CS M51A/EEM16 S’15 Sec.1 Midterm ,)Y
Part (a) By using binary code, at least how many bits would be needed to encode the com-

bination of your gender (M, F), your year (freshman, sophomore, junior, senior, graduate),
and the first two-digit of your Student ID (assuming each digit is a decimal number)?

Problem No. 1 (10 points)

Answer: ‘ ' bits.

Show your work below for full credn./
mr  (6,1) It 2144y
Year (0a,01, 19 1) o
T P
10 L".“‘d, (_—-,,--——}

Part (b) An electronic cylinder :Cylinder measures liquid capacity by one 3-digit mixed-

radix number system (gallon, quart, pint). The relationships between three capacity units

of this number system are: 1 gallon = 4 quarts, 1 quart = 2 pints. Assume that radix for

digit gallon is sixteen. b d 1) STl !
_ , ) 16ryl ; Lo

(b.1) Using binary code, at least how many bits are needed to encode the largest number

of pints that can be represented by this number system? 5 gdllegal | pint I

Your Answer: 1 / bits. 3 quor LS

lque i = ¢ A VL
(b.2) How many pints are represented by a reading of X = (11,2,1)? g F

s Uy
i Y guve 4 r-
Your Answer: 13 \/ pints. § gul y Lu= x =
1gul | Ao L
Show all your work below for full credit: ‘
W Cgiy Yawy 2enes g4 pigy 120 164
Ger
lgaq 1ot 127
Lqurts > Y ping lpa T

Part (c) A binary number 10010010 is stored in a computer memory.
g 3163420

(c.1) If it is used to represent time in seconds of a car parking meter, how many seconds a
car has parked in the spot?

Your A.nSWel': \l'é seconds. Z 1 )‘ -” 2 7

Show all your work below for full gredit:

(c.@lf it is used to represent the temperature of a car thermometer in integer degrees in
els] 7 1 1nsi ? 7 ® 1
Celsius, what is the temperature inside a car? -1 0 (/ R, MP

Your Answer: W~ Celsius.

'v
Show all your work below for full credit: =
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CS M51A/EEM16 S’15 Sec.1 Midterm
R

Part (a) Name the following 2-input switching functions using primitive logic functions:

(a.1) The output of f; is 1 if and only if both inputs are 1. Itis _AMQ  function.

(a.2) The output of f, is 1 if the inputs are different. Itis _ X0O€  function.

Problem No. 2 (15 points)

(a.3) The output of f3 is 1 if no more than one input is 1. It is *N/WD_ function.
(a.4) The output of f; is 1 only when both inputs are 0. It is #OR  function.
a.5) The output of f5 is 1 if at least one input is 1. It is _OR  function.

a.6) The output of fg is 1 if number of 1’s in inputs are even. It is % functiox/

Part (b) The logic designer Logik Luv plans to design one single two-input (z,y) “multi-
function” logic module with two-output (g;, g2) to implement these switching functions in
Part (a). To do so, he introduces two additional inputs (a, b) that decide the output functions
g1 and g as follows:

~~

~~

lalb]a[e]
010 ' |9
011 fi] fe
110 /3| fa
11| fs] fe
(b.1) Filling in the following 2-D truth table for the functions g1 and g,. Place values of g;
and go in each cell in order of (g;,¢2). 7' %2
(z,v)
00|01 ]10] 11
00|‘;||3'()O?|0'-o
01 0 olo ol
(a,b) O_YO O:I (VI INO J
W0 lohiop:Q ’
11 o 1ol 1

(Continued on the next page)
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CS M51A/EEM16 S’15 Sec.1 Midterm

(Problem No. 2 - Continue)

(b.2) Write the minterm expression for g (a,b,,y) in compact form:

gl(a:brr:y)zzm{ l v I L } \/

(b.3) The switching expression for m4 is abx Y ) '\V/

(b.4) Write the mazterm expression for g»(a,b,z,y) in compact form:
g(abzy) =IM{— Y 3, Y, 7 410,113 1y <
/

| ) !
(b.5) The switching expression for M4 is @'+ b 4y "‘/\/ P

/

\ )
a'th 4 oy
/

(End of Problem No. 2)
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CS M51A/EEM16 S’15 Sec.1 Midterm

Problem No. 3 (10 points) (/

Your high school buddy BB Frank is interviewed for an internship position at a startup
Cookle Electronics. One of his interview questions is the tabular minimization using the

Quine-McCluskey algorithm for the following 4-input switching function:
f(a,b,¢,d) =3m(0,1,2,5,6,7,8,9, 10, 14)

BB Frank has completed the first step and the Prime Implicant Chart is shown below. You
have to help him identify the essential prime implicants and then write the minimal AND-OR

(sum-of-product) expression for f(a,b,c,d).

Prime Implicant Chart

Minterms
Prime Implicants |0 1 2 5 6 7 8 9 10 14
== ¥ 3
-0-0 X t }t K
- -10 !
0-01 ’ j(
01-1 X —
011- ¥
Part (a) The essential prime-implicants in switching expressions are: /
i ) \
be' . cd \
J N
Part (b) The minimal switching expression in AND-OR form is:
(" /
v ) \
_ be 1 A phd \ /
f(a.b,c.d) ’ -

Show all your work on the prime implicant chart above for full credit.
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CS M51A/EEM16 S’15 Sec.1 Midterm

Problem No. 4 (15 points) >

Three gate networks A, B and C are given below. Tests have shown that two of them are
equivalent, that is, they implement the same switching function. You are asked to identify
the network that is not equivalent.

Network A Network B Network C

a’ a’ g b’ "
c f b!
d " o
b d’
) d’
C

Part (a) Describe your approach concisely in one sentence.

Answer: JE___LU_(H@ mlgebra to redue pevorcg

nd  ad o aen eaUivalond Qrpre.syo/\

Part (b) The non-equivalent network is _(/.__

Show all your work below for credit:

\
K{dc‘ ) d @cl' )\ (@R 4 g &kdw‘ )\ 1 (g )

—y ot d
(\a+d ki) ) ' (1)
’ 1
‘ aC + ag! 3 ')y !
&afc)‘-+ol 1 b Ll‘ 1 b4 bl

~ a‘c'+d' 1 b‘(,‘
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CS M51A/EEM16 S’15 Sec.1 Midterm

Problem No. 5 (20 points)

Yo
Given the gate network below, answer the following questions:
a b
b

Part (a) Assuming that negated variables are available and that NAND and NOR gates
have the same delays, identify the critical path of the network by listing its gates along the
path, starting at the inputs:

63 1y CYscC b

T

Part (b) Assuming 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., G3: 1):
6Gl'2 6113 €41 €L \V/

Part (c) Write the expression of the longest network propagation delay Tpy in terms of
delays of each gate (You do not need to compute the final result but the transition direction
at each gate has to be indicated):

TpHLz _T%JLI{(,GI) + TguL((’l) -f .T‘DI_QJ((J“) -' IP Jael (Cé

: . o bk o9
Part (d) Assuming that negated variables are available, find the minimal switching expres- o '

sion of the output f in two-level AND-OR (sum-of-product) form. Show your work below back Shart
for full credit.

fla,b) = alb /

\_/ L1~ aib
- )
GS- (ath ' oo'b
(Extra space available on the next page) \ GY-= @bib}‘ S

67= (64 65

()\—\)> Yy - [b 6?—)\ (,g_ (42152\

Your work for Part (d):
6l

p A \
) f 6 (s o J
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CS M51A/EEM16 S’15 Sec.1 Midterm

g (Extra space for Problem No. 5)
\ = ) ‘
(7= (64 €5) C7= (W) )
(,l' _ Lb G_i)l = ka\b‘ )\
(5= g2y = atb
61: f\f;n@ll\
6 Qv (7= (gw cs)
v ! - () '
Gl:(i_,,,,,oﬂ(mbli i ek \
\a‘b‘w‘b‘l' ;S- LLHL/'
ol SENANSY
= \¢ 6l= s

G : aib

(5= (adn 45)‘
* (o)
. a\b\
645 (pCars) |
= leab"

B &b[uh) )
- p

(End of Problem No. 5)

Page 8 of 12



b deae IuHcLl,J expressivy

00

SN

ol

J T Hx He erur, v pmuyy

L abd wd  abe

.
N

CS M51A/EEM16 S’15 Sec.1 Midterm

Problem No. 6 (15 points)

The novice engineer Goofy has been asked to design a ”three-out-of-four” majority circuit
using PLAs. The output function f(a,b,c,d) of the circuit is 1 if there are at least three
1’s in four inputs (a,b,c,d), and is 0 otherwise. He has worked out a minimal solution and
implemented his design in the PLA as shown below. Regrettably, he made one logic single
mistake during the design. As a result, the circuit does not work correctly.

a t{>c $
b T‘[>c &
C
d TDo 13
GG
| l I I { f(a,b,c,d)
Your tasks in the problem are to help Goofy: Th mytule W ha b

1. Find the mistake. Show all your work in the provided space below. he incCluded e iapat

. . H abdd wheh jnn
2. Correct the error by adding and/or removing connections on the original PLA diagram

above. Use a ”X” for a connection removed and a heavy dot ”e” for a connection added. . Hua//? 28
Your correction must be minimal. three gty of fyul

(0‘5 + acd 3 bed )

feplu  al,

with vo mere SNty implicany

(Extra space available on the next page)

C

Wy 17 not ke
put ot VALY
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CS M51A/EEM16 S’15 Sec.1-Midterm

Problem No. 7 (15 points)

Armed with a solid A in Spring 2015 CSM51A, Bruinie has easily landed a job as a digital
design engineer in WideCom after graduation. He is motivated to revolutionize the logic
design and has invented a new type of logic gate, called BILL gates. Its symbol and truth
table are given below. He prove the gate is a universal set.

[x[y BILL(x,y)
BILL(x,y) |ojo| o
X
y = o— o1 o
10| 1
11 O

Using only bill gates and constant 0 and constant 1, you are required to implement the
switching function f(a,b,c) = ab/ + bc’ + a’be.

Show the Bill gate network of the function f you have implemented below:

b
— )— SN
C—2/ —b) \q \
F‘

»»r‘h
il “’@‘\9

© ,———r\ _,//
( S

P ‘{_‘

Show all your work below for full credit.

M‘; j}—

/‘_)/
> [ Ye TN _ ¢
A o = b ) = } T I—
0 —— A — S

(Extra space available on the next page)

Lr ) ! ~[ y . B\’\(\%I TR mrf\{ wents gy Rl 7-)

r T } ‘:—g/» A - ¥ ~
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' ES e
¢ : Ly
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CS M51A/EEM16 S’15 Sec.1 Midterm

(Extra space for Problem No. 7)

ey 3 bC o+ obc

oy oV e
v 2 /% &N\ : L e = U
DC e be A

&> be

21
b

)

/ \
NID vtk (0%

Y N 0 P

((}.,(\’g £ (¢ :’\ "\"‘f
L |17

C :9—\\%9/’\ !
(4N \,\_D'\-/
o
Y /:Q:E)\C End of Midterm)
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