= ZEHAZHE F13E FL4R 1991 AS

B - A - WrEe JEREIRIRBIR RE

Fhe ¥ F2 o8 iU A2 RN RERRY 5438 725 7M1 9 Fo
A BREZYE HREMR) #T 98 #RS =] 98 A2E o]E4 Baek
~Brock®] Fik& Aistz oL @R, 4AE 2 WE A 8 A4s0d 1E9
HEE BES 124 d2 235 d&x 4¥Er), Baek-Brocke Fike dubde
2 X B Aol HEREE #wEse d A8 £ gl BEMEA JAsE A4
HREBMAZ %8 A% Granger WEE 5 71€2 FHikel & BENS Heolm=2
7l E F2 HEHMEREYE B 248 250 & BEES R 455 =4
FEEe A& AYF F AESES MBS (correlation integral) & AH4-3ho
H#EES vt o FiES B REMFRIT ERANY o fasids e
21‘4‘% HERMel gote BERRATIAA T2 o2 wEHirad wEiss, 13

I BERR 9 A9 FHHE FEse REBH (scale parameter) S #3
°3%’5'}' sl wlE3ihe FHe]l Ak, AHAAE °]F Monte Carlo AlE3o1 2 &
AAlste] Basigdch, BH, £E 9 BEEDE Granger REES 48L& A% &
ol AzpEnte]l A2 WRE & ¥ WES oOF SHEY RAESE A+ sitsig
o}, &9 Baek-Brockd WEEE olv] We HCREHEY (VAR & 54 93z K1
BE S wiE Y £ 2 BB vAE ERNEEE #F M4 ARE AT
F3 glen FAdoR 28T WHEARFT 2 8 F48 Jeex wy 4, 238
1} o] o] 4§ FAHQ HAULE 359 5L Fs IR @

e olRE 249 MEEHMY VAL
otahi Zglo] AlaHolof T}, 2 IR

I. F¥

E—X:LILF

R Sule A& HslAe BRAERS

HAE KBHLZ Joixw FA o A
A gENEEe 2 dZAd0 AREe

rulm

WE Kk HRER

+ BRE 92 R ARE AT AR WH S oo WBUF AT JHEREN FBRED
oA, RO WA, PRE UG CEEE L o -
& AAATIGA Bl MEE B4 gdy T A% TEZ MW Feidl M
A dmds &3 AY GEEZA 1ERY dH ddBAel B 2uE FEE FEd
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7] 91¢ AL o]EE sy, oA F
st} A4k, E7he] #A L3I ]E9
HEE wEET 124 o2 435 d&A
AR e, JAFHFAFEC A J=2L g
S ZAEe A FEREME S FERREIY
KRR E Aodstzn o]AE &3, A4, &
7kel A W4 e g CEEHEE (VAR) o 3
43S d doiA AH#E dA =95

iAol Sol= FIEKERAA AT 5
A3t Lo gl E BF3L 2AAY %)
oz A g Jujz2 Aed5z o, FHE
REER A GBI BIERES 2] HaA
349 —BE&E M (first order condition) o]

T2 IR AE ovgd, ey
ARl A AHEE RIS —RREe

[}
A

T T4 BARSE WA EHE FaE =3
AZEHqq A439 8E Fu8) F FREEK
A0 dxAHE B4 dF ﬁ%% a+
ZAGAE FAap=Ad,
o] EFolA HERESR FIRELAAH =gz
e Jide] ozl FERKEEN BrkdA I
BEL AtEo R o E WP TR 9
AFIS o LAHE #AZS dsis Ao
Granger ERRR=l2 v, AAR HmH#EE
3| A& Granger(1990) #F= wupgl,
AR R R IR o) %i} AF7 BAFez A
257 A 80 2kt = FHEEHEBAA
T FiFlloletes fojd R nlg EEo A
Falgth ol BEERS F2 odFHdd 3A
BRI S R Hirtrcs JEHERE
el 2HE& Do HEHS Ag8ad A
Nz2E o) &, o] ofv]ejA Granger(1983) 4
Ay Q Ao 2ol EFELE P FEL T
7)ol FE34
3l #EAE FAHR FegEY TERYFo
st 2 g5gel A RE 3 F A5 (mean
square) d &wujdlA FAF o FoA A H
AALHAL Tzny sidn g, @
o] A% 2 FFgE A ANAAs 2AFE
AA 2 ),
o] Ao¥E Geweke(1984, p.1102)E H2 A,

=3
T4
+

D

2

3

4)
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w9l A7 A A A (data generating pro-
cess)o] M2 EFolz FIRE(ID)S 2=
gEuye] AYFAFges 33 5 g= A
HZ Aosin, ol 7 FHd EAse
MR ETE L AE dulER zto}E
W, AN SRS REER olat
WAL EZE Zbe REE 2 EMHKE,
B BBEM: (excess volatility) & Mol #HR
[iE R e Ao vtzw R
BREMES AsA WEstz e WeEolg,
Hrstd WA =& 2AHAEH 5 o
U AFE AR 5oy F3
= S5 A9 F¢E YA 2
ol ol o},

o2& HEke] QAAFAE AR
2, BillREERJA A& Granger7t W47+
24 d58& o439 AHF Granger
HRMEEel 28 5439, {9 {(n}E
Zzr X9 Y 2=ZEge kg Ao (sta-
tionary) el 23¢] (ergodic) FEFRFIEE 2
1 X0k Vi E 718 #A 2 A #EH

=3

o
TIdE2

o

=2
=

1 4

B

T

X
2
T

—_—

& Este HHBHE A, F X =
(Fey X1, )& Y=y Yer, ) 7F ",

g Us 7] 44 49 28 @)l A3
olztx & o XU, Y.CU, iff s<t7} =
dxez A, @HF (U, —Y.,) Fik
455 A4S dud U9 FEES
AHEEte X, B A58 E o dS5Ho] FopA
Hd Y+ X9 Granger €do] "cta A9
e, Granger BRRMMES o9k 22
@k Ao 7 &3 gl HE FES
A e KZEE 5 49 AsAAAA
B AHI AA ot FETRS Ao &
g7t o, 'EESWS F4E S8 RATS



<} REFHETAAN A=
(1969), Sims #E (1972) ¥ Geweke-Meese
-Dent #(1983) 5 A7ZFA #WHe A=
AApsta olth, o] Aj7tA WL BF WH
HOREREN S =d2 3t DEMTS A=
FAD AFEHE dAdHE HEES
Aibsle] HEMEFTE ol &k, olH T H
HAF AR 59 22L& WP #3
oW EAY nyL AAR sfAs il 317
o -Fol Ao FolE 234 ",

wkek Granger WEMEANA Aol ¢
o BEERRS 71482 28 A5 243
E REHERES o9 vz fAMsiel =
74?7 & FAA AAI ARy
Granger KR EN A48 232 RAN
EEiflel n2 fREH B/t ¥ W KA
HEREE 288 F JdEF 2dH Qi
b o] F oWl SRR FRRBMEZT obd JE
WAE) KHEREE 712 4% Granger HE
el BERERS 714 X34 szt
= HERRE 2499 23 7hed EA3H
"o, g G2 y,=|2x%,—1| +oolx
2E o B8 x<[0,1], {x}e {o}7t BE
ss} toll @) MR ulARAd AfHESL 5
Zb, ol A% Xob Yo HARMRRES HRE
EEEERC) ojEs] AAE XE2HH YW
o] WHEMwES WEHS A3 *E
gl $lch,

AfEe F8 #AL

=]
Eigs

Granger 1 7E

3}

A
B

SRR RHEE obeh

5) HARGRE ddA vl JEHREIRFES S5
Ay d7HR2 Zo] HA, FHEEE FEL
Jert o iEE AlRe EA4 ERUEE
A ¥ Z17A4YHE Melu= JERRIKRRREE
*olgte °lE% ¥
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MRS REo Ry Saste o &

& 71%9¢ A Baek-Brock (1991) 9] tﬁz&
e aAsta 129 Aee Hel: d 9
o, HERMERRMES @ W5 A4 Fe
FAA e Wi vAAE AAHE A

BEAAAAANA FEFHA S HEOEEL HRE
ERlez 249 5 dE AT EAIgn
Ao 4 gk, ol 2 Mol JFEHAHE
He B A" G5 AdME F831A
#AE HetgozA ¢
A, debrbd e AAA A
Hox A4 Er14asciay 2o},
o] Al *ﬂivv‘ 71 FERA RN RERS
A, BE, WES BESW A Bt
o}, o] AR HEaRFHERS FAEAME A
& =S HHPK1990) & v FEste] thaks)
AREel MEMR JstH €HAgE At
o] VAR(6) & Al o] A4S o &
o} AEZ W 3 AAHS ME Ho
a9l Ege WiE S BES &
Ha frel Aol e Ao 2 ey,

Z38y ¢ dF& Baek-Brock® KERIR
BES AL8de 9, AR WFELS RE
BEOL 4 o) AA AY dAE AR FERERA
R HEtHY o4 dehddd, ol &
g, 4£E, WEDY AAS Hddss 1 9o
RERI R oh = JRRAIRERTe] o] A S A]
Al F2 S A

AfEE & =4 Granger MEHS 7
sz, [Es|A+E Baek-Brock<)
BEES AAE] A, [VEA = @,
i, PEZS FHRRGRA 2 BERSTES,
azlm v e B M AEE olor|gt),

1 A=

1_

w Lo

pars

fr

4
il
=

LLs
=
3
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II. Granger MriEi%k

_EERRE (X, X @

& s,

X, 1t
aw [y]=[.]
X,

Yoo o o

¢ €1t
A— AL AZLZ---)[ ]:[ ]

t [

........................... 1)
@, AL e AlzpdgdEs], AE j=
0,1,2-< 2x2 #4€, Ax A4
o, [Su] L RE Axto #I AL
E2¢

vl Al A :m3}A (pairwise orthogonal

process) ©] t}®,
R () ok ol 47'%

Fata

AFAL) [f}] = A7 [6 |- =2
t 2t
[);:]= JUAL+AL*+ )[);]
+47 [j‘] .......................... )
2t
2 de=,

6) AAFT =E $slAE= Sargent (1987, p. 319)
= upt,

# Sims, Stock, and Watson(1990, p.134)
FEHUF7L BAES E3dste A LEBHL 7
o WEEEREEY 3T EHI oEs
28tz ok,

7
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X, )
A @238 [ dase 9 24

t

U SeATRMEES A [5“]7} e & 5

€2t

ek weF AJ A(L)e] Aty dolztd
X HAge]l FolA & W Yo AA%
& WA X3Ae AFHE o mee FA
3o, F, A¥HRASGEL 24 X9
HAGEE EFsd Yo AARF [mE
e 25 00 "}, wahy st
AT AL Wiener—GrangerZJ ol o]m]e] A
Y7 X9 98 A33x 23gs A4S

A8k ok, o)A B3l $#l Granger
(1969) 9] =¥227¥ HEMREES =
g 4 9ok dse BERELAERS 24
Bat,

& k&
X.= Z:ldlj X“’+JZ=:1 oy Yt m.
@, p.e HEERE G,

- (3)

BE j=1,, kol dhal “EHEYK &7 0
ot et HEERY EROZVEH s7sHA
gedd Ye X9 99 2 4 flew,
4% Yol W@ HAA @OZF¥H 1 o9
FAE e Ao EoY & ook,

Y= e, Xt B Veytme @)
¥, et FaREel D),
"BESAAE X QF WE F& 4
BOEBEES o &8 FREHARE o4

= glch,
lag parameter) k9 A"e] A== o=
Akaike HIRFVINE(AIC), JEE LM ED
A S 53 RpEREe @S 24
o0, 54 AHSEHI dE FREHEES

o] A% ArA A B4 (truncation

'3'
S



WENEES 2t F dg Abold Al &l
At AdAA el o= EERESS 7148
i & 71744 e Bl

RN
T
=
L=

I, Baek-Brock® #&ED:

& oA =28 Granger MEES 7
Heg st AgwAA e F4& AA=
3t7) Wl teEsteln ste WS KA
BfR adeloF ok, et #AANE F 4
F7b R RRBR FolA 2 o

Granger MEHEIN 2-& HEH 7YYL o¢
Z2e AdHAAdE Ay {7 dEd B
Az iz 2237 ok AR EE
FERAS 8 X 59 ZygS Asnxz,

a-e =

X,=BY g Xoptep comeeeemeeesseenees (5)
&, {e), (Y.}  BF 0, ¥4 14 =
FZAFEEE 2 A2 SYol 77

X G ¥943 Y #AA X dA
#HE AFEe b =& F3x e XE
X Yo FAA IAXZD WAz
B HEMERES 3 YE X9 d4de] H
deds BERERS 1748 23d, 2
sk, BBl @ pk gqol A
{X. ok {Y.}e] BCHRERES & LAHB S
BE By @3t 09 & 27] g Fol
g3 Zad R HEHH FHE Y,
X,E A¥Hez dZFste HE =0
A @A u EHENeE 953 de =
< FI AF 2 AEAE g KX 6)

|

0]0\__

=
T

o

il

do K
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£ oule @A el BbehAw A A
£ oolsh 2e JHEMBMRRC] HRRER L}
A%l webdE o Foettin wag

o

—_—

s Re 578 AAx

Aol RRMEREERS

AR E g
w2 @

&L
oo

1. MRS O B%

FEH/N HEERES 71271 =+ HEES
(correlation integral) S #=3 {X,}& o]&

shel thgst 2ol Aogn,

==

E

=

Grassberger-Procaccia-Takens ¢}  #HEd
Ty C(Xe T)E
C(X e T)=#{(t s) 1<t<s<T|

I X;—Xs | <e}/T*

=2 _I(X, X;:€)/T"
otk ®@, #= (5B A%, TT=
T(T—-1)/2, Te &9 a7, | - |
= HANTx=F,(norm), 223 FREHER

L5

Ly

I bie)e A la—bl <esl o4
19] @& AL 2 s Ao 09
e Ago,

o] MR 2L Brock-Baek(1991) ol A
IAPFLE gdd 5 dES BHolx o
Baek—Brock(1992)°ﬂk]l‘c 2R 7

T ASS Bolm vk, FHEIHSS
FERAlEh ekl S oF B I8 59 B
o vl F23 JdelmE 1 JgulE FY
stebataz ok, A MHERESS RERE
(scale parameter) &9 PxErel™ &9 3Ftol

=

10



Wl wiel Skt tAsA 2 04E 1
o & A, FIAHoRE B9 TR
2ERYH F e A2 oE gez RE 1%
g e HELE d 2 AT} B9 2
Y 2k (4,9)%49 AAd 9F vee )
g}, TR FZVJ} Tolnz AT
8E 2% T(T-1/2,
9

X

i

=

F Tola #
A7t eRoh ZAY 2L A AFE
I(X,, X;e)7b B RER
£ /AL EN A2 E23H

FHehd AR A2

o

UC
- 1<t<8=T
e =Y

=2

ZRAHBARE S

(correlation dimension) ¢ 2}

X9 fHRARIC
1%
F7HAEE W AR FriEE 4] WaE
E A7, Fadsbd MRS #H X
RIERH eol Wg 2AA 7 A, o)A H
BT SRITEMAA Ao H A

e

st e

CX,m;e T)=#(4s) 1<t<s<T |
| Xem=Xom | <&}/T

o, m- 33T K JC(embedding dimen-

sion),

Xen=(Xoy Xee1, 5 Xoomer)s

Xen=(Xs, X1, **, Xoomer)s

Vol =max{]y:1,i=1 2, m}

o] 1

T*=(T—m+1 (T —m)/2°]c}h

#araRgee] 191 A5 4o Aok AR FA
"oh, oA m>1elx Wy X7 E¥ejx
Y RE(D)E ZE FEHsd A¥
Brock and Dechert(1988) ¢} Brock, Dechert,
and Scheinkman (1987) & o}-&¢ F71x

23 AE devh

5
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—[EET

dubAel zAs A C(X, m;e T)E

FE=7] T7h oool AT we} S

A C(X, m;e)E e =,

mc(X, m:e, T) = C(X, m; &)
=Pr{ll Xym— Xom | <&}

Dt Xin Xomd HABWOAH

PriXr, m<utn}2HE 5Pz 3%

(random drawing) ¥ R 4.

—{Em
(X7 IIDA A% C(X, m ;&)=
(C(X, 1; &)]™7F A g},

EE 29 og9o FHE 32 &3 BDS
(Brock-Dechert-Scheinkman) & 32 &+ B
RAERS SHA RES I AR 49y

< MEste d9 o2H ZAE AAsz 9l

+

—E= s}

mz20|5 {X;}7} [IDA A5

Wile, D=vT [C(X,m: e, T)
—C(X,1; & T"]-SN(O, Vi)

Vae BDSEAZFS £4tdd o] A2 o
g Fx2 o gl

a

Va= K™ 425 Km0 O (m—1)* Cn
RG] e
%, C=E[I(X, X.:e&)]={[F(X+e)
—F(X—&))dF (X)
K=E[I(X, X,: &) [(X,, Xu' &)]
={[F(X+e)~F(X—¢)] dF(X)




2 ®2=HY F(-)e #E8Hg5 X9
2 ggol,

CX 1, TS

K(X:e D) =305
L (X Xoie) 1Ky Xy 5 )

7zt Coh K9 dAFA%e] H22 34V,
of A" Co K dA C(X, 1;¢ T)%
K(X;e T)8 A& Vpd 2AFAF
Vaule, T)E 78 % Sith

EE 32 RE BERA (X, )7 D=t B
BTN BDS BEHEIE Wale, T)E
A& F A e

Wple, TY=YVT[C(X, m ;& T)
—C(X, 1;¢ T)™/[Vale, T)]"

22 Aoun EEERNIME 1 FILER
ZeThe,

BDS #AAWel AL RIMEEol A&
At A FE4TRAE APH Adge] shs)
H24 [0, 1] T2kl F9EZ (uniform
distribution) & #+= FEHST {5} FE3]

2 xEs dE= ol & [0, 1] &%kl
A ol EHF FEFIro| Hel WA
Hol A @¥x 2 F3HE 2F wSA "ok
webi] {7} AL AHolm= 1xde] &
& 5 gl aF EEES AX 2349
A A,

7’t+1)}'é‘ uk5 51 O]% 27(]'%.‘?‘317\1'

8) Hsieh and LeBaron(1991a, b)¢] %<& BDS
wmEMFTES 271 9 HREol AR, MA
(1, 8% MA, ARCH, Threshold AR &&
Tent Mapdd RS AT 7148e H=Z o}
E RE37e ARG dis Aistd uhy
Fa 9l

[0, 1)%el Ao}, =heF ()7} SFAH )=t
AR { (7, 7)) 12 10, 11728 2xpAF 72 &
QA ExHBZ {5} Aoz 2x<de] 2
ok, BGER S 2 oA 8 d {(r, 7w,
Y Yame1) ) S BETERY [0, 1]mE =
F oASA Hu2 fees 4AsHe e
F {ntel A4S Fdd=gn 2 5 sl
a8y 7t AR(D 3AE ZAY 2 9 o
Fel o] RIMEBEES 7HE A K
g 8 F d 53 FEHsd] v
EBRIEEMS ASv B459 A5r dojx
o ol fHEMES S §o1 8 Wy Zaid HA
g oeol Al C(X, mie TNE (X, 1;¢
T)me 24 st 2AsA "o, gy
BDS #@EiES o FAeg wAA 7= dAde
st B ERES A "o

—E e RS A4 TEEe M
ko= S, {(Z}e A2 539
Zyzvol IID(IIDN) {(X,, Y)}= A3tz
SR F(z)2 29 o X9 Y9
SR Q] F(X)F(Y)Sh Zeopxlt,
ojw &fgrel fHRIMSS X Y 44 M
By F22 ZAEE & 5 4 F,

ru

C(Z,e)=C(X ;&) C(Y ;&) - (8)
By Ao EGHEAR HKEHE

13 A =23 Granger HERZES =4
FEE& A3t ofA] A3,

Be) TN 44 A7t Aol 23
85 E Pr(A] B2 A,



2E BEE pst goll B3
Pril X=X, | <e | | Xop-Xop | <6
and | Y, Ysql <&}
=Pr{| X—X; | <e | | Xop—Xop |
55}, ....................... (9)
b Agstd (Ve {(Xgol o3k
Granger RFE4ko]l flcts ok,
&, Xp= (X, o, X p), Vo= (Y,
v, Yela Pre #3ES vehiit

el AE AAE AHEY KER A
£435 % Grangerifidl WEMRES X ¥V
o] @A Aol Aol Pr’ Bz
o= upbpy 0 FHRIL L] A 2l
A7 BAAS FLY A S BEERFEE P}
Ea AYE & & Aok olALEZFEH RBE
HarEe f=ded BEEEIERE 8
st V.9 BEEERECT 2F 0AAE
Apstd "o,

o2 AHH}A V.o AAANI X A
)X 2 BRI E d3se ¥ B
ARE 23 vk A fmEd A

A

®
=z

e
< E
ol c},
2 R (9)F HAULA 7= A4 FE7]
3 Pre o fid A MBS 22 vt
o] 2L HitEE F=3tazt

4 A7 (X} {V}E 88 VARS
Hgste] o BEEUEE Asta 1 BEYEH
el { X}k {Y}ol HWRMel #3 VAR
2y oz2hE oFAHR oL FrhAd FR7}
Eg5e] JeAE YolrA, Wt VARS
o] &3 HAMBUEE 2T (A2 F YL
Xorol A8l BRI R FIlAE5HE AT
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g ol $E7b X REMHEE
g o] FRE e EBEERRE V14s
A e, Ao HAE A WA p=g=1
d A¥E dFdd. R (9F HEEME
22 oA &7 943 A 2AFSEHEs

R o2 Wy, dAq

¢

i

CX', X, Y;e)=Pr{| X,:— X, | <e,
I Xt-l_Xs—l ‘se, | Yt—l—}fs—l I
<e}

o}

g, e ohs B @ deEkdd 2
#HH X 9=
C(X', X, Y,e)/C(X, Y ;¢

=C(X’, X, e)/C(X; &)

(11)

= Zres w79 R Q)€ FIhx 470
o MREAES Foln EEoA
F F (X} (Y7t A2 Sgeln 27
DA S§A5IDD e BEEHR T A
SHEET Fohd EW 49 A% Qe

(X} {(Y.}7} IIDI=}d EE=a7)

7} o2 A2 uta

T[C(X', X, Y;e T)C(X ;¢ T)
—C(X', X;¢e T)C(X, Y, & T)

2428

T

o]z, ®AF V=
V=4C(X;e)? K(X ;¢) [K(X; e)—
C(X ;)2 [K(Y ;e)—C(Y &),

................................. (13)
2 =X ®2E Yd AL
C(z;e)=Pr{| z—z| <e}
—E[I(z, 2 €)], weeeeeeens (14)




K(z;e)=Pr{|2z—2 ]| <e and
l 2s™ 2t 1 SE}

=E[I(z, 2:; &) I(z, 2;&)].

-

dXFAF C(X e T), K(X e T)
C(Y ;e TV K(Y ;¢ T)E T3 %2
o z2ie A, o2 JEHERNRRE
ol daAM frdslel & S ASEAL
ok {X,}¢t {Y,}7F IIDQA A A Do] obd 7
EFH A4 AR 2, 2eiv F 8 49
At V& T3 #ANA 2= Denker and
Keller (1983, p.507)¢] A& ol &3t U2
22 dud gudAd {(Xji¢h {Yie o=
Axol o3 RIEB/S A U BE
;8% (mixing process)d ZA-Fol= EH 49
A2 W g ey o] A
AR Ve RHEE =H de HE EF
Zgs7] dFo) Ad3 BasiAc, wA
VE 93 37 98
F e EERSIC] Z7] IID A+E ¥}
Aok, EE 45 Suls) Rw e
fRagtol 7174% T+ ol X.o BEEE X,
o dx & Kﬂiﬁﬁg qFe b =%
F71 “ﬂ—‘_-—(X,—l FIEBH) o1 ol Yo
BEMEZE X0 A B2 RREE A5
d =S F7] dEelzte AAE & F o

ok, FddE el A #AdE EERERS

2

He o

o] EENAE ¥4

Fd ol

CX, XY :ie)C(X;e)—C(X',X;¢€)

C(X,Y;e)=0
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o7

i3

CX',X, Y, e)—C(X";¢) C(X;e)

C(.Y: 8):0 ........................ (17)
o] ohe},

e HOERARAS ol 45t U F
HEE AASI & olF S HEME Y
2F BAS SEHKERIE AT A
ogem oy Qeel WHE dxse
E4e FE ALE e sABAel duh

Baek-Brock(1992) & o2&t e WMEHE
o] A& o]%3 AHE (near neighbors) & °]-&
o d&5HE Foly ©H FESA HLdg

e AA st ol

.

Lo

3. —#y ERE MERS —#1E
Aol HgA & EAAE p=g¢g=13
Asuogrevt Afidlde A1F p, g7t
dutzlge] wheEA] 19 Hesh g
=g, EmERS & @i s9sA ¢
7b Xel wid EHR{Ee] @iniielx IX,—
X, <ed [Y.—Y,|<ed 2EE D
AlA 29 X9 V2 E78, o= RER
# oeo] 2AHA Ak AR E X9 Yo
E717} on| & AAR I [FY
A7l el & g dAsA wedh
oj9} o] <dutstxl REEMEE AT Fx

M

rw—‘

o—r'a

HEREY EdE oFe X 9F 4]
SRR
Pr (X, { X, Xen, o Y, Yt—l,"')

=Pr (Xz+1 ] Xt; Xt—l:
o, Z2A¥RE e S8 X (18)

o] &

27

o
L=



Pr(Xt-l'l) Xt’ Y )-/t} Y;—l; ”.)

/PT’(Xt, Xev, 0, Y., Y. )
=P7’(Xz+1, X, "')/Pr(Xt; X1, )
................................. (19)
2 oA 2 % Atk p=g=12 A% 54

Y
stA (X3} {Y)7r BAi#EfEY 27 (Den-
ker and Keller(1983)) % 3vg w&sta
X (199 Pr& 2o WS HHEES S
2 A3 F Ayt FaEfa

K; Yt—l"' , s)
—C(Xt, Xt—l,

C(Xt+l; X, Xeer, 0,
C(Xt, Xg_l, A : E)

vy Yy, Yo, s &) C (X, X,
; E) :0 .............................. (20)
o] X},

BEONS 8 X WREEEEE f-pel
A, YV EEEBHE t-qolA AR, o]
o} o] Zhehyh EEEEHE T I F HT
FERRIE RS o3 o] Hed,

{X}& {Y,}7}y IIDIQ) AA |2

b, gL Tl

T'2[C (X1, Xoo s Xeeps Yoo oo, Yigs

e T) C(X,, Xoy, =, Xopi &, T)
—C(Xy, Xeer, 5 KXoy Yoo oy Yergs
& T) C(Xews, Xov =, Xeeps 6, TV]d
N (0, V) -eermeremrmesmrmmmsnrmensannns (21)
o] L,
9) ARGl AL HRESS 18T FHREUMEEFGET

e REAT BRG] U A
o elAste FEBBENY RiEE AN 2 9
o b Hat REEE TE 4 4 A%,
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V=4C(X ; )2 K(X ; &)?*' [K
(X:e)—C(X; e)] [K(Y ;e)!
—C (Y ; g)?#*]e]t}

%, C(X;e),C(X;e), K(X; &)

K(Y;e)e KX (14, (15 A=

{X.psk {Y.}e IID
43t oA, ol# g
2 932 uA
E 5 o, zEy
Ao A &MY FRBEEHE HEES
(X4 {V)7F D7} obd7) d§ol B
e NAste 14ELE AT (X7 {Y)
o) BEEAN F557) o Eo HERRS 7

L

et J1A4ge EA Jeldd, oA
Monte Carlo Al E#Ho]4& 53 o} #HiolA
A Bzl EAE HdE aEARS 3 g

Qo EEeE A9 ¢ At ohdw
2D HHART A%T HEhE A9
A Aok Ao FHopdro,

4. FERBIGEEXS FI|(size)

IR R ERHET RS Z7]E
$ste] 250709 mEo2 FAH F
EE zZte 7 Y KRS FESCh EL
Bl (random number) & H&¥ AFHZ R
#& KDI4 9+ IMSL 2=z
GGNML % A&, =4 RERH 9
e AN F Eie) Aol o} 2ES
B ERMRFREHK RS Tk N £
ErRFlo] AFE Wdd AR SgAez A

A

f'~.>14
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M
o
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[B 1] JERE ARBERHE 5

p=1, ¢=1, e=1.0, EAPFHF=2,500

400
360} M - ]
320f H .
280} M B ]
W 2a0f " i
200( B ]
= 160 ]
120f .
soF ]
40 1
ol =n ﬂ A
-2
AE 7] dFel HEtRS A2 FFFEd € #H3l= olft BDSHEEC £=0.5X%
A FAA frejAde]l ook gk, o] WEH FHARE £=1.5
FrEe Z7E ZAE] fElAME Sl dF b HitEd &g
g AP e A RREEIZE TE =57l wo]u(Hsieh and LeBaron(1991a,
of dtr}, o|EH o2 npE Ao L7t ol b)).
ATE WEMFRS £E2+& F24do3 i BEMETES F7]1E <F D o]

ERs el s34 Ao, [[E 1]& kR
B p=1, ¢=1, REBH £=1.0% °]4&3}9
2,500 WHEAAR} WwEHKETRS slaxa9
oltt, ¥#AE o ¥ EE < (unimodal) 9
Fy Rkl ojAle] o= Ax HEHEER S
ol AF = EAHER, S0
(quantiles) & Ats Bolo} gcf H-HE& s
of RESH e 1.0% 1.5 F7HA 32, B
ER p g FAd 13EH 6719 2L
ArFE AP AHFAL 0] 1.0% 1.5

o TT =

7} 72 A

127

ok, AAY p=g=1, £=1.09 A$ #HA
Aol -2.338Rc} 2L FHFo) TRAHFE
o A= 1.0% d ubslo] nviAdaqwEA

= 0.92%°1t}h, bR e= (p, @)7F F7F
el mhel BERERTAAM HERY 2=
F7tgto, oA AZEA e EUEERSTHR
oA deizl 7| B HEREREC o
A" A7](corrected size) & # st 9l
Al A (critical value) 7t A& FHejoF gc}p, R
Eigor 2& o, e=1.090 A%,

Boooft X2

=z

=

7]



FE > FERAERGEtES 27| (size)

p=1, ¢g=1 =10 &=15 N(,1 p=2, g¢=2 &=1.0 e=15 N
% < -2.33  0.92 0.96 1.00 % < ~2.38 g.56 1.2 1.00
% < -1.96 2.72 2.56 2.50 % < -1.96 5.16  2.88  2.50
% < -1.64  6.04 5.36 5.00 % < -1.64 9.00  6.00 5.00
% > 1.64 7.88 6.88 5.00 % > 1.64  11.00 6.92 5.00
% > 1.96  4.36 4.00 2.50 % > 1.96 7.48  3.88 2.50
% > 2.3 2.48 2.32 1.00 % > 2.33 4.52  2.92 1.00
=3, g=3 e=1.0 &=1.5 N1 p=4, g=4 e=1.0 e&=1.5 N(OD
% < <2.93 7.82. 102 1.00 % < -2.33 15.36  2.52 1.00
% < -1.96 10.12  4.20 2.50 % < -1.96 19.16  5.08 2.50
% < -1.64 14.40  7.36 5.00 % < -1.64 23.32  8.40 5.00
% > 1.64 16.24  7.88 5.00 % > 1.64  23.80  B8.72 5.00
% 1.96  12.40  4.48 2.50 % > 1.96 20.16  5.56 2.50
% 2.33 8.76  2.48 1.00 % > 2.33  16.76  3.48 1.00
»=5 ¢=5 =10 &=1.5 N(0,1) p=6, ¢=6 =10 =15 N(0,1)
% < -2.33  24.56 3.04 1.00 % < -2.33 32.80 4.9 1.00
% < -1.96  28.32 5.48  2.50 % < -1.96  35.40  8.28 2.50
% < -l1.64  31.76 9.56 5.00 % < -1.64 38.28 12.00  5.00
% > 1.64 31.64 11.00  5.00 % > 1.64 35.96 13.24  5.00
% = 1.96  28.12 7.40  2.50 % > 1.96  33.64 9.24  2.50
% > 2.33  24.56 4.24  1.00 % >  2.33  31.20 6.56  1.00
5250709 BHEHAES 2E G4E 187 98 IMSL 42§ GGNMLE AHg3tds, FAAdse

e kamEEE sleh 2 ool

2,5008], B ps} ¢ JHRE HBMEHAA dAe} Tud RREEE, o2 Jﬂf‘*’ﬂ%’kﬂ_\_ N,
BHEERAE 20l

= dIrRITe]

gobd 7ol weh RERH ol Soies 2

o AsE AEF

£l

efr

Aghch, meg olx RERIT A-A
= obA vl A AR ol et A7 A
1o} R & JHREFERHERS T2

P=o

o, ole @

SEE

2 =

=

o] froff A

@l REREE

53] BEHEIE MRS ol

31

A

A= AES

A2 ZoE Hel7] d

BT

]

2] = o
A& A&

A

j
AT
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A} EFaL

o f‘li’

FN

AatA B,
A AAAE

A4 meAE

b
AN

¥

5| fEHEEH A 2
gol d= (skewness) 9}
1, 1) == 6, 5y

(p, 7%

792 #Hx (kurtosis)
FEHEE R A Wl A e=1.04
- el AxE dAR E4EERS A
wpx ko 2 Feolzl
A7 b =5<

SRS
e R

HEMES ATt (quantiles) & <& 3ol 715



(FE 2

FiRBRRMETR 4%

p=1, ¢=1 e=1.0 e=15 N1 p=2, q=2 e=1.0 e=1.5 N(0,1)
Mean 0.02 0.01 0.00 Mean 0.02 0.01 0.00
Median -0.04 -0.05 0.00 Median -0.04 0.00 0.00
Std dev 1.11 1.07 1.00 Std dev 1.28 1.09 1.00

Skewness 0.33 0.31 0.00 Skewness 0.28 0.16 0.00

(0.00) (0.00) (0.00) (0.00)
Kurtosis 3.23 3.30 3.00 Kurtosis 3.13 3.03 3.00
(0.02) (0.00) (0.18) (0.76)

p=3, ¢g=3 e=1.0 e=1.5 N1 p=4, g=4 £=1.0 - =15 N(O,1
Mean 0.05 0.00 0.00 Mean 0.03 -0.01 0.0{)‘
Median 0.01 -0.03 0.00 Median -0.03 -0.07 0.00
Std dev 1.64 1.15 1.00 Std dev 2:41, 1.21 1.00

Skewness 0.21 0.13 0.00 Skewness 0.15 0.14 0.00

(0.00) (0.01) (0.00) (0.00)
Kurtosis 3.26 3.06 3.00 Kurtosis 3.30 3.15 3.00
(0.0D) (0.52) (0.00) (0.13)

p=5, g=b e=1.0 e=1.5 NI(,1) p=6, ¢g=6 e=1.0 e=1.5 N(,1
Mean 0.11 0.00 0.00 Mean 0.14 0.05 0.00
Median 0.02 -0.08 0.00 Median -0.14 0.00 0.00
Std dev 3.66 1.33 1.00 Std dev 5.96 1.49 1.00

Skewness 0.33 0.27 0.00 Skewness 0.51 0.30 0.00

(0.00) (0.00) (0.00) (0.00)
Kurtosis 4.02 3.66 3.00 Kurtosis 5.06 3.81 3.00
(0.00) (0.00) (0.00) (0.13)

1050708 REAFEES ZE G5E 957 48 IMSL AEFY GGNMLE AH43stde, FAANFE
2,5003], T pot g WAY AFAAZPAAH AAA g A AR, e HERFOXL N0, 12
EEAFERE ov], dx A EAY FoFFEL TE ¢ 271FAS.

Hol gk, $EE HEEHE ¢ ALSZ K DY AL AsE: slolnho,
gl EHEERSMSY afiiste 433 (FE D= Xi:e), ClY e, K(X:
A 2AREE HE 22 dMAE ), K(Ve)9 AEHo Age] 712

10) Baek and Brock (199D sl A& EAe =77}
320el AS- SilE AFsta gld, Fo o
T xE =7l o e AHEAL] 9=
o uiel ZEtAled #EE ol F At A
EEAA o] Tl A4d ZERIZE AT
& 5 9l
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8]l +=H| Hsieh and LeBaron(1991a) <]

2w (E D~E Dol AH4F
SEES LR

o} wj s

A ghe] BF

SEE

% ek,



& FRBARMETES HIB

=1 ¢=1 &=1.0 e=1.5 N, 1 =2, q=2 £=1.0 e=1.5 NA(0,1)
1.0% -2.32 -2.33 -2.33 1.0% -3.13 -2.93 -2.33
2.5% -1.98 -1.97 -1.96 2.5% -2.36 -2.02 -1.96
5.0% -1.71 -1.68 -1.64 5.0% -1.99 -1.72 -1.64
10.0% -1.32 -1.31 -1.28 10.0% -1.55 -1.41 -1.28
25.0% -0.77 -0.72 -0.67 25.0% -0.89 -0.77 -0.67
75.0% 0.71 0.71 0.67 75.0% 0.85 0.71 0.67
90.0% 1.47 1.38 1.28 90.0% 1.74 1.44 1.28
95.0% 1.91 1.85 1.64 95.0% 2.25 1.83 1.64
97.5% 2.31 2.29 1.96 97.5% 2.70 2.30 1.96
99.0% 2.89 2.86 2.33 99.0% 3.21 2.67 2.33
p=3 ¢=3 &=1.0 e=1.5 N, D p=4, ¢=4 e=1.0 e=1.5 N(0,1)
1.0% -3.21 -2.55 -2.33 1.0% -5.51 -2.64 -2.33
2.5% -3.02 -2.19 -1.96 2.5% -4.74 -2.33 -1.96
5.0% -2.60 -1.86 -1.64 5.0% -3.89 -1.98 -1.64
10.0% -2.00 -1.43 -1.28 10.0% -2.97 -1.54 -1.28
25.0% -1.07 -0.78 -0.67 25.0% -1.53 -0.80 -0.67
75.0% 1.07 0.75 0.67 75.0% 1.56 0.79 0.67
90.0% 2.21 1.46 1.28 90.0% 3.13 1.51 1.28
95.0% 2.83 1.87 1.64 95.0% 4.07 2.05 1.64
97.5% 3.42 2.33 1.96 97.5% 4.89 2.48 1.96
99.0% 4.14 2.89 2.33 99.0% 6.04 2.98 2.33
=5 ¢g=5 €=1.0 e=1.5 N1 p=6, q=6 £=1.0 e=1.5 N(0,1)
1.0% -8.32 -3.01 -2.33 1.0% -13.65 -3.13 -2.33
2.5% -6.89 -2.46 -1.96 2.5% -11.28 -2.69 -1.96
5.0% -5.53 -2.04 -1.64 5.0% -8.84 -2.33 -1.64
10.0% -4.38 -1.60 -1.28 10.0% -6.79 -1.78 -1.28
25.0% -2.30 -0.88 -0.67 25.0% -3.57 -0.90 -0.67
75.0% 2.28 0.85 0.67 75.0% 3.48 0.97 0.67
90.0% 4.73 1.72 1.28 90.0% 7.17 1.90 1.28
95.0% 6.23 2.23 1.64 95.0% 10.49 2.52 1.64
97.5% 7.63 2.75 1.96 97.5% 13.01 3.18 1.96
99.0% 9.46 3.41 2.33 99.0% 16.81 3.91 2.33

1250709 EEERSAE e FFE HEY] 98 IMSL ABF2 GGNMLE AH43ds. X335
2,5003]. B pot ¢t JERE BERREERAA aA} FTHA RREEE, 2 RESHIZ NO,1D2
BEHRIERIHEE 20,

b
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<E & C(Xie), C(Yieg), K(Xie), Absken, W KaEte WHERES Y 2A

K7 es Aigslolaa @ WAE dE EREDEHHERE 959

e=1.0 e=1.5 o}, WEHER] HIREA 71237 &

C(X ;&) | 0.5193(0.0079) | 0.7101(0.0062) o] FhgA Z ZES A3 T oy o
C(Y ;&) | 0.5196(0.0079) | 0.7104(0.0062) Gz, wma Hoo AxE = xata 7|

K(X ;&) (0.2984(0.0119) | 0.5363(0.0118)

K(Y :e) | 0.29870.0117) | 0.5367(0.0118) Al 197003 19%8 19914 747AA <] 22
050 EHEEHAAT 2E 35S WS € AR Hedl FAE AA] BRSNS

T3

#is IMSL AuE% GGNMLE 833, T 33 AAAYE Roly wFd X-11

Z::ﬁ?é;i ;i:?;i} e ae ARIMAB Rl 93 AR2AL A=3dd

iy, =3 BN 29 dAs] {FHMBE

g mEsd HEHog gawstsiyc, 3

FHANA AF dFAAn dEv A2

B, FAE 9% FRAAE mEHR
Sl 23S %37 f8 == A,

bt

IV, S@H Dl AE, fEe =
R TE foE o

AEA A= 3FA A AT IR 42 A=AZ Stock and Watson (1989,
£ B, AE WEC d4sts BEMT p.17D) o] AAFE o8 A 7ted 2y F
o & Boloh @GS A hlERE Aot BBEHE LY A H59 VARS

BE AHess e fEl M2E H93tdx

Aok, A7 He BERERS A9 £

4

RS YHARE |89 W WWERANES  EHBEES el 60) 4% SAlsce 2
3 He FE EREAEENRE 94WsE 3E IAGO, 2auad AEEESY 6

11)

12)

13)

X-11 ARIMA#AAR & AM&3te] Q9 AAgds ARz W] FERE7 71X e FAd FEE
B JFAFIAY EAstE AR & FEREMY 458 FUAA AsAL doy didAd e ol
A& Aeolgley AT77 ol R A Ww%ke=m2, X—11 ARIMA AZZAAA ] Jmiitkd #§ HEE o
FAA beAE Ada A g,
B, EE, WEY A #HUT 25 BAES dstn o AEgBiLe] 2 We HOEEHERY B
ZHE 7} b A BRIGE R QoiXd EAst HA go HEEg FAR2 wugtol A #gre FFd)
A HFERE 95 o B 20 AS ERNERM B HE #He 222 5 Ut ol
o A RAAE = 25 g =2 gF72 sE, AFE A48 VAR #ER BEHeE ¢4y A
d Aoz ZhF o % Goll 2 FAZ de Ao Halr
REERER EHFES L(M)=(T-A (I |SR| -k |2U|)=2 ZJa
2, TE 2137, k-t— 7+ gl BB B, | SR [SU e 44 HiEE s JERlfa o
AT THIRI T, BHEEATAA AR L(T) e 2282385 ze A2 ¢34 v, o= &%
BEE 71Astd EMSTES Fotod Botd o Jh A Ad BEE 6olat & 4 ok, shubsld

B (1 ¥ 2) L(T)=127.01(0.000)

BF2E(2 ¥ 3) L(7T)= 20.01(0.018)

FEZE (3 ¥ 4) L(T)= 19.09(0.024)

FEs2(4 % 5) L(T)= 15.34(0.082)

¥ (5 ¥ 6) L(T)= 19.83(0.019)

FE(6 ® 7) L(T)= 10.31(0.326)

FEZE (4 % 6) L(T)= 34.99(0.010)

&, 235 g AE B T BAE pgrolr).
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%1 /:‘E%’ %1?%&% 7‘}'7‘}' {mt}7 {yt}y {pt}
Sz st HEECHEHRY 2AgE
oo 2om #E G gholdh,
m:=0.165 +2.289 X107*¢+0.903m,_,
(3.11) (1.93) (13.98)
+0 . 212mt_2 - 0 . 0887%,_3 +0 - 038 W s
(2.38) (-0.98) (0.42)
+0.082#0,.5 —0.190m,_6 +0, 043y,
(0.89) (-2.83) (1.92)
—0. 025_’,\’;—2 -0. 031y¢_3 - 0. 022yt_4
(-0.99) (-1.16)  (-0.84)
+0.057y,-5+0.001y,_6 +0.036p._;
(2.24) (0.05) (0.42)
—0,019p,-2+0.043p,_3—0.060p,_,
(-0.13)  (0.29) (-0.42)
—0.116p,-5 +0.144p,_ 6 + Up,, -+ (22)
(-0.81)  (1.72)
¥:=—0.104—1.10 X10~*¢+0.330m2,-,
(-0.66) (-0.31) (1.73)
+0.038m,_,+0.263m,_;—0.821m,_,
(0.15) (0.99) (-3.06)
+ 0 . 250mt_5 - 0 . 0187%,:_5 +0 . 473)}1_1
(0.92) (-0.09) (7.17)
+0. 391y, +0.146y,_3+0.022y,_,
(5.23) (1.86) 0.27)
+0.014y,5s—0.079y,.6 —0.126p,_,
(0.18) (-1.20) (-0.49)
—0.120p,-,+0.171p,_3+0.111p; ,
(-0.27)  (0.39) (0.26)
+0 - 071p¢‘5 - 0 - 142pt_6 + Uyty o (23)
(0.17) (-0.58)
= —0.070—2.246 X107*¢—0.064m,_,
(-1.76) (-2.55) (-1.34)
+ 0 . 0237%2_2 +0 . 140mt_3 - 0 . 075 WMy_y
(0.34) (2.09) (-1.1D)
—0.00012,5 —0.003m,_s —0, 017y,_,
(-0.00) (-0.06) (-1.01)
+ 0 . Ollyt—z - 0 . 021yt_3 - 0 . Olﬁyt_4
(0.58) (-1.06)  (-0.82)
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+0.032y,-5 +0.017y,_¢+1, 382p;_,

(1.68) (1.00) (21.42)
‘0 - 321pt_2 +0 . 0081‘);_3 _0 . 1941’:—4
(-2.92) (0.07) (-1:80)
+0.262p,-5—0.160p,-+ Up, , -+ (24)
(2.47) (-2.57)

X (22) ~(24) o &3kd Granger HRMAR

EE st 2 AFE (K 59 o] deAE
vl B3ho} A A2 FA=NddE 5%
A Hela glevt 1 whe] T
o AAARL 5% FAFEANA 1 FAE F
7] A}, A EEFHERS] B4 FAH A
e, EEERHS AHE, deHse A
ol o8 FEAA= ZApARe] A ek
Zdold & Qe AL AFAAE JE
<& ellA @& AES AMsd EK) 4
FERte] GEREMEIE A dA S RAKME
E d&3e d F8 HHmE AL & ¥
99} & VAR ﬁi%k% Wagel
g% A% YiEst BE 32 WES LES
Ie7b Aolx BpEE ¥ TERAAE BoA
Pes & F Ak 2 HeZe] AR

EE AAD F Fe HENHE A v

.

=
T

(& 5 Granger #{xEi&kol <ot
(1970 : 1~1991 : 7)

ESESRES

SRSy | .
Ik @ % | &2 E | W E
3.33 1.75
& % 0.004) (0.111)
2.82 1.43
£ OE | (0w (0.208)
1.35 0.47
Wm0 | (0.833)
N aTrErye———
23 e pd.



FGAEEE 2R ol A Ao, webA
X QDo 7127 ks 8% A 95
Bl A& FEGRIEY RRMEC] o8 maEst
7] A% Jl2AEE R (22) ~ 24 A Lol
A BERERS {Un), {Uy,}, {Up}7} "k,
A2 AR A Rl EERERA ALl Ik
BRRMRE ARy "ol Zhzho] HERERERS
o] = Az JERATEEEC] dEA ol

Bzl o]E ¢js] BDS HiEHS A43td
£ 6> A#EZ 23, Brock and Baek

(1991 ol =919 MBIk dezAHfEE
< Axste kR DI (FE LT FASA
ohY MHERES dER RS A4
A o] FefH Alawlo] #HEae] opd o]w]
2 A " (deterministic) F&4 FE o=
A& wEsts d AbeE A MHBKoT
HEEe MdL olv e A AFstA7 d
Foll o371M e Ae2Ai g dHele] s
37z &

AN A FA Kolmogorov
a2 A 7ko] EEo ulet BB
FE FHRI ARl AEFHE
1ok, oAl walbabd o1l ghE
Ax Aztel F45 et 5
298 A, SHEHEE 2

7HE

2
m
kﬂ

i
fu

4E%

e

ko
}Fole

14) BDS #Eikel 7174g&  Hsieh and LeBaron

(19912) 25-5] 4¢ F 9o} d=F 289 &
#e dod Rl EATdn B 5 9l
o, =3 24 NEZAFAT RINEE
A ABE AFsed #HiyRKitel F/AFgdA%
I35 KEERe] S715A dAU dez
HFA ko] 0ol 7i7ke]l HH RFAIFEBHE U&
75 Aol E¥oh. Brock and Baek(1991)9] =%
L ol E ol g3 A FEWWE ARe] wy
on orlde a2 A 2wded, AAF
Abare A9 =F Fx ups,

ol
=
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F 6 REBB HEHO s BDS &%E

EC I - ¢ & W
m| ¢ | BDS | e | BDS | & | BDS
2 . 2.00 [ 2.44 | 3.81
5/1.20¢ 2.51 |1.50} 1.66 |1.08} 7.75
10 2.41 L 1.64 | 16.51
15 1.84 £1.90 | 36.24
2 L 1.85 P 2.2 L 4.49
5(0.96: 2.67 [1.21] 1.95 |0.88; 8.51
10 4.78 P1.89 i 16.59
15 2.62 1.94 | 20.83
2 | 1.93 2.1 | 4.76
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