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Please print legibly

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

1. Given the following 1-minterms and “don’t cares” for a 5-variable (v,w,x,y,z) function, list all
the prime implicants and essential prime implicants. Use K-map to derive all minimized

standard form solutions.

1-minterms: my, M3, Ma, M1, M2, Mps, Myg
don’t care minterms: ms, Mg, Mg, M12, M14, M15, M17, M2g, M21, M3, M3z

(4)
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Answer
R yz v=0 v=1
WX 00 01 11 10|00 01 11 10
0| 1 3] 2| 16] 17] 19 1§
00 o 1 1 0 x
2 5 7 6| 20 21 23 22
01 1 x 0 x x x 1 1
12 13 15 14 28] 29 31 30
11 x 0 x x 1 0 X X
8 of 11 10 24 25/ 27| 26
10, o x 1 0 0 0 0 0

/
V'X'z
Pls: xz', w'y'z, vw'X, vxy, v'X'z
Minterms covered
Pl [my|[mz|mg| My | My | My | Myg
XZ' v v v
lelZ \/
VW'X v v
VXy v |V
vX'z |V |V v
EPIs: xz', v'X'z
Solutions:

Fi=xz"+Vv'X'z + vxy

and

Fo =xz' + v'X'z + vw'X
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2. Given the following K-maps for the LE, AE, and Cy of an ALU, determine the ALU
operations assigned to each of the select line combinations. Show how each operation is

derived. (4)
LE AE
ab, 5,=0 s,=1 s.b.
S;S, \ 00 01 11 10|00 01 11 10 S,S, L0 01 11 10
00| 1 1 00 1 1 Co
SlsO
o 1 1t ' 01 s, \ 00 01 11 10
11 1 1 1 1 11 0 1
10| 1 1 1 1 10 1 1 1| 1
Answer
Sy S; | So LE AE | Cp | ALU Operation
0,010 bi 1|0 B-1
0O|0|1] anorb;j | 0] O Anor B
01110 a bi' | 1 A-B
O|1|1 axnorbj| 0| O A xnor B
1{0(0 0 01 1
101 |anandbj| O | O A nand B
1{11(0 aj bi | O A+B
1111 aj' 010 A
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3. Write the complete VHDL code at the dataflow level for the AE circuit as given in question 2
above. 4)

Answer

LI BRARY i eeeg;
USE | EEE. std_l ogic_1164. al | ;

ENTITY AE | S PORT (
S2, S1, SO: IN std_|ogic; -- select lines
Bi: INstd_|ogic;
Yi: QUT std_Il ogic);

END AE;

ARCHI TECTURE Dat af | ow OF AE IS
BEG N
Yi <= ((NOT S2) AND (NOT S1) AND (NOT S0)) OR
((NOT S2) AND (S1) AND (NOT S0) AND (NOT Bi)) OR
((S2) AND (S1) AND (NOT SO) AND (Bi));

END Dat af | ow;
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4. Design a circuit that inputs a four (4) bit number. The circuit outputs a 1 if the input number
has an even number of zeros. Otherwise, it outputs a 0. The circuit must be as small as

possible. Draw the final circuit.

Answer

F
yz

WX 00 01 11 10

00| 1

1

01

11 1

10

F =wX'y'z' + w'X'yz + w'xy'z + w'xyz' + wx'y'z + wx'yz' + wxy'z' + wxyz
=wWX'(Y'Z' +yz) + wx(y'z' +yz) + wx(y'z + yz') + wx' (y'z +yz')
=wX'(yOdz) +wx(y Oz)'+wx(ydz)+wx (ydz)
=(wx' +wx)(y O 2) + (wx +wx')(y O 2)
=wOx)'(yO2)'+(wOx)(yUO?z
=(wldx)® (yO?z)
=WOX)® (y©®©2)

wWOx)©(yOz)=1=wOx)=(yUO2).

If (w0 x) = (y O z) then certainly (w 00 x)' = (y O 2)'
which is equal to (w ® x) = (y © 2).

Hence WO Xx)®© (yOz)=(w®Xx) ® (y© 2).

2>

(4)
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5. Design a subtractor circuit where both operands are two (2) bits wide. Design the circuit as
one complete unit and not like what we did in class. That is, not as a single bit slice and then
daisy chain the two bit slices together. The two 2-bit operands are interpreted as positive
numbers. (This is equivalent to a 3-bit number where the leading bit is always a 0.) The result
of the subtraction should be interpreted as a two’s complement number and should be three
bits wide. Derive the truth table, and the minimized standard form equations. You do not
have to draw the circuit.

Answer

Difference =x -y
X1 | Xo | Y1 | Yo | borrow | difference; | differencey
olofo]o 0 0 0
ojlofof1 1 1 1
olof1]o0 1 1 0
0[0[1]1 1 0 1
ol1]0]o0 0 0 1
ol1]0]1 0 0 0
ofl1]1]0 1 1 1
o(1l1]1 1 1 0
1/ofo]o0 0 1 0
1/0f0]1 0 0 1
1]of1]o0 0 0 0
1/0f1]1 1 1 1
1/1]0]o0 0 1 1
1101 0 1 0
11110 0 0 1
1111 0 0 0
borrow difference,

YiYo Y1Yo

X Xo 00 01 41 10 XX 00 01 11 10

00 |11l 00 |1 T

o1 hola o1 1] 1

11 111 | 1]

10 1 10 1 1

borrow = X;'y1 + X1'Xo'Yo + Xo'Y1Yo

(4)
difference,

Yo

X%, N\ 00 0111 10

00 11

o1 1

1 1

10 1 1

difference; = XiXoy1' + X1y1'Yo' + X1'Xoy1 + X1'Y1Yo' + X1'Xo'Y1'Yo + X1Xo'Y1Yo

differenceq = Xo'yo + Xoyo'



