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ESPEN GAARDER HAUG

The Complete Guide To

OPTION
PRICING

The Complete Guide to Option Pricing Formulas

(Espen Gaardner Haug)

The Complete Guide to Option Pricing Formulas contains thousands of for-
mulas and explanations, including a ready-reference overview table for all
option pricing formulas that gives you the fast answers you need - with
more comprehensive information inside the book; chapters that feature plain
vanilla options, exotic options, numerical methods in option pricing, interest
rate options, volatility and correlation, and interpolation and simple inter-
est rate calculations; examples and models that allow you to understand
and benefit from author Espen Gaarder Haug’s option pricing explanations
and discussions without comprehensive programming knowledge; and a com-
puter disk preprogrammed with source code and Excel spreadsheets, maxi-
mizing your understanding of the mathematical formulas by using them on
your own computer. As a financial professional or student, have you ever
needed an all-in-one reference for option pricing formulas and information?
Look no further. The Complete Guide to Option Pricing Formulas is the
first and only book to make the core set of tools and information available
in one place. With its chapters covering every important area, plus written
directions to help you best utilize the complimentary software package, The
Complete Guide to Option Pricing Formulas is guaranteed to broaden your
option trading horizons and help you wring the most value possible from

each derivatives trade.
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MATHEMATICS
INANCIAL

ERIVATIVES

A Student Introduction

PALE SLEMETT = 500 sy
_‘I"!'I DEWYSAE

The Mathematics of Financial Derivatives (Paul Wilmott)

Finance is one of the fastest growing areas in the modern banking and corpo-
rate world. This, together with the sophistication of modern financial prod-
ucts, provides a rapidly growing impetus for new mathematical models and
modern mathematical methods. Indeed, the area is an expanding source for
novel and relevant “real-world” mathematics. In this book, the authors de-
scribe the modeling of financial derivative products from an applied mathe-
matician’s viewpoint, from modeling to analysis to elementary computation.
The authors present a unified approach to modeling derivative products as
partial differential equations, using numerical solutions where appropriate.
The authors assume some mathematical background, but provide clear ex-
planations for material beyond elementary calculus, probability, and algebra.
This volume will become the standard introduction for advanced undergrad-

uate students to this exciting new field.
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Computational Finance (Levy, George)

This set contains two previously published books on computational finance:
Computational Finance presents a modern computational approach to math-
ematical finance within the Windows environment. George Levy illustrates
how numeric components can be developed by Financial Analysts that al-
low financial routines on the computer to be more easily performed. This
book contains a bound in CD-ROM. In Computational Finance Using C
and C++, Levy raises computational finance to the next level using the
languages of both standard C and C++. The inclusion of both these lan-
guages enables readers to match their use of the book to their firm’s internal
software and code requirements. Levy also provides derivatives pricing in-
formation for equity derivates, interest rate derivatives, foreign exchange
derivatives, and credit derivatives. A unique password is bound into every
book, giving the reader access to additional software on password protected

website.



PAOLO BRANDIMARTE

Numerical Methods in
Finance and Economics

A MATLANBased Introduction
vl Ealif

HWILEY
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QUANTITATIVE
FINANCE
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Numerical Methods in Finance And
Economics (Paolo Brandimarte)

A state-of-the-art introduction to the power-
ful mathematical and statistical tools used in
the field of finance. The use of mathematical
models and numerical techniques is a prac-
tice employed by a growing number of ap-
plied mathematicians working on applications
in finance. Reflecting this development, Nu-
merical Methods in Finance and Economics:
A MATLAB-Based Introduction, Second Edi-
tion bridges the gap between financial the-
ory and computational practice while showing
readers how to utilize MATLAB the powerful
numerical computing environment—for finan-

cial applications.

Paul Wilmott on Quantitative Finance
3 Volume (Paul Wilmott)

Volume 3: Advanced Topics; Numerical
Methods and Programs. In this volume the
reader enters territory rarely seen in text-
books, the cutting-edge research. Numerical
methods are also introduced so that the mod-
els can now all be accurately and quickly

solved.
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(Derivatives)

A FEAE L 7] 2 A Hunderlying assets) 8] 7AW 507 Q13 £A19)
S AAS7) Yol FRAATE FAA %Y thAto] HE AES 7| XA
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T %
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A1A gAe AdT F8 4ol

S (option) o] & S A4k w2 Azl 744 (Y AH7HA, strike price) &
2 lgfe] 438t A17)(TH7], maturity)oll = G738 717F Yol w4
=S A7t A" AS 8=tk ol 733 54 (European
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A 3 %
MATLAB 7| %

MATLAB-Z v]=-¢] Math Worksol| 4] ¥h5ol X 2208 1984 d % 9

270E o]E 2 e5d A AlA 507 o]AFo] ARgstal 9tk MATLAB-Z

MATrix+LABoratory®E A W HE 7|H o7 HAZlLolx g 1oz &

a2 N, o]y FalEA ol v Al 4SS S8 HarE dojoltt. CHA

ool v)s] A&7 7 HElsttls ZAHo] Qo AFYHE 7bWtog C =
FaARCE AgLT yl wethsE GAS oy Qo)

Mz AL dEEe Edor T2 FHA S AHSE W MAT-
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A1 2 MATLAB & 41

MATLAB =219 &g A 9
43 gES JRE FHHE 49
ol et /1 RA 9 /%5 e

)

o) olelE HEate] Y et}
28 o) By gel B Q%

4z

o] 3

Rl

_—

[e}

o},

g5l | 7s AR

open | ¥4 &7 open(‘name.m’)

load | 3} £2]27] | load(‘name.m’)

save | A &3}~ save(‘filename’, ‘varl’ ‘var2’)

A 12 MATLAB &

MATLABe] So}oWl 9AE8 g&ste] o] Fo| ) §E52 43l uofof 5

= 9=8% "HrEE= yEo] oA MATLAB Z &% E (prompt)>> T}

S yehdth 4EE WES BoE vl AHEHE S0 AAE.

= w302 A ZHH T

> a =1 ll

a=1

“a =170]2}al Efo] =3t F o E(Enter)7] 5 =21 MATLABS ZRE &

& a="5h 1 2 370 F 2 Bels o] ANRT olAREE FHE Aot
Zlo]t}. format compactE

3t7] f1sf MATLAB 3¢ 1l & A
st H MATLABLS ¥l 52 ,
T2 o] H7)=3x1ud (@ 9E)E HAs )

>> b =[123] [Ente]

b= 1 2 3
M 22 AAFESE AN ANZERS ol S5 1x 301D (3
) 443 5 Yok

> ¢ = [1; 2; 3;]1 [Enter]



A1 3 MATLAB ¢

o geje] A

19} /155 el A()
s} sehl o)

43

T 7HA 8 A& T8 FHE o] Fo3
o] BdA QA Aol

278 7]
DEELE R

7} 7]

A

H

o] 00 & o]Foj A=

022 o]2ojA L Fo] Hrk.
Transpose= FH9 P} &

o] A o] = MATLABoJ A -3}

D

—

v

> A=1[123; 456; 78 9]
2 3

5 6
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6 8
10 12
>> A-B
ans =
-4 -4
-4 -4

ol 7|4 4 A2 F AL A77F Fdsfor L tiAG WS &

1 2 11 2 3
A+l = + =
3 4 11 4 5
1 2 11 01
A-1 = - =
3 4 11 2 3

g ol A4S t]31 7L @ MATLABO A = t}-23} Zho]
A

=)
A=
12 94 2 Pd= dAeT A4S Bt

> A+ 1
ans =

2 3

4 5
> A -1
ans =

0

2 3
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A1 2 MATLAB & 47

A4HA gl o] Eﬂlﬂ‘ﬂ RECECEE 1 9 ZH7e) Ael Az
2 Sastebe ootk A4719Y AstolnR WEA T Pee] 7]

g 2rstA A3l oF ‘?}D}.
olAl AHEY ¥ AAE B RIS vYEAL S

>>A=1[1111;2222;3333;4444] [Ente
A=

1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
>> A(2, 1:4)
ans =
2 2 2 2
>> A(2, 1:end)
ans =
2 2 2 2
>> A(2,:)
ans =
2 2 2 2
>>
12l MATLAB = 011/‘1 -’% ASol Al 7Hef d 2 27 54
dd= &+ e Aot A gdo] 289 197 H 27kA) ¢
£ ydstetes Aoz, 0171/‘1 /\}RH end> P Lo A7)0 5 e
e AgolA) AAE Jehle 2dot,
MATLABS] 7] @14+ model] thate] olrz}. o] Sol,

10 = (—4) = (—3) — 2

£ o A
e

B

o A4ts MATLABOIA mode ARESlE, th=9] d3E =935t Ao

>> mod (10, -4) [Enter




A3 d FOR ~ END # 49

b = 2;
c = atb

A 3AHA for ~ end F

il
o
ol

for £& ‘end 3} AL o] 2o AGHTL for B 2L Aol 9l
o e Z/FEE FEY 2% FANNDN HEgh) =2
A for B} ‘end & Aol Bge) Bl FaARTE SR 1A 4
FEre A E s,

40 e
e X

for M W=2712k(3E) A5 R
£%
end

[ A]] for ~ end ZE 1Y

for x=0:0.5:1
a=2"x

end

for k=5:-2:1
b=k

end




Al 5 2  WHILE ~ END #

o1

a=3;

if a<1
b=a+1

elseif a<=2
c=a+2

elseif a==

d=a+3

end

Al 5 A while ~ end ¥

‘while’ &

‘end’—"i—j’/]' @% O]."_,E_O-] /\]——g-%\:]— ‘while’ &=

e ol gl
z710] Fol® ‘while E} ‘end & Aelo] it ¥4 By wEAow
Sag,

while 27

3

cal

M

end

[¢]Al] while ~ end ¥ Z 2713}



Al 74 PLOT & .

A 7HA plot &

AP ATE 239 a2z 2 YA & u] A}LH )k ‘plot’ FS AR5}
7] Qe A 270e] W4st B sl 7 Mes 22 7]9] 1Y wj ()
oo ghrt.

o

[ A]] plot & 271

for i=1:21
x(i)=0.1%(i-1);
y(1)=x(i)"2;

end

plot(x,y)

title (’Graph of y=x"2’)

xlabel(’°X?)

ylabel(’Y?)

grid




Al 4%

O O %
v 5

(Brownian Motion)

A2 3 (normal distribution) & W2 FEHASF X ~ N(u,02)9 3
probability density function) f(X)+ v Zth

il
i

bt
%
:L)

1 _@-w?
P(X =x) = f(z) = ——¢ =
ov2m
-5 & 3F4=(probability density function)& ZFe+s| 7] & pdf2 3% A]

95



Al 2@ dutsiE 9y A 57
dX = Vdt

A2 2 dusta A 34

A 9zt 7 2k 9 BAL o] 83 FoMEe] HoRS B
Atk AL S(1)2] REE 71€7) a2l A4 atsh A DA B2 A
A X1 TeEs AAD Aow B AFseiTh =,

A AL S(t)e] At dS

rlr

= "t} olg 2 AAD X(1)e) £2 9
ce AREe] 42S Agetd theel AL o 4 9k

EEE
AAL X(0)7h A #4 S dhek 2400w 918

“X(t)e B0, B2AA VAt AFEE N(0,dt) & e~

ojlmg

w91 33
149 S(t)7h Qukshe 9 Bgol get g0l Jrku
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S(t) = adt + bdX
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[l (G gy

2
o] Ag W e, 0 A 50 UL & 4 dUrk
dt( ) = (4 o?t)exp <,ut + %t2>
d*Mx (t 2
d—t)z(() = o’exp (ut - %t2> + (1 + ot)exp <ut + 7t )

mebA, oS A5 o) 4yt

B(X) = Mx'(0)=p
BX*) = MP(0) =0+,
Var(X) = E(X?) —E(X)? =0+ 4% — 12 =02

A3 A AN AL A% I B

882 AZ 714 (effective market hypothesis)2 A] ol A 7] 2 A 1 2} 7]
4 ARE TTT JAY BE ZEIL FEAEY 7HA O vEFE o] ok
WA, WA, AL Aol A A MBE 1 AN 2N F8 3
B obUth o & 59 1289 ¥dl= A4t 7H4 o] 200p Kt 20p D w
= © v doke= Aotk webA Wste] old AdiA S ou s &
g4 2AnT 340 AEE £ o WakelA Ged 4 9,

Aol td wl 7122t A S Seral Mg skAE 9 4.1 98 S7F S+

dS% WEE AL AT drE AFARA. 2ETR dS/SA Aol
38 o g nRNT F AL Y DA HIWL dS/SE pdish
0dX9) ¥ REOT Pt Zo|

pdts FABAAN FAT g 24T NS5 FHHQ
A dehIth pt dift2A dAES A FRAFEY 57
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A7A St =12 w =}
Qe oale] A AAL NS 5
2F2] 4 (randomness) 2 Z3H5F= dX =

oo 4Ae Zeth

o dX+= AFEEXLZRE YL FE W (random variable) o] T}.

r
o
N
P
v
o
iz
=
¥
)
1
f
Q

I

3
I

97 Bk A 7HA 9 EA
Y34 (Wiener process)< W=

ST IR+

o dX9) BFL 00lt}
A

o dX 9] B4 dto]Th

1AL el B A4 g e
dX =dt¢

2A, A7IA ¢ FEEA
3

B
X —00 < ¢ < ooolA FE

4(4.5)9) 3 AR 3 g3 2 79 o
g7t HER €] = 0] Arhe AL & 5 Aok oAl £ the

Zol Ao & ek

21(4.6)= 7FA 21, RHE YA T4 (Moment generating function) & 2]

o
SA7IAL mEE AT o Aojdt

My(t) = €[], teR (4.7)



A 4 &  o]E=H(ITO PROCESS) 63
olm=, MJ0] =10] B},

S E[Y =1 (4.13)
b, 4 (4.4)9 A4S 2 5= Zolth

Al 44 o]E3A(Ité Process)
AAG S(1)e) M3he dst theel Aol whek 2ol w ek sk

dS = a(S, t)dt + b(S, )dS.

H
Lo
i
BN
o,
L)
S,
o
E
E
=
flo g
o
il
5
0,

ol o] B Az
S7} ol =37

dS = a(S,t)dt + b(S, t)dX
£ uE u, 5S¢} to] &84 V(S,1)9 &2

[}

1 2
de(aV oV oV

oV
— — —_—— 2 —
g a(S.t) + -+ 5= (S,t)> dt + == b(S, t)dX

= oper

(57) = Ve Wz dve 2993 HAdY AAS o] &5t

dV = V(S+dS,t+dt)— V(S t)
oV oV 19%V 0%V 10%V

p— — — — — 2 —_—— 2 ...
= 8Sd5+ 5 dt + 5552 (dS) +858tdet+ 5 92 (dt)” +

2 Yehdth STt olERA S mEEE, 4S9

dS = a(S, t)dt + b(S, t)dX
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Black-Scholes A n]& A 4] (partial differential equation:PDE)-2 u]=+2]
Fisher Black 2 4>2} Myron Scholes 5ol 93] 72d A4 712 24 =2
Wowx g4 o2 A4S 42T 0 I% 448 wdo] A4l g of
851 gtk o] REE o8N A EANIA(S), DAA(E), BE]
T, FABOAE(), AEANANAL WEA(0)S) HER BEMT F
49 ol2AAL A- AN 5 o

Fisher Black®} Myron Scholes+= &-& 1]
Adoll gt 34714e 2457 e Anjd YA AS = ©
Black-Scholes o] 22 7|2 o7 F21(9] g X4H 3} )
o1 EEE 28] T A7 F AN o1 4
5] F49 w7] payoffe} Xt F st Ef oY
A ABFe] Fof. 19701d Black-Scholes & 419] 7laks} 34 1973 7HA
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A1d 4714 44 28] BLACK-SCHOLES ¥ n) 25} 4] nlt = H67

rlr

otk 7M., W Aem BF@Th o A9 ave} dSel 4z o
wh(5.2)9 ol =4 (5.1)F TS}l

ov
1 = _
d dv anS
oV O 1PV oV
= | == — dt — —oSdX
(as ot T2052° S) 957"
—g—g (uSdt + 0SdX)
_ oV 19%°V 5252
= ((,% + 55527 S)dt. (5.4)
g, 793 olAE S r&E SH dt AZHEQF FEE ] 9] WSS
ov
7FAAREE = Aot webA, 74 (5.3)3 (5.4)F HE] Black-Scholes ¥ 1]
_E’—Hol_ch)é‘]l’
ov(s,t) ov(S,t) %829V (S,1)

S = TV(S,1) —rS—g e (5.6)
= EZ5H "th of 7)ol A9 WA HAA A BH = AEFATTE
AAZACRE 34

S—FE if S>E
V(8,T) = (5.7)
0 if S<E
A (5.6)2 A(5.7)9] w7|Z 7L 7}X] = Black-Scholes®] ¥ u|& H}7 A o]
T}
1.1 Black-Scholes #u|&y}A Al o] A

o] Ao Al Black-Scholes Hu]Eu}A Ao & 3irh!l @A WAL
d t'S*;ﬁ*—.'(heat equation) FEf & A5t S 13 T thA] X3S S5 A
el 37849 Black-Scholes A Tt} Black-Scholes
H

)2 A (5.6) sl A T 7He WG a9t T E =
Lol Aol ) AT 5L 2EFAL AT BAE=) AnRPPA(ALA $7)
o A2 Fusty et




A1d 54714 2% 289 BLACK-SCHOLES ¥ n] 28} 4] vh=
9] A4+ A 3}2 Black-Scholes Fu]E 4 4] (5.6)° sl 2d, o3} 2
| 9w e erd 4 g
o2
uT(va) = uwx(ma'r)- (510)
A71A, z=log %+ (r — G)T —t)oll t =TE NYA, 2 = log &
Hog §=FEe o] At wmEpA, AARZ (5.7)0 t =TE thYstd
V(Ee*, T)=E(e*—1) if >0
u(z,0) = (5.11)
V(Ee®,T) =0 if =<0
2 W3t} o]A| Fourier A3 AF&3Fo] 2](5.10)S =314} sir}.
QPAA Qe A(5.00)8 BEGE B (e, n)) W ool tD
Fourier 32 t}-& 3} 7ot
u(A, 1) = Nor /_OO z,7)e” M dz, (5.12)
ESF, o] AF =TT 1y, ® Fourier M8 REAFS F W vHE A&
3t ohg 3} 2ok
o= |l e = (00LT) = ML) (513)
(5.12)2 26 08 Aol 4YAL ¢ 4 9ok
m . 2 00 ]
au()\”r) = L / ATy = 0——1 / wa(va)eiz)\xde‘
or V2T 2 Vo) o
o2 )2
= —TU(A 7). (5.14)
(5.140) 23 Th Ao] AR
242
ou(, 1) L A A7) =0 (5.15)
or 2
A (5.15)2 A(A, )9 roll T AuE PR Aotk A (5.15)S 27
Aol s B, ol thawt ol el 4 9t
242
! ou(, 1) + A or =0




‘[ o0 (72 27
drfe) _ / Ae™ 27 sin(Aa)d\
0

_ o227

a2\2r & 00
= |:sin(/\a)—2] - —— e 2 cos(Aa)dX. (5.20)

A(5.19)3} 41(5.20)00 )84 The Alo] AT}

dl(a) o
do o

2du) 2wk A (5.21)9] s ohed} 2ok

I(a). (5.21)

042
I(ar) = I(0) exp (2027_) . (5.22)
TR0 Aol ARTS & 4 At
o0 02 27' 2
1(0) = 2/ Ae T2 AN = - (5.23)
Jo o°T

A(5.22)3 A(5.23)0l &}l A The Aol A Be)

I(a) = 2T7Texp< o ) (5.24)

ot 202t

(5.18), A(5.19)9F 41(5.24)ell &34 The o] A BT

= /_;;g(y)\/;?eXp <_(x2;22)2>dy- 5.25)

—y=z+0VTU (5.26)




A1d 28714 4% 2382 BLACK-SCHOLES ¥ o] 2y} %] 4] nf= = 273

o] A| mpA] ko 2 Black-Scholes # u]&Ex}7g Ao Jjof o 9 5HH,

V(S,t) = eTulw,r) = SN (L +U\/;> —Ee—”N< T )

O\/T ON\/T

Black-Scholes Hu|RH}2] 2] o] F 2]
x x
t)y = SN|—= —FEe™""N | —=
V(S,t) S <Uv;—%a T) e <U T)
S 2
r = longL(r—?)(T—t) (529)
To= Tt (5.30)

thee) o Al E o m

oA th& 29 (Buropean) F349) 7h4& 73 MATLAB

FEZ AAGSHA L.
AR F7EA G S = 240 U E
A YA B =250 ZAE
=49 717 = 2714
F7HHE 0=38%

v 9 o] A& r=6%

[315] MATLAB 7=

TototoToTotoloto Toto To o foto To o loto Totofo o fote - €0 0c@LLmn % hatetoto ot tototothtototo oot oot toolh
S=240; E=250; t=2/12; sigma=0.38; r=0.06;
dl = (log(S/E) + (r+ 0.b5*sigma"2)*t)/(sigma*sqrt(t));

d2 = d1 -(sigma*sqrt(t));
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set(gca, ’fontsize’,20)

ToloToo oo ToToTo o o ToTo o o fo o To o o Jo oo o o ToTo o o fo ToTo o o ToTo o o o o To oo o Jo ToFo o o To To o o o o

Qo] F=o o3 A7 doj 18 5.19 ¢

A

o a4

£l

Mo
N\

9 1

160

140}
120f
100}
80}
60}
40t
20}

0 100 Zgo 300 400 800 220 240 s 260 280 300

27 5.1 Z12AIEA(S)0] whe g7k e) W

1.2.2  AA7HA(E)

AAAA(E)S ek AAA S NSE b2 el 17 5.2 B GaAs K
ZF. WA, option_ex.me PAZLA O] WE FHA7MAE 5= MATLAB
FE=ojth

Tl Tl T to o to TotoTo fotoTo o Yo fotofo o tofo - OPELOD_ €K .10 Yoth Vot totototololotote oot ol oo totololo
clear all; clc; clf;

S = linspace(0,400,50); t = 2/12; sigma = 0.38; r = 0.06;
E = [200 250 300];

for i = 1:3

dl = (log(S/E(i)) + (r+ 0.5xsigma”2)*t)/(sigma*sqrt(t));
d2 = dl1 -(sigma*sqrt(t));




A1d §4 714 A% ¥ BLACK-SCHOLES 9 n] 2374 4] vh== 977

1.2.3 o] A& (r)

2% 53004 £ 4 950l SAAL A& (el BlE FATFRA o
A& (r)o] 7S 5 4745 F7FsHA "t option_r.me O] A

200

150}

Vioof
50(
Oﬁ 2O BB B 80004 00600000660 OV L ' L
0 100 200 300 400
S
29 5.3 o1 AH&(r)el WhE FA/H4 ) W
of W2 §4714S Tk MATLAB =24 17 538 48 4 Utk

Tl T TSt o to TooTo o toto e Yo fo Jotofoto o 0PELOD_T o1 foote oo tototototototte oot oo oo ool
clear all; clc; clf;

S = linspace(0,400,50); E=250; t = 2/12; sigma = 0.38;

r = [0.00 0.20 0.40];

for i = 1:3

dl = (log(S/E) + (r(i)+ 0.5*sigma~2)*t)/(sigma*sqrt(t));

d2 = d1 -(sigmaxsqrt(t));

CP(i,:) = S.* normcdf(dl) - E * exp(-r(i) * t)*normcdf(d2);

end
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[
e
i)

200 :

—+—t=1/12

——t=5/12

——t=10/12 A
150} A

100

50

o tg Z74solth ol Felats] 98] MAT-

Tl To fototo o to TotTo foto oo Vo fo Voo o to o OPELOD_SIg .0 %ohatototstotololotote oot tols otstotolotots
clear all; clc; clf;

S = linspace(0,400,50); E=250; r=0.06; t = 2/12;

sigma [0.10 0.38 0.70];

for i 1:3

dl = (log(S/E) + (r+ 0.5*sigma(i)"2)*t)/(sigma(i)*sqrt(t));
d2 = d1 -(sigma(i)*sqrt(t));

CP(i,:) = S.* normcdf(dl) - E * exp(-r * t)*normcdf (d2);

end

plot(S,CP(1,:), °k*-",S, CP(2,:),’ko-",3,CP(3,:),°k"™~?)
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AlLE A AEY 83

A7 i FANEA, Ve §4 ABAA, 2L = SYTN/(d)' W)
A A GE GAAAG NPT, AN B Al 7] FHARR
99 Greek 1) EPIT TS ANEAS

th AZAAAE S = 100, AAE E = 100, o] AHE 7
b T = 1.0, 233 FAL ANFAE V, = 2002 7H3
022 AAsaL, +2 a4 Yer & 7+ uf 223
+ 1.0e — 62 3} T} newton_implied_vol.m+= $]9] 2] & ©
HEAL 23 MATLAB F = o]t}

DT It oo hoho e Newton_implied_vol.m %%hhtetelshotolshtolshtotods e
clear; clc;

S =100 ; E=100; r = 0.05; T = 1.0; Vm = 20;

vol = 0.2; tol = 1.0e-6;

di
d2
price = S*normcdf (d1)-Exexp (-r*T)*normcdf (d2) ;

(Log(S/E)+(r+vol~2/2) *T) / (volx*sqrt(T));
d1-vol*sqrt(T);

vega = S.*sqrt(T).*normpdf (d1);

while abs(price - Vm) > tol
vol = vol - (price - Vm) / vega;
d1i (1og(S/E)+(r+vol~2/2)*T) / (vol*sqrt(T));
d2 = di-volx*sqrt(T);
price = S*normcdf (d1)-Exexp (-r*T) *normcdf (d2) ;

vega = S*sqrt(T)*normpdf (d1);

end

1919} Aol AMEEE di Th 2o

In(S/E) + (r+ 02/2)T

di =
! oT




A7 %

O = SL. Y9
8 2

(Finite Difference Method)

A1Ad L

u] ZukA 2] (differential equation)< X}—E—Hox 4] (difference
AX A AR HE Fohe otk o] AollA

= 9B ENS }% 3lo] w2l (heat equation)¥} B2 &= Hu]E
= Aotk WA Taylore] HelE nigtoz a1 9)
e A A e Taylore] A28 o834 B4

the st 2ol (o.1) SN u B MR GEY PSR
T}

;O

rTxrxr 7t :
h? 4 2 (@ )iL3+--- (7.1)

w(z + h,t) = u(z, t) + ug(z, t)h + =

2
ug (v, t)oll el A el etd, 1xpn &) e AHEA S d=t
u(z + h, t) u(z,t)

ug(z,t) = + O(h). (7.2)

"Taylor F2): &4 f(2)7} 2 = 20N A n¥ v R71%535Iohal 8hA)
f”(IO) f(")(fEO)

n!

(’E o mo)”n,

(x—20)” +
Lz =z A f(z)9 nAA Taylor T} O]E‘r 3},

pn(z) = f(0) + f'(20)(x — 20) +

85
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ol of AAxAL
sin(rz) (0 <z <

1) B8} SAs s u(r,t) = sin(rz)e ™ to] ] 1
9729 TR7IAT 2 x2 GEpd £ ok o BRG] BE AHNE
HAA, =4, 2ga 2YA-UEE KRR H e o] &ote] el At

I 720 YA A el

2.1 A (Explicit) 42 324

WA A% N, > 02 495
A

B3 h = 1/(N, — 1)olgt B35, 41(7.3)
(7.7)= °l-&3to], A A(7.8

ol Hal gt ol fAARRS 48
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S YA Ao} FE2& o]fFo|t}. heatex.mS a = 0.45, N, = 302 ], A]
Z A A9 & YEd MATLAB F =o|t

Tl totoTo o toto Tota To oot To Toto Voo foto Yoo o te @@t @X .10 %otototototetototeotote o fotote totote oot totots
clf; clear; clc; alpha=0.45; Nx=30; x=linspace(0,1,Nx);
h=x(2)-x(1); k=alpha*h~2; T=0.125; Nt=round(T/k);
u(l:Nx,1:Nt+1)=0; u(:,1)=sin(pi*x); exu=u;
for n=1:Nt

for i=2:Nx-1

u(i,n+1) u(i,n)+alpha*(u(i-1,n)-2*u(i,n)+u(i+l,n));

exu(i,n+1) = sin(pi*x(i))*exp(-pi~2*(k*n));
end
end
plot(x,u(:,1),°k*’ ;x,u(:,50),°kd’ ,x,u(:,100), ks
x,u(:,Nt+1),’ko’);
hold
plot(x,exu(:,1),’k’,x,exu(:,50),°k’ ,x,exu(:,100),°k
x,exu(:,Nt+1),°k’?)
legend(’initial’,’n=50’,’n=100’,’n=192’,’exact solution’)
xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20)
Tot6 1o ToTo o 1o o To o ToTo o To o To oo To o o 1o o JoTo Jo Jo o To o o Jo o o To Jo o o Jo o o To o Jo o o Jo o To o o To o o 1o o To o Jo o /4

2.1.1 FAHYH FAY FA - F olT (von Neumann) W

£ Zolth. Felol G4t AT Lk
BaASRSE GEhE ALS 2

ul = ePkhen (7.11)
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Al 2d F g gist 58k A= 97
for n=1:Nt
d=dd;

for i=1:Nx-2
b(i)=u(i+1,n);

end

for i=2:Nx-2

xmult= a(i-1)/d(i-1);

d(i) = d(i) - xmult*c(i-1); b(i) = b(i) -
xmult*b(i-1);

end
u(Nx-1,n+1) = b(Nx-2)/d(Nx-2);
for i = Nx-3:-1:1

u(i+1l,n+1) = (b(i) - c(@)*u(i+2,n+1))/d(i);
end

end

plot(x,u,’ko-")

xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20);
ToToo o Too oo 1o o Too oo To o Jo o o o To o o To o o Jo 1o o o To o o Jo 1o o Jo T o o To o o To o o Jo o o o Jo o o Jo o o Jo 1o o

(7.19)
Hspert BAL 4 (7.19)S WA 4 (7.15)0] OQS 54 oL

o4

o] ol g 4
g o

_aetBDhentl (1 4 9q)eiBkhentl _ o giBktDhgntl ¢iBkhgn.
—ae e 4 (14 20)6 —aePhe = 1,
(2a(1 —cos(Bh)) +1)¢ = 1.
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A 27 AnE ZAHS BEEA R

1
Uy (5, t7"FY/2) 3 (Uae (24, 1) + Uga (2, ")) + O(R?) (7.22)
B O B e Ml n upft = 20 4
2 h? h?
+0(h?).

5 2 (7.21)9 (7.22)9) ARke A 242 O(K)F O(h2) 2.2 2AA 9
HEE T 7] wlgo e v

3 | B AE B1A Qolw £ RAG A BEAYL
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Kl tolohtots ot tohhtets heatex_convergence_test.m %hlhltsltlotstotstolstolats
clear; clc; T=0.1; alpha=0.1;
for iter=1:5
N=10%*2" (iter-1)+1; x=linspace(0,1,N); h=x(2)-x(1);
k=alpha*h~2; Nt=round(T/k); u(1:N,1:Nt+1)=0;
u(:,1)=sin(pi*x); exact=u(:,1)*exp(-pi~2*T);
for n=1:Nt
for i=2:N-1
u(i,n+1)=alpha*u(i-1,n)+...
(1-2*alpha)*u(i,n)+alpha*u(i+1,n);
end
end
hh(iter)=h; tt(iter)=k;
err (iter) = max(abs(u(:,Nt+1) - exact));
end
Order=[log(err(1)/err(2))/log(2)
log(err(2)/err(3))/log(2)
log(err(3)/err(4))/log(2) ..
log(err(4)/err(5))/log(2)]1’;
fprintf(’----—-—--——————— \n’)

fprintf (’ h dt max error order \n’)

fprintf (- \n’)
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N=10%2" (iter-1)+1; x=linspace(0,1,N); h=x(2)-x(1);
k=alpha*h~2; Nt=round(T/k); u(1:N,1:Nt+1)=0;
u(:,1)=sin(pi*x); exact=u(:,1)*exp(-pi~2*T);
for i=1:N-2

dd(i)= 1 + 2xalpha; c(i)= - alpha; a(i)= - alpha;

end
for n=1:Nt
d=dd;
for i=1:N-2
b(i)=u(i+1,n);
end
for i=2:N-2
xmult= a(i-1)/d(i-1);
d(i) = d(i) - xmult*c(i-1);
b(i) = b(i) - xmult*b(i-1);
end
u(N-1,n+1) = b(N-2)/d(N-2);
for i = N-3:-1:1
u(i+1,n+1) = (b(i) - c(i)*u(i+2,n+1))/d(i);
end
end

hh(iter)=h; tt(iter)=k;
err(iter) = max(abs(u(:,Nt+1) - exact));
end
Order=[log(err(1)/err(2))/log(2)
log(err(2)/err(3))/log(2)
log(err(3)/err(4))/log(2)
log(err(4)/err(5))/log(2)]1’;
fprintf(’---—-——--"—---"--""-""""" \n’)
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Tt lohtots ot totohtets heatcn_convergence_test.m %%lhhllelsllotstotsloletstale
clear; clc; T=0.1; alpha=0.1;
for iter=1:5
N=10*2" (iter-1)+1; x=linspace(0,1,N); h=x(2)-x(1);
k=alpha*(h~2); Nt=round(T/k); u(1:N,1:Nt+1)=0;
u(:,1)=sin(pi*x); exact=u(:,1)*exp(-pi~2*T);
for i=1:N-2
dd(i)= 2*(1+alpha); c(i)= - alpha; a(i)= - alpha;

end
for n=1:Nt

d=dd;
for i=1:N-2

b(i)=alpha*u(i,n)+...

2% (1-alpha)*u(i+1,n)+alpha*u(i+2,n);

end
for i = 2:N-2

xmult=a(i-1)/d(i-1);

d(i)=d(i)-xmult*c(i-1); b(i)=b(i)-xmult*b(i-1);
end
u(N-1,n+1) = b(N-2)/d(N-2);
for i = N-3:-1:1

u(i+i,n+1) = (b(i) - c(@)*u(i+2,n+1))/d(i);
end
end

hh(iter)=h; tt(iter)=k;
err(iter) = max(abs(u(:,Nt+l) - exact));
end
Order=[log(err(1)/err(2))/log(2)
log(err(2)/err(3))/log(2)
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b(i) = b(i) - xmult*b(i-1);
end
u(N+1,n+1) = b(N)/d(N);
for i = N-1:-1:1
u(i+1,n+1) = (b(i) - c(i)*u(i+2,n+1))/d(i);
end
end
plot(x,u(:,1:20:Nt+1),’ko-")
ToToto s ToTo oo 1oo o Too o ToTo o ToTo o o To o o To o o To T 1o o To o o ToTo o To T o o To o o To o o To T o o To o o To o o Jo T o
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end

for

end

for

end

end

Nx-2;
i=1:N
dd(i)=1/k+(sigmax*i) ~2/2+r;
c(i)=-r*i/4 - ((sigmax*i)~2)/4;
a(i)=r*x(i+1)/4-((sigmax*(i+1))"2)/4;

n=1:Nt
d=dd;
for i=1:N
b(i) = u(i+l,n)/k + (sigma*i) 2% (u(i+2,n)...
-2xu(i+1,n)+u(i,n))/4 ...
+ r*xix(u(i+2,n)-u(i,n))/4 - r*xu(i+1,n)/2;
end
u(Nx,n+1)= L - Exexp(-r*k*n) ;
b)) = b)) - c()*u(Nx,n+1);
for i = 2:N

a(i-1)/d(i-1); d(i) = d(i) - xmult*c(i-1);
b(i) - xmult*b(i-1);

xmult

b(i)

end
u(N+1,n+1) = b(N)/d(N);
for i = N-1:-1:1
u(i+1,n+1) = (b(i) - c(@@)*u(i+2,n+1))/d(i);

end

plot(x,u(:,1:20:Nt+1),’ko-")

Tttt oo oo Toto o To o To o To o To To T o To o To T To T T T oo oo oo o o oo o o o o o o o o o o oo o o T 4
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u(i,1)=x(i)-E;

end
end
for n=2:Nt+1

u(Nx,n)=L-Exexp (-r*xk*(n-1));
end
exu=u;
for n=1:Nt

for i=2:Nx-1

u(i,n+1)=u(i,n) + k*x((1/2)*(sigma~2)*((i-1)*h) " 2*...
((u(i+1l,n)-2*%u(i,n)+u(i-1,n))/(h"2)) +...
r*(i-1)*h*((u(i+1,n)-u(i-1,n))/(2*h))-r*u(i,n));

end

for i=1:Nx

d1(1)=(log(x(i)/E)+(r+sigma”2/2)*k*n) ...

/ (sigma*sqrt (k*n)) ;
d2(i)=d1(i)-sigma*sqrt (k*n) ;
exu(i,n+1)=x(i)*normcdf (d1(i))...
—-Exexp (~r*k#*n) *normcdf (d2(i));

end
end
plot(x,u(:,1),’k*’ ,x,u(:,round (Nt/3)),

’kd’ ,x,u(:,round(2*xNt/3)),’ks’ ,x,u(:,Nt+1),’ko’); hold
plot(x,exu(:,1),’k’,x,exu(:,round(Nt/3)), ...

'k’ ,x,exu(: ,round (2%Nt/3)),’k’ ,x,exu(:,Nt+1),°k’)
legend(’initial’,’n=78’,’n=156",’n=234",’exact solution’,2)
xlabel(’x’,’FontSize’,20); ylabel(’u(x,t)’,’FontSize’,20)
axis([0 L 0 L-0.5%E])
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250 w
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%
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78 7.12: At =0.00682 £ 1A 3 ALE]
end
exu=u;
for i=1:N

dd(i)=1/k+(sigma*i) "2+r; c(i)=-r*i/2-((sigmax*i)~2)/2;
a(i)=r*(i+1)/2-((sigma*(i+1))~2)/2;
end
for n=1:Nt
d=dd;
for i=1:N-1
b(i)=u(i+1,n)/k;

end
b(N)=u(N+1,n)/k - c(N)*u(Nx,n+1);
for i = 2:N

xmult= a(i-1)/d(i-1);
d(i) = d(i) - xmult*c(i-1);
b(i) = b(i) - zmult*b(i-1);
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Tt tots bt tohdotele BSex_convergence_test.m %lthhlsletstotolslololstetslale
clear; E=100; sigma=0.5; r=0.03; L=400; T=0.1;
for iter=1:5
N = 16%(27iter);
x=linspace(0,L,N); h=x(2)-x(1); k=h/50000;
Nt=round(T/k); u(1:N,1:Nt+1)=0;
for i=1:N
if x(i)<= E
u(i,1)=0;
else
u(i,1)=x(i)-E;
end
end
for n=2:Nt+1
u(N,n)=L-Exexp (-rxk*(n-1));
end
for n=1:Nt
for i=2:N-1
u(i,n+1)=u(i,n) + kx((1/2)*(sigma”2)*((i-1)*h)~2x*...
((u(i+1,n)-2*%u(i,n)+u(i-1,n))/(h"2)) +...
r*(i-1)*h*((u(i+1,n)-u(i-1,n))/(2*h))-r*u(i,n));

end
end
for i=1:N
d1(i)=(log(x(i)/E)+(r+sigma”2/2)*k*n) ...
/ (sigma*sqrt (k*n)) ;

d2(i)=d41(i)-sigma*sqrt (k*n) ;
exact (i)=x(i)*normcdf (d1(i))...

-Exexp (-r*k*n) *normcdf (d2(i)) ;
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Tl tolohtots bt totothetetele BSim_convergence_test.m %%thhstetslototslotolstototots
clear; E=100; sigma=0.5; r=0.03; L=400; T=0.1;
for iter=1:5
Nx = 16%(2"iter);
x=linspace(0,L,Nx); h=x(2)-x(1); k=h/500;
Nt=round(T/k); u(1:Nx,1:Nt+1)=0; N=Nx-2;
N=Nx-2;
u(:,1)= max(0,x-E);
for n=2:Nt+1
u(Nx,n)=L-Exexp (-r*k*(n-1)) ;
end
for i=1:N
dd(i)=1/k+(sigmaxi) “2+r; c(i)=-r*i/2-((sigmax*i)"2)/2;
a(i)=r*(i+1)/2-((sigmax(i+1))~2)/2;

end
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fprintf (’ h dt 12 error order \n’)

fprintf(’----—-—--——————— \n’)

fprintf (°%8.5f %8.6f %8 .6£ \n’,hh(1),tt(1),err(1))

for iter = 2:5

fprintf (’%8.5f %8 .61 %8.6f %8.6f \n’,hh(iter),
tt(iter),err(iter) ,0Order(iter-1))

end

fprintf(’----—-—--——————— \n’)

ToloToo 1o s ToToTo o o ToJo o o To o To o o o Jo oo o o JoToFo o o JoTo o o o Jo Fo o o o Jo oo o o o Fo o o o To T o o o To T oo

>> BSim_convergence_test

h dt 12 error order
12.90323 0.025806 0.072626
6.34921 0.012698 0.029825 1.283952
3.14961 0.006299 0.013253 1.170222
1.56863 0.003137 0.006204 1.095123
0.78278 0.001566 0.002995 1.050525

9 2332 F¥ Black-Scholes ¥ Ao tist 524 FaAEHe 5
HE7F 1A S &7 At

Y2 UL 78 AEY] sE8S dopl
7] sl D}%El HAES fs| At 9 dolabgol r = 0.03, ¥4
ol o0 = 0.5, AAAIF ] t = 0, ©7] Ao 0.1, 183 YA7}2
o] E = 100 1% EFF49 7H4= F38t= MATLAB FEojt}. o
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for i = N-1:-1:1
u(i+i,n+1) = (b(i) - c(i)*u(i+2,n+1))/d(i);
end
end
for i=1:Nx
d1(1)=(log(x (i) /E)+(r+sigma~2/2) *k*n) . ..

/ (sigma*sqrt (k*n)) ;
d2(i)=d1(i)-sigmax*sqrt (k*n) ;
exact(i)=x(i)*normcdf (d1(i))...

-Exexp (-r*k*n) *normcdf (d2(i)) ;

end
hh(iter)=h; tt(iter)=k; F = u(:,Nt+1) - exact’;
err(iter) = sqrt(sum(F."2)/Nx);
end
Order=[log(err(1)/err(2))/log(2) ...
log(err(2)/err(3))/log(2) ...
log(err(3)/err(4))/log(2) ...
log(err(4)/err(5))/log(2)]1’;

fprintf (’---——-——-——————————— \n’)
fprintf(’ h dt 12 error order \n’)
fprintf (’---——-————————————— \n’)
fprintf (’%8.5f %8 .6f %8.6f \n’,hh(1), ...

tt(1) ,err(1))
for iter = 2:5
fprintf (’%8.5f %8 . 61 %8 .61 %8.6f \n’, ...
hh(iter),tt(iter), err(iter),Order(iter-1))
end
fprintf (’---——-—————————————— \n’)
Too o ToTo To oo To o ToTo o To o Jo o o To o fo 1o o ToTo ToTo o To o Jo o oo To To o o To Jo Jo T o To o To o o To o Jo o o Jo o Jo o o To o
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E=230; sigma=0.5; r=0.03; T=1; Nx=50; Nt=100;
L=800; k=T/Nt; x=linspace(0,L,Nx); h =x(2)-x(1);
for i=1:Nx

v(i) = max(x(i)-E,0);

end
N = Nx-2;
for i=1:N
dd(i)=1/k+(sigma*i) ~2+r;
c(1)=-r*i/2 - ((sigmax*i)~2)/2;
end
for i=1:N-1

a(i)=r*(i+1)/2-((sigma*(i+1))"2)/2;
end
for n=1:Nt
d=dd;
for i=1:N-1
b(i)=v(i+1)/k;
end
v(Nx)= L - Exexp(-rxk*n);
b(N) = v(N+1)/k - c(N)*v(Nx);
for i = 2:N
xmult= a(i-1)/d(i-1);
d(i)
b(i)

d(i) - xmult*c(i-1);
b(i) - xmult*b(i-1);

end
v(N+1) = b(N)/d(N);
for i = N-1:-1:1
v(it1) = (b(1) - c(@)*v(i+2))/d(i);

end
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I T I o T oo o T s ho Todoe Totoode BSim_gamma . m %ot ototo oo o totoss fotods o to o To oo o
clear all; clf; clc;

E=230; sigma=0.5; r=0.03; T=1.0; Nx=50; Nt=100; L=800;

k=T/Nt;
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% Gamma of numerical solution
for i = 2:Nx-1

Gamma (i) = (v(i+1)-2*v(i)+v(i-1))/(h"2);
end

plot (x(2:Nx-1) ,Gamma(2:Nx-1),’k*->); hold on

% Gamma of exact solution
for i=1:Nx
d1=(log(x(i)/E)+(r+sigma~2/2)*T)/(sigma*sqrt (T));
Gamma2(i) = (exp(-0.5%(d172)))/(x(i)*sigma*sqrt (2*pi*T));
end

plot(x,Gamma2, ’ko-’); grid on

xlabel(’Underlying Asset’,’fontsize’,20)
ylabel (’Gamma’,’fontsize’,20)

legend (’FDM(implicit)’, ’Exact’,1)
set(gca,’fontsize’,20)
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N = Nx-2;

for i=1:N
dd(i)=1/k+(sigmaxi) " 2+r;
c(1)=-r*i/2 - ((sigmax*i)~2)/2;

end
for i=1:N-1
a(i)=rx(i+1)/2-((sigmax(i+1))"2)/2;
end
for n=1:Nt
d=dd;
for i=1:N-1
b(i)=v(i+1)/k;
end
v(Nx)= L - Exexp(-rxk*n);
b(N) = v(N+1)/k - c(N)*v(Nx);
for i = 2:N
xmult= a(i-1)/d(i-1);
d@i) = d(@i) - xmult*c(i-1);
b(i) = b(i) - xmult*b(i-1);
end
v(N+1) = b(N)/d(N);
for i = N-1:-1:1
v(i+1) = (b(1) - c()*v(i+2))/d(i);
end
if (n == Nt-1)
ov = Vv;
end
end

% Theta of numerical solution
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Tt T I T ToTo oo T Toto o e Toto o dofe BSAm_xho .m Yo ohhto oo lotoo oo Totodo o ToTo oo oo
clear all; clf; clc;
E=230; sigma=0.5; T=1; Nx=50; Nt=100; L=800; k=T/Nt;
x=linspace(0,L,Nx); h =x(2)-x(1); r = [0.03 0.04];
for j =1:2
for i=1:Nx
v(i) = max(x(i)-E,0);

end
N = Nx—-2;
for i=1:N

dd(i)=1/k+(sigma*i) "2+r(j);

c(i)=—r(j)*i/2 - ((sigmaxi)~2)/2;

end
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% Rho of exact solution

r = (r(1)+r(2))/2;

for i = 1:Nx
d1=(log(x(i)/E)+(r+sigma~2/2)*T)/(sigma*sqrt(T));
d2=d1-sigma*sqrt(T);
Rho2(i) = ExT*xexp(-r*T)*normcdf (d2);

end

plot(x,Rho2,’ko-’); grid on

xlabel (’Underlying Asset’,’fontsize’,20)
ylabel (’Rho’,’fontsize’,20)

legend (’FDM(implicit)’, ’Exact’,4)
set(gca, ’fontsize’,20)
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1% 7.18& MATLAB Z =& Agst Aot} Fatad el 93t &
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WS A% 4 QT
4.1.5 w7} (Vega)

W7 W53 ool tid 4749 WSS ujsith W7be 2aE
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ool disl An|FaA A=t

v Vi'(o+Ag)— V(o)
do Ao

vega =

BSim_vega.m+= 3R of] & 3k A3l 2} B &&= 4o 9] 5 w7}
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end
for i=1:N-1
a(i)=r*(i+1)/2-((sigma(j)*(i+1))"2)/2;
end
for n=1:Nt
d=dd;
for i=1:N-1
b(i)=v(i+1) /k;
end
v(Nx)= L - Exexp(-r*k*n);
b(N) = v(N+1)/k - c(N)*v(Nx);
for i = 2:N
xmult= a(i-1)/d(i-1);
d@i) = d(@i) - xmult*c(i-1);
b(i) = b(i) - xmult*b(i-1);
end
v(N+1) = b(N)/d();
for i = N-1:-1:1
v(i+1) = (b(1) - c(D)*v(i+2))/d(1);
end
end
if j ==
vl = v;
else
v2 = Vv;
end
end

% Vega of numerical solution

Vega = (v2-v1)/(sigma(2)-sigma(1));
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fu =Max[0, Su-E]

fa =Max][0, Sd-E]

% 8.2 177 o] R -
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Al2d 1712 o] FgE

Ittt ot to ot to e oo dte Dinomial 1time.m %%hhhthetetststotatesstetotatotth
T=1; N=1; dt = T/N; S = 100; E 100; r = 0.10;
Su = 130; Sd = 80; St = [Su Sd]; p = 0.5;
for i = 1:N+1
call(i) = max(St(i)-E,0);

end

i=N;

Delta = (call(i) - call(i+1))/(St(i)-St(i+1));
= St(1)*Delta - call(l);

currentV = Vkexp(-r*T);

Callprice = S*Delta-currentV
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f = e %1%2[(0.6103)% x 69 + 2 x 0.6103 x 0.3897 x 4 + (0.3897)2 x (]

= 22.6021

AT 2717 W] LA ZRE A AANLY §A A E P
WA 7 A EE e A0 g Tehe s Yok
WA, 1713F 2] §49 NS et o] Tata.

fu = e %1(0.6103 x 69 + 0.3897 x 4) = 39.5163
fa = e %10.6103 x 4 + 0.3897 x 0) = 2.2090
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time index
state index

%]
exp (-r*dt)* (p*Call (j+1)+(1-p)*Call(j));

% i

: -1
= Call(1)
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Call(j)

for j = 1:i

for i = N
end
end
Callprice
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Callprice
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o Tk Mol Af 408 o] AW a— 15 407 Yol Xth
A9 =6 o 47 BAHY R, 8 T °]E Mg ro
£ dett

R
Un+1: X}—la n2071727“"

Tl I Tt ot ot to ot to e oo totete uniform_randl.m %%hhtehletetststotatetotstotststetote
a=7; c=1; M=18; n=M+3; kl=zeros(n,2); R=zeros(n+1,1);
U=R; R(1)=1; U(1)=R(1)/M;
fprintf (’Iteration Random integer Random number \n’);
for i=2:n+1

R(i)=mod(a*R(i-1)+c,M);

U(i)=R(1)/M;

fprintf (° hd hd ht \n’,

i-1, R(i-1), U@-1));

end

Tt oo o To o T To o To o To o T o T o To o o To T T o T o T T T o oo oo o o 1o 1o oo o oo o oo o oo oo o o

9ol = uniform_randl.mE A 3Pt 43= v} 2ok

>> uniform_randil

Iteration Random integer Random number

1 1 0.055556
2 8 0.444444
3 3 0.166667
4 4 0.222222
5 11 0.611111
6 6 0.333333
7 7 0.388889
8 14 0.777778
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=44 (RANDOM NUMBER GENERATION)
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x = +/—2log(1 — u) cos(2mv),

y = +/—2log(1l — u) sin(27v)
ol FEWT 28 yv AR S| EI & EEE WET 9
o WY Box-Muller W8Hole} 511, o] & o] S8, 28 FERE
2 gt G (u0)RRE 285 ATSENE (0, E 72 5 9
T} box_muller.m< Box-Muller®] WMoz REEAFEZTE = U

A A 3H= MATLAB I =o|t}

Tl I Tt ot ot to ot to e oot toy Dox _muller.m %ttt tototstotototetstsotatetato ot totth
clear; clc; clf; N=10000; Ul=rand(N,1); U2=rand(N,1);
Z1=sqrt (-2*log(U1)) .*cos (2xpix*U2) ;

Z2=sqrt (-2*log(U1)) . *sin(2xpix*U2) ;
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VAl T 4 67, 03l TBte] The2 ARk WAL

El¢i] = Elp]=0,
Elg5] = Eléip+ ¢a/1—p? = pE[dr] + /1 — p*Elpa] =0,
Var[gi] = Varl$i] =1,
Var[gs] = Varlpip + ¢2/1— p?)
= Bl(¢1p+ ¢23/1— p)? = Elrp + ¢21/1 — p?]?
= pPP+1-p’=1

F ZEEHT X9 Yo FEAH Covariance)+= th2 3 Zo] o] Hth

ColX,Y] = E[(X - EX])(Y — E[Y])]
|X — E[X]Y + E[X]E[Y]]

— E[X]E[Y] + E[X]E[Y]
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2o s 2ew x5 Wk oo Ao Yehd 4 9l

% — pdt + 0dX

ds

5 =rdt + odX

Fohol AR 1E 53 InSY AEHR ol £e] A}E 4 45W

2
dln S = (r— %) dt + o/dtd
2 Q3 o)E o AEdoR AN Tee AT

In SHAt) = <r — %02> At + oV At,

St—i—At = Stexp |:<’I“— %0’2> At+0’¢\/ At:| , d)N N(O, 1)

EZF% Sta r,o, At7]— -'Z—O-]X]j_ 11/_]_—4\_ (b% }\g /\6]6]—% St-i—At% '?%E]'.— Z’\_ g)]\

t}. stock_process.m™= A 5HA S 3= MATLAB F = o]t}

T Tttt ot ot toh ol totety stock_process.m hhhhthleledhtehtalehtolotatsthtote

clear; S(1)=100; r=0.03; vol=0.3; T=1; N=100; dt=T/N;

t=linspace(0,T,N+1); w=randn(1,N);

for i=2:N+1,
S(1)=S(i-1)*exp((r-1/2*vol~2)*dt+vol*w(i-1)*sqrt(dt));

end

plot(t,S,’*-?); xlabel(’Time’); ylabel(’Stock Price’);
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Price = 14.2164

Tt Toto el To T oo T Toto o e T loTo o oo Tode- MC_calL2A . %ot toto o oo o o To oo o T o To o
clear; S1=100; S2=100; E1=100; E2=100; r=0.05; T=0.5;




g3 29

Brandimarte P., Numerical Methods in Finance and Economics, Wiley,

2/E, 2006

Clewlow L., Strickland C., Implementing Derivatives Models, John Wiley
& Sons, 1998

Glasserman P.,Monte Carlo Methods in Financial Engineering, Springer,
2003

Higham D.J., An Introduction to Financial Option Valuation, Cambridge
Univ Press, 2004

Hull J.C., Options, Futures, and Other Derivatives, Prentice Hall, 7/E,
2008

Seydel R.U., Tools for Computational Finance, 3/E, Springer , 2006

Taleb N., Dynamic Hedging ; Managing Vinilla and Fxotic options,,John
Wiley & Sons, 1996

Wilmott P., Paul Wilmott on Quantitative Finance, 2/E, Wiley , 2006

Wilmott P., Howison S., Dewynne J., The Mathmathics of Financial
Derivatives, Cambridge Univ Press, 1995

187



Zhopi 7]

33 YZF< (Crank-Nicolson) =
H, 98

Eupa 431 2] E(Thomas algorithm)
W, 94

£ 30|k (von Neumann) ¥, 89

%A (put option), 25
=4 (Implicit) -3+ 2HEH, 91

-5 ] A 4] (stochastic  differen-
tial equation), 60

G vl a8 (backward difference), 86

189



