1982 ;1983

(over-the-counter option) 1983

1-1)

(Forward Rate Agreements)

(Interest Rate Options ,IROs)

(Interest Rate Swaps ,IRSs)



( )

maturity match

082002
B 2003
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(finite difference

method) (tree or lattice method) (Monte
Carlo method)
Hull-White Vaseck Hull-White extend Vasieck



Vasicek

Hull White extended Vasicek

(closed form solution)

Vasicek CIR Hull- White

Hull and White(1993)

Hull and White

Hull and White

(scerario analysis)



Hull and White

Vasicek CIR Hull

and White

Hull and White Hull and White



(term structure of interest rates) (zero coupon bonds)

(yield

curve)

(equilibrium model) (no-arbitrage model)
(one-factor) (multi-factors)
2-1
Vasicek(1977) Brennan-Schwartz(1978)
Dothan(1978) Chaplin(1978)

Cox-Ingersoll- Ross(1985) | Langetieg(1980)

Jamshidian(1989) Coutadon(1982)




L ongstaff(1989) Cox-Ingersoll- Ross(1985)
Beaglehole-Tenny(1992) L ongstaff- Schwartz(1992)

Constantiedes(1992) Chent Scott(1992)

Ho-L ee(1986) Heath-Jarrow-Morton
Black-Derman-Toy(1990) | (1990,1992)

Hull-White(1990)

Black and
Karasinski(1991)
Vasicek(1977) CIR(1985) Longstaff &
Schwartz(1992)
1 Vascek
Vasicek
(Mean reversion) Ornstein Uhlenbeck(OU) Process

dr =b(m- r)dt +s xdz
r B [V o

z: (Wiener Process) dz=e’ Jat e



Vascek S t

P(t,s,r

)=Ats) e
B(t,s) =(1- e V)/b
. ) .
a(B(19) s+0gb 'm 2,
Alt,s) = exp® 2 5. s B(ts) g
9750 b’ 4 U
¢ u
e 8]

Jamshidian(1989) Vasicek
(risk-neutral process) forward — adjusted
floorlet

Vascek floorlet

Caplet, = Put(t,T,s)=|X:P{t,T):N[- h+s ,)- L:P(t,s): N(- h)|
Floorlet, =Call(t,T,s) = [L xP(t,s)xN (h)- X xP(t,T)xN(h- s p)]
he 1 Le(t,s) , s
s, PELT)xx 2

p

S :S_[]__ e b(sT) ﬂ
b 2b

Stapleton  Subrahmanyam(1990)

s( )
1 S
X = 1/1+x" s (365/360))
S T L
X X % N()
P(t,s) Vasicek S 1 t

P(tT)  Vasioek T 1 t



2 Cox, Ingersoll, and Ross
Vasicek

Cox, Ingersoll, and Ross

dr =b(m- r)dt +s /r xdz

z (Winner Process)
CIR s 1 t
P(t,s,r)= Alt,s) e Bter

‘I 2 >e(b+g)(s- t)/2
Alt,s) =i 9 =D Y
i (b +g)(1- &©9) +25g
2(e9(&" - 1)
(@+b)(e®®Y -1 +25g

g: b2+252

. 20mis 2
u

B(t,s) =

Call =P(t,T)" (P(T.9c2(h) - Kc2(h,))

ot 4kq 2™V B

= +f +BT, ceyes ceyes - -

" g ol T.9) s? i+ +B(T,9)y
4kq 2 re’™Y 0
s?2'f +j +B(T,95

h, = gérh +f ...

in A9
. K ———. _ k+l +g
= K gz fk+l)P+2s2j =7 "9
B(.I_,S) g \/( ) J s z(eg(T_ ) _ 1)
T s c? I
k%

3 Longstaff & Schwartz(1992)

Longstaff & Schwartz

(square root)

s+/r:



(1)
(2)

Ho&Leg(1986) Black-Derman Toy(1990)

Hull-White(1990) Heath-Jarrow-Morton(1990,1992)

- - Ho & Lee(1986)

ThomasHo  Sang-binLee 1986

( )

dr =q(t)xdt +s xdz

o: At):
Pt T)= At T) e ™Y

nA=in PO (T - t)—.ﬂIn POY . %s (T - t)?

P(0,t) qt

10



Call =L xP(0,9)N(h) - XP(O,T)N(h- s ,)
Put = X XP(0,T)N(- h+s ,) - L XP(0,5)N(- h)
1, LPOY s,

h=
s, POT)X 2
Sp,=5S(s- T)«/'IT
L X
Ho-Lee

(term structure of volatility)

()
1 Black-Derman-Toy(1990)

BDT

Ho-Lee  Hull-White

BDT

diogr =1 0)+ > Wiogrg dt+s (1) oz
é s 0

BDT

2 Hull-White  (1990)

Hull and White Vasicek

11



Ho-Lee

dr =(q(t)- bt)Xa-r)) dt+s ()%’  dz
b=0

extended Vasicek model  dr =(q(t) - b(t)x@a- r))” dt+s (t)dz
b=0.5

extended CIRmodel dr = (g(t)* bt)x@- r))" dt+s (t}/r >z

b(t) s(t) a=0 ‘b= 0

=(q(t)- bxr) dt +s xdz

I B: o
At):
q(t)=F (0,t)+ b xF(0,t)+ ZS:b - )
FOY
dr =F,(0,t) +b[F(Ot)- r] dt+s "~ dz
s
t

Alt,s) apgn

& P(O t) ’ qt 43

(t,5)’ inP@O,t) s ’ ( b e-bx)z‘, (esz )

[t enly enid



floorlet Vascek

floorlet

Caplet, = Put(t,T,s)=|X " P(t,T):N(- h+s )- L" P{t,s):N(- h)]
Floorlet , = Call (t,T,s)=[L" P(t,s)xN(h)- X" P{t,T)xN(h-s )]

h:i|nL(t’S)+s_P

s, PLT)xx 2
S 1- e 240
S, :—[1- SRl
b 2b
s T L

Hull and White Vascek

- Heath-Jarrow-Morton(1990,1992)

Heath-Jarrow-M orton

df (t,T) =a (t,T):dt+s (t,T):dz

f  instantaneous forward rate

13



P, T) FF:((%I)) expge ;1 (T-)-s(T-1) xz%
S, =S f(t,T)
(short rate or instantaneous spot rate)
Ho-Lee

Hull and White(1990) r
dr =(q(t)- b(t)Xa-r)) dt+s (t)x"°" dz
b 0 12 1 Normal Noncentra

chi-squarec?  Lognormal dz  Winner process

0 dt

1 Ornstein-Unhenbeck process( OU process)
2 Mean-reverting square root process ( SR process)
3 Lognormal process( LN process)
4 Ho and Lee discrete bi-normal process ( HL process)
5 Hull and White extended vasicek process( HW process)
2-2 ( )
( ) q(t)
(GDP)
(meanreverting),

14



OU SR HW

OU HL
SR LN Noncentral chi-square ¢?  Logonormal
(Closed form solution)
OouU HW Vasicek Hull and White extended Vasicek
2-2
ou dr =b(m- r)dt +s xdz Vasicek(1977)
SR | dr =b(m- r)dt +s Jr >0z CIR(1985)
Rendleman-Ba
tter (1980)
LN dr=n"r" dt+s:r:dz
Brennan-Schw
artz(1978)
HL dr =qt)xdt +s »dz Ho-L ee(1986)
| =(q(t) - b(t)@ - r)dt) Hull-White
+s (t)dz (1990)
2-3




Bruce Tuckman(1995)

Abken (1989)

Stapleton and Subrahmanyam (1990,1993)

Black and Scholes(1973) Hull and White (1990)
Vasicek(1977)  Cox,Ingersoll,and Ross(1985)
Hull and White
Briys, Crouhy and Schobel(1991)
ou (Random walk)
Hull-White(1990,1993b,1993c)

Hull-White(1990)  extended

Vasicek
Hwang(1995) (1995) (1996) (1999) (1995)
Black(1979) Hull and White extended Vasicek 62 63

(1996) Vasicek
Hull and White extended Vasicek Vasicek

16



Black and Scholes(1973) (implied volatility) (1999)
Hull and White extended Vasicek
(2002) Hull-White(1990b) (No Arbitrage Model)
IRS

IRS IRS

(lattice or tree method)

(Monte Carlo method) (finite difference method)

Cox and Ross(1977)

Boyle(1977)

17



Johnson and Shanno(1987) Hull and White(1987)  Scott(1987)

Hull and White(1988) (control variate)
Kemna and Vorst(1990)
(antithetic variate) (stratified sampling)

(variation redugction techniques )
Tilly(1993)
Barraguand and Martineau(1995) Boyle ,Broadie and Glasserman(1995) Broadie

and Glasserman(1997)

Hull and White(1993) Hull and White

Wang(1997)

CIR CIR

18



Hull and White (1993) Hull and White

1979 Cox-Ross-Rubinstein

Binomial Model

Ho and L ee(1986)
CRR
Black,Derman and Toy(1990)

Hull and White(1993)

Hull and White Hoand Lee BDT
Hull and White
(EFD) Hull and White
EFD Hull and White(1990) EFD EFD
EFD
Hull and White(1993) EFD

Kijima and Nagayama(1994) Pelsser(1994)
(discrete time)

(continuous time)

Hull and White(1094) 1993

Hull and White(1996) 1994

19



1994 Hull and White

20



Hull and White

Hull and
White(1990) CRR
Hull and White
dr =(q(t) - b > )xdt +s dz (3.1)
r (short rate) q(t)
B o o B
(3:1)
dr :bae&_ r%dt +s xdz (3.2
b g
tor B qbﬂ Hull and White
(meantreverting)
Hull and White 1994 (3.2)
dr’ r(t) ;
q(t) r) =r(t)+a) r(t)
(3.1) dr =dr” +q(t)” dt

dr’ =-bx"dt+s >xdz

21



r'=0 r'(t+Dt)- r (t)

Dt"=0n>1

Elr ¢+ Dt- " )] =-b %" (t)Dt

. . (3.3
Var[r t+Dt)-r (t)]:s Dt
Dr Dr =s 4/3Dx
(.7) o =iD) ) il =or)
(i.1) r' = jDr ( )
t t+1
(branching)
(branching probabilities) 31
@ (b) (©
Pu Pu Dy
C'm Pm Im
P Pa Pa
Standard Lprward Drownward
31
3-1(a)
3-1(b)
3-1(c)
a>0 j (J > Je)



@ (o ] (J> Jmin)

0.1835
bDt

jmin =- Jmax

r*
3

i P,Dr- B,Dr =-bjDrx

Pu Pm Pd

{ PDr2+P,Dr’ =s 2Dt +b?j°Dr D>

P, +P,+P, =1

Dr? =3s Dt

3-1(b)

_1,b?°Dt? +b xjDX
6 2

Pm:-%- b 2j2Dt? - 2b xjDt

_7,b?jD +3b XDt

, b?i*D? - 3b xjDt
2

- b?2j2Dt? +2b xjDt

b2j2Dt? - b xjDt
+

23

@

()

3-1)

J e



AN K K X >

3.2
g, =r(iDt)- r’(iDt) q(t)
r* r Hull & White
Q. I j $1
0 i Q, (i+1)

Pi+)=3 Q,ep[- @ +jbnot]

INQ Q. e - InP(i+1)
j

a = DX

d; Qi 1,

24

(discount bond)

(3.4)

(35)



(3.6)

Q +1j

& Q.«P(k, j)exp[- (q; + jDr)Dt]

(i+1,)

(i.k)

P(k,j)

\/

(@

J Xv
R

KADXX
IR
4

A\

O

0_
Mo
AW

Boyle(1977)

(stochastic partial

SDE,SDE

differential equation, SDE)

SDE

25



r(t)
dr, (t) = u (&, (D)dt + § s, (L1, (D) dz ()
k=1,n
dz, (E(dz)=0E(dzdz,)=r;dt) u s, r
volatility S i
r) =r(0)+ I(‘)ui (s, (s))ds+ t(‘)én S (i1 (s))dz, (9
(3-8) Riemann
(discrete time)
Om(s r.(s))ds @a m(t,.r, (t))D
% S W(S (9 @8 &5 (.1 (LI,
r(t) r(t, +Dt) =r(t) + mt,.r (E)D+ & sy, (t.. 1 (1) Z (t,)
k=1n
DZk(ts) @)3k\/E
e ~ N(0J)

(random number generator)

26

r (t)
(3.7)

drift

(3-9)



34
dr =(a +b x)dt +s x %z a =0.06b=-12s =0.3g =057, =0.05
n=100
#H FH monte carlofy B3 T H == process
0.15 - . . : .
| == {7 process
0125 ¢ -
0.1} -
W oo7s| .
e s
iR "
¥ FE N NP e e "
5 5 ¥ i £
nms|l . S AN Y i
¥ ilf\""# ]
I:I 1 1 1 1 1
0 20 40 B0 ad 100 120
¥
34
Hull and White(1988) (control variate method)
A
B A B
f, fa fo=f,-fo+ 1, fa A
fg B
h h g(’)

G = Qa(y)h(y)dy

1 =G +Qa(f(¥)- h(y)dy

27



f h y z o]
oA . 148 ~ 14
g =G+(g- G) §=-a9(y) and=-3 g()
i=1 i=1
.

Var(g") = Var(g) +Var(G) - 2Cou(§,G)

Cov(§,G) >Var (G)/2 Cov(§,6) >%JVar(é)/Var(@) g

g
(stratified.:sampling)
(antithetic variate method)
u(0,1) u
Yo g (vy I-u Yru g (+y
§=%[9(yu)+g(y1.u)] g
] %[Var(g(yu)) +Var(g(y.,))] +%COV(g(yu)+ 1470))
g (Jy gy g g
dz -dz
( 3-5)
-dz dz
dr =(a +b x)dt +s x%dz a =0.06,b =-12s =0.3g =0.5r, =0.05
n=100

28



Fl F monte carloft S5 F) 2= process

0.15 .
== 7 process
0125+ === -dz process ||
01F ]
rj\' 1
#oorst, AT Y -
ﬁ ‘ri f I‘ 1 ﬂ.f !. h “ ’5
Ly
B '(‘ ¢ \h ‘f'l K] W > q""';‘f
0l 1'; : L] A .F,} o - " ]
‘g‘f\.' !!n_,-’i "‘“ ;' 1‘1 - ""‘. d 't.!"...i e
DO25 |V e is e ¥ i
-, ._u"h ¥
»
|:| 1 | | | |
0 20 40 1] 80 100 120
¥ fal
3.5
(deterministic)

Quasi-Monte Carlo
sequence

Quasi-Monte Carlo

29

low discrepancy

(path dependent)



; Pu< s < (Pu+Pd) ;S (Pu+Pd)
1000
Chen and Scott(1993) (Maximum Likelihood
Estimation)
Ot
? Chen and Y ang(1995b) Vasicek



dr =b(m- r)dt +s xdw
r.=m+(r, - m) et +gs)

S 2
e(s) ~ N(0,2—[1- e 2bAst)
(s) ~ N( 2b( )

O-U process I
r AR(1)
r,=ml- e”*)+r." eV +g)

P r=atbx, , te
a=m(l- b),b=exp(- b>xDt)

Vasicek O-U process O-U process

(Markovian Property)

f (rt+2 | rt+1) =f (rt+2 | rt y rt+1) rt Oo-uU process

rt

f(l’t |rt—1)~ N(meantivart)

mean, = m+ (r,_, - m)” e ®®

Var, = zsx; (1- e‘zw‘)

e . s ? : 0
r, ~ Ngm+(rt_l -m) e b“,ﬁ(l- e 2'3*“)3
2 - - 20Dt
Moot = m+(rt - m), e_b)Dt +_\ S (:;-xbe )’
O-U process I

L(b,ms |r,n,KrKr)=f(r)f ()l (g rm,)

31



log

1, &,
\ Inf(r) :-—In =
2

\ InL :-gln(zp)- E|n

§
InL(r,r,,K r,Kr)=Inf(r)+ Inf(r |r.,)

r—fq
1

- 20Dt
2 - 1' e

2Xp

S

t=2
&
%0 1.¢n
2><b 5 2 é
g
n , 1-e? Q_E,ég
20 5 2 mé

32
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(reference rate)

(LondonInter-bank offered Rate LIBOR) (Treasury bill rate)
(prime interest rate) (commercial bank certificate
of deposit (CD) rate) (commercial paper(CP) rate)

(bankers acceptance(BA) rate)

30 90 180
759 92 5

201

7 9 89 9 mean reverting



30
90

868788308890 3092pHP6ORL3BI2PDEH3622PDE8300RPD61LB2|03

4.2
20r
15

9/

P

€0/€
c0/v
T0/S
00/9
66/.L
86/8
L6/6
96/01
S6/TT
v6/CT
v6/T
€6/¢
c6/€
T6/v
06/9
68/9
88/L
.8/8
98/6

180

b g

4.3
16
14

~12
10

0 O© < N O

% )

€0/e
¢0/9
T0/6
o/ct
0o/e
66/9
86/6
6/CT
L6/€
96/9
G6/6
6/CT
v6/€
€6/9
26/6
6/cT
T6/€
06/9
68/6
8/cT
88/€
18/9
98/6




rt— 1

30 90 180
6.1380% 6.3235% 6.4590%
6.06% 6.23% 6.37%
5.45% 7.96% 5.74%
1.33% 1.43% 1.7%
14.74% 15.01% 14.98%
0.022685 0.024062 0.02438
0.000515 0.000579 0.000594
201 201 201

(

9/1/1986~5/31/2003)

r=a+bx, , +¢

2

a= "(1- b),b:exp(- b ><Dt) e :%(1- eZth)

ms
4-2 4-3 4-4
4-2 AR(1)
Parameter 30 90 180




a 0.00579385 0.00347538 0.00252135

b 0.903556 0.943592 0.960076
s? 0.0001027991 0.0000706397 0.0000513457
4-3
Parameter 30 90 180
Y] 0.0601 0.0616 0.0632
B 1.2170 0.6967 0.4889
o 0.0101 0.0084 0.0072
4-4 Vasicek mode
Parameter | 30 90 180
¥ 0.061327 0.063024 0.064879
B 1.6292 0.85146 0.63955
o 0.039542 0.030304 0.025948
Max vaue 731.83 701.22 652.13
At 12 ( )
4-2 4-4 B p o
B o
H v

(mean reversion level)



(instantaneous interest rate)

Hull-While Vasicek Model
dr =b(m- r)dt +s xdz P(t,s,r) = Alt,s) e Btor

Bt,s)=(1- e V)i

a(B(t,s)- s+t)gb ’m s_g ;
Alt,s) = exp S(( - o 25 s°B(t.9)°g
’ Pé b? 45p U
é ¥
e 8]
3060 90
B o u( 44) R(t,s):-:tInP(t,s,r)
41 Vascek

term structure shape
0.065 T

0.064

0.063

Yield

0.062

ool | A

0.06

4.4

37



extended Vasicek

CIR

30

= 0.9610

Vasicek CIR Hull&White

Vasicek
Hull-White  extended Vasicek

B 16292 o 0.039542 0.061327

(x) 0.04; (K ) 1/1+x" <" (365/360))

(r0) 6% L 1 At UN (9
(T Floor

(floorlet)



5-1

Vasicek model CIR model Hull-White model
Floor: 0.00899128 Floor: 0.0089112
(?t=1/100) | BN:0.0085064 BN:0.008142 TN:0.0095346
(?t=1/1000) | BN:0.0089515 BN: 0.008652 TN:0.0089468
(N=100) | MC:0.0083643 MC: 0.00779354 MC+BN : 0.01957
OU: 0.00837358 AMC: 0.00838494 | AMC+BN:0.010591
AMC: 0.00920049 (?t=1/100)
(N=1000) | MC:0.008830120 | MC:000702264 | MC+BN :0019464

OU: 0.008685598

AMC0.00909332

AMC:0.00840957

AMC+BN:0.0099783

(?t=1/100)

Binomia Tree (BN) Trinomial Tree(TN) Monte Carlo(MC) Antithetic Monte

Carlo(AMC)
(
) 51
Vasciek Hull-White extended Vasicek
(closed form solution)
0.00899128  0.0089112
Vasciek
1000

0.0089515

1000 0.008830129 100
0.0083643 Hull-White

CIR

39



(N) (?1)

CIR CIR
0.00840957~0.008652 Vasciek Hull-White extended Vasicek
(Binomial-Tree) (Trinomia Tree
Vasicek Hull-White Vasicek
Model
CIR (Binomia Tree)
5-2
Vasicek model CIR mode
(%) (%)
10 0.0048721  -0.00458131 0.003071 -0.006468897
50 0.00800149 -0.00110083 | 0.007575 -0.001290100
100 0.00850675 -0.00053888 0.008142 -0.000638151
250 0.00880293 -0.00020948 |  0.008482 -0.000247212
500 0.008901181 -0.00010021 0.008596 -0.000116132
1000 0.008951452 -0.00004429 | 0.008652 -0.000051742
1500 0.008967422 -0.00002653 0.008671 -0.000029895

40



2000 0.008975167 -0.00001792 0.008680 -0.000019547
0.00899128 -
5-3
Hull - White model
(%/100)
10 0.027744 0.021133854026
50 0.010176 0.001419337463
100 0.0095346 0.00069956909
250 0.0091249 0.00023981057
500 0.0089997 0.000099313224
1000 0.0089468 0.000039949726
1500 0.0089288 0.000019750426
2000 0.0089201 0.000009987432
0.0089112
x10° Fil= TR
11 .
10+ .
J o S st SRR .-i ............. v
e oY ‘
2 7 ; 1
= ]
= kK ; g
4
5 E .
1
Al -4~ vasicek model 252, BE=0.00899128 | |
=4 CIR model
3 .
0

500 1000 1500 2000
AEER

a4



5.1

V)

HETERE
+ | 4+ H-4W mode $EARE=0.0089112
0.025 ¢ :
g 002 -
E
B0.015 1
= .
I:II:H JL‘*"H-.L A A B y
I:II:”:IE L 1 1 1 1 1 ]
0100 250 500 1000 1500 2000
=R
5.2
2t
( ) Vasicek CIR
250
5-2 53

500



(

5-4

N =100
Vasicek
o binomial binomial
0.01 0.0081708531356  0.008140960510  0.008140960510
0.02 0.0081739726037 0.0081594495050 0.0081594495050
0.03 0.0084170307045 0.0082668525933 0.0082668506329
0.04 0.008654133886  0.0085227639225 0.0085224612493
0.05 0.0089267195224 0.0088782005065 0.0088742411966
0.06 0.00950828012  0.0093800996346 0.0093608921623
0.07 0.0101721384530 0.0099316759876 0.0098758532889
0.08 0.0112523933446 0.0105156738997 0.0103942329910
0.09 0.0113567834065 0.0111786970683 0.0109598934705
0.1 0.0121796921031 0.0119636239267 0.0116145611056
=1 p =0061327 B =1.6292 © =0.039542 r0=0.06 =100)

(Floor)

( American Floor)



(European Floor) 54

1 (Floor American Floor European Floor)
(o)
2 (o)
3
Vasicek Model
dr =b(m- r)dt +s xdz R(t,s) = - 1tln P(t,sr)
B 16292 o© 0.039542 N 10
10
2r Dr=s+/3 D= 217%

r' (0,00 =0 r' (10) =0

@A) =0+1" Dr=217% r (L) =0-1" Dr=-2.17%

Hull-White

J e J

0.1835/(b ~ Dt) =1.11263 2

jmax jmin



“ J =2 Dt=1/n=1/10=0.1 (0,0)
2:2 2 s 2 - 2 s 2 , ,
1,b%°Dt%-a” j Dt _1 11217%° 0?7 0125°-11217° 0" 0125 _ .
6 2 6 2
Qi,j q(i) Qo,o =1
1
q(0)=r () ; r(0) R(t,s) = - tInP(t,s,r)
S_
P(t,s,r) = Alt,s)” e Bt r (0) = 6% = Lgewor_(q657
(.5)= Al ©=6% Q=
Q,, =0.6627 Q, ,=0.1657
Q. €W +Q, e +Q, eV =en " q,

(r*-tree) (r-tree)
dr=(qt)y- b ) dt +s xdz
0.002774 55 state price tree
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State pricetree

0.0162 0.0327 0.0458 0.0722
Qi) 0.7310 0.7310 0.7310 0.7310
0.2122 0.2122 0.2122 0.2122
Pu 0.0568 0.0568 0.0568 0.0568
Pm
pd 0.1657 0.2150 0.2269 0.2174 0.2147
0.0985 0.0985 0.0985 0.0985 0.0985
0.6401 0.6401 0.6401 0.6401 0.6401
0.2614 0.2614 0.2614 0.2614 0.2614
1
0.1667 0.6627 0.5252 0.4617 0.4260 0.3646
0.6667 0.1667 0.1667 0.1667 0.1667 0.1667
0.1667 0.6667 0.6667 0.6667 0.6667 0.6667
0.1667 0.1667 0.1667 0.1667 0.1667
0.1657 0.2154 0.2278 0.2288 0.2175
0.2614 0.2614 0.2614 0.2614 0.2614
0.6401 0.6401 0.6401 0.6401 0.6401
0.0985 0.0985 0.0985 0.0985 0.0985
0.0163 0.033 0.0464 0.0744
0.0568 0.0568 0.0568 0.0568
0.2122 0.2122 0.2122 0.2122
5-6 0.7310 0.7310 0.7310 0.7310
| 0 1 2 3 4 5 9
P(i) 0.9940 0.9881 0.9822 0.9763 0.9704 0.9417
SQ 1 0.9940 0.9881 0.9822 0.9744 0.9676 0.9434
0 () 6% 6.01% 6.01% 4.13% 3.36% 2.78% 1.85%
10.34 10.34 6.18%
0.0201 0.0188 0.0172
8.17% 8.17% 8.18% 4.01%
0.0245 0.0241 0.0235 0.0228
6% 6% 6.01% 6.01% 1.85%
0.02774 0.0279 0.0281 0.0282 0.0284
3.84% 3.84% 3.85% 0.32%
= 0.0313 0.0321 0.033 0.0341
call & bond
1.68% 6.18% 0.0025
0.0362 0.0379 0.002
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1 4% 1B 16292 o  0.039542
200
0.0091911
5-8 5-3 10 300
200
5-8
N=200 Standard Error Call Premium
partition | Antithetic MC  Origina MC | Antithetic MC  Original MC Tree
10 0.0017383 0.0037264 0.0084563 0.018716 0.0091911
40 0.001286 0.0014738 0.011575 0.019333 0.0091911

47



50

60

80

100

120

140

160

180

200

220

240

260

280

300

0.0010578

0.0010312

0.00079785

0.00071405

0.00070287

0.00062366

0.00058541

0.00054553

0.00054011

0.00050909

0.00044704

0.00043955

0.00042563

0.00043031

0.0011194

0.0011421

0.00098725

0.00079041

0.00086025

0.00069014

0.00065531

0.00067888

0.00062306

0.00055493

0.00051003

0.00053567

0.00048398

0.00044706

0.0099152

0.011219

0.010514

0.0078513

0.010268

0.010086

0.0093583

0.0095695

0.010327

0.0097211

0.0086551

0.0085626

0.0092785

0.0090556

0.01512

0.016835

0.016751

0.014935

0.01803

0.017065

0.017139

0.017523

0.016936

0.017043

0.016626

0.016184

0.016911

0.016568

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

0.0091911

Antithetic MC  Antithetic Monte Carlo, Original MC  Original Monte Carlo

premium

e
0.02 A T
- %
1" f ‘;F "*‘"*"*ﬁ'*"*"*-..*m'*' v
0015} ¥ v
*
- .". " * *"‘" 15 _1-"‘\""--
I:II:H .+1 * ... ~ o * 1-.‘ ..il' = a¢
& ‘.,*1; *-u-*
0.005 +
— Tree
=4 Original MC + tree
e Antithetic MC + tree

&0

100

5.3

150 200
partition

250



N 1
1000
5-9 1000 ( 40~240)
80
1000
5-9
partition Standard Error Call Premium
=1000
N Antithetic MC  Original MC | AntitheticMC  Origina MC Tree
40 0.00025543 0.00026321 0.010616 0.021424 0.010466
50 0.00024586 0.0002709 0.010827 0.020628 0.010176
60 0.0002346 0.0002691 0.010385 0.020495 0.0099741
80 0.00023802 0.0002652 0.009867 0.020018  0.0096969
100 0.00023702 0.00027142 0.0099921 0.019227 0.0095346
120 0.00024333  0.00026941 0.0095962 0.019 0.0094238
140 0.00023399 0.000269 0.0097853 0.018479 0.009335
160 0.0002368 0.00026358 0.0093869 0.017895  0.0092763
180 0.00023052 0.00027926 0.0092435 0.017604 0.0092311
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200 0.00023688 0.00026882 0.0096502 0.016649 0.0091911
220 0.00024469 0.00026161 0.0096933 0.016124 0.0091562
240 0.00023234 0.00026024 0.00972 0.015683 0.009135
0.025 . HEHE
L —M\_‘
s 0.015¢ 1
£
= tine
2 001 F¥esupuundruunguusy (ECTTPOP NP -LILLLLT. “SECLELY.
| -4 Tree i
0.005 4+ Antithetic MC
—— Original MC
I:I 1 1 1 1 1 1 1 1 1
AysEeygyc0 50 100 120 140 160 180 200 220 240
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