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Question 1. Terminology
(i) Prime Implicants (5 Points): In a 3-variable K-map, show a function and its prime implicants that

illustrates the fact that there is more than one equally good minimized Sum of Products realizations of
the function.

{(a) Fill in the K-map for F(A,B,C) below.
{b) Identify the prime implicants by suitable circlings.

(c) Select two different covers from the prime implicants, each with the same number of product
terms and literals.
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First minimized implemeatation of F(A,B,C) = A%r + f\ {C,‘ + ’B C_ l [) "_

Second minimized implementation of F(A,B,C) = 1\13 + AC + B! C: l P+

(ii} Product of Sums versus Sums of Products (5 Points): Give a K-map and an example function whose
minimized PoS form has fewer literats in it than its minimized SoP form.
(a} Fill in the K-map for F(A,B,C} below.
(b) Indicate the minimized SoP and PoS realizations you obtain,
(¢) How many literals is in each realization?

A
6Q’u- 3 LLL _@ @
GOQJ'EX;LO. Cllo [\a)| o/
£ B
Minimized SoP realization of F(A,B,C) = A'g'c! + a'e ya L)-F;

Number of literals is: (9

Minimized PoS realization of F(A,B,C) = B (,6('.{. cf >(A +c! ) %?-{-g

Number of literals is: L
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Question 2. Minimization (15 Points)
Given the following four four-variable functions:

W(A,B,.C.D}
X(ABCD)
Y(A.B,C,D)
Z(ABCD)

= Zm(0,2,4,538,10,12,13)
Im(0,2,5,7,13,15)

= Xm(4,5,6,8,10,12,13,14)

Zm(5,6,7,8,10,13,14,15)

Use K-maps to independently minimize the functions in Sum of Products form.
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X= 8D+ ABD

2C + B + AD'

The number of unique product terms is: i

Now resolve for W, X, Y, Z when the target of implementation is a Programmable Logic Array (PLA):
i Z 2
Tyt ] -~ §
ABD'+ ABD 4+ BC
f (L L% I
B+ B NED L BLD

W

The number of unique product terms is:

$7--Z
2= BD+BL+AR D'
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2= BD 4+ AB D4 BCD’ Bds
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Question 3. Minimization (20 Points)
Consider the following function: F(A,B,C,.D) = Zm(0,5,6,9,12,15)
(a) What is the minimized Sum of Products form? How many literals does it have?

A
p!
F |19 v ¥ k- [N+ ABUD+ ABCD 1 AB'CD +
GG ABC Y 4+ ABCD
3 T 15 uj &

i
C 2 { ¢ [ ™ Literal Count is Zﬂ

3¢°

B
{b) What is the minimized Product of Sums form? How many literals does it have?
Al A
CL e ' 5D
= | (A+B +CADN(AWRYCAD! ) (ArBD!
@ 9]
(o 4 ) (AC4DY) ~Z PLS

- o CA+C'+D) CA%+B+D) . XU‘ '
+
CC w ¢ 0 o O Literal Coun[isﬁ AR 3'(’@ WS

B

(c) In addition to AND, OR, Complement (NOT) functions, assume that you can also use the XOR
function as a primitive gate. They cost no more to use than “simple gates™ like AND and OR. How do
you oblain an implementation with a minimized litera} count now? Write down your answer as a two-

level Boolean expression using XOR, AND, OR, NOT functions. NO[I ] M‘E OJMQO‘-\
F= | glascoOD] + /[Aeedh] % -

| . il Gndd kg
Literal Countls_%___ %M [uv-l M 11{?

Show your work below:

D B(ACD+ ASTFACTACD)

l BN Dr )4 AL D By
RLA®@D] 4

! (K8 + 4'BD + AB'D+ARD')

C'(N[e'v'+80T+ ALgD+BD'T)

¢! (h@reb)
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Question 4. Circuits with Feedback (15 poiuts)

Consider the following circuit schematic and timing waveform, Assume that ail gates have identical gate
delays. Each time division in the waveform diagram represents a gate delay. At time TO, the switch has
been open long enough for the signals to have reached a steady initial state. At T1, the switch closes. Fill in
the waveform diagram,

N , 3k

B - I, 1Spks
? ' : [_QFL;

|-

TO T1 TIME

What kind of periodic signal does this circuit generate? M “-!/’1“2{'\4‘3& a{\ L{'%ﬂ:ﬁ gfl‘g
dhﬂa.&g + 759 (%)8 c«drl.c
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Question 5. Multiplexer Design (5 Points)
Design a subsystem using multiplexer components that can do the following function:

Data Inputs: A, B, C,D
Contrel Inputs: S1, SO
Cutputs: W, X, Y, 2

The behavior of the system is described by the following “functional” truth table:

Rotate Inputs Right

Rotate Inputs Left
Arithmetic Shift Inputs Right
Arithmetic Shift Inputs Left

Draw a wiring diagram for your implementation below:

So 50 Soe— so Se— s0 Se— s0
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Question 6. Multiplexer Implementation (15 Points}

Given the five variable function F(A,B,C,D.E) = Zm({0,1,3.4,8,9,10,11,12,14,16,20,21,23,26,30), show how
to implement this using a single 8:1 multiplexer and ne other logic gates (you may assume that variables
and thetr complements are available at no cost to your implementation). HINT: Use A, B, E as the
multiplexer control inputs. Show the wiring below:
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Show your approach below: , {
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Question 7. Design Problem (10 Points)
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It is well known from the X-Files that Aliens have two arms and three fingers on ¢ach hand. So it is not so

surprising that they have a base 6 number system.

Design a digital subsystemn that takes as input a “binary coded hexary” (BCH) digit (i.e., O through 5 is
represented by the binary numbers 000 through 101} and a mode input that outputs the BCH digit plus |

when mode = 0 and BCH - 1 when mode = 1.

{a) Identify your inputs and outputs. Draw a block diagram: A = \(
ot BCH |
'E(_.H “&E\k ¢ : A‘%C FB —_ Increment/ | |, \e L?lf;
W d‘-L oM C — Decrement
A Xtz A 1 >2

BH M‘W

{b) State your assumptions about the behavior of the circuit. Document your understanding of the function
with a truth table:

MABC ,»cv—z MABC |XTZ
| ooo L & 1
c o2 ° s 9% 60t [o o0
o(o [0 L1 851854
ot 1 t 0 O Pod o ZP‘(;
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|6 | 60 o 1 to | K¥ X
t Lo X% L L [ XKX
[ | X X K

{c} Implement it in minimized Sum of Products form. Draw filled in K-maps, circled implicants, and the
inimized Boolean equations for your outputs:
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\(=W MR+ MAC s ph C+mABC
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