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Fall 2018
Midterm

Discussion Section (circle): 1A 1B @ 1D 1E




exam, which is o arefully be.fore you answer. You have 1 hour and 50 minutes for the
average 22 minutes per problem. If you find yourself spending more

than 22 mj

Dot l:":l“tes on flll)f problem, move on to the next problem and come back to it later.

toiod pend the maJOFlty of your time on any one problem if there are still other problems
V€, Or you may risk running out of time before finishing the exam.

Make sure to show all your work in the space provided on the exam. Points will be taken

gff for answers without any work. Partial credit will be given where substantial work has
een done.

Problem 1 (20 points)

Suppose we want to design a digital clock that displays the current time in hours and minutes as
HiH> : MiMy, such as, for example 12:30, which would set Hy=1, Hy=2, M;=3, and M,=0.

We will use the standard 12-hour format, so 04:00 can either represent 4am or 4pm (as opposed
to the 24-hour military format such as 1600 for 4:00pm).

a) Determine for each digit (Hi, Hz, M1, My) of the display:
1. The range of each digit (i.e. what is the smallest value and the largest value, in
decimal) :
ii. The minimum number of bits necessary to represent each digit in a standard binary
format (not BCD) '
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lem 2 (29 oints

Pr9ve St disprove the fOHOWing equalities, by either constructing the corresponding tables, or
Jsing the laws of Boolean Algebra (you do not have to state the name of the law in each step).
Note: @ répresents the XOR function, and © represents the XNOR function, + represents the

OR function, and . répresent the AND function.
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Problem 3 (20 oints

a) Analyze the following network by determining the expressions for the outputs
(Z1, Zo) based on the inputs (A, B, C).
{Hint: label each gat

€ as a sub-function, T;, and using a table, determine the result of each
sub-function based o

n its inputs, until you reach the values for Z; and Zo}

DO NOT CALCULATE THE CRITICAL DELAY OF THE NETWORK.
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' Problem 4 20 points

a) Using the S-in

put K-map below, find all the
S (x4, x3,x2, x,

,XO)=Em(7.ll.l3.l4.l5.l‘i..’.l

prime implicants of the function

: 122,23,25,26,27.28.29 30 31)

(00 =

¥ [ Xo X,

O NPT e — .
B i O . e T o "1, 3] +2
QU Q \
o0 Q1D ‘.*
0© 0 1 4 5| 11 6 4| 5|t -6l|
oO 1t O Q ) |
oV {0 )\ - - X x
RN 12| 13[ 795 qaf| 2 12| 13l a6 4]l 2
b B I 1K) | L O )

] ; 3 x e - .
A 8 o 11| 10 38| 9] 1] 10
% S ‘ L
14—0 x4—1

List of Prime implicants:

Botht Y3 x X, 4 Xxq Xy X, Hyx, Xy , %%
7
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b) Which of the prime implicants from part a) are essential?
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Problem 5 (20 poin¢

gates, implement a system
(23 23, z), zg) given the input x = (x3, x, X1, X0), where

ented in standard binary representation.

£ {x if x is a prime number
e/ 2] otherwise
Be sure to labe]

€very connection made in the PL
a horizontal and

a vertical line. Do not label unu

{Note: x=0 and x=1]
The notation |x /2]

A with a dot: ¢ at the appropriate intersection of
sed connections with x

are not prime numbers, and a prime number is only divisible. by itseh; and 1.
represents the “floor” function of taking the integer part of diving by 2).

: e ’ £
{Hint: Create a minimal sum-of-products for each output bit of z using either K-maps or laws o
Boolean Algebra, and reuse p

rime implicants for multiple output bits of z}




