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L (5%) Let [, G2

A1l e -
= be a linear system. whose representati :
Qazq ﬁzz] [xz b, Y - WNOSE 1ep on in the

coordinate plane is shown as follows:

#&

x2 )

L

X

Atfter one step of Gaussian elimination wit the representation in the

coordinate plane is?

(A)

w

Xy
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2. (5%) Lev4, B, C, D be four n by n nonsingular matrices. What is the determinant
of it B]”
C DI
(A) det(A)det(B)det(DB ' — CA™
(B) det(4)det(D)det(C")det(B™)

(C) det(C)det(D — CA'B)
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(D) det(C) — det(D — C4A™'B)

(E) none of the above

3. (5%) Let D be the differentiation operator on P, the set of real polynomials whose
degree is less than 3.  Which statement is FALSE?

(A) D is a linear transformation from P? to P2
(B) The kernel of D is P

(C) The range of D is P*

(D) The transition matrix from basis [1, x. x

(E) The matrix representation of D ai
0 2 O]
0 0 4

4, (5%) Let A be anm

of A" equals column space of 4
column space of 4 is orthogonal to the row space of A7

t8)

(E) The diteet sum of the row space of 4 and the null space of A’ is R™
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5. (5%)Suppose A=|—-2 4 2| and B=|0 3 —6] Define

3 =6 1 0 0 0

97
& =fwe B | dv= Bk

L0
o
(]

Sy ={x € R? | Ax = 2x},
S;={xeR | Bx=3x}%

Se = {x € R® | Ax = Bx},

How many of 5;,5;, 53, 54,85 are sub

(A) 1

(B)2
(€3
(D)4

(E) 5

6. (5%) b, = (T:1,0,0), b, = (1,1,1,1,1),b; = (1,0,1,21) in RS and
by, b3} 7 Suppose ¢ =(0,—-6,-2,0,—2) . Then what is the

of ||c —v| for all possible choices of v € W?

() V5

(D) 2

(E) 3
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7. (5%) Suppose A= !—2 l] and b= [8] What is the minimum value of

2 0 3
||Ax — b|| forall x € R2?
(A) 210
(B) 7
(C) 4V3
(D) 3V5
(E) 5v2
( 1 2 0 0 3
8. (5%) Suppose 4-| & @ 206 ¢ 2 2 | are row
1 =1 & & = -2
a 26 1 3 0
equivalent and a,b,c are 3 no
(A)O
(B) 2
(3
(D) 4
(E)5
est singular value of the matrix M = (g 171 _]f;)

(A) 60
(B) 360
(C) 10vV6
(D) 6V10
(E) 3V6




A FERE I EFELI R EL L BHBLEAR

£HAE L F NS
#£ 16 A ¥ 6 7

10. (5%) Fill in a complex number, ¢, such that the matrix below is unitarily

e il

diagonalizable:

(A) 4

(B) -4

(C)4i
(Dy—-41

(E)O

e set of all positive real numbers. Now, we want to make S as a
ace in I by asking the following definitions for vectors, vector addition,

and scalar multiplication:

» Each element of § will be considered as a "vector”" in V.
« For A, B € S, a "vector sum" is defined as

A+ 8 = 4B,

where the product on the right is the usual product of two real numbers.
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* For ¢ € R (real number), and 4 € S, a “scalar multiplication™ is defined as

£ S = 45

that is the real number 4 raised to the ¢ power.

Based on these, what is the zero vector in V' ?

(A) 0

(B) 1

(C)2

(D)3

(E) 4

13. (5%) Which of the functions
(A) T(x,y,2) = (2x,

a linear transformation?

(B) T(x,y,2)

are det(42B3) = 1125 and det(A3B?) = —675, respectively. What

are det(24) and det(; B*)?
- 1
(A) det(24) = 6 and det (534) =125
Lnal
(B) det(24) = —6 and det (EB ) =125

(C) det(24) = —24 and det (2B*) =5
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(D) det(24) = 24 and det GB“) =5

(E) det(24) = —24 and det(-:-B**) =125

15. (5%) For square matrices A and B, we say that B is similar t if there exists

an invertible matrix P such that B = P"1AP.

Which of the following statements about similarity is N s correct?

(A)If A and B aresimilarand A is singular, the is singular

(B)If A and B are similarand A is inveridble, thén B YSinvertible

(C)If A and B aresimilar. then A and B hav@the same range

(E) If A and B are similar, t
eigenvalues

ay or may not have the same

d Y are exponential random variables that are

X and Y has mean equal to 1. Two random

©) fr(¥) = v >0

(D) fr(w) =te ,v>0

—t [

(E) fflv)=e =¥ >0
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17. (5%) Suppose that the joint cumulative distribution function of the lifetimes of two
smart watches is given below. What is the probability that the lifetime of one smart
watch is at least nine times longer than the lifetime of the other?

g (L —em i x e >
2
(A) o
1
(B) 3
1
(C) 4
3
(D) 2
:
(E) ==

1, Xy, ... are independent of each other.
jally distributed with parameters 12 (which
_rials) and 0.5 (which is the successful probability per

Yh—6
M 1 n_’;,_“ and Zo, = lim Z,. Find
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19. (5%) If Y is uniformly distributed over [0, 5], what is the probability that the roots

of the equation 4x2 +4xY + Y + 2 =0 are both real?
(A) 1/5

(B) 2/5
(C) 1/2

(D) 3/5
(E) 4/5

20. (5%) The moment generating function of X is given by

10
of Y by MY(E)=(§Et+%) . If X and Y endent, what is

P{XY = 0}?

wn-et-()°

e+ ()"

(Ce™2 + G)m —-e?
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22. (5%) Consider the set of all families with two children. Randomly select one
family. Assume that in a two-child family all sex distributions are equally likely.
In addition, assume that there are n distinct names for girls. Assume that in
families with one girl, each name is equally likely to be assigned to the girl.
Assume that in families with two girls, each pair of two distinct names is equally
likely to be assigned to the two girls. It is known that the randomly selected family
has one child called Mary. Whatis the probability that the other child of the family
1s a girl?

(A)2/3
(B) 112
(C) 173

(D) 1/4

(E) 1/5

23. (5%) Recently. Larry taught his daughter E ow to play a game. To encourage

Emily to practice this game, La Cl ith her until she wins two of the
recent three games. Assuméthat ei ayers wins and the game cannot

(A)121/9

(B) 130/11

(C) 203
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24. (5%) There are 2 exams in Statistics class. The midterm score (X) is approximately

normal distributed with mean 60 and standard deviation 20. The final exam score
(Y) is approximately normal distributed with mean 80 and standard deviation 10.

The overall score is the weighted average of two scores: Z = X * 40% + Y * 60%.

Suppose that cor(X,Y) = 0.6. Which of the following statement is FALSE?

(A) The overall score has a mean 72

(B) The overall score has a standard deviation 14

(C) Emily got 60 in the midterm. The expected score for he | exam is 8
(D) cor(Z,X) > 0.6

(E) The overall score is approximately normally di

f Cancer A in rats that have been

. We fed this diet to 20 rats and

25. (5%) Suppose we are interested in the rate

fed with a diet consisting of hig
is to claim that the cancer rate is
ing statement is INCORRECT?

found that 1 rat developed ¢
higher than 5%. Which of the f

(A) The claim can : i confirmed by performing the hypothesis testing:

= 0.05v.5.H;:p < 0.05

lude that the cancer rate is higher than 5%
(D) The'€stimation error of P for estimating p is approximately se(p) = 0.05
(E) If such an experiment can be repeated independently many times, the number of

rats (out of 20) developing cancer follows a Poisson distribution approximately
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26. (5%) In a statistics exam. all problems are multiple-choice with 5 possible items
(5 EEz BiEAM), e.g., (A)B)C)DXE). Emily knew the answers to 60% of the
problems, and randomly guessed the answers for the rest of the problems. What is
the percentage of her score gained from guessing?

(A) 8%
(B) 12%

(C) 16%

(D) 20%

(E) unable to evaluate

27. (5%) Suppose X; independently follows a Poi istribution with mean 3 for

i=1~1000. What is the approximate distzi ple mean X?

(A) Exponential distribution
(B) t-distribution
(C) Gamma distribution

(D) Normal distributio

(E) x? distributi
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29. (5%) According to the following plots of three variables X1, X2, and Y from the

data set, please select the correct statement.

(a) (b)

gression model with X1 and X2 to predict Y, there must be a strong

between X1 and X2 since they are positively correlated in (c)

(E) If we fit a multiple regression model with both X1 and X2 to predict Y, the
coefficients of X1 and X2 would both be negative since both X1 and X2 are negatively
correlated with Y




CEE S FRINELS LS LTS EETE

£ 16 A% 1578
30. (5%) The following is a joint probability table between two categorical variables,
the education level and the exercise frequency.

| 0-1 day per week | 2-4 days per week | 5-7 days per week l
High school degree | 0.1 0.05 0.05 |
Bachelor degree 0.15 0.2 0.1
Graduate degree 0.15 0.15

Which of the following statements is correct?

(A) If the table is from a large survey and can be treated as ation data,
that the two variables are not independent

(B) If the table 1s derived from sample data, we ¢ 1e independénce of the two

variables using y? test. The alternative hypothesis for the is the independence of
the two variables
(C) If the table is derived fi® degree of freedom of the null
distribution of the y?

(D) If the table igfderi o : 2 fest statistic for testing the

; (o.l—u.2x0.4)2+(n.05—u.2x0.4}3+(n.05—0.2xo.2)2
0.2x0.4 0.2%0.4 0.2%0.2

2 (0.1-045%0.2)% | (0.15-035x0.4)% | (0.15-0.35x0.4)%
0.45%0.2 0.35x0.4 0.35x0.4

(0.15-0.45x%
0.45%0.4

est assumes that the samples categorized into the same cell are correlated
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Cumulative Normal Distribution—Values of P Corresponding to zp for the

Normal Curve

z is the standard normal variable. The value of P for —z, equals inus the

value of P for +2z,; for example, the P for -1.62 equals 1-.947

Ti 200 Rz 02 03 1M 05 .06

0| 3000 | 5040 | 5080 | 5120 | 5160 | L5199 | 5239 2 39| 5339
] L3398 | 5438 | 3478 | L5517 | L5557 | 55964 5636 [WS6TINRT 14 | 5753
2| 5793 | 3832 | ARTI | 3910 | 5948 3 66 H141
3] .6179 | 6217 | 6255 | 6293 o443 6517
41 63534 | 6391 | 6628 | .66t

L8308 | 68 | 6BTY

pST | 7190 | 7224
389 | e JH6 | 51T ) 754
J704 794 | 823 | 7852
B078 | 8106 | B33
5] 8340 | 8365 | B389

G .avls | 6950 | 6983 | 019
& | TIST | 39t ) 1M

75800 Jall | 7642
B T8 | 910 | 7939
9 B39 | 8186 | 8212

B413 | 8438 | Bdel 8554 | 8577 | 8569 | B62I
B686 | . B770 | 8790 | BRI10 | 8830
8388 8044 | 8U62 | B9RO | RO9T7 | 8015
G015 | 91310 | 9147 | 9162 | 9177
D265 | 9279 | 9292 | 9306 | 9318

9304 | 9406 | 9418 | 9420 | 941
0305 | 9515 | 9525 | 9535 | 9545
4599 [ 9608 | 9616 | 9625 | 9633
B678 | 9686 | L9693 | 9609 | 9706
0744 1 9750 | 9756 | 0761 | 767

9798 | 9803 | 9808 | 9812 [ 9817
U842 | 9846 | U850 | 9854 | 9857
9878 | 9881 | 9884 | OHET | 9890
9896 | 9898 | 990 | 9904 | 9906 | 9909 | 99ll | 9913 | 8916
D918 | 9920 | 9922 | 9925 | 9927 | 9929 | G931 [ 9932 | 9934 | 9936

D938 | 9940 | 9941 | 9943 | 9945 | 9046 | 9948 | H949 | 9931 | 9952
9953 | 9955 | 9956 | 9957 | 9959 | 9960 | 9961 | .9962 | 9963 | 9964
0065 | 9966 | 9967 | 9968 | 0969 | 0970 | 9971 | 0972 | 9973 | 9974
0974 | 9975 | 9976 | 9977 | 9977 | 9973 | 9979 | 9979 | 9980 | 9981
G081 | 9982 | 9982 | 9983 | 0984 | 9984 | 9985 | QU8 | 9486 | 9986

3.0 | 9987 | 9987 | 9987 | 9988 | (9988 | .9989 | 9989 | 0989 | 9900 [ 9990
9990 | 9991 | 9991 | 9991 | 9992 | 9992 | 9992 | 9992 | 9993 | 9993
32] 9993 | 9993 | 9904 | 9994 | 9094 | 9994 [ u99ud | B985 [ 9995 | 99935
3.3 9905 | 9993 | 9905 | 0996 | 9996 | 9996 | GOUG6 | 9996 | 9996 | 9957
3400997 | 9997 | 9007 | 9997 | 9997 [ 9997 | 9907 | QuaT | 9997 | 5998

Im-ll».ild!_l‘?..]
(NaTE- - I A Y
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