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INSTRUCTIONS

1 This paper contains SIX(6) questions and comprises FIVE(S) pages and ONE(1)
Appendix of ELEVEN(11) pages.

2 Answer ALL SIX(6) questions.

3 This is a Closed-book examination.
4 The number of marks allocated is shown at the end of each question.
5

Begin your answer to each question on a separate page of the answer book.

6 Answers will be graded for content and appropriate presentation.

Note: Exam questions begin on Page 2.



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

BR3213

Question 1

Consider Asset A and Asset B. The return of asset
between 6% and 18%.
mean of 12%.

A over the next year is uniformly distributed
The return of asset B over the next year is exponentially distributed with

Find the value at risk (in return percentages) for both A and B with a confidence level of 95%.
Comment on the riskiness of A and B based on the value at risk calculated.

(7 marks)

Question 2

(a) Write down and briefly explain the three most significant operational risks faced by
financial institutions that has been emphasized by Basel Committee.

(3 marks)

(b) An insurance company that

provides operational risk insurance coverage may face the
moral hazard issue.

i) Briefly define and describe the moral hazard risks associated with the operational
risk insurance.

(2 marks)
ii) How is moral hazard typically handled in insurance contracts?

(2 marks)

(TOTAL: 7 marks)

Question 3

Briefly compare and contrast the stress testing and Value at Risk (VaR) assessments, from the
perspectives of their nature, basis, number of scenarios considered and time-scale.

(8 marks)
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Question 4

(a A treasury bond pays semi-annual coupons with a coupon rate of 5% per annum. The
investor obtained the bid quote and ask quote for this bond are 95.29 and 95.31 respectively.
There have been 96 days since the last coupon payment and there are 183 days from the

last coupon payment date to the next coupon payment date. Calculate the market average
cash price for this bond.

(3 marks)

(b) You are given the following information on a couple of bonds at time 0:

Mathity (in years) Coiipoh rate (per_én;ium) ‘Market bid-ask quote

0.5 2.60% 99.7896

_____ s S
L5 3.00%  99.3285
2 400% 1001151

i) All bonds are paying semi-annual coupons. Calculate the discount factors for time
0.5, 1, 1.5 and 2 respectively.

(5 marks)

ii) Find the par rate of a bond that matures at time 2 using the information above.

(2 marks)

iii) Calculate the forward rate for investment between time 1 and time 2 using the
information above.

(2 marks)

iv) A bond pays annual coupon at a rate of 5% has exactly 2 years to maturity. Given

that the par value of the bond is $1000, calculate the price and the yield to maturity
of the bond.

(4 marks)

(©) Write down the mathematical expression of the bond duration DVO01 measure. What is the
difference between effective duration and DV01? Briefly discuss when it is appropriate to
use DVO01 and when it is appropriate to use effective duration.

(6 marks)
(TOTAL: 22 marks)
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Question 5

A stock is currently priced at $46. After each period of time, the stock price either increases by
20% with a probability of 0.6, or decreases by 15%. At the end of each period, the stock pays a
dividend of $2 per share to the shareholders if the stock price has increased for the period. The
risk-free continuously compounding interest rate is 4%.

Consider a two period European call option on this stock with strike price of K = 46.
(a) Write down the payoffs of the call option at time 2. Calculate the expected payoff.

(8 marks)

(b) Use the binomial tree method, construct replicating portfolios that replicates the payoff of
the option at time 1 and time 2. Clearly indicate the units of stocks and cash to be held in
this replicating portfolio. Hence or otherwise, calculate the price of this option at time 0.

(14 marks)

(©) At time 0, how much is the option’s intrinsic value and how much is the option’s time
value?

(2 marks)

(TOTAL: 24 marks)

Question 6

(a) Let S; be the stock price at time ¢, t > 0. Under the Black-Scholes model, the return for a
non-dividend paying stock over a short period of time At is assumed to be normally
distributed with mean return uAt and standard deviation a/At.

i) What is the distribution of the log-return for period [0, t], i.e. the distribution for
In ;—t ? Specify the mean and standard deviation of the distribution.
0
(3 marks)

if) What is the distribution of S,, given the value of So? Specify the mean and variance
of the distribution.

(6 marks)

iii) Suppose the current stock price So is $28. The estimated parameters are uw=8%
and 0 = 15% per annum. Find the 95% confidence interval for the stock price in 6
months time, i.e. the 95% confidence interval for St where t = 0.5.

(5 marks)

Note: Question No.6 continues on page 5
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Question 6 (Continued)

iv) A European put option with a strike price of $30 that matures in 6 months time is
written on the stock with parameters mentioned in (iii). Use the Black-Scholes

formula to calculate the option price given that the continuously compounding risk
free-rate is 3%.

(8 marks)

(b) Write down the definition of the five Greeks, including Delta, Theta, Vega, Rho and

Lambda, for analyzing the option values. For a European put option, briefly indicate and
explain the sign (positive or negative) of each Greeks.

(10 marks)

(TOTAL: 32 marks)

—END OF PAPER -
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APPENDIX 1: SELECTED FORMULAE

STATISTICAL DISTRIBUTIONS

Notation

PF = Probability function, p(x)

PDF = Probability density function, f(o
DF = Distribution function, 7 ()

PGF = Probability generating function, G(s)
MGF = Moment generating function, A ®

Note. Where formulae have been omitted below, this indicates that
(2) there is no simple formula or (b) the function does not have a
finite value or (c) the function equals zero.

DISCRETE DISTRIBUTIONS

Binomial distribution

Parameters:  n, p (n=positive integer, 0 < p <1 with g=1-p)
n —

PF: p(x)=( )p"q" * x=012,...n
x

DF: The distribution function is tabulated in the statistical
tables section.

PGF: G(s)=(g + ps)"
MGF: M@®)=(q+ pe')"
Moments: EX)=np, var(X)=npq

Coefficient

of skewness:

\npg

Note: Appendix 1 continues on page 7
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Bernoulli distribution

The Bernoulli distribution is the same as the binomial distribution
with parameter n=1.

Poisson distribution

Parameter: n (n>0)
- x
PF: p=2"F  _012,.
x!
DF: The distribution function is tabulated in the statistical

tables section.

PGF: G(s)=elD

MGF: M) =MD
Moments: EX)=pn, var(X)=pn
Coefficient

of skewness:

1
m

Note: Appendix 1 continues on page 8
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Appendix 1 (Continued)

Uniform distribution (discrete)

Parameters: a, b, h (a<b, h>0,b—a is a multiple of /)

PF: p(x):ﬁ, x=a,a+h,a+2h,...b—hb
2 sb+h_sa
PGF: G(s)= _
®) b—a+h( 1
n (e(b+h)t_ear
MGF: M) =
® b—a+h| M|

Moments: E(X)= %(a +b), var(X) :é(b —a)b—-a+2h)

CONTINUOUS DISTRIBUTIONS

Standard normal distribution — N ©,1)

Parameters: none

1 12
PDF: X)= e 2 | —o<x<oo
Fx) N
DF: The distribution function is tabulated in the statistical

tables section.
1.2
MGF: M(t)=e2
Moments:  E(X)=0, var(X)=1

1 T+
gr/z_r’ r—2,4,6,...

E(X")=

Note: Appendix 1 continues on page 9
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Normal (Gaussian) distribution — N(u, %)

Parameters: u, o? (6>0)

1 1(x—p\?
PDF: x)= expy —— , <X < oo
76 o\2n p{ 2( G )} *
1,22
MGEF: M@= M2

Moments: EX)=p, var(X)=c2
Exponential distribution

Parameter: A (A>0)

PDF: F@=x™ x>0
DF: F(x)=1-e¢™

¢ -1
MGF: M(t):(l—xj <A

Moments: E(X):l-, var(X)=L
A A2

EX"y=—"" p123...

r

T'd+7)
A

Coefficient
of skewness: 2

Note: Appendix 1 continues on page 10

BR3213
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Gamma distribution

Parameters: o, A (>0, A>0)

A -1 _—Ax
PDF: x)=——x% , x>0
JF(x) Tw* ¢ °F
DF: When 2a is an integer, probabilities for the gamma

distribution can be found using the relationship:

ZMNX%a
t -0
MGEF: M(t):(l—x) ,t<A
Moments: E(X):%, var()():}%
E(X’):M, r=1,23
T (o)™

Coefficient

of skewness: 2

Jo

Chi-square distribution — x%

The chi-square distribution with v degrees of freedom is the same as

e . v 1
the gamma distribution with parameters o = > and A=—.

2

The distribution function for the chi-square distribution is tabulated in
the statistical tables section.

Note: Appendix 1 continues on page 11

10
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Uniform distribution (continuous) — U(a, b)

Parameters:

PDF:

DF:

MGF:

Moments:

a,b (a<b)

1
f(x):b_a, a<x<b
F(x)=Z:a
M(t)=m%(eb' —e™)

EX)= %(a +5), var(X) =%(b —a)?

1 1
B = G ® " e, =123

Beta distribution

Parameters:

PDF:

Moments:

Coefficient

of skewness:

o, B (x>0, B3>0)

feo=LetB

xa_l(l—x)ﬁ—l, O<x<1

INCNE))
EX)=—2 var(X)= of
a+p’ (o+B)?(a+B+1)
T'(o+B)I'(oe+#)

EX= r=1,2,3,...

T(I(e+B+#)"

2B — ) ]oc+B+1

(oc+[3+2)V of

Note: Appendix 1 continues on page 12
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Lognormal distribution

Parameters: p, c? (c>0)

1 1 1(logx—p\?
PDF: = — —_—) == >0
S c2x xexP{ 2( c ) %
1.2
Moments: EX) =412 va.r()():ez”"'c’2 (ecz —1)

1,22
EX") =M 2123 ...
Coefficient

2 )
of skewness: (eo +2) e -1

Pareto distribution (two parameter version)

Parameters: o, A (>0, A>0)

oA®
PDF: X)=———— x>0
f( ) (7\‘+x)oc+l
7\‘ o

DF: F =1—-| -

) (7\.+x)
2
Moments: E(X)=OCL1(OL >1), var(X) = o

(e —D?*(ax—2)

T'(aa—rId+7r)
EX)=—— "2 v ")
@) ) :
Coefficient
2(ce+1) jo—2

of skewness: m v (a>3)

Note: Appendix 1 continues on page 13

12

r=11,23,.... r<ao

BR3213



ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library

Appendix 1 (Continued)

BINOMIAL PRICING (“TREE”) MODEL

Risk-neutral probabilities

rAt
Up-step probability =u,

u—d
where u ~ ¢OVAI+qbt

and d=~e~oVAr+qar

BLACK-SCHOLES FORMULAE FOR EUROPEAN OPTIONS

Geometric Brownian motion model for a stock price S,
ds; =8, (udt + cdz)

Black-Scholes partial differential equation

X o gys, L 1525297
at+(r q)StaSt—"zGSt aStz_If‘

Garman-Kohlhagen formulae for the price of call and put options
Call: ¢; =8, 9T Dp(d) — Ke"TDd(d,)
Put.  p=Ke T D0(-d,) - 5,e" 1T Dp(—ay)

log(S, /K) +(r— g +%&2)(T — 1)

where d} = I —1
T —

1 52 _
and d2=1°g(5r/K)+((;/—Tq_—t/m T —1) _

d —oNT —t

Note: Appendix 1 continues on page 14
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Appendix 1 (Continued)

Probabilities for the Standard Normal distribution

The distribution function is denoted by @(x), and the probability density function is denoted

by $().
x 1 x 142 @ (x)
@(x)=[" o@dt =fj e gy
[¢] x
x D(x) x D(x) x Dx) x D(x) x D(x)
0.00  0.50000 0.40 0.65542 0.80 0.78814 1.20 0.88493 1.60 0.94520
0.01 0.50399 0.41 065910 0.81 079103 1.21 0.88686 1.€1 0.94630
002 0.50798 0.42 0.66276 0.82 079389 1.22 0.33877 1.62 0.94738
0.03 051197 0.43 0.66640 0.83 079673 1.23 0.89065 1.63 0.94845
0.04 0.51595 0.44 0.67003 0.84 0.79955 1.24 0.89251 1.64 0.94950
0.05 051994 045 0.67364 0.85 0.80234 1.25 0.89435 1.65 0.95 053
0.06 0.52392 0.46 0.67724 0.86 0.80511 1.26 0.89617 1.¢e 0.95154
0.07 0.52790 0.47 0.68082 0.87 080785 1.27 0.89796 1.67 o0 95254
0.08 0.53188 0.48 0.68439 0.88 0.81057 1.28 0.89973 1.68 0.95352
0.09 053586 0.49 0.68793 0.89 081327 1.29 090147 1.¢9 0.95449
0.10  0.53983 0.50 0.69146 0.90 081594 1.30 0.90320 1.70 0.95543
0.11 0.54380 0.51 0.69497 0.91 0.81859 1.31 090490 171 o 95637
0.12 054776 0.52 0.69847 0.92 082121 1.32 090658 172 0.95728
0.13 055172 0.53 0.70194 0.93 082381 1.33 090824 1.73 0.95818
0.14 0.55567 0.54 0.70540 0.94 0.82635 1.34 090988 1.74 0.95907
0.15 0.55962 0.55 0.70884 0.95 0.82894 1.35 091149 1.75 0.95994
0.16 056356 0.56 0.71226 0.96 0.83147 1.36 0091309 1.7¢ 0.96080
0.17 0.56749 0.57 0.71566 0.97 0.83398 1.37 091466 1.77 0.96164
0.18 057142 0.58 0.71904 0.98 083646 1.38 0091621 1.7% 0.96246
0.19 057535 0.59 0.72240 0.99 083891 1.39 0091774 1.79 0.96327
0.20 057926 0.60 0.72575 1.00 0.84134 1.40 091924 1.80 0.96407
0.21 0.58317 0.61 0.72907 1.01 0.84375 141 092073 1.81 0.96485
0.22 058706 0.62 0.73237 1.02 0.84614 1.42 092220 1.82 0.96562
0.23  0.59095 0.63 0.73565 1.03 0.84849 143 092364 1.83 0.96638
0.24 0.59483 0.64 0.73891 1.04 085083 1.44 092507 1.84 0.96712
0.25 059871 0.65 0.74215 1.05 085314 1.45 0.92647 1.85 0.96784
0.26 0.60257 0.66 0.74537 1.06 085543 1.46 092785 1.8¢ 0.96856
0.27 0.60642 0.67 074857 1.07 085769 147 092922 187 0.96926
0.28 061026 0.68 0.75175 1.08 0.85993 1.48 093056 1.88 0.96995
0.29 0.61409 0.69 0.75490 1.09 0.86214 1.49 0093189 1.89 0.97062
0.30 061791 0.70 0.75804 1.10 0.86433 1.50 0.93319 1.90 0.97128
0.31 062172 0.71 0.76115 1.11 0.86650 1.51 093448 1.1 0.97193
0.32 062552 0.72 0.76424 1.12 086864 1.52 093574 192 0.97257
0.33 062930 0.73 076730 1.13 0.87076 1.53 093699 193 0.97320
0.34 063307 0.74 0.77035 1.14 0.87286 1.54 093822 1.94 0.97381
0.35 063683 0.75 0.77337 1.15 0.87493 1.55 0.93943 1.95 0.97441
0.36 0.64058 0.76 0.77637 1.16 0.87698 1.56 0.94062 1.9 0.97500
0.37 064431 0.77 0.77935 1.17 0.87900 1.57 0.94179 1.97 0.97558
0.38 0.64803 0.78 078230 1.18 0.88100 1.58 0.94295 19% 0.97615
039 0.65173 0.79 0.78524 1.19 0.88298 1.59 0.04408 199 0 97670
0.40 0.65542 0.80 0.78814 1.20 0.88493 1.60 0.94520 2.00 O, 97725

Note: Appendix 1 continues on page 15
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Appendix 1 (Continued)

Probabilities for the Standard Normal distribution

x D(x)

0.97725
0.97778
0.97831
0.97882
0.97932

0.97982
0.98030
0.98077
0.98124
0.98169

0.98214
0.98257
0.98300
0.98341
0.98382

0.98422
0.98461
0.98500
0.98537
0.98574

0.98610

0.98745

0.98778
0.98809
0.98840
0.98870
0.98899

0.98928

0.99036

0.99061
0.99086
0.99111
0.99134
0.99158

0.99180

D)
0.99180

0.99286
0.99305
0.99324
0.99343
0.99361

0.99379

0.99426

0.99461
0.99477
0.99492
0.99506
0.99520

0.99534
0.99547
0.99560
0.99573
0.99585

0.99598
0.99609
0.99621
0.99632
0.99643

0.99653
0.99664
0.99674
0.99683
0.99693

0.99702
0.99711
0.99720
0.99728
0.99736

0.99744

D)
0.99744

0.99774

0.99781
0.99788
0.99795
0.99801
0.99807

0.99813
0.99819
0.99825
0.99831
0.99836

0.99865
0.99869
0.99874
0.99878
0.99882

0.99886

0.99903
0.99906
0.99910
0.99913
0.99916

0.99918
0.99921
0.99924
0.99926
0.99929

0.99931

Note: Appendix 1 continues on page 16

x

VOLLL
aabha

h Ponnn .
aung i sahha

XNAN AANHS VOINAN RUN=S

WANW KAWL

3.59
3.60

D(x)

0.99931
0.99934
0.99936
0.99938
0.99940

0.99948
0.99950

0.99952
0.99953
0.99955
0.99957
0.99958

0.99960

0.99964
0.99965

0.99966
0.99968
0.99969
0.99970
0.99971

0.99972
0.99973
0.99974
0.99975
0.99976
0.99977
0.99978
0.99978
0.99979
0.99980

0.99981

0.99984

15

x

FEL LY
FAI

29 LNNN0 aaaae

PAN LWALNWW PANUWD WRLWW

Po®oe Wy
LAUNKRS VRIND AANRS LRANN

W PUNNY WANLN LW

VHNAN SWANRES VOIAN

S VWVVLVLY LVLVLVLLVY WHPX®

B VURLG WUWW
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D)

0.99984
0.99985
0.99985
0.99986
0.99986

0.99987
0.99987
0.99988
0.99988
0.99989

0.99989
0.99990
0.99990
0.99990
0.99991

0.99991
0.99992

0.99992
0.99992

0.99993
0.99993
0.99993
0.99994
0.99994

0.99994
0.99994
0.99995
0.99995
0.99995

0.99995
0.99995
0.99996
0.99996
0.99996

0.99996
0.99996
0.99996
0.99997
0.99997

0.99997

x

coooe sosoo
VRING KGNRS

REARE RARAR LAbbA
e
LUNRS

[N Y VS
e
SN

NN
EUN=S

Ahbh Ahbhbn

NVNN N
QWQQ\UI

BRABA pamss &
PWAANNDN VAN G
VONAN SAANRS

'Y
I
°

D)
0.99997

0.99997

0.99997
0.99998
0.99998
0.99998
0.99998

0.99998
0.99998
0.99998
0.99998
0.99998

0.99998
0.99998
0.99998
0.99999
0.99999

0.99999
0.99999
0.99999
0.99999
0.99999

0.99999
0.99999
0.99999
0.99999
0.99999

0.99999
0.99999
0.99999
0.99999
0.99999

0.99999
0.99999
0.99999
0.99999
0.99999

0.99999
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Appendix 1 (Continued)

Percentage Points for the Standard Normal distribution

The table gives percentage points x defined by the equation

1 oo
P-_—ﬁjx e

P

50%
45%
40%
35%
30%

25%
20%
15%

5%

x

0.0000
0.1257
0.2533
0.3853
0.5244

0.6745
0.8416
1.0364
1.2816
1.6449

—142

Vat dt

P x
5.0% 1.6449
4.8% 1.6646
4.6% 1.6849
4.4% 1.7060
4.2% 1.7279
4.0% 1.7507
3.8% 1.7744
3.6% 1.7991
3.4% 1.8250
3.2% 1.8522

X

1.8808
1.8957
1.9110
1.9268
1.9431

1.9600
1.9774
1.9954
2.0141
2.0335

X

2.0537
2.0749
2.0969
2.1201
2.1444

2.1701
2.1973
2.2262
2.2571
2.2904

x

2.3263
2.3656
2.4089
2.4573
2.5121

2.5758
2.6521
2.7478
2.8782
3.0902

-End Of Appendix 1-
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®

P

0.10%
0.09%
0.08%
0.07%
0.06%

0.001%
0.0005%

X

3.0902
3.1214
3.1559
3.1947
3.2389

3.2905
3.7190
3.8906
4.2649
4.4172
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BR3213 VALUATION & RISK MODELS

Please read the following instructions carefully:

1. Please do not turn over the question paper

2.

until you are told to do so. Disciplinary action
may be taken against you if you do so.

You are not allowed to leave the examination hall unless
accompanied by an invigilator. You may raise your hand if
you need to communicate with the invigilator.

Please write your Matriculation Number on the front of the
answer book.

Please indicate clearly in the answer book (at the
appropriate place) if you are continuing the answer to a
question elsewhere in the book.





