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Fagol: Fto s FHA, vMRFH HA, A,

7} Q.2 (chaos)« ‘TEQRM) o8t o2 HE
sty ey #sto A dalke 7he o GOl 8
A E o] Aol ETstar FEfel dF5o] Evkset s v, Ad g
e ol AFEE oldliste e I3S &
U 7t a7 wAlstE 17l BEUbsslH L 2
dx A E7lsstAl W, wepA ddl #shr)eEe] 7]EQl d S 7hsd ol Al
7hsAd Y AldniAE EE5YA doh ey 7t AT AL YA 45 &
7hedh A o1 9 7EH] 29l wFel Aoy stk Zo] ¥ A vk

AAZ 22 A Qe HggdE FollA 53], vdE AAHEA sHIAZEH
AAE Ares FAAMS =,
2 A HolE Aow dFHAYBerliner, 1992; Chan & Tong, 1994).

2 AFoA = 7o A2 HEA(dynamic system)Z5-H Ao x FHA

RoegA AYstn, FALT A QxHerror)9t AfE Tl g FAEA
(random) AFEZFH A 7t ~E AHsl= A2 vy HAG7IH tisto]
=3, AAEZRo el A GA (reconstruction) HHHel W 7|WE ¥33 rojald
S AAESlHh
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e A4S e wEsAE adshak

xt+1:f(Xt)

ATNN, X, =(x ) 2y s K pogay),  £=1,2,- & AZE AF(index)el 3L 4= &
A1 9] ‘lag dimension’& 7} 7] X**O]E} ole] AA, olgs FHIAAE T
A 2 ZAR AP S 7t dAAS EFshE z]-EE /\g/daﬂ- 2= 9ty ey 1
AARJ A4 AL FAAT A= ¥E1 ol& 1} 5 TEE F 8l

T2 T B2 dAkEe] veAeR uF iﬂi‘é} A (logistic map)©]
t} (Tong, 1990).
oAlA 1. ZA|AE APAFL t}e3} o] Aoy 4ot}
%41 = axx (1—x,)

A7VA, y(=0,1,2,-)E NS mEE, 218k 4 <(0,1], ATE a0, 4]
A

AL 53], 5 >3.56994°1 WAy = el FAAMT A vERG.

o 8

OH

AR, T™ 12 4—0.500 ©1L 2710l 4 =0.013F Wl BAZE APl <
g A Amet W, THORA 2E s o83 iﬂi !
AEe Kol Fa dvh olelg Azl Hla] ,—3 569094 ©1AL
ujo] ZAAEYAGE 1Y 204 B npel o] v sfE Al 9 53],
R A%k Ol 5—4.000 (x = 0.382) ¥ Wl RALE AREE 7P2i el FE
ERI=S

o ATelA e o (simulation) S g—4 00 1L 271 L B TEE
[0,1] =7E BAE 7tes ARE ol&ste] £4& AdE=d, oy v
3k EE:]?S]—Z”#% /ng%zﬂ AAWE aglm AAE AEE BEAsE=Y 2 £
a9tk (May, 1987). T stye] 7t A~ddS b=t 83 3o 2A, A5 A}
(exponential map)©°] ‘”E}.

2.3 B4 [} [}

T8 L 4=0.500 (x, =0.013) & ™ol BAXE Aol o3 AAA AR (Lefn) o}
A Wy s, x)E 08T ZAEE BAA ] o] A F(Right)
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T8 2.0 4=356994 (x, =0.841) & MO BALE Aol g AAL AR(Ler) s
AL Wy s xS O18F 2A2E WA s)o) A (Right)

TH 3. 4=4.000 (= 0.382) ¥ el AT ARl ok AAL AAm(Lefnet
A" Wy s x,) = O18F BASE WA o] A (Righ

A 2. A5 AHH(exponential map)S TS o] Aol )

A71N. 1=0,1,2, -, %[0, ), rel0, 41°17 53, 5,604 2 9 A=A

AAR I 4= =500 °12L 71l 4 =0.7040118 € el A5 ARl <

|9 Amek o THeRA Y P o83 A5 WA o] A
& Hol Fa vk B9, I8 5% ,—g931 013 2718l y =1.187076 & ™
A4 APEE E=AIRE AR, A B nkeh o] H] SR Al o] HelH, &
8l 28 6 (y=3.011, x,=0.9095736) Nl A5 AES Thex o] A5 A

o
>
)

TR TE S (y=ate) FE {y=ae) O AEEL A o= 54 24
AR, BE R 250 oAE E4 @ A% gdouh ¥ ATdAt v ol
o
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- 4 =050 (x =0.7040118) & el A ARl g AALD AR (LefDHt
A Wy s, x ) 18T AT AN Se] A5 (Righ

Ao

‘“K_q_hh

TH 5 =231 (x,=1.187076) & Wl A5 ARl Lk AALD AR (Lefo
a]ﬂ U‘E(%n+1 UsS. Xn)% 0]—8-?:5} X]Zl: Hc}xg}ﬂ"q 3HQ 7%%(}?1;57/71.)

1.z 15

T 6. p=3.011 (x,=0.9095736) & ™l A ARl gt AL AR (Lefot
A Wy s, x )& 18T AT AN Se] A5 (Righ

Rz Slal we FAH AWE FAGEe] AAHIT. 15 F dEA w
He sign test (Gibbons & Chakraborti, 1992), runs test (Keeping, 1966),
turning point test (Clarke, 1973), Kolmogorov-Smirnov test (Conover, 1998),
Anderson corre- logram test (Yevjevich, 1972) 12]il Kendall's ; (Kotz &
Johnson, 1983) S°] 3l
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24 (randomness)¢} 7+ 2] 28

Qo A|AlE sign test, runs test, turning point test, Kolmogorov Smirnov
test, Anderson correlogram test 7123 Kendall®] ; test & 67}4[¢] A o
AR FAM FEI ZASE AP Ee A5 /\}*Jﬁifa BEE e s FEe
THEEA FFT o= v Eodd AxERY #ld = 4 vk

WA, s T2 el 2ARE AR a=4,000, x,=0.4691803)°1 47H H3=
7zt Adgsded, A, o oo dEl e FA $e S5 AR () zen.
aga S-S ATEE () MO, 001)i = A%, 2E A (9 MO,0.1D)
( N(O D E WEE AAE AEE 44 =AE Aolnh A A 2"l & 5 3
=0 1\:4 BAga ko = xﬁx}"l o] 7o HAS Blol 3 2= onjr.

o=

= ‘TX]

1 la) g — zero 1 () g~ ATD.O.01)

WA AR A e

WA AM A

| G g — MD.01) 1 ta) g — ML)

el i e Ay

L 7 2ARE AREC=q.000, x,=0.4691803) 27 e":‘" & 4 el
((a) &~ zero, (5 N(0,0.0D, () N0, 0., () N0, 1)) H1AEA=
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1 la) g~ zero | (6] & ~ log AT1.eM01)
| o) g ~ log i1, e™1) 1 la) g — logpil. et

I8 AT A(=3.731s x,=1.146091 )1M =3 ¢ 9 HH3H log-normal
(a) zero, (B) log N(1, ™), (0) log N(1, "), (a) log N1, e') 1 MAIBAL %
AR (@) zeo (mudtiplier =1),  LE1AL F&S log-normal

oy B A, LA A7 (9 log M1, ™M), (d) log M1, e!) & W2
xdsgk Aol

2 AFoA = olys HAES 5003 wHE RYHFS Fole] HE RYHdFS o)
At =, 2A2Y 9 A AR 2z gisid =100 Me ARE e FES
5003] REESlo] o] E& AT

71 A3(Table 2 #Fx), WA ZA 28 AR tis)A], =9 sign® 92.6 %, run
°] 92.4 %, turning point®] 90.2 %, Kolmogorov-Smirnov(K-S's p¢ 91.0 %,
Anderson correlogram(Anderson's 7,)9] 98.2 %, Kendall's ;¢ 95.6 % Z7to]
%3} ¥ signs, runs, turning points, K-S's ¢t Anderson's y 18] 31 Kendall's
£ 95 % AlF]F7Hconfidence interval; CD <tell =4 aFAth(Zt2F 95% Cl= 90.3
~94.9; 90.1~94.7; 87.6~92.8 ; 88.5~93.5; 97.0~99.4 ; 93.8~97.4 %).

gk, ZA2E ARG A AH A FAE i E AR ATE B Q)
=Hl(Table 4), Zt7+e] #LolA 100719 #FAE 2t 5003 RgAE zkgol o
ste], #5H sign® 95.8 %, run® 96.2 %, turning point®] 96.6 %, K-S's ;]
95.8 %, Anderson's yﬂ 94.0 %, Kendall's ;9] 95.4 % Z}7to] %<3t ¥ signs,
runs, turning points, K-S's 4, Anderson's . 71213 Kendall's ;9 95 % A=+
ZHCD otol &4 3ot (2 95% Cl= 93.1~96.9; 93.1~96.9; 95.0~98.2 ;
94.0~97.6; 91.9~96.1 ; 93.1~96.9 %).

o] A¥L sign test, runs test, turning point test, Kolmogorov-Smirnov test,
Anderson correlogram test 18]l Kendall®] ; test <] 7|Ho] FHAZHE 4
Aed 7te~g Fdsked F&kA XS ofnsrt. ofukeld, &gk 5003 &
o dE 7t A= (77} €t~zero)°ﬂ s A, Zhzke] 6719 SAFEC] 95% AT
ol 3o wA FOFE ,=0.05 NH F2EA(randomness)stth= #F7HEE 7]
735k HEokgl 7] wiEolt). ek, =3k 5003 RoAT JloA g LS ¢t

(e
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. MO, 0.1) N(O D)ol dalME= Zzkel 6719 SAZEA dE F
13 glem o A% we o] gich w}a}/ﬂ 670e A7 &
A ?'f} A Tt AR A AET F jles BoFa e Aol
e & Yilmaz(1992)= °] EAHFES F&3H “}C 7] el vk 2ol
| ©Eet §Egtl Aol A F-4d (reconstruction)s $FoZA s =E

Rm
do
2

’ ) 1812}, o] FAM3A (random process)
Ao mEvs AF/HEaS AAstaa & o, & WIEZHY lags (&£ st

( yl,"',yn—1) (1)
y2v '“v yVL

y 2719 AAse] A (DA A AR, AA A 2e
BAS7] Sy B AHESI A (DI T owA el A A2E
1AL ] ey, 2 AR A @8 Aenh 4 @F

lag=1" 973 7toll 2] A4 (reconstruction)S FA] 3},

( Y, y(nl)) )

Vi "5 Vi,

HEA 0y e 9,01 FRANGLE) GEWF ASHola 4ol F o, #54
yi, e,y (D@98 7 WA Aol A o R SRRl el Ao vt
A & 4 Ak o] 1AL AAE Table 104 B } #ol wde FEWTE 2
T TEREA w9 as BoFdy. e pde) FAA JhEE A
FleilM, A (@) Hd_aﬂ ol A7 71 F, AFedAA ATEE sk 6779

o 77t A8 sl
o AAZ Fasy] daA WA, dolsk 1009 7 H@A o

2=

—

Table 1. Simulation Results for 77d Series

Test Statistics Uniform Recqnstruct. Normal Reconstruct.
Uniform Normal
Sign test 92.2 95.6 95.2 96.2
Runs test 94.8 95.4 94.2 96.2
Turning points test 93.8 96.0 93.4 98.8
Kolmogorov-Smirnov test 95.8 96.2 92.0 96.4
tAenS?erson correlogram g ¢ 97.6 98.0 92.8

Kendall's , test 94.6 96.4 97.8 93.2
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Table 2. Simulation Results for logistic Map ( z=4.000)

Test Statistics e,~zero  N(0,0.0D)  N(0,0.1) N, D
Sign test 92.6 91.4 93.0 95.4
Runs test 92.4 90.2 92.0 95.0
Turning points test 90.2 93.2 94.6 92.6
Kolmogorov—Smirnov test 91.0 94 .4 94.0 96.4
ir;lerson correlogram 98.2 96.6 97.4 98.4
Kendall's , test 95.6 96.4 96.2 97.8

, = AAGAEE A7 50070(3)E A8k,
A 2] s 3 AT E el A8t

2=04d) 713 stell A8 A=Y 71
g AR HE(%)S HERH Zolth 1 AdE
=2

g 5 oge Auo wE g
o) §3E AFHY 7S
| ARe FRstn 2

oF
v ’
B w77kl AA7IMel A8
o s edd RS 2] vl $d =3 gl
2= olq,
T R
upebA 671x] 9] WA 7
718 EAHeAE e 7S
7he s g} ol& e ATAstel AR ARl 4 A8l
WA, 2o 2AsY FE3 T AlTdE =AY Fdd o
Z

A3}= Table 29 Table 33 £t 6F7F9 2AE Aae 72 4579 USs=
SHA ¢ 7k zero, N(0,0.01) MO,0.1) M0, 1)< © A& Aol
AF<4ak blel ko] Table 20149 Ax:= ZHzbe] 671A AAEA ] AHdHor
Fhe~dS A5 4 Slge AL Adgsit. ey vkek $1E 7
<
2=

A Aol 14 FAFE A8 (Table 3), ¥ B34
2 U BE/F obde Eakm Ak shbsd S oise)ol G T 2ARA A

- . .
< slgns, runs, turning
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Table 3. Simulation Results for Reconstruction Logistic Map ( z=4.000)

Test Statistics er~zero  N(0,0.0D  N(0,0.1)  N(O.1)
Sign test 0.0 2.8 30.8 95.6
Runs test 0.0 0.0 0.0 94.8
Turning points test 0.0 16.0 90.8 91.4
Kolmogorov—-Smirnov test 0.0 20.2 91.2 95.0
Anderson correlogram 63.8 0.2 914 95.4
test
Kendall's 7 test 75.8 83.8 93.4 95.2

Table 82. Simulation Results for Exponential Map (»=3.731)

Test Statistics E,~2er0 ]Qg 57(] 20.01) ]Dg DK] Z()l) ]Cg{ DK] Zl)

Sign test 95.8 99.4 93.6 96.2
Runs test 96.2 99.0 92.0 96.8
Turning points test 96.6 99.8 98.6 95.2
Kolmogorov—-Smirnov test 95.8 100.0 98.2 96.4
g;lerso“ correlogram g 100.0 100.0 100.0
Kendall's 7 test 95.4 100.0 100.0 100.0

Table 83. Simulation Results for Reconstruction Exponential Map (,=3.731)

Test Statistics e~zero  log N(1, &) log N(1, &) logN(1, &)
Sign test 0.0 3.4 49.4 82.6
Runs test 0.0 0.0 0.0 2.6
Turning points test 0.0 0.0 13.4 97.4
Kolmogorov-Smirnov test 0.0 7.4 36.6 97.8
Anderson correlogram
54.8 62.6 92.4 100.0
test
Kendall's 7 test 94.8 88.6 93.8 100.0
points, K-S's ;<] ZF3td 7NF7F 95 % A= F-3kel ouWst AFF AT A 2%
A ¢k7] uwEolt}, TS Anderson's :Lﬂ Kendall's 7olAE =2 H]&o] Z}
Z} 63.8, 75.8 %% ThAa M= Ié;ﬂrﬂ o] Helth ¢=o], ‘run’e XF3tE ¢
o1 95 % A #F T3] Fa(noise)o] T3] A &L A5 N0, 0.0D), N, 0. 1))l
= oolW A BAY gE LIS @] gl RANG A e dyE 4
MY 5 9ge Hel Fu gk

I3l sign test, turning points test ZL12]3 Kolmogorov—-Smirnov tests 49
| ¥4 A (non-randomness)E A A = Jdoy, v 2 FSLdA s e
| EAG™A o] 72 Fon| sitbe AS HAFa ity agla AR FAHE

o
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AT
o7 A Aol the meojAde Ak Table 494 Table 5014 #1484t
ElAe] A9-¢k frAFeHAl Table 49k Table 501419 47FA] RojAdq Apms
22 &7t e~zero (mudtiplier =1) L2131 log-normal 3 oo N(1, &),
log N(1, &), log N1, &) T WE= AAE A8E5 ez 3 Aot

O Adbe 2ARYHAMES] A5-9F FAREA e, 6784 A8 ol A runs
test, turning points test 5 ZFE F&o tisiME AEIIFALS HoFJo, A
Ao & sign test, Kolmogorov-Smirnov test® 2+ Fredx|glz FaA 9 719
2842 AEske v EA7F AF 5 dvke Ae YERIH

Table 3%} Table 59149 ZZZFH, runs test® 67F4] A W FolA Hr}
& Aol = Aol fE&sitte Ae & 5 odon, e 7]1x3 Anderson
correlogram test ¢ Kendall's 7 test= F&A et 7t 2d3S AHet= o=
AZF A& & T A
AgH oz 9daitel e AlA(reconstruction) 71HE& W& Ao 7tex~E

ab7] f13k Aolar w3, FAANG 95 AAdets AAE ABsks vk &&
A &3 Wyolgta el

=

olN
ol

—_—

e, o

L
R

ol
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HAI7HA Fhe~ @ A
S0l ]%5]1 =, o Ak F, Z}Eﬂ =%
S(noise) o= Qsto] AFH A
a9t

ofel ¥ ATolM= Akl Fhe s S Akt H
29 9dERrel A A4 (reconstruction) 71WHE Alskglon o= F o %
d 7 erA B 7he S AAbetkaL SR

u?‘i

E1A o |

1. Berliner L.M. (1992). Statistics, probability and chaos, Statistical Science,
7, 69-90.

2. Chan K.S. and Tong H. (1994). A note on noisy chaos, Journal of the Royal
Statistical Socrety, Ser. B. 56, 301-311.

3. Chatterjee S. and Yilmaz M. (1992). Use of estimated fractal dimension in
model identification for time series, Journal of Statistical Computation and
Simulation, 41, 129-141.

4. Chatterjee S., and Yilmaz M. (1992). Chaos, fractals and statistics,
Statistical Scrences, 7, 49-68.

5. Clarke, R.T. (1973). Mathematical Models in Hydrology, Irrigation and
Drainage Paper, Vol. 19, Food and Agriculture Organization of the United
Nations, Rome, Italy.

6. Conover, W.J. (1998). Practical Nonparametric Statistics. Wiley, 3rd edition.

7. Gibbons J.D. and Chakraborti S. (1992). Nonparametric statistical inference,
New York: Marcel Dekker.

8. Keeping, E.S. (1966). Distribution Free Methods in Statistics., in
Proceedings of Hydrology Symposium, No. 5, McGill University, Canada.

9. Kotz S. and Johnson N.L. (1986). Encyclopedia of Statistical Sciences. Vol.
7, Wiley, New York, 555-562.

10. Lai D. and Chen G. (1995). Computing the distribution of the Lyapunov
exponent from time series: the one—dimensional case study, /International
Journal of Bifurcations and Chaos, 5, 1721-1726.

11. Lele S. (1994). Estimating functions in chaotic systems, Jowurnal of the
American Statistical Association, 89, 512-516.



150 WA, ol g3, AAFE, UE

e

A

olo

12. May R.M. (1987). Chaos and the dynamics of biological populations,
Proceedings of the Royal Society, London, A, 413, 27-44.

13. Tong H. (1990). Non-linear Time Series' A Dynamical System Approach,
Oxford University Press, New York.

14. Yevjevich, V. (1972). Stochastic Processes in Hydrology, Water Resources
Pub., Fort Collins, Colorado.



