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Topic 2 ðBase Conversions

Chapter 1 ðPart 2
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» Think of a computer as a group of switches

ǒEach switch is either on or off

ǒOn is represented with a 1

ǒOff is represented with a 0

» The most basic computer can be represented 

as a machine with 1 switch

ǒThe computer could only understand two 

instructions ( on or off )
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»Letõs picture a house that 

has only one light switch.

Instructions

0 (lights off )

1 (lights on)

Chapter 1- A Simple Computer - Part 2 3

Note:  1 switch = 2 instructions
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2 switches Instructions

00 (Front & Back lights off )

01 (Front on, Back off )

10 (Front off , Back on)

11 (Front & Back lights on)
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Note:  2 switches = 4 or 2 x 2 or 2 2 instructions
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»3 Switches

Instructions

000

001

010

011

100

101

110

111

5

Front
Middle

Back

Based on this ..

How many instructions 

Would a computer with

16 switches understand?
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» A single Binary Digit is a Bit

» It takes 8 Bits to store a single character

ǒ8 Bits is called a Byte

» Each character has a numerical representation on an 

ASCII chart

ASCIIĄ American Standard Code of Information Interchange

ǒEach code consists of a 7-bit code that represents every 

number, letter, and symbol

ǒThe 8th bit is a check bit 

ƻweõll discuss this later in the course

ǒExtended version of ASCII Č 256 Characters

Chapter 1- A Simple Computer - Part 2 6

This is sufficient for English Ą but not for foreign languages
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» Unicode was developed for international use Ą

Because ASCII did not have enough characters

» Unicode uses 216 characters (thatõs 65,000!)

» The first 256 (28) characters correspond to ASCII

» Not all of the codes have been used so UNICODE 

can be expanded
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» We think in decimal (Base 10)

» Computers use Binary (Base 2)  - 0õs & 1õs

» We need to be able to convert from decimal

to binary

»Since Binary numbers get long fasté

ǒEg(10000001) = 129

ǒIt is easier for us to convert to octal or 

hexadecimal equivalents

ǒIt is easier to convert binary from oct and hex 

numbers than 10 
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» Brought to us by the Hindus (400 A.D.)

» They Arabs picked up on it in (800 A.D.)

» And Europeans discovered it in (1200 A.D.)

» It is a great system because

ǒIt is easy to deal with large quantities with relatively 

small numbers

ǒIt is easy to carry and borrow

ǒThe decimal systems makes use of 10 digits (0-9)

ǒThese symbols with a òplace valueó or òpositional 

conceptó allow us to represent any whole number

ǒThe term digit (relates to fingers and toes ) Ą we 

have 10 so this system makes sense to us
9 of  32
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»Position MATTERS

ǒ352 in decimal 

=    300 +   50 +    2 

= 3 x 102 + 5 x 101 + 2 x 100

ǒThe position determines the power of 10 by 

which it is multiplied

ǒ10 = ten because we use base 10 

ƻIf we used base 2,  10 would = 2

»Base (AKA Radix)
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Rules for Positional Notation:

1. The number of distinct symbols equals the base

(in base 10 they are 0,1,2,3,4,5,6,7,8,9)

2. The largest symbol is one less than the base 

(for base 10 this is 9)

3. Each digit in a number is multiplied by the base raised 

to the appropriate power relative its position

(e.g. 352= 3 x 102 + 5 x 101 + 2 x 100)

4. The number 10 represents the base

(for base 10 this is ten)
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Decimal Binary Octal Hexadecimal

0 0 0 0

1 1 1 1

2 10 2 2

3 11 3 3

4 100 4 4

5 101 5 5

6 110 6 6

7 111 7 7

8 1000 10 8

9 1001 11 9

10 1010 12 A

11 1011 13 B

12 1100 14 C

13 1101 15 D

14 1110 16 E

15 1111 17 F

16 10000 20 10
of  32
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Think of 32510

Now letõs try that in Binary

Chapter 1-A Simple Computer -Part 2

13

3 2 5

102 101 100

100 10 1

We multiply these
2 #s in each col & Add

Base 10

NOTE: The exponent is 1 less 
than the position

0 1 0 1 0 0 0 1 1 1

29 28 27 26 25 24 23 22 21 20

512 256 128 64 32 16 8 4 2 1

of  32

C
o
n
v
e
r
t
i
n
g

B
i
n
a
r
y

t
o

D
e
c
i
m
a
l

Converting TO Decimal is easy

» Just think about the positional notation

Convert 110012  to base 10

» 110012

» This is called the

sum of the expansion of products
Chapter 1- A Simple Computer - Part 2 15

= 1 x 24+ 1 x 23 + 0 x 22 + 0 x 21 + 1 x 20

= 24 + 23 + 0 + 0 + 1

= 16 + 8 + 1

= 2510

This denotes
Base 2
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» Works for any base

Converting to base 10 (decimal)

» 1258

» AB16

Chapter 1- A Simple Computer - Part 2 16

= 1 x 82 + 2 x 81 + 5 x 80

= 1 x 64 + 2 x 8 + 5 x 1

= 64 + 16 + 5

= 8510

= A x 161   +  B x 160

= 10 x 16 + 11 x 1

= 160 + 11

= 17110
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Convert to decimal using expansion of products

» 1101112

» 1638

» 5C16
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» To convert FROM decimal to any base we use the 

òdibble -dabbleó method to

ǒDIBBLE-DABBLE 

ČUsesuccessive divisions by the base 

Č Keep track of the remainder

»Convert 3510 to binary
35/2 = 17  -- remainder 1 (least significant bit)

17/2 =   8  -- remainder 1

8/2 =   4  -- remainder 0

4/2 =   2  -- remainder 0

2/2 =   1  -- remainder 0

1/2 =   0  -- remainder 1 (most significant bit)

Thus, 3510 = 1000112

Chapter 1- A Simple Computer - Part 2 18
You can use the same method for Octal or Hexidecimal
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» 43510 Decimal to Octal

ǒDibble ðDabble Method

435 / 8 = 54   - REMAINDER 3

54 / 8 =   6   - REMAINDER6

6 / 8 =   0   - REMAINDER 6

Reverse the numbers  43510 = 6638

» 43510 Decimal to Hex

ǒDibble ðDabble Method

435 / 16 = 27  - REMAINDER 3

27 / 16 =  1  - REMAINDER 11 = B

1 / 16  =  0  - REMAINDER 1

Reverse the numbers  43510 = 1B316

Chapter 1- A Simple Computer - Part 2 19 of  32
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» 43510 FROM Decimal to Binary ðAlternative method

» Think of the positional notation

ǒStep 1: Start with 1, multiply by each successive position by 2

do this until you get to a # greater than or equal to 

the # you are converting.

ǒStep 2: Put a 1 in the largest number you can that is not 

greater than the number you are converting

ǒStep 3: Subtract the 2 x from the # you are converting 

ǒStep 4: Repeat until you get to 0

512 is too big so 256

435 ð256 = 179

179 ð128 =  51

64 is too big so go to 32

20

27 26 25 24 23 22 21 202829

128 64 32 16 8 4 2 1256512

0110

51 ð32 = 19

19 ð16 =   3

3 - 2  =   1

1 - 1  =   0

Weõre Done!    110110011

1 1 0 0 1 1

To go back to Decimal use
the opposite approach

-Just write these #s above 
your binary the locations
- Add the positions w/ 1s
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Convert 17210 from decimal to hex, oct and binary

HEX

OCT

Chapter 1- A Simple Computer - Part 2 21

BIN

r 12 = C

r 10 = A

r 4

r 5

r 2 

2548

of  32
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Convert 201 10 from decimal to hex, oct and binary

HEX

OCT

Chapter 1- A Simple Computer - Part 2 22

BIN

of  32

A
d
d
i
t
i
o
n

B
a
s
e

1
0

» Process of Adding

Base 10

19910

+ 2210

Chapter 1- A Simple Computer - Part 2 23

1

1

10

9+2 = 11 ɀthis is > 9 (base -1) , so we have to carry.
11-10=1 write  down 1 & add 1 to the 
position to the left.

1+1 = 2   Not > 9 so no carry

9+2 +1 = 12   - this is > 9 so we have to carry.
12-10=2 so write down 1 & add 1 to 
the position on the left

1

22

Step 1: Add the two digits in the first position.
Check if the solution is greater than or equal to the base.  
)Æ ÎÏÔ ÔÈÅÎ ÊÕÓÔ ×ÒÉÔÅ ÄÏ×Î ÔÈÅ ÓÏÌÕÔÉÏÎȢ 9ÏÕȭÒÅ ÄÏÎÅȢ 

Otherwise go to step 2.
Step 2: Carry 1.

Subtract the base from the solution found in step one.  
Write this down ɀthis is your solution for that position.

Step 3: Add 1 to the position to the left.
Step 4: Repeat this for all positions. 

Add the carry too
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» Same as in Base 10 except you carry when you 

reach the base #

Base 8

1628

+ 478

Base 2

10012

+10112

Chapter 1- A Simple Computer - Part 2
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1

1

3

1

2 8

7 + 2 = 9               9 is greater than 7(base-1) ĄCARRY
9-8 =1 (solution ɀbase) ɀwrite down 1
Add 1 to the next position

6 + 4  + 1 = 11    11 > 7, so 11 ɀ8 = 3,  We write down 3.
carry the 1 

1 + 1 = 2

0

1

2

1+1 = 2          2>1 Ą carry, 
so 2-2= 0 ɀwrite down 0, carry1

1+0 = 1          No Carry
0+1+1 = 2    Same as above

0

1

101
1+1 = 1          2>1Ą again, 2-2=0, write 0 & Carry the 1  

Add the carry too
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» Same as in Base 10 except you carry when you reach the base # (in 

this case if the # > 15)

» Note in Base 16 we count 0-9 just like in decimal then we 

represent 10 with an A, 11=B, 12=C, 13=D, 14=E, 15=F

AE916

+ 6716

FFA16

+ A916

Chapter 1- A Simple Computer - Part 2
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0 

1

5

1

B 16

9 + 7 = 16            16 is greater than 16(base-1) ĄCARRY
16-16 = 0 (solutionɀbase)Ą write  0
Add 1 to the next position

E + 6  + 1 = 21    21 > 15, so 21 ɀ16 = 5,  
We write 5 carry the 1 

A + 1 = 11 11=B, so we write B

3

1

16

A+9 = 19               19>15 Ą carry, 
so 19-16= 3 ɀwrite down 3, carry 1

F+1 = 16              16>15,   16-16=0, so 0, carry 1

F+A+1 =
15+10+1=26      26>15 Ą carry, 

so 26-16=10 - write down A, carry 1A

1

01

E=14

The Base
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