Lecture 19: Binary Numbers and
Logic

binary numbers, addition, 2's complement,
subtraction, utility of binary numbers
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Binary System

Decimal numbers are based on power of 10 while binary numbers
are based on powers of 2

(562),=5*102+6%101+2*10°
(11 0),=1%22+1*21+0*20=6
0000-> 0
1000->8

1100->10
1111->15

n bits can represent positive decimal numbers from 0 up to 2"-1



Digital Systems and Binary Numbers

the first computer was invented in 1822 by

Charles Babbage, who was a mechanical
engineer, and used decimal numbers and
mechanical cranks

modern computers use binary numbers for
signal processing

Wikipedia

these binary numbers are comprised of bits
with every bit assuming a logic “0” or logic
“1” value
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Digital Systems (Cont’d)

Data is stored inside computer
memory in the form of billions
of capacitors (bits) where
every capacitor Is either
charged (logic “1”) or
discharged (logic “0”)

Computers communicate over
the internet or wireless
through sequences of binary

bits
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Examples with Binary Numbers

(1011), = 1x23 + 0x22 + 1x21 + 1x2° = (11)

(1.1011), = 1x20 + 1x2-1 + Ox22 + 1x273 + 1x2*4
= 1+(1/2)+(0/4)+(1/8)+(1/16) = (1.6875)

(-100.1)2 = (sign?) 1x22 + Ox21 + 0x20 + Ox2-1
= (-4.5)



Addition of Binary Numbers

remember that when adding decimal number we can have a carry
over between digits of 0-9

similarly, when adding binary numbers, we can have a carry over
between of either 0 or 1

overflow happens when the number e
of binary digits can not represent the o ]
summation ] ‘

1018] <
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Adding and Subtracting Decimal Numbers

316 + 59 =
316 — 59 =
316 — 905 =

this subtraction approach is not suitable for computers
the subtraction is converted into addition by using complements

Example: 355-316=39. We can get the same answer by first
finding the 10’s complement of 316 is 1000-316 = 684 and then
adding it to 355 to get 355+684= 1039



Subtracting Binary Numbers

we can do the same thing with binary numbers!
2’s complement (2" — number)

1001 -> 10000 — 1001 -> 0111

100100 -> 1000000 — 100100 -> 011100

notice that the 2°s complement 1s equivalent to toggling the bits
of the original number and adding 1



Subtracting Binary Numbers (Cont’d)

316-59 =100111100 - 000111011
000111011 -> 111000101

100111100 + 111000101 =1 100000001
= 257 (what about the carry?)

316-905 =0100111100 -1110001001
1110001001 -> 0001110111

0100111100 + 0001110111 = 0110110011

(no carry) 0110110011 -> - 1001001101 =-589



Utility of Binary Numbers
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Utility of Binary Numbers (Cont’d)

Powers of Two

n b o n b n o

0 | 8 256 16 65,536
| 2 9 512 17 131,072
2 4 10 1,024 18 262,144
3 8 11 2,048 19 524,288
4 16 12 4,096 20 1,048,576
5 32 13 8.192 21 2,097,152
6 64 14 16,384 22 4,194,304
i) 128 15 32,768 23 8,388,608

figure: © Pearson Ed., 2009
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Binary Logic and Operators

logic variables that take two values TRUE or FALSE

AND operator (represented with a dot (.))
X.y 1ISTRUE ifand only if xis TRUE and y is TRUE

OR operator (represented with a plus (+))

X +yi1s TRUE if and only if x is TRUE or y is TRUE or both are
TRUE

NOT operator (represented with a prime (‘) or bar ( ))
X’ (X) Is TRUE if and only if x is FALSE



Truth Tables

A Truth Table enumerates all combinations of inputs and the
output of logical operation

Symbol Truth Table
A B Q
A 0 0 0
& Q
B 0 1 0
2-input AND Gate 1 0 0
Boolean Expression Q = A.B Read as A AND B gives Q

http://www.electronics-tutorials.ws/boolean/bool_7.html
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Truth Tables (Cont’d)

Symbol Truth Table
A B Q
A 0 0 0
Q
B 0 1 1
2-input OR Gate 1 0 1
1 1 1
Boolean Expression Q = A+B Read as AORB gives Q

Symbol Truth Table
A Q
A Q
0 1
Inverter or NOT Gate 1 0
Boolean Expression Q = NOTA or A Read as inversion of A gives Q

http://www.electronics-tutorials.ws/boolean/bool_7.html
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