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1 1 1
X+t xtny X+,
1 1 1
Yty X+, X+,
1 1 o
_xm+y1 xm+y2 o xm+yn_

NINA 6 ANHULYDI Cauchy Matrices

117: Blomer et al., (1995)

Y a 4 1< a 4
ANHULUVOIUNINFLUUL Vandermonde Matrices L UUNTNFYUIA n * n
o Y . = <] 3 9 % < 3 Aa Y v
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o % 1 ] 9 o Y] 9
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NN 7 aNHAULUDI Vandermonde Matrices

A Byer et al., (1997)

Byers et al., (1998) 1d3asz@nsmmnarnlylumsyseaanadmsums
ihsWadeyauazmineasadoyavee3I5n1s Forward Error Correcting (FEC) 111 Reed-
Solomon Codes NWAIUIAIY Vandermonde Matrices tag Cauchy Matrices Taglimsmauyu
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{ $ Y] % ] I~ a
A1319% 4 nan 15 lumsdnsiaaz0easiaais Reed-Solomon Codes: Y2811 w1

YUIA MsnsHa MIDDATH

Vandermonde Cauchy Vandermonde Cauchy

250 Alalud 9 4.6 11 2.06

500 fla'lud 39 19 32 8.4

1 wng lud 150 93 161 40.5

2 wng lud 623 442 1147 199

4 wnglud liifinanaaes 1717 liifinanaaes 300

8 wng'lud liifinanaaes 6994 liifinanaaes 3166

16 wng Tud liifinanaaes 30802 liifinanaaes 13629

nu: Byers et al., (1998)

yag Ao Y Yy o v 9
nnasudasliwuimanldlumsidsiauazooasiadoya mnms
Y
WAILIA28 Cauchy Matrices 11u1¥an lumsdseananaiveninimsimuiale Vandermonde

Y

. = 1 [ Y < ' 9 9 3 ax 19 9
Matrices Usganamitam wagduaalimiunmadnsiadeyavesisaesdsnmswem a1y
A d? v 9 9 v A A 4%’ ' Y
pauNuILIzINw 4 1M1 Y0919 viatoyaduntiuNNUIUT0UN Blomer ef al., 1995 1@
] o o Aq Y am A o Y .
WeLNI YA TN 15113503 FEC 11111 Reed-Solomon Codes NWAUIAIY Cauchy Matrices 114
, Y o 9 vy 3 Yy & & ¥ o oy
daveudnsdadoeyaszilsznoulidreduneumsasuuinnadunivnnmseudoyasin
¢ S 2 a 3 3 v A o o A
Tvadoya nazadrawinmamaynnuinnaduatiuin ldwson 13 Taeligadidaiuaaims

Y o 9 A ) 3 & a o ~
!GUWiWﬁGIJ’EJiJ“mWE]ﬁiNLLWﬂLﬂG]WLﬁ‘H@NﬂWW‘V] 8



19

/* The variables that are defined prior to computing the redundant
packets are:

MultField : The size of the multiplicative group of the finite
field.

ExptoFieldElt : A table that goes from the exponent of an element,
in terms of a previously chosen generator of the multiplicative
group, to its representation as a vector over GF(2).

FieldEltToExp : The table that goes from the vector representation
of an element to its exponent of the generator.

Bit : An arry of integers that is used to select individual bits: (A
& Bit[i]) is equal to 1 if the i-th Bit of A is 1, and o otherwise.
*/

/* The number of rows in Cauchy matirc is equal to the number of
redundant packets. */
For row = 0 to Rpacket-1

/* The number of columns in Cauchy matrix is equal to the number
of information packets. */
For col = 0 to Mpackets-1

/* exponent is the multiplicative exponent of the element of
the Cauchy matrix we are currently looking at. XOR
computes the coordinatewise exclusive-or of the bit
representation of two integers. % is the remainder
operator. */

exponent = (MultField -

FieldEltToExp[row XOR col XOR Bit[Lfiled-1]]) %

MultField

/* Each element of finite field is now represented as a
Lfield by Lfield 0-1 matrix. */
For row bit = 0 to Lfield-1

/* Check if the current bit of the matrix element is 1. */
If (ExpToFieldElt[exponent+row bit] & [Bit[col bit])
For segment = 0 to Nsegs-1

/* (a”=b) 1s short of (a = a XOR b). */
redundant packets[row] [segment+row bit*Nsegs] "=
message [segment+col bit*Nsegs+col*Lfield*Nsegs]

v F4
2M# 8 TuAoUMIINIHATPYAILUY Reed-Solomon Codes A28 Cauchy Matrices

ﬁu1:BhnneretaL,(1995)

9
msneasHadoyanmugivzlszneudieduasumsasiadous
3 3 9 o Ay Yo A o ° 3 I a 9 9 o 9 &
pinmeduatiu Ly ldsumedamsnnurinnanayideddlumsaoasiadoya e
S & AN 1 o Ao =~ ' v 9 = v 9 A Y JY
winmnah ludiiuiisauiisameaemsneasiadoyadtineasiadoyaioas e liddoya
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/* The variables FieldEltToExp, MulField and MultField are as
described in the encoding algorithm.

The following variables are computed in the decoding routine before
the marix inversion step is called:

RowInd : An array that keeps track of the extra packets received:
RowInd[i] is the identifier of the i-th extra packet that was
received.

ColInd : An array that keeps track of the message packets received:
ColInd[i] is the identifier of the i-th message packet that was
received.

M : The submatrix of the original Cauchy matrix.

RecMsg : The array where the message is to be stored. The information
contained in the Message packets that were received has already been
copied to this array.

*/

For row = 0 to Rpackets -1
For col = 0 to Mpackets -1

/* 1= is the Not-Equal operator. */
If (col != row)

/* (a+=b) 1s short for (a = a+b) */
Clrow] += FieldEltToExp[RowInd[row] XOR RowInd[col]]
D[col] += FieldEltToExp[ColInd[row] XOR ColInd[col]]

E[row] += FieldEltToExp[RowInd[row] XOR ColInd[col] XOR
Bit[Lfield-1]]

F[col] += FieldEltToExp[RowInd[row] XOR ColInd[col] XOR
Bit[Lfield-1]]

For row = 0 to Nextra-1
For col = 0 to Nextra -1
InvMat [row] [col] = E[col] + F[row] - C[col] - D[row] -

FieldEltToExp [RowInd[col] XOR
ColInd[row] XOR Bit[Lfield-11]]
If (InvMat[row] [col] >= 0)

InvMat [row] [col] = InvMat[row] [col] % MultField
Else
InvMat [row] [col] = (MultField - ((-InvMat[row] [col] %

MultField)) % MultField

1 9
2l 9 YupeUMIDEATHAYOYAID Reed-Solomon Codes A8 Cauchy Matrices

117: Blomer et al., (1995)
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For row = 0 to Rpackets -1
For col = 0 to Mpackets -1

/* If the message packet was received, then process it. */
If (RecIndex[col] == 1)
exponent = (Multfield - FieldEltToExp[RowInd[row] XOR
col XOR Bit[Lfield-1]]) % MultField
For row bit = 0 to Lfield-1
For col bit = 0 to Lfield-1
If (ExpToFieldElt[exponent+row bit] & Bit[col bit])
For segment =0 to Nsegs-1
M[row bit+row* [Lfield] [segment] "=
RecMsg[segment+col bit*Nsegs+col*Lfield*Nsegs]

For row = 0 to Rpackets -1
For col = 0 to Mpackets -1
exponent = InvMat|[row] [col]

For row bit = 0 to Lfield-1
For col bit = 0 to Lfield-1
If (ExpToFieldElt[exponent+row bit] & Bit[col bit])
For segment = 0 to Nsegs-1
RecMsg[segment+row bit*Nsegs+ColInd[row]
*Lfield*Nsegs] "= M[col bit+col*Lfield] [segment]

A
NNN 9 99

3.3.2 Tornado Codes (Luby et al., 1997)
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M3 5 1WFsuMeunuaNIiauedI5N13 FEC 111 Reed-Solomon codes tiag Tornado Codes

Reed-Solomon Codes Tornado Codes
Packet Required k (1+e)k
Encoding times k(1+1)P (k+D)In(l/ )P
Decodeing times k(l + x)P (k+DIn(1/&)P
Basic operation Complex filed operation Simple XOR

N Byers et al., (1998)

Byers et al., (1998) Tduaasmsnlseuiiisudiedranarnlylumsyszana
dmsumsitnsianazmsnensiadeyauoad5ns FEC 11 Reed-Solomon Codes NainN
@28 Cauchy Matrices 11az35M13 FEC 11U Tornado Codes 1ag3in139%1911111AT0I Sun U

' < ad ] ° Y 7
Ultra SPARCI %i121l5z01anan11u157 167 nzidsa viieanusmanuuig 64 mnz lua
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M1319% 6 SeuReunanlylumsdnsiauazoeasiadig Reed-Solomon Codes (Cauchy

1 I a
Matrices) 182 Tornado Codes : wieuIun

yua lilddoya mansid m3neasHa
RS-Cauchy Tornado Codes RS-Cauchy Tornado Codes

250 Alalud 4.6 0.06 2.06 0.06
500 fla'lud 19 0.12 8.4 0.09
1 wnglud 93 0.26 40.5 0.14
2 wnglud 442 0.53 199 0.19
4 wng'lud 1717 1.06 300 0.40
8 g lud 6994 2.13 3166 0.87
16 ing lud 30802 433 13629 1.75

nu: Byers et al., (1998)
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TimeSlot = {1, 1, 1, 1, 2, 2, 3}

Disk (1) = {P1l}

Disk(2) = {P2, P3, P4}

Disk(3) = {P5, P6, P7, P8, P9}
Round (P1, P2, P3, .., P9) =1
Sequence (P1, P2, P3, .., P9) =0

FecType = 0

While (True)
Data = READ PACKET[Disk[TimeSlot]]

If Data = Null Then

Round[Disk[TimeSlot]] = Round[Disk[TimeSlot]] + 1
Sequence[Disk[TimeSlot]] = 0
Next Disk[TimeSlot]
Else
Program# = Disk(TimeSlot)
Sequence (Program#) = Sequence[Program#] + 1

PACKET SEND (Round[Program#], Program#, FecType, Size[Program#],
Sequence [Program#], Data)
Next TimeSlot
Sleep for send next packet
End

End Loop
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TCurrent Packet Seqg = 0

While (True)
PACKET RECEIVE (Round, Program#, FecType, Size, Packet Seq, Data)
Received = CHECK SEQ (Program#, Packet Seq)

If Received = No Then
Write Log (Program#, Packet Seq)
WRITE FILE (Program#, Packet Seq, Data)

End If

If PROGRAM_COMPLETE[Program#} Then
Write Log (Program#, Round)

End If

End Loop
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¢ ™y
Number of sending rounds using DummyNet
at 25% loss rate
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Maximum packet loss percentage from all block
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Maximum packet loss percentage from all block
using DummyNet at 1% loss rate
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Packet loss percentage using DummyNet
at 1% loss rate
3
o1 MB
miMB

1) O 10 MB
= @30 ME
g oz
z & 100 MB
z © 500 MB
" & 1000 MB
=]
z ! ; ! 7
= [ i 3 —o-H
! I o HEH
[ P . e H
A : ! L1 H

! :I :l H

! ! ik

P3 Pg
Program numhber
' w

[

{ Y $ < ' o '
ﬂ’]WWU'Jﬂﬁ 16 @ﬁi']ﬂ'liqmuﬁ’lﬂlﬂaEﬁ]']ﬂnﬂﬂﬁ@ﬂUULﬂ%‘@elﬂﬂ%’laﬂq Dummynet ﬁ ATINIT ’L:,fig

118 1%



100

ud]
BBM
BBWWMMD
=25a2838
L I e ]
OEO0EE @0
ol
o
=
=
=
= &
g B
£ 42
W
o=
[T = .
q...r-.,..,,,. -
= = =
= =
v =
E = E
25 =
w 2 B
e B 1]
[=T =]
- = D.l...
=
Z s
-
'
=
B
-
s G
= =
=
.=
=
=
=
agdepmadaad ssof apaed
S

MWHUINT 17 0A5INMTFYNIIINUED

o

G]ﬂﬂﬁﬁﬂg‘l’ﬂﬁlgﬂ@ﬂﬂulﬂ?@ﬂﬂﬁﬁ]TﬁfN

U

d‘d %
ANUD

<

U v

Y]

Dummynet 10A51015

WNIY 10%

9

g

~
[ui]
om=
BBWWMMD
ZZco2838
— P — 3 — W
OEO0BE@ @0
z
-
v
-
=2
=
=
=
=
oz 5
.mm m
s 2 2
Bl -
- . =
s £
=
mw S
v = =
2 =
e
W
=
T
-
o
=
=
T
o 8 G} = (S e e L el R ekl o
adeyuadtad ssof Jaypaeg
oy

0

DATINII

Ao
t N

91993 Dummyne

o

=

NMWAUINN 18 DATINITFUNIURAYIINNNUADAVUIATOUNY

q

v v

@

18 10%



¢ ™
Maximum packet loss percentage from all block
using DummyNet at 25% loss rate
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Maximum packet loss percentage from all block
using DummyNet at 50% loss rate
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Packet loss percentage using DummyNet
at 50% loss rate
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Maximum number of receivers needed for complete
reception in one round
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