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Request pattern generation based on user behavior in content delivery network
Shigeyuki YAMAZAKI O O Takashi OKUDA
Graduate School of Information Science and Technology, Aichi Prefectural University

1 O0oOod

goobooooobooooboooobbooobooo
goooooobooobbooobbooooboooooboog
000000000 (00 O0CDNODContent Delivery Network)n
0000ooooocCbNOOO00ooooooooooooogd
gojooododoooooooooooooooooobobooboboo
goooboooobooooboobobobooboooooboog

0000000000O0O0O0O0OO0OOO0OOoOoIlISP(Internet Service

Provider)DOO CONOOOOOOOOO0OO0OOOOOOOOO
goooboooobooobooobooooboooooboog
goooag

000000000000 ooDoOoooo CbNOOoOoOood
gooboooobooobooobbooooboooooboog
0000000000 (o0o00oooo0)o zipfoooOo
gooobooobobooobboooobooooboooooboog
goobbooooooboboooobobooooboboooooobog
0000 zZpf0OOODODOODODODODODO0DO0OO0OO0OO0OO0O [A]O00
gooboooobooooboobbooooboooooboog
00oooooooo [2]0

goobbO0oo0obOoOooboboooobbooooboboOoo
00000000o0oooooooooOoo0gCDNODoODooogd
goooboooboobooobboooobbooooboooooboog
goobooboboooobobbooobobbooobooooooboog
gooboobooobooboboobooboooboobooooooobogoog
gooboooboobobooobobooobbooobboooobooboog
gbooooooooooog

gooboooobbooooboooobboooboOoo
gobooobbooobbooobboooobobooooboobog
0 O Agent Base Modeling{ 0 OABM) 0O OOOABM OO0
CONOOOO0OO0O0OUOoOooOOoooooooooooooooo
dooooCbNOOOOooOooooooooooooooooo
gooooooooobooobooobooboboooooooooog
goooooooooboobobobobobo

d002.000000000000 CODNOOOooooooo
do3.0000000o000000000000O0O0OOOO
000d4.0000000000D0DOO0O0ODOOOOS.0000
00000000U0oooo0o0o00o0ooUoooooo 6.0
goooooo
2 CONODOOO

00000000 CONDODDOOOOoOOoOOoOOoOOOoOOOO 10
goooooobooobboooobooooboooobooboog
goooag
21 00000000

CONODOODO0O0O0O0O000DmWOoUODOoooooooooooo
10000000 oo0g (higher-levellayerp D OoOoooooQ

O000o0O00 Os(Originserverd 000000 (Intermediate

laye 000000000 OsOUOO00OO0OO0OO0OOOOOOO
O Ds(Distribution Systeml O 0 00O OO (Lower-level layer)
000000o0o0o0o0oooOo osOoDooooooooog
Sg(Surrogate)) 000 SgUOOISPO OO0 1000000000
gooog

Replicating
= contents

\\ . contents
Wor d-of-mouth
; -

Original
contents

105 : Origin server

| Ds : Distrubution system
| Sg: Sarrogate

|

Intermediate layer | Higher-level layer

I

media advertising

01 CONOOOoOooooooooo
tbobooboooooooO0ooboooobOOobOOobOOooon
ooboobooboobooboooboooooooooooo
000000000000 SguoooooooooUooooo
O0o00oOooooolIsPO00O0UOUDOO SgoOoOooo
ooboooobooooo
oobooooooooboobobooobooooboooooooo
O00000000obsosSgd OsoOoUoooOoooOoooo
oobooboooooooooooooobobooobooOoooooo
oobooooboooboboooobooboooobooboooo

22 0OUOOOOOUOOOO

0000 CDNOUOUOOOOOOoOooouoocCbNOOoooo
gobbooobobbooobooobbooboboooobboo
gboboboobooboobooobooooooo
gooooobboooboooboboooo

e 1OOODODO

e ISPOODDOONDOOONCOUDOODOODOOOOOOO
gogoo

oooooooooo
0000000000000 00000 (WTRJWillingness
To Pay)]

o 10 IODDDOODDOOODODDOOOODDOOODOO
oooboooboooboobobooooboobobOooDoOoboo
ogoboooooooooooooobooooobooooo

3 0000000000 0O0oooooooooo

O00000ooOoooo CoONOOOoOoooooooooo
O000o0o0o0ooOoooooO0oUOooooABMOOOOODO
000000000o0oooooOD Soooooooooooo
ooo,

S = {Environment, Agent}
Agent = {Osa, Dsa, Ssa,Ua,Ca}

000000 Enironment 000000000000 0O0OO
0000000 Agent 0 50000 00sa O Origin serveflDsa
O Distribution systerl Sga O Surrogate 1 0 0 0000 Ua O
O0000CeO0DO0OO0OOOOOOO

CONOOO0000O0oooooooooooooooooon
gboboooooooooobooboboboboboobooobo
00000000o0o00Dooo0ooooooooono 200



Ca Ca

[ I N T 7 Ny .
Ua Query ¥ ki | Query Vi | ! Query|
H v i
N Reg Reg Req
Mouth T === === ===
P} Wating Sga Dsa Osa
Diffusion 1t 4 ot
rata Di e it
> T Waiting
. time: W T - T
Environment U Res meWa Res  Waiting |
(= >, time Wa| |
B
Mreecccmcecmcccccrccrccccer e —=- I
Promotion g, Res
02 0OOoOo
Tola ToCa

| Wating tine Tola ToCa
g ey ] Wating tine |

Maxinm

troughout

Register

Register
request to
buffer

Meimum
throughput
Thoar

\
v
!
|
i

Fron D52

Decision-making

S
ToSga Ua

Storage
conterts list

Storage
contents st

N
ToOsa Dsa

N
ToCa
From Sga, Dsa, Osa

Merimum storzge|

Contents tpe |
" capacity:S,,,

id
Cortents cost
4

Internal state of surrogate agent(Sge)
distribution System agent (Dsa)

\, /
Decision-making

) Sty stete
accept

Internal state of Contents agent (Ca)

03 0boooooooooooo
O0000o0oO0o00ooOo0oooooooooUebOOOOO
00000000 0oO0o0oo0 30000U0e00OO0OOOO
gobooooobooooooo

0000000000000 00Oooo Sooooooo
O0oooooooooooocbNOOOoOOOooooooo
0000000000 @BUoooUooooooooooooo
oooo0o KK-MAS OOOOO

4 O0O0O0OO0OOOOO0OO0

220000000000000000OCUOOOOOOO
000000 UeODOOOOUODOOOOUOD 40000000
goobooobobboobobbooobboooboooobbo
gooboobobooboboboboboboboboboo
go0o0oo00oooUOOoOoooUOOopooOoOooooo 4000
Joooogoggoggo s00oooooooooooooogo
gobooooooo
e 0000 (Information gathering)
e 00 O0DDOO (Selecting content)
e 100 00ODOO (Request decision)
e 10 00ODOO (Evaluating content)
e 00000 (Word-of-mouth behavior)
goboooooooooobooboooboboooo

From Sga, Dsa

Diffusion rate p,

Gontents satisfaction|
probabi lity
Ps

Word-of-mouth
behavior

Information
gathering

- User behavior model —

Selecting | |
contents ‘ ‘ N

Promotional
actlv;}tles Promotion

......

Not request

Preference
q Standby
Willingness to pay state
wt
Internal state of user agent (Ua)

04 0DO0OOODODO

41 0000
0000000000 j( =1,2,..,J) 000000 i(i =
1,2,..,1)000000000000000000000000
0000000 A/ 00041.100000000000000
0000004.1.2000000

411 0000000
00+000000004j0000004000000000
0000 Al(#) 00

Al (t) = {af (1), 3] (), ()} O O @
0000&(t)00j0+0000000000000000
00000 4j0:00000000000000000000
f(t)0D0i0000D000000000000D0O000000
0000000000000000000000000 By(t)
oooo

00000 A4/(H)004j0+000000000000000
0000000000000000000000000000
0000000000000000000000000000

00000000@/(t)04/() 000000 o/(¢)0000
000000000000000000 A/()00000000
00000000000000000000000000000
0000000000000000 7,0000
412 000000000000

0000000 A1) 00000000000000000
0000000000000 A()000000000000
Al()0DO0D00D00D000000

0000000000 A/()00000000000000
0000 B(t)000000B,(t) 00000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0 D(t)000000000000000000000000
00000000000 B(t)000000000

42 00OO0O0OOOO
goobobobOoooooboooo joboobobooOoo A{(t)
0000000000000 +:0000000000D0000
000000 [4o0000000000000000000
o0 t¢+0000 0 ¢00000O0ODDOODOOOD

P4 0O

exp{V,[41 (1))}

PI[Al(t)] = . )
> eap{Vi[A], ()]}
mel
VilAl(t)] = ol0 (1 — exp{—aD [BI(t) + /] (O]}) (3

000000000 ¢f(e>0)00000000000000
0000000000000 0000000000 o/(t)00
ooooooo
43 0000000
0000000000004200000000000000
0000000000000000000000000 [4]00
00000000000
00t0000000;;000000000004:00000
000000000000 PLAI(H))i] D0

S S J
phAlp) = | T ey G401 =0
0 GlAI(1)] < 0

0000G[A/(#)]0 j0i00000000000000000

G[AJ(t))0 000000000000 00000D000000
000000000000000é0000000000000
00 GIA () 0D

G[A](t)] = WAL ()] — C; 4)



WAL ()] = w8 Vi[A] ()]0 W (8)0 WY ®)
0000C, 00000000000000000000
0 VJA® 000 QOO000D0OW/ 0 j0 WTPODOOD
wi(w’ >0)00V,[A(t)) 0 WAl(#))0DDDD0O00O000
Wq(t) DO , o

W' (t) = exp[—c’D T{(t)] (6)
000j0000000 Ti(t)0 W[Al(t))ooooDOoOooo
000 (4000 PLIA/(W)000000000000000
00o0oo0o0n
44 00DOO0OOO

oooooooO0oooooO0o00booOO0o0ooooO0O00no e

gbooooooooooooobooooboOoooooOoonod
ooooooo p,O0000:;000000O000000C0DCC
gboooooooooooooboooooboOoOoooOoonod
goooooOoooo0ooo0ooooOoooooooooodg
000ooooooogogoooo
45 00000
ooooooooooooOoOoooOooboOoOooOoboOoood
oooooodoad
ooobooooo0o00oo0oooobo jO000000000
oooO00O 5S500000000000000000O0OOODOO
0o0ooooogooogod
gopoooooooOoOo0O0OOOO0OO0O0O0O0O0oOoOoooOog
goooooooooooODODOOOOOOOO0OOO0O0O0O0O0

01 0ogogoooood
0oag

0oo

S ooooo Thmazsg 5000000

9% | gpooo Simaxzsg 2000

Dsa | DOOOD ThomazDs 10000000
ooooo SmawDs 5000

Osa | OOOOO Thmaz0s 20000000

Co | 00000000 ID 1000 0
oooooooo Cy 10
0oooooooooo al 00 [1100000000

Ue | OODDOOOO wt? 001000010000000
ogooooooo PJ 1.0

02 0000000ogogoo
0ooo Tp 100
0Doooo o | 00[010000000
ooooo o7 | 0O0[010000000
00000 W 0.2

ooooo
ooo

00o00o0ooooUooooooooUooo30o0uoDoo
oo0o0U0oooo0o0o00ooooooooooooUooe
000ooo0o0ooooooo 70000

0600000000O0ODOUDOO300LOODOUDOD
0000 B; =(0.0023,0.0009) 0000000 OsOOOOO
0000100000000000000000000000O0
0 B, 0000000000000 50%,2000 0000000
0600010000000000O00O00O0OOODOOOOOO
oobooooboooobooooboooooobooooobod

O7000000000O0O0O0OCOCOOOOOOOODOOO
ooboobooboooboobooboooodoooooooooog

00D0000000000000000 d(Degrees ofseparation)d U0 000ooooooooooooooooooooon

00o000ooO0o00d=1000000000000000
O0o000ooOO0o00ooOo0o0oooOo0oO0DbOO0OO0Odooooo

goooojO00000000000DOOC0C0O00O0OODOOOO

d=1000000000000000 400000

CHCHECECHT,
B

) Cl!l CHC,

d:Degrees of separation

05 0o0oooo

5 J0OoOoooooood

obooooobooboooobocbooboOooOoOooOoOooboOoboOoobo
O0UeO0O00O0UeOO0OO0OOO0ODODOODOOOOOOOO
gbooboooooooboooooboooboobooobooboooboboobo
goboooooobooooboboooobo

oo0ooooooOooeooOUDOOUOOUOOOODOOOO
0ooboooooo l10000o00o0o0o0o00O0O0O0O0O0OO0O
OO0 20000

000o0oO0ooOooo B;(v)booD

oooooooo
gobooooooo
gobooooobooboooooobooOoooobooOoooobooboo
oooooOoooooooOooOOoOo.00000000000
000000000 DO0O0DUODUOOOB;(y)DODOODO
oooooo[oljobU0bLUU0bDUObDbDODbDOODUOODO
000 D;(x) 0 200000000DOODODODODODOO
ooooooo ¢=010000

gbooooobooOooboboooOoboboOobOOooobooobo
oo

e 0000 :00000C0C0CO0O00O0OODOOODOOO

ooao

e« 240000000 D0OUDOUDOO OsOOOUOO

e JO0OyjOODODOODODOODOODOOODODO:0000000

ooooo

Bi(t) = + Dy(t)?

™

000000000000000000 Zpf0ODOOOOO
O0a=04150 Zipf 0000 7000000 000000
000 RB)O00O0O0O0O000 (00 200)00000000

07000000000000000000000000 Zipf
000000000000000000000

Bi=0.0023 (50%) -
= 0.0009 (20%)

User behavior model

\Zipf distribution a=0. 415

Requests / Days
Cumulative probability

W wm w
Contents index

07 0ooOoooo

Dad;s
06 0000000
6 0000
OooOooocbDNOOOOOOoOOooOoOoooooooooo
OABMOOODDOO0O0O0O0D0O0O00000O0O0O0O0OOODOO
oobooboooboooooooooooboboOooboooooooDoo
tboboobooboobobobooooooooooobooo
O00000o0ooUuooooUoooooCcbNOoOOoOooo
god0ooU0ooOoooOoooooooooa [el.
O00o0oOoooooooo cCcbNOoOooOooooooooo
obobobdobOoboooobooboOobOooboOoobooooobooon
oobooooobood

goog

[1] C. Griwodz, M. Bar, and L. C. Wolfi “Long-term movie popular-
ity models in video-on-demand systerns’ln Proceedings of ACM
Multimediad 1997.11.
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