Binary

0011011000001011000110110000010110
1101001101100001011010011011000010

1000110110111100110001101101111001
1010111100001101010101111000011010
1101001011010110011010010110101100
0000100011001111100001000110011114
1010111100001101010101111000011010
0011011000001011000110110000010110
0011011000001011000110110000010110
1101001101100001011010011011000010
1000110110111100110001101101111001
1010111100001101010101111000011010
1101001011010110011010010110101100

0000100011001111100001000110011111
1010111100001101010101111000011010
0011011000001011000110110000010110

“There are 10 types of people in the world... those
that understand binary and those that don’t.”



What is binary?

* You and | write numbers like this: twelve is 12,
sixty eight is 68, and one hundred is 100

* Binaryisa that computers
use. That is, binary is the way that computers
express numbers.

* |t's good to know binary because it helps us
understand



Base-10

 Our number system is made up of ten digits
(0, 1, 2....9)....that’s why it’s called

 We use those ten digits to express any
number we want!

 But how do we do this when there are only 10
of them?



Base-10 Example

8 3 4

/ 1T\ \

x10° gx 102 3x101 4X10°

So the number 6834 is made up of
eight 100s, three 10s, and four 1s. In other Words

6834 = (6 x1000) + (8 x 100) + (3 x10) + (4 x 1)



Places

 What are the first few places in our number
system?

— Ones, tens, hundreds, thousands, ten thousands,
hundred thousands, millions, etc...

* Do you notice any patterns here?

e Each oneiis than the one
before it!



What is binary?

Binary is just like our number system....
Except it only uses digits!
The only digits in binary are 0 and

In base-10 (the normal number system), any
number bigger than © needs more than one
digit.

In binary, any number bigger than | needs
more than one digit.



Exponents in Binary

* There are ten possible digits in the Base-10
number system (O to 9).

* Powers of 10 are used to decide the places
values.

* |f binary only has possible digits, what do
you think is used to decide the values of its
places?

* Powers of 21 ©



Binary Example System

What is 1010
O 1 O equal to in

the base-10

number
\ system?

8's place 4’s place 2’s place 1’s place

x 23 0x22 1x2t 0x2°

So the number 1010 in BINARY is made up of
,zero 4s, one 2, and zero 1s.

1010 is binary for (1 x8)+ (0 x4)+(1x2)+(0x 1)
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Let’s Count!

10
11
100
101
110
111
1000
1001
1010

Are there any
patterns that
you notice?



Converting Base-10 to Binary!

e Let’s convert the number 25 to binary!

* First we need to find the binary digit
that has a value less than 25.
— In this case it is 24
— 2° wouldn’t work because it is 32, which is bigger
than 25.
* So now we know that the largest binary digit
for this number will be the




Converting Base-10 to Binary!

7]
16’s place 8’s place 4’s place 2’s place 1’s place
24 23 27 21 pA

 We chose the 16’s place to be our first digit because
16 is the largest number that can it inside 25.

e Sowe putalinthe 16’s place, indicating that 16 is
of our number.



Converting Base-10 to Binary!

- e
.1 .1
16’s place 8’s place 4’s place 2’s place 1’s place

 So, now 16 out of our total 25 is accounted for. Let’s
take care of the remainder.

e 25-16=

* Now we go to the next digit, the 8’s place. Does an 8
fit inside 9 — our remainder?

e Yes it does!!



Converting Base-10 to Binary!

Ve - =
N N (
__Ll __Ll \f)
16’s place 8’s place 4’s place 2’s place 1’s place

* Now 8 out of the remainder 9 is taken care of.

e 9_8 =

* Does the next digit —the 4’s place —fit inside
remainder?

* Nope! So, we have to put a 0 at the 4’s place because
1is than 4.



Converting Base-10 to Binary!
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16’s place 8’s place 4’s place 2’s place 1’s place

* Let’s see if the next digit can take care of our
remainder (which is still 1).

* The next digit is the 2’s place. Can this digit fit inside
our remainder?

* No, it can’t either, because . We
have to put a O here too.



Converting Base-10 to Binary!

- e o o -
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A A U U A
16’s place 8’s place 4’s place 2’s place 1’s place

* One last try to get rid of our remainder (still 1)!

 The last thing we have is the 1’s place. Can a 1 fit
inside our remainder?

* Yes!1isequalto1!
 We have no remainder left now, because 1 — 1 = 0!
e We're done!



Converting Binary into Base-10!

- e o o -

q q ( ( ,

—_Ln —_Ln \j) \i) —_J—
16’s place 8’s place 4’s place 2’s place 1’s place

Now let’s convert our number back!

All we have to do is take each binary digit, and figure out
how much it is worth in base-10.

0 means that the digit to our
number

1 means it adds the
This way is easier!



Converting Binary into Base-10!

__L __L [‘/) [‘/) __J‘
16’s place 8’s place 4’s place 2’s place 1’s place
e 1inthe 16’s place. Add 16. 16
 1inthe 8's place. Add 8. 8
* 0inthe 4’s place. Nothing added 0
* Ointhe 2’s place. Nothing added +f]_)

* 1inthe 1’s place. Add 1. —

TOTAL: 2

A4

U



Practice!

1. Is the following number written in binary
form?

— No! Binary only has 1s and Os.



Practice!

2. What is this binary number in the base-10
system?

— Itis(4x1)+(2x1)+(1x1), whichis 7!



Practice!

3. What is this base-10 number in binary?

— 14 has 1 eight, 1 four, 1 two, and 0 ones. So it’s
1110!



Practice!

3. What is this base-10 number in binary?

— 11 has 1 eight, 0 fours, 1 two, and 1 one. So it’s
1011!



Why does binary matter?

A computer has many

inside it that
tell it what to do.

The computer will do
different things,
depending on which
ones are switched
and which are

To a computer, an ON
switch is represented by
and an OFF switch is

represented by



Why does anyone use binary?

307//////// 0107708
'~ '07 177 10785540 "‘.;'
707/’/// / -‘

Because computers only
understand things in terms
of ON and OFF, a system
with only two options for
digit values makes a lot
sense ( , ).

This makes it very easy for computers to
express everything happening inside them
as a bunch of Os and 1s.



Why does anyone use binary?

. . you do
There is a particular
of ON and on computer can
OFF switches for be represented as
everything you do on a .
computer. a very long string

of binary.

It sounds crazy until you realize there are a
—and SO

many ways the whole system can be arranged.

Actually, it still sounds pretty amazing!



0010101010100110001010101
0101010010010101001010100
1010010010111101011110010
0000011011010010101111100
0101010111100101010100010
0010101111010101001010100
0001010010100001001111100
1010101010101010101010101
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So remember... there are 10 types of people
in this world: those that understand binary,
and those that don’t! ©



