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Fountain Codes







Point-to-Point Communication
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Point-to-Multipoint Communication




Multipoint-to-Point Communication

5 3
A}
\.\\\'g \‘\

~

\‘v-’"‘)‘:fk.
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Point-to-Point Communication: TCP
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Fountain

Generates for a given piece of data a potentially limitless stream of
packets such that:

|. Each packet is generated incdependently of any other packet.
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Point-to-Multipoint Communication: TCP
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Summary and History

Fountain codes are a class of codes designed for solving various data
transmission problems, at the same time.

Fountain codes with fast encoding and decoding algorithms, and (arbitrarily)
small overhead are particularly interesting for solving these problems.

Fountaln codes were stlpulated by Byers et aI in I998 and thelr appllcatlons
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XOR

(aka addition in GF(2))
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A random k x k-matrix with binary entries is invertible only with
probability ~ 30%.

Probability tends to | only when the number of rows is around
k + log(k).

Example:




Complexity of creation/recovery is large with random selections!

COCTE U0 T T T DT T R R RN R A R IR IR
R R R R IR LRI R IR R R R IR AR A T N N I TR INAT
R R R I R N R R TR R R LRI R R R R IR R R IR IR R R LI AT
R R R R R R R R L AR TR R TR 1Y RN TR A T T R AR R IR IR
R R R R N N R R R R AR I R R R R R R R A R R LB IR AT,
R T TR T TR T N R TR R TN T N R IR AR IR R R R R R R R R R RN R AR IR O BRI RN
R R R R R R R R TR A AR IR R T T N R N TR T R R R T IR U IR LI L
R R R R AR N A N R TR IR NIRRT TR R R R R R R T R R T R AR IR IR T
R R R RN R R T IR AT R R R R R R (IR IR R T IR L

R R R R R IR AR TR R R R T R I R R R TITIIR
TR R R R AR LR A R TR R R A LT T R R TR T R R R LR LRI N R R TIR R L N IR
080 8 7 0 A 18 ST R R R TR R R R R R R R R AN R NIRRT
R R R R R R AR R A IRAT CEIE L0 T T DT L L D
TR TR R R R R R TR R P, gD T AT b 1 1 8 L L N
T T D O T D T D 1 R R R R R R A R TR R IR R RN AR
R R R R R R T IR R TR TR TN R N R R T R (N T R TR R T T T R T 1]
R R R R R R R IR R R IR L R R R R R R N R A TR AR AR R R N R LT
R R R R R A R R IR AR TR TR T T I A el L 0 e o LT bt
T R R R I IR R R R R R T A e S T a1
R R R AR R R R T RN TR R R T T R N IR AR R T R RIS IR L
T R R N TR N R R R R IR RN IR R A PUCEE T 000 DR 0 D G G D 1§
L1 011 1 L 0 1 R R IR R R IR R R IR R IR L
TR R R N R A IR N R T R U LI TR R TR R R IR R TR T R NN R R T AT
T R R R T R T R R TR AR (R Sk ) L 101 TR RTITIIRT
R R R T R R R TR R T AT : R R TR R I R NIRRT
e e b B T T T T B LT T R T R A T (RN T r i TR i T R R T T S TR R R R AT Illrlu.-;‘””” e
ST T R R e ST 7 e IR TR RN T
] 'll IR : % o B _.. A

¥ L U " l laRhLL



lak
lakrarataire de ratherna






















labaratoire dem -:IFrlu:-IaFﬁ
















Generate the packets according to a probabilistic process, independently.

Any set of recovered packets has with high probability the same statistics.
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Fountain Codes

D Distribution on F

Encoding of vector (G5 5o 0 01 )

|. Sample from D a vector (a1, ...,ax) € F5
2.Output a1 + -+ + arpTy
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LT Codes

69.147.114.210







Degree Distribution
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Notation

k input symbols

n output symbols




Release Probability

Decoded Undecoded
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Soliton Distribution
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Q(x):EJFZd(d—l)

d=2

Makes sure that the averase number of released
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Average Degree
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Conclusion

If the overhead is small, then the average degree has to be logarithmic
in k.

Encoding and decoding cannot run in linear time.

Modification?
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Raptor Codes

|dea: Precode the input symbols. Allows using “light” LI-code.

Input symbols
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Tracking Probabilities




Designing Degree Distributions




Standardized Raptor

Q(x) = 0.00977z + 0.45904332 + 0.210962° + 0.1134z* +
- 0.0799z + 0.01559z%°.
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Standardized Raptor




What Else Can be Done!?

* Error probability of decoder can be calculated for finite
lengths

* Variance of the size of the ripple can be tracked for finite
length

* Raptor codes can be designed for which the ML decoder
has low complexity on the erasure channel
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Main Open Problem

What is the equivalent of the Soliton distribution for general
binary input memoryless symmetric channels!?

Conjecture (Luby-S):
g(x) pdf of the LLR of the channel
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