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All possible input cases

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

Xy Zz
000 > the case when x=0 and y=0 and z=0
001 > the case when x=0 and y=0 and z=1
010 > the case when x=0 and y=1 and z=0
011 —> the case when x=0 and y=1 and z=1
\ 100 > the case when x=1 and y=0 and z=0
= 101 > the case when x=1 and y=0 and z=1
110 > the case when x=1 and y=1 and z=0
111 =~ the case when x=1 and y=1 and z=1

—

inputs

All possible
combination of inputs
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All possible input cases using minterms

XYy z
000 = when xyz = 1
001 - when xyz =1
010 - when Xxyz =1
011 - when xyz =1
100 - when xyz =1 ‘
= 101 - when Xxyz =1 = 1
110 - when xyz =1 .
111 - when xyz =1
inputs B (x=1
xyz =1 ¢ < y=0
ALl possible =1
combination of inputs
For the output of an and gate to be 1,
all inputs must be 1
Logic (8B) 5 Young Won Lim
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Naming minterms

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

Xy z
© 000 =) the minterm m, = xyz =1
1 001 =) the minterm m = xyz =1
2 010 =) the minterm m, = xyz =1
3011 =) the minterm m, = xyz =1
4< 100 =) the minterm m, = xyz =1

=5 101 = the minterm m;, = xyz =1
6 110 =) the minterm mg = xyz =1
7111 =) the minterm m, = xyz =1

index

00000 00 0000000000000 0000000000000
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Computing minterms

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

minterm m. m=) index 5
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Truth Table and minterms (1)

Xy Z
000 > the case when x=0 and y=0 and z=0 = Xxyz =1
001 “) the case when x=0 and y=0 and z=1 ®= xyz =1
O10 > the case when x=0 and y=1 and z=0 ®= xyz = 1
) 011 ~> the case when x=0 and y=1 and z=1 ®=® Xxyz = 1
100 ~> the case when x=1 and y=0 and z=0 = xyz = 1
= 101 “> the case when x=1 and y=0 and z=1 ®= xyz =1
110 > the case when x=1 and y=1 and z=0 ®= xyz =1
111 ~> the case when x=1 and y=1 and z=1 ®= xyz =1
\. / xyz =1 @
l1nputs
All possible x=1 — cx=1
combination of inputs y=1 — 1 - - y=0
z=1 — - z=1

For the output of an and gate to be 1,
all inputs must be 1
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Truth Table and minterms (2)

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

Xy Zz
© 000 =)  the case when the minterm m, = xyz =1
1 001 =)  the case when the minterm m = xyz =1
2 010 =) the case when the minterm m, = xyz =1
3011 =) the case when the minterm m, = xyz =1
4 100 =) the case when the minterm m, = xyz =1
=5 101 =) the case when the minterm mg = xyz =1
6 110 =) the case when the minterm mg = xyz =1
7111 =)  the case when the minterm m, = xyz =1
index e
inputs minterm m. = index 5
All possible 1
combination of inputs binary 101 0
<1 v ¥
{5’:1— 1 xyz = 1 bar
z=1—
Logic (8B) 9 Young Won Lim
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Truth Table and MAXterms (1)

Xy Z
000 > the case when x=0 and y=0 and z=0 = x+y+z =0
001 “) the case when x=0 and y=0 and z=1 = x+y+z =0
010 > the case when x=0 and y=1 and z=0 @@= x+y+z = 0
011 ~> the case when x=0 and y=1 and z=1 = x+y+z = 0
100 > the case when x=1 and y=0 and z=0 ®=® Xx+y+z =0
= 101 “> the case when x=1 and y=0 and z=1 ®® Xx+y+z =0
110 > the case when x=1 and y=1 and z=0 = Xx+y+z = 0
111 ~> the case when x=1 and y=1 and z=1 ®= x+y+z = 0
. x+y+z = 0 @@=
l1nputs
All possible - x=0 ‘ x=1
combination of inputs -~ y=0 — 0 = ~ y=0
- z=0 cz=1
For the output of an or gate to be O,
all inputs must be 0
Logic (8B Young Won Lim
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Truth Table and MAXterms (2)

XYy Z
© 000 =) the case when the MAXterm M, = x+y+z =0
1 001 =) the case when the MAXterm M, = x+y+z =0
2 010 = the case when the MAXterm M, = x+y+z =0
3 011 =) the case when the MAXterm M, = x+y+z =0
4\‘ 100 =) the case when the MAXterm M, = x+y+z =0
=5 101 > the case when the MAXterm @My = x+y+z =10
6 110 =) the case when the MAXterm M, = x+y+z =0
7111 =) the case when the MAXterm M, = x+y+z =0
index \7 /‘
inputs minterm M, s  index 5
All possible 1
combination of inputs b1nary 101 1
>_<:O *
y=0 x+ y+ ~ bar
Z:O
Logic (8B) 11 Young Wg/r;(l)_/ilrg
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Maxterm and minterm Conditions

Xy Xy Xy Xty
0 0|0 1 11 .
1 o01]o0 1 01 0
1 00 0 1[1 .
1 1|1 0 0|0
Xy Xy X Yy Xty
1 1(1 0 0|0
0 0
— 1 1 0|0 011 0
0 1]0 1 01
0 0
A 0 0|0 1 1|1
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Boolean functions defined by a truth table

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

Xy z F

© 00O0]|0

=1 001|1
2 010]0

=3 011|1
= 4 1 00]|1
5 1010

6 11 0|0

7 111|0

index

inputs output

All possible
combination of inputs
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When the output becomes 1

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

XYy z F The output F becomes 1,
for one of the three following cases
© 00O0]|0
=31 001]|1 (the case when x=0 and y=0 and z=1)
2 010]0
= 3 011|1 or (the case when x=0 and y=1 and z=1)
= 4 1 0 0|1 or (the case when x=1 and y=0 and z=0)
5 1010
6 110]|0
7 111(0
index o

inputs output

All possible
combination of inputs
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Function output values and minterms

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

Xy z F The output F becomes 1,
for one of the three following cases
© 00 O0fO0
=1 0011 & m = xyz =1
2 010(0
=3 011]|1 & m, = xyz =1
=4 100]|1 @ m, = xyz =1
5 1010
6 11 0|0
7 111|0
index

inputs output

All possible
combination of inputs

Logic (8B) 15 Young Won Lim
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Mapping Set Diagram

https://en.wikiversity.org/wiki/The _necessities_in_Digital _Design

0 Domain Range / Codomain

- 1
2
= 3

- 4

5
6
7

P PR P OOO O|X
P P OOFR PR O O|<
P OFr OFr OFR O|N

|looor +r or o

. N
index Y

inputs output

I
L
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Boolean function definition using minterms

Xy zF The output F becomes 1,
© 00O0|O0 either my=1 ormy=1 orm,=1
=1 0011
2 0100
-3 0111 m, + my + m,=1 — F =1
=4 1 00]|1
5 1010 m, F
6 110]|0 My —
7 111|0 My
index RS For the output of an or gate to be 1,
inputs output at least one must be 1
All possible
combination of inputs - F = m +m,+m,
Logic (8B) 17 Young Wg/r;(l)_/ilrg
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Boolean Function with minterms (1)

XYy z F The output F becomes 1,
for one of the three following cases
© 00O0]|0
=1 0011 (the case when x=0 and y=0 and z=1) = m, = xyz = 1
2 0100
= 3 (01 1|1 or (the case when x=0 and y=1 and z=1) @ m, = xyz = 1
= 4 1 0 0|1 or (the case when x=1 and y=0 and z=0) @ m, = xyz = 1
5 1010
6 1100 Domain Range
7 111(0
index
inputs output
All possible
combination of inputs
Logic (8B) 18 Young Won Lim
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Boolean Function with minterms (2)

Xy zF The output F becomes 1,
© 00O0|O0 either my=1 ormy=1 orm,=1
=1 0011 _ E— _
> o010lo m,+m;+m,=1 — F =1
=3 011|1 - =
=4 1 00]|1
5 101|0
6 110]|0 my
7 111|0 m; —
index 0 i
inputs output
All possible
combination of inputs
For the output of an or gate to be 1,
at least one must be 1
Logic (8B) 19 Young Wg/r;(l)_/ilrg
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Boolean Function with minterms (3)

Xy zF The output F becomes 1,
© 00O0|O0 either my=1 ormy=1 orm,=1
=1 0011 P 1 — ”
m, +m,+m,= —> -
2 010]|0 S <
-
3 Oldle & F =m+my+m,
=4 100]|1
5 1010
6 11 0l0 The output F becomes 0,
7 111lo either my=1 orm,=1 orm;=1 ormy,=1 or m,=1
index —v— my+m,+m-+mg+m,=1 2 F =0
inputs output
All possible - F = my+m,+ms+mgs+m,

combination of inputs

For the output of an or gate to be 1,
at least one must be 1

Logic (8B) 20 Young Won Lim
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Boolean Function with Maxterms (1)

The output F becomes 0,

Xy z F for one of the five following cases
=0 00O0]|0 (the case when x=0 and y=0 and z=0) @@= x+y+z = 0
1 001|1
m 2 0 10|0 or (the case when x=0 and y=1 and z=0) @ x+y+z =0
3 011]|1
4 10 0|1
=5 10 1[0 or (the case when x=1 and y=0 and z=1) ®= Xx+y+z =0
=6 11 0|0 or (the case when x=1 and y=1 and z=0) = Xx+y+z =0
m 7 1 1 1|0 or (the case when x=1 and y=1 and z=1) @& x+y+z = 0

I
s

index x
inputs output

—_

=N y \\\
\ 1 \ Range

\ | \
\ |

\

|

|

z=zzEzzx

w

All possible 5
combination of inputs |

B~

=

N

(<))

Domain

~
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Boolean Function with Maxterms (2)

The output F becomes 0,
either M,=0 orM,=0 or M.=0 orM =0 orM,=0

M,-M,M.MgM,=0

~—F

M,-M,-M.-M,M,

Xy z F

=0 000O0]0

1 001|1

=2 010]|0
3 011|1 - F

4 100]|1
=5 1010 M,_
=6 110(0 %2_
=7 111]0 Mz:
I M; —

index |
inputs output

All possible
combination of inputs

Logic (8B)
Boolean Functions

M ,—
M,—
M, —

For the output of an and gate to be 0,
at least one input must be 0
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Boolean Function with Maxterms (2)

xyzF The output F becomes 0,
=0 0000 either MOZO orMZ:O OFM5=O OrM(;:O orM7:O
1 001|1 —
=2 010|0 MyM, MgMgM,=0 <=F =0
3 0111 - F = MM, MMM,
4 100]|1
=5 1010
=65 1 10|0 The output F becomes 1,
-7 1110 either M;=0 orM,=0 or M,=0
index v M,-M,-M,=0 2F =1

inputs output

ALl possible = F =M -M;-M,

combination of inputs

For the output of an and gate to be 0,
at least one input must be 0

Logic (8B) 23 Young Won Lim
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SOP and POS

AND —p
AND
AND >

AND —p

=

DOU

¥

AND —p
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Boolean Function with minterms

Xy z F Xy z F

© 00 0[O =0 00o0[od)?!

-1 001)/1F)*! 1 00 1|1

2 010|0 D_l =2 010[0])" D_l
- 3 0111;[}1 F 3 0111 F
-4 100[1)" 4 1001

s 101[0 =5 101[0F )

6 110|0 =6 110[07 )

7 1110 =7 1110 )
Logic (8B) Young Won Lim

Boolean Functions

25

3/30/18



Boolean Function with Maxterms

R P P PO O O OfX
R P O O FP kP O O
R O L, OF O Fr O|N

-,

Xy z F

=0 000[0)>° 0

1 0011 - ]
=2 010[{0)>° 0 2

3 01 1|1 jF - 3

4 100|121 - 4
=5 1010D0 5
= 6 1100}}2 6
=7 111|0) > 7
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