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UCLA COMPUTER SCIENCE DEPARTMENT
MIDTERM EXAMINATION

CS M51A/EE M16 Summer 2015 Section 1
Logic Design of Digital Systems

July 21, 2015
Dr. Yutao He
Rules:

This is a closed-textbook, closed-note, and independent exam (110 minutes). You may
use two-page 8.5”x11” single-sided note. No scratch paper or calculator is allowed. Points
are assigned to the problems based on estimates of how long they should take. PACE
YOURSELF ACCORDINGLY. The order may not reflect the degree of difficulty. BROWSE
THROUGH THE ENTIRE SET first to decide the order you want to follow. READ THE
PROBLEM DESCRIPTION CAREFULLY. Be sure to include all final answers at indicated

locations. Write down your Student ID at the top of each page. Use provided space for all
work. Have fun and good luck!

Honor Code:

I attest that I have not given or received any aid or discussion in relationship to this exam.
(pa\/t L”}‘ C
Your Signature

Your Score:

| No. | Your Score | Maximal Score
71 JO 10
#2 /5 15
43 3 15
44 /O 10
S 5
46 14 20
T JE 15
Total 2> | 100
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CS M51A/EE M1g Su’15 Sec.1 Midterm

Problem No. 1 (19 points) O

Part (a) A car odometer with five decimal digits wraps around at 100,000 miles. If it uses
five radix-8 digits inst

ead, at how many miles does it wrap around?
Your Answer: _ 32, 24§ 3

v miles. (A, B,CDE)y  10°2100,000
Show all your work below for full credit:

=) 5 _ .
(Ag?.\\‘::bu';/'g g N S()x)
6H~§:£?;=3T‘gfluoqé.g . 22,769

< ¢
Part (b) NASA’s first manned mission to Mars in 2030 finds only the ruins of a civilization.
From the artifacts, astronauts find the following expression: v/41 = 5. Extensive research
discovers that the Martian people used a position number system and the expression is
correct. What is the radix of the Martian number system?

Your Answer: 6 v/

Show all your work below for full credit:

[rer s

HR+ ) = ab
-

R=6

Part (c) A electronic ruler ;Ruler measures length by one 3-digit mixed-radix number

system (yard, foot, inch). Recall their relationships are: 1 yard = 3 feet, 1 foot = 12
inches. Assume that radix for digit yard is tweleve.

(c.1) Using binary code, at least how many bits are needed to encode the largest number of
tnches that iRuler can measure?

Your Answer: 9 \/ bits.

(c.2) How many inches are represented by a reading of X = (10,2,9)?
Your Answer: 593 v inches.

Show all your work below for full credit:

Vard TFoolb Inches

19 3 2
3 | 2 ‘
1. I19-3-1a-1= 1H4-3 —1 = 432 =1 = H23 15 Bhe 'a'.’,::»-\il; nuwmber of
nehes 2°-32 2°.44 2'=129 2%-254 2%: 512 2°-10au
29<L}3311q —-)ﬂ bn!‘j Heji2 -

c o 103 +g-1a-1+Ar]

)

20012 = 2404+ 24+ 9q =393

Page 2 of 11



CS M51A/EE M16 Su’l5 Sec.1 Midterm

Problem No. 2 (15 points) ,/ (;_/

A high-tech startup HotCom, Inec. is operated by the CEO A, the CFO B, and two members
of the Board of Directors, C' and D.

To make a decision, A needs support from at least another member of the board, while B
needs support from at least two other members of the board.

Part (a)
Fill in the function table below for F. Function F = 1 if a decision has been approved.

A B C D F

0 0 0 0 0 ¢

0 0 0 1 o

0 0 1 0 0 .

0 0 1 1 C

0 1 0 0 ®

0 1 0 1 ®

0 1 1 0 O ¢

0 1 1 1 i 7
- 1 0 0 0 s 3

1 0 0 1

1 0 1 0 lo

1 0 1 1 ’. /

1 1 0 0 2

1 1 0 1 1

1 1 1 0 1 4

1 1 1 1 1 15

Part (b)
(b.1) Write the minterm expression for F'(A, B,C, D) in compact form:

(Gn!
-

F(4,B,0,D)=xm {_h 110,112,187/

(b.2) The switching expression for maxterm Ms is:

My=(A+ B+ D) v
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CS M51A/EE M16 Su’15 Sec.1 Midterm

Problem No. 3 (15 points) / 2

S

Given
the gate network below, answer the following questions:

Part (a) Assume that negated variables are available. Find the critical path of the above
network by listing its gates along the path, starting at the inputs:

Cl—=> 42 s NI =02

Part(b) Assume that load factors of all gates equal to 1 and that both outputs f and g
have the output load value L. List the output load value of every gate in the critical path
(e.g. Al: 1):

Cr:2 A2:1 NI:1 02|

o

Part(c) Write the expression of the longest network propagation delay Tppy in terms of
delays of each gate (You do not have to compute the final result but transition direction on
each gate has to be indicated): Trk gposs g 05 The fare’

R f AN 4T NN L T ‘N3 outpuk
pn (o) + To(AQ) + Top (N T, (0 v
T T

TpHL =

Part(d) Assume that negated variables are available. Write the switching expression of the
output f in two-level AND-OR (sum-of-product) form. It does not have to be minimal.

Show all your work below for full credit
be o ‘L(?f),-* c\)olb B bed + albodta'be
e

f(a,b,¢,d) =

Show all your work below for full credit: i

f- T+ T, T, :7-3: Tg': ".‘;7_‘\0
Eeobed * Ty T, cad T, eecd
f= bed + Tqa“o bed+ T

1L=‘ocd+‘(d+(">a’!b 'DCG;_.;
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CS M51A/EE M16 Su’l5 Sec.1 Midterm

Problem No. 4 (10 points) ] U
t

A former CS M51/EE M16 student Goofy is interviewed for an internship in a Silicon Valley
company, Pokerface, Inc.. He is asked to minimize the following 4-input switching function
using the Quine-McCluskey algorithm.

fla,b,c,d) = Y m(4,5,6,8,9,10,13) + S d.c.(0,7,15)

Goofy has completed the first step and generated the prime tmplicant chart as shown below.
You have to help him identify the essential prime implicants and then give the minimal
AND-OR (sum-of-product) expression of f(a,b,c,d).

Prime Implicant Chart

Minterms cdh
i i V‘N CO ¢ O
Prime Implicants |4 5 6 8 9 10 13 ) B
oo [I)]'e o [0
v/ 0—-00 X o e
VLY =
\/ —000 , J[H'}_C ‘['%\I ;"S__ | L’n |
. o @i‘ o IL
/ 10-0 @ e | ©
-1-01 e
/01— — X—X%X)
-1-1 )&

Part (a) The essential prime-implicants (in switching expressions) are:

2'b ob'd’

Part (b) The minimal switching expression in two-level AND-OR form is:

flabed =_0b+ab'd'tacd \/

Show your work on the Prime Implicant Chart above for full credit.
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CS M51A/EE M16 Su’1l5 Sec.1 Midterm

Problem No. 5 (15 points) / S“

iﬂ\ newly-hirgd summer intern Bruinie at Googlic, Inc. is given the following instructions for
ler first assignment by her mentor, Dr. D. Logic, on the first day at work:

1. The electric power should be turned on unless nobody is in the office and the automatic
monitoring system is not in operation.

2. The automatic monitoring system will be in operation if and only if nobody is in the
office or a large payroll is left in the office.

With a solid A in her CSM51A class, Bruinie figures out that she should just always leave the

electric power on. Please help check whether her interpretation on Mr. Logic’s instruction
Is correct. If not, give the correct one.

Your answer: Correct

Show all your work below for full credit.

E = Electric power

]

P

OMice has people wstcle
A

"7‘57{‘51 18y C#{-l‘(/e

¢ LA C‘FS(J‘:";LD‘Y\’

oy

t
5

. ]

A\ ‘

= (P .A)

M
\

o =4
)
_—
—U__
1._
—
—

\ - 1\‘1 {G'\,V
[, , AQY A QS
C=(p(PlaL) ) by De Morgms

1 ! "1 7 \ | | r oM ';/\) \/
Ths entify will always be be co

erther P or P owmll be

~ ~ !

[u‘igo"! rOE 1 Oﬁ: ‘L
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CS M51A/EE M1¢ Su’15 Sec.1 Midterm

Problem No. ¢ (20 points)

A former CSM51A clas
in YourTubzx Inc. aft
and has invented a ne

s student Minnie has easily landed a job as a digital system designer
er graduation. She is motivated to revolutionarize the logic design

aTe given below. W type of logic gate, called BILL gates. Its symbol and truth table
x|y BILL(x,y) . .
e [ |0y i
e drg e
Part(a) Is the BILL gate a universal set?
Your answer: _ /€S
Show all your work below for full credit. ante Sefi '/}:-T— ;J:C ,ac .12
? =yl +y ?i)C?— ;1.‘\)'_‘; 4
NOT gate Byl (%,0) = ¥ +0 = x! MoR = (xty)
OR date . We nee P Y*J - B I'M J“/ ) ﬁ)(“ : «;’5 'ILND;\:%
Bl (B XO))%)
AND gate We need Xy = (X“"E\J \ / \
Tyt mili(ayl ey e (00
/

) \ .
0 (B (xut), D) i ri(x, Bl {y,0)),0)
Bill { XD, Bl L B QA 2R /i)
. > !
sy 4 M ¢
Sk neg o e y

T TR AL
! -+ . ~ C
e Llivning vt

Part (b) Implement a three-input XOR gate using one of the following approaches:
(1) use BILL gates only if the answer in Part (a) is yes, otherwise
(2) use at least one BILL gate and any other types of gates as needed.

Show all your work below for full credit.
XoR: YY'+
__,,_—————* Cézvyhi— -

(Extra space available on the next page)
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CS M51A/EE M16 Su’15 Sec.1 Midterm

(Extra space for Problem No. 6)
XOR = XY 4+ XY Lo ey
s (o)) Y
BBl (KY')O) ) 'X‘\/>
AND Bl (Bi(x, BIN(y0)),0) = Y

OR « B (B11050) 4)
(v eYze XE - XYEXE

vy Z=Y
xy' s yY'+ XY
L~ e
K 1
ey X
Y= K+

X'+

./ N\ +

Y —— N Bl {xy) Lok meus
{ \ o

Y J—

: | » v

X’l\ (XV\\\i'/X'"**\{‘ O X!-‘x—\f’: X
\ 0\ LN, ‘
' "g ’T(B!H(XIO)‘)%‘}yD\" h o
g1 (B (BICXOD G T B oty )
Bl (B! inl‘(xtO%B‘»“('ﬁ‘O'))O) o—/) T VT

X = ]
2 T TN
0o ! i \
AR (End of Problem No. 6)
o— >
0
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CS M51A/EE M16 Su’l5 Sec.1 Midterm

/

-
Fill in blanks in the following table Hy performing conversions and arithmetic operations in
specified binary number systems. For one’s complement and two’s complement in parts
(c) and (d), use only complementation and addition, and indicate overflow if it occurs.
For part (e), use only shifting, complementation, and addition as needed, and no subtrac-

tion, multiplication, or division is allowed. Use provided space for all your work. Please
clearly LABEL your steps and the final answer.

Problem No. 7 (15 points)

Sign/Magnitude || 1’s Complement || 2’s Complement
Operations Bit | Signed Bit | Signed Bit | Signed
Vector | Integer || Vector | Integer || Vector | Integer
Part (a): x 11000 | - § 11000 | -7 11000 | N/A
Part (b): y 01011 | =+ [! 01011 | + 01011 | +
Part (¢): s=z+y | N/JA | N/A |opioo| +5 N/A | N/A
Part (d): d=2-y | oyerflow | N/A | N/A | coerd oo
Part (e): z=1z+2y| N/A | N/A | N/A | N/A |oceo | =13

Show all your work below for full credit.
S
Part (a): ¢ [looo

Cion

|
]
(V]

v

g 2 i
cteve Torva o+ 1

' 2
- ‘:r/--’v *Or

(Continue on the next page)
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CS MS1A/EE M1g Su’15 Sec.1 Midterm

(Continue from Problem No. 7)

Part (c): s=z 4y X= 11000 Y- 0101l
L |
¢ Cs . 11000
Ot oyl
000 |
L)Cou,,t&é,
+

00100 — +H4

]
]

b - o+h
— i - . {
Part (d): d=z—y Y= 11000 4= 010 (=Y =
NSoO
C \‘ ) }
- * ol CO\/\Y% n CoarU(& OuT
‘ -
lJool 1, O‘Jerflow
o
9, = | = 0101
o7 ¢. ¢ 75 = 1000 % oo
JaCCD @
d=%—Y= . 11‘000 ol 00
N 10101 Y- ot
“U)s N A Lr U !
iy 0o Coury = G0N
Cve rg Low

(Continue on the next page)
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CS MS51A/EE M16 Su’15 Sec.1 Midterm

(Continue from Problem No. 7)

P C .
art (e): z =1z 49y ¥ divided \DU(\S 3
/ 'L' "| '4{ ;\
‘é Y\“U\\\\p(i(l oy
X= 11000 N = 1] 000 % becarvet rawit [y
33‘ OtO1l 3 = OO0l 01| J I you don't exton A
Sh tf&- \f/\ift Fods Ao tha &an of w
I A ~ . Q
X2 lllloo  *Y=0lolio
2 -
X \wH\OO Siyier X 1€ vxg,;_%-rm Cl',/‘j '\(J, 1< (‘,QC/F:'/{,
= = ' bha result v e2d91o  be pogtt ve

<2 “Toiplio

2u

—<  (\b!OO! ¥
dploo 10 7z = 010010 — S/Ij‘/vafil«"‘:‘

v
thyow anoud C
COMAU 0.2% [ 2+04-0-F3+1 - 16+0 22
L IALAAE \

d 2 +146 = +13

(End of Midterm)
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