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Question #1
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Question #1a
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Question #1a
A B C D F

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

which pairs of numbers have a 
product greater than 2?
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Question #1a
A B C D F

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

1 X 3

2 X 2
2 X 3

3 X 1

3 X 2
3 X 3
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Question #1a
A B C D F

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1 0

1 0 0 0

1 0 0 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0
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Question #1a: Answer
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0
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Question #1b
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Question #1b: SOP
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

Sum Of Products:
OR minterms associated with F=1



10Massimo Alioto

Question #1b: SOP
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ

ܣ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
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Question #1b: SOP Answer
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ

ܣ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ

Fൌ࡭ഥ ⋅ ഥ࡮ ⋅ ഥ࡯ ⋅ ഥࡰ ൅ ഥ࡭ ⋅ ഥ࡮ ⋅ ഥ࡯ ⋅ +ࡰ
+ ഥ࡭ ⋅ ഥ࡮ ⋅ ࡯ ⋅ ഥ࡭+ഥࡰ ⋅ ഥ࡮ ⋅ ࡯ ⋅ ࡰ ൅
+ ഥ࡭ ⋅ ࡮ ⋅ ഥ࡯ ⋅ ഥ࡭+ഥࡰ ⋅ ࡮ ⋅ ഥ࡯ ⋅ +ࡰ
ഥ࡭+ ⋅ ࡮ ⋅ ࡯ ⋅ +ഥࡰ ࡭ ⋅ ഥ࡮ ⋅ ഥ࡯ ⋅ +ഥࡰ
࡭+ ⋅ ഥ࡮ ⋅ ഥ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ഥ࡯ ⋅ ഥࡰ
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Question #1b: POS
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

Product of Sums:
AND maxterms associated with F=0
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Question #1b: POS
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ܦ
ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ തܤ ൅ ܥ ൅ ഥܦ
ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ܦ
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Question #1b: POS Answer
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ܦ
ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ഥܦ

ܣ̅ ൅ തܤ ൅ ܥ ൅ ഥܦ
ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ܦ

ܨ ൌ ܣ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ ⋅
⋅ ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ܦ ⋅
⋅ ܣ̅ ൅ ܤ ൅ ̅ܥ ൅ ഥܦ ⋅
⋅ ܣ̅ ൅ തܤ ൅ ܥ ൅ ഥܦ ⋅
⋅ ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ⋅ ܦ
⋅ ܣ̅ ൅ തܤ ൅ ̅ܥ ൅ ഥܦ
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Question #1c
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Question #1c: SOP Answer
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ

ܣ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ

00 01 11 10

00 1 1 1 1
01 1 1 0 1
11 1 0 0 0
10 1 1 0 0

AB
CD
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Question #1d
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Question #1d: Minimization SOP
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ

ܣ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ

00 01 11 10

00 1 1 1 1
01 1 1 0 1
11 1 0 0 0
10 1 1 0 0

AB
CD
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Question #1d: Answer
A B C D F

0 0 0 0 1

0 0 0 1 1

0 0 1 0 1

0 0 1 1 1

0 1 0 0 1

0 1 0 1 1

0 1 1 0 1

0 1 1 1 0

1 0 0 0 1

1 0 0 1 1

1 0 1 0 0

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 0

1 1 1 1 0

ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ഥܦ
ܣ̅ ⋅ തܤ ⋅ ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ
ܣ̅ ⋅ ܤ ⋅ ̅ܥ ⋅ ܦ
ܣ̅ ⋅ ܤ ⋅ ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ഥܦ

ܣ ⋅ തܤ ⋅ ̅ܥ ⋅ ܦ

ܣ ⋅ ܤ ⋅ ̅ܥ ⋅ ഥܦ

00 01 11 10

00 1 1 1 1
01 1 1 0 1
11 1 0 0 0
10 1 1 0 0

AB
CD

ഥ࡭ ⋅ ഥ࡭ഥࡰ ⋅ ഥ࡮

ഥ࡭ ⋅ ഥ࡯

ഥ࡯ ⋅ ഥࡰ

ܨ ൌ ഥ࡭ ⋅ ഥ࡯ ൅ ഥ࡮ ⋅ ഥ࡯ ൅
ഥ࡯+ ⋅ ഥࡰ ൅ ൅࡭ഥ ⋅ ഥࡰ ൅ ഥ࡭ ⋅ ഥ࡮
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Question #2
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Question #2a
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Question #2a
A B C F

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

find inputs with two or more 1’s
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Question #2a: Answer
A B C F

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 1
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Question #2b
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Question #2b: SOP Answer
A B C F

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 1

ܣ̅ ⋅ ܤ ⋅ ܥ

ܣ ⋅ തܤ ⋅ ܥ
ܣ ⋅ ܤ ⋅ ̅ܥ
ܣ ⋅ ܤ ⋅ ܥ

F=̅ܣ ⋅ ܤ ⋅ ܥ ൅ ܣ ⋅ തܤ ⋅ ܥ ൅
൅ܣ ⋅ ܤ ⋅ ̅ܥ ൅ ܣ ⋅ ܤ ⋅ ܥ
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Question #2b: POS Answer
A B C F

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 1

ܣ ൅ ܤ ൅ ܥ
ܣ ൅ ܤ ൅ ̅ܥ

ܨ ൌ ܣ ൅ ܤ ൅ ⋅ ܥ ܣ ൅ ܤ ൅ ̅ܥ ⋅
⋅ ܣ ൅ തܤ ൅ ⋅ ܥ ܣ̅ ൅ ܤ ൅  ܥ

ܣ ൅ തܤ ൅ ܥ

ܣ̅ ൅ ܤ ൅ ܥ
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Question #2c-d
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Question #2c-d: Answer
A B C F

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 1

1 1 0 1

1 1 1 1

ܣ̅ ⋅ ܤ ⋅ ܥ

ܣ ⋅ തܤ ⋅ ܥ
ܣ ⋅ ܤ ⋅ ̅ܥ
ܣ ⋅ ܤ ⋅ ܥ

0 1

00 0 0
01 0 1
11 1 1
10 0 1

A
BC

࡭ ⋅ ࡮

࡭ ⋅ ࡯

࡮ ⋅ ࡯

ܨ ൌ ࡭ ⋅ ࡯ ൅ ࡭ ⋅ ࡮ ൅ ࡮ ⋅ ࡯
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Question #3
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Question #3a
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Question #3a: SOP

00 01 11 10

00 1
01 1 1 1 1
11

10 -

AB
CD
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Question #3a: SOP Answer

00 01 11 10

00 1
01 1 1 1 1
11

10 -

AB
CD ࡭ ⋅ ഥ࡮ ⋅ ഥ࡯

ഥ࡯ ⋅ ࡰ

ܨ ൌ ࡭ ⋅ ഥ࡮ ⋅ ഥ࡯ ൅ ഥ࡯ ⋅ ࡰ
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Question #3a: POS

00 01 11 10

00 0 0 0
01

11 0 0 0 0
10 0 0 0 -

AB
CD
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Question #3a: POS Answer

00 01 11 10

00 0 0 0
01

11 0 0 0 0
10 0 0 0 -

AB
CD

ܨ ൌ ഥ࡮ ൅ ࡰ ⋅ ࡭ ൅ 	ࡰ ⋅ ഥ࡯

࡭ ൅ ࡰ
ഥ࡮ ൅ ࡰ

ഥ࡯
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Question #3b
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Question #3b: POS Answer

0 1

00

01 0 0
11 -
10 -

A
BC

൅࡮ ഥ࡯

ࡲ ൌ ࡮ ൅ ഥ࡯
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Question #3b: SOP Answer

0 1

00 1 1
01

11 1 -
10 1 -

A
BC

ഥ࡯

ࡲ ൌ ࡮ ൅ ഥ࡯

࡮
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Question #3c



39Massimo Alioto

Question #3c: SOP

00 01 11 10

00

01

11

10

x1x2

x3x4
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Question #3c: SOP

00 01 11 10

00 1
01

11

10

x1x2

x3x4
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Question #3c: SOP

00 01 11 10

00 1 1
01

11

10

x1x2

x3x4
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Question #3c: SOP

00 01 11 10

00 1 1 -
01 - 1 -
11 1 -
10 1 -

x1x2

x3x4
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Question #3c: SOP Answer

00 01 11 10

00 1 1 -
01 - 1 -
11 1 -
10 1 -

x1x2

x3x4

࢞૚ ⋅ ࢞૜

࢞૛

ࡲ ൌ ࢞૚ ⋅ ࢞૜ ൅ ࢞૛



44Massimo Alioto

Question #3c: POS

00 01 11 10

00 - 0
01 - - 0
11 0 - 0
10 0 - 0

x1x2

x3x4
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Question #3c: POS Answer

00 01 11 10

00 - 0
01 - - 0
11 0 - 0
10 0 - 0

x1x2

x3x4

ࡲ ൌ ࢞૚ ⋅ ࢞૛ ൅ ࢞૜

࢞૚

࢞૛ ൅ ࢞૜
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Question #4
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Question #4
A B C D Z

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1 1

1 1 0 0

1 1 0 1 1

1 1 1 0 1

1 1 1 1 1



48Massimo Alioto

Question #4
A B C D Z

0 0 0 0 0

0 0 0 1 0

0 0 1 0 0

0 0 1 1 0

0 1 0 0 0

0 1 0 1 0

0 1 1 0 0

0 1 1 1 1

1 0 0 0 0

1 0 0 1 0

1 0 1 0 0

1 0 1 1 1

1 1 0 0 0

1 1 0 1 1

1 1 1 0 1

1 1 1 1 1

00 01 11 10

00

01 1
11 1 1 1
10 1

AB
CD

ࢆ ൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡰ
࡭+ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ

࡭ ⋅ ࡮ ⋅ ࡰ

࡭ ⋅ ࡯ ⋅ ࡰ

࡭ ⋅ ࡮ ⋅ ࡯

࡮ ⋅ ࡯ ⋅ ࡰ
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Question #4
ࢆ ൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ

C, D are active low



50Massimo Alioto

Question #4
Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H
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Question #4

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H

Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ
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Question #4

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H

Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ
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Question #4

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H

Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ
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Question #4

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H

Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ
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Question #4: Answer

A.H

B.H

C.L

D.L

C.H

D.H

A.H
B.H
D.H

A.H
C.H
D.H

A.H
B.H
C.H

B.H
C.H
D.H

Z.H

Zൌ ࡭ ⋅ ࡮ ⋅ ࡰ ൅ ࡭ ⋅ ࡯ ⋅ ࡭+ࡰ ⋅ ࡮ ⋅ ࡯ ൅ ࡮ ⋅ ࡯ ⋅ ࡰ


