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TexHonornm ong noseaeHUsa TpaHCNALMN
HTepakTVBHbIE CODbITVSA

PasnuyHble acnekTbl peanmsaumm

PaboTta ¢ BMOeo nMoTokoM

CTaTucTMKAa cepBnCa



Side-project

There we are, neary done. Just
a few more hours and this thing
will be up and running...

Oh wait, | just
had an idea...




£3 mobile challenge




OCOBEHHOCTU MPAMbBIX TPAHCAALMMN

+ He HyXHO TpaTuTb BpeMs Ha NoaroToBky
MaTepuana

- MrHoBeHHbIV 0bpaTHasa CBA3b
- [lpocToTa co3gaHus
- BosaMOXHOCTb NpuBReYb HOBYIO ayanUTOPUIO

- MHOXeCTBO KOHTEKCTOB UCMO/Ib30BaHUS



eXHOI0r MK 015 MPOBEeAEHUS
TPAHCAALNM
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CBOMCTBa MPOTOKOSOB

Latency Scalability
Adaptivity Device support
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HLS

Distribution : Client

HTTP Live streaming

Origin web server

- [Nopaepxka Ha YPOBHE CUCTEMDI index ‘ ) :
. .m ™
. AnanTMBHOCTb file P —

- WndpposaHme

- [logaepxka parMeHToB ¢ l
Pa3NUYHbIMK NapamMeTpamu
KOOMPOBaHUS
HTTP

- Bblcokne 3agepxkm



[ToMep MacTep NnennmcTa

#EXTM3U

#EXT-X-STREAM—-INF : PROGRAM-ID=1,BANDWIDTH=232370,CODECS="mp4a.40.2, avcl.4d4015"
gearl/prog_index.m3u8

#EXT-X-STREAM-INF : PROGRAM-ID=1,BANDWIDTH=649879,CODECS="mp4a.40.2, avcl.4d40le"
gear2/prog_index.m3u8

#EXT-X-STREAM—-INF : PROGRAM-ID=1,BANDWIDTH=991714,CODECS="mp4a.40.2, avcl.4d40le"
gear3/prog_index.m3u8

#EXT-X-STREAM-INF : PROGRAM-ID=1,BANDWIDTH=1927833,CODECS="mp4a.40.2, avcl.4d401f"
gear4/prog_index.m3u8

#EXT-X-STREAM-INF : PROGRAM-ID=1,BANDWIDTH=41457,CODECS="mp4a.40.2"
gear@/prog_index.m3u8

10



[ToMep BHYTPEHHEro naennmcTa

#EXTM3U
#EXT-X-TARGETDURATION:10
#EXT—-X-VERSION:3
#EXT-X-MEDIA-SEQUENCE:©
#EXT-X-PLAYLIST-TYPE:VOD
#EXTINF:9.97667,
fileSequence@.ts
#EXTINF:9.97667,
fileSequencel.ts
#EXTINF:9.97667,
fileSequence2.ts
#EXTINF:9.97667,
fileSequence3.ts
#EXTINF:9.97667,
fileSequence4.ts
#EXTINF:9.97667,
fileSequenceb5.ts
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LndposaHme

#EXT-X-KEY:METHOD=AES-128 URI=".."

Cchblfika Ha K/toY COAePXNTCA HEMOCPEACTBEHHO B
MaHupecTe

MOoXHO ncnonb3oBaThb Pas3fiMyHble KITKOYW OJ14
I_IJl/ICprBaHl/lﬂ Pa3/TM4YHbIX CeIrMeHTOB
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Keyframe interval

keyframe (I-frame)
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predicted frame (P-frame)
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CxaTne H.264

CTtaHgapT onpenensaeT HeCKoNbKo Npodunen:

- Baseline profile
- Main profile

- High profile

[Toodunb nmeeT ypoeHb oT 100 D, oTpaxatoLwwmmn
MaKCMMasibHble MapaMeTpbl BUOEO, 4719 KOTOPbIX
BO3MOXHO AeKOAMPpOoBaHMe
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[ ToMep BO3MOXHOCTEN NpOoduien

OHTpONUNHOE KogMpPOBaHMeE:

- CAVLC (Context-adaptive variable-length coding) B Baseline profile
- CABAC (Context-adaptive binary arithmetic coding) B Main profile
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[ ToMep BO3MOXHOCTEW Npoduien

[Mopnepxka B-frame:
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RTMP

Real Time Messaging Protocol
N3HayanbHaa NponpueTapHOCTb
- OTCYyTCTBME CUCTEMHOM NOALEPXKKM

- CnoxHee MacltabupyeTcs

Huakne 3aePXKN
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Bblga4da ccblfiok

18



WebRTC

Web Real-Time Communication
. Hl/l3Kl/Ie 3aePXKKN
- [logaepxka 6paysepamu

- BosmoxHocTb opraHmsaumm P2P cetu

- He noggepXxmBaetCd MHOIr MMM CUCTEeMaMi
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[TpoTtokon STUN

Session Traversal Utilities for NAT

(Network Address Translation)

Peer B

you are:
208.141.55.130:3255

STUN server
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[lpoTokon TURN

Traversal Using Relays around NAT

Peer A
A

who
am|?

TURN server

|

Peer B

you are: 209.141.55.130:3255
Behind Symmetric NAT

STUN server
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[ nbpunaoHasa cxema

RTMP

L o

TPAHCKOANPOBAHUE

HLS

HLS
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IHTepaKkTVBHbIE CODbBITUA




Long polling n heartbeat 3anpocel

"'comment" = {
"date" = 1540253362;
"from_id" = 96957651;
"id" = 577473;
"text" = Hij;
Fi
"owner_id" = '"-9693056";
"type" = "video_comment_new";
"user" = {
"first_name" = Alexey;
"id" = 96957651;
"last_name'" = Savin;
"photo_100" = "https://pp.userapi.com/c840325/v840325352/3b88f/ryS2WgekPYA. jpg?ava=1";
"photo_50" = "https://pp.userapi.com/c840325/v840325352/3b890/s8anHNeTOQw. jpg?ava=1";
"sex" = 2;
Fi
"version" = 2;
"video_id" = 456240883;
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PasnmyHble acnekTbl pearin3auinii




PaboTa B yCNOBUAX MNIOXOM CeTu

ﬂ,l/lHaMl/IquKaFl CMeHa pa3pelleHnA

- He nopoepxvBaetca RTMP
- PeanunzoBaHo B HLS uepes anpektmpy EXT-X-DISCONTINUITY

- HeT BOBMOXHOCTU COXPaHUTb mp4 A4 3arciu
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AnanTUBHbIVM OUTPEnT
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AnanTUBHbIVM OUTPEnT
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[lpourpbiBaHne RTMP

Ncnonbsosanu VLC nneep

,laudiodecoder}— filter ‘

access H demuxer )

{ video decoder H filter

audio output

= audio encoder

=~ video encoder }

‘ video output

1 muxer Hstream output
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KoHdpurypaumsa VLC

- network-caching=b00
- no-avcodec-hurry-up
- avcodec-skip-frame=-1
- access=avio

- demux=avformat
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MogndurkaLmm ona yckopeHusa 3arpyskim

iformat = av_find_input_format("flv")

6;sys—>ic—>probesize = 50000;
p_sys—>ic—>max_analyze_duration = 1000000;

avformat_find_stream_info( p_sys—>ic, options );
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[loBOPOTHI

- nHamMmmyeckas cMeHa paspelleHns
- BnuceiBaHWe kagpa

- Otpuicoska VLC npouncxognt Ha OpenGL
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CocTodHMe 3KpaHa TpaHCNALNMK |

3aBUCUT OT:
- Moaenun oaHHbIX

- [lneepa

- Long poll cepsurca

= s L = .'. o
Py Mol Hadanh YeenoMNaTs Ballinx
ApY3er ¥ NOAM1CYUKOB, YTOObI OHU

MOIIN NPUCOEANHNUTLCS

- Heartbeat cepBuca < TpaHCnauAM

Cepren ®ununnos
"~ npucoeavHUACS K TpaHCaLum

AHppeit Yrnes
NPUCOEAVHWUICS K TPaHCAAUUA

4=h Cepreii Gunvnnos
~t"

MpueeT!

CoobueHue... @




Coc

enum Pla
case
case
case
case

by

class Pl
let
let
let
let
let
let
let
let
let
let
let

TOAHWE TIJ1eePa

yerItemEvent {
none
didPlayToEndTime
failedToPlayToEndTime
playbackStalled

ayerItemState {

status: AVPlayerItemStatus
playbackLikelyToKeepUp: Bool
playbackBufferEmpty: Bool
playbackBufferFull: Bool
loadedTimeRanges: [NSValuel
error: Error?

accessLog: AVPlayerItemAccesslLog?
duration: CMTime
currentTime: CMTime
lastEvent: PlayerItemEvent
seekTime: CMTime?

enum PlayerStateTimeControlStatus {
case paused
case waitingToPlayAtSpecifiedRate
case playing

¥

class PlayerState {
let status: AVPlayerStatus
let timeControlStatus: PlayerStateTimeControlStatus?
let rate: Float
let itemState: PlayerItemState?
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Pnarv nneepa

class PlayerStateInferredFlags {

let
let
let
let

let
let

enum PlayerDesiredPlaybackState {

desiredPlaybackState: PlayerDesiredPlaybackState case paused
actualPlaybackState: PlayerActualPlaybackState case playing
finished: Bool ¥

failed: Bool

enum PlayerActualPlaybackState {
durationInSeconds: TimelInterval case paused
loadedTimeRangeInSeconds: TimeInterval case buffering

case playing
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ABTOMAaTUYECKOE BOCTT ponsBeeHNEe

- OrpaHnyeHHoe Konm4yecTBo 3anyueHHbix AVPlayer
- OTpUCOBKa MHTEPAKTUBHbLIX COObITUM
- [lepexon B MONHO3KPAHHbIV PEXM

- Bbibop kayecTBa
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[Toobnemsbl ¢ Apple TV

y Oﬂpeﬂ,eﬂl/lTb OKOH4YaHWe NMogxkjioYeHnAd MOXXHO TOJIbKO KOCBEHHO

for (AVAudioSessionPortDescription *portDescription in [AVAudioSession sharedInstancel].currentRoute.outputs) {
if ([portDescription.portType isEqualToString:AVAudioSessionPortAirPlay]) {
externalPlaybackActive = YES;
externalPlaybackDeviceName = portDescription.portName;

- AptedakThl B AVPlayerlLayer

- Hert yBe,EI,OMJ'IeHl/]l;I rnev yrnpasJeHnn Yepes rnyJsibt
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Mopaepauuns




PaboTa c B1MOe0O NMOTOKOM




ObLwaqa cxema

KALP
- O6paboTka

KALP

KALP
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YnpaBneHve kamepowu

- AVCaptureDeviceFormat
- AVCaptureDevice

- AVCaptureSession

- CMSampleBuffer

- CVImageBuffer

- AVSampleBufferLayer
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LIBeToBasa cybamckpeTmsaums

Y'CbCr — ocHOBHada naes B TOM, YTO Yes10BEK Syylle BCEro BOCMNPUHMMAET KOMIMOHEHTY SPKOCTU

e H ' """ "="n"s"s
AnEE snEE sEEE R
4:1:1 4:2:0 4:2:2 4:4:4
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[Tpouecc 0bpaboTkM

CMSampleBuffer

AVCaptureDevice (

>

ClFilter

ClFilter

CIFilter

CMSampleBuffer

(o

- AVSampleBufferLayer

43



MaTpuLia CBEPTKM

Kernel Matrix

89

Image Matrix

105x04+102%*—-14+100=%0
4103 *x—14+99x5+ 103 % —1
+101%x0+98x—1+104%x0 =89

97 | 96 0 -1 0
101 | 102 -1 5 -1
102 | 100 0 -1 0
99 | 101 | 106 | 104 | 99
104 | 104 | 104 | 100 | 98

Output Matrix
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Kak cgenatb nmuo rMpnBJiekKaTes/ibHEE

- BosbMéM kagp ¢ kamepbl
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Kak cgenatb nmuo rMpnBJiekKaTes/ibHEE

- BosbMéM kagp ¢ kamepbl

- Bocnonbayemcs high pass durnbstpom
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Kak cgenatb nmuo rMpnBJiekKaTes/ibHEE

- BosbMéM kagp ¢ kamepbl
- Bocnonbayemcs high pass durnbstpom

- [Nlpumernunm ClHardLightBlendMode ong nonyyeHus
MaCKU
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Kak cgenatb nmuo rMpnBJiekKaTes/ibHEE

- BosbMéM kagp ¢ kamepbl
- Bocnonbayemcs high pass durnbstpom

- [1pumeHum ClHardLightBlendMode ona nonyyeHumd
MacKu

y HpMMeHVIM LIBETOKOPLPEKLMNIO K MCXOOAHOMY Kaapy
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Kak cgenatb nmuo rMpnBJiekKaTes/ibHEE

- BosbMéM kagp ¢ kamepbl
- Bocnonbayemcs high pass durnbstpom

- [1pumeHum ClHardLightBlendMode ona nonyyeHumd
MacKu

y HpMMeHVIM LIBETOKOPLPEKLMNIO K MCXOOAHOMY Kaapy

- [Npumenum ClBlendWithMask ¢ ncnonbsoBaHmam
MNOYYEHHOM MaCKuM
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Macku
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CTaTncTumka cepPBVCa TPaHCHIALNW

450 TbIC

CO30aHuK B eHb

6,8 M/TH

COObITUWM B AEHb

50 MH

NPOCMOTPOB B A€Hb
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CTaTncTumka cepPBVCa TPaHCHIALNW

88
50 % Q80 TbIC

TpaHCﬂ‘FILI,l/Il;l C MaCKaMI MakKCWMaJlbHOe YNCJIO SDMTeﬂel;l
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W Cnacwnbo! Bonpoch!?

vk.com/svn



