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1 Question 1 | 10 marks

1.1 Question 1(a) | 1 mark

Concepts (Question 1(a) | 1 mark)

: Refer to the following code.

1 n <- length(VA) / 10
2 ###HH##ARRRFRSE OR HHHHAHHHRBHARS
3 length(VA) / 10
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1.2 Question 1(b) | 3 marks

Concepts (Question 1(b) | 3 marks)

: Refer to the following code.

PA <- colMeans(matrix(VA,

nrow = 10))

PB <- colMeans(matrix(VB, nrow = 10))
PC <- colMeans(matrix(VC, nrow = 10))
#HHHHHSHHHASSHE OR HU##H#HHHSSHHHS
PA <- rowMeans (matrix(VA, ncol = 10,

PB <- rowMeans (matrix(VB,

ncol = 10,

PC <- rowMeans(matrix(VC, ncol = 10,
HEHSHSS SRR HH OR HHHH#HHHHBHFHSH
n <- length(VA)/10

PA <- rep(NA, n)

PB <- rep(NA, n)

PC <- rep(NA, n)

for (i in 1:n){

}

###HA##HAR##RE OR #####HHAHHHFRS
n <- length(VA)/10

PA
PB
PC
PA
PB
PC

<-
<-
<-
<-
=
L=

matrix(VA, nrow n, byrow =
matrix (VB, nrow n, byrow =
matrix(VC, nrow = n, byrow
apply(PA, 1, mean)
apply(PB, 1, mean)
apply(PC, 1, mean)

HEHHHAHHHRRHHH OR HHHHHHHHBHFHIES
n <- length(VA)/10

PA
PB
PC
PA
PB
PC

Z=
=
<-
<-
<-
<-

matrix(VA, nrow n)
matrix (VB, nrow n)
matrix(VC, nrow = n)
apply(PA, 2, mean)
apply (PB, 2, mean)
apply (PC, 2, mean)

Remark (Question 1(b) | 3 marks)

T)
T)
T)

byrow
byrow
byrow

PA[i] <- mean(VA[(10%i - 9):(10%i)])
PB[i] <- mean(VB[(10*i - 9):(10*i)])
PC[i] <- mean(VC[(10*i - 9):(10%*i)])

T))
T))
T))

Refer to the following code.

# apply("a vector (in matrix form, e.g., R°{3 x 1})",

"1 or 2", mean) will always give you a real number.

# and obviously, what you want for (PA/PB/PC) belongs to a n-dimensional vector, not a real number.
# E.g., apply(matrix(VA), 1, mean) -> real number.
HURHARARHHRAABBHARRRHRA BB H BB AR BHB B RH RSB H BB RSB HR RS RS

# apply("a vector (mot a matrix form, e.g., R™3, c(1,2,3))",

# "Error in apply(...): dim(...) must have a postive length".

# E.g., apply(VA, 1, mean) -> ERROR.

Page 3
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1.3 Question 1(c) | 2 marks

Concepts (Question 1(c) | 2 marks)

: Refer to the following code.

LA <- diff(log(PA))

LB <- diff(log(PB))

LC <- diff (log(PC))

###HH##HAR#ERE OR HHHHARHHABHARS

n <- length(VA)/10

LA <- log(PA[-1] / PA[-nl)

LB <- log(PB[-1] / PB[-nl)

LC <- log(PC[-1] / PC[-nl)

###HA##HARRERE OR HHHHAHHHABHARS

n <- length(VA)/10

LA <- log(PA[-1]) - log(PA[-nl)

LB <- log(PB[-1]) - log(PB[-nl)

LC <- log(PC[-1]) - log(PC[-nl)

###HH##FARRERE OR HHHHAHHHABHARS

n <- length(VA)/10

LA <- log(PA[2:n] / PA[1:n-1])

LB <- log(PB[2:n] / PB[1:n-1])

LC <- log(PC[2:n] / PC[1:n-1])

###HA##ERRRERE OR HHHHAHHHABHERS

n <- length(VA)/10

LA <- log(PA[2:n]) - log(PA[1:n-1])

LB <- log(PB[2:n]) - log(PB[1:n-1])

LC <- log(PC[2:n]) - log(PC[1:n-1])

###HA##HARRHRSE OR HHHHAHHHABHARS

n <- length(VA)/10

LA <- rep(NA, n-1)

LB <- rep(NA, n-1)

LC <- rep(NA, n-1)

for (i in 1:(n-1)){
LA[i] = log(PA[i+1]) - log(PA[il)
LB[i] log(PB[i+1]) - log(PB[il)
LC[i] = log(PC[i+1]) - log(PC[il)

}

###HH##HARRHRE OR HHHHHHHFHBHARS

n <- length(VA)/10

LA <- rep(NA, n - 1)

LB <- rep(NA, n - 1)

LC <- rep(NA, n - 1)

for (i in 1:(n-1)){

LA[i] = log(PA[i+1] / PAI[il)
LB[i] = log(PB[i+1] / PB[il)
LC[i] = log(PC[i+1] / PC[il)
}

Remark (Question 1(c) | 2 marks)

Refer to the followig code.

# First: PA[1:n-1] (They are the SAME.) PA[1:(n-1)]

# Second: for (i in 1:(n-1)) (They are NOT the SAME.) for (i in 1:n-1)

lliﬁigiiiill
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1.4 Question 1(d) | 2 marks

Concepts (Question 1(d) | 2 marks)

: Refer to the following code.

1 ELA <- mean(LA)
2 #H#d4###4RA4H###E OR #4#H#H4SAHHHREH
3 mean (LA)

1.5 Question 1(e) | 2 marks

Concepts (Question 1(e) | 2 marks)

: Refer to the following code.

S <- cbind (LA, LB, LC)

var (S)

#HE#SHAH SRS H#H OR HHHHHHBHBHFHEH
S <- cbind(LA, LB, LC)

cov(S)

HHHHHHFHFRERAE OR #####HHHHHHHHH
var (cbind (LA, LB, LC))
HE#SHAHHHHHHHH OR HHHHHHBHBHFHEH
cov(cbind (LA, LB, LC))

© ® N o a0 & W N o=
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2 Question 2 | 40 marks

2.1 Question 2(a) | 10 marks

Concepts (Question 2(a) | 10 marks)

Solution|: Compute parameters:

en =178 11 = 0.583
1, =178 1 = 0.0354
Cup = 175 fu = 0.0024636
A = ci1¢, — ¢F, = 0.0001831188
Set the target expected return as p, = 0.08, the variance-minimized portfolio is

-1

w, (i) = A™! (cuf)_lﬂ — clufl 1) e + AL (cwﬁl_l1 — cluf]_lﬂ)

—0.2125
= | 0.6374
0.5751

The volatility is

0u(pe) = \/ AN (C1as2 — 2eruptn + ) = 1703
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2.2 Question 2(b) | 14 marks

Concepts (Question 2(b) | 14 marks)

Solution|: Note that:

Siq 0.1801
— | 0.4237
il 0.3962

Whinvar =
The expected return and volatility of the overall MVP can be found by

1
fiminvar = = 0.0607, and  Omimar = 1/ — = 1.3097
C11 C11

The efficient frontier is the upper part of the minimum-variance set, that is:

C 2 et

1p 1p

cll <M* - ) + C/J,p. -
C11 C11

= 3183.726 (11, — 0.0607)% + 1.7153,  fs > fiminvar = 0.0607

of () = A7

OR
o2 (1) = A7 (e — 2c1pin + Cupe)
= k- %u* +
— 3183.7261:% — 386.634311. + 13.4536,  11s > ftemimvar = 0.0607
Note that:

o = 0.02,04 = V7 =~ 2.645751
wp = 0.06, 0, = V6 ~ 2.449490
fte = 0.08, 0. = /8 ~ 2.828427

Hence, in the plot, p, < p, < p.. However, o, < 0, < 0.

Remark (Question 2(b) | 14 marks)

In the plot, u, < up < pe; 0p < 04 < O¢.

C
/l\
i.e., from the bottom to top: | B |; from the left to right: (B — A — C).

/]\
A

Remark (Question 2(b) | 14 marks)

(0a» 14a) is on the MVS.
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2.2.1 Question 2(b) | 14 marks | Diagram

MVS & EF & OMVP (with Risky Assets only)

—— MVS: Risky assets only
— EF: Risky assets only
® OMVP: Risky assets only

0.30
|

0.25
|

0.20
I

OMVP

0.05
|

0.00
|

15
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2.3 Question 2(c) | 6 marks

Concepts (Question 2(c) | 6 marks)

: The tangency portfolio is given by

&1, —0.8432
way = M — ( 0.9808 )

C1p —TC1L 0.8624

Cuy — TC1
R R — 0111
C1y — TC11
el
Cly —TC11

Expected return: 1) =

Volatility: o, = = 3.1235,

where 7 = \/(ﬂ —r)TE " (5 — 1) = 0.0195.
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2.3.1 Question 2(c) | 6 marks | Diagram

w
0.05 0.10 0.15 0.20 0.25 0.30

0.00

MVS & EF & OMVP (with Risky Assets only)

—— MVS: Risky assets only
—— EF: Risky assets only
® OMVP: Risky assets only
® Tangency Portfolio M

OMVP

Tangency Portfolio
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2.4 Question 2(d) | 3 marks

Concepts (Question 2(d) | 3 marks)

: The efficient frontier is the line:

p = |yl + 7 = 0.01950, + 0.05

Remark (Question 2(d) | 3 marks)

= The question require you to draw the efficient frontier constructed from both the risk free asset and
the three stocks.

= i.e., it did not force you to indicate the three stocks.
= i.e., it is not a must to plot the three stocks on the efficient frontier.

= Once you show the correct efficient frontier (implicitly, constructed from both risk free asset and the
three stocks), you will be fine.

| For example, if the line passes through the (0, ) and the correct tangency portfolio, the line has
to be the correct efficient frontier constructed from both risk free asset and the three stocks.

EF (with both Risk-free and Risky Assets)

_|{—— EF (with both Risk-free and Risky Assets)
® Risk-free asset
® Tangency Portfolio M

0.30

0.25
L

0.20
|

Tangency Portfolio

0.05
l

0.00
|
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2.5 Question 2(e) | 5 marks

Concepts (Question 2(e) | 5 marks)

: Refer to the following code.

library (quadprog)

n =3

muStar = 0.08

Vi = matrix(1,n,1)

VO = matrix(0,n,1)

Amat = cbind(M,V1,diag(n))

b0 = matrix(c(muStar,1,V0),n+2,1)
p = solve.QP(C, VO, Amat, b0, 2)
WO = p$solution
HHHARHHBARHHBRARBARRRRA R HBRAHBH
HHHHHARAHH OR H###HHHHAHHHHH
##### b0 without 1 is fine #####
HHHARHHHARHHARBRB R RHBA R R RRHHHH
library (quadprog)

n =3

muStar = 0.08

Vi = matrix(i,n,1)

VO = matrix(0,n,1)

Amat = cbind(M,V1,diag(n))

b0 = matrix(c(muStar,1,V0),n+2)
p = solve.QP(C, VO, Amat, b0, 2)
WO = p$solution

Remark (Question 2(e) | 5 marks)

All undefined variable —1 (max).

= The "M” and "C” was defined in the question.

Page 12
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2.6 Question 2(f) | 2 marks

Concepts (Question 2(f) | 2 marks)

Solution|: For a portfolio on the efficient frontier positioned at the top right of the tangency portfolio, the
weight allocated to the risk-free asset is negative. This indicates borrowing at the risk-free rate to invest
more in risky assets.

Page 13



Kim HUNG || CUHK || Tutorials
RMSC4003 | Statistical Modelling in Financial Markets

Midterm Exam | Solution

3 Question 3 | 20 marks

3.1 Question 3(a) | 2 marks

Concepts (Question 3(a) | 2 marks)

[Solution]

084+03+x=1
z=—0.1

3.2 Question 3(b) | 3 marks

Concepts (Question 3(b) | 3 marks)

[Solution]

Cov (Ry, Ry) = wi Xw, = 4.9

Page 14
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3.3 Question 3(c) | 3 marks

Concepts (Question 3(c) | 3 marks)

Solution;
waJw
By=20M = 2 M — _0.2624
oM oM

3.4 Question 3(d) | 4 marks

Concepts (Question 3(d) | 4 marks)

Solution|: The security market line: i = (uar — ) f+7 = 0.0613+0.05. And the beta for other assets and
portfolios are:

T ~
w!Tw Ty
By=—1M = 03935, B,= 1M _ (4923
M OMm
s s
By =22 _ 1651, B, = -3 M —0.492
oM OMm

where w; is a vector with 1 in i*" index and 0 elsewhere. Note that

Hp = wgu =0.034, pg= qu,u = 0.026

Page 15
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3.4.1 Question 3(d) | 4 marks | Diagram

SML
— SML
<
o
N
o
B C
Aq P
= 2 4
N
S -
<
S -
I T T T T
-1.0 -0.5 0.0 0.5 1.0
B
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3.5 Question 3(e) | 4 marks

Concepts (Question 3(e) | 4 marks)

op = \/wISw, = V4.05 = 2.0125

Sharpe ratio:

Fr =7 _ 0.008
Op
Treynor ratio:
Hp —T
=0.061
Bp

Page 17
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3.6 Question 3(f) | 4 marks

Concepts (Question 3(f) | 4 marks)

0.7 34 n1 o (120)(200) (120)(200)

wy = 0.2 , p= 78 5 n= | ne = ng =0.1= _
0.1 120 ns 200 34nq + 78ny + 120n3 P,

where p,n and F, are the initial price of the three assets, the initial holding of Portfolio w, in three assets,
and the initial wealth of the Portfolio w,, respectively.

Hence, we get:
Py = $240000.

Note that:

P
By = —0.2624, P, = $240000, M, = $200, N = ﬂpﬁo = —314.878
0

Therefore, to hedge the risk of one unit of w,, the investor should take a short position on —314.878 units
of the future contract of market portfolio.

i.e., to hedge the risk of one unit of w,, the investor should take a long position on 314.878 units
of the future contract of market portfolio.

Page 18



Kim HUNG || CUHK || Tutorials
RMSC4003 | Statistical Modelling in Financial Markets
Midterm Exam | Solution

Back to Contents

4 Question 4 | 22 marks

4.1 Question 4(a) | 3 marks

Concepts (Question 4(a) | 3 marks)

: The expected return and volatility of this portfolio are
p=wp and o=Vw Sw

Hence, the slope of the line from (o, 1) and (0,r) is

p—r  wip—rw’lt  w!(p—r1)

c—-0  Vwlsw  JVwlSw

Page 19
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4.2 Question 4(b) | 6 marks

Concepts (Question 4(b) | 6 marks)

Solution|: Take differentiation on the slope with respect to w

d w'(p—r1) _ (p—r1) (w'Sw) e _ ('wTE'w)fl/2 (Sw)wT (pu —r1) i
dw wTSw wT 3w
= (wTEw)71/2 (Sw)w" (p—r1) = (p—r1) (w" Zw)

=(Zw)w’ (u—7r1) = (u —1r1) (wTEw)

sww’ (p—r1) = (v Zw) S p—r1)

1/2

T
w' Xw 1
W= T (=) (p—r1)
Hence, consider w = w),, % = % € R, we get:

wy = %Eil(u—ﬂ) =p—r1=\3wy

Page 20
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4.3 Question 4(c) | 6 marks

Concepts (Question 4(c) | 6 marks)

Solution|:
p—rl=ASwy
Sty —r2 M = dwy
pt's™t —Te ! = \wl)
p'EM TS M = wl 1 =)
Therefore,
By = NTE_H and c¢;; =171,
Hence,

A= Clp —TC11

Page 21
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4.4 Question 4(d) | 2 marks

Concepts (Question 4(d) | 2 marks)

p—rl=ASwy
wlp—rwl1 =l Swy,

,qur:)\UJQ\/,

Page 22
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4.5 Question 4(e) | 5 marks

Concepts (Question 4(e) | 5 marks)

Solution|:
pu—r _wy(p—rl) o
2~ T =
o Wy, BwW
= p—1r1=22wy = Zwy = E’wMMMQ_T
oM
= wlp —rwl =w Sw)y, 'uM2_ !
oM
—7r Cov(Ry, R
= FE(R,) — 7 = Cov(R,, RM)MM2 = (up — T)M = (upm —7)Ba
oM oM

Hence, we get:
o =7+ (upr —7)Bs or E(Ry) =71+ (E(Rp) —7)Ba,

which is the CAPM equation.

Page 23



Kim HUNG || CUHK || Tutorials
RMSC4003 | Statistical Modelling in Financial Markets
Midterm Exam | Solution

Back to Contents

5 Question 5 | 8 marks

5.1 Question 5(a) | 4 marks

Concepts (Question 5(a) | 4 marks)

Solution|: Consider E(P,) = up, Var(P,) = 0%, we get:
pp=ar+ (1 —a)u,, op=(1-a)c?= 1-a=+2F
Ua

Note that: 0 <a<l=1>1-a>0,0p>0,ando, >0=>1—-a=22, a=1-— 22

Oa Oa "

Hence, by using pup = ar + (1 — a)u,, we get:

Hence, we get: up = (M) op +r.

Oa

Remark (Question 5(b) | 4 marks)

= ¢ > 0 if the asset is a risky asset.

» Rejected case: 1 —a = —22.

Oa

Page 24
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5.2 Question 5(b) | 4 marks

Concepts (Question 5(b) | 4 marks)

Solution|: Consider E(Q.) = g, Var(Qa) = 03, we get:

po =apy + (1 — e, 04 =0a’c; +(1—a)’cl +2a(1 — a)oa
Consider

aé =’ + (1 — )02 + 2a(1 — a)oa
= a?0f + 02 — 2002 + a*02 + 2004, — 20204

= (02 = 204 + 0})a? + 2(0ap — 02 + 02

Note that the statement requires linearity for both ng and og, i.e., 09 = ua + v, where u is a non-zero
constant and v is a constant. Since ;i is already linear in «, we focus on 0. Note that og = ua +v
implies the discriminant (of the quadratic in ) = 0.

dogy — 02)* —4(02 — 204 + 07)(02) =0

(0ar — 02)* = (05 — 20a + 03)(07)

2 4 2 2

2
— 2000, +0

2 4
ooy — 20000, + 0, =0, ptep
2 _ 22
Oab = 040

Note that 0,, > 0, 0, > 0 and o}, > 0, 04, = 0,0,. Hence, the condition is:
2 2 _2
Oup = 050, = Ogp = 040}
such that

0629 = (aop + (1 — a)o,)* = chg =aop+ (1 —a)o, = (0p — 0a)a+ 04 = ua + v

Remark (Question 5(b) | 4 marks)

= ¢ > 0 if the asset is a risky asset.

= Rejected case: g,, = —0,0%.

= Condition: |X =02+ 0} — 204 = 0| is WRONG.

| ensure that o7, (Variance of Q,) is linear in o« NOT o, (Volatility of Q).
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