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Instructions: 

1. This is a closed-books/notes exam. 

2. The duration of this exam is one and half hours. 

3. Read the questions carefully.  Plan which question to start with. 

4. CLEARLY LABEL ALL SIGNIFICANT VALUES ON BOTH AXIES OF ANY   

SKETCH 

5. Work in your own.  

6. Strictly no mobile phones are allowed. 

7. Table Attached 

Good luck 

Mark  sec Section Timing Instructor 

 1 SMW 9:00 Dr. Ahmed Masoud 

 2 UT 10:00 Dr. Ali Muqaibel (Coordinator)  

 3 UT 08:30 Dr. Saad Al-Ubaidi 

 4 UT 10:00 Dr. Saad Al-Ubaidi 



Problem 1: (10 points) 

Consider the following switching network shown. Let A1, A2, A3, and A4 denote the events that the associated 

switches are closed (connecting). Let Aab denote the event that there is a closed path between terminals a and 

b. (i.e 𝐴𝑎𝑏𝑐𝑙𝑜𝑠𝑒𝑑) 

a) Express Aab in terms of A1, A2, A3, and A4        (2 points) 

 

𝑨𝒂𝒃 = 𝑨𝟏 ∪ (𝑨𝟐 ∩ (𝑨𝟑 ∪ 𝑨𝟒) 

 

 

b)  If all switches are independent and the probability of being closed is 0.5. That is 𝑃(𝐴1) = 𝑃(𝐴2) =
𝑃(𝐴3) = 𝑃(𝐴4) = 0.5. Find 𝑃(𝐴𝑎𝑏).   i.e P(path between a and b is closed (connecting))  (4 points) 

 

 

 

 

𝑃(𝐴𝑎𝑏) = 0.5 + 0. 52 + 0. 52 − 3(0. 53) + 0. 54=0.6875 

It can also be solved by counting possible scenarios (16 binary scenarios) 

 

Complete the missing term(s)        ( 2 points) 

For any three events  𝑆1, 𝑆1, 𝑎𝑛𝑑 𝑆3: 

𝑃(𝑆1 ∪ 𝑆2 ∪ 𝑆3) = 𝑃(𝑆1) + 𝑃(𝑆2) + 𝑃(𝑆3) − 𝑃(𝑆1 ∩ 𝑆2) − 𝑃(𝑆2 ∩ 𝑆3) − 𝑃(𝑆1 ∩ 𝑆3) + 𝑃(𝑆1 ∩ 𝑆2 ∩ 𝑆3) 

 

 

Consider the experiment of throwing two fair dice. What is the probability that the two faces are the same 

given that the sum is not more than three?        (2 points) 

The only possible outcomes are (1,1), (1,2) and (2,1). The required outcome is (1,1). So the probability is 1/3. 

  

A1 

A2 

A3 

A4 

a b 



Problem 2: (10 points) 

Consider a system that randomly assign a variable X={1,2,3} with uniform probability, to a variable 

Y={1,2,3}. The conditional probability assignments are shown in the figure. Compute the following:  

 

 

 

 

 

a) If the event y=3 was observed. What is the probability that it is coming from = 3 .    (4 points) 

𝑃(𝑥 = 3|𝑦 = 3)𝑃(𝑦 = 3) = 𝑃(𝑦 = 3|𝑥 = 3)𝑃(𝑥 = 3) 

but 

𝑃(𝑦 = 3) =
1

3
(0.5) +

1

3
(0.4) +

1

3
(0.3) = 0.4 

𝑃(𝑥 = 3|𝑦 = 3)(0.4) = 0.3 (
1

3
) = 0.25 

 

b) Compute the expected value of Y.        (4 points) 

𝑃(𝑦 = 3) = 0.4 

Similarly   𝑃(𝑦 = 1) =
1

3
(0.5 + 0.6) = 0.3667 

𝑃(𝑦 = 2) =
1

3
(0.7) = 0.2333 

 

Check that they sum up to 1 

 

Expected value of = 0.4(3) + 0.2333(2) + 0.3667(1) = 2.0333 

 

 

 

 

Show that If 𝑃(𝐴|𝐵) > 𝑃(𝐴) then 𝑃(𝐵|𝐴) > 𝑃(𝐵)      (2 points) 
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2 

3 

1 

2 
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X Y 

𝑃(𝑦 = 1|𝑥 = 1)=0.5 

𝑃(𝑦 = 3|𝑥 = 3)=0.3 

𝑃(𝑦 = 1|𝑥 = 2)=0.6 



Problem 3: 

Consider the network with nodes A, B, C, and D shown below. A network is connected if a path exists 

connecting a node to all other nodes. A network is disconnected when two or more links are in failure. If the 

links are independent and the probability of a link failure is 0,1, compute the probability of the network 

getting disconnected.   (5 points) 

For the network to be connected there are two scenarios. 

Let X be the random variable representing the number of failing links 

 

𝑃(𝑋 = 0) = (
4
0

) (0.1)0(0.9)4 = 0.6561 

 

𝑃(𝑋 = 0) = (
4
1

) (0.1)1(0.9)3 = 0.2916 

 

 

𝑃(𝑑𝑖𝑠𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑛𝑒𝑡𝑤𝑜𝑟𝑘) = 1 − (𝑃(𝑋 = 0) + 𝑃(𝑋 = 1)) = 0.523 

 

 

 

 

 

 

 

 

The pdf of a continuous r.v. X is given by 

𝑓𝑋(𝑥) = {
1/3 0 < 𝑥 < 1
3𝑎 1 < 𝑥 < 2
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

 

Find the value of a for a valid pdf?           (2 points) 

 

 

The total area of the pdf must be 1. By inspecting the sketch of the pdf or by integration  

3𝑎 = 2/3 
 

𝑎 = 2/9 
Sketch the CDF (show all numbers on the x-axis and the y-axis). No need for expression only 

sketch             ( 3 points) 
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Problem 4: (10 points: 4+2+2+2) 

A noise signal (Random variable X) is passed through a system with the following input output relation. 

𝑦 = {
−1 −∞ < 𝑥 < −1
0 −1 ≤ 𝑥 ≤ +1

+1 1 < 𝑥 < ∞
 

X is a Gaussian Random variable, 𝑓𝑋(𝑥) =
1

√2𝜋𝜎𝑋
2

𝑒
−

(𝑥−𝑎𝑥)2

2𝜎𝑋
 2

, compute P( 𝑦 ≥ 0), for the following cases: 

 

a)  𝑎𝑥 = 0 𝑎𝑛𝑑 𝜎𝑋 = 1 

b) 𝑎𝑥 = 2 𝑎𝑛𝑑 𝜎𝑋 = 2 

c)  𝑎𝑥 = −1 𝑎𝑛𝑑 𝜎𝑋 = 2 

d) 𝑎𝑥 = 1 𝑎𝑛𝑑 𝜎𝑋 = 0 

 

 

𝐹(−𝑥) = 1 − 𝐹(𝑥) 

𝐹𝑋(𝑥) = 𝐹(
𝑥 − 𝑎𝑥

𝜎𝑋
) 

𝑃(𝑦 ≥ 0) = 𝑃(𝑥 ≥ −1) = 1 − 𝐹𝑋(−1) 

Case a: 

1 − 𝐹𝑋(−1) = 1 − 𝐹(−1) = 𝐹(1) = 𝟎. 𝟖𝟒𝟏𝟑 

Case b: 

1 − 𝐹𝑋(−1) = 1 − 𝐹 (
−1 − 2

2
) = 1 − 𝐹(−1.5) = 𝐹(1.5) = 𝟎. 𝟗𝟑𝟑𝟐 

Case c: 1 − 𝐹𝑋(−1) = 1 − 𝐹(0) = 𝟎. 𝟓 

Because we are shifting the Gaussian and taking half of the chances 

 

Case d: 

This is a deterministic event with the outcome x=1 and hence y=1 so the probability of 

𝑃(𝑦 ≥ 0) = 𝟏 

Or comment that the Gaussian PDF is not defined for variance=0   

system 
x y 



 

 


