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Question #1

Tutorial 4 - Questions (Part 1)
Boolean algebra and minimization

L. A switching circuit has four inputs as shown. 4 and B represent the first and
second bits of a binary number N;. C'and D represent the first and second bits of a
binary number N>. The output is to be 1 only if the product N; x N> 1s less than or
equal to 2.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for F.

(c) Draw a Karnaugh-map (K-map) for the function F.

(d) From the K-map, derive a simplified SOP expression for F. (Hint: Use groups
of only size 4.)
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Question #1a

Tutorial 4 - Questions (Part 1)
Boolean algebra and minimization

L. A switching circuit has four inputs as shown. 4 and B represent the first and
second bits of a binary number N;. C'and D represent the first and second bits of a
binary number N>. The output is to be 1 only if the product N; x N> 1s less than or
equal to 2.

(a) Write the truth table for the system.
(b) Write the canonical SOP and POS expressions for F.
(c) Draw a Karnaugh-map (K-map) for the function F.

(d) From the K-map, derive a simplified SOP expression for F. (Hint: Use groups
of only size 4.)
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Question #1a
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Question #1a: Answer
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Question #1b

Tutorial 4 - Questions (Part 1)
Boolean algebra and minimization

L. A switching circuit has four inputs as shown. 4 and B represent the first and
second bits of a binary number N;. C'and D represent the first and second bits of a
binary number N>. The output is to be 1 only if the product N; x N> 1s less than or
equal to 2.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for F.

(c) Draw a Karnaugh-map (K-map) for the function F.

(d) From the K-map, derive a simplified SOP expression for F. (Hint: Use groups
of only size 4.)

NUS Ereen m:@;@ Massimo Alioto



=1

OR minterms associated with F

m\.m
+—
(&
-
o
o
| -
(al
(V-
O
=
-
7))

A © d O 4 O «+d O «+ O «+d O «d O «dH o «

Question #1b: SOP

O ©O © 4 d O O 4 d O O 4 d o o d -

Massimo Alioto

BNUS GreenlCli?



Question #1b: SOP
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Question #1b: SOP Answer
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Question #1b: POS
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AND maxterms associated with F
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Question #1b: POS
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Question #1b: POS Answer

C D F

0 0 1

0 1 1

1 0 1

1 1 1

0 0 1
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1 1 o A+B+C+D _

0 0 . F=_(A+B_+C+D)-

0 . . -(A+B+(C+D)-
B ) -(A+B+C+D)-

1 0 0 A+B+C+D .(/T_|_§_|_C_|_B).

1 1 0 A+B+C+D -(A+B+C+D)-

o o 1 B .(A+B+C+D)

0 1 o A+B+C+D

1 0 o A+B+C+D

1 1 o A+B+C+D

@%ﬁl& Green mgg_:; Massimo Alioto 14



Question #1c

Tutorial 4 - Questions (Part 1)
Boolean algebra and minimization

L. A switching circuit has four inputs as shown. 4 and B represent the first and
second bits of a binary number N;. C'and D represent the first and second bits of a
binary number N>. The output is to be 1 only if the product N; x N> 1s less than or
equal to 2.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for F.
(¢) Draw a Karnaugh-mal) (K-map) for the function F.

(d) From the K-map, derive a simplified SOP expression for F. (Hint: Use groups
of only size 4.)
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Question #1c: SOP Answer
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Question #1d

Tutorial 4 - Questions (Part 1)

Boolean algebra and minimization

L. A switching circuit has four inputs as shown. 4 and B represent the first and

second bits of a binary number N;. C'and D represent the first and second bits of a
binary number N>. The output is to be 1 only if the product N; x N> 1s less than or

equal to 2.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for F.
(¢) Draw a Karnaugh-mal) (K-map) for the function F.

(d) From the K-map, derive a simplified SOP expression for F.

of only size 4.)

Hint: Use groups
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Question #1d: Answer

)
N €
& i | <§
S —Ald]Oo o _C |_|
w 2|l d9]lo o o I _R _D.
K gl S| 9o |+ I -+ _M_nl
Sl 4] 4 @ < _A.n _C +
m t
< s o lg <9 _A _D
(@)
O o
. +
_D D_DD_D D_D IS [
_C _C CC _C _C C o 10 10
_B _B _B_B S B S I 1Q Sa
_A_A_AA_A_A_A << < <

IL 4 —d —d —H «dHd «—«H «+d4 O —«H —«€H O O «€H o o o
A © 4 O 4 O 4 O 4 O 4 O 4 o 4 o -

O O 0o d 4 O O 4 d O O d d o o +d +

Green gl

19

Massimo Alioto

NUS

o



Question #2

A bank vault has three locks with a different key for each lock. Each key 1s owned
by a different person. To open the door, at least two people must insert their keys
mto the assigned locks. The signal lines A, B and C are 1 if there 1s a key inserted
mto lock 1, 2 or 3, respectively. Write an equation for the variable Z which 1s 1 1f
and only 1f the door should open.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for Z.

(¢) Draw a Karnaugh-map (K-map) for the function Z.

(d) From the K-map, derive a simplified SOP expression for Z.
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Question #2a

A bank vault has three locks with a different key for each lock. Each key 1s owned
by a different person. To open the door, at least two people must insert their keys
mto the assigned locks. The signal lines A, B and C are 1 if there 1s a key inserted

mto lock 1, 2 or 3, respectively. Write an equation for the variable Z which 1s 1 1f
and only 1f the door should open.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for Z.
(¢) Draw a Karnaugh-map (K-map) for the function Z.
(d) From the K-map, derive a simplified SOP expression for Z.
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Question #2b

A bank vault has three locks with a different key for each lock. Each key 1s owned
by a different person. To open the door, at least two people must insert their keys
mto the assigned locks. The signal lines A, B and C are 1 if there 1s a key inserted
mto lock 1, 2 or 3, respectively. Write an equation for the variable Z which 1s 1 1f
and only 1f the door should open.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for Z.

(¢) Draw a Karnaugh-map (K-map) for the function Z.
(d) From the K-map, derive a simplified SOP expression for Z.
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Question #2b: SOP Answer
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Question #2b: POS Answer

A+B+C

A+B+C

A+B+C » F=(A+B+C)-(A+B+0()-
(A+B+C)-(A+B+C)

A+B+C

C
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Question #2c-d

2. A bank vault has three locks with a different key for each lock. Each key 1s owned
by a different person. To open the door, at least two people must insert their keys
mto the assigned locks. The signal lines A, B and C are 1 if there 1s a key inserted
mto lock 1, 2 or 3, respectively. Write an equation for the variable Z which 1s 1 1f
and only 1f the door should open.

(a) Write the truth table for the system.

(b) Write the canonical SOP and POS expressions for Z.

(¢) Draw a Karnaugh-map (K-map) for the function Z.

(d) From the K-map, derive a simplified SOP expression for Z.
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Question #2c-d: Answer

A B C F
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Question #3

3. Use K-maps to obtain an MSOP and an MPOS for each of the following
functions:

(a) Z=ABCD+ABCD + ABCD + ABCD + ABCD wi ABCD
= 1010

(b) Z= (/_l +B+ (_in +B+ f) with don’t cares for ABC =111 and 110

© flrnxg)=Y m(0,4,5,6,7)+ D(1,12,13,14,15), where m( ) is the set of
minterms for which /=1 and D( ) 1s the set of don’t cares. For example, m(2)

1s the minterm corresponding to x;xx3xy = 0010 (this alternate shorthand
notation is often used to express SOPs).
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Question #3a

3. Use K-maps to obtain an MSOP and an MPOS for each of the following
functions:

a) Z=ABCD+ ABCD + ABCD + ABCD + ABCD with don’t care for 4ABCD
=1010

(b) Z={(4+B+Cf4+B+C)withdon’t cares for ABC =111 and 110
© flrnxg)=Y m(0,4,5,6,7)+ D(1,12,13,14,15), where m( ) is the set of
minterms for which /=1 and D( ) 1s the set of don’t cares. For example, m(2)

1s the minterm corresponding to x;xx3xy = 0010 (this alternate shorthand
notation is often used to express SOPs).

NUS Green “::}:@ Massimo Alioto

30



Question #3a: SOP

7 =ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD
=1010

AB
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Question #3a: SOP Answer

7 =ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD
=1010

CDABOO 01 11 10
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Question #3a: POS

7 =ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD
=1010

AB
00 01 11 10
CD
00 0 |0 ‘O \
01
110 0 0 O
10‘ olo lo I-
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Question #3a: POS Answer

7 =ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD
=1010

AB
00 01 11 10
CD
0 0 |o ‘o \§+D
A-I—D01

110 0 0 O
10‘000_

ol

F=(B+D)-(A+D)-C
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Question #3b

3. Use K-maps to obtain an MSOP and an MPOS for each of the following
functions:

(@) Z=ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD

= 1ﬂ1ﬂ

Fb) = (A +B+C14+B+C)WlthdontcaresforAB( =111and 110

O RVARTSE x4)—2‘mw4aof)+1)’(1u T3.13I5). Whete 7 ) 15 e Set of

minterms for which /=1 and D( ) 1s the set of don’t cares. For example, m(2)
1s the minterm corresponding to x;xx3xy = 0010 (this alternate shorthand
notation is often used to express SOPs).
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Question #3b: POS Answer

Z=(E+B+ {_“1.4+B+(_“) with don’t cares for ABC = 111 and 110
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Question #3b: SOP Answer

Z=(§+B+ {_"I.J+B+(_“) with don’t cares for ABC = 111 and 110

A

0 1
BC
01 1 |c

01

1n |1 -

10‘1 -
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Question #3c

3. Use K-maps to obtain an MSOP and an MPOS for each of the following
functions:

(@) Z=ABCD + ABCD + ABCD + ABCD + ABCD with don’t care for ABCD
=1010

(0) Z=(4+B+C)d+B+C)with don’t cares for ABC=111land 110

&) flx,--x,)= 2m(0,4,5,6_,7)+D(1,12,13,14,15), where m( ) is the set of
minterms for which /=1 and D( ) 1s the set of don’t cares. For example, m(2)

1s the minterm corresponding to x;xx3xy = 0010 (this alternate shorthand
notation is often used to express SOPs).

NUS Green “::}:@ Massimo Alioto
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Question #3c: SOP

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

01
11

10
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Question #3c: SOP

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

1
01

11

10
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Question #3c: SOP

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

1 1
01

11

10
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Question #3c: SOP

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

1
01 .

11

e e
1

10
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Question #3c: SOP Answer

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

1

o 01_ _
X1 X3
11

e ] e

10

X2

F =% %3+
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Question #3c: POS

1;’{.1«'1,---.:(4]=E:n-.*[{ILﬂLi(ﬂi,?’}+J[Jl{l,lll?5,1-1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

-0
01 - =
11 0 -0
10 0 -0
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Question #3c: POS Answer

1;’{.1«'1,---.:(4]=E:m*[{]‘,ﬂkiﬁ,?’}+J[Jl{l,lll?5,1—1.15]~ where m( ) is the set of

minterms for which /= 1 and D( ) 1s the set of don’t cares. For example. m(2)
1s the minterm corresponding to xpxxvsxy; = 0010 (this alternate shorthand
notation 1s often used to express SOPs).

X1Xo
00 01 11 10

X3X4\

00

- 0| %1
01 - -0
1 o] |- [o
100 - |0 o
—_— = X, + X3

F=X%x1 (x;+Xx3)
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Question #4

A combinational circuit has four mputs A. B. C and D and an output Z. The output
1s asserted whenever three or more of the inputs are asserted, otherwise the output
1s de-asserted. Find an MSOP expression for Z. Design combinational circuits
using only 74’04 mverters, 74’00 2-input NAND gates and 74710 3-mput NAND
gates. Assume that A, B and Z are active high signals, while C and D are active
low signals. Use alternate gate representations for clarity of circuit diagrams.
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uestion #4
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Question #4
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Question #4
Z=A-B-D+A-C-D+A-B-C+B-C-D

A.H
B.H
C.L—>°£H .
C, D are active low
D.L D.H
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Question #4
Z=A-B-D+A-C-D+A-B-C+B-C-D

L D
B.H
B.H B.H—
C.H
c.|_—>o— A,H_j_
D.L >0 D:F BH— — D
AH—
B.H—
CH—
B.H—
C.H—
D.H—

NUS Efﬂﬁn m?}ﬂp Massimo Alioto



Question #4
Z=A-B-D+A-C-D+A-B-C+B-C-D

A.H AH—\
B.H

B.H BSR4/

C.H

C.L—>°— AH—\
C.H—

- > D.H DH—__/
AH—
B.H—} 24
C.H—
B.H— N\
C.H—
pH—L_/
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Question #4
Z=A-B-D+A-C-D+A-B-C+B-C-D

A.H A H—
B.H
B.H BH—
C.H
C.L—>°— A.H—
C.H— p—
D.L >O_D-H D.H—
C.H—
B.H—
C.H—
D.H—
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Question #4
Z=A-B-D+A-C-D+A-B-C+B-C-D

A.H A.H—
B.H p————
B.H BH—
C.H
C.L—>°— A.H—
C.H— P
D.L >O_D-H D.H—
QE: ) Z.H
C.H—
B.H—
C.H—
D.H—
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Question #4
/=A-B-D+A-C-D+tA-B-C+B-C-D

AH N
B.H p————
B.H B.H—
CH
C-'-_>°_ A.H—jb
C.H—
D.L >03H 5H—
Q'E:D)— Z.H
C.H—
B.H—
C.H—
D.H—
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Question #4: Answer
Z=A-B-D+A-C-D+A-B-C+B-C-D

A.H A.H—
B.H p———
B.H B —
C.H
c.|_—>o— A,H_jb
C.H—
D.L >o£H D.H—
D e
C.H—
B.H—
C.H—
D.H—
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