CHAPTER 9
ANSWERS AND SOLUTIONS TO PROBLEMS AND QUESTIONS

1. Given a current one-period spot rate of S0 = 10%, upward and downward parameters of u = 1.1 and d = .9091, and probability of the spot rate increasing in one period of q = .5:

a.   Generate a two-period binomial tree of spot rates.

b. Using the binomial interest rate tree from Question 1.a, determine the value of a two-period, option-free 9% coupon bond with F = 100.

c. Using the binomial interest rate tree from Question 1.a, determine the value of the 9% bond assuming it is callable at a call price of CP = 99. Use the minimum constraint approach. 

d. Using the binomial interest rate tree, show at each node the call option values of the callable bond (CP = 99). Given your call option values, determine the values at each node of the callable bond as the difference between the option-free values found in Question 1.b and the call option values. Do your callable bond values match the ones you found in Question 1.c.

e. Comment on values of your call options being equal to the present value of the interest savings that the issuer realizes from refunding the bond at lower rates.

f. Using the binomial interest rate tree, determine the value of the bond assuming it is putable in periods one and two at a put price of PP = 99. Use the maximum constraint approach. 

g. Using the binomial interest rate tree, show at each node the put option values of the putable bond (PP = 99). Given your put option values, determine the values at each node of the putable bond as the sum of the option-free bond values found in Question 1.b and the put option values. Do your putable bond values match the ones you found in Question 1.f.

[image: image1.emf]P

CV

B

ud

S

ud

CB











10450

1045

5124950 51100

110

106795

.

.( .).( )

.

.

P

CV

B

dd

S

dd

CB









92025

92025

1100

110

1000

.

.

.

P

CV

F

C

B MaxCVFC

uuu

S

uuu

CB









 



13310

1331

1000

100

1431

.

[ ,]

P

CV

F

C

B MaxCVFC

uud

S

uud

CB









 



11495

114950

1000

100

124950

.

.

[ ,]

.

P

CV

F

C

B MaxCVFC

udd

S

udd

CB









 



9927

99270

1000

100

1100

.

.

[ ,]

P

CV

F

C

B MaxCVFC

ddd

S

ddd

CB









 



8570

857

1000

100

1100

.

[ ,]

P

CV

B

u

S

u

CB







  



110

1100

51218411005106795100

110

11301636

.( . ).( . )

.

.

P

CV CP

B

d

S

u

CB



 



  



95

950 1200

510679510051000100

110

103089

,

.( . ).( )

.

.

41. 1218

10.1

)50. 1249 (5.) 1431 (5.

B

1210 CV

121 P

CB

uu

S

uu











20. 1073

10.1

) 100 89. 1130 (5.) 1636 . 1030 (5.

B

100 P

CB

0

S

0



 






[image: image2.wmf]%

10

.

12

S

u

S

0

2

uu

=

=

%

00

.

10

udS

S

0

ud

=

=

%

2646

.

8

S

d

S

0

2

dd

=

=

%

00

.

11

uS

S

0

u

=

=

%

091

.

9

dS

S

0

d

=

=

%

00

.

10

S

0

=

2

n

,

9091

.

d

,

1

.

1

u

,

10

.

S

:

a

.

1

Question

=

=

=

=

Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binomial Rates.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘

Binbondcall

.’
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e. At spot rate 9.091% in period 1, the issuer could buy the bond back at 99 on the call option, financing the refunding by issuing a one-year bond at 9.091% interest. One period later the issuer would owe 99(1.09091) = 108; this represents a savings of 109-108 = 1.  The value of that savings in period one is 1/1.09091 = .9166, which is equal to the value of the call option: 99.9166 - 99 = 0.9166.
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2. Given a current one-period spot rate of S0 = 10%, u = 1.1, d = .9091, and q = .5, determine the value of the two-period, option-free 9% coupon bond in Question 1 as the weighted average value of the possible paths defined by the binomial process. Does the value match the value you obtained in Question 1b? 
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3. Suppose a corporation issues a two-period, 9% coupon bond with the face value of the issue worth $9M.  Suppose the issue has a sinking fund obligation requiring the company to sink $3M in period 1, with the company having the option to either buy the bonds in the market or call them at CP = 99 per $100 face value. Using the same interest rate tree you generated in Question 1, calculate the value of the sinking fund bond.

The value of the sinking-fund call option per $100 face value is .416636:
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Since the option represents 1/3 of the issue, the value of the bond’s sinking fund option value is 
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and the value of the sinking fund bond per $100 face value is 98.09512:
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Thus, the total value of the $9M face value issue is $8.8285608M:
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4. Given an ABC convertible bond with F = 1000, maturity of two periods, periodic coupon rate of 5%, conversion ratio of CR = 10, and an underlying stock with a current price of $100, u = 1.05, d = .952381, and q = .5, calculate the value of the bond using a binomial tree of stock prices. Assume no call on the bond and a flat yield curve at 5% that is not expected to change.
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The value of the convertible bond is 1023.81:

5. Given a current one-period spot rate of S0 = 5%, upward and downward parameter of u = 1.1, d = 1/1.1, and probability of spot rate increasing in one period of q = .5:

a. Generate a two-period binomial tree of spot rates.

b. Using a binomial tree approach, calculate the value of a three-period, option-free bond paying a 5% coupon per period and with a face value of 100.

c. Using the binomial tree, calculate the value of the bond given it is callable with a call price = CP = 100.

d. Using the tree, calculate the value of the bond given it is putable in periods 1 and 2 with a put price = PP = 100.

a. Binomial Tree of spot rates: u = 1.1, d = 1/1.1, and S0 = 5%:
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b. The value of a three-period, option-free bond paying a 5% coupon per period and with face value of 100:
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Note: The problem can be done 

(or answer confirmed) by using the 

Excel program: ‘

Binbondcall

.’

c. The value of three-period  bond paying a 5% coupon per period and callable with a call price  = CP = 100:

d. The value of three-period bond paying a 5% coupon per period and putable with put price = PP = 100:
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6. Given a current one-period spot rate of S0 = 5%, u = 1.1, d = 1/1.1, and q = .5, determine the value of the three-period, option-free 5% coupon bond in Question 5 as the weighted average value of the possible paths defined by the binomial process. Does the value match the value you obtained in Question 5b? 
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7. Given a current one-period spot rate of S0 = 5%, u = 1.1, d = 1/1.1, and q = .5, determine the values of three bonds stripped from the three-period, option-free 5% coupon bond in Question 5: one-period zero-coupon bond paying F = 5 at maturity, two-period zero-coupon bond paying F = 5 at maturity, three-period zero-coupon bond paying F = 105 at maturity. Does the sum of the values of the three strips equal the value you obtained for the three-period 5% coupon bond in Question 5b? 

The value of the one-period zero-coupon bond paying F = 5 is 4.762, the value of the two-period zero-coupon bond paying F = 5 is 4.534, and the value of the three-period zero-coupon bond paying F = 105 is 90.649. The sum of the values of these three stripped securities is 99.94 – the same value found for the three-period 5% coupon bond.
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8. Suppose a corporation issues a $9M, three-period, 5% coupon bond with a sinking fund obligation requiring the company to sink $3M in period 1 and $3M in period 2, with the company having the option to either buy the bonds in the market or call them at CP = 100. Using the same interest rate tree you generated in Question 5, calculate the value of the sinking fund bond. 
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The value of the first sinking-fund call option per $100 face value is .396828 and the value of the second is .189785:
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Since each option represents 1/3 of the issue, the value of the bond’s sinking fund option value is 

and the value of the sinking fund bond per $100 face value is 96.645:
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binomial Rates.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘

Binbondcall

.’

Thus, the total value of the $9M face value issue is $8.9776962M:
9. Given the following features of the XYZ convertible bond:

· Coupon rate (annual) = 10%

· Face value = F = $1000

· Maturity = 10 years
· Callable at $1100

· YTM on a comparable, nonconvertible bond = 12%

· Conversion Ratio = 10 shares

· Current Stock price = S0 = $90

Calculate the following:
a. XYZ's Conversion Price

b. XYZ's Conversion Value

c. XYZ's Straight Debt Value

d. Minimum Price of the convertible

e. The arbitrage strategy if the price of the convertible were $880

a. Conversion Price (CP):

                                   CP = F/CR




CP = $1000/10 = $100.

b. Conversion Value (CV):




CV = (CR)(S0)




CV = (10)($90) = $900

c.  Straight Debt Value (SDV):
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘

Binbondcall

.’


d. Minimum Price of the Convertible (PCB):




MinPCB = Max[SDV,CV]




MinPCB = Max[$887,$900] = $900.

e. Arbitrage Strategy: Buy convertible for $880, convert to 10 shares of XYZ stock, then sell the stock at S0 = $90 per share for a profit of $20: Profit = (10)($90) - $880 = $20.

10. Given an ABC convertible bond with F = 1000, maturity of three periods, CR = 10, current stock price of $100, and u = 1.1, d = .95, and q = .5 on the stock:

a. Calculate the value of the bond using a binomial tree of stock prices. Assume no call on the bond and a flat yield curve at 10% that is not expected to change.

b. Calculate the value of the bond using a binomial tree of stock prices. Assume the bond is cllable at CP = 1200 and a flat yield curve at 10% that is not expected to change.

a. The value of the bond using a binomial tree of stock prices and assuming no call on the bond and a flat yield curve at 10% that is not expected to change:
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b. The value of the bond using a binomial tree of stock prices and assuming the bond is callable at CP = 1200 and a flat yield curve at 10% that is not expected to change:
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘

Binbondput

.’


11. Given a current annual spot rate of S0 = 6%, upward and downward parameters on the spot rate of u = 1.2, d = 1/1.2, and q = .5: 

a. Determine the value of a three-year, option-free, 6% annual coupon bond with F = $100.

b. Assuming the bond is callable in periods 1 and 2 at a call price of 98, determine the values at each node of the embedded call option.

c. Determine the value of the callable bond.
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12. Excel Problems: The following problems should be done using the Excel programs Binbondcall.xls and Binbondput.xls. . 

Given a binomial interest rate tree with the following features: S0 = 6%, length of the tree = .5 year, and upward and downward parameters for .5 years of u = 1.0488 and d = .9747 and q = .5, determine the values of the following bonds:

a. The value of an option-free bond with maturity of 10 years, annual coupon of C = 6, semiannual payments, and F = 100.
b. The value of a callable bond with maturity of 10 years, annual coupon of C = 6, semiannual payments, F = 100, and call price of 100.

c. The value of a putable bond with maturity of 10 years, annual coupon of C = 6, semiannual payments, F = 100, and put price of 100. 

d. The value of an option-free bond with maturity of 20 years, annual coupon of C = 6, semiannual payments, and F = 100.

e. The value of a callable bond with maturity of 20 years, annual coupon of C = 6, semiannual payments, F = 100, and call price of 100.

f. The value of a putable bond with maturity of 20 years, annual coupon of C = 6, semiannual payments, F = 100, and put price of 100. 

g. Using the Excel programs Binbondcall.xls, determine the values and generate the price-yield curves for (1) an option-free bond with a maturity of 10 years, annual coupon of C = 6, semiannual payments, and F = 100 and (2) a callable bond with the same features and a call price 100. Determine the values for annual spot rates of 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, and 8%. Assume the applicable binomial interest rate tree for the bonds has the following features: length of the tree = .5 year, and upward and downward parameters for .5 years of u = 1.1 and d = .9091, and q = .5. Comment on the differences between the two bond’s price-yield curves.

Excel problems:

a. 95.50

b. 95.36
c. 100.31

d. 87.84

e. 87.76

f. 100.35
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Comment: Note for low spot rates the price-yield curve for the callable bond becomes relatively flat. This reflects the negative convexity or price compression discussed in Chapter 4.
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binomial Rates.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘

Binbondcall
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by using the Excel program: ‘Binomial Rates.’
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ch9prob2

		Period		Path 1		Geometic Mean		CF		PV

		1		0.10000		0.100000		9		8.181818

		2		0.09091		0.095446		109		90.833258

										99.015076

		Period		Path 2		Geometic Mean		CF		PV

		1		0.10000		0.10000		9		8.181818

		2		0.11000		0.10499		109		89.271089

										97.452907

		Weighted Average Value = (99.015076 + 97.452907)/2 = 98.234

										98.234





ch9prob6

		Period		Path 1		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.045454		0.047725		5		4.554868

		3		0.041322		0.045586		105		91.856502

										101.173274

		Period		Path 2		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.045454		0.047725		5		4.554868

		3		0.050000		0.048482		105		91.097356

										100.414129

		Period		Path 3		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.055000		0.052497		5		4.513654

		3		0.050000		0.051664		105		90.273076

										99.548635

		Period		Path 4		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.055000		0.052497		5		4.513654

		3		0.060500		0.055158		105		89.379283

										98.654842

		Weighted Average Value = (101.173274+100.414129+99.548635+98.654842)/4 = 99.94772

										99.9477198602
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		3		0.041322		0.045586		105		91.856502

										101.173274

		Period		Path 2		Geometic Mean		CF		PV
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		2		0.045454		0.047725		5		4.554868
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		Period		Path 3		Geometic Mean		CF		PV
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		3		0.060500		0.055158		105		89.379283
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binbondcall.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binbondcall.’








 Value of Three-Period Noncallable 


Bond: C = 5, F = 100 
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binbondput.’











Value of Three-Period Putable 


Bond: C = 5, F = 100, CP = 100 
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Note: The problem can be done 

(or answer confirmed) by using the 

Excel program: ‘Binbondcall.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binbondcall.’











Value of Three-Period Callable 


Bond: C = 5, F = 100, CP = 100 
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binomial Rates.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binbondcall.’
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Note: The problem can be done (or answer confirmed)

by using the Excel program: ‘Binomial Rates.’
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_1128587140.xls
ch9prob2

		Period		Path 1		Geometic Mean		CF		PV

		1		0.10000		0.100000		9		8.181818

		2		0.09091		0.095446		109		90.833258

										99.015076

		Period		Path 2		Geometic Mean		CF		PV

		1		0.10000		0.10000		9		8.181818

		2		0.11000		0.10499		109		89.271089

										97.452907

		Weighted Average Value = (99.015076 + 97.452907)/2 = 98.234

										98.234





ch9prob6

		Period		Path 1		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.045454		0.047725		5		4.554868

		3		0.041322		0.045586		105		91.856502

										101.173274

		Period		Path 2		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.045454		0.047725		5		4.554868

		3		0.050000		0.048482		105		91.097356

										100.414129

		Period		Path 3		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.055000		0.052497		5		4.513654

		3		0.050000		0.051664		105		90.273076

										99.548635

		Period		Path 4		Geometic Mean		CF		PV

		1		0.050000		0.050000		5		4.761905

		2		0.055000		0.052497		5		4.513654

		3		0.060500		0.055158		105		89.379283

										98.654842

		Weighted Average Value = (101.173274+100.414129+99.548635+98.654842)/4 = 99.94772

										99.9477198602





ch9prob12

				Bond Values		Bond Values

		Spot Rates		Option Free		Callable

		0.040		115.33		100.00

		0.045		110.93		100.00

		0.050		106.74		99.63

		0.055		102.76		98.08

		0.060		98.97		95.85

		0.065		95.36		93.25

		0.070		91.92		90.48

		0.075		88.65		87.66

		0.080		85.52		84.84





ch9prob12
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