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High Availability Web Server Cluster Using Self-healing Technique
Chung, Ji Yung * Kim, Young Ro

{Abstract>

Although the web is becoming a widely accepted medium, it provides relatively poor
performance and low availability. A cluster consists of a collection of interconnected
stand-alone computers working together and provides a high-availability solution in
application area such as web services or information systems. Web server clusters require
a high-availability service with a proactive and practical fault management. However, as
the system complexity grows, it is not easy to meet the requirement. Therefore, web
server clusters must have self-fault management capability for meeting high-availability
requirement. In this paper, we propose high availability web server clusters using
self-healing technique with a minimal human intervention. Our experimental results show
that a proposed method can be used to improve the availability of web server clusters.

Key Words : Web Server, Cluster Systems, Self—healing, High Availability

I &E olek & % k2]
S 2HE S ]8T ) AW 75 A AFT] e
HZ W e § AlEe & te] AFEE AT ofd AR A"l AT 93 AA $EA 72 kB
T e TY o]dE a7dta a oo tid Arte o FEG Fab B} o] FOAEE dhe Aol k&
ot Hl& BEAQ ek tre] AFHE 945t o] Ago] BT A 5ol divlete] 4l&etan 4G A
N2 fJeot stoam A5 s8& FAIIE 2ol M| & Ho|(migration) 7t o] FAAEE Fof gt
o1l & el g MElx 27371 STt et o|& fJa Fof w7l Bl guElEe B 4 =
AT A g 877t O AR e BFAA HlE =S Faks dujei 54wt Agte] g
A e E AAE 7go] vte FY2H A2E Aol AA 2B AL AH| 2 Tbs et s U
Al wEEA BHE gt} 53] 24749 w9 §
o] mRe 2007 A@EAAAA ] Ao deeer  OF BH7IS] Aole HA| Fe2H M|~ ETsoR
SAe] A2 ot £ A7) (KRF-2007-331-D00B54) ©]oJ2] = SPOF(Single Point Of Failure)o] & A] &l

<]
w RAAEde AFEE R ag

OREURTEYY =28 23

2



OHAIR JIgS 0188t BT

2 N SdAH

AA Bed Fod 9= MR
stg ¢ An 29 % = ’W]i TS} 2|2t

oA & Eds M H]

Mu| 27} 73l e s o3

of gt} HF *}9“7‘} Al W 7V = 2

Bk HEe ke At Aus B de 7k

#eehe 7HwolH, ole HE T e nEdE
AE 2ot D] HifA Bt dig

17 E(high availability)& A28}

)
4o,
ok,
2
bote)

lo

W2 ATAEE 2E A8
ole B H4 ez duR a5y WIEEE
=& H& SHAA freld Ze2HE 7Hel dte R
7ot H, 4

ditA o g wg] o dstA R A LLEg ]|
o o] -3 AAskH 2] g4 dlore
AZEM] R3S 5 5 AO5] 2ZE S 5
Aol ALES o] AAHOR EAshe v #
Z(memory leakage), M¥ SHEZ S, 784 g =
A ToR Qg AH| A BTkeS fEAlTE A4l

AZE O w32 QI Zgh(heisenbugs)e] A 9
THE - ol RR o2 Qg A2 oS AR
of cggtogn Au|~ ARE Hastehe Alo] vgd
stk 53] Uit 2ZEd o9 FHoR o] gle
ATEYOld] e Ao Brlssnz ATEge 2
Fsl8o ek 2ol %‘jﬂ FT8AE L ﬂ‘jr

sofof OP”% f‘i‘ﬂ SZES 9 7}5

Akl 73‘01%:1?% terel 2eeldES 208 A
ozl Aol FdHolrh. dwbgor A2gle] 5ol
A 3o BEYS WE fA By A Ao R @
et glovn 2TEYAE F/|HoR ZH7}E/\]5{39_
BH AZESo] Ao Qg A2d v BES T
2N 7

rir

g 7HItHe]. olld aZEgo] AE(S/W
rejuvenation) 7| HAR B2 7= a]-o]oh_:__
f‘M Wﬂ"ﬂ x“é‘d i ekolet 7he

e
>
Iz
wy
_V{i
>,
v}
]
=
ox
|o
fit
ey
Ay

ne

2% LA 95 AR Wl aba
g Sof A AB| 27} 7 sk o
7HE ol ﬂﬂﬁc g Hu 22EE

= 239 dd
o

T ok
ol
mmrlr[-o
2 4 Hu
= =
RN
o o
o 2

fu re
-
]
55
=
[68]
o

fus

B

[}

oft i

>

N
N
R
o

w
il
=
=1l
0
ol
o,
=
a1
o
o,
X
N
r
o
=

€4 Aol S8 Yot s
g 4903 2TEY] A

2,1 Ha} &)

9 Au ZYxEe e Bl BAE Layerd
switching with layer-2 packet forwarding(L4/2),

Layer-4 switching with layer-3 packet forwarding
(L4/3),
forwarding(L7/2), Layer-7 switching with layer-3
packet forwarding(L7/3)¢] ¥l 7|2 £/ & it
[7]. 14/2¢] #3 AFE Bell A+49 ONEIP, BMY]

Layer-7 switching with layer-2 packet

24 H5A 12



OHAIR JIgS 0188t BT

2 N SdAH

eNetwork Dispatcher 50| 9131 14/3¢0] #et A= WF
2] tige] Magicrouter®t A] 23 A]2-H1€] LocalDirector
o] EAett. o9} e Layer49] tigt A= HA
IBM®] Web Accelerator 2 Layer-7¢ll #g 5= 7
P2 gATHs].

T3 o9} e ATEL Client-side H< ], DNS
7]9ke] A2 W, TCP %@ g8 4, 123 HTTP
redirection® 2 72 F%E UTHI].

Client-side ¥ %“-] AR} 2o 2T Ho

O

A Ak A3

H]—/Rl o]q, 131\4_ DNS
08 WA e Zefo|glEe] HITP 277} HjA7] A
o2 =22 Qs B We s)ute] #eEe
< $it}h. HTTP redirection “H&]oll 4 ¥-3} £uj7]&
Zeo] eI} 873 HolEE Huj il AdE A
o IP F45 Hju FEo|9EE I FAE UA] 8F
2 nyE oS24,

wet >

2.2 W Zw2H

ES A 29j3 5474 BAlo] dAd ez %i&j
dlol8 7t frase BIE7t 3
Ao EH S HAas) AlACk gtk

U AW Ze2HdA Fat Eur]9] HE
At Hoz dx) %%}%fd

S

e & AM? %t o] F2 AREEH, F A
ko] 2] Ao] Wad ule} HS(Hot Stanby) A]2~8lz}
CS(Cold Standby) Al2Elog FEETE HS A28 &

F AHE dAIskE ARkl w4 B2

7hEdfok skER= Sl HlelA &
2el2H 7 w29 AFE A A HeR

T SIEH|E(heartbeat)7} 912 o] 7]E9] S A
TFE2E HIA7IA du AL HgoR A A
T Utk F Fof FHi7Iu 222 gk Qe kS
Al ALle] e RS delFal o] Ao os) Aol
LA =5 WA A PFe Tt

SIEH|EE =BT It JHE Fuile WA o
2t Y(ring) WA F BEEAN2E WA ow E{ET £ 9
oh & A2 A FEE o3 mEE Alo]o ARt F1
Hom BHREAAR WAL ST 2HE FAste RE
FESA Al FEE ALt f W2 of% =
EE o] ARE Ful7] wid 2% AAE & F
Agto] WAl NS Fel2E oA AAS D ] FE&
Faske MAYSe] a7t BRENAHE Aol
LA AW S 2 ARG o HeletA Rt dE R
£ HRuAE 7] wEe] MEYZY] Aso] HA
Aol G nA L RE w59 JHE FAd ok}
= ARl ot

23 AZEYY A
Nz 155 E 2ZEd &

o uhek AA Azglel 0% Ee £ FRoR o

A AL g e a7 mhew 2

o g Ao} AR 62%S A= Ao

SAEHI0L ol e 2 o AY Y 71E9 &

r1r
pacy

ZEdol A 7He A4 A" /S AL
F e Age B4 9 3] AR A" Ui
RS 2713 FHE AIAA ASHQ Mu| 27t 7hs
e Sl 7]Eo|t11, 12]

Ao R AZES oS Ao] AN FHE w=
T AL B7bsota t&de AUl 7]ut 2¢dAfe
AHEE e 2ZES o QEYY] A, Bl A,

ONENEEEYY 2R 25



OHAIR JIgS 0188t BT

2 N SdAH

]x%)z}xqo A4 59 ]

7t ) A957) W 0|8 nee A28 Aol

o7dr
AgE B3a] da] #1408 220
Ageta A A b A2 A 5
e

ste WHoR H84 g

)

ol
rr ol
iflad
ul

(K

fiu

[
o
lo
ul

olN

|o

il

-
ox

of
=
3
s

e
0
flo oX, oL
o g
T
(o
.Y
uE o
NI
r oo
(S
%
i)
ol
ok,
rr
>~
>
ol
R
o,
o
>y
o
N

B e 1o o
o
b
ol
[
il
e "
>,
=

Trivedi[13]:= W¥ &%} Au|~ Fo15 n ¢ 2ZE
gol Ag LS A% oM, Huang[14]2 4] H5

713 FSE M 7L 7kt ot sk vl Sk

EELER RS R L ES LR L)

m, 27t A 718 A2A
3.1 9 My Z82H £2

2 =AM Teehe wHE § Ay F22HY
TEE MR 272 Eleke ok £Hl7](Load
balancer)9} AAZ MH|A e U9 :=E(Rea
server)Z TAE 9lom <a¥ 1>& oY F2E
Wo3m gleh ARl a7 AHYS B Fat &
Hj719] X”)’Q”% Fot Tujrle e gae|se] wet
879 W7lE 4 wEd AFste 982 gk

iy

o] F2A Bt Huljy|22E QTS we 7 v

Client Response

Se ¥a 21 AN 93 w2 A S

< Bl 44 28 (direct routing) H4& o] &gt
o] WAL Fal Ful7IE AAH AREAA SRt

NAT(Network Address Translation) %43} 2| -3}
TH7I7E 2 A Aefetan 74 =ego] AH A
AgdA SHE B7] wEe] WiEo] BAeA ge
e 7R G ol AL AR oE g AuaE AL
A7} Ml Elﬂ” 87 3710 A M7k AR
A Bll= S 7L 2 v AR 54l 7] o
it

3l &4l 7]= FH(primary) A9} o} (backup) AH

£ Hot-standby'} Cold-standby ¥4 0.2 &30 2 A
a7} Bedtishe Aulag A%E 4 3)
3 4749 =g YES S F3E Hs}7] 95 XW
o 7le Al BE 9 BAE ERE 45 41 BF

shte] P E 719 ] (stable storage)E 54

c

=

A A
g 4= ot
3.2 A} A 2
A7} e A 2HL 217 ATS B 4 s &
8-S Haslo] o 4fsla] E3 Agto] LA S W o
L Aglo] ofta WAsIG o o]E oD Aok
sterld ek E3e AR A4S 580 He AR
Al B2E AAL F QAT F8 7ToRE Al AH A

26 M52 12



OHAIR JIgS 0188t BT

2 N SdAH

at=1 X]—* of FelE A7 (self-checkup)dtaL oo A4 g
8-S 49 (self-adaptation)t § 1 Azl gt o] &
2] (self-prognostic analysis)7HA] 7}gdtAl s Al 7}
T3 st=do] fadlels, 05 WA 7
Al T3 2E AYE AlzE ZA7F B s g R A
Zold Holg & A% WYsty 578 + e A7 A

7 (self-correcting) 7] 5& #123

A% & & otk

r
o & -

o] AXE A7t A f 7IH S % AH S8 289 A
&P dlel AdATAA AT 712 ATES BY
gto] T} ol FEAQ1 WS At

g A 2 2HY RS ddE 71 AT
E& @t StEHIES o] foto] AH e AFAFE &
AsAY Foteul71E olFstete oy Aletd 7]
He AlzEe FHE DA R FEst] A3 B
Aggoay WwHEEE THEete 540 gtk

TFAACE Agstd Al 74 @AE B3 A7t A
£ Fstet A HA A= iAot o ¢
4 A S AE7} obFd Agte] gl wf FA ARt
(idle period) 5% ©]&3le] AZES ] &L = ©

1 olth, T WA Wil g3 DA AREAR] Mu]A 8

7ol JFHof et dert 2 A5 FdEn Al A

TS A5

:L
L
g
Jf
-
&V
L

l‘ H‘U
>

[
o
o
mz
>
o
2
~

& o QA EPFeRN A7HARE S,

ojsh & W ko] AT we(eld ©A) A
e A% A7) Ad el dAFE o v
& H=@Ee @A) FEF 7S Tl o e
@7 otx ok WeET W) ARE Te A% A
et <ad 2> o dee] WgE Ao B
o1 itk

of BE P& Axg #els At vge F

<O8 2> AlAH dEf=
Ql 2 Ex-H(autonomic) 3
7 Agen S
o AA7 A

A 4 242

o,
)
Ho,
oo 12 alo m e ozS ot
) N
O
U

}o =
b o,
S
19 o
o,

ACH

2L
1o
:l.:?

g
2o

rlo

(@]

o,
1o
N
N

¢
0

}o

o,

)

_c‘>L

A
2 g

2
1o,
o
Ho 12
N
_(‘>£
BT

o,
>
oy Mo
offt
K
|
ot
o
of
ol
o
Y,
B= 4>
m
o,
o 9
e
offt
2,

ol
>~
el
=
¥ ©
o
ofd
o
r
ACH
ol

r'
2,
1o,
offt

o, M
2 W of §2

.
O

L to,
o
3
Ay
>,
[
Lﬂ_d‘
r
AU
o rir
_(‘>L
rir

2
Y
o
B VR -

=L O on
fr = 2

e
)
=
ok
rlo
>,
[~
o, o
=,
it
o,
e o
o
ol
ol
N

o L

o=

ko

ro,

o

rJ

o,

of

o,
12 oo
o e oo

Lol

o,

(RN

ook ol

iz

-

=

=
oL
22
R
=

ok,
N,
do.
¥ ol
Mt R
i

i,
gk
o,
T
9
o
-y e
N
olr
o,
o,
P
%0
fu)

[> o
., to,
ing
i
woy @,

=

]
_);l_‘
offt
oh
r

321 SRAE AlAH ALY

(1) ol b
AQHE FEolA AR 277t B
A% Azt wak 2719 0—% iy
HAoR Fujd FolsiA] ga F
42 A A

—|—4
o
1=
o

¢l

_c‘>L
=

ﬁ_&rl
M e

B

1

>~I

=

F]%s
A
LE

U
=
T
9

2
m&.‘i i

o A% Azl 2

}
AYAAL o]k o] gAY 87
& il 2] Haa 28 o 59

- —

&
f

-

[e]

lg
jusl

iy

T

_{E ﬂ‘ lH o r—r‘
i §H mo_>L

o

(2) sl A

39 WA= AFEAR] 83o] e MHjAE A
3 Al oA £ AS v)g] tiulslo] F Auie} of B
M g o BHlE 98 7Hgske JEE o] Bk e

ORENRTRYY =28 27

2



TOF IS JIgS 0188 ISt & M 22H

ok Bul7lel AZESe] AE oA g

=
w3k} e)

B U
Aol AstE . Fote A4S MH|AE AF A2
%8 357} 4B o) F o] 25} 2717} A}

g Fake Aeldt. ol e T Fat Fl
717k BAlol Aul A 83E Wolof SR HEFNAE
DFOE FFo| Hojof gt} AMgAle] 87} Eole
53 M= B718ke BEa EES /X1
E MH7E B0l ARE HsiA "ok
© Fal7t §43] S71e Al AlAEY

WHEES FA7] Adl FdHt

(3) =7 T

T A A AN F AR geEo] o
AEE MHAE ok 7dpolth F Auld] aifo] U
8 o A SIEHIE 2135 F3) o5 st
ARP spoofing S ©]&-8h= fake Bl #(daemon)< 3l IP
Fag o|detal Mu|aE AFEIT

8 o] HINE FA Azts o] &ste] 2LEY
of A& opef AHgAE Al2He e {7F
AMS BE A A2z S QT F A B &
Aol B ojdgAR Fopiitt

322 2t RE=9| ¥

FlA A A A DA o
2 5] gkl et ge mESe] AR Yl

Al AgE AHHM <™ 3> o]& HolFa glth

1) Mony: Mony+= o wuj7]el] EAjahe] A2~
HE HAlehke A2 F Aujeh of & Au7k M= 4
I AE=AE AlEY 213 UDPALE (heartbeat) S &3
F714o® Qg

3k 7] Apole]d # opjet 24 wErie 2415

o

o

ANER 2

23 2t7)
)
%‘—Aﬂﬂ\ o2 A

Rejuvy
T mo Loady
By

o g s

‘5\71[ Q7 ‘.‘. |
o2 o =

EAa7 ‘Mmy
' ' )|

L S EH|E Agentr} MU HHE AU~ wE AYE
PPNE 9. 279 v F)d0z dEdE
WAAE Ba Ade 24 He Busld) ele B
d B wrrt o] glod Hal Fujy|e By glA

>
ojo
N
ol
=,
[
=
o
e
_V\_I‘
[k
S
‘_;
Rl
o
iflnd
o,
Y
)

CPU t718E9] 37], Z2A| A A9 ¥, Ho]

A A A, A2E 2F HE T

2
$EE B ATEY] w3} BASY olF

28 M52 12



OHAIR JIgS 0188t BT

2 N SdAH

Checkyoll Al &2 ~ZEdo] g2 Fdot7] Al =
ZA| 29| e S A7 (checkpointing) 3t} et 24|
A9 =gtz AT AAA A2l 2 o3 AAAS
wetato] A28l A AlZ(reboot)st AL B FE Z
2|4 (flushing) sh= 5 WH o2 g dtt

(3) Checky: Checky® Rejuvyel o8] A29] 224
of setEd AA S Aot Z2AX HEH S A
R (clean) Fe|= Hejet § Z2AAE A FPAt
Checky®] 382 T3t 2t
- 05 =37 BAE Al2glA Faetd LAl
o el A%

- Rejuvyel el AR € FGAA G =2
Az Al 38

- F Aol 17ge] A7) ARP spoofings ©]-&-3}
o IP F4& o]d
AzE e E
old

g, B3, 79 Al 7 dAR

(4) Loady: Loady= AH&-2FS] SFE Holso] Fof
2o guz)Eo we e E Fysie 9ES 6 o
A% B et A% w9 AA A% o BT

v wate] 237} AIREEA B Ay JEA S 1t
oot Tl F52 AAHH Checky ZE9 o] & AE
ato] 3|9 w2 WgstA ah)
323 MH|A LE9 MIIEE

ME| A wEE B3l Buy] 25 ox w7l oF
o wt AHEALY] 85 A e ot Fof HEE
HAEs7|= st} wek F7]491 SFEHE WA 1 2
Alo] Aolgl &8 ¢elv <ag 4> 0|23 F2E Ko
3 3l

A2 2

=27 Hel

Y J
M e = v

AFSROIA &E 8%

<02 4> Mb|A =

o] Bl Ae kol A Altet A7 A 7]uke] ) A
W 29 Hrtal7] el AlEg oS 33}
Aom 1 AFE HoFt 1dd FHA Ao} &
Aot Al2Ele] JMERE el YeiM AAE 1%

0
Choass

st AAshe A w7k SR C AofE o] &3t
AlEEolE S 2detsith. Aol Bl Foht
71 F Auek of F MM 5L 4249 udE
PJr FiE, 28 AFES 4T AR 7Hesid

T A et A ol s AT dEeA
HEE AIZES AFELE w2 o /e
Aol dE Adl A Sy gk <E >3 2
ot

OREURTEYY =28 29

2



HAIR Jlgs

0188t W=

2 N SciAh

<& 1> AlZ20| Tf2lojE

Parameter Value
Failure rate 1 time per year
Repair rate 1 time per hour

Rejuvenation rate

1 time per month

Rejuvenation time 10 minute
migration time 3 minute
Downtime cost 1000

Rejuvenation cost 1
migration cost 100

B AR Reh EASA S )
A
o

Z AR SAFE A2dH 2 A Aol
I

g
ABIHER ATR4S B8 14 R

Aoz et w}aw Azdel] B ABE 3719
ATS AN Rl Fashd

<ad & ABEH DT e £ U5E o}
B 202 ol 1% e #1746
RAE gac AZE F717} BlAE Gl o
48E BoIF 3 ABY b £R6S Folt
i Y B & 4

Ve eslol Azedel 452} 2o
Nz HgE AR 328 988 Fot 71E
o Q7st 9AsHe Aol

M prevention
recovery

0998 -

08997 -
09995 i
09993 +
09991 1
09988

avallavility

09987 —l
09985 =

rejuvenation rate

<0 5> MEE ME 78T

downtime cost

rejuvenation rate

Fsetnt.
Al 9] @ el 877k $249) ke

B AN ) Au 2] FTe AUl AFAS 2]

AdA 2 £4& 7S 7] W2 9 Aule @
A 27 The et S Ajte] RS o Sate] A5t
ofof gt

30 M52 12



TOF IS JIgS 0188 ISt & M 22H

o=

(1]

2]

3]

[4]

]

o
o
=
ox
|o
fi
i
o

o

T,
o=
ko
ro,

[

9 2 AN B =BT g A 2228

=S Ao A
&34 A 27} HssE
! 2

o WHE {9 MY

S

R. Buyya, High Performance Cluster Computing;
Architectures Chapter 1,
Prentice-Hall, 1999.

J. Y. Chung and S. Kim, “Efficient Memory Page
Replacement on Web Server Clusters,” Lecture
Notes in Computer Science, Vol. 2331, Apr. 2002,

and  Systems,

pp. 1042-1050.
V. Cardellinii, M. Colajamni and PS. Yu,
“Dynamic Load Balancing on Web-server

Systems,” IEEE Internet Computing, May 1999,
pp. 28-39.

H. Zhu, T. Yang, Q. Zheng, D. Watson, O.H.
Ibarra and T. Smith, “Adaptive Load Sharing for
Clustered Digital Library Servers,” Proceedings of
the Seventh IEEE International Symposium on
High Performance Distributed Computing, July
1998, pp. 28-31.

S. Garg, A. Moorsel, K Vaidyanathan, and
KTrivedi, “A methodology for detection and
estimation of software aging,” Proceedings of 9th
IEEE International Symposium on Software
Reliability Engineering, Nov. 1998, pp. 82-292.

[6] Y. Huang, C. Kintala, N. Kolettis and N.D.
Fulton, “Software Rejuvenation: Analysis, Module
and Applications,” Proceedings of the 25th
International Symposium on Fault Tolerant
Computing (FICS-25), Pasadena, CA., June 1995,
pp. 381-390.

[7] C-5. Yang and M.-Y. Luo, “Efficient Support for
Content-based Routing in Web Server Clusters, In
Proceedings of the 2nd USENIX Symposium on
Internet Technologies and Systems,” Oct. 1999.

8] M. Andreolini, et al, “Scalability of
Content-aware Server Switches for Cluster-based
Web Information systems,” Proc. of the 21th
International World Wide web Conference, may
2003.

[9] M. Aron, et al., “Scalable Content-based Network
Servers,” Proceedings of the 2000 Anual USENIX
Technical Conference, June 2000.

[10] I Lee, R. Iyer, “Software dependability in the
Tandem GUARDIAN system,” IEEE Transactions
on Software Engineering, Vol. 21, No. 5, May
1995, pp. 455-467.

[11] K. Trivedi, K. Vaidyanathan, and K. Popstojanova,
“Modeling and analysis of software aging and
rejuvenation,” Proceedings of IEEE 33rd Annual
Simulation Symposium, Apr. 2000, pp. 270-279.

[12] J. Meehean and M.Livny, “A service Migration
Case Study: Migrating the Condor Schedd,” MIC
Symposium, Apr. 2005.

[13] S. Garg, A. Puliafito, M. Telek, and KS. Trivedi,
“Analysis  of
Transactions Based Software Systems,” IEEE

Preventive ~ Maintenance in
Transactions on Computers, Vol. 47, No. 1,
January 1998.

[14] YM. Wang, Y. Huang, WK Fuchs, C. Kintala,

ORENRT2AY =28 31

2



TOF IS JIgS 0188 ISt & M 22H

and G. Suri, “Progressive retry for software
failure recovery in message-passing applications,”
IEEE Trans. on Computers, Vol. 46, No. 10,
October 1997, pp. 1137-1141.

KK -

20023 ~34TH
SN2 ZREEL e

20054 OFSIEID DISIR! (B3HEiA
20004 OFIEID iSR! (B3
1908 OFECH] HBERSD) (28

BA0 1 ZAAE NAG, ZBEIR AAY

E-mail : abback@mijc.ac.kr

SRS
Chung, Ji Yung

2003-211
NSS! 2EERED 14
2001~2003
AMET} AIAS SIS
20018 TRED HIZED (2N
1906 TRICHSLD ATHRE (REHA)
19038 DRCHE DB (B

' ZNZO0F ¢ AT 9 FATR!, HEIDICIH
29z =
Kim, Young-Ro E-mail  foryoung@mjc.ac kr

=28a 1 20094 28 182
+ 8 220004 2 27¢
AR« 20094 38 3

32 H5A 12



