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An Efficient Data Migration/Replication Scheme
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Abstract

Recently, as the quality of multimedia data gets higher, multimedia servers require larger storage
capacity and higher I/O bandwidth. In these large scale multimedia servers, the load-unbalance problem
among disks due to the difference in access frequencies to multimedia objects according to their
popularities significantly affects the system performance. To address this problem, many data replication
schemes have been proposed. In this paper, we propose a novel data migration/replication scheme to
provide better storage efficiency and performance than the dynamic data replication scheme which is
typical data replication scheme employed in multimedia servers. This scheme can reduce the additional

storage space required for replication, which is a major defect of replication schemes, by decreasing the
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number of copies per ohject. The scheme can also increase the number of concurrent users by increasing the caching

effect due to the reduced lengths of the intervals among requests for each object.
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T 7k (Interval Caching)
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Fig 1. The structure of large scale multimedia servers:
(a) Structure based on distributed systems, (b) Structure based on SAN or NAS

2

o] ARSI, WA 7 ZiAe] *ﬂlﬂd_‘éé BE HaTs]
3] Agele 2Eelel 7Hele4) (5). 2Eejolg 7]
Q) e PP 1 271 17P—°— aifesp] <l vlolE
7S] ARBEIIEH6) (7)(8)(9) (10). “ﬂ.izi At
Yoh= ofe] T8 7S] ARKEIATHE) (7] ARl we} 2} 4
Ale] A nlee] sl th3shA] Sske DWO] OiT’% olE ad
ap] Sl TR S ke Fsle] BAREe] 5 sk
HH8) dARGkE o183le] TH o= T5 ke W%F 7Sl
AR (9)(10). SR T8 Aibe ARsle 7Iees 4 A
AE AelaL e e=ge] AN 7Fedt Al Sake el
uEel] BARES] 477t FA| S7Kke A EAsIsit.
gt eucio] Aol HEHe] wlelEle] bl A
B9} 20 A AREE 7R B2 o8’ Tt A 7S B8l 8
Bt 27 o] AR ES0H11)(12). 7771 7T s
iﬂOﬂ et AR 2AE Alele] THASE Thde=A vl
TSNS e F Q) 83 8 ¢ ol e
Elulﬂoi Alepe] 7l 7o TRt Ak ARSIk ZRgRick
Lk < wloefel] thek o] Bl F5 71l thek B 77k 3
=lo] SeH13)(14). o] 7THEL Eﬂ [Ele] 8= Sl AHE
o] Foph it gE o Fies She A2 e} §2 S5 71
I} fARIE. sIRE HEmIH] Eﬂ"lﬂ* 78xlo] Aol sk o
B o] 7SS gAl0] WIS BAske <) Sl 218
7] whzel] wleofeje] L FAIE ealof gt Bat Utk §) Hje]
Elo] ujg) Henirie] 2l 24 7] wigel] ofs/ Aol 4 Al

%n

%
HE M

A

S’Ei

2~

mo
_‘

12 & o

r1r

ke 2] B Zasid.

x 171 Hel
Table 1 Definition of Symbols

2 NAS 7]uF



40 Eﬁ.;q ﬁl—j ]:Eéli‘!—‘El ulﬂl)(wu (2009 5)

715 o
S | BEvHo AA 4
N, |x= x
L () t A& N, 9 %t (2E™H )
R () S &A% de == A%
A)Z}ol| & ) 23} ESo] ALE
A (¢ ;;,_LL " 11§;\(2;ﬂ( 1EY %) e

m ;| S AR el (2

NI EFEEEE =

t Azl AT S

i l
p (91715)
O g 2 A AR Ag AR

T S o U3 5 133171 9 K

(iE\’é )

t AR S B AR R (f)elM B
C (D] M= 9 Ao A (e=ob ARe] How

74)

AN R (DE AL C (HE
K (#] A%3km 9E wse) 38 (A9} =g

.| o1 me 28 Aua $0 we
O H& FH Ao A wm

. &Y 0|F/E= 7|H

2 el Helelte] AHld A EEH A5 TP
71 Hlole] ol%/3% 7PHE ALK 3,180 B ol
wEpvlcle] Al Al BRI st 3. 2200 712
54 25 7lge] BARS H9eln olF dldeh: ol%/2Y
7S Aoraic,

RSB

R L R o SR PP B L
A g oy wER P 7 wmt sEsle

PHlow Skt ZI BeIEA eQ) ad agew 4
ot dlZ Bo, shle] i (T8 1(2)sh el B4 A
2s5 70 Tl uigS 7R Shokel ALk (3 1(0))h
0] SAN} NASS) 2& VEAS A4 Azslope] Bge

Sa(15) Sa(10) Sr(8) Sn(10)
S5(5) S.(6) Se(2) Si(6)
Sc(5) S4B Sy (6) 5 (3)

N; N> N3 Ny
(25, 30) (20, 30) (16, 30) (19, 30)
(a)

= [s5,Mel )

z|:

(Lt & B2

K

Sa(15)
S5 (5)
Se(5)

Sa(15)
Sc(5)

N,
(20, 30)

J2l 2. 71E 38 5 7D o|5/3= 7ol SE of: (a) 2F X2l o™ X
21} (o) olE/E= 714 A8 & 21

Fig 2. Operation examples of the conventional dynamic replication a
storage state before processing the request, (b) result after apr
replication scheme, (c) result after applying the migrat

tx3 agel g F ek BE =EE2 VESIE B A4
Hol itk 7Rttt (F 1)& & =iolA AR 78 7
Eolth.
Aeu|t]o] AalA] 54 5 7S theat o] F4e
9), Z+ === 49 A &L} g)A3 g

%4 L (DE == x(&

=

ZE Alget
JNAEEEEEEPE
Q) 2EY $2 Uepde), 7 e ofe] s $8 A%
25 gom A §(F, S,

& R (HEHEE R (pHd File == F(F, S
o EARE ) S8 71k ols) AR e ARt ut
T 5k A (DE R () £ RE ==t
A A Fedt B Al §3S 2EY £ ek Aol
gl A eRe A HgE e S 2 943
FE p (DR eI 2 AAe A Dol g
TWEtt. S8 AN g AR

=2

p (D= Ana,
A (D3 T (Hatach A go

i

=
2T

H

1

)E ARSI Sl ==

lo

@

o
J

dot

ﬁ

i

T(HE Nm [/

o
A F5 AL

=2



it FEuHo] AR EaA<

Held olg/s5 7Y 41

Aol gtk %, S 9] e 12T F71HQl A
W2 g3 Sel) SENE £ AN gy ARM] &
REE F8 A4 Ao} Athe ololth. 23R go
W OE kB S o FAPE ¢hgs7] el =3tk 84
S T 583 2 Q1S JPsAo] U= Aolth FE Al

oA F4 w=Rl 4 = R (DO Fe ==
2 A A L =

FolH a7t by Ae e

1:1:: Zoﬂ}q
ok VM A wEE 4

R (Dl &3H &= =5

E AdERIT}. A3k Al wet £ A9 Q17]=7} vrot

AW A e Fusly] 98 AR 42 = oy}

Aok BARRS AHshs AHE 2YEE 71T T8 i
& ARl J1ET R A4 (7 T (HES AXE

Aol

32 0|5 71

R tjo] Mol Ae dubd o2 7|z ule} 7 A
o] i3t 84 Hlzo] Jol7} A7) Wl Qr T} B A

S Ashs w=d Rt AgE 4 Sl o= I8 vE
WESE 2 AH|2 g30] Hob JgdE B 23}
T 013 /\]/\914 A o] xio}zl n;], %

7t AFE =28 Q

AF=el 01—8— adsl7] 91 shtel He HoR
Hlo|HE $4 o8 F8ake 7ol AHH ] sttt (24 2)
= Wt AlRMEE oE/F 5 7S v
alo] Arsl7] 918 oS JeRd). o] dellx= @A A7t
£ A =ETE BAO ARl £ Sle Al 2EY S
30, 2=l T (¢)) =5, T,(t) =3 TJt)
= 2 2 7Pg .,

(" 2(b)E 7129 54 5 7%
At (ad 2(a)dMe N Rl S
B2 A (t)#E5H T, (¢) %= 5olBE
AN S8 Arke AlRfok gtk 71E ZIelM =

At BT Wy o B AHNE VIR 4

Ir
i
(¢
‘ji
x
jﬁ
i

N
flo FJ

)
i

& AF83 AotE

= AL

yo MM
ot

o
2

[

of @A FeHF, L, (¢))hE 1edr] mEed N &
n 2 A Atk N o] § & ARk ole FeF
S5 N ol =k w3 2(b))e 2ol
N o AgEel Sls § 8 N o2 HAsi ok 54

* Eo]ug n

a

rlo

EAJRS 93l 27)R0] AR F7He AFR3of 3f
] 911"4’ .[Eil' N 0]]/\*] N‘gi Sa% %/\]-'3]—7] SH
N7 Nyl 3219 b2a g2 Besi,

=
=

3

3|
™

rr
Y

o

@

OIS/ €2l

(irout 3§ (=245 10+/, ¢ [<3TH A2t+/)
if (A () >0)
Jl2 AT =] JIE 2 L0 ek
else
RE HE,;
(A () < T (D)L /x01S 28 +/
C (H =&
K (H 78
0lSE 2472t n o IE C (t)ﬂ. K (l’)—~|

(A () < T (D) { 1+ 5= 48/
R ()W Sot= =S 5 [ (P 1 ®e

LEB p Z Me;

o
oA AE FINIE ol%/3E FuPlFe et Lol
Faa,

WA S o U e 8ol BASE A ()7 &
AR Gk 84S FRen, 290 E F8 A
Faslel s 209 A ()7 32 AR T ()W
o A7 geAE AN

R (D £ =E50] FF dse S o i e W

=

o] AL WEITGE AL



42 Eﬁ;q E1 ]:Eéﬁ‘!—‘ = ulﬂl)(wu (2009 5)

M K ()T 7 ol R (HO Fohe wEEe
AT F, R (DA FF S A O 24E 83

7] 93 F7HARl Haa di R E5S gEsl] fel R (4Ol
Qe AAE F IS R () S5 g
oFE A 5 B g,
T C (D% K (H 7Fsd ZE 23S vwsle of
o= u A L () & 3P Ae e
w23 o AHE AAE 4 o g 2 B

n N 2 AAE A,

X AB) 28t

wE2 o) §A7lE Aold, olw

P
[

&)
X

A (H7F T (HEH AA

o) e S FolE
O om F5 e 2T ST o) F Ak 2
oA wEZe] BalE Y] el F5 QA 53

B o)5/5% A0S AseH A5

= AuEA A A (t ) T () #] 25 5olm
2 28 AAg S8 Aol WA o)F Aag it
o2 9 €, (t,)% Tt A R, (tl)oﬂ %3
FUG =29l o] Aplzdta dE ARES § B A
g S, S elmR C,(¢) = (N, S,).
(N, SJlelth =& N & A9 R, (¢,
&3 §,9% S B A% JE wEE NS NolE
Z K (t) =S, Ny (S. Nyelth ol
C,(t)% K (t)9 BE 73 (g, o5 4

Aon) 22N S, NH(N. S Ny)
oftt. o] & ZAM 1B F 5 o L (¢,) & F/bH
e A%E (N, S, NyelEz (a3 2(c)elxs

2ol §,8 NN N,o2ol88e=H R (£))°

%3 wegd gad g9EL Fuskgc. olF et
A (1) BT, (1)eh ] el d o 3
3 os_ w8 Bt gk

28 ) el B5e] A ol%/5% A 2
7 7};4 P I A 8 QUSRS Fomm Bt
2o 47t koA 3/l 0 R aTsE A B1el A}
2 39 4 U B9 59 AANE 2] 90 Bag
7 e et s ZdowA At 4 gl 2
1 uk= 27]_}\]71 2= 0] n:?‘gl. O]E Ak :g_q]

f

& [

jc')] R = Ie) 2 T M

8 AAE Aske =59 471 0157 wiid 2 A 1
ek S o] wEd| FJFEA At o] & <ls| Z A
Aol thet LA E Aele] S 24U F Ut oA H
ntje] AHelA AMgShE TR A1 71 72 A1

Qs AL 77t AME P2 Aolrt SolEH

N

Fo2 14 2712 AT 4 e 7 574 B4 )
ol T3 09 5S AR 3 AN AT 5 9l 84
7} F7ksl e

Iv. 45 g71

o,

o Aol 71Ee] A4 T S B =Rl AL
o1%/3% 718el A5 vmelt ARUd A3 AnE
HAZT, (& 2% ABdoltol A48 tAas) Wepvr)
of Aol vl A7 WgSol,

]

2 AlE2{olM i
Table 2 Simulation Parameters

B o
ElA3 i+ 37| 256 MB
ClA3 22 37| 1024 KB
& CjA3 9= 37.5 MBytes/s
M NS 19.4 Mbits/s (HD)

Alzrle 7k 570e] Bl 7 E 10070e] =g 7
drt 2 = Tle] 8 Bl AHl g S gl =
g 40070¢] A= ke AA7F EAjska 2F AA= 9029 A
A AREE 7RIS Al2E B 27ele 2t AA S shiel
HAMR S wm B g 2H Wog vt A
9 Q7|=E kgs] 918 VODel A dubd oz AMgahe
0.271¢] W5 7 Zipf & $¥5 A3l A4
279 Nk mE Jes vlusly] 8l B 84 =3 3t



EH p=s

vjrjol AEeA E&AQ HeolH olF/T5 /1Y 43

7 (5, I/N) #2 0.6904 117K Wspzint. =3, 7
T+ Aolef Aolef] mE e tﬂ% Hol7] gl HEmY
of Muellde] tiszAQl 7i4g 7Rl 73 A 7= A
Sttt S 2 mEelA EatEo] Sle t2Ae] A4 )
welol X ek B ABHelAE O+ + Aol g AHgsle]
o|HIE & HkA oz T}

41 Aol 27 A=

8

6 TRl
+ R
T - «
n;J

06 07 08 08 1 1.1

B2 QNEHUH(E)

T2 3. BR =AR S uln
Fig 3. Comparison of the average number of copies per

object

(a¥ 3)2 71E B4 T5 71T olF/FH 71HAA
245 B £F 37o] B 7 ARle] VAR 5E Ho]
Zoh AY A34E oA olB/FR el BE =4 31
Ao L A ol ARG fABTRe AL & 5 ek
Z, PpHow o 3.3u He BAR £5 fAIt 53
4 20| 484% (5, 84 M2t B25%) 1 Aol}
ke Ae 4§ Utk B =3 2H40] 29 0.691 AF-
ol Bt EANE] 7} oF 4 5ul] AJo|7}k dt}. o] °]%
/F5 710l o]F Ak B3l Ak T8 AXkS 35hHA]
Fel 49S 957 wEolt). ot ol H = ool HH
F5 dito] A E AF ARelr] Ho] EAHEC]
T A SR g T EaA o)F Ak RelE
A = s Euliske 98-S shaME F7HHQ B
< A FE oA Lok Aot o|A & T8 71
7P & 2R BARES 918 371 A 33t AR
of sk #AIE adE 4 Advke HolA w7t ok

8000

7000 +

6000 +

5000 +

4000

AT ABAF 4

3000 4

2000 4

1000 4

a T T T T
06 a7 08 ] 1 11

B QEENIE(Z)

08l 4. 2o SA| AFSK} 4= H|w
Fig 4. Comparison of the total number of concurrent users

42 =t ALZAL 5

(a¥ He Hd =& el ngt 7 7ol Adate
i SAl AAF 5 vlasta v olE/T s el XE
=2 A o £ s Holn HaHoR 12.8% T
B2 ARARE A9, 53], B =% 3He] 29 0.6¢
Al 16.5% 8% & BTk olHd e g2 2
A5 7] 29 wZoleh, AR, 2 AAlo] i BARE =
U= Zh AA7E 2] rmsd] AREA 5”’% oz <l
3 ZF Ao g 245 £ o] mEo] HFHER 8
AT Aele] 73 dolE EEA ste E3E vElIth 4
e FollM ols/TE 7] Rt Aok 71 TA I
7IRET F 47% A= dvhe As € 5 A3l wekA F
o A viEelR ¥ B2 o] 845 Had heEE AL
A B Agem A9 5 7] v

2o B4 Aglehe
AgAL 58 ZWIAT B4, olF/FE e 55
QUG Salap] ol o] o] % WS FATOIM B A
o 5% 2T W FH Q4 AHgdcl & Haa o

AZoz FHAel 8L AAFeRA A% ol 7loige,

V. 28

B =M= 7

zo| BepwItlo] HeleE 918 2 7]



44 Eﬁ.;q ﬁl—j ]:Eéli‘!—‘El ulﬂl)(wu (2009 5)

A 5 Z7MINE ©1B/FE 7IHE A
5% A%e7] Aol 7t w7t ARt e ﬂﬂ]oﬂ
ZEE o] g3l dA| AH|AH T 21% 842 o|Fgo=H

el BAHGl BAHES 22 Zoln 54 A9 75 AHg
2
i

F2 QS Foln 2 Adol et 83 Aolel 1S B9
oh Ee 48 S Bl ol5/3% 7] 712 £4 34 7]

ol ulal 2t AAel ol BAbRe) 571 vl 450 E95
ASE A 16.5%71) BPEThe AL B
HEw|tle] Holele] Falo] A&H 0w ol et o
$& UA3 YIES 879 Ao e Heh B =
FollA) Agrehe ol5/3% e §5 1 Be 4o gaa
e tlo} Alulel ) fo o 4
) GF ATIIE o) F/5Y
e CET

£ 9ew o ute
g9 Aow Ared, &
el Ao Bt 4

Ayshe Aot

FS kol
(1) A&4], "VOD AlzElelxe] Ar7t 3-8 T2 732 9

g oz g 720 B B, I HAFE =
4], vol. 5, no. 4, pp. 106-111, 20008 4.
[2) G. Gibson and R. Meter, "Network attached
storage architecture’, Communications of the
ACM, vol. 43, no. 11, pp. 37-45, 2000.
(3] G. Ma and A. Khaleel and N. Reddy,

"Performance evaluation of storage systems
based on network-attached disks,” IEEE
Transactions on Parallel and Distributed

Systems, vol. 11, no. 9, pp. 956-968, 2000.
(4) S. Berson and S. Ghandeharizadeh and R.R.
Muntz and X. Ju,
Multimedia Information Systems’, Proc. ACM
SIGMOD Conf., pp. 79-90, 1994.
(5) J. Ding and Y. Huang, "Resource-Based Striping:
An Efficient Striping Strategy for Video Servers

"Staggered Striping in

Using Heterogeneous Disk-Subsystems”,
Multimedia Tools and Applications, vol. 19, no.
1, pp. 29-51, 2003.

(6] D. Serpanos, L. Georgiadis, and T. Bouloutas,
"MMPacking: A Load and Storage Balancing
Algorithm for Distributed Multimedia Servers”,

IEEE Transactions on Circuits and Systems for

Video Technology, vol. 8, no. 1, pp. 13-17, 1998.
(7] N.Venkatasubramanian and S.Ramanathan,
Distributed  Video
Servers’, Proc. Conf. on Distributed Computing
Systems, pp. 31-39, 1997.
(8] J. Wolf, P. Yu, and H. Shachnai, "DASD
Dancing: A Disk Load Balancing Optimization

"Load Management in

Scheme for Video-on-Demand Computer”, Proc.
ACM SIGMETRICS Conf., pp. 157-166, 1995.

[9) P. Lie and J.. Lui, "Threshold-Based Dynamic
Replication in Large-Scale Video-on-Demand
Systems”, Multimedia Tools and Application
Journal, vol. 11, no. 1, pp. 35-62, 2000.

(10) E. Kim and J. Liu,

Streaming Networks for

"Design of HD-quality
Real-time Content
Distribution,” IEEE Transactions on Consumer
Electronics, Vol. 52, No. 2, pp. 392-401, 2006.
[11) A. Dan and D. Sitaram, "A Generalized Interval
Caching Policy for Mixed Interactive and Long
Video Workloads”, Proc. Multimedia Computing
and Networking Conf., pp. 344-351, 1996.
(12) N. Sarhan and C. Das, "Caching and Scheduling
in NAD-based Multimedia Servers,” IEEE
on Parallel and Distributed
15, no. 10, pp. 921-933, 2004.
Ishikawa, A. Iwata, and R.
replica management
of Web
contents,” Computer Networks, vol. 45, no. 1,
pp.19-34, 2004.
M. Bhide, A. Katkar, A.
Panchbudhe, K. Ramamritham, and P. Shenoy,
desseminating dynamic

Transactions
Systems, vol.

N. Fujita, Y.
“Coarse—grain

(13)
Izmailov,
dynamic replication

strategies for

(14) P. Deolasee,

"Adaptive push -pull
web data,” IEEE Transactions on Computers,
vol. 51, no. 6, pp. 652 -668, 2002.



it FEuHo] ArdA &8

2 0]
b ERSY

Hlol

°o|E/EE 7

A

45

N X A4

Z € &(Eunsam Kim)

1994: A& AFEBe) et

1996: A& AFEBe At

1996-2002: LGHAAF At

2006: University of Florida 5%
El383) vt

A gt Al

4

Bl

WAol © 4} HeE|to] Al2H],
T AA2E, TPTV Al

Y oot
En

b4



