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UNIVERSITY OF CALIFORNIA, RIVERSIDE
Department of Computer Science and Engineering
Department of Electrical Engineering
CS/EE120A - Logic Design
Final
Monday June 11, 2001, 11:30 — 2:30PM

Name: Solution Key Student ID#:

Please print legibly

Lab Section: 21 (TR 2-5): 22 (MW 6-9):

(Numbers in parenthesis denote total possible points for question.)

1. Show using algebraic manipulation (axioms and theorems) that the following is true:

XOy®z=xOyOz

Answer
XO(y©2)=x0O(yd2zY)

=x(yz+yz) +x (yz+yz)
=Xxyz+xy'z' + X ((y2)' (y'Z'))
=XYyZHXY'Z X (Y +2Z) (Y +2)
=XyZ +XY'Z Xy + XY + XYz + %22
=Xyz+X'y'z+xy'z' + x'yz'
= (xy +xy)z+ (xy" +Xy)Z'
=(xOy)z+xOy)z
=xUdyOdz

(4)
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2. Implement by drawing the circuit of a 2-input OR gate using only AND and NOT gates. (4)

Answer
A+B = (A+B)"’ double prime
= (A'-B") De Morgan’s

A
A+B
B

3. Design a 4-bit ALU with the following operations. You need to draw the full ALU circuit,

AE, and LE. Optimize your AE and LE circuit with the least number of gates. 4
M| So Operation
0|0 A+B
0|1 A-1
110 NOT B
1 | 1 | Pass through B
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Answer
M | So Operation LE | AE Co
Xi | Vi
0|0 A+B ai b; 0
0|1 A-1 a; 110
10 NOT B b | 0 |0
1| 1 |PassthroughB| by | O | O
X Yi
ab ab
MS, 00 01 11 10 MS, 00 01 11 10
00| o | o |{T7]1 oo o [I1T 71| o
o1 0 | 0 |i1 | 1 o)1 Ji1 [ 2i] 1i
uf o {171} o 1 0 [ o | o | o0
[ i o | o | {1 [] W o |00 o0
Xi = M'a; + MSpbi + MSy'by' yi =M'b; + M'Sy
=M'ag; + M(So ® b.) = M'(bi + So)
ag b3 op) b2 dp bl 2 bO
So

vy L ' o Ly Ll '

=7 = =T S

I
.
.

FA C3 FA | G2 FA Cy Fal_C
v v v v
Overflow f3 f2 fl fo
aj bi bi
M — M —>——
Sg SO
LE AE
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4. Use the K-map method to simplify a five variable (v, w, X, y, z) function with the following 1-
minterms and don’t care minterms: (4)

* 1-minterms: VW'X'y'z, V'W'Xy'z, V'wX'y'z, V'WXy'z, V'W'Xyz, V'wxyz, V'wWX'yz', v'w'xyz',
V'wx'yz', v'wxyz'

e don’t care minterms: vw'x'y'z, vw'xy'z, vwx'y'z, VwWXxy'z, vVwW'X'yz', vW'xyz', vwx'yz',
VWXYZ', VW'X'yZ, VW'XyZ, VWX'YZ, VWXYZ

Write the resulting simplified Boolean function.

yz v=0 v=1
wx 00 01 11 10 |00 __01 11 10
o o [(D)| o [(DOY| o || x [[™
o1 o ||1 | T[] o || x (x ﬂ
1] o ||1 | 11| o || x Lx XJ
0 o [l1)] o |[2)] o ||x
=/ _/

F=yz+yz +xy
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5. Use one 16 x 4 ROM (4 address lines, 16 entries, 4 data lines) to implement the following
functions: 4)

fi = w'xy'z + w'xz

fz =W
f3 = xy' + xyz
Answer
OR array
0
1
2
3
z A— 4
y A— 6
4-t0-16 7
X AZ — decoder 8
w A 10
11
12
13
14
15
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6. Implement the following gate level circuit using CMOS transistors.

A
E Output
D
Answer
NAND Vlcc Ve
R d
A . | . q
Output
: | \4 —]
C | NOR

<
8

O
I o

Page 6 of 8

(4)
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7. Given the following entity definition and operational table for an ALU, write the behavioral

VVHDL code for the corresponding architecture section of the ALU. 4)
ENTITY alu IS
PORT (M IN std logic; -- select between arithnetic and | ogic operations
S: IN std_| ogic_vector(1 downto 0); -- select for operations
A, B: INstd logic vector(3 downto 0); -- input operands
F:  OUT std_logic_vector(3 downto 0)); -- out put
END al u;
M| S| So Operation
0]0]O0 Add
0 | 0| 1) PassA through
0| 1] 0 | Pass B through
0|11 Subtract
1,100 A AND B
1101 AORB
1110 NOT B
1] 1] 1] PassAthrough
Answer
ARCHI TECTURE Behavior OF alu IS
BEG N
process(s, A B)
begin
IF M="'0" THEN
CASE s IS
WHEN " 00" =>
F<=A+ B
WHEN " 01" =>
F <= A
WHEN "10" =>
F <= B;
WHEN " 11"
F<=A- B
END CASE;
ELSE -- M="1
CASE s IS

VWHEN " 00" =>
F <= A AND B;
VWHEN " 01" =>
F <= A CR B;
VWHEN " 10" =>
F <= NOT B;
VWHEN " 11"
F<=A
END CASE;
END | F;
end process;
END Behavi or;
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8. Given the following D flip-flop circuit, complete the trace for QM and Q in the timing
diagram below: 4)

master latch slave latch
M
b Q- Mip o0

C c Q—Q
Clock 5 T

Clock

—
D _[LrLIulr LA il

O

Answer
When Clock = 0, QM follows D. When Clock = 1, Q follows QM.

Clock | |

D

oM _ ]
Q

1L

=

[ U




