CS M51A/EE M16 S'14 Sec.1 Midterm Yo SiD: o o SN

Problem No. 1 (10 points)

g?ﬂ Part (a) An electric garage door opener iLock uses a small radio transmitter that sends a
5-bit sequence to a receiver inside the garage to open the door, and each receiver is supposed
to respond to a different sequence. Suppose you live on a street with 40 houses, each using
the same model of the opener.

a,grh (a.1) How many houses must share a sequence with some other houses on the street?
Answer: houses.
Show your work below for full credit:
- 4. .
¢0-32=8

- ;-Fh (a.2) Suppose a burglar Digi Hak wants to break into one specific garage using this type of
opener. If he has a transmitter which can send different 5-hit sequences, at leaft how many
times he needs to try before he breaks into any particular garage? ket

3
how your work below for full credit:

=

Answer:

_;F{-; Part (b) Length can be measured hy one 3-digit weighted mixed-radix number system
(vards, feet, inches). The relationships between weights of each digit of this number system
are: 1 yard = 3 feet, 1 foot = 12 inches. Assume that radix for the yard’s digit is ten.

25ph (b.1) What is the largest number of inches that this number system can represent?
Answer: 3f? inches.

ij.?ﬁ (b.2) How many inches are represented by the digit vector X = (8, 2,9)7

Answer: 32| inches.

Show your work below for full credit:
(b1) Xmex =(9,a.11)
=D x, = 2 -
wax =¥ FHAx12 + 1= 369
OL: Npex = [OX3 x(a~[ =38

(h1) = @x;"{q-{-ixud- =32 |
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Problem No. 2 (10 points)
A high-tech startup HotCom, I'ne. is operated by CEO A, CFO B, and two members of the
Board of Directors, C' and D.

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

Part (a) 6 r'l"s ;
Fill in the truth table of function F below. F =1 if and only if a decision has been approved.

| 4 B | ¢ D F |
0 0 0 0 0
0 0 0 1 0
0 | o 1 0 “ 0
0 0 1 1 0
0 1 0 0 0
0 1 0 1 )
0 1 1 0 | O
0 1 1 1 1
1 0 0 o | o
1 0 0 1 J
1 0 1 ] I
1 0 1 1 |
1 1 0 0 (
1 1 0 U |
1 1 1 0o [ ¢
1 1 1 1 ! ]
Part (b) ﬂ:’h
(b.1) Write the minterm expression for F(A, B,C, D) in compact form:
=
F(A,B,C,D)=Tm (L, ,4e, 12,13 (16 )
M The switching expression for maxterm Mj is:

Hﬁ '
My=_ ARTB+C+D
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Problem No. 3 (10 points)

Your high school buddy BB Ired is interviewed for an internship position at a startup
Kookle Electronics. One of his interview questions is the tabular minimization using the
Quine-McCluskey algorithm for the following 4-input switching function:

fla,be,d) =Y. m(4,5,6,8,9,10,13) + Y- d.c.(C, 7, 15)

BB Fred 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

: ]Mint.erms
Prime Implicants ei f fl { 0 1
0 —00 x
—000 ' K
100— . X
10-=0 . /IE\ {
e
1-01 J}
_ Lia
01 —)r_} == E
-1-1 X ] *

‘[—r‘l'; Part (a) The essential prime-implicants in switching expressions are:

abd,e'b S

é‘rh ~ Part (b) The minimal switching expression in AND-OR. form is:
! i
( (
fla,b,c,d) = GJ;O‘ +ﬂ-!)+ aﬂd -

Show all your work on the prime implicant chart above for full credit.
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Problem No. 4 (15 points)

Given the gate network below, answer the following questions:

a!
b’ C E a

a %’

=012 LH m Yo

i

; P i

Part (a) Assuming that negated variables are available and that all gates have the same
delays, identify the critical path of the network by listing its gates along the path, starting
at the inputs:

0| A2 —b NI —HOR

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., Al: 1):

ef: ; Ax:l; NI L; 0a: &

Part (c) Write the expression of the longest network propagation delay Ty, 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):

Tonr = Tpeel02)4 Tpuc (o) + Tpeul AN +T iu (01}

Part (d) Assuming that negated variables are available, find the switthing expression of
the output f in two-level AND-OR. (sum-of-product) form. It does not have to be minimal.
Show your work below for full credit.

f{mb,c,d}:“""b!‘{‘ﬂd"[‘bﬁ“l,ur atcdt cd'+b o at+b'+

Your work for Part (d):
-f = (a'b(c' +d) }‘ +hee]
=G4 b4 {cl+el;|‘+bcol
— ﬁ-l'!':»i +CEJ "+ !‘:Lo’
all ul(m(f[: ated +ed'+ ¢ Q

o) Q-!-ti—Ll
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Problem No. 5 (15 points) OpHs<l 64 boney,

Armed with s solid A in Spring 2014 CS AM51A/EE ML16 class, Elsa has easily landed a
job as a digital system design engineer in Super Logic after graduation. She 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.

x|y BILL{x.y
BILL(x.y) 0
= K
iof 1
1|1 o
&pb
Part(a) Is the BILL gate & universal set?
Your answer: _ Yes. . : e
Show all your work below for full credit.
Q Frone Ho frutd Aatle ,

'IH«(,I,'J]: xai ;
MLL(!,H'}‘:—&i —> AT M
G 5:14.[,1:,‘:[1}:;(%__
s BELO6 Bit((] Y))= X f — 4D gote

s, Bud gades coo iplewmess P het, .hup} whth 2 e whineizal apt.
o e gedes e aunMvies ) osf ’ \

(Continue on the next page)
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(Continue from Problem No. 5)

Tots .
Part (h)PH the answer in Part (a) is yes, draw a network that implements the sum of a 1-bit
full adder using only BILL gates; If the answer is no, draw a network that implements the
sum of a 1-bit full adder using BILL gates and any other types of gates as needed.

Show all your work below for full credit.
S = 1@ 303

an @ Xor gafe i :LTleh-edﬂJ Wity Bict getes Mﬁ{{nu CHLZ

) )

P/ |

G e . N o
Y D Lpiple
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Problem No. 6 (15 points)

A junior engineer Goofy is assigned to design a digital circuit using one PLA. The circuit
converts a 3-bit 2's complement number abe into its 2-bit absolute value (unsigned inte-
ger} DE. He works out a minimal design and implements it on the PLA as shown below.
Regrettably, he makes M in the design. As a result, the circuit

DOES NOT work correctly.

Your task is to help Goofy:
1. Debug the design and find the error. Show all your work in the provided space below.

2. Correct the error by adding and/or removing connections on the original PLA diagram
above. Use a7 X" for a connection removed and a heavy dot ”e” for a connection added.
Your correction MUST BE MINIMAL.

(Extra space available on the next page)
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(Extra space for Problem No. 6)
?Pﬁiuf,i_- The el fobie i
abc-dE

©o{ 0 0D O QO
fioo il @] +
Ll i® lo
sle il 1]
..-.:3:- [ O O — Cﬂ*‘*btmrvnu&du[a—bﬁg,;w., dnﬂa'{'m{
3 (o | -
| o | o
[ 1ot

N e
o070 [y 1 [2ft]1)o
o £3% [ :jJF: a| [ 7)s
5 -
D r
o p=a'btbe'+ab E=¢
t‘iﬁé €+.|75 , Cb""P“’r"E &'aﬂfa.'i d%}jhf% PLA- ;l'*P(E.Mﬁ(fﬁ"l
D=ab+bc
E=c¢

& Gosfy nigsec] tle fons ab' . fred ax slaom i PA

(End of Problem No. 6)
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Problem No. 7 (i5 points)

Your SIp:

Fill in blanks in the following table by 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 range extension, shifting, complementation, and addition as needed,
and no subtraction, multiplication, or division is allowed. Use provided space for all your

work and clearly LABEL your steps and the final answer.

Sign/Magnitude | 1's Complement || 2’s Complement
Lph Operations Bit | Signed || Bit | Signed | Bit | Signed
bl ) Vector | Integer || Vector | Integer || Vector | Integer
z pts [ Part (a): 10100 | -4 [ 10100 [ —t1 [ 10100 [ N/A
)\- 2of || Part (b): 01011 | <41 | 01011 | N/A | 01011 | 41t
Lph .| Part (c): N/A | N/JA jtint| —~p N/A | N/A
-i.q.pn Part (d): d=z-y i -ig N/A | N/A | ovanZ{oe)
Sphs| Part (e): z= —3z+7y | NJA | N/JA | NJA | N/A |loooces 64
a S eaefq.
Show all your work below for full eredit.
Part (a):
SM: Oloo —» +4 l'c. f-—nCs-._F[Mf.-m.
&|eo -
[oleo — ¢ lotDo —olo(| b i —p 1
Part (b): v

sM: oo | —pti!

ale .‘wamm_; + I

(Continue on the next page)
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(Continue from Problem No. 7)
Part (c): s=z+y

1’C. |ofe0
+ 0[]
SRR R

v

-0 .

Part (d): d=z—y

5"31“:1:1‘“‘11‘) 2.
lﬂlﬂﬂ I_Dlgo

jﬂlﬂ“ t [ol 02
I 81 FG [000

y |
- |X DV"‘*ﬂﬂqJ 3

(Continue on the next page)
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(Continue from Problem No. T)

Part (e): z=—3z+ Ty

@ @g ® @@
3= () + 2F

® roye pbession .
3¢ —p §+3 =& bin.
- X = |1l'lofeQ
Y =o0oonjol |

Q}-'i:"; ttiflof o
@ X tilileloo

E -

o ‘1ol lo
«mgt_

3 «(x5) .000]000!

. |

®celool D

@w’;‘:[: el®tfooo
®~4: [ii]jojoo
|

o [Liie|o|

@-~2+1:00 (0] 0 (0

@p"mﬂtlrfi

1

(End of Problem No. 7)

$=1+98

LY
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Problem No. B (10 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’ o a’
g - 9 p h
d; C' c’
b d’ ,
' d

Part (a) Describe in one sentence your approach.

@ We Boolens, OR;E;-&M-FWQ_L@,—};"L
) P Gupavae

Answer: .

@mﬁuﬁ:‘lﬁ{g

EE:'! :
Part (b) The non-equivalent network is C’

Show all your work below tor credit:

Nethed L .
§ cwedip i
g = (a'tb) '+ d'=a'c'+ o "¢ bl
B = (@ +h) Cledy =ale't atd 4l 4d'

= Netwnde & U diffeves

(End of Midterm)
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