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1 +tHEHMHEBEIR%k Cross-Correlation Coefficience

2 & CRUFE T UL, BN~ 7 ML TRELS L5 © T, VAR(vector autoregressive
model) & FEIEN %,

1.1 CCF(k) crosscorreration function

*ﬁﬁﬁ%ﬁﬁ&ﬂiﬂiﬁ(ﬁi nRDGEND, _
CCF(k) = 2tk Ye = Y) (X — X)

VI Y= V2T (X — X2

F 7203, 1
COVyy (k) = - Z?:Hk(Yt —Y)(Xi—x — X), k>0

T - _
COViy(K) ==Y, (Yo —Y)(Xe —X),k 20

n
COV,y, (k
CCF(k) = T()
xOy

1: Cross-Correlation NY-LONDON Stock price

Pxy (k) = Yxy (k) 'Yxx(o)'Yyy (0)
Yxu (—k) = E[(Xt — mx ) (Ye—k — Hy)]
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1.2.1 @5

WL OPDEERINDT — 2 BN T 7 2 o o6 OMBRETH 5, K OHER &
& BITHB DRI N T DD plot i X< HBbEND,

IBM #® NY London EXBIFFDT—2DmHFD10E—X (199 3)

Cross Correlations between NY & London IBM Stock Prices

NY London
38.625  56.5
38.879 57.625
39.125 59
39.375  59.5
40.063 58.5
39.375 58.875
39.438 59.25
39.625 58.625

39.25 58.125
39.063 58.75

ccf q
-5] 0.580839 0.691107 0.259779 _0.257538 _0.404517
O] _0.0553644 _0.266541 _0.242612 0.0788315 0.136927

ccf2 dat

|0.455316 0.580839]0.165699 0.691107|0.00810851 0.259779]_0.0459359 _0.257538]
|0.580839 2.19628]0.148197 0.660269|_0.0206628 _0.518274| _0.173093 _0.305578]
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1.2.2 Script

ccf=: 3 : 0

NB. CCF (2 variate )

dev=: -"1 (mean=: +/ % #)

CO=: mean vy.

Cl=: ( <\. 0{"1 y.) ,. J|.@(\) 1{"1y.

C2=:((0{"1 C1) - (L:0) 0{CO),.(C(1{"1 C1) - (L:0) 1{CO)
NB.Cov xy

C4=: (+/ "1 */ "2 >C2) % # y.

NB. Sx * Sy (use dev)

C5=: */ %: (([: +/ "&2) dev y.) % # y. NB. (devide by n type)
NB. C5=: %: +/ */ "1 y.

C4 % C5
)
ccf2=: 3 : O

NB. Correlation coefficience (multi variate )
NB. divide Sxx Syy

NB. Usage: ccf2 n (data matrix is tate type)

C2=: (dev=: - "1 +/ % #) vy.

Cl=: (]. <\ C2) ,: <&|: \. C(C2

C4=:(1{C1) +/ . * (L:0) 0{C1

NB. C5=:*/ %: ( +/ &2 y.) % #y.

C5=:*/ %: ( +/ "&2 C2) % N=: # y. NB. each SD
(C4 %L:0N) %L:0C5NB. Cov/ SD

)



ccf3=: 3 : 0

NB.Covariance coefficient (multi variate )

NB. divide only by n

NB. Usage: ccf3 n (data matrix is longitude type)
C2=: (dev=: - "1 +/ % #) y.

Cl=: (]. <\ C2) ,: <&|:\. (2

C4=:(1{C1) +/ . * (L:0) 0{Cl

C4 % L:0 0{# vy.

)



2 ZZEEHCHR - VAR

H C.[)% (Autoregression) £ %5 &

(IR L2 2 A B H CRUROGIEICH, 2—L - T
F =T —ihk N—=73k

D RARNVE—IERD D,

203 A—)oA—h—

C(m) = % ZE mi1 X(M)x(n—my

C(m) 138 B OHEEM T k x k 1751,
Yule-Walker 503k o L 912725,

% - Yule-Walker Method

C(0) C(=1) CO—MN(A()Y (C)
C(=1) C(0) “mll Ao | |co
ci—m) c2-M) ... co Nam) lew

2.04 #iB &L EREA

dat=: 7. 10 2 $ 20

HEHESEHRITHDOERK
ccf3 dat

Fommm - Fommm - Fommm - Fommm - Fommm o +
[34.61 11]4.631 _9.57|_2.128

_3.11]/_0.137 _1.53]|_10.116 11.81]|
| 11 27.2]_2.28 _15.5| 3.39

5.2 _4.74 _8.7| 4.04 8|
fommm fommm e S fommm e Fommm e +
Yule-Walker Matrix D4R
3 mgmain dat
L I S —— S —— +

[|34.61 11 |4.631 _9.57|_2.128 _3.11|4.631 _9.57 |

| 11 27.2 |_2.28 _15.5| 3.39 5.21_2.28 _15.5 |

Fommm o e ittt Fommm o Fomm o +



[4.631 _9.57 |34.61 11 [4.631 _9.57 |_2.128 _3.11]|

[_2.28 _15.5 | 11 27.2 |_2.28 _15.5 | 3.39 5.2]
fomm - fommm e e i fommm - +
[_2.128 _3.11]4.631 _9.57|34.61 11 |_.0.137 _1.53]
| 3.39 5.2]_2.28 _15.5] 11 27.2 | _4.74 _8.7|
fomm - fommm - fommm - fommm - +

205 LE>YY®7I)31) XL - Levinson Algolism

JIF~ NV w7 REZERETH~ M) 7 ZAOWTHIEZWNER DRSO L Z ENHIRR,

£ 725% » Yule-Walker 5 DOfREL LT, LEY Y o7 3 ) X5 (BEHRR) 7
HY ., L FRRRMBGREE RO S Z L2 X0, mROBIRIGEZIER KD % = &
MWTEXDHDT, ZOHEIZE ST,

(1) ¥ DRRE (m = 0)

W, = Zo = C(0)

AIC(0) = N log—W,|

@Qreryyrorrady s m=12,...,M)

E(m)=C(m)— Y ™" An 1(1)C(m —1)

Am(m)=Em)Z !,

Bm(m) =E(m)TW,
Am(i) =Am1 (i) —Am(m)Bm_(m—1),(i=1,...,m—1)
Bin(i) = Bm— 1(1)—Bm(m)Am 1m—1),(i=1,..., m—1)

Zym = C(0) — Z?:] Bm( )C(l)
AIC(m)=Nlog—W,,,| + 2mk?

206 #EBEHBR

[0 %]
W, = Zo = C(0)
[1 %]



A(1)=E(NZ

Bi(1) =E(M)T

C(0) — A (mCcm?T
Vi =2, =C(0) =B (1)C(1)

[2 4]

W,

E(2) = C(2) = A (DC(T)

A,(2) = E(2)Z
B,(2) = E(2)TW

Az(1)

1

1

Aq1(1) —A2(2)Bq (1)
B1(1) — B2(2)Aq(1)

WZZC(O)_Z[

B2(1)

(2)c(2)"

Ax(mem?
C(O)—Z[

B2(1)C(1)

B2(2)C(2)
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) =A3(1) — A4(4)B3(3)A4(2) = A3(2) — A4(4)B3(2)A4(3) = A3(3) — A4(4)B5(T ))

B4(1) = B3(1) — B4(4)A3(3)B4(2) = B3(2) — B4(4)A3(2)B4(3) = B3(3) — Ba(4)A5(1))

As(1)C(1)T
A4(2)C(2)T
Wa=ClO= 2| Bice)T
A4(4)C(4)T

B4(1)C(1)

o c|Ba2c@

Vis 2 =CO- Ll s

B4 (4)C(4)

2.1 TIMSAC DT—#AT

SRR OWRERNT 7 1 7 5 1 TIMSAC RA%E ST 5, TIMSAC D%
BRSO T AT — % 2 INTRE 5. (n=500)

adat2
713 5508 652
709 5511 650
709 5509 686
710 5506 697
712 5503 701
714 5502 706
716 5500 709
716 5499 710
718 5499 710
720 5496 708
721 5491 713
724 5490 714



726 5485 714
728 5484 735
730 5482 736

(n=500)

BB &R

8.5 ": L:0 ccf2 adat2
o o et L P +
| 0.01343 0.00407 0.01425| 0.01325 0.00395 0.01387| 0.01284 0.00384 0.01342]|
| 0.00407 0.02163 0.00098| 0.00422 0.02145 0.00057| 0.00438 0.02120 0.00112]|
| 0.01425 0.00098 0.10175| 0.01449 0.00161 0.06427| 0.01432 0.00189 0.00243|

e e e e e e e e L L L P +...

4 varmain ccf2 adat2
o o o +
| 1.68205_0.00067 0.00241|_0.75117 0.01197_0.00056| 0.07704_0.00961 0.00140|
[_0.02651 1.09003_0.00637| 0.01613 0.01840 0.00937| 0.03608 0.03156 0.00262|
| ©.57314_0.19702 0.91130| 0.01740 0.12938_0.51502| 0.82392_0.55123_0.22514|
o o o +
| 1.66845_0.02353 0.00439|_0.73853 0.01990_0.00389| 0.08229 0.02055 0.00249|
|_0.04814 1.11082 0.01118| 0.06069 0.00909 0.00293|_0.03334 0.02255_0.00886|
| 1.33946_0.86264 0.90411|_0.78035 0.12683_0.50662|_0.08226_0.00679_0.21875|
e o o +
| 0.00018 0.00000_0.00005| 0.00018_0.00001 0.00011| |
| 0.00000 0.00032 0.00001|_0.00001 0.00033 0.00017| |
[_0.00005 0.00001 0.02935| 0.00011 0.00017 0.02905| |

o o m - o +

£ Amm 3 RFTHEH
FET Bmm 3 RETEH
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