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Maximum 
  1 5rate = 1.5
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S1 & S2 send packets to R1 & R2.



Maximum rate = 2Maximum rate  2
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Wireless Transmission

M i  R  M i  R   1/4 (1  1/4 (1 kk i  4 d ) i  4 d ) Maximum Rate Maximum Rate = 1/4 (1 = 1/4 (1 pktpkt in 4 rounds) in 4 rounds) 
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Wireless TransmissionWireless TransmissionWireless TransmissionWireless Transmission

Maximum Rate Maximum Rate = = = 1/3 (1 pkt in 3 rounds) 
G i   G i   (1/3) / (1/4)  4/3(1/3) / (1/4)  4/3Gain = Gain = (1/3) / (1/4) = 4/3(1/3) / (1/4) = 4/3
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About Linear Network CodingAbout Linear Network CodingAbout Linear Network CodingAbout Linear Network Coding
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EncodingEncodingEncodingEncoding
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DecodingDecodingDecodingDecoding
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Random Linear CodeRandom Linear CodeRandom Linear CodeRandom Linear Code
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COPECOPECOPECOPE

 Forwarding architecture that exploits  Forwarding architecture that exploits 
network coding to improve throughput of 
wireless networks

 Some highlightsg g
◦ Exploits idle listening
◦ Exploits broadcast nature of wireless channel◦ Exploits broadcast nature of wireless channel
◦ Buffers packets 
◦ Practical implementation
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Opportunistic ListeningOpportunistic ListeningOpportunistic ListeningOpportunistic Listening

 Listens to wireless channel and buffer  Listens to wireless channel and buffer 
packets even if it is not the destination 
(for say 0.5s)
◦ Why not longer?y g

 Node broadcasts reception report to tell 
its neighbors which packet it has stored its neighbors which packet it has stored 
◦ Piggy back to data packet
◦ Special control packet
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Opportunistic CodingOpportunistic CodingOpportunistic CodingOpportunistic Coding
 Only XOR coding is used (not general  Only XOR coding is used (not general 

linear code)
Whi h k t h ld  d  l t  f   Which packet should a node selects for 
transmission?

 Selects the packet that can be decoded by 
the maximum number of neighbors

 In COPE, a coded packet must be 
decoded by its neighbors. y g
◦ Coded packets are not forwarded/relayed 

further 
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Coding GainsCoding GainsCoding GainsCoding Gains
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What is the coding gain?What is the coding gain?What is the coding gain?What is the coding gain?

5  h  1n5 can overhear n1
n2 can overhear n4

17



What is the coding gain?What is the coding gain?What is the coding gain?What is the coding gain?

n1 & n3 hears n4 & n5

n4 & n5 hears n1 and n3
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Coding + MACCoding + MACCoding + MACCoding + MAC

With l  di  i  i  4/3With only coding, gain is 4/3.

B t MAC t l h  b d idth ll  But MAC protocol shares bandwidth equally, 
what is the gain?
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What is the coding + MAC gain?What is the coding + MAC gain?What is the coding + MAC gain?What is the coding + MAC gain?
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What kind of gain can we expect in practice?What kind of gain can we expect in practice?
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Coding AlgorithmCoding AlgorithmCoding AlgorithmCoding Algorithm

 Schedule from head of queue  does not  Schedule from head of queue, does not 
delay packet to increase coding 
opportunity

 Coding/XOR packets of similar lengthg p g
 Never code together packets headed to 

th   t hthe same next hop
 When reception reports have not been 

received, use estimate, including delivery 
probabilityprobability
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PseudoPseudo BroadcastBroadcastPseudoPseudo--BroadcastBroadcast

 Broadcast packets are not reliable Broadcast packets are not reliable
◦ No (link layer) acknowledgement
◦ Difficult to retransmit and add backoff

 Use pseudo-broadcastUse pseudo broadcast
◦ Use unicast, sends to one receiver

U  t d d h d  t  li t th  i◦ Use extended header to list other receivers
◦ Only the named receiver acknowledges
◦ Does not resolve reliability issue
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TCP Performance in TCP Performance in TestbedTestbedTCP Performance in TCP Performance in TestbedTestbed
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Performance with UDPPerformance with UDPPerformance with UDPPerformance with UDP
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UDP UDP -- DetailsDetails
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