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ABSTRACT

In this paper, we proposed that the synchronization and secure communication methods for build small
world. In order to accomplish synchronization and secure communication in the small world, we used Chua’s
oscillator which well represent the chaos dynamics and composed several stage with Chua's oscillator by
using coupled synchronization method. This paper shows a secure communication result in the small world
network using coupled synchronizaton method.

7IHE
Complexity, Small world, Secure Communication, Synchronization

.M B HAAEL VEAZE 28 T< BG4 %A

HELIELS A 2 & @50 =g
ZFx k. guz e VEYZY 3L T4
o) 19963 8€ 10 vl= LT FolA] FAYF
2709) AYAN Al A4 117 F9 209 AN
t} Auke] oF 1641 E¢ 700%He] Flo) AJNE
AHEEA R3le 15 I =3 29
d2 A 20033 8¥ 149 v|F BFF AFdA &
A FHotel JAoz Al v)F BFRE (97
At NGl LPFL FAo] o 8007 FH
o] A7) Qe ¥ &ol Bujobgt U} 2000 5
4 49 Love Bug worm nuio]g 27} AENE F
At AMA FX F4 o $9 £ AW

k. HAAEL F2 AEFE 949 9412, A
g A% a2z, 4E9 veEy WEAZB-6],
WWW(World Wide Web)[7], Q1E14l ¥ 2[8], #}3}
Z 2% A9 Q& EYAM], A3} £& 29
x[10], Sl ML 7/HA 73 gt

AAA o= Eo)E FHY XA dojues &
T AAzez 4A & 5 e Ao +8 =%
d tirkeh ek ol F e TG HELYZY
wge) 3A P& 4 Ao Hokd Aot A
TFEZ U2 FaA sie @45 $E€ small
world ®E+ scale freegbil R&t}

Small world ¥ scale freeE 9% B4 Al
o] Ahal, Eg3so] el qe o 7R )
A olste FAE AAL Atk 2R HE HE

0 TC 5w Fopch e HRAS AT BEHE

YR 2004. 8.7



Small World %8 3% 5718 71¥ € 9 §4

A=) 71389 vlE 13 g FA o)t}

small world =& scale freed] i3t AF 2=
Stenen H. Strogatz”} A1 small worlde] of g
3 EAE A1 AUt deH ols FA
2o 0y FHS o] &3td FAHoIY FH
HAQ WYL F3ld VWEHIE EHEE 7Y
S AZsgc =3 LAN Amaral 5 small
network Z&ol 3 b 257 71H& AA[12]
3 d7E Ut Debra. S. Goldberg 52 small
networke] A A@H o Fr g A5 Z&d U3t
A& 7beAe 9% A3 13l= o &9
small worlde] i3t 2& G352 small worldg
9 FA ot e ol W o] fo 2 A
2 ZFF 3t AFHAE ¥ AAF L E small
worldE FZ38l7id] Hag 5713 71 FAE
SdAEA AAE Y glon ofe] K B A
T7F Bagt dAeth

old] B @AFd A+ small world 7+£& 9%
%718 713 ud 54 7[HE AAE 1 A
g A3

1. Small World

2.1. Small World JEQ =

Small world %€ A UEHZ 7FA4L Hsl
Me 218 1 37 P9 22 AFH0)AR ¥
AR T g MEAZE FA3Ao geh ol
EQI Ao did 2dL AY A5 1gE,
BN VENZ, A3, AHY 3G, 409 2
2 A4 AgL 2dE UEYIE 74T

Smatl-world

=0 » p=1
g Increasing randomness g
a3 1. 37 UWESHZ, small world, 3iE HEH3
H|
Fig. 1 The Compare with regular network, small world,
random network.

2-2. Chua’'s 2A#olEI=ZE o] &3 Small
World 74

B ApdAe 1Y 13 22 Small World WIE
3 FAS 93 HA 19 29 2L Chua's 2.4
dolH2E 1A

3% 2 Chua's 2
Fig. 2 Chua’s circuit

29 29) Abe) WAL Ted o] BHA,

av,
Cl—ajt* = G(v,,—v.) —g(vg)

dv,, .
C2 ar =G(vcl—vCZ)+zL (1)
L% =— v+ Ry,
AN Ve Vo 2tz sisAg €, G9
I Ak, pe AYH Lo z2E AFH,

G=1/R g( )& vlAd¥ Agozxn 227} 2o
BEHE e 37E A3 E4(3 segment piecewise-
linear function)o]t}.

gvg)=mwg+ % (my = mo)llvg+ B, | ~lvg=B, 1] (2)

A71A mye 95 999 71L&7], me WY
g9¢] 71%7], £B,= break-pointo]r}.

2929) Chua's 2 A#lo]e H2 & ol §ale] 1
g 33 & Ao & small world EYAE 7
A3t

1115



BN FHYE AN =EA A8A A55

23 3. Chua's 32§ 0|838t0f #4353t Small Word
WES3
Fig. 3 Small world network by using Chua’s circuit

a9 39 g8 PFHel O due FEG
| 4@)3 2o

dv,

Cli# = G’( Ve ™ vcli) - g( va)
dv, .

Coizr = Gitw,, ™ Vo) T 11 )
diy; .

L,‘?’f == vt Ryjiy;

o71x vl dd A A @)} 2ol &
a8 + 3o

g(vx)=movp;+'%(m1 —molvg+ B, —lvg— B,l] @)

o714, j=1,2,34°]t}.

lil. Small World #=8 |8 7|3 71y

Y 394 Z}Ze] Chua's 2480 JZE
ddse 93 Aoz A3y AY T Y=
o]fojFL ¢ 4 Utk 1Y 34X BAY FU1E
olF7) A% Bl WANL g3 2

dv,
Cu_jfu' = Gy( Ve, — vcu) —&( ”Rl)

1116

+ Rc( - 31)0“ + Ve, + Ve, + UCM)

av )

Cu—g" = G, V) + iy )
di .

L, dI; ==t Ryip

dv,
CIZ# = GZ( Ve = vcu) —&( URZ)

+R v, —3vc,tve, tve,)

sz“;{f’ = Gyv,,~ Vo) T ipz (6)
L=t == v+ Ryiny

Cuen = Gy(v,, = )~ elvi)

+ Rc(vcu + Ucﬂ '—3 UCla + UC“)

dv, :
C23# = GB(U‘I: - vcz’) + ZL3 (7)

di .
Lg—ﬁ' = Ucz‘+ ROI'ZLS
d

UC
Cu# = Gy( Ve — Uc“) —g(vgy)

+R (v, tve,+3vc,—3vc,)
dv .

C24 d; = G4(vm_ Ucu) + 137} (8)
diyy .

L4 dt = vcu'*' Rojlu

9471 R .= 43 2% Ayrld ALy, j

=1’2'3'4°“ t}]%]—a‘] C 1j= C 1 C 2j = C 2



Small

=
2
[=N
4
Ay
o
b
e

713 718 9 HE §4

L,=L Ry=R, R;=R Ng=N go|r.
2](5)-8)= o1&t 21¥ 37 22 small world

MEN A7} Hgdly] 98 R e 93x ol

& A &3 ANstd 19 4, 1Y S5 2P 6B B,

< 5718 A34E =

. . -y

;‘ o ¥ 1 TI"Y\\:s ? b
x (d U el AAY diolE
(d) Time series of ¥ ¢
A 0% 4. 2tcke] AlAIY oiolg
Fig. 4 Time series of each stage
L W s T"'!":s 2w £l i
@ U gttel AAZ Holg
(@) Time series of ¥ ¢ =
Z w
< s Atns Tm::. 2 das 25R% Wat » :
(b} U cottel AIAY ofo|E
(b) Time series of ? ¢ X B - x
(© @)
i g 5 Ztchef A 27t
Fig. 5 Phase portrait of each stage
X o
Z' wu P 7
- o o, - Py st N |

(©) U gEte] AIAE oolE

{c) Time series of U 3

a3 6. 7|5 Z3
Fig. 6 The result of synchronization

i
o e

1117



FZHYARFNGHE=FA) A8 ASE

3 4-6014 2] AAE wolEg HY T
o] A YNTL A ¥ & e o] AR
29 3% 2& small world A|=8loA AT
718} A#r} ol FoFTS #Y ¥ F U

Iv. Small world =& 2/&t bld &4

2(5)e] $AR 1Y 79 2 FHe] R
AZE AY3dc

P

o i
.- o Fr o 2o 25w e

a8 7. ®E MS
Fig. 7 Information signal

29 79 AR AEE 2P @ Be £
39 small worlde]q WAE Azel Fysiu
Y 87 e $4E AzE A + Yo

g‘uﬂ.&%‘zfi

¥

- PEs Yo toma P
siusazevry

a8 8 ME A3 small world 228 MR
Azolel B MHE

Fig. 8 The combitional signal between information

signal and receiver signal of small world circuit

Small worlde] FARAX BZI|E o} &3do
2% 29 ANEE g 99 Jehisith

HH

e . . .. i
- P (s e 2o 25 Tom
~ : £y

a0 28 MB
Fig. 9 Recover signal

1118

a3 99dA AR AZE YIS S AT
2 9l 13 99 A3 E FHE o] 83t PEH
& 272 19 109 Yehgled FRAs G B
98 2z N3 & vag 2F4E 21 119 Yeh
Kt

ag 10 EEegst 32 MUS
Fig. 10 Filtered information signal

Some :
s Yo s 200 25 s
>

ime

aF 1. B ME
Fig. 11 Recovetr signal

13 1164 small world $£A1¢¢9] AR A5
FATY 2PN E7 ANFE HA F 5 e,
o] 23} 1§ 33} 2L small world Al=H oA H]
g o] o]FAHSE QN & # ATk

v.d B

E A7 E small world #+&& 3 nin %
A 71Ye AAEn 2 A9E FAF3AT small
world 72 & 93 32 & Chua's 243l 3
28 olfaPen 49L& AF 57 HHor 3
23t 713 3l ARAZE AT F Ex3
gt goz Bog ZAF Hd F4 J1Yel #A
2 deo

Ho2s

[1] Cohen).E, Briand, F & Newman, CM,



Small World #%& #1& ¥718 71 & Wd 54

"Community Food Webs: Data and Theory",
Springer, Berlin, 1990.

[2] Williams, R.J. & Martinez, N.D, " Simple
Rules yield complex food web", Nature, 404,
pp.180-183, 2000.

[3] Kohn, K. W, " Molecular interaction map of
the mammalian cell cycle control and DNA
repair systems’, Mol. Biol. Cell. 10, pp.
2703-2734, 1999.

[4] Hartwell, L. H., Hopfield, ]J, Leibler, S &
Murray, A, W," From molecular to modular

cell biology", Nature, 402, pp. C47-C52,
1999.

[5] Bhalla, US & Iyengar, R." Emergent
properties of networks of biological
signalling pathways", Science, 283,
pp-381-387, 1999.

[6] Jeonh-H., Tomber, B., Albert, R., Oltavi,
ZN. & Barabasi, A-L. ‘"Large scale

organization of metabollic networks", Nature
407, pp. 651-654, 2000.

[7] Broder, A et al, "Graph structure in the
web", Comput. Netw. 33, pp. 309-320, 2000.

[8] Faloutsos, M., Faloutsos, P. & Faloutsos,
C, "On power law relationships of the
internet topology", Comp. Comm. Rev. 29,
pp-251-262. 1999.

[9] Newman, M. E. ], "The structure of
scientific collaboration networks", Proc. Natl.
Sci, USA 98, pp.404-409, 2001.

[10] Abello, ]J., Buchsbaum, A & Westbrook, ]."

A functional approach to external graph
algorithms, Lect. Notes Comput. Sci, 1461,
pp. 332-343, 1998.

[11] Steven H. Strogatz," Exploring complex
networks”, Nature. 410, pp. 268-276, 2001.

[12] L. AN Amaral, A. Scala, M. Barthelemy, &
H.E Stanley," Classes of small-world
networks”, Proc. Natl. Sci, USA 97,
pp.11149-11152, 2000.

[13] Debra, S. Goldberg and Frederick P. Roth,
"Asscssing experimentally derived
interactions in a small world" Proc. Natl.
Sci, USA 100, pp.4372-4376. 2003.

PNV

& (Young-Chul Bae)

1984 29 FSuidtw A2
g £

19863 249 FEulgudiay
A7 F gL FG(FT AN
19973 2¢ Fdigwoigy
71883 £9(3 A
1986~1991 =M= FA}

1991~1997 Ag7leA R HYA7

1997 ~# A o4 &tn @z}%ﬂﬁﬂﬂﬁh R
KEAHECr 94 F AAY, Fles Frigt
433 St 28 HA 9 Ao, Small World

1119



