
Chapter 2

Data
Representation



Define data types.Define data types.

Visualize how data are stored inside a computer.Visualize how data are stored inside a computer.

Understand the differences between text, numbers, images,Understand the differences between text, numbers, images,
video, and audio.video, and audio.

After reading this chapter, the reader should After reading this chapter, the reader should 
be able to:be able to:

OOBJECTIVESBJECTIVES

Work with hexadecimal and octal notations.Work with hexadecimal and octal notations.



DATA TYPESDATA TYPES

2.12.1



Figure 2-1
Different types of data

Word Excel Photoshop WinAmp Windows
media player



The computer industry uses the termThe computer industry uses the term
““multimediamultimedia”” to define information to define information 
that contains numbers, text, images, that contains numbers, text, images, 

audio, and video.audio, and video.

Note:Note:



DATA INSIDEDATA INSIDE
THE COMPUTERTHE COMPUTER

2.22.2



Figure 2-2
Uniform Data Representation
inside a Computer:
Bit pattern

bit (binary digit):
A smallest unit of data. It can be either 0 or 1.
bit pattern: a string of bits 
Computer memory doesn’t know the type of data.
The data type is interpreted by programs or I/O devices.



Figure 2-3
Examples of bit patterns

A bit pattern of length 8 is called a byte.
1024 bytes=> 1 KB.
1024 KB=>  1 MB
1024 MB=> 1GB
1024 GB=> 1TB 



REPRESENTINGREPRESENTING
DATADATA

2.32.3



Figure 2-4

Representing symbols using bit patterns 

26 capital letters, 26 lower case letters, 10 digits, punctuations,
etc.
How long should a bit pattern is?



Table 2.1   Number of symbols and bit pattern lengthTable 2.1   Number of symbols and bit pattern length

Number of SymbolsNumber of Symbols
---------------------

2
4
8
16
…

128
256
…

65,536

Bit Pattern LengthBit Pattern Length
---------------------

1
2
3
4
…

7
8
…

16



Figure 2-5

Representation of the word 
“BYTE” in ASCII code

ASCII: American Standard Code for Information Interchange
Use 7 bits for each symbol. (128 symbols)
See appendix A of the textbook for the ASCII table. 





In Class Exercise

• Find the ASCII representation for your English 
name.

• A (65)    I (73)      D (68)   A (65) 

• (1000001 1001001  1000100 1000001)



Features of ASCII 

• 7-bit pattern from 0000000 to 1111111

• 0000000 represents null. (lack of character)

• 1111111 represents delete.

• The first 32 (from 0 to 31) are control characters.

• Difference between capital and lower case letter:
– The sixth bit from the right

– A:1000001

– a: 1100001



Other Representations.

• Extended ASCII
– The leftmost bit of ASCII is 0.

– Extended ASCII use 8 bits. (256 symbols.)

• EBCDIC (Extended binary coded decimal 
interchange code)
– Developed by IBM

– 8 bits to represents 256 symbols.



Other Representations.

• Unicode
– Represent symbols other than English.

– Use 16 bits (65536 symbols)

• ISO (International Organization of 
Standardization)
– 32 bits

– 4294967296 symbols.



http://www.cns11643.gov.tw/seeker/chinese/search.jsp



After Class Exercise

• ��������	
��
���

unicode



Figure 2-6

Image representation methods



Figure 2-7
Bitmap graphic method of a 

black-and-white image

pixel (The size of pixel depends on resolution.)

One bit pattern



Representation of Images

• The baby's picture with 
smaller pixels - more detail.

• The baby's picture with 4 
levels of gray.



Representation of Images

• Photographic quality images have a gray-
scale.

– Several shades between black and 
white are used.

– 4 level gray-scale means 4 shades are 
used.

• Each pixel needs 2 bits: 

• 00 - represents white

• 01 - represents light gray

• 10 - represents dark gray

• 11 - represents black 

– 256 level gray scale means 

• 8 bits per pixel are needed for 
256 shades of gray

256 levels of gray



Figure 2-8
Representation of color pixels



Vector Graphic

• Bit graphic causes problems when rescaling 
the image.

• Vector graphic decompose a graph into curves 
and lines. Each of the curves are represented 
by a formula.

• When rescaling, the computer reevaluating the 
formulas of the grpah.



Figure 2-9
Audio representation

(7.1->7)

(sample 7.1)

(7->00000111)



Video

• Video is a representation of images in time.

• A movie is a series of images shown one after 
another.

• Each image is changed into a set of bit patterns 
and stored.
– like MPEG file.



HEXADECIMALHEXADECIMAL
NOTATIONNOTATION

2.42.4



A 4A 4--bit pattern can be representedbit pattern can be represented
by a hexadecimal digit,by a hexadecimal digit,

and vice versa.and vice versa.

Note:Note:



Table 2.2  Hexadecimal digitsTable 2.2  Hexadecimal digits

Bit PatternBit Pattern
------------

0000
0001
0010
0011
0100
0101
0110
0111

Hex DigitHex Digit
------------

0
1
2
3
4
5
6
7

Bit PatternBit Pattern
------------

1000
1001
1010
1011
1100
1101
1110
1111

Hex DigitHex Digit
------------

8
9
A
B
C
D
E
F



Figure 2-10

Binary to hexadecimal and 
hexadecimal to binary transformation 



Example 1Example 1

Show the hexadecimal equivalent of the bit 
pattern 1100 1110 0010.

SolutionSolution

Each group of 4 bits is translated to Each group of 4 bits is translated to 
one hexadecimal digit. The equivalent one hexadecimal digit. The equivalent 
is xCE2.is xCE2.

Used to show this number is hexadecimal.



Example 2Example 2

Show the hexadecimal equivalent of the bit 
pattern 0011100010.

SolutionSolution

Divide the bit pattern into 4Divide the bit pattern into 4--bit groups (from the bit groups (from the 
right). In this case, add two extra 0s at the left to right). In this case, add two extra 0s at the left to 
make the number of bits divisible by 4. So you make the number of bits divisible by 4. So you 
have 000011100010, which is translated to have 000011100010, which is translated to x0E2x0E2..



Example 3Example 3

What is the bit pattern for x24C?

SolutionSolution

Write each hexadecimal digit as its Write each hexadecimal digit as its 
equivalent bit pattern to getequivalent bit pattern to get
001001001100.001001001100.



OCTALOCTAL
NOTATIONNOTATION

2.52.5



A 3A 3--bit pattern can be bit pattern can be 
representedrepresented

by an octal digit, and vice versa.by an octal digit, and vice versa.

Note:Note:



Table 2.3   Octal digitsTable 2.3   Octal digits

Bit PatternBit Pattern
------------

000
001
010
011

Oct DigitOct Digit
------------

0
1
2
3

Bit PatternBit Pattern
------------

100
101
110
111

Oct DigitOct Digit
------------

4
5
6
7



Figure 2-11

Binary to octal and 
octal to binary transformation 



Example 4Example 4

Show the octal equivalent of the bit pattern
101110010.

SolutionSolution

Each group of 3 bits is translated to Each group of 3 bits is translated to 
one octal digit. The equivalent is 0562,one octal digit. The equivalent is 0562,
o562, or 562o562, or 56288..



Example 5Example 5

Show the octal equivalent of the bit pattern 
1100010.

SolutionSolution

Divide the bit pattern into 3Divide the bit pattern into 3--bit groups (from the bit groups (from the 
right). In this case, add two extra 0s at the left to right). In this case, add two extra 0s at the left to 
make the number of bits divisible by 3. So you make the number of bits divisible by 3. So you 
have 001100010, which is translated to have 001100010, which is translated to 14214288..



Example 6Example 6

What is the bit pattern for 248?

SolutionSolution

Write each octal digit as its equivalent Write each octal digit as its equivalent 
bit pattern to get 010100.bit pattern to get 010100.


