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Lzzlipi

Wherie . 1s the the code length of
symbol s;.



The Huffman Algorithm

1. Combine the two least probable symbols
as a single composite symbol, with
probability equal to the sum of the
Individual probabilities.
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The Huffman Algorithm

1. Combine the two least probable symbols
as a single composite symbol, with
probability equal to the sum of the
Individual probabilities.

2. Continue until we have just two symbols
and arbitrarily code one as 0 and the
other as 1.
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The Huffman Algorithm

1. Combine the two least probable symbols
as a single composite symbol, with
probability equal to the sum of the
Individual probabilities.

2. Continue until we have just two symbols
and arbitrarily code one a 0 and the other
as 1.
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The Huffman Algorithm

3. Trace the process back so If symbol s
comes from just one symbol t then the
code for t iIs the same as for s.

But if s comes from two symbols t and u,
then arbitrarily add O at the end of the
code for t and 1 at the end of the code
for u.
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Now consider the following simpler example:

symbol code length I, probability p; l.p;
S 0 1 0.9 0.9
S, 1 1 0.1

0.1
L :Zli p; =1

To improve this, we can use the second extension,
where pairs of symbols are used:

symbol  probability This assumes symbols

s, 09x0.9=081 occur independently, so
s,  0.9x0.1=0.09

s, 0.1x0.9=0.09 P(Sis j ): P(Si )X P(S j )
5,5, 0.1x0.1=0.01
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... S0 the efficiency of the code has improved.

We can extend this to triplets, quadruplets, etc.

There are some theorems that measure this process ...



The entropy of the source Is defined as:

H(S):_Z Pi |092(pi)



The entropy of the source Is defined as:

H(S):_Z Pi |092(pi)

Using this, and the fact that  log,(x)= T
n



The entropy of the source Is defined as:

H(S):_Z Pi |092(pi)

Using this, and the fact that  log,(x)= T
n

... we can calculate the entropy of the source for
both our examples so far ...



The entropy of the source Is defined as:

H(S):_Z Pi |092(pi)

S 0.4
S, 0.3
S 0.1
Sy 0.1
ss  0.06

s, 0.04



The entropy of the source Is defined as:

— _Z P; IOg
pi In
s, 04 Z In 2

S, 0.3
S 0.1
Sy 0.1
ss  0.06

s, 0.04



The entropy of the source Is defined as:

— _Z P; IOg

0.4
0.3
0.1
0.1
0.06
0.04

p; In
Z In2

( O.4In(0.4) N 0.3In(0.3)

In2 In2
N 0.1In(0.1) N 0.1In(0.1)

In2 In2
N 0.06In(0.06) . 0.04In(0.04)

\ In2 In2

J



The entropy of the source Is defined as:

— _Z P; IOg

0.4
0.3
0.1
0.1
0.06
0.04

p; In
Z In2

( O.4In(0.4) N 0.3In(0.3)

In2 In2
N 0.1In(0.1) N 0.1In(0.1)

In2 In2
N 0.06In(0.06) . 0.04In(0.04)

\ In2 In2

=2.14353

J



The entropy of the source Is defined as:

S):_Z Pi |092(p
S 0.9
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The important theorems are:
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|imi=H(s)

n—o [N



