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General Ideas

Å Fluid allocation of complexity

Å End devices agree on desired performance :

Å Independent from network

ÅChosen according to application
requirements

Å Network devices need only support a
simple subset of functions

Å Reduces overhead

ÅRoughly 1 bit per coding coefficient

ÅKey: code concatenation with different field
sizes
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Benefits

ÅSimple is green, compatible, deployable

ÅSupports heterogeneous receivers

ÅAdaptive performance

ÅPractical recoding

ÅSpreads complexity to stronger devices

ÅSecurity: simple support

ÅNew designs can be supported: backwards compatible
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General Structure

Åϥnner code: RLNC, Sparse RLNC, Perpetual, Ɏ  GF(2)
ÅOuter code: (systematic) RLNC, Reed-Solomon, Ɏ GF(2h)

(optional)



Prof. Dr. -Ing. Dr. h.c. Frank H.P. Fitzek
Network Coding Lecture
Technische Universität Dresden, Deutsche Telekom Chair of Communication Networks

Slide 7

Encoder

ÅSince inner code is created in GF(2) with pre -
coded packets, then:

Ån+r coefficients per inner coded packet

ÅThis means: 1 + r/n bits per coefficient per 
original packet
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Encoder
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Encoder
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Encoder
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# Received Packets before Decoding

Higher r: Close to high -field 
performance

# Coded Packets Sent 
Mean: n + O(2-r)
Variance: O(2-r)
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# Received Packets before Decoding

Code

Decoding after receiving (coded packets)

n n + 1 n + 2 n + 3 

Fulcrum

r = 4
93.87% 99.75% 99.99% 99.9997%

r = 7
99.22% 99.996% 99.99998% 99.99999992%

r = 10
99.90% 99.9999% 99.99999996% 99.99999999998%

RaptorQ * 99% 99.99% 99.9999%

* Qualcomm. (2013, Dec.) Raptorq - the superior fec technology 
Available: http:// www.qualcomm.com/media/documents/raptorq -data -sheet
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Performance Results: Encoder

25x

>5x

>17x
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Performance Results: Decoder

>20x

>2x

>7x
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Performance Results: decoder with different devices
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Advantages

Å Low overhead: 

Å 1 + r/n ~ 1 bit per coefficient per packet Ą like GF(2)

Å Total transmitted packets: n + O(2 -r) Ą like higher fields

Å Processing speed (complexity) compared to GF(2 8):

Å Encoder 5x to 25x faster

Å Decoder 2x to >20x faster

Å Supports heterogeneous receivers

Å Allows a fluid allocation of complexity

Å Simple security support

Å Network can implement a bare minimum: 

Å Just XOR packets!
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Heterogeneous Users



Fulcrum Network Coding
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Contents

ÅFulcrum Codes: encoding and decoding (revising)

ÅAdaptive decoding for Fulcrum codes

ÅDSEP Fulcrum - Dynamic Sparsity and Expansion Packets

ÅDSEP Recoding mechanism
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Fulcrum Codes: encoding and decoding

(1) (2)


