CS 51 A Introduction to Digital Systems Design
UCLA Computer Science Department
Midterm Exam, July 23, 2018
Prof. Leon Alkalai
90 min closed-book exam
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Problem 1 (10 points)
Simplify the following Boolean expression by using postulates of Boolean AlREDRa. Far et Stepyindicite

which Boolean algebra rule you are using.
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Problem 2 (30 points)

Show that the functions a) E (x
Ou can use constants 0 or la

iversal functions.
,v) and b) E(x,y,z) shown in the truth tables below are univers

S your input to each function.
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¢) 20 points
: ';Slms lonlv the first function E(x,y) as a gate, implement the second function E(x,y,z) using a_minimal
M evel gate network. Clearly show all steps in the process.
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Problem 3 (39 points) X, -
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1 |
R at has inputs&"andjy, and output z, such that x€ {0, 1, 2}, Y € {01,
¥) mods8. Use the binary code to encode x, y, and z, that is, x as xiXo,  is as yio,

(3) (6 points) Show the truth table for function z.
(b) (6 points) Based on the truth table in (a), draw the k-map for 22, 2, and Zo

(<) (6 points) Use the K-maps in (b) to find all the prime implicants for 2, 21, and Z respectively.
(d) (6 points) Use the K-maps in (b) to find all the essential prime implicants for zz, 2, and zo

respectively.

2, 3}, and outputs Z =
and z as 222120

(€) (6 points) Implement z,, 21, and zousing minimal NAND-NAND networks. Note that each output

has a separate gate network. You can directly use xy Xo, y1, ¥oas inputs. Yy ol /] .
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Problem 4 (30 points)

F Is a function that inputs a single binary coded decimal digit (BCD) x and outputs the value z which is

equal to (x+1) moda if x<4, and (x-1) mod4 of x>3.

a)
b)

Show the mathematical representation of the high level function z.

Show the binary representation of x,x and z and the truth table for z.

€) Using K-maps, derive the minimal 2-level gate network, and clearly calculate the cost of each

And/Or and Or/And gate networks, as discussed in class.

d) Graphically depict the 2 gate networks and show the lowest cost implementation. e
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