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Problems with BitTorrent

Peers must keep track of who has which pieces
of the file.

Duplicate data is still sent over network links —
potentially wasteful in some situations.
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Network Coding
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Finite Fields

Closed over regular arithmetic operations
(addition, subtraction, multiplication, division)

All operations reversible
Finite number of elements



N

-F

Finite Fields

| 0 1
__.|.____

|

|



(op)

-F

Finite Fields

01 2

0 1 2

+ |
__.|.______

O NN v
O vl (N
o O O

O v-i (N



Galois Field

Meets our finite field criteria.

Addition and subtraction operations are
identical.

Multiplication and division can be performed
with table lookups.

GF8 and GF16 are common choices for network
coding implementations.



BitTorrent vs. Network Coding

Peers no longer concerned with who has which
blocks.

Reduces wasted network resources in certain
situations.

Higher computational overhead.
Difficult to verify received blocks.
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Making Network Coding More

Practical?

If we can reduce the computational overhead of
network coding, it becomes more practical for
widespread use.



GF, Matrix Multiplication

Multiplying two n x n

matrices — how many 18 38 19 72 25 41 25 36 87 99
47 46 28 91 54 66 32 11 54 76

operations are 71 56 35 84 41 33 16 50 75 19
required? 15 23 66 98 55 34 73 65 42 88
62 28 42 31 90 91 22 54 76 31

Resulting matrix

contains n® elements. 7?27?2727
2 2 2 2 2
Each of these 292 92 2 9
requires n
Lo 2 2 2 2 2
multiplications and o
?2 7?2 7?7 ?7 7

additions to compute.

n° multiplications,
additions.



GF, Matrix Multiplication

We're in a finite field —
can we use this to 18 38 19 72 25 41 25 36 87 99

ower the number of 47 4628 91 54 66 32 11 54 76
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GF, Matrix Multiplication

Precompute all

possible mu|tip|es of 18 38 19 72 25 41 25 36 87 99
47 46 28 91 54 66 32 11 54 76

each column of A. 71 56 35 84 41 33 16 50 75 19
15 23 66 98 55 34 73 65 42 88

2" x n for each column
62 28 42 31 90 91 22 54 76 31

All multiplications are 5 5 o o o
done! é é é é .
Addition in GF is the 2?27?72 7?77?
XOR operation. [ O O

?2 7?2 7?7 ?7 7

Multiple values can be
added simultaneously.



How does this help network

coding?

Decode

Invert coefficient matrix, =
multiply by data matrix
to recover original data.

Encode

Generate an entire
matrix of random
values, multiply by file
to get n blocks to send.

Both of these can be
Implemented as a series of
square matrix
multiplications.




Preliminary Results

How much faster is this matrix multiplication?

2048 x 2048 matrix
GF

8
Naive algorithm:
186 seconds
Precomputation:

12.5 seconds precomputation
3.5 seconds of addition
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