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Introduction

• How to combine the ideas of ARQ and network coding?
– Key idea: Acknowledge degrees of freedom instead of packets

• How does it help?
– Sliding window network coding (not generation-by-generation)

– Efficient queue management at the sender

Context: Reliable multicast over a network of packet erasure channels

Packet erasure channel



• Time is slotted

• Stochastic arrivals into an infinite-capacity buffer

• Goal:

Send every packet to every receiver, while ensuring that the 

queue size tracks the information backlog (virtual queues)

Packet erasure broadcast with 

perfect feedback
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Representing knowledge

• Knowledge space: 

Knowing linear combinations with coefficient vectors a
1 
, a

2 
... a

k 
, one can 

compute all linear combinations whose coefficient vectors are in span(a
1 
, 

a
2 
... a

k 
). Thus the state of knowledge can be represented as a vector space 

called the knowledge space of the node

• Virtual queues: 
(similar to Ho and Viswanathan ’05)

– Difference in dimension of knowledge space between sender and 
receiver

– There is one virtual queue for each receiver



Algorithm 1: 
Drop when decoded 

(Baseline)

• Coding:
• Random linear coding

• ACK: Acknowledge decoded 
packets

• Queue update: Drop packets that 
have been decoded by all receivers

• Queue size

• Does not track virtual queues

• Queue size is 

Algorithm 2: 
?

• Coding:    ?

• ACK:    ?

• Queue update:   ? 

• Queue size

• Want to track virtual queues
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( ρ = Load factor = Arrival Rate / Service Rate)



Seeing a packet

A packet p is said to be seen by the receiver if
the receiver can compute a linear combination of the form  

( p + q )

where q is a linear combination involving
only packets that arrived after p at the sender.

Eg. If receiver knows (p3 + 2p5 + p6), it is said to have seen p3

Decoding implies seeing, since we can pick q = 0



Algorithm 1: 
Drop when decoded 

(Baseline)

• Coding:
• Random linear coding

• ACK: Acknowledge decoded 
packets

• Queue update: Drop packets that 
have been decoded by all receivers

• Queue size

• Does not track virtual queues

• Queue size is 

Algorithm 2: 
Drop when seen 

(New)

• Coding:
• Deterministic coding:

Each receiver sees next unseen packet

• ACK: Acknowledge seen packets

• Queue update: Drop packets that 
have been seen by all receivers

• Queue size

• Tracks virtual queues

• Queue size is 
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Example
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Summary

• Physical queue size tracks the backlog in degrees of freedom

• Online encoding – the window of unseen packets advances in 

a streaming manner

Future Work

– Extension to arbitrary network topologies

– Want to design a TCP-like protocol for network coding



Thank you



Example



Bounding the queue size

• # packets seen = dim of receiver’s knowledge space

where  

V : knowledge of sender ;     

Vj : knowledge of receiver j ;

Sj : set of packets seen by receiver j

• LHS is the physical queue size

• RHS is the sum of the virtual queue sizes (i.e. backlog in degrees of freedom)
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