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Problem 1 (12 pts): Number conversion
(a) (6 pts) X = 85 in decimal, convert it to Radix-2, Radix-8, Radix-16.
(b) (3 pts) X = —47 in decimal, convert it into 2’s complement with 8-bit length.

(c) (3 pts) X = 100110 is the 2’s complement representation of a number, convert this number to
a decimal signed number (radix-10).
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Problem 2 (16 pts) Boolean Algebra:

(a) (8 pts) An operation * is defined for binay variables a and b as follows:

axb=ab+a'db’
Let ¢ = a * b. Determine which of the following identities are valid:
al.a=b=*c

az.axbc=1

(b} (8 pts) Reduce the following Boolean expression to a minimum number of literals:

xyz+x'y + xyz'
Answer:

@) Q= 0xb=obtadb

Al b¥cs=berpo=b(ab+ab)+ b abtap

obb+abb+ b (&P TT)
ob+ b (&+b)(ath)

ob+ L(ad+ ab+tab+bb)
=ob+abb

-

—

= a(b-*g)

N

A2 axbe =

Proves  ar s valiof
obc+ aAbc =abet 2(b+2)
Ab(ab+&b)+ Ab+A abt

ab+ ab+t a( ab-ZT)

U}

1

u

obt AT+ alatb)(a+bh)

1

\

ob+ &L+ d(ad—+ah+ ab+bb)
ab+ab+ab
ob+a

)

= a+b

(b) XY Bt Xy+ xy3
> ﬂ( 55+x'2)+x7§
= qc>€+'2)+x7§
= Y(X+52+xy)
-—-7CX+'2+)¢) =Y

When a=1 b=o, a¥be =0 Inialid



Problem 3 (10 pts):
Obtain a minimal two-level NAND-NAND network for the function implemented by the network shown

below.
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Problem 4 (18 pts):

Design an efficient multiple-of-3 circuit that takes in a decimal digit 0-9 represented as a 4-bit binary
number a[3:0}, i.e. a circuit whose output is logic 1 when the input a[3:0] represents number 3, 6, or 9.

(a) (3 pts) Write a truth table for the function.
{b) (3 pts) Draw a Karnaugh map of the function.

(c) (3 pts) Identify the prime implicants of the function.

(d) (3 pts) Identify which of the prime implicants (if any) are essential.

(e) (3 pts) Find a switching expression of the function with minimal gate inputs and minimal number

of gates.

(f) (3 pts) Draw a logic gate diagram of the function using NAND gates only.
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(b) Draw a Karnaugh map of the function.
Fill the following Karnaugh map template:
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(c} Identify the prime implicants of the function. or|0l0 oY1
List the prime implicants: ==X
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(d) Identify which of the prime implicatns (if any) are essential.
List the essential prime implicants:

030"/ &, 0 A, A0, OCae Al e 3sentiod

(e) Find a switching expression of the function with minimal gate inputs and minimal number of gates.
Show the work on the Karnaugh map on the previous page and then list the implicants you would use

and the corresponding Boolean logic equation here.
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(f) Draw a logic gate diagram of the function (remember, only NAND gates)
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Problem 5 (12 pts):
Among the following three gates, which ones are universal and prove them. (you may use constants 0

and 1 as inputs wherever necessary)
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Problem 6 (12 pts):

Implement the following Boolean expression with MUX 2:1 gates:
F = AB'CD' + A'BCD' + AB'C'D + A’BC'D
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F=ABed+ ABcD+ ABCD+ARED

= A(Bcb+Bap) + A (Beb +RED)
= ACR-0+ B (c5+EP) + A (B(cD+ ED)+B-o)
IS e cD+Cd
-—J] o v .
D —2 B(coter)
I 2 4
J
o—1__
B 0
W s
O — AB(CD+cD)
P TN+ aB(Eees)
Dk
' B pepted)



Problem 7 (20 pts):

Design a combinational circuit with three 8-bit inputs a[7:0], b[7:0}, and c[7:0] representing binary
numbers that outputs the median value of the three input number (i.e. the middle value if the input
numbers a, b, and c are ordered by their value). You may use any of the primitive gates (NOT, AND OR,
NAND, NOR, XOR, XNOR) or any of the building blocks discussed in the lecture (decoder, multiplexer,
encoder, arbiter, priority encoder, comparator, adder).
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