TSPE Practice Test Solutions:  EE 2310, Digital Systems, Test #1

Name: Student Number:

Put answer s on the problem statement page, asfor homework assignments. Staple work
sheetsin back if necessary.
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2. The Karnaugh map for a Boolean function isdescribed by: F = é_ m(8,9,12,13)

Writetheoriginal expression. Usethe Karnaugh map to smplify the expression.
Writethesimplified expression and draw the circuit.

Original: F = (abcd) + (abcd) + (abcd) + (abed) 0w 4 o
00 0 0 0 0

Simplified: F =(atT) ot ojJojolo
! 11 1 1 0 0
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3. Thefollowing half-adder was designed incorrectly. Fix it by redrawing the correct
circuit.
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Analysis: The correction isdueto thefact that ‘a’ and ‘b’ must both be ‘1’ for there
tobeacarry-out. Thus, ‘a’ and ‘b’ must be ANDed together to form the carry-out.

Another possible correction would be to add two more NOT gatesto the inputs of

the carry-out AND gate. However, thisisjust redundant asyou arejust getting 'aand !'b
goingintothegate. Thisisthe sameassending aand b into the gate.

©2002 TSPE chapter at UTD



4. Design a simple multiplexer that will output one of four data inputs DO, D1, D2, D3
depending upon a 2-bit address A1, AO using NOT gates and threeinput AND gates.

Use the following output table:

Analysis:

Think of each 3-input AND gate asareal gate. When two of theinputsturn ‘1’ the

Al ] AO (5utput
0 0 DO
0 1 D1
1 0 D2
1 1 D3

gate letswhatever’sin the third input through. Therefore, if wewant DO to appear at the

output, we need to make sure that whatever gate DO is attached toisturned “on.” |.E. We

need to make sure that the other two inputsare both ‘1.

Since DO is supposed to be output when Al and AO are both 0 and because the gate

needs ‘1’ inputsto open, we will negate both A1 and AO and connect them to the gate that
DO is connected to. That way, when [0,0] appearsin the addresslines, DO islet through
and travelsto the OR gate. Sinceall the other gatesare “closed” and output ‘0’, DO

appearsat the output. I.E. (DO)+0+ 0+ 0=DO.

Thesameistruefor D1, D2, and D3 except that we need to provide the appropriate

negations for each of the gatesthat they are connected to in order to make surethat the
gate, and only that gate, openswhen it'saddressis called.
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5. Construct a four bit adder/subtractor that performstwos complement addition or
subtraction of positive numbers. Assumethat A isalwayslarger than B. Thecircuit
should perform A+B for op=0 and A-B for op=1. Indicate when an overflow has occurred
by setting an output OVFL to one. Usefull adder modules. (You don’t have to show the
inner circuitry)

Analysis
A+B can be performed directly. Each input of A: a3, a2, al, a0 can bedirectly added to
each input of B: b3, b2, b1, b0 with carry-outs going to the carry-in of the next adder
module.
A - Bisdifferent. A - BissameasA + (-B). Thus, twos complement negation must be
performed on B beforetheresult isadded to A. All B inputs: b3, b2, b1, bO must be negate
and a one must be added.
This can be accomplished by allowing op to negate the B input and allowinga ‘1’ to
be input into the L SB full-adder’s C-in. Since op=1 indicates a subtract operation,
op can betied to the L SB full-adder’s C-in. Thiswill add a“‘1’ to the entire
operation, giving A + (IB) + 1 which isthesame as A + (-B).
OVFL isdetected by whether thereisa carry-out of the MSB full adder. Remember that
the carry-out of the M SB isignored for two's complement subtraction. Thus, we can tie
OVFL tothe carry-out of the M SB through an AND gate that is controlled by op.
Whenever op is‘1’ and subtraction isindicated, OVFL must remain at ‘0’ and, whenever,
op is‘0 and addition isindicated, OVFL will function normally betied directly to the
carry-out of the M SB.
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6. Convert the following decimal numbersto signed binary (2'scomplement byte form):

-17 -100 21
1. Convert to binary (disregard sign)
0001 0001 0110 0100
2. Negate each bit (if negative)
1110 1110 1001 1011
3. Add 1 (if negative)

1110 1111 1001 1100 0001 0101
7. Convert thefollowing 2's complement binary numbersto decimal:

1101 0110 0100 1110 1100 1101

1. Negate each bit (if negative)
0010 1001 0011 0010
2.. Add 1 (if negative)
0010 1010 0011 0011
3. Convert to decimal and put sign in front
-42 78 -51

8. Convert the following positive binary numbersto hexadecimal:

0100 1011 1010 1010 1111 1110

Ox 4b Ox aa Ox fe
9. Convert the following hexadecimal numbers to unsigned binary (byte form):
Ox f3 Ox 8a Ox ae
1111 0011 1000 1010 1010 1110

10. Convert the following positive binary numbersto decimals.

110.11011 101.00101 0001 1.101
110.11011 => 4(1)+2(1)+1(0)+.5(2)+.25(1)+.125(0)+.0625(1)+.03125(1) = 6.84375
101.00101 => 4(1)+2(0)+1(1)+.5(0)+.25(0)+.125(1)+.0625(0)+.03125(1) = 5.15625

0001 1.101 => 16(0)+8(0)+4(0)+2(1)+1(1)+.5(1)+.25(0)+.125(1) = 3.625

11. Convert the following decimalsto binary. (Use 2x the number of binary places after the
binary point asthere are decimal places after the decimal point if non-exact)

12.3 101.125 312

12.3=>16(0) + 8(1) + 4(1) + 2(0) + 1(0) + .5(0) + .25(1) + .125(0) =>
0011 00.01=12.25
101.125 => 64(1)+32(1)+16(0)+8(0)+4(1)+2(0)+1(1)+.5(0)+.25(0)+.125(1) =>
0011 0010 1.001 = 101.125
3.120 => 4(0)+2(1)+1(1)+.5(0)+.25(0)+.125(0)+.0625(1)+.03125(1) +.015625(1) =>
11.00 0111 = 3.109375
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12. Simplify the following expression: F = (_b) (ﬁ)

1) Working from outside-in:
UseDeMorgan’'sLaw: F = ;+(%):(ab)+(aﬁ)
Pull out (de-distribute): F =a(b+b)
Snceb +!balways=1. F=a

2) Working from inside-out:

UseDeMorgan’'sLaw: F=(@+b)- (a+b) = (a+b)- (a+b)

Use DeMorgan’sLaw again: F =(a+b)+(a+b)
Use DeMorgan’s Law again: F =(ab)+ (ab) = (ab) + (ab)
Pull out (de-distribute): F = a(b+Db)
Sinceb +!baways=1. F=a
13. Simplify the following expression: F =(abcd) + (abcd) +(abcd) + (abtd)
Pull out common abc’'s: F = abc(d +d) +abc(d +d)
Sinced + !d always=1: F = abt +abt
Pull out common ac’'s: F =ac(b+b)

Sinceb +!b always=1. F =acC (Thischeckswith problem #2)
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