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Video Streaming Challenges

e Throughput while streaming is
highly variable

e Objective: maximize video quality,
minimize rebuffering events

e Adaptive Bitrate (ABR) algorithms
try to estimate network capacity to
select video rate
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Playback Buffer

e Datais requested in chunks (4
seconds for Netflix)

e Buffer drains at 1 unit/second
If R(t) is greater than system
capacity C(t), new data is added at
C(t)/R(t) < 1, depleting the buffer

C(t): system capacity
R(t): video rate (quality)
B(t): buffer occupancy
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Estimating Capacity

e Previous ABR algorithms have ggg \s/iydséiTa(t::?gﬁgﬁty)
used both capacity history and B(t): buffer occupancy
buffer occupancy Canady

e R(t)=F(B()CH i estimation
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Video rate for the next video segment.
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o For stable throughput, C(t) would be nee

most optimal

o For variable throughput, it can be

dangerous not to rely on buffer
occupancy

Buffer-Based Approach

e Prioritize buffer occupancy to C(t): system capacity

decrease rebuffering events

R(t): video rate (quality)

e If buffer approaches empty, request Rate |, R()
min ) )
e [f C(t) increases, increase R(t)
Buffer B'uffer
Occupancy Size
(seconds) (seconds)

Output
Rate

Input l@ B(t): buffer occupancy

Buffer Based Algorithm: Theory

e Assumptions:

o Chunk size is infinitesimal 2 A
R
o Video rates between R . and R__ are “S ma
X [}
continuous ;_3
o Videos encoded at a constant bitrate © lsjafefrom
o Videos are infinitely long s nneces_sary
= rebuffering
e AslongasC(t)zR_. andf(B) — O Rl .
b3
R, When B — 0, there won't be z >
i B
unnecessary rebuffering events Playout Buffer Occupancy ™

e Aslongasf(B)increasestoR__ .
the average video rate will match
average capacity when
R <CH<R__ 7

mi X

Buffer-Based Algorithm: Real World

e Add reservoir rto pad for finite

o
chunk sizes and some C(t) variation § E
o While filling reservoir, request R R

Boundary of the safe area

max N
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o Must have r = minimum chunk size
e Add upper reservoir toreach R X
before B is full R, !
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e Above the “safe area” is where the jRa [ fepsit
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BBA-0 Algorithm

e Video rate is a little “sticky”
o Don’t change unless suggested rate

crosses barrier into next lower (Rate ) or
higher (Rate,) video rate

Algorithm 1: Video Rate Adaptation Algorithm

Input: Rateprey: The previously used video rate
Bufyow: The current buffer occupancy
7: The size of reservoir
cu: The size of cushion
Qutput: Ratepext: The next video rate
if Rateprev = Rmax then
| Ratet = Rmax
else
| Rate; = min{R; : R; > Rateprev}

if Rateprev = Rmin then
| te— = Rmin
else

| Rate_ =max{R;: R; < Rateprov}

if Bufpow < 7 then

| Ratenext = Rmin

else if Bufnow > (7 + cu) then

| Ratenext = Rmax

else if f(Bufnow) > Ratey then

| Ratenexs = max{R; : Ri < f(Bufnow)};
else if f(Bufnow) < Rate_ then

| Ratenext = min{R; : Ri > f(Bufnow)};
else

‘ Ratenext = Rateprev;

return Ratenext;

BBA-0 Algorithm

e |If the buffer is in the lower reservoir,
request R ..

e If the buffer is in the upper
reservoir, request R

X

Algorithm 1: Video Rate Adaptation Algorithm

Input: Rateprev: The previously used video rate
Bufnow: The current buffer occupancy
r: The size of reservoir
cu: The size of cushion

Output: Ratenext: The next video rate

if Rateprov = Rmax then
| Rater = Rmax
else
| Rate; = min{R; : R; > Rateprev}

if Rateprev = Rmin then

| Rate_ = Rumin

else

| Rate_ = max{R;: R; < Rateprev}

if Bufyow < 7 then

| Ratenext = Fmin

else if Bufnow > (7 + cu) then
|_Ratenext = Rmax

else 1 iinow) = te, then
| Ratenexs = max{R; : Ri < f(Bufaow)};
else if f(Bufnow) < Rate_ then

| Ratenext = min{R; : Ri > f(Bufnow)};
else

| Ratenext = Rateprev;
return Ratepext;

BBA-0 Algorithm

e |[f the curve suggests we should be
requesting a higher rate than our
upper/lower threshold, select rate
nearest the curve
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Algorithm 1: Video Rate Adaptation Algorithm

Input: Rateprey: The previously used video rate
Bufyow: The current buffer occupancy
7: The size of reservoir
cu: The size of cushion

Output: Ratenext: The next video rate

if Rateprey = Rmax then
| Rate; = Rmax
else
| Rate; = min{R; : R; > Rateprev}

if Rateprev = Rmin then
| Rate_ = Rmin
else

| Rate_ = max{R;: R; < Rateprev}

if Bufpow < 7 then

| Ratenext = Fmin
else if Bufnow > (7 + cu) then

L _Bateaes = R
else if f(Bufpow) > Rate; then

| Ratenext = max{R; : R; < f(Bufnow)};
else if f(Bufpow) < Rate_ then

| Ratenext = min{R; : Ri > f(Bufnow)};
else

| Ratenext = Rateprev;

return Ratenext;

BBA-0 Algorithm

e Otherwise, keep the current video
rate

Algorithm 1: Video Rate Adaptation Algorithm

Input: Rateprev: The previously used video rate
Bufnow: The current buffer occupancy
r: The size of reservoir
cu: The size of cushion

Output: Ratenext: The next video rate

if Rateprey = Rmax then
| Ratet = Rmax
else
| Rate; = min{R; : R; > Rateprev}

if Rateprev = Rmin then

| Rate_ = Rumin
else

| Rate_ =max{R;: R; < Rateprev}

if Bufpow < 7 then

| Ratenext = Rmin

else if Bufnow > (7 + cu) then

| Ratenext = Rmax

else if f(Bufaow) > Rate; then

| Ratenex; = max{R; : R; < f(Bufnow)};




BBA Experiments

e Samples of real Netflix users around the world

e 3 groups:
o R, Always: Stream atR . for entire experiment (®)
o Control: Netflix's current (2014) ABR Algorithm
o BBA-0: Buffer-based rate selection

BBA-0 Results

e R . Always estimates fewest
number of rebuffers possible

e BBA-O0 consistently has fewer
rebuffers than Control, and
performs about the same as R_.
Always after peak hours
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(b) Normalized number of rebuffers per playhour, nor-
malized to the average rebuffer rate of Control in each

two hour period.
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Reservoir Calculation

e Design reservoir based on the

Buffer Consumption Rate

Kb, X seconds
/s Aﬁ/

The amount of
buffer we need ,/
in order to 1
avoid rebuffer

min
The amount of

Chunk Map

e From Buffer size => Rate

instantaneous encoding bitrate of the e e To Buffer size => Chunksize 2y B
] ) this period ] Onl S8 Boundary of the safe area
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o Chunk map suggests a higher rate
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BBA-2 Results

e Video rate of BBA-2 is
comparable to Control

e If exclude the first two
minutes => BBA-2 has
higher video rate

® Maybe Control is more aggressive
during startup phase (the first two
minutes)?

e BBA-2 has higher rebuffer
rate than BBA-1, but lower
than Control
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Figure 17: BBA-2 achieved a similar video rates to
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Figure 18: BBA-2 achieved better video rate at the
steady state. The steady state is approximated as
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(b) Normalized number of rebuffers per playhour, the
number is normalized to the average rebufler rate of the
Control in each two hour period.

Figure 19: BBA-2 has a slightly higher rebuffer rate

the period after the first two minutes in each session. compared to BBA-1, but still achieved 10-20% im-

to the Control

ing peak hours. !

Handling Temporary Network Outage

e Moving chunk map to the right
=> increasing reservoir

e For BBA-1, 400ms for each chunk

downloaded when the buffer is

increasing and still less than 75% full
e For BBA-2, typically 20-40 sec in steady

state and bounded at 80 sec
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Smoothing Video Switch Rate

e No fixed mapping between buffer level and

video rate

=> Even if buffer level stays the same, the video

rate may change

o  Solution:

Looking into the following chunks to decide whether to

step up video rate => only limited to stepping up

Ex. If a small chunk followed by some large chunks, we

will not step up to next level to prevent video rate from

going back

e Reservoir shrinks and expands depending on

the coming up chunks

o Solution: Reservoir only expands but never shrinks
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Figure 20: After switching from using a rate map
to using a chunk map, the video switching rate of
BBA-1 and BBA-2 is much higher than the Control
algorithm.
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Figure 21: A reason using chunk map increases
video switching rate. When using a chunk map,
even if the buffer level and the mapping function re-
mains constant, the variation of chunk sizes in VBR
streams can make a buffer-based algorithm switch
between rates. The lines in the figure represent the
chunk size over time from three video rates, Ri, Ry,
and Rs. The crosses represent the points where the 93
mapping function will suggest a rate change.

BBA-Other Results
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Figure 22: BBA-Others smoothes the frequency of
changes to the video rate, making it similar to the
Control algorithm.
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Figure 23: BBA-Others achieves a similar video rate

during the peak hours but reduces the video rate by

20-30kb/s during the off-peak. Reqlly?
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(b) Normalized number of rebuffers per playhour, the
number is normalized to the average rebuffer rate of the
Control in cach two hour period.

Figure 24: BBA-Others reduces rebuffer rate by 20—
30% compared to the Control algorithm.

24




Conclusions and Discussion

e A series buffer-based rate selection algorithms are proposed
o  Start up state => Network capacity
o Steady state => Buffer occupancy

e Discussion
o Whatis Control?
o Many details are remain hidden
o  Startup state is not compared with Control.
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