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Huffman Encoding

1. Order the symbols according to their probabilities
alphabetset : S, S,, é , Sy
prob. of occurrence : P, P,, é , Py

Y the symbols are rearranged so that
P,2P,2 é 2P
2. Apply a contraction process to the two symbols with the
smallest probabilities

replace symbols S,; and S, by a fihypotheticald symbol, say
H,.;, that has a prob. of occurrence P ;+P,

the new set of symbols has N-1 members:
Sl’ SZ’ é ’ SN-Z’ HN-l
3. Repeat the step 2 until the final set has only one member.




A The recursive procedure in step 2 can be viewed as
the construction of a binary tree, since at each step we
are merging two symbols.

At the end of the recursion, all the symbols S,, S, é ,
Sy will be leaf nodes of the tree.

The codeword for each symbol Ss obtained by
traversing the binary tree from its root to the leaf
node corresponding to S
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A Average codeword length

D
lave=g |. p
[
lave is a measure of the compression ratio.

In the above example,
7 symbols Y 3 bits fixed length code representation
lave(Huffman) = 2.6 bits
Compression ration = 3/2.6 = 1.15




Properties of Huffman codes

A Fixed-length symbols - variable-length codewords :
error propagation

A H(s) ¢ lave < H(s)+1
H(s) ¢ lave < P+0.086

where P is the prob. of the most frequently occurring
symbol. The equality is achieved when all symbol
probs. are inverse powers of two.

A The Huffman code-tree can be constructed both by
- bottom-up method « in the above example
- top-down method



The code construction process has a complexity of
O(Nlog,N). With presorting of the input symbol probs,
code construction method with complexity O(N) has
been presented in IEEE trans. ASSP-38, pp. 1619-
1626, Sept. 1990.

Huffman codes satisfy the prefix-condition : uniquely
decodable: no codeword is a prefix of another
codeword.

If |. satisfy the Kraft constraint & 2" ¢1 then the
corresponding codewords can be constructed as the
first |, bits in the fractional representation of a,

-1
a=-3c2", i=127?,N;ci{0n
j=1

The complement of a binary Huffman code is also a
valid Huffman code.



Huffman Decoding

A Bit-Serial Decoding : fixed input bit rate 0 variable
output symbol rate

(Assume the binary coding tree is available to the decoder)
In practice, Huffman coding tree can be reconstructed from the
symbol-to-codeword mapping table that is known to both the
encoder and the decoder

Step 1.
Read the input compressed stream bit-by-bit and traverse the
tree until a leaf node is reached.

Step 2.

As each bit in the input stream Is used, it is discarded. When the
leaf node is reached, the Huffman decoder outputs the symbol at
the leaf node. This completes the decoding for this symbol.

Step 3:
Repeat steps 1 and 2 until all the input is consumed.

A Since the codeword is variable in length, the decoding bit rate is
not the same for all symbols.



A Lookup-table-Based Decoding : constant decoding
rate for all symbols 6 variable input rate

The look-up table is constructed at the decoder from the symbol-
to-codeword mapping table. If the longest codeword in this table

Is L bits, then a 2- entry lookup table is needed. : space constraints
image/video longest L = 16 to 20.

Look up table construction:

I Let C, be the codeword that corresponds to symbol S;.Assume
C, has [, bits. We form an L-bit address in which the first |, bits
are C; and the remaining L- [, bits take on all possible
combinations of 00 and n10. Thus, for the symbol s;, there will
be 2% addresses.

I At each entry we form the two-tuple (s;, |)).




Decoding Processes:

1.

2.

From the compressed input bit stream, we read in L bits into
a buffer.

We use the L-bit word in the buffer as an address into the
lookup table and obtain the corresponding symbol, say s,.
Let the codeword length be |,. We have now decode one
symbol.

We discard the first |, bits from the buffer and we append to
the buffer, the next |, bits from the input, so that the buffer
has again L bits.

Repeat steps 2 and 3 until all of the symbols have been
decoded.
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Memory Efficient and High-Speed

Search Huffman Coding, by R. Hashemian IEEE
trans. Communications, Oct. 1995, pp. 2576-2581
A Due to variable-length coding, the Huffman tree gets
progressively sparse as it grows from the root
I Waste of memory space
I Alengthy search procedure for locating a symbol
Ex: if K-bit is the longest Huffman code assigned to a set
of symbols, the memory size for the symbols may
easily reach 2X words in size.
It is desirable to reduce the memory size from typical
value of 2K, to a size proportional to the number of the
actual symbols.
I Reduce memory size

I Quicker access
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Ordering and clustering based Huffman Coding
groups the codewords (tree nodes) within specified codeword lengths

Characteristics of the proposed coding scheme:

1. The search time for more frequent symbols (shorter codes) is
substantially reduced compare to less frequent symbols,
resulting in an overall faster response.

2. For long codewords the search for the symbol is also speed
up. This is achieved through a specific partitioning technigue
that groups the code bits in a codeword, and the search for a
symbol is conducted by jumping over the groups of bits
rather than going through the bit individually.

3. The growth of the Huffman tree is directed toward one side of
the tree.

I Single side growing Huffman tree (SGH-tree)
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Ex: H=(S, P) S={S,, S,.é¢ , S}
P={P,, P,,é , P}
LNo. of occurrence

TABLE |
Reduction Process In The Source List

S, 48 S; 48 S; 48 S, 48 S, 48 52
S, 31 S, 31 S, 31 S, 31 S, 31 S; 48
S, 7 S, 7 a, 8 | s 13 ]-—»a4 21

S4 6 S4 6 /33 7:|/ a, 8

Ss 5 Ss 5]/ S, 6
S6 2 > al 3

Merge
Insert (in descending order)

A For a given source listing H, the table of codeword length
uniquely groups the symbols into blocks, where each block is
specified by its codeword length (CL).




CL: codeword length

A Each block of symbols, so defined, occupies one level in the
associated Huffman tree.
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