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Question 1: Fill in the Spaces: (Show all work neextl to obtain your answer) [14 marks]

1. The symbol :8} is an equivalent repr¢ation of the _ OR (AND/OR/NOT)
=0
gate. [1 mark]

2. A two input XOR gate can be used as an invertearofnput, if the other input is set to

High/Low). [1 mark]
3. The output forn inputs XNOR gate n( > 3) will be THe
SamédInverted) if any two inputs are inverted. [1 mark]

4. The two-input gate symbol shown on the right perforthe function A —Q AB
f(A B) =AB. It {an/Cannot) be used to implement ar g —|

Boolean function similar to Universal gates. [1 mark]

5. Using 6-bit registers, the smallest negative nuntiarcan be represented® and that
would be using (Sign-Magnitude Lomplemen) representation.
[2 marks]

6. Using 6-bit 2’s complement representation, thedatgrumber that can be added to +5
without causing an overflow is+26_(in decimal). [1 mark]

3-to-8
Decoder

7. Complete the circuit on the right to implement tihrction o

F(A, B, C) = TIM(0, 1, 4, 6) using a single 3-to-8 decode” 4 &
Q4

and a NOR gate. The inputs to the NOR gates will lc —c Qs

T

Q0, Q1, Q4, and Q6 _. [2 marks] e
\Z v
8. For the function F(X, Y, Z) represented in the daling K-map, F has ¥ 22ttt
3  (How many) prime implicants, and of the Iy all s
2 (How many) are essential prime implgaftc. * e
[2 marks] z

9. The largest decoder we can build using five 2-tdetoders with Enable without any
additional components is a4 to_16  decoder. [1 mark]
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10. In the priority encoder shown below wiby having highest priority and Dy the lowest
priority , the output ¥Y:Yo = 101 when the status at inputg-D; is as described in

(select one of I, II, Ill, or IV) witall other inputs being in a don't care
condition. [2 marks] Higher
Priority | b
| Do=1andR=1. 1
Il. Di=landD=1. o e W
. Ds=1landR@=1. TP, Encoder
IV. Dg=1andD;=1. e e
Lower o D7

Priority

Question 2.Consider the Boolean functidifW, X, Y, Z) = TIM(1, 4, 6, 9)

1) Identify all theprime implicantsand theessential prime implicantsf F. [6 marks]

Solution:

YZ
WX oof o1 |11 |10

00| 1 0 1 1

01 0 1 | 0

1l | 1 1 1 J
10| 1 0 1 |
L — I ]

Prime implicants:
WZ,XZ,WX,XZ,YZ, XY, WY

Essential prime implicants:
X7Z,X7 .
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2) Simplify the Boolean functiorr(w,x,y,z) shown in the K-map below together with its

don’t care conditions, intminimalsum-of-products expression. [4 marks]
wxlyz 00 01 11 10
00| 2] o o |1
010 [ 0 |~T 7%
11 x | x [%x | x7
10 T:] o | XX

Minimal Solution:

F=XZ+XY

3) Implement the following function using minimum nuentof NAND gates Assume that
all inputs are available in true and complement foms. [2 marks]

F=AB + B'C + AC’

s | P
T e

4) Implement the function in part (3) above using mam number oNOR gates only.
Assume that all input are available in true and complement forms. [4 marks]

A
B,

T
D D
S
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[20 marks]

Question 3:

a) Show thes-bit binary representation of the following decimal numbers.
Decimal 8-bit Sign-Magnitude 8-bit 2's complement
Number representation representation

+35 0010 0011 0010 0011
-76 1100 1100 1011 0100

[4 marks]

b) Given the following 8-bit binary value, show tleequivalent decimal value when the binary
number is interpreted as unsigned, as a sign-matmitumber, as a 1's complement, or as a 2's
complement signed number. [4 marks]

gb Equivalent Decimal Value when the binary number is interpreted as:
-bit
Binary Unsigned Sign-Magnitude 1's complement 2's complement
Number Decimal Number | Decimal Number Decimal Number
1011 1010 186 -58 -69 -70

c) Show the addition / subtraction of the followigbit signed numbers represented in 2's

complement. Indicate whether there is an overflgas(/ No). [6 marks]
11 1111
1101011 1110010
+11001101 -10010111
90111000 11
91110010
+01101001

11011011

Overflow? NO Overflow? YES
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Question 4: [6 marks]
It is required to design a circuit to multiply tiebit unsigned binary number&; Ao andB;Bo.

a) Obtain the truth table for this circuit. [4 marks]

Solution: To multiply 2 2-bit unsigned numbers, the maximum result is 9, which requires 4 bits 2>
the O/P is 4-bits -- > The truth Table

[
[

R R RRRRR RO O >

R o|o|o|o oo oo oo oo o e eF,
o K olR ok ok ko oo e e o
R(o| o|o|o| oo ok oo oo

R R R o|o|o| k| k kK oo e|&
R R oo R R ook k| ook~ o o|®
R o R o R o R ok ek oer er o P
o ook o|o/o|o| o oo oo oT,

b) Using the Karnaugh map, find a minimal sum-of-prctdexpression for the output bit with
weight 2 (i.e. 2 bit from the right). [2 marks]

Karnaugh Map for p1

B1 BO
AlAO| 00 |01 |11 |10
00
01 1 1
11 1 1
10 1 1

pl=A1B1'B0+A1A0'BO+Al1l' A0 Bl + A0 B1BO0'
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Question 5: For this questiorRroperly label all components, their inputs and ouputs.

Given the functior”(4,B,C) =AC + B C [14 marks]
a) Implement F using the smallest size MUX. Do not aisg additional gates. [6 marks]
b) Implement F using a single 3-to-8 decoder, anchglsiOR gate. [4 marks]

c) Implement F using two 2-to-4 decoders with enafhe inverter, and one NOR gaf4 .marks]

a}

.:J
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Question 6:For this questiorproperly label all components, their inputs and ouputs.

Using aminimal number of standard components (suchdasoders, encoders, multiplexers,
adders, magnitude comparatorsiand any other necessary logic gates, design aitdihat:

- Takes three 4-bit unsigned binary numbers A =A3A,A;A,, B = B3B,B;B,, and C = C3C,C, (.,
- And produces two 4-bit outputs X =XzX,X1X,, and Y = Y3Y,Y:Y, such that X equals the smallest

number among A, B, and C (i.e. X = min(A,B,C)), while Y corresponds to the largest number among A,
B, and C (i.e. Y = max(A,B,C)). [20 marks]

One Possible Solution:

Qw:o’
2X
4 DNJHux I‘\4 zﬂw
) o it Meg., 4
4it plag. s x) 0 H’ H.a 4 fo_+__7.)(
tomp- s min(min(A,B),C)
A A Gl
g e Qe

MUX

09 max(max(A,B),C)
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Question 7:Consider the combinational circuit shown below withuts X, Y, Z, and W, and outputs
A and B: [20 marks]

X'
Y

X
Z
Bas
w

a) Write a Verilog module (call {f£C) describing this circuitas is using primitive gates. Assume the
following gate delays; inverter’s delay= 1 (timatiPAND’s delay= 2, OR’s delay=3.[5 marks]

‘timescale 1ns/1ns
module CC (input X,Y,Z,W, output wire A,B);
wire wl,w2,w3,X b,A b ;

not #1 (X_b,X) ;

and #2 (wl,X_b,Y);

and #2 (w2,X,Z);

or #3 (A,wl,w2);

not #1 (A_b,A) ;

and #2 (B,A_b,W);
endmodule

b) Write a test bench to test the above circuittii@r following input combinations (add 10ns delay
between the application of each input set):
XYZW=000Q then011Q then0010 [5 marks]

‘timescale 1ns/1ns
module CC_tb ();
wire A,B;

reg X,Y,Z,W ;

cc m1 (X,Y,Z,W,A,B) ;
initial begin

X=0; Y=0; Z=0; W=0; //or simply {X,Y,Z,W}=0 ;
#10 Y=1; Z=1; //or simply {X,Y,Z,W}=6 ;
#10 Y=0; //or simply {X,Y,Z,W}=2 ;
end

endmodules
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¢) Write another Verilog module (Call it CC_2) debmg the same circuit but using the continuous
assignment (i.e. assign statemeiie output delays should also be modeled in this rdale.
[5 marks]

‘timescale 1ns/1ns
module CC_2 (input X,Y,Z,W, output wire A,B);
assign #6 A = (~X&Y)|(X&Z) ; //we set the delays to the worst
assign #3 B = ~A & W ; // case delay - for B, the delay of A
//would be added to an inverter’s + AND’s delays
// or assign #9 B = ~(~X&Y)|(X&Z) & W;
endmodule

d) What do we need to change in the test bencamf(b) to simulate the"2module CC_2) (b)?
[2 marks]

Only the instantiation statement - CC_2 ml1 (X,Y,Z,W,A,B) ;

e) Also, if we modify the test bench to try all pime 16 input combinations, would the two modules
produce exactly the same simulation results? Briefplain why [3 marks]

No. The 1°' module models the delay at the gate-level, so different
input combinations may result in different outputs delay, e.g. when
the input changes from 0011 to 0010, output B’s delay will be 2ns, but
when the input changes from 0011 to 1011 (or 0111), output B’s delay
will be 9ns (or 8ns). In the 2"! module we model the worst case delay,
so outputs A and B’s delays will always be 6 and 9 ns, respectively.



