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ABSTRACT

In ‘this paper, we design new high performance ATM switch architectures based on s Gencralized Shuffle
network(GSN). The GSN Is a distributed network topology with the number of nodes in O(N). To improve the
throughput of the switch, a layering strategy called Weaved GSN(WGSN). WGSN hes an additional connection
links between switching elements which locate in the same position of adjacent GSNs. The analysis and
simulation are performed under uniform and full load conditions, and the results show that the proposed switch
bas better throughput and cell loss performance when compared with other banyan-based switch architectures
known so far.

T 8% AT PR T U, T ANy

I.M2

goid AR FAdntela)  ATM(Asynchronous
Transfer Mode)o] Bk szfte] w4 712 o}
w973 o RE, A tHe] ATM 2 A2 A
el We kMol sl st whe Aedd
g x|dA)7} 18]F W& hardware complexity7}
ATM 7§ AAIRe] oA 84 aejalael
¥}, Tobagi'ls] wWER, ATM 2%) 4AA% 4

z2]n T el=elge] Al ZE7} oleh 2 Bl
% 3], wiekNbanyan network)ell 7|iH} F7k ¥-
oY TRr|e] Al olAZlA] W AluEy o
T WAl = siek

R (N2) - log:N 708l 2x2 =% &At
(Switching Element, SE)& A% sugbdelck v
o Zidela YAl FERE crossbar i{
s} w)wsje] @ hardware complexity§ 713
A7) ZAZ Mel(self-routing) WAl B4 4

* g Ayt sie] 14 W 28 9 7(hillee@snuac.kr, burura? @snu.ac.kr, sseo@smac.kr)

B 982090507, A5qda) 1998w 54 7%l

5

www.dbpia.co.kr



Al 7Rk ATM i]8] QA A% B4 Weaved GSN

T B2 g 7Rl e, w1l A
Eopolu® o] HellA] g 4 9le E(through-
put)e] =8 AZEelc). ojeiqt wiakye] AxkH<l
FE& WA S, u HHEe) AgkEldd
o} HEHY WEEE tmffice] 2fsgHrecircula-
tion)=} g4, ¥ HE(internal buffer, <] Wt
Alew FH¥ T3 2= Buffered Banyan™ =22
T D-Logic switch® %), waffic #J%(sorting, ©]
yhalo® 4y T2 Starite switch® 2]
T Sunshine switch® ), ©}e] A&aKlayering, ©)
e FHE w7 2% Parallel Banyan®, 1
2] Pipeline Banyan'” ), %] 3 Hextention,
o] yloz Y ir]2+ Tandem Banyan®™
2223 Rerouting®™ F) o] qlek

=il AMSS #abgel Add Al
Held, B2 EYY ATM I8 |8 75 2w
a2} 7)F(function) & ol BH, ol 3
A 7127} "t

1. Alcel)2] ZHF 7‘1%
2. 9} ZEport) B 2%
3. &4 XE(por) 2 71F

ylekrlel] Z]ulgk ATM 7)) W] 24 2a)
& TRl 9] 2]l Wl o)ake] 37)2] 7
TH FA Bt F& R A9 Sleg g
A A o e Y 5wy 2Ale o)
® 7lgelct 1Y 224 7o e TH &
Zhe- 1 8-2] traffic sourcee}e] o] =, Wik
off Zqigt srmbuke] Al Wi (stage)ol <Spgitch =
Y, Y 2rIA Mg AE IY Al i
719] #% G2terminal)ake] HPde] ¥, =hA]h
el &gtk

B wEdME ATM 387] AAY A2 JE
ko g BAliddistributed network)el] Z|HME: W
YHd Aekach e fleilM gt wE )
2] 7HA 2le& B AT R4 X Elactive
node)7} F7FH LR HAl el A Ec) AF
7], thaE “Hmulthop network) 2.2, Shuffle
network, Manhattan Street network, De Bruijin
Graph, GEMNET™, 1|3 Generalized Shuffle
network(GSN)'!! 9] @& 137} AYEAL #
Abepel] ZlWigt mazjolde Zhe] my AANEAt
Pellde r=ehi gkt e 3 71 3
YWEH EE2AMY rlex potlch wepd, ¥4

& NN T E FAR] el N
re@ AR ol AErle oN o Fed
of H3=d 7llch B Eddade olwt Ak
2] g4l GSNel| 7|ukele] wfiwhg A%, 4~
A YA mo) Yyo] g Feal 7@ B
I3 ekl Zit obE kgt v)ay o, 5
JY AFd 92 #isled, 7P MR 9 cross
-point® AMEale] Wik A SUEE 4/ 4 gl
48 Baloh

I. GSNOfi 7jdrg wato] &3

BAlwhel] A ATM 237 )4 AARE] 94
A g Al Zlee] d RAE Y
glof fck o= shA] FRe] Wb Pl g
2 MM g Ade Fag e ohe
st )

o & W F A el(average hop distance)

e B|E W% a1r] ZE Aoi(self routing) B}
2] A4 7154

o Y P Qle k= 28] fHed g (flexibility)

WA, FUg x= S0 ditle 37 F e
Shuffle network®} De Bruijn graphr} 78] 23|
7R AeR deiA 3itk T, Shuffle
network®|t} De Bruijn graphw= 4% == = =
=9 vt Atkdelrt AR 4 e k= 9o
7142 Manhattan Street network®} GEMNETo]
71 7haAelct, gz}, o] F AR deflection
& AYe HE w4le] 2] F2 A o]
oeiA glA] itk

Hellr] g ZE 248 7o, £ =8
Al Generalized Shuoffle network(GSN)»-& %=t
AAE 9 Jleges Akl GSN& A2 ¥
Al #HE F AR 7Y, GSN2gE 4% 4+
e k=8 7t uk(H71AM, ke WY R«
2]9] apdaeld, & ¢ T FHIE x=9
22 Jsje] Ade roll digled 272 Asig
2 vlzA A5-8ch =4l GSN& ATM 7|z
o]-3#}l7] $8kd, B =Fo4e Shuffle nerworkol]
tale] )& AME HlE F9e] 2] AR A
A1g"g GSNo| A4 ¢ USR g 3o
Ykl

57

www.dbpia.co.kr



=4 08 2] '00-1 Vol25 No.lA

1. GSN& #itt AP |2= ol 71y

eFtele Aol ®Hx)71x] 28] $18)4
AM7ok e @9 491 log NoE AHH 9z
sl AR wAE M Wed ARE A
Fi(destination address)¥olc}, 2L}, GSNeA
+ WA (sowrce) x=2} EAA|(destination) =
Apele] F Asjhop distance)?} Zhzka] AbeiH<)
A0 w2 chEch webd, SN Mg AE
A& fM e BAxe] 2 A 8} BAA7Rx] 9]
# A2 Pt W) ojd, Py Azt wmd)
A $jolof she BA] k] WA fAE A8
&l At

¢ =5t B oo JiEg 2zt so D
2 F3 Xx~v¥ X& Y2 Wil 98 e
Aehz Aslale, GSNeIMS FaHx] 2 4 & o)
$5} 34o] Podalz,

A=2x{D~n), ¢))

YA k=) B4A] v S8k HsugE
Aolel § ASE L2 FH, L& chis el
dojale},

. l_‘gj_l_fj for D=5

Lp‘(l-'gj+k)-[—%] s

L2 3l w=b F A=) Pe o o) F
® 4 ek wRb L2k (9714, K = loggmelAvt
LCkOlR 8 oyl ¢ ko Moz 2=
spanning treeglol] <r8},

P= L, (3

Wk kol A rTrl g ro @ HH
28 ) spanning treeqlel] 4p8)x] ko,

p_L_l_[_(ﬁ'_‘tl‘:_L)_"xk
k @

where & = login,

ol Ao, M9 driteaden® THBE
A T A9k RHAIRY F AY PR A
€ Aol TP Axle Ealspy, Ty Aabe A
8] S me|H(routing tag)eld F A PE ¢
=}t 2y Py kKolql, I 2= don't care
nodesl| #|F_EE T A9 AR F o Fol}

58

Avste] A4 Apslz P9 & Rt @tk
R}, P s Kolw, 3t Ak Ale] ¥3x) Pi
A% PHA wBR ol old wEl Az#
ARUL Alo] Wy Z2E A& A F A
Py *hi B3, AER 72T deflectond 7§
9] F A P £ oH o] 3ke] AR

P+(k—1) for kzk
P+ Jikbﬂ ] % k=1 for kCK

P (5

Qon't Care

O w0
ook,

(PN
ORI

Tima Cloak ° 1 2 3

passed-by node
Pointer P 4 3

Don't Don't
Destination Address A Qare Care

O 9 £-= = |»

Bt 1o b read none none Nahe

T8 1. R wls )98 A7) AR Ale] Pl o

Al¥ B, S=4°]3 D=10 ] A& FFe A
9 BEHA] A AL 2-(10~4)=4(= 1000
5 L& 10] Rtk L < kolxz B x= D&
Y = S& AHLE #h spanning treeo]] 43}
A wewg, F AR Py 1+ 2+1-1)/31
x3m4oltht P7} k(= 2)HT} F ) Fh A
& deflection glo] 3= /12| don’t care node¥ A1}
ket P7Y K Bk A Aol 2w ke
4 F2 A9 PR vER M A= wA&
Sogich o] YA 19 14 A TAF gk

2. GSNoll Zietet o] 4AH 1 Weaved GSN

Ng!lel] wtzw, 4%t GSNS| g ulakea}
ARt oz AR} yekds] 4} slaz)
X2, GSN$} & WAA1717] Sk 48 1A
yhalo] AR ¢ vk & EFelAE, 78] =4t
7172 vk i& TN fiskd AL
4% o2 7] g Folla ] Ass g
GSNel| 289t} o1& o] & wialge] OSN3} 3

www.dbpia.co.kr



T A 7T ATM S2RE) 9] A9} A B4 - Weaved GSN

A £47] wlFolck. Shaikh!'ol) ulaml, Ujqt vim)
HFAl2 Shuffle A ¥-2] wlhol] of#led deadlock ¥-#)
| 7Hle o= duid gl A A whe v
obgto] A@7ke] ¢AeA F Al AAE s EE
(bitonically) AT Agel] dsle] FFE(blocking)
WAl oA e ARE ol4d e,
GSN2 ol=iqt AjAe] qlch =L, kel o why
& AR =i e 4o} g ol R A A
ALe] SR ojn] AR mE A4o) Erbs)

Level 1

a8 2. 3708 OSNoR A5l Weaved GSNE| 7

I3 2% 37e] GSNez A% WGSN 72§
Bojfek PGSNsG we] =i g1y dEge 34
(input link)® F3led, A F9(Level 1)2] GSN
2 EBolgrl tiE GSNEFR deflection® AEE
e 3 A2EE AFeen o4-€ck 1§ 5
Al GSN& & T8 A2age o 299 GSN
ol FUE SAE e Y SAleH dE"
+3| 73 Z(bypass link)¥ 71232 9lc}. o1HA A,
ol =2 419 GSNellA $EE A2 by £9
2] GSNLag &7z 4 glA Hrk

WGSN& -TA%E a4t 425 e 29
(LeveD 2] st Axpel d7d 2709 (¥ w2
Y 2 et d3" g sl 3 A=
el 379 ]l¥4de] EANYL mERA, e
o aAfellA] 37K AEel o] HEF ¥
AR e Alge] WY = ik o] AS-
off, WGSNE shie] Alg gl 72§ 2=H
B, o}E e Al 93 AR AR, 6t
A% e AAle] T el deflection®re: T
el E97ke] $3] A2 U A9 Iy &
AE7tg dAsty slenz, o 2929 A2E

At Ale] 7zl 7kl Ald A7 #he
& Avke Alzkelck e, A 9] el
deflection® B k12 A7t Xd& 2ok
Yok w2, AZ 3Ae] delwhd o, v &9
Z Weirke A= 2ot 2 A o8 ZHA
Fok e, skt S8l ol2A 4 ke &
N2 Jerke A2E Adudglcke AL e &4
+ oniatez zhd 29 Wolre] deflectiono] 4
AAed gejzlejo} § Zolck

WGSNeA] Ae] & golA] dgdt 7zl 3¢
o], vkAl%} 414 GSNellA g €43 Wel7bke
2R AUy dgelrk 8, o= A4 GSN&
A=A vk GSNe| o]2& A5 A7}l g
& 70|22 GSNg| v} goluid Al &48L +
A iy} agly, AR AN gyt Q&
oA PAdHe®m oy £99) GSNoZe] =g Al
FeEg ol MR %t A7t AldE golEck

M. Mz 5y

£ Aelde wgAe]lx  Fxhs)A{l(random)
trafficel] tHsled, GSN2| 7ol it mibke] A
A8 Y oz FARc ke she]
Z47 n7je] x=d 7Fe GSN RINE FA4E
NxN WGSN-g me{8bal. WGSNeA] #]4= ¥
o)t BE AL A 99 GOSN =R
o] AE Folr W= A £99] GSNellA A=
viFe] =3, vmAle kg £4e] GSNoR Wy
7P "ok 1 PHM e el vE £9
2] GSNel| whaled 19 Age] "ok o]9f 2 7
A& Ago] vixlet £919] GSNej ol§ wj7iz] ¥t
ok A E9lel sle GSNY F&& rEha
=, ;A 99 GSNY| diat By At g
# affic load o= tHE} Fo] TR}

o= p,
0;=pj—1— -1, J=2,-, R (6)

A, W o, ENE ¥ 7Y b, o
Bl AT UE o welM AR ZE o3& T
¥ < 3tk

1. Markov ChaindlM - & 7317|
Ug'Ye] =Rollxje}l Ro|, o, ¥ Kl number of

hops when a tagged cell is at distance ;from its

59

www.dbpia.co.kr



LERAAYH =R 001 Vol25 NodA

destination | probability of deflection =g]8
W, 1% 39] markov chaine.Z¥E] clial e
¥ Froll ofgt gwl AMo] -F{one-hop transition
probebility)o] gl W& d& = 9ok

OB 3. GSNelA B3 rura)e) Ao W4k Markov Chain

Pwipp-1+ (1= Do +1, 15i<k
“ -{ o

op+(i—k), K+1<isk+k—1.

olA4] Al Ho] AN w, el HieiA At
o,

i+ — (1= (1~ 89, 1<i<k
wiz{ (i-m (8)

eyt (i~k), ¥+1sisk+ k-1,

ol%, #] Y w,& RS} Yot
w.._--mkw+k'-k. ©)

SIgA WA Holi sl oisd cHiah 3]
FolAe},

ETw]-WJ:f ‘Xlwma (10)

ol g3t Akt WAl ez, whjelx] Ale] B Aol
A AA] AAA == don't care node?|
8 HF EHq & 7L S sk Ug'P Bele of
2], 2, & ik+kS] WH$le|A]  Eloumber of
don't care nodes that a tagged cell at distance ¢
visits in its lfetime ]2 R), peoll iyt ¢ F<
Aol WAL g3 o] Pejzlct.

Bnsa— +(1 —~ By, 1si<k
ni=
‘r],,--l-(f—k'), KFHl<sis<k+k -1,

(11)

_[m;—‘lﬁ}_;ﬂ)@:, 1SisK

i+ (i~K), K+1si<a+k -1,

AR LE, Eql v cH o] dojalct
60

e (12)
=8}, Alo] don’t care noded WEY & ¢
T R BAR Foick

o= -2 (13)

o]4e] MMM, Ew], Ei, I 4E&
deflection B 52 §p2 gdejalch ¢)Al], local
input bufferol] ez sh}e] o] &Y HE 4
2] ez gE ek AR Aol &% &
& 72T T4, 7 ks Ale] =AY SR
orelz e =4 A|<d(propagation delay)-#-
Eol7} ¥tk depd, 4 & Litle's Lawo)] £
84 chgat 3to] dojaleh(stiie] GSN& ¥4k
queuc® 2i¥lct)

r=2gq-m, a4

°l2 a= gl olck

2. Occupying Probability 3812|

Al ¢A(generation) FHF 5= WGSENelA Alo]
izl S84l ;o ek A 912 GSNellA
the- $49] GSNoz ke A T e
thiah o] T 4 sict

x+&y+2), 1</<R—-1
m[ (15
pi-y & m(l—a)?, j=R
o]_,—y_'
= Lo
¢= 50-9°

= pan(l—a)?
y = 2‘P;—lﬂ'}(l'—’rj)((l_ﬂ')'l"rja)
z = Fl-*(—ps-1)

7} R} 4] (6), (14) 22T 15 = o) s
A,

L"_@’ lSj‘.iR—l
- 16
’ri Vi+e (1-a)i-a . (o)

ps-1(1~ )’ » IR

o3,

www.dbpia.co.kr



=& Al 21k ATM 24719 AdAlel Als A Weaved GSN

a= (1= (p-1-2+ p &+ (1—p,_ )8
b= pp (1-a)é+a

€= —h-

7t ®ck ERL deflection #¥F ¥ 1, a. 0
8]3 ¢ 9] R o o) TEwch

& - (1-9%0y, 1<j<R-)

le—é‘ '(1—¢')m1+'é" cf1—P Dy an
+4 (-0, j=R.

o],

0 = (m(l—d)+2pXma+(1—x))

+2r{l—a)+ (1—pp)
Oy = 2Z(1-a)*+2r(1—ao,

74 Rk oA #ix, A (1)ENE p 8 PR
7@ T P AT AAHArecusive) WA LR
ZE jo ditle] 9 @ AR 4 Utk A
o2, WGSNellMe] 4 &0 ohgs} o)
A > slck

Ppw™=pr—Tg. (18)

V. 29| olff 3 #MQ 7}

Q.00
o001 |
00001 |
1E-08
1E08 |
1EQT
1E-08
1E-08 |
1E-10 |
1£-11
1E=12
VE-13
1E-14 f
1E-16

—=— 512{aimulation)
312(analyals)
~m— 128{simulation)
===+ 128(analyals)
—a— 32(slmulaticn)

loss

#o0f plana
agl 4, oot =714 WGSNY 4] E4d

¥ Aellde 29 AYs $49 A5 AN
ek 23 4% GSN9) slpel Wit WGSNE] A

24

20

g —+Paallal 5N |
~a~ Wenvad QSN

5 r-/’—./—.‘—'———‘

1 2 3 4 -] 8
numbar of plane

7 6. 64x64 PGSNIE WGSNE] a4 x|d w]d

1200

1000

—#— kPockout
—=— gunahine
—a— hatcal

—H— TLitiret

—X -~ tancem
—a—rarouling
—+—ahufflsout
——DSN
—=—B3N

- Woaved QSN
—u— rarw paralial

800

crosspoms per 1f0 po
o
=]
Q

400

164 a2 a4 128 286 812 1024
wwitch size

O3 6. kel 7Y 2e]s) ofE oH)es] [0 X

B} crosspoint 2] H]al

A4 29 AU ¥e AaEd =T
Uk ZH 4 B vle}l o], we] Ay ¥
A9 At SR YAl a7 5 e
2] A}2] GSNel| HHPHOZ traffick FAMEe
Zke] F-Z(Parallel GSN, PGSN)2} WGSNY
I Al vl AsHE 2e9ge) 3% GSN
E7He) A H¥o] WGSNolA9] deflection &
Ho] PGSNY] deflection T-Fuc} w7] wfife]],
H Sellx 2w vl o), A A Aj7ke] WGSN
o] PGSNejl nisle] w2 ghg 7RIck 19 5e o}
Ed, PSGNe] Akt 2] GSN& 7Fl of 4 =
ode] opf Ir}, ozl UH maffico] o}F £ 7

61

www.dbpia.co.kr



T EA 2 =72 "00-1 Vol.2$ No.lA

4 whijolAl9] deflection &Hge] & & 7K
dl4] 7]qltick mERl, WGSNE) 74 GSN®] 4
7} 10llA 48 F71g of, a4t xodo] Fvlshe
A# Belchk o]z GSNg| 47} A of, WGSN
AellA 1 F Az 71K AEe] A=) A
A 2 Ade] g€ wEolck @), GSNE
27t 44 622 FIIE o, AT $9lolM9
deflection &Hfo] Zhrate g Hajzq) ot Ade
agicl, 18 Selld, e4x64 WGSNS Al =4
Al7ko] ek 6.8 Folch =i, o] g 6709 w@
® 7HIE 64x64 Rk wlag of, e M3
2 gtelch

I 68 AR ZAAsNA Wikl ZRIRY 71E
2] TR &I} WGSN2] crosspoint®] <§ w2t
AT 29Ec)t 29 69 ke Zte) agd
Al load7} 0.8} of, A Aol 1070 & THele
crosspointd] 4§ EAIR Zlolel. B EeMe
WGSN3} vle] diafe A7) A= Aol g Al
22 A<l speed-upe] glv TWIEE Y
slarh wiehd, A 2R Ao HRlAA @A
& Pipeline banyan”'e}v} 2vR9] speed-up& 7}A)+
D-Logic®'¢- W) z8) ciatellx] #ejstsict.

v.d 2

£ efode ¥Abgel spbt q2-E /e
ATM IX7| & ARMcL JF & Ae, 2] 4=
Aoy whaj9] 2-4-9(adoptability), Te]3 AL ¢
U = po]  fd(flexdbility) & T2 B,
ATM 3R] AA# 9% 718 ¥ako® GSN&
Alslar, A wbAE A-8ee] Weaved GSN
TR AAEsck 2f7)9] 45 2T %
7 E load?t #E 12 EsE AR 2o
AN ¥4 mYg o]gsle ZlFeigc)k X4z}
29 MY Az Aokel mgde) 7@y A
Ul Nkl ZWigE g wlssle] F4det
A EAEE 7] 8 B AR sf=de] 3AkE
& 274 Be gtk

#28Y

[11 F. A. Tobagi, “Fast packet switch architectures
for broadband intergrated services digital
networks,” Proc. IEEE, vol. 79, pp. 133-167,

62

[2]

3]

(4]

[3]

[6]

(7

(8]

[

[10]

(11]

(12]

Feb. 1991.

A. Saha and M. D. Wagh, “Performance
analysis of banyan networks based on buffers
of various sizes,” in IEEE proc. INFOCOM
'90, vol. 1, 1990, pp. 157-164,

H. S8, Kim and A. Leon-Garcia, “A self-
routing multistage network for broadband
ISDN,” IEEE J. Select. Areas Commun., vol.
8, pp. 459-466, Apr. 1990.

A, Huang and 5. Knauer, “Starlire: A
wideband digital switch,” Proc. GLOBECOM
‘84, pp. 121-125, 1984,

J. N. Giacopelli, J. J. Hickey, W. 8. Marcus,
W. D. Sincoski, and M. Littlewood, “Sun-
shine: A high-performance self-routing broad-
band packet switch architecture,” IEEE J. on
Select. Areas in Commun., Vol, 9, pp.
1289-1298, Otc. 1991.

J. 8. Turner, “New directions in communi-
cations (or which way to the Information
Age?),” IEEE Commun. Mag., pp. 8-15, Oct.
1986.

P. C. Wong and M. 8. Yeung, “Design and
analysis of a novel fast packet switch -
pipeline banyan,” IEEE/ACM Trans. on Net-
working, vol. 3, pp. 63-69, Feb. 1995.

T. Kwok and F. A. Tobagi, “Tandem-banyan
switching fabric,” in IEEE Proc. INFOCOM
'90, vol. 2, 1990, pp. 677-685.

S. Urushidani, “Rerouting network: A high-
performance self-routing switch for B-ISDN,”
IEEE J. on Select. Areas in Commun., Vol. 9,
pp. 1194-1204, Oct. 1991,

B. Mukherjee, Oprical Communicarion Net-
works, McGraw-Hill, 1997.

S. W. Seo, P. R. Prucnal, H, Kobayashi and
J. B. Lim, “On the performance of a class of
multthop shuffle networks,” IEEE Proc.
ICC'93, Vol. 2, pp. 1211-1215, Seattle, June
1995.

S. W. Seo, B. Y. Yu and P. R. Prucnal, “Bit-
level packet-switching all-optical
shuffle networks with delflection routing,”
Applied Optics. Vol. 36, pp 3142-3146, May

multihop

www.dbpia.co.kr



=E el 71t ATM 287]9) A8 AF ¥4 - Weaved GSN

[13]

1997,

C. L. Ng, 8§, W. Seo and H. Kobayashi, “Per-
formance analysis of generalized multihop

1996\ 99~¥A - Mg 7| Ty I
<FHY o TS B F BNY, AR 2
SigR k!

shuffle networks,” IEEE Proc. INFOCOM'97,
vol. 2, 1997,

[14] §. Z. Shaikh, M. Schwartz and T. H.
Szymanski, “"A comparison of the shufflenet
and banyan topologies for broadband packet
switches,” IEEE Proc. INFOCOM'90, vol. 3,

1990.
ol ¥ f(Hyoung_Il Lee) Y
19973 28] : AFHYE H7)F
o EY
19999 24 : A-goitha M7]F-
L Map
R 19994 3% ~9A) : e
T A7) gy kg

<334 ol T 4%, QoS Routing

E # F(Han_You Jeong)
1998+ 24 : Agehghar
A7lEay 24
19983 3%~ : AE e
| A7V BAN ARl
§ <Fy Bl B FAUY,
3wy

A & (Seung-Woo Seo) kiR
1987 29 : AFoEha
A7) 34 4
1989'd 24 : A4
7133 A}
19901 341991 64 :
AE g Ay
7124y g7 W AE
Feha A
1993'd BY~1994d 741 : v WA o} Fo)
L g B g
19943 8Y~19961d 74 : ¥ TRAE fut A7
Ayt 9 POEMATA o7Ri(vl=
et At A Q1))

www.dbpia.co.kr

63



