[CS M51A WINTER 17] MIDTERM EXAM
Date: 2/16/17

e The midterm is closed books and notes. Tablets and smartphone are not allowed.

e You can use calculators and have up to 2 sheets (= 4 pages) of summary notes.
e Please show all your work and write legibly, otherwise no partial credit will be given.

e This should strictly be your own work; any form of collaboration will be penalized.

Name:

Student ID:

Problem | Points | Score
1 20 \S
2 15 (4
3 10 i
4 10 10
5 20 Z0
6 25 223
Total 100 | g6




- Problem 1 (20 points)

' 1. (8 points) Using algebraic identities obtain a simplified sum of product for the following switching expression:
Ei(a,b,c,d) = (ad @ V)(c+ d) + (a’ + bc)'ed’
Show each step of your work on a separate line and indicate which identity was used.

Llab od)= (ad @b )ctd) (a'+he) ed”
= (ad'@b et d)+ (athey)cd’ Mgt Lo
ﬁjf;gl- = d'h + @d)e Netad)t (a b))’ |
Delloer’s = (M%'f (Q’M/)b')(f-*d)?‘ ﬂ(/a’r—fc':\(,o!; |
prstribedi = (ad'b + a'b'+db'Xc A)+ ab co{ t+ac'ce
Diehibuti] = Abcd'y alc + b+ abddt abd
Aottt g+ aBed t gered
copinet < gbed’+ a'be + bed + ab'd+ bidd+«abed
opstocy = abed '+ a'bic to'cd 4 abd- é_'a]/ja{wf’
yivh = abcd'-f a'blc 4 (c +&+:}b’d~f abm’

Rstrib
® = abcd' ta'b'c +9d tab'ed’

Distabubiidy = acd (b+b')t ab'c +b'A

m}j_emb-v'(' = ayﬁ»ﬁ aﬁﬁ ’fé%.

1 a+b =b+a ab =ba Commutativity
2. a+(be) =(a+b)(a+c) a(b+c) = (ab)+ (ac) Distributivity
3. a+(b+c) =(a+b)+c a(bc) = (ab)e Associativity
=a+b+c = abc
4, a+a =a ac =a Idempotency
5. a+ad = aa’ =0 Complement
6. l+a = O0a =0
T O+a =a la =a Identity
8. (@) =a : Involution
9. a+ab =a ala+b) =a Absorption
10. a+db =a+b a(a' +b) =ab Simplification
1.  (a+d) =d'¥ (ab) =a' +V DeMorgan's Law




2. (4 points) Using a K-map, obtain minimal sum of products and product of sums. Compare the minimal
SOP with the SOP in (1).
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3. (8 points) Show implementation of min SOP and min POS expressions using NAND and NOR gates.
Inverted inputs are not available, and no constant inputs are allowed. Compare the two networks with respect to
the number of gates and the total number of inputs. (You are allowed to use NOT gates.)
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Problem 2 (15 points) ‘é

We want to design a gate network to implement a 4-input multiplexer module MUX. This module has four data
inputs z = (z3,z2,1,%0), two select inputs s = (s1,s0) and the output y, all in binary code. The output is
connected to one of the data inputs determined by the select inputs. Formally, the MUX function is specified as

y=MUX(zg,s) =z i1f s=1,i=0,1,2,3. For example, if s = 2, y = x3.
1. Show a sum of products expression for y.

2. Implement MUX module using CMOS NAND gates (with fanin as needed) and NOT gates. How many
transistors are used?

< o
e

5 Y= %550+ XaSiSe + X,S/S0 + %X &, SV

2. 9 Traasisbrs are MSﬁﬁ’{ (E=Y, )



€
Optional problem. (10 extra points) Implement MUX module using CMOS transmission gates TG, NOR,
and NOT gates. A transmission gate T'G; is controlled by signal C;:

Complete the following table defining the values of control variables C; and the output y:

s1 50 Co|Ci|Ce|Cs| y

) 0O O 1T [0|O0]| 0| =
T 0 1loli]olo]x%
1 0jJjolo|l ! |0 |
1L 11pl ol o]l %

Show switching expressions for C;’s.
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Show the final network. Label all inputs and outputs (external and internal). How many transistors are needed
in total?



Problem 3 (10 points)
1. (5 points) A 8-bit vector repr\!:sents a set of positive integers {0,...,N}. Which of the following coding

alternatives

(a) BCD
(b) 2421 code (a decimal code)

(c) Excess-3 code (a decimal code)
(d) Octal
(e) Binary

provides the largest range? Why? (Give N for each case).

) BCD - [oe(loo] = 9¢

(b)Y 2421 |innhw =99

(C)  Excess-3 - (00100 = 99
{0{1 Octad : —

e ) B-.‘ﬂa.yu}- L) = 3

Q)%INL/? PWVW!-PS ~line ’OU’].(S‘t' Vewua @
becase SHAirey ceod) }\.3 &‘,Hzpmaf‘-wd warve [wted ro ;,ts,r)-,.of

2. (5 points) 4 bris o rep weseot
a and b are 12-bit vectors that represent their numbers in the BCD code a = ( 100000110101) and the

decimal of their sum a + b is 1,800. What is the bit vector of b7 Show all your work.

A= (Jovo ool o/0l) = 8§35
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b= (800 —83S
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Problem 4 (10 points) [ O

We would like to verify that the PLA implementation shown here implements the following switching functions:

23=b+bd+ad

22="bc+d+bdd

Zl=cd+d

20=d

a b c d
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® - connection made

1. (6 points) Analyze the PLA shown above and show the output expressions.
2y = ol
2, = cll'4 ¢ d
2, = be'd' +h'd 4 yle

2y & 0+ bd +bc \]

2. (4 points) Is the PLA implementation correct? If not, find errors and show the correct implementation
(cross out wrong connections and insert correct ones) No, H's not corre ct



Problem 5 (10 points)

Calculate the propagation delay ¢,r7(21) when z1 changes. Assume that 21’s load value is 2. Fill in the blanks
below with the appropriate values. You don’t need to fill all the blanks.

G6
| G7
—{>0—
x1 | G8
SN ~ . 721 L=E
x0 AR G2 E‘” '[ — -
\
" -. | z0
' | (e
J 1 }_
—| G0 /
Gate  Fan- Propagation Delays (ns) Load Factor
Type in toLH toHL I
NOT 1 0.02+0.038L 0.05+40.017L 1.0
AND 2 0.15+0.037L 0.16 + 0.017L 1.0
OR 2 0.12+0.037L 0.20+ 0.019L 1.0
NAND 2 0.05 + 0.038L 0.08 + 0.027L 1.0
NOR 2 0.06 +0.075L 0.07+ 0.016L 1.0
Gate name: Gl _>_ 62 __64 4 &6l 4 -
Gate type: NOT| _ AND2 5 NAND2 , OR2 i
LH / HL: HL s HL o tH LH -
Output load L: [ — 4 — 2 — 2. - —
Prop. Delay:  2.0540, 03— ¢u1byp 0B 4) s 2105 +0.0380) s 9.1210:05(2) .

ton (21)= 0.06F + 0228 + 0,26 + 019 = p.4It
G3 - G o — &y

No& ANMD L OR 2

\ L

U, D?-{(}.Ulé(l} ¥ 0,05+ 0.038 1 1, 1240, prIs
T = o3 8¥
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Problem 6 (25 points)

For the switching function f(zs,zs,1,20), we are given the information below for the de-set and zero-set

de-set = (12,13)
zero-set = zero-set of function
(z3 + 22" + 21+ 20") (25 + 22" + 21 + 20) (25" + 22 + 1 + 20) (T3 + T2 + 21’ + 20) (23 + T2 + 71’ + 70')

1. (£ points) Fill out the following K-map.

X0

NN AN

6 | 010 ff’
i T 2|l 4

= - Xo2

) f /
X3 : “ |2 i ISt~
ol |ole]

. :x1

2. (8 points) Which of the given expressions are prime implicants of the function given above? Circle all that
apply. Do not circle implicants that are not prime.

(a) z3z1 wtoy Premar M . (g) w3zox; ~IF () z3za'zo
@ h) z3'z'zy' p (k) z3'zozy'zg
(c) z3'zy @ (i) zo'z1'z0 ) () z3'zoz120

(e

3. (3 points) Write down the complete set of essential prime implicants.

@ y/ X35 X;’(f(’ e x.’%

5%, AsXa, XoXo , XaX|

4. (3 pomts) Write down the mlmmafs{n of products expressions for f. If there are multiple forms of minimal
sum of products expressions, you only need to write down one of them.

@ FOENXN) X5 8+ X X + XKoo, +%/ X[ Ko

v’
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5. (B points) Which of the given expressions are prime implicates of the function given above? Circle all that
apply. Do not circle implicates that are not prime.

(@) Gz +27) @ @ tmta) @ @izt () @t +ad)
(b) (z3'+ 1) () (z3'+ 21+ zo') /(m (k) (3 + 22+ 21 + z0")

x(cjm) ( f)FZIg +xo + x% ) A (xs + 21 + 2o ) (z3+ 22" + 21" + 0)

6. (3 points) Write down the complete set of essential prime implicates.

/ \ t ! /
@ X‘5\"+}‘+\(, ) X+ o , X3 'J[XX‘{'\KD

7. (8 points) Write down the minimal product of sums expressions for f. If there are multiple forms of minimal
product of sums expressions, you only need to write down one of them.

@ (X3 +¥ DK Y3450 )(Xs s 4 ¥a)
/ |
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