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Introducing Network Coding

e Routing vs. Network Coding

« NC Connections with other Disciplines

o Butterfly Network (the canonical example!)
Some Applications

o Wireless Communication (e.g. XOR in the air, Physical-
Layer Network Coding)

e Content Distribution
Main Theorem of Network Coding

Network Coding: Benefits and Challenges



Ditferent Approach: Routing vs. NC

* |n most of todays networks: Independent information
streams are kept separate (routed separately)

e |nformation treated like commodities



Ditferent Approach: Routing vs. NC

 Nowadays we have more processing power
=> can use more complex methods inside networks

A simple but important observation: Nodes not only
can forward but also process the incoming
independent information flows => Network Coding
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\<A> In some cases

f(Xq,..., Xr) <+ can be regarded as
e compression or hashing




Network Coding
Connections with other disciplines
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Canonical Example: Buttertly Network

e Each link has unit capacity per time-slot

e (Goal: Multicast S1 and S2 to R1 and R2
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Canonical Example: Buttertly Network

e Each link has unit capacity per time-slot

e (Goal: Multicast S1 and S2 to R1 and R2
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Example: Wireless Communication

 (Goal: A and B want to exchange 2 files by helping a relay
node R (no direct path from A to B) (e.g. a satellite link)

. Half-Duplex communication
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Example: Wireless Communication

 (Goal: A and B want to exchange 2 files by helping a relay
node R (no direct path from A to B) (e.g. a satellite link)

. Half-Duplex communication
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Using NC => Coding Gain = 4/3




Example: Wireless Communication

Goal: A and B want to exchange 2 files by helping a relay
node R (no direct path from A to B) (e.g. a satellite link)

Half-Duplex communication
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NC takes advantage of broadcasting capability in wireless
channels

Benetit of this approach:
* Energy efficiency: Node R transmits once instead of twice
 Delay: Three instead of four time-slots

 Wireless bandwidth: Channel is occupied for a smaller amount
of time



Example: Physical-Layer NC

 (Goal: A and B want to exchange 2 files by helping a relay
node R (no direct path from A to B) (e.g. a satellite link)

. Half-Duplex communication
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Using PNC => Coding Gain = 2



Example: Content Distribution

e Often, large content needs to be distributed to millions of
clients

e First approach:

Server Farm

 Huge server farms => Expensive
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e Content delivery networks (CDNSs)
e.g.: Akamal




Example: Content Distribution

e Alternative approach: Collaborative content distribution
* (Clients can help each other!

e (Clients become new servers

Server Farm
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 (Capacity increase with increasing
the clients number
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Example: Content Distribution

BitTorrent: Open source P2P content distribution system
that relies on desktop PCs cooperation

o Successfully distributes large files

Server Farm

There are Inefficiencies in some situations:

* [n large and heterogenous populations / \

* |n environment with high churn

* When cooperative incentive
mechanism are in place




Example: Content Distribution

* Avalanche: Combining collaborative content distribution &
network coding

File at Server
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Example: Content Distribution

* NC helps in several respects:

* |t has higher throughput and smaller download time

» NC => the performance of the system depends much

less on the specitic overlay topology and scheduling
=> Very simple mechanisms that construct a random

overlay network can be used

« A NC based solution is much more robust in case the
server leaves early or in the face of high churn rates



Main Theorem of NC

. S1,...,5, want to transmit
to Ry, ..., Rrx simultaneously

 Have n unit rate sources, all edges have unit capacity

 For each Rj, all sources can route information to it

 Using NC => All sources can multicast to all recelivers
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Network Coding:
Benetits and Challenges

e Benefits:

* |Increasing throughput

e (Offers benefits in terms of wireless resources
usage

e Security (weak)
* Challenges:

 Complexity

* Security

e [ntegration with Existing Infrastructure



Content Distribution / IPTV Mobile Streaming Video

Network Coding enables next generation content Network Coding improves public WiFi
delivery with 80% improvements in data availability download speeds by 5x.
for streaming video. Try a Coded TCP Android demo today!

WiFi in Crowded Spaces Wireless Mesh

Network Coding enables Device-to-Device or
Vehicle-to-Vehicle connectivity. Energy consumption
in devices is reduced by 3.9x.

Network Coding improves connectivity in crowded spaces.
In meshed solutions download delays are
reduced by 3.6x.

Enhance the Existing Cloud High Performance Satellites

NT‘b _Ifk COd;"g i:fcreases Sloud ;ﬁcuri;y, dup of y Network Coding uses software to improve
reliability, and pe ormance, enabling the speedup o — satellite data throughput by 20x
file download and regeneration times by 30-35%. o ?

(simplifying underlying protocols).

Edge Caching

Network Coding enables 100% data recovery
with dramatically less data at the edge storage.
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