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ABSTRACT

In this paper characteristics of ATM-PON is described and a TC layer controller for ATM-PON OLT is
designed. This paper proposes an algorithm of economically controlling the grant information written by CPU to
dynamically allocate the upstream bandwidth on the PON among the ONUs in a fair way and of encrypting the
downstream data using a lower standard of encryption, termed data chuming, which is used to distinguish it from
existing transmission system scramblers and higher layer encryption methods. This paper also proposes a method
of allocating churning-related message into the PLOAM cell in order to synchronously change the chuming key
between the OLT and the ONU.
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I. ATM-PON AlAH

1. ATM-PON A|AER 2=

3 A 71eE AREe Y gAxdke) 3
A2 7782 A9 H(point-to-point), F5¥ 2 &
53 A (point-to-multipoint) F&=F 7lA 4
slom, 3 A=Re] Fob Ao wWepd] 23 13} 2
o] FITH(Fiber To The Home), FTTB(Fiber To
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TMN(Telecommunication Management Networks)
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I A A

¥ 3L AN 155.520 Mbps) E Bl
A(sleF 622,080 Mbps, A48k 155.520 Mbps)
ATM-PONS| A% x#|q] P& vjepdch = 28
ety gFvlth PLOAM Ale] Ejslm®, 318 oj
A3 155520 Mbps =Y ASe= 2 A9
PLOAMAl <23 54 7]9] 53 nlo]= ATM 4 &

Fo), #)13F HthXY 622.080 Mbps =& gl
€ 8 719 PLOAM A £%3} 216782) 53 slo]E
ATM A &30] ek

3wt DYISE por ORINUATY Hrw, Frearmbie, deirrter}

) A 2y =
37 3, ATMPON Z#g] F&

whebd, PItiAE PONo|M= 818 Tframevo)
ATMA 7} AHe] dnfolct. Z=lx ¥ x¥)
e 53 709 eg] £Fe) slow, 7 EY) &8
OLTY Aele 2j3led PLOAM Al 4%, ATM A
<8, ¥ 4£F(divided slot) F 3}z FFHch
FE £F2 MAC Z2EZe] 54 oy Aegs
3 ONU F AefE Addsied] ARSI A
1] &% 56 vlo|Ex 3 ule)Ee] M= AR
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LHdE Ay AT R 2ES PRE)
$1% # 4 v guard times} 2 HTE 3
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Q1 delimiter2 FA5)e] 9ju}. 31 PLOAM Ale
4% Bl &% R §A R e ARE
55 A MAAZ olFeld glom, Ay
PLOAM A2 wjA|x|e} F & Ao} Pua o|F
o1z ek

3, e 2% 7|5

ATM-PON Alzglelli= T2 tlge
ONUE°] &8 45§ T3l gick POTS(Plain
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o] A A&l diside oz 2y Zajelw
Al BAre] @ EAR, Blo]le WlERk 2R AfMlA
o taiMde 2ded S5 ok a8l 8 9
F3 & vitle Aujzel Gk AT F2E 96
A dE3Hencryption) <le] ¥ gsfc) FTTCab
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ATM-PON A]z¥lollA] 3}8 dlo|e] chuming-&-
OLT?] 8A4e= ONUe| 3 AFTHE 3 npole
9] 715 AMg3ltl ONUE AR BE 7158 34
3p7] f)3le] mEA aelm 94oE 718 WA
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48} Zh} OLT7F HAg 1Zo] 3 ¥ ONUeA)
Aze E7)e e ONU= OLTe|A A=
+ 4EI1E A3t e R A4} OLTA) 3
M Fgt ¢kEF) g pAlEE ONUdA ¢h37) W
7 v A1 |(churning_key_update)E 3 Hell ZA ¥
g Asjal A7k ZPAG2*Tploam) 22 A4 3o}
A FARL o) thE HARERo A4k
AL 2w gle oET) WA WA= 24
Hu]sl7] $13F £xjolck Wl ONUZ} 3 7¢] ¢
7] W7 oAA] Gl HAg shuslelale 44l
B dARE Aleld] 7FEE vlE] dm glerz
AR A22 717F OLTAAN Adslee A& ¢ &
7} lek. ONUZE 3w+ A8 9k37] 97 w)A
AE PARE Foll 2 wAA] fAle] diF ACK
(ACKnowledge) A1&-E OLTel|#] X} o]uf ut
d OLT7} vix|% «t&7] WA wXAZ A4st F
300 ms e]Wjef) ACK 4137} AlEA] ¢kowd s
ONUd)| o)) Loss of ACKZ Algigkc)
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new_key_request

new_churning_key
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churning_key_updatel
1 churning_key_update2 | 32*Tplosm

96+ Tploam churning_key_updatel

New key active ~—To—m

Y.
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33 4. Churning 2%

Churning-&- OLTo|4 VPEZ 845 22 u)2
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3 Ay Feld AAHe] FEAol QEHolAE
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4. MAC =232

Eg] 72 % Fuldeo R FAse] gl ATM
-PON2- 7129 LAN#= de] 43 2 a8
do] walo) ofs] Felse} glom, #3k AdL o
A QOLTHr] dlo]e]d £alslez MAC Z2EEF
o] Mg {3, A AdE o2 e ONU} 5
H % A2E M dHolelE $4Alsl=E MAC
zgedo] Haslcl

=g, 7lEel ¥ AwiAE $)§ TPON
(Telephony over PON)2 23] CBR Ezj¥ o]~
7L 2= 97 dide] PON A= age
A o) wigle] Homz, Ak gleid 2 x
ZdA EAQd A7 &35 sl wed 2
7 &3 whale] TDMA Z2EFS AlMsle 2o
7resicHY, o]d] vl3ld ATM-PONS A4 xde)
AA AY = el ] sk ol 29y
548 Ze B Aula delHES BAA o
Faslan, 7RAPE 278l AL Yy Aula
4L 5H2E UEAAFol 3=y, ATM-
PON MAC Z22F2 o8| Ao U=E
T A e AT ¢ glelok Aok

ATM-PON MAC Ao}7]= AR} t]ede oz
ONUE-A FHslax FAo8 ddstr] 93l
ONUW MAC HH(F, 74 AdhE Haz ¢
o} ONUE 2§ 59} e B &390 ¢ ¥-3aql
Y &2 Hel2e Prd dHA xerl g78)
= MAC AHBE Agct =3, 2¢ 452 3 A
o] 4R AF £F& AANek, T 2FoR A
g o8] ONUEERE Algsles o= A9 =Y
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cRoz TAHE givk

Upstreatn frae

upstream slot
1 2 I K i 53

Divided slot

| ovux T Towuy | ONU z L1 |
minialot

uiintslot payload, 1 to 53 bytes

3 upstream

vvethead bytes

a8 5 #E £R9 74

5. oA =2eE

=g] 39 ATM-PON¢|A, 7+ ONUE-EL OLT
2Xe A 0 kmeld #Hoh 20 km7kz] wlefs}A|
5o 9len, OLT ¥ 2z} ONUZF & 98 X
¥ A7 round-tdip delay)& 0 ~ 2 ms7}A| 1 Zo|
7} teFslet. TDMA W8 A3l ofe] ONU
288 A4E AR ASS W) ¥UAY A6
AZbHon B & AxAM EAsH FEe)
gkt Ao $EF Q3e] OLTHA Aggt v
E 0L wAEl) A A4 AL FEE QE
of AR mebd], A AdEe] FES U
z} ONUe] tigt A=} 345k 2E ONUE©]
TR e g st Agle fAlsleE sk §Ed
A7l gasle, ole} b H5HY g I
olg} w-2rk}.

elA #PH-2 In-band, Out-of-band, Hybrid %
3714 el flerd®, ATM-PONeliE o]
detm &%) wE FEE Rz v A"
gh2lel in-band ranging WHH-E ARMERIT) PONE
Hd] W= HA4%t 20 km of=, 2+ ONUe| ot
AL An) 2L ofE ONUd| gl Au)x dhaj
7} QHEEEE Au)i R payiivk

Aed A7y &4 AZE 9% 3 =7)(window
size)v % G2} ARdel] AFdEh= ONU 9%
ARG AR 2HA & 4 slvk ok Ay A
o] TlA| & ONUE-L 918 =l Ao A=t
7 2L o 292 AR Hi: Ae] g Ho A
2% vhge 2 AAg).

ONU d5¥3 53 342 ONUS| HA| 4] o
AN FE 29 A)2®)(Operating System)o] OLTd]|
ERale A4l 4" 9EE $5EA ot 9y
s g4 B AM §E3he Atk

ONU &z 5 A #Agle] ONU Az
24 7159 T ahge ohgd el F AP
alet.

A2 ONUZ} d2s 7& % 941 ¢dx
Arl &g ARl A PHEL, °9A AR
o] Auig) #HAAE FA8l= 74} OLT7} F7)
HoZ A2F ONUE<| AFHGUEAIE dobrs]
sl " g ARl A-felc) old
A(polling) F7)v &4 Alxrle] A A8 1 ms
32 1sec 79 % Sk |

aeF ~ERs Algk ~EY Ale] A HE $4
wAE 3] A ad 63 o] A TIFE
Z(Specification point)E A <] 3lch

1% 6914, Tde =E ONUES| gt & 28
Ad AZke FA3A 7] $18le] 72+ ONUA
dahe S3lx]e R ZHequalization delay)-Z el
o, Ts(basic cell transmission delay)x= TdE- 38
87 ¢4 739 ONUe4] PON Al$.E He|dhe
4l 289 Ad Azhg Jehdc) 182, ONU
ol A AF AL (Ts + Td)7} Hr}h Tpde
OLTo|4 ONU7ZAY 3 A-f X" A7
{optical fiber propagation delay)& ‘jehia,
TiO1,TiO2,TiS1,TiS2& ONUS$} OLT7r] OfE,
B0 Wil 2850 Ad A7hg 77k vhehalc),

: v =
T ST _
T

22| 6. Specification points®} 4

7153 SRollx] ONU &5t A7+ Tresponse
(ONU)& thgs} o] i)

Tresponse(ONU) = TiOl + Ts + TiO2.

ONU#j|#2] A% Ae] AJ7ke] 83 < 3
155.520 Mbps £ X0)lA) 31368]E(7 Adlx] 4032
HEQ A) Axo|v) o7l 2 A HXR= <F 600
m =] ONU %9 233g weisisly] v
olc,

OLT $14+ 71&4ellx] ONUSA 7]&dalele]
4 WA= o™ 78 Feh 9714 Teqd(the
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equalized round trip delay)= e¢}=lj8] A3} 7lo)
OLTS} ONUAJole) % 414 Aot A17kg el
HoBA 3% =ede] A WAPLOAM Ae] 3
WA #7E AR g3l e A WA Ae] =
ZAshz AZke vhebict

. Moo #Ts *Ta* Vit *Tigy *Tiny * iy |

(= Teqd)

a3 7. 4% | skE A4 B84

Teqd = 2*Tpd + Tresponse(ONU) + Td +
TiS1 + Ti82

Teqd= A4 ql -8 Adelelrde =& ONUd
Hato] YA lolofof slrE F A= Al
2 Ao A7t #MAHS, 2%Tpd HB= 69 A + 192
H|E)e} ONU njc} Al% Az A|7b #2KTresponse
(ONU)9] #Hake 2 A& AAste] 2k ONU =t}
TdE  AAspdel 3zt ajE®,  Tde
155.520Mbps &Xoll4] 0 Td 32,000 bits(= 69
A+192 BE+2 A)rele) Fe] =z, Tde
granularity<= 1 bit@155.520Mbps &2 =} 2| €},

Td= ol A& o]8sle] Z4gck

Td = Tega - (T2 - TI)

7|4, T1-& OLT $i4} 71EA A #4 &7}
¥zt Ae gl 8ldF PLOAM Ale] A4 A|7le)
3, T2=0LT 44 7154l A% #dA Ao] =
sk A4S vehdck
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H. OLT TC AS 7Isnz2l 2= % WA

OLT TC AZ Hz7le Al 4 &5 A3,
HEC A}l 3 32 sagdlyojagdiy, 9
A, AR 1E, =z Y, A oF Uy Y gy
¥, vEMP|E 7] 59 & OLTE] TC A2
7152 thE-EE pasle], 19 8% o] =A &)
FxAd Al R MuR, vAz] P,
3y, dlA Xel, A APER, AR
2 Ae, AdkEdql Aely, vzs] 2 CPU A
P42 FAdEe] 9ok

sgk ] Mol ATM Al2a Ee] A2y
A &5 A 715§ +3sl= ATM Forume| %
Al $-E5o(UTOPIA) A& 7)% 7zF ONUZHE]
A 3 vle|E 9kF 718 AMgskd E13 ATM
A Holel g chumingdh= 7%, $3 oy e
#3led ONUH W Ae} HRE wlglez CPU7}
AT S B gran) B 2 A4Ee] s1gF =419
PLOAM Al w93l 7], 7R 9 WAz
A¥E PLOAM Ao visjsh= 7%, $41 4 5]
AZE Teqdthg |9 A &£F 715 4w
(REF_SOC)& Ash= 7%, 43t A2jd ATM
Az PLOAM Alg vl o3 33 e
ATM-PON 313} =#9)E sA)sh= 7158 8%
28
AR My s ZH sloledl gt
BIP-8 A4l = A<l F4AMRE Am98e) HEC
A 2 A F W dle]E]E 155.520 Mbps =
& 622080 Mbps &x2 A& Wilsle] sl
71'5& 8ok

£2737 A HAE RE 3 A7)
F23 155520 Mbps Hlo[elE ulo} ews= 9
=5 s e AAE Adsla 71E e
Azele) $4 2po] ARE M 71%5L S
Bk

AR AR £F YR dHoleE e}
v Beg easly, ATM 4 3t o5 F4al
E ¥ o 2 ¥E 275 HAsw, BIP-8 A
ARE e, 28 &% dlolel: RAU(Request
Access Unit) FIFOo|| ¥x Aslw, Al Zo)e]
AES Az Mg e 7)15e e
Bk

Al A= AMEal 4, IDLE A,
PLOAME E2|3l] IDLE A& vz 75l A}
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42 AL Al fEEel AR Adsly
PLOAM A2 OAM Azjiz Agslc) =87,
PLOAM Al2He dAx] ARE =& & +uey)
o2 AH2lshe XA AREL wlA|x] FIFOo| #
Asl3 7)eb wiAA] ARE ey He Ry A
@hs 715 AR AR g 9 ASE 45
-2l OAM & AR 2 dAgE AR 23
AR AZE P 7ls AN AR
ATM A% &8 AES A £x A 7l5g +
gt

371 B(Granty 53709) AleF &3 W& 93}
o] ONUY W9 Ael AR g wighe g s} =y
9] A& F 7§¢] PLOAM Ao]| »i5 =} z} PLOAM
Aol 27 AN HAAHEE AL T ot ZHUG
53749 #rlARate] "Wasiez = 9s PLOAM
Aej 27 Wz 2 Jmz] PLOAM Al9] 371 Ee
F(idle) FH/MARRE YAk FHrA R ZHel=
8 BlEelr] YR Hale ¥ 29} Pk

OLT7} FAlo) 32 7¢] ONUEE, Awzos 2
) 64 7 ONU 744 A = glonz srias
Fushe A ekl tieix] #HrA R gt ONU |
3ol gk W 7152 $)8) Look-up EHle)E 2
& AR =719 vieelE P8 uE R
#Holl ONU ¥ E I§AA HE3lglezm A d
T8 vLE UE 5 QIEE sedch 2, /R
2] A9 - BIEZ} 0007 dlele] 7K, 019]
= PLOAM &71xR, 100]d ¥ 4% 3{rAx,
110]9 &u] -2 7|e} §rlang vepic)

kS 2. R ¥4

7R ) o
5] 533 7z o
i 0x00 ~ | B4 ONUE & dlo|g] &7}
) O0x3F | AX
0x40 ~ | B4 ONUE 23k PLOAM %
PLOAM 0x7F | 7FEX 3

—‘3—7@ ONUE9] %;-3}} ﬁg;ﬂ
- | AR gtew ey SHEa
TSR 080 ~| o 2% ) dAAE B4}
OBF | o sz ONUE 1 7i9]
Divided_slot& )

3% =4 oNU alEpioja
o ¥l | 0xco 008 class§ A7) $isid
OKFC | ,yg
#2173 O0xFD | #HealA M=]=4feld A4
wj¥la} OxFE | "]Alg- A 3-8 e
Ad w8l uleke] AAGE $
Zulidle) | OXFF | s}a] A&
ONUSIHE 24

CPU¢| &3] 43R {rHxe A7y &7}
AR dHold AR F g ZHelM ¢3A
ONUZ 459, 2t ONUEL #€us &34 A}
231 A 2 0AM Ag Ale] pict ¥, A
o2 FEley &FL I =AY Af A7telA
Teqd TF A% Fo OLTel| =252, H2=
Teqd g AdE A7kl FH7AE Hlo]Eo] AF
MRS BAeER A% <38 oF %
A & F71 sk o)9) o] ABlE &% F
718 $ishd /MR CPU AR, 813 ¢, 4
B 47 § 3 714 7% FAte] 2799 el 4 =
HYgell dx Frixez WASEE 4749 o=ze
271 8 ¢7] 52 Alelgek

a7 9. FrME e duale

a3 99l ElelE AE «lE Bl AW 4
zZHq 7|2k 3 A WA =zl B4k CPU 20)7}
Pz, F A L]l Fob S SR ¢
7} gaiA s, A dA 9 wlA Zaq Fo)e 2
= A 7N 717 dohdet. sigk o] JlE

1065

www.dbpia.co.kr



[ZEA T =54 "99-6 Vol.24 No6B

Fato] A WA 2 v WA ZEe] A LA
e ole Al2Hle F 98 Ad AZHTeqd)®)
1 ZHq Fr] Brle =23 2 2] F7) Bk
Aeh53 A < Teqd < 106 A 71Aslgy] Wi
olct, Wil Teqdr} §F ZAYGS3 Aelelwd Eat
F71& 3 =Hed k€l PON  Alxglg
OLT-ONU #uv} Ae)& 20 kma} & ¢, Teqd:
ek 129l wH80 Ahe|=E fFrIgle]l 3 JA
7% T2 Holxele]l HelE Aelslr] $si=
HAHR  Hle]Eg 4 sHe]  wwa|(Single-port
SRAM)Z AJsl= o] =] vhgolr) o]glA
TAE gzl F<F vze] 4 A7k CPU A
A 81§71, A% o] 7% EEE Ul £
T o g)rk

33 dlele] B B5E $5}] ATM-PON 4|
2-ellA 7] WAL HAF L& T W o]FeiH
of gtk 7] w7 #ZAolA OLTS} ONUZRe| 3}
3 715 8l churning_key_update ®A]#]+& 3
Well AA wlg] AHezl A3E 2FA(32*Tploam) 2.2
Agstedolt ok webd, 7] WAL I’ WA
A Agg CPUZE Adsld AMzlsprlolz eoly
Hojo] Zua stugel Azjshs Zlo] riAls)
o} ‘

I3 102 7] WA F717F 1280 A5l 7] WA
+ A WAAE A9Ed PLOAM g dgdsl=
WS ek & 7] ©A F7) 12F el
o] A 0.5 Eqkelli new_key_request ©lA]=]
AL 77k, Tt 05% E<gldlv churning_
key_update wAJA] Hg 7|7k R Afele] A
ONU9] 7] w7 3 oA S A& A3+ 244
L2 AFY 5 9IEE PLOAM g mlg] z)3s)
¥t

Numoa of Thwma in one w00 == & 848
Pomiber O plsam v o B0 1580 == 1900540 x 7)
ol Xty

New_key_request parlod Chuening_key_update poricd
015 (040 o sa 0080 010 o i 1400
| n_
Pomes 12 04 A0 - ——— o
o A4444 4 Lum 4
R oM., ol T
L’\ R gl gl
T TV I T

U
[ P

I8 10. Chuming w47} <% ¥

155.520 Mbps2] 79, 0.5& E<lel] 2} 6,549
7R} PLOAM Allo] &Ajsl=d, #v) 64702] ONU

1066

7} B3 f 79 W 3244 PLOAM  Add)
new_key_request HAXE  Ale]  AHEslex=
new_key_request wW|A[A] Aol Hagl A7k
2,048(64*32) Tploam o)tk 18]3, 64782] ONU
of disle] 32¢1x] PLOAM vt 3we] FEA
churning_key_update w22 L3l H9olx
6,144 (64*32%3) Tploam A|Zlo] A gH1R 05
Z Z4ke|| churning_key_update #AJA]E sk
o] 7hgstct. Zk ONUwmlel churning 373 #A)A]
£ El7] 9% PLOAM 4%o] A glor},
3% ONU7} activer} obyd 7459l 3 PLOAM
AL JE fREF AR Ad FHo A8 5
ek

V.32

PON-& E3led ATMS X|9USH=ATM-PONA]A
o} e} 31 dlole] AW B3I 7|5, MAC X
2uE, A Z2eZd gzl =9l
ATM-PON TC AZ »15<] 4 4% A3l HEC
A 2 oFAA, A, A +F 94 Jdy @,
St&8H(chuming), L&) A, ~3APEY £ 7]
5-& Aialy) $13F OLTS T 2 AdAlel| chsled
=2l skt

34 Ay ghd 93] ONUE w5 A &
HE wigko g CPUJ o) &35l 813k 7R
delel g Ao Hfejsl= AaelE-& Aldsls
onf, FEA R o] ONUES] 313 AEE 3
f3ke ATM-PON A|2glellAl, 7]&9] Ak9] #ule]
st i A sy EI)e) THEEE s
F52| stzsl whyel  dlels churningg A3}
o, sl A dFsEe HAAUEES A9,
OLT2} ONUZI] A2yt b3 7] WAy T8 ¢
g AR R G wpE-S AR

B

HD

= !

[1] U. Killat, Access to B-ISDN via PONs : ATM
communication in practice, Wiely, 1996.

2] AFSolAd A, 2SR RFAIRx Y
HA7IQYAIE 93 AN B Y A, 8=
AExeleks] =8x] A4 A6s, pp. 1589
1600, 1997 64,

[3]1 ITU-T Recommendation G.983, Optical Access

www.dbpia.co.kr



=F/ATM-PON OLT TC A% #z|7] AA

Networks to Support Future Services Including
Those Whose Equivalent Bandwidth Is Greoter
Than ISDN Basic Rate, February 1998.

[4] Mike Knuckey, Martin Whiting and Les Auld,
Fiber in the Loop, Telephony over Passive
Optical Networks, Fujitsu Sci. Tech. J., 32-i,
pp.53-65, Jun. 1996

[3]1 J.A.Quayle, Ranging on Advanced PONs, 13th
Annual Conference on European Fiber Optic
Communications and Networks, pp. 154-157,
1995.

0] 4 Z(Seog-Hoon Lee) A4
| 1980 24 HEEw HAE
&} &ha}

1997'3 84 : Sadoital Akgin)
- Y ATt At
1999 39wz : Fagdeska
. Azlgeta) vl 5

198913 ~1993%d ; GT-S-o o] Qe =24
19933 ~#A) : FHATA AT A4
<R ol GRS Al g8 VLSI A7

# & <l(Jong-Eok Chae) 3%

19863249 : AE L ZRFe) At

19881329 : A Hohar B 2hAS-gET} YA

1988+ ~ Al : Y=AARAlG T QA7

<FHA ol ZRIAGAAG A v)E, AAF
W3 ddgr|e

7 Eff E{Tae-Whan Yoo) A3

1981324 : A-gvjetn iApemakn) ea}

19831324 : gh=afslr el Ee(ds) 44T

1993394 : w|= Texas A&M EE Dept. uhA}

1983: 3~ : F=HAFAlA T AT

<F4] Hob Y A riw, 2uFoiud 3
2 g Ay

4 £ El(Bong-Tae Kim) 34
19831439 : Agohekn AAT-2s) A}
1991:d124 : v] NCFo 735133t Mat
1995:3124 : v] NCFRIy 7}5ref-galst wpat
198313~ R : =AMl AP
<FHA Bok A, FAA2H, e A

Z A Z(Jacg-Kuen Kim) A3

19801324 : weichdta AAlFeta) At

19831324 : sl AApgelst AAf

1990394 : we{vhsta AL WA}

1983 3-8z : =i AA AT AYATYE BF
Al p--at

<FH Bob FAE A=

Z cf %(Dae-Young Kim) 34
19750324 - A2’} a Axppstal At
1977324 : KAIST #7] 9 #=pzgslal 44}
19831324 : KAIST #7| 9 A=zl upa}
19793 ~1980% : 54 RWTH Aachen Ftf <7
1980'd~1981'd : ¥ UNI Hannover -Evf 74
19873 ~1988'd : ®|=+ UC Davis A7
19831 ~19920d : 3w A=pEsls) w
1992+ ~&AY : gl AR FAT 25
<FEA Fol nEFFTAY T2 ¥ ZEEF,
U ok

1067

www.dbpia.co.kr



