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Simulcast — nocbinaem
HEeCKOJ/IbKO BOE0-NMOTOKOB
Pa3HOro KayecTBa



Co3naHme maccoBbIiX 3BOHKOB
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Fully connected




KNMeHT oTnpaBnseT oAnH NakeT, a
nosayyaeT HECKOJIbKO

SFU nepecbinaeTt nony4yeHHbIN NakeT
OPYrM KJINeHTam

HeT koanpoBaHuga / gekognposaHus Ha SFU

Selective Forwarding Unit




KnneHT oTnpaBnseT / nony4yaet
oauH naket 8 / n3 MCU

Ob6beanHsAEeT HECKONbKO BXOOALLMX
NakeToB B OAVNH NCXOOSALLUNN

Multipoint Control Unit



YTO 1 KOorga BblbpaTb”?

P2P SFU MCU

[10 5 y4yaCcTHMKOB [10 25 y4yaCTHUKOB 25+ Y4aCTHNKOB
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MaccoBble 3BOHKW roToBbl?!
Hea :)






OnTummnsaums!



[larnHauma un slow start




BbicOKOe Ka4yeCcTBO TOJIbKO O/19 OCHOBHOIMO [OBOPALLETIO




Ocoboe noctpoeHne SFU




A KaK macLutabupoBaTtb?



Ha ocHoBe CPU
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KackagnpoBaHe CeEaHCOB
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Co3nanmm cBoe nNpuoXxeHue!
React + Express



Co3naHne Beb-cepBepa

server.|s > ...
const path = require("path");
const express = require("express");

const app = express();
const server = require("http").createServer(app);

const io = require("socket.io") (server);
const PORT = process.env.PORT || 3001;

server. listen(PORT, () => {
console. log("Server started!");

r);



[ logkntovYeHne COKeToB Ha KJIMEHTE

src > socket > index.|s > ...
import { io } from "socket.io-client";

const options = {
"force new connection": true,
reconnectionAttempts: "Infinity",
timeout: 10000,
transports: ["websocket"],

b

const socket = io("http://localhost:3001", options);

export default socket;



[ lpoBepsaAeM, UTO COKET NOAKJTHOUUIICSH

server.js > @ shareRoomsinfo
const path = require("path");
const express = require("express");

const app = express();
const server = require("http").createServer(app);

const io = require("socket.io") (server);

const PORT = process.env.PORT || 3001;

io.on("connection", ( ) => {
console. log("Socket connected!");
r);

server.listen(PORT, () => {
console. log("Server started!");

});



server.js > ...
const path = require("path");
const express = require("express");

const { version, validate } = require("uuid"); I_IOnyLIeH I/Ie KOM HaT

const ACTIONS = require("./src/socket/actions");

const app = express();
const server = require("http").createServer(app);

const io = require("socket.io")(server);
const PORT = process.env.PORT || 3001;

function getClientRooms() {
const { rooms } = io.sockets.adapter;

<——— Bo3sBpallaeT MaccuB BCEX KOMHATDI

return Array.from(rooms.keys()).filter(

(roomID) => validate(roomID) && version(roomID) === 4
);
}
function shareRoomsInfo() {
rooms: getClientRooms(),
¥l
¥
io.on("connection", ( ) = {
})shareRoomsInfo(): €— |llapum gocTynHble KOMHATbI

server.listen(PORT, () => {
console. log("Server started!");

-



server.js > ...

io.on("connection", (socket) => {

chareRoomsInfo(); [ logknoyeHmne K KoMmHarte

socket.on(ACTIONS.JOIN, (config) => {
const { room: roomID } = config;
const { rooms: joinedRooms } = socket;

MaccurB noaKSItOYEHHbIX

if (Array.from(joinedRooms).includes(roomID)) {

return console.warn( Already joined to ${roomID}); HO3E€POB
}
const clients = Array.from(io.sockets.adapter.rooms.get(roomID) || []);
clients.forEach((clientID) => {
io.to(clientID).emit (ACTIONS.ADD PEER, { [TonknroyeHHbIM K03epaM He Hano
peerID: socket.1id, S A Pﬁ A
createOffer: false, co3aaBarb Ofler
});

socket.emit (ACTIONS.ADD_PEER, <
peerlID: clientlID,

HoBbIN 03ep OomMKeH

})?reateOffer: true, CO3,E|,aTb offer
)3

socket.join(roomID);

[Toaoknroyaemcsa 1 wapmm
> S— A P

})f’“a'"ER""'“SI”““‘ MHdOPMaLMIO O BCEX KOMHAaTax



server.|s > ...

function leaveRoom() {

const { rooms: joinedRooms } = socket; Bb'XODI V|3 KOMHaTb|
Array.from(joinedRooms)
.filter((roomID) => validate(roomID) && version(roomID) === 4)

. forEach((roomID) => {

const clients = Array.from(io.sockets.adapter.rooms.get(roomID) || []); E Maccme noaknoHeHHbIX

103epOoB

clients.forEach((clientID) => {
io.to(clientID).emit (ACTIONS.REMOVE PEER, {
peerID: socket.id,

});

€——— [O3epbl OTKJIHOYAIOT HaC

socket.emit (ACTIONS.REMOVE_PEER, {
peerID: clientID, €——— Mbl OTKJIHOYAEM O3EPOB

});
});

socket.leave(roomiD); € BbIXOOUM N3 KOMHATbI
r);

shareRoomsInfo(); €= [llapnM MHPOPMaLNIO O BCEX KOMHATax
}

socket.on(ACTIONS.LEAVE, leaveRoom);
socket.on("disconnecting", leaveRoom);

)



BiiREceas [ logknto4vyeHne K KoMHaTam

const navigate = useNavigatel();

const [rooms, setRooms] = useState([]); (e CTGI;IT C KOMHaATamMmm

useEffect(() => {

socket.on(ACTIONS.SHARE_ROOMS, ({ rooms } = [1) => setRooms(roons)); €======[]JOSIly4YEHNE MACCKBA OOCTYMNHbIX KOMHAT
y 1)

const joinRoomHandler = (roomID) => {
navigate(  /room/${roomID}");

};

const createNewRoomHandler = () => {
navigate( /room/${v4()});

&
return (
<div>
<h1l>Available rooms</hl>
<ul>
{rooms.map((roomid) => ( €= Bp|BOONM OOCTYMNHbIE KOMHATbI HA CTpaHuLy
<li key={roomID}>
{roomID}
<button onClick={() => joinRoomHandler(roomID)}>Join room</button>
</li>
))}
</ul>
<button onClick={createNewRoomHandler}>Create new room</button>
</div>

);
r



Co3naHne komnoHeHTa Room

src > pages > room » Room.|sx > ...

import React from "react";
import { useParams } from "react-router";

import useWebRTC from "../../hooks/useWebRTC";

const Room = () => {
const { id: roomID } = useParams();

const {} = useWebRTC(roomID); €& 3Oecb OCHOBHas Jiormka

return <div>Room</div>;

b

export default Room;



[ looknoyeHne K KoMmHaTe

src > hooks > useWebRTC.js > ...
import { useRef } from "react";

import { useStateWithCb } from "./useStateWithCb";

export const LOCAL_VIDEO = "LOCAL_VIDEO";

MaccuB KNMeHToB
export default function useWebRTC(roomID) { /

const [clients, updateClients] = useStateWithCb([]);

const peerConnections = useRef({}); € Bce nup coeanHeHns

const localMediaStream = useRef({}); €& TpaHcnauma Halwero Bugeo 1 ayguo
const peerMediaElements = useRef ({

[LOCAL VIDEO]l: null, €
});

CcCblJIKM Ha BCe Meauna aJIeMEHTb!
Ha cTpaHuue



Peannsaumns xyka

src > hooks > useStateWithCb.js > ...
import { useCallback, useEffect, useRef, useState } from "react";

export const useStateWithCb = (initialState) => {
const [state, setState] = useState(initialState);
const cbRef = useRef(null);

const updateState = useCallback((newState, cb) => {

cbRef.current = cb; COXpaHFIeM callback

setState((prev) =>

typeof newState === "function" ? newState(prev) : newState & (OHOBJIYIEM State
);
y, [1);

useEffect(() => {
if (cbRef.current) {
cbRef.current(state):

chref.current = null: € DBbi3biBaem callback nocne obHoBneHna ctenta

¥
}, [statel);

return [state, updateStatel;



src > hooks > useWebRTC.js > ...

v  const addNewClient = useCallback(
v (newClient, cb) => {

it O [ logpkntoyYeHne K KoMHaTe

updateClients((prevClients) => [...prevClients, newClient], cb);

t

[clients, updateClients]

);

v useEffect(() => {
v async function startCapture() {
v localMediaStream.current = await navigator.mediaDevices.getUserMedia({ b nOﬂyLIaeM MeaOna

audio: true,
v video: {
width: 1280,
height: 720,
I / [lobaBnsem to3epa B MaccuB KJIMEHTOB

)

v addNewClient (LOCAL_VIDEO, () => {
const localVideoElement = peerMediaElements.current[LOCAL_VIDEO]; b IEIIOCTaeM Meana

v if (localVideoElement) {
localVideoElement.volume = 0; ¢ y6|/|paeM 3BYK N B SIC T€lra
: localVideoElement.srcObject = localMediaStream.current; <VideO/> yCTaHaBﬂVlBaeM Me,EI,VIa
});
} / Bbi3biBaem akiH JOIN
startCapture()

.then(() => socket.emit(ACTIONS.JOIN, { room: roomID }))

.catch((e) => console.error("Error getting userMedia", e)); b EC}'||/| |-03ep He COorjlacCeH, Knaaem OI_IJI/I6Ky
}r [FOOmID]);



[ looKto4YeHne K KOMHaTe

src > hooks > useWebRTC.js > ...

const provideMediaRef = useCallback((id, node) => {
peerMediaElements.current[id] = node;

ol k)s

return { clients, provideMediaRef };

}



src > pages > room » Room.jsx > ...

inport React fron "reacth BbiBeOoeM KJIIMEHTOB Ha 3KpaH

import { useParams } from "react-router";
import useWebRTC, { LOCAL_VIDEO } from "../../hooks/useWebRTC";

const Room = () => {

const { id: roomID } = useParams();
const { clients, provideMediaRef } = useWebRTC(roomID); b 'D'OCTaeM MacCnB KJINEHTOB 1 Cp_yHKL"V”O
051 nony4vyeHnst gocrtyna K <video/>

return (
<div>
{clients.map((clientID, ) = ( €= BbIBOOM BNOeO Ha CTpaHuLy
<div key={clientID}>
<video
width="100%"
height="100%"
ref={(instance) => provideMediaRef(clientID, instance)} b nOﬂyL-IaeM |EIIOCTyI'I K SﬂeMeHTy
autoPlay
playsInline
muted={clientID === LOCAL_VIDEO}
/>
</div>
))}
</div>
) ;
b

export default Room;



BbiXxoO N3 KOMHATDI

startCapture()
.then(() => socket.emit(ACTIONS.JOIN, { room: roomID }))
.catch((e) => console.error("Error getting userMedia", e));

return () => { OcTaHaBMBaeM 3axBaT Mmeguna
if (localMediaStream.current.getTracks) A 4&"——————

localMediaStream.current.getTracks().forEach((track) => track.stop());
socket.emit (ACTIONS.LEAVE);

+ \
}s

}, [roomID]);

Bbi3biBaem akLWwH LEAVE



server.js > ...
io.on("connection", (socket) => {

shareRoomsInfo(); [lobaBneHne HoBoOro nupa

socket.on(ACTIONS.JOIN, (config) => {
const { room: roomlD .} = -COntig;
const { rooms: joinedRooms } = socket;

if (Array.from(joinedRooms).includes(roomID)) {
return console.warn( Already joined to ${roomID});

}

const clients = Array.from(io.sockets.adapter.rooms.get(roomID) || []);

clients.forEach((clientID) => {
io.to(clientID).emit (ACTIONS.ADD PEER, {
peerID: socket.id,
createOffer: false,

)

socket.emit (ACTIONS.ADD PEER, {
peerID: clientID, e
createOffer: true,

+);

¥):

socket.join(roomID);
shareRoomsInfol():

¥):



[lobaBrieHne HOBOIro nupa

src > hooks > useWebRTC.js > ...

useEffect(() => {
> const addNewPeerHandler = async ({ peerID, createOffer }) => {-

¥

socket.on(ACTIONS.ADD PEER, addNewPeerHandler);
1)



src > hooks > 8 useWebRTC.js > ... ﬂIOGaBneH I/Ie HOBOFO nl/lpa

useEffect(() => {
const addNewPeerHandler = async ({ peerID, createOffer }) => {
if (peerID in peerConnections.current) {
return console.warn( Already connected to peer ${peerID} );

}

peerConnections.current[peerID] = new RTCPeerConnection({ b C03ﬂ,ae|\/| RTCPeerCOnneCtion

iceServers: freeice(),

-

peerConnections.current [peerID].onicecandidate = (e) => { b O6pa6OTL||/|K HAa Bbl30B SetLOcalDeSCFiptiOn

if (e.candidate) {
socket.emit (ACTIONS.RELAY_ICE, { peerID, iceCandidate: e.candidate });

};} \

let tracksNumber = 0;

peerConnections.current[peerID].ontrack = ({ b O6pa60TL||/|K Ha NodABJ1IEeHNEe Mela TpeKa

streams: [remoteStream],
}) = {

tracksNumber++;

Bbi3biBaeM akwH RELAY_ICE ¢ peerlD v ice kaHangaTom

if (tracksNumber === 2) { C — rlpl/II_IJJ'IO BNOEO N ayano

addNewClient(peerID, () => {
peerMediaElements.current[peerID].srcObject = remoteStream; b ,D,O6aBﬂF|eM KJIINEHTA U
b TpaHcAnpyem meagmna
+

F



[lobaBrieHne HOBOIro nupa

src > hooks > useWebRTC.js > ...

localMediaStream.current.getTracks().forEach((track) => { C ,E!,O68.BJ'IFIGM TPEKN N3 .
peerConnections.current[peerID].addTrack( localMediaStream k peerConnections

track,
localMediaStream. current
) ;
1

Co3naem offer
if (createOffer) { ‘E’,—””"
. . ).

const offer = await peerConnections.current[peerID].createOffer(
await peerConnections.current[peerID].setlLocalDescription(offer) ;  C— anIerI'IJ'IFIeM offer

socket.emit (ACTIONS.RELAY_SDP, {

peerlD, < BbI3biBaeM 3kWH RELAY_ SDP ¢ SDP gaHHbIMW

sessionDescription: offer,
});
}
b

socket.on(ACTIONS.ADD PEER, addNewPeerHandler);
g A0



[lobaBrieHne HOBOIro nupa

server.)s > ...

socket.on(ACTIONS.RELAY_SDP, ({ peerID, sessionDescription }) => {
io.to(peerID).emit (ACTIONS.SESSION_DESCRIPTION, {
peerID: socket.id,
sessionDescription,
1)
1)

socket.on(ACTIONS.RELAY_ICE, ({ peerID, iceCandidate }) => {
io.to(peerID).emit(ACTIONS.ICE_CANDIDATE, {
peerID: socket.id,
iceCandidate,
1);
1)
1)



src > hooks > useWebRTC.js > ...
useEffect(() => {

async function setRemoteMedia({ |DIC)6a,BJ-|eH|/|e HOBOFO I'II/Ipa

peerlD,
sessionDescription: remoteDescription,

¥

await peerConnections.current[peerID]?.setRemoteDescription( & [Tpukpennsgem SDP pgaHHble
new RTCSessionDescription(remoteDescription)

) ;

if (remoteDescription.type === "offer") {
const answer = await peerConnections.current[peerID].createAnswer(); €——— Co3pnaem answer

await peerConnections.current[peerID].setLocalDescription(answer); € an/Ierl'IJ'IFIeM anser

socket.emit (ACTIONS.RELAY _SDP, {

peerlD,
sessionDescription: answer, <—— BbI3biBaeM 3KWH RELAY_SDP ¢ SDP gaHHbIMU

r):

}
}

socket.on(ACTIONS.SESSION DESCRIPTION, setRemoteMedia);

return () => {
socket.off (ACTIONS.SESSION DESCRIPTION);
};
Y.l



[lobaBrieHne HOBOIro nupa

src > hooks > useWebRTC.js > ...
useEffect(() => {
socket.on(ACTIONS.ICE_CANDIDATE, ({ peerID, iceCandidate }) => {
peerConnections.current[peerID].addIceCandidate(
new RTCIceCandidate(iceCandidate)
) ;
r);
By [1);



server.js > ...

function leaveRoom() {

const { rooms: joinedRooms } = socket; yﬂlaﬂeHl/le r”/lpa

Array.from(joinedRooms)

.filter((roomID) => validate(roomID) && version(roomID) === 4)
.forEach((roomID) => {
const clients = Array.from(io.sockets.adapter.rooms.get(roomID) || [1);

clients.forEach((clientID) => {
io.to(clientID).emit (ACTIONS.REMOVE PEER, {
peerID: socket.id,

});

socket.emit (ACTIONS.REMOVE_PEER, {
peerID: clientID,

r);
});

socket. leave(roomID):

r);

shareRoomsInfo();

}

socket.on(ACTIONS.LEAVE, leaveRoom);
socket.on("disconnecting", leaveRoom);

)



YoaneHue nupa

src > hooks > useWebRTC.js > ...

useEffect(() => {
const removePeerHandler = ({ peerID }) => {

if (peerID in peerConnections.current) {
peerConnections.current(peerID].close(); €——— 3akpblBaeM coeguHeHNE

}
delete peerConnections.current[peerID]; Ypoansaem n3 peerConnections v
. €
delete peerMediaElements.current[peerID]; peerElements
updateClients((prevClients) =>
orevClients.filter((client) => client !== peerID) € QOOHOBNAEM K/INEHTOB
) ;
b

socket.on(ACTIONS.REMOVE_PEER, removePeerHandler);
B [1);
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WebRTC He marunga!

RTP, TCP, UDP, NAT,

_ |
STUN, TURN, ICE cTpaluHble abbpeBunaTypsbl, HO X HE CTOUT BOSATLCS!

BkaTnTbCa B TEXHOJIOMMIO HE CJZIOXKHO .

Mo>XHO co3aaBaTb NoJie3Hble NPUTOXKEHUS
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