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Reed-Solomon Codes For Streaming:

S1 _ =

S2lll —={ (n;k)

S3li] - RS
. Code

Sk [i] -

Sourcepadket s[i] = video frame or speet segmen.

NA: 1)

= Xn[i]

P n Kk padket lossescorrectablewith delay k 1+ p.

/
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Problem: Broadcastinformation streamto many users.

4 User1
Y= ..

ply [1]jx[i]; 2[i])

p(y X [i]5 aft])

Transmitter

Goal: Minimize decading delay for eadt user.

.
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Pyritixiil; (Y OIXOL [i]) = Pyix: (i [1IIX; [1]; [i]):

i=0 i=0 j=1
Channel State
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For user|, possiblechannel state sequence 2
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For user|, possiblechannel state sequence 2

1 = State sequencesvith 5 lost packets
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For userj, possiblechannel state sequence 2 ;.

1 = State sequencesvith 5 lost packets

Channel State

Time

> = state sequencesvith 3 consecutiwe fades

Channel State
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To de ne a performance measurefor a code C given

Channel ensenbles: 1, 1, .
Padket length: ng

Maximum allowed probability of error:
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A Possible Delay Region
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Sucien t Conditions For Univ ersal Codes (1):

There exists a delay universal code for channel ensenble f ;g If:

1. Input compatible: exists py(x) maximizing | (x[i];y[il] [i]) for
all [i]2f 9
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Sucien t Conditions For Univ ersal Codes (1):

~

all

There exists a delay universal code for channel ensenble f ;g If:

1. Input compatible: exists py(x) maximizing | (x[i];y[il] [i]) for

[i12f ;g

not IC. AWGN and additiv e exponertial noisechannels

IC: AWGN channelswith dierent SNR

IC: Binary symmetric channelswith di erent cross-wer prob.

|IC. Padket losschannelswith either no noise or complete loss

/
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Sucien t Conditions For Univ ersal Codes (2):

~

2. Permutation invariant:

There exists a delay universal code for channel ensenble f ;g If:

2 ) permutations of 2 ;.
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Sucien t Conditions For Univ ersal Codes (2):
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not PI:

{ Permute

2. Permutation invariant:

2 ) permutations of

There exists a delay universal code for channel ensenble f ;g If:

2 .

j = all state sequencewith j consecutive fades

OK

FADE

FADE

OK

)

OK

FADE

OK

FADE

{ Permuted sequencenot consecutive fadesand not in
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Sucien t Conditions For Univ ersal Codes (2):
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There exists a delay universal code for channel ensenble f ;g If:

2. Permutation invariant: 2 ;) permutations of 2 ;.

not Pl: ; = all state sequencewith j consecutiwe fades

{ Permute |ok ||FADE ||FADE ||OK |) |OK ||FADE ||OK ||FADE

{ Permuted sequencenot consecutive fadesand not in

Pl: ; = all state sequencewith | fades

{ Permute |ok || FADE || OK ||FADE |) |OK || OK || FADE ||FADE

{ Permuted sequencestill has] fadessostill in

.
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An Example Where Univ ersal Codes EXxist:

Let ; = state sequencewwith | erasures(e.g. packet losses)
Universal codescorrect few lossesquickly
Correct more losseswith correspondingly more delay

Reed-SolomoncodesNOT universal
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Random Tree Code:

Choose random map H() from
sourceto channel padkets.

For ead source s[0], choose
random value for H(s[0]).
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Random Tree Code:

Choose random map H() from
sourceto channel padkets.

For ead source s[0], choose
random value for H (s[0]).

For ead sources[1], choose
value for H(s[O]; s[1]).

H (G; 0) VAW/

_._onv IBEVAM
/IGUNVAW

H(1;0) m
IEV\ Iﬁ_cvm
I?NVVAM

H(2;0) A
_._@V\ IANCVAW
I@NVVAW




-~

Random Tree Code:

Choose random map H() from
sourceto channel padkets.

For ead source s[0], choose
random value for H(s[0]).

For ead sources[1], choose
value for H(s[O]; s[1]).
Encode: x[0] = H(s[O]),
x[1] = H(s[O];s[1]), x[2] =
H (s[0]; s[1];s[2])

H(O)_

IAOHSVAW

H(1)

H (O; CVAM
H(C; 2) AW
H(1;0) m

H(1 1) S AW
H (L NVV m
H(2;0) A

HE)_

H(2 1) VAW
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IAonoW
Decoding a |
Tree Code: HO) /HOL)

\ H(0; 2)

Decade s[0] by nding

H(1;0
H(s[O]) y [O]
H(s[0]; s[L]) yi "D
H@)
PrlE] exp 2ncR I(S 55y o0 o)

.
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Tree Code: HO), / HO1

Decade s[0] by nding

H (s[0]) y [0
H (s[0]; s[1]) y[L Hd)
H(s[0];s[1];s[2]) y [2]

Pr[E] exp 3ncR I(s
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Mutual Y |
Information <—— Decoding
Recelved Possible

% i} <— li;R] O

/

/

/ Information
T

4 Sent

Time

De ne Information debt at time | asinfo sert  Iinfo receied:
b R 1=nc R L(x[i];y[i]] [i]) + maxflg[i 1L;R ];09:
For random tree codes, full decading possiblewhen ly[i; R ] O.




Bounding decoding delay:

Weak Delay Bound: If Ig[i; R ]> Ofori 2 [is;i], at least one
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Strong Delay Bound: For permutation invariant |, the length of
time that I4[i; R ] > 0O is a lower bound for decading delay.
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Conclusions:

Intro duced streaming model to study delay trade-o s.
For certain casesof interest, tree codesuniversal.

Future work: practical codes, codesfor other dynamics,
learning/mo deling dynamics for channelsof interest, : ::




