EEM16 Midterm

TOTAL POINTS

87.5/100

QUESTION 1 almost correct...

Problem 130 pts

11(a,b,c) 11.5/18
v - 3 pts (b) incorrect # prime implicants by 2
v - 2 pts (b) incorrect size of prime implicant

v -1.5 pts (c) incorrect # essential by 1

1.2(d,e) 12 /12
v -0 pts Correct

QUESTION 2
2 Problem 2 (a,b) 16/ 20

v - 2 pts missing at!d+le

v - 2 pts missing a+!b+!c+!d

QUESTION 3
Problem 3 28 pts
3.1(a,b,c,d) 16/ 16

v - 0 pts correct from (a)-(d)
3.2 (e,f,g) 10.5/12

v -1 pts e2 - can have both positive and negative
exponents easily, negative exponents give more
accuracy

v - 0.5 pts f2 - borrow bit required in msb ->

underflow

QUESTION 4
Problem 4 22 pts
41(a)8/8

v -0 pts Correct
42(b)7/7

v - 0 pts Correct
4.3(Cc)6.5/7

v -1.5 pts incorrect boundary condition

+ 1 Point adjustment

Page 1



o
Tt

..1:4{/

UCLA | EEM16/CSM51A | Spring 2017

Prof. C.K. Yang

Midterm Exam

Name (Last, First):
Student Id #:

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.

2. You are permitted 1 page of notes

8.5x11 (front and back).

3. You may not use any electronic device.

Following table to

be filled by course staff only
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100
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Question #1

Prof. C.K. Yang

Consider the Boolean function defined by the truth table below where A, B, C, and D are inputs,

and Yis the sole output.

:

~A ISR IR~ Fg"

Ml oo (o o | =

A
0
0
0
0
0.
0
0

[0
1
1
1
1
1
1
-
1

o Ll e R =3 =2 20 B0 S el L L A A A s L

(a) Complete the following statements

—1Y=Zm(0, 3,(, 71 g

(b) Complete the Karnaugh Map shown below for ~Y, circle the prime implicanis.

O |(O|=m(o|=|o|riC|IRIGIR|ICIHD|ID

g e F- A - R e L A R G

[ ET - PR

AB
I'IO-I-III- II1 1 it :1 O‘II
0 | o .
0 'y )< [3

How many prime implicants are there?

-47

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

any).

—ANEB A

EssentialPrimelmplicants =

Ce
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(d) Implement the function Y (not ~Y) using a tree of 2 input multiplexers as shown.
The select signals are A, B, and C. The top input of the multiplexer is selected when the
select-signal=0 and vice versa. Write the desired inputs on the figure below. You may use D
or ~D as input but avoid using them as much as possible.

(e) Write Boolean expression for Y as a minimal product-of-sum. Then implement by using only
NOR gates (each gate can have multiple inputs). Use the minimum number of NORs with
fewest # of total inputs (minimize literals and terms). You may assume true and complement
inpuis are available.

v= (BVCUD)A (AV X CVaD)ALAVABV L)

30f 10
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Question #2

Y = =(=aAd)V(-eA-(cAb))
(a) For the above Boolean function, convert the above expression into a minimal product-of-
sum.
Y= (av=d) vi1e Al bV <))

— a Vad V (abA=e)v (e A1c)

v= oV (bA=e) V(e de) V el

(b) If you need to represent the equation in (a) in a Fully Conjunctive Normal Form, how many
terms, and write the expression. (
b i_o‘{nﬁ.. T ﬂvf_bh V"'E')/\
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Number of sum terms: -3

T m(3, 1. U, lu,15)

i (aV bVe Vol V1) A (&Vb\/"'bV'ﬂcl VAae) A
(aVabvevadVvae) AlavatvacyvadVe) A
(aVAbvAacvAadV-—e)
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Question #3 '

The following 10-b word can be used to represent different numbers depending on the encoding
100°11_1001_0001

d L)oo

(a) If the word is Z’s' complement, what is the corresponding integer? _ — 1 !
a3t ¥y 2 2%42%= ~ 111
(b) If the word is unsigned fixed point 5.5, what is the corresponding number?

9—8453|35 1ﬂ*25+11+1"f*2‘5_: E&.S'S‘(Lﬁ:-

: " -&__
What is the absolute accuracy.of this representation? > "= 0-0/562§

2'427=3
(c) What is this word in Binary Coded Decimal? 39 ! %4 u> = h

1]
z = |

(d) If the word is 4ES5 floating point number (IEEE format S+EEEEE+MMMM),

3|

What is the bias? (5 92 =1y
M= 1-00091,= |+ ?—Fq = 140635
L] [ e Bt ‘..:j.q a
| _11p0). 092! What s the cotre:spoqdqmg real number? _—(0&5 E < trp-bosm(p 43° ¢ 2°) 15> (2. .

What is the relative accuracy as a % of this representation? ___3- (35%

*.3..'"""“* "L 2 el ) e ceex 2", 51385 \
(e) In the IEEE 754 floating point representation, what is the advantage of the implied 1 for the
— ‘
mantissa’ .

'/-]'"uw’l‘ﬂ?, O WG!&" Pﬂnﬂ-ﬂ_ a;]ﬂ montissa, Emo’ 4G f{gu:i‘),,a anla one. refre,aeﬁ‘fﬁ‘f‘fﬂn
][lo_r o %IJFM r’ﬂﬁ'{ Number .

What is the advantage of using a Bias in the exponent?
A’(fﬂwmg both vory Jrege amagmitoles andl very sima H magnifades (where E<o)

(f) Inabinary 2's complement system, how do you determine if a number is negative?

C,hu;{;_ fF Yhe .-;410.3"' Ffﬂhf"(}ﬂmn‘f' EF{- i s L.

What is the logic for determining an underflow during an subtraction between 2 input words
of n-bits, a[n-1:0] and b[n-1:0]?

I.F Yhe bewow oud bt g)'L Jhe subiracl~ is° |, an dnp{y—f{gw oecialrresl.

(9) In base-5 system and using 3 “quinits" (base-5 digits) in 5’s complement:

How would one represent a base-10 integer -557 ____ 240 represnation
—3 ) 0
What is the most positive value in base-10 integer that can be represented? gaf + JpF 083
I é z 3 = ’wat@g-
: &
2 _Jf 63‘ 17,
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Question #4
A 4-to-2 encoder (from one-hot to binary) is shown as a block below. The inputs are 4 one-hot

inputs, af3:0]. The output are 2 binary bits, b[7:0], indicating the position of the “hot” input bit. If
the input has a hot bit, then hit=1’b1, otherwise, when all inputs are 0's, then hit=1"b0.

a[7:0]

hit

al3:0]

bi2:0]

b[1:0]

(a) Use instances of this 4-to-2 encoder block to design an 8-to-3 encoder. On-hot inputs are
a[7:0], binary outputs are b[2:0], and a hit indicator. You may use additional OR, AND, or

Inverters as needed but use as few as possible.

'\ | |
- - - ' e L.—#

L1 ' Y . . U ]
-.E ] — nc:i'] . }li'f' —

[ -
I
L 3

a6l J‘, -
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» 6L1 _..___._.___.__J
L .
2 L4 ‘_‘Vﬁtﬂ _ \ Ao~ ( — - I
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(b) Use 8-t0-3 encoders and 4-to-2 encoders as modules and design a 32-5 encoder with as

few modules and additional logic as possible. Again, you may use additional OR, AND, or
Inverters as needed.

{""‘“ i
T - B hit
al2l:241 hit 61;5]4 , hid - -
£ cl7=1 0 _ L C2 , L 1%A L -
& fﬂ 3 $. ; S ! ] bL1) - b ,‘4;,
iif]l — __lmi’]@'ﬂc bEs] e SETD
— oo
| :
| —
&EJ’* %) o= 3 hit '
______-__..._7-__._ mi_:?:.h] Ltz';l e ——
5 enc 4y opiJf- e
I ‘ } Cel
a[ls: §1 $-3 o KV = %
afred bC23 ‘ ‘ ! ' i *

¥ enc bl jl— .
; b[b] * h| ) _ _.\ ‘ L"Elj

C7:07 i -3 : -
o? ) 4! a[1:*1 d b A3 ‘] ; J; LO -]
' Sl- e .f.:l:'?]'_' ) - :
b Eﬂ] Lo e R -
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(c) Instead of an encoder that converts to binary, consider a converter that outputs thermometer
code instead. For instance, an 8-bit one-hot input, a/7:0], would convert to 7-bit thermometer
output, #6:0]. When a[7:0] = 80100_0000, #6:0] = 7’b011_1111, and when a[7:0] =
8'b0000_0001, #/6:0] = 7°’b000_0000. First write the Boolean expression for t/3] as a function
of the a[7:0] inputs. Then design, using a bit-cell approach, the logic for each bit position.
Denote the inputs, outputs and -signals passing between bit-positions clearly as well as the
connections for the MSB and LSB positions. Note that since the output has one fewer bit
than the input, one of the bit-slices may have logic that is not used to produce an output.
You may only use OR, AND, or Inverters as needed but use as few as possible.

{[3] = al1] Voalél v els]Valy]d

o et l- |
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