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Hashing Method with Dynamic Server Information for Load Balancing
on a Scalable Cluster of Cache Servers

Hukeun Kwak' - Kyusik Chung'

ABSTRACT

Caching in a cache server cluster environment has an advantage that minimizes the request and response time of internet traffic and
web user. Then, one of the methods that increases the hit ratio of cache is using the hash function with cooperative caching. It is
keeping a fixed size of the total cache memory regardless of the number of cache servers. On the contrary, if there is no cooperative
caching, the total size of cache memory increases proportional to the number of cache servers since each cache server should keep all the
cache data.

The disadvantage of hashing method is that clients’ requests stress a few servers in all the cache servers due to the characteristics of
hashing and the overall performance of a cache server cluster depends on a few servers. In this paper, we propose the method that
distributes uniformlv client requests between cache servers using dynamic server information. We performed experiments using 16 PCs.
Experimental results show the uniform distribution o

Keyword : Cache server, Cluster, Scheduling, Hashing, Dynamic Server Information
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2.2 MIT-CH (Consistent Hashing)

MIT-CHI13]+= 19974

MITOlA A el A

7igk Kal Bab wAo 2 @At ol §83% o
Al wkalEo] gotd gl MIT-CHE MDs $¢ @iy ¢
2 Abg3le] 8% URLe thalA sir] e Aataiot
AAkE Al g (0,119 489S 7R de e g,
AL Aefe] disl M= 2o waor dukgitt 2 JURL
el ddd zhe da el Pl AlAReke g sk 71t
& A Mujol] AE= whAoln) L Wie] Rl Hak
71¢] AF& glo] DNS(Domain Name System)ollA] 23
URLe gt &4 7]%0‘% AFato]l A7 A AR

2
ox
il

MIT-CHe| 7HAl EQE= o)z Ef FHlozm =
4 olm, AAE URLOl W dae ofxlmel ueld )
As o] olgHTh NAjel AN Al AL 9
A7bel O(logn Yol 2887 Wl AN AW F7h
stow A4 URLAl ot 4 A7kol ¥z Aol o
1% JRach el 24 URLS A4 A9 olgol o
A MD5E Eao] @9a] wgel @A B4k aqol @
QebA) EEEA Fal 9 AL 9w, 23 79
A BEEA Temi Au Sgel g2 4o 4w
2712 wael A BHth T A4 Aol Yo AR ¥
A el wdal R g £ 83 9F W

23 CARP (Cache Array Routing Protocol)

CARP[14]+= 19979 Microsoft Atel A 7Qgkel sjA] 718k
Hal B2k wpAl o gal @Al Microsoft Abel AEdA AbE
93 9li el B4 wlolth CARPE 9% URLY 714

pul

woll thakel 7t

2ol AN e A, A2
g e A A

SR EECER T

B

3

)

723
A2l

o

il

RO
e ofl

=

1
il

[s]

Jg ok

Z2a B g ~E

o
S

=



Jiot

249 +2E 7tAe Aol 4

CARP: AwhAQl A 7| Bab BAb dajs) 2o
ICP(nter Cache Protocol) £ ®A A glo] djAlof 23}
dole g AYstn de Az 23S TdaiH, deojye
FE ARE PAae A9E Mk &1 AX MY olF

3 23 URLY #iA] gholl tiet &de] vlud ddstA &£
2D M AEE 7 & o AAHQ FexH AT
o] A¥Hor FrlstEz Auel Frtd wg AR K
A 4 o9l ey 4%494 LA s Al ghe
Axreta A MwEe A #F 2@t A AW E
Aelste IS AREsY] dE l 874 Aol gk dzprt
tha Hgstm, AN Ao Ha AFE wbdetAl o)
2o #4923 AF A disiA Mg 5 gle
944 g 7HHt

24 MOD-CH (Modified Consistent Hashing)

MOD-CHI15)E 7] MIT-CH e @dQl
B el 238 #YsHA g3stal Xate ﬁ%
2} Aoty Aol o] 7]Ee MIT-CHelAM £
of thet A MHe @ Bzt A EJAEV} ©
Ao AALFoR e AR BFEHE HE FA
ato] siA] EQlEZL Wy Adgle]l kR A MY
A sle] AMA AEztel 2 9o qiFd BE #WA
E Zole 9Ee 3=E AUHUh

MOD-CHE 71& MIT-CHY 53& a2 7FAWA
e o o W3 3 HAE F9 PAHow 23

delA EETHEZEZ et aeid Al Ane &

oﬂ ojx{a‘] @t% zil_/,:E A}B.SLOi %}246]— o+
=

j= = RN 04
B3e shaek
VE

ne. oSl ot N

= oz sl Aol
2 gHel 2718 Sl A R,

AN Aule) el kg et Eshr] diEel el
F @A 2

il
HAE + §le 9L 7Hdoh

£2

25 Adaptive-LB (Adaptive Load Balancing)

Adaptive-LB[16]= 2004 Aetel whajozx 7]&2
PEEu= s I PR e B S S
B A BAA AESC e RadT of AL 7]
ERow Al 7k Hap EAb walg ARgeAnh 9
Z Agte] Ao 2de £ F, M AT aFse
olEfo] their HEoE

A A B gHos BAAF)E HY S Abgai)
Adaptive-LBE t}E ] 7]uk

oA AE tﬂ)\]—oﬂ hafA] Ao o

e 7pAAN 2 oolele] Al FNAl Ao F

A, 83 4 %E 2 Aol A diEiAE qu

atA S vk

2.6 EXT-CH (Extended Consistent Hashing)
EXT-CH[17]E 7129 MIT-CH H4¢] Wgos

IR Qs AL M EXAEOIME 2

oh 242 208 ST M B2 7IEe ol 71" 27

& A4 A R o dR2s) He AuE

atoll whel Al MW e GE dAs A i
of gsiA Eddez Ay £ ok 22lm MIT-CHl
He] @A U BEE Jeld & Jde Ade spdoh
e} MIT-CHS EAS /Mg dAdoz Fdst &
Yo BEE L%EMM E3ai, oo ek A AW 3
o we Are Add s A R g THA
3 gtk Ed 7H?\] Aol @iy Adlzel Fa ARES
DNS MujellA] #elstea DNS Auld] Fe3 R3s 7}

FA71 wae s,

t!_\_,

27 CC-DH (Cache Clouds Dynamic Hashing)
CC-DH[18]& 71&9 dutdoz 2o Al S22y 1
HA4)A EdsE A 7Nk Fab Fak g 2l
9 2o REoA R EAY A A AA
FAS st A AW o] FEAE THAA de
o} o] wWAS Cache Cloudsls 7EE A7,
Cache Clouds WollM 7HA] AHe] §3} AHE Lvste
AN AWE &gste T4 4 B2 Al
e A A8 2o} HEse CC-DHE 7|&9 =
24 MAT S8 Bl b2 AF B 5 ‘qu aga 7]
RO dolAE 7]E 4] 7|NE -8t

A
Ir
=3
ko)

A
[€)

Woex (M o

<}

(B 1) A} 78 Bt 2ite| B

o >

—_

2=
o
2ty
ey

£
iz 3

, e AcwA adel aw
s | 7] witel AW Fobl o
5 4% B4l gln 9% 4% d9e AT 4 o

Awel F7H/AAE 3% Ee g
g oleel gg g A0 =
MIT-CH |t} dlolg] Ex¢f *M?SH*

st §M¥/Ho] don o AE IS HasA

Zgh.

Iz

U‘\o

Q
facA bl }-‘;1

4, o
_1
N

3oV el g Agot A, A 29
S A 250l $& Wl By HuE 3
B 24 1% @4d o el

ﬁy

CARP

z) 2~

o
-

15

& MIT-CH Bt} dlojge

ou g Aol og
0= 8 IS

o7 N 2 5
;
2L 15
ox A2
of
o

Mo | e et

|

MOD-CH

. O

£

N

of
s
o
2
=
)

Rl o 1

2 59_*‘

N
S

ko

o
[x* R Be2
4

2y

2 2 |30 e oft

£ rlr

Adaptive-L
B

R

e

g ¢
=y
=

£y
olr fo, ol
i | o

2,

oX,

o

-z

If

ol

- o} pC

prdl RS
o
o,

"ol ok 1T e

Sl
|
=L
D I R Y
o
i >
>
wjo m
e
ofo i

2
|
rSL'_Qd-{o

o
NL E

.
I
ol
'

EXT-CH

i

oy, 22 1 2

N
w
*
~
N

| =
=
7
O
jenffan)
o,
&
24
-0,
=

~N
v T NG
10
NS
ek
of
Ba)
Ry
o
ol
ol
rlr
Mo
B
i}
N
N
>
i
il

=

S
)
ofy
c
40 > o |
>
tlo
S
N
ok
:5 :
v
=
(g8}
T
fu
oft
i)
Ny
=
i

CC-DH

N Ot
=~
£
o,
u
:i

oo ko oL OofN S ko | e S O to | kI ;Ri A0, pj ok 2 |

Eolo o | > o O oxt| B > Qo]

, il
‘L‘F‘,I 1 I

F
2,
R
S
e
ofo i
hat
b
A 2
2°
[
O
100
?2
o




212 ZRMeIEE=2X A K

A B A ulel 2 A0S B £ o
=) )=
O

AR ey g
J

71 SllAl 7INE et BAF WA

414-AT M52 (2007.10)

1401]*1 Audl sy 7IHEL A gss AR AN Ay
ol Al AHE oj&ste] jPsh Wyow Fate
b el A AldkehE W shvbe] 54 A4 Aol
skl el gl 4R oo A A Avie] Hw
= sk WHer FRIvh o7]x 4 A An
o Ar= A o] §E, AMA MW CPU o] &8 2 74
Aol Adgl 7 gae] F= pgdch o F Fa(cur)e

_ (
x (CPU O]%g/@?f CPU o] &#) +

Wen % (A Lﬂ*é %/Jé
o A9 )

ANM, Weane®= WA o] &8l W&t 742, W5 CPU
o] &gl W3 JFEA L W, AWM o i3t =3
ojth, 47te] ARES Wy o7 U olfE Zhzbe] =
ol 7hd F gl WUl thaEy] fie o5 #Ede] ¢
g A o]}

A Aol 248 Fdsh=s AL FHA A AH Ay
Z 7He FA 0 cur)ol A 71 %}% W EFoEM o] F
olfth ol FHl AMA AW ArE mE FA gy
o]Eo] Sl MuGoe] nE M AW E Abolell A ol
Al BEATH (19 1) ol#igh Astd WS wBolz
oo 7ol 270 9] golHo] FEAgr} A WH H o] B2 3
Al gt ol gl Al i AN AMZ A E D T HA
Hol&& F4 MA Ay sz “{l‘} 01811?1* F
WAl EA Aqu AR de] Bl 7 AjAl Auje] FAe A

B (7 A2l

Client

Cache server
Group

°]

www .cnn.com/candy gif [
Jucksbndobicia b o
P —
Reply
;
!
/

URL : www.cnn.com/ candy.gif
MDS Hashing oF o =
el (R I RO SN e PR
oo | 2| [0 ] 7 [+ |5 MIT-CH | 2 %7 0 X X X
S N B CARP | 357 0 X X X
| T O B B MOD-CH | 3 &7 0 X X X
@ , o I = B O Adaptive-LB| 3 94 0 X X 0
E) EXTCH | 394 0 X X 0
addoaete CCDH | 39 0 X X 0
2l 1) EX M HE 7|Hio| FAl 7| AgHEl w3 T 0 0 0 0

(o

&8, Al A8l CPU

Load Balancer

°] -8

-5 2 7H*l Aol

Add el #Ee] Sojvt gl

stvke] 9 H(URL)E 2tz 71Askah. MDs #j4e
0x0000°11 41 OxFFFE W 9ol Al ghutel sfA] go A4 7
oty fe] ool A ShAl Fe 0x00028 7}A S} S| H o
= dE ofn] A Aujr} &gEe] i e e 3
T Mz B glolth ey dEYI) Hlo 9z, AAl
AW 7E s E A T, A Ml B8 AW AR g

k=4
oJEe HAHT FAIcwrS B A% e HLozA
s ol 9 el wEw, AN AE lo] 4

(Leur)& & 7Hg e gh& 7M1 =S dAe) 230

ek Muss des :

e A AMEel FAcun & Fa 22 e kA
S, AL AEte] @2 AN A o WEsh A 2
= ghel "ok ol2d S Al AW Are) Age e
TANE LW EE BE A B AloloA FdshA B
EHEE v vheR MD5 s uhg ol &dle] Abgate o
e AN Aol Edatdokd A 271 @gdn. gt
i OMD5 sjduhe ol gsto] AHgRe] 24& A AHef
sk W AAZE AEe AFE Ui § UeiAE
Aol ddshs wRlel7] wiitolth olejd Wy e EAd
= WAL Aute] BElE 3 welehAl ekgtal, sjale v)E
A9l 5w dd Abgatel e IR AN Ao 3
FHE Aol

e 8 HATol TAEHA HY aF AFE BN 9
4 URL&

3 shvtel Al M (sid URLE ﬂvﬂi"ii)oﬂﬁ &
goh= Aol ofyel, BE A Hujso] :
Aegoh olw, A WAL ges 2n % oj&gth
shute] Al MBis @ o] MF ¥ URL] LAstd a9
URLE b 29 Bal Bk alg olgs) RE 714 A
H7b 2% 4% URLE %3}
ol & 2% Y% URLe] Sioixl‘ﬁ sl URLS t}A] o]
S A defe] Al Auzt ¢

>

33 7|?< HI—tHJjFol Hi W

EE -
[
il
2L
(o3
i
o
E

<E D> I= 7]3: Hk

gl '% = B
A FobAAL S, e 2 D 2d 1F B
Bae Eold), o4 I duelge] 5848 Zgshs

71A S a2 A 37/




SIAN Q1= Al M EHABHUAMO 25 2AE 948t 28 My FE (8o sia 7iE 273
gpe] e Aol MuE Aol FAaA BEs=} 2ol (E 4 MEo| NS Fe 85 9 7
AX Ay = 972 F=4d ol 2 A& 5= g7} o) Fods z
wE g He ANEolE AE7] wEd gy WAL A 5 16
= 1 ]EH - —]:1 ]O]Z AA . EJ_UL RR, MD5, MIT-CH, CARP, MOD-CH,
ol BREE Fe 1 agdel dFselor @ vpAM S e B [HT-CU (4e7 ernaze sRdos
o7 o] AMEE AMESH] Wi AHE F71E o BAF A MD5ell 7)6bgh diig]Zo)7] W] Ad 4
= 5 go 3 Aot e ste] 549 mete] AsolA A9
ool Aen v)dEA Zets 3RS Ao T 1o] 54& a8t £
toh A5 vl siM F7tet $4& 7hAok gt R Efol~ : Surge (M2 OE 7}&
S Toces |1 ZHAE 100709 o]l sk HTML 3)
= - 0 oas| @A 1 Edolx : UNC [25, 26, Berkeley
4, M3 AN (el dEe 24 0 Log e e AEAE e 1007
&) o] HTML #+¢))
Als| BHA LVSE E3
41 A 2A G )
Aty B BzER] d, B =RdAE (29 2) Az dAnE
oA Mol 4 $74g THIAL 2Y BAL 4FFe ¥4 98 AT
- P A 4 @AY URL 4, CPU °]&&, =
MBS (2ol E, LVS 7lube] e 2ab A, 24 Y% AE ijm;g ji;? F 1
AME 2 9 N2 FAHT A S AFe <F 3>3)

kag=3
Hejo|dESL MO ERY A& = T Webstone[19,
2017 Surgel2], 2212 o)&&lH 2L AT o]y &

=
PEe HAE 99 2 ojnEE PR

HAAE To ZaloldEdA AP AEE Aotk
Squid(23, 24]= € A1 H
o AHg-HTh

d AWEZRE e A2 oAt AFE o f=

Al = Al 8 g} & ZA RN T w 1]
J]LEOH g o’\:i_oﬂ 7]L6HU1 a¥s 111001;7573] %; ZH WAL o]5g ZaH W BE Auld] A
AAAE AA e wed ehe Ay S DT R e A Ames A
—_ _ N o) _ 1o -y R = )= L I 4 . R4
(RS; Mbo, MIT CCHH A M?j) o, = HTACUSHE;} Ak A% 28 g M2 AN=E sl AN Al
= 3 o n= z o B
e TRATR AR A EAE EEEEL an g An A0 3% ds deewd s
3} Zo|c} o . .
. . = s A(AG T B3EE BAsA Ao s 29 Wy
8349 Ao 1674 AME F el A2OMD D o a8l HeEd, duEE vE rAze o
_ = s — . h= e = o i, a-1T - 5 =
U, A AN $EE LVSE B8 80 Feld e e ) e, gen =
- - B - re = B g e =N d T oo= Ry = =
EOA G T SHE B A LVSE B ST S e we et 599 Huse A g
go wobd W LVS7h £33 $9& wF Aasjersts] L T e T
. - N e 2 By o3 Eu wye] Hg g3, olv §A dAojA
ol Felseel AAA Al LvselA Shamk o T L T i ee e
= - < - - . . . 21 6] =) e AN w = Wa = r
G oAy A e AR s Lysdn v ace G A>E 484 AEE F2 WEEg G, o
DR(irect Routing) ¢ AHgetel & A7k gste @ _ 0 D0 D T T e
- = = R R . - vuT = 5 a U« A RS Ut =
goldEd A A 5E ALt LVSE E0j0= 8F HLZ u]ﬁs}bo%o . tﬂAS; e o qoﬂof}}lg
- . - - 6o = = SRR AT -, &% [ il
e Adwe B 2y Aol AN Amel A TR T T a8 edel A b
gsiof 9 erere, o AuolA s e @ Aseg  Do0 T 0T D T g e
5 = o = T T o - —_= = T o v A=
HEg dEaE R, o5 e AdE AN ANl A L e L e e e ae e
Holel g wol ety 2 fae) dlolElg HA 2Ash:
A3 fALE ) 2o AE Ags ok 44 9 Edol

9] Berkely tiete] § B Z 10008 AE" dto] A
gl olgig sp 9 A f EfolaEd tE oy
wREAdA AFEEE dEAHYd A Edolxs

25-28].

]

(Z 3 MH Atef

Bl ¢f o] e . N AlE

- — AZEYA | A5 42 AME A
N T A AR Webstone Ao AENE 37 98 thea 2o AYe sy

A P-4 2260 236 10/ RPN o Ml W nE =
bl Surge th Ay 2712 16W9 AMA AW 2 BEE TR (Weache,
LVS S - LR ! Wops, Weon) 3 014 10704 88417 7bid Bl2E (5 7
AW i Pran | S0 FE 131 = 11+ 11+ 1) stk AEAe Ashe
H b

A *‘} B‘ P*4 2260 256 Apache 1 W(‘ilChE‘ chu Wcon (O O O *> 0 O 1 ’> O O 2 ‘> ”> 0 0




214 ZEXIST = 2K A M14-AT H5Z(2007.10)

004 Wecache : Wepu : Weon
0:0:0 5:0:0 10:0:0

(O 3) M 2Hat MDS s
(FHAI MBS At)

_{
Ir
=
El

(38 4) MoHe 2t MD5 sielel &5 Hlm
(FHAl M HISL Atef)

10->010->011->.->01010->100-> ..
-> 10 10 102 WEAZT (2" 3)& 74 Au7h sda
Atk g Ao w AMEEE MD5 42 Ay Hg el
A HWE vebdth % Akd WMol 71E Wl
H3) s Fol A= ofnsti, -%E AQkH wyel 7]
R vle e A4k deS orldth
I A A ME7E edetA e AbgFlA MD5

ol

( j
4 2 el 4% naE e A4 ARt
2 ke wET A3 e w4E He 0
92, 4, ... 16) AA AN AT Fah Bl
1-

(

A

p

.=}
2

o
-0,
41

ofi
o,
)
5§ ¢
rlo

10z }0101]*1 ddstA CPUS ARt AHEatA] &

el S HhEEC 2 ThEoir)

pud =2 A

[N}
o
@

I (29 HF BH F7]4S 7MRHA MDs Bt
d50] & A$(Performance Difference7t +%<1 7)<}
72 ¢& A (Performance Difference’t -%¢1 2-$)= u}

FelAt AL B 4 vk MD5 84 weh 4ol Fobx)
= ALE AN o885 HEXN (W7t TR 7HEH0
a JHeR e EAE AAHE FSolth MDS #

Aol mlsl Aum Aol FobAE AT Wene /AR
Zdfolth. MD5 3 Mot
Asol wiAl= F5= A ol 8E 9] 7HE A (Wewne)7F T
% & 7HEAE HAE A fol
ol UwAE Fee e
b AR ARSI Weene 7HEAI7F 091 49 01 o}

7hs Aol whet o]k Aol YehuA | olfi= A o
&5 AR Fo} %* ZHLVS)ol A ddolEdow a3
of ek AHA] deel dAdog olgH 4 glou CPU o
FANA w9 AR A Aol Fr1Hor dd
f eu Audor 2o Wt AHA A dAtoR
Tolth. ghpstd AA o] &stel= CPU
AH o]l FrloM A2 #A A
,  dRE A AuE o] galA

MG deetA wd g o] dF A MBlE FgFEa

OP

o#d HEL HA Heg A3k A AE HAn
oA ddh

B =R HAo 7tEAE 7y 93 Ay Ans
EUE e 2o Pue Add 5 Add e o)
Al ol 8ES olgA 2 dis) AN NHE dFehs
HJHS(Wcache 10, chu = Ov an 09] 7]'_6—7(12 7}' ]%:
Ai)olh, B =Rl A o]4ES ol&d: Wye
Bz e e wHEd 4%S uln @ 2aag

43 7N %

(29 5= ZF AHA Aol digt AYH £5 BoEg
oA71A shte] AN & se] FeloldE 23L& vkl
ooX FS MY £8 Uehin, Y F& Adde $3
GEIT Y % AE4S A8 20 2492 and

—=s—RR
100 4 * - MD5
4 MIT-CH
v— CARP
2 ¢ MOD-CH
" <«— HT-CU
,§ 10 A 4 V4
E ‘7//' \‘\\q \gg;f: i,—i»f./; :d 2 |
3 v v o/ \ / @
% N W v
_§ 14 a4
E
2
0.1 T T T T T T T T J
[ 2 4 6 8 0 12 14 16 18
Cache server number
(a) Surge-100
—a—RR
100 - ®- MD5
4 MIT-CH
—v— CARP
% +  MOD-CH
” . —<— HT-CU
_5 10 \ &
3 . l *((«i -
g 2 ‘!\
S \ V.o .~\.
b ad v
5 v .
E
2
0.1 ; : : T T T T ]
0 2 4 6 8 10 12 14 16 18
Cache server number
(b) UNC-2001
—s—RR
100 4 *- MD5
4 MIT-CH
v— CARP
Iy +  MOD-CH
» : <« HT-CU
E 10+ P . . o
RS RETEE = T S
E \ /‘“‘ﬂ \\w/\/‘: v
E 14 » ,\L/ I a
E
z

4

T T T T
6 8 0 12 14
Cache server number

(c) Berkeley-1998
(32l 5) H4dlM



2T Us AL M S 2HMS 2et 2

3702 & Tracesol s, A¢td B (HT-CUOl 1692
A S AfololA Aoz AR AUAE 5 71
ok @ Uz o2 5ol wRe QS A Mulel o
dspl REANA Foke 4 Eew A8 AYH £

Hytol A myolE nbEshA Hrh ofefd
y] ]

dAetA 4 3
ProgRe e gyole WAHA FejaH Yool 9F

44 s|AIE URL &

(29 6 )&zt A Aol digk sjAle URLY +8
olFrh X F& Mo 5 JEhiaL Y 52 8
o] £3 Jeith Y 2 /M54S9 22 *ﬂlgl
3;1;61:

=1 {al MAL A E Afeloll A
dE s %Xéfﬁ A€ URLY 5 7He A& HoE
oot B g2 WHEL sAY URLY 7 H#eR

[}
HE FuolE shAE AS ol
"—RR
*— MD5
1004 =—m—-m— + MIT-CH
v— CARP
MOD-CH
3 <~ HTCU
E 104 : Y4
4 '\1<$<=:i::‘i»§'=’=,a!
4 v \ AR
2
3 v v
i 14 TS
E
H
o1 T T T T T T T -
0 2 4 6 8 10 12 14 16 18
Cache server number
(a) Surge-100
1004
°
% 104 sog- h .y
1y s & .\
E :':'{:;:\nﬂn:,}(i!<
g ‘ Ya ¥ v/r * ..V.u
2
5 §o . a v
8 V
E
2
o1 T T T T T T T T \
o 2 4 6 8 10 12 14 16 18
Cache server number
(b) UNC-2001
1004 -
- 4
2
g w vile B2
o LIS SRS B Sofe RIS NS )
g V. 2
s v
IR i i
E
E
01 T T T T T T T T )
0 2 4 6 8 10 12 14 16 18
Cache server number

(c) Berkeley-1998
(32! 6) sliAl= URL =

CPU utilization (%)

45 CPU O|8E

(¥ 72 CPU o] %
% FedE F9 Y vmstatE
AL AMH 9
)A=3 ‘/PE}”HW

y —
]
tlo
o
Q.
N
a
o,
hvh

Cache server number

(c) Berkeley-1998
(22! 7) CPU Utilization

= =
Aol Al Bo|Fo] Aotd e CPU °j&&
= [ee)
(RH S A9stn 2 WHE A8 w=ge
— = 2] O
ol AlekE Who] SetoldEY 2d S
=—RR
1204 MD5
MIT-CH
CARP
100 Y . . MOD-CH
L N - - HT-CU
T 80 T e . < “ "
® 60 e “ «
E
=3
Sl | b » b
g [ N e
o] PR T T Y
o T T T T T T T
0 2 4 6 8 00 12 14
Cache server number
(a) Surge-100
120 -
100 .
- L '
- - - R . a g "l
g o7 -
€
K] e
3 60 .
§ ha “«iq4 “ i MAPE
S w0 e - | “
8" LW\ et S
mﬂx & Py et e vy
0 T T T T T T
0 2 4 6 8 0 12 14
Cache server number
(b) UNC-2001
1204
1004 .
g, m-m - M
—u - ek il
80 .
4
60 .
v * N
e g < e
0l N LW gt
o v . W% L
20 i s B o L S
0 T T T T T T T
0 2 4 6 8 0 12 14
Cache server number
(b) UNC-2001 -
RR |
120 4 MD5 |
. Mrr-cn;
CARP |
100+ MOD-CH|
g HT-CU |
F 80+ < N
T D
K]
E s+ | Nk
g < | et a
o 40 | LN AS
3 ': ",v e v '\v,' ‘f/.
20 s
o T T T T T T T
0 2 4 6 8 0 12 14



276 BEXMelSl=2X A Mi4-A H5Z(2007.10)

AN Aol BIAZoRM AN AMES FAA $& A Auw Ad S5 AR o) 16t
she we, che WEES 9% 54 AN Auw B8 o4 o pule] Yol 249 dehi
griel AN ANES AR FEA B @Eolth & o 2mje] 4% Zbwe] Y grew
Ses 2L 309 racesol o] WE AMEC] WS¢ ¥ AU A% 5 FPHL welZTh o4
2 CPU o888 74, ol e 2o & 5o
Adzg 2E A Aol e wel, be wyEol oy

o] 84 N Berkeley-1998

51 ¥ #HX} \ [

EE WA s 4Z0] vE MZe HFozuE o A
i} ol IEvE HolZEh o]Z o|&aA Zzel 3 (a) Standard deviation for URLS
4 el ThE WS Hel AMA 4 s|AE URLY S
4 9 CPU o8 #Held Uity 285907l nug S,
ek 7t A4 el wa E7 WA= 2 Awziy
Ao 1679 ¢S AEsA ANET 22e 5% @

A= 7 ezt AN £ SA " URL 4 2 CPU o] 45

o Begela] ok Wold A=be vehan, 52 A

b gom Aoss o F a4 Bl tehdc o o M REN

U, olRe 7k A AW 830 #ReA PEH T o

29 oulshy] wRolth (1Y Q)= FE §4 YHEo ¥ (b) Standard deviation for connections
T AXES e e 10

(28 8) (@)% 2} 7|4l AWE sjA8 URLY ¥& Bx e
S e ageld B & el Aok W HT-CU) i
ol 671l WHE Fol BheE 2HRRS ALetn 7+ %

9% 2 4 o ges e add Yentx egled),

ol ghes Zule EF WAs} 09S AUME} SRS il B

2 PEe 7 A AEE 4l $US 9 URL ENENRERNEEAE
iﬁﬂggiﬂ ﬁ% @T}?} 00} A (28 8) (b A Kol (c) Standard deviation for CPU usage
= 74 el g3 Wabs sjAlE URL o] 22 Ao}

oz tiEr} of7]A 2her 2Wle ozt ¥FE WA ) (28 8) E& UR

A3, o AYM F7b Auluit ok zfol7} Bg o n)g)

oh 1@ E9akd Aeke WH(HT-CU)ol shes =ulg - o
Ao e e W e $ed 45e AYe e - =
e} . ‘

52 &5 i | e

dgye 29 Aee age F2A 2299 (29 9) Nl
v Surge-100 traceE AlE3le] &% RE 9 =0 837 T s
g Rzt X & A Aue A5 dehi, v & N
& x2¢ A2¥ 239 g tehi, N =5

(78 QoA A% ade 29 Ay 24 Ars U
B, 02% 1S 9% a9 A4 Au g Ag & i
E(Speedup) 2 HHE A& YERAT 3 o & Surge-100 )
traceo] tjal At |4 WHHT-CUL s sa) A "

Mol 7k 1olA 242 Solu o 2% Aoy a3 4 PR et T
= B00M 35002 Sojdr} ol& ok 5096 AL Ao] = (3= 9) Surge-100

Vet eg vtk 2% YA Hol= A A



Jiot

o] 53U HUEE BE AA Mo AR WEoiw, A
HH oz 2B I 4 ALe AR &
o H=d FFAol & 249 trace((ZE  10)Y

i

|

UNC-2001, (2% 11)9] Berkeley-1998)l X% et 3
el 2del A Holxol, AgtE A WEEC 71E b
2 BHEd " FHAHT)IE M= A =3
ol WA o)&EH Z2 F

AA Ao 233 f & dag Jrgs yehdnh

g

:

:

Requests serviced per second
g 8 &
T T L

2
8

# of Servers
—a—RR
18 - MD5
4 MIT-CH
16 7vchRP
MOD-CH!
144 <~ HT-CU

T T T T T T 1
0 2 4 6 8 0 12 14 16 18
# of Servers

(222! 10) UNC-2001

§ 8

Requests serviced per second
8

_s—RR
18 e~ MD5

+ MIT-CH
16

144 <« HTCU

#of Servers

(32! 11) Berkeley-1998

E7} @A3 URLY Al e
g o, AN oJEEE o]&3e
#A 5d FehololEst a3

o,
0¥0_I¥£

FZH Qe HAL M SSHAEOIAMY) 2ot 242 218 85 MY =2 7igel oy 7ig 277

URLS] 14 @tel B4l 93& wA @u 299 URLS
AN Au) B EIE F ek AEA 23 URLS
A el TYA BA Y A zd) e
$ae AR 9,
£ wElET A 7
URLE 830 433 73-%7} 243}
4% 9 URL 239 thelaint oo
Aoz 23 1% BAE 42
198 TAE AaEd) A
A

28], UNC-200 1 [25 26] Surge 100 [21, 221, Webstone [19
20] 2 cjFst A7) olwixjek HTML oA E)el 7]iks}
o QHES AT A4F AAde AdE Wil 7E

MEo vlE sjAlE URL <, AYA 5, CPU o] 859
7Y FERAA EF DA} 42 D HGY FWeIA
$5%e @ 4 ok

At WES 24 URLS AA Aol &3 & o 7)

Al o8 ES olgshe Holth A o]&E A FIHA
ol At A7ZH&A URLE 744 Aele] &% & wnjd} 7}
AL AN ol &ES HE AN AME Fohlle AH
ol Masir) 7|& Wy A ANT Fede g8 @Al
71N 3k BARS AMEE AS e g4 HeS 7R
A "k ol 2% URLS A @& ol &sto] A *131
o &3 & o 54 AN AHEZ 2% URLo| Zl& 3
Ao EAe] 793tk Agtd P 23 URLE A A
vlo] e u siAe] B4 4TS BA] oA FoRH
2% URLE 74A AMuel @daA &3agi o)-s #
Ut FFE F2 AN A5 B
2D gEH

[11 D. Zeng, F. Wang, and M. Liu, “Efficient web content
delivery using proxy caching techniques’, IEEE
Transactions on Systems, Man and Cybemetics, Vol. 34,
No. 3, pp. 270-280, 2004.

[2] J. Challenger, P. Dantzig, A. Iyengar, M. Squillante, and
L. Zhang, “Efficient serving dynamic data at highly
accessed web sites”, IEEE/ACM Transactions on
Networking, Vol. 12, No. 2, pp. 233-246, 2004.

[3] P. Trianfillou and 1. Aekaterinidis, “ProxyTeller: a proxy
placement tool for content delivery under performance
constraints”, Proceedings of the 4th International Web
Information Systems Engineering, pp. 62-71, 2003.

(4] L. Yin and G. Cao, “Supporting cooperative caching in
ad hoc networks”, IEEE Transactions on Mobile
Computing, Vol. 5, No. 1, pp. 77-89, 2006.

[5] J. Ni and D. Tsang, “Large-scale cooperative caching and
application—level multicast in multimedia content delivery
networks”, IEEE Communications Magazine, Vol. 43, No.



278 JEMeEDI=EX A MA4-AT b= (2007.10)

5, pp. 98-105, 2005.

[6] G. Cao, L. Yin, and C. Das, “Cooperative cache-based
data access in ad hoc networks”, IEEE Computer, Vol.
37, No. 2, pp. 32-39, 2004.

[7] L. Ramaswamy and L. Liu, “An expiration age-based
document placement scheme for cooperative Web
caching”, IEEE Transactions on Knowledge and Data
Engineering, Vol. 16, No. 5, pp. 585-600, 2004.

[8] X. Fu and L. Yang, “Improvement to HOME based
Internet caching protocol”, IEEE 18th Annual Workshop
on Computer Communications, pp. 159-163, 2003.

[9] H Mei, C. Lu, and C. Lai, “An automatic cache
cooperative environment using ICP”, International
Conference on Information Technology: Coding and
Computing, pp. 144-149, 2002.

[10] C. Chan, S. Huang, and J. Wang, “Cooperative cache
framework  for video streaming  applications”,
International Conference on Multimedia and Expo, pp.
313-316, 2003.

[11] L. Ramaswamy and L. Liu, “A new document placement
scheme for cooperative caching on the internet”,
Proceedings of 22nd International Conference on
Distributed Computing Systems, pp. 95-103, 2002.

[12] D. Rivest, “The MDH Message Digest Algorithm”, RFC
1321, 1992.

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

[14] Micorsoft Corp., “Cache Array routing protocol and
microsoft proxy server 2.07, White Paper, 1999.

[15] F. Baboescu, “Proxy Caching with Hash Functions”,
Technical Report C52001-0674, 2001.

[16] Toyofumi Takenaka, Satosi Kato, and Hidetosi Okamoto,
“Adaptive load balancing content address hashing
routing for reverse proxy servers’, [EEE International
Conference on Communications, Vol. 27, No. 1, pp.
1522-1526, 2004.

[17] 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.

[18] L. Ramaswamy, Ling Liu, and A. Iyengar, “Cache Clouds:

Cooperative Caching of Dynamic Documents in Edge

Networks”, Proceedings of 25th IEEE International

Conference on Distributed Computing Systems”, pp.

229-238, 2006.

Minderaft, Inc., “WebStone : The Benchmark for Web

Server”, http://www.mindcraft.com/web- stone.

[20] 1 J. Nakano, P. Montesinos, K. Gharachorloo, and J.
Torrellas, “ReVivel/O: efficient handling of /O In
highly-available rollback-recovery servers’, The 12th
Internation Symposium on High-Performance Computer
Architecture, pp. 200-211, 2006.

[21] P. Barford and M. Crovella, “Generating Representative
Web Workloads for Network and Server Performance
Evaluation”, In Proc. ACM SIGMETRICS Conf,
Madison, WI, Jul. 1998.

(19

=4

[22] 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.

[23] Squid Web Proxy Cache, http://www.squid-cache.org.

[24] W. Liaoc and P. Shih, Architecture of proxy partial
caching using HTTP for supporting interactive video and
cache consistency, 11th International Conference
Computer Communications and Networks, 2002, pp.
216-221.

[25] H. Felix, K. Jeffay, and F. Smith, “Tracking the Evolution
of Web Traffic”, Proceedings of the 11th IEEE/ACM
International Symposium on Modeling, Analysis, and
Simulation of Computer and Telecommunication
Systems (MASCOTS), pp. 16-25, 2003.

[26] D. Lu, Y. Qiao, P. Dinda and F. Bustamante, “Modeling
and Taming Parallel TCP on the Wide Area Network”,
Proceedings of 19th IEEE International Parallel and
Distributed Processing Symposium, April 2005.

[271 B. A. Mah, “An Empirical Model of HTTP Network
Traffic”, Proceedings of INFOCOM, pp. 592-600, 1997.

[28] J. Xu and W. Lee, “Sustaining availability of Web
services under distributed denial of service attacks”,
IEEE Transactions on Computers, Vol. 52, No. 2, pp.
195-208, Feb. 2003.

b

s O
-

i

e-mail : gobartan@q.ssu.ac.kr
19064 A eRels A AbEsha(staL)
1998 STy skie 1483} Bhs

q\?;g (4h)

HARop MERL 4R ¥ wo

RN

e-mail . kchung@q.ssu.ac.kr

19799 A &istal A2 3aHE A

19812 Saaksb) 29 4 abea)
(o] A Ah)

19861 )= University of Southern
California (F33FH 334D

19904 1 = University of Southern California (747 E

2 gkl
199841 29 ~1999d 2% w5 IBM Almaden -7
174
199091 99 ~& A FAmga JREN AT up
WAl VES I A5 R Hek



