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Abstract

This research mainly discusses the linkage between the Taiwan weighted index
(TAIEX) and the Philadelphia semiconductor index (SOX), the relationship of
substitution, and their returns. We choose Taiwan Semiconductor Manufacturing
(TSMC), the largest weighted stock in TAIEX, Intel Corporation, and Advanced Micro
Devices as our representative blue-chip stocks. First, we fit each return series based on
the univariate GARCH model, forecast their volatility, and compare the variation of
estimated volatility respectively. In order to understand their linkage, we consider a
multivariate DCC-GARCH (Dynamic Conditional Correlation) model to estimate the
conditional correlation coefficient of bivariate returns. We thus investigate the
relationship of the estimated result and substitution effect. In conclusion, in terms of the
bivariate returns correlation, the conditional correlation coefficient range of the Intel
Corporation and Advanced Micro Devices to Taiwan Semiconductor Manufacturing are
0.2~0.3, respectively. For Intel Corporation and Advanced Micro Devices, we find that
their correlation coefficient is positive through the analysis, because the two companies
are competitive. Their correlation coefficient is at least 0.7 in 2009, and when a new
product is launched from a company, the substitution effect occurs for this new product.
It eventually causes the conditional correlation coefficient to become negative in the

short run, presenting. That the substitution effect appear in the counterpart stock’s return.

Keywords: Ljung-Box Test, Jarque-Bera Normality Test, GARCH Model, Dynamic
Conditional Correlation Multivariate GARCH model
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EHURBEERFTAFrm - 2 LA %3 HEr s X SR L
BreruFi o i@ L4 R Rl T TR r;f—;ﬁ ADR LAmL 5,%2%*":’1’11;\2/,}’3’” ,
T8 # R 5 328 % (American Depositary Recelpts)fx-\r R EERIE LD O
HE SRR EFW - A ST ADR R A S A e RE S X o H T m/‘?&d’ﬁ 1B
B d SR S A A B A LR AR 5 e
HIFT MR SFRAFRGE S~ Goriktgy B 7 R RGBT S %%ﬁiﬁﬁzﬁ?
A g e A il B o

O e R R R R TR B TR AR 7 @ * Engle (1982)
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Bl AT U RAER BRI B R RS Ak 2 AR ER SN
kit * > #& @ Bollerslev, Chou, and Kroner (1992) # % 45 &% GARCH(1,1)#-3] it 49
AR RGO EREF R O B EE > I AT €1 GARCH(L,1)fe i i&
Z AR 3R S eI R o

BB E e s A BRF RN EFMI 2R LT ¥
AR R R R EE LAAREFPFHRALOMN B 50 AT
if;—'ﬂ”’lfﬁff’“ﬁ R EER R s A o T - P BREDERR )

Bt s BRCAIF 043 - B 5 Bollerslev (1990)# ! <17 Constant Conditional
Correlation(CCC)-GARCH #-3] » @ ¥ — B 5 Engle (2002) #& 31— i i 2 4p B %
feehigip B0 AR i EEF MR A R o N E SRER K AFERF
teiCA] 0 FE S B iF i 4p B T 03] (Dynamic conditional correlation model) ;
¥ ¢t Tseand Tsui (2002)45 34 7 — BiE 2 4c 8- T 594p M 2 BEE > 12§ i GARCH
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feerticd] o = %é” LR g ek~ 4T 2 Ljung-Box e T~ ¥ e T
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Ljung and Box (1978)#% ! ¢ Ljung-Box # T 2 * k2 - L FHILZEF L35 §
ApH o SR EF :‘Edéﬁf‘ﬂﬁm—'m‘&mﬁtb» FOLR AT BT BT G RS e
Ljung-Box #& T 2. B& & T 5 Hy:py = py, = = pr > Hy:at least p; #0° & 2

ik A B AT

2
Q =n(n+2)XH 1_kk

Bt n itk Adoh SRR SR PELFE T kA p Aph o

WA R IR NGy T R A TALETE 5 8 ) (Random Walk) 2 £
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WY ERPER AR B FAAEF T #%J*fz- T# te i 5 % ¥ R % (Volatility
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GARCH Model

AFFE % R A e rugarch £ F 4 GARCH H-2) e if » 5648 % -
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Dynamic Conditional Correlation GARCH Model
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FRECEDRRE FRELEEHE AT

SR EAETRETH YT REER F AL FRETEOA LS
PR oY R REcHhBasics 230 E PRl ALt o Tablel 3332
AR FA R A A S R A 0 F A RIE A LR B R o
W E R G RG] > FRESE (ntel) 1 32 LZH(AMD) 2 FEZEF < o 4p
ﬁrr’fmkfﬂ B 58 B0 T%IF L R > p K 2005 EF 6 2 1 p oAz gk
Fr#-E gk tg e 2 2 10% 0 #T T R EEARFEE B0 4E 7 5 E(SOX) = A
e Tt o] B F LR kurtosis 3R A > d AR T chan it B kurtosis &
e % G oexcess Kurtosis » #r 4o gk 3t B o ke & 4 3 00 PR R e dR AN

B by BEAsf g il B R EP S A7 Skurtosis ¥+ 3 0
Kz P F AL G B LA DI

Table 1 J 4T alenfh & 53-8 £

AR s A

# Ak 2473 2473 2473
TiaiE 0.07 0.08 0.05
Bl 1.81 1.65 3.68

LA -3 0.09 0 0

B B -13.22 -7.24 -27.75
X B 11.2 7.51 20.19
> FE 24.42 14.75 47.94

T A5 T B -0.08 0.04 -0.14
AIE R 5.26 2.67 4.69
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Table 2 f 474 # %2

EEP EHE i

LB(5) 0.00436 0.05010 0.32380
LB(10) <0.0001 0.09703 0.00659
LB(20) <0.0001 0.00054 0.00208
LB"2(5) <0.0001 <0.0001 <0.0001
LB"2(10) <0.0001 <0.0001 <0.0001
LB"2(20) <0.0001 <0.0001 <0.0001

JB Test <0.0001 <0.0001 <0.0001
ARCH-LM(5) <0.0001 <0.0001 <0.0001
ARCH-LM"2(10) <0.0001 <0.0001 0.07412

FPAERAGCZARLRPMFETF A AH > AT @ * Ljung-Box # T %
W5 > Table2 & dFF¥ 5 B 5] 4p B & Tsni 4 0§ A 5 I Ljung-Box & T3t A »

3 REFE o LB(S) ~ LB(10)2 2 LB(20) » % Ik T p-value -] *+ 0.1 » £
TAEG TP FREINEM DR EBR > AT ERHE PR TS OEMT A
I A G M e BT ORERR S ﬁ T H4Fp S LB(S) ~ LB(10)2 2 LB(20):
p-value & -] 3t 0.1 > B4 7 FFPF B FIE B m & B3R 0 &7 o ff R OISR
LIS endR PSR L G AP B e B (S LA IR LB(S) e p-value &

0.32536 > + 3+ 0.1 » 4 7 ATHAR o 3 A [k s T 4 L M oh o @ E_LB(10)12 2

LB(20): p-value % | 2 0.1 > % 7 [ A % chFR 0 & 127 chFpl £ A b en >
AR fRETALEE PRI & o BLE Table 2 JB.test (R4 0 B IIEZ AR L 0
FFFY S 2 p-value ¥ o3 0.1 4ER TSRS B SPRIERN B A feenBR 0 £ T B2
WA E B | ehA fed A OPRACE B A fe Befé feil GARCH 40415 3 46 & 7
®_F % . ARCH effect > '?1 F| Table2 l-’WARCH-LM(5) R o B Z ?TF ﬁ”l ¥

E2lihp-value 3 [ 3+ 01> & mig= wdpF ARA R REHEFTH L kq7)
ARCH-LMA2(10) 2% A 35 = Bzﬂ:ﬁm B F|A ,;a‘»é L T¥aR T p- value s
J¥ 0L A ipz BRI AL G B HB TR FB A5 i1 GARCH

w;n] j\]ﬁc’lE?P I? w;u °
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GARCH Model
Table 3 GARCH #:3]2 %4 3 %
R SR A it
distribution Normal  Student T Skew Student T Normal Student T Skew Student T Normal Student T Skew Student T
0.0999 0.0947 0.0887 0.098 0.0812 0.087
NA NA NA
(0.0006)*  (0.0003)* (0.0016)* (0.0003)*  (0.0016)* (0.0013)*
0.082 0.0369 0.0368 0.0501 0.039 0.0389 0.155 0.1645 0.1649
Qo
(<0.0001)* (0.0205)* (0.0203)* (0.0021)* (0.026)* (0.0262)* (<0.0001)*  (0.0105)* (0.0104)*
0.077 0.0712 0.0707 0.0648 0.0557 0.0556 0.0373 0.0514 0.0516
ay
(<0.0001)* (<0.0001)*  (<0.0001)*  (<0.0001)* (<0.0001)* (<0.0001)*  (<0.0001)* (<0.0001)* (<0.0001)*
0.8945 0.9185 0.9189 0.9167 0.93 0.9302 0.9516 0.9399 0.9396
B
(<0.0001)* (<0.0001)* (<0.0001)* (<0.0001)*  (<0.0001)*  (<0.0001)*  (<0.0001)* (<0.0001)* (<0.0001)*
0.9836 1.0201 1.0164
& NA NA NA NA NA NA
(<0.0001)* (<0.0001)* (<0.0001)*
5.6979 5.7029 6.8069 6.8259 4.1639 4.1673
v NA NA NA
(<0.0001)*  (<0.0001)* (<0.0001)*  (<0.0001)* (<0.0001)* (<0.0001)*
Kk & K&?%

EHZWHEZ BHRPFREANLP 0 FT KL T > Table 3 AL
GARCH #.3) $#ciz 3t 4 > = ;L“ Po#-Z fKE 4 %] feif Normal ~ student T 12 %
skewstudentT = B 4 fic > d 3t a GBchiez BRAIP R RE AT )T%ii’ﬁ
o HCAlTERRiE 0 R ORFE %“»ﬁ LiE omega mu ~ alphal ™2 2 betal e384 -

p-value % -] >+ 0.1 » % 51

g %F'- p/ﬁa%@é’ﬁ ﬁlﬂ ';“ °
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sd GARCH fd4lpeif » A5 5 - & ﬁj‘*ﬁx Z A I A e
A BT kB e D kA L E 8 ﬁﬂﬁ
Table 4 GARCH #-3] 3 %7
B i A2 e

distribution Normal Student T Skew Student T Normal Student T Skew Student T Normal StudentT Skew Student T

LB(1) 0.2775* 0.3627* 0.3617* 0.9329* 0.6349* 0.6389* 0.2076* 0.1905* 0.1904*

LB(2) 0.4003* 0.4803* 0.4787* 0.8184* 0.6941* 0.6967* 0.3315* 0.3093* 0.3092*

Ljung-Box Test on LB(5) 0.6989* 0.7889* 0.7874* 0.4651* 0.3975* 0.3978* 0.4934*  0.4964* 0.4968*
Standardized Residuals LB?(1) 0.8473* 0.9572* 0.9611* 0.5985* 0.3747* 0.3757* 0.171*  0.4258* 0.4316*
LB?(5) 0.771* 0.8217* 0.8228* 0.8585* 0.7812* 0.781* 0.6261*  0.89* 0.8923*

LB2(9) 0.9071* 0.9332* 0.9336* 0.9154* 0.8757* 0.8751* 0.7699* 0.9013* 0.9019*

Sign Bias 0.6864* 0.6402* 0.7295* 0.2414* 0.3932* 0.2337* 0.90531* 0.9496* 0.9501*
Negative Sign Bias 0.3087* 0.4989* 0.5284* 0.5391* 0.8165* 0.684* 0.02914 0.1248* 0.1275*

Sign Bias Test
Positive Sign Bias 0.4447* 0.3387* 0.3704* 0.5537* 0.5238* 0.415* 0.3502* 0.6137* 0.6185*

Joint Effect 0.5605* 0.6606* 0.6774* 0.7116* 0.8473* 0.6826* 0.10062* 0.3812* 0.3877*

kLR S

Fide TR 0 LB(1) » LBQ2) 2 LB(S)ehp-value % 3+ 0.1 » % 735 9 B #
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DCC-GARCH Model

R E A T e § 5 E R 2 [ enm s e R B2 B e b
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% 7 & * DCC-GARCH Model #3t% ier S ichip B o feif % 7 L
Table 5 2 Table 6 2 L2 > HAIfeif o % 5 63 » S8BT > T HAFERBR T
(RALZFREHEEFTE BT paiabl)y @ 27 A58
MEPRFAMIL -

Table 5 & 4 “i%é%%?ﬁﬂDCC-GARCHi%ﬁQ&T—;g*

Parameter Estimate(p-value)
iy 0.094672(0.0003)*
a1 0.036864(0.0748)

o a1 0.071151(0.0004)*
P11 0.918527(<0.0001)*
Vi 5.69777(<0.0001)*
Uzt 0.081197(0.0017)*
$21 -0.050277(0.0147)*
X a0 0.038952(0.1087)
o R
a1 0.055661(0.0051)*
B2 0.93002(<0.0001)*
Vs, 6.806855(<0.0001)*
0, 0.988509(<0.0001)*
0, 0.002637(0.1899)
v 6.686173(<0.0001)*

Table 6 # 4 f % & # T <7 DCC-GARCH 2 #-3]if & & # <

p-value
LM Test 0.9573*
Multivariate Ljung-Box 0.4686*
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Dynamic Conditional Correlation(INTC and X2330.tw)
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Table 7 A2ic¥t & ## = <7 DCC-GARCH 2. %% iz 3+

Parameter Estimate(p-value)
a0 0.164471(0.0161)
Iy g 0.051379(<0.0001)*
P11 0.939905(<0.0001)*
vy 4.163723(<0.0001)*
Lzt 0.081197(0.0017)*
$2,1 -0.050277(0.0147)*
e a0 0.038952(0.1087)
P a1 0.055661(0.0051)*
B2 0.93002(<0.0001)*
v, 6.806855(<0.0001)*
0, 0.981182(<0.0001)*
0, 0.007444(0.053)
v 5.629406(<0.0001)*

Table 8 4z #c¥t = ## T ¢0 DCC-GARCH 2. #5733 & & #h 2

p-value
LM Test 0.7354*
Multivariate Ljung-Box 0.9089*
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Table 9 # 3 f v.s. 428 DCC-GARCH 2 4-#c i 3+

Parameter Estimate(p-value)

a1 0.164471(0.0161)
) a4 0.051379(<0.0001)*

Ak

P11 0.939905(<0.0001)*
2] 4.163723(<0.0001)*

Uzt 0.094672(0.0003)*

a0 0.036864(0.0748)

R a1 0.071151(0.0004)*
B2 0.918527(<0.0001)*

v, 5.69777(<0.0001)*
6, 0.956238(<0.0001)*
0, 0.029572(<0.0001)*
v 4.606506(<0.0001)*

Table 10 # 4 f v.s. 424 DCC-GARCH 2. #:4]:§ £ B # T

p-value
LM Test 0.844*
Multivariate Ljung-Box 0.9998*
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