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Resource Allocation Algorithm for Differentiated Multimedia
Services Using Game Theory*

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

m Abstract m

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 particutar, 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 muitimedia 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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Algorithm 1. Resource Allocation Algorithm

Input
Total amount of resources : R,y

Pairs of maximum and minimum requiremen

t: (R,MAX, R,O), vie{l, -, n}
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Unit cost : €=(C,, -, C,)

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

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
( X‘MAX _ X;)

Repeat
Let user 7 be the first user of SEQ, and the
service type of p be the

1) Obtain the set of utilities U if » 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
(")

jN =arg{ma)§ﬂ,.(x,, | B)> ”i(xyt' | )
iV eflem

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

Until
SEQ is empty
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Algorithm 2. Bisection method

Input :
lower bound /:=min(R, -, R?)
upper bound »:=R"¥
threshold £>0

Repeat
1) Let R be the mid-point of iand « ;
R =(u+l)/2
2) Obtain R (i=2, -+, n) based on R using
equation (7)

3) Check the feasibility of R (i=1, -, n)for
the bargaining and budget constraint
4) If feasible /:= R, else u:=R,

Until difference between /and « is less than the
threshold & u-I<e¢
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k(R(x)-R)

NoiseRatio (R (x,)) = —F———"—-
D, (R: (x)-R ) + Hy;

(1D

A2 £9 09 8t 299 A0
¥l Foz ALGATE AH2E ol g5 A3 A
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COST{R (x)) = R ( ZC, x, (12)
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o 4 itk

X, =, (x,)= NoiseRatio.(R,(x,)) + LCOST(R,(x,))
kj(R/(xi)—RF)

Dy, (R, (x,)- R ) + 4, i

AR, (x, )2_: C x, (13)
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ol Aol Asd Aol B2 04y P
o AP AT ok B 419 2ol Yol
o 5 ale] 4% AYE AYP) $3E wYow

W 59 5 A

Ae 4.1 : 75 BF s & 2= (convexity)o|t}.
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T Ox+(1-0)x,eColH A% Cx= BEEF

olt}, x¢ v& 7Ms 58 A¥ 59 F
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i 7HgsAL s7 BEEEYE Holed
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Fig=3

X=X, -, X)=(m(x), -, 7,(x,))eS

Y:(Y ] Yn):(ﬂl (yl)’ e ”n(yn))es (19)

=>60Xx+(1-6)YeS

o ), (v %) 8 (3, = v,) % T Aok 2
& &I e YUl X =7:x) 9 Y =m()
= 22 Ao] x oy, BE BF HYE W) 5EA
2 YEY. 58849 Aol 7o) Aok zAoe
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Ss{X Z”:ﬂ,." (X,)<R,,y, forall 1} 20
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o] Aol B2FYL Holy] HIAE 449
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Z;z (6X,+(1-0)Y) <Ry, for X, YeS (21)

4 (18)2 ¥ ggtol wet oh
E2EE 5 Qv

54 (28
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3 2 (X,) € Ry ifo=1
- (22)
= zﬂfl (X) SRy

o0l 0 52 19 s HEge2A, AL T
g AL 4 9L, wAT 5ol JEshs A
<Appendix [>olX 9} Ze] v 4 (23)0] 5
Qe welozy ZHd 4 v
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oju] Aoz (21)S E3 ANAFY 54 A x
o} y o A 9] FSHYe vgoenE B F
Al s A sE B2EFYol FHEAUT A

4.3 7|8t Congestion Game

obx Aod ALgA ke Ade] EAIE £
32 Hol7] feiME Aol 7k Fx7} FHoj®
&} o] 4] Nash #g0] E28 4 Q& Hofof
3t} Congestion Game Ho]% 31i}e] Nash o
& e Aol o)W duA gl & =
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A2 4.1 : Congestion Model :
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ME Bl ofd AgAEel Hgoln, A
FAFol ofd 428 A8l ol AY Fel
Agol AeE % = w4 AF 4 (@),
FH¥o] ohd :

A9l 42 . Congestion Game :
G= <A/[’ (Q )vGM ’ (uz )H’»M>

Congestion Gameoll A a 2HRQ),,, & A9 4.1
A Re vhe) Fdstd, 7 AR v B4 A
& ’“E“i‘iﬁ W A 5 glE ole] 5w a-R,
ie M) U3t o] Aejdr

u(0)=2,., ¢ (n (o)
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A BE o] e onjshy, » (o) & O
A3 7EL01 x%ak o= Eutskoqu /\]Jg ;dsL_cq A
A& fB A9 AMERESY 0 "
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weba AgAol
AA fE AEg Foldel So B B

olelgs o, (b= 94 EBY¥

=2 9L

7 A,
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v angl2e Al 428 59 Congestion Game

2
o Yoz 18D 4 Aee YD,

Al 4.2 weF A @sly] f8) Ao 284
g 71#0% KSBSE A&she= o] o
A 7R 2AE Es o, Congestion Game
o) e JFEThR BE ¢ ATh

i, m /e Mul2 f8-& Congestion Game

i, n 89 AMERES Congestion Game?)
%}@X}%i % +
i, AEla fEe M) g8 AMEEE
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w2y, ol oA FYs Al MEd A
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G5} @A A9 A YFFoRYH wEE
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AR AEAER olFolW 2PE BT neide
£ 3 B8 A5 59 Re Fsere A% 5
Qg u} A W 54 Ans 49 S E
Qe AR o) Ax B A ulgL ooy
&2 083 2ol A 5 Yo,

ol W), % =2%=n(0) = A 5 FolA My
$9 72 49Y A8AEY 52 6P, 54
Be) FF oA E TS 2o 288 5 gt

pix)= X" - X]

= XM [1 -6 Z ,B/x,.j] (26)
Ho E8AE AMAF 71 A gro]7] W)
o, AHAF YN E 28 A= F3E st
2nte] shsstnzE, 4o B8 FH & 2
I 9 MulE {E-E AEsHA Ftk o] KSBS
g ol&3te A F FYdAMe 58 dHe F
U3 M| 29 FHE A ALEAES Tl 7T
o] g2 34 JHsdtvhe g on| @tk we
A B =FoA Alelsh= KSBSE o] &3 24 &3
7338 Congestion Model (M 4, (£2,);c,p(p);c 4)
2 ¥ 7bestn, ALA 209 AlgE Aol g
BAR AYL &= (M(2)cp (0)ic 18 Conge-
stion Gamel.2 23&o] 753t i

KSBSE o] &3 #4283 A&o| Congestion
Game®| HEE 77| dioll, dM A Con-
gestion Gameo] A% st ©]4e] Nash #3ol
g8 ¢ dvhs B4 2A%d & =79 A4
g3 gugF dA 3o Nash #3& 7kt

2 + 9k

M mo rir o

44 Me|~ 23

o Ao AHEAL d Mujx fPo] AR
Arke 7ol ME st o)At Nash 30| &
Age Btk B duFAXE 7 ARSI A
g 249 Fol 2AHE Fofl AEAE THE A
H22e] A3 o5 PFrlgith of At AR
ZA ER Arl2 §88 A9 1 @& 5 3
= EEAE 71F0E o|Fox ok gt wef o
LR BAlCl Mul2 §8E v & duEa
ARG, FIFH o2 ofH AMEAE AMH]E
e AASA A Ho A & AL F
3Hx Eale Adgto] HojAr. ol e EAE
ojul o3 A A AFHl FrHIg, 19, 201 =
gt o] shte) AREREE Aula §EE wkE
& Qtta 71A3taL, Elementary Stepwise System
(ESS)& ol-g3laial dth. ESSE A SR AME
A7} At AAREE WS ATs, 18 A
AE (n-n¥ ¢t Nash FFol =288 F A&l
95 JeH17, 201 o] Ao vrx] FEeME ESS
2 B EA Fgshs Wyl s Az &
o} AMulA §8E A SAE dAY 28 Y
B & Hu EEX9 A4 T8A Aol2 AAE
o} oAl ZejA, 24 A ghe] M 2 AR
71 AA Helx F8S A8 A 4RE dds}
£ Aolt}t. AlR2 = Algorithm 39| 7]&3t
.

Algorithm 3. ESS algorithm

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

Current service type *={x}, VieU

Repeat
1) find the first user who will change the

u=argmax p,(x,), ueU

service type : 1= 20



+

2) obtain the optimal service type (/') for

user u :

i 3= ,
R R T
1, (x,j) < max(7,(x,))
User will change the service type only if it
can find the other service type that user

can obtain larger utility than current one.

3) update the vector x, with the result of the
previous step

L j=J
x"! = . 2
0, j#j
4) Discard user «from the set of users v :
U=U —{u}

Until the setvis empty : [U]=0

5.4 ¥

A
8 deF2 ol§ Bud Y ANE naT
o A9 AAZE 1ol BE v Apdstd 9
gpltlo] Aulzzk £ W, ool A8A7 2
Ae) qH S 24Pl B geiHow 2
A3, 1 Ad) Wk A0S BYHE 4L 5
Pk 2 ABL Bool e ool A
2ol AgAE] oA BEab) WA #4811,
a0 e AA A BT 8RB B8, 2
3 Aulz AR F90] oFA WA
A s,

B
o
Q

o

Ml ANE G4 Helge £4e HEow &
of AR fAE 44 7H A EEETe)
oHE AAFoH, <E 2>00 AN Hist o]

A2 g (m) e AHEAF ()l tidte] 37kA4] A
& AAaHh 2784, 37HA, 574A ¢ xpdstE
749 Au| 2ol tiske] Z+z} 674, 1070, 20709] ©
ol & At S YA F (m, n)=
(2, 6), (3,10), (4, 20). T 7kA] AH]A S1~S5=
2o Uiat &y v]&-& 1.0~300.2 AA3A
(A AgA] b8 Scale 19 3 A 7}
), T AHaE A9s AgAte] T
(bgpower)S ¢ H|-gol Hldsl=E A4t}

gt Al 7] AdoA FoAste AHEALeHE
e deolge] Ho Q4 FHR™ ) ming
max#t WA 5Ls A4S FAEE et
g 4= 59, (m n =2 609 4%, R™={20,
25, 30, 35, 40, 45}& Zt=th

5.2 &z n

e (m=2 n=6)2 2¥4dx

<E 3> (m=2 n=6)9 AFAHZ wj/iHSF
29 Wghel mE AMEAEC] HEFHOR ARG
e A(service), &7 e A9 Fresource), 71
2 93 g&utlity)® RoFoh oyds i+
NoiseRatio,(R (x)) ¥+ COST(R(x,)) ¢] H]&-& ZAs}=
&g gt} & a7 FoW, A8gA FRe
HlFol AATy 27} F7Febd g ulFo] AA

(B 2) MMM : MHI2 4= n: AR )

service SI S2 S3 Y S5 R
(IT], H) X Ry
unit cost 1.0 15 2.0 25 30 min max
2, 6) bg.power 0.40 0.60 2.0 45 5.0
(3, 10) bg.power 022 0.33 50 95 10.0
(5, 20 bg.power 0.10 015 10.0 195 200
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= « sum of dlocated resources=mmsum of utilities eeetotal profit

= » sum of allocated resources==sum of utilities eestota profit
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(a m=2 n=6) () (m=3, n=10) (c) (m=5n=20)

(23 1] oS a0l M2 M|~ E2k A3t

T) HHIAZE AR HF Aula 2R, ALHadEZe F AY 899, 148 Avs 3 9

A AREAFE 0] 7HH o] AR Mulx S1Eo R o]
ot AFS RAFh

(29 1]eA gz A 713 ABoA Z
AREARFEOl 47F F7HRt weE) ojgA MulAS
WA 7R RAFh £23, gAagzes
Al 7 A8ZEANAM A AA AY Se
(23 )7 AHEAES] Z8(EA), 283 Ay
2 AFAL FURHA)o] oEA Hzsl=A B
=t}

A (m=2 n=6)9 dor R A A&R=
2 =0014 o3l E o HR Au|AQ) 28 M9
o7l 2 =0016 o)o] HW SIZ o]Fdr) =
& 7 WA, A dA, ol A AFERES vhEsR)
2 o)5Etr}t 4 =0022 oj4to] HW Fgo| L4
E WH7P] gl Auj2dA o]gslA wr). ut
H, O WA, G - AR SE fAIsL
4 =0022 o]}o] HA A o3}

olg]g Fole A¥m=2 n=6)9 AHLH 1
ZA(LA HMez FAE) e gl
Ry 1 5094 BEtsts A& U8 4 gt (A
oz BAE) 6% FE5E9 o] nfFIAE 4

= 002214 73} =3 MulaAFzke] F4
Y2 a7t SUFHEA AR ZAstE ok A W
Ag A= 7MAuFE 23 2
AHE2e] Z&3FE ol3EkA] Xt %
A7 ARE2} o|E R Ql3te] F4Q)ut AT E
(287} 24%s RHosn

e (m=3,n=109 48947

2 =5dA A 19 M E 1089 A
ST} Ay zoA o]gslR] Yt Y EE
A7F Z7V8HA vl &F7LE QlE] MU|AE o|HEH
gk Foizl HY UM E ALEFIFL R, 9
1008 257 AHS8ta glom, 103 AHeAte] & &
480 7 AERZ FXE) W} Mujx F4Ue
AES Anj2Qd $29) S12 A7 wuid 333

Al g

e (m=5 n=20¢ 43827
A A5 AY A= 571A] MU AS AMEALE 0]
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A3l nla) AL 571 A Helrh UA A <
S B9 2 =002500A4 F A Tkl 200 A 9

4R LS 100% AHEEHA] FEEE A4
28t AL 27} ME| AR

N
I
o
1
mlm

so) oA ARIAE B4 St Ak T o RIE F AES Sk A2 AR 9P
AgApEel MgRHoz skl 2 AAGIF B $Uo] FT Bk opfeh, ALgA AN B

& stA @7] gitolth. o dolHe Ho & g&o] 37 7 U HoFu g
= R o] AXW EAFHIQl NoiseRatio (R (x,)) £

AZFSA e COST(R(x )& Ao Z7}slo 53 E9
£80] 284 @] MRtk 53, & A9 @

FES 1 =002504 Hfol AN, F& 857 Ay B Age geokdt ofujg BT Qlry 3 WA
2 F542 Z47F 4 =0017 4 =0.01590A4 Hogk = Al zxpdzke] HoAlolt), theke A
(E3H(m=2n=6)2 Aszn

RMA\/
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 0.83 0.39 500
utility 058 06 0.61 0.62 062 0.62 367
service S2 S2 S2 S2 S2 S2

0.012 resource 0.73 0.79 0.83 0.86 0.83 0.88 500
utility 0.58 06 061 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 0.87 500
utility 058 0.59 0.6 061 0.61 0.61 364
service S2 S2 S1 S1 S1 S1

0.016 resource 1.34 152 051 052 053 054 500
utility 0.69 071 049 05 05 051 3.44
service S2 S2 Sl S1 S1 Sl

0.018 resource 1.3 153 051 0.52 053 053 500
utility 0.69 0.71 049 05 05 05 342
service S2 S2 S1 S1 S1 S1

0.02 resource 1.36 1.53 051 052 052 053 500
utility 0.69 0.7 0.49 05 05 05 340
service Sl - - - - -

0.022 resource 363 00 0.0 0.0 0.0 0.0 363
utility 0.79 0.0 0.0 0.0 0.0 0.0 0.79
service S1 - - - -

0.024 resource 328 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 2.99 0.0 0.0 00 0.0 0.0 2.99
utility 0.77 0.0 0.0 0.0 0.0 0.0 0.77




A2 AFFo2M AY (m=5 n=20)3% 2|
A2 £49 Hlolg AgRHE] Al st A
£8 AEate ojgd heidol FojEte Aol

FoAde 7 449 T84oth 49 (m=5,
n=20)% #o] H¥ uAEo] ojEsA H:E
HABAE AEEA Sl M)z Ean g
oJgle] ARg-o] FolE0], ¥ AHez #EAE
FALEZF) 001 olst E= 003 ol deME 5
ojgtzA F 7H8A R 9 2% °l3E WER
At 3 A F ALY ME|a F FUE S o

3 oItk

AFA - AAE - A9

NE

A(m=5 n=200°14 BXo] Zo|

A WA=
AQLBLEY a8 Al FFUL 4 BE
BN AN A AT Aolet AHAES] 24
TS Z AT ZN Mu2 ATAE AHH 5
Aol e} RARNEE FrYT Zo] dste FH
AP AAFEE AAY F UFE ¢ F I

g)

6. 2% 9

FHAT

EEAAE Adstd Auls S0 HE
3ol #d dnFS At

CEH (m=3 n=102 A&y

A results R sum

5 5.5 6 65 7 75 8 85 9 95

service S2 S2 S2 S2 S3 S3 S3 S3 S3 53
0006 | resource | 0.9 1 1 101 1 1 1 0.99 0938 0.98 9.9%
utility 0.66 0.65 0.65 0.65 065 0.65 0.65 065 0.66 0.66 8.50

service S2 52 52 52 52 S2 52 S2 53 S3
0.0075 | resource | 0.78 0.78 0.78 0.78 0.78 0.78 077 0.77 19 1. 9.96
utility 06 06 06 06 06 06 059 0.59 0.76 075 6.29

service S2 52 52 S2 52 52 S2 S2 S3 53
0.01 resource | 1.28 1.28 127 1.26 125 1.23 121 118 0 0 9956
utility 07 0.7 069 059 0.69 069 0.68 0.68 085 0.8 122

service S2 S2 S2 S2 S2 S2 S2 S2 S2 S3
00125 | resource | 095 094 | 093 | 092 09 0.83 0.87 0.8 0.83 1.88 99
utility 063 0.63 063 063 062 062 061 061 06 0.74 6.32

service S2 S2 S2 S2 S2 S2 S2 S2 S2 S3
0.015 | resource | 101 099 097 095 093 09 087 0.8 082 1.66 995
utility 064 064 | 063 | 063 062 0.62 0.61 061 06 07 6.31

service 52 52 S2 52 S2 S2 S2 52 2 2
0.015 | resource 1 097 095 092 0.89 0.86 082 0.79 1.46 1.3 9.9%
utility 064 063 063 062 0.61 06 06 059 0.69 067 6.28

service S 51 S1 S1 S1 S1 St 51 S1 Sl
00175 | resource | 1.08 1.07 1.06 1.04 1.01 098 0% 0 091 0.89 9%
utility 0.66 0.66 065 065 066 064 064 063 062 062 6.42

service S1 S1 Si S1 S1 S1 S1 S1 Si S1
0.02 resource | 111 1.09 1.07 1.04 1.01 0.98 0.5 092 0.2 0.86 992
utility 066 066 065 0.65 064 064 063 062 0.62 061 6.38

service S2 S2 S2 52 S3 S3 S3 S3 S3 S3
0.0225 | resource | 099 1 1 1.01 1 1 1 099 098 0.98 9%
utility 065 065 065 065 0.65 0.65 0.65 065 0.65 0.65 6.50
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1000

1030

11.00

1.0

1200

1250

13001350

1400{1450

1500

155

1600

16.5017.00

17.50/1800

1850

19.00

1950

0045

service

Si

S1

Sl

Sl

Sl

Sl

Si

Sl

Sl

Sl

S1

S1

Si

Sl

S1

Sl

Sl

Sl

Sl

Si

resource

0.04

004

003

003

003

003

003

002

002

0.02

002

002

002

00t

o

001

0.01

001

000

000

utility

0.07

007

0.06

0.06

0.06

006

0.5

06

006

0.4

0.4

0.04

003

003

0.0

002

0.02

002

001

001

0.040

service

81

Sl

51

Sl

S1

Sl

Sl

Sl

Sl

Sl

Sl

Sl

S

St

St

Sl

S1

Sl

Sl

Sl

resource

0.10

010

010

008

0.08

008

007

007

0.06

0.06

0.06

06

006

04

04

004

008

003

utility

017

016

0.16

015

015

014

0.14

0.13

012

012

0.11

011

0.10

009

0.9

0.08

0.08

007

0.06

0.06

0.03%

service

St

St

S1

S1

Sl

S

S1

St

Sl

Sl

Sl

Sl

St

St

S1

Sl

Sl

Sl

St

S1

resource

018

018

018

0.17

0.16

016

0.15

014

014

013

0.13

0.12

0.11

0.1

010

0.09

0.08

0.8

007

259

utility

027

0.26
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0.4

023

023

0.22

0.21

021

0.20
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018

017
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0.15

0.14

014

0.13

401

0030

service

51
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S2
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52

!
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S1

Sl

Sl

St

St

St

Si

St

Sl

resource

0.31

0.32

035

032

027

025

0.4

022

021

021

019

017

016

0.15

014

459

utility

037

037

0.39

0.38

0.6

034

0.32

032

0.29

0.29

0.28

025

024

0.24

0.23

022

603

0025

service

Sl

S4

52

52

S2

S2

S2

S2

52

Sl

St

St

St

51

St

Sl

resource

038

2.9

262

186

1.51

1.28

1

097

5| 068

059

054

049

047

045

043

041

1937

utility

063

067

0.74

071

0.69

067

064

062

0.5

052

051

043

047

046

046

0.4

114

0.020

Service

St

S5

N}

3
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(Appendix I)

Proof of the Convexity of the function h(6)
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