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Multi-index Prefetching Mechanism for Download-based Video on Demand Services

R
(YangChan Moon - Mingyu Lim)

Abstract - In video content watching service, when a user requests video content, the content server has to transmit the
entire video to the client for watching. This transmission delay increases as the size of video content increases. In order to
solve the transmission delay problem, a prefetching technique can be used in which a video content to be watched by a user
is predicted and transmitted to a client before the user requests it. In this paper, we propose a prefetching system
considering multiple indices for video content. In the proposed method, video content to be prefetched is selected by
comprehensively analyzing the order relation index indicating the order of viewing the videos of the users, the similarity index
between the video contents, and the popularity index reflecting the viewing frequency of the video content. Experimental
results show that the maximum accuracy is achieved when prefetching uses only the order relation index for movie contents.
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Table 1 Calculation criteria of similarity index

Number of same items Point

equal to or more than 2 30

G 1 and the total number of items is 1 30

enre 1 and the total number of items is more than 1 10

0 0

equal to or more than 2 40

. 1 and the total number of items is 1 40
Director - -

1 and the total number of items is more than 1 20

0 0

equal to or more than 2 20

Writer 1 and the total number of items is 1 20

1 and the total number of items is more than 1 10

0 0

equal to or more than 3 10

2 8

Actor 1 1

0 0

H 1€ T FH=9 RAME R|4(Similarity Index, Skt)E Al

= AlO]9] RAMES REE 4

o= mmiaE T

g E
E}Eﬂolﬂ I

HEE e Zolct ¥3F Zel=9] n

A B

El=
2, 4%, AL il gEo] B L YRIGH=KIE Ao HeE
e Thg Shbels Zo) = Zezo| SANE K47} Hrh

33 e

Al2Eo] of2] B8O ALEAP} F&sto] FHEE AEEHA &

CI22E 7|8e| FEY H|T2 ME|20lM BE X5 Ut SP4 Z2|HE

2|

=]
=}

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

S B2 ARADY Algstl ofd Ed=E A2
oA €. & Agsisol wet fE_ﬂEQ] N=E

=

s 4 ULH BE ASAPH R Zzo 29 OE A8
= AEE 7KsHol Ik wet] ABEEt
e ZH=s melnd B 2Uz2 Ngsts 2ol

i

ZE= cof thet 7% Al4=(Popularity Index, PI)e Al
(22} Z0] AMSIty. o7Ix P= ZHE 9 AFESIS0lY,
P,e Zt FH=O AFSlsE BF giist Aot & I 2
=9 QT ReE HE FH=O| A AIFSS: ZoA 1 2

34 A A9 A%

A A Rt RANE R, Q71E RE 42 HEoR
Z\

zojHE iy = A 7IE0R Al8she
.‘::

ZAl0] TEsk= Ao ZgjElo ASLEE =

g =0, ol N=e ZH=7 S4oH

ROIN B ARIE0] 1 BHEE B Ao
=

NIt getsshe SH=EE s

Q17 al

2Hl &

A BA Rt 7R 0 Z2ejEd e 2E=E Ad¥sial vk
! o

7

g %

2 &M AV BES 5 2=t QolT 1 Fd

w7} e AEOIE QI AR bl
st AlAEOME 1 ZH=E mp)

?2%01 e Zo0t & A R

T

b b

It

shte] A2 dgtete @Hol Qs

0]

£ Aol 1dst] zejuE sk Qlsile Al 7EK

b Al 7IRE
7Fsdo] th
17127t 455
Ol &SRR

=

H& AIAA BB
FANE A=, Q7% A
| A<E

Al R 24219 Addo] T2r] mizol shtel Rz
delet] fleiMe gEsh Ige AXNok Btk Al Xeg 244

F3}h st WHe A (3), (@), (B)Q LTk
NorL, = (0L, —p,)/o,
NSI, = (81, — /o,
NPIL = (PL—p,/o,

ol m, ue 2t NAJ oo, o= #
2 &S A A R, fARE A,

®)

& HAoITE 9 Ao
AN R -1

1 At019] Zte ZHA HEd, 10] /ESE digsie =9
A7t e FEI=9 K=o Hs =2 FAE 7Ktk 9u

ot

FESHE Al A58 Tlsto] ohel Atz #8iet As =]

wE Ase Bos EHE cof e Zel= o melud A
S A @ 20 AR 4 9k

PI, = NOI, + NSI, + NPL, )

o

9 4]

A BA A, FARE A,

rlo
i

AN R4E 27

1259



H7|&s=2X| 66¢ 8% 2017H 8¢

FE5} o Flof, 2% tote] ZEjuld ReE AL 2o O
=zo|Eld KE Algsto] Zojuld & 2H= Z
= Al AsE OA]Oﬂ iﬂoPOi =Pl she 2l Quieith
] =

Z011 01740 AFEAT ‘f*é | } FH=9 5’8, = 54 7
ol et gl deke Wgeix] 2 4+ Utk wiEtA ot
7] Dol 71ERE wot] &gl wt

Aitetes T + Atk 7HEAP
(N3t Zol ALk 4 Atk

WPL, = W, * NOL, + W_*NSIL, + W * NPL (1)

ol w, W= <A A Aol tigt ZESRl, W, FARE

Aol Tt 7ksAl, W, 7% Aol tet 7SAIE UE
l=g

t=argmax WPI ,
t

={tWPI , = WPI ,N¥s C Cis #=t#c} @®

AL @2 zEud Y 558 ddsty] flel A 2E=
ek C oA AreAPE SR Ald 8¢ = cofl tigh =g
= g gttt of F-= t}

HE A4S e ves 2 ¢
Zeld iy EHzom, ZEHE oy B0 IR
W oA o NES SEsH olck 591 elsfa) iy
B=0] ko] met 4 @2 WEs P4k

.9. >M
4
0%
e
4

4. ZTHE Al2E EA

gy Fel= mejulE Ala"lls O 13 o] AREARE
Atgshs STIOIMESL 58 FH=E HFolal AHIASH: Al
H7F QICh SEOJAES} Aol SSHCE sS4 BEit =)
H7 BE0] EATItE 84 BE2 STOIAES AHo] (E B
tlole d&e Eﬂlo}l zojE HE2 2 =Rl Aokl
zo|Ed VdHe A&t zrluds +ddi.

Client

’ Database ‘ ‘ Application

Server

Storage ‘

Prefetching Module Prefetching Module

l User Request handler H Content |

| Client request handler ‘ Manager

User View | ©9€™ | Similarity | Viewcount

History Ralation table table ‘ Memory

Graph
Manager Manager Manager Manager Checker

Device Status Module

Storage
Checker

‘ Network Module ‘ ‘ Network Module ‘

I8 1 394 Sd= mjod Alag #E2

Fig. 1 Video content prefetching system structure

1260

41 AH9 ZTHA 2E

MRS ZEjuld HEole ARBAL AIE 715 #T] BE, &
A Oz @e] BE, fAE Holg &P BE, AIE Sl H
ol WE] HEO] T} AREA AIF 7|E #E] HES 0] A&
doll F&ot AR sgd FHEE AIFT Vse At
STt SCOIUENA ZH= ATE tARZE @H O FH=
OF ALBAFE 7ISeIth o] w, O] AFgAPF oldo] the FH=E
AIdEE 7150] QT eA A TJEiE #de] Heo digsths
oA BAE Fleles QESTL I2E flal ARAH AlIF VI
5 I8 RER AIEAME FHEE QFS 7188 BRdil U
OfOF oIt Al BA ez el E%, FAE ElOE ] &
=, A gl Eﬂol ol B2 44 oA A Re, FARE
R, 71 AFE Aststr] f1gt HEoltt.

A TH A jﬂHﬁ ol HE2 oA A Jgng 84
SASITE Zejud AlAHolE st A A 1
g7t EAfshH, Jefzo] 2t LTy FHEE dulsti, F
EE A AEd2 ABAPL digshe & SHEE olojA AlE
Aths ZAolt). Eot AEd9] VIEAE 1 eME AEE A
Aol =& oujeith AR AlE VIsE EUE oA HAE
dAsto] dilsks 212 2 oig AEde TEEAE S7TKI7Ie
Zoltt. o] REoAle o =V 7R wA dA 5, 4919
U= 558 Fe + A4 o)A =4 A K+E VIEeR
zo|EE g 2= = Z0Ith |AIE HOlE ¥l &
=2 FAIE HolEY dd B dde FSTh ST RANE
HolE2 «Al 8A TEizele TEA AlaE 715 AR, AL
ﬂol Al&715E silsty] ofdo] BESOJAOF BT FAKE A4

£ AREAPL oid F'I=S (o] HEHIOEE o]&3t7] mzol
] & 74]”0}01 HgAld 4 Aok Jela nje] ghsolsil {A
E Zglol|Et St =EjwE & o AR AL R
S &Y & Atk Fk Utk o] BEoMe T FH= 9 §

g £ ooz o FH=7 7 ‘IT]\]'E 5, 4919 2
=58 2 7 24l 00 RANE X+E 7IEeR ZE
HE o FH=E dote 2otk Al 3l EﬂOle o B
2 AlE gl Holgg 44 % die sdoith RE =
Ald glE Adcte A # oflel AARICE AREAN] Al
7150 mets sig =9 AIE VEs S7TRIPIe Ade
St o] BEoMe o ZH=9 AE g g 5 JAQHE,
Sl AlAEoIA AIE STt &2 9 =
a4l O)Z0] V| A VIECE mHjud tiY SU=E
gothe A0t

42 STIoINES ZoHE HE
Zro|9IES] ZE|HE REOE THolA ARt HE, I
tiHE Ze= o2 ZE, AFRSAVAYH Q3 XZ ZEO] Utk

Ceol2 AETE BES ASR/AH QF A REIN 9F
£ s SelolRlEst TEHES @ 4 A= HEQIA ORX)
FABIL BEs] JKsER BrhsER SEU, ZolHd

rﬂl mlm o

1:1



d= e HE2 STORIES U= Mgt AdEe =g
Ha ZH=E deleitt zejuE SP=d S AR AlE
ohal e Qe =7 oid, AHolx dEEHo] Fd= A
ool Fge 39

TH=EE IJutt). AIBAVAH QF A
gl BE2 AFAP} ste @83 M7t ste @Ee Attt

ogks St
43 ZEHE & «A

08 2v 39Y Td= =ZoiuE AA"e S5 SME L
2otk o] SA2 =ZolHd g 107l gREs 7Fdst
of dEelth Mg Alc"EE AlASH =W 7] JEl7E H, Ab
A1 ez AldE 7ITHIth AREAPE ol SH=E Algst
W 1 7ISse AEVIE Holgo Adstal, wA A dszE
LS. AIE 715004 A #AVE EXfeitie 22 1 ARE
ARl FA AIE71E 11 019 AIF7IR0] ASE AlFolRkL
g2k UE e AR ZISERICE 20tk 1 F AREAY
STolEYL mEjE Thstt dEle ERlght. vor S0
AEZ} ZelH|Eo] kst dgoleid AA"E2 mejud sAe
AIEITE 87HRIS] A& dlelalr] fleiAl A1 #A defzo]
Al ol =9 A HAZ 91 1071, FARE HOIEIA 6
g FE= FAEE &9 1071, AIg8ls HolE0A &9 10

N mOM ZEHE )Y BSS UEL 59 2z 8
S0l EAE 4 Q) mEol ey oy 220 Zux 5l
= 24 107014 3 3 thy BEo) Qe BE

FEI=9| 37kA] Al
duld Reg AL fERcRE mejud i 559 =g
Ha A &9 10719 =S SeolddEd =ZajHd it

H
Hn
e
o
(3
| ol
2
>
3
mo 1
el
0
alr
2
El

i

Add the order relationship
between the old content and
the current content in the
orde relation graph

Add watch history for
this content to the
view count table

Save to watth
history table:

Walting ln the user requesTSY S
State eving ofthe conten|

Is the client

Request the 100 10
Request the top 10 contert of the order

content of similaity in&—| relationships starting from
the simiarty table that content n the order

relationship graph

Calculate all the indices of
each content from the content of the total
content list by index and number of views in the

sum view tount tabe

Request the top 10

Prefeich the fop 10
content of lists into the: j=—{
client

T

OJ9 2 384 FH= Zmd AL A%

Fig. 2 Video content prefetching system flowchart

I8 2= oA A R, AR Al 71k RIsE
T AERE 0E UEidth X5 S siE Addsio] A9
2 sd5tAl g1 "okt dE
S0l A A AE 13 Zelude g dols oA 34
TJefzolA Zoud oy d=

o

StoldEl] ZejuE ShH Erh TE Ao #e 558 Q

B, A4 BEslel AEAS Agse gie Bes

CI22E 7|8e| FEY H|T2 ME|20lM BE X5 Ut SP4 Z2|HE

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

QAT TFEE 270 Old9] X4 &S X|g= ALt BHA]9] &}
o] wfzol ZEskolal Htshs &S WEA] dsfor & 2@
7t ALt
5.4 ¥

ATolA FMotel= THs Xl= 7] 594 ZHl
HE AlA"9 mojHE g FFot7] foiA Fald
S AIESI] AEin). ZeluE FFLEE AdEiH)
et HlolH Ale AAl ARSANEC] Q4 =
FE0IAIEL ZHQIEE HS9l o|fZ HolH Alg FH
Sst=tl ool Stk mEta] 2 =Roke A&l AR Al
Aot 715 tialo] AREAPY SH=0] 8Es £ 715E AIF 7]
207 7PEsl At

o &

o o r

(e}
z

do
oF ol
N
N
N

>

51 FH[EX dlog Al

FHEZ o]y A8l dig AIOIEY FH&Esh RAE0]
st FEI=o] 05710141 5709 ERE & 7SS 2 HolE Al
OF 259,137H2] QA7 40,110702] Qdglo] & & 24,404,09670
o] HEo 715 Ee HolH Alojth Holy Aol Z+ #e 5t
ue] 838 71508, ot |7t o dsto] mizl ¥EE AR}
A 7155wt 2 EE 7180 fA49 1D, st
ID, ¥€d, EfJARITY} EXfsich

5| YotH EHAE 7150 AIF 71SE A == glth
St ARBAPE HEE Fe oXto] 1 gskE AlFEshal
g = QT oA dsto] HEg FATE A2 Y
AEZCHs Z10]al, F|4g ofH dsto] WHE Fa W
Zto] SE F T F&st & o delo] HRe
A dYsts dates dH9 oAE AIESHttL 7t
AL JEsh AFEAPE ERe miRl AL TOE AR

02
& &

MW o
£
1] o o I L=

].

2

o

98}

0.
i

+

02
ol

Aldsilie &80l FAE 4 g UE e At ofdE.
b HolE Al AFgAP Edl=o] EEe & 715 ¥
71Ee AEAPE FHEE AEE AE 71508 o] A9

ST

=8 dUEOR AREAPE B ®ofl oy el gsto] WHEe
FE 297 B7] mEol 1ARE oyl WEE mikl dskes
shLte] STAEE FolAl, STAH Uz At dE &
of of" AR A3 10709 Gstoll HEES Fil, 2= o7
9] gajo e FUCHE o] AREAN Alg7I=0s 242 10
7N, 5709 Fet e SAEVE 20 EXisks ZoIth o] mf
ARME ol EiaHol e 10719 dakEs Algsto] =l
g O 555 UeELh 1 = AR ol S4H e F
sk50] o] mElEE tie 50 eAl, B2 HRjol fIRIsheAl
gllgk= Zlolth

52 Ag

T8 32 EQN ZHE momE AILEe AF eHEE U

1261



HM7|&ts=2X| 66 85 2017'd 8¥

4dd content vith high popuiarty
index to prefetching target it

J9 3 =94 Ze= mr|uE AlaE A eAE
Fig. 3 Video contents prefetching system experiment flow
chart
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Table 2 Experiment environment

Item Detail
CPU Intel(R) Core(TM) i5-4460 @ 3.20GHz
RAM 4GB DDR3 PC3-10700 * 2EA
HDD 500GB SAMSUNG HD502HJ
oS Windows 7 64bit
Programming JAVA 18
Language
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Fig. 4 Individual index prefetching experiment results

7V O1EQl AR, & oAl TA Asltg A&l =
HE et 5070 o, ZelHEd At 26%HDE O =2
& 5 rt oAL tEEA 50ME =ZEHA sk oF 1371
to] FFLRATH= 9njoltt. 1 olstY F< IHD W &E0]
oz sl AFEE UEYT thYZ9] 4189] 32 11 &=t
L UHE B S5 ) SR ZelwE B 2REs 2
2loloIE0] A% HoloBAl B5ol ABE THsHE EASi
Fok 2 =Rold H8E Al 7ROl RSk ASR Ai9lg) Z1E
I27120] A8HA &2, & /HQst HA Z 7IEo=n Iy
o] AFEARLY FIZ VIS AFBAL & O sy dEge &+ ¢l
= AREAA HgHE Fasto] gl 8 s Utk

L=}

¢

>~



Combination index accuracy

18.00
16.00
14.00

~ 12.00

%

10.00
8.00

Accuracy (¢

6.00
4.00
2.00

0.00
1 5 10 20 30 40 50

Number of prefetching content

== 1:1:1 Combination == Order relation-driven combination

Similarity-driven combination Popularity-driven combination

J9 5 48 A zZelwE A9 4t
Fig. 5 Combination index prefetching results
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Table 3 Execution time by experiment method
(unit: second)

Ordg r Similarity Popularity Combination
Index relation . . .
. index index index
index
Time 1.233 9.958 5.133 12.098
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