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Fountain Codes
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System Model

= NOTATION
k : number of information symbols

n : number of output symbols
v =n/k —1 : reception overhead
H : binary (nxk)-encoding matrix
|H| : weight of H
Complexity : number of the edges of the Tanner graph of
LT code
s Binary Erasure Channel

s Maximum Likelihood Decoding Algorithm (MLDA)
Y! = HX! with encoding symbol vector Y, input symbol vector X

Unique solution exists «iff . Rank(H)=k
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Performance of LT Codes

= MLDA vs. Lower Bound[6] with k=200
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Encoding of LT Codes

Algorithm 1 A general LT encoding algorithm

] :repeat

2: choose a degree d from degree distribution p(d).

3: choose uniformly at random d input symbol blocks m;, , ..., m;,.
4. send mi, Emy, B b m;,.

S:until enough output symbols are recetved.

X1 X2 X3 X4 X5 X6 X7 X8 RSD
Q 00006 Op o
R SO Vol p(2)

M/ ) ""i;-':" — :
p(m)
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|| | ||
Distribution
performance of general LT code length 200

Non-uniform Column Weight
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Negative Influence of Non-uniform
Distribution of Column Weight

s WHY?

Null column effect — sometimes some input symbols never be
chosen

v These are never recovered

The case of encoding k=200 information symbols using BAD PRNG

0.00 0.0796460177 0.04 0.0466507177
0.01 0.0821256039 0.05 0.0439461883
0.02 0.0714285714 0.06 0.0351380423
0.03 0.0501138952 0.07 0.0368344274
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Using Permutations

Algorithm 1 An LT encoding algorithm using permutations
l: ¢ = recv()

2: o= f(c)

3: so = Pi(co)Sk

4: W = RSD(P,(c)S,)

5.

repeat
6: scndQ} l M,J rindex¥k)
7: index = index + Wi
3 if indexr > k then
9: t = index/k
10: ¢t = flce-1)
I1: st = Pr(cp)si—
12: end if

13: until enough output symbols are received

22 Coding and Crypto Lab 8
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Permute by decimation

s Decimation

Given a sequence S, and any integer 4 >1, a 4 th decimation of
S, is any sequence 7, obtained by taking every 4th term of
original sequence

’/t:Std+i tZO

m We can generate some permutations without
transmission of any seed value

s Select the number d appropriately to avoid short period
of permutation patterns

2 "2 Coding and Crypto Lab 9
) ) oding and Crypto Lab.

AT
,ss“" <N
/ %\
| |
L “A

a"qg}""‘ UNIVERSITY

J



The selection of d
gcd(d, k) =1

Define the order of 4 as
d7 @ =1 (mod k)

We want to have the order of 4 is not too small to get
various combinations of information symbols

We choose the 4 which has the largest order among all
the coprime number of |
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The selection of d

| d [ord(d) || d |ord(d)] d |ord(d)|
3 20 7 4 9 10

s The orders of every coprimes .
11 10 13 20 17 20

when the vector size k=200 19| 10 |21 | 10 | 23| 20
27 20 29 10 31 10
33 20 37 20 39 10
41 5 43 4 47 20

. 49 2 51 2 53 20

m The largest order is 20 57| 4 |59 | 10 | 61| 10
. . 63 20 67 20 69 10
while the smallest one is 2 71| 10 73| 20 |77| 20

79 10 81 5 23 20

87 20 89 10 91 10

93 4 97 20 99 2

] 101 2 103 20 107 4

m We’d better choose the largerone |, o .7 10 3]
117 20 119 10 121 5
than the smaller one 123 | 20 127 20 1290 | 10
131 10 133 20 137 20
139 10 141 10 143 4
147 20 149 2 151 2
= Small order makes a few patterns |15 20 [157] 4 159} 10
161 5} 163 20 167 20

169 10 171 10 173 20
repeatEd 177 20 179 10 181 10
183 20 187 20 189 10
191 10 193 4 197 20
199 2
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Simulation Result (2)

s k=200, d=17, ord(d)=20, using MLDA, with various erasure
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