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Midterm Exam

Name (Last, First): Yeh, Avrore
Student Id #: 209110 10

Do not start working until instructed to do so.
1. You must answer in the space provided for answers after every question. We will

ignore answers written anywhere else in the booklet. All pages in this booklet must be
accounted for otherwise it will not be graded.

You are permitted 1 page of notes 8.5x11 (front and back).
You may not use any electronic device.
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Question #1
Consider the following Kamaugh Map for the Boolean function, Y. A blank truth table is provided
for your convenience.

AB ¢

—eeeee R

"00“ OIO 1 L l'1 1 " 4 "1 OII

"00" | 0 o [T 1
ol | "01"*| (1 1T [1[X X
CD N
| o | o I[l1 1
@l <0 |G [ ] o
Al e fc bl v {[Dul
Il o 0 0 0 ) Q
71 o 0 0 1 | x
5[ o 0 1 0 | %
u|l o 0 1 1 o) o)
0 1 0 ] Q O
0 1 0 1 \ [
0 1 1 0 { x
Al 0 |1 1 1 1= O
v 1 0 0 0 | |
6] 1 0 0 1 X O
al 1 0 1 0 O ¢!
nl| 1 0 1 1 ] |
2] 1 1 0 0 | i
I 1 0 1 % 0
151 1 1 1 0 N o)
o) 1 1 1 1 | {

(a) Circle the prime implicants on the map.

How many prime implicants are there? ﬁ

(b) Write the Boolean (sum-of-product) expression of the essential prime implicants of (b) (if

any). A A ApQA
EssentialPrimelmplicants = (’”CA Do (Q%) LA "‘C) V; (A D:) " {"’m C “’D)

(c) Complete the following statement

v =] [mc 2,3,67,9, 121,165 )
(e D0, (AC) " (~A,~DY* (A~ D)
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(d) Express as a minimal sum of product, —Y.
The K-map is provided for your convenience.

AB ¢

"00" | "01” | "11" | "10"
00 [(o T 0)| 1 | +
co"l orr | 1 | 1 | x | x

417 [ Co_| 0| 1 1
1o | 1 1 [XTO

oF = (~A"~c"D) , (~A*C D) , (A"C*~D)

A

thes o Y

(e) Is the dual of this function itself? Circle one: ~ Yes) No
Justify your answer:
dhon yOU nvert the Wuth toble ond rewerse the terms,

everythinoy except the ‘don't caves' matkh, but we
don't cove obout  thoce

(fy If the logic is implemented using its minimal sum-of-product expression, is there a risk of a
static hazard? N
Circle one: Qgs) No Uh what
Under what input conditions? A
e lost teen (AN C7AD) |
‘Ws not Ow,v\app'\rto ony othtr esceriial prive n’V\P“CO\V\t

A
What product term(s) would you add to remove the risk? (BA C "’D>
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Question #2
(a) Rewrite the following Boolean equation as a sum-of-products or product-of-sum. Hint: apply

DeMorgan’s theorem.
W= ﬁ(ﬂ(CVﬂ(aA—\b))V (d/\—ue))

Answer: zafn(cu~oy B) v (d~ed)
=~{~(cyray, b) v ~(~dy 9))
AL B ((Cu"ovb)A (NA\IQ’))

w=(c.~a. b) A("’O\\/ 6)

(b) Rewrite the following Boolean equation as a sum-of-products or product-of-sum.
x=(cv(anb))v (dre)

newer Dy (b)) T

~[={ g ("o ~(d"e))
{(c 3/ N"'(O"}J) 2 ("'FJVC)) -

A
(C)\l (C(Ab) \ {d C)
2-input
(c) Implement the following function using NOR gates only and the fewestNOR gates possible.

You may use true and complemented versions of the a-f inputs,
Y=(aAbAcArdAre)V (cAdAf) .
[07B) = ~(~o,~b)

Y- (") (b, (5)
oy B
o _,,}i§>°’1_3>__[ heck.:

e v"d) = NLC Ad)

| oy > ~(ab)
4 ot
e L ) Calmtath) o) » o'ble
AfA
Nb_,r )j ( (a b 6)-\/8)
~e ‘—‘—'_'"—' D}Jf 'v( I\-(C’Ad> ” "’((ka’%/)\/% ))
) ™ (b)) () J

4 of 8



UCLA | ECEM16/CSM51A | Spring 2019 Prof. C.K. Yang
Question #3

The following 12-bit word can be used to represent different numbers depending on the
encoding #“cse BT 2

e f6 Tgal HUP chocke
12b’ 1_(;11 1301 0110 N 1024
(a) If the word is 2's complement what is the corresponding integer? — 1066 425 é’ + 32
t13 + 2
+ 6y
(b) If we convert the word into base-4, what is the represented number? + '6 L-/-f_—
893119 M + 0 1065
S T
(c) If we take answer in (b), write the :%\’s complement of the base-4 number. :‘92‘%%2 o,
00 22 | , 9. -
{ not 4s complement so don't 4! : -1066
(d) If the word is unsigned fixed point 6. 6 what is the cogrespondlng number?
"I7 5q575 lC)“ll . 0[:‘0:‘10ch 8?7(;:15 - X £ |
0.0 3126
What is the absolute accuracy of this representation? Y 123
ToRTEER Y
(¢) What is this word in Hexadecimal? bd6 Yo =‘g
0110 @
—
(f) If the word is 6ES5 floating point number (IEEE format S+EEEEE+MMMMMM),
3. ] & 5=
What is the bias? ____1S B0l =15
What is the corresponding real number? = 1. Ol OO
(9) In base-20 system and using 3 “vigits” (base-20 digits) in 20's complement: 6o 4,0. 16

How would one represent a base-10 integer -16167? {51959

O!')'b'-kg(,?ﬁ"‘

What is the most positive value in base-10 integer that can be represented? ARG st L
299A
Q1910 — AUo0+ G104 147 200 + DBO +IA = 1519.5 2/
20°-1 = Yoo - | J -5.400+19-20 +4
= ~2000+3230+4
= -16}6
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Question #4

(a) Two 4-bit binary inputs, b7/3:0] and b2[3:0], are needs to be decoded into a single 2-hot
output vector, twoh[15:0]. This 2-hot vector has up to two positions of 1's and the remainder
are 0's. If b1 is the same as b2, then only a single 1 is asserted. Design this logic. You may
use 2:4 Decoders as building blocks and any number of AND, OR, or INV gates. Try to
minimize the amount you use. You may describe connections to avoid an overly complex
drawing of every signal and line. e, AND gates

S\l -

b1L52]_,\-—’.2:q L %j’c?é > o

bAL1:0] -\—'ﬁ]ﬁv g0

L_’—_V—*‘U"/
e o 04 decoders
and AND oll comonations | 6
O‘r blne out LS to >>—)r——- twoh [15:0]
g decader A

023 2] 3 —Av

OR eoch corrcspoadmg b
[so |6 OR 80(,65)

i, AND 60(’56 )
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(b) Next, you are tasked to code the twoh[15:0] signals into a vector that indicates a range,
similar to a thermometer code. The 16-bit input, twoh[15:0], produces 16-bit outputs,
rangeh{15:0], whereby the positions in between the 2 asserted signals of the twoh[15:0] are
all 1's. For instance, with b1[3:0)=4'b0110 and b2[3:0]=4'b0010,
rangeh[15:0]=16b’0000_0000_0011_1110. You may use any building block we have
covered in lecture as well as any number of AND, OR, or INV gates. Again you can describe
connections to avoid drawing every signal and line.

£wonD5 ) -——-\_ESED_T_J'@‘ rangeh [5) |

. . :Do_ﬁ_
® i D_—_-
e g -—-}) =
ronogh [=)
XOR. T
twoh[1} m'@ﬂgdﬂm] octs ike o toQQ)le
twoh [0 mm@e,h [0]
|
130

S0
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(c) Finally, encode inverse the function of (a) by accepting the twoh{15:0] signal as input and
output 2 binary values bo1{3:0] and bo2[3:0] to indicate the binary position of the two hot
bits. You may use any building block we have covered in lecture as well as any number of
AND, OR, or INV gates. Again you can describe connections to avoid drawing every signal

and line. o
higpest
et e,
pe \Ord,\{ Haoh[0) m =

twoh U] 16 ey “
. : p——— decod —N— IDO’| [/3‘-0]

lowest ks Oht\sj @ _J
G

<t k
hee Hoh €] —

$woh [H) ""‘j""

‘v g
)dmwa—» bod[30]

lowest  £uh]0) -{_j“__"—__'

top \als ~let most sgn§cant T §om right poss throug, then decode

bottom - let last S0y 1 Som kSt pass  4hrough | then decod?

bit cell ovbiter

oy decode wl 4.2 decode

LAl olo]

nc one yc &

) 0[1:‘
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