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Boolean Postulates

0-0=0 0+0=0
1-1=1 1+0=1
1-0=0 1=0
1+0=1 0=1
1+1=1




Laws of Boolean Algebra

Communicative Redundance
A+B=B+4 A+A-B=4
A-B=B-4 A+A-B=A+B
Associative _ _
(A+B)+C=A+(B+C) A+A-B=A+B
(A-B)-C=A4-(B-C) A-(A+B)=4
Distributive A-(A+B)=A-B
A-(B+C)=A4A-B+A4-C 0+ A=A
A+(B-C)=(A+B)-(4+C) 0-4A=0
(4+B)-(C+D)=A-B+A-D+B-C+B-D 1+ 4=1

de Morgan 1 A= 4
A-B-C=4+B+C _
A+B+C=4-B-C Ard=1
ldentities A-A=0

A+ A=A

A-A=A

AB+ AB= A

(A+B)-(A+B)=4



Logic Gates & Boolean Expression

VAVAVAVE QA

OR A+ B
AND coincide A-B
Buffer A
NOT invert A
NOR not of quantity A or B A+ B,
NAND A-B,
XOR anti coincide AD®B,
NXOR equivalence A®B

A-B (not A and not B)

A+B

(A-B)+(A-B), (A+B)-A-B
A-B+A-B

NAND and NOR are universal functions and can be used to construct any of the others.

(a) ‘U= () tc)

NOT NAND NOR



Logic Gates & Boolean Expression
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Equivalents (1)

Logic Gate NAND Equivalent NOR Equivalent

NOT
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Equivalents (2)

Logic Gate I NAND Equivalent NOR Equivalent
NOR A _[DD_ATL AB=A+B
A+B
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Binary Adder

Adding: Adding binary numbers is just like adding decimal numbers;
whenever the result of adding one column of numbers is greater
than one digit, a 1 is carried over to the next column to be added.

1

20, 100
Example: 87, 111
011

O}lO
0/10
01

00
01
011

L
Subtraction: This operation is similar to decimal subtraction. The only
potential point of confusion is that when “borrowing” from one column a
10, (=2,,) is carried over (not just a 1) to the next column. A trick to
subtracting binary numbers is to add the 2’s compliment of the
subtracting number to the true binary representation of the number from
which it is subtracting.

= 00010011
Example: -7,= 11111001
' = 00001100




States of Binary Adder

Binary Adder (4 different states)
input x1,x2, carry of previous addition State
output: y, carry

01,10
Carry=0 Carry=0
;40 Result=0 Result=1 01,10

Input

11 00

Carry=1 Carry=1
01,10 Result=0 Result=1) 1

01,10
11

Output



Logical Expression

Input | Output | Min Max

Xy X5 G| Y Gy y Cis1 y Cis1
000 | 0O X1 +X,+C, | X +X,+C,
001 | 10 X4X,C; X, +X,*+C,
010 | 10 X4X5C; X, +X,*C,
011 | 01 X X,C | X +X,*+C;

100 | 10 X X,C; XX, *C,
101 | 01 X;XCi | X4+X,*+C

110 | 01 X X5Ci | XqHX,*C,

111 11 X1X5C; | X4X5C;

y= ilizci + EIXZEi + XIEZEi + X1X9C;

Cir] = X1XaCi + X1XoC; + X1XoC; + X1X,C,




Circuit
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Half Adder

Alternative Representation

A

Half-adder symbol

— A

—1B

HA

C

out

Y

These circuits add two one-bit numbers and produce one two-bit number with

a carry.



Full Adder

Full-Adder:
A, — A C full-adder symbol
HA —A |
B1 B > A C Cout — FA Cout
HA " sl—

Cin B z 21 _B




Full Adder Implementation




4bit Adder

Now, with the half-adders and full-adders, a multi-bit adder can be
constructed:

4-pit Adder:

A3A2A1A0
T B3BZ B1BO

225,55,

oy,




Adder / Subtractor

:<]_ {high adds
low subtracts
when high,
— | [invert B input
A, B, A;B; A, B, A B;
C, Cout C, 2’ s compliment
o Add 1

least significant bit
(do not repeat)




Decoder




Encoder

Only one of the input lines is allowed to be active.
N input lines to log2(N) output lines.
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Encoder Example
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Arithmetic Logical Units

« Shift Register (Division or Multiplication by 2)
X, X
fq |

I

Y, Y,
Example: X: 0110 0111
f=1 Division Y =0011 0011
f=0 Multiplication Y = 1100 1110



Arithmetic Logical Units

« General ALU

input

select arithmetical function
state indicator of ALU,

e.g. negative, carry,
normally transmitted into
condition code register




Arithmetic Logical Units

 Example simple ALU

Logical Unit

. ; Selected fucntion:
i _F'D_—D'L fy f, function
A D1 ~ | 0 0OA*B

. t ."__\ - 1 OnotB

, - i J-'-ID_’DJ 1 1 A+B+Ci with carry
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Decoder Full Adder
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