Chapter 4: Combinational Logic
Solutions to Problems: [1, 5, 9, 12, 23, 30]

Problem: 4-1
Consider the combinational circuit shown in Fig. P4-1.

(a) Derive the Boolean expressions for T; through T,4. Evaluate the outputs of F;
and F, as a function of the four inputs.

(b) List the truth table with 16 binary combinations of the four inputs variables.
Then list the binary values for T; through T, and outputs F; and F; in the
table.

(c) Plot the output Boolean functions obtained in part (b) on maps and show that
the simplified Boolean expressions are equivalent to the ones obtained in part

(a).
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FIGURE P4-1

Solution:
(@) The Boolean expressions for T; through T,4. The outputs of F; and F, as a

function of the four inputs.

T,=BC T,=AB T,=A+T,=A+BC
T,=T,®D=ABD'+(A'B)YD=ABD'+(A+B')D=A'BD'+ AD+B'D
F,=T,+T,=A+AD+ A'BD'+B'C+B'D

=A(l+D)+A'BD'+B'C+B'D

=(A+A)A+BD')+B'C+B'D

=A+BD'+B'C+B'D
F,=D+T,=D+AB
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(b) The truth table with 16 binary combinations of the four inputs variables with
the binary values for T; through T, and outputs F; and Fs:

A B C D Ty T, T3 Ts F F
0 0 0 O 0 0 0 0 0 0
0 0 0 1 0 0 0 1 1 1
0 01 O 1 0 1 0 1 0
0 01 1 1 0 1 1 1 1
01 0 O 0 1 0 1 1 1
01 0 1 0 1 0 0 0 1
01 1 O 0 1 0 1 1 1
01 1 1 0 1 0 0 0 1
1 0 0 O 0 0 1 0 1 0
1 0 0 1 0 0 1 1 1 1
1 01 O 1 0 1 0 1 0
1 01 1 1 0 1 1 1 1
11 0 O 0 0 1 0 1 0
11 0 1 0 0 1 1 1 1
11 1 0 0 0 1 0 1 0
11 1 1 0 0 1 1 1 1

(c) Plot of the output Boolean functions obtained in part (b) on maps
Map for F;:

The simplified expression from the cD <
map is: as _00 01 11 10
F =A+BC+BD'+BD
1 00 0 1 1 1
01 1 0 0 1
11 | 11 1 1 1
A
10 1 1 1 1
\%/—/
Map for F,: . D c
The s_|mpI|f|ed expression from the ag 00 01 11 10
map is:
F,=D+AB 0] o 1 1 0
01 1 1 1 1
11 0 1 1 0
A
10 0 1 1 0
%/—)
D
The simplified Boolean expressions are equivalent to the ones obtained in part
(a).
Problem: 4-5
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Design a combinational circuit with three inputs, x, y and z, and the three outputs, A,
B, and C. when the binary input is 0, 1, 2, or 3, the binary output is one greater than
the input. When the binary input is 4, 5, 6, or 7, the binary output is one less than
the input.

Solution:
Design procedure:
1. Derive the truth table that defines the required relationship between inputs
and outputs.

A

HHRERREROOOO|IX
RRPROORKRRKROO|<
H O OKOKOI|IN
HHEHRROFROOO

HOOR,OKRRKRO|W
OO, OFROR|INO

2. Obtain the simplified Boolean functions for each output as a function of the
input variables.

Map for output A: yz y
The simplified expression from the map is: —
A:xz+pxy+yz ° x 00 01 11 10

\ﬁ/_/
Map for output B: vz ’ y
The simplified expression from the map is: —
B =XY'Z+XYyz' +Xy'z' +Xyz x 00 01 11 10

\ﬁ/—/

Map for output C: _ _ y2 z y
'Igle:szllmpllﬂed expression from the map is: x 00 o1 W
0 ﬂ 0| o ﬁ
12| of ofla

\ﬁ/—/
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3. Draw the logic diagram.

A=Xy+Xz+Yyz
B=xYyz+xyz'+xy'z'+ xyz
c=r
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Or alternatively:
B=x®y®z

X — g »

Y= Full-Adder Nt

7z L C y
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Problem: 4-9

A BCD-to-seven-segment decoder is a combinational circuit that converts a decimal
digit in BCD to an appropriate code for the selection of segments in a display
indicator used for displaying the decimal digit in a familiar form. The seven outputs
of the decoder (a, b, ¢, d, e, f, g) select the corresponding segments in the display
as shown in Fig. P4-9(a). The numeric display chosen to represent the decimal digit
is shown Fig. P4-9(b). Design the BCD-to-seven-segment decoder using a minimum
number of gates. The six invalid combinations should result in a blank display.
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{a) Segment designation (b) Numerical designation for display *~
FIGURE P4-9
Solution:

Design procedure:
1. Derive the truth table that defines the required relationship between inputs
and outputs.

HRHROOOOOOOO|s
HOOOKRKFHEFKFHEHEFRP,OOOOI|IX
XHOOFRKFPROOR KL, OOK
XXHOHROFROKFOR O|N
OO+, HHRHHOKHHFHOH|O
OO+ HHROORHKRKHKH|TO
OO+HRKHERRERKFHKHRERORK]|0o
OO+ HO+HHOKRKFOH|A
OO0OO0OHOHROOOKOHR|D
OO0O+HHOKHKHEHEFHLOOOHH]—
OO+ HOKRKHRRFRRFEOON

2. Express the Boolean expressions for the outputs (a-g) in sum of minterms
a(w,x,y,z)=2(0,2,3,5,6,7,8,9)

b(w,x,y,z)=2(0,1,2,3,4,7,8,9)

C(WIXIYIZ)=Z (OI1I3I4I5I6I7I819)

d(W,X,y,Z)=Z(O,2,3,5,6,8,9)

e(w,x,y,z)=2(0,2,6,8)

f(WIXIYIZ)=z‘4(()l4l5l6l8l9)

g(WIXIYIZ)=Z(213l4l5l6l819)
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3. Draw the logic circuit. Two 3-to-8-line decoders with enable inputs have been
connected to form a 4-to-16-line decoder. Together they generate all the
minterms of the input variables. OR gates are to be used to implement each
of the functions a-g. The inputs to each OR gate are selected from the
decoder outputs according to the list of minterm of each function.

The diagram below shows the circuit for output a, d and e. The same procedure
should be followed to include the remaining functions and complete the logic circuit.

Decoder
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Problem: 4-12
(@) Design a half subtractor circuit with inputs x and y and outputs D and B. The
circuit subtracts the bits x-y and places the difference in D and the borrow in
B.
(b) Design a full subtractor circuit with three inputs x, y and z and two outputs D
and B. The circuit subtracts the bits x-y-z, where z is the input borrow, B is
the output borrow and D is the difference.

Solution
(@) To design a half subtractor circuit with inputs x and y and outputs D and B. The
circuit subtracts the bits x-y and places the difference in D and the borrow in B.

Design procedure:
1. Derive the truth table that defines the required relationship between inputs
and outputs.

== O O|IX
R ORrOK
o~ +~=O|0
cNoR T Ne) v

2. Obtain the simplified Boolean functions for each output as a function of the
input variables.

D=x"y+xy’
B=x"y

3. Draw the logic diagram.

D
y
X’

B
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Solution

(b) Design a full subtractor circuit with three inputs x, y and z and two outputs D and
B. The circuit subtracts the bits x-y-z, where z is the input borrow, B is the
output borrow and D is the difference.

Design procedure:
1. Derive the truth table that defines the required relationship between inputs
and outputs.

HEHERROOOO|IX
PP OORrRrRRFROOK
HFOFR,OFOKFO|IN
HOOR,ORRKFRO|O
HPOOOrRKFHRKFEO|W

2. Obtain the simplified Boolean functions for each output as a function of the
input variables.

yz y yz y
«x 00 01711 10 « 00 01”11 10
0O o 1 0 1 0| o 1 1 1
11 1 0 1 0 1( 0 0 1 0
\%/—/ \%/—/
z z
D=X'y'z+X'yz'+Xy'z' +xyz B=yz+x'y+xz

3. Draw the logic diagram.
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Or alternatively using 2 half subtractor and an OR gate:

T
n_-

S

=

v

Problem: 4-23
Draw the logic diagram of a 2-to-4 line decoder using NOR gates only. Include an
enable input.

Design procedure:
1. The truth table for the circuit.

E AB Db D D, Ds

0 X X|olo |l o]o

1 00[/1 0  0]oO0

1010 1 00

110/0 0 1|0

11 1/0]0]0 1
Do= EA’B'=(E'+A+B)’ D;= EA'B =(E'+A+B’)’
D,= EAB’ =(E'+A’+B)’ Ds= EAB =(E'+A'+B’)’

A

2. The logic diagram E "——\—IyDo
B

e = D~

|

E% —
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Problem: 4-30

Specify the truth table of an octal to binary priority encoder. Provide an output V to
indicate that at least one of the inputs is present. The input with the highest
subscript number has the highest priority. What will be the value of the four inputs if
inputs Ds and D3 are 1 at the same time?

Solution:

Below is the truth table of an Octal-to-Binary priority encoder with an output V to
indicate that at least one of the inputs is present. The input with the highest
subscript number has the highest priority.

Dg Dy D, D3 Dy Ds Dg D X Y Z \Y
0O O 0 0O O 0 0 0| X | X | X 0
1 0 0 0O O 0 0 0|0 O 0 1
X 1 0 0 O 0 0 0|0 | O 1 1
X X 1 0 O 0 0 0|0 1 0 1
X X X 1 0 0 0 0|0 1 1 1
X X X X 1 0 0 0 1|0 0 1
X X X X X 1 0 0 1|0 1 1
X X X X X X 1 0 1 1 0 1
X X X X X X X 1 1 1 1 1

The value of the four outputs if inputs Ds and D5 are 1 at the same time will be X=1,
Y=0, Z=1, V=1.
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