Introduction to Binary 1

Introduction to Binary

The binary system is a way of 1011110000011111

representing data using Os and 1s. This 0010101000100101

. 0101010011111001
system is used by computers to

represent all the data it works with V1000DL0010L10100

| ith.
P o 0010010010101010
0011001011

Decimal System:
The number system we use in everyday life is called the decimal system,
where we use the numbers 1,2,3,4,5,6,7,89 to represent all of our numbers.

In this system, each digit is a power of 10.

4 3 7/ 9

103 102 101 10°
1000 = 100 = 10 =1

I

Place value

To compute a number in this system, you would multiply the digit value
by the place value, then add them all together. So to represent the
number 4379, you would have to compute::

(4¥1000)+(3*100)+(7*10)+(9*1)=4379.

The binary system follows a similar structure, except for each

digit, you only have 2 values, O and 1.
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Digit value Introduction to Binary 2

Place value

To compute a number in this system, you would multiply the digit value
by the place value, then add them all together. So to translate the binary
number 1001, you would have to compute:

(1%8)+(0*4)+(0*2)+(1*1) = 9

To convert this number back to binary, find the largest power of 2 and

subtract until your totalis O

9-(1*2%)=9-8=1 so 4th digit is 1
22=4>] so 3rd digit is O
2'=2>1 so 2nd digitis O
1-(1*1°) =1-1=0 so 1st digit is 1

So the resulting number is 1001.

Let's try a few!
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Introduction to Binary 3

Binary Practice Digit value
Problems /

Clue!
If the decimal value is odd,

then the Ist digit must be a1

27 26 25 24 23 22 21 20
= 128 = 64 = 32 = 16 = 8 = 4 = 2 =1

:

Place value
Refer to this for help!

Convert the following decimal values into binary:

ne
2 7
3) M
4) 36
5) 70
6) 132
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Introduction to Binary 4

Binary Practice  ogivae
Problems / If the Ist digit is a1, then the

decimal value must be odd

Place value
Refer to this for help!

Convert the following binary values into decimal:

) 0 O 1 O
2) 1 1 1 O
3 1 0 1 1
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ANSWER Key Introduction to Binary 5

Binary Practice Digit value
Problems /

Clue!
If the decimal value is odd,

then the Ist digit must be a1

27 26 25 24 23 22 21 20
= 128 = 64 = 32 = 16 = 8 = 4 = 2 =1

:

Place value
Refer to this for help!

Convert the following decimal values into binary:

) e 09001000
2 17 00010001
3) T o 0 O O 1 O 1 1
4) 36 O O 1 O O 1 O O
5) 70 o 1 O O O 1T 1 O
6) 132 1 O O O O 1T O O
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ANSWER Key Introduction to Binary 6

Binary Practice  ogivae
Problems / If the Ist digit is a1, then the

decimal value must be odd

Place value
Refer to this for help!

Convert the following binary values into decimal:

100 10 :
21110 4
¥ 1.0 1 1 "
4 0 0 1 0 0 0 0 I 33
5 0o o o 1 1 O 1 O 26
o) 1 0 1 O 1 O 1 O 170
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Adding Binary Numbers
Example: Find the sum of 1011,, 1101,, and 1001,.

Think 1+1+1=3
and translate

340 = 11,. Enter
the 1 and carry
one.

Think 1 + 1 =2 and translate
210 =10,. Enter the 0 and
carry the one.

”410” is 1002

Subtracting Binary Numbers

Now you try one:

10101
119 5
+ 1010

Example 1: Find the difference between 101, and 100,. Example 2: Find the difference of 1010, and 111,.

Check:
101 #’//,//100
— 100><>+61—
001=15" | 101
4

Example 3: Here is another example
where borrowing is necessary:
1

011110

400000
= 1
011111

Now you try one:

10010
~ 104

01 0 O

1810
=i 111

11

You can’t take 1 from 0, so you
have to borrow 1 from the first 1
you come to as you move to your
left - all zeroes preceding this 1
changes from0Oto a 1.

Check:

11

111

1010

s 10,-1, = 1 (think 2

minus 1 in base 10,
and then translate
back to base 2.




Rules of Binary Addition

+ o+ o+ o+
P O R O
o = = O

, and carry 1 to the next more significant bit

For example,

00011010 + 00001100 = 00100110 1 1 carries
0 1 1 = 26(pase 10)

+ 0 0 1 0 = 12 pase 10)

000 1 0 0 1 1 0 = 381

00010011 + 00111110 = 01010001 1 1 1 1 1 carries
0 0 1 = 19wase 10)

+ 0 1 1 1 = 62 asc 10)

o 1 0 1 0 0 0 1 = 81(baselO)

Note: The rules of binary addition (without carries) are the same as the truths of the

Rules of Binary Subtraction

0
1, and borrow 1 from the next more significant bit
1
0

= O O

For example,

00100101 - 00010001 = 00010100 0 borrows
1

0 + 0 1 L= 37 base 10)

- 0 1 0 L= 17 (base 10)

000 01 0 1 0 0 = 20uemn

00110011 - 00010110 = 00011101 0o 1 borrows
1

+ + 6 1 = S51pase 10)

-0 01 0 1 = 22pasc 10)

29 base 10)

gate.
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