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EECS 150 Spring 2001 Midterm 1 R. H. Katz
Question 1. Truc/Faise (5 Points)

Crrcle T for teue and F fur false below (0.5 points cach);

(1} The set of prime implicants of a Boolean function are unigue. @ F
{11}  APAL isadevice with a fully programmablc AND plane, @ F
(i) A2 Multiplexer can implement any function of N variablzs. @ I
(iv) The Sum of Products form-of a Boolean function will always have

fewer literals than its Products of Sums torin, T ®
(v} All Boclean fungiion implementations have hazards in them. T @
{vi} Cnmbinatin_nal logic determines its outpuis as a function of the

the current inpyts and the history of the computation, T @
(vity) A ROM is nothing more than a hardware truth table, @ F
(viii) A cireuit with stata js an example of combinational logic. T @
(ix)  PALs are typically fasler than PLAs. @ F
{X;  Aselector and a multiplexer are esscntially the same hardware. @ ¥

g_uestiun 2. Canonical Forms (15 points)
iven the function F(AB C.D)=(A+B+C)(B '+’ ' ]
_ . (AB,C.D)=( +C D) A +C+D KA +B ' +C (A ’
following questions. Use the K-map below before your im)énnedi:[e ':fci;B FEHATBDY, answer o

F V’d%*l/?‘iﬁl X
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(i) Write F in canenical Product of Sums form using ITM notation (3 points):

FCA, (D)= TM(9)1,6,9, 1, 1314 15)
(1) Write F in canonical Sum of Products form using Zm notation (2 poinis):
FCA:‘BJ CJD) ‘12 MCZ! 3: 4}5: 7; %) {O) ’2')

(111) Find the minimum literal count Product of Sums form of F {3 points):

{ | {
FABCD)= (A+D')(B4e+D)(A+B+C )
(iv) Find the minimum titeral count Sum of Products form of F (3 points):

f
FABCD)s ACD £ ABL+A'CD + BlED’
| 62 ABD + BCD'+ A'BD + A’BC
(v) Find the minimum kiteral count Product of Sums form of F’ {2 potnts):
__{. . s \ o~ 2N
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FUABLD) = (A+Cd) (A+8'+C) (A+ 4D ) B+ '+ D)
or  (A+B+D)( R4 D) (A+B+D) (A +3+¢”)

{v1) Find the mlmmum Iiteral count Sum of Products form of F' (2 pmnls)

F(A%C}) EAD + B+ £

Question 3. Minimization Over Multiple Functions (15 Points)
Chiven the following four miinimized four-variable functions:

| -
AB+B'C

W(A,B.C,D)

¥
X(ABCD) = ABC'+AB'C' 4 ABC

!

¢
AB + ACT

YABCD) =
Z{ABCD) = A'BC + a&‘B’C3
How many unique product terms are there spanning these functions {1 points): %

Fill in the K-maps below and circle the jm
plicants s0 as to yield the
terms spanning the four functions (3 peints per K-map and fur?cuon) minimum namber of U produ

- A A
W ﬁ\ :-{'~: Xt X ﬂ :‘E
:‘(.4 E’l: :!; X <
il Nk
- (] : %
- |
B B :
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A A
YO z :
L) { i
!I_}‘;(f '1;
< n " {
o5 . THh D
Cf’. As
i} : I
+ ¥ ‘:....:
B

Write the revised expressions for W, X, Y. Z in the boxes below Array:

VUTABCH ABLE MBCHABC | X <[ WB Tt AECAABICS

C AR+ AB AR 2= A'gc 4 A'gef

The number of unique product terms across afl of the four tunctions is: 6 (2 points)

Question 4. Multiplexer Implementation (15 Points)

The following implements the four variable funct] :
: ) ) : tion F{A.B,C,D) using a muls;
choice of which variable is a data input and which are multiplexer control ignpu[r:-u Hplexer. Please note the
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| — 2 F o)
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A —— |4 Fr— 7
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0 —f O CIt
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7

52 St S0

|

B C D

Reverse engineer this function to write it down in minimized Sum of Products form (10 points}:

F(A.B.C.D)= A’E(‘Dr + A(BC + ABD f+ A'BIC-

What is your literal count? l 2—

Assum‘e. that you can use XOR and XNOR operators as well AND, OR, and NOT operators. Rewrite the
expression for the function F in a multilevel form that has an even further reduced literal count (5 points):
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FOAB D)= (AOBD + (A8B) C

What is your literal count? %

Question 5. Circyit Timin

and W, : .
Consider the following i . aveform Diagrams (15 points)

rcuit schematic and timing waveform

Fr OOHB) = (Rse) (A’ s 5y
= AB+BC
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(i1i1) Write Fy AB,C) in minimized literal count Product of Sums form (3 points):

F = B(A+O)

(iv) All gates have idens
cal gate delays. Each g ivisi
waveform dia : ) g ime division represents a gate
the inputs havgrﬂm Tfth the time behavior of output F and intermediate nodis X dﬂliay. Compl‘m ihe
not changed for quite some time before time TO (5 points): and Y, assurning that

A
tttttttttt M g
TV I It e AT SR IS S SR S R N
.............. I
............................ ﬂ
c . S e W VRN W RO . .
Ll LRt LT P - 1
0
x T Tttt LS S S N S
........................................ o - 1
................ D
Y
i 1
------------- ﬂ
F
|
. -

TO
Tl TIME
(v) What ki ' ' "
) at kind of waveform behavior does F have? Brefly explain why it arises (] point)
Int),

F s el J
X S

O\QHWHJL'U» ' DU | t ok )
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Consider a subsystem that acts as a “tie detecior”. The function behaves as follows. If more of the Inpuls

are true than false, the output MoreOnes is asserted. If more of the inputs are false than true. then the outpul

MorcZeros is asserted. If number of ones and zeros at the j
) . mputs are the same, both
MoreZeros are false (that is, a tie ias been detected). © MoreOnes and

Design a four-input tie detector subsystem.

(i) Identify your inputs and owtputs. Draw a block diagram (2 points):

. g

%Mo

A —=
B —» Tie
C —> Detector = ’[_E
i D -
Y |
(0
Iz ) N
3155_ i1) ‘S”itat:lea]'::::hast:bullll[;;lt;z :::;!:ut the behavior of the circuit. Document your understanding of the function
L ABCD | Mo w2 AB D | Mo Mz
&Y 66 6 O ) i oo o o —
OO0 & | O ¢ [ 8 O ¢ o 0
60( O o ‘ t 6 ¢+ O o 0
©a | 0 'y . o | |\ ‘ o
Glo o O i | [ o o o °
v, °( %l o o t te 1 g
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}l (iii) Implement it in minimized Sum of Products form. Draw filled in K-maps

minimized Boolean equations for your outputs (10 points):

ke
(D\&e 6t u Ce

. circled implicants, and the

:5 sslofo 0] 0 [ i
é“j oi|lola 6 0
5.
W | © b O
o | O

) \
iS 1

r; - Mo

13 /m(ﬂ&b) =ABD4AZC+ Mz ey .
58 “\g ACD+BCD - C&BCD)_A‘ ‘D' ABL +

. . ACD 3 Y
5 ~*’6/3
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Posted by HKN (Electrical Engineering and Computer Science Honor Society)
University of California at Berkeley
If you have any questions about these online exams
please contact email:examfile@hkn.eecs.berkeley.edu.
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