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= + 

are 

+ + 

- + + 

we construct a is 

= 

so we can two = + 

= 

= 

in two over is 

= 

= 

so we can to 

= 

= 

two earn at earn 

at + rate. 

into account earns on 

rate. 

- + 
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as we 

are 

+ =0, 

+ (r- =0. 

+ we are 

as 

+ =0. 

eQ1ua1;lO]tl, means are 

sum no 

an extra 

a 

at 

at we exlDe<~t not 

a 

we COltlSlcler 

coupon c at a 

us to U.ULU\~U\.,v 

to H.","uu'nv 

= 
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145r-----,_-----.------,-----,_-----r----~r_----,_----_, 

140 

135 

1 
~ 130 

j One-Factor (No Default) 

'------- Tslveriotis and Fernandes 
115 

85 90 95 100 105 110 115 120 
SIOOk Price 

and 

if S ?:. 

is 

never convert. at 

convert 

a on 

case is 

state the 



Univ
ers

ity
 of

  C
ap

e T
ow

n

to tE 

aBSume to convert once 

nnt:Ul,n to convert if we to 

"UJJlUl.lUll if 

> 

if > 

to to 

> 

is 

if 

to to we 

= 

is not ne{;e::l!san same as on 

ltT"'1'1P1',.1P is 

is .. "',." .. ,"' ........ 

to llG.L1UJIC 
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is 

to 

".u.'JUAU e:x:p,ect some measure 

is prles€!nt,ed. 

account as as VUU .... J'Uj<, a 

to 

"''''-',UV'.LL nrpl'Ipn1tl'l an t;AI,t;U,,,UJ'U to 

asset. 

5 

on 

on 

currency, as 

cross-currency 

mt;ro,aUClIJlg a "' ...... ,UM ..... 

process, by 

as 

upon 

rate 

pre­

to 

is no 
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uUmt:!!l>lll: currency, as 

assumes 

no it 

out 

current to 

+ 

is aelpeJ10Emt on 

lll~''''.I.O;:;il:l~ rate 

.. .o" .... "" .. our att;entlon to 
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case mt~erei~t rates are to 

same we 

processes are 

= + + 

1 
- + +- + + 2 

+ 

1 
+ +-2 + + + + 

a 

over so 

= dB-

1 
- +- + + 2 

as as 

-

- [ + + 

two a rate or 

= 

note is 

amount. is "u,,',u<,,", to 
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two 

as 

1 
=0, +- + + + + 2 

1 
=0. -+- + + + 2 

=0, 

are same as ap-

company on 

5 

on OUJUI.I.":; .u.<:;UI~AU . .o:;. 

can 

'7 = 1 is COIlSi(lerE~d 

o $; '7 < 1 is COIlSi(lerE~d rate measures 

rate 

=(1-
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1~'-----T-----'------r----~----~------r-----'-----, 

135 

Total Stock lo$!! (Eta - 0) 

-----Zero Stock LO$!! (Eta _ 1) 

95 100 105 110 115 120 
Stock Prloe 

the the u"',.a.U.l~ see 

if we "'v, .... ""-.. event not to any on 

or a recovery amount upon ult-:,.au.u recovery amount 

to a COIlnpcmelllt of 

recovery recovery rate. It if we eX~tect to 

recover some nn, .... h,n>1 .... upon U"',la."U~. we 

can same manner as 

equa-

we 

assume over a IS 
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135 

11 
'0 125 Tollll Delautt (Kappa - 100%) 

~ 

120 
--------- No Delautt (Kappa 0%) 

85 90 95 100 105 110 115 120 
S!Oc:k Price 

we we are 

= 

is to 

as 

+ + 

= (1- + + 
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case 

as 

= 

= 

is two 

cornpc)netnts at 

,as as 

cornpc)ne,nts as 

+ -q+ 

rate. 

+ -q+ + 

-q+ + 

COInpC)ne,nt, it 

recovery on '-''''!.QU .•• 

+ 

+ 

+p 

earn 

use 

+ 

case we can use a 

or even any is not 

rate on 

rate to 

we 

=0, 

0] = O. 

=0. 

or 
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Po is 

constant. 

to 

at 

1~r-----r-----~----~----~----~----~----~----~ 

130 

Constant Hazard Rille 

.... --"----- Alpha-1.6 

50 50 70 50 90 100 110 120 
SIOck Price 

cOlffit,aIllY is more to 

rate nh.", .. ·.,,,,,,rl is 

=po 

current 

constants on 

same Crl)S~I-CllU 

aD1Dl1f!d to 

a is a 

2. 

compares it 

see 

CU'LUJ,J,I'> on 

to 
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can 

same way 

processes 

140 

135 

l 
~ 130 

~ 
11125 a 

~ 
120 

115 ':-'" 

as .... ""LV ... '<0 , to vuu ........... 

1 
+-

2 

+ 

+ 

Hedge Model with Partial Default 

No Dell1Wft 

Hedge Model with Total Defl1Wft 

85 95 100 105 110 115 120 
SlOck Price 

+ + -q+ + + 

+ + -q + + 

+ P 

=0, 

0] = O. 
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us to U<>l.a.U.L. aware 

+ + + -q + + 

+ P =0, 

are same as 

prj~SentEld an extellSi,on to "'L',U.L'-£'Y cross-currency ... nlnv~.rh 

AllI'LUUU, .... 'C'u. n~.T:~.miP'tl~Tl'I_ as lT1r·nr..,nr",f"., cross-

currency same manner as 

All'L'U<>'" are im.pll~m,en.te(i. 
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1 

cornp<ment as 

at 

not 

2 

no ditteren,ce to 

s 

on 

we 

us to two \",,-I"'V'''''"' 

as 6.1, 

t, we use ito 

us at 

coupon so we to 

to an over 
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l'igll[e G.l The Finite DifTeren"" Grid CSI'd in Implementation 

dlO8e points sin"" we are not progre.'j.~ing in HtepH of /:;.1 axo"nd thOi;l\ poinLs anymore. 

After calculating the initialll()dc. and thc bound""y nodes, we l1se the Cmnk-"Iimlson nnite 

difference meLilOd to con'pule the ;l1tNior poil1t. of thc ""c.h for cl\.(;h of the equations. The 

nature of thc cquations that wc arc solving i. ,ueh that eacl, of the interior node.~ not yeL ralcu­

lated depend. on throo previous node .. th~t have alre~dy boon ~alrulated, as in point 1 in figurc 

6.1. Thc Cranl-Nicoloon method;o prc""nt.cd in the llCxt section. 

Om'" we have caleulatcd all thc nodes for a specific k, 'NC apply the minimu," and maxinm'" 

col1straints prc,,"ntcd in scdion 6.4. These minimum ~nrl maximum wnsLmint, exiot "" a rcoull 

of the call, put and cOl1vcrsion righto embedded in the convertible bond. 

Om'" we have calculatcd l\ll the value, of all the nodc, for both Lhe e~u~tior,", we create l\ ncw 

grid by arlding the Lwo ~alr1l1~terl grids togeLher node by nodc. Wc arc able to rio this be~al1OO 

wc know thM the convert ible valuc i. cqual to C = B + E. We then read the solution straight. 

off the new mesh, .,-,mewhere along point 3 in ngure 6.1. 
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term 

want to 

a 

is 

on 

~"'U""'V'll .u..",U.LVU can 

0 

0 
= 

o 

= 

= 

= 

= 

0 

0 

0 

o 

o 

= 

U<JIJ<JJJlU on we 

to 

= 

ease as it 

as it is 

= 

0 

= 
0 

0 

o 
o 

o 
o 

o 

+ 



Univ
ers

ity
 of

  C
ap

e T
ow

n
to ensure we 

accuracy. 

+ 

+ 

+1+ 

+ 

COIldit;iOIIS at every i = 0 

if we <>UJUV"u..y 

+ + 

case no 

Tn"'''U'!>" I"n,nu""",'ln" COlldl.tlo,n in an 

to 

k = 0, as as at every i = I. 

we 

next ,,<::""~.vu we see 

a 
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to a 

exact was not scope 

Cl6[;Ornposltlon to "<>'I>"'<l,n 

two n .... ,,.,,,.,., can 

U is upper is eSI)eClallV 

means it can 

process is as 

= q 

= q 

= 

v = 

is n" .. .,I" to save on COllll}:lUtatilon is not necessary to VIJ"a..!.U a can 

use at k = 1, 

cOIltlIlUe in manner we 

3 

we 

at 

so we 

~{ if is a ",,\1,n ...... at 
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cis 

={ 
we are wu.UU.LI.,E, 

zero 

if 

a 

us 

are 

is 

coupon. 

thlere:foI~e we 

+ 

next 

at 

is 

= 

= 

we 

is a coupon at UU"''''Ju'''~, 

\.AJ'.AU •. "'V'.LI. is our 

k is non-zero. 

is at k 

=0. 

,nt~", .. ,""t on as 

same nature as n~U""''''1'n, in 

more so 

us 

to start 

to ",ntnY''''''' 
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we to to are coupons 

at k corres'poILdiIlg to 

we 

= +c" 

to ensure we a at coupon v AUl<JUU. p,aymEmts, so we 

to sure not to 

6 

we assume 

we 

if is 

cannot 

is we 

= 

to on 

to exceed 

= 

= 00 it is not 

is it 

two ,.".",1-1-", on 

= 
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means if is cannot 

next imres1tig:ate naru:".1 uvUJ".U~, as 

as compare 

to compare rates 

are .VV ...... .JLJ':. at 

account. 

3 ~~"JL"'V~ 
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.. ",,,,n,,'" a ....... <.t .. i,v 

rate at ditl"er,ent if we assume 

the it 

5 

compares "1;-1-.. ., .. ,,,.,.,+ recovery percEmtag~~s at if we 

assume recovery upon 

is COIlSi~ltellt 

constants at rlit1F., .. i,n 
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next sec:tlOn 

is 

Pri vate Sub COlmm'mciBtlt 

Unload Me 

End Sub 

Private Sub I..IOIIlllllCWCLDU 

to im]pleltnelrlt 

...... JU.VJLJ..L .. :.... tree 

Worksheets(IIBondCalculatorll).Activate 

"""""" Clear the cells on worksheet 

ClearContents ... 

For j = 1 To ClearContents 

For i == 1 To j 

is 

.I.ll\.'U<:;A, it is very OUJL.l.uc .... to 

to 
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Next 

Next 

Cells 

Cells 

* i + 5. j + 

* i + 4. j + 

. Clear 

. Clear 

""""""""""""""""",))))), 

')')"')" Constants from worksheet 

Nominal = NominalTextBox.Value 

ConversionRatio = ConversionRatioTextBox.Value 

= SharePriceTextBox. 

. Value 

InterestRate = InterestRateTextBox. 

NumberOfPeriods = . Value 

:: . Value 

coupons ... 

Dividend = . Value 

NumberOfDividend = DividendPerYearTextBox.Value 

Hardcall :: Clnt 

= HardPremiumTextBox.Value 

PutDate = . Value 

. Value 

. Value 

. Value 

. Value 

""""""""""""""""" 

"»,,),, Create Trees 

Dim CBTne As 

ReDim CBTree 

Dim StockTree As Double 
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ReDim StockTree 

IIIII1111 

1111" constants and error checks 

dt = I NumberOfPeriods 

ConversionPrice = Nominal I 

( ... I I ConversionRatio 

= 
NextDividendDate = 

I I I I 

disc = + 

u = 
d :::: 1 I u 

p = + disc -
q= 1 - P 

I 

constants for Binomial method 

A dt - 1 

... ) 

I I I I This block creates the asset tree, care of dividends 

111I Dividends are at N and then worked backwards 

1III If there is no dividend it will have no effect 

For i = NumberOfPeriods To 0 -1 

If .. And ( ... <= And 

StockTree :::: Share Price ... ... (1 -

= NextDividendDate - 1 I NumberOfDividend 

Next 

Else 

StockTree 

End If 

SharePrice ... 

For j .. i - 1 To 0 -1 

StockTree(i, j) .. 

Next 

j + ... u I d 

'111111111111111'111""11'11"""1111111111111111111I1I1111I11 

> Then 
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, , , , at last 

For j ::: 0 To NumberOfPeriods 

If ::: True Then 

CBTree • j) == 

WorksheetFunction.Max , j) ... 
• ConversionPrice + 

Else 

CBTree • j) .. 
WorksheetFunction.Max • j) ... 

End If 

Next 

If .... v ... !<' ..... AJU. "" True Then 

- 1 I 

End If 

'" , back the tree 

For i ::::: 

For j ::: 0 To i 

, , , , 

If 

Here 

::: 

CBTree(i. j) ::: 

CBTree + 1. 

If 

And 

(1+ 

CBTree{i. 

End If 

If 

And 

• i ::: 

» 

To 0 -1 

Then 

• CBTree{i + 1, j) + q •... 

j + 1» I (1 + 

And "" 
• j) >"" • 
Then 

j) "" StockTree • j) 

And "" 
Then 
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Else 

CBTree • j) == ConversionPrice 

End If 

Then If ( '" <= 

CBTree • j) ::::: '" CBTree + 1. j) + q '" ... 

CBTree + 1. j + 

If And 

And • j) >= 

+ » Then 

CBTree • j) ::::: StockTree • j) 

End If 

If '" i ::::: And 

+ 

... 

• j) < Then 

CBTree • j) ... ConversionPrice 

End If 

If j =: 0 Then 

End If 

Else 

- 1 I 

... 

'" 

And ... 

CBTree • j) =: '" CBTree + 1, j) + q'" .,. 

CBTree + 1. j + 1» I (1 + 

If And ... 

And , j) >= '" 

(1 + » Then 

CBTree • j) ... StockTree • j) 

End If 

If '" i ... And 

• j) < 

CBTree • j) == ConversionPrice 

End If 

End If 

11K And .•. 

End If 
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Next 

Next 

If Out~utIGh~ac]d3()x.Value = True Then 

j ! ! ! ! ! Tree !!!!!! 

For i == 0 To NumberOfPeriods 

For j = 0 To i 

Cells + 2 * j. 2 + .Value == StockTree(i. j) 

Cells + 2 * j. 2 + . Select 

Selection.Interior.ColorIndex = 35 

! j j I I I I I I I ! ! !! Border j j j j j , , , , , , , , ! j j I 

Cells + 2 * j. 2 + 

Selection. Borders 

Selection. Borders 

With Selection.Borders 

.Select 

:::: xlContinuous 

== xlThick 

.ColorIndex == xlAutomatic 

End With 

With Selection.Borders 

'" xlContinuous 

= xlThick 

.ColorIndex :::: xlAutomatic 

End With 

With Selection.Borders~XJL~(lgEI~C.~ 

= xlContinuous 

:::: xlThin 

.ColorIndex :::: xlAutomatic 

End With 

With Selection.BorderslxJL~(lgEIKJ.gh 

:::: xlNone 

:::: xlNone 
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'" xlContinuous 

'" xlThick 

.Colorlndex '" xlAutomatic 

End With 

, , , , , , , , , , , , J' Border End J' J J J , J J , , , , , , , , , 

Cells 

Cells 

+ 2 * j, 2 + 

+ 2 * j. 2 + 

.Value '" CBTree • j) 

Selection. Interior.Colorlndex == 36 

, , , , , , , , , , , , " Border """""""'" 

Cells + 2 * j. 2 + 

Selection. Borders 

. Borders 

With Selection. Borders 

.Select 

... xlContinuous 

... xlThick 

.Colorlndex '" xlAutomatic 

End With 

With Selection.Borders 

... xlContinuous 

.. xlThin 

.Colorlndex ... xlAutomatic 

End With 

With Selection.Borders~x.l~(lgEIHc.tt;om 

... xlContinuous 

'" xlThick 

.Colorlndex == xlAutomatic 

End With 

With Selection. Borders 

'" xlContinuous 

== xlThick 

.Colorlndex ... xlAutomatic 

= 
== xlNone 
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End With 

, , , , , , , , , , , , " Border End """"" I I , , I I I 

Next 

Next 

(1103 11 ).Select 

(IIA50") == NumberOfPeriods 

End If 
",,,, Tree ,,"" 

PriceTextBox. * CBTree 

PremiumTextBox. =: 

Nominal - SharePrice * ConversionRatio. 

End Sub 

Private Sub Conversiloru~a·tj 

If 

End If 

End Sub 

Private Sub UU'U~MQ.~ 

If 

. Value <> 1111) And ... 

.Value <> 1111) Then 

.Value I 

. Value <> 1111) And ... 

.Value <> 1111) Then 

ConversionPriceTextBox. == 

I SharePrice. 

* ConversionRatio. 

I * 

. Value , 
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End If 

End Sub 

.Value I ConversionRatioTextBox.Value. 

was a 

not any 

as correct U1<'~UUU 

ReDim FirstZ '=== FirstZ and FirstE are the final mesh line that ve set 

ReDim FirstE '=== up 

'=== cash 

the final conditions, for both the 

ii = 0 

Do 

FirstZ ... Zvithkzero '=== Set node to final cash condition 

FirstE = Evithkzero '=== Set node to final condition 

ii = ii + 1 

While ii <= Maxi 

ActualTime = T + Deltat '=== We need to track of time since vere 

'=== backvards. 

'=== Nov ve from k = 0 to the current time, or k = K 

For kk = 0 To MaxK 

'=== Time 

ActualTime = ActualTime - Deltat 

'=== Check Put and Call Times and Set if Active 

If And PutExists Then 

PutPrice = PutPriceHolder 

and 
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Else 

PutPrice ... 0 

End If 

If >= And CallExists Then 

CallPrice = CallPriceHolder 

Else 

CallPrice = 1000000000 

End If 

'=== Insert new row of Z's and E's 

If kk > 0 Then '=== Should enter not the first mesh line, since the 

'=== first mesh line has 

For ii = 1 To Maxi - 1 

been created 

'=== This is the first time. therefore the first time 

,=== this code is run, NewZ and NewE will exist. 

'====== values for our mesh line. 

FirstZ == 

FirstE = 
Next ii 

are the new 

,=== Now we need to 

'=== i == 0 and i = I 

our conditions to the nodes where 

FirstZ 

FirstZ 

End If 

= Zwithizero 

== 2 ... - FirstZ 

"" Ewithizero() 

"" 2 ... 

'=== Now we the coupon, if one exists at this node. 

If 

If 

Then 

... Deltat -... ... 0 Then 

For ii "" 0 To Maxi 

FirstZ 

Next ii 

"" + 
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End If 

Elself ~~.W~.AUUU'~~'~UI~~'JU Then 

If * Deltat - Int * 
Or * Deltat - Int 

For ii ... 0 To Maxi 

FirstZ 

Next ii 

End If 

End If 

... FirstZ + 

'" 

* Deltat). 

I === Now we construe the hand side vector 

ReDim To Maxi -

ReDim 1 To Maxi -

For ii ... 1 To Maxi - 1 

Next ii 

== FirstZ 

= FirstE 

' ......... Now we the M matrix on the 

For ii == 1 To Maxi - 1 

... * FirstZ 

+ 0.5 * Deltat * P 

* FirstZ + 

* + 

* P * WorksheetFunction. 

* DeltaS * (1 -

* FirstZ 

Next ii 

with 

+ 

+ 

+ Deltat 

== O. Then 

) + 

' ... == Now we add the term and subtract the term to obtain 

'" 

I",,,,,,, Build the 

' .. ",,= 

+ 

+ 

Matrix on 

* Zwithizero + 1) 

* Ewithizero() 

hand side 

so that we can do LU factorization 
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If kk ::: 0 Then ' ONLY USE THIS LOOP IF MATRIX IS TIME INVARIANT 

ReDim To Maxi -

ReDim To Maxi -

ReDim To Maxi -

ReDim (1 To Maxi -

ReDim c;;:nr ...... lrH (1 To Maxi -

ReDim 1;1 ... '01"' ... .,.11:.'" 1 To Maxi - 1) 

For if .. 1 To Maxi - 1 

== -
... -

+ 0.5 * Deltat * P * 
- 1) 

Next ii 

For ii ::: 1 To Maxi - 1 

= + 

::: + 

Next ii 

For if == 1 To Maxi - 1 

::: 

::: 

Next if 

'===== Do LU Factorisation 

' .. == This code thanks to Paul Wilmott on Derivatives 

ReDim To Maxi - 1) 

ReDim 1 To Maxi - 1) 

ReDim 1 To Maxi -

ReDim 1 To Maxi -

ReDim 1 To Maxi -

ReDim lE(l To Maxi -

.. 

For ii .. 2 To Maxi - 1 

1 I - 1) 
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dE 

Next ii 

End If 

... - 1 

... 

= 

'=== L and U and obtain new RHS 

'=== This code thanks to Wilmott book 

ReDim NewZ To 

ReDim 1 To Maxi -

ReDim 

ReDim 

= 

To 

1 To Maxi -

For ii = 2 To Maxi - 1 

wE 

Next ii 

NewZ 

= 

For ii = Maxi 2 To 1 

NewZ '" 

Next ii 

- 1 '" 

/ 

/ 

-1 

ii-

+ ) / 

+ ) / 

' ... == Now add the values at i=O and i=I 

NewZ 

NewZ 

'" Zwithizero 

... 2 .. NewZ 

... Ewithizero 

= 2 '" 

- NewZ 

,= ...... Check Minimum and Maximum Value Constraints 

For ii = 0 To Maxi 

1== Minimum 
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NewZ 

If 

== WorksheetFunction. 

* 
NewZ == 

< 

+ CaIIAccInt{). NewZ 

Then 

. Max • PutPrice + PutAcclnt 

Else 

WorksheetFunction.Max 

* * - NewZ • NewE 

End If 

'== Maximum 

NewE 

* * • CallPrice + 

Next ii 

Next kk 

Dim i As Double. Solution As Double 

i == StockPrice I DeltaS 

Solution == NewZ 

are 

Function 

'" 0.5 * 
- 0.25 * 

End Function 

Function 

+ NewE 

I 

I 

) * LittleA 

* LittleB 

I ) * LittleA 

+ 0.5 * Deltat * LittleC 

End Function 

) 

. Max 

) - NewZ ) 

) 

) 
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Function 

... 0.5 ... 

+ 0.25 ... 

End Function 

Function P 

P == HazardRate ... 

End Function 

Function LittleA 

LittleA ... 0.5 '" 

End Function 

I 

I 

I '" 

'" '" 

Function LittleB 

LittleB == 

End Function 

'" i '" DeltaS + P 

Function LittleC( 

LittleC == - + P ) 

End Function 

Function Zwithkzero 

Zwithkzero == Nominal + 

End Function 

Function Ewithkzero 

) '" LittleA 

'" LittleB 

) A 

'" ShareLossRatio '" i '" DeltaS 

dealt with later 

Ewithkzero == WorksheetFunction.Max 

- Zwithkzero 

'" Maxi'" DeltaS 

End Function 

Function Zwithizero 

If k ... 0 Then 
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Zwithizero '" Zwithkzero() 

Else 

Zwithizero '" WorksheetFunction.Max ,PutPrice + PutAccInt(» 

End If 

End Function 

Function Ewithizero() 

Ewithizero == 0 

End Function 

Function CaIIAccInt() 

Dim As Double, 

If CallPrice < 1000000000 Then 

Else 

If Then 

CallAcclnt .. 0 

ElseIf Then 

Else 

Int 

COll'DCtn '" Int 

== 

* 

'" Int 

== Int 

CallAccInt .. 

* 
End If 

CallAccInt == 0 

End If 

End Function 

Function PutAcclnt() 

tCc)ut)on As Double 

+ 0.5 

+ 0.5 

+ 1 

I 

I 
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Dim As Double. 

If PutPrice > 0 Then 

If Then 

PutAccInt ... 0 

ElseIf Then 

C011lDCID ... Int 

PutAccInt ... 

* 
Else 

PutAcclnt ... 

* 
End If 

Else 

PutAccInt ... 0 

End If 

End Function 

... 

As Double 

+ 0.5 

+ 0.5 

+ 1 

I 

I 
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A term structure 

structure movements interest rate 

Oa(~n7j'y term structure 

to 

A 

...... "u ... "" ... <lU EiCIDll()IDllCS, 4, 
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agency 

costs 
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