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UCLA 

Department of Electrical Engineering 

EEM16 – Fall 2012 

Final Exam Solution 

December 10, 2012 

(The final contains 7 problems) 

 

 

1. Exam is closed book.  You are allowed two 8 ½ x 11” double-sided cheat 

sheets. 

2. Calculators are allowed. 

3. Show the intermediate steps leading to your final solution for each problem. 

4. You can use both sides of the sheets to answer questions. 

 

 

Problem Points Your Score Comments 

1 10   

2 15   

3 15   

4 15   

5 15   

6 15   

7 15   

    

 Total: 100    
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Problem 1 (10 points)  

 

State Minimization: Given the state diagram in the figure below, determine which 

states should be combined to determine the reduced state diagram. 
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Problem 2 (15 points)  

 

For the canonical sequential network shown below, determine the following timing 

factors:    

 

- network setup times: t
x
su (net), t

y
su (net) 

- network hold time: th (net) 

- network propagation delay: tp (net)  

- minimal period: Tmin 

- maximal clock frequency: fmax  

 

for:  tin = 2.0ns, tout = 2.5ns, tp(gate) = 0.5ns, tsu (cell) = 1ns, tp(cell) = 3.0ns and th 

(cell) = 0.5ns.  
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Problem 3 (15 points) 

 

Design a pattern recognizer that outputs 1 if the last 4 bits are 1-00, otherwise it 

outputs 0. Implement it using SR flip-flops and NOR gates.  
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Problem 4 (15 points)  

 

Implement the function  using 

a. an eight-input multiplexer; 

b. a four-input multiplexer and NOR gates (use inputs a and b as select inputs 

to the multiplexer, the NOR gates for functions , , 

 and , and connect the outputs of these networks to the 

corresponding data input of the multiplexer). 
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Problem 5 (15 points)  

 

Design a network that sorts two nonnegative integers a and b. Each integer is 

represented by four bits. You may use only the following modules: 4 x 2-input 

multiplexers and four-bit comparators. Indicate all inputs on the modules being 

used. 
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Problem 6 (15 points)  

 

Design a sequential network described by the following state/output table, using 

the “one flip-flop per state” approach. 
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Problem 7 (15 points)  

 

Using a modulo-16 binary counter with parallel inputs, implement 

a. a 4-to-11 counter; 

b. a modulo-13 counter;  

c. a counter with the following periodical sequence: 0,1,2,3,4,5,8,9,10,11,14,15 
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