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Instructions

Do not start working on this exam until you are instructed to do so. Please be sure to read the
following instructions completely.

You are permitted one (1) two-sided letter-sized 8.5"x11" page of notes.

No electronic devices are permitted. You may leave numerical answers in the form of decimal (base-10) fractions
or powers of 2 unless otherwise specificed.

e You must show all work.

e You must provide your work and solution in the space provided after every question. There are additional

pages at the end of the test if you need more room: clearly note in the space provided after the question if
there is content on the extra pages. Anvthing else written anywhere else on the exam will not be considered.

Fill out your name and SID# at the top of this page, and your SID# at the bottom left of every other page in
this exam packet.

Do not tear off or unstaple any pages from this exam packet.
All pages in this packet must be accounted for: if any are missing, the exam will graded a 0.
According to University policy. cheating will result one or more of the sanctions listed in the UCLA Student

Conduct Code. Sanctions for violation of University policies regarding academic dishonesty include suspension
or dismissal.

Contents

This exam consists of 5 problems, printed on 8 two-sided pages. including this one.
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1 BASICS (1 POINT EACH SUBPROBLEM, 15 PTS TOTAL)

1 Basics (1 point each subproblem, 15 pts total)

1.1 How would you represent the decimal value of -23 using ...

1.1(a). ... 6 bit 2s complement notation in binary?
a3 *? = ololl | -a? = | 0lobo
‘ foLoo| \
T —
AN-A
1.1(b). ... 6 bit signed magnitude notation in hexadecimal?

(n"ﬁ}: ((;Io\|'\3l = (oo evi), = (\}vw
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7 ‘ 7 - f"}"‘ ..\
. ) tcoovt+ | X v
v v —
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A | B
b _ b’L \\3‘ |Q)
1.2 What is the decimal value of I%O/IQ,II’QJassummg
1.2(a). ... 5.3 fixed point (e.g. xxxxx.xxx), 2s complement notation?
-3 2 ~ - e
woeionw = 6“""”9&:’“@‘ )A“ - - (oowlboHD (277 = ’(CU‘L‘L“'L){* >
’ * PrTY
- \ — | - .
p _ — — - - L 3728+ 2 4~
it 7 CR W,a,;:‘”ff !
1.2(b). ... 4E3 floating point (e.g. S EEE MMNMM) notation?
(5-%) A .
! ) ~- I— o= |
() (g ) xR ~ 1,375 « 3 =T3S Ay
s ‘ .
! 1
CRE AR S 12

1.3 If you were trying to represent the decimal value 13/32, what is the closest value
you could represent using ...

1.3(a). ... 5.3 fixed point (e.g. xxxxx.xxx) notation (as a decimal fraction)?

-3
Y‘ec,v\ml'im: 9\ = '§ = =

1.3(b). ... 4E3 floating point (e.g. S EEE MMMM) notation (as that 4E3 binary value)?
o

-

a - L _ 4
* \”8'23\

S 00O OO O -
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1 BASICS (1 POINT EACH SUBPROBLEM, 15 PTS TOTAL)

1.4 Consider two eight bit signals X[7:0], Y[7:0].

1.4(a). If you consider both as unsigned numbers, what is the numerical relationship of Y as a function of X if you
set Y'[3:0]=X[7:4]; Y[7:4] = 410000 ?

x[3:0 _ Y = X % %y
X = \/‘4-(9\‘4)‘0\ *= 77
‘ J=0°2%99 9 5% _ 0.\

1.4(b). How would you create that same numerical relationship of Y as a function of X if they were both signed
numbers instead?

X -)

1.5 Consider the given the pull-down network for a CMOS logic gate.

1.5(a). Draw in the pull-up network.

1.5(b). What is a Boolean expression for Y as a function of A, B,C, D? (You do not need to simplify or expand
this expression.)

e

\/ = ﬂ N ( IRV ( C A Q\)M\) ’g " —wm*

\
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1
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~
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1 BASICS (1 POINT EACH SUBPROBLEM, 15 PTS TOTAL)

1.6

1.6(a).

1.6(b).

1.6(c).

1.7

1.7(a).
1.7(b).

Consider the following VTC for a CMOS inverter.

1.0
oW 4

0.8

0.6
04

0.2 Pk
N\

oL

vl\_ 02 04 06 o
Iy Id oW

1.0

LN
If Vor=0.1 and Vpi=0.9, what is the forbidden zone with the smallest width that we could set for V;,,?

[omlod ol = 04 X

7 bfe weevt s O L e s -'h‘;.d’

On the VTC above, shade in the rectangular forbidden region(s) required for any CMOS gate to obey the
resulting static discipline.

What is the noise immunity (smallest noise margin) in this static discipline?

ITH., ¢ or=.9 .. Nolse -'mmwnt_n: -8 = [,ﬂ
V4

Consider a weighted six-sided die with the given probabilities.

i Di bits

1|12 | oy l( V.= oy 1(17 =L
2| 1/4 Al

311716 Y |

4| 1/16 | Y \

5| 1/16 | Y

6| 1/16 | |

Complete the table above with the information content associated with each outcome.

What is the entropy of this system?

6 :
Mo Sl (%) = 5 (5205

\:\
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2 UNIVERSAL GATES (8PTS)

2 Universal gates (8pts)

Consider the three input gate ¥’ = CCNOT(X2, X, Xp). defined as follows:
Y = X, if X; and Xy are both 1; Y = X5 otherwise.

2.0(a). Draw the k-map for this function. (1pt)

YY; %o
%2 vo o L \Q
ol o o | o \

N

2.0(c). Is this gate universal? Prove your answer. (4pts)

wnlersal s e ke 0, R NOT L e Fogen on el Ht‘«m\/am

o+ NG U o, |
AL TR

Hl ngo

T T

l‘(\' X’)\: ><O Lj p ’;Z' Lo ’1)“1‘:\/'}‘»"

e ———

Tl yc nrg = NEWD i eneoel

%
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3 SUPERFUNCTIONS (12PTS)

77\\;3 Superfunctions (12pts)

/ Consider a single valued function of n inputs Y = f(X) = f(X, 1, Xpn_2,- -, Xo).

3.0(a). There are M different such functions in total. If n =5, what is M? (2pts)

0. o - 4 Yﬁﬁ\

3.0(b). If we label each of the M possible function with a unique (binary) integer, we need m bits for this label.

What is m? (1pt)
\059\(M> = 03 (2 > ‘(/59\2

3.0(c). Consider a specific functlon fl which we know can be implemented by a single CMOS gate. If there is a

) specific input A = 4,_;,4 AO, such that A,_; = 0 and f,(4) = 0, what' if anything. can we say
“ about f;(A’), where A’ =1, An 9.+, Ag? Why? (2pts) -

([/4> ch(— k” rd.-(mu/"ﬂ‘t‘w( l;& Py e.,l:)\@ chmOs J(\“‘LL\

~————

j«\
[\

| '\

3.0(d). We can define a superfunction g(I, X) that takes in an m bit input I identifying the function and the n
bit input X, and returns Y = f;(X) for the specific function f; labeled by the value /. Come up with the
mapping from I to f that lets you implement this function with a single mux. For what value I is f; an

/ ’% n-input NAND gate? (3pts)

\ M 5et, /t) |
\‘ m (m(v\t"f —

\ \ \z‘wv\— Q’Mb{/\ \
/QL m \‘n(\vk‘l‘ﬁ \‘m{_, S——————

{0 o wtw\

0 [ e 570100 \:ffjf////;é@- X 5
~.\;\+ "




3 SUPERFUNCTIONS (12PTS)

3.0(e). Draw and label this mux-based implementation of Y = g(I, X). (4pts)

-4
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4 BOOLEAN GATES (8PTS)

4

Consider the following Boolean logic system. with gate delays as in the corresponding table.

SID:

Boolean gates (8pts)

Gate

| ¢

5

D

o4 770 (a4

v
Xo X1 Xo| n

0 %=0 | 0

0 01 | 1| °
0 =—o | 2| ©
0 +—u1 | 3| ©
1 0o o] 4|0
1 0 1| 5|p
1 1 o0l 6|lo
111 T
0, 0 0| 8]
ol\ 0 1| 9]

[

0 1 0 [10] |
o/ 1 1 |n ]
1 00 [12]¢
1 6—1 [13]
1 T | 14

11 1|15
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4 BOOLEAN GATES (8PTS)

4.0(a). Assume we are able to implement the Boolean gates directly as shown in the diagram above. Given the
propagation and contamination delays of each of those gates, what are the propagation and contamination
delays of this system? (3pts)

)vmfg) —lc& —

4.0(b). If each Boolean gate in the system is lenient, is the entire system of part 4.0(a) lenient? If it is, explain why.
If it is not, draw a timing diagram proving that the system can glitch. (3pts)

\L 9 M“\’ vu—aﬂ% \WH"T‘F

s

( /’7/ .

4.0(c). Complete the truth table above for Y as a function of X3, X», X1, Xy. (1pt)

4.0(d). Write the function using either minterm or maxterm shorthand, that is, in the form Y = m(ny,n2, ) or

Y = M(ny,na,---), where ny,ng,--- are integers. (1pt)
o
q |C uw !
W\ L:L/ 5{/ {/ ’ / |

SID: | 9 Uan, 190 Page 9 of 16 C. /—1/
7 U




5 PRIVILEGED ENCODER (17 PTS)

5 Privileged Encoder (17 pts)

Recall that a decoder goes from an n-bit binary encoded input to an m-bit one-hot output. We would like to build
an encoder to go the other way, generating an n-bit binary encoded integer ¥ = Y, _1Y,_>...Y; from an m-bit
input X = X,, 1Xm-2... Xo.

However, since we can’t guarantee that the m-bit input will be one-hot, we will need to handle the case when
either several or none of the input bits are high. To do so. we will have an additional one-bit input P indicating
which direction is privileged, and an additional one-bit output H indicating whether any of the input bits were high:

o If none of the input bits are high, we don’t care what the n-bit output Y is, but the one bit output H = 0.
o If exactly one of the input bits is high. then Y is the index of the input that is high, and H = 1.
o If multiple of the input bits are high, and P = 1. then Y is the largest index of the inputs that are high. and

H=1.
e If multiple of the input bits are high, and P = 0, then Y is the smallest index of the inputs that are high, and
H=1

5.0(a). What must n be as a function of m? (1pt)
'/\ ﬁ
- — p vV
AN N Vi log, ™

5.0(b). Let us first consider the case where m = 2. Draw the truth table for outputs Y and H as a function of
inputs P and X. (1pt)

5.0(c). Use a k-map for m = 2 to determine what the don't care values should be to minimize a product-of-sums
implementation for Y. In this case, what is the minimal Boolean PoS expression for Y7 (2pts)
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5 PRIVILEGED ENCODER (17 PTS)

5.0(d). Implement this expression for ¥ using 3 CMOS gates: two inverters and one 6-transistor gate. (3pts)

7‘|*'()7(0

-
J -

5.0(e). Implement PE2, the privileged encoder for m = 2, using a ROM to generate both Y and H from inputs P
and X. Ensure that all generated outputs obey the CMOS static discipline. (3pts)

1 I _
| T -5
o~ La\f] ‘ .

vy
& l
3
| | R

e — =
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5 PRIVILEGED ENCODER (17 PTS)

5.0(f). A arbiter generates an m-bit one-hot output from an m-bit input. Use the PE2 block plus any additional
CMOS gates to implement the PA2 block, which outputs H as from the PE2 block and A, an m = 2-bit
one-hot output that corresponds to the index Y as set from PE2. (2pts)

".w'\ ( Y o

\
s T7ea

/

5.0(g). Use two PA2 blocks, plus any CMOS gates or muxes, to generate the PA4 block, which is the privileged
arbiter generating an m = 4 bit one-hot output A and a one bit output H from m = 4 bit input X and one
bit input P. (3pts)

-3
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5 PRIVILEGED ENCODER (17 PTS)

5.0(h). Using any CMOS gates or muxes, generate the n-bit result " from the m = 4-bit output A of the PA4 block.

(2pts)
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