] A (service), &3 W& 29| 9Kresource), L
2 o3t F&(utility) S Hol=tk sl i
NoiseRatio,(R,(x,)) ZF COST(R.(x,)) 2] H]&S ZAsI=
A gtk &, a7t Ao, G83FlA FHe

ulgo] AW 47k Zoe ulge] wEo] A4

b}

(2 2> A=A (m : ME|I2 i, n it ARSAL )

service S1 S2 S3 i S5 RM™
(m, n) Ry
unit cost 1.0 15 2.0 25 3.0 min max
2, 6) bg.power 0.40 0.60 2.0 45 5.0
(3, 10) bg.power 0.22 0.33 0.44 5.0 95 10.0
(5, 20) bg.power 0.10 0.15 0.20 0.25 0.30 10.0 195 20.0
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=« sum of allocated resources====sum of utilities ===total profit =« sum of allocated resources==sum of utilities ===total profit = « sum of allocated resources e===sum of utilities ewetotal profit
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7 s 35 Y
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5 sl T Seppesemeeeee Y 2
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(a) m=2, n=6) (b) (m=3, n=10) (¢) (m=5, n=20)

[ 1] WO a0f 2 M| EE 23

F) g s Agae A vz 23

A ARgAFEC] 7HA o] AR e A2 S1F%o R o
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(2% 1elA Tz Al 7FA) AdelA 7}
AHgAREOl A7) F7hEl wel ogA An|aE
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Al 7HA AR AT A AFelE %i 1 A e
(44 )3 AHEAES] E8(dA), 18]al A
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2 =0.022 o]’}o] = A o|gsgitt
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Aol vls) 919 o157k gl Boleh A3 A
= B9 2 =0025004 & Ak gake] 200 <2
sl WA RN 3 olf7h ek 1 o]
AHgAEo] M ERHOR Qstel 2 AT
& 95 271 golek. ol deleel A a7

2 R o] AXuE FHZH Q] NoiseRatio, (R (x,)) =

% =

rlr

ZakAuE COSTR(x) & A

A4 How F7fste
a8o] T7kHA @7 wEoltt. 53, & Ad &
G2 2 =000 Hhol A, F a8 A
2 = [e)

FFUe A7 2 =001 2 =00150014 gk

53

A& 100% ARS8 erfetE A

MAREE Soto] ARgAEC] a7F MH| AR

okl AHl2s Al el A
W ol AR el F
2 nelFu g

CE3H (m=2 n=06)2 Az
R
A results sum
2 25 3 35 4 45
service S2 S2 S2 S2 S2 S2

0.01 resource 0.72 0.79 0.83 0.86 0.88 0.89 5.00
utility 0.58 0.6 0.61 0.62 0.62 0.62 3.67
service S2 S2 S2 S2 S2 S2

0.012 resource 0.73 0.79 0.83 0.86 0.88 0.88 5.00
utility 0.58 0.6 061 0.61 0.62 0.62 3.66
service S2 S2 S2 S2 S2 S2

0.014 resource 0.74 0.8 0.84 0.86 0.87 0.87 5.00
utility 0.58 0.59 0.6 0.61 0.61 0.61 364
service S2 S2 Sl S1 Sl S1

0.016 resource 1.34 1.52 0.51 052 0.53 0.4 5.00
utility 0.69 0.71 0.49 05 05 0.51 3.44
service S2 S2 S1 S1 S1 S1

0.018 resource 1.35 1.53 0.51 052 0.53 0.53 5.00
utility 0.69 0.71 0.49 0.5 05 05 342
service S2 S2 S1 S1 S1 S1

0.02 resource 1.36 1.53 0.51 052 052 0.53 5.00
utility 0.69 0.7 0.49 05 05 05 340
service S1 - - - - -

0.022 resource 3.63 0.0 0.0 0.0 0.0 0.0 3.63
utility 0.79 0.0 0.0 0.0 0.0 0.0 0.79
service S1 - - - - -

0.024 resource 3.28 0.0 0.0 0.0 0.0 0.0 3.28
utility 0.78 0.0 0.0 0.0 0.0 0.0 0.78
service S1 - - - - -

0.026 resource 2.9 0.0 0.0 0.0 0.0 0.0 299
utility 0.77 0.0 0.0 0.0 0.0 0.0 0.77
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AU 2=E AT ZA A (m=5 n=20)3 o] Al AAE A8(m=5 n=20)004 H%o] o]
ofe] &4e] vlolE] ALgAEe] A B Au]  ALBEEN FEET, Avls B 47 e
225 Adlste] ojgdl 7heAlo] FolEthe Helth ZHAA A FAdE ek Aol AREAFE S &8
F oA 44 Aol FaMolth A¥ (m=5  ¥FE T olAFoRA Az ATAE AFH B
n=20)3% o] A¥ nAEso] ojdsiA| FrTie Aol whe} uANEE F49l3} o] ke HAd
AAERG AR HW Az wad S W AR HE5ES 29T 5 99T ¢ 5 Ak
olE]e] ApgFo] FolEo], dA HHom AR
FAgEgFo] 001 olah T 003 o= 5§, AR 5l EoI
ojstzA F ZHEAFA Ry ©] 25% ©ldtE W&l
gtk o A% & BT A2 F FYE S5 of B RO AE ApasE Aus 87040 b
af otk Hjtjo] 2 o] At daeES AdsAch
CE 4 (m=3 n=10)2 Aszdy
RIMAX
A results sum
5 55 6 6.5 7 75 8 85 9 95
service S2 S2 S2 S2 S3 S3 S3 S3 S3 S3
0.005 | resource | 0.99 1 1 1.01 1 1 1 099 0.98 0.98 9%
utility 0.65 065 | 065 | 065 0.65 0.65 0.65 0.65 0.65 0.65 6.50
service S2 S2 S2 S2 S2 S2 S2 S2 S3 S3
0.0075 | resource | 0.78 078 | 078 | 078 0.78 0.78 0.77 0.77 1.9 1.34 9.9
utility 0.6 0.6 0.6 0.6 0.6 0.6 0.59 0.59 0.76 0.75 6.29
service S2 S2 S2 S2 S2 S2 S2 S2 S3 S3
0.01 resource | 1.28 1.28 127 | 1.26 1.25 1.23 121 118 0 0 9.96
utility 0.7 0.7 069 | 069 0.69 0.69 0.68 0.68 0.85 0.8 7.22
service S2 S2 S2 S2 S2 S2 S2 S2 S2 S3
0.0125 | resource | 0.9 094 093 092 09 0.88 0.87 0.8 0.83 1.88 9.9%
utility 0.63 063 | 063 | 063 0.62 0.62 0.61 061 0.6 0.74 6.32
service S2 S2 S2 S2 S2 S2 S2 S2 S2 S3
0015 | resource | 1.01 099 | 097 | 09 093 09 0.87 0.85 0.82 1.66 9.9%
utility 0.64 064 | 063 | 063 0.62 0.62 0.61 0.61 0.6 0.71 6.31
service S2 S2 S2 S2 S2 S2 S2 S2 2 2
0.015 | resource 1 097 0.9 092 0.89 0.86 0.82 0.79 1.46 1.3 9.9
utility 0.64 063 | 063 | 062 0.61 0.6 0.6 059 0.69 0.67 6.28
service S1 S1 S1 S1 S1 S1 S1 S1 S1 S1
00175 | resource | 1.08 1.07 1.06 | 1.04 1.01 0.9 0.96 094 0.91 0.89 9.9%
utility 0.66 066 | 065 | 065 0.65 0.64 0.64 0.63 0.62 0.62 6.42
service S1 S1 S1 S1 S1 S1 S1 S1 S1 S1
0.02 resource | 1.11 1.09 1.07 1.04 1.01 0.98 0.9 092 0.89 0.86 9.92
utility 0.66 066 | 065 | 065 0.64 0.64 0.63 0.62 0.62 0.61 6.38
service S2 S2 S2 S2 S3 S3 S3 S3 S3 S3
0.0225 | resource | 099 1 1 1.01 1 1 1 099 0.98 0.98 9.9%
utility 0.65 065 | 065 | 065 0.65 0.65 0.65 0.65 0.65 0.65 6.50
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521 A2z Traffic Class2hal 2= B4 AH] g dagsd @A HAHE Jeke s A
2 FFAAY 1M, Wibroe] A% @Al Ab WSk, KSBSE ol k] A9l @ Age] 4
80 S Aokl AN AGAAT, 4B A TAE U 998 ne, Ta Wl
7b AA Sk 7R AlRdE AHlE FES of HloEle] EAE wdd 7] 43S st
S AOR AP B =R 0@ BA QuR A FsH ¥ BAE QFdddch A
&2 S AP st AR Als Fste] Alg bel dag]Fs Fall An|= o] ApEHS &
H Ads g ow ddshe Weks AlAE ST A AREA AATE S 5 e HA Y A
B AgolM s ApEstE An|zel gk A & g Ags FHE F U Aotk
(E 5 (m=5n=20)9 Mgy
R sum
N | results

10.00110.50{11.00|11.50{12.00{12.50{ 13.00| 13.50{14.00| 14.50| 15.00{15.50{16.00| 16.50{17.00{ 17.50| 18.00{18.50{19.00| 19.50

service | SI | S1 | SI | S1|SL|SI|S1|S1|SI|SI|SL|SI|S1|SI|SI|SI|Sl|St]|St] sl
0.045 | resource | 0.04 | 0.04{0.03 [ 0.03]0.03]0.03 | 0.03]0.02{0.02|0.02 | 0.02]0.02 | 0.02]0.01{0.01]001|0.01|0.01]000]0.00 |0.40
utility | 0.07]0.07|0.06{0.06|0.06|0.06]0.05]0.05|0.05]0.04]0.04 |0.04{0.03]003]0.03]0.02]002|002]0.01| 001|082

service | SI | SL | S| S1|SL|SI|S1|SL|SI|SI|SL|SL|Sl|SL|SI|SI|SL|SL|Sl|SI
0.040 | resource | 0.10 { 0.10{ 0.10 {0.09 | 0.09| 0.08 | 0.08 | 0.08 | 0.07 | 0.07 | 0.06 | 0.06 | 0.06 | 0.05 | 0.05| 0.04 | 0.04 | 0.04| 0.03 | 0.03 | 1.32
utility | 0.17]016|0.16{0.15|015(0.14]0.14] 013|012 (012|011 | 011 {0.10{ 0.09 | 0.09 { 0.08 | 0.08 | 0.07 | 0.06 | 0.06 | 2.29

service | SI | SI | SI | S1|SL|SI|S1|S1|SI|S1|SL|SI|Sl|SI|SI|SI|SL|SL|Sl|SI
0.035 | resource | 0.19]0.18{ 018 [0.17]0.16| 016 | 0.15]0.14{ 014 | 013 | 0.13| 0.12 | 0.11 | 0.11 | 0.10 | 0.10 [ 0.09 | 0.08 | 0.08 | 0.07 | 259
utility | 0.27] 0261026025024 (023]0.23]022(021]0.21{0.20(019]0.18]017|0.17]0.16{ 015|014 |0.14| 013 | 401

service | S1 | S3 | S2 [ S2|S2|S2|S1|S1|SI|SI|SL|SI|SI|SI|SI|SI|SI|SL|Sl]sl
0.030 | resource | 0.31 | 0.32{0.35 {032 0.30| 0.27 | 025 ] 0.24{ 0.23 | 022 | 0.21 | 0.21 | 020 | 0.19{ 0.18 | 017 [ 0.17 | 0.16| 0.15 | 0.14 | 459
utility | 0.37] 037039038036 (034]0.32]032]031]0.30]029]029{0.28]027(026] 025|024 0241023 | 022 | 6.03

service | S1 | S4 | S2 | S2 | S2 | S2|S2|S2|S2|S2|S2|SL|SL|SL|SL|SI|Sl|St]St]sl
0.025 | resource | 098229262 186|151 | 1.28 | 1.11]0.97 | 0.86 | 0.76 | 0.68 | 0.59 | 0.56 | 0.54 | 0.51 | 049 | 0.47 | 0.45| 0.43 | 0.41 |19.37
utility | 0.63] 067|074 0.71 1069 | 067 | 0.64] 062 | 0.60 | 0.57| 055 [ 052 | 0.51 | 0.50 | 0.49 | 0.48 | 0.47 | 0.46 | 0.45| 0.44 |11.41

service | S1 | S5 | S5 | S3 | S3 | S3|S3|S3|S2|S2|S2|S2(S2|S2|S2|S2|S2|S2|S2]|8S2
0.020 | resource | 058 | 2.34| 112 | 1.62 | 1.33| 1.13 | 097 | 0.85| 0.73| 0.69 | 0.64 | 0.60 | 057 | 0.53 | 0.50 | 047 | 0.44 | 0.41 | 0.38 | 0.36 |16.26
utility | 0.52] 068|062 {069 |067(064]062]059|057] 055|054 |053{0.51]050|0481]047| 045|044 | 042 | 041 {1090

service | S1 | S5 | S5 | S5 | S5 | S4 | S4 | S4 | S4|S3|S3|S3[S3|S3|S3|S3]S3|S3|S2]S2
0.015 | resource | 0.34 | 2.68| 1.62 [ 1.27 | 1.04] 092 | 0.83 | 0.74 | 0.67 | 0.60 | 0.57 | 0.54 [ 050 | 0.47 | 045 | 042 1 0.39| 0.37 | 0.35 | 0.34 |15.11
utility | 0400721069066 | 062|061 | 0.59| 057|054 ] 0.53| 051 | 050 | 0.48 | 047 | 046 | 0.44 | 043 | 041 | 0.40 | 040 |10.43

service | S1 [ S5 | S5 | S5 | S5 | S5 SH| S5 |S5|S5|S5|S5|[SH|SH|S5|S5|SH|SH|S4] s1
0.010 | resource | 4.50 | 0.00{ 0.00 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 2.03 | 6.53
utility |0.85] 192 |1.88| 184|180 176 | 1.72| 1.68 | 1.64 | 159 | 1.55 | 151 | 1.47| 143 | 1.38 | 1.34| 1.30 | 1.25 | 1.25| 0.78 | 2994

service | S2 | S5 | S5 | S5 | S5 | SH|[SH | SO | SH|SH|SH|SH[SH|SH|SH|SH|SH|SH|SH|SH
0.005 | resource | 2.75 | 0.00{ 0.00 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 { 0.00 | 0.00| 0.00 | 0.00 | 2.75
utility | 0.82]0.00 | 0.00{ 0.00 | 0.00 | 0.00|0.00]0.00|0.000.00]0.00|0.00{0.00]0.00|0.00]0.00]0.00000]0.00| 000|082

service | SO | SO | SH | S| S5 | SH|[SH|[SH|SH|SH | SH|SH[SH|SH|SH|SH|SH|SH|SH|SH
0.000 | resource | 0.00 | 0.00{ 0.00 { 0.00 | 0.00| 0.00 | 0.00 | 0.00{ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00 | 0.00
utility | 0.00] 0.00 | 0.00{0.000.00 | 0.00 | 0.00|0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 { 0.00 | 0.00] 0.00 | 0.00 | 0.00 | 0.00




56 AFA - AAE -

>,
Qs
il
K"
=2
X
ox 2
My
°
offt
e,
=
riet
o
o
X
)
)

TR R oA
m B =
fe o
R
L
s
LE' mlo
£ i
>

£1>_>‘:mg

2 o

=
&y e

P
o
ot lo oy fo pE 1o fo 1o L oEN ne

R
=

>
ofo
X
il
42 ot [ o
2

2
9
N
o

2
Lo
o

g{|l
o
=)
Ny

X,
i,
£
ru1o =
(g B
o
by

Mo -
o,

2
o ok
oo

7 5

ot

%

b
il
o
ol
AR
o
o
S~
=
[
=
ol
R
X
o
=
ofo >

O

Hakelel A9 Sk e tew
4849 WYor dujstel BAA 44
Mol Auls 59 He 2 A9 B

R

é_&c&‘
4 o 2

[1] Felegyhazi, M. and J.-P. Hubaux, Game
Theory in Wireless Networks : A Tutorial,
Lausanne, Switzerland, 2006.

[2] Binmore, K., Fun and Games : A Text on
Game Theory, Lexington, MA : D.C. Health,
1992.

[3] Boyd, S., L. Vandenberghe, Convex Optimiza-
tion. New York : Cambridge Univ. Press, 2004.

[4] Avriel M., Nonlinear Programming : analysis
and methods, Prentice-Hall, Englewood Cliffs,
NJ, USA, 1976.

[5] Van. Der Schaar, M. and N. Sai Shankar,
“Cross-layer wireless multimedia transmission
: Challenges, principles and new paradigms,”
IEEE Wireless Comm. Vol.12, No.4(2005), pp.
50-58.

[6] Dziong, Z. and L.G. Mason, “Fair-efficient call
admission control policies for broadband net—
works—a game theoretic framework,” IEEE/
ACM Trans. Networking, Vol.4(1991), pp.

123-136.

[7] La, R. and V. Anantharam, “Optimal routing
control : Repeated game approach,” IEEE Trans,
Automat, Contr., Vol.47, No.3(2002), pp.437-
450,

[8] Douligeris, C. and R. Mazumdar, “A game the-
oretic perspective to flow control in tele—
communication networks,” Journal Franklin
Inst.,, Vol.329, No.2(1992), pp.383-402,

[9] Ya'iche, H, R.R. Mazumdar, and C. Rosenberg,
“A game theoretic framework for bandwidth
allocation and pricing in broadband networks,”
IEEE/ACM Trans. Networking, Vol.8, No.5
(2000), pp.667-678.

[10] Even-Dar, E., A. Kesselman, and Y. Mansour,
“Convergence time to Nash equilibria,” in Proc
30th International Colloquium on Automata,
Languages, and Programming (ICALP 03),
(2003), pp.502-513.

[11] D. Monderer and L.S. Shapley, “Potential
games,” Games and Economic Behavior, Vol.
14, No.44(1996), pp.124-143.

[12] Andreopoulos, Y., A. Munteanu, J. Barbarien,
M. van der Schaar, ]. Cornelis, and P. Schel-
kens, “In-band motion compensated temporal
filtering,” Signal Processing : Image Comm-
unication (special issue on “Subband/Wavelet
Interframe Video Coding”), Vol.19, No.7(2004),
pp.653-673.

[13] Ehud Kalai and Meir Smorodinsky, “Other sol-
utions to Nash’s Bargaining Problem,” Econo—
metrica, Vol.43, No.3(1975), pp.513-518.

[14] Park, H. and M. van der Schaar, “Bargaining
strategies for networked multimedia resource
management,” IEEE Trans. Signal Process-
ing, Vol.55, No.7(2007).

[15] Stuhlmtiller, K., N. Farber, M. Link, and B.

Girod, “Analysis of video transmission over



Aol &L o] &7 HeEmt]e] Au|xe] apdA A daelE 57

lossy channels,” IEEE J. Sel. Areas Commun.,
Vol.18, No.6(2000).

[16] Y. Andreopoulos, A. Munteanu, J. Barbarien,
M. van der Schaar, ]. Cornelis, and P. Schel-
kens, “In-band motion compensated temporal
filtering,” Signal Process. : Image Commun.
(Special Issue on “Subband/Wavelet Inter-
frame Video Coding”), Vol.19, No.7(2004), pp.
653-673.

[17] Hyunggon Park, and Mihaela van der Schaar,
“Congestion Game Modeling for Brokerage
based Multimedia Resource Management,” in
Proc. Int. Packet Video Workshop 2007 (PV
2007), (2007), pp.18-25.

[18] Orda, R. Rom, and N. Shimkin, “Competitive
routing in multiuser communication networks,”
IEEE/ACM Trans. Networking, Vol.1, No.b
(1993), pp.614-627.

[19] Even-Dar, E., A. Kesselman, and Y. Mansour,
“Convergence time to Nash equilibria,” in Proc
30th International Colloquium on Automata,
Languages, and Programming (ICALP 03),
(2003), pp.502-513.

[20] Boulogne, T, E. Altman, and O. Pourtallier, “On
the convergence to Nash equilibrium in prob-
lems of distributed computing,” Annals of Op-
eration Research, Vol.109(2002), pp.279-291.

[21] Wang, M. and M. van der Schaar, “Rate-dis—
tortion modeling for wavelet video coders,” in
Proc. Int. Conf. Acoustics, Speech, Signal
Processing (ICASSP), (2005), pp.281-284.

[22] Stuhlmiiler, K., N. Farber, M. Link, and B.
Girod, “Analysis of video transmission over
lossy channels,” IEEE J. Sel. Areas Commun.,
Vol.18, No.6(2000).

[23] Dai, M., D. Loguinov, and H. Radha, “Rate-dis—
tortion modeling of scalable video coders,” in
IEEE Int. Conf Image Process. (ICIP '04),

2004.

[24] Altman, E., T. Boulogne, R.E. Azouzi, and T.
Jimenez. “A survey on networking games.
Telecommunication Systems,” Computers and
Operations Research, Vol.33(2006), pp.286-
311.

[25] Mazumdar R, Mason L, Douligeris C. “Fairness
in network optimal flow control : optimality of
product forms,” IEEE Tras. on Communica-
tions, Vol.39, No.5(1991), pp.775-782.

[26] Cao XR. “Preference functions and bargaining
solutions,” In : Proceedings of IEEE Confer-
ence on Decision and Cotrol, (1932), pp.167-
171.

[27] Kelly, F., “Charging and rate control for elas—
tictraffic,” Europ. Trans. Telecomm, Vol.8, No.l
(1997), pp.33-37.

[28] Kelly, F., A. Maulloo, and D. Tan, “Rate control
for communication networks : Shadow prices,
proportional fairness and stability,” J. Operat.
Res. Soc, Vol.49, No.3(1998), pp.237-252.

[29] Massoulie, L. and J. Roberts, “Bandwidth shar-
ing : Objectives and algorithms,” in Proc. 18th
Ann. Joint Conf. IEEE Comput. Commun. Soc.
(INFOCOM 99), Vol.3(1999), pp.1395-1403.

[30] Carlos E. Luna, Lisimachos P. Kondi, and
Aggelos K. Katsaggelos, “Maximizing User
Utility in Video Streaming Applications,” IEEE
Trans. Circuits and Systems for Video Tec—
hnology, Vol.13, No.2(2003).

[31] Ding, W., “Joint encoder and channel rate con—
trol of VBR video over ATM networks,” IEEE
Trans. Circuits Systems for Video Technology,
Vol.7(1997), pp.266-278.

[32] Ortega, K. Ramchandran, and M. Vetterli,
“Optimal trellis—based buffered compression
and fast approximations,” IEEE Trans. Image
Processing, Vol.3(1994), pp.26-40.



58 AR - A A - RS

[33] Chen, J.J. and D.W. Lin, “Optimal bit allocation available bit-rate services in ATM networks,”
for coding of video signals over ATM net- in Proc IEEE Globecom’96, London, UK.,
works,” IEEE J. Select. Areas Commun., Vol. (1996), pp.644-648.

15(1997), pp.1002-1015. [35] Shenker, S., “Fundamental design issues for

[34] Courcoubetis, C., V.A. Siris, and G.D. Stamou- the future Internet,” IEEE J. Select. Areas

lis, “Integration of pricing and flow control for Commun., Vol.13(1995), pp.1176-1183.



Aol 25 o4

 HE Y o] Au|se] 2 Abg d darelE 59
- ==~ = - = = > = =

(Appendix I)

4 a(0)7h BEHYL wol7] AN wo) o
o3 EeaTl RE o (0z0<1)ol 3l Lo
AAA etk A wolok @,

h(e)éin;‘ (6x,+(1-0)Y,)

i=1

hO) = 3 wo) o WA ek 3PE, h©0)
o] 22} HAnEL vt 2ol xdH:

Fhi0) 20308 +0-0 R )
o0* ks,

FE5e Ho=NY wHE k9 me ¥
o] g 7, by = WWEHAl &9 Fs 7HAA
ok mok qhef x 2R 9} 2R G VR PP oR
alglen® o] Fo Ay A A Hx A
LFFgRY Atks A2(0x+(1-0)y, 2 R") A3}
o}, whebA o)zl HuEt o] BE AT &
o & FHAA %7 wiEel o) = &9 S 7t
A A ka1, WA g R(0) = BEYolgta T
T Ark Ed a0) 9] FJIA F2E 7 o) o
al

A 8% 04 P2E KRG 28 5 Juk B



	게임이론을 이용한 멀티미디어 서비스의 차별적 자원 할당 알고리즘
	Abstract
	1. 개요
	2. 가정 및 절차
	3. 알고리즘
	4. 효용함수와 자원 할당
	5. 실험
	6. 결론 및 추후연구
	참고문헌
	〈Appendix Ⅰ〉


