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Motivation and Literature Review

 What is Convertible bond?
e A convertible bond is a hybrid security with debt and equity-like features
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Figure from JA. Batten and KL. Khaw and M R. Young (2013)

* In this proposal only talks conventional convertible bond, the payoff depends
on the underlying firm stock.




Motivation and Literature Review

* How to price convertible bond?(1/4)

e Since the early work of Ingersoll (1977a) and Brennan and Schwartz (1977), an assortment of
arguments, model specifications, and solutions to the pricing models have been developed to
reflect real market specifications in the pricing of convertible bonds.

Convertible bond = Straight bond + Option

* Ingersoll (1977a) if perfect market assumptions hold, with no dividends and constant
conversion terms, it is never optimal for investors to opt for early conversion. Investors will
only convert involuntarily at maturity, or at call, if the conversion value exceeds the call price,
or the face value.

e Brennan and Schwartz (1977) if dividends are paid and adverse changes in the conversion
terms are not allowed, the optimal conversion strategy is to convert a convertible bond either
immediately prior to a dividend payment date or at the maturity.



Motivation and Literature Review

* How to price convertible bond?(2/4)

e Call issue

e Brennan and Schwartz(1977,1980) Convertible corporate Bonds should be
immediately redeemed if their conversion value is greater than the Call Price.

* Mikkelson (1985) in the article statistics, the company average to convertible bonds
convertible prices higher than the redemption price of 43.9% will be redeemed.

» Sarkar(2003) predicts that early calls will be associated with high coupon and low call
premium, dividend income, asset volatility, tax rate and interest rate; and late calls will
be associated with high call premium, dividend income, tax rate and interest rate, low
coupon and asset volatility.

e Chen, Dai and Wan (2013) shows that credit risk and tax benefit have considerable
impacts on the optimal strategies of both parties. The shareholder may issue a call
when the debt is in-the-money or out-of-the-money. This is consistent with the
empirical findings of “late and early calls.”



Motivation and Literature Review

e The Table shows the annual conversion volume for the nine year 6.5% convertible
bond issued by KSB in 1983. A conversion was feasible during a time period from
1984/1/1 until 1992/12/15.

vear 83 (84 |85 |8 |87 |88 89 |90 |91 |92

conversion volume in % 70.43 | 1.23 | 0.07 | 0.51 | 15.06 | 3.03 | 1.45 | 1.31 | 6.19

e Similar issues have also taken place in Taiwan's bond market

PAGaR:] FH FEREMEL000) BiaEE ERH AR 30HH
15043 Fmm= 2013412 0 2007 20120712 NTD 2013412729
15043 Em= 201311 28,000 2007 20120712  NTD 2013112729
15043 B = 2013/10 112,300 2007 201207112 NTD 2013412729
L3043 B = 2013109 598,200 2007 20120712 NTD 2013412729
15043 Fm= 2013408 677,200 207 20120712 NTD 2013412729
15043 L= 2013407 1,262,500 2007 20120712 NTD 2013112729
15043 B = 2013406 1,577,600 215 201207112 NTD 201342729
15043 Emm= 2013405 2,147,400 215 20120712 NTD 2013412729
15043 FEm= 2013104 2,147,400 215 20120712 NTD 2013112729
15043 L= 2013403 2,542,100 215 20120712 NTD 2013112729
15043 BB = 2013402 2,646,600 215 20120712 NTD 2013412729
15043 Fmm= 2013401 2,825,300 215 20120712 NTD 2013412729

15043 Em= 2012112 3,000,000 215 20120712 NTD 2013712729



Motivation and Literature Review

* How to price convertible bond?(3/4)

e Conversion issue

* As noted earlier, all these approaches implicitly or explicitly assume that all convertible
bond holders completely convert their bonds at the same time or not at all. This
behavior is denoted by block conversion.

e Constantinides (1984) show that sequential exercise can be optimal if one investor holds
all convertibles (the monopolistic case), or if competitive convertible bond holders act
strategically (unrestricted conversion).

* in the absence of straight bonds and call provision, the monopolist warrant holder
exceeds the warrant price in the competitive or in the block warrant holder's equilibrium.
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Motivation and Literature Review

* How to price convertible bond?(4/4)

 Biihler, Wolfgang and Koziol, Christian(2002) value convertible bonds and to
characterize the optimal conversion strategies when a firm has additional debt in its
capital structure. This paper focus on the differences between block conversion and
unrestricted conversion. in general, a sequential conversion is optimal rather than a block

conversion.
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Motivation and Literature Review

Call provision

Only one conversion
date

Ingersoll (1977a)
Brennan and Schwartz (1977)

Two conversion dates

- Blhler, Wolfgang and Koziol, Christian(2002)

Not call provision

Conversion every time

This proposal

Constantinides (1984)

e Galai and Schneller (1978) one exercise date
e Emanuel (1983) and many exercise dates
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Motivation and Purpose

* Motivation

1. Base Ingersoll (1977a) “If the perfect markets, no dividends, and constant conversion
terms assumptions are valid, then a callable convertible will never be converted except at
maturity or call”. However, voluntary conversion before maturity and sequential
conversion are observable.

2. Conversion policy can be complicated. They can be affect by :

d. Convertible bonds may be held by one or more holder. emanuel (1983), Constantinides (1984) and Spatt
and Sterbenz (1988)

b. The shares of the converted bonds may be come from issuing new equity or
repurchasing outstanding from the market.

c. Stochastic interest rate. srennan and schwartz(1930)

* Purpose

1. Call policy and conversion policy may be not a one-way relationship.
2. Try to find the correspondence between the call and conversion policy strategy.



nduction

e Cox, Ross and Rubinstein (1979)

t=0 t=1

e Assume asset stochastic process

Binomial tree pricing model and Backward

2

dInV(t) = (rf —q— %) dt + 0,dZ,

e Risk-neutral :
up factor : u = eovVAt

(rf—q)At _
up probability : p = c d

u-—d

down factor : d =

down probability :

1
u
1 —

p



J’i+1%=(‘):+1(xi+1%)

Sequential conversion o

0% 20% 60% 10‘0‘{? V(u)
yi% = (), (x;%) P
20% O ®
9 0 * 0
v(d) Yi+14=(‘)i+1(xi+14’)
@
v Xi% = Yi%=Xi41% = Viy1%

100%

Y axis : The current cumulative conversion ratio
X axis : Pre-cumulative conversion ratio

(e) is optimum conversion ratio. According to Block, Monopolistic and
Competitive case.
*is call, uncall, called.



Comparison of conversion scenarios

The current cumulative conversion ratio (y%)
0% 20% 40% 60% 80% 100%
0% | 105000 | 105092 | 105075 105000 104891 104760
o [ s | s mols g
conversion ratio 40% 63.000 63.000 62.945 62.856
o 60% 2000 | 41973 41904
80% 21.000 20.952
100% 0.000

Monopoly Block

Monopoly Sequential conversion

Competitive Sequential conversion
14



Basic assumptions

e Asset = convertible bond + straight bond + equity

 The convertible bonds have the same maturity and issue day as
Straight bond.

 When the bankrupt, the Straight bond ordinary is higher than
Convertible bond.

e Treasury share equal Convertible bond conversion each period.
* If payout more than coupon then the extra part is the dividend.

e If payout less than coupon that is not enough part of the coupon is
paid by issuing new shares



Binomial tree model: Factor

Factor

Debtor
(Corporation or Equity holder)

Creditor

-Conversion scenarios

Call How about obtaining
policies the conversion shares.

Block Sequential
conversion conversion

| I I
TethOOk Maximize

Monopolistic Monopolistic Competitive ;
Call policy Equity Value

New issue Treasury
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Binomial tree model : Building asset tree

Base Brodie and Kaya(2007) model assume V, = x4, 0, = X, given the initial value of x4, x,.
According to Cox, Ross and Rubinstein (1979), the tree structure simulates the company's assets .

The Using the following two restricted and matlab function nonlinear programming to calculate the
model corresponding to the initial stock price Sy 0der:

Smodel = SOAS

SmodelTs = NVOO-V

At this time, x4 is the firm's initial assets V. x, is the company's asset volatilityo,,.



Binomial tree model: Competitive

Reference Constantinides (1984) for the definition of perfect competition
e The number of holders: make the holders can not collusion with each other
* Individual holders hold a small share : Whether the holder's performance or not does not
affect the conversion of the share price

Competitive conversion formula
YSpefore T accrued interest in hold period = CBontinye

* The bondholder has a conversion value greater than the value of non-conversion on competitive, the
bondholder will convert until all bonds are converted or equal.

* When the equal sign is established, bond holders are not preferred for conversion (indifference point).



Binomial tree model: Call policies

e Textbook Call policy (Minimize CB Value)
e Named by Longstaff and Tuckman(1994)

e Convertible bond will Call when Call Price less than the convertible bond
continuous value.

e Continuous value of convertible bond that present value in the current period
if the convertible corporate bonds are not converted or redeemed .

 Maximize Equity Value

e Convertible bond will Call when the redemption corporation equity is better
than not redemption.



Binomial tree model: How about obtaining
the conversion shares

e New Issue: Shares outstanding is increase after the conversion

V-D v -DI&Y"
S — other , S — other
before—convert No After—convert N0+N(7,lew

* Treasury: shares outstanding is constant

Perfect market assumptions: Conditions under which the law of one price holds. The
assumptions include frictionless markets, rational investors, and equal access to market prices
and information.

!/
_ V — Dother _ Sbefore—convert X NO
SAfter—convert — N
0

Safter—convert:Stock price after the conversion , Syefore—convert: Stock price before the conversion

V:Asset Value, D,per: debt value without convertible bonds, Nj: The original outstanding shares, Ny:shares of conversion,
N§®": The new shares resulting from the conversion of convertible bonds



Binomial tree model: Other symbol
B S T N S

Straight bond B; i=0,1,...,n

Convertible bond CB; i=0,1,...,n FC NC CC

Equity Equity; i=0,1,....n S; i=0,1,...,,n Ny

Yy - conversion ratio CP.iean * call price (excluding accrued interest)
T - tax rate

p - bankruptcy cost 8;  payout at i period

n : number of periods
At : time interval (T/n)
a; - optimum conversion ratio of monopoly at i period

B; + optimum conversion ratio of competitive at i period

21



Backward Induction : Equity(Treasury)

 Maturity Date

e Call
Equity = Asset + payout — — — Accrued interest — Treasury costs
Equity =V, + &8, — - — (1 —x%)N-F:-(1 —1)C.At — (y% — x%)N_yS

The zero equity mean company default, so we only consider equity is a positive number.
Equityy cau(x%, y%) = max(Equity, 0)

Equity and share price derived as follows:

The share price immediately before the conversion should equal the converted share price . By solving a
linear equations that stock value:

> Equityn,c;u(x%,y%) =S,

>V, +6, — R/BFB(l + (1 —1)CAt) — (1 — y%)NCPeioan — (1 — x%)NFo (1 — 1)C.At — (Y% — x%)NoyS,, = NoSy,




Backward Induction : Equity(Treasury)

 Maturity Date

e Call
Equity = Asset + payout — — — Accrued interest — Treasury costs
Equity =V, + &8, — - — (1 —x%)N-F:-(1 —1)C.At — (y% — x%)N_yS

The zero equity mean company default, so we only consider equity is a positive number.
Equityy cau(x%, y%) = max(Equity, 0)

Equity and share price derived as follows:

The share price immediately before the conversion should equal the converted share price . By solving a

linear equations that stock value: ,
V- Dother - Sbefore—convert X NO

Ny
= Vo + 8, — NpFp(1 + (1 = 1)CpAt) — (1 = y%)NcCPeiean — (1 = x%)NcFe (1 — 1)CcAt — (y% — x%)N¥[Sn]|= NofSy |



Backward Induction : Equity(Treasury)

 Maturity Date
e Call

=V, + 6, — NgFg(1 + (1 — 7)CpAt) — (1 — y%)NCPopoqn — (1 — X%)NeFo(1 — )CoAt — (y% — x%) N,y Sy, = NoS,y
= VTl + 67’1 - NBFB(l + (1 - T)CBAt) - (1 - y%)NCCPclean - (1 - X%)Nch(l - T)CCAt: STl X (N0+(y% - x%)NC]/)
_ Vp+8,—NpFp(1+(1-1)CAt)—(1—y%)N(CP lean—(1—X%)NcFc(1-T)C At
=5, =

No+(y%—x%)Ncy

We can rewrite the Equityy cq(x%, y%) Because the number of shares outstanding unchanged
Vn+6n—NpFp(1+(1-1)CAt)—(1-Yy%)NcCP lean—(1—X%)NcFc(1-7)C At
X Ny,0)
No+(¥%—x%)Ncy

= Equityy cqu(x%, y%) = max(

23



Backward Induction : Equity(Treasury)

Maximize Equity

 Maturity Date

e Uncall

Equity

= Asset + payout — —
— Accrued interest — Treasury costs

Equityn yncaur (x%, y%)
= max(V,, + 6, — —
— (% — x%)N Fc(1 —1)Cc At — (y% — x%)N.yS), 0)

The share price immediately before the conversion should equal the converted share price. By solving

linear equations and consider number of shares outstanding unchanged that equity value:

Vn+8,—NpFp(1+(1-7)CpAt)—(1-y%)NcFc—(1—-x%)N Fc(1-T)CcAt
No+(y%—x%)Ncy

Equityyuncau(x%, y%) =max( X Nj,0)

24



Backward Induction : Equity(Treasury)

 Maturity Date
e Called
Equity = Asset + payout —

* Equityy cailea (x%,y%) = max(V,, + &, —

note : x=y here



Backward Induction : Stock price(Treasury)

e Before Maturity

Equityy, (x%, y%)
Stocky (x%, y%) = N,

0, Otherwise

, if Equity > 0

Equity; (x%, y%)
Ny ’

0, Otherwise

f Equity > 0
Stock; (x%, y%) + f Equity

7 is optimum conversion ratio.
According to Block,
Monopolistic and Competitive
case.

* Is Call, Uncall, Called. If i
period is Call or Called then i+1
period is Called, if i period is
Uncall then i+1 period is call or
Uncall.

PV _Stock; .y = (p X Stock}ﬂrl,*(y%, nu,iﬂ%) +(1—p)x Stockidﬂ,*(y%, nd,iﬂ%)) X e TrAt



Backward Induction : Stock price(Treasury)

77u,i+1%
e Before Maturity >
y%.=x%;, 7 is optimum conversion ratio.
According to Block,
y%. Stock}'ﬂrl'*(y%, nu'iﬂ%) Monopolistic and Competitive
case.
g / v

*Is Call, Uncall, Called. If i
period is Call or Called then i+1
1-p period is Called, if i period is
o Uncall then i+1 period is call or
Na,i+1%

Stockl-dﬂ’*(y%, Nai+1%) > Uncall.

|\

PV _Stock; .y = (p X Stock}ﬂrl,*(y%, nu,iﬂ%) +(1—p)x Stockidﬂ,*(y%, nd,iﬂ%)) X e TrAt

Y% =X%,1




Backward Induction : Equity(Treasury)

e Before Maturity

e Call .
Equity; cau(x%,y%) =  Accrued interest Treasury costs
max(Ny X (PV_Stock) +8; +NgFg(1 — 1)CpAt =/ (1 = y%)N¢CPeieqr —|(1 — x%)NcFe(1 — 7)C. A — [y% — x%)N,¥S]| 0)

PV _Stock = (P X Stockt catiea (Y%, Muiv1%) + (1 = p) X Stockfy cquiea (y%,nd,m%)) x e Trat
Consider the stock price and rewrite:
EquitYi,call(x%» y%):
NoX(PV_Stock)+6;— - —(1-x%)NcFc(1—-1)CcAt

max( No+(¥%—x%)Ncy X No,0)
e Uncall
Equityi,uncall (x%: y%):
NoX(PV_Stock)+6;— —(1-x%)NcFc(1-1)CcAt
max( No+(y%—x%)Ncy X No,0)
* Called
Equity; cqiieqa (x%,y%) = max(N,y X (PV_Stock) +6; — ,0)

note : x=y here

27



Backward Induction : Equity(Treasury)

e |ssue day
* |ssue date doesn‘t need to consider coupon, accrued interest and payout 6.
e Call Equityycqu (0%, y%) = max(Ny x (PV_Stock) — — (% — 0%)N.yS,, 0)
e Uncall

Equityo,uncall (0%» y%)
= max (N0 X (p x Stockl 1 (%, Nuiv1) + q X Stock&, . (y%, nd,i+1)) x e~ — (y% — 0%)N.¥S,, 0)



Backward Induction : Equity(Treasury)

e |ssue day

* |ssue date doesn‘t need to consider coupon, accrued interest and payout 6.
e Call

N, X (PV_Stock) — X N, if Equit o0
Equityy cqu (0%, y%) = No+(y%)N,y 0 Y BqUItYo.cau
0, Otherwise

e Uncall

EquitYO,uncall (0%» y%)

(p x Stock}y 1 .(¥%, Myi1) + (1 — p) X Stock 1 . (y%, Ud,i+1)) x e Tt Ne  if Equit >0
— x ’
= No+ (%) N,y o If EqQuitYouncan

0, Otherwise




Backward Induction * Equity (New Issue)

e Before Maturity
e Uncall

e Stock price of Treasury
Shares outstanding X Discount of expected stock price

S _ |Ngx(PV_Stock)&;— —(1-X%)NcFc(1-1)CoAt
L No+(%—x%)Ncy

Accrued interest

e Stock price of New issue

S _|!NQ+ZO/0NQ)/)><(PV_StOCk)+5i— —(1-x%)NcFc(1—-1)CcAt
Lt No+y%Ncy

* The formula is similar like treasury. Differences are stock price and treasury costs.

29



Backward Induction * Equity (New Issue)

S _ V. = Dother S _ V- Dgfhmér
. before—convert — N 1y OAfter—convert — N. + NTew
e Before Maturity 0 o o
e Uncall
e Stock price of New issue
. Equityi,uncall(x%: y%) =
max(N, x (PV_Stock) +6; — — (1 —x%)N.F:(1 —1)C.At,0)
Ny % (PV_Stock) +68; —NgFz(1 — 7)CsAt — (1 — x%)N F.(1 — 7)C,.At
= Sbefore—convert = N
0
= SAfter—convert
_ (No+y%N_,y) x (PV_Stock) +8; — — (1 —x%)N:-F-(1—1)C. At
- NO + y%NcV
__ (Ng+y%Ny)X(PV_Stock)+6;— —(1-x%)NcFc(1—-T1)CcAt

S;

No+y%Ncy

30



Backward Induction : Convertible Bond

* Maturity Date

CB, (x%, y%) = Value of remaining convertible bond + Accrued interest + conversion value, Equity > 0
n X7, Y70) = (Asset + payout) — bankruptcy cost — Otherwise

e Call
CB,,(x%, y%) =

(1 — y%)N:CPupun + (1 — x%)NFC At + (Y% — x%) X ¥ X N¢ X Stocky, cqu(x%, y%) Af  Equityy cqu(x%,y%) > 0
max((1—p) x (V, +68,,) — , 0) , Otherwise

e Uncall
CB,,(x%, y%) =

(1 = y%)NcFe + (1 — x%)N FoC At + (% — x%) X ¥ X N¢ X Stocky yncan (x%, y%) Af Equitynuncan(x%, y%) > 0
max((1—p) x (V,, + 8,) — , 0) , Otherwise
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Backward Induction : Convertible Bond

e Before Maturity

e Call
CBi(x%, y%) =

(1 = y%)INCPonn + (1 = x%)NFeC At + (Y% — x%) Xy X Ne X Stock; can(x%, y%)  if  Equity; cau(x%,y%) > 0
max((1 —p) x (V; + 6;) — , 0) , Otherwise

is the present value of cash flows in the future of straight bond.

e Uncall
CBi (X%; y%) =

CBLO S imuation + % — x%)NFeCo At + (y% — x%) Xy X Ne X Stock; ynean (x%, %) if  EqUityiyncau(x%, y%) > 0
max((1 —p) x (V; + 6;) — , 0) , Otherwise

CBit,gg?lltinuation = (P X CByiv1(¥%, My i11%) + (1 —p) X CBd,i+1(y%»77d,i+1%)) X e T + (1 — y%) X N¢ X Fp X CcAt

Textbook policy:(1 — x%:Nﬂs CP;crean + FECiAtt < CBI?Oitali. i

32



Backward Induction : Convertible Bond
e [ssue day

* The difference between "Issue date" and "Before Maturity" are not need to pay
coupon and accrued interest.

e Call

V% X Ne X CPrjogn + y% Xy X Ne X Stockg cqi1(0%, y%) ,if  Equitygcqu(0%,y%) >0

CBy(0%,y%) =
0(0%, y%) { max((1 — p) XV, — , 0) , Otherwise

e Uncall
CB (0% y%) — CB(t),Octo%%tinuation + y% Xy X NC X StOCkO,uncall(O%: y%) ;if Equityo,uncall(o%: y%) >0
0 ' max((1 —p) X Vy — , 0) , Otherwise

is the present value of cash flows in the future of straight bond.
CBoeontinuation = (p X CByiv1(¥%, Myiv1%) + (1 — p) X CBd,i+1(y%r77d,i+1%)) x e~TrAt
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Backward Induction @ Straight Bond

* Maturity day
Ng X Fg X (1 + CgAt) , if Equity,.(x%,y%) >0

SB %, v%) =
n(x/o y/O) min((l _ p) % (Vn + 5n)» Ng X Fg X (1 + CBAt)) , Otherwise

* Before Maturity
SBi(x%, y%) =

(p X SBY . (v% ,*) + (1 — p) x SB& , (y% ,0)) X e TFAt + Np X Fg X CgAt, if Equity;.(x%,y%) > 0
min((1 — p) x (V; + 8;), PV_SBCF), Otherwise
* Issue day
(p X SB™:  (y% ,*) + (1 —p) X SBL . (y% ,-)) x e "4, if Equity,.(0%,y%) >0

min((1 — p) X (Vo + &), PV_SBCF), Otherwise

is the present value of cash flows in the future of straight bond.
(e) is conversion ratio. According to the current situation can be y, a, B.
* is call,uncall, called



Numerical method example

Initial asset value
Asset volatility
Amount of Straight bond
Amount of Convertible bond
Shares outstanding
Face value of Straight bond
Face value of Convertible bond
Coupon of Straight bond

Coupon of Convertible bond

281

0.46

100
100
0.08

0.05

Conversion ratio
Risk-free interest rate
Time to maturity
Period
Time interval
Bankruptcy cost

call price (excluding accrued interest)

Payout rate

i

1.5

0.06

0.4

115

0.2

0.03
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Numerical method example

We can calculate up probability: p = 0.4189493 and down probability: 1 —p = 0.5810507 by
previous slide parameters.

D
705.1106
B
445.1248
A E
281 281
C
177.3907

F
111.9839




Numerical method example © E
Monopolistic, Treasury

0% 791577 762752 744736  73.2409 723444 716631 ECIUitYn,un c all(x%: y%) =max(

60% 183.1577

80% 183.1577 Equityg caiieqa (20%, 20%) = max(281 x e(©-03*1) — 100 x
Lo 157 1 x (1+ (1—0.2) X0.08 % 1),0) = 183.1577

0% |

99677 922752 G183 BTN Y48y —NpFp(1+(1-1)CpAD ~(Ly%)NcFe~(L-xWINeFe(1-DICedt |

120.7577 1082752 100.4736  95.1356 No+(y%—x%)Ny X No,0)

1415577 1242752 1134736

162.3577  140.2752

183.1577

64.1577  67.0444 68.8486  70.0830  70.9808  71.6631 Equity,, oo (x%, y%) =

87.9577  85.3521 -83.7236 82.6093 817990 , ’

1117577 1036508 98.5986  95.1356 maX(Vn+5n—NBFB(1"‘(1_T)CBAt)_(1_y%)NCCPclean_(l_X%)NCFC(l_T)CcAt X Ny,0)
1355577 1219675 1134736 No+(y%—x%)Ncy ’
150.3577  140.2752

183.1577

183.1577

EqUityy catteq (%, y%) = max(Vy, + 8, — NgFg(1 + (1 — 7)C54t), 0)

| '

60% |

EZ

K

40



Equity(uncall)

0%
20%
40%
60%
80%
100%
Equity(call)
0%
20%
40%
60%
80%

100%

Numerical method example © E
Monopolistic, Treasury

Equityn uncau(x%, y%) =max(
73.2409 Vn+6n—NpFp(1+(1-1)CAt)—(1-y%)NcFc—(1—x%)NcFc(1-T)CcAt X Ny,0)
Not (% 2Ny ”

108.2752
281xe(0:03X1) _1090x1x(1+(1-0.2)x0.08x1)—(1—-60%)X1x100—(1-20%)*x1x100X(1—0.2)x0.05X1

1+(60%—-20%)%x1X%X1.5

83.7236
103.6598
135.5577

% 1,0)

Equityn,call (x%, y%) =
maX(Vn+6n—NBFB(1+(1—T)CBAt)—(l—y%)NccPClean—(I—X%)Nch(l—T)CCAt
No+(y%—x%)Ncy

X Ny ,0)

Equityg cq11(20%, 60%) =
281xe(0:03X1) _1090x1x(1+(1-0.2)x0.08x1)—(1-60%)X1x115—(1-20%)*x1x100X(1—0.2)x0.05X1

max
a ( 1+(60%—-20%)%x1X%X1.5

=83.7236

%,0)
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Numerical method example © E
Monopolistic, Treasury

794577 762152 7473 732400 723444 1isesr  Maximize Equity Call policy : Convertible bond will Call when the redemption
999577 92.2752 841883 8179  corporation equity is better than not redemption.

120.7577 1082752 100.4736  95.1356

1415577 1242752 1134736

1623577 1402752 ) total

was  Textbook Call policy :(1 — ¥%)N¢(CP; crean + FcCeAt) < CBOEY, ation
641577  67.0444  68.8486  70.0830  70.9808  71.6631

579577 853621 weoss  wrso  cplotal o =FX(1+C.)=100x (1+0.05) =105

111.7577 103.6598 985986  95.1356

1355577 121.9675 1134736

159.3577  140.2752

wassr (1 — y%)NC(CPn,Clean + FCCCAt) =

(1—60%) x 1 x (115 + 100 x 0.05 x 1) =
409 x 120 = 48
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Numerical method example
I\/Ionopolistic, Treasury

The monopolistic and competitive case have same optimum

0% 107.8826 ~ 109.6841 110.9168 111.8133 112.4946 conversion ratio

20% 84 91.6826 96.4841 99.7694  102.1588

40% 63 75.4826 83.2841 88.6221

60% 42 59.2826 70.0841

80% 21 43.0826
100% 0

CBn,uncall (x%, y%) =

(1 —y%)NcFe + (1 = x%)N FeC At + (Y% — x%) Xy X Ne X Stocky uncan (x%, y%) if  Equitynuncau(x%,y%) >0

max((1—p) x (V,, + 8,) — Ng X Fg X (1 + CgA4t) , 0) , Otherwise

CBz(20%, 60%)
= (1-60%) x 1% 100 + (1 —20%) X 1 X 100 X 0.05 X 1 + (60% — 20%) X 1.5 X 1 x 87.4736
= 96.4841
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Numerical method example

Competitive, Treasury

E

123.74 119.41 116.71

20% 154.94 143.41
40% 186.14
60%

80%

100%

114.86
136.21
167.41
217.34

113.52
131.28
155.71
191.41
248.54

112.49
127.70
147.70
175.21
215.41
279.74

value

0% 20% 40%
0% 1 1 1
20% 1 1
40% 1

60%
80%
100%

CBrtl(,)ctgétinuation = E: X (1 + Cc) =105

Y X Stockg (x%, y%) + F.CoAt >

60%
1

1
1
1

80%
1

1
1
1
1

100%
1

1
1
1
1
1
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Numerical method example © E
Monopolistic, Treasury

0% 108 108 108 108 108 108
20% 108 108 108 108 108
40% 108 108 108 108
60% 108 108 108
80% 108 108
100% 108
SB Value (call) 0 0
0% 108 108 108 108 108 108 SBg(x%,y%) = Ng X Fg X (1 + CgAt)
20% 108 108 108 108 108 =1x100x(14+0.08x1) =108
40% 108 108 108 108
60% 108 108 108
80% 108 108
100% 108
SB Value (called)
0% 108
20% 108
40% 108
60% 108
80% 108
100% 108




Numerical method example : F
Monopolistic, Treasury

SBy(x%, y%) = Ng X Fg x (1 + CpAt)

0% 69.2366  69.2366 69.2366 69.2366 69.2366 108

20% 69.2366 69.2366 69.2366 69.2366 108 = 1x100x (1+0.08 x1) =108
40% 69.2366 60.2366 69.2366 108
60% 69.2366 692366 108
80% 69.2366 108
100% 108
SB Value (call 100%
0% 69.2366  69.2366 69.2366 69.2366 69.2366 108
0 Vo) =
20% 69.2366 69.2366 69.2366 69.2366 108 SBr(x%, y%)
40% 69.2366 69.2366 69.2366 108 mln((l —p) XV, +6,),Ng X Fg X (1 + CBAt))
60% 69.2366 69.2366 108 _
= — = min ((1 - 0.4) x 111.9839 x e(©°3V), 108)

100% 108
SB Value (called)
0% 108
20% 108
40% 108
60% 108
80% 108
100% 108
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Numerical method example : F
Monopolistic, Treasury

Equity(uncall 100%
% 0 0

(=]
(=]
(=]

0 0 0 1.998
0 0 0 0 2.634
0 0 0 3.471
0 0 4.621
0 6.303
8.994
0 0 0 0 0 1.998
0 0 0 0 2.634
0 0 0 3.471
0 0 4.621
0 6.303
8.994
8.99

8.99

8.99

8.99

8.99

8.99
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Numerical method example : F
Monopolistic and Competitive, Treasury

0% 0 7.997 value
% 0 0 0

0 0 0 0
20% 0 0 0 0 7.161 0 0 7.9966
40% 0 0 0 6.124 0 0 0 8.9506
60% 0 0 4.773 0 0 0 10.2060
80% 0 2.891 0 0 11.9321
100% 0 0 14.4549
18.4914
0 0 0 0 0 105
| | o% | 20% | 0% | 6% | 80%
0 0 0 0 0 0
: : : : :
0 0 0 0
: : :
0 0
:
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Numerical method example : C
Monopolistic and Competitive, Treasury and New |ssue

Monopolistic (Treasury)

Monopolistic (New Issue)

Competitive (Treasury)

(uncall) (uncall) (uncall)

2437 2209 2152 2226 2445 28.88 2328 2098 2034 2093 2289 28.88 2437 2582 2685 27.64 2830 28.88
2052 27.11[26.94 ] 28.74 33.18 28.08 2564 2692 3318 2644 27.35 2867 29.20
36.04 33.77 34.62 38.84 3414 3183 3247 3884 27.85 2848 29.03 29.52
4470 4323 46.62 4217 4058 46.62 2890 2939 29.84
57.00 57.99 53.55 57.99 2976 30.16
76.19 76.19 30.48
000 000 199 1378 22.36 28.88 000 000 199 1378 2236 28.88 0.00 000 199 1378 2236 28.88
0.00 3.07 [16.87] 2631 33.18 000 3.07 26.31 33.18 000 249 1420 2272 29.20
479 2138 3174 3884 479 2138 3174 3884 299 1463 23.09 29.52
2859 39.68 46.62 2859 39.68 46.62 1505 2345 29.84
52.39 57.99 5239 57.99 2381 30.16
76.19 76.19 30.48
(called) (called) (called)

76.19 76.19 76.19

76.19 76.19 47.62

76.19 76.19 40.10

76.19 76.19 34.63
76.19 76.19 30.48



Numerical method example @ C
Monopolistic, Treasury

Equity(uncall)

Equity; cquea (X%, y%) = max(No X (PV_Stock) +8; —NgFg(1 — 7)CgAt, 0)

33.77 -
44.70 Equityc caiea (x%, y%)

80% = max(1 X (77.17652) + 177.3907 x (e3> — 1) — 1 x 100 x (1 — 0.2) X 0.08 x 1,0)

S = 76.19
Equity(call) )
1378

R ) PV_Stock = (p X Stock® | .oiied (y%, Ny it1 %) + (1 —p) X StOCkid+1,called (y%, 77d,i+1%)) x e TrAt
0%

77.17652 = (0.4189 x 183.1577 + 0.5811 x 8.99)e¢0-06x1
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Numerical method example © E

Monopolistic, Treasury

| _Equity(uncal) | 0% | 20% | 40% | 60% | 8% | 100%
0% 79.1577 76.2752 74.4736 73.2409 72.3444 71.6631
20% 99.9577 92.2752 87.4736 84.1883 81.7990
40% 120.7577  108.2752  100.4736 95.1356
60% 1415577  124.2752 113.4736
80% 162.3577 140.2752

100% 183.1577
Equity(call)
0% 64.1577 67.0444 68.8486 70.0830 70.9808 71.6631
20% 87.9577 85.3521 83.7236 82.6093 81.7990
40% 111.7577  103.6598  98.5986 95.1356
60% 1355577  121.9675 113.4736
80% 159.3577 140.2752
100% 183.1577
Equity(called)

0% 183.1577
20% 183.1577
40% 183.1577
60% 183.1577
80% 183.1577
100% 183.1577 =




Numerical method example @ C
Monopolistic, Treasury

Equity(uncall)
2220

26.94

=77
4470

80%

100%

0%
76.19
40%

60%
80%
100%

Equity(call)

Equity(called)

i

EquitYC,uncall (x%, y%) = max (

Equityc yncall (20%,60%)=

NoX(PV_Stock)+8;—NgFp(1-T)CpAt—(1—x%)NcFc(1-T)C At
No+(y%—x%)Ncy

X NO,O)

- <1x(47.295)+177.3907x(e(0-03><1)—1)—1><100x(1—0.2)xo.08x1—(1—0.2)x1x100x(1—o.2)x0.05x1 y

=26.94

PV Sto Ckc,uncall

14+(60%—20%)x1x1.5

= (p X StO-Ckilﬁl-_l,uncalL(uL%%' ] %) +(1-p)x StOCkld+1,uncall(y%» 77d,i+10/0)) x e Tr4t

PV _Stock yncan = (0.4189 x 113.4736 + 0.5811 X 4.621)e~0-96%1 = 47.295

52
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Numerical method example © E
Monopolistic, Treasury

79.1577 76.2752 74.4736 73.2409 72.3444  71.6631

0%
20% 099577 922752 874736 84.1883  81.7990 0% 105 107.8826 109.6841 110.9168 111.8133 112.4946

40% 120.7577 108.2752 100.4736 95.1356 20% 84 91.6826  96.4841  99.7694  102.1588
60% | 141.5577 124.2752 113.4736
80% 162.3577 140.2752
100% 183.1577 60% 42 59.2826  70.0841
Equity(call B0 2| o
0% 64.1577 67.0444 68.8486 70.0830 70.9808  71.6631 -
20% 87.9577 85.3521 83.7236 82.6093  81.7990 100% 0
40% 111.7577 103.6598 98.5986  95.1356
60% 135.5577 121.9675 113.4736
80% 159.3577 140.2752
100% 183.1577
Equity(called)
0% 183.1577
20% 183.1577
40% 183.1577
60% 183.1577
80% 183.1577
100% 183.1577 53

L 63 75.4826  83.2841  88.6221




Numerical method example @ C
Monopolistic, Treasury

Equity(uncall)

22.26
26.94
=77
4470

80%
100%

76.19

Equity(call)

Equityc,call (x%, y%)

(NO x (PV_Stock) +6; —NgFg(1 — T)CgAt — (1 — y%)N¢CPsjean — (1 — X%)NFe (1 — 7)C At
= max

Equity¢ 411(20%,60%)=

X No,0
No+(y% — x%)Ncy ° )

~1x100%(1-0.2)x0.08x1—(1-0.6)x1x115—(1-0.2)x 1x100x(1-0.2)x0.05X1

<1><(77.1765)+177.39o7x(e(0-03><1)—1)
max

=16.87

PV_StOCkclca”
= (P x Stockty 1 cariea (Y% Mui+1%) + (1 = p) X Stockfy 1 canea (Y%, Tld,i+1%)) x e~ Trat

1F(60%—20%)x1X1.5

PV _Stock cqu = (0.4189 x 183.1577 + 0.5811 x 8.99)e 0061 = 77.17652
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Numerical method example @ C
Monopolistic, New Issue

[ [
0 0 —
Sancall (%6.7%) =

20% 26.44 27.35 | 28.06 | 28.67 29.20
(2% Noty YNy
40% 27.85 28.48 29.03 29.52

60% 28.90 29.39 29.84 0/ <0
80% 29.76  30.16 S i call (x%, y%) =
100% 30.48 (No+y%N_, y)X(PV_Stock)+8;—NgFp(1—-1)CgAt— —(1-x%)NcFc(1—-1)CAt

(call)
000 0.00 1.99 13.78 22.36 28.88 0 0
20% 0.00 2.49 22.72  29.20 S i,called (x%, y %) =
40% 299 14.63 23.09 29.52 (No+y%N_ y)X(PV_Stock)+8;—NpFp(1-1)CgAt—(1—x%)NcFc(1-1)C.At
60% 15.05 23.45 29.84 No+V%Ngy
80% 23.81 30.16
100% 30.48

Stock price | 0% | 20% | 40% | 60% | 80% | 100%

called ------ Eq‘LLl'ty; (x%; y%)
0% 76.19 ‘(o o 5
T Stock;, (x%, y%) = Ny + v%N,y
40% 47.62 0

60% 40.10 !

80% 34.63

100% 30.48

(=]

IIIIII!IIIIIHIIIIII

) if Equity >0

Otherwise
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Numerical method example @ C
Monopolistic, New Issue

0% 24.37 25.82 26.85 27.64 28.30 28.88
20% 26.44 27.35 28.67 29.20 Si uncall(x%' y%) =

40% 27.85 28.48 29.03 29.52 (No+y%Ncy)x(PV_Stock)+8;—NpFp(1—-1)CpAt—(1-x%)NcFc(1-T1)C At
60% 28.90 29.39 29.84 No+Y%Nsy

80% 29.76 30.16

100% 30.48

Sc,uncall (20%,60%) =

(1+60%x1x1.5)x(PV_Stock)+177.3907x(e(0:03%X1) _1) _1x100x(1-0.2)x0.08 X 1—(1—0.2)x 1 x 100X (1—0.2)x0.05x 1
1+60%Xx1x1.5

= 28.06

PV_Stocke yncqn = (0.4189 X 45389 + 0.5811 x 22.586)e 0061 = 30,27
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Numerical method example © E

Monopolistic, New Issue

0% 79.158 58.673 46.546 38.548 32.884 28.665
20% 76.891 57.672 46.039 38.267 32.720
40% 75.474 56.987 45.670 38.054
60% | 74.504 56.489 45.389
80% 73.799 56.110
100% 73.263
Stock price (call)
0% 64.158 51.573 43.030 36.886 32.264 28.665
20% 67.660 53.345 44.065 37.550 32.720
40% 69.849 54.558 44.818 38.054
60% 71.346 55.440 45.389
80% 72.435 56.110
100% 73.263
Stock price (called)
0% 183.158
20% 140.891
40% 114.474
60% 96.399
80% 83.254
100% 73.263




Numerical method example @ C
Monopolistic, Treasury

48.225  50.449  50.427  48.442 43812 53761 48225 41317 32264 19580  0.000

41317 43395 42.354 37.953 Leonteton

32.264 33549 29.971 120 96 72 48 24 0
19.580  18.398
0.000

Textbook Call policy : (1- y%)NC(CPn‘Clean + FCCCAt) =
(1 — y%)Nc(CP; cjean + FeCeAt) < CBEO invation (1-60%) x1x (1154 100 x 0.05 x 1) = 409 x 120 = 48

Monopolistic

CB.(x%, y%) =
CBg,Oci)Oxtinuation + (Y% — x%)N FcCcAt + (% — x%) Xy X N X Stock; ;000 (x%. v%) Af  Equityiyncau(x%, y%) > 0
max((1 —p) x (V; +6;) —PV_SBCF , 0) , Otherwise
CBLOY i ration = (P X CB(60%,100%) + (1 — p) X CBr(60%,100%)) x e 774 + (1 — y%) X N¢ X F¢ X CcAt

32.264 = (0.4189 x 70.0841 + (0.5811) x 4.773) x e~ %06X1 4 (1 —60%) x 1 X 100 x 0.05 x 1
CB.(20%,60%) = 32.264 + (60% — 20%) X 1 X 100 x 0.05 x 1 + (60% — 20%) X 1.5 X 1 X 26.938 = 50.427 58



Numerical method example @ C
Competitive, Treasury

Competitive
CB Value
0% 49.385 51.601 52.168 51.492 49461 48.314
20% 44.307 46.659  46.867 45226 43.812

40% 37.966  40.200 39.479  37.953
60% 29.652 31.171 29.971
80% 17.998 18.398

100% 0.000

The converted

20% 40% 60% 80% 100%
value

39.9157 36.4726 35.5046 36.4002 39.3283 48.3136
47.1144 43.4672 43.0377 45.3801 43.812
56.2074 52.7387 53.7014 63.2547

68.2603 65.8632 74.9275

85.3222 91.9877

119.2840
49.385 55.384 63.277 74.130 89.991

#
0 0 0 0 0 0

Competitive

0 0 0 0 0
0 0 0
035 4307 T90 2962 1% 0 I
I 120 96 72 48 24 o 1| 0
e : total
1 i,continuation
, 1y X Stock:(x%, y%) + F.CcAt!> S
Textbook Call policy: | ________ . mmmmmmmmtmmm oS m oo - Q=%
I total
L(l - y%)NC (CPi,clean + FCCcAt):S CBi,continuation 29



Model restrictions

e Debt to Equity (Monopoly case)
* Parameter setting
* Negotiation

* Constant interest rate



R'YOUR ATTENTION




