1 BASICS (1 POINT EACH SUBPROBLEAMI, 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?
o
Lol ey
~2Y 22t 2t 20 - (O 00
‘-_-_'-'———'—"-'—-
32 (6 3 4 vt
L1{b}. ... 6 bit sighed magnitude notation in hexadecimal?
o, (..1,,"
N L T |
LI AN B AR AN A
R
1.2 What is the decimal value of 11010110 assuming ...
1.2(a). ... 5.3 fixed point (e.g. xxxxx.xxx). 25 complement natation?
o
TS RLIITI
ol L -
P B S S A A
|
[ _ Lo ¢ 27
~16b+3 ¢ T+ %Y - i‘_f__________s:,_#—‘-
£.2(b}. ... 4E3 foating point {c.g. S EEE MMMM) notation?
=1 > - . ¢
g eE =lot—)¢.:§_"3=l — ('.0“0 “_b'l-)z -(lol.to):;iz_-:;____‘_
mmmM 2 o(lo > m~ |.olto
1.3

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

L3(a). ... 5.3 fixed point (e.f. xxoxx.xxx) notation (as a decimal fraction)?
Povoo . of | = 2 — e =
0000 0. (00 l‘?t z 2 sy
g - - — - =
gL 3," L) ? 0/ s

—

13(b). ... AE3 floating point (c.g. S EEE MMMM) notation {as that 4E3 binary value)?

§=e .
13 _

T G.otto} gec =~ eg+t3 = ool Qoo 10(0O
-
2.

- - Dto
MM,M'\.:M '-l

O ‘JZ
- \lo(
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1 BASICS (1 POINT EACH SUBPROBLEA\L 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 ¥ as a function of X if you
set Y[3:0{=X[7:4]: Y[7:4] = 4'b0000 ?

Y", X2» H = LTEJ

L4(b). How would you create that smme numerical relationship of ¥ as a function of X if they were both signed
numbers instead?

9}3/\ eF{'f—nJ:
Y[3:00 > x[#:41 - y[7:4]= §xc?), x03) x (3] atﬂg

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

L.5{a). Draw in the pull-up network.

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

Yoo(Aaa (B v (caed))
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1 BASICS (1 POINT EACH SUBPROBLEM, 15 PTS TOTAL)

1.6

L.G(a).

L.G(b).

1.6(c).

1.7

Consider the following VTC for a CMOS inverter.

1.2 1.4 116 LY (K]

Vi Vin
if VOL—O 1 and Vpp=0.9, what is the forbidden zone with the smallest width that we could set for Vin?
w > . ‘-f)
\% e 0.‘& ‘

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?
NI = of (

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

i i bi:s {a ( t/?l) ,o

1] 172

2| 14 | = lo?‘I.(‘[q) log,
P . (s Lo i
41716 | Y

511/16 | Y

6|1/16 | Y

L7(a). Complete the table above with the information content associated with cach outcome.

1.7(b). What is the entropy of this system?

ke (3 (D « (D) 9(@ )k «(D)~ « (@)

iH: Z
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2 UNIVERSAL GATES (8PTS)

2  Universal gates (8pts)

Consider the three input gate ¥ = CCNOT(.Xs. X, Xy). defined as follows:
Y = Xoif Xy and X are both 1; Y = X, otherwise.

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

Yo

ol oo || o L

Lol e

2.0(b). Implement this gate, given only the non-inverted inputs, using a single inverter and a 4-1 mux. {3pts)

oo

¢

\KL Do___‘ll

X, ¥a

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

Ve !

\

- I + ¥ [ —
NAND = S iy Y ;a__-_‘[ o— Yy
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d SUPERFUNCTIONS (12PTS)

3 Superfunctions (12pts)
Consider a single valued function of » inputs ¥ = fXY= f(Xpnor X0 LX),

3.0(a). There are M different such functions in total. If n = 3, what is A/? {2pts)

"

S
"
'L ;nfv\' (0"‘-"3&\}\""“", each --J/ T foss.'(’(. Ou.,t‘c.J— U"\""’S :)LM: ?/-L f'\.u\cj'\&d)

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

What is m? (1pt)
n

e log = [og, v 2" bk

3.0{c). Consider a specific function f;, which we know can be implemented by a single CMOS gate. If there is a
specific input A = A, _y, A, _2,--- . 4y, such that A,,_; = 0 and Ffi(A) = 0, what, if anything, can we say
about fi(A'), where A’ = 1,4, _2.--- . Ay7 Why? (2pts)

It An-; :0/ any NMOS  fpuneishan Oln',..o\ Gy A‘,‘_,
eck & ofen & witeb e 5. But E'P -p{ (#) =9, -H,._Q_,-Q St
e So Mma ‘;u[( Jowsa Pq']"'\ ; ond e fore Hees Pu”do-&"

p- only  persses Himush  MeSFETS  Asé drivw by Al .
Tl r_llAq —LAcogn s (,.,Ac.(«mj‘-—" whan ﬂ'.n-c ~ | ] G J o
LL((A') 9W as  wed(,
3.0(d). We can define a superfunction g(7, X) that takes in an m bit input / identifving the function and the n
bit input X, and returns ¥ = f;(X) for (he specific function f; labeled by the value . Come up with the

mapping from [ to f; that lets you implement this function with a single mux. For what value [ is f; an
n-input NAND gate? (3pts)

We  can e M Rnchan OO b b miabom
Expansion | Saying ac, (= l—eqg M, 5 a piadtrn

ol £; — oresponds  to  Une  xH bib of L betny a L
and Q; (x)=0 e XH L of T & "o That ys

? \‘\)Iu\ ‘H’\i( m-\(‘o;(‘)} NAND -2
T= 00l 5 "' /
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3 SUPERFUNCTIONS (12PT5)

3.0(e). Draw and label this mux-based implementation of ¥ = ¢(f, X). (4dpts)

SiD:

P

Page 7 of 16
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4  BOOLEAN GATES (8PTS)

4  Boolean gates (8pts)

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

GutE | tpp  tep
NOT 1 1
OR 3 1
AND 2 2
XOR 6 3

0 0 0 0|0

=

<

o
e o 9 g

=)
o
=]
o
8)

0 1 0 1 ]

C O

0 1 1 1|7 |

1 0 1 0 | 10

1 0 ! 1 |11

=
o
0000-——-
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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)

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

No, Considar X?,
gt e TG f

"
25
1
'
It
9

T e :
B A H . 2 .
A R i
B ‘ # L e # O
D A S
i : 3 4 ,
D_ ———
o L TeT Skl
Ounkpat: e
‘ ]
i 1 ll ! ‘i " : ! 1

4.0(c). Complete the truth table above for ¥ as a function of Xy. X, X1, Xo. {1pt)

1.0(d). Write the function using either minterm or maxterm shorthand. that is, in the form ¥ = m(ny, ng. - - ‘) or
Y = M(m.no.---), where ny,na,- -+ are integers. (1pt)

Y: ™ (3, g 1, 1o, u)
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5 PRIVILEGED ENCODER (17 PTS)

5 Privileged Encoder (17 pts)

Recall that a decoder goes from an #-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 ¥ = Yo ¥u_2... Yy from an rmn-bit
input X = X,y 1 Xpno0... Xy,

Haowever, since we can’t guarantee that the m-bit input will be one-liot, 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:

s If none of the input bits are high, we don’t care what the n-bit ontput ¥ is, but the one bit output # = 0.
o If exactly one of the input bits is high, then Y is the index of the input that is high, and i = L.
o If muktiple of the input bits ure high, and P = 1, then Y is the largest index of the inputs that are high, and

H=1.
¢ 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.

S.0(a). What must n be as a function of m? (1pt)

n = ﬂogq_(""ﬂ

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. (ipt)

P X X | HY
F-(;_O o o X
o < ( ! 7]
o \ o L 1
o \ ¢ ©
| o) O O ¥
[ < | { O
| o) { {
L

5.0(c}. Use a k-map for m = 2 to determine what the don’t care valies should be to minimize a product-of-sums
implementation for Y. In this case, what is the minimal Boolean PoS expression for Y'? {2pts)

¥ Yo
Noo A Y= % V(FAxX)

( ) -
Sl ] T > Yo x, A (F 2x,)

\b("‘_g | \J' 2|Y = X|/\(PV70)
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§ PRIVILEGED ENCODER (17 PTS)

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

Y —_ \Al A (P Vio) —> ?ull'-\f Ml’k.nt‘k!

5.0(e). Inplement PE2, the privileged encoder for it = 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)

!
I

:
=
lma —.-GJ—L—% 2
tof| — = j
Lol —_L =
tut = —

PX. %o | i

H Y
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3 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)

pAZ

-
pEL A
P G | l Ao
X

Yo——1%

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

We Can Hoide onm fnp-.."' X tabe e 3¢y ol 2 L"""S:
Yier = %= X03:2]  and LowesX, = X[1:0)
“nd decide what bo gy bused on which of Heose ht
L€ conbain lﬂtﬂ“ vales  or H=| ip Wy He o
: . R / d o pLr
ha G W, or if boe  bulocy, Lik zad {’:I’ '
we will wse e u\optr' ore~ ol hall cnd sk Ha
lowr hell b 2'hoo. oHerwise , ot will wie He
lovae, lﬂ.-\w one- lﬂo" bbu"fa(", and ek Ha Uppar ha( B
b 2600 Tht 4 il yalew Gk F eler ba(f LR

Use upper alf .‘F«; U= Hul-_‘l;" HH P = HVC’-‘TL-"H.__F)

lower hall (b2 Lo R
Use tower bl U HDAA 00 > o Goms)

See neyf- P1g¢e
—>
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3 PRIVILEGED ENCODER (17 PTS)

5.0(h). Using any CMOS gates or muxes, generate the n-bit result ¥ from the m = 1-hit ontput A of the PAIL block.
(2pts)

We baow A s one -lal / )0 we ?LL
'LLI pb“owut) ‘JTM.“'\ J’{b'fﬁ

43A’z 4( pr., Yl_\‘o \/l =l A;"AOJ’ Yo" Az*Aa
v o o | o o
0o o { o | 91 Yo ¥
o | 001 [ o
I o0 o0l 1Y PA Y
q A’::'—'
B !
Ao ¥
P_......I.._F HT™
L-‘H_W"_- [

PAT

e M=ty

P __ 2

* }i:ﬁ—/— Ay

_—-‘HL_

o 1P H HL
(lowes) :rlt')}—-bf’"" H
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