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EDA321/EDA322: Digital Design 
Re-Exam - January 2015  

 
 
 
Date: January 3, 2015 
 
Time: 14:00-18:00 
 
Examiner: Ioannis Sourdis 
 
Department: Computer Science and Engineering 
 
Inquiries: Stavros Tzilis (extension 5232); will visit the room at 14:30, 15:30 
and at 17:00 
 
Results and grading review: See me in my office 4110 on January 26 at 16:00. 
 
Duration: 4 hours 
 
Grading scale:  100 points in total 
 
Chalmers: 
0: 0%-39%, 3: 40%-59%, 4: 60%-79%, 5: 80%-100% 
GU:  
Fail (U): 0%-39%, Pass (G): 40%-69%, Pass with Distinction (VG): 70%-100%

  
Available references: Blank paper and a calculator are allowed. No textbooks or 

lecture notes, etc. allowed. 
 
General: Submit your solutions, in English, on blank paper sheets. Write legibly; 

feel free to use figures to get your point across. 
 
 The order of answering the questions does not matter (start with the 

easiest ones). 
 

Please start the solutions for each problem on a new sheet. Please number 
the sheets so that the solutions are in numerical order. 
 
Note that it is possible to receive partial credit for an answer even if it is 
not 100% correct. 
 
Your personal identity code is required on each submitted sheet! 
 
 
 
Good luck!  
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Question 1: (10 points) 
a) Find the minterms of the function F(x3,x2,x1,x0)= Π(3,4,6,11,12,14) 
(1 points) 

 
Minimize the cost of function F.  
b) using Quine-McCluskey? (9 points) 
 
Measure the cost of the minimized function by counting the total number 
of 2-input gates of the circuit (e.g. a*b + c*d, has cost of 3). 

Answer: 
Example on Lecture 2 slide 54, after applying the technique of slide 12 
 
(Above mentioned lecture slides can be found at the end of this document) 

Question 2: (10 points) 
Make the state-assigned table of the FSM below and derive and draw the circuit 
that realizes the FSM using D-Flip-flops. Is it a Mealy or a Moore FSM? 
 

 
 
Answer: 
Book exercise 8.1 (solution available on solved exercises) 

Question 3: (15 points) 
 

a) Describe the steps of a serial unsigned binary multiplication between a 4-
bit multiplicant x4x3x2x1 and a 4-bit multiplier y4y3y2y1. Draw and use 
in your explanations the hardware block diagram of a serial multiplier-
module with a 4-bit ALU and its registers. Explain the steps needed for 
each iteration. How many iterations are needed for a 4-bit multiplication? 
(9 points) 
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b) Make the following binary division: 2*3 showing each iteration and steps 
needed as you described them in (a)? (6 points) 

 
Answer:  
Lecture11, slides 10-11. 
 
(Above mentioned lecture slides can be found at the end of this document) 

Question 4: (6 points) 
Provide the definition and units (where applicable) of the following terms: 

a) Memory Bandwidth 
b) Memory latency 
c) Asynchronous memory 
d) Synchronous memory 
e) Volatile 
f) Non-volatile memory 

 
Answer:  
Lecture11, slides 40. 
 
(Above mentioned lecture slides can be found at the end of this document) 

Question 5: (9 points) 
(a) Draw the block diagram of a 4x1 memory, using as “building blocks” D flip-
flops and logic gates. The memory has the following inputs: 
 

• DataIN,  
• Write-enable,  
• Address 
• Reset, Clock 

 
And the following output: 

• DataOUT  
 
Note: both “DataIN” and “DataOUT” are signals of 1 
bit.  
 
-How many bits is the “Address” signal? 
 
 
The D flip-flop has the following interface: 

 
(6 points) 
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(b) Taking the above 4x1 memory as a black box (not having the ability to change 
its internal design) what can we add to use it as a 8x2 memory?  (3 points) 
Answer: 
 

a) lecture 11, slide 34 (but for 4x1 instead of 4x3) 
b) an 4 blocks in a 2x2 array using a column multiplexer for as shown in 

lecture 11, slide 39  
 
(Above mentioned lecture slides can be found at the end of this document) 

Question 6: (10 points) 
Describe and draw the block diagram of a 2x2 Field Programmable Gate Array 
(FPGA). Consider that each logic cell has 4 inputs and one output. Show the 
internals of a Logic cell, of its connections (connection block) to the 
reconfigurable interconnects, switch box. 
 
Answer 
Lecture 12, slides 9, 16, 30, 31 
 
(Above mentioned lecture slides can be found at the end of this document) 
 

Question 7: (10 points) 
What is the difference between full custom ASICs and standard-cell ASICS? How 
each one is built and which one is expected to have better performance, lower 
power consumption, lower silicon area, and why? 
 
Answer: 
Standard cell ASICs use pre-fixed cells implementing a single gate or a flip-flip 
(or bigger blocks, then called block-based ASICs).  Tools are then used to place 
and wire these standard cells.  Cells are described in libraries of some vendor 
that the hardware designer uses. 
 
In full-custom ASICs, every gate and flip-flop is designed in detail down to the 
transistor level and even lower. Full custom ASICs get better performance, lower 
power consumption, and better area efficiency compared to standard cell ASICs 
because designers can optimize them in more detail (down to the transistor 
level). However, they are more difficult and expensive to design. Full-custom 
ASICs are meant for critical blocks (e.g. blocks that cause performance 
bottlenecks). 

Question 8: (10 points) 
a) What is metastability and when can it happen? (5 points) 
b) How can it be avoided? (5 points) 
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Answer: 
Lecture 16, slides 30, 31, 32 
 
(Above mentioned lecture slides can be found at the end of this document) 

Question 9: (10 points) 
Calculate the maximum delay of the circuit (critical path delay), considering the 
following: 
 

o a NAND gate has a delay of 2 ns 
o a NOT gate has a delay of 1 ns 
o Propagation time (clock to output) for a flip-flop 0.5 ns 
o Setup time for a flip-flop 0.5ns 
o Hold time 0.2ns 
o Wires have zero delay 
o All inputs (a, b, c, d, e) have zero delay 

 

 
 
Answer:  
The Critical path is from the output of the flip-flops connected to “b-c” or “d-e”  to 
the input of the intermediate flip-flop (y). 
 

Max Delay = (Propagation delay of the flip-flop) + (Delay of the NAND 
gate) *2 + (Setup-time of the flip-flop)  Max Delay = 0.5ns + 2ns*2 
+0.5ns = 5ns 
 

Question 10: (10 points) 
Find a test vector for detecting the stuck-at zero fault in the following circuit 
using the fault activation and fault propagation method:  
 

y 
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Answer: 
Similar to Lecture 13, slide 26 
 
(Above mentioned lecture slides can be found at the end of this document) 
 
 
END of EXAM 
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Lecture Slides 
 
Question 1: 
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Question 3: 
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Question 4: 
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Question 5: 
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Question 6: 
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Question 8: 
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Question 10: 
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