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The option pricing model under uncertainty environment

Student: Shin-Yun Wang Advisors: Dr. Cheng-Few Lee
Dr. Gwo-Hshiung Tzeng

Department of Management Science
National Chiao Tung University

ABSTRACT

The Black-Scholes Option.Pricing Wodel (OPM) developed in 1973 has always
been taken as the cornerstone ,of option pricing model. The generic applications of
such a model are always restricted by its'nature of not being suitable for fuzzy
environment since the decision-making.problems occurring in the area of option
pricing are always with a feature of uncertainty. When an investor faces an option-
pricing problem, the outcomes of ‘the primary variables depend on the investor’s
estimation. It means that a person's deduction and thinking process uses a non-binary
logic with fuzziness. Unfortunately, the traditional probabilistic B-S model does not
consider fuzziness to deal with the aforementioned problems. The purpose of this
study is to adopt the fuzzy decision theory and Bayes' rule as a base for measuring
fuzziness in the practice of option analysis. This study also employs “Fuzzy Decision
Space” consisting of four dimensions, i.e. fuzzy state, fuzzy sample information,
fuzzy action, and evaluation function, to describe the decision of investors, which is
used to derive a fuzzy B-S OPM and to determine an optimal pricing for option under
fuzzy environment. Finally, this study finds that the over-estimation exists in the
expected value of risk interest rate, the expected value of variation stock price, and
the expected value of the call price of in the money and at the money, but under-
estimation exists in the expected value of the call price of out of the money without a

consideration of the fuzziness.



To prove above conclusions, we apply fuzzy set theory to the Cox, Ross and
Rubinstein (CRR) model to set up the fuzzy binomial OPM. The model can provide
reasonable ranges of option prices, which many investors can use it for arbitrage or
hedge. Because of the CRR model can provide only theoretical reference values, it is
expected that the fuzzy volatility and riskless interest rate replace the crisp values,
which were used in generalized CRR model. In the fuzzy binomial OPM, investors
can correct their portfolio strategy according to the right and left value of triangular
fuzzy number and they can interpret the optimal difference, according to their
individual risk preferences.

Finally, this study compares with B-S model, CRR model and fuzzy binomial
OPM. We use an empirical analysis of S&P 500 index options to find that the call
prices of three models are lower than the market price, the call price of B-S model is
lower than that of CRR model and fuzzy binomial model, and that of the fuzzy
binomial OPM is much closer to the reality and more convergent than that of the

generalized CRR model when the;sensentivity is large.

Keywords: fuzzy set theory,. fuzzy- decision space, Black-Scholes model,
generalized CRR: maodel; fuzzy binomial OPM, triangular fuzzy

number.
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FIRFREZ BB P 2 A AN RArP el 3 PR AT EY RIS R a2 E

BT R HGOT A R T 2R 6 HE TR
BT AR Ao R E R AL O 8 R R Sl R AT S

SRS L

LHH L 1T 44 B-S

211 HHE %

RFEFH AL UFRT L E RSP DA RERE LR R
We BHA o MEF RIS b FUB AL A AR B %A MRS
%3 3 5k (Zadeh,1965) 1 & f F1RAS FHASTH LB G 0 0 NEH Y 4

SERS

%i’aﬁw*mwfﬁ%*;iﬁwz

FIEEE A a JEA
itk i X 123 (Fuzzy Decision Theory) » 12

(Bellman and Zadeh, 1970).> &g
FHIFT F PR 2 R B o R Sy E
foo Thd PR B FlREEA S tbiﬁd‘%:}ﬁ;:#\'gj
AR TR MR T A R A s B A PR B ERT
B E I LR HREERY U

%F%Fji*" g:b’puﬁﬁ SQ'J:/J X—)[,l]’lfl‘%\'ﬁ‘éXg?gai

Bt B 6 A2 R B&F xe X My (x)e[01] - uy(x) % 7

TH AT fR A FE LR

H R R LR T

%iwﬁJ%%awHwﬁaof&

X BRH R L AL AR S FRES D g B RFRAER AR - BB L

FOREANLZ T T2 A2 TR S P(4)

L’F“:u d T‘ié‘j&" %E%
P(A)ZZ,uA (xr)P(xr) (2.1)
r=1

® X ={x,x,),...,x,} 5 A3 4 5 ¥ (Sample Information Space) » & & ;& i S, % 2

Trix HEARL(R BRI REFZE R B P(x]S) 5 o B R E BB

A A x 2 F s kP 232 (Bayes’Rule) i
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(2.2)

P A A iy HAaT o RESH L2 F .

212k AL T
FArt o T H R ERETY A M R > 2Mowen (1972) 2§
BABFIHT  RTHEARBANLELCHATH  LPFRTAHS B2
B2 FHAFRF O RBBRZEE RB M F LR ARGHEE TS A
oo T Hie- HBFTERPTFF - H5 AR MR AL SR AL R
CEEME A HA MR LA S TR A RARLEBPRTEY
Rl o3t o v 2 A RIISTRAL > Bt R R AR L E RO ERT o 2
BWE T AL REANLEE X ={u . x =12 m s e
={M, M,,.M,} 5 X} 2 Wt A L2 0 > Wk & M,, j=12,.. Jf- 5 H

AL REEM AV R AIURG R A F T 5

(2.3)

P(s,|¥1,)==2— / (2.4)

-
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P

RAFHP AR AL TR AT  RESHFL 248 % f5 it 4

L

FEo A TR TR 2 AR

213 HR R 2
ﬁ?.&z'}’?@? HEREITERF 2 e R ORI R AR L Z R By

L7
%#mhiﬁﬂg*ﬂﬁr}°'ﬁ52‘F% 1E—f‘r3£ﬁ*§i]%£ﬁ)‘:’ﬂjtj{—§_;/%:‘&
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A SRR BB PR E R Ay - wgdh
BFEAEERER e R T IRIL TR T EAF - T
g la@dmr i 2Rk RALERETRZ A% AR RETVARE T EARR
FocTgmgEr o Tedmr 35, 8 T8F, > T#ET B2 T2F85

S ERBRAREL 0 RTF L RS LART G RLRE LA R

r‘%‘

BFFTREFE S % b HEREREL G LR Y ERFTE

Bos PP Ponz U MR P RPFTRZZFFEIFEZ > &F P
PR iTE T R BT NS 2 0 Bt WF FNIL R RART
R TP BREFL D FT RO G A  blr s R R R e
LR ERRER S A A S R R R TR BB
9

SRR 5 L SR R B

b tmk-

Ik

215 AT B

B a4 e PO AR RILE R R AR 0 T - B HORRE
EREARL P AR 2 ) ke AR TS AR e gl
B Bl EH BTV R T A R 7 & (Fuzzy Decision Space)

B={F,4,P(F),C(4,F)| ri55 2 » 8¢

F={F,Fy F| ¥k e &0 F, k=12, K4St 2 3 - b &
» S =

4

S1,82,. . SipE ks k& 0 S, i=12, IRk R e R -Gk

g}
Il
N
N

dyon Ay} 2R FE B & 0 4, n=12, NEDY 2 5 - R b &

!

D={d,dy...d} % FF B £ o D, FL2 LERFETHALE - 788

W

P(F,)=F 2~ %
C(4,F)= AxF 2. 3= &dc B

R I VAR LY LRy e
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P(F)=2 1z (S,)-P(S)) (2.5)

WM ={M M, M} EXT 2 R ARLER R B &M, =12
%‘gt;i%g*’ij\‘é%lé ’ X:{xlle’ v X }T\ *{ﬂ\ H‘A\.»J-Fm > —Elxl‘l r:]- 211’”%‘2&7:—@ fi °

7{:}3% ﬁ-‘iﬂﬁ*\ S M 2= WH#F&F iwﬁ& ,ll)\(2_4);'  F P

LIPS A
e S ST LY
P(F, IM,-)ZZﬂﬁk (5)-P(S,|M))
! ZP(xr ~j(xr)'P(Si)
:;,uﬁk (Sz) P(Mj)
>3 a1 (8)- 1y, ()-PCx 1) P(S)
SR (2.6)

> w5 C5)-RG)

““%%ﬁﬁﬁia&’%M%Jh,mﬁ%%ﬁfkﬁi$%$P(|MJ%H%

|4

5
o
Va

I m 0
22D M (8)-Px, 1)y, (%), (x,)- P(S)
P(F, | My, M) =22

5 (2.7)
DD iy () P(x,)- gy (x,)-P(x,)
r=1 g=1
216 W2 P EE
BFEF AR FHORRE LY ERHRBEAALM ERT o fie- H3 B4

FlmmE T (T3 %2 G0 A »d 22 457 500 L F Kk 7 o IREH TR

W2 PG RAE RFETARTHRGE A, o RE LT HEFL 2R
AL UREFRE R TEEE kO F) 2 &k (4, F), &
A2 FHERRT 2H 5
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C(A,131)= Y C(A,, F,) P(F, | 31 )

FHEC(A, M) Bt b (78 4

~ % ~ N ~ ~
C(4,1M)) = AC(4,|M))
n=1
PRLBLETFARARL T

2.2 $ick» Black-Scholes iF #% 8 : 1§ #C
4%t B-S EH BTN AB R L 230

LT 0 iR O & ﬁi'

(2.8)

o B R T A2 F OB D

(2.9)
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LE SR L
AR AR SHRREE

(2) 47 IFRIR 615 pE o

Mo & F {ﬁﬁ }% % 4t

&0 FL k=12, K% S} 25— Hpkig s o
OENRIET T FE:S F - - SRS

£ M ={M,M,,..M,| 55 % $h

W AALER > M, =127

Ao AMALTRE S x, =12,
FHRATF L -

@) S, i=1,2,....I
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R(S)=S, 0+ x P(x, |S)] (2.10)

(5) #(21)% (210)* 7 @ 27 % (W & b & flF 2 2 & R (F):

P(ﬁ;{) :Zﬂﬁk (S;)-P(S))

R (F)=P(F)-R(S)

(2.11)

RINFWP a7 pehgAmF FHRET » 53 2 B w15 -

MR R I (o) B EL B

W RE 2 A RARR IR T AR AR L LR Ryp o RN RAKR
Bt g RlpeEREL A REY PABZRABRG GIRFTF R 0 FIRK
FARAFERGRTAMTL S RUABT AR TURTHHRE R
B REERFI R e Tl F R BRERBEWLY 0 P R LR ¥

Bog e o BARRRFTF R A BRI EERE - F

7 ZE
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u=12,...v ~%h o, t2 fe el de R e “'l”A %\%’;\'ﬁ\—ki"j‘g)gl% AP ig it B4

REFFHRGRERAE (RIAF CEER > F2RT - ARG R
AT g HATRL A BERPHE AR 4 FRT oY B
B s
E(6,)= 0, ;(0,) P(o,) (2.12)
u=1

(L2)5 Fp g B R 2 W EAek g5 0 KT AT B -
3. WOk i B R HER
REXALER G S LR SE 0 G- B ERRE S R AR
R AR R R Sk FRRTHES DAL IR VR R
B{FAHDCMF”Wd oﬂﬂC@fH@hﬁiﬁﬁ&&’%ﬁﬁﬁ?

BHESNA 2 BN (LIS PHEL AR T 2 Sk ® C(4,,F):

F)=5-N[In(SIK)+(R+512)T || 6T ~Ke™ - N(d, 6T
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In(S/K)+{Z,uF (S,)-P(S;)- Rz(S)+[Z o0, (%)]Z/Z}T}
{Z%u/{ )}ﬁ

{ln(sum{i My, (5)P(S)-R(S)+[>. ont; (0,) P(o, )]Zfz}T} )
; - {Z O M <a,u)-P(om>}ﬁ
> outt; (,)P(o, )NT?

54 (S) PSR (S)T

=S-N{ _Ke'

(2.13)
N

A, e AW R AR AN B R fd, F B2 R 1 C(4,|M

-
J

i Mj):ic(j,,a)-P(Q\Mj) (2.14)

S,)-P(S,) (2.15)

Mj) (2.16)

2.2.2 4 Black-Scholes i% # ## 3= # 3
AR BS Bhe r P MAZ ERETE G2 AR M P LT
FHERBEASFALZEP ) b AP RET L E R TS
- HEOREREEE RN S BSER AL R
#Zadeh (1965)H 62 2 > F 2 XE & - BHE PR E
pyi X >[04] > gy b Az fFh st g xeX o plug(x)e[01] o ¥ RS

Bz E S g R {03 AT P AL B A4 p T AP 2 i ik
Ho Pt M ‘ﬁ;:(S,K,R,a,T)i%%"T“B? F B E R o W (x) =18

29



#BSEREETRHSA T O RFTF e T2 AR ZTE G
B={S$,D,P(S).C(d,,S)} » #B-Stis* @ 3 C(d,,S,) TCE » &Sk fi 2 I Wk

ARLZT B EGES R LR G
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X))V &S
.

(2.18)
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_n/_\l;c(An,Fk)-P(ﬁij)
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%&i%ﬂ%’%g%ﬁwﬁfa’$ﬁﬁf HARMREL 2R 2T
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FHTE O RFTE AR T LA B R
T RRIRS 0 Y B AR M R o [T R A RRAET L 2 el
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(2) i T PE(S =K) > IR B R RH 2 B2 E > TCOW [x)=C(4)
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ETIS
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x )< C(;ln*

i,) -

€ R LB TER G LR T o

fdh: 0 HATL 2.3 BT o U P T v BSE R 0 RIRRT F
F“iﬁﬁﬁ%%%%ﬂi?ﬁﬁﬁ%&’**ﬂ%ﬁ%igﬂ%ww=
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42 4y (5)% P(S)

S(R,)
14 (S) or P(S)) 1% 2% 3% 4% 5%
147 (S)) 0 0 08 0.9 1.0
27, (S)) 0 0.9 1.0 0.8 0
145 () 1.0 0.9 0.8 05 0
P(S) 0.1 0.2 0.4 0.2 0.1

(=) ‘AL ZER

RFHEH 5 FIED BRERPF 2P REARTULE PR S R
(6)>d ¥ S K-~T-RVEHBREA > Lo fid G- K@ #opHe
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60%"% % 40% » FF i L re AR B G TIFE MK o HFANL SR
X={x,x,xx) B9 x,r=1234 % p G5 2L 52 (x) 2%
RFEX R TR eSS EmER IR e IF S E IR 4 2 R
PG A TR ARSI EM =M, M,| 0 2 M %R EIF AL
FApE B o M, A b G HIF SEFREI X s oY 2PES BSRET 0 H

3o, 2 B BEF P(x|S) o ERR2 M AL N, j712 2 B Sl a1y (x)

x2S P(x) 0 ¥4 2-30

% 2-2 P(x|S))
'xr

S, R 10% 15% 20% 25%
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S 4% 0.8 0.2 0 0
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%23 py (%)% P(x,)

'xr
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o (x) 0 0.2 0.8 0.8
ti, (%) 0.2 0.8 0.6 0
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AR S R RN o AT LY ORI KA E G
FETLFFiD

SRR LR G ST F I VAN T S Y

* FE

32f f L

W f £ m% A4 LA Zadeh (1965)F £ o p

A R A B

11'\

R BB T AR
1RGPS ABEL 7 AT FILART 2 E

| =

PSR RARP AR W ST R AL B

3.2.1 ok Kk

FHEROEZIHRF FH P8 £ A& 22 T ajioplico A8
ST T
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1. p,(x):R—[01]

2. p,(x)=0,Vx e (~»,c]

3. tefe,al Bt vL4

4. p.(x)=1vxela,b]

5. f[b,d] Fte iR

6. 1,(x)=0,Vxe[d, )

HP s c<a<b<d¥m* R>» ¥ LFG c=—0 c=a> & a=b > & b=d > &
d =400 FFA57F f o

F 3 5 AMME A Wl Bt SRR Z LR E S AT Y e Ak
(cabd) # 71 > d * p 2 B2k 024735 0 gz & $2) iok #ic(trapezoidal fuzzy
number);§ a=bpF > v ¥ * = Zdk(c,ad)F v 0 N p cDBA R 002 &) 1 fi
Z2_ % = & ¥k #c(triangular fuzzy number) » 7= ¥ {3 —‘,%T F T —';]z - B e
B ok B2 2 S B S

Hy (x)
A

»
»

0 c a b d X

Bl 3-1 H-2 W 8 A = (¢, a,b,d) 2. 3§ 50 ¥

x—c, c<x<a
a-c
1 a<x<bh
ﬂ;l(x): —d
b<x<d
b-d
0, H i

M2 bW B G S B B
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H; (x)

A
1
0 ¢ a d g X
B 3-2 = &fikiic A=(c,a,d) 2 1 >k
x—c’ c<x<a
a—=c¢
x—d
ﬂ;l(x): d a<x<d
0, H
322 w2 EE
et f & B A A F 49535 55 Rl (extension principle) #-— 4 cnficF L 4

WA PR LY gt REES f2d Zadeh (1965)# &1 » ¥ 5 i o
Zimmermann (1991) #_& :Z 324

WISi<r » 4 3 R& 2 EEX ik 8 BEadu,(x) 0 £
fiXpxx X, 5Y, y=f(x,..,x,), B 7 kph bt fPF5R TEF &Ly - BHOP

BB 5 B={0 ;0N y=f(nx,) X i=1.,7}

He

| Sup(x,,..0x,) € f7(v)Miny,., {ﬂ;‘, (xi)} WA OEY
w1y (y) = o

B i
Dubois and Prade (1978)*7#% &1 2 ficfs e A ¥ £ - B H > § 2Ry 7@
L RIEETHERFTYL o ioh = & H T & 0 Laarhoven and Pedrycz (1983) ix 43
PSR R IT (T 4oz~ i e s dp B> $Bc2 JF5RE Y Liang and Wang
(1994) = U5 47 Hoks e fHL ~ eid ~ B2 R SRR PARFRE R S
@ Kaufmann and Gupta (1991) £32 11 B fidsficen— & 8 e 8 » H 3 BF 5 4o
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%%ﬁ»' : _(alyazaa3!a4) = (_a4’_a3’_a2’_al)

'5\37‘24% @D (al,az,a31a4)®(b11b21b3!b4):(a1+b1’a2+b2’a3+b3’a4+b4)
#iz 0 (a,a,,a5,a,)0(b,b,,b,,b,) = (a, —b,,a, —by, a5, —b,,a, —b,)
Kt ®

ceR,c®(a,a,,a;5,a,)=(ca,ca,, cay ca,)
a,b,>20,(a,,a,,a5,a,)®(b,b,,b,,b,) = (a,b,,a,b,,a;b,,a,b,)

ik O
a, 20,b >0,(a,a,,a;,a,)3(b,,b,,b,,b,)
=(a,/b,,a,1b;,a,1b,,a,1b)
c¢>0,(a,a,,a;,a,)0c=(a,/lc,a,lc,a;lc,a,lc)
¥ a >0(a,a,a5a,) " =(a, a, a, et

1 111
T3 a >0,(a,a,,0;a,)" =(a?,a,%,a,%,a,?)

At & & 2 R & A dukdi? % o987 3 1% % Dubois and Prade (1980),
Bortolan and Degani (1985), Chens(1985)% .- Lee and Li (1997) i fifs & i 2_ 8 %
B o i S A fi A 5 AR 0 BAR S BCA 1 B A feihd AT 0 1t A B
ke <) 0 2202 IR ATl T - R B T HOE L il h <
FTPER SR R e T R Aoy A B4R PERIAR G
AEAPE A NPT B2 P F oA A 4 - AP FRT > VEXH

ETS

By aE s PEERERADTIEE m(A) 2 %R HP(A) 2 E S e

I (X (x)dx
[ 4ra;(x)dx

)~ J.szy;l(x)dx )
s(A)=~—————-m"(4
= ga @

B0 [, 2R & (0)>02 5 x Benfi A -

m(A) =

d AT R A RS B R TR $R BT RS ] o

glz(alvazyag)lA (al,az,as,a4) v a P iifﬁ‘ ’ ’E' :L}:JE"_ éﬁ‘ﬂgﬁ&\ —Qr'_':
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a, +a, +a,

m(4) =

3
2 2l — _ _
2 2)_(“1 a, Td; —a,a, —a,ds azas)z
s7( 1) = 18
2, 2 2 2
~ a, +a, +a,a,—a, —a, —a,a
_q s T d, —a3 —d, —didy
m(Az)_

3(a, +a,—a;—a,)

3 2 2 3 3 2 2 3
U + a1, +aa, +a, —a; —dya, —d;a, —a;

m’(4,)

)~
A) =
s (4) 6(a, +a,—a;—a,)

2R PR el e AT R0 S B R AR A B
Folick ROTEH R 2 B AL B SR B E R e
(r=x)I(r-m) m<x<r

w,(x)=| (x=0D/(m-1) [<x<m
0 otherwise

Hy (x)
A

»
—>

0 / m A =
B 3-3 = & Wit ez 7 Bl
1945 = & okl fo Zadeh (1965) 74k 2 3 (F R B » W-C = & Rk

B2 FHAR] A=, m,n)FcB=(,m,r,) Fm 4o

(1) Ap 4 A B @
(L, my, 1) ® (Lyymy, 1) = (L + 1,y m, +my, 1, +1)
(2) 1P AP B O
(L,my,1)O,, my, 1) = (I, — 1y, m, —m,, 1, — 1)
(3) 1p Atk 8 ®

(Lym,n)® (1, my, 1) = (L1, mm,,nr,)
(4) *foden ko F & anihlkk ®
K® (1) = (ki o, o)
(5) 10 °f 3 ok .2
(bymy, ), my, 1) = (L ry,m I my, 1 1)
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323 WM 4

FRIELPF M AT AP FE(Crisp) > T Txed B F ) ¥ R E
(fuzzy) » ¥ * g (x) S8 Blde i dan o Vi * 03] 12 A epfick & ¥ 2 2 #0
WG pEApr 10 KA BATEZFy A MG §F 4RI 1
%’&ﬁ%ﬁ%%ﬁﬂ°ﬁﬁﬁ’§%3@%ﬁO%W%ﬁﬁﬁﬁﬁﬁoiﬁﬁ
%@ﬂ%ﬁ’ﬁwﬁi&&%ﬁﬁ%ﬁ%’ﬂﬁiﬁﬁﬁéﬁﬁﬁ‘i%#€$
BE& 4L AcXxY B X xY » Afc B2 E B thde™ o
(1)75 &

AUB =, 5(x,)

=max[u, (x, y), 1, (x, )]
=V, (%, ), 15 (x, ¥)]

()= #
ANB=pu, 4(x,v)

=min[z, (x, y)s i, (x, w1
= AL, (x, ) it (2, )]

()

ER R &G B VRY BS A R A Th A B B2 388 o B
A XxYfeBC XxY »Afe B2~ -5 | AiH & £ 40T

AoB=p,,(x,2)

= max[min(z, (x, »), 13 (, 2))]
=V, (x, ) Ay (v, 2)]

e |—°Jf:"-3§;g—::"°

33 - S EE BT

ERE2 Y JE(call option) 5 § 3 EHIARA KRR - BPFR > UFRGETH
e § 2R R - EEPRDT A o md NP RET e B REI R
S A R R AE BREERR Bk o e IR R eyl Ak
RApprenth L 2L 0 AT o AR R TR AL R E R AT

R GIFE R B (Ro) R P ¥ E S F A AR > &N P AR G
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RO B e~ R EA  J RO  E SE R B B AR e
T g L2 W B S SRR

3.3.1t=1 2 t=24p 2 #5k = 7 sV E 45 T 503
R FHAEY

=1 =2 =1 =2
(P,-5,.P,"S,,.F,"S,) eIC e, et C,)
S (c,,c,.cC,
{@-P)-S,,A~P)-S,.(1-P)-S,} (€™ -Cpre ™ C, e C,)

B 3-4 BArpER TR kB2 o - IE SN E R R A
BE G- HETREID o KB RBELESEE) ) T - H(E2)RH T A
JEeT o ae bR e T g BV Ry 248 &8s e S, (FurS) 0 Sum
(=um-S) » Sy (Ful-S) few ™ Sg(=dr.S) > San(sdm-S) » Su(=dl-S) = &% 1§ o Ft &

& - i F‘éf!ﬁ:v » AR f%' g d —Zip =8 (S) ia it :71211 6 B-iE (Sury Surm Sula Sdrv Sdmy Sdl) °
#e

Sur B tprer bk B2 B B Si= Sy [P
Sum: Wt e bk B2 T¥2E > S =8, [e"™] -
Su: e Pk b2 B @S, :SO.[eﬂ—p)aJE] ,
Sar ’lef%i TR B E S, :SO.[e—(l—p)UJE] ,
Sam: % Tk E2 L@ > S, =8, [e"™]

Sa e T kB2 BB S, =5, .[ef(lw)a@] A

34

B AR EA W 5 C, =max(S

ur

-K,0) » C, =max(S, —-K,0) -

-K,0) » C, =max(S, -K,0) » C,, =max(S,, —K,0) >

BEFEIRELFTRLEZ U VEIFER R WG AR5 6]
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DGR E T A R o gt SR B AR T R 2 R SR

GOEIR R  RE T  RF R K s
Bk A AR B B T RET A BcP 2 L SR FB, BB NA L 2

Ak PIF2Z®%F L (R,R,,R)— &L > WY e P P2 LFELEES

A, ur-S+e" B o frk e T d 2 @5 A, -dl-S+e™ B, -

B

urt e bk de 2 Bk gE ] R F S ) S, (FurS) 2 5 R e B 2 B (8

dl: o ™ gt 2 B f ] 0 R B JES T Sy (=dl-S) 4 5 K e Tk B2 B

MY a b e F TS

M B B BT F RATIRE 2 oo

BREF s r 4w P)I‘{rfb‘fdiﬁ” HEE R EER S wew,dled, ¥

FrmT o
A, -ur-S+e"-B =C; (3.1)

A -dl-S+e".B =C, (3.2)
1(3.1)22 (3.2) 7 fA % = 147 9(3.3)% (3.4) 3

B :ur-Cd,—dl-Cw (3.3)

' (uAr— c?l)eRhA'

A =Sl sy g (3.4)
(ur dZ)S

#(3.3)% (BA)F & A C =A, -S+B ¢ > FHENT G % T o

Cm -C, LA c,—-dl-C,
(ur— dI )S ur-e® —dl- e

C, =

u

A A
CRAr Ry ) _ .
C, e C,-e Lur c,-dl-C,

i R, At 7 R, At i R, At g R, At
ur-e" —dl-e™ ur-e" —dl-e™
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_ (" —dI)C,, + (ur—e"*)C,

A R, At - R, At
ur-e " —dl-e™

A A (3.5)
3 (e — dlC,, +(ur— et e o
(uAr— c?l)eR”A’
Y N R N R
’ Pu:—dl,l B,:W dlAeA erl:urA eA (3.6)
ur—dl ur—dl ur—dl
. * N _ dm um— "
S A L R @)
um—dm um—dm
Y N R
poodr gy _uie! (38)
ul—dr ul—dr

HOL b Vs S B S P Py fePy e Tk BB 1P, 1
Pufel-Pyo Tl pk B g & T i 2. G0 G frCy i FREB R LB~ T
BiEfed | @ B = 4 RE(CLCuC) B 7

C,=e™[P-C, +@1=P)-C}] (3.9)
s TAEEIOLY A TITeR LA BT Z B Y T

C, =e ™ [P,-C,, +T=B)C,] (3.10)

C,=e [P, -C,+1-P) €] (3.11)

33.21=2 % t=3 ¥ 2 # = 7 EH EFH HA
[# 2 1]

=3 A2 W 2 Al ot R o a3 YT AL OB > B A e
BAFTwEAZARPE L3R EL > X7 156 B3 Rkl o &7 & RN
P 3 WL A G T Y N E3 W P ARG o Mkt 2 Bl 2 B
B (39)5 12 T WIIR G HHRH B LAEL B B 2 5 (310)
Bl ? » TEINERERIP R THOEEE L E -
[# 2 2]

=T k@ 3 0 it en 2 (Opricovic and Tzeng, 2003) » #-F 18 i &2 ik
FEAN BIDN > A4 FLHFE S BERT IS - BREERER B
s EZBRERR o * B1)F @ * - B BNP (Best Nonfuzzy
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Performance )& > » Ii»*‘u{— BRABRR > T E BEBEETER - B BNP &
T BTG R o m =28 F 6 BEE K 6 BEEE LY X2 E]
EAr@BYF A 7Y FlP IR R FRLEL E > Fha? 27 @5
FRIRZIPDELER 2 E AT REN Sl D ELREP R B E - &
B R 2. BNP &7 4 5737

BNP, =[(UR —DR)+ (MR, — DR,)]/3+ DR. Vi (3.12)
B UR;MR;DR ~» % s ik F R 2184 ~ T3t iE o
3.3.3 S H i - N EE BTG

deied =n B2k BdeE A =1l B2 BB R GRS e e EaE AR iR
- .
[HFL FARBELFEGFoE T RpRTh- B THRFTEIZFR
BAEE o o(l4p) vt B2 B Eigl B2 @ s G o(lp) Lt
2 B o -o(l-p) L Fh B Bk B rod e Tt TiE s -g(l+p)
Ao T kb2 o] B0 TR R B S Sum > Su o Sar 0 Sam 7 Sa 6 BT E o
[ 28 2]: 7 R jis=n 9 2 Ko G R Bmn B2 § R - B4 12CRR
WAl 2 s Co=max(S,-K,0) > @ Cy~ S, KA M A S FEG R KL
R RO
[# 3 3] iu=n B F=n-1 2 F G R - TRAESE £2% k" **CRR #73)
P WA M ARAR R rREL G TS - BREFE S L~ (3.6)(3.7)~(3.8)
FF O TERA RS E ARE R AR RT > B, v Cy 2 (39)3Y > kiR
i > AR TR R T RCyy fr Can ™ > (310)58 » A ARG B TR T
B Cuy¥t Cp B rBLY 7 RN G G o Cy a8 5 e ~ Tiafrdo ] B2 §
Bt T E BERG 2R R EREEAGI)N Y T
BNP & o § 4 ¥ 2 °
[ 2 Al B F i mn-1 el mn2 P2 FRRGH - d HH37 0> £ BEET -
BBNPE » R ar=ndp I =n-1I il 222 » ARG A RERT RC, fo Cy &
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*(3.9):% v B TR B R T RCpy fr Con ™ > (310)3% > BB B RABRT
#-C 8 Cy, 13"7‘(311);? s ¥R B=n-2 Hp 2 %’fg’%ﬁf\:a °
[% 3 5] $e 5 2 B 4L E 0 =n2 9 =03, Sl W2 F ARG TEF L A
2% ﬁﬁ’ﬂz&;t:n,n-l— BRI FIPZFRERFRE

SR TP R A = E ﬁ»éﬁﬁl%ﬁﬂﬁ’%% 7S 3
P LA T g OTCRR ) o A e s R Bk T 5 R
P bfen T2 B E G SRR 0 T s - BEE S Aok R B ARE G
ST - :,EP? gg%:’\‘Sur > Sum > Oul Sdr’ Sa’m ‘erdl 6 TB;B)P‘T%’ '/E;— @A iﬂ;a:f!;\!:'? E‘;);?
Yuroumoul > drodmo & digER2Z THia~bc de~f o wABRT £
T ':_3\ [e(l+p)o«/ﬁ]a , [ea\/ﬂ]b s [e(l—p)o\/ﬂ]c 5 [e—(l—p)a«/E]d 5 [e—a\/ﬂ]e s [e—(l+p)o\/ﬂ]f o
FHA FYF 25 B ST RORG BT S
1. So '[e(1+p)a\/E]a[eU\/E]b :
2. So . [e(1+p)a\/5]a [e(l—p)a@]c :
3 So _[e(1+p)m@]a [e—(l—p)aJZt]d .
4. So . [e(1+p)aJA—t ]a [e—aJA_t]e ’
5. So .[e(lﬁ—p)o«/ﬂ]a [e—(l+p)o«/E]f g
6. So _[ea@]b [e(lfp)G\/E]c .
7. S() _[ea\@]h[ef(lfp)cr@]d .
8. So '[eo-\/E]b [e—a\/ﬂ]e :

9. So .[eax/E]b[e—(lﬁ—p)U«/E]f .

10.

o

Sy .[e(lfp)a@ ]c[ef(l,p)g@]d :
11. S, .[e(lfp)a@]c[efg@]e :

12. S, -[eE T [ [e B PN Y
13. §, -[e_(l_P)O'\/E]d[e—Ux/E]e :

14. S, - PR PR
15. SO.[e—GJA_t]e[e—(1+p)aJE]_f i

ERCEE SUSE DS oSS it LY
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3.4 R Bfo TR E i

VR G R E RO - RN ER RG] E RiEo TR L ik i
T oo P kR kgt DataStream S&P500 & B ERE HIRE L
S&P500 %% if dp HiE H - R~ Tk ¢ 15482003 # 7 7 28 p 1 2004 # 37 15 p
& X2 oo w7 P § % (2003/7/28) > S&P500 ki 4n B i 996.52 0 fy K
1100 BB G 164 GuA PR =BT Z-Hix> TNEFRZBIH2
MESfIF kL TER G > B9 i T352 532 8h'eflFA5 i
0.85% ~ 0.915% ~ 0.98% - ¥ ¢t > {245 Canina and Figlewski (1993) # % % W
S&P100 p HiE D H > RSB UFARLI I AFREAMN > FHEES T F
RELABRVEZAPRL ] RV A RIFRN S oA ML A E R IR
KTHFER 5 2L e e B3R - Galai (1983) 23x:E P 30 %
2 ARRIPKT R o ¥ 4335 Kroner (1996) % FERl Kk T H Rl o AF kB2 fR A
PR RIIA TR R AT T 5T 302 60 X 2 fFY TR
A ROL e R S A E AR 511.4181% -

3598 & ff {22 WA A

r#CBOT (Chicago Board of Trade)fr ¢ Fl k G iR F 2 kb R ¥ & *
ARG TIF (R.R,,R) % 7T B~ THE{rd g 2 47T o« H 7 o(l+p) ~ ofro(l-p)
AE G A Bk s TIE R B B o ur =[] um =[]
Fe ul =[e(1_p)"@] A A2 2R 0 @S, FurS) > Sun (Fum-S) FeSu (Ful-S) ~ %)
e R B2 Rt B THEEELE IR -o(l-p)  -ofr -o(1+p) L
Tk B2 gt s TIEAE Bl B Sl dr=[e CPVY] s dm=[e "] e
dl :[e’(“p)"@] A T g E 2 2R 0 D Sy (=dr-S) 0 Sam (Fdm-S) FeSu (=dI-S) » %] &

e TR ZiETE THELSEE -
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blde > % p=5% » =1 3 =28 0 o BB 4eeid #5 B 5 10504 0.950 5 @
B2 BX Bk ] o @ -0.950Fr-1.050 5 v Tk B2 E X Efrdo] B o 2
6o AP s Ty, fold, Aulitdn tfos T 26 o

R ¢ 78 (2004/1/1-2004/3/15) & 3+ 3% 1 4R i 2 gk 0 B 5 11.41819% > -2
TR TR R E 2 RS, S Sufre Tk E 2 R H Sg 0 Sam
Sar
Sy o b kB2 Bt E o B P =T iy
S =996.52x %3 =1064.1542.
Sut e Pkt m L E o B ul =t
S, =996.52 x> %3 ~1057.5198.
Lo bk $s2 AT R 4 2% 1064.1542 4 1057.5198 2. F -
Sar: e T E 2 Bt B He dit= e PN iy

S, =996.52x ¢ 2%¥0% — 939 0388,

Sa: Wi T kB2 m g o B dl=e PR sy

S, =996.52x ¢ -"03 — 9331844,

How T gt de2 M R 4 4 939.0388 - 933.1844 2 [ -
Fliw bfen TRER LG Z AR T A 2T 6

A2 6BEG il @ =39 Al 36 RED L

VLAl WA=l D E3 Y R dp e KB4 B 35

C R

{3
Hiplk B{eVT A

2 15 % F

o1



1136.3785 1

v 11328306 2
- f. 11202038 |3

—
— =) 999.6410 5
596,57
1132.8306
1129.293 3
A 4 29.2938

-
C T L 1125.7681 7
T L

...l.-..l.... 999.6410
S

5
— =) 996.52 6
8
3

1064.1541

« 1060.8317

[ 1129.2938 |

-

v 11257681 7
e WI222533 9

996.52

’v 999.6410 5

-
996.52 6

¥ 993.4088

MZSTE__Jro
sEET ]

Cmlttrrscceee plB879.3567 13

=) 876.6113 14
I F L Sk

873.8744

M35 % B i o2 0w
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3.6 F B 2 kA
R=06 (7B I)ZHRBFEE YR TEN=062FEHR - HP >
C, =max(S,

ur

-K,0) > C, =max(S, -K,0) » C,=max(S,-K,0) >

C, =max(S, -K,0) » C,, =max(S,

m

-K,0) » C,=max(S,-K,0) - &T %k > &
ARG 2 BBz (3.6)~ (3.7)  (3.8):8 £ ~(3.9) ~ (3.10) - 315 ¥ - T ¥
EBERLBFERERERF o bldo 0 0.6 FCyp 5 max(1132.8306-
1100,0)=32.8306 * Cy,, > Max(999.6410-1100,0)=0 »
c, =e™¥p.-C, +1-P)C,]  #t=0.62C,=165779 ¥ *t » C, %1=0.6 3
18.3606 > Cy i 0> #1=0.3 2. C,=8.3672 o /w3 % P& H] 3-6

ez APTEIE-HERERFRIEPEFE 57 L) B #
R OAPEEL L) E-H L 31 4B (1=0.3) ik E 2 AT
B4 H 5 5% 10% 0 15% - 20% - H § # § fa 2 1 A4k 3-1 40T o
# 31k - N HA2 F AR EAoTR R AT

AR DR T
s R A 1(=03) - 2(=06) B % @© 3(=09)  4(=12)

¥ (o) (r=0:664)

5% 8.3672 13.6326 14.9518 19.8162 25.4562
7.4695 13.1544 14.4258 19.1139 24.9621
6.5731 12.6761 13.8999 18.4125 24.4680

10% 9.2375 14.0695 15.4336 20.4637 25.8915
7.4684 13.1553 14.4260 19.1115 24.9640
5.6975 12.2425 13.4191 17.7580 24.0378

15% 10.1050 14.5087 15.9258 21.1513 26.3689
7.4658 13.1573 14.4305 19.1253 24.9732
4.8169 11.8104 12.9668 17.2311 23.6359

20% 10.9702 14.9881 16.4625 21.8991 27.0043
7.4615 13.1605 14.4523 19.2159 25.0511
3.9302 11.3984 12.5701 16.8905 23.3409
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36.3785
2
- 32.8306 2

’. .+ {[292938 3

o 292938 3
- .
e t|[257681 5
- ....o
.C
13.0167

W1 3-6 T 1 i 122 Hoko it
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37 - AW - A ERETFRRIL R

B s S E R I o - S E A L8
TR R L - AR TS E AR AL VR e e R 32997 -
% 3-2 CRRECZ|Z B % 1t 2240 & 2 45

FRHE RN

st B &~ 1(=03) 2(=06) 3 #H @& 3(=0.9) 4 (t=1.2)
¥ () (¢=0.664)
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