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Barangolas a WebRTC
vilagaban.

Hol tartunk ma?

Mészaros Mihaly

2017.11.15.




WebRTC, rtcweb

Multimédia Motor a bongészdben




« Valds ldeji Kommunikacio

Hang, Mozgokép, Adat

e Real Time Communication

VolIP
Telepresence
Streaming

Adat Kollaboréacio
« Egydtt rajzolas
stb.

Forras:

SIMPLY EXPLAINED
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https://geek-and-poke.com HATENCY


https://geek-and-poke.com/

Definicio

« Mission: To enable rich, high-quality RTC applications to be
developed for the browser, mobile platforms, and IoT devices, and
allow them all to communicate via a common set of protocols.

« WebRTC: “A framework, protocols and application programming
interface that provide real time interactive voice, video and data in
web browsers and other applications”

« WebRTC is a free, open project that provides browsers and mobile
applications with Real-Time Communications (RTC) capabilities via
simple APIs. The WebRTC components have been optimized to best
serve this purpose.



WebRTC == ?

* Amit biztos ismerink:
- Skype
- Facebook messenger
- appear.in (?)

« Google Refrencia app
— https://appr.tc/

* Mitorténik a hattérben

- about:webrtc
- chrome:webrtc-internals




EIOnyOk

Pluginok nelkdl
Installacié nélkul

Univerzalis Multimédia Motor
- hang,video6,adat

- szinkronizacio

Peer 2 Peer

Tlzfalatjaras/Kapcsolat életben
tartas

Web API elrejti a komplexitast

Biztonsag tervezéstol
- Maganélet védelme
- Azonositas, Titkositas

Implementacio elérheto
- Nativ/Mobil platformokon is

TetszoOleges Signaling protokoll
Alacsony kesleltetés

Adaptiv Torlodasvezerlés

FEC



Szamokban

Uj piac

>1,5 milliard perc audio/video kommunikacio/hét
- 45%-kal n6tt a tavalyi év 6ta

>1300 Vendor és Projekt ami WebRTC-t hasznal

~ 3,5-4Mrd aktiv bdngész6 (2016 Nov)
— 2 Mrd aktiv Chrome (57,1% piaci részesedés)

80% a bongeszoknek WebRTC képes
- chrome, firefox, opera, edge, safari

Temerdek felhasznalasi lehetbség
CPaaS (Communications Platform as a Service)




Tavoktatas/Korrepetalas
- WebTut

VIDEOTORIUM
— CDN, webtorrent

Streaminng/Webcast
- BONngészobdl szeminariumok kozvetitése

4K/(8K?), 360fok imerziv video atvitel

Koz6s Tabla/rajzolas

Adatgydujtés/Control 10T

Alacsony késleltetési audio atvitel /Egyutt Zenélés?/
stb.




Architektura

Mi van a motorhazteto alatt?




WebRTC != egyszeru porteka

CODERS AND SLIDES

t

_m

4 1

WITHOUT
CLASS MODELS
AND MIND
MAPS?

::

geek & poke

Forras: https://geek-and-poke.com

CAN_YOL MAKE
ME SOME COOL
SLIDES FOR THE

W i \\) TOMORRON?

WebRTC

ALY =
1 E T F

NAT
Traversal

Forréas:

War

SSRC

SSRC

Media
Channel

SRTP
keying

Data

SCTP

Data
Channel

https://upload.wikimedia.org/wikipedia/commons/7/7f/Pile_de_protocoles d%27%C3%A9change_de m%C3%A9dias_ WebRTC.svg



https://upload.wikimedia.org/wikipedia/commons/7/7f/Pile_de_protocoles_d%27%C3%A9change_de_m%C3%A9dias_WebRTC.svg
https://geek-and-poke.com/

Architektura

The web
r[ WebRTC C++ AP| (PeerC onnedion) \]
[ Session management / Abstract signaling (Session) I
Voice Engine Video E ngine Transport Your browser

| ISAC [ILBE Codec I | WPE Codec I | SRTP I
We b R ' C | MetEQ for voice I | Video jitter buffer I | Muttiplexing |

Echao Canceler / I o o P2P
Moise R eduction Mage ennancemens STUN + TURN + ICE

- AP for web developers : AP| for browser makers ::::| Cwerrideable by browser makers

Forras: https://webrtc.org/architecture/



https://webrtc.org/architecture/

Tortenelem

Egyszer volt, hol nem volt...
Web-en innen és tul..




: KIFU 7 éve egy nyari napon...
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A kezdet

« 2009 Google Chrome csapat WebRTC gondolat megsziiletése

« 2010 Nyaran IETF 78 Informalis ebéd Google, Microsoft, Apple, Mozilla,
Skype, Ericsson, stb.

* 1 napos workshop http://rtc-web.alvestrand.com/
- IETF WG, W3C WG

e 2011 Januarban lezarult a Global IP Solutions Google altali felvasarlasa
e 2011 Majus 5. W3C WebRTC WG hivatalosan is elindul

e 2011 Junius 1. Google bejelenti WebRTC nyilt forrasu sw
csomagot(GIPS), és a chrome integraciot.

e 2011 November Chrome 23 WebRTC tamogatas


http://rtc-web.alvestrand.com/

ElsO fecskék

2013 Januar - Firefox 20 WebRTC tamogatas (csak GuM)
2013 Februar - Chrome Mozilla/Firefox interoperabilitas
2013 Julius - Chrome for Android WebRTC tamogatas
2013 Szeptember - Firefox for Android WebRTC tamogatas
2013. Oktober 30. - Open H.264 (Cisco+Mozilla)

2013 Oktober - Opera 18 Beta WebRTC debltalas



Codec

Mandatory To Implement

« MTI Audio codec: —-—
- Opus es G711 OopPUS

e MTI Video
VPS8

- konfliktus az RTCWEB munkacsoportban (IETF)

- MTI Video Codec (Codec habori)
Alliance for
Open Media

. VP8 vs H.264
. (VP9 vs H.265)

» Alliance for Open Media
- AOMedia Video 1 (AV1) Fejlesztes
- Amazon, Cisco, Google, Intel, Microsoft, Mozilla, Netflix stb.




Folyamatos fejlodes

e 2014 Szeptember OpenWebRTC (Ericsson)
« 2014 Oktéber MicroSoft Edge ORTC tamogatas bejelentés

e 2014 November MTI Video Codec konszenzus
- A Dbdngészoknek VP8 és H.264 is kotelezGen implementalandd

e 2015 Szeptember MicroSoft Edge ORTC/WebRTC tamogatas
e 2015 November Mozilla Canvas CaptureStream

e 2016 Januar VP9 Chrome

2016 Aprilis ICE Restart FireFox 48



Napjaink

2017 A0 cel befejezni a WebRTC 1.0 szabvanyositasat
- Stabilitas és megbizhatosag a f6 cél

- Feature freeze

- Csak hibajavitasok

2017 Junius - Safari 11 WebRTC tamogatas

2017 Oktober - KITE WebRTC paltform test (google/cosmo)
2017 Oktober - Third Party Audio codec tamogatas

2017 November - WebRTC PeerConnection CR



Szabvanyositas

Hol tartunk ma?




Egy szabvany mindenek felett!

N
(= A How STF\ DHRD’S P%JW 6 ex) SIMPLY EXPLAINED
"‘1?1 RiDIcULOLS ! HAVE YOU
WE NEED To DEVELOP e
. || ONE UNIVERSAL STRANDARD .
SITUATION: | AT covers evervones || STUATION: w @
THERE ARE USE CASES.  yep THERE ARE &
[4 COMPETING \ J |5 COMPETING
ALMOST.
% ‘g T WOLLD SAY
“§; it

Forras: https://xkcd.com

R

IN OTHER WORDS: You
HAVE NO IDEA HOW LONG
IT WILL TAKE YOU TO
FINISH IT

]
-

W - : )
PEOGEESS BAR

Forras: https://geek-and-poke.com

Forras:
https://upload.wikimedia.org/wikipedia/commons/6/63/AnneauUnique.png


https://xkcd.com/
https://geek-and-poke.com/
https://upload.wikimedia.org/wikipedia/commons/6/63/AnneauUnique.png

Szabvanyositas

API es Szabvanyositas

- W3C (WEBRTC) HTMLS5 részekent JS API
» A cél komplexitas elrejtése a Web programozok eldl

- |IETF (RTCWEB)
Nem csak szabvany, hanem Referencia Implementacio is

By Design

- Titkositas és Maganelet védelme, Tlzfalatjaras ICE, IPv6!
Offer / Answer alapokon (SDP) vs. ORTC!

Nem definial a Signaling protokollt! (Barmi SIP/XMPP stb.)




WFd JSEP

JavaScript Session Establishment Protocol

Signaling Signaling

App

WebRTC

Browser B o Browser

Caller Callee

Forras: http://htmlI5rocks.appspot.com/en/tutorials/webrtc/basics/jsep.png


http://html5rocks.appspot.com/en/tutorials/webrtc/basics/jsep.png

WebRTC 1.0-hoz vezetod ut

Specs Tests Compliance Reliability



Statuszjelentes

e W3C e IETF

- WebRTC 1.0 - JSEP
« — Candidate Release « - RFC

- Media Capture and Streams - DataChannel
« Candidate Release « ~RFC

- Stats - RTP Usage
* Working Document « ~RFC

- A/V Codecs

« RFC



Adapter.|s

 EI§ szabvany
* Implementéacios hézagok

athidalasa
 Hézagok
- Szabvanyositas és o
implementacio
- Implementacio és o |
implementaci6 Mind the Ga»?

Forras:
http://art.fritsahlefeldt.com/photo/2415/Mind-the-gap-no-text-Color-illustration.html


http://art.fritsahlefeldt.com/photo/2415/Mind-the-gap-no-text-Color-illustration.html

WebRTC-NV

forras:
http://art.fritsahlefeldt.com/photo/2045/Goal-is-closer-than-you-think-Color-illustration.html


http://art.fritsahlefeldt.com/photo/2045/Goal-is-closer-than-you-think-Color-illustration.html

AAl & WebRTC

ldentity




Azonositas

e SRTP-DTLS titkositas

« Személyazonossag es
titkosito kulcs kriptografiai
0sszekapcsolasa

 WebRTC Biztonsagi modell
— OpenlD Connect
- BrowserlID
- (SAML lasd: TF-WebRTC)

Forras:
https://hikingartist.com/2012/01/03/cat-and-dog-online-2-0/


https://hikingartist.com/2012/01/03/cat-and-dog-online-2-0/

TUZFAL/NAT atjaras

Hogyan megy at a td fokan a teve,
ezen f6 a napkeleti bolcseknek a feje.




A Tulzfal kivul tartja
a nem kivanatos forgalmat..




o— Egyben megneheziti a valds ideju
kommunikaciot. :-/







Miért gond, ha befalazzuk az
ajtot és az ablakot?
Az Internet ma:

- NAT (ktlénb6z0 fajtai),

- Tzfal (csomagszires),

- IPv4 => |IPv6 attérés,

- Multihomed eszkdzok, stb.

TCP nem idealis valos ideju
tartalmak szamara.




AJégesaTlz

-

WebRTC

<

Relay server

Peer STUN server STUN server




ICE mUkoddese

» Discovery and Candidate gathering
- Allocation

* Prioritisation

 Exchange X

» Connectivity Check @1 :
~ Frozen Algorithm J‘i

* Coordination

e Communication



: KIFU IP cim, és port felfedezés

« Candidate pair
- |IP address, port, protocol

Public Internet

e Types
- Relayed

- Reflexive
 Server, Peer

- Host K
> X:X




RFC4/87

« REQ-1:
- A NAT MUST have an "Endpoint-independent Mapping" behavior.
« REQ-8:

If application transparency is most important, it is RECOMMENDED
that a NAT have "Endpoint-Independent Filtering" behavior. If a
more stringent filtering behavior is most important, it is

RECOMMENDED that a NAT have "Address-Dependent Filtering"
behavior.

« a) The filtering behavior MAY be an option configurable by the administrator of
the NAT.



KIF0U RFC 4787 and RFC 5780 vs RFC 3489

* Mapping

EIM
ADM
APDM

 Filtering

ElF
ADF
APDF

MNAT Type 1
MNAT Type 2
MNAT Type 3
MAT Type 4
MNAT Type 5
MNAT Type &
MNAT Type 7
MNAT Type 8

MNAT Type 9

RFC 5780 defintion RFC 3489 definition

[Endvoint Independent Mapping_| Endpoint ndependen Fitering LMY ullcone
[Endpoin ndependent Mapping | Addres Dependent Fitring DN resticid Cone
Address and Port-Dependent Filtering [ =] Port Restricted Cone

Forras: http://www.netmanias.com/en/?m=view&id=techdocs&no=6065


http://www.netmanias.com/en/?m=view&id=techdocs&no=6065

Mapping

Endpoint-Independent Mapping Endpoint-Dependent Mapping
Endpoint-Independent Mapping Address-Dependent Mapping Address and Port-Dependent Mapping
Host B
Host A %
Host C
1 Binding Entry for 3 sessions 3222

Forras: https://www.netmanias.com/ko/?m=view&id=blog&no=6263


https://www.netmanias.com/ko/?m=view&id=blog&no=6263

Mapping Felismerés

Test Start
!
Test| |—> ETIT A > 7estend
!
Test Il » B e LAl —» Test End
|
Test Il I L LSl —— TestEnd
.
Adress and port-Dependent Mapping VAT BERRTRYI
Forras:

TEST |
- Primary IP, Primary Port

TEST I
- Alternate IP, Primary Port

TEST Il
- Alternate IP, Alternate Port

http://www.netmanias.com/en/post/techdocs/6067/nat-stun/nat-behavior-discovery-using-stun-rfc-5780


http://www.netmanias.com/en/post/techdocs/6067/nat-stun/nat-behavior-discovery-using-stun-rfc-5780

Filtering

Endpoint-Independent Filtering Endpoint-Dependent Filtering
Endpoint-Independent Filtering Address-Dependent Filtering Address and Port-Dependent Filtering
‘lEHII'
ﬁ .NAT Hnst B Hﬂst A .NAT Hmt ] Host .ﬁ. .NAT M

1.1.1.1

B0 T — ED
o -
90 % gog0, ' goso)| '

Host B i Host B Host B
@ ..._' ss 1.11.1 @ .._' xx 1.1.1.1 1.1.1.1
Host & 1 NAT ] 8080 Haost A | MAT ] &0 Hust.ﬁ. NAT | ED %

Host © Host C Host C
Me— e
P 2222 L

Forras: https://www.netmanias.com/ko/?m=view&id=blog&no=6263


https://www.netmanias.com/ko/?m=view&id=blog&no=6263

Filtering Felismeres

TEST |
Test Start — Primary IP, Primary Port

o TEST Il

: - Change Request IP and Port
L LI B Encpoint-independent Filtering NAT SRR Y
TEST Il

LU e g Address-Dependent Filtering NAT S R EEI ST - Change Request Port

Address and Port-Dependent Filtering NAT — Test End

Forras:
http://www.netmanias.com/en/post/techdocs/6067/nat-stun/nat-behavior-discovery-using-stun-rfc-5780


http://www.netmanias.com/en/post/techdocs/6067/nat-stun/nat-behavior-discovery-using-stun-rfc-5780

Linux NAT

o Symmetric NAT
- Address and Port dependent Mapping

- Address and Port dependent Filtering

 Iptables -t nat -A POSTROUTING -0 ethO -) MASQUERADE
--random

* Port restricted Cone NAT
- Endpoint Independent Mapping

- Address and Port dependent Filtering
 |ptables -t nat -A POSTROUTING -0 ethO - MASQUERADE



Port Randomizalas

Recommendations for Transport-Protocol Port Randomization
- https://tools.ietf.org/html/rfc6056

Updates to Network Address Translation (NAT) Behavioral
Requirements (RFC4787++)

- https://tools.ietf.org/html/rfc7857

Min seqit? pl. DNS cache mérgezés / Kaminsky tAmadas
- http://unixwiz.net/techtips/iguide-kaminsky-dns-vuln.html

De meg a port randomizalas sem ved minden tamadas ellen.
- https://arxiv.org/pdf/1205.5190.pdf


https://tools.ietf.org/html/rfc6056
https://tools.ietf.org/html/rfc7857
http://unixwiz.net/techtips/iguide-kaminsky-dns-vuln.html
https://arxiv.org/pdf/1205.5190.pdf

Szimmetrikus NAT felismerés

i bongészobol

| STUN PR
* https://webrtchacks.com/symmetric-nat/ Server#1 [
* https://jsfiddle.net/5ftsd5¢c2/17/ —
A cimed: -

192.0.2.10:8000

N

e
J — A cimed: %
000 ) 192.0.2.10:7000 |C

S |
Server #2


https://webrtchacks.com/symmetric-nat/
https://jsfiddle.net/5ftsd5c2/17/
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NAT Behaviour Discovery (RFC5780)

turnutils_natdiscovery

A
—

rfc5780.turn.geant.org

INTERNET

- -~
o —
- e



S KIFU Symmetric NAT minta kimenet

S turnutils_natdiscovery -f -m rfc5780.turn.geant.org



Campus NAT Behaviors

Linux
BSD

Juniper
VSRX

Cisco ios

Checkpoint
21400

EIM/EIF

"persistent-nat
any-remote-host"

EIM/ADF

"persistent-nat
target-host"

EIM/APDF
Default

static-port

"persistent-nat
target-host-
port”

Default

APDM/APDF

--random
--random-fully
Default

Default

Default



SOHO NAT Behaviors

EIM/EIF EIM/ADF EIM/APDF APDM/APDF
TP-Link Default
Mikrotik Default
RouterBOARD
Lede 17.0.2 Default --random
(Linux)
PF-Sense static-port Default

(BSD)



KIFU  |nternet Megosztas NAT Behaviors

EIM/EIF EIM/ADF EIM/APDF APDM/APDF
Win 10 Pro Default
macOS Default
I0S Default

Android Default



TURN biztos hogy kell?

Weby/Signaling TURN/STUN
Server '

INTERNET




SKIED callstats.1o

WEBRTC - METRICS REPORT - 2017/01

(o) 4.1. TURN Relay Usage
o The relay server usage is an important metric for applications and ser-

vices that want to use the least amount of infrastructure servers. With-
out any TURN relay servers, these sessions would fail to setup, there-
fore, deploying TURN servers is important to establish connectivity. We
use a TURN observe that on average 27% of the sessions use a TURN relay server.

relay server

of the sessions

TABLE 4.1. TURN USAGE

Dec Jan

26,2 % 27,4 % 29,0 % 26,3 %

Usage metrics from real world WebRTC deployments.




GEANT

STUN/TURN pilot
Knockplop




https://turn.geant.org

3 féle authentikacio

Elosztott infrastruktura

Europai k6z0s erofeszites

Szabvanyositas (W3C, IETF)

Cel

- LegkOzelebbi szerver
hasznalata

- Média forgalom GEANT
haldzaton belll tartdsa



WebRTCMultimedia
Application Developers

Web-RTC Service Provider
(e.q., NREN, Instritution)

https:/fturn.geant.org

Central web front-end

End-users
with legacy voicelvideo client or
WebRTC application

Filot CORE

CoTURN-LTC

s T s .

Service Monitoring

e
;2

coTURN-REST

OAuth2 Authorization Server

CoTURN-OAuth

coTURN-LTC Servers

Long Term Credential
Realm, Username, Password

coTURN-REST

Shared Secret
Time Limited Long Term Credential
REST AFI

Distributed server

coTURN-OAuth Servers locations are:
Croatia

Hungary

Foland

Germany

Portugal

Nonway

Spain

OAuth + TURN
OAuth2 Implicit Grant Flow
RFC 7635



Map Satellite
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Demo:
https://turn.geant.oro

@ STUN/TURN pilot - Mozilla Firefox

&+ STUNITURN pilot x|+

geantorg ¥ A A4 wvB @

GN4 WebRTC Lab INTRO PASSWORD PASSWORD SERVERS REST API ES OAUTH CONTACT LogouT

STUN/TURN federatisn pilst

Agederaied joint effort to build STUN/TURN infrastructdre for ICE (Interactive Connectivity Establishment) agents.

( Toggle Video \\ \/ Get Started \\

AN e

I IHTRERE®N R ™
v AV AV




Long Term Credential

* Firefox TURN setup
- media.peerconnection.use_document_iceservers
- media.peerconnection.default_iceservers

 CSipSimple
- https://en.wikipedia.org/wiki/CSipSimple
- PJSIP



https://en.wikipedia.org/wiki/CSipSimple

Alap WebMeeting

Szobak
- Képerny0 megosztas
- Chat

P2P
- Teljes Osszekapcsolt
- Full Mesh

Fogd és vidd rendezés
MIT licenc

Knockplop

node.js UNILETT

- web/https: express
- signaling: socket.io

Gulp
GEANT TURN 'C < ,
— RTT TURN test G ANT

Test mirror
- https://github.com/so0010/knockplop



https://github.com/so010/knockplop

Knockplop Demo

<% lutra.lab.vvc.niif.h
€ BM@h c.niif.hu/a

@ about:webrtc @ Host candidates only @ STUN only @ STUN+TURN




moodle-knockplop

Up2U Learning Portal ArCh iteCtU re E

WebSSO
AuthN and AuthZ

| Rewa rds (

* Open Technology

Learning « Standard APIs
Analitics Learning
L : Management App to ¢ Val.ue'add
earning :
Record Store S vniverse ° Scal.able
XAPI @ o8BI .‘.Tf‘ Lis .‘.T.‘I an ° Modular
BT TR = ol - Portable
App/inf
Openciuais o Sk » INTEROPERABILITY
. . Content
Up2U INFRASTRUCTURE Provider(s)
Repositories




Tesztek

Hogy allunk?
Mikor érunk mar oda?
Ott vagyunk mar?




WPT és KITE

Web Platform Tests

javascript javascript

SRTP/SCTP

STUN/TURN

Forras: https://www.w3.0rg/2011/04/webrtc/wiki/images/8/8a/WebRTCWG-2017-TPAC. pdf


https://www.w3.org/2011/04/webrtc/wiki/images/8/8a/WebRTCWG-2017-TPAC.pdf

: KIFU W3C: Test the Web Forward

Test the Web Forward

W3C's one stop shop for Open Web Platform testing.

Forras: https://sny.no/2014/09/twpwd/testtwf.png


https://sny.no/2014/09/twpwd/testtwf.png

Eszk0zOk

» Test the Web Forward / WebPlatformTests(WPT)
- Stand-alone tests
- https://wpt.fyi/webrtc
- http://web-platform-tests.org/
- http:/testthewebforward.org/

 KITE (Karoshi Interoperability Testing Engine) KAR@SHI 18555,
_ death by overwork
- COSMO consulting (http://webrtcbydralex.com/)

- Manually testing webrtc interop felt like “death by overwork”
» https://drive.google.com/file/d/0B398g_p42xgrdWVxaXU3amh2VUU/view


https://wpt.fyi/webrtc
http://web-platform-tests.org/
http://testthewebforward.org/
http://webrtcbydralex.com/
https://drive.google.com/file/d/0B398g_p42xgrdWVxaXU3amh2VUU/view

status.skyway.lo
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Is WebRTC Ready yet?

http://iswebrtcreadyyet.com

e Kész van?
 Mikor hasznalhat6 élesben?

CG0.0Q@

Canary Chrome Opera Mightly Firefox Bowser Safari

There are lots of issues and bugs remaining of course. Report bugs when that is not the case or
use a shim like adapter.|s until implementations match the specification.

If you have any guestions, use the discuss-webrtc malling list.

If you are looking for the scorecard that used to be on this site, you can find it here,



A kezdet vege

WebRTC 1.0 PR a lathataron!
(Az 0rdodg a részletekben..)




Osszegzés

WebRTC 1.0 avagy a web multimédia képessé tétele ol halad!

Nagy gyartok viszonylag harmonikusan, vallvetve dolgoznak
- Nyilt Szabvany, Nyilt Forras, Referencia implementacio
- Maéra az 6sszes nagyobb bongész6 tamogatja

Osszefogas a szabvany fejlesztésére
- Google, Mozilla, Cisco, Microsoft, stb.

- Sok nagy cég, sok Uzleti érdek => Ezek sokszor nehezen dsszehangolhatoak
» eddig jol sikerilt kezelni a konfliktusokat

WebRTC NV = Mélyebb API-k
- QUIC, Pokolba az SDP-vel => ORTC, AR/VR, SVC, Simulcast, Snowflake, stb.



Divatos Hivoszavak vs. WebRTC

« Big Data « Mobile First
- Hivés Statisztikak elemzése - 10S, Android sdk
pl. ELK + Knockplop « Serverless Architecture
* |loT (> Raspberry Pi) - WebTorrent
- Videomedfigyelés - Video CDN (Peer5)
- DataChannel » Blockchain
valésidejl adatgy(ijtés - NIMIQ (P2P kommunikacié WebRTC data
. . Channel
* Al/Machine Learning _ _) -
. - Netflix vizsgéalja (CDN)
- Computer Vision Cod
* TensorFlow + GuM demo odec
5G - AVl
_ - Simulcast, SVC, AR/VR, Audio Codec plugin
- Smooth roaming _ Nagy felbontas
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0s://meet.uninett.no
ns://lutra.lab.vvc.niif.hu
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ns://idevelop.ro/ascii-camera
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