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Maximize CDN-offload with WebRTC-based P2P-streaming

BeBeneHne B WebRTC p2p-CTpUMUHE

CDN + P2P(WebRTC)

WebRTC

—nepenava BUAEO, ayavo U NPOU3BONbHbBIX GUHAPHDBIX
—nepefaya AaHHbIX Mexay KNneHTamu no npAMomy col
—RTP n SCTP

—noTpebHocTb B CDN cHuxaeTtca

— KpOCC-NnaTopMeHHbIn

WnTterpauna P2P moayna ¢ WEB nneepamu m

1. MOHUTOPWHI NO3MLUMK BOCN
API nneepa, nnbo Hanpamy

2. HekoTopble nneepbl NO3BOJ
TpaHcnopTa(hls.js, shakaplé

3. A HekoTOopble HeT. Ho ecnn
pykaea n Hanucanw "nnarui

4. NMneepsl € 3aKpbITbIM MCXOL
Brightcove) kak npaeuno s
nnaropmMsl 1 NpegnaratoT

BI/I,D,GOI'Iﬂeepr afanTunBHOIO CTPUMUHIa

n

ApanTusHblin cTpumuir -- DASH, HLS, MSS, Adobe HDS(good bye, sweet prince)

Scheduler(Streaming engine) -- yHkuma ¢ aprymeHTamm "timestamp, quality”,
pesynbTtat - URL cermeHTa n3 manudecra

CermeHT 3anpawwnsaetcAa ¢ CDN n nocne ckauveanua nonagaet B 6ydchep nneepa

Paamep 6yddepa 3apaeTca B koHure nneepa

back buffer buffer

no3uymA Bocnpoun3eeneHnAa

end
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Maximize CDN-offload with WebRTC-based P2P-streaming

Teleport Media 1 Streamroot, apXUTEKTYpPHbIE CXOOCTBA:
KOHTpoMpyeM buffer size (HacTpoika min_buffer_size)

OrpaHMYMBaEM BpeEMS 3arpy3ku U3 nupmHra (HacTtpomka download_timeout)

Nno3suuKMA BOCNPOU3IBEAEHMA

NPOMUIPaHHbIE CETMEHTbI l cermeHTbl B Oydepe Byayuime cermeHTbl

BpemA

Y
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Teleport Media 1 Streamroot, apXMTEKTYpHblIE CXOOCTBA:
KOHTpoMpyeM buffer size (HacTpoika min_buffer_size)

OrpaHnYMBaEM BpeEMS 3arpy3ku U3 nupuHra (Hactpormka download_timeout)

nosnuKrA soCnNponsse 1eHAA

NPOUrPaHHbIE CErMEHTBI Jv cermeHThbl B Bydepe ByaylimMe cermeHTbl

Bpems

Y
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Teleport Media 1 Streamroot, apXMTEKTYpHblIE CXOOCTBA:
KOHTpoMpyeM buffer size (HacTpoika min_buffer_size)

OrpaHnYMBaEM BpeEMS 3arpy3ku U3 nupuHra (Hactpormka download_timeout)

1 pasnmnumg:

NnpeacKasaHue cneayloLlero cermMeHTa / o6paboTka 3anpoca oT nneepa B
MOMEHT ero nosyJyeHus

coeanHeHre NMPoB BOKPYT oopoxku (LQ, SD, HD etc.)) / coeanHeHne nnpoB
BOKPYT url MaHndecTa
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2KkcnepuMeHThl Teleport Media HaumHas ¢ 2016 roga:
Proof-of-concept Ha 6a3e webtorrent (JavaScript) (okTa6pb 2016)
Anboda-Bepcus Ha 6ase webtorrent (JavaScript) (MapT 2017)

Penns Ha 6a3e No/IHOCTbIO «CBOEro» koga (TypeScript) (MapT 2018)

[1Be Bepcumn koga back-end:
MoHonT Ha NodelS (okTs6pb 2016)

MukpocepBuchl Ha Go (anpesb 2018)



Maximize CDN-offload with WebRTC-based P2P-streaming
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Tekyllaa apxmTekTypa 6akeHaa

Teleport Media

cdn.teleport.media
gateway.teleport.media
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House KabwHeT
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Tekyllaa apxmTekTypa 6akeHaa

Teleport Media

cdn.teleport.media
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Tekyllas apxmtekTypa 6akeHaa 3purenu
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Tekyllaa apxmTekTypa 6akeHaa

Teleport Media

cdn.teleport.media
gateway.teleport.media
swarm-xxx.teleport.media
signal-xxx.teleport.media
stun.teleport.media

< C @ cdn.teleport.media/stable/teleport,js

r.hﬁd(e,this._SEED).toNumber()},e._SEEDleQBl,e}{};t.XXHash:o},function(e,t,n){"uze
strict";0bject.defineProperty(t,” esModule",{value:!8});var r=n(8),i=function(e){function t(t,n,r,i){var
o=e. call{thls,t,n,r 1)||th15 return 0.name= OpePatlonTlmeoutExceptlon ,o}return r. extends{t e),t}
(n(ll} Exception);

n=tuncticn{e,t){return

{functlon e() return e.prototype. canlpe
this.statuses[this. getStunIndex(e t)]})e prototype. getStunsForConnectlon function(e,n)
{return[t.STUN_SERVERS[this.getStunIndex(e,n)]]},e.prototype.getServers=function(){return
t.STUN_SERVERS},e.prototype.disableStun=function(e){var n=this;e.forEach{{function(e){var
r=t.STUN_SERVERS.index0Of(e);-1!==r&&(n.statuses[r]=11}}))},e.prototype.getAvailableCount=function(){return
this.statuses.reduce((function(e,t){return e+ +t}),08)},e.prototype. getCount=function(){return
t.STUN_SERVERS.length},e.prototype.getStunIndex=function(e,n){return{parselnt(e[e.length-1],16)+parseInt(n[n.length-
1],16) )%t . STUN_SERVERS. length},e}();t.default=new r},,,,,,,function(e,t,n){"use
strict";0Object.defineProperty(t,"__esModule",{value:!8});var r=n(3),i=function(){function e()}{}return
Object.defineProperty(e,"data”,{get:function(){return this. datal|
(this._data=this._readData()),this._data},enumerable:!@,configurable:!8}),e.getValue=function(e){return
this.data[e]]|""},e._readData=function(){var e="";return r.Environment.isBrowserf&(e=
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Tekyllaa apxmTekTypa 6akeHaa

Teleport Media
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3puTtenu
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KntoyeBble acnekTbl, Ha KOTOPbIX HE06X0ANMO GOKYCUPOBATHLCS:

[Tonck 1 coeguHeHne NMPOB

Candidate A

Swarm (http)
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KntoueBble acnekTbl, Ha KOTOPbIX HEOBXOAMMO POKYCUPOBATLCS:
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KntoueBble acnekTbl, Ha KOTOPbIX HEOBXOAMMO POKYCUPOBATLCS:

[TonCK 1 coegmnHeHmne nNMpoB

Swarm (http)

DP offer SDP offer
@ <\ﬁ -

SDP answer
Peer A Peer B

Signal (ws)



Maximize CDN-offload with WebRTC-based P2P-streaming

KntoyeBble acnekTbl, Ha KOTOPbIX HE06X0ANMO GOKYCUPOBATHLCS:

[Tonck 1 coeguHeHne NMPOB

Swarm (http)

@ ‘“oﬁer SDP offer

SDP answer SDP answer
Peer A Peer B

Signal (ws)
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KntoyeBble acnekTbl, Ha KOTOPbIX HE06X0ANMO GOKYCUPOBATHLCS:

[Tonck 1 coeguHeHne NMPOB

AtoB
peer connection
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KntoyeBble acnekTbl, Ha KOTOPbIX HE06X0ANMO GOKYCUPOBATHLCS:
[lonck 1 coegnHeHne NUpPoB

CTpaTerus paccbiiiku «have» coobLeHNN

// \

have have
“a1b2c3d4” “f9e8d7c6”
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
- [lonck n coegnHeHmne NMpoB
- CTpaTeruns paccbiyikm «haves» coobLLEHNIN

- bnaknanct

/),

3
\/ P

/ N
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
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CTpaTerus paccbiiiku «have» coobLeHNN
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct

[lonck B cBopMe (score, timeslot)

Candidate B Candidate A
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct

[Momnck B cBopMe (impact match)

have
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN

BnakancT

[Momnck B cBopMe (impact match)

have

“0123abcd” EI
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
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CTpaTerus paccbiiiku «have» coobLeHNN

BnakancT

[Momnck B cBopMe (impact match)

Candidate A
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct

[lonck B cBOpME

CTPUMUHT 1 pe-CTPUMKHT (yCKOpSeT NpoTajkMBaHMe cerMeHTa B NMpuHre)

Peer A

v

segment

CDN
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct

[lonck B cBOpME

CTPUMUHT 1 pe-CTPUMKHT (yCKOpSeT NpoTajkMBaHMe cerMeHTa B NMpuHre)

have
segment
Peer A Peer B

CDN
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct

[lonck B cBOpME

CTPUMMUHT 1 pe-CTPUMMHT (YCKOPSIET MPOTaNKMBaHME CErMEHTA B MUPUHTE)

» »
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segment segment

Peer A Peer B
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KntoueBble acnekTbl, Ha KOTOPbIX HEOHBXOAMMO POKYCUPOBATLCA:
[TonCK 1 coegmnHeHmne nNMpoB
CTpaTermnsa paccbisikm «haves» coobLLEHNIA
bnaknuncT

[ToncK B cBOpME

CTPUMMUHT 1 pe-CTPUMMHT (YCKOPSIET MPOTaNKMBaHME CErMEHTA B MUPUHTE)

» » »
> L >

segment segment segment

Peer A Peer B Peer C

CDN
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KntoueBble acnekTbl, Ha KOTOPbIX HEOHBXOAMMO POKYCUPOBATLCA:
[TonCK 1 coegmnHeHmne nNMpoB
CTpaTermnsa paccbisikm «haves» coobLLEHNIA
bnaknuncT

[ToncK B cBOpME

CTPUMMUHT 1 pe-CTPUMMHT (YCKOPSIET MPOTaNKMBaHME CErMEHTA B MUPUHTE)

segment ; @ segment ; @ %

Peer A Peer B Peer C
CDN
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct
[lonck B cBOpME
CTPUMUHT N pe-CTPUMUHT

[lpoBepKa LenocTHoCTM cerMeHTa (hash broadcast)

segment

N

CDN




Maximize CDN-offload with WebRTC-based P2P-streaming

KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct
[lonck B cBOpME
CTPUMUHT N pe-CTPUMUHT

[lpoBepKa LenocTHoCTM cerMeHTa (hash broadcast)

seg_id : hash
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KntoyeBble acnekTbl, Ha KOTOPbIX HEOOXOAMMO POKYCMPOBATLCS:
[loncK 1 coegnHeHne NMpoB
CTpaTerus paccbiiiku «have» coobLeHNN
Bnaknuct
[lonck B cBOpME
CTPUMUHT N pe-CTPUMUHT

[lpoBepKa LenocTHoCTM cerMeHTa (hash broadcast)

- S
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

CDN traffic

30:00  40:00  50:00 00:00:00 10:00 20:00 30:00 40:00 00 01:00:00 10:00 20:00 30:00 40:00

30:00  40:00  50:00 23:00:00 10:00 20:00

50:00 22:00:00 10:00  20:00

P2P traffic
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

Pe3epBHbIr MOUCK

— Gbps
29+

2.4
2.0+
1.5

1.0
0.5
0.0

10:00 20:00 30:00 40:00 50:00 09:00:00 10:00 20:00 30:00 40:00 50:00 1t
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

- Pe3epBHbI NOUCK

index Bucket
000 02£9282511£f98c03
001 247458e5485a6159
010 51e08a77d0263857
011 Tel2delecTee53d0
100 801af0c490d8455¢C
101 abcbf9030d2ac35b
110 c9%b4704b024e908
Swarm (http) 111 e362e43af665b89a
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

- Pe3epBHbI NOUCK

Prefix
index Bucket from to
000 02£9282511f98c03 0o 1F
001 247458e5485a6159 20 3F
010 51e08a77d0263857 40 5F
011 Tel2deOecTee53d0 60 7F
100 801af0c490d8455¢c 80 9F
101 abcbhbf%030d2ac35b A0 EF
110 c9pb4704b024e9208 co DF
111 e362e43af665b89a EO FF

Swarm (http)
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

Pe3epBHbIN MOMUCK

Swarm (http)

index
000
001
010
011
100
101
110
111

\

73989005b0b7afe3

Bucket
02£9282511£f98c03
247458e5485a6159
51e08a77d0263857
Tel2delecTee53d0
801af0c490d8455¢C
abcbf9030d2ac35b
c9%b4704b024e908
e362e43af665b89a

Peer A
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YTOo genatb ¢ 60bLLUMMK Har

- Pe3epBHbI NOUCK

index
000
001
010
011
100
101
110

Swarm (http) 11l

73989005b0b7afe3

py3kamMm?

Bucket
02£9282511£f98c03
247458e5485a6159
51e08a77d0263857
Tel2delecTee53d0
801af0c490d8455¢C
abcbf9030d2ac35b
c9%b4704b024e908
e362e43af665b89a
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

- Pe3epBHbI NOUCK

index Bucket
000 02£9282511£f98c03
001 247458e5485a6159
010 51e08a77d0263857
011 73989005b0b7afe3
100 801af0c490d8455¢C
101 abcbf9030d2ac35b
110 c9%b4704b024e908
Swarm (http) 111 e362e43af665b89a

73989005b0b7afe3
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Y710 oenaTb ¢ 6ONbLUMMK Harpy3kamm?
Pe3epBHbIN MOMUCK

ABTOMATUYECKNIN CKENNTMHI BaKeHaa
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Y710 oenaTb ¢ 6ONbLUMMK Harpy3kamm?
- Pe3epBHbI NOUCK

-  ABTOMATUYECKUNIN CKENNTMHI BaKeHaa

Aggregation manager 2.0 APP 8:39 AM
Changing parameters of the cluster. MIN_NODE: 1; MAX_NODE: 1

Avg_cpu_idle is 78.3885%

- Autoscaller APP 38:39 AM
1 The minimum size of cluster is 1 nodes. There is/are only O node(s) in the cluster right now. Starting new nodes.

The new node stat-node-93 has been added to the cluster
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

Pe3epBHbIN MOMUCK

ABTOMATUYECKNIN CKENNTMHI BaKeHaa

Arperaumsa CtTaTUCTUKK
019 YMeHbLUeHWa Harpy3km Ha stat.teleport media
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YTo nenatb C 60NbLIMMUK HArpy3KaMm?

Pe3epBHbIN MOMUCK

ABTOMATUYECKNIN CKENNTMHI BaKeHaa

Arperaumsa CtTaTUCTUKK

019 YMeHbLUeHWa Harpy3km Ha stat.teleport media

Headers  Payload  Preview  Response  Initiator  Timing

¥ Query String Parameters view source view URL-2ncoded

ts: 1663758129933
qq: 17

qt: 1

qd: 5

qbf: 29.629

rseg: 48353eab
rsrc: PDN

rtrg: cfo7fefedadfdest
rr. @8-

rf: 16786437

rh: 181

rwt: -1

rdt: 48806

rs: 1854505 ]

rsps: 2
rss: 19
rsst: 22
re: true
rm: 3

ra: true
ttrs: 1663758128252
tthv: B
ttsn: 217
ttfh: 277
ttlb: 1665
ttfn: 1679
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A 4T0 Ha cyeT VOD cTpuUMUHra?
SodekTmBHOCTbL ang LIVE no 75%
SppekTmBHOCTL VOD Catch up oo 60-70%
SppekTmBHOCTb VOD Long tail 4o 0-10%
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Tak Bo3HMK npoekT NODR ¢ ero nosnumMoHnpoBaHmneM ans.
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Tak Bo3HMK npoekT NODR ¢ ero nosnumMoHnpoBaHmneM ans.
[TMpoB, NonaBLWKX B 61EKINUCT (MK BOObLLE He nMetoLmx webrtc)

VOD cTpuMmHra

e 3

@3 NODR
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WebRTC
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S
N NODR

Peer A
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B npouecce R&D npoekta NODR peanusoBanu nepegady CErMeHTOB Yepes:
- WebRTC

@ github.com/sctplab/usrsctp/blob/7¢c31bd35¢79ba67084ce029511193a19ceb97447/usrsctplib/netinet/sctp_cc_functions.c

1145
1146
1147
1148
1149
1150
3153
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161

net->ssthresh = (uint32_t)((uint64_t)t_cwnd - cc_delta);

} else {

net->ssthresh = net->mtu;

}

if ((net->cwnd > t_c
(net->ssthresh <
net->ssthres
}
if (net->ssthresh <
net->ssthres
}
} else {
net->ssthresh = max(

}

fret->cund = net->mtu; |

net->partial_bytes_acked = ©

@ github.com/sctplab/usrsctp/blob/7¢c31bd35c79ba67084ce029511193a19ceb97447/usrsctplib/netinet/sctp_cc_functions.c

2355 static void
2356  sctp_htcp_cwnd_update_after_timeout(struct sctp_tcb *stcb,

2357 struct sctp_nets *net)

2358 {

2359 int old_cwnd = net->cwnd;

2360

2361 /* JRS - reset as if the state were being changed to timeout */

2362 htcp_reset(&net->cc_mod.htcp_ca);

2363 net->ssthresh = htcp_recalc_ssthresh(net);

2364 net->cwund = net->mtu;

2365 net->partial_bytes_acked = 9;

2366 if (SCTP_BASE_SYSCTL(sctp_logging_level) & SCTP_CWND_MONITOR_ENABLE) {
2367 sctp_log_cwnd(stcb, net, net->cwnd - old_cwnd, SCTP_CWND_LOG_FROM_RTX);
2368 }

2369 )

2370
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B npouecce R&D npoekta NODR peanmaoBanm nepegady CErMeHToB yepes:

WebRTC
WebSocket

webrtc

pd
N

websocket

s NODR
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B npouecce R&D npoekta NODR peanmaoBanm nepegady CErMeHToB yepes:
WebRTC
WebSocket
HTTP/HTTPS

webrtc

pd
N

websocket

pd
N

http/https
NN NODR

Peer A

N
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B HacTosawmin MoMeHT NODR (C++):
icnonb3yeTt Tonbko HTTP/HTTPS npoTokon
PaboTaeT Kak proxy nnm edge CDN cepBep

[lo3BongeT AOCTUYL 0O 95% adpdpekTrnBHOCTM CDN oppnoana

= - -

Bandwidth P2P traffic
286G
226G
186G
14G
116

TE2eM

3BLAM
0 <

0910 | 1800 \rmm\wwwsw 10.10 | 12:00 1010 | 16:59
CDN traffic

0910 18:00 1010 | 00:00 1010 | 06:00 1010| 12:00 1010 16:59
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A ckpunT teleport nMeeT nepapxmio N3 TPEX YPOBHEM MCTOYHMKOB CEMMEHTA:

[TpuHr
Y3nbl NODR

OpurmHanbHbii CDN (agpeca, No KOTOPbIM nieep 3anpallvBaeT CErMEeHTbI)

CDN
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Bo3BpaluaeMcs B Live CTPUMUHTY
MOXHO /11 1 KakK npeooneTb crabble MecTa webrtc?

[TpobyeM KoHuenumto race download
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dt0

a1 B T

« B T T | N

dt3 . . . . . . . . peerl finished
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dt0

dtl

dt2

. . . . . . peerl finished

dt3

B [N [N NN D BN W et finished again

dt4
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dt0

i [ [T

a2 [ TN 710 | I

dt3 .:-:- . . . . . peerl finished

as [ TN T OO OO DO DN BN [ e finished again
as [ I I T (O DO (RN et finished again
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dt0

dtl

dt2

. . . . . peerl finished

dt3

dtd peerl finished again

dt5

peerl finished again

peerl 15 chunks
peer2 6 chunks
peer3 3 chunks
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Kak KOHTpOAMpOoBaTb LLE/IOCTHOCTb COBUPAEMOro N3 HECKOIbKMX MCTOYHUKOB
cermMeHTa?

1 Kak genaTb 3TO «MNPSMO B MPOoLLEecce» CKavuMBaHUS, Tak YTOObl MUHUMU3NPOBATH
BPEMS, KOTOPOE BYAET NOTPAYEHO BMNYCTYIO B C/ly4ae OLNOKM MPOBEPKU
LLeTOCTHOCTN?
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dt0
dtl
dt2
dt3

dt4

dt5
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TaknM obpasomM Race Download:

- [loMoraeT yCKopUTb 3arpy3ky 13 NMMPUHra 3a CHET HECKOJIbKMX MCTOYHMKOB
- B npouecce nepepacnpepenseT paboTy Ha CaMble HGbICTPblIE NCTOUYHMKMN

- Ob6ecneyrBaEeT Le/IOCTHOCTb NOJ/TyYaeEMbIX OaHHbIX

- MuUHUMKM3MpPYET BpeMs, TepsaeMoe B C/lydyae OLIMOOK NPOBEPKN LeTOCTHOCTHU

Race Download - ko4 k Low Latency n High Definition Buaeo cTpyMmHry
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5961.74

2022-10-11 11:00:00
dt-b ver pdn speed: 3,069.922
dt-b ver race pdn speed: 5,914 642
® dtb ver race cap: 2,766.32

L o 300525

= “v”\,,,iv\ = R

0 . . . , .
2022—*]—11 10:00:00 2022-10-11 10:20-:00 2022-10-11 10:40:00 2022-10-11 1100200 2022-10-11 11:20:00 2022-10-11 11:40:00
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Cnacu6o 3a BHUMaHue!

Bonpochbi



