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l—»ﬁﬁ ﬁ[’ﬁlﬂiglﬁllﬁi ﬁ'f’“@%{/[ﬂ:

dr(t) =[A(t) + a(t)(b - r (t)]dt + o (t)r(t)” dw
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A R A ﬁ,i‘ » SRS S ] L (Libor Market
Model) « [P0 2 e ST R F o = ELE S gl T“Iz_ﬁliﬂmf‘%\*ﬂﬁij -
BRE PR A o BNl [EohesR 71 (Libor Rate)fy & #17]|=H (Swap

Rate) -

F1- > Brace - Gatarek » Musiela (1997)§:<it}‘F'-*[ﬁ1' Libor fufEsEA - {41
f%‘lfiﬁfﬁ% 8 > el Wk LI AR o B9+ i = RFI IRV Libor Fit i e |

B L ] AR G A S 5

A BGM ] 7 7 [ B R o nt SR - fmfl FRpY -
Jamshidian (1997)[| & &1 & aF| = t‘,;]ﬂgﬁp{ EpULE] - E‘F‘“ ; E;%h%ﬁﬁj
AR = ] BS 21 2% » Rl b SR s e o

s Pl PSR - SBLE | Kawal (2002 ORI BURIE - AL
BIRL 5 T AL RRaet» Hi TRt R O o S SR il ]
R RCRLE TR PR R (R A R -

[ Anderson = Andreasen (2000)}/[[%] BGM 51 & flt~ s ## » AP ILEYE
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PR AT I S J% 1Y FRE| Lonstaff =* Schwartz (2002)H11fiis 7|
4By EE (Least Squares Monte Carlo » ') ™ i LSM) o F=t 3 E15% {5
o Lt LSM B3, 2 150 B SHEIIOOMEE: eyl e ¢ g
PRy (S -y =

BY o LR o R Weigel (2004)F9 RSy 3 AT 7 W FFIf
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Wi IR0 =T, <T, <. < Ty 20 2 58 [ @ Eim() -
HHIRELT gy St<T - ESPET) - BEEIT ,T‘itﬁﬁgﬁmg%—»la%ﬁ@*g
PIERF =F AT, T) > F T}tﬁﬁg’!‘ B 8 (T, T, ) O ra

o B GRS S LS B RISk £ )

_ L(PETL) [T o1\
F () = ( U 1] S =T, T, (3.1)
P(t,T,) = Pt T,q) ﬁ(1+ SF (M) vt<T, 2 k<K (3.2)
j=n(t)
EZH QNI i~ W] FEL (155 KR T o s e - HRMEST 2

FIELT, o T@?Qkfﬂ‘i S EHF’(LTH)/F’(t,Tk)T‘iFﬁﬁﬂ?ﬁU@?*%jﬁﬂ* [
oy EﬁIH%E(Martmgale) dFER.DF > HEIPE,T L)/ PET,)=1+5,F(t) - IR
T prset A [ PREsEA r e gprs

dF, (t) = o, (t)" dWX (1) (3.3
W () %7 7 QI ™ T Ry (8) 7 RS moAE T VR > o BT m oAy
VR e BT TR - 2N MRT (Martingale Representation Theorem) (it 41

0 (8) [ by Il 15 (Adapted)
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FEEHE U] IR (L o Fl i 3 » Jamshidian (1997)a 1 Ty 2 =0

_ R UN
dw, (t) = dw, , (t) + Tvo F.(0) dt (3.4)

SIRERLATES PO QU B BN Q' WIS B » UK VT 7

5k710k—1(t) T T S e C e .
— e P N S i I N QR [ QR - S
1+5k—1kal(t) vl:/ | F[ IE ht ”E” U ” HEH QE PJ 1|

N VG e

o ,0() ot

JRB5)F S (B3)" o FHE A I ™ mt R EI R -
dF, (t) = oy (1) [ (t)dt + AW ()] (3.6)
k-1 5 (t
i )= 500y e s o m A& || PRI «

iSol+oF(t)

B e ﬂ//?“ﬁ%]%?g ¥ BGM (199T)/LFF1 - AL e

SEIF| SR 7979 5 ) Andersen = Andreasen (2000) ¥ 75 "B -
PP 1] 8L (Extended Market Model) = 1) ™ RHTGIMgAa L] - H ¥,
I+ Y L -
(—)BGM

BGM}{%;’EUEI*J@ r}'@ﬁﬁgr%}'y[[i .

o (t) = R (A1) (3.7)
G (36 R H w7 Qe I kLA R 7y VT Y
A9 5 =9t > Jamshidian (1997)" 3 731(3.7) =" #4315 F S UENRRIEAE © 75 517
AL > SOOI A R R A G > RS BGM
Jamshidian "FIF{[ L - E*F‘“[/ P [F' E[[HA T POF|HES G S ﬁ’;ﬁg?ﬁj—ﬁ? ,
L PRI R

—_tm_H.
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() Extended Market Model

S @D FOBERET AT BS 2 0 2 E B I 9t
Fst 7 T IR - SR T RIFRES T YRR 6 )
(Skew) - £F= > Andersen =* Andreasen (2000) [ﬂ@gﬁ@pu@%ﬁ( E’!?\[Ew =)
VR, LS PR R B

o (t) = (R ()4, (1) (3.3)

IF=ERAH T 1 | 245 2] (Extended Market Model or Extended BGM) -

EHE @ PrEepvE Y i 57 A% CEV (Constant Elasticity of Variance)==
LCEV(Limited Constant Elasticity of Variance)f5t %] - I'] » FIfF =y s K] -
1. CEV (Constant Elasticity of Variance)

CEV REBE p(x) = x* » {8 7 (3.3)=422(3.8)=4 i it £ CEV ARLALL ™
VT[S VBRS¢

dR (t) = F (1) o ()" dW, (t) (3.9)

05 <a <1 PAREIEM T A NS A IR B =0 o S5l
FISFEHRCHTIAD] 2 HIS e BuE FRCI TR {2

2. LCEV (Limited Constant Elasticity of Variance)
LCEV Tf)ifgﬁﬁif%go(x) =x-min(e“", x*") > Hlie>0 o i ko %

>0, (a<) F‘} & —>o(a>1) E\JJE » LCEV ﬁiﬁJﬂﬁ’f}i&iﬁ? CEV )fﬁﬁfjﬁfj o

BGM ALY PR 0 B Ay i oG o 7 2 4
AL TS AR B » (EL RO PR AR I 91 B ity
{9 5i5e1 b3 [y Extended BGM HLEIERS 1 A 1 8. 1Mt ik - (LR Extended
BOM {175 » 7 [ CEV fOlfils ™ » FRIFIZ. (it 8 » il B g it
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Ho AL ER [ EEL A Y BGM A8LE] -

AR 33{%' S T FIRE AR > T P IRIPORE  F ] IR
Hd - Brigo == Mercurio(2001)— ? Flt o [RiEE " BGM SR F[(E[Jﬁf' Q'™ i

HIA AV EIREA :

i<k, t<T,: dF (t) =0, (t)F, (t)zpk] j J(t) i (1)

&4 1+6,F (1) dt + o (t) F, (D)dW, (t)

i=k, t<T : dF (t) = o, (t)F (t)dW, (t)

>k t<T, ¢ OF, (1) = 0, OF (0 3 P90, OF O

Sh 1+6F@®) oy (OF, (DdW, (1)

A R 0 ST ERE ] BGM KL R[S LE SR -

1l

i AL

R A S R LGRS f R T S
EE(LSM) » [RIF R RS 1 ORI 7 1 o P (RO I
U2 RLAETHVE oI o 32 ] BGM BBV ™ o Bt el RO (kL
B ) sme A o (URa e O i+ R R R
’fﬁ IR BRI+ b el oS S RLAL 2 ARG - PR St
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Ff gl = | FJ',“\FU (tme A 1 ﬁjfjﬂ‘fﬁ’iﬁﬂﬁ >t LIBOR [fj#_F
i‘gjﬁf,l ﬁjﬂ‘cﬁE H] BB T rﬂj%ﬂ » 71911 76 month LIBOR ; F 12 month LIBOR | -
lﬁi?p i A ARSI (R = I | LR A1) G | S Pt | B e S R
F(0,0,05) 55 F(0,0) -

A e RIS TSP B 0 LIBOR o
ﬁz\}g‘iﬂjﬁ«iﬁjﬁfﬂjﬁ L iR PR K (cubic spline)[* [T 4 2 FLIY]

FV Bk o 2 =G BIHSFpVER T UL

1-P(t,T,,
(P CLIE (3.10)

5 P(LT)

ATt =Ty = 0 CHT)FR BESEIIU LA S, (1) > HEIr e BYdEEL S > 2

BTy Ty T T Ty T

N +1

Son (10D P(t,T,) +P(t,Ty,) =1 (3.11)

i=1

FIA A = g iU S ['%W?‘,EIUF%I% EPET) =1+ F(,tT))%, vk ﬁ“{p[f;ﬁ

H

N+1 1 1

O Ry @ RaT, e L G

P RBERIAIR FLT) © FLT,) ~ - FOET,) WA S, () =147

| R (CRVIESREE & =i A Sl (A A W Y U S 1 e i [ LTS

g J’y‘ﬁﬂ <HlSL o

gmq\y[[qﬁmﬁ dj:j‘ﬁfitﬁi'jgﬁ@*‘j [F‘ B4 R (T Toyp) PO F] 3 }‘if
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i 3-1 PR

FIB B A
(1+ (Tk _t)F(t!t1Tk))(1+ (Tk+l _Tk)F(t’Tk 1Tk+1)) ~N (1+ (Tk+l —t)F(t,t,Tk+l)), k :11 2,...N
PRI

F(t’Tkka+1) — (Tk+1 _t)F(t’t’Tkﬂ) _(Tk —t)F(t't!Tk) , k =1,2,....N (313)
(Tk+1_Tk)

Qb= e S AT R AR F

() Wb igre
T B R T R SR FEGE A (Cap) 27T
BS 7 AR [ JRIEOT AU ORURLTT I Ve, o BT T 7] BS

DA ST 0 =Ty Ve © T T BT 00 ESTK S WIS

T;-cap
SFE F () T U BRI G R 1

Cap(t,T;,K) = Zj:5i P(t,T,)BS(F, (), K, TiflvTrcap) (3.14)
o

BS(F(t),K,o)=F(t)N(d,)—KN(d,)

_In(F(1))/K +0.50°
B o

dl

,d,=d, -0
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N () B8 TR A3 Pl 2 Lo ph e

[IN(x)= J' \/_
T [itﬁﬂj%umﬁtiCaplet(t) T T “E[F% T % %u , o ﬂﬂ@fﬁ;@[ﬂ@ﬁ@

?ELE}J@ /E‘T"}’VTi—caplet ° E“F IIEIE Jﬂj} PB‘L ?M%[Eﬁtu .
Cap(t,T;,K)

= ZJ.:CapIet(t,TH,Ti ,K) (3.15)

Zjl“a P(t,T,)BS(F (), K, T3 Vs _capier)
FE(3.14)7 FH(3.A5)7 o p S A A FESE L I WY, .,
P YL e RN 9 v > TP B S A e

oo

B[R (% l'ﬁ%fﬁ%ﬁ%@ ’iﬁjﬁf’@%ﬁﬁﬂ%lﬁ*ﬁ'@i@?ﬁ' fuﬂ@ﬁ BV EE
Brigo = Mercurio (2001)#,1 Iﬂlnﬁﬁﬁ BYERE = B o R T A s I B“j%ﬁ
IR

IH* —-u

L 00 BTG
k - 3Tk s A5 M Bt) = m - F’?ﬁmﬁfgﬂ‘t?ﬁ]ﬁim , <t<T, . o IF=F]
AT P R ARG R - Moy =0y « 7D BD -

T IAFSERAIED T ORI @ TIPSR - (B W B L
@”W*%-ﬁiﬁ&@@mﬁﬁﬂ$ﬂw)
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Oy = Oy st 0.Ty) | (Mo T) | (MLT) | | (TyoasTw)
F (t) 011 = * *
F, (1) 051 Py * *
Fu () Owma Owm,2 Owm,3 Owm.m

P A iR L M) M2 22 e

2. T qpon HIE
k=2 A() EAINFI Y= PRI > (RLISFm IS p Ue o HRIEY

2 Fﬁﬁq b oy = s ° Al E) i]:[%Tllﬁlng{“M [[af@ﬁfjﬂj}‘j@éﬂ@ °

#3-2 BV FEREfE

n

Oy = k—(pt)-1) (OiTo) (TO’Tl) (Tl,Tz) (I-M—llTM—Z)
F (t) m * * *
F, (t) 7, m * *
Fu () v IV -2 m
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3.5, iz

K B(t) EARIH - T,

BT (AL e | DA pis = e

AR

ﬁ%%ﬁﬁm=%’%HEm—ﬁﬁ%W$i’W@@ﬁ§%3$Wﬁ%“E

AR TN R

# 33 HYC AR
O-k = sk (O’T ) (TOYTl) (TluTz) (TM_11TM_2)
RO | s * * g
F, (1) S S, * X
Fu (1) Sm Sm Sm Swm

4.0 g BITE

K= B(t) EEINIFITT- FOHIFE o I EI Prifens Ry [l Bt 5%

53 IR

B RS g 2T 1, SRR P T AT R PP

IR B g T £ ZE IR
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:q‘ o
Oy = O sty 0Ty | (Mo T) | (MT) | | (Tyeas Twea)
F (t) (2140 * * *
F,(t) PV | P, * *
Fu (0 OwW, | Pu¥, Pw¥s | Pu¥wm

R I O 1 RIS P8 s BIRE - 5V A A RO 7] -

5.9, Sk—(8(t)-1)
k== (1) EAIFI DY~ FEERE < 4 RIE[Z= 2D HITE A RIPY A REE IR o
B (- UREIIRG, (y PIS I B -

SYPUIE- B R TR R AN - 7 2 SO g A
?IT:TJ’Z/[[_R%:

%35 HT AR

Oy = PuSx—(pt)-1) (O’To) (To ’Tl) (Tl,Tz) "' (TM _11T|v| _2)
Fy (t) ZTI * * *
F, (t) 0,265 0261 * e *
Fu (1) PmSm | PmSma | PuSma | Pu S
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0 2 AR IVES » [P T B g B > [RPST AR TR

CLE

(=) ﬁ[%ﬁ’@?
SIS F () FOBUE 7 BGM ARV ST [P Q' ’F‘AT?J TIRIpERE
iﬁ}% ) ‘4/[[—1\ :

i<k, t<T :

- 2950 (OF; (t
dF, (t) = o ()F, (t)._zp '1+c03--|£-)(t) %

dt + o, (t)F, (t)dW, () (3.16)
i=k t<T :

dF, (t) = o, () F, ()W, (1) (3.17)
>k, t<T :

L 900 (OF(
dF (t) = —o, (t)F (1) _z : Yl+; é)(t) .

dt + o, (t)F, (1)dw,' (t)  (3.18)

RSP AV SRR R W, (1) » ERASORIE S «

T SR VAR OB @R W, (1) -

FAFR AL I PO RS o o

. = cOrT(F (1), F, () FBsIFIEES F, (02 F (0) FORRIRY - IS5 MRt
FEM [RRITFIEH ] p £ MM PRSI - 25 PRI IR M o |
EREOG - o M IS R SR O AR TS
TP SRS R PR3 o R (SRR 11 ) 5 s -
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F17E%, p 15 E(Positive Definite) = #5(Rank) 1% M USRIl ™ » 25 Pk
& MR BZ =20, 2,021 > HITE[Z,]=0,Var[z,]=1 15
AR RS p o =PI o e Ml MM AR BoR B
X =[Xy, Xy Xy 1 > HHIE[X]=0,Var[X;]1=1 > jffLZ = AX < JIf

p=lpl =Var(Z)=E(ZZ") = E(AXXTAT) = AAT -

e p 85— -5l > [l ] Cholesky Decomposition 55 ##2H A £~ MxM
T EPHIR o F LR ASELPEE SO R R X o I M AR R
FiRz o ) VEM=3 B[]

R0 R R B AR e e

1 py P
P=pa 1 py
Pu Py 1

ANIRY

—

a, O 0
A=la, a, O
a3l a32 a33
JFf p i Cholesky Decomposition fflitH p = AAT > H[J

2

1 P Pi3 a; a;; 8, a;; a5
2 2
P 1 P |=| 8y a, tay Q85 + a3,
2 2
Ps1 P32 1 Q83  Ay3a85 T3axa85 Ay +ag +ag

ey~ oAy 8y 8y 8y Ay "&J Z=AX > f[[JrETEIE%JFIJ@%%LE‘\T

Z :[Zl,Zz,Zs]T
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e L (PO 11 25 Py LS~ (PE, n 19 Moen IR B <M
PP A BURLELISH 1~ W57 FORII p° - JELp® = BBT - 12T p° Pk
H e A SRR IR M (B AR N SRR R LSy n
T TR TS A+ BRI AAZ (dZ)T = AdW ™ (ADW™)T = pet 7843

BAW "(BAW")" = p®dt o I') ™ $fH — f " PRlfEE (Ao 3 o
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