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Question #1
Consider the Boolean function defined by the truth table below where A, B, C, and D are inputs,
and Y is the sole output.

4 A B C D Y
o) 0 0 0 0 1
J 0 0 0 1 0
2 0 0 1 0 0
3 0 0 1 1 0
A 0 1 0 0 1
5 0 1 0 1 1
6 0 1 1 0 1
7 0 1 1 1 1
% 1 0 0 0 1
4 1 0 0 1 1
10 1 0 1 0 0
1 1 0 1 1 1
12 1 1 0 0 0
13 1 1 0 1 X
o 1 1 1 0 1
15 1 1 1 1 X
(a) Complete the following statements
Y=2m(o,4,5,b,7,8,q,n,m )

(b) Complete the Karnaugh Map shown below, circle the prime implicants.
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How many prime implicants are there?
(c) Write the Boolean (sum-of-product) expression for the essential prime implicants (if any).

EssentialPrimelmplicants = _ (A" ) v (B AC)
Ixx\ >R

20of 10




UCLA | EEM16/CSM51A | Spring 2017 Prof. C.K. Yang

(d) Implement the function Y using an 8-input multiplexer. The select signal is s[2:0]=(B,C,D}
where s=3'b7100 is B=1 and C=D=0 selecting the input mux_in[4]. A or ~A are permissible as
inputs, mux_in[7:0]. Write the desired inputs on the figure below.
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(e) Implement —Y using the minimum # of NOR gates with fewest # of inputs (minimize literals
and terms). ¥ use product = of -sums

- Cover™ OVxx, x000, lxx\, xWx
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* Implemesntation *
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Question #2

Y = —.(—;(a/\—ub) v (c/\—.(dVe)))

(a) For the above Boolean function, if you were to convert the above expression into a sum-of-
product representation, how many times did you have to apply DeMorgan’s theorem?
2

(b) For part (a), what is the resulting function?

il

-
Y

(arb) A (e 7 (gve))
(a""\ﬂ/\ (nev (o\vew

(8%b" ) v (gA7brd)v (3" "bte)

(c) The following expression can be written as a 6-term sum-of-product,
=(@avb)A(aVv bV o)
What Boolean property do you need to apply to do this?

distpuhve
Without reducing, what are the 6 product terms?
absocbed, b\, g
idempetence Hicst tecen *{f_ui‘:

A T
(@ ) v (@™ V(AT V() v (5 h) v (bAe )
(d) The 6-term sum-of-product of part (c) can obviously be reduced.
What is the reduced expression?

RACES)
What Boolean axioms or properties are needed for the reduction?

absorption , idempedence
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Question #3
(a) The following 8 bits can be used to represent different numbers depending on the encoding

8b'10010111
If this was unsigned, what is the corresponding integer? 151
(b) If the 8 bits in (a) was sign magnitude, what is the corresponding integer? =~
(c) If the 8 bits in (a) was 2's complement, what is the corresponding integer? —105

(d) If the 8 bits in (a) was hexadecimal, what is the corresponding hexadecimal? a7
(e) If the 8 bits in (a) was binary coded decimal, what is the corresponding integer? 97

(f) If the 8 bits is fixed point 1001.0111, what is the corresponding number? 176

(g) If the 8 bits in (a) was a 4E3 floating point number (IEEE format S+EEE+MMMM),
3~ * minictuw maaﬂ'ﬂ'udc- = 0.25°C
What is the bias? _ 2" -1 =3
What is the corresponding real number? ”‘ajé x2 Ty

(nh) Military temperature range is -55°C to +125°C with 1% accuracy.

Would you choose floating point or fixed point? __ {ixed point

If you are to represent this in floating point,

what is the minimum # of bits for mantissa? L~ 92(0-0D} = ¢} (as-Sumif\S Counding ,
not ‘frunco'ﬁen\,

And, what is the minimum # of bits for exponent? r‘gg:(liffﬂ =Th
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Question #5

(a) Given 8-bit input, votes[7:0], in which any number of the inputs can be a 1°b1. Build an
arbiter that provides an 8-bit output, arbout[7:0], that is 1-hot. The hot signal corresponds to
the position with the highest priority. Note that votes[7] has higher priority than votes[6] etc.
You have available to you a module ARB that is a 4-bit arbiter already built that you must
use. ARB accepts as inputs arbin[3:0] and outputs arbout{3:0] and a hit signal to indicate
that one or more of the signals is a 1'b1. You also have available to you INV (inverters), and
2-input MUX (multiplexers). Recall that you can implement considerable arbitrary logic with
2-input MUXs.

I
o
arbin{3:0} :-? arbout(3:0]
votes [7:4] g: o arbowt [7: 4]
8 |hit )
‘h ’ L
o 4'b0000 —{
in[3: 4 B -0
o ] arbin[3:0 5 arbout{3:0] o arbout [3: 07
3 R
hit —! ‘
- 0/} 5 hit

(b) Now, the votes[7:0] need to be counted. You have available Full Adders (FA) as building
blocks for implementing a design. If the delay of the logic is determined by the number of
hops where each hop is the traversal of a Full-Adder from any input (a,b,and c) to any
output (sum, carry). Design your block to minimize this delay. Note that your design should
output 4 bits to indicate the binary count, cnf[3:0].

Fal Addess ore orerted in

— _ o ent(31 } Do & e
votes[7] 0 i—— s drdwing Og owg °
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vetes [2] vetes (3] votesT4] °

How many Full Adders to you need? __ |
How many hops is your design?
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Blank page for scratch work
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Blank page for scratch work
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