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A Hybrid Model from Structural Model and Reduced Model

for Pricing Convertible Bonds

Student : Yu-Ting Liu Advisor : Dr. Tian-Shry Dai
Graduate Institute of Information Management
National Chiao Tung University

June 2010

Abstract

This thesis combines both the reduced model and the structural model for
evaluating convertible bond. The'model use the stock-price and bond price to infer the
endogenous default boundary and default probability. This approach alleviates the
problem that the boundary given heuristically in the structural model and that the
relationship between firm value and default probability is not considered in the
reduced model. Besides, this thesis also consider the stochastic interest rate so that our
model can calibrate the real world market better. Finally, this thesis would compare
and analyze our results with the result provided by Chamber and Lu (2007).

KEYWORDS :reduced model ,Structural model , convertible bond , credit risk
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EOP S -

4oiE o 2
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=[-4)+SA4Je ™"
=[(1-4)+0.32x A Je ™2 i v 1 pg o i i3

£ %1 =00717

AL - T3 A L SR

(L1

2,1

(2,2)

G.D

(3.2

(3,3)

iy

0.853374

0.747899

0.002332

0.669414

0.687072

0.413939

P RBE

0

0

0.563628

0

0

0.582

0.146626

0.252101

0.43404

0.330586

0.312928

0.004061

(i) s FigppERFEL s d P AT 5B &8s

A [0,21H B 5 b o m g de I MR R E R R A A
#+E[01]#
A g - BE PR TS A EE R RO g BT ER
Al g% > P 1x0.07171740.071721 5 ¢ iE 4 P 4 5 31567669 0 ¥ 1%k
QPR KRR P F A 531764991~ F A& A 5 0.021722
FedE g Py d S Ehaig R 0 £ (L) & ghaa L
~log(l-4y,)  —log(L—0.07179)
At 1

{8 2

&R Ay, = =0.0744

2+ 5 CRR#Feh 2 #cu = e V™ =021 =1 2586, d = % =0.7945

e(r+2~(1v1))At _ d

p —0.7945
R R _ _
l% 7 ﬁk—t p(lvl) . CoEaE 07948
BEayLALB

(LD)AFI Q215 E % 5 (L-Ay) Py = 107171 x0.853374= 0.792169

g (0.1+00744)x1

=0.853374

(1 1)4 x' (2 z)ml%‘/r’]}k—f &

(1~ )A— Py) = @-0.717D) x (1-0.853374 = 0.136111

#3125
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APTUPBI - BEOGPERES P75 SO AP IR ERE GBS
feALTS € BN R SR i M

7 0.031918x0.792169+0.341548x 0.136111~ 0.071773 > & S HE =

37109756 » 41 * 3%7:& ¥ P e 7R K27 F(2,1) & geho 7 F A 5 37455868 -
Ff*;i A B 5 0.023186°(2,2) & gLeh @ T A 5 37153230 F ,Aﬁvﬁz % 0.014756
BEFAPL-SHAEIRAT TP AL AP F

—log(l-2;,,) —log(1-0.031918

o = N . =0.0324
—log(l—4,,) —log(l—0.341548
o2 = " - . =0.4179
(r+2ep)at (0.1+0.0324)x1
By = e d_e 0.7945 _ g
* u—d 1.2586—0.7945
(r+2z,2)At (0.140.4179)x1
Bium — e d_e 0.7945 . o04g
* u—d 1.2586—0.7945

AP IR Py, S A AT F]PL A stair tree R F B

p=(r+A-0502)At = (0.1+0.4179-0.5%0.23?) x1 = 0.4915
i = In(47.522/ 23.836) = 0.69

B=fi—pu=0.2015

a = B+2-/At =2.2015

y = B—2-JAt =-1.7985

r" :;«5“1 Cramer’s rulejz(2.4.6); ¥ ¥ Pu=0.002332,Pm=0.563628,Pd=0.43404
R REART RT - W h AR S o B IS ERAGR B

BEFAPELSB A RS R 4 5 Backward induction

(4,4)5 2
X PP T HEG DR ET B > max(SixCR,min(F,Q))
& 2 Sfcis 7 F max(23.83601x3,min(100,105)=100

(4,1) % 2
w3 p o TG R EF B 2 max(SixCR,min(FQ))
for 2 St ¥ 7 max(94.74579x3,min(100,105)=284.2374

(3.1) 5 2
BIW R T TG hf 5 max(min(Q,Q),SixCR) » Lt B T 15 41(3,1)
G § E CRREGR SHEE R > Bt AP L B - ARl Z4TRE
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Q"=(284.2374x0.669414x(1-1.39x107°)+179.4344x0.330586x(1-1.39x10%)+0.32x100

x1.39x107°)e 1 =225 83
Pl # & chi & 5 max(75.2781x3,min(225.83,105))=225.8361

(3,3) & 2
LI P o G e & 5 max(min(Q',Q),SixCR) it WA P F 125 41(3,1)

& 8L F_rustair treespk BB B o Flpt AP LR = ARl Y ATIRE
Q*:(179.4344><O.413939x(1-0.291775)+113.274><O.582><(1-0.291775)+100x0.004061

x(1-0.291775)+0.32x100x0.291775) e *>1=98.55288
Pl # & chi & 5 max(30x3,min(98.55288,105))= 98.55288

T B E RS A LR L ERNILERE TR R O
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B~ = F1+ #3111 5 4

B 64532 558605.1 3015445 3300114 2006414 1843235
iEfOE 0.002072 0005357 0.004178 0.008099 0.005474 0.006853
S 0 1 2 3 4 5 6

BIBL = 7l ficdl s A
A <2 2 Hull-Whiteshi 8 3 = 5% HuII-Whltemﬁﬂ% B B BHmELi 0.
*2H-PLAD% - B 5 (21)(2,2)(2,3) ¢ Hull-Whites - # 2 (0,0)% = # 2
(1,1)(1,0)(1,-1)
= F]F HAIE G 5 4e0(3.2.6) 5 Frm

# Bl = P03 & 2 WAL A (880 2 )

(i )A A SRR IEEY D2 ME > S -5 F SRR 0 B DS SR
u%ﬁ‘¥iﬁﬁmﬂ%ﬁ FrLGEBES RIRLITTARE ) FAHL P
TARAER o

(11)

SO

15.006
90.14862
0.002087

1
1500667.487
0.353820088
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(2.1)

Sd Su
10.5340632 21.3763703
67.68826 111.3878
0.000344 2.33E-08
0.097454 0.068864

1053462.496

2137693.207

0.353817132

0.353826702

(2,2)

Sd Su
10.5340632 21.3763703
76.78148 114.6564
0.005652 1.53E-07
0.332203 0.333072
1053477.308 2137708.019
0.353812157 0.35382425
(2,3)

Sd Su
10.5340632 21.3763703
86.33112 119.7449
0.049008 7.71E-05
0.068647 0.097672

1053496.022

2137726.734

0.353805872

0.353821153

(3.1)

Sdd S Suu
7.3948079 15.006 30.451100086
54.83387 79.80858 154.5466
5.55E-05 1.53E-09 1.96E-16
0.006207 0.010038 0.003986
739531.6175 1500650.826 3045160.834

0.353811682

0.353824016

0.353830094
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3.2)

Sdd S Suu
7.3948079 15.006 30.451100086
63.92697 83.70124 154.5466
0.000895 9.86E-08 4.42E-14
0.057576 0.112147 0.050037

739542.6312

1500661.839

3045171.848

0.353806413

0.353821419

0.353828815

(3.3)

Sdd S Suu
7.3948079 15.006 30.451100086
74.34895 89.57925 154.5466
0.008883 3.88E-06 3.65E-11
0.122715 0.262501 0.130029
739556.0626 1500675.271 3045185.28
0.353799987 0.353818252 0:353827254
(3:4)

Sdd S Suu
7.3948079 15.006 30.451100086
83.28558 97.12308 154.5466
0.054368 9.27E-05 5.00E-10
0.043635 0.113906 0.060026

739572.4109

1500691.619

3045201.628

0.353792166

0.353814398

0.353825354

(3.9)

Sdd S Suu
7.3948079 15.006 30.451100086
85.33509 102.9673 154.5467
0.207962 0.001342 2.05E-07
0.003067 0.010333 0.006425
739592.268 1500711.476 3045221.485

0.353782667

0.353809716

0.353823047
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% B2 = FlF Al L SR (S8 = )

Pl bk |l | fIF2 2 [ {1572 % | fi57 8 | fI5T R

M b | TR TR | R R R | R TR | R R | R TR
(1,1)SO | 0.069008 | 0.097658 |0.333769 | 0.332898 | 0.097876 | 0.068791
(2,1)Sd | 0.05795 | 0.063716 | 0.389321 |0.267346 | 0.145603 | 0.076064
(2,1)Su | 0.057882 | 0.063785 | 0.388967 |0.2677 | 0.145487 | 0.07618
(2,2)Sd | 0.071213 | 0.095454 | 0.342565 |0.324101 | 0.10007 | 0.066597
(2,2)Su | 0.069809 | 0.096857 | 0.336969 |0.329698 | 0.098675 | 0.067992
(2,3)Sd | 0.095355 | 0.126312 | 0.325237 |0.33143 | 0.074693 | 0.046974
(2,3)Su | 0.079613 | 0.142054 | 0.278102 |0.378565 | 0.06579 | 0.055876
(3,1)Sdd | 0.599312 | 0.287355 |0.018426 | 0.008241 | 0.073223 |0.013444
(3,1)S 0.599229 | 0.287438 | 0.018423 | 0.008244 |0.073216 | 0.013451
(3,1)Suu | 0.599229 | 0.287438 |0.018423 | 0.008244 |0.073216 |0.013451
(3,2)Sdd | 0.058847 | 0.062819 |0.393947 | 0.26272 | 0.147125 | 0.074542
(32)S 0.058668 | 0.062999 | 0.393023 | 0.263644 |0.146821 | 0.074846
(3,2)Suu | 0.058668 | 0.062999 [:0.393022"|.0.263644 | 0.146821 | 0.074846
(3,3)Sdd | 0.073013 | 0.093654 | 0:349717 |.0.316949 | 0.101846 | 0.064821
(3,3)S 0.070785 | 0.095881 *|'0.340861 | 0:325806 | 0.099645 | 0.067021
(3,3)Suu | 0.070784 | 0.095882 | 0.340857 | 0.32581 | 0.099644 | 0.067022
(3,4)Sdd | 0.098491 | 0.123176}0:334522 |0.322145 | 0.076411 | 0.045256
(3,4)S 0.080815 | 0.140851 | 0.281733 '| 0.374933 | 0.066487 | 0.05518
(3,4)Suu | 0.080787 | 0.14088 | 0.281648 | 0.375018 | 0.066471 | 0.055196
(3,5)Sdd | 0.047278 | 0.039388 | 0.018624 | 0.008043 | 0.632489 | 0.254178
(3,5)S 0.016788 | 0.069878 | 0.00941 |0.017257 | 0.326682 | 0.559984
(35)Suu | 0.01665 | 0.070017 |0.009363 | 0.017304 | 0.32509 | 0.561577
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ol - T3 HA 0 AP [0.2RE R R IR 6

P E[01]#

AR B URIERCREE R VR SO Bt 3 (WA B el gt 3 R R R e VA

Al4p ## > 1x0.002087~0.002072 > - ik ¥ P #§£ 5 746453.2 - §]* R3] K3 F pF

fd % - Hehn P F A 5 1500667.487 - F A 4 #4 A& 5 0.353820088 -

BFAFIRORRL B RY LRSS

—logl— ;) —log(l—0.002087)
At - 1

=0.0021

& 95 R Ay =

%3+ 5 CRREFeh G icu =™ = e —1.4245 d =}/ = 0702

(r+4q1)) At (0.05969+0.0021)x1

- e -d e -0.702

E R RS = = =0.5007
' B2 RRE Puy ~d 1.4245-0.702

-.L\. ;FB"" ] ]lJ % #\’% f{mﬁﬁ_, %\’}‘év&r'—r %\
% B3 - FlFHAI W AR WS A

OBMW@&%_,&) 0.4993(?% §  §)
0.1667(4] % + i%) 0.0835-. ¢ 0.0832+ ¢
0.6667(] % 7 %) 0.3338 0.3329
0.1667(F1 % T %) 0.0835+ ¢ 0.0832- ¢

BF ﬂ'} | * (3.4.8);\ f# 1) £ =0.0144337
B g
2 B4 A s
e FEN S FTEE ) ST S FTER T TR
O PR | AR TR | R R | ORI TR | R PR | R T
0.069008 | 0.097658 | 0.333769 | 0.332898 | 0.097876 | 0.068791
PLEFEA T U E T - ﬂF’f"ﬁTH’ké’f#“ IR A SE ) N NERT
(2,1)Su : 0.0069008x(1-0.002087)=0.00688
(2,1)Sd : 0.097658x(1-0.002087)=0.09745
(2,2)Su : 0.333769x(1-0.002087)=0.33307
(2,2)Sd : 0.332898x(1-0.002087)=0.3322
(2,3)Su : 0.097876x(1-0.002087)=0.09767
(2,3)Sd : 0.068791x(1-0.002087)=0.06864

P+ E[12)#
AP EREE T - f]}ﬁ;di £hiE ) PP HE 5 558695.1 5 ¢ (7% - Hp o B & B
¥ .ur'(J”f#:?kﬁ: ﬁﬁi)i*&‘ﬁﬂfﬁk‘ R e
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0.000344x0.097454+ 2.33x107° x 0.068864+ 0.005652x 0.332203+

1.53x107" x 0.333072+0.049008x 0.068647+7.71x10°° x 0.097672~ 0.005357
AT A T U A - B g s

A H A BEEG ke SR E  H - W % R

Aipdei wFIH R F o TG S E 2 max(min(Q,Q).SXCR) v & % — # endp ¥
FRAQT 1™ %2 W BB K G A L B - P enfl S
IR A

Q =(111.3878x0.069008x(1-0.002087)+67.68826X0.097658x(1-0.002087)+
114.6564x0.333769x(1-0.002087)+ 76.78148x0.332898x(1-0.002087)+
119.7449x0.097876x(1-0.002087)+ 86.33112x0.068791x(1-0.002087)+0.002087 x100
x0.32) e 00%%1= 99 14862

F- AT RBHE 0 FPLT G O BT ) $ max(Q,SiXCR)
T ehi & 5 max(90.14862,15.006x5.04524)=90.14862

SR R AU CEIRE N o) AT
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K, i3 2 @ QFnT A fa wyed, K =0
Cn EL%%E%’] ﬁﬁjﬁﬁ;&r 7C1 =1
S, : #FMFF i
O wTH
A% i e g g
Ry (% ifeha @ 1%
Quj : Hi® %Rl & (K A7) £ {1~ > 7R w PR 0ehif
’ llﬁﬂ%u% ;\‘ )EL g] Blo Q(l,l) :l
a(k, J): % 8w kip SBERF S 18 % B SRS LT R IPILG E
- g RF T -8 Blgk, j)=0

i LT e Aop

e.R;xnxAt — Kn +Cn XSn X[(l—k:)xl-i-S}L:]
He

Kn = Kn—l + Cn—l ><Sn—l XS;‘;—l
Cn = Cn—l X (1_ 7\‘:1—1)

Ryt
S, =2.Qunue "
k

Q(i+1,j) = ZQ(i,k)Q(k, j)eXp[—(ai + kAR)At]

a; s 15T B ehigde (2.4.3):% > & Hull- whitesi = (837 4
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