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CM124 CM224: Machine Learning Applications in Genetics Winter 2020

Preliminary Exam, Version 1

e Each question must have an explanation in the box below the answer selection.
This explanation must convince the reader that you had a valid reason for your answer, and
that your choice was not random. If you do not justify your answer, the problem will be
marked as incorrect.

e The exam is open notes, but electronics of any kind are not allowed except for simple calcu-
lators that cannot access the internet.

e There is one extra credit question. If you correctly answer this question, you get 10 extra
points. If you incorrectly answer this question, you will get deducted 5 points from your total
points.

e If you correctly answer 10 out of 10 questions your grade will be 100.
e If you correctly answer 9 out of 10 questions your grade will be 95.
o If you correctly answer 8 out of 10 questions your grade will be 90.
e If you correctly answer 7 out of 10 questions your grade will be 85.
o If you correctly answer 6 out of 10 questions your grade will be 80.
e If you correctly answer 5 out of 10 questions your grade will be 70.
o If you correctly answer 4 out of 10 questions your grade will be 60.
o If you correctly answer 3 ouf of 10 questions your grade will be 45.
e If you g:orrectly answer 2 out of 10 questions your grade will be 30.
e If you correctly answer 1 out of 10 questions your grade will be 15.

o If you answer 0 out of 10 questions your grade will be 0.
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1. Which of the following statements is true for any random variables X and Y?

[ (a) X and Y have zero correlation, then X and Y are independent. x

O (b) Let Z be any random variable. Suppose X and Y are independent, then P(X, YiZ) =

P(X|Z)P(Y|Z).

ﬂ&c’)/ X and Y are independent, then PX+Y)=PX)+PY) «
0 (d) Choice (b) and (c)

O (e) None of the above.
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2. You flip a fair coin 10 times. X is the number of heads you get. What can you say about X7 .
“Select all that apply.
D) X=5 BOEX)=5 0O(C) Var(X)=1
@ (& Var(X) =25 [ (e) None of the above

E() = ap = 10405 - 5

Vor (X) = npg, = 10 x0-5x0°5 = 2-5
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3. You roll two fair, six-sided dice separately. Let X be the sum of the two results. What is
E(X)?
O(a)35 O(b)6 M7 O(d)12 O (e) None of the above

2 " L/i
Jex A be the %ra\r die 10
: % be the geond  die il

E(N)- e (nrp) s E(A)+E(e) =35 "3

5y i 3
((D\nefe F(a) - %( j12v3 425 “\’

|74

()

A‘ﬂSMéF' is B




4. Let X and Y be independent. Suppose X ~ N (1,1) and Y ~ A (2,3). Find E(2XY?).
D@6 W@EYI4 O()16 DO(d) 18 O (e) None of the above

E(axyd) - E (2x)E (v*)
E(2x) = 28(x) - 2
E(rP) - var () +[E(D) " 502"

€ (y?) = 2xt -4
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B. Suppbse that X ~ N(0,2), and we are interested in computing E(e*). Directly computing

[ €®fx(z)dz is hard; in this problem, we will approximate it. Taylor series approximation
)

for f(x) at ais f(z) = D opep —ﬁ,(—al( — @)™ Use Taylor series to expand e* at a = 0 into

polynomial degree 2. What is the expectation of your Taylor approximation? Answer is
O()0 O()1 @2 O(d)3 O (e) None of the above
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6. How can you efficiently find z that minimizes f(z) = ze2® where z is from 0 to 1.
0 (a) Solve the equation (1 — 2z)e™%* =0
O (b) Solve the equation (1 + z)e™2® =0
[1 (c) Estimate f(x) at each value between [0,1].

\Qd’)/Show that £ (z) < 0 in [0,1], and then pick the minimum of f(0) and f(1).
O (e) None of the above
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7. Find the rank of the matrix
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8. Which of the following is eigenvector of

s

O) L] O@) L2 O 22 @ 1,1 and [2,2] O (e) None of the above
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9. Let A be a positive definite matrix; that is, for any vector z, we have zT Az > 0. Which of
the following is not always true?

'u('éf All elements of A are positive. O (b) A has full rank.

O (c) All eigenvalues of A are positived O (d) A has a positive determinant. v
O (e) None of the above
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10. Which of the options below is true for the matrix

-2 6

1 -3
O (a) A is invertible. [ (b) A is negative definite. \(;zj/fl is negative semi-definite.
[J (d) Choice (a) and (b) [ (e) None of the above

ek (~2:~A 6 > () (37) — 6 = GaBaARA®-6
| -3-2/) 7 - E4AT =0

So A i negaéw..ﬁ gemi-dedinite
; H
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11. Extra credit question. If you correctly answer this question, you get 10 extra points. If
you incorrectly answer this question, you will get deducted 5 points from your total points.

Let a be any real number, and let:
1 0 a
A=10 14a O

a 0 1

- What are the distinct eigenvalues of A7

Dgﬁf—m1+a O®)0,1,1+a O@)1l-a0,1+a
Od)l-a,14+a,2+a O (e) None of the above.

der [ 1-2 6 4 - (= (vvan) —a(a)(1ra-2)
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