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A Dynamic Hashing Based Load Balancing
for a Scalable Wireless Internet Proxy Server Cluster

Hukeun Kwak' - Dongseung Kim"™ - Kyusik Chung™

ABSTRACT

Performance scalability and storage scalability become important in a large scale cluster of wireless internet proxy cache servers.
Performance scalability means that the whole performance of the cluster increases linearly according as servers are added. Storage
scalability means that the total size of cache storage in the cluster is constant, regardless of the number of cache servers used, if the
whole cache data are partitioned and each partition is stored in each server, respectively. The Round-Robin based load balancing method
generally used in a large scale server cluster shows the performance scalability but no storage scalability because all the requested URL
data need to be stored in each server. The hashing based load balancing method shows storage scalability because all the requested URL
data are partitioned and each partition is stored in each server, respectively. but, it shows no performance scalability in case of uneven

pattern of client requests or Hot-Spot.

In this paper, we propose a novel dynamic hashing method with performance and storage scalability. In a time interval, the proposed
scheme keeps to find some of requested URLs allocated to overloaded servers and dynamically reallocate them to other less—loaded
servers. We performed experiments using 16 PCs and experimental results show that the proposed method has the performance and

storage scalability as different from the existing hashing method.

Key Words : Duplication, Storage, Scalability, Request pattern, Hot-Spot, Dynamic hashing

.M B

=

=

[
o,
v
)
rlo

AR A/ HCH/GY AR

—d
ofr
"

+
rt

rir

Gl 547)%d(R01-2006-000-11167-0)
Y Q] APOR o] FoH L

Ce st 4B A S Postdoc

A b b Eec

tEATela AREAAAF I WA A

12007 89 69, AAbehE 1 2007 119 13%

A9 9

i
ol

o
=

T o oX ot ofy rfT
e i, o,

o

i

T

=2 oo T T op
2o 5 3O % ofy O

o

CDPD(Cellular Digital

B



444 ZEXNEISSl=F XA M14-AH HM7=(2007.12)
: ol IMT-2000
. ol et
OJEWA FH@.%?% J‘loﬁo *}ﬁﬂr -2 O]“l A&
(D1stlllat1on or Transconding) 7|
A AHe] ool FoE

[e)

=

oh B4 AEY zin S AR A Q8
-
=

it
N
)
D)
rir
-
%
0,
o
Ny n‘.o
l Kl

¥0 off do Hm

T e
s}
5
- I
> o
O]

t
ol
o Z
o
0 N
_VE rir
bz 12
=

J
>

oy
lo

E)
2
ro,
R
>,
1o
u
N
rir
e
ol
ofr
Ol
x
o
R

L@ﬁ&r}imﬂrﬁ’ﬂ
= i
)
N e
i Y
o o
ri 5
i°~ |
) R
J% _'(1__,1‘
ol
oX, o
=
=3
-
ol
ol
s
o, oXx off
off
)
N
N
N
o
o
o)
%
o

e
N
ol
o,
gQ
o
2y
2
=
il
4o
)
o

€ 1517} 57}-‘4 iz
AL A AAE dolE=

T QIE Y ZEA] A

Ast7) Y& AN (Cach1ng)[9]ﬂr (Dlstﬂlatlon)[lo]% *}%
shr, o= Eefg el gk 24 (Scalability)o] L2 ¥ o of
&}l TranSend(11]E W&% Eg o] s F44S ﬂa'%
sto] SFejxEYdom FdH A ZEA AYolt) E =
o= T olgul Z2A] A ZF84F ¢ TranSendS 2‘*
A F2AQ B-AA NAF LVS-Cache T+Z[12]E A
£33t 97]1A, LVS+  Linux Virtual Server?] 2Fx= 4
Pro} A7 2= A A e 2188 x|

19 2)& LVS-Cache ZEA] Al2dlo] AA A +25
E}‘ﬂi‘?}.

VO o o @@
g %

FH 2HIVE

e

.{

il

{0

T OER EEA A T M

(32! 2) LVS-Cache

IZEA| A|2E X

LVS-Cache?] AA +z2+= (I¥ 2(a)9 23 AAS A
He tgy 2t LVS*Cache TEE FI s A%
LVS® Cache TAEER TAHY TAEE D(Cache &
Distiller) 2 T4 ¥th LVSE Z#o]dES
7 5 AES A Adds d8s gushy CD
E9] 24§ At Cachesl vlo|Efol] it
s} Distillere] 98-S A Fasit)
LVS-Cache?] &2 #A2 (29 2(b))
S gy 2ok LVSHE 2AEE OLF_E]%%
o‘j#,] gL;dO 71 i}\Eoﬂ XJDPO]_A] ]
F dlolEl7} Cachedll ZA413h4d LVSoﬂ st
gow XHERE HeoHE aFste] dof
B4& A LVSel "esta LVSE 1 vlojg
o Hul& Wygor Fxgrh
Yl Z5A] AW E S AHE AT
Y AAel BT st s BAst
= Eat= (s %%E]E e ZFol1, &
! o

m\l
2>
)
o
R

©

2
ol
—_-
ﬁ

it ro Rk lo W oR
e 8
s rir
‘HN' ol
:_‘ :.:,

iy
b
K
T e
(m

o ALEA}L P F4AE o & (0325315190)°] www.daumnet
©.2 on A (URL)E L33}

o 3.5 FEA717F Abg2E9] Source IP(Destination IP 2
2 URL 5)& &3 dlrghes AAde

o S|A S T S slAIFkel @ A AWZE oln|
g 8343

0 0] %9 I} éf Y A Zkel disiAE T ANA AW
2 doJeE 233t}

\ 203,253,151 Load Balancer
. 20325315150

o Request 3

I oal alancer

lCache Group Scheduling

1 174,974, 15,15,
|1‘_ 26, 37,
o -

oE

W

Cacl Iw s arver has it's maped IP's data
d '\'J
he servers have all IP's data

IRl ZFA| MH S2{2EHIM

Al =2 238 URL
=L FHAlof gt L



r

¢
gl
=2

N
N
B
Mo e
ol
oo e
N
NN
iL’ lo,
|
:ol=l
2 o>
e wlo
fo o o

Ty
2
e ML
i
Sl
> Lo
oy
o,

o 2 2
i)
2
o
X

2
K
>
i)
i
i:)
>
4
2
R
)
i
lo
:oé

¢
2 oX

(SIS
o%
2o e de 2

o

M @
P 1
£

I

M

2

o

o

o

=

o

.,

w

o

2

~N
o
M
=
ol
1>
1o
M
2
k)
o
=2
i
ol
ol

Mo 1o o 1 o rir
tlo
o,
oo
rot

ot S Hr rx
ok

fu i oo rr o2
2 ox
o

=

o

o

oo

o
-

ol

o

>~
o
2
>
o
o
o
)
fm #e
ri
o

+H K
%
o2
o
>
>
ro
o

2. J|E 9

MD5 Hashing[2]> A&+ &% URLel djs] 1
o Al ol v, o]F A9 Fol wjF st
T2ty 8o 5ol & wl mit} wA|R] S A,
2B dgatr] wime] HFes A ER=e HEg
287b gl A F7F 9 AAl Al dEks 1A
FEAYA FERE /MY 2y w e v A e Al
Aate] SYAE R ey wiited Abgate] 8 & ST
wE 7b 9o WAl FoF A Azke] AZthE @A
7Hz}

Consistent Hashing[3]¢] 7]A] E1E= oW E2|(Binary
Tree) o2 2444 4 3la, /Hd€ URLA g A
2 oJHEZ oA ©d 7 A(Single Searching) W2jo] o]
|l N7l FHA] Aol A A4S 918 Alxto]l Odlogn)
WolA ke wr] wiel] A AW7E Frtetd = A"
URLel tigh A Alzte] ¥l2 ZHex] e S 7M.
aeiv 8% URLFH AAl AW o] A MD5E E3t
o dgsty] wizel siA 544 Pﬁ@"] TS EEEH A
o

R CERDE

"’oﬁ
o

>

§2 of My o my

o ST i

J

Mo =2

2

A Balr] witel ¢ 2 B9 #3(Hot-Spot)dll
A ¢ g ¢ds A

Cache Array Routing Protocol[4]& QwubA<el sjA] 7]4h
Rl EA wkAml gro] ICP(Inter Cache Protocol) 8%
(Query) ®IAIA] §lo] #l|Ale] ate] wvlolHE AL 2
AR 89S sy, dolHe F&E AGS WA}
w95 7RI ®3k A AW o]E&3 2% URLY 3
Fholl ek sdo] mind FdeA BEEH A AH
F7F & o AAAR FeAH Ao dAFHeR Z
st Mwe] Frhe] wE e RAT 4 gl
e ARgzEe] g gol diaElA BAl jhS AlAFsEAL FHAl
HES] A g} 23ete] Al AHE AP
A7) wEel 2% Al g Axr vk BFs)
NA Aol Fal FsE whdstA] xahr] Wil &1HA
84 B9 @3 Hot-Spot)dll disiA wixd 4 gle @A
7H e},

Modified Consistent Hashing[5] 7]¥& Consistent

}4

_\,L mlm > (‘1(‘ rir

SAHE 9

a
o
1A
o3
0>
~
rz
10
ir
Of
AL
P
e
N
o

=2

ko

Hashing®] §4& Iul2 7HAWHA ZF AW 87
o & HAE Fo] dAHoE gH o
stk 28y AfAl AW dge 3
e AT R S Y BEXEE
7?@"% O]i 13 Aol ggel mE
WAl A 1St Kshe, A
7] wiEel £kl
(Hot-Spot)dll tiallA] dix & = gl @
Adaptive Load Balancing[6]-2 2004 ]
A 719 WAl g Al 7|RF R BAL
2y B3 FAE BAS Al AMEste K
2 E V2o Al 7§k B} Ak
4 & (Hot-Spot) A+3te] Aol =T}
T 8AHE= dolHd fsA Bsoz e
ool HASH AA AMA| AW = 2RO
= . Adaptive Load Balancing
'5‘} AP A gy 8 =49
q4eH02 AT 4 dvke &
ZAA A g, 1 019]9] AR ANAl Aol FI7V/AMAl A,
84 wd X 2 AW FFAd dEAe 1HE 3
A &L gt
Extended Consistent Hashing[7] 7]%2] Consistent
Hashing 42419 ®igoz 9% 7Ik=F A AW T3
o o Aulze] Ha} ARE WISt o] 3 WS o
|3ato] e i3] AMA AHE FetA HA 8 53
&4 (Hot-Spot)S #8]d 4 At} Extended Consistent

£V
ol
ol
=

r.“i e
_O‘ﬂ
2

g & Hropel

fo o o e M ot

ox

o i

o,
T
>

©
ol ot

X

o

N o >

- o

™ 2 ox

o E oo
o lo

)

%

- ~O
2
oo i,

=
[

Ho |o

AU

&

H

Shd
2
ot
o

ol o Sk
>
-
op
ol
-

P
tlo 1>

Mo
H o

o °
o ox T

g

i
:Oé‘
>
N
y

¢

o
il

Hashing—o‘ oiJ 7—]Eﬂi_-q oﬂ HE 9 0]594 i Hs)
o wel A AW T Jd9S AAste] 8 =7 AN
(Hot-Spot)ell diaix E#HAo= AT 4 Uty 18
Consistent Hashingoll ¥l 839 w43t 225 el
F de FHE /MY 28y Consistent Hashing®] 57
g Moz ARHoz #Ud age] REE ehid &
atu, ofd] wal Al AW EAge] w2 e AFA
S7HE 7HAA EdheE dds 7 o

Cache Clouds Dynamic Hashing[8] 7]<2] gt o g
2 A FY2E 1E AN edEE

s A WA ] WEY Z(Edge) FEolA Ul
EfAst AMA AW HAAH] A5 IS gkl AAl
A ko] JAEAAS ZHAA sk Alolt) o] WA Cache
Cloudsgl+= MdS &708kar, Cache Clouds Wl A 7
Hel B3 ARE uyste] A ANHE et 54
4 WA ARGtk A}t e 7H’\] 1‘319] L
HE s A A IS

= o T O
At A wE He %ﬂ ‘34 2% A
e e HA g A B Ak

w Aol = MD5 S ol&ste 7= A e &
ARE 248, 249 eAdS vEges & A9 A
= A E 2T MDS S-S ol 8dhs 71 i W
of &2 teAE 7= &% "oyt Hot-Spot & A



446 ZEMIE=2X A M14-AT [T7=(2007.12)

Z Qe A AA AHE 23] Aedrs Holvh ol
& AT A AEU ZEA] M F 2 A4 A
S 2ol FATH= dF WA Auel FHEA7IT 5, AA
ARl Mufe) g4 2 Asol "ol

w =wdAE 54 A 7Ie ARgske] AHgake] 2
HE 52 Hot-Spot olA%= HAA A2 243 A
AL AH Abel= tdEA EEA7IE S AR Al
ohel W aXo] Z2l= A Aulel FFE A FS

ol A A Az Adgets I or ARt 2

840 =
A ¥ 5 Hot-Spoto @ 18] Qo] AR sjA AW
L

31 MA 7=

(2" HE Aerd 54 34 71He] AAHI F2E e
ok ARg2ke] 2% URLS MD5 84S &3 sl Al gk(MD5
Message Digest)S 7FAAl HaL, o] 3k Al AW 7i5<}
MOD a4h& &3 Al AWE Al ey, o] g A 43
HEe A G Al A= A Hol Bl AgE AL, o] 3|
Tde 8 URLY disiAe 5¢Y slAlgkel 98] &Y Al
AW E kA ") o] 9ol F|A] glo] &= Countehe g
| EAleta, o= 7} #AI(URL)e] 8A = 348 7h
EstE 3k Aolth o]# 3 Count gk 54 a4 Alel 714
AME A g HAIGE AEEtE o R ARRHET o
o gk zpAgH A& 324e] T Bl AEo] 9l

O

Add fDelete ‘g

ro,
=
i
e ]
i
Sl
=2
>

o rr
ol

ot Zdefel Fl AL AmZE ok, IRt
A7t Aelsks URLGIAR) 5 7HS #ol
d¥ = URLGIAgh S Ad =gt
Al 3 et AL AEelA 7B Eol 23 ¥= URL
(@A gl 7 Fakrh A A AR E A E
gt
A 4 0 dele]EsfoFd URLGIAIZ) 7ol whet 2, 3 &
AE wkEdn felolEsfordt URL(SHAIgh) 7
th&3t o] URL(EIAh)ell AHA] A=

ZEaa

fo X B 0 3 ) dob fu 4N
W N
)

Avl % b wel 2%
@A HE Fat e A A
S,
- 2R IR A A F b el agde
URLGIA S 28R 2 $37k e AlA) Aw
2 Agga.
W7 5 14 S FoH 0 B,

= A4

<G 1>E I el W AljkE e A el

#be] 84 ¥, Hot-Spot % 344 A4 Wwg ol

4. &

Ik

|E
m
r

418N E Agel ALEE st=dojg £2ZEY 2 A
4240 e 71& By Aet
A 9 Aes vt A9 Axs v

Cache server
erove Aoty HHS HAES ] 98, B =FolAs (2d™ 5l
_ A Hol 2% BAE TR AF 84 4 TR A
(—;F'_I 4) I.||o|-5| =X —HAl 7|tH
_ —_ 0 =y
= s e HE(FeoldE, LVS 7|W+e] Front-End A, 2828 A
CE 1) 718 6l 2 vs, HMoHE SX sila
MD5 Hashing MD5 Hashing 3-8 Atd B2
AHEAFS] 8% HE X X 0
Hot-Spot X O O
44 X X 0




Switch

Clients

2

Ul I

I
&
VS
|
Switch &
Web Server
(O8l 5) M =4

CE 2> Mol ARZE St=2l0iet 2= E0f

SEA M EMAHE 215 X oy TIBtel &

st=go] _ R
ZEEY o] A4
CPU (MHz) RAM (MB)
ARE-AE /2] z) P-4 2260 256 Webstone, Surge 10/1
LVS P-4 2400 512 DR 1
A Squid
A . P-2 400 256 16
4571 JPEG-6b
A Ay P-4 2260 256 Apache 1
(H 3 ME0 ARZE B2 BT
Variables Values

Maximum number of cache servers

16

Distribution policy

RR, MD5, Akl %9 (Dynamic Hashing)

Web traces (Types of client requests)

Surge : Image + HTML (100 files, weights)

through LVS

Number of simultaneous connections per client to a server

63

Performance indicator

Requests serviced per second, Bits serviced per second

HE 2§ AR A En S ARk <E 2>9 2t

FeholQEFS APUORRY 98 5

J+= Webstone

[13,14]3} Surge[1516]5 °l&3iA 24d& A3t o

SHEE 92E B4 8 oA R 74d
a4 el ZubaA 23 5L oy E ¥

il
i)
ox,
s
O
e
i
S
=2
>
N
Y
o
:oé
o
ol

2

[*3
i,
ok
o

~Dynamic Hashing)E€°] Td¥%
5

HE EdE dee 249t 249
AME & shel AZGNd)EY, HE
LVSE FatA i FehodedA A4

ol 2 g AvhS @it 24" dHo|x7}
A

AL AE el Aol QA vk, Auel

P AHERE A2 ZAdzs Wi, o5 AEd
AL Aol AN Foll ZetoldEdA A AF
g Aolt}, Squid17, 18] ¢ MuzRy o Adxs

A1) sk=l AS-E T

i

i

=
&z
i)

O

| A ERE e AR HolArt AAE w fge=
Fa] e o] 5S FE2E U9 ZE AW AFHEd,
2 duglge Agd shue] A ARt A%

g o
=
=
e
i
i
X
=
N
offt
e
o
=

o
i
o F
N
)

o o ooz
%
0
(e}
T
w
S
@]
—t+
Ho
2
N
X
T
)
ox
ol
i)
B
&2
dlo
tlo
lo

di LR fo ofy
> %
OE:OL

¥ >

o
é

it
o
N
N,
H

o2
ot
4

=
ut
5=
jat)
2
>
>
ot

[>

>
R T

e

o
e L

o,

,

Ku)
e = i

[N

Lo

Mo mN (=
(M o

o)

of 4 A

= ¥o
O do o
XN jo hUopS oE

to wit El

ox &

_V;loﬂ‘
] o
K
i)



48 ZEMeIEl=2X A M14-AT [T7=(2007.12)

CE 4) ool F7|of M2 =2 2 + (YUHI0IE sHAIZL THT = 17H)
F7] (%) 1 2 3 4 5
3 24 5 345 331 320 293 280
(E 5) YHOIE ofiAlzh 5ol e =2 @ £ (YHOIE F7| = 1X)

A () 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
x4 & 345 396 383 396 39 399 396 394 393 390 405 403 376 396 396 373
<E 6y Mol Jhpoll mE £ M2lE 2F &+ (Rea/s)

314 W 1 2 4 8 16
RR 39.47 78.85 157.35 215.13 431.42
MD5-Hashing 39.48 76.5 96.5 114.6 142.87
Dynamic-Hashing -8 38.68 74.2 151.73 213.78 398.03
Dynamic-Hashing -2 39.47 76.17 147.27 243.98 395.82
%507 400 4 I T P TR _'-\ -
5 %] \ ol / - -
3 -
$ 330 - 2 300 4
® £
E’_ 320 \I % 250 -
E 3104 E 200 <
= 2
& 300 & 150
§ 290 '\ g 100
g &, &0 4
@ 280 ']
20—, : : : : R SR S E S S S S R S
1 2 3 4 5 # of Hash Value
Period (sec)
) (O8 7) YHIolE sfiAlzgk 7H—’FO1| mE =2 ¥ &
(O8 6) HHOIE 7|0 WE ¢ 2F = (AEl0|E =7| = 1%)
(YOIoIE sHAlZk JHE = 17H)
e BYe € F gk <& 5> ¥ (2d 72 gHelE R
A sk BEE AY das melE gudE F i
715 12 24t uolE sfA gk AFE 1A 167h= _— .
Asele 11 WE Agleln duix A v
e Bde ¢ 4 ek olu, QuolE WA s
o4 Foh e, QUolE AN ATt Bess
S 2
S AIFke] Bol olFatA ¥, ol T4 HolHd F5 A K /
w = 3 =
& EAE olE] wiEelth B E=RdAEe ol AF 2 m /JJJ
A%g Aoz, Yol F71E 122 dFsa gl e
E EH}\]%/{- 7H_/I:'§‘ 22 A% é%ﬂ' ‘—‘;“ /\E]ﬁ% /\6801' K P - S S R S
<% 6>7 (29 8)2 7]& WH(RR, MD5- Hashmg)ﬂr A £ aLSENes
¥l W (Dynamic-Hashing-8, Dynamic-Hashing-2)ol 4] (22 8) Mol JhZof w2 X2 |=l =& RF #
AH e Aol e 29 Aeld 2F -’F% VFERTE A9k (Rea/s)
W ]’\1 Dynamic-Hashing-82 B & ¢J3] ulo|E A
T ANFE IR AR HES —’F?{l}f& ot} A7E B - MD5-Hashing®l 7% 23 URL(&1A o] 7HA] A H] ol
202 ¥ 2383 Dynamic-Hashing-29} H]523F 23 A3} 1A (Static) = o] 9he] AHEAFe] 2% " olut Hot-Spots A
S 7S 4 F I g o fHolE fAF s 270 g g7 WEel b v AsS BYs & vk ARbE
2 AR E A3 A= 2ol 9SS oF 4 gt} 7= A Dynamic-Hashing 7I"& 7§l Awje} sshe] weh 23 URL
dol 4% A4RAZ RRe| Y & g5g molmpgl,  CITEE FeE AL A Avlm §74.02H Dynamic) 47
MD5-Hashing©] 7H¢ W& A5& Hlth RRY 49 450 %7}94 434S AedA RRt w5 458 2. 5, 7]
) FIac! H )
£ ool 33 AgoR A A% B0l BPIE gk HOMDS Hashing o MIF A0l 85 (Dynamic: Hasing 5

L
< A%

Dynamlc Hashing-2)°] ©f = e dE 7.



[ = |
)’o}'g %\‘E .

JKJ

4

ro
T
pn
I5!
I
>
x
T
jy
L‘E
>
m
mlm
ﬂ
o
1A
o
0>
~
s
10
ir
of
AL
P
e
N
«©

7 MU 5o mME = M2l H (MBIt/s)
A g 1 2 4 8 16
RR 1.34 2.68 5.36 7.32 14.69
MD5-Hashing 1.34 2.6 3.29 39 4.86
Dynamic-Hashing -8 1.32 2.53 5.17 7.28 13.55
Dynamic-Hashing -2 1.34 2.59 5.01 8.3 13.48

CE 8) MH{2| JH=rol| 2 &5

Dynamic-Hashing-8
—¥— Dynamic-Hashing-2

Bits serviced per second

# of Servers

(33 9) Mu2] JHi=ol WE XM2[E =E HIE 5 (Mbit/s)

<E I (2™ 9E 71 WU AtE WA AW <]
Mol e 29 AdE HESFZ 1383 Ao

<E > MH] Aol whE Aoty W] AT FAE
S YehdY, FolA 2 Aete W RRell Bls) oFzk A
So]l HojA& & 4 AEH, ol RRe] HelHE T8 A%
Fo RN FL& AsE FAY] "Wikolth. RRe 4% 45748
o BAHE BAEA FAT AF T EAlFo] @A)
gl o2 5o], 100Kbytes ©]1A] 1000712 &3 3chA A
bl WHgel A dast 1601 Aol gk T A TS
100Mbytes7t =t} RRe] Z-ol= BE MW7 FUg o]n|
A& Agstal J&o 2 16tHe] Mujo] Hasdh F A% ¥k

£ 1.6GBytes(=16™] x 100Mbytes)”} €t}

whdof - Aokyl WS MD5-Hashingoll Hl8] =&
FHES 7S ¢ 5 Utk ol& MD5-Hashing®] 7
212l 87 URL(EIAIgh o] AHAl A el 17 (Static) 5ol 3
= |, Aete & ‘ﬂ% A}*OLXFJ 22 URLGjAIghe] A
ot}

-
Ry

_uO
U
<
2

r3 3
g
ol
@
~N

Ao A 19 24 49 84 164
Aokel W3 RRO A5k 0.00% -3.40% -6.41% 13.41% -8.25%
Ak ¥ MD59 As At -0.03% -0.43% 52.61% 112.90% 177.05%
A AN §7 F ALOR A A% R AF B
B8 7,
== V0ssasting Aokel e BEe Q% 2% URLGIAGDA B3

fll
e

= g Zu o]= RRAY RE 8F
URLel thgh 58 A3l ofuzl, zppslrp wask 7AA A
5 3

58 B

B =ZaAE 7E dd 7ige] dds Baddste AZe
A4 S 71Ee AESTh 7€ S 7ide] &%
URL(BNAI 70 Al Aol A4 (Static) &2 LAl T,
Ao WS Al Ao Kafel] wret &% URL(IAIF)
S A AHE ALl2 54 (Dynamic) 2.2 ol FAI AT Al
otel W2 S 8 A ¢ AR I FRES v
s gl

G AT FFoRE T4 Y HE A AN F
T ANE HEste Aotk AAl AWt FrbEE, 71E

= URLGGIANZH)E A Z$ A A
W& olFslE Aotk wWhE A Mus} AAET ALA
g A AWZE A3 Q" 2% URLGEIAED S dob 3l
= A AWERZ B2 olF Aolth. wa A WA T
wek Aul ug B el wetz W A 2 raE
< =

GalA B ol JHFE WaE beaed Az,

[1] LVS(Linux Vitual Server), http://www.linuxvirtualserver.org.

[2] D. Rivest, “The MD5 Message Digest Algorithm”, RFC
1321, 1992.

[3] David Karger and al. “Web Caching with consistent
hashing”, In WWWS8 conference, 1999.

[4] Micorsoft Corp., “Cache Array routing protocol and
microsoft proxy server 2.0”, White Paper, 1999.

[5] F. Baboescu, “Proxy Caching with Hash Functions”,
Technical Report CS2001-0674, 2001.

[6] Toyofumi Takenaka, Satosi Kato, and Hidetosi Okamoto,
“Adaptive load balancing content address hashing



450

[7

—

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

gEXMEIEsl=2X A H14-AT XI7=(2007.12)

IEEE International
27, No. 1, pp.

routing for reverse proxy servers’,
Conference on Communications, Vol.
1522-1526, 2004.

S. Lei and A. Grama, “Extended consistent hashing: an
efficient framework for object location”, Proceeding of
24th International Conference on Distributed Computing
Systems, pp. 254-262, 2004.

Ling Liu, and A.
Clouds: Cooperative Caching of Dynamic Documents in
Edge Networks”, Proceedings of 25th IEEE International
Conference on Distributed Computing Systems, pp.
229-238, 2005.

A. Feldmann, R. Caceres, F. Douglis, G. Glass and M.

Rabinovich, “Performance of Web Proxy Caching in

L. Ramaswamy, Iyengar, “Cache

Heterogeneous Bandwidth Environments”, In Proceedings
of the INFOCOM Conference, 1999.

A. Savant, N. Memon and T. Suel, “On the Scalability
In IEEE
International Conference on Image Processing, Barcelona,
Spain, 2003.

A. Fox, “A Framework for Separating Server Scalability

of an Image Transcoding Proxy Server’,

and Availability from Internet Application Functionality”,
Ph. D. Dissertation, U. C. Berkeley, 1998.

I3 A, TEE T QIEU ZEA] AW Z9
B Jx, daAdrAe e =EAA, Al13-A7 A3E,
2006.

Mindcraft, Inc., “WebStone : The Benchmark for Web
Server”, http://www.mindcraft.com/web- stone.

J. Nakano, P. Montesinos, K. Gharachorloo, and J.

“ReVivel/O:
highly-available rollback-recovery servers”,

efficient handling of I/O in
The 12th
Internation Symposium on High-Performance Computer
Architecture, pp. 200-211, 2006.

P. Barford and M. Crovella,
Web Workloads for Network and Server Performance
ACM SIGMETRICS  Conf.,,

Torrellas,

“Generating Representative

Evaluation”, In Proc.
Madison, WI, Jul. 1998.
R. Zhang, T. Abdelzaher, and J. Stankovic, “Efficient
TCP connection failover in Web serer clusters”, 23rd
Annual Joint Conference of the IEEE Computer and
Communications Societies (INFOCOM), pp. 1219-1228,
March 2004.

Squid Web Proxy Cache, http://www.squid—cache.org.

W. Liao and P. Shih, Architecture of proxy partial
caching using HTTP for supporting interactive video and
11th
Computer Communications and Networks, pp. 216-221,
2002.

cache consistency, International ~ Conference

AT, ATA, AN AW FU2H0E AT B4 AN A
B oowe Sy AW, RFARALI HPC AT
3] =&3, Vol 17, No. 2, pp. 3-11, 2006.

1

—

1}
2

o

e-mail : gobarian@q.ssu.ac.kr

199611 EA T3t A Abe stak(shA)
1998 A w AApeta) gk
(HAh

~2006 At dAEst
]:HB’]—E}_] l:ﬂ-/k]_)

19984 ~

19981 89 ~20001d 7€ (F) 3R ¥4 dta FA A+Y
2006 3¥~&A AT AR FAHAF 8 (postdoc)
AR UEN A AFE L B

71 = A
(=]

o o
e-mail : dkim@classic.korea.ac.kr
1978'd A& gt 2k 3k (3HAh
1980 k= 38}7]
(A /\})
198011 ~1983y A= 7 7t
1988% 1= University of Southern
California(*¥TA})
~1989W "= University of Southern California
PostDoc
19953 23goiet Fus
A st A7)E
#-oF :highly available scalable WWW server, dynamic

&9 A7 35

19889

1989 ~

19951 ~

A
load balancing in WWW servers

8 7 4
e-mail : kchung@q.ssu.ac.kr
19799 A&t 243 3 aH(F 3FAL
1981 gk elr) e dAketa

(e] A AL
198613 ©] = University of Southern

California( 3+ 3 8F4] AL
1990 : M=+ University of Southern California(Z 7€ -5 8HFA})
1998 24 ~1999 24 W= IBM Almaden 174 W
19909 98 ~dA AN FRFNAAF S, W

BURF UEND AFY L 0ot



