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ABSTRACT

To improve network inefficiency caused by network congestion around a content-source, content-centric
networking (CCN) allows network nodes transmitting contents to temporarily cache received contents and then
send back the cached contents if the nodes receive relevant request messages without forwarding the request
messages to content-sources. However, because nodes receiving requested contents through CCN cannot recognize
real senders of the received contents, the receivers need to verify each received contents before using them. But
such a verification procedure can cause long service/operation delay. Hence, in this paper, we review the problem

of contents verification, propose an improved verification procedure and evaluate its performance.

1. A-l % ﬂ;‘g}l EH.Q_T—'J: Uh:,]u 1—401 = };_;,].X—V_E HH—"L—
37] I8t w2 wlE el 7|sEd EHE A
Az glejdle] AHsla gle kgt FAXES A, ohE AREAFEel o8] o)Al @A E A A o]

Azt JEulS E3F Hent]e] Frl= /Hlﬂliﬂl v £ Zel=E(Content Replica)2 W EHZ ol &=
F53 Sl Ao ogsly] $1ste] tleksl Mo 383l Wk w3k 9lr}. Peer-to-Peer
vl el 7% A7) AgE 2 Qe 53, = v E2]7] 7]} Content Delivery Network 7]%& 5
g2 Al A F15EE U EH = EdE (Network = ol2igt SRl A7E 71E F et & 5 9l
Traffic) 2.2 18] MHE = WES = W= JALL- 3 ok vl e el A= o]9} 72 niqhs X} odukst

¥ B oodFE 2013 AN Aoz dErdAlwte] 2|8 kol =3l o1 ZH3}] (No. NRF-2013R1A1A2008389).
*° First Author and Correspondmg Author : Suwon University, Department of Information Security, dacyoub69 @suwon.ac.kr, %331
* pAdlEkal AW W FEk) jaesungpark@suwon.ac kr, 413

= E D KICS2014-04-117, Received April 7, 2014; Revised April 17, 2014; Accepted April 17, 2014

234



w22 A UEDS Y 22 A% )%

slo] UESZ opzlElA] dellx] o]5 st
Al=slar glek vleE] el 7SR Aokl Sz F
Aol v]E9Z] (Contents-Centric Networking, CCN)
o] thzAal ool

CCON=Z 298 m= Alo|Edloje} 222 vESa
kel Fel= 944 AAK(Caching) 7155 T3k

=
T, ol ESe] S4lEl FHlEE AHEAl EE Tl

A Helek w9 A9 el R 93
HIAIA] (Interest) & WEHZ =7} 18P, A3
3la Sl FHIEE SAAA As F Al
InterestE T] o|AF 7N3HA] 943 Interest 2] A}
Z Eg3lk a8 12 CONg YvESa xTU)

=
= gt} (A~F)+ Interest 2] A3 Awsla,
(G~J)= Data 7] A& Av gk
(A) =2 UELZ QlEld|o]2 (Face) 05 &3}
o Interest”} SA1%lch
B) A% Interestel] &%= Data7} Wi ~%
2]#] (ContentStore, CS)ell #|A= o] gl=x] &1k
o} gk} A=l 9lvhd, Face 02 £4) #l% Data

= A5 > = =2 Z =
= A48 3 Interest 2]2]5 £83E}
, (1) Interest
c .-®Face 0 } /s.comivideo/a.mpgiv3/s2
ontent store %
K A
Name Data Lifetime i .M
Is.com/video/a.mpg/v3/s1 H
(2) No matched data i Face 1
Pending Interest Table (PIT) @
Incoming y
Name Face(s) Llfen‘lpé
(3) No matched entry oy
Is. mpg/vais2 0 |(5)Addanerty to PIT Face 2
%
FIB @— v |
ougong | (6) Forward Interest
(PR ECT Face(s) e Face 3
(4) Check FIB entry (lonfest matching entry) i
Is.com/ [ e
'
! Face 0 !
Content store
Name Data | Lifetime (10) Forward Data
/s.com/video/a.mpgh3/s1 |
Is. Mpgials2 | (9) Cachp the Data  @esmmses===="="""
Face 1
Pending Interest Table (PIT) m
Incoming e
Name Face(s) Lifetime
o Face 2 | (7)Receive Data
(8) Consume the PIT entry m'_
FIB
Outgoing
(P HET Face(s) Face 3
Js.com/ 2

a2l 1 CCN Networking A4}
Fig. 1. CCN  Networking Procedure using Content
Request Message (Interest) and Response Message (Data).

(C) CSell 415l Interestel] t-3-=]+= Data7} #17%+
=o] 9] Qdrhd, Interestol] g == AHH7) PIT
(Pending Interest Table)oll S1=%] galgkc). gk} gl
o, sl A 22| incoming Face L9l Face 05
Eedaiad

(D) PITel| &&= AH7}F $ich#, FIB (For-
warding Information based) Blo]8-S 34, 441
% InterestE %143 Face (ex. Face 2)5 A3t}

(E) PITol| 5~41% Interest®} incoming Face %X
Face 05 7|53}

(F) FIBol|A A9} Face 2& §3
ests AF3lcl

(G) Face 25 £3}o] Data7} $Al=lc)

(H) 57415 Datael] t-3-%]+= Interest % ¥} PITO)
A Felgi} 1ok glom, & Dataw #7142
=t

@) 5415 Dataol] t-3-3}= Interest ¥ 7} E2)5}
9, CSel| Datas #A3lc}

(J) Datags W-$E=+= Interest % 22] incoming
FaceE+ 534 A&k

ole} Zro| F7t = 5g o] 83 FHlE viEe &
g2 4wl ARl Al 3155 Interest7} HIE
A3 Al ZgAoRE 4 A=EA oM,
ZHl= AlFAE s 2] AAE] HEAZ 9]0
A A < gl VBN Z WS A4S sk vl
Efa 284S =Y 7 oS ZloR y|gE

e} o]9f Zhe 7t o] ofgh FElX w A
% WAUSE AR AR} HAA] AR &8
A&t = Gl7] wi el A% ez} QSR o
e Aed g FE= oA F olvke A
S 2 9lr} aerE Felx 9z e 2l
25 o]83}7] Aol k=4 =
3A] A 5 AHAkAQl FElZ QIA]E F]lsfef g
w3k, tf-8=F EEl=e] a3zl wiEE $3le] CCN
el 25 clals}sle] A THE (segment) THIE
2 A, FEl= Q1S HA] segment THE
g} g o g3F ZEl= w]E A] segment v}
o} HEHo 7 $3u= 9l A= service time
delay & WA 7= =8 f19le] Har 9lc) =iz
CCN=S AAl 73] Slsiie adxor Id=
1% 71l gk A7) vkeA] H g3

ole} 2 FAIE A3l f18ke] CONE 7124
© 2 Merkel Hash Tree 7|HF] Frl= Q1% 7|&
(MHT)S AHg- g™ zeju} MAT] 738 93]
Ae A Ela 3 53] fIske] sl

235

A= Inter-

L i rlo R



The Journal of Korea Information and Communications Society *14-04 Vol.39B No.04

m

2E A g Ay} 712 88| vl Akt 2
A5 ems|=e] 7fAle] Haslct

el A Al v EL)Z S ellA oI 2=
= wjxzslr] 93t MHTZ 7|uke & & 3= Q=
714+ (Code Verification Scheme, CVS)% Aet=<d
T-/]_[IOI.

2 =4 MHTS}F CVSE 2viska, MHTS]
oWE=E AR d5 Al = qlE 7y
(Hash Chain-based Content Verification, HCZV)%
Aokslar, 712 Ak 7|$E5Y A5-g vlal 7}
g} w3l Algksls HO'VE 8407 T3]
918k CVSe] F2E HCVel 1441717 $13t 7l
H{MHT-based HC’V, MHC’V)% &7 #|eksl =
71Ee A 7ES A5 vl ikl

N

(A) ZH=E AF =|Z s se] N
(N < 2") 7] segment {S,---, 9y} = A8k

B) BAE 55 FHoR Asp| gl 2"
7R wed = (Leaf Node)Z TAF o]z Eg]
(Binary Tree)& A/l A% o)l == At
9l == (Root Node)E N, oIzt ak#} o] wf, z}zke
Gollis 2 Aol meEl AR oxlER]e] Ue e
N, .7} Z=Ech

R

H} N, o x& 7V, o7 3 3tk
Vy ., = H(S). 6
714, H() &= s 4 s 2wkl
(D) et =2 A9 =
|
Vie=H(Vyl Vy 1), 2
A7IA, Ny ot Ny N2 AR = (Child
Node)E 9|mIghe}. o]} 2h2 = gf Alke: 319 =
=3E AR e ko 2 ukEsjA pelsle] FHAb
9 == 3k Vol AAE wizkx] Seepdi

236

(B) 282 Algzk= 2ol AxpAH 715 ]85t
of Vel Wi AxE #HE ARE ek

Signpri = Signprivate[(ey( I/; ) . o] /H Ué %}:—% o]%ﬁ].o:}

B S HZE 38l = AFA= witness
W& vt ze] At gck W Soll t-S3h=
el HAS] =9 A Z(Path)
o 3% reEo] §A = (Sibling Node)E2] =
= FEE AE olE B, 8] He =2

2l Egof|x] el tH-g3h= W= 3719 ==
Ve Vi, Vo2 A=

G) {Sign,,, W;}5 Sk 3 H71A a4 AE
< $I8F CCN segment CS, & AAJsH 5 CS, & wll=

.2 MHT 7|2} CCN Segment ZZ
FAE FEl=ot AA] ARl ofs A=

= o83l = EHl=e] A WA
CCN segment CS,°ll tl-5-=]+= InterestE %5}
2447} Dan® 85,2 41849, 05,0l =349 S,
o} Wy E ol83le] oF AollA AR wAH A4
X FES ksl Anlgtewyn V& ALl
olglAl AR V& olgsl] CSel AHEW =

Sign,,.. 2 AL AT} et Sign,,; o] a3}
Sl

z
rl
iz
[
ko
¥
F

pri pri
b, O57F frEskelal kA 1S A ARt
gk
(B) Interest= ©|-83l9] CS; (i>0)E A== &
Al OS5 FAlsh, 7415 05 ol 23 S, ¢
W5 o83l V& Axgct o= A Axkel 1,3}

A AR 05 7F fEsirha 2

segment 715 &8 A7k
sick 22fvt MHTE o8-



o,
—Ho
4=

2] 5wt} WE SR Afsiof 3k,
317] St gl gHe wAow Al
t} ole} 22 TRAAE oJAE] A AR AE
A7l ele] & 4= Qo a9 2= FHEE
—EO]E E3 CON2 &3 A5 of ZH= A5
Fuls 2led ArgE SA A9E e
d3] Afelx] ®olze] MHT 7|HF ZHl= <l
= 7]%‘3] 4% 745, FHx AP Azle] HA

<
a
ri

@
o

o
-

R
el

o

(RO e

oo

Z fu
0
r°"

7 D ——
&0 0..______*
-]
E iy
5
Q
1%} 1)
c
<]
% * ==/ MHT-based verification
'E sl -—mwfoverification
o
1 2 3 4 5
Number of times
2! 2. MHT 7]4F 8= o1& A3} 738 A Interest/Data
S s
Fig. 2. The comparison result of Interest/Data response
time

2.3 MHT 7|2t CVS

2.3.1 CVS ZE AZ ool ¥4 Hx}

s 32 A VIESZ Bl Z= wiE
Al wiER 2= "J oo 913l Ak cvsE A9 g

1r

th 9% Awrt 3 Foe oy e Al
e} YA Flcok

@ AHAE =5 Z== LAY FHolH
(Page(yy; - Page()) 2 &3 3 5, 2p7e] sjo]#]
Page;) 5 the3t 7ol NWe] Hlow Raste] 3t
2] gk

Page(y ={P1) P} 3)
B) A% A2 P& A7) Slste] v )

S1A Pagey,, ol <3t il 7o) a4 3he AR
%, Pageq, 1)) jA A6l B gk

P(hL 15), — (L—l,j)”H(HL,j))' )

© AE = Page(Lﬂ)Q] A4 IHRE

Hash

Operation

----- > Assign

MHT
1

R, & R R, r, R B &,

=

Hi-®

]L_I._.]l
]L_I.
5= B
o EhE Y]

=
=}
b}
=
=}
@
b}
=1

=
=1

Hi=3

i~
e
i
s

=

=
=

Page() [ PIO.L)

Page(t)

Pagewy [Pty il | P2

=
=
s

o B
T3 =
] )

=]

Page() |PRY) 22)

- B ) 5

2| 3. MHT-base CVS2| 23 <A
Fig. 3. MHT-base CVS in the case M=8

{P(IE*LJ')}J':LMN'O’] M4 S A7 Akksk]
Page ;5 °] B3k s)Flel] - gk

=

P(’lszj), = })(L—2‘j)‘|H(})(}2—1‘j))‘ ®)

D) ole} #ol, iiA| Hlo]x]] jiA HAZ& i —1
WA sleldel A el e Aels
Page(2)°ﬂ F3he A AzlEe] 4 e Pagey)
of sl relel A% AL TE 1) 74 s
of 3 gk

h _ h
Py, = P plHEG ). (©)
(EB) A ® Page)® AE AZES &4 a3

AR F, AREE S4] S 4lel wie} giste]
Az vlole] hE Y Trk

h=H(Ph ) IH(P] ). o)

(F) A4dxl hE MHTS Wb xse] Jis
(M=2"Z £33t Page 5 A48 Ik

Page(o) = {P(o,w' "vP(o,M)}~ ®

231



The Journal of Korea Information and Communications Society *14-04 Vol.39B No.04

(G) Py, E Aol wek MHT®] 2ab o] 3
o2 i) B el Aus kb s
9lsle] N=ar=2"ol} FhAaiel

(H) 1A 1784 A3k 7223 MHTS] =& %

%, 2a9] o= gk Vol oigk A
%k Szgn o s

_4

=,
pri =
M) Py, ol 25l Bagk wis ARt §, oheat

o] A% A P, & A Pk

Vi _ .
Py = {Pojy Wy Sign,,.}- ®
Axws #HE F=E oy o] AA Hok

10)

ek, 3% 75k e Aol e
i, Page -4 HFlol] M3 AFIES Ao wet
ANEH (reassembling) A5 F=33}e] Q1% dHlo]E]
= AR 3 AAE hE A AR
(B) Page, )a &3] 18kl Page) ol 23
Z4zte) szl Pl el gk sle] ahe ARkl F oA
(A)ellA #1728k hol i) 'SH‘F] %bﬂr Hliﬂ'h”/}. nrek

% o] Roxl P

1,5)
Pyl AR (P )& 94 A% g,

C) 1<i<L+15 wEsle BE o tisle,
Al w2t Page )5 AAE317] 2181 Page;)oll
g 2k AR B ol Higk sl4] ahe AR F
oAl WAl A A | n(p), )2 vl
gk I gle] Rowl Pl )& RS sizlo 7]

] h( [,+1]))°] i\i]l?—‘ﬂoi 9\1]\7(]

%71 “H—r"ﬂ h( Hm)a Al A =t

2.3.3 CVS E4 &4

VS A4 A, Thest 2o wlm o] B Hek

(A) Page ] Page 712 2249] so]x 2 )
Za17] slstel, Mool a4l @ A% AyRelster

238

= H Hash

value
Hash
Operation
----- > Assign

MHT
L

1=
segments set ssgr"\ent set segments st

323 4. MHT-based HC’V 2% °i|A|
Fig. 4. MHT-based HC’V Procedure Example

ek
B) 472l slo]Alel 23kl FHzle] 71 Now

Ao ek BB Page ;0] AL 74 VB
o} AL A5, W WFE 7R Page ol E3HA
7o} gk

(©) MHT®] =t ==9] 7l Mre] slo|A5 74
b= wizle] 4= Nk FHd AE H7le] =27]e wet
7pade R $od=t) geuE MHTS 74 ARE
ke Afsllof Hrk 53], N2 2dAAH = 3
o] ~do] wel thEA BeE S gly] wiel
MHT 727} o]e w2} e A &= glow], ofs} gk
7PAd-8 MHTE 3t=dlol= 74d3k7] ofiA wh=
£ 89le] xick

Hi

1. i+ &2l 7| 2Hx AZ J|Y

CVSE= HEYFE Eslo] Aexl o] =5 7]
Z5p] SI9) AkEsle), oelee Gad ze=s)
(L+1)701e) ol E 5 el ol H9E 3
efefe] A2, el CONol] 291 4
A2 s} ¥ segment?] Aol wiel Ao R
Z8Y5c} = Zelx Q2= A
A3t & 943} segment7} FAIEW, SRR o)
& segmentE 2A43%H} :lELi CVSE CCN ZHl
=
o

<

WA segmentE &

Aol a2 A8 A9, VN9 segmentE
4l 2 ZFo] skgxojof, ‘”/F— NN segment&



w22 A UEDS Y 22 A% )%

9‘1

e

K

ArAer M3 4 glvk w3l CVS7) zk
v EEA A JiE Zert slvh

E AoflA= Tz 1% AA oA HWAE= &
== /NAdsl7] $18ke] CONe| SAdo] niedsl sj+
A¢l(Hash Value Chain) 7|HFe] 2= A= 79
(Hash Chain-based Content Verification, HCZV)%
Aot gl

o]

3.1 HC?V 7|¥
Zel=7} N7W] segment S, -+, 2 A}
%, A4 CCN segment P,+= vha3} o] 4] gk

S NH(P)IISign,,,; ,ifi=1
P, =1SIH(P,, ) Af1 << M11)
kSVN le =N.

o] ul, CCN segment= P&l g0 AA3,
Sign,,.. & SIH(P,) ol 3k Ze= APAI=e] 2244
s oJright

ZH= 247 FAlE el AP Sign,,, & o
3] SH(P,) ol W7 53 5, H(P)E A
AR gk pE RSk, pald RE AlSs 9l
3lo] pe] sl ke AR F b A= HP,)
#t vk 7 gre] 2em Py faEsicial 1
st H(Py) WAl Pyell s H(P)E 94 417
g, oo} 22 AF 2
57K HhEste] el

HC'VE o]g3le] N719] segment@ 4% 2l
=5 A53he A% Sl AF enfEles V-1
7Ne] sl 7t 10e] AT gkt ot A, &
Q= 255 fl8tel vie| sila] # Ak 1] A
29 gk AERks e sE e gl e
HC’VE A segmentS 75317 $lai4]E Hh=A]
i— 194 segment®| 715o] Als=|ojolrt g} 12
22 1A segment Al U o) Asfshd, i+1
WA segmentFEl = A E A2 4 Gk

3.2 MHT-based HC?*V

HCVe] whd8 7Adsh] $iske] & =elrl=
CVS?| 74& HC'Vel| A-g3t) 28] 4+= Ak
MHT-based HC’V (MHC’V)Z Awgich

(A) M=2"7)9] It =7 FAE MHTS 44
g} et =] s AR S8 ZR |
e} vARE e AR e gy, e ARZ e

B) TEH=E I3l MY
{88y &= A%k

(©) AR SES index wAol vl w9
segment A3+ {5',5% -, 5} ol Afellel] w2} g3}
o] g} dtk Zte]  segment AF S
(i=1,..M—1)= n=N/M N°] segment = T
A g, §Me FdEA] ok vA] segmentEE
A=) 579 GHA L4 S(i,j)% thea} 7o) A9
Hck

segment

S(i,j) = S(y:—l)x"ﬂw (12)

(D) segment S, 5 S, =5 =t & o, oI5 HLE
Z338l= CCN segmenti= ©ffje} o] AA Hok

D-1) ;e &4 % H(S, )5 AR & &
MHT®] A ot = 3o 3 Fofgich MHTS
A == gk V& AL & & Vel gigk ARk

o) AN Sign,, & WSk, HS,,) Az

StIwlsign,,,; ifj=1
P,=\S ifl<j<n (13)
S ,ifj=nork=N

AN, S =Sl 15 byyy = HP ) S 22 2]
gk
A PE ASS] flsiA alzks e ke
Afel whet et 2 A whEsa] gt
(A) Pl 23H 57 S, 019, T4 1464 A
W MHT A% 23] w2} 5.8 23580k 35]

H3k gk ZhERlek o] o j<neold, Al A=

3.3 A= 4t

I 1 basic MHT, CVS, Z8]7 B =3 A

239



The Journal of Korea Information and Communications Society *14-04 Vol.39B No.04

1. 9% <AF V& A vl 24
Table 1. The Performance Evaluation Result of content verification schemes
Communication overhead Computation Overhead (CO) Storage
(CMO) Signer Verifier Overhead (SO)

Basic MHT nXN 2N—1 (n+1)xN 1
CVS N+ ((ny —1) X N,) N+(N,—1) NA+(n, X N,) N, +1
HCV N—-1 N N 1
MHC’V N+((n, —1) X ,) N+ (N, —1) N+ (n, < N,) 1

okt HC?VE} MHC?VE] A% v]ats vhehfich
N=on = m+m7H 2 segment & TAE ZeH= %]
25 7Pdgel Cvse] Ass ks Slste] slis
Zelze N =2" A9 sl FAEe] glom,
Z421e] Hlo|A|= N, =2 719 segment® A%
ek 71 ek w3k A wlalE $18te] MHC'V
& NyNe st me2 A% MHTS AHSstar, 7t
o] segment set S'E N, 709] segmentZ T-AE o]
Johar 7pAdghet

CMO, CO, SO+ ZF7}t witness 2|5 93k A3
LrEE, sig] 2elE fgF AR 2HE|E, witness
2 A Al s 97 ASAke] vwe] exF=s 2

2 sjigiel
Basic MHT-E CCNol| 243 739, CMO%} CO&
FpEo g Zd 4 gle} cvsel Bl so7F =7}
g}k HC*Ve] 7$- CMO, CO ¥ SOE =5 |43}
& 4 9 o‘Jr FAkell 32 segment <15 Azl A
&t 739, AFgt segment Foll TAIE = segment——
Aelgd 5 itk MHCVS CM
CVSe} =3t 508 /WA=

A o=tk

io _|\1

OOE

SO7| Z713}

v. Zd B

= 7S #M3la A 74]A ZPJ L =E Ay
AE7] 918k A2 93 WS Alokelrh £ =e
A= okt 2H2 Al 71 oS zher) 3A), A
ok S HREE A enF|=e] Fot glo] A% 2
AL eHF=E ARl e®H CON 74 Al F8

delay 84:Q1 Fel= Q15| &84S =d 5 U

=4, segment A2]E $13l] segment set2 AT
uf, segment set®] Ui = rpHAoR 93

240

gle] Zelx ExXo| vz} {oisle] ALt & i)
upko 7 FElx F7)e] Adagle] MHTS] =27]&
TAAA AHEE 5 Q7] wlEe] sl=golge] 3
o] go]ajrt.

References

[1] T. Koponen, M. Chawla, B. Chun, A.
Ermolinskiy, K. Kim, S. Shenker, and I.
Stoica, “A data-oriented (and beyond) network
architecture,” ACM SIGCOMM, pp. 181-192,
Oct. 2007.

[2] B. Ahlgren, et al., “Second NetInf architecture

4WARD EU FP7 Project,
Deliverable D-6.2 v2.0, Apr. 2010.

[31 J. Pan, S. Paul, and R. Jain, “A survey of the
research on future internet architectures,”
IEEE Commun. Mag., vol. 49, no. 7, pp.
26-36, Jul. 2011.

[4] V. Jacobson, D. K. Smetters, J. D. Thornton,
M. F. Plass, N. H. Briggs, and R. L. Braynard,
“Networking named content,” ACM CoNext,
pp. 1-6, Dec. 2009.

[51 L. Zhang, et al., “Named data networking
(NDN) project,” NDN-0001, Oct. 2010.

[6] J. H. Kim and S. K. Kim, “Recent trend on
the semantic web and future internet services,”
in Proc. KICS, pp. 316-317, Korea, 2011.

[71 Y. J. Kim, J. S. Park, and B. M. Chin,
“Standardization on future internet,” in Proc.
KICS, pp. 342-343, Korea, 2011.

[8] M. K. Park, S. H. Min, B. C. Kim, J. Y. Lee,

and D. Y. Kim, “Implementation of a future

description,”

internet testbed using software based MAC in
IP capsulator,” in Proc. KICS, pp. 240-241,



T EHE A UEYNS 1T FH= AF Vs

Korea, 2011.

[91 R. Merkle, “Protocol for public key
cryptosystems,” IEEE Symp. Research in
Security and Privacy, Apr. 1980.

[10] S. Hyun, P. Ning, A. Liu, and W. Du, “Seluge:
secure and DoS-Resistant code dissemination
in wireless sensor network,” Int. Conf. Inf.
Process. Sensor Netw., 2008.

Z f & (DaeYoub Kim)
20009 249 : st k)
HhA}

20001 249~20024 64 : AlF
olo] AR W TAFL A4
2002 99~2012d 24 : AMA

A2 371 PM
20124 34~ Ak A
HREey) Zag
<Pl ol AHH TR mlw el Bt

Ht 1§ M (Jaesung Park)

199511 29 - AAehstaL A}
T =4

1997 29 : AAH st #A}
Fstat AAL

2001 2% : QAAEt 317,
AAAg-E}s whal

2001%1~2002% : University of
Minnesota (PostDoc.)

200213~20054 : LGAAHAI P od7-%d)

20054 A : A A B E S g

<ilEel vEYa Ao w4 2 ZREF Y

N

241



