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Network Coding In Wired Networks

o Single multicast session
o Bottleneck problem (Ahlswede’00)

No coding



Network Coding in Wireless Networks
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Network Coding in Wireless Networks
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Joint inter- and intra-flow coding
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Network Coding Classification
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Network Coding Classification

o Intra-flow

Within a flow
Robustness enhancement

o Inter-flow

Between different flows
Throughput/capacity enhancement

o Joint inter- and intra-flow
Within flow and between flows



Priority-Based Approaches

New twist on the classic unequal error protection
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Video Streaming

Delivering video stream using different resolutions to satisfy
different client needs/constraints

Multi-Layer Coding

(Multi-resolution)
Base layer
Enhancement layers

(a) Original

(c) Layer 2

(d) Layer 3 (e) Layers 1 &2 (f) Layers 2 & 3

Multiple Description Coding
(MDC)

Multiple independent video
substreams

Receiving more substreams
Increases the video quality

Substream 1 Resolution 1
Substream_2 Resolution 2
Substream_n Resolution N



Setting and Objective

One-hop WiFI networks
Video stream: sequence of packets

Packet deadline: X transmissions

Layered streams : L layers

Objective: maximizing throughput in N
terms of the total number of received

layers by the users pl
Intra-layer coding: linear coding (d)) | d

\/ \/ '\_/

Inter-layer coding: triangular coding Lossy Bernoulli channel



Inter-Layer Coding Strategies

11|
- Random linear network o Triangular coding
coding (RLNC) Prefix coding
oL + 4L+ A
o, + 5L+, a,L + 5,1,
oL, + B+l oLy + B, + sl

o Packets in lower layers are more important
Included in more coded packets
More chance to be decoded



Advantage of Triangular Coding

Coefficients are not shown for simplicity

6 transmissions in round-robin pattern

Blue cells are received

No coding L1

L2 L3 L1 L2 L3
Triangular T L1 + L1+ 11 L1+ L1 +
coding .2 L2+ L3 L2 L2+ L3
Random L1+ L1+ L1+ L1+ L1+ L1+
linear coding | L2+ L3 [L2+ L3 | L2+ L3 | L2+ L3 [ L2+ L3 | L2+ L3

Unable to
decode

Decodes 2
layers

Unable to
decode



Layered Video Decoding

Xi: number of transmission of layer i
yi: received packets at layer |

Ideal Case: yi = P .Xxi=N
Actual Case: yiI >P .Xi, yi <p .xi,yi =p.xi

X Strategy N| p Received Packets | Decoded Layers
64 | [32,32,00] | 8 0.25 [8.8.0,0] 2
64 | [32,32,00] | 8 0.25 [7,9,0,0] 2
64 | [32.32,00] | 8 0.25 [9,7.,0,0] 1
64 | [32,32,00] | 8 0.25 [7,7,0,0] 0
64 | [32,32,0,0] | 8 0.25 [9,9,0,0] 2

L
Consider all possible triangular schemes denoted as (x,....,x,), where > x =X
i=1

Ways of assigning X transmissions into L ways of generating the coded
packets: (X ~1+ Lj

L-1



Expected Throughput

For one-layer case (with lossy Bernoulli channel):

Probability of receiving at least N transmissions out of X transmissions:

PIN| = Z (f) Pl =p)XT

1=N

The expected throughput for each value of N:

E[N] = N = Z (X) (1—p)X—i.N

For multiple Iayers case (W|th Iossy Bernoulli channel):

The number of decoded layers B:

B—k

d yi=(k+1)-N, ¥V ke[0,B—1]
j=B



Expected Throughput

For multiple layers case:

For any given strategy {x,..,x } ,the expected throughputgny Is the

following:
> H(m) PU(1—p)" v .B.N

Y, <ax;i=1
B—Fk

st. > yp>(k+1)-N, ¥V ke[0,B-1]
j=DB

Expected throughput for multiple layers cases

B represents the number of decoded layers

Large maximum throughput table based on different p, N, and L
(Koutsconikolas et al. 2011)



Regression Techniques

16|
o Applying regression on the maximum throughput table to approximate

the relationship between p, N, and L, for X transmissions
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15.174
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16.393
16.719
16.797
16.818
18.119
18.506
18.825
21.621
22.014
25.226
16.311
16.425
16.726
16.804

N = [(—1.10476 — 2.36363 * p; — 3.24242 % py + 3.757 * p3 + 4.212 * pg + 0.757 * ps)]
L = |(3.85714 + 1.36363 * p1 + 0.2121 = po — 1.969 = p3 — 0.03 + py + 0.333 + p5) |

Part of the
generated table
for 5 receivers,

X=16

Regression Equations
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Regression Techniques
17 J NN

-1 Regression equations for different numbers of receivers

No of Receivers N and L Regression Equations
1 N = [(—0.199999999999999 + 9.09090909090909 * p1 ) |

[(2.46666666666667 — 0.121212121212122 * py )|

| (—0.66 — 5.333 % p1 + 9.2727 = p2) |

[(3.2 + 0.242 * p; — 0.36363 * p2) |

[(—1.052380 — 0.90 * p; — 1.83982 * pa + 7.229437 * p3) |

[(3.63809 + 0.2813 * p; — 0.84415 = p2 — 0.02164 * p3) |

| (—1.42857 — 3.67965 * p1 + 1.55844 * po + 2.66233 * p3 + 3.57142 % p4) |
[(3.7619 + 0.90 * py — 0.974 * p2 — 0.99567 * p3 + 0.47619 * p4) |

[(—1.10476 — 2.36363 * p1 — 3.24242 % po + 3.757 % p3 + 4.212 % pg + 0.757 % p5) |
[(3.85714 + 1.36363 % p1 + 0.2121 * po — 1.969 * p3 — 0.03 * pg + 0.333 * p5) |

2
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Strategy Selection

o Categorizing groups according to the decoded layer
o Using majority voting to decide the strategy
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> Best strategies
that maximize
throughput
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Loss percentage

Simulation Results

Loss percentage for different Empirical CDF for different topologies

receivers to the optimal approach and numbers of receivers
Graph is biased toward the right

X = 16 transmissions The ratio is approaching 1.0
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Questions



