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A Foko) 9ol TEEZA A F 7 (efficient market hypothesis, EMH, Fama(1970))&

&1 AR e BA4E Te 34H F
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N A7 (week-form EMH)O] et A28 A4S A #3ds AFAEER Q) B as

oled ATl dgtolrh. 2/lE ATHE Folt
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X,
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X (degree of similality)S <A =, A|AlGA &2 &7]7 long—-memory properties
< 29 (randomness) 52 £S5 AFSAIT SHAE] At =, Hurst(1951) <

ko] AekE Hurst  A|S(hurst  exponent)®t  Pincus(1991)e]  ¢Jsle]  Ajetd

Ll

ApEn(approximate entropy)=74 x| o|t},

TEAAGARAA F77IdEAe] EA0 tigk AFATE AFEoF Bk ohel R
Wwopell A drtstEo] glal, FHIZHAE et SHe) ASAQl AEe] JAFHa v e
ATl A= Z71719
al.(1997), Willinger et al.(1999), Grau-Carles(2000), Oh et al.(2006) %) wul o}ue},
ARFIMA(autoregressive fractional integration moving average, Granger et al.(1980)),
FIGARCH(fractionally integrated generalized autoregressive conditional heteroscedasticity, Baillie
et al.(1996)) 52 23 E(Granger et al.(1996), Barkoulas et al.(2000), Kilic(2004) )°] ©]
SEAL A71954S B2E] 98k HurstA422] ALE 58 23o) Algo] #AIgle], 7]
EATolM e BF A= FARHA AXEAE. wEbA, 2= AT7EEe AEs At
A717] $1ete] mE 7o) AlgEFAgnkae] obd, WA 3hedk SAXQ1 HurstA+E o] &3
otk mule] A-EAFEAA ATE
22 R/SH(classic rescaled range analysis), Lo(1991)¢] =A% R/SWH(modified R/S
analysis), Geweke et al.(1983)2] GPHWH, Peng et al.(1994)2] DFA(detrended fluctuation

HurstA]4 S3HPH o 23 Hurst(1951)9] 9Jske] Al¢td A

analysis)¥H, Matteo et al.(2005)9] A¥FalEl HurstX|4+(generalized hurst exponent)®H 59|
At HurstAl5 SAWHEE Folx DFAMHORE 4% HurstA57F Hop Hg 2 oldf=
Weron(2002), 938F et al.(2007) 59 A7 243}, 98]+ Peng et al.(1994)0)] ¢]&}od
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7Hdel tiEk 22 AlZHERE ol mE] ZEAWStEE Y] oS A E ] wolt), 7]EAT
E(Jacobsen(1996), Hiemstra et al.(1997), Willinger et al.(1999), Grau—Carles(2000), Oh et
al.(2006) )M = Z=o FAANG FolE B WA A7719E58Y ATl o
gk ket A9ES =EskaL Atk T3, Cajueiro et al.(2004), Matteo et al.(2005) 52 <
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o FARNAE ArE AFst SAA Y. =, SEAAIEARY A TSR Y] A
of <7 ske], vk FARRE ZhAWstaE o] MR} Hrpd,) AR ste Y] A9 e v
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S, PR de] TS Fom, ApEnSAAE w2 @& Zketh Pincus et
al.(2004), #HEE et al.(2005) Fol oJdte] FeAAGAREES] A4 A& H 2i7F U
th 3, Oh et al.(2007)8] ATellM =, A 7SR ] whnz S ofd g&4 A
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AFA SBAZMN A& Ztete A AFHoR skl aga, S8AA4

oM A71719454
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AAwRE BRE 29t vy 7}
Awge] a5dv of| WAE 2uA gRE AZHow PFey] s, W HANHS
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g dSRES grh v B ATE HurstA549 ApEnSAAE 2712 dke Zlol7] Wi
S} ol A LdA7IZONAN BEE= HANSER e FAME oS 2=
|ote JAHE A9staiz}l stk Farmer et al.(1987), Sauer et al.(1991) ol <lslto] A7)
F NNej|=HH (nearest—neighbor prediction method, or time—delay embedding techniques and a
local linear predictor)> I}7 7FAWH3IE 9] FAMNS AdA o s g8t Holt) = A&
AE AU d5etaat sk v AL+ Do Ad d@)=EFH dARdele] 3A 714
WEE B AAushidos 4sta, BAVIN FUF dolE 2 Ausius F
oA, B AR GAR AN A E e, AeE 3 spAnsEe] o
w gl dAskE THARESAEE v Adde] d5H8RE &8sk otk Bajo-Rubio et
al.(1992), Fernandez-Rodrguez et al.(1997, 1999), Soofi et al.(1999) 59 7ol A,
A A st AR Y] FAMd S o] 83 NN S ©7]3H(short-term) <=l 9lo1A
E3lthe ASZAAE AAEIT webA, $2e S8AAEARY 2844 Bt 4511
WAE dsHom get7] f1ste], HurstA5=9F ApEnS4x]¢] HSagat U3 7130 o
& 4 B9 Eel Hg A5y HrE gk 592 NN SHH ofsto] oS5 1]
ZAwste] Wakdo] A 7hAwste] Wakyg
o, HurstA 5 (ApEnF A 2Dell &3k F7171 &5 (F49178)e] vt #202) AdA

7b S2Ge2) AAA R Hste] BEHor w2 d58s AeAE AU 3
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A3 ok bt gk A, 7171954 AR B Hurstd F(H)S 49

(NN;)= HurstA5=¢b= (+)2] #AlE, ApEnsA A

Sh= S()e] #AE e Aol FARAL. 58, F71719% 49 Hurst] 55 NN 53
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B AT PAe ARl oo the FelAE AF ol 27E AFAF U 3

ol ol Fa PLPL FAYCE MPAT WAL AR AFZH ne} B2

ax
olN
=

CE 1> AF o189 27T FAAF EH NFAF ARE

T 25 FANG A T 2o FANG A%
01 Shenzhen Composite, China 15 Bovespa, Brazil
/ Shenzhen Stock Exchange / Brazil Stock Exchange
02 Hangseng, Hongkong 16 Chile General, Chile
/ Hang Seng Bank / Santiago Stock Exchange
03 Bombay SE200, India 17 Mexico IPC, Mexico
/ Bombay Stock Exchange / 1IPC
04 Jakarta SE Composite, Indonesia 18 Lima SE General, Peru
/ Jakarta Stock Exchange / Lima Stock Exchange
05 Nikkei225, Japan 19 TSX Compoisite Index, Canada

/ Tokyo Stock Exchange / Toronto Stock Exchange
06 KOSPI200, Korea 20 S&P 500, USA

/ Korean Stock Exchange / American Stock Exchange

07 Kuala Lumpur Composite, Malaysia 21 ATX, Austria
/ Kuala Lumpur Stock Exchange / Austria Exchange

08 SE Composite, Philippines 929 Copenhagen KBX, Denmark
/ Philippine Stock Exchange / Copenhagen Stock Exchange

09 Straits Times, Singapore 93 CAC 40, France
/ Singapore Stock Exchange / Euronext
10 Taiwan SE Weighted, Taiwan 24 DAX 30 Performance, Germany
/ Taiwan Stock Exchange / DAX
11 Bangkok S.E.T, Thailand 95 Milan Comit General, Italy
/ Thailand Stock Exchange / MIB Stock Exchange
12 ASX All Ordinaries, Australia 2% AEX Index, Netherlands
/ Australia Stock Exchange / Amsterdam Stock Exchange
13 NZX All Index, New Zealand 97 FTSE100, UK
/ New Zealand Stock Exchange / FTSE

14 Base General, Argentina
/ Piano and Parga Stock Exchange

I. 2= % AS0H

1. A5 € 7|3k

wodge 27 FAAEY diRA AEAeEe] dEARE ol&sdit (from



DataStream). ©o|&% Zt=9] A AXFE <E 1>3 Zu} olrJo}x] A (Asia and Pacific)9]
1370 =, o} 874 9 (South and North America)e] 770=, 18|31 FHA <9 (Europe) 7
A=rolt}t, Zhare]l 2R 7)7He Australia(1992.06), Argentina(2000.06), Denmark(1996.01)
2 A3 ymA RE 75 19929 1Y9RE 2006 1297b4 15do|th, Al &A=
FJELS 2 A (log-difference, R, = InP,— InP, )| 28t 2+&33i )

2. Hurst®$*(hurst exponent) =34

TEAAIGARSY] G779 E5E AFHeR SASE HurstAv 7|&A7 [Cajueiro et
al.(2004), Matteo et al.(2005) FlolA S8 AAIEAIE] &84 AEE YEhE SHARE &
M At ks, 2= Peng et al.(1994)0] ©]ate] Ikl DFAMH O R SAH HurstA| 5

aeAAEe B84 AEE A ¢ v SAHAE AR HurstA579 SA ol
gk 2742 Weron(2002), fd= 91391(2007) 59 Aol th& SAWHIA vlaste] DFA
WA PgA o2 HurstAlE 54T F e Ao 2A4E o

DFAW ol oJste] 54 ¥ = HurstA e tad 22 AEdAs wev v4, 584

ALDAE(z (1)) ZHE Bty )S A Fod, 28 A5E5 74 AAGARE(Y (1))=

chgat ol gl

y(i)zg [2(i) —a ] (1a)

A7), N& NAEARRS] dol(i =1,2,..,N)E YHET oz w449 AAEAs
of AA Amdels U3 HolE b= FiHwindow size,n) o' Yt ZF 3F Wiel
A H 2249 (ordinary least square, OLS)el ¢]&lo] FA|A(trend line, vy, (i))S F43
oo gfar, b 9 el A e AADARRTE FANS Ao Rtk EX)
st AAIGAREY FAE AT ojgd FA AAAALLE LI HolE e BE T
Zroll tiate] R Ao g Agalm, olE Fate] WEA7](fluctuation magnitude, F(n))e

gt 2ol A,

P = 43 6 - 6F (1b)



F(n) ~ cn? (1c)

A7IA, c= &Felal, H = HurstAFolt}h o] ¢k 2+-& DFAC] o]ste] At=¥ HurstA o+
H=05% 7|52=, ©7]7]9%A(short-term memory)S 2= 0 < H< 0.5 HSl9 &
71719944 (long-term memory)S 2+ 0< H< 05 B2 7ok 8= a84 4
T HEE HurstA59 #t z7)2 3th. =, HurstA 57 2

st ] fFAd el e RoR, F8AAGARY 284 AR wA "o webA,
HurstA 27 2 s Zhevs 22, 37 7Hadstaligle] vgrbAvsiafd s o586k
o fF&3 7t 2@ 5 dokes dojth 2 A AAIEH R Al Ee BAgle], A

L% HurstAl7& AbE 31 @838y #fste], 471t 5:d(60784)3 o571z 131274
el dhste] WEAow ZH9 Hurst 59 Bigh(H)S a4 AR H=z A83

o,

3. ApEn(approximate entropy)SAX|¢] &HHy

AMAEARAA S FAAdE AFH R FAHSE ApEnsA4A = 7IEAT [Pincus et
al(2004), e8] 2]221(2005), Oh et al.(2007)]el14 Al S AAEA R G284 s
AR Y. e FHA 28 4= SHAE Pincus(199D)el 9]ste] A
el ApEnSA A& ARl AIRFEl ApEnS A A= tha3) 3ol A ojEh

Ku)
M =
rr
JlN'
O.A_,

ApFn(m,r) =d" (r) — "1 (1) (2a)

A7NM,m S A FEAAGAREL] dol(N)oll AolA, Aeld 7tAMs e 7]71H o]
(embedding dimension)e]il, r< 7}AWMIIIRATIS] FAMAd o W3k 3-8 A (tolerance in
similarity)e]th. 12|31, ¢™ (r)2 th23 o] Folzth

N—m+1

P = T Y 1) (2b)
Bi("")
W:m (20)

AN, B, (r)& FA4 SALHAG)HWe 289 #A 7AW e A& (pair data)e]

E uekdin o, 4 A sieiE e AAAAE(u(k), k=1,2,...m)°l I FAHI



& FAA e (i), 3 (j)e) ARz (i), 2 (j)DE ZASH, Thest ol Gl
B =dz(i),z(j)] = (2d)

dla(i).a(D =, _ " (ul+k=1)—u(G+E=1)) (2

ol 43 o], ApEnZAAE mole AAMAEAN fAF AARsAY W
& o+ 140]9 ARG NE G FALE AHA s

Rowme] w24 ZH(X(2a) ©2% FaA Dol P oA 272 Mas s ol
=, mAole] fAR AAAuguEe] MEst m41dole AAuFIHe] MEs Popd
52 ApEnghe ZobA A tHEAsth, In (1) = 0), W6l m + 1209 712w ssa) A

S5 ApEngh2 EolIvh. whebA, ApEnsA A7 22

£ g

(e
Lot
B
il
Lo
rU“
o
N
)

Hurst#| 5= A= 3 sdsi Al 5, AAlddq ez Azl dAgle], A
& ApEnSAAE ATl ol&at7] flste], 4713 5607/ E) ol 57|zt 1d(12784)

of tatel WAoo e =49 ApEnEAA e FFR(A)S ol4aAr). 183, ApEnEA

ﬁ,
i
l-‘>'
Y
2L
N
Ho
2£
£
i<}
fo
o
3

_E
=

1o,
b
¥
il

S Pincus et al.(2004)°] 9]sle] Aotz
m=2, r=20%%5 A&t} 8l ol AAL HEHE 9221(2005)0 <sle] <kgAd
o] AFZHog AZH AHolH, Oh et al.(2007) A= AF&% At}

5] BAE ATHow Fsted ok NNSUHS Aulgich =, HurstA5
(ApEnZAA)7F 2(42) #hs zteve 32 584 A7 Yoe 3o, ol 37 7
stofedo] wjefol = Wi W, A 3A 7RSS ol gste] w7t
A S g5 = dvke Aotk o]E59] WAE AFH R sy fsiME, AA F
ARSE 7HAW SR o] AE RS o]&sto] mY JHARSLE S8 ¢ o= WWo] Fasit) o
gk o]l 27 8te], $-2lx= NNeSHRS Agsiait.

EoAto| A AFE-Si= NNo|SH¥-S Farmer et al.(1987), Sauer et al.(1991) ol <3}



of 2NENL, 7]EATF(Bajo-Rubio et al.(1992), Fernandez-Rodrguez et al.(1997,
1999), Soofi et al.(1999) F)ellA AFA o2 FHEAADATESY A-&o] o] Foxlth. NN

oS o FHEANALAE (X, Ty, ..., T7)E AT 2} (embedding dimension,m ) IA

& A|ZEA Al (time-delay, 7)8 Zt%=% A4 (reconstruction, V" 7)dli= W el s dgtcl,

N

m, T __
I/n = [‘rn} Ly vees $,,L,(m,1)7.] (33.)

n=m-1)r+1,...T

A7IA, AT AALGARS] F2E s AWsid o g N ARE e A
Azl tste], 24l m(=10)3 7(=1)9 =& 44 Fol, 2(Ba)st Zo] A
AdAgs ATgstd, Ax7E 1ola 104 g2 A7dd V= V" Aagel A

Agdd et F N—-m+1Mn=m—-1)r+1=9+1=10,.., 7= N)7} A=A}

[o

aglan, dSstaat = g AL+ Do Ad ARLd@=FE sdd 2d0m, 7)=

A
s
i
L

A AARGAY, Vgl ke, N—m+ 1719 98 Anyzs

A
i
k)
oo
o

P A TrARsieE, Ve oA frAke ZHA RS E s etk AR Tt
AWl o] Aer)|E&e FAMd HZ(distance)E AM8-3ho},

D: (‘V?TL.,T‘ o nn.,T)? (Bb)

Ho] ¥, Agghe] AAFS FARE 7AW gHoR & 5 glo waps, SAHE A@
= oA TP A2 Aols e dAMNF(K=10005

2V k=12, K2 ARG aga, Age A 7HAstdso] g ow
ALk 71 AW 319 ¥l (false nearest neighbor)Ql A& <135t 7] 9lsle], AAE A=zl 717+
ol T7HAR Aol(m + D)ollA FLdsAl AR AR gRIe® Sld AR(V]+),

K(*)=1,2,.,K)% AFAow Agarh a9a, 540 deg 7 o

Tp+1 = F( nnk-?*)) (3¢)
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o5 FAHAZY] BAE AFAHoR ARG ARE ANFH. AHTES
=% 2t SAE HurstAF(ApEnSAB A= F2(9) 7171954 (F29178)e A
55 Zte AATE W2(E2) HurstAF(ApEnSAADE 2te AlZA G5 Hlste] 3}
A FARE ZHAWs s d o] WA o v drgithE Zlont o] g Aie oY a&H A
AR FA), AAGARY] a8 FE7F Wrhe slo|th webA, o
Y= HurstA52¢ ApEnSA X 7ke] #Al= &(-)9] #Alolv. ATA = <29 1> A
SHATH
el A E HurstA =2k ApEnS A A= 2770 Z42be] AR 2 5(5)o tako],
A717F 53607 ol 5717 1d1270 D)0l 9te] WMEHor FSHH ko ﬁéi’%k(ﬁj,
A)s HEd et 52 A71719E54 S S48 HurstATE, I35 AAEA R
TS S48 ApEnSAAE UEHSIH. b= AAA s e BRdte] &
AR, =, oFA]olA] 9 (Asia and Pacific)9] 13705 A|AA 4= HUlcircles, red)EF o
2, olg]l7kA9(South and North America)?] 7705 A&AA4+= 42 (triangle,
magenta)® A28 (square, blue)EFo 2 183 -S4 (Burope)X 9] 73 AFA 5=

tlo]o} ¥ = (diamond, green)® o & LRSI T

<9 1> ZF =] APgAe] did HurstA579F ApEnS A X7k #A A543

11



D? T T T T T T T T T
& Asia & Pacific
Chile W South America
v B Morth America
Europe
065+ B
Peru
Argentina
- Indonesia
o 0B} o 1
c Philippines
8_ -}
X India g‘l’hanand Austria
o
b7 Malaysia Italy
.
33: nesl @ Mexico E
. Hongkaon
%‘na Singapare Canan::n o arang
a Tawan @ New Zealands
Denrnark
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