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Boolean Algebra

In mathematics and mathematical logic, Boolean algebra is the branch of algebra in which the
values of the variables are the truth values true and false, usually denoted 1 and 0 respectively.
Instead of elementary algebra where the values of the variables are numbers, and the prime
operations are addition and multiplication, the main operations of Boolean algebra are the
conjunction and denoted as A, the disjunction or denoted as v, and the negation not denoted as -.
It is thus a formalism for describing logical relations in the same way that ordinary algebra
describes numeric relations.

https://en.wikipedia.org/wiki/Boolean_algebra

Logic (8A) 4 Young Won Lim
Boolean Algebra 3/30/18



Operators

T ylxzAy zVy x|z T Yy T Dy T=y
00 0 0 1 00 1 0 1
1 0 0 1 0 1 0 0 1 0
01 0 1 01 1 1 0
1 1 1 1 1 1 1 0 1
https://en.wikipedia.org/wiki/Boolean_algebra
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Laws (1)

Associativity of V: zV(yVz)=(zVy)Vz X+(y+2z) = (X+y)+z
Associativity of A: zAh(yhz)=(xhy) Az X(yz) = (xy)z
Commutativity of V: rVy=yVvz Xty = y+X
Commutativity of A: rANy=yAzx Xy =Yz
Distributivity of A over V: eA(yVz)=(zAy)V(zAz) X(YtZ) =Xy +xz
Identity for \V: xV0=uzx X+0=x

Identity for A: rANl==x X*1=X

Annihilator for A: zN0=0 x*0=0

https://en.wikipedia.org/wiki/Boolean_algebra
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Laws (2)

Annihilator for V:
Idempotence of V:
Idempotence of /\:
Absorption 1:
Absorption 2:

Distributivity of V over A: & V (y A z) = (xVy) Az V 2)

Complementation 1
Complementation 2

De Morgan 1
De Morgan 2

xV1=1
rNr==x
rhNer==x
rh(xVy =z

rV(zhy) =z

Nz =10
vV xr =1

ﬂm;\ﬂy:ﬂ(m\fy)
—m\j—g:—(m,ﬂ\y)

x+1=1

X+X=X

X*X=X

X(X+y)=X
X+XYy=X
X+yz=(x+y)(x+z)

xx=20
x+tx=1
Xy =(x+y)
x+y=(xy)

https://en.wikipedia.org/wiki/Boolean_algebra
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Digital Logic Gates

Digital logic is the application of the Boolean algebra of 0 and 1 to electronic hardware consisting of
logic gates connected to form a circuit diagram. Each gate implements a Boolean operation, and is
depicted schematically by a shape indicating the operation. The shapes associated with the gates
for conjunction (AND-gates), disjunction (OR-gates), and complement (inverters) are as follows.[17!

X X
XA XVy X X
v ,

Figure 3. Logic gates

f=!

The lines on the left of each gate represent input wires or ports. The value of the input is
represented by a voltage on the lead. For so-called "active-high" logic, 0 is represented by a voltage
close to zero or "ground", while 1 is represented by a voltage close to the supply voltage; active-low
reverses this. The line on the right of each gate represents the output port, which normally follows
the same voltage conventions as the input ports.
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NOT Gate

Negation
INPUT OUTPUT
TL - A NOT A
NOT Aor~A
1 0
https://en.wikipedia.org/wiki/Logic_gate
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AND, OR Gates

Conjunction and Disjunction

AND :D—

:&l— A-B

INPUT OUTPUT

A B AANDB
0 O 0
0 1 0
1 0 0
11 1

INPUT OUTPUT
A B AORB

e I s [ SRR TENE
1 0 1
1 1 1
https://en.wikipedia.org/wiki/Logic_gate
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NAND, NOR Gates

Alternative denial and Joint denial

INPUT OUTPUT
A | B ANANDB
- 1 & _ 0|0 1
NAND P A-BorAT B
— — 0|1 1
1 0 1
11 0
INPUT OUTPUT
A B ANORB
—=1 - 0|0 1
NOR l = A+BorA|B
0|1 0
1 0 0
11 0
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XOR, XNOR Gates

Exclusive or and Biconditional
INPUT OUTPUT
A B | AXORB
0 0 0
XOR Aa B
0 1 1
1| 0 1
1 |1 0
INPUT OUTPUT
A | B AXNORB
I 0 0 1
XNOR A& BorA® B
0 1 0
1| 0 0
1 |1 1
https://en.wikipedia.org/wiki/Logic_gate
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CMOS Logic Gates

vdd Vdd vdd ___mw

o |l

CMOS inverter (NOT logic gate) &

Vss B_ll: : L_] :TI

Vss L
NAND gate in CMOS & et oSy
logic POLY F DIFFUSION
W covrecr NAWELL
https://en.wikipedia.org/wiki/CMOS
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ldentity and Null Element Theorem

x+ 0

A

x-0 =20

x-1

~<I
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Distributive

x-(y+z)=x-y+x-z = X y+ z
\%\/—/

This parenthesis cannot be deleted

x+(i-i/)=(x+y)-(x+z) = x+ y-z

This parenthesis can be deleted

Operator precedence : @> @

https://en.wikiversity.org/wiki/Discrete_Mathematics_in_plain_view#Algorithms
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Inclusion

X-(x+ y) = x

X Y
X-(x+y) = x-x+x-y
= X+ Xx-Yy |
|
= x-(1+ y) X+y
— X
X+ Xy = X
X Y
X+ xy = x-1+x-y
= X- (1 + y) \
XYy
- X
https://en.wikiversity.org/wiki/Discrete_Mathematics_in_plain_view#Algorithms
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Inclusion

X-(x+ y) = x

X Y
X-(x+y) = x-x+x-y
= X+ Xx-Yy |
|
= x-(1+ y) X+y
— X
X+ Xy = X
X Y
X+ xy = x-1+x-y
= X- (1 + y) \
XYy
- X
https://en.wikiversity.org/wiki/Discrete_Mathematics_in_plain_view#Algorithms
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Eliminate

X-(Xx+ y) = xy . v
X-(X+y) = x-X+x-y @
= 0+ x-y R
= X'y X+ Yy
X+ Xy = x+Yy . y
X+xy = (x+X)-(x+ y)
= 1-(x+y) |
= X+ Yy X

https://en.wikiversity.org/wiki/Discrete_Mathematics_in_plain_view#Algorithms

Logic (8A)

18 Young Won Lim
Boolean Algebra

3/30/18



References

[1] http://en.wikipedia.org/
[2]

Young Won Lim
3/30/18



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

