Midterm Review

Logic Desigh — BBM231



Design a four-bit combinational circuit 2’s complementer. (The output generates the 2’s
complement of the input binary number.) Show that the circuit can be constructed with
exclusive-OR gates. Can you predict what the output functions are for a five-bit 2’s com-
plementer?



Design a four-bit combinational circuit 2’s complementer. (The output generates the 2’s
complement of the input binary number.) Show that the circuit can be constructed with
exclusive-OR gates. Can you predict what the output functions are for a five-bit 2’s com-
plementer?

1’s complement: flip
2’s complement: flip + 1



Design a four-bit combinational circuit 2’s complementer. (The output generates the 2’s
complement of the input binary number.) Show that the circuit can be constructed with
exclusive-OR gates. Can you predict what the output functions are for a five-bit 2’s com-
plementer?

a) truth table



Design a four-bit combinational circuit 2’s complementer. (The output generates the 2’s
complement of the input binary number.) Show that the circuit can be constructed with
exclusive-OR gates. Can you predict what the output functions are for a five-bit 2’s com-
plementer?

a) truth table
b) K-map
c) solve K-map



ABCD

WXYZ

0000
0001
0010
0011
0100
0101
0110
0111

1000
1001
1010
1011
1100
1101
1110
1111




ABCD| WXyz
0000 | 0000
0001 | 1111
0010 | 1110
0011 | 1101
0100 | 1100
0101 | 1011
0110 | 1010
0111 | 1001
1000 | 1000
1001 | o111
1010 | 0110
1011 | 0101
1100 | 0100
1101 | 0011
1110 | 0010
1111 | 0001
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For a 5-bit 2's complementer with input E and output v:

v=E® (A+B+C+D)
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Construct a 4-bit BCD adder—subtractor circuit. Use the BCD adder and the 9°s
complementer. Use block diagrams for the components.
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9’s complement subtraction

Regular Subtraction 9's Complement Subtraction
(a) 8 8
- 2 + 7 9's complement of 2

6 @ s
; L’ + 1 Add carry to result
6
(b) 28 28 b
- 13 + 86 9 complement of 13
15 ® 14
["+ 1 Add carry to the result
15
(c) 18 18
- 24 +75 9 complement of 24
T 893 9's complement of result

‘ {No carry indicates that the
answer is negative and in
-06 complement form)



Construct a 4-bit BCD adder—subtractor circuit. Use the BCD adder and the 9°s

complementer. Use block diagrams for the components.

Mode = 0 FOR Add

B, B, B, B, Mode = 1 for Subtract
) 4 v v 4

9's Complementer
(See Problem 4.18)

v v Y Y Y Y ) Se]ect

Select = 1 Select =0

Ay 4, A, 4,
?27???
l l l | e
Y Y Y

BCD Adder (See Fig. 4.14)
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Construct a 4-bit BCD adder—subtractor circuit. Use the BCD adder and the 9°s

complementer. Use block diagrams for the components.

Mode = 0 FOR Add

B, B, B, B, Mode = 1 for Subtract
) 4 v v 4
9's Complementer
(See Problem 4.18)
v v Y Y Y Y Se]ect
Select = 1 Select =0 “
Ay 4, A, 4,
Quadruple 2 x 1 MUX
l l l | e
Y Y Y

BCD Adder (See Fig. 4.14)
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Design a combinational circuit that compares two 4-bit numbers to
check if they are equal. The circuit output is equal to 1 if the two
numbers are equal and O otherwise.
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Design a combinational circuit that compares two 4-bit numbers to
check 1f they are equal. The circuit output 1s equal to 1 if the two
numbers are equal and O otherwise.

Do we know a logic gate that outputs 1
only if its both inputs are the same?
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Design a combinational circuit that compares two 4-bit numbers to
check 1f they are equal. The circuit output 1s equal to 1 if the two
numbers are equal and O otherwise.

Remember XOR is the Odd Function?
What is an Odd Function?
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Design a combinational circuit that compares two 4-bit numbers to
check 1f they are equal. The circuit output 1s equal to 1 if the two
numbers are equal and O otherwise.

Then how about XNOR?
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Design a combinational circuit that compares two 4-bit numbers to
check if they are equal. The circuit output is equal to 1 if the two
numbers are equal and O otherwise.

A,
By

>_ y

voT

SIS
W W
V

x=(4,® B)'(4,® B,)'(4,® B))'(4,® B’
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Construct a 5-to-32-line decoder with enable using four 3-to-8-line
decoders with enable and a 2-to-4-line decoder with enable. Use block
diagrams for the components.
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Construct a 5-to-32-line decoder with enable using four 3-to-8-
line decoders with enable and a 2-to-4-line decoder with enable.

Use block diagrams for the components.

4o 3x8 §
b / _ _
jl Decoder 4 Do-Ds
N E
3x8 9
Decoder ’ Ds- D5
E
As G |
2x4
Decoder P 8
A X
4y 2 Decoder 7 D1s- Do
E E
E
8
3 X 8 /
Decoder D~ Dy
E
21




Construct a 4-to-16-line decoder with enable using five 2-to-4-
line decoders with enable.
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Construct a 4-to-16-line decoder with enable using five 2-to-4-
line decoders with enable.

0
Ao 2 2x4 Y 4 Do D
A 5! Decgder 4 i
0
2 2x4 P
51 Decoder 7 D,- D,
E
- 0
A> 2 |
2x4 1
L Decoder 5 I b ) 4
43 2 : 1 Decoder 4 Ds- Dy
E 3 2 :
E
2. 4
2x4 y
PL Decoder 4 Dy;-Dis
E
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. A combinational circuit is specified by the following three Boolean functions:

Fi(A,B,C) = 3(1,4,6)
Fy(A,B,C) = %(3,5)
Fy(A,B,C) = 3(2,4,6,7)

Implement the circuit with a decoder and NAND gates connected to the decoder
outputs. Use a block diagram for the decoder. Minimize the number of inputs in the
external gates.
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xl+yl+zl

~<

X X
y } (xyz)
z z

AND-invert Invert-OR
(NAND)
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2' Decoder

20

3x8

9

-~

Fy=2(1,4,06)

o = O
[e)

N &N n B~
(o B

—

1 1 1

b- Fs = 5(2,4,6,7)

ey 5y



Fro =xy'z" +x'y

- o

x'yz" + xz

5
|

J— ". f'v ! : ! + ",})

Implement the functions with one decoder and OR gates
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7
Fi=x"yz" + xz

F,) — .\"‘,r'z' - x"\;

't

F;=x"yv'z" + xy
Iy =x(y+y)z+txyz' =xyx +xyz +xyz' =2(2,5,7)
Fro=xyZ"+xy=xyZz'+ xyz + xyz' = 2(2, 3, 4)
Fy=xY2"+xy(z+Zz)=xYz"+xyz + xyz' = Z(0, 6,7)

0

1 ;,—\—: d
. 2 2
X 2° 3x8 ;
y — 2! Decoder | F
- —20 4

5

N
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Construct a 16x1 multiplexer with two 8x1 and one 2x1
multiplexers. Use block diagrams.
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Construct a 16x1 multiplexer with two 8x1 and one 2x1
multiplexers. Use block diagrams.

a)How many inputs?
b)How many selection lines?
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Construct a 16x1 multiplexer with two 8x1 and one 2x1
multiplexers. Use block diagrams.

5o .S'O
.S'l Sl
$H S,
S3 0— 0
l— 1

> .) 8x1

R S MUX
D 3
4— 4
5— 5
6— 6
7T— 7

2x1 .
1 MUX '
5o
Sl
.S'2
8 —10
190 — . sx!

11 3 MUX
12 4
13 5
14— 6
37 15 7




Implement the following Boolean function with a multiplexer
(a) F(A,B,C.,D) = X2(0,2,5,8,10,14)
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Q10§ Implement the following Boolean function with a multiplexer

(a) F(A,B,C.D) = 3(0,2,5,8, 10, 14)

Sx ]

mux Tl

1
N UMbAWNN=OSL Y2 L2

34



Q10§ Implement the following Boolean function with a multiplexer

(a) F(A,B,C.D) = 3(0,2,5,8, 10, 14)

Inputs
ABCD
0000
000 1
0010
001 1
0100
0101

35 1111




F(A,B,C.D) = 3(0,2,5.8. 10, 14)

Inputs
ABCD
0000
000 1
0010
001 1
0100
0101
0110
0111
1000
100 1
1010
1011
1100
110 1
1110
1111

36

= =y | b W Wl = =l © \Mux input line (ABC)




F(A,B,C.D) = 3(0,2,5.8. 10, 14)

Inputs
ABCD
0000
000 1
0010
0011
0100
0101
0110
0111
1000
100 1
1010
1011
1100
110 1
1110
1111

O | | a|w R~ o Value

37

1 | [ nfb v o = =S © |Mux input line (ABC)




F(A,B,C,D) = 3(0,2,5,8, 10, 14)

5

Q
NS
)
S
s

Inputs 1 = — vy |
: F=2300258 10 14

ABcD S S 2,9, 8,10, 14)

0000 0 0 L gy

0001 0 1 0

0010 1 2 I ,

0011 1 3 of =D

0100 2 4 0_

0101 2 5 1 F=D

0110 3 6 0r_,

0111 3 7 0

1000 4 8 1 -,

1001 4 9 oF_D

1010 5 10 1.,

1011 5 11 oF_D

1100 6 12 0r_,

1101 6 13 0

1110 7 14 1 ,

- 111 7 15 | of =P




F(A,B,C.D) = 3(0,2,5.8,10, 14)

-
Q
NS
2
:
puss 5 S| posp 258 10,
S8 3 = 50,2, 5,8, 10, 14
ABCD S = - !
0000 0 0 L p
0001 0 1 0
0010 1 2 T 4 .
0011 1 3 of =P B .
0100 2 4 0 p .
0101 2 5 1 £=D E
0110 3 6 0 1
F=0
0111 3 7 0 s , Sl
1000 4 8 Lo 1y 3 MUX
1001 4 9 0 4
1010 5 10 | 1,._, 5
o115 11 | of7? 0 s
1100 6 12 | 0._, ;
1101 6 13 | 0
1110 7 14 | 1.
o117 15 | of TP




Q11 Implement the following Boolean function with a 4x1 multiplexer and

extemal g20eS. F (A, B,C,D) = 3(1,3,4,11,12,13, 14, 15)
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Q11

41

Implement the following Boolean function with a 4x1 multiplexer and

external gates.

Inputs
ABCD

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011

1100
1101
1110
1111

Fi(A,B.C.D) = 3(1,3.4,11,12, 13, 14, 15)



Q11 Implement the following Boolean function with a 4x1 multiplexer and

extemal gales. b (A, B.C.D) = 3(1,3.4.11,12, 13, 14, 15)

Inputs
ABCD

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

"

—_— == — o o ol O —|— o~ o

42



Q11 Implement the following Boolean function with a 4x1 multiplexer and

extemal gales. b (A, B.C.D) = 3(1,3.4.11,12, 13, 14, 15)

Inputs

4Bcp| F

0000| 0O

0001| 1 4B =00

0010| 0 F=D

0011 1

0100 1 - _ ..

0101 © -
F=CD

0110 © —(C+D)

0111] 0

1000 0

1001| o0 4B=10

1010f o F=CD

1011] 1

00| 1 »_

1oty 1 o

1110 1

1111{ 1

43



Q11 Implement the following Boolean function with a 4x1 multiplexer and

extemal g [ (A, B,C, D) = 3(1,3,4,11,12,13, 14, 15)

Inputs
ABCD

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

"

AB =00

AB =01 0 4e
F-cb ¢ — | Mux
2
3

=(C+D)' p

AB=10
o D-

AB =11
F=1

Y —

—_— == l—- o ool O ~|— o~ o
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Exercise 2.24 A circuit has four inputs and two outputs. The inputs, As.q, repre-
sent a number from 0 to 15. Output P should be TRUE if the number is prime

(0 and 1 are not prime, but 2, 3, 5, and so on, are prime). Output D should be
TRUE if the number is divisible by 3. Give simplified Boolean equations for each
output and sketch a circuit.

45



46



Q12

Exercise 2.24 A circuit has four inputs and two outputs. The inputs, As.g, repre-
sent a number from 0 to 15. Output P should be TRUE if the number is prime
(0 and 1 are not prime, but 2, 3, 5, and so on, are prime). Output D should be
TRUE if the number is divisible by 3. Give simplified Boolean equations for each

output and sketch a circuit.

R e o B L0 Ax' A

A% D fcz 'Dz .

\ o s

SV FEA

\o \ ; \ o

i R

e — Q /,\Q-C *QCO : o c
O« A% D + ARCD o oER jm\o { R
- 3 (AcO R P
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m Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

vi *’N *N
Z {1 -1
— f — f
0 »2 2
1 3 -3
MSBT LSB MSBT LSB

Xy Y £



m Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

, _,N _,N X y z |input| F F
0 0 0
Z 91 -1 0 0 1
o2 [ F L [ 0|10
1 {3 - 3 0 1 1
1 0 0
T T 1 | o | 1

MSB LSB MSB LSB

X y y z 1 1 0
1 1 1




m Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

\ \ X Y z input F F
Z 1 -1 0 0 1
—» —»

0 »?2 f {2 f 0 1 0 1
0 1 1
1 »3 {3 1 0 0

T T 1 0 1 2

msBl |LsB msBl |LsB 1 [1]0],
Y Vo 1 | 1| 1




m Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

Z"’N *N X Y z |input| F F
0 0 0
Z 1 —-»{1 0 yA
g g 0o [ o |1
0 2 -2 0 1 0 1 ’
Z
1 %3 -3 0 1 1
1
I msel |LsB 1 | 0 1
X Yy y z 1 1 0
1 1 1 3 1




Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

X Yy z |input| F F

-»N —»N oo o] | [o
-1 -1 0 0 1 1
B > ¢ 0 1 0 ’ . 1

-3 —»{3 1 0 0 0
L
MSB LSB MSB LSB 1 1 0 1
x y z 1 1 1 | S 1 1




w N = O

Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

X y z |input| F F

>0 0 0 0 0 , 0

L, L, 0 0 1 1
2 0 1 0 ’ , 1

f “’34 0 | 1] 1 0
LSB msel |LsB 1 0 0 0

y ' 1 o129 0
1 1 0 1

1 1 1 3 1 1




m Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

Z"N “’N y Z X |input| F F
Z 1 -1 0 0 0 0
NG BN 0 0 1

0 »{2 > 2 0 1 0
1

1 —»{3 -3 0 1 1

1 0
T T T o]

MSB LSB MSB LSB

X Y y z 1 1 0 3

1 1 1




Find the Boolean functions that need to be applied to the inputs of the
circuit on the right in order to obtain the same function in terms of x, y, and
z at the output of the circuit shown on the left.

y Z X |input| F F
0 0 0 0 0
0 0 1 0
0 1 0 1 1
0 1 1 0
P Mk 1| 0] o0 1
7 1 {1 2
—>f —> f 1 0 1 1
0 »2 )
L o 1/1]0], 0
A/T A/T 1 1 1 1
MSBI TLSB MSBI 1LSB
Xy y z
X Yy z |input| F F
0 0 0 0 0
o o 1 £
0 1 0 1 1
0o 1 | 1 £ 0
1 0 0 5 0 0
1 0 1 0
1 1 0 3 1 1
1 1 1 1




7 >

0 >

w N, O

1 >

MSB
Xy

Find the Boolean functions that need to be applied to the inputs of the

circuit on the right in order to obtain the same function in terms of x, y, and

z at the output of the circuit shown on the left.

LSB

v VvV v !

MSB

LSB

=1 O|=_ | OO0 ™M

Y y 4 X input' F

0 0 0

0 0 1 0

0 1 0 1

0 1 1

1 0 0

1 0 1 2

1 1 0

1 1 1 3
X Yy z |input| F F
0 0 0 0 0
0| o 1 S
0 1 0 1 1
0| 1 | 1 © o
1 0 0 , 0 0
1 0 1 0
1 1 0 3 1 1
1 1 1 1




m Implement a full adder using two 4tol
multiplexers.
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Sum




sum

carry




