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Network Coding Basics

Concept based in Information Theory:
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Intra-stream 
Forward Error Correction (FEC) 

Lost
transmit decodeencode
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Intra-stream 
Forward Error Correction (FEC) 

Lost
transmit decodeencode

generation size g
(here 3)

redundancy r
(here 1/3 = 0.33) decoding condition:

rank ≥ g
(here 3 ≥ 3)

(packets linear independent 
with high probability)

Codec Parameterization
RLNC (g,r)

link PLR
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Example: H264 video streaming over lossy link
PLR 5% (Bernoulli)

Uncoded Systematic RLNC
g=8, r=0.25

Systematic RLNC
g=8, r=0.50
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So …
Where is 
the problem?



http://sys.cs.uos.de/ 24

Kodo Systematic RLNC Benchmark
Nuvo-5006E-PoE Router (i7-6700TE @ 2.4GHz)

Coding Throughput & Processing Power 
Bottleneck? 



http://sys.cs.uos.de/ 25

Kodo Systematic RLNC Benchmark
Nuvo-5006E-PoE Router (i7-6700TE @ 2.4GHz)

Coding Throughput & Processing Power 
Bottleneck? 

Encoder 
>

Decoder



http://sys.cs.uos.de/ 26
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Kodo Systematic RLNC Benchmark
Nuvo-5006E-PoE Router (i7-6700TE @ 2.4GHz)

Coding Throughput & Processing Power 
Bottleneck? 

g ↑ 
 coding throughput 

⇒

↓

Encoder 
>

Decoder

coding 
throughput
is not the

main problem
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The main challenge:
Integration & Compatibility
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Codec Parameterization
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→ low Decoding Delay

Codec Parameterization
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→ low Decoding Delay

→ high Coding Throughput

Codec Parameterization
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→ low Decoding Delay

→ high Coding Throughput
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→high Linear 
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Codec Parameterization
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Up
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Up
Proxy

Encoder

TETRYS [1] 

Full-density
RLNC [2][1] draft-detchart-nwcrg-tetrys-01

[2] Ho et al., “Benefits of Coding over Routing in a Randomized Setting",2003 

Codec Parameterization
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“Packet-Preserving Network Coding Schemes
for Padding Overhead Reduction”

IEEE LCN 2019, Osnabrueck
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Motivational Scenario
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IEEE LCN 2019, Osnabrueck
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Streaming
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IEEE LCN 2019, Osnabrueck
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Lost
transmit decodeencode
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Observed problem:
● More data send 

than expected 
if coding usedO

ve
rh

e
a

d

Approach:
Transparent Network Coding Proxy

Add packet level FEC to correct packet loss
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Packet Length Distributions
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Known by
Compta et al.:

Packet length 
heterogeinity 

Padding 
overhead

Bytes
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encode

encodingpadding

Redundant 
Bytes 

Pad with 0’s
to length l

max
 

of longest packet

Legacy: Traditional RLNC with pre-padding:

Equal lengths with less overhead?
→ new padding strategy when encoding
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encode

encodingpadding

Redundant 
Bytes 

Pad with 0’s
to length l

max
 

of longest packet

Traditional RLNC with pre-padding:

Equal lengths with less overhead?
→ new padding strategy when encoding
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Approach 1: Sparse Coding with padding on-demand

encode

Sparse Coding with traditional pre-padding:
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Approach 1: Sparse Coding with padding on-demand

With padding on-demand:
Only pad when packet packet is used → l

max
 = l

max
(used)

encode

encode

Sparse Coding with traditional pre-padding:
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Approach 2: Size-based Coding with padding on-demand

order

Order packets ascending by length:
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Approach 2: Size-based Coding with padding on-demand

order

Order packets ascending by length:

Use growing encoding window:

encode
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Approach 2: Size-based Coding with padding on-demand

order

Order packets ascending by length:

Use growing encoding window:

encode
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Approach 3: Sparse Size-based Coding with padding on-demand

order

Order packets ascending by length:

Use sparse growing encoding window:

encode

0
 

|q4 | = 3
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Trace-based Simulation
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Traditional RLNC with pre-padding
Sparse RLNC with padding-on-demand
Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity

Result
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r=0.25

Traditional RLNC with pre-padding
Sparse RLNC with padding-on-demand
Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity
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r=0.25
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Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity
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r=0.25

Traditional RLNC with pre-padding
Sparse RLNC with padding-on-demand
Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity

No packet length 
heterogeneity 
→ no overhead

Bytes
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r=0.25

Traditional RLNC with pre-padding
Sparse RLNC with padding-on-demand
Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity

Bytes
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r=0.25

Traditional RLNC with pre-padding
Sparse RLNC with padding-on-demand
Systematic RLNC with pre-padding  [paper]
Size-based Coding full density
Size-based Coding with sparsity

Overhead reductions of 
our approaches

Bytes
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See paper for more
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