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Information

Any source which generates a 
variable quantity is called an 

information source.
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Amplitude

Analog signal

Time

Information

Any source which generates a 
variable quantity is called an 

information source.
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• Samples rate => twice the maximum 
frequency of the Analog signal

• The amplitude of the sample may be 
quantised to 256 discrete levels (8 bits).

Samples

Information

Amplitude

Analog signal

Time
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Sample 8 Amplitude =77mV=10110010 (PCM)

Sample 8 Amplitude - Sample 9 amplitude =13mV=1011 (ADPCM)

Information

Amplitude

Time



Abdullah Hashim-slide No. 6

Information 10110010 ---- 11001111 --

Stream of Bits

Eight Bits = One Byte = ASCII Character  

Bit Byte

Information
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Text

a

1 pg. of text stored in 
5 KByte

Information

Any source which generates a 
variable quantity is called an 

information source.

1248163264128

Dec.

97

Oct.41 1
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Information
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Text

250 pg. book stored in 
1MByte

Information

Any source which generates a 
variable quantity is called an 

information source.
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Speech

Time

1 second of speech

 stored 10 KByte

Information

Any source which generates a 
variable quantity is called an 

information source.
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Music

Time

1 second of music

 stored 50 KByte

Information

Any source which generates a 
variable quantity is called an 

information source.
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Image

Information

Any source which generates a 
variable quantity is called an 

information source.
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Image

Time

256 X256 pixel image

stored in 64 KByte

Information

Any source which generates a 
variable quantity is called an 

information source.
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Video

Time

1 second of video

 stored 7.68 MByte

Information

Any source which generates a 
variable quantity is called an 

information source.
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Data

Time

Information

Any source which generates a 
variable quantity is called an 

information source.
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IT Age
Computers, Communications

& Data Compression

Sa
tellite CommsLossless

Industrial Standards
      Compression Ratio

Text   :  2    to 1 lossless

Sound:  10  to 1 lossy

Image:  50  to 1 lossy

Video : 200 to 1 lossy
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The measure of the average information per 

symbol of N symbols source (si) is called the 

entropy (H) of the source is given by the 

following expression:

                      H = S (pi Ii)     bits per symbol

Compression Fundamentals
-Information Theory-

Hartley (1928). (Transmission of Information)

N-1

i=0

Shannon (1948). (Information Theory) 

Information content (I) in bits of a symbol (ai) 

with a probability (pi) is given by the expression:

        Ii = log
2
(1 / pi ) = - log

2
(pi ) bits
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Examples of Data Source Entropies

Source is called memoryless if

ith+1 event is independent of the ith event.

Sample Type Sample Entropy Comments

English Text 4.03 bits per symbol Shannon (1951)

Portuguese Text 3.92 bits per symbol Manfrino (1969)

C++ Code 5.29 bits per symbol Measured

Executable Code 5.80 bits per symbol Measured

Compression Fundamentals
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Laverage(ai) = S[pi L(ai)]

Variable Length Coding

N-1

i=0

Prefix code consists of comma less unique codewords,

i.e. no codeword may be a prefix of any other codeword

Compression Ratio R = log2(N) / Laverage(ai)

Note: R decreases to a great extent with slight changes

of probability set pi from that of the assumed values.

To ensure robustness against probability set pi variation, 

codewords length are bounded to a given value say (L), where

L  (N – 1), N-1 is the longest possible length of codewords.

When the average codeword length Laverage(ai)  of source of 

(N) symbols equal to the source entropy the code is said to be 

optimal code:

S
N-1

i=0

(pi Ii ) = H

Compression Fundamentals
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Entropy of a binary source with two symbol a and q

Note:

 Source with N equiprobable symbols is called a random source, and its 

entropy is equal to its symbol codeword length of [log2(N)]. Random 

source is coded optimally with equal length binary codewords.

Note:

when: pa = 0 and

           pq = 1
the entropy is minimum

           Hmin → 0

when: pa = pq  = 1/N = 1/2
the entropy is maximum
           Hmax = log2(N)

where N is the number of 
symbols in the source 

     0 < H ≤ log2(N) 

Compression Fundamentals
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i)  Arrange the symbols in order of decreasing 

probability, s0 that symbol has the highest and sN-1 

the lowest probability.

ii)  Determine the cumulative probability P(<=j) for 

each symbol sj the sum of probabilities Pk for values 

of k from 0 to j.

iii) The j-th codeword is given by the expansion as a 

binary number of p(>=j), the expansion being carried 

out to Lj  places, where Lj is given by:-

                  I(<=j)  <=  Lj  <  1 + I(<=j)

Compression Fundamentals
Shannon-Fano Code



Abdullah Hashim-slide No. 22

Practical implementation of Huffman code

Consider a message of N symbols, a0, a1, a2 and a3, N=4, symbols 

probabilities are: p(a2) = 1/2, p(a1) = 1/4, p(a0) = 1/8, p(a3) = 1/8.

Symbols

Probabilities

Coding

a2

1/2

a1

1/4 1/81/8

01

01

a0 a3

1 0

Compression Ratio R = log2(N) / Laverage(ai) = 2.0 / 1.75 = 1.1428

The longest possible 

length of codeword is: 

(N-1) = 3 Root node

a0→001, a1→01,

a2→1, and a3→000

Compression Fundamentals
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Source Source
Encoder

Parameter
Estimation

Code
Generation

Encoded
Output

Compression Fundamentals
Adaptive Variable Length Coding
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Source With Memory

H1st order  ≥ H2nd order  ≥ . . . Hith order  ≥ Hith+1 order  ≥ …

 for very large value of i; Hith order  0

➢Real information sources exhibit local 

dependence between message symbols.

➢Conditional Probability is given by:

                   Pi/j  =   Pi . Pj/i

                  Ii/j  =   Ii – Ij/i

                 Hi/j =  Hi – Hj/i

Compression Fundamentals
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Source With Memory

Pair ( a i , a j) Pj/i Ij (bits) I (bits)

(e, ) 0.0341 2.77 1.77

( ,t) 0.0264 3.76 2.48

(t,h) 0.0239 4.55 1.63

(h,e) 0.0223 3.11 1.94

(s, ) 0.0197 2.77 1.57

Compression Fundamentals

j/i

H1st order  ≥ H2nd order  ≥ . . . Hith order  ≥ Hith+1 order  ≥ …

 for very large value of i; Hith order  0
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Sample entropy per symbol
Sample

type

1
st

order

Hi

Joint

Hi,j

Conditional

H

Arabic 4.21 3.99 3.77

English 4.03 3.67 3.32

TV Signal 4.39 3.15 1.91

Average 4.21 3.61 3.00

Compression Fundamentals

j/i

H1st order  ≥ H2nd order  ≥ . . . Hith order  ≥ Hith+1 order  ≥ …

 for very large value of i; Hith order  0
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Compression Fundamentals
Structure – Generic Compression

0000001111000001111111

60415071

1100100110101111

22 bits

16 bits

Compression Ratio  =
22

16
= 1.375
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Signal =  f (t)  =  f (w) 
f (t)

t

f (w)

w

Compression Fundamentals
Transform Coding

Low power
spectra
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Compression Fundamentals
3rd Generation Compression
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Compression Fundamentals
3rd Generation Compression
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Compression Fundamentals
3rd Generation Compression
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1. Matching: The input sequence of 

source symbols is matched with a 

longest word stored in the dictionary.

Compression Fundamentals
Dictionary Coding

Word
 No.

The
Word

Word
Codeword

0 NUL 00 0000 0000 
   1 SOH 00 0000 0001
   2 STX 00 0000 0010
  ...
  ...
  48 0  00 0011 0001
  49 1  00 0011 0001
  ...
  ...
  97            a                00 0011 0001
  98            b         00 0011 0010       
..
255            is               00 1111 1111
256            the 001000 0000
  ...
  ...
1023         There     11 1111 1111  

Dictionary

Dictionary size is 1024 words

2. Coding: The words are coded by 

equal length binary codeword.

3. Pruning: If the dictionary reached 

to its maximum size, prune the 

oldest word added to the dictionary. 

4. New Dictionary Word: The last 

unmatched character of the input 

sting is appended to the matched 

word to form a new dictionary word.

5.   The process repeated to EOF.
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