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Abstract: The purpose of this study is to apply fast Fourier transform to investigate in-sample

goodness of fit and out-of-sample prediction performance of three modified options pricing models,
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including jump-diffusion model, stochastic volatility model and stochastic volatility with jump model,
through options pricing error analysis. The overall empirical results indicate that three modified
options pricing models outperform Monte Carlo simulation method through the analysis of in-sample
goodness of fit and out-of-sample prediction performance. The empirical results of in-sample
goodness of fit indicate that the stochastic volatility and stochastic volatility with jump models are
significantly superior pricing models of TAIEX index options. The empirical results of one-day
out-of-sample prediction performance reveal that in addition to next-near-month options contracts, the
stochastic volatility and stochastic volatility with jump models also are significantly superior pricing
models of TAIEX index options of overall, near-month and far-month options contracts. The
stochastic volatility and stochastic volatility with jump models are significantly superior pricing
models of TAIEX index options for call and put options, respectively. Finally, the empirical results of
five-day, ten-day and twenty-day out-of-sample prediction performance indicate that the stochastic
volatility with jump model is significantly superior pricing model of TAIEX index options for calls,
while the stochastic volatility and stochastic volatility with jump models are significantly superior

pricing models of TAIEX index options for puts.
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T‘\L?%?;Plancherel LA Cp K) %k —> -0 ‘[?“iﬁdj\}{fj’ﬂi”sﬁf?% o 7 = @ﬁﬁ“}@r
e A e R SRR ST ey (K) IV T A H ST
J/l%@%?frﬁmérl it e s

¢, (k) = exp(ak)C; (k) (17)

Hrexp(ak) B ISTINY « o> 0 VI o e (K) Fylieta— = AL
B SRR MR S U BT R R

¢ (W)=[" &g (s;)ds a8
ELF1 (V) 50 e
(SRR R ey (K) == it By BV R LA
@ (V) =J'joe‘chT(k)dk (19)
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" e(a+1+iv)s (a+1+iv)s e"'T V—(a+Di
:J eirTqT (S) T ¢ . ds = 2 { 2 ( ) } (20)
o a+iv  a+l+iv a +a—-Vv +ia+1)v

1y 45 Oy FryBrc st B e -

XA a >0 Eatj Cr (K) prits— = A ke PHRIHI frv=0
FRES S QO T @ +a =V +iQa+ 1)V EE - [ (V) @ h B e 'y A
L SR T (198 [qul =0 Vi o B8R R (167 B
TN RSN (1T) < (EH o > O [ » S IR MR e O REY AE E  f
RIS B A Y O R SRR R PO SHRRRS f *?I—JC i
Cy (K) % £5 My Bl 6 53 1R HBAGE o (0) 1B M;EJ =2 QO A1 i {v - (a+1)'}
FLE I > Il op (0) BB Il - e 53 PR fF=s =0 PR AT IR -

E(S ) <o @1)

HOS5 - FP I R S QO)F R E @ U Ff - Carr and Madan (1999) F ! 74(21).1 1/4
5P R o i
B o b B T HRARMEH R > a 2T R B

i
E[ST(aH):I A
v) = % JA
S <(a2+a—vz)+i(2a+l)zvz Y ﬁ9|40T(V)I<V—2 (22)
B SRR i
[“ler ) dv<VA[ v2dv=vAO+1/a) 23)

FL[y Wa VR p”—h(23)H|¢T(V)%§7} N \/7/a' s PIgpIr=EE Iy 1 gt P

exp(—ak) ﬂ 24)
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S exp(—ak) ﬁ 25)
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322 PrRFGRE(H S EBE)L & 2 L
AR IR (R S P SO log(S) b B i M B il v
Vi - aﬁ%«?ﬂ&?f log(S) &= il 7 i SRS > PR T AL 1 R i
AL e [t B ek R PRI ffl - PP Carr and Madan (1999) 35— #3HE
A ?“@Eﬂj i g
HESE Eﬁﬁﬁﬁ”%?KgVﬁQr S, ELHTF AT R FH‘*‘ Z. (k) i~ - ERE RS
e 71>?1/ 1 Z; (k) 5k <In(S,) [ - ZI#IE' T I/E,I@E;r& ' Z,(K) # 15k > In(S,) B -
*uﬂFEIT JE @l%’f’r‘j‘ PRSI Zo (K) PR IS O A PO 8 P A i B
PN - < Zp (K)#0 K =1In(Sy) Ff SR sl = ki i Z (K) 49 K T oo 35 425
S > P> Carr and Madan (1999) 5 5 E1 [ (] i 7 ffa= Sz esn [
FIHAoR] & (V) 350 Zy (K) st B
g W) =[" "z, (kydk 26)
R e ON A R e T L T

1 o -
Zr (k) =7~ [ e™8 (vydv @7)

f@?ﬁ%ﬂ@ﬁm?ﬁ igffrﬁ Sy =1 Y= H s & (V) - FHEPERZ (K) g -
ZT (k) — err J‘_O:o e—in [(ek — es)l{s<k,k<0} + (es _ek)l{s>k,k>0} ]qT (ST )dS (28)
I e iecoy = Vssk ooy FHFHETEE (indicator function) » BEFBETIIR A L =
150 = (€° )y gy FHT S <K = K <OP  Zy (k) (gl BRI - iy B4 L8

BT FIRAOTYE 1165 (K =)« (€ =€)l gy o BT S > K 2 k>OE%lj’ Z, (K) [

AR Y I o EURR SPL Wk AR e (VAR 7 1 (S — K - 0= il 13 (26) 225
@8)fttt Z, (k) 2 = gy

9 (V) = j:e“VkZT(k)dk= j g e j (e" —e%)q, (s, dsdk +[ g e j (e° —e“)q; (s; Jdsdk

=€ | ——
1+iv 1v Ve —1v
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PR R SR T P Zy (K) A K g oo ) H R
(s K = O ) ER SO < B3 (D098l 40 » e et sinh(ak) - # ﬁ%ﬁ'ﬁ
AL [E A

- . - ak _. _ -
)= e sinh(ak)Z, (kdk = [~ e & 2, (k)k _aw '“)2'9T("+'“) (30)

i SR Y R A S

1 o
Z k - - —ivk 31
() sinh(ak)27z -[ LS (v ey

LA A L (S A RS L SRR o ST Ty LY
(e B S L—wx:@q VPR SR R (L -
323 EH/EH LG E > Fi g
§m$¢§ﬁﬁﬁﬁﬁ*%ﬁﬁﬁm'%?EﬁﬂfW%ﬂ°
T (RIS (ITE S IR 2 2 ARV g Cr (k)
C, (k) = ZREA) [ omy )y ()
Via 0

G2 HIP B R (Trapezoid rule) JK{A 5T (=85 % LY Gfl - g+ 57
_ N )
CT(k)z%Qk)Ze'vjk(pT(vj)n (33)
j=1
v =i =1) > =12, N o 2 7 55855 B R  Bhiss
B e RS K TRy NS0T SRR T ER o - BrRs Tk i b2
b o= ¢ﬂf¢§%ﬂ§w|€§?,‘[§FJE4‘?F'§JE&~ TRLH]
k,=-b+o(u-1) - u=L2,..,N (34)
B ab=No/2 - 27 2233) - JIC (K) ST 2
_ N )
CT (ku) ~ eXp( aku) Ze—lvj(—b+u(u—l))¢T (Vj )77
T j=I

— N o .
CT (ku) = %aku)zewn(ll)(ul)elbvj% (Vj )77 » U= 1’ 2’___’ N (35)

i=1
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SR GIVIELY ST VA PG 8 PR Skl

N 7I u-—
0, =Y e VT U2, N (36)
j=1
= s 0 35)V AR (FIRLEISESS (36) Al ot BEAR ] > 8GO X, i HeAsE
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X.:memm@ﬁw)’ﬁrj=0Jw”N—l (7
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H1 A GSZE R G6) )

vn =2x/N (38)
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PECE i?ﬁ“Wﬂiﬂaﬁ%ﬁﬁygﬁﬁﬁﬂm?%’ﬂﬁﬁﬁ%ﬁﬂ~ YRR
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2HHEN P a o NZp L EV 4P 43 2¥Carr and Madan (1999) #3577 ‘TETEﬂjF'E? =
e T PR B N R 14096(2'7) 7RI TS/ 512 @ [
¢T1’4§?Vﬂ I'ZEP'E'91~5 AN a Ii1.5 VAR o HUERE — S RS EISR I A

“(43){[&:1%# Pl SRR ] il o Pa [l Z5VaE{ #2 Carr and Madan (1999) FrgEE
a ITMEP F

UGN~ 70 ol LRI s T o S e R
1 Wilﬁ“ﬂfp*ﬂwﬁm#wﬂﬁﬁ%[wﬂiﬁﬁwV@%H*PJ%
B EIL A LELLY H G JERRET < B BRI B R O
FORE BUAPISERE AR o B [k P ST ARG 1Y S0 AR R LY 185
PRIF - AR TRRS RA b Af  E ARR A ATSE A -

it lﬁl“h*ul SRR SR S R - SRR B Bl = U
SRR I IR JE'? BN %T@ LR A (34T o

PORPIEIRE R SRR R AL L E”ym A E'lfﬂﬁFﬁ (R
PI™h = 3 vk IV PR B R %w’?ﬁﬁ?rﬂw FIH 'J[’L'E'lrﬂﬁFF{ YEvR T A E“WHHV
IJ‘ F‘Lﬁﬁtﬁ‘ﬂ Vﬁ“‘ﬁbﬁ'* e KRR RRIFVEAT TER o R Y R TP = A F’, VR I

FI Dy el 2V PRS2 R 35 5T A o

3 Schoutens et al. (2004) F||2 ik rﬁzﬁﬁrlﬁ'ﬁl e o 50,75 - AREME] o 19 > FF K o il
R TR IL'*#’T FE E RIS T FR0.52 3/ [] o PR A ?iigi?:iOS 3' [/a IEf"Equg(a
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21 ST BRI A SR R TR i

i S —VhEr B E HEA
2 it Eifi it it it | s
A 0.1342 0.1124 na na 0.6560 0.5101
) 0.0846 0.0221 na na 0.2990 0.4218
c 0.2810 0.3104 na na na na
m -0.1526 -0.0839 na na na na
K na na na na -0.0808 -0.0371
& na na 4.7484 8.8745 10.2786 8.0925
i na na 0.0856 0.0895 0.0938 0.0989
12 na na 0.7994 0.8219 0.4354 0.3571
P na na -0.1648 -0.0001 -0.3340 -0.1501
v, na na 0.0746 0.0923 0.0017 0.0040
RMSE 26.6195 22.4277 16.0842 12.4398 16.0936 12.6767
T T 1. nah IS T T R
2. HEHREE E"ﬁ (RMSE) 75 [#* ikl F== FEfgl F'Jﬁﬁf'ﬁﬁ%&“?% °
3. YHJVJH*‘ J AT I R S5 SR ,lﬁ%‘ﬁﬁjﬁiuﬂ YR 2T T
U 5ERL

4.3 F¥ -+ BHEE - BT PR E 2 R SR RA p ERETR A AT

o 5=Jra§;“fﬁ VAR W SRR AR BV Sk 25 Bk IE R iR FR IV T PR SR
(MAE) » 1 #593815 7 157 385 (MAPE) I R 457385 (MSE) 7= FEfEl 20 » IS5 —
VERCALT] (Merton F8L%]) ~ BEBPL VLT (Heston f17]) 1) bfﬂﬁ?}?%ﬁf—%ﬁ@%f@@ﬂ/ iﬁiﬁ
PR (Bates f5UE]) E7= FERIEE S EUAE PR 4 TE“'T@F?FT VAgIFES AT o ?th"? AR
SEPHFI T 8 Y PR (MCS) VESLE] (matched model) I'J3E5 £ ?’Ft%“];' FF? %
L SRR

e (R SRR~ T PRSI 5T R W T SR R ) ST AR R

J%V#i Nl G R R R g S RN e S R e B £ N T R I
B T RIEI R = T IRl s A 1) ff’?ﬁ ERSELV AR R e R RS AR T
d/g%@ﬁi (PR ST > B HDRRRADAE 1 B 91 L S RS (1R ST 47 -
431 AP EBRFRFLAN
F2ERAST YIRS FIAREMSHRE (MCS) ~ B — PR (MertonfSt 7)) ~ oG FbftL R
(Hestonf5i 1) ') 9p LR (BatesfRl)  HORA SRS ({10 et ~ 4 F9neifp o)
PR W RGN o [RA2E RAT A AE ﬂ [FIEIRTE] D 7 [fl i VAR [P R e
IO SO~ SRR T PR ISR AR - R = PSR R R
fgjﬁ?ﬁ‘%ﬁ?zz’ﬁ% ST AR ST HEE LY T SRR ISR T PR
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2 PR EIRCE | T SRR AR

e ] {E] ¥
el B i BL i i i
o
MCS 73.2700 63.8800 61.3500 56.5410 51.0520 51.9580
Merton 32.4090 19.6910 22.1860 21.2520 20.0890 28.8610
Heston 19.9600 15.0460 14.4250 16.4970 14.5700 24.5790
Bates 18.7170 20.2480 17.2150 15.9250 16.4220 16.3420
iy
MCS 61.0330 55.5130 46.5650 42.5240 37.3620 59.9090
Merton 48.7600 18.4250 29.9940 24.9090 18.9420 36.4290
Heston 24.6090 14.0770 13.3280 20.4860 12.5460 31.3880
Bates 21.1970 25.1080 20.2480 17.9050 21.1490 17.4430
SRTE]
MCS 68.9500 69.3100 57.7740 58.9850 50.3240 54.8800
Merton 22.5150 16.0890 16.8640 18.0140 16.4960 26.8560
Heston 17.1960 15.8260 16.7190 15.5400 16.0400 22.6090
Bates 11.8500 18.1020 19.8630 15.8400 16.1600 15.4950
]
MCS 99.8300 76.8100 89.7000 78.1100 75.4700 81.0800
Merton 25.9530 24.5610 19.7010 20.8320 24.8280 23.2990
Heston 18.0740 15.2360 13.2280 13.4650 15.1230 19.7400
Bates 23.1050 17.5340 11.5350 14.0290 11.9560 16.0890

R 1 MCS A PR SV 59 R 5 Merton [Y AT — #8085 5 Heston [ < S IL )
] BatesE[J e ??ﬁfﬁ’[@%éﬁ VI AR -
2. A ] MR (i  HTAR £ Eﬁ g’h 5{97‘%1}5071 °

%3 ffu_“ @F[F?ﬁiﬂﬁ—i—¢” b2 SRS 1 55 Pk iwg
i

TP AED ki
L i E?'ﬁ@ i B i T
iz
MCS 0.3221 0.2372 0.3755 0.2710 0.4614 0.3211
Merton 0.0831 0.0673 0.0722 0.0622 0.0783 0.0682
Heston 0.0500 0.0535 0.0442 0.0496 0.0599 0.0587
Bates 0.0419 0.0461 0.0501 0.0435 0.0642 0.0559
PTE
MCS 0.2363 0.1861 0.3185 0.2409 0.4686 0.3054
Merton 0.1570 0.1027 0.1347 0.1064 0.1249 0.1147
Heston 0.0823 0.0814 0.0644 0.0879 0.0940 0.1004
Bates 0.0613 0.0752 0.0772 0.0698 0.1146 0.0907
RYTE
MCS 0.2092 0.2266 0.2476 0.2443 0.3100 0.2867
Merton 0.0486 0.0454 0.0424 0.0425 0.0506 0.0538
Heston 0.0370 0.0459 0.0421 0.0365 0.0499 0.0449
Bates 0.0254 0.0354 0.0505 0.0362 0.0498 0.0428
o
MCS 0.2206 0.1988 0.2605 0.2278 0.3056 0.2713
Merton 0.0437 0.0537 0.0395 0.0377 0.0595 0.0362
Heston 0.0305 0.0331 0.0260 0.0245 0.0358 0.0307
Bates 0.0389 0.0276 0.0225 0.0246 0.0283 0.0341

R+ kR TR 220 R -



SRR AR R SRR — Dl R R L 221

t

ENVIFE L SRS SR

N i e Tt
o] B i i i B i
P
MCS 0.0627 0.0860 0.1282 0.1181 0.2591 0.1677
Merton 0.0254 0.0114 0.0230 0.0115 0.0229 0.0130
Heston 0.0112 0.0064 0.0102 0.0066 0.0149 0.0094
Bates 0.0056 0.0088 0.0090 0.0092 0.0135 0.0150
i
MCS 0.1038 0.1208 0.2241 0.1801 0.1737 0.2715
Merton 0.0667 0.0255 0.0632 0.0289 0.0583 0.0310
Heston 0.0283 0.0130 0.0266 0.0164 0.0380 0.0226
Bates 0.0106 0.0190 0.0177 0.0202 0.0305 0.0355
YT
MCS 0.0399 0.1156 0.0775 0.0887 0.1467 0.2700
Merton 0.0059 0.0036 0.0032 0.0031 0.0044 0.0056
Heston 0.0030 0.0037 0.0028 0.0023 0.0042 0.0038
Bates 0.0022 0.0049 0.0080 0.0050 0.0077 0.0057
i)
MCS 0.0245 0.0609 0.0630 0.0793 0.1168 0.1078
Merton 0.0036 0.0051 0.0026 0.0026 0.0059 0.0026
Heston 0.0022 0.0027 0.0012 0.0011 0.0025 0.0019
Bates 0.0039 0.0024 0.0013 0.0025 0.0024 0.0039
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