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- Golomb Codes
Compared with Huffman Codes:

Huffman encoding: bk = huffmandict (symbsls, p)
y

OY‘I&\'V\W\: —> EV\COJ(’,( - l)H'S'*'VUm

>> symbols = 1:6;

Dot p=1[.5.125.125.125.0625 .0625];
@fﬂ) >>[dict,avglen] = huffmandict(symbols,p);
code = huffmanenco(sig,dict) >> Sig = randsrc(lOO,1,[symbo|s;p]);

>> code = huffmanenco(Sig,dict);
Reconstrudted «— | Docode,

>>224/100
D@_o" F aict (Sewe as +he Cacoder) ans =
( Sig1) 2.2400

Sigl = huffmandeco(code,dict);

Huffman codes:

(1) Code book has to be trained based on the source probability distribution => Hard to adapt
to the changing statistics.

(2) Code book has to be stored as "side" information, resulting in loss of compression
efficiency.
(3) Decoding is complex.

- Golomb Codes

(1) Designed to compress non-negative integers.
(2) Optimal for geometric sources with certain parameters.
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https://www.mathworks.com/help/releases/R2022a/comm/ref/huffmanenco.html?searchHighlight=huffmanenco&searchResultIndex=1#d123e54794

(3) Variable-length codes
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Example: RV with Geometric Distribution
X: takes non-negative integer values (n)

G = p(x=m = p"(1-p), whert 0<P<1: given parometer

Assume that the probability of a symbol '0' occurring is: p ) P('l') =|-p for L.‘M,\/ Source
PCOO-01) = pnfp) ~

\M

un lenjﬂy\ =N

Golomb code: Pm _ L
=7

Golomb Coding Scheme

Code the non-negative integers n = mqg + r, where m is a coding parameter (positive integer).

Split the integer n into two parts:
(1) Code g with unary code. Here q is the quotient of (n/m).

Unary code: g 1's, followed by one '0'. Codeword length of this unary code: (q + 1) bits
(2) Code r using binary code. Here r is the remainder of (n/m). Binary code has (lojl_m) bitc

Qoslm) bils for bu‘nw] rePnSen‘l'a"'ion of r.

If m is not power of two, discuss later ...

Assumption: the integer n's follow the geometric distribution:

G) = p"(iI-p), where P"‘=-}-.

E les:
xamples el 3 Pm=P’=P=‘2L-
= (L\" 1 1\ )
n = . ~ =
=) (1-5) = ()
n G(n) Codeword , ,
0 1/2 0 w2t {?=n=)nlsn[°”oudbyo'
m |
1 1/4 10 = -
3 18 110 F=0 310 binary code
3 Iﬁﬁ 1110 —
4 1732 11110 _ .
5 1/64 111110 logm = log, | = 0 bir &£
6 17128 1111110
7 1/256 11111110
8 17512 111111110
9 171024 1111111110
10 172048 11111111110
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L
=L = - —
ey et p=(byh

g
| n Codeword ‘ n | Codeword M"’j;P: - >>(1/2)7(1/16)
0 00000 | 24 | 101000 ans =
2 | 00010 | 28| 101010 Sm=-"— 0.9576
3 00011 <TI0 log, p ’
4 00100 TUTI00
(| owe SR —
7 0011 ! 101111 = - m_ L
'8 01003 sty o G(n) P ( l P) ) where P =7
9 01001 32 | 1100000
| e =) ko
12 01100 35 | 1100011 n_n _ Uhary Codg
I " by cate (|
15 | 01111 38 | 1100110 it %m = l%G,1b= 4 byig )
———| 39 | 1100111 €, =
|16 100000 40 | 1101000 n=127j ,
|17 100001 41 | 1101001 _ | /
18| 100010 | 42 | 1101010 n-21_ {§=1 > lo
5| 100100 |44 | 1101100 m o6 N “lolt!
21| 100101 | 45 | 1101101 r=un — ol
22 100110 46 | 1101110 .
| 23 100111 47 | 1101111 G bt
I
S n=29
/0
“_zq_{§=l - o
m r=13 = ‘(|0
N
4 bt
Gm) = P"0-p
035 .
>>p=0.9;
03 | n=0:137;
D25 | | G= p-An*(l - p);
ol | figure; plot(n, G); grid Pm *'5‘ =
015 | (P: 0.7 ' >>p=0.7; 4
- >>G = p.\n*(1- p); Mlog,p= -
>> hold on; —)M="J_
e p=og ' >> plot(n,G) ~ log.p
Dt; 20 0 a0 80 100 120 43—3 n >>p= 0'9576; >>p= 0.7;
>>-1/log2(p) >>-1/log2(p)
ans = ans =
15.9987 1.9434
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