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SMS 3456: MULTIVARIATE ANALYSIS 

 
DATE: OCTOBER,2020           TIME: 2 HOURS 

INSTRUCTIONS:  Answer question one and any other two questions.  
 

QUESTION ONE (30 MARKS) 

a) Highlight the objectives of multivariate analysis.    (5 Marks) 

b) Suppose  P variables are measured in each of n objects { }PJnTxij −−=−−= ,1,1,  

Show that; 

(i) ���̅) = �        (2 Marks) 

(ii) ��� ��̅
 � �

 ∑        (3 Marks) 

(iii) j
T
Jjk Hxx

n
S

1

1

−
=  where H is centering matrix.   (4 Marks) 

c) Let }{ PTnixXX jijij −−−=−−−=−= ,1,,1 , show that; 

(i) � � �~�        (3 Marks) 
(ii) 

n
jkjk xSyS )()(

~
=        (3 Marks) 

(iii)H is indempotent       (2 Marks) 
(iv)  For two data points Y(j) and ���
, show that Cos(∅��
 � ���  (3 Marks) 

d) Let beyy −−−2,1 iid with ���
 � ������� �
 �   1Pxp  show that 

→− ),0()( MVNyn
L

µ        (5 Marks) 
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QUESTION TWO (20 MARKS) 

a) Discuss the concept of distance in multivariate analysi.   (8 Marks) 

b) Given  ),(3 µNxn where )5,0,2(=µ   and 
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Suppose 3211 xxxy ++= and 

3222 xxy −= . Determine the mean and covariance of 


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y   (5 Marks) 

c) Let x be a random variable with µ=)(xE  cov (x) =∑.  Let ,bAxy += with A and b 

constants. 
Find ; 

(i)  E(Y)         (1 Mark) 
(ii)  Cov(y)        (3 Marks) 

d) Let )1,0(~~1 iidNzzz pp−− let =
~
z ���1��

� such that IzCovzE ===
∧

)(,0)(  deduce the 

density function of )(2 ∧
zf        (3 Marks) 

QUESTION THREE (20 MARKS) 

a) Let  
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(i)   Find � !���/�#$
 and �$��%2
      (8 Marks) 

(ii)  )/(
~
2

1~
xxΕ         (3 Marks) 

b) Let ),(~2 εµµ
∧

−−= piidMVNxx  suppose we wish to test 
0~~

: µµ =H  

 Vs �': �̂ ≠ �̂+ 

(i)  Develop a likelihood ratio test and make decision procedure  (6 Marks) 
(ii) Determine the distribution of ,$     (3 Marks) 

QUESTION FOUR (20 MARKS) 

a) Let 
1~

1 )(, µ=−− xEiidxx n cov .)(
~

Σ=x Derive ; 

(i)  ,$��, �
        (3 Marks) 
(ii) Central limit theorem       (3 Marks) 
(iii) Law of large numbers      (4 Marks) 
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b) Let pMVNiidxx ~1 −− ( ),
~

Σxµ  and pm MVNiidyy ~1 −− ( ),
~

Σxµ  let 

( ) ( ) ~)()( 1
T

i
T

iip yyyyyxxyS −−+−−Σ=   wish ), mzn +Σ =� �� − �/,01=� 2 − �3 

compute ,$��
0        (4 Marks) 
c) Discuss the following methods in factor analysis; 

(i)  Varimax        (2 Marks) 
(ii)  Direct oblimin       (2 Marks) 
(iii) Quartimax        (2 Marks) 

QUESTION FIVE (20 MARKS) 

a) Explain the importance of screen plot     (5 Marks) 

b) Define the following; 

(i)  MANOVA        (3 Marks) 

(ii)  Principal component analysis     (3 Marks) 

(iii) Canonical Analysis       (3 Marks) 

c) Given ),(3~ ΣµNx with T]4,0,1[=µ and 
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investigate if; 

(i)  �, �$ are independent       (3 Marks) 
(ii) � and �$ together are independent of �4    (2 Marks) 

 
d) Discuss regression and Batlet method as used in factor scores.  (3 Marks) 


