
DEPARTMENT OF ELECTRICAL & COMPUTER ENGINEERING 
OLD DOMINION UNIVERSITY 
MS COMPREHENSIVE EXAM 

Fall 2023 
 

ODU HONOR PLEDGE 
 

I pledge to support the Honor system of Old Dominion University. I will refrain from any form of academic 
dishonesty or deception, such as cheating or plagiarism.  I am aware that as a member of the academic 
community, it is my responsibility to turn in all suspected violators of the Honor Code.  I will report to a hearing 
if summoned. 
 
Student Signature: ___________________________________________________  
 
Student Name (BLOCK CAPITALS): ___________________________________  
 
UIN Number: _________________________________________________  
 
Please turn in this examination document with the pledge above signed and with one answer book for each 
solved problem.  
 
1. This examination contains 30 problems in the following seven areas: 
 

 A. MATH  (At most 2 problems can be   A1 A2 A3 A4 
   answered from the Math area) 
 
 B. CIRCUITS & ELECTRONICS  B1 B2 B3 
 
 C. SYSTEMS, SIGNAL AND IMAGE PROCESSING    C1 C2 C3 C4 C5 C6 
 
 D. PHYSICAL ELECTRONICS I  D1 D2 D3   
  
 E. PHYSICAL ELECTRONICS II  E1 E2 E3  
  
 F. COMPUTER SYSTEMS   F1 F2 F3 F4 F5 F6 
  
 G. CYBERSECURITY    G1 G2 G3 G4 G5   
 

2. You must answer five problems (no more than two from the MATH group). 
3. Answer in the blue books provided.  Use a separate book for each problem. Put the title and problem 

number on the front of each book (eg., MATH A-1) 
4. Return all the 30 problems. 
5. You will be graded on your answers to five problems only.     
6. The examination is “closed-book;” only blue books, exam problems and a scientific calculator are 

allowed.  No formula sheet is allowed.  Some problems include reference formulas. No material shall be 
shared without prior permission of the proctor(s).   

7. You have four hours to complete this examination. 
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ODU HONOR PLEDGE 

 
I pledge to support the Honor system of Old Dominion University. I will refrain from any form of academic 
dishonesty or deception, such as cheating or plagiarism.  I am aware that as a member of the academic 
community, it is my responsibility to turn in all suspected violators of the Honor Code.  I will report to a hearing 
if summoned. 
 
Student Signature: ___________________________________________________  
 
Student Name (BLOCK CAPITALS): ___________________________________  
 
UIN Number: _________________________________________________  
 
Please turn in this examination document with the pledge above signed and with one answer book for each 
solved problem.  
 

1. This examination contains 30 problems in the following seven areas: 
 

 A. MATH  (At most 3 problems can be   A1 A2 A3 A4 
   answered from the Math area) 
 
 B. CIRCUITS & ELECTRONICS  B1 B2 B3 
 
 C. SYSTEMS, SIGNAL AND IMAGE PROCESSING    C1 C2 C3 C4 C5 C6 
 
 D. PHYSICAL ELECTRONICS I  D1 D2 D3   
  
 E. PHYSICAL ELECTRONICS II  E1 E2 E3  
  
 F. COMPUTER SYSTEMS   F1 F2 F3 F4 F5 F6 
  
 G. CYBERSECURITY    G1 G2 G3 G4 G5  

 
2. You must answer eight problems (no more than three from the MATH group). 
3. Answer in the blue books provided.  Use a separate book for each problem. Put the title and problem 

number on the front of each book (eg., MATH A-1) 
4. Return all the 30 problems. 
5. You will be graded on your answers to eight problems only.     
6. The examination is “closed-book;” only blue books, exam problems and a scientific calculator are 

allowed.  No formula sheet is allowed.  Some problems include reference formulas. No material shall be 
shared without prior permission of the proctor(s).   

7. You have four hours to complete this examination. 



PROBLEM A1 – MATH 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A2 – MATH 
 

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A3 – MATH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A4 – MATH 
 
Probability 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM B1 – CIRCUITS AND ELECTRONICS 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM B2 – CIRCUITS AND ELECTRONICS  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM B3 – CIRCUITS AND ELECTRONICS 
 
Electronics 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C1 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 
 
Digital Imaging 
 
a. Explain Histogram Equalization. 

b. Given the following 3x3 image I (grey image), you need to conduct Histogram Equalization on it 
and show each step to get the result. 

Hint: , where PI is the cumulative distribution function (CDF) of 
image, I. 
 

100 11 11 
100 255 11 
50 50 11 

Intensity Values for 3x3 Image, I 
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PROBLEM C2 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 
Consider a LTI system described by the following difference equation: 
 

y[n] - 5y[n-1] + 6 y[n-2] = x[n] 
 
 
 

a) Determine the system function H[z] for the system. (2 points) 
 

b) Find the impulse response h[n] for the system. (2 points) 
 
c) Is the system stable? Justify it. (2 points) 

 
d) Is the system causal? Justify it (2 points) 

 
e) Determine the zero-state response for input x[n] = (1/5)nu[n]. (2 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



  

PROBLEM C3 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 
a) We are using N-point DFT to compute linear convolution for two sequences x[n] and h[n], where the 

length of x[n] is 8 and the length of h[n] is 9. What is the minimum value for N that can avoid time 
aliasing? (3 points) 

 
b) Two finite length signals, x1[n] and x2[n] are given as: 

 x1[n] = u[n] – u[n-6] 
x2[n] = u[n] – u[n-3] 

Let x3[n] be the 7-point circular convolution of x1[n] and x2[n], determine x3[n]. (7 points) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C4 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 
Control Systems 
 

 
 

Continued on next page 
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PROBLEM C5 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C6 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 
 
Communications Networks 
 
1. (5 pts) Consider a signal transmitted over a 50KHz channel. If the SNR is 30 dB, what is the 
maximum achievable rate? 
 
 
2. (5 pts) Please derive the optimal throughput of pure ALOHA. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM D1 – PHYSICAL ELECTRONICS I 
 

Electromagnetics 

 

 

 

 

 

 

 

 



  

PROBLEM D2 – PHYSICAL ELECTRONICS I 
 
Electrostatics 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM D3 – PHYSICAL ELECTRONICS I 
 
Optical Fiber Communications 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM E1 - PHYSICAL ELECTRONICS II 
 

 
 

 
 
 
 
 
 
 
 



  

PROBLEM E2 – PHYSICAL ELECTRONICS II 

 

 
                



  

PROBLEM E3 – PHYSICAL ELECTRONICS II 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F1 – COMPUTER SYSTEMS 
 

Microprocessors 
 

 
 
 
 
 

Continued on next page 
 
 
 
 
 
 
 
 
 
 
 
 
 



   



  

PROBLEM F2 – COMPUTER SYSTEMS 
 
Digital Systems 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F3 – COMPUTER SYSTEMS 
 

Computer Architecture 
 
Draw a pipeline diagram based on basic 5-stage pipeline to trace the execution of the following 
instructions. Show any forwarding paths or stalls. 
 
ADD   $t0, $t1, $t2 
SUBI   $to, $to, 8 
LW      St3, 0($to) 
ADD    St4, $t3, $t3 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F4 – COMPUTER SYSTEMS 
 
Computer Algorithms 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



  

PROBLEM F5 – COMPUTER SYSTEMS 
 
Data Structure 
 

 
 
ab+c-de*+  
 
In here, * is the multiplication sign 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F6 – COMPUTER SYSTEMS  
 

Logic Design 
 

 



  

PROBLEM G1 – CYBERSECURITY 
 

 
 



  

PROBLEM G2 – CYBERSECURITY  
 
Cyber Defense Fundamentals 
 
1. (5 pts) Assume one year has 365 days. What is the probability that among four people, at least two 
have the same birthday? 
 
2. (5 pts) What are the important properties that a hash function should have? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G3 – CYBERSECURITY 
 
Cyber Physical System Security 
 
1. (5 pts) Give two approaches for authentication and discuss at least one problem for each approach.  
 
 
2. (5 pts) Why is the WEP protocol for wireless network security easy to be cracked? Give at least 
two reasons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G4 – CYBERSECURITY 

 



  

PROBLEM G5 – CYBERSECURITY  
 
  
A. Define Security and Privacy in cyber-physical systems. Why they are now front and center for 
system designers? (4 points)  
 
B. Medical devices are increasingly software-controlled, personalized, and networked. An example of 
such a device is a blood glucose meter, used by doctors and patients to monitor a patient’s blood 
glucose level. Consider a hypothetical glucose meter that can take a reading of a patient’s glucose 
level, show it on the device’s display, and transmit it over the network to the patient’s hospital. The 
code is a highly-abstracted version of the software that might perform these tasks. 
 

 
int patient_id; // initialized to the patient’s unique identifier. 

void take_reading () { 

float reading = read_from_sensor () ;  

display(reading) ; 

send (network_socket, hospital_server, reading, patient_id) ; 

return; 

} 

The function take reading records a single blood glucose reading and stores it in a floating- point 
variable reading. It then writes this value, suitably formatted, to the device’s display. Finally, it 
transmits the value along with the patient’s ID without any encryption over the network to the 
hospital server for analysis by the patient’s doctor. 

 
a. Does this program preserve privacy of the patient’s information? (3 pts) 

 
b. The flow of information from reading to network_socket, which one is visible to the 

attacker? (3 pts) 
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