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Sources: 

- Capacity bounds : known in many cases 

- Practical coding schemes not known for 
most
 channels

- encoding/decoding complexity 

Key challenges:

- good error probability decay

Encoding complexity:                                 O(n log n)

Decoding complexity: O(n log n)

Capacity achieving:

Error probability: 2−
√

n

Multi-user channels

- MAC, degraded broadcast, Gelfand-Pinsker

Network Source Coding
- Slepian-Wolf, coded side information...

Many point-to-point channels

Polar Codes:
[Arikan’09, Korada et al’09, Hussami et al ’09]



Encoding 
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Decoding 
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Random Codes

Spielman Codes

LP Decoding

Polar Codes

Modified Polar 
Codes
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Pe

O(N log N) O(N log N)

exp(−θ(N))

exp(−θ(N))
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exp(−o(
√
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Point-to-point channel: other codes
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θ(N · 21/�)
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Encoding Complexity: 

Decoding Complexity: 
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• Concatenate: Systematic R-S outer, Polar inner

• Suitable inner/outer codelength => reduced average decoding complexity

• Modification for source coding: apply source code only to message bits, not parity

• Efficient, capacity achieving codes 
• Arbitrary point-to-point
• Several multi-user channels: Degraded broadcast channel, multiple-access 
channel
• Network Source coding problems: e.g. Slepian-Wolf, Coded Side Information

Concluding remarks



Concluding remarks

Desirable O(N log N) O(N log N)exp(−θ(N))

Polar Codes O(N log N) O(N log N)exp(−o(
√

N))

Concatenated 
Codes

exp(−Ω(
N

log27/8 N
)) O(N log N) O(N log N)

• Use insights from concatenated code to design a better single stage code
• Joint decoding improves the performance in some cases

•  Other parameters? 
•Dependence of error probability on coding rate ?N
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