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Summary 9%

® The pre-roll buffering problem in multimedia
signal streaming;

* Undertlow probability analytical computation;
— effect of parameter variations;

* Proposed rate adaptation method;

®* Results
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The buffering problem <5

* In multimedia signal streaming, if the media rate
exceeds the channel resources, it 1s necessary to
set a pre-roll time.

* During this time, packets are received but not
played, and the amount of buffered data grows.

® This butfer will supply data if the network
throughput is 1nsufficient

— but only for a limited amount of time.



The buftering problem <357

* The optimal pre-roll time depends on several
factors.

* In particular, 1t should be:

— long enough to ensure protection against buffer
underflows;

— short enough to avoid a long waiting before enjoying
the content.



Optimal pre-buttering
time

* If the media rate (R*) and the channel throughput
(C*) remain constant during transmission, then
the computation 1s straightforward:

tg 2 tp(R*/CT —1)

* This 1s the shortest time that ensures enough data
has been stored, and avoids media interruptions
during the playout.
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* Media playout interruptions occur when the
buffer contains, at a given time, less data than
what 1s needed by the decoder.

* This lack of data 1s usually partially concealed, 1t
the decoder implements a concealment technique,
but buffer starvation may lead to severe quality
degradation.



Buffer underflow
probability computation

®* We consider time as slotted.

®* We suppose the media rate (R*) to remain
constant, and consider a channel without memory
(samples are 1.1.d.), whose average and variance
are known.

®* We set a pre-buffering time computed as shown
before.



Buffer underflow ERoN
probability computation

* After the pre-roll period, the buffer 1s full at the
level:

B, =~ pempdy
* After pre-roll, the decoder pops data from the

buffer at rate R*, while the network delivers
packet at its instantaneous rate

* At a generic time, the buffer fullness is:

i —T g

B(ny) = B, — R'(n¢ — np)o; + 4 Z C'la. k)



Buffer underflow
probability computation

* Using the central limit theorem, we can
approximate the last term of the sum as:

Ty
Z Cla. k) ~N((nt — nplpc, vy —npgse)

k=ng

* The probability of experiencing a buffer
underflow at a generic time is:

P.(ny) = P(B(n) <0)



Buffer underflow
probability computation

* Substituting the complete expression, we obtain:

-'r::!.{”f\} = P{B-.: e ”-1-'?'”! = ”U}flfﬁ T
"|"|:"||,-"l e — *1Br;rpZ + [F?E - .'?.B]'JH.[":{F; “ ['}

* and then:

Fulng) =
x Jie =m0
- 3, (R*(ny —np) — By/dr — pe(ng - -.-:'.5})
\ Vg — npoe )

|

é (— -t f::'.f'lf ({ﬂ* - “f:_',}ifr't - ”'ﬂ} _ BSIFIE?'. ))
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Buffer underflow LR
probability computation 5

* P represents the cumulative distribution function

(c.d.f.) of the buffer underflow event.

* To obtain the p.d.f., it 1s sufficient to derivate the
expression of P :

dpu[“‘!]
1
~ dPy(g(n)) dg(ne)
- dg(n) dny
e=9 (") dg(n,)

vroo o dng
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* Since we desire a low buffer underflow
probability for all of the slots during the playout

time, we studied how the parameters influence p
- u

* In particular, we want to understand how to drive
the parameter R when one or both of the network
parameters (average and variance) change.



Effect of channel
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Effect of channel
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Ande~{f1ow probability

Effect of channel rate
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Effect of channel rate
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Ande~{f1ow probability

Effect of channel rate
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Effect of channel b

* In general:

— when the channel variance increases, the underflow
probability increases also for time points far from the
end of the sequence;

— when the channel average rate decreases, the center of
the underflow probability distribution 1s shifted left.

®* We are interested in keeping the portion of
distribution included in the playout interval as
small as possible.
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Eftect of media rate
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Eftect of media rate
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Ande~{f1ow probability

Eftect of media rate
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Eftect of media rate

mMUC=200AE, sigral=z-0289

9.014 . | |
E=1MENEN
3.010 Eiiéi‘,ﬁé“ﬁx o
R=130500 —\—f
a.el R=161 00 ;-
0
B.ezE |- / r/\ -
1 = //J // \\ -
B.0C4 (,;j // \‘:
.'"'II -""r s
0.0C2 Y / /
s . Vi
A o -
G | | ~ - T
107 104 196 Nk 11D {2



-.r.J
‘&

.-;:‘

'.-

Effect of media rate S‘Q";

®* Whenever a change occurs in the channel
throughput, the portion of distribution within the
playout interval may increase.

* To lower the probability of buffer undertlows, it
1s necessary to modily the media rate;

— decreasing the media rate, the distribution is shifted
on the right and the portion inside the playout interval
1s decreased.



Proposed algorithm 55

* In this work we consider the case of a piecewise
constant channel.

* The pre-roll time 1s computed according to the
initial channel rate value.

®* Whenever a channel throughput variation occurs,
the rate 1s recomputed according to the formula:

B“r'ﬁq} [Rm'rf (ﬂr-r.l r:w) * (]F-u'-.ffj' 2 rﬁ'..'f',}'

RT:‘!’"H' — (_"'I'H"f.l" :
o+ te—1tu —inr




Proposed algorithm

* This formula 1s a special case of the previous
formulation.

®* Working with zero variance, the underflow
probability distribution 1s a delta function;

— the 1nitial pre-roll computation sets the center of the
delta exactly at the end of the playout;

— the re-computation formula places the delta again at

the end of the playout, if a channel variation made it
enter the playout interval.
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Conclusions

* It 1s possible to derive an approximate expression
of the buffer undertlow probability.

®* The formulation can be used to determine at
which rate to transmit 1n order to obtain a
bounded buffer underflow probability.

* In addition, the proposed rate re-computation has
a negligible complexity.



Thank you for your attention!



