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ABSTRACT

In the Internet environment in which best-effort services are provided, we need to guarantee end-to-end
performance rather than hop performance to provide services with a variety of QoS(Quality of Service)
requirements. The end-to-end performance is affected by many factors along the path of traffic flow. Most
existing simulation studies are concentrated on a single node or a few nodes. We need much different approach
considering the simulation execution time to simulate a large-scale network. In this paper, we derive
requirements and present methodologies for the implementation of the simulator to simulate it. Then, we design
and implement our simulator using OPNET. Performance evaluation is carried out using the simulator for
large-scale KII (National Information Infrastructure in Korea). We use a self-similar traffic model and present

some results on the end-to-end performance metric for the networks.
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18 | 40 | 60 | 38 | 40 | 60 | 58 | 30 | 70

19 | 40 | 60 | 39 | 50 | 50 | 59 | 30 | 70

20 | 40 | 60 | 40 | 40 | 60 | 60 | 40 | 60

282

E7 92 =29 o EdY #F vE

o HU N;; m

(o

gq

qoz WAL + Qe vg

=2 S =] =
ol R3S (| mane | 21
A 15 2.6 2.5 2.5
B 1.0 15 15 1.5
A | 15 1.3 1.0 1.0
gA@xd | 15 1.3 1.0 1.0
FFAL| 15 1.3 1.0 1.0

3 AY 7] EYY 55

| ZTAS B Aen Gl s

BT, B, o] A AAD 3 % nhepo.
2 e olinl A Guel B B
H 9% 2AZ F5 W gl

hul

e =T 2 4 gt e 9ne gE

ek ol wigoz BAA BHA) NS A
o] 7} wcolie] BT @ Ao BHA) v
AL = ded, 2 AL v 2k
oy NG xzo] EY WAl NTViy
Aele] ; wEdlN 2 Aels] te x
; Rint'y NTV'y
W Rintht Rext'y <& ot
N YOSNTVY
S Ry ¢ =M 22 AY HE k=R
Uz vlg,
Rextly © =004 & A9oz vz v&
Aee] [ wEoA BE A o) re=
2 vz g5
step 1. n AGY ¥ EY Hg HEZHX
(EF y. ... EF g ° T30,
( A4’: 5%% ;11‘1:?:)
M
Z‘IEFSZI
step 2.y AYY] == =HEH [ AYY k=
29 9‘141] W& pph,
RD Rext'y T NTV"
M Rint'y+ Rext'y AL ;Al NTV:
@ o4 A9 F ==F

i o

) 71e) S0 W 5 B vl O
BobA o W sl gk kg ikl
& gled, olgie thewt e BAES A

www.dbpia.co.kr

G 3 A el BT Ehlo] A9 v

<= 41 A= AAs)




N J\{JJ
N

&
ofj

P

o

=2

12

e

z
=)
o
o
u
7

= 16 g
e o rf
=

18 |m fe

B

g o &

RO
X

CISISICICICEE®ISIO)
N
oﬂoﬁ

f

[ N

m

442 AR |x|o| A-I‘—

2929 Hes UeMe IEEe Z0] 29
X|(ACE64 715 9Gbpse] Agl&)<l -5l 1,226,
415cps, M2~ 22]X|(CANS 715 : 5Gbpse] *1E]
?E_r)o] Toﬂ 11,792,453cps 2 7331t} 25
o] X = &= Tolly Group2] A&
= H}E‘r_s—;' A2 ZH9-El= 1,000,000 1,200,000
pps, TZF-El= 10,000,000 ~30:,000,000 pps 3
T ASS FRE Aow AR gg=
gk DeprlHe WER tiEiMe 25Gbpsi a1
944 REO 155, 520Mbps§ AAs)E, 53 Eﬂ]
9 =S AYsh] fste] g 85% 7k
& gZo s HAsIAtE webx J2 85 7

2,115,072,000bps$}  132,950,000bps 2 =X|3+2

at
v,
T Stk

443 M5 Hz

Qe o) A B A AHgEE A A=
]

= 424, Aele, A, AdHo], £HE Tl 3
=H, & =elMe s B7HE s A A

&8 1A &5 FE =8 Yehie A
=2 A AEleA ARHE F9t Ho AA
°] 100ms °|UE s oo 3= S ARSI
AgEe =& 9 JAqAM HY&S BT a3t
oo} gt} o|RAL & A FEAE YAt 7ﬁ°1
o, YEYZ ZF Aolox Fo Fre TR
ATk

V. 85 2o

s 5 } Jo Aol g Bk 29 5
FHAT. A WA WANNE, 10749 To] =S

o 74 % usel dig A5 B g 2
otk o] WAE Edlg idel e WE
AR 2, 7 ARelNe) B W% @92 )

a87] 9180 oJe] ) oAl ARse Fas] ¥
Hel Al ARE Fohix o] Fo WyskE =
el b Pt 290 59 INES 4
e 0

HAAE, 75709 =EER 7Y X
7hg 7,%101] EH?} eH7E FRIH 1
= gig FE= 3 HA Al 2
o =34 ilx*ﬁ}ﬂ o] HEAIE AH-SI 1

K B 4
3*“&

°] W%IOM #HHe| BE= A" UEAIT)
RhEolAd, 1 okl i UES T tisiM Ed
AFE S7MIA 71 o= Axe] EY ST A
HER o] o= ARFE wAsh=rlE A5
°|E df2dlr] A% BiekES AT

5.1 AlLi2(2

2 =wdM dds A Aveles A48Tt
Wl wet Zod Hrlel] d¥EEe FE S
Al BEEe FEeE Urol fr“éo}%ii}. 38
& Adele 7S HoEn

AAE AU EL FolWe %S Bk
Qe 452 A8 & A9 7l EYE 588
8370 Zoiwel ALgH HIAY §o]

9] HEgo] FEIAZ FHrlshr] 93 =5
o}l Zoje] & A Yo Je Fo] == shHo]
HHA AZE 7 AFA A= QL
2 7P SEiMe R =28 Afste] 2 & 9
th ol WHoE EXA TEdh=AlE AlvE|e

o o3 Z2se =elHl ARl &S
AU e 12 & 7o) Fo] trt EX s

w9 Inout ET] #FAEFo] HEE HAAS AL
2A, azoXe T BHAZY AR =20}

8 Avele 74

W o9 | auee | zomm gm | TA¥
el
A o
. J12]2 1 | Fullmesh
AlUe]L 2 | Half fullmesh
AlU2]L 3 | Fullmesh Fullmesh
=711 | AUElL 4 | Fullmesh Star
A AlU2]L 5 | Half fullmesh | Fullmesh
AlY42]Q 6 | Half fullmesh | Star

283

www.dbpia.co.kr



ha =
Aso} gl 3o} wE8 Afdle] Edue Ak

Al e 2 PlE] BEE 2AHATIA 4 A4

2 woo) Edjg WAL ROAG Aol BB
£ o) BAA Faol wWeh a1 =

Ao oA)-z10] Aol fullmeshel 75 1 2
o @2, o] W ;oje AT 12 HE A
© 19] Case 19] FOlY AfQ. 3E g o
Az ol Auele 12 B8 Poldl 35 Ay
AR EdBe aE AgHe HiE B2
o] WASHE AL PESFI ol e

oA AZE A8el sk ke Rk WE |
ol Sl A ke A9E EdY FAE 2
of A2E WE AE 3 o) sty 99 o
FEL ANBL AL FIANA F U S
AL o) Sel Hhg A5 HPH

A olmo] Aol sardel A5 18 29
O F 89] Ao 4o YL o] W sofe

AUElL 15 et
5.2 Do|AE Zn}

52.1 To{Ae| M= &It

sl s Bk & EY 1.02Gbpsoll A
B AJRslel EYRES S7A ThEA BE @
o] WA= AYA Al elAS FAEAE =
=9 B ARAE F BT me 2eA
™, 1.02, 9.443, 1340 2 18Ghpsol| el B3Itk
a9 e 7 =9 i T AAS el
93l AlEH oA AlRE 5% Fet AP Aok,

% EZfZo] 1.02Gbpsol A 9.44Gbps7t E w7}
A sl 7k 71%9) FERE AA 100ms o E
RHEESRAL )Tk 9.44GbpsttE 729} 85t =E=F o
88k EFe Ado] S718l7] AlFélH, 10Gbps

284

0.1800000
0.1600000

0.1400000 [ —m— &l &t /
| |——3s2 /

0.1200000 e

0.1000000 [—H—6— &2t

4 7 %91

0.0800000

0.0600000

0.0400000

0.0200000 F

0.0000000 @ t !

A 4
1.02 9.443 13.4 17.866
& E2}4(Gbps)

o

Uz A, £ wavIs B9 2 Ss) Ag
B, P99 2904 1 84 MBS RIS
o 3 §ERRgeR Q) BAl7l BAE gl
N Ade] wedN AAE EdFolei AL
PEY 5 glow, 53] g A woe] Ed @
4719} 298 Alelo] Eo] WA ARY
B 0] =9 §uo] BAAsTh: A DY

& 9k

2 o] === Aslae BT 200ms o4
do] LASHH, Alg AAo] F7lshs FA

ol {E o] FASH YehdS & 4tk o
oAl 7+ & CXe} Fo] 7He] 3 KR
155Mbps7} Tll-¢- BEsith=s 2L rlsiy AlE &

= =

- I - I =S B R
we we we we
A A A d

F910218614| 3 (0210501 | A [ 0.159440 | 55 [ 0.135417

913 10223579 4F 0212510 75 [ 0150032 | A | 0.140545

9 0214083 | A1735- | 0210837 | '3} | 0.135835 | A1A|1F| 0.101943

5 (0224112| B3KE| 0212950 | FF | 0130611 | 3} | 0.096290

QFaF 0218019 &3} 0238616 | BT | 0.152418 [F52E | 0.123472

W& 0223050 HE |0215074 [\FTH| 0.151692 [ A1F13E | 0.096201

www.dbpia.co.kr



=% /OPNETS ©| &3 thife

W % 2AdYS A% ABACIE A % 7E

AloA 84 Z7P7F 2] e AT

AR Fojwol| ARRE RE ¥3E 25Gbpse] F

A 9Ee 7T lom, 29 2eE] AF
2 o] Ayl TESIE ey HEo] wAst
€ 10Gbps= 99T oflSX]Q1 17.7Gbpsol] & W]
7] WZell Zad Fvhde] g FAl HE
o] WE Aoz HZFFLh o]AL FA YE
A= AL FAgsior gk st
= EdlgFo] 10GE HouA WEo] IAsh=
o BAEE 2] AL o)A koA Fo| =
=2 A&she AT 2BE 29213 34 FellA
s, ol sldsly] fEiMe gt XA
F7PF a7EEd 2R EY 299%)9] 2R QIE
ol 71&S RIEIA A MEx e o] k=5
A8l X9 W 7+ SAEZEY s)Ae S7AIA
Sthe A8 =9 5 ok

HEST 848 A5 H5e UEawe 298
HAFAL 53] 2] AL Ed 2de] F§ A

< HAESINEY, §39] 50% o3 Bt 4
Zx} AA grol FA3] ZTIsle] o= Fx A
Qe ARE JERITE EEE AJEH o)L S84
Zro] 225 Agsh=dl oF 72 AIZE o3l Al7to]

Ay o859 Ae T3 Ve -3t s o

f

w4 A9, 2% 2ud AR @A) A

o) MgEE B BRE @de oz 2w
Aee & 4 Utk =, =o| wE upne Pre
YHOR A AAHT Raz Bt e
5ol REsfe] =o] sl WA AEFAE
SowA wine) gre wEsee Jow g
dek @A WA 28 Zudk T oled @
4 B 5 glom, 24 oA wune] A 9 =
=g AAATE LT, 55 sof Wunke] 3
FE 10GsE B B35 BREe) W] R

+ 10Gbpsoll A WEo] whlsh= 2|He] 835
/A b FE, 53] 2o 1 FAY El
Aol o] BAT=AE Hrgi

« FOE )Mol WES 3Fslr] flste diAl
HA2E =t

A9 AciE =g a-su) =AEe R
ARS AS HEEd] WS A/E o3
ek

APl A3 N Aoje] Ho] e

Aol 0|2 BRI

it

=
[<)

o ALE HlolE ol B RRe] g s
Sz 4R Aeln arld AN 2

s
=S

ro

e :LEHE AMgEE] ok ol /pAslEw dlo]
BIE A3t A5 9 248 Sl AFrlsjof sk

VI 2 o7

B 7Y UEA AlEHolE7}t Fh-8eTt o}
Yzt tiet A7 Z2AECAN A ol F
2 4 48 AlEEolH 2= M3 AFS] OPNET,
CACI A}e] COMNET, Cadence A}2] BoNeS S°] ¢
ok T2y o] = FollA o= A st AlEE
olHZ JiE Ze otk 3K =Hllelx
AHEEDL Q= AlEEIO]E] 2= NS(Network Simulator)
7b ok NS= TCPe} 2heH 2AlEd dare]Ee]
ofe] 7Kg Adske ERAIEGE AlEYClH
¥l pojellNE 71ES] w=AA AEdeld wHl
I £ZEOlE =] & 7hed UIESA A
gHlo|ds A-sh] S WS ZIssta ok ol
Ao A= 19 627 7)2] PTS(the number of packet
transmission that can be processed by a simulator per
second of wallclock time)7}<]9] %58 7|95t &
71]% 1,536 /M8 Z2AME F-EskaL ok 211004
SE(parallel object-oriented 51mulat10n enwronment)
o= W¥E w2l 3-8 45 leted AL
1L Aok 21]914= s E’\“%H A A
o] AlEH o)A ARhE ©53] f1ste] WE
aRHoR o|gdhs & TFedt AlEd o]
< 7=dth
=rdAMe B A7 Bfsia e A
E#o|E ] OPNETS ©]-&sto] A7|-#AF E
585 aefste] sk Ihdol tigk AlEd)

8

{1

O

m

(o> ol oot
o,
to

o0 g
Z oﬁ

& 2

B ERdAE dite gl A%
) 9190 ABElolEE A z:ﬂ_—s}aa
8ol 2u% ARyl W] Qos A5 ABH e

www.dbpia.co.kr



=3A] *09-03 Vol. 34 No. 3

2 Fatol YA Wt e 29A Ead

2014 720 POA 7168 Agale] 714

QY Al e ARG A% Bk 9a
1

£ 37 2 A4S e T
AUl 2 FEL QoS A S a7,

ety vEY= Eﬂ%‘/l AEFo)Ae Beg 3
Je 718 == el AlEFe|Ml AN
o4 mela 7HS YEYT g Iz 8
A, == Y ST g AlEgeld Alzte] F
23] F7PIER A3 AIRE ¢l Adee Hrisitt
Zo] E71sd £% Uk aHEE A% i
A A2 2dy HIHS ga g
B2 =RdAe ol sl AlEdelA 3 Azt
I} AEFolE Y FEE ko] AHE BAZS HHI
oA “Pi*l
A=sttE 5, FARAY AUET) o= A= A
7421 e ellA] mdzs Holgk 7HErelsidh
- _

G (Y

oL o
£
)
R

Hol gk we Edg 24 2 dol A2 A4e
Waslel tAl ZRES 26 F P A5 ATM 7
Zuke THo] EPech 3 AAl% 5UT 27

2 B T PEeIA 2913
% oY HlolRe) g WRORA I &
E27) 740] FF5HES BEUk

SaE ABeoldolNE AEdolERE dg
stz ASE gk Ao ok e}
@ 7Fsol Ik olzte @xl AEYl EdgY
A AR 2 54 g0l U a7 Ant $E5)
wpoln], 55 Fe) A% EdhE 54 2 £ B
Fol w3 vIG gelelA F1% Zolck mebd
B uoh YIS 2o 25 2 2 Aeo] B
@ A%2Q @77k a7

3
rot

=

[1] N. Likhanov, B. Tsybakov and N.D. Georganas,
“Analysis of an ATM Buffer with Self
Similar(“Fractal”) Input Traffic”, Proc. of the IEEE
INFOCOM’95, Vol.3, April 1995.

[2] P. Hall, “On the Effect of Measuring a Self ~Similar
Process”, SIAM Jour.

286

(3]

[4]
(5]

6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]
[15]
[16]
[17]

[18]

[19]

259, 0% A A4 Be] el Tx 2
SFAAE 918 237, COMSW98 Sh&h3tr
3] =73, 1998 7€

OPNET Manual v.6, Mil3.

D. McDysan, QoS & Traffic Management in IP &
ATM Networks, McGraw Hill Publishing Co.,
2000.

B. Tsybakov and N.D. Georganas, “Self-Similar
Traffic and Upper Bounds to Buffer Overflow
Probability in an ATM Queue”,
Evaluation, Vol. 32, No. 1, Febr. 1998.

W. E. Leland and Murad S. Taqqu, “On the Self
Similar Nature of Ethernet Traffic(Extended
Version)”, 1994.

M. Crovella and A. Beswtavros, “Self-similarity in
World Wide Web Traffic: Evidence and Possible
Causes”, Proc. Of ACM Sigmetrics Conference on
Measurement and Modeling of Computer Systems,
May 1996.

A. FErramilli, O. Narayan and W. Willinger,
“Experimental Queueing Analysis with Long range
Dependent Packet”, IEEE/ACM Transactions on
Networking, April 1996.

V. Paxson and S. Floyd, “Wide Area Traffic: The
Failure of Poisson Modeling”, IEEE/ACM
Transactions on Networking, June 1995.

B. Tsybakov and N.D. Georganas, “Self Similar
Processes in Communications Networks”, IEEE
Trans. on Information Theory, Vol. 44, No. 5, Sept.
1998.
http://www.nlanr.net/NA/Learn/packetsizes.html,
WAN packet size distribution.

S. McCreary, and K. Claffy, “Trends in Wide Area IP
Traffic Patterns”, http://www.caida.org/outreach/papers/
AIX0005.

P. Flandrin, “Wavelet Analysis and Synthesis of
Fractional Brownian Motion”, 1992.

A AR A K, htp;/fwww.localpower.conymapl htm.
IMResearch, “KIUSE Report I”, 199813 62

The Tolly Group, “Cisco Systems 7513 Router Test
Summary”, No. 7295, Oct. 1997.

The Tolly Group, “Cabletron System SmartSwitch
Router Test Summary”, No. 8291, Oct. 1998.
Lokesh Bajaj, Mineo Takai, Rajat Ahuja, and Rajive
Bagrodia, “Simulation of Large-Scale Heterogeneous

Performance

www.dbpia.co.kr



=&/ OPNETS |88 it & As R4S 913 A Edole 24 3 74

Communication  Systems”,
MILCOM’99, November 1999.

[20] Fujimoto, R. M, et al, “Large-scale network
simulation: how big? how fast?”, Proc. of Modeling,
Analysis and Simulation of Computer Telecom-
munications Systems(MASCOTS), ppl16-123, Oct.
2003.

[21] Wilmarth T. L. et al., “Performance prediction using
simulation of large-scale interconnection networks in
POSE”, Proc. of Principles of Advanced and
Distributed Simulation(PADS), pp.109-118. 2005.

Proceedings  of

)

g2 M = (Jeong-Sook Park) A3

19943 29 EAAxstw
A A AL

19961 8¢ tiTrEA7IEHU
gt AEA g A}

2001d 29 HiFREHUS
LA Bt

2001 29~@A S=HAEA

231
19719 39~1978'd 29 17
e W7 A e
19851 8¥~1987d 8¥ w|=
Z2Evsd] g HAFET
gt

198738€~1992d 129 W=
gyl oiskd
Elec. and Comp. Eng. MS, Ph. D.

1978\ 19~1978d 11¥€ AAEETUE

19783 119~19853 79 A=A HH)

19799 69~19801d 6E W7ol WIEA}L A

1989 19~1989'd 6¥ W& =2fEetolUSHY|
Dept of Elec. and Comp. Eng. TA

1989 7€~1992\d 9¥ wlx =2l EElo|USTHY)
4 CCSP (Center For Comm. & Signal Proce-
ssing) RA

19929 10€~1994d 2¢¥ S=r7AFAATH o)
AFALATH AdATd

19943 3€~AA) ti7/EYdigla AFEH - AR1T
AFER wg

2001 1¢€~2006'd 129 $H=r3218ks] &3)x] Hy
A

2001 3¥€~2003d 2€ tiTFEYdista o)
g 99

2004 2¢¥~2005d 2€ SHEAEAIATE AR
BodAyd A1

2008 149~ QA AR E 5] R

2009 1€~ @A dHYRANEE] HHR T AT
L R

<PAFok YESI Hl BeN QoS &

S
94 299 g Us Vs, S e

ecurity,

287

www.dbpia.co.kr



	OPNET을 이용한 대규모 망 성능 모의실험을 위한 시뮬레이터 설계 및 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 모의실험 대상 시스템 구조
	Ⅲ. 시뮬레이터 설계
	Ⅳ. 시뮬레이터 구현
	Ⅴ. 성능 모의시험
	Ⅵ. 관련 연구
	Ⅶ. 결론
	참고문헌


