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Abstract

This research adopts the option and transaction data of Index option and futures
relatively.We exam the arbitrage chances with ox-post approach. The subject of research is
willing to find weather having profit of arbitrage in our sample, when the Put-Call Parity
and B-S modd is fitted. And we use regression approach to check the profit which is
obvious or not. Finally, the regression can help us to judge weather the option market is
efficient. The range of research is from 1/1/2003 to 10/31/2003.The result is as follows:

1. It appears 7.16% of the arbitrage chance using Put-Call Parity and 16.38% chance
using B-S model.

2. Under the Put-Call Parity approach, The chance of arbitrage only takes place to
295 times is least. The chance of arbitrage in B-S model is675 times. Under the Put-
Cal Parity, average profit is maximum reaching 4.84,but the average profit of put of
B-Sis 1.95 that is minimum. The total profit of the Call of B-S maximum as
1766.07.

3. Inregard to the frequency of the occurrence, the time zone of opening and closing
appears that the arbitrage chances are dlightly higher than other time zones, its
chance of arbitrage distributes to present like the W shape.

4. The result of regression in Put-Call Parity approach is found that the profit of
arbitrage is obvious. Under B-S model, no matter call or put, the result isrit obvious.
Because the model appear it still has obvious arbitrage profit, and it appears Index
option market isi't efficient.

Keyword: Taiwan Index option , Put-Call-Future Parity , B-S Model
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(Swep)
(call) (put)

1636
1973 4
(Chicago Board of Trade , CBOT) -

( Chicago Board of Options Exchange, CBOE)

(American Stock Exchange , AMEX)
( Philadelphia Stock Exchange , PHLX) 1975

(Pacific Stock Exchange , PSE) 1976



1982 (SIMEX)

Nekkei 225 (Topix index)
1993

83

oTC 86 9 4
2001 12 24

1
( 1-1) 919 1 92 6
( 2003

(Merton, 1973 Jarrow, 1983 Cox and Rubinstein, 1985)

1989

100

2003)



/
90.12 3,063 3,380 2,074 1,757 5,137 0.63 243%
91.1 8,813 8,381 8,547 8,979 17,600 0.49 -269
2 7,511 7,690 5,490 5311 13,001 0.58 104%
3 13,495 15,019 13,056 11,532 26,551 054 65%
4 22,958 28,188 20,955 15,725 43913 0.58 909
5 38,572 52,879 44,841 30,534 83,413 0.55 794
6 43,606 45,278 46,020 44,348 89,626 0.50 36%
7 59,082 68,722 62,961 53,321 122,043 0.52 -699
8 52,657 57,059 61,802 57,400 114,459 0.48 19%
9 66,819 71,314 69,260 64,765 136,079 0.51 74%
10 123,155 | 144,987 | 113,711 91,879 236,866 0.57 34%
n 164,868 | 174,069 | 152,892 | 143,691 317,760 0.53 15%
12 174,696 | 181,909 | 190,679 | 183,466 365,375 0.49 31%
921 187,727 | 233,025 | 289,891 | 244,593 477,618 0.44 6%
2 200,867 | 258,238 | 304,569 | 247,198 505,436 0.45 549
3 289,776 | 336,707 | 491,074 | 444,143 780,850 0.40 68%4
4 449,915 | 532,239 | 859,299 | 776,975 | 1,309,214 0.38 9%
5 522,816 | 592,827 | 909,391 | 839,380 | 1,432,207 0.39 28%
6 656,716 | 781,605 | 1,171,231 | 1,046,342 | 1,827,947 0.39 46%
7 872,305 | 922131 | 1799233 | 1749137 | 2671268 0.46 -15%
8 773,743 | 793846 | 1489415 | 1469312 | 2263158 0.45 -199
9 723,000 | 783631 | 1526291 | 1465660 | 2249291 0.39 24%
10 892,148 | 960539 | 1901477 | 1833086 | 2793625 124

B-S



(Nisbet, 1992; Berg, Brevik,

andSaettem, 1996;Cheng,Fung, and Chan, 1997;Cavallo and Mammola, 2000)

( Black,1975 Merton, 1976 Gadai,1977 Berg,.et

a, 1996 Cavallo,et al;2000) B-S ( )

(2003)
(2003)
(2003)
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(Boundary)

Black-Scholes (B-S

Black-Scholes

Black-Scholes

2-1

C+Ke" =S+P

Merton

Black-Scholes

Stoll

1969

(2-1)
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(2-2)

C+Ke"+De"=S+P

1973

Merton

Stoll

(2-2)



(2-3)
S-Ke"3C-P23S-K (2-3)
(2-4)
S-Ke"3C-P3S-De"-K (2-4)
Tucker(1991) Put-call-parity
C+Ke"=Fe" +P (2-5)
F =
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Black-Scholes(1973)

Black — Scholes

@ F @ F O

(2-5) C+Ke'"=Fe"+P

Black-Scholes

Black Scholes

(random walk)

(log-normal)
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C = SN(d,) - Ke"N(d,)
P=Ke""N(-d,)- SN(-d,)

4 2 INCSTK) +(r +0.5s )]

st

S =

d,=d, - s/t

Black 1976 B-S

futures)

C =Fe"N(d,) - Ke"N(d,)

_In(F/K)+05s

d

1 S\/f
d,=d, - s/t
F =

(2-6)
(2-7)

(option on

(2-8)
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4,

ol

Black-Scholes

Morgan(1995)

Parkinson(1980)

S

(2-8)

Fe "

(cost of carry model)

(equally-weighted moving average)

Garman Klass(1981)

. Bollerdev(1986)

GARCH

B-S

Parkinson
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1. Latane and Rendleman(1976) (E—C),
S

2. Beckers(1981) EC
S

3. Chiras and Manaster(1978)

1C/ s )
C/s

(

Leland(1985)

B-S

(2-13)

(1999) (2003)
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Leland(1985)

Evnine and Rudd (1985) S&P100 MMI

Zivney(1991)  S&P100

S& P100

Nisbet(1992)

Cheng, Fung and Chan(1997)

1993 4 1

Cavalo and Mammola(2000) MIBO30
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(2003)

(2003)

(2003)

0 12 24

91 5 92 4

Cheng(1997)

16

(Put-call-futures Parity)

12

31



Black-Scholes
Black & Scholes(1975) 1973 1975 CBOE

B-S

Merton(1976) B-S

Galai(1977) 1977 4 26 11 30 (CBOE)
B-S
MacBeth & Mervile(1979) B-S ATT Avon Kodak IBM Esson
Xerox 1976
Black-Scholes
B-S

Rubinstein(1985)  CBOE 1976 8 23
B-S Black(1975)
(1976 8 1977 10

& Mervile Black

Wiggins(1987)
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(1989)

1973 Black & Scholes

Cox
B-S
B-S
B-S at-the- money
Canina & Figlewski(1993) CBOE S&P 100
(1997) B-S
B-S

(1998) 1997 9 4 1998 4 10

GARCH GARCH+

GARCH GARCH+
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(1998)

(1999)

GARCH

GARCH

(2003) GARCH(1,1)

GARCH(1,1)
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Tucker(1991) (Put-Call-Futures Parity)




Fung, Cheng and Chan(1997) Castagna and Matolcsy(1982)

2003 1 17

2003 10 31

Fung et a.(1997)

3. 30 AREMOS

21



(MTX)

(TX)
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3-1

120 80 11.34
120 88 9.68
200 100 1.2

150 66 5.67
120 80 3.48
120 66 1.09
100 50 0.34
155 88
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155

88 50 3.1
1.76
@)
0.25
1.25
(©)
3-2
(long) (short)
= +MAXIMUM (A - ,B ) cdl =MAXIMUM((
- ) X 0) put =MAXIMUM(( -
)% ,0) 2003 6
5289 5000 275 27
15,000
+ MAXIMUM(A - B )
(5275-5000) © 50=13,750 27" 50=1350

15,000+1350+ MAXIMUM (21,000-13750,11000)=27,350

24



Beckers(1981)

3-2
(TX ) NT$60,000 NT$69,000 NT$90,000
(MTX ) NT$15,000 NT$18,000 NT$23,000
NT$14,000 NT$17,000 NT$21,000
(A )(MTXOA)
NT$7,000 NT$9,000 NT$11,000
(B )(TXO_B)
e
>0
E,=Fe"+P- Ke"-C+TC20 (3-1)

E,=C+Ke"- Fe'- P+TC? 0 (3-2)
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Black-Scholes
B-S (2-5)
delta(delta 34 (35)
delta
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( )
1C
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0s (d,) (3-3)
P
D=1g=N(d)-1 34
0S (d,) (3-4)
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(3-9)
Ke "N
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1S
E,=C+
Ke—rt
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1S 0
(35
. (  (39) )
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ﬂS _ _ K - rt
e "'N(d,) >0
4
(36
" ( @7 )
1S |
Ke "N(d,)
5,
E. =P
_ Ke- rt
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( (37
v (3-9) |
1S
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s = Ke'"N
(-d
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Fung, Cheng and Chan(1997) Castagna and Matolcsy(1982)

Fung, Cheng and Chan (1997) Fe "
(dependent variable) C-P+Ke" (independent variable) e
Fe"=a+b(C-P+Ke™)+e (3-9)
a=0 b=1
a 0
Black-Scholes

Castagna and Matolcsy(1982)

E.. =a +bR +e, (3-10)

28



H,:a=0
H a0

B-S

Q,

(

Beckers(1981)

3-1)

29

o,









4-1 4,120

3,989
224 5.44%
B-S 4,014
675 3,967
532 B-S
Put-Call Parity B-S
7.16% (2003) 5%
1
! (2003) 1,200

300 128 120 66

32



A B c D E F
1 247 275 229 16 11 7 460
149 151 148 4 10 16
86.09% | 9261% | 8196% | 435% | 457% | 500%
2 200 201 195 10 17 25 340
127 135 127 7 9 11
96.18% | 98.82% | 94.71% | 500% | 7.65% | 1059%
3 246 254 141 10 28 19 420
159 158 269 10 27 17
96.43% | 98.10% | 97.62% | 476% | 1310% | 857%
4 196 207 211 10 14 15 440
219 227 221 15 21 12
94320 | 9864% | 98.18% | 568% | 7.95% | 6.14%
5 239 212 229 4 24 9 380
129 163 143 4 19 33
96.84% | 9868% | 97.89% | 0.79% | 11.32% | 11.05%
6 256 230 240 41 67 30 400
119 130 124 18 16 33
93.75% | 90.00% | 91.00% | 0.75% | 20.75% | 15.75%
7 337 341 320 78 172 38 460
118 110 130 19 41 125
98.91% | 98.04% | 97.83% | 21.09% | 46.30% | 35.43%
8 260 261 266 27 88 8 400
130 129 123 6 19 49
97.50% | 97.50% | 97.25% | 825% | 26.75% | 14.25%
9 258 248 249 2 54 23 420
150 148 154 1 8 14
97.14% | 94.29% | 9595% | 0.71% | 14.76% | 8.81%
10 244 238 248 1 16 20 400
146 156 140 2 14 28
97.50% | 9850% | 97.00% | 0.75% | 7.50% | 12.00%
96.33% | 97.43% | 96.20% | 7.16% | 16.38% | 12.91%
3969 4014 3967 295 675 532 4120
A B
C B-S D
E B-S F

B-S



put call

put
B-S
4-1 4-2
4-1
8 4-3
(mispricing )
4-4
B-S
1430
1766 B-S 1039 B-S
(Bull Market)
(open interest) (Cdll)
(Put)
B-S (Cdll)

call

B-S

D-W



4-2 (2003 )
A C D E F
2503 2487 2486 157 480 200
1466 1527 1481 67 174 346
put cal cal put
B B-S
C B-S D
E B-S F
B-S
4-3
/

92.1 187,727 | 233,025 | 289,891 | 244,593 | 477,618 | 0.44047
2 200,867 | 258,238 | 304,569 | 247,198 | 505,436 | 0.45417
3 289,776 | 336,707 | 491,074 | 444,143 | 780,850 | 0.40115
4 449915 | 532,239 | 859,299 | 776,975 | 1,309,214 0.37509
5 522,816 | 592,827 | 909,391 | 839,380 | 1,432,207 | 0.38948
6 656,716 | 781,605 | 1,171,231 | 1,046,342 | 1,827,947 | 0.39343
7 872305 922131 1799233 | 1749137 | 2671268 | 1.4613487
8 773743 793846 1489415 | 1469312 | 2263158 | 0.8472224
9 723000 783631 1526291 | 1465660 | 2249291 |0.9938727
10 892148 960539 1901477 | 1833086 | 2793625 | 1.2420025




300

250
200+
an s cal
1004 OB-S put
50+ O
0-
2 4 5 6 7 10
4-12003 1-10
4-4 50 /
put-call parity B-Scall B-Sput
4.847709 2.617295 1.954428
0.45918 0.142516 0.148081
2.630897 1.679926 1.332144
0.361609 0.42661 0.028046
6.669968 3.212151 2.817431
44.48847 10.31791 7.937915
14.91295 20.95444 17.13181
3.462122 3.742688 3.425737
37.40291 30.72918 22.00644
0.022371 0.006173 0.000979
37.42528 30.73535 22.00742
1430.074 1766.674 1039.756
295 675 532
DW 1.8071 1.7693 1.8816
d 1.45 1.61 1.54
d 1.67 1.77 1.72




15

8 45 1 45 5 20
4-2
4-3 4-4 45 46 4-7
W
845~9:00 13:30~-13:45
8:45~9:00
4-2 4-4 11:00 12:00

Draper and Fung(2002)

37



4-5

4 10
08450900 2 2 O 3 O 3 8 2 1 1 22 5.88%
0900~0915 1 3 2 1 O 3 4 2 O 0 16 428%
0915~0930 2 1 2 1 O 3 4 1 O 0 14 374%
0930~0945 O O O O O 1 2 3 O 0 6 1.60%
09451000 1 1 O 2 2 1 7 1 O 0 15 4.01%
10000~1025 2 0 O 1 1 3 4 2 1 0 14 374%
10:15~10030 2 0 1 O 2 3 2 1 O 0 1 2949%
10301045 0 1 1 O O 3 4 2 O 0 1 2949%
1045~11200 1 0 O 1 1 2 7 1 O 0 13 348%
1100412225 2 1 O O 1 4 5 2 O 0 15 4.01%
11115411230 1 0 2 1 1 1 6 2 O 0 14 374%
11:130~11:145 0 2 1 2 0O 4 9 3 O 0 21 561%
11451200 1 1 O O 1 4 8 1 O 0 16 428%
1200~1225 0 1 O 1 2 3 4 0 O 0 1 2949%
1215~1230 1 o0 1 2 1 1 5 2 O 0 13 348%
1230~1245 0 O 2 2 1 2 4 0 O 0 1 2949%
1245~1300 0 1 2 1 0 4 6 2 O 0 16 428%
13001315 1 o0 1 2 2 3 3 3 O 0 15 4.01%
13315~1330 2 1 1 2 1 4 1 1 O 2 15 4.01%
1330~1345 2 2 4 3 2 7 4 2 1 0 21 1.22%

9

10

12

4-2 Put-Call Parity




4-6 (200)3
3 7 8 9 10
08450900 2 2 1 5 5 &5 12 7 3 4 46  6.90%
09000915 1 4 4 2 3 4 11 7 3 2 41  6.15%
09150930 2 1 5 O 2 5 13 5 6 2 41  6.15%
09300945 O O 2 1 2 6 7 8 3 0 29 435%
09451000 1 1 1 3 2 3 13 6 3 2 35  525%
10:00~10:25 1 0 2 3 1 5 12 6 3 2 35  525%
10:15~10030 2 o0 3 O 1 4 7 3 3 0 23  345%
10:30-1045 1 2 3 O 1 3 8 7 3 0 28 420%
104511200 1 1 2 1 1 1 12 2 4 2 27 4.05%
11:00~11:25 3 1 2 1 4 5 10 6 1 0 3 495%
11:15~11:30 2 O 5 2 O 3 9 7 2 0 30 450%
11:30~11:145 0 3 3 4 1 5 14 5 4 0 39 585%
11145~1200 1 1 1 0 2 4 12 4 2 2 29 435%
12200~1225 0 2 0 1 3 4 100 3 3 2 28 420%
12215~1230 0 1 2 3 2 4 10 4 4 0 30 450%
12230~1245 0 2 5 3 3 4 9 3 3 2 34 510%
1245~1300 1 1 3 2 3 4 10 4 3 2 3 495%
13:00~1315 0 O 2 4 1 3 7 6 1 2 26 390%
13315~1330 2 1 3 4 1 6 4 5 3 6 35 525%
1330-1345 1 3 6 3 S5 5 8 9 5 0 45  6.75%




47 (200)3
1 2 3 4 5 6 7 8 9 10

08450900 2 2 0 3 4 3 10 5 2 6 37 69%5%
09:000915 1 5 2 1 3 3 7 4 2 0 28 52%
09150930 2 1 2 0 1 3 12 2 3 2 28 52%
09:30~0945 0 0 1 1 1 1 6 4 2 4 20 376%
0945~1000 0 2 0 2 3 1 10 2 1 2 23 43%
1000~10:15 2 0 1 1 1 3 9 4 2 4 271 508%
1015~10:30 1 1 2 0 3 3 6 1 2 0 19 35M%
1030~1045 0 2 2 0 0 3 7 2 2 2 20 376%
10:45~11:00 1 1 J___..l:fié;’_l—z_‘:?«';;z,_ﬂ 2 0 17 3.20%
10:00-1115 3 % 11 2 5 1004 ~0~_ 2 29 545%
1115411:30 47 0 4 1 8 1 7 6 1 2 26 48
11:30~11:457°0 3 2 2 2 5 14 3 3 2: 36  6.77%
1°2. 2.0 2 4 9 2.0 2 '\\24 45%

WY 1 1 3 43 6 15N\AWOZ\\  35M%

L/ 2 1 el 2 2D 2 414%

12:3of 245 04 3 2 ST g9 o P 2 4 451%
124511300 1 2 2 2 2.4 7 4 2 O o 48%
13004 315 1 1 1 A 3 mr 3 1 4 7' 5.08%
13:15~1§:3o 3 2.2 3 2 5 3 3.2 8 [B 620%
1330-1345 2 5.5 3 2 8 8 3 5 6 fie‘h? 8.83%

o

7
.-'"___.d

i
-

4.00% 1
3.00% 11
2.00% 1]
1.00% 11
0.00% +4

4-4 B-S



4-8 R

1%

a=0 b=1

B-S

0.946

M

0.999

4-10

B-S



4-8 (Put-Call Parity)

-50.98532 63.90921 -10.09948 8.13203 -5.35443
-5.05%** 1.92¢ -1 111 -0.62
1.01047 0.98603 1.00220 1.0022 1.00103
484,15 ** 135.39¢** 488.15** 339.11 496.17***
13.05¢** 1.84 2.41* 16.1%** 15.00¢* *
0.997435 0.963873 0.946535 0.986354 0.996936
460 340 420 440 380
-5.06144 -20.85771 -24.85311 52.25102 -69.85103
-0.56 -1.11 -2.86¢** 2.49%* 5.4 **
1.00083 1.00329 1.00420 0.99061 1.01184
540.06* * * 283.11%** 630.49+** 268.95¢** 464,09 **
10.30¢* 38.11%** 30.42+ % 4377 ** 19.46***
0.998725 0.994483 0.998936 0.994256 0.99909
380 460 420 420 400
Fe"=za+b(C-P+Ke)+e a t a=0 b
b=1F a=0 b=1 1%
5% * 10%
49 (B-Scall)
62.7816 21.3249 40.0411 16.6243 162.6727
0.3276 0.22019 0.0833* 0.3774 0.277026
0.000135 0.002418 0.00073 0.00547 0.03711
0.32151 0.11213 0.09214* 0.32731 0.284877
0.00157 0.0103 0.04329 0.03972 0.00413
460 340 420 440 380
44.6360% -17.1753 -22.995 260.8054 286.2662
0.561827 0.38302€ 0.093556* - 0.007511** 0.21774
-0.00873 0.003837 0.004672 0.04528 0.04764
0.578551 0.300585 0.071055¢  0.008171*** 0.21986
0.00847 0.000362 0.021468 0.096094 0.045121
380 460 420 420 400
Fe"=a+b(C-P+Ke™)+e a t a=0 b t
b=1 F a=0 b=1 = 1%
5% * 10%

V)



410 (B-S put)

a -32.6484 56.9849 11.4686 -40.5671 38.89057
P 0.2165 0.11651 0.14684 0.19351 0.675162
b 0.12654 0.001654 0.07645 0.06418 0.00847
P 0.6194 0.16687 0.3294 0.2189 0.694068
R 0.044894 0.018984 0.01981 0.00079 0.020484
460 340 420 440 380
a -767.365 -30.6144 -11.3803 148.9986 -137.216
P 0.371393 0.151606 0.666511 0.135744 0.208226
b 0.157979 0.006293 0.002419 -0.02581 0.023138
P 0.36789 0.116671 0.623914 0.140914 0.204934
R 0.00286 0.009102 0.0137 0.034063 0.029802
380 460 420 420 400
Fe"=a+b(C-P+Ke™")+e a t a=0 b t
b=1 F a=0 b=1 x* 1%
LA ) 1%
Black-Scholes
1. 3,989
B-S 4,014 3,967
295 675 532 B-S
2. B-S
16.38% B-S 12.91%
7.14% 4.84
B-S 2.61 B-S 1.95



3.
W
4,
0.999
F
B-S
B-S

B-S

4-2 43
11:00 12:00

Draper and Fung(2002)

4-4

1%

a=0 b=1

0.946



92 10 31

Put-Call —Futures Parity

16.38%

B-S
295

484 B-S

675

2.61

92

B-S

7.16%

12.91%

B-S

1766.07

B-S

B-S

1.95



8: 45~9: 00

1:30~1:45

Draper and Fung(2002)



92

50

50

47

30

50



78)

82)

84)

86)

87)

87)
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