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Data Representation

Numbers Are Represented in Bases

44444

10,000s
1,000s

100s
10s

1s

• Decimal System uses 10 digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

• Base 10

• Place-value number system: position of a digit interpreted to 
give the value

Decimal System
• 44,444 = 4 x 10,000 + 4 x 1,000 + 4 x 100 +

4 x 10 + 4 x 1
= 4 x 104 + 4 x 103 + 4 x 102 + 

4 x 101 + 4 x 100

• 1 decimal digit produces  ? distinct values
• 2 decimal digits produce  ? distinct values
• 3 decimal digits produce   ? distinct values

• n decimal digits produce   ? distinct values

Decimal System
• 44,444 = 4 x 10,000 + 4 x 1,000 + 4 x 100 +

4 x 10 + 4 x 1
= 4 x 104 + 4 x 103 + 4 x 102 + 

4 x 101 + 4 x 100

• 1 decimal digit produces 10 distinct values
• 2 decimal digits produce  100 distinct values
• 3 decimal digits produce  1000 distinct values

• n decimal digits produce  10n distinct values



2

Binary System

11111

?
?

?
?

?

• Decimal System uses 2 digits: 0, 1

• Base 2

Binary System

11111

16s
8s

4s
2s

1s

• Decimal System uses 2 digits: 0, 1

• Base 2

Binary System
• 11,1112 = 1 x 16 + 1 x 8 + 1 x 4 +

1 x 2 + 1 x 1
= 1 x 24 + 1 x 23 + 1 x 22 + 

1 x 21 + 1 x 20

• 1 decimal digit produces  ? distinct values
• 2 decimal digits produce  ? distinct values
• 3 decimal digits produce   ? distinct values

• n decimal digits produce   ? distinct values

Binary System
• 11,1112 = 1 x 16 + 1 x 8 + 1 x 4 +

1 x 2 + 1 x 1
= 1 x 24 + 1 x 23 + 1 x 22 + 

1 x 21 + 1 x 20

• 1 decimal digit produces 2 distinct values
• 2 decimal digits produce  4 distinct values
• 3 decimal digits produce  8 distinct values

• n decimal digits produce  2n distinct values
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Binary Numbers
• When counting in decimal, use the 9 

“symbols” (0 – 9) for the first 10 numbers. 
After 9, use 10 (two symbols, the smallest 
non-zero symbol in the newly created 
second spot from the left)

• When counting in binary, use the 2 
“symbols” (0, 1) for the first 2 numbers.  
After 1, use 10.  So, 1 in the binary world is 
like 9 in the decimal world. 

Binary Numbers

• Counting in Decimal: • Counting in Binary

Binary Numbers

• Counting in Decimal:
0, 1, 2, …, 9

10, 11, 12, …, 19,
20, …, 29, …, 99, 
100, …, 999,
1000, …, 9999,
10000, …, 99999,
…

• Counting in Binary
0, 1,

10, 11,
100, 101, 110, 111,
1000, 1001, 1010, 1011, 
1100, 1101, 1110, 1111,
10000, …., 11111, 
…

Decimal vs. Binary

3 binary digits produce 8 
distinct values: 0, …, 7 (8 
including 0).  So the largest 
number 710 = 1112= 23-1 = 8-1
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Binary to Decimal Conversion

• 10112 = ?10

Binary to Decimal Conversion

• 10112 = ?10

• 10112 = 1 x 210
3 + 0 x 210

2 + 1 x 210
1 + 1 x 210

0

= 810 + 010 + 210 + 110 = 1110

Decimal to Binary Conversion

• How to find the decimal digits that make up 
5362410?

Decimal to Binary Conversion

• How to find the decimal digits that make up 
5362410?

53624 / 10 = 5362 + 4/10
5362 / 10 = 526 + 2/10
526 / 10 = 52 + 6/10
52 / 10 = 5 + 2/10
5 / 10 = 0 + 5/10
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Decimal to Binary Conversion

• How to find the binary digits that make up 
2410?

Decimal to Binary Conversion

• How to find the decimal digits that make up 
2410?

24 / 2 = 12 + 0/2
12 / 2 = 6 + 0/2
6 / 2 = 3 + 0/2
3 / 2 = 1 + 1/2
1 / 2 = 0 + 1/2
• 2410 = 110002

Binary Addition

1 1 1 0
+ 1 0 1 1 

---------------
1 1 0 0 1

carry (in 2s)

Binary Numbers in Computing
• Easy to make fast, reliable, small devices that 

have only 2 states
• 1/0 represented by

– hole/no hole in punched card 
– hi/low voltage (memory chips)
– light bounces off/light doesn’t bounce off

(CDs/DVDs)
– magnetic charge present/no magnetic charge (disks)
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Measuring Data
We can group number of binary digits and
refer to the group sizes by special names:
• 1 bit(b) = 21 = represents 2 different values
• 1 byte(B) = 8 bits = 28 = 256 values
• 1 kilobyte(KB) = 1024 bytes = 210 bytes
• 1 megabyte(MB) = 1024 KB = 220 bytes
• 1 gigabyte(GB) = 1024 MB = 230 bytes
• 1 terabyte(TB) = 1024 GB = 240 bytes

Other Number Systems

• Hexadecimal (base 16)
– digits: 0, 1, 2, …, 9, A(10), B(11), …, F(15)
– example: 5B7 = 5 x 162 + 11 x 16 + 7 = 146310

• Octal
– digits: 0, 1, …, 7
– example: 239 an invalid octal number

Hexadecimal Addition

D F 6 D
+  2  4 6 C

-----------------
1 0 3 D 9

D + C = 13 + 12 
= 25 = 16 + 9

carry (in 16s)

6 + 6 + 1 = 13 = D

F + 4 = 15 + 4 = 
19 = 16 + 3

D + 2 + 1 = 13 + 
3 = 16 = 16 + 0

Representing Text
• Each letter is encoded using 1 byte
• ASCII (American Standard Code for Information 
Interchange) table

Space: “ ’’
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Representing Text

“M            A               R             C”


