
Homework #3 Solution 
CSE140 Fall 2014 

 
Note:  Total 60 points for trial. 
2(2)-(5):  20 points,  5 points for each question 
3(1)-(2): 10 points,  5 points for each question 
4(1):  5 points 
4(2):  15 points 
5(3)-(4): 10 points,  5 points for each question 
 
2(1):    10 points for correctness 
2(6):  10 points for correctness 
5(1):  10 points for correctness 
5(2):  10 points for correctness 
 



2.  Universal Gates 
 
Note:  Universal set is a set of gates such that every Boolean function can be implemented with the gates in 

the set.  In other words, if the set of gates can implement AND, OR, and NOT gates, the set is universal. 
 

(1) {XOR, NOR}  :  universal 
i. NOT gate :  A  NOR  A  =  A’  =  NOT A  //  1  XOR  A  =  A’  =  NOT A 
ii. OR gate :  (A  NOR  B)’  =  A  OR  B (since we have NOT gate from i.) 
iii. AND gate :  (A’  OR  B’)’  =  A  AND  B (since we have NOT and OR gates from i and ii.) 

 
(2) {AND, NOT}  :  universal 

i. NOT gate :  Given 
ii. AND gate :  Given 
iii. OR gate :  (A’  AND  B’)’  =  A  OR  B (since we have NOT and AND gates from i and ii.) 

 
(3) {XOR}  :  not universal 

i. NOT gate :  1  XOR  A  =  A’  =  NOT A 
ii. AND gate :  AND gate cannot be built with only XOR gate(s). 
iii. OR gate :  OR gate cannot be built with only XOR gate(s). 

 
(4) { f(a, b) = a + b’ } :  universal 

i. NOT gate :  f(0, A)  =  0 + A’  =  A’  =  NOT A 
ii. OR gate :  f(A, f(0, B))  =  f(A, B’)  =  A + (B’)’  =  A + B  =  A  OR  B 
iii. AND gate :  AND gate can be built with NOT and OR gates. 

 
(5) { f(a, b, c) = (a + b)(a + c) }  :  not universal 

i. AND gate :  f(0, A, B)  =  (0 + A)(0 + B)  =  AB  =  A  AND  B 
ii. OR gate :  f(A, B, 1)  =  (A + B)(A + 1)  =  A + B  =  A  OR  B 
iii. NOT gate :  NOT gate cannot be built with the given function. 

 
(6) { f(a, b, c) = ab + ac + a’c’ } :  universal 

i. NOT gate :  f(0, 0, A)  =  0⋅0 + 0⋅A + 1⋅A’  =  A’  =  NOT A 
ii. OR gate :  f(1, A, B)  =  1⋅A + 1⋅B + 0⋅B’  =  A + B  =  A  OR  B 
iii. AND gate :  AND gate can be built with NOT and OR gates. 

 
Rubric 

• If the final answer, i.e., universal, is wrong or missing, then -1 point. 
• If the answer misses to construct NOT, AND, and OR gate, respectively, -1 point per one missing 

gate construction. 
(E.g., If student misses to provide AND gate, but constructs NOT and OR gates, then minus 1 point 
because of the missing AND gate.)   

• It is allowed to say something like “AND gate can be built with NOT and OR gates.” in (6) iii, if the 
statement is correct.  E.g., you cannot say “NOT gate can be built with AND and OR gates” since you 
cannot build NOT gate with AND and OR gates. 

• Even though the answer is totally wrong, if student tries to solve it, then give 1 point.  
• If there is no trial, then give them 0 point. 



3.  Other Types of Gates 
 

Note:  ⊕ -- XOR gate,  A ⊕ B  =  AB’ + A’B 
 

(1) LHS  =  a ⊕ (b + c)  =  a(b + c)’ + a’(b + c)  =  ab’c’ + a’b + a’c 
RHS =  (a ⊕ b) + (a ⊕ c)  =  ab’ + a’b + ac’ + a’c  =  a’b + a’c + a(b’ + c’) 
LHS and RHS are not equal. 
As a counterexample, if (a, b, c) = (1, 0, 1), LHS=0 and RHS=1. 
 

(2) LHS =  a + (b ⊕ c)  =  a + (bc’ + b’c) 
RHS  =  (a + b) ⊕ (a + c)  =  (a + b)(a + c)’ + (a + b)’(a + c)  =  a’c’(a + b) + a’b’(a + c)  
 =  a’c’a + a’c’b + a’b’a + a’b’c  =  a’c’b + a’b’c  =  a’(bc’ + b’c) 
LHS and RHS are not equal. 
As a counterexample, if (a, b, c) = (1, 0, 0), LHS=1 and RHS=0. 

 
 
4.  Latch 

(1) Sequential 
• When S’R’ = 11, Q and Q’ keep previous states. 
• When S’R’ = 10, QQ’ = 01. 
• When S’R’ = 01, QQ’ = 10. 
• When S’R’ = 00, QQ’ = 11, which is strange. 
We can call this circuit as SR-latch. 
 

(2) Sequential 
i. CLK = 0 

The outputs of G2 and G3 are fixed to 1.  Therefore, 
the circuit behaves like SR-latch. 

ii. CLK = 1   
• When S’R’ = 00, the next output QQ’ = 11. 
• When S’R’ = 10, the outputs of G2 and G4 are 1.  

All inputs of G3 are fixed to 1, thus the output of 
G3 equals to 0.  Three inputs of G5 are (S’, 1, Q’) = 
(1, 1, Q’) and three inputs of G6 are (Q, 0, R’) = (Q, 
0, 0).  Thus, the next output QQ’ = 01. 

• When S’R’ = 01, the output of G1 is 1.  So, all 
inputs of G2 are 1, thus the output of G2 equals to 
0.  This leads the output of G3 to be 1.  Three 
inputs of G5 are (S’, 0, Q’) = (0, 0, Q’) and three 
inputs of G6 are (Q, 1, R’) = (Q, 1, 1).  Thus, the 
next output QQ’ = 10. 

• When S’R’ = 11, the circuit behaves like D flip-flop. When CLK is 0, the outputs of G2 and 
G3 are 1, and inputs of G1, G2 and G3 look like (1, D’, 1), (D, 0, 1) and (1, 0, D’), 
respectively.  At the moment when CLK triggers to high (i.e., at the moment rising edge of 
CLK), the inputs of G2 and G3 are instantaneously changed to (D, 1, 1) and (1, 1, D’), so 
that the outputs of G2 and G3 are D’ and D, respectively.  Since S’R’ = 11, the outputs of G5 
and G6 are D and D’, respectively.  Once CLK becomes 1, the outputs of G2 and G3 are 
fixed to D’ and D, respectively, even if the value of D is changed. 



5.  Timing Diagrams  (Note:  In this solution, we do not consider gate delay.) 
(1) and (2). 

 
(3) and (4). 

 
 
Rubric 

• We don’t consider delay in this solution, but if student assumes delay and solves it correctly with 
delay consideration, then student will get full credits. 

• Some of students may try to assume D-latch or DFF with disabled clock or negative clock trigger.  If 
they solve the problem correctly under their assumption, then they will get full credits. 

• If student misses to describe the very beginning stage (i.e., the regions having both 0 and 1 status), 
then - 1 point.   

• If student makes a small mistake on the correct approach, then - 3 points.  
• Even though the answer is totally wrong, if student tries to solve it, then student will get 3 points for 

each problem. 
• If there is no trial, then give them 0 point. 


