O Infrastructure

CBou nneep ana DASH:
BOLUSIU U BbILUNU,
npuknovYeHue Ha 20 MUHYT

Onbra lNonoBa,
Yandex Infrastructure



Pa3paboTynk nHTepdencon -
B Yandex Infrastructure




Kpyr XapmMmoHa

1 3oHa komdopTa

[epoit uameHunca 8 2 Ho ecTb npobnema

Bo3BpallaeTcd B 7

2 [epon nonagaet B
30HY KOMdopTa

onacHyto cpeny

PacnnadymBaeTcs 3a 6
OOCTUTHYTOE

4 MpwucnocabnueaeTcs

5 Haxogut 10, 4TO MWeT



kL
1 MPEG-DASH u shaka-player

BbiBoabl & 2 Yto He Tak ¢ shaka-player?

OkcnepumeHThbl [ 3 Hawe peweHune — YaSP

UYto ¢ meTpukamn? 6 4 ApxuTekTypa

5 MoaBoaHble kKaMHU



MPEG-DASH
n shaka-player

4TO He TaK
c shaka-player?

Hawe pewieHne — YaSP

APXUTEKTYpA
[logBOAHbIE KAMHN
YTO0 ¢ MmeTpukammn?
OKCMEPUMEHTDI

BbiBOAObI

HLS vs DASH

HLS

DASH

master.m3u8 — OCHOBHOU NNIENNUCT
level.m3u8 — nnennunucT OOpPOoXKKU

Pa3pabotumnk: Apple Inc.

HaTtnBHaa nogaep’kka

.mpd - nnennuct

Pa3pabotyunk: DASH IF

ExekBapTanbHag

4R



MPEG-DASH



[TonynapHblie OUONMoTeKku
nna MPEG-DASH

Video.js, Shaka Player, Dash.js, JW Player, MediaElement.|s, Flowplayer,
Kaltura Media Player, Cineast, Plex, Media Source Extensions (MSE).




dashis




shaka-player

“dash.js



dash.js vs shaka-player vs rx-player

dash.js shaka-player rx-player
Pa3paboTtuunk DASH IF Google Canal+
MiIMnnemeHTauna ctaHgapTta [lonHaga YacTnyHas YacTnyHas
Bec coopku® 214kb 177kb 149kb
[ToppepxunBaemble ctaHgaptel  DASH, MSS DASH, HLS, MSS DASH, MSS

10



shaka-player



HemHoro o Shaka

YmeeT B OcobeHHOCTH
 DASH, HLS n MSS (VOD-only) » Dependency injection
 VOD wu Live * Closure Compiler

 DRM



Closure Compiler

goog.provide('shaka.Player');
goog.require('goog.asserts"');

/ k%
* @event shaka.Player.StateChangeEvent
* @description Fired when the player changes load states.
x @property {string} type
'onstatechange’
@property {string} state
The name of the state that the player just entered.

¥ % % %

@exportDoc
*/

13



Apxutektypa Shaka

< «— -

\ A 4 vy
e |

\ 4
MediaSourceEngine




MPEG-DASH n shaka-player

BbiBOAb! 2 Yto He Tak ¢ shaka-player?

OKCNEPUMEHTD Hawe pelweHne — YaSP

UTto ¢ meTpukamm? ApPXUTEKTYpa

[logBOAOHbIE KAMHW

15



Hawwun popabotku B shaka-player



CBOU cetTeBOU CINOM

Controller o

17



Multi-BaseURL

<MPD xmlns:cenc="urn:mpeg:cenc:2013" xmlns:mspr="urn:microsoft:playready"
xmlns="urn:mpeg:dash:schema:mpd:2011" profiles="urn:mpeg:dash:profile:isoff-
live:2011" minBufferTime="PT4.000S" type="static"
mediaPresentationDuration="PT1H53M21.7955">

<BaseURL>https://base-url-1/</BaseURL>
<BaseURL>https://base-url-2/</BaseURL>
<BaseURL>https://base-url-3/</BaseURL>
<BaseURL>https://base-url-4/</BaseURL>



Multi-BaseURL

-

Player

O

CDN 1

v

CDN 3

v

CDN 2
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Multi-BaseURL

Player CDN 2

CDN 3



Multi-BaseURL

=

3anpalinBaeT
cermeHT Ne1

O

CDN 1

v

CDN 3

v

CDN 2
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Multi-BaseURL

3anpalinBaeT CDN 2
cermeHT Ne1

CDN 3



Multi-BaseURL

3anpalinBaeT CDN 2
cermeHT Ne1

CDN 3



Multi-BaseURL

=

3anpalinBaeT
cermeHT Ne2

O

CDN 1

v

CDN 2

v

CDN 2

24



Multi-BaseURL

3anpalinBaeT CDN 2
cermeHT Ne2

CDN 2



Multi-BaseURL

3anpalinBaeT CDN 2
cermeHT Ne2

CDN 2



Content Steering

-
N

Steering Server

T

>

v

CDN 1

O

CDN 2
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<Location>

3auem?

dukcauma napamMeTpoB, C KOTOPbIMW
Xoaum B bek 3a obHoBneHnem manifest

28



[lpen3arpy3ka

AS



[lpen3arpy3ka

!

ereloadController | —» —

|
v

|
\ 4
O

30




[lepeknrovyeHUue Ha npeAa3arpyxXeHHbIN source

\4
31




[lepeknrovyeHUue Ha npeAa3arpyxXeHHbIN source

32



Shaka-player cpa3sy
cKknaabiBaeT CKa4yaHHbIle
naHHble B MSE

>

et



[lepeknrovyeHUue Ha npeAa3arpyxXeHHbIN source

PreloadController | —»

>-
>-
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[lepeknrovyeHUue Ha npeAa3arpyxXeHHbIN source

Controller New S SHELERNEY, —_ -

35



[lpep3arpy3ka B his.|s

var hls = new Hls():
hls.loadSource(videoSrc):
hls.attachMedia(video):

II- T BupTyanbHbin 6ydep

36



ABR (Adaptive BitRate)

TexHonormna gna AMHaMm4eckoro
BblOOpa Ka4ecTBa Ha NPOTSXKEHUN
BOCMNPON3BEAEHNS KOHTEHTA

https://youtu.be/ojlvKjSMq64




CeBou ABR

Controller —_—

AbrManager

Shaka

38



BapunaHTbl

128kbps

320kbps

—

128kbps

128kbps

320kbps

320kbps

320kbps

320kbps

5



128kbps
320kbps

—

128kbps

128kbps

320kbps

320kbps

320kbps

320kbps

10



BapunaHThl

BandwidthEstimator

=

PekoHurypauuna shaka-player
cbpacbiBaeT ABR nonHocTbio

Bbi3biBaeTCA B MPOU3BOSbHbLIN
09 Hac MOMEHT BpeMEHN

41



BbizoB ABR

shaka-player

YTo HaMm Haao ObINo

NHnumnanunisauuns

3arpyska cermeHTa
IameHeHne KoHdura
NameHeHne ayanogopoXKKu
BbiOop BMOEOO0POXKKM
DRM

TanmayT 3arpysku

B npouecce 3arpysku

OMONOHONCHOMGNHO

OHCOHOHONONONONO

42



Low-latency

Low-latency (ll)

ITO TpaHCNAUUN C HU3KOWU 3aEPKKOW

43



Low-latency

f J Anekceu AMUTPUMU

'yceB KpaBLOB

\ HHOeKC HHOeKc

) /
.,

O

YMeHbLUaeM 3a0epKKy B live-TpaHcnaumax

e

https://youtu.be/GDt-xpmTeyU
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Low-latency Hawwu
A0OpPabOTKN

B Shaka

mdat
UTeHne naHHbIX 13 NOTOKAa
i . . . . . .

CMAF-cermeHT

mdat mdat




Low-latency Hawwu

A0OpPabOTKN
E : mdat mdat
</ |~/

B Shaka
—>—P

UTeHne NaHHbIX N3 NMOTOKAa
chunk #1 chunk #2

[TapcuHr mp4




Low-latency Hawwu

AOpPaboOTKH
B Shaka

UTeHne gaHHbIX U3 NOTOKa

cN —Ifr-—--—Jfp—-o- —o—» [TapcuHr mp4

[lapcuHr cepBepHOro
BpeMeHU OAnda NnpaBUbHOIO

idle time BandwidthEstimate

—
Player «4r0ooooo— oo — = 4>

idle time = UUID#2 - UUID#1




Low-latency Hawwu

AOpPaboOTKH
B Shaka

UTeHne gaHHbIX U3 NOTOKa

cN —Ifr-—--—Jfp—-o- —o—» [TapcuHr mp4

[lapcuHr cepBepHOro
BpeMeHU OAnda NnpaBUbHOIO

idle time BandwidthEstimate

—
Player | | | : : —p [lpaBkn B ABR —

OOoNOJTHUTENbHbIE
3HavYeHunda o ghna EWMA

idle time = UUID#2 - UUID#1




baru, koTopblie Mbl NopoaAUNU

[TycTble mdat-bl Safari nomarcs

01

mdat mdat

)

CHoBa nonatyunnu
napcuHr mp4

03

49



baru, koTopblie Mbl NopoaAUNU

N i CYHNCEI"MEH

s ANDOVNC (2

1 ce30H, 14 cepwms.

I, [IxoppaH 9nb3acc
Jonathan Kent

-

&

’ >I @ @ ‘ ’) i‘ Ce3oHbl 1 cepun

B Ayavio u cybtuTpi ﬂ

50



CepBepHbIN capping

<MPD xmlns="urn:mpeg:dash:schema:mpd:2011" xmlns:cenc="urn:mpeg:cenc:2013"
xmlns:mspr="urn:microsoft:playready"” mediaPresentationDuration="PT1H54M30.000S"
minBufferTime="PT4.00S" profiles="urn:mpeg:dash:profile:isoff-live:2011"

type="static'>
<Supp lementalProperty
schemeldUri="<id Hawero cepBepHOro KannuHra>"
value="720"
/>
<BaseURL>https://base-url-1/</BaseURL>
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CepBepHbIN capping

[lapcuHr nnennucra:

_

52



Y4TO Mbl HE cMOIrnu
peanu3oBaTb ¢ shaka-player




MSE B Web Worker

|
—

Shaka-player

CermeHT 1

CermeHT 2

CermeHT 3

CermeHT 4

CermeHT 5
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MSE B Web Worker

T
_4

Shaka-player

CermeHT 1

CermeHT 2

CermeHT 3

CermeHT 4

CermeHT 5
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MSE B Web Worker

2020-2021 ABryct 2022 Hoabpb 2022

PaspaboTka Chrome 105 C Chrome 108

KoHuenTta n demo
IKCMePUMEHTAaNbHbIV BkntoyeH

donar no gedgonTy

https://clck.ru/35zykn
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MSE B Web Worker

“— & 8 wolenetz.github.io/mse-in-workers-demo/mse-in-workers-demo.htmi|

MSE-in-Workers Demo
Use the button, below, to get started.

Demo details are at the bottom of this page.

Awaiting Start

Demo parameters (Applied when "Start Demo" button is clicked)

Media URL (to fetch completely, then append in chunks) : test-Sseconds.webm
Media type : video/webm; codecs="vp9"

Chunk append size : (2048 bytes © 1024 bytes ® 512 bytes (0256 bytes C 1 byte

Busy-wait duration (milliseconds) : ~ ©50ms O 100ms © 200ms O 400ms ® 800ms O 1600ms

MSE usage on main thread MSE usage in worker thread (video element remains on main thread)

Demo details
This is a demo of how usage of Media Source Extensions API from a dedicated worker context can avoid "buffering jank" when the main window context is very busy, even though the media element playing the buffered media is still on that main thread.

This demo presents a side-by-side comparison of two players, one fetching and buffering to its media element solely on the main window context, and the other player relying on a dynamically created dedicated worker to fetch and buffer the same media into a MediaSource owned by that worker's
context, attached to the main window context's media element via a transferred-to-main MediaSourceHandle object set on the media element's srcObject attribute.

A scenario where the main thread is under heavy contention is achieved by frequently busy-waiting on it while both players are fetching, buffering and playing. Furthermore, asynchronous appendBuffer operations are performed (on each of the main and worker MSE demos) in small chunks to
enable rapid appearance of "buffering jank" on the player being buffered via MSE on the main thread versus a much better experience on the player being buffered via MSE on the worker thread, even if the media stream is short.

In practice, main thread (aka Window context) contention can result from many sources, though commonly it is from complex and frequent task execution demands made by the application on the Window execution context, and is made worse when the platform has less execution capacity
available. The DOM and associated application javascript operate in the Window execution context. DedicatedWorkers run in a concurrent execution context with respect to the Window execution context. Even with concurrent buffering and smoother playback by using MSE on a dedicated
worker context, observe that the video element for the MSE-in-Worker player can still have poor controls response time when the Window context is under high contention. This is because that element (and its controls) can only execute on the Window context and their event handlers can have
high scheduling latency.

To try in Chrome, use 105.0.5180.0 or greater (earlier versions since 88.0.4300.0 experimentally supported worker MediaSource attachment using legacy object URLSs, but that functionality has been removed from both the implementation and specification).

e Chrome has MSE-in-Workers enabled by default beginning with version 108.0.5334.0.
e Chrome 105.0.5180.0 through 108.0.5333.0: enable this feature by starting with cmdline option --enable-blink-features=MediaSourceInWorkers,MediaSourceInWorkersUsingHandle (preferred way) or with chrome://flags/#enable-experimental-web-platform-features enabled.

If the main thread MSE buffering playback is too slow (it might take a long while to render even the first frame on some machines), reduce the amount of contention on the main thread by stopping the demo, selecting a smaller busy-wait duration (to handle other main thread tasks more
frequently) or a larger append-size (to do more real buffering work when scheduled), and restarting the demo.

See the demo's github page for more information.




MSE B Web Worker B shaka-player

= O shaka-project /| shaka-player Q Type (/) to search

<> Code (*) Issues 289 {9 Pullrequests 9 () Actions [ Projects 1 @) Security |27 Insights

Running Shaka in a Web Worker #5008

QYL IsaacSNK opened this issue on Feb 16 - 5 comments

Assignees

@ IsaacSNK commented on Feb 16 Contributor

No one assigned
Hi! Is there any plan on taking advantage of the MSE in Web Workers for Shaka? This could have great performance benefits

when the main thread is busy. | see MSE in Web Workers is available for Chrome 108...Any concern, ideas you may have?
Labels

®

Projects

o ﬁlsaacSNK added the @Y IS D label on Feb 16 None yet

=y .

: Milestone
y avelad commented on Feb 28 Collaborator = **
' No milestone

@joeyparrish can you review it? Thanks!

®

Development

No branches or pull requests

Notifications Customize
ithub-actions bot commented on Mar 4 Contributor = **
< [} Subscribe

. . . You're not receiving notifications from this thread.
@IsaacSNK Does this answer all your questions? If so, would you please close the issue? g




BupTtyanbHbiun bydgep un kelumpoBaHue

Shaka-player ckaunBaet

cerMeHThl cpa3y B MSE >
Chrome Chromecast” Firefox Safari
Video 150MB 30MB 100MB 290MB

Audio 12MB 2MB 15MB 14MB
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BupTtyanbHbiun bydgep un kelumpoBaHue

et

II- g BupTyanbHbi 6ydep

>
>
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[lepekayvka Oydepa

2400 | 240 | 2¢0p | 2400 2409 | 2400 | 240p | 2400
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[lepekayvka Oydepa

Shaka-player ckaunsaet
cerMeHThbl cpa3y B MSE
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HekoTopble npaBuna B ABR

CBs3aHHbIE C CeTbIo CBsA3aHHbIE
C HAaNONMTHEeHHOCTbIO
Hanpumep, ydet TTFB oycdepa

(Time To First Byte)

O



shaka-player
e ERELY
«Marna»

shaka-player

OnepupyeTt BapmaHTamMmu

Kayaet cpa3y B MSE
OrpaHunyennsa MSE
HeB0O3MO)XHa nepekadka bydepa

HeBO3MOXXHbI BUPTYyarbHbIN
Oydep 1 KelumpoBaHue

He nopgaepxnsaet MSE-in-WebWorker
CeTeBoU cnowu

O0bHoBNEeHna — bonb

64



MPEG-DASH n shaka-player

BbiBOAb! UTo He Tak c shaka-player?

OKCnepuMeHTb! 3 Hawwe peluenve — YaSP

UTto ¢ meTpukamm? ApPXUTEKTYpa

[logBOAOHbIE KAMHW

65






N

YaSP —
Yet another StreamPlayer




[IlpoeKkTupoBaHue

Y10 Mbl Xotenu 3anoxutb B YaSP

TexHn4yeckoe peLueHue

CTpuMuHr 1 abr B instream-pekname

PaclwiunpeHune <video>

[1lpep3arpyska

[lepeHoc bonbLlen Yact Koga B OTAENbHbIV Tpen

WebWorker (MSE-in-WebWorker)

BupTtyanbHbin bydep

[Tlepekayka dbydepa
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Override <video>

[ToTOKOBOE BUOEO B pEKIamMe YHUdoukauunsa koga pabotbl C
native HLS n MSE



MPEG-DASH n shaka-player

BbiBOAb! UTo He Tak c shaka-player?

OKCNEPUMEHTD Hawe pelweHne — YaSP

Uto ¢ meTpmkammn? 4 ApxutekTypa

[logBOAOHbIE KAMHW
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ApPXUTEKTypa
YaSP




Apxutektypa YaSP

YaspVideoElement

WebWorker




WebWorker

|
\ 4
AbrManager ¢ — EE—— MSEEngine

\4 \4 \4 \4

/3



Controller

\
| | T
\ 4 v v
StreamingEngine - DRMEngine
: ] | .
\/ A\ A /
smme 4l MediaSourceEngine

|
| |

v \4

v

\ 4 v
HttpFetchPlugin YaspWorker > Posltnl\jleersn:alger VideoState
1

v v

VideoTrack <
AudioTrack <

) Fetcher
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MPEG-DASH n shaka-player

BbiBOAb! UTo He Tak c shaka-player?

OKCNEPUMEHTD Hawe pelweHne — YaSP

UTto ¢ meTpukamm? ApPXUTEKTYpa

5 MooBoaHble KaMHM

75



IlbIPKU B NOTOKeE

Ecnu KoHeL, TeKyLLero cermeHTa He coBnaga€eT C HadariomMm cneayoLlero,
TO Mbl FOBOPUM, B NOTOKE eCTb AblpKa (Gap)

CermMmeHT 2

Q)
Q)
=

Timeline

/6



IlbIPKU B NOTOKeE

LS

Timeline

LRSS B

Timeline
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IlbIPKU B NOTOKeE

S

Timeline

LRSS B

Timeline

/8



IlbIPKU B NOTOKeE

S e

Timeline

LRSS B

Timeline
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IlbIPKU B NOTOKeE

Sl e

Timeline

LRSS B

Timeline

80



[TIPUYUNHBLI OAbIPOK

B noTokax ¢ HEeCKOJIbKNMMW
nepunogamm He BbIPOBHEHDI
rpaHnLbl Mexay nepmogamm

01

CymMmapHas afiMHa KOHTEHTa
B CErMeHTE MeHbLLEe 3adBNEHHON
B MaHudoecTte

)



GapJumper

YcnoBusa Oanga npbikka:

<video>
B Oydepusaunm

01

B BufferedRanges
eCTb JaHHble Bnepeau

)%

HeT nepemMoTKu
B npoLiecce

03

82



GapJumper n nepemMoTKa Ha3an

> Timeline

33



GapJumper n nepemMoTKa Ha3an

PelweHue
OuuiaTb HakavYeHHbIN Bydep npmn NnepemoTKe

4——>

Timeline
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GapJumper v 3aLUuKkneHHble BUAeo

Timeline

Gap
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GapJumper v 3aLUuKkneHHble BUAeo

PelwweHue
OrpaHnynTb pas3mep npbbkka ANMMHON CEerMeHTa

Timeline

> segment duration
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PacCUHXpPOH CKaynBaHuUAaA ayamo n Bugeo

Audio

Video

|| [
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HenonHaga cneundoukauma EME
(Encrypted Media Extensions)

HenoHATHO, KakK NnpaBuIibHO

nepeknoyaTbCca Mexay pasHbiMU
DRM-cucremamm

01

03

HenoHATHO, Kak NpaBUSibHO
nectpontb CDM

[IbiITanuncb caenaTb cu HXPOHHbLIM

)

0z



CuHxpoHHoe DRM API

39



CuHxpoHHoe DRM API

if (buffered.length > 0) {
buffered.end(@) // exception: buffered length === 0
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Pa3paboTka
CBOEro ABWXKa

Illlllﬂ'l'b

011 l 1




MPEG-DASH n shaka-player

BbiBOAb! UTo He Tak c shaka-player?

OKCNEPUMEHTD Hawe pelweHne — YaSP

Yto ¢ meTpukamn? 6 ApPXUTEKTYpa

[logBOAOHbIE KAMHW
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UYTO C MeTpUKamun?

Ownodkn: dpatanbHbIE
N HedaTanbHble

TVT (Total View Time)

01

0z

KonnyecTtBo 1 ArnHa
bydepusaymm — rnomorno
MNOHSATb, YTO Y HAC
NpoobriemMbl C AblpKkamMu

)

QoE

05

CKopoCTb 3anycka

Tpaduk (traffic / TVT)

03

06



MPEG-DASH n shaka-player

BbiBOAb! UTo He Tak c shaka-player?

OkcnepumeHTbl [ Hawe pelleHue — YaSP

UTto ¢ meTpukamm? ApPXUTEKTYpa

[logBOAOHbIE KAMHW
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HeMHOro sHogekcoBou
TepMUHONOMrMN

OKCMEPUMEHT

’]\ daTanos be3 nameHeHUn MeTpuk \l/ daTanos
LTt T TvT
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Kak npyuHnmanucb?

[1o cepomMy OTHOCUTENBHO
nponatyeHHoU shaka-player

01

B HeckonbKo aTanos

)



TanMmnanH 3KCnepmMeHTOB

| aTan Il aTan Il 3Tan

vVOD VOD + DRM Live

IV aTan

LL Live
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TecTbl

[lnkTaTypa nokpbITUA VIHTerpaunoHHbIE TECTD
unit-tectamm



MPEG-DASH n shaka-player

BbiBoab! 8 YT0 He Tak ¢ shaka-player?

OKCNEPUMEHTD Hawe pelweHne — YaSP

UTto ¢ meTpukamm? ApPXUTEKTYpa

[logBOAOHbIE KAMHW
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A CTOUNO NN OHO TOro?

©

Ynydwenne QoE 3arnoxeHo
3a cyeT MSE-In- MHOIo MecCT Ons
Webworker onTUMMU3auuni:

HoBble npaBuna
ABR

BupTtyanbHbIV
Oypep







https://t.me/+wYjjXgFm8UUyZjQ6
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O Infrastructure

Bonpocbl?

Onbra lNonoBa,
Yandex Infrastructure



