
ECE 302-003, Homework #2
Due date: Wednesday 9/06/2023, 11:59pm;

Submission via Gradescope

https://engineering.purdue.edu/~chihw/23ECE302F/23ECE302F.html

Review of Calculus:

Question 11: Define f(x) = 0.5ae−a|x| where a > 0 is a constant. And define

Φ(ω) =

∫ ∞

−∞
ejωxf(x)dx. (1)

Sub-question 1: Find the expression of Φ(ω).
Sub-question 2: Find the value of Φ(0).
Sub-question 3: Define the second order derivative Φ′′(ω) = d2

dω2Φ(ω). Find the value
of Φ′′(0).

Question 12: Define

f(x) =

{
1

100
if 100 < x < 200

0 otherwise
(2)

and define

M(s) =

∫ ∞

−∞
esxf(x)dx. (3)

Sub-question 1: Find the expression of M(s).
Sub-question 2: Find the value of M(0).
Sub-question 3: Define the second order derivative M ′′(s) = d2

ds2
M(s). Find the value

of M ′′(0).

Question 13: Define

pk =

{
0.1 · 0.9k if 0 < k

0 otherwise
(4)

and define

G(z) =
∞∑

k=−∞

zkpk. (5)
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Sub-question 1: Find the expression of G(z).
Sub-question 2: Find the value of G(1).
Sub-question 3: Define the first order derivative G′(z) = d

dz
G(z). Find the value of

G′(1).

Question 14: Define

f(x) =

{
λe−λx if 0 ≤ x

0 otherwise
(6)

where λ is a positive constant.
Sub-question 1: Plot f(x) for the range of −1 < x < 2.
Sub-question 2: For any two numbers x and y, define another function

g(x, y) =

{
λe−λ(x+y)∫∞
t=y λe−λtdt

if both 0 ≤ x and 0 ≤ y

0 if x < 0 or y < 0
. (7)

Plot g(x, 1) for the range of −1 < x < 2.
Sub-question 3: Plot g(x, 3.7) for the range of −1 < x < 2.

Question 15: Define a 2-D function f(x, y) as follows.

f(x, y) =

{
1
x
e−

2y
x if x ∈ (0, 2] and y ∈ [0,∞)

0 otherwise

Compute the value of the following 2-dimensional integral.∫ ∞

x=−∞

∫ ∞

y=−∞
xyf(x, y)dydx.

ECE302 materials:

Question 16: [Basic] Consider a best-of-three baseball series between two teams A and B,
namely, the team that wins 2 games wins the whole series. (No game will be played after
one team wins the series.)

1. What is the sample space?

2. What is the weight assignment you would like to make? (You need to make sure
your weight assignment is a valid one.)

3. [Optional] Is your weight assignment a reasonable one?



Question 17: [Basic] Textbook Problem 2.3 (a,b).

Question 18: [Basic] Textbook Problem 2.6.

Question 19: [Basic] Textbook Problem 2.14. Plot the corresponding Venn diagrams.

Question 20: [Intermediate/Exam Level] Let A,B,C ⊆ S. Prove the following DeMor-
gan’s Rule:

(A ∪B ∪ C)c = Ac ∩Bc ∩ Cc.

Hint: (1) You can use the Venn diagram to show the above equality. (2) Or you can
treat A ∪B as a new event D and consider the DeMorgan’s rule on (D ∪ C)c.



Question 21: (This question was originally created by Prof. Stanley Chan and Kent
Gauen)

The Three Doors Problem is about a game show where a contestant must select a
prize hidden behind one of three closed doors. (Prof. Wang discussed a simplified version
under the assumption that the contestant is stubborn and always chooses door A.) The
general three doors problem is now stated below.

The contestant first picks one door from three doors. Let’s say they pick door A from
doors A, B, and C. The host then reveals the prize is not behind one of the two remaining
doors. For example, if the contestant chooses door A, then the host reveals either door
B or C does not have the prize behind it. Let’s say the host reveals door B. Finally, the
contestant is given a choice: they can either swap doors or keep with their original guess.
Since the contestant chose door A and the host revealed door B, then the contestant can
either (i) swap their guess to door C or (ii) keep their guess on door A.

A youtube video describing the problem is here: https://youtu.be/4Lb-6rxZxx0

For this question, students need to: Write a Python script to count the number of
times the contestant wins over 10,000 games when they either (i) always swap doors or (ii)
always keep the same door. Based on your simulation results, answer the question which
option (i.e., whether (i) or (ii)) yields the most wins if you play the game for 10,000 times?

A reference code is attached at the end of the homework. All you need to do is to com-
plete the main(). You can directly use play game() in your code or modify it to your liking.

When submitting your answer via Gradescope, please (a) provide a complete code
of your main() and if you have modified play game(), please provide the complete code for
the modified play game() as well.

Please (b) submit the final output of your Python code. You may type down the
output of your codes, or simply screenshot the output and attach the result.

Please (c) indicate which option yields the higher chance to win the prize.

Question 22:
Continue from the previous question, we now assume the weights of the prize placement

to doors A, B, and C are 0.5, 0.3, and 0.2, respectively. Namely, we use the alternative
weight assignment as discussed in Prof. Wang’s lecture.

The contestant has no idea where the prize is and we assume that he/she chooses
doors A to C with probability 0.2, 0.4 and 0.4, respectively. Under this assumption,
which option (stay vs switch) yields the most wins if we play the game many times?

For this question, students need to: Please write a short Python code and use
the simulation results of 10,000 times to indicate which option yields the higher chance to
win the prize. You can use your Python code of Q21 as a baseline and modify the Python
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for this question.

When submitting your answer via Gradescope, please (a) provide a complete code
of your main() and if you have modified play game(), please provide the complete code for
the modified play game() as well.

Please (b) submit the final output of your Python code. You may type down the
output of your codes, or simply screenshot the output and attach the result.

Please (c) indicate which option yields the higher chance to win the prize.

Optional: Can you use simple probability-based argument to “guess” what would be
the exact percentage of winning when “switching doors” and what would be the percentage
of winning when “using the original choice”.

(For optional question, the instruction team will provide the correct answer when
posting the solution. Students do not need to answer any optional question(s)
when submitting the homework. As long as students answer the earlier sub-questions
correctly, they will receive full score for Q22.)

1 import numpy as np
2 import numpy . random as npr
3
4 def play game ( ) :
5 # −− the game p r i z e i s hidden behind a door −−
6 DOORS = [ ”A” , ”B” , ”C” ]
7 p r i z e = npr . cho i c e (DOORS, 1 , p = [1/3 , 1/3 , 1/3 ] ) . item ( )
8 # −− the p l aye r chooses a door −−
9 pick = npr . cho i c e (DOORS, 1 , p = [1/3 , 1/3 , 1/3 ] ) . item ( )
10 # −− the hos t r e v e a l s a non−chosen door wi thout the p r i z e −−
11 REM NO PRIZE = set (DOORS) − set ( p r i z e ) − set ( p ick )
12 r evea l ed = npr . cho i c e ( l i s t (REM NO PRIZE) ,1 ) . item ( )
13 # −− the p l aye r can swap or s tay −−
14 swap = ( set (DOORS) − set ( p ick ) − set ( r evea l ed ) ) . pop ( )
15 # −− compute p o l i c y cho i c e s −−
16 return pick==pr i ze , swap==pr i z e
17
18 def main ( ) :
19 # −− Please complete the main () here −−
20
21 i f name == ” main ” :
22 main ( )


