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Game-Based Content Caching and Data Sponsor Scheme
for the Content Network

Won JoongSeop” - Kim SungWook™

ABSTRACT

Recently, as the types of services that can be enjoyed in mobile telecommunication networks such as social networks and video
streaming are increasing, mobile users(MUs) can access mobile contents easily by consuming mobile data. However, under a mobile
telecommunication environment, MUs have to pay a high data fee to a network service provider(SP) in order to enjoy contents. The ‘data
sponsor’ technique, introduced as a way to solve this problem, has attracted attention as a breakthrough method for enhancing contents
accessibility of MUs. In this paper, we propose an algorithm that determines the optimal discount rate through the Stackelberg game in
the data sponsor environment. We also propose an algorithm to design edge caching, which caches highly popular content for MUs on
edge server, through many-to-many matching game. Simulation results clearly indicate that the profit for CP’s content consumption is
improved by about 6~11%, and the profit of CP according to the ratio of edge caching is improved by about 12% than the other existing
schemes under data sponsor environment.

Keywords : Game Theory, Stackelberg Game, Matching Game, Data Sponsoring
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Algorithm 1.

1. Initialize V=(0,,....0,,....6,.p"). If there is a

history, set it to the initial value.

2. Define g¢(u)=R(V+uvR(V)) to find the
step size p.

3. while |VR(V)|>¢

dglp) . .. .
4w =y, by = e initialize a>1
5 if h <0
! dg()
6. then 1, =p, 1 T a and hy = dp
7. while h, <0
“1 dg(p)
8. do py =gy, ==, and by ==7 =
dg(p)
9. else u =p*a, and h, = o
10.  while h, >0
11 do py =py, sy =p*a, and h, :%j)
12. while | Vg(u)|> e,
- s oty - dg(p)
13. do p= 5 h= i
4. if h>0

15. then p, =p
16. else n, =5
17. V=V+uvR(V)

18. Calculate Mobile user’s strategy X by
using V and (3.4)

19. return V, X




Y

g

1

15

o
A= wukel A}&A mo] =
=

(2019. 7)

[=)

[kl

A M7

A28 Hg2

EA
S

=

=2

M&M%ﬂﬁﬂoﬂﬂn
= =
h T oo M= W B oo B W) E T
o < G o g =
il 3! X o o BB w N =
= N ok =z w g = N E e o
M oE 5 2T LC7JIU.W__H e~ 0 .
m_ﬁoﬂﬂxw_r_ ﬂﬂ%m.ﬁuﬁ g T ™ SR
~~ no NS
o Mo TN uo:%mﬂadr e YT T N S
oz m M =% @ G i G H BT A e o TG W
—= N el 7Wr6.ﬂﬂdr. %ﬂMﬂ%s %15%“. he) b we oo o=
ma?]ﬂ]otx ) 2 . o ~ g |
L rC ) X O o ]ydl _oon BoE ° w M iy XD 2 o] o) B T =
Tm‘dﬂ@oqt S~ DM@MH Lto_Iw_u 7,1Hn_mo]|qﬂmo dﬂ]}r,ﬂzm nJ|L17r1_HE._&|
ﬂoza«ﬂﬂz ~ gw " R I L~ = B® MHA}%EM
ﬂﬁl,zﬁ%@ wmmEmOutﬂi %ﬂoi%ﬂmmﬁ Hdr.mﬂn%u%? %H@Vﬂh%x
urﬂW@ﬂ)iL.smwrwﬂ,ﬂ%_o_e 2% o U= G+ T S - Nrourmqmuﬂldr.
Wﬂl@zm%wkgﬁ%% o R G - thomesn = & SR
5 T % _Z_g?ww&nwiﬁa nEEELDP PRELEEEL 4 : TeoiTEl
ﬂﬂot7 s mﬂumﬂﬂﬂqaﬂkuﬁ N.mdlﬂuo . rox”auaTn_Alw Q= 3 E&.ELOlﬂo]m
]1r0tdzt/dw }.ﬂtﬂwﬂoe - o= N q o= w o5 = N~ %o
2R o7 & ° T el " O = N 7o lﬂbﬂv7qw N ¢ mﬂnﬂ_'ﬁoull
o Nom E,M N %ﬂﬂﬂ.ﬂ = k= .Am oF ®° = 2 Wﬂlﬂl 0y g mﬁ MmN D o AN Al wm & i 1\4 X ;ﬂooﬁa
— 0 = oy — e ! = ~ = < = = oR o)
%i%% i?s_ﬂn%%Aﬂ%Vu _x_?aﬁﬂW?M a_mﬂzmngﬁvnqﬂ = L= ﬁmmn%mﬂeg
S o] XM o & ! (R = o ] = T T N R Wy RO oW N ) < SRl X T Mo
= e g ™z oo W AN o X A S — | L7oﬁH o ®r
< & T g M 0 o TG ® - S o= XA M
T ook W oo R = M Np BT or 9 A o Nox 3 o mw B Jix I 0oz < jdet o
Bl = oR oy M = 14 o Be ) N o I = —_ oy Mo Nlo )
eI = T AR A = T ooy 0 N SIS e 5 = s o E PR
9 oW AUV T w A E rx TP A S ©ETEsT
o o b AL T oot S PP Mﬂzmﬂﬁ%%q ﬂwo%@wnnE > = EE_wmeE
4 % ol ag@%%@@w}wﬂ% Fha o DD RS 2 g, T AT
R0 %ﬂﬁmﬁ% M%Jémuy_v%aﬁ léuﬂﬁﬁ(n = o B
) 5o Vm.Lﬂ_é Boe N Pe e = z M g % =0
—_— v i N ]7 _ N
Mo M H T O w = MR o <o o W R X ~ = = o) 1ﬂr| _Lﬂ_ WO o ™
Nr‘_iﬂlaraﬁlﬁoﬁ oor o R = e T B Hn@ﬂqumuﬂLﬁd
@@%%%4 iﬂ@ﬁuﬁwwa@ ELoRTew
%umwu%o_o o 2 2w M 5oy T wm o T I Tt
BET R %dﬂﬂw@lfﬂmﬂ SEECEIUES
EREE S S EF s EIEEP R 3 .
7 oA = o o oo 3 N ~ o E
H%%T%%@, wulm_mmwiﬂEoFe]gﬂL %Moo}mw —— o E B
%u%u%&ay *X Eonoﬁ,wAi o M M|n:./u1M|AwTﬂ.LWiLME %l]oﬂ
mm . K F iy —— ,Jlm s = ny ﬂy oju Wy dlo oM N = N o o -
,A]‘_ n o wy £ o = H® o gy s oy oR LIy o = cX B
=T E E o \ _ﬂmzﬂw AN g W MiwAEﬂoom%g&wu% ﬂﬂﬂo
7 — o l o T T g JlJ; =] - )
%zﬂ%@mm ,aLﬂwmmﬁLﬂeﬁoﬂo 1ﬁbwmahxw§@o g =
T 1 N 2 iy S = W= = %u o o = MA = o o il = 1N U o
MR BT _ R 5 M SN TRCRE R & | R
a_%AToAALa He]“dﬂlli - o . = zToT@.P N . e . or
|J hE KK T = % i) o R ~ & o -~ —_— ToR 3 = —~ X g i
s g w5 Eiﬂx?i@cﬁm ATﬂHl_z_Aw,xa4 g 5 b 5o
e Ao B W o aﬁ_l}%iéﬂvﬂhx B 5 T X = & pa YV Vi [
—~ 2 g o —~ LS 0 o1 Mo = X . =[! —~ & oo
o s 0 A_H_UALlLlﬂﬂn_mo BC Mo ﬂ”mlﬂmwi‘_ < Zmﬂn.ru S s = <~ I =
%M%m&upmﬁ Mﬁﬁmezﬂﬁaemﬂﬂ R W oo T o LU < ! @ XX
LIX‘;LOIV_I/QM{ X! B 1_,_A|7£L1_I.JII1JIEE1%H17_AI,Z U.:u ,Zﬁmﬂ W,Ulp‘lo %@ O#E,Lm A Lz.ﬂ NZﬂ ~ WME‘A
N do =) B & A <0 <] T NOR N ﬁ]ﬁ = o XX < <o 0 ~ Loas BOE A
S o= % K r = ™ o LN o & O o %o T ™ = T+ 2=
TS © % Iﬂﬂﬁwﬂﬂﬂﬂah n%u,tnvwﬂao.lﬂa © op M
Mmmeggﬂmn@dr W.zﬂ%mwy%%z@rwr ﬂoc_/%%mu%umwﬁc .mD t g aﬂzr
T B P RIS = T Jal = N = < o oK % < T R
do H ®r o N R KIS o 3 o T o oo = N Ho= 2 o = x 2 ~
FIETE aRpfIRiiLis DTEERS gL S
To ! 0 < ’ =
% F o T N T 3%4@.&@@?@1@&% ﬁ‘_zw
o SEERRBD B = P A
T TR N o o M
RN R op = =3
o AR sz:.]
0
T



2Ex HEHD =

ol

3 2e=ol W71E vehls Fquation (37) 5 WA A&
WA Ao heEE eRs AR T, 0 bt o
wrhel ALgAe] AR Aul s EAL DA 9] 9
golul, Aul nol AT 5 Q= wukdl ALgAe] HEE}
wrh AGE £, A2 B Fo olf % thene A7
of ¥ A% Y Avlel Tax AN 3 N5 Bk

)

>

rr

H
)
[N

o o i
2
N
2
=

A
iu)
=
k)
=2
ot
X

o o
rlo

3
il

N

Z r_>C4r
o

o U

it

52,

N

>

=

S

S
N
i)

[N

24 v, 7 Zuze ge o
Auss) gk Aes sk 2
%3l 2 e Brhse, 2a= (o] $A

e
)
©
rlr
rfu
(
N
N
Y
=
ot
L
Frt

Equation (3.6)% A 3}st= 4otk

dioe] 2E A9} A A 7] f714 d2E mutd
AbgAFe] G40 Equation (37) 7 WAl & Zdlx <z}
ac0,1]2 dA4FgezN FAT o Eutd ALY
a8l A A4 H] 2 F4(QoS: Quality of

i
rir
=
B

2 dyols

1o
op H
o
i} o

oj=A=el HewE AIANLAS .S, aftol A
W EFE IRz AlTats 2ok AREARe] Au)2 F40|
WaFskA wkEshs Aotk a7t ZeE dHolH AEA &
AollM A Y] T mE WA Adtets Aoy, Nt
a7t w25 A MG TdEE =A AAEH. 7=
Seke leo®, mutd AbgAe &8l oo #®E 1/4%
AT A5 vlolE 2EA S HA e A A HlE
S uEkd S A4

=

S|

X

o,

2l o
ox,

<
4
=

_O\_('l
Q2
N
i
2
i
N
ol
rlr
o,
N
off %
19 go M o> o
o,
N

I}, o] 2 Fal B =FoA Aetal= 719e] A4
== &l 100m x 100m 2719 W ¢tell A 50709 714
muted AE2EE AdEA A skch Z2b mukd AMEAtE
Zelzo] i3t Yol HELE /HAY, Bl Hawel 2
Bz Ao 3 QoSS ERE 0]9S AAE) oju] ZEl
= AFA} a2 AFAE Bkl ARgARe] oS o 7
WS ARl oS, Albete] o]olg FEsiH, olwf 7}

riot
2
x
N
s
=}
THu
o
=}
0f0
rot
T
2
[
=
0>
ne
o
o
_‘!_H_
[>

t
x
N
i3
=
wW

Table 1. System Parameters

System parameters Value
number of mobile user 50
number of content type 50
MU's factor 0<a <10,1<b, <20
CP's factor s,t=1
initial support rate 0<6, <05
initial data cost p" =0.1
initial data usage 0<z; <10
congestion coefficient c=0.2
1
lk
content preference distribution =g k=0.5
G
replicable number of content 1 N =2
storage space q, =5
number of edge server 3
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