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ISpring Suite — KOHCTPYKTOP 3N1EKTPOHHbIX
KypcoB Ha 6a3e PowerPoint




Hy>XHO YCKOPUTb TPpaHCKOAUPpOBaHME BUOEOD

* iISpring ncnonbsyet onbnmnoteky FFmpeg nna obpaboTkm BUAEO
 Bo3HWMKNa 3agaya yckoputb 06paboTky BUAEO

* ilcnonb3oBaTb annapaTHoe ycKopeHue

* Intel QSV
* NVIDIA
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[Tpobnema N921 — 06HOBUTL FFMpeg

* bubnmnoteka myneTMegna He obHoBnanack ¢ 2018 roga
* FFmpeg4
* AKTyanbHasa sepcusa: 7.1
* APl cunbHO noMeHANcA

* [lepenncann noytn Bcro 6UGNMOTEKY
e _ Jlyywe obHOBNATbLCA NO-ManeHbKOMY, a He Mo 60bLLOMY
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[Tpobnema N92 — HeMacwwTabmnpyemas
apxXmnTeKTypa TpaHcKoaepa

* AnnapaTHOe yCKOpeHMe He NOMOrN0 Tak, KakK o>knaanocb
* [lpnyumnHa: nocnepoBaTtenbHbIM TPAaHCKOAEP
* CPU Heporpy>keH

* PeLueHue:
* PacnapannenuneaHue
* HoBble MHTEpPECHbIe 3a4a4u

* /Itor: yckopunu TpaHckoanposaHue smnaeo Ha 30-60%
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O yeMm MoOU aoknan

* MMHMMYM npo ycTponcteo FFmpeg

* besonacHaa nHterpaumna C APl B C++23 (modules + RAIl +
expected)

* ApXUTeKTypa TpaHcKoaepa: oT nocseaoBaTesibHoro K
aCUHXPOHHOMY

* Ouepenun, backpressure u pipeline
* Pazbop Nnpon3BoANUTENBHOCTU N OFPaHNYEHNA
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KpaTtko 06 FFmpeg



YTo Takoe FFmpeg

* Ffmpeg — MmynbTiMeaMNHbIN GPENMBOPK

e [lo3Bongaer:

* ynTaTb U NMcCaTb BUOEO- N ayanodpannbl
e demux (pa3bop KOHTENHEPA HA MOTOKWN)
* mux (cbopka ob6paTHO)

e KOAunpoBaTb N AeKOANPOBaTb
* KOHBEPTMpPOBATb popMaThl
 obpabaTbiBaTh U GMALTPOBATbL ayaAMo U BUOEO

* [logonep>xmnBaer:
* NpakTnyeckn Bce popmarbl (OT yCTapeBLUMX 40 COBPEMEHHbIX )

e OcobeHHOCTU:
* KpoccnnatpoOpPMeEHHbIN C OTKPbITbIM MCXOAHbLIM KOAO0M
* ge-dakTo cTaHOapT MHAYCTPUKU
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Kak FFmpeg obpabaTbiBaeT BUaEO

H.264

AV1
<SS Video o Video , Video <SS
.4 Decoder Filters Encoder .4
i output.mkv
nput.mp4 Demuxer S Audio Audio Audio S Muxer g
.’ Decoder Filters Encoder .4
AAC AAC
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FFmpeg C API: pyyHoe ynpaBrieHue
pecypcamu

AVFormatContext *inputContext = nullptr;
int ec = avformat open_input(&inputContext, "video.mp4", nullptr, nullptr); // OTkpbiBaem dain
if (ec < 9) {

return Error("Failed to input video");

}

AVPacket *packet = av_packet alloc(); // Annouupyem nakeT
if (!packet) {
return Error("allocation failed");

}

ec = av_read frame(inputContext, packet); // YuTaem nakeT u3 daina
if (ec < 9) {
return Error("read failed");

}

// paboTa c packet ...

av_packet_free(&packet); // OcBoboxpgaem nakeTt
avformat_close_input(&inputContext); // 3akpbiBaem ¢ain
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FFmpeg C API: pyyHoe ynpaBrieHue
pecypcamu

AVFormatContext *inputContext = nullptr;
int ec = avformat open_input(&inputContext, "video.mp4", nullptr, nullptr); // OTkpbiBaem dain
if (ec < 9) {

return Error("Failed to input video");

}

AVPacket *packet = av_packet alloc(); // Annouupyem nakeT
if (!packet) {

avformat_close input(&inputContext); // |

return Error("allocation failed");

}
ec = av_read frame(inputContext, packet); // YuTaem nakeT u3 daina
if (ec < 9) {

av_packet_free(&packet); //

avformat_close input(&inputContext); // |
return Error("read failed");

}

// paboTa c packet ...

av_packet free(&packet); // OcBoboxmaem nakeT
avformat _close input(&inputContext); // 3akpbiBaem ¢ain 13/63



be3onacHasa nHterpauusa c C API



Llenn npu npoexktnposaHunn API

* CoBpeMeHHbIN C++ 23
e C++ modules BMecTO #include

* be3aonacHOCTb
* RAIll ana ynpaeneHmna pecypcamu

* [lpon3BoaANTENBHOCTb
* “TOHKME” 06EPTKU

* N3onauna FFmpeg
* ckpbITb C APl 3a Moaynem
* He pacnpocCTpaHATb AeTanun peann3aumnm
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YTto Takoe C++ 20 modules

* Moaynb = UHTepdenc + Peannzauuma

// module.ixx - interface unit // module.cpp - implementation unit
export module my module; module my module;
class NonExportedClass { .. }; NonExportedClass: :NonExportedClass () {
export class ExportedClass { }
public:

ExportedClass(); ExportedClass: :ExportedClass() {
private:

NonExportedClass m_packet; }

}s
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YTto Takoe C++ 20 modules

* Moaynb = UHTepdenc + Peannzauuma

// module.ixx - interface unit // module.cpp - implementation unit
module; Global module; Global
#include <some_lib.hpp> — module #include "some_other_lib.hpp" — module
fragment fragment

export module my module; - module my module; -
class NonExportedClass { .. }; NonExportedClass: :NonExportedClass () {
export class ExportedClass { }
public:

ExportedClass(); ExportedClass: :ExportedClass() {
private:

NonExportedClass m_packet; }

}s 17/63



Bridge header ana C-6nbnunorteku

* FFmpeg — C API // packet.hpp
 3aronoBku He C++ friendly #pragma once

* NHTerpayma c C++ - 3aboTa

extern "C" {
MHTEerpaTtopa, a He BUbnnoTeku

#include <libavcodec/packet.h>
* PeweHue: extern "C" }

 extern "C" {
#include <libavcodec/packet.h>

} // packet.ixx
module;
* [lpobnema:
* B global module fragment moryt #include "packet.hpp"
ObITb TONBKO ONPEKTUBDI
rnpenpoueccopa export module ffmpeg.packet;

* PewieHune - bridge header
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Knacc Packet

// packet.ixx // packet.hpp
module; #pragma once
#include "../src/packet.hpp" >

extern "C" {
#include <libavcodec/packet.h>

export module ffmpeg.packet; }
import std;

#include <cassert>

namespace ffmpeg {

export class Packet {
public:
Packet(); // Co3paéTt nycToih nakeT (6e3 AaHHbIX)
static Packet Null() noexcept { return Packet{ nullptr }; } // Co3pmaét Null Packet (ucnonb3yetca kak EOF-mapkep)

private:
explicit Packet(std::nullptr_t) noexcept : m_packet{ nullptr } { }

struct Deleter {
void operator()(AVPacket* packet) const noexcept { av_packet free(&packet); }
}s5

std::unique_ ptr<AVPacket, Deleter> m_packet;
¥

} // namespace ffmpeg 19/63



Knacc Packet (npogon>keHune)

[[nodiscard]] const AVPacket* get() const noexcept {

export class Packet { return self.m_packet.get();
public: }
Packet();
[[nodiscard]] AVPacket* get() noexcept {
[[nodiscard]] explicit operator bool() const noexcept { return self.m_packet.get();
return m_packet.get() != nullptr; }
}

template <typename Self> // C++ 23 «deducing this»
[[nodiscard]] auto get(this Self& self) noexcept -> std::conditional t<std::is const v<Self>, const AVPacket*, AVPacket*> {
return self.m_packet.get();

}

template <typename Self>

[[nodiscard]] decltype(auto) operator*(this Self& self) noexcept {
assert(self.get() != nullptr);
return *self.get();

}

template <typename Self>
[[nodiscard]] auto operator->(this Self& self) noexcept {
assert(self.get() != nullptr);
return self.get();
¥
private:
std::unique ptr<AVPacket, Deleter> m_packet; 20/63
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dann peannzaunmn moayna ffimpeg.packet

// packet.cpp

module;

#include "packet.hpp”
#include "error.hpp"
#include <cerrno>

module ffmpeg.packet;
import ffmpeg.error;
import std;

namespace ffmpeg {

Packet: :Packet()
: m_packet{ av_packet alloc() }
{
if (!m_packet) [[unlikely]] {
ThrowFFmpegNoMem("av_packet _alloc");
}
}

} // namespace ffmpeg 21/63



Ctparterna obpaboTku oLLmboK

e [IBa MexaHN3Ma
* std::expected gna Try*-MeTo00B
* NCK/TFOYEHUNA — TOMTbKO B KOHCTPYKTOpax

* [loyeMy Tak
* owmnbka gosmkHa 6bITb ABHO obpaboTaHa
* [[nodiscard]] 3awuLLaeT oT UTHOPUPOBaAHUA
* HET UCKTHOYEHUIN B OOLIMHOM MOTOKE yNpaB/ieHUA
* HEMb3A MNONYYNTb HEKOPPEKTHO CKOHCTPYNUPOBAHHbLIA 06 bEKT

e loNONMHUTENBHO
* B HEKOTOpPbIX KNnaccax ectb throwing-o6€pTkn Hag Try*
* MOXXHO BblbpaTb CTUMNb: expected nnm exceptions
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XpaHeHne nHpopmaumm ob oLLmbkax

namespace ffmpeg {

export struct Error final {
int code = 0;
const char* where = nullptr;
constexpr bool Ok() const noexcept { return code == 0; }
std::error _code ToErrorCode() const noexcept;

s

export inline Error MakeError(int code, const char* where) {
return { .code = code, .where = where };

}

export [[nodiscard]] inline std::unexpected<Error> MakeUnexpected(int code, const char* where) noexcept {
return std::unexpected<Error>(std::in_place, code, where);

}

export [[nodiscard]] inline std::expected<void, Error> ExpectedFromErrorCode(int code, const char* where) noexcept {
if (code < 0) [[unlikely]] { return MakeUnexpected(code, where); }
return {};

}

} // namespace ffmpeg 23/63



CMellaHHbI Noaxoa K BO3BpaTy oLLIMboK

// Bo3BpawaeT CCbinky Ha exp, nMbo 6pocaeT MUCKIHYeHue
export template <class Expected> decltype(auto) Check(Expected&& exp);

std: :expected<void, Error> OutputFormatContext::TryWritePacket(AVPacket& packet) noexcept {
assert(m_ctx);
assert(!m state.closed && "OutputFormatContext::TryWritePacket(closed)");
assert(m_state.headerWritten & & "TryWritePacket called before header");

return ExpectedFromErrorCode(
av_interleaved write frame(m ctx.get(), &packet), "av_interleaved write frame");

}

void OutputFormatContext::WritePacket(AVPacket& packet) {
Check(TryWritePacket(packet));

}

24/63
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ApXUTEKTypa TpaHckoaepa

£

Transcoder

Komnosuuus <@p——

mm_pipeline g ffmpeg
Demuxer
‘ | InputFormatContext
TryRead():Packet|Error
Muxer TryReadFrame(packet)
WriteHeader()
5 WritePacket(packet) ’_ OutputFormatContext | ; Packet
Close() 7
CodecContext ’ Frame
Decoder TrySendPacket(packet) P
TrySend(packet) ._ TryReceiveFrame(frame)
TryReceive(frame) Encoder — | TrySendFrame(frame)
TrySend(frame) TryReceivePacket(packet)
TryReceive(packet)

Arperaunst <_>———

3aBUCUMOCTb ------------- >
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YcTponcTBO TpaHcKoaepa

export class Transcoder {
public:
void Run() { .. }

private:
struct Branch {
Decoder& decoder;
Encoder& encoder;
int streamIndex = -1;
Muxer: :TrackId track;

s

Muxer& m_muxer;
Demuxer& m_demuxer;
Branch m_video;
Branch m_audio;

}s 27 /63



TpaHcKkoaep: rnaBHbIN LUK

using FrameProcessor = std::function<void(Frame&)>;

void Run() {
std::int64_t videoFrameCounter = 0;
const FrameProcessor processVideo = [&videoFrameCounter](Frame& frame) {
frame->pts = videoFrameCounter++;

}s

std::int64_t audioPtsSamples = 0;
const FrameProcessor processAudio
frame->pts = audioPtsSamples;
audioPtsSamples += frame->nb_samples;

[&udioPtsSamples](Frame& frame) {

}s
for (Packet pkt; pkt = m_demuxer.Read();) {
if (pkt->stream_index == m_video.streamIndex) SendPacket(pkt, m_video, processVideo);
if (pkt->stream_index == m_audio.streamIndex) SendPacket(pkt, m_audio, processAudio);
}

Flush(m_video, processVideo);

Flush(m_audio, processAudio); 28763



Linkn pabotbl ¢ gekogepom

void SendPacket(const Packet& packet, Branch& branch, const FrameProcessor& processor) {
while (branch.decoder.Send(packet) != ffmpeg::SendResult: :Accepted) {
DrainDecoder(branch, processor);

}

DrainDecoder(branch, processor);

}

void DrainDecoder(Branch& branch, const FrameProcessor& process) {
Frame frame;
while (branch.decoder.Receive(frame) == ffmpeg::ReceiveResult::Produced) {
process(frame);

SendFrame(frame, branch);

29/63



Linkn paboTtbl ¢ 3HKOAEPOM 1 3aBEPLLUEHMNE
paboThbl

void SendFrame(const Frame& frame, Branch& branch) {

while (branch.encoder.Send(frame) == ffmpeg::SendResult::NeedReceive) {
DrainEncoder(branch);
}

DrainEncoder(branch);

¥

void DrainEncoder(Branch& branch) {
Packet pkt;
while (branch.encoder.Receive(pkt) == ffmpeg::ReceiveResult: :Produced) {
m_muxer.WritePacket(branch.track, *pkt, branch.encoder.GetStreamTimeBase().ToAV());
}

}

void Flush(Branch& branch, const FrameProcessor& process) {
SendPacket(Packet::Null(), branch, process);

SendFrame(Frame: :Null(), branch);
} 30/63



OueHnM Npon3BoANTENBHOCTbL TPAaHCKOAEPA

Haw TpaHckopaep: 108.14c

ffmpeg.exe - 64.38c
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[lepexon K aCUHXPOHHOCTU



[lepexon K napannenbHOMy KOHBeEUEPY

* Decoder n Encoder gosn>kHbl paboTaTb B pa3HbIX MOTOKaXx
* [queue] > Packet > Decoder > Frame 2> [queue]
* [queue] » Frame > Encoder > Packet > [queue]

* [I[pobnema: decoder 6bicTpee encoder
* Puck: ouepenb ppenMoB MOXXET BECKOHTPOTbHO pacTu

* PewweHune: bounded queue Mexay ctaanamm
* Producer: decoder nomMeLwlaet Frame B ouepenb
 Consumer: encoder nssnekaet Frame n3 ouepegu

* Backpressure: ecnm oyepeb 3anonHeHa, producer >xaet
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A4

N KOHBeWep

A4

[lapannenbHbl

B peanbHOM TpaHcKoaepe 34ech

HaxoautcAa rpad pUNbTPOB
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[TapannenbHbI KOHBEUEP

| |
A Decoder [

Encoder




[TapannenbHbI KOHBEWED

Encoder




[TapannenbHbI KOHBEWEP
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[TapannenbHbI KOHBENED
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[TapannenbHbI KOHBEWEP
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[TapannenbHbI KOHBEWED

Encoder




[TapannenbHbI KOHBEWEP
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[TapannenbHbI KOHBEWED
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[TapannenbHbI KOHBEWED
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KOMMNOHEHTbl aCUHXPOHHOIO
KOHBeunepa



ACUHXPOHHbIE encoder n decoder

Async Decoder

Async Encoder

Input
Frame

S

A (A

A

Worker Thread

0

Input Output
Packets Worker Thread Frames
SIS e
' t A [A] [
Aa

Output
Packets
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Cooperative cancellation B C++20

* stop_source —oTnpasnAaeT curHan oCtaHOBKU

e stop_source Ss;
ss.request_stop();

* stop_token — MO3BOJIAET NONTYyHYUNTb CUTHA/1 OCTaHOBKUA

* stop_token st =ss.get_token();

if (st.stop_requested()){...}

void Worker(std::stop token st) {
while (!st.stop_requested())
DoWork() ;

}

int main() {
std: :jthread thread{ Worker };

thread.request stop();

std::condition_variable any cv;

void CancelableWait(std::stop token st) {
std::unique_lock lock{ m_mutex };

// wait BepHET ynpaBaeHue, ecau
// 4depe3 stop_ token npugé€Tt curHan stop
v.wait(lock, st, [] { .. });

} 52/63



ACUHXPOHHAaA ovepenb amespace detail

class AsyncQueueBase {

protected:
export template <typename T> ..
class AsyncQueue : private detail::AsyncQueueBase { const size t m_capacity;
§td::deque<T> m_queue; mutable std::mutex m_mutex;
public: std::condition_variable_any m_cvNotEmpty;
enum class TryPushResult { Ok, Full, Closed }; std::condition_variable_any m_cvNotFull;
enum class TryPopError { Empty, Closed }; bool m_closed = false;
}.
explicit AsyncQueue(size_t capacity); },// namespace detail

TryPushResult TryPush(const T& value, bool ignoreCapacity = false);
TryPushResult TryPush(T&& value, bool ignoreCapacity = false); HebnokunpytoLime Bbi30BbI
std::expected<T, TryPopError> TryPop();

void PushOrWait(T value, std::stop token st);

T PopOrWait(std::stop token st); O)Kmﬂammme Bbl30OBbI
void PopAllOrWait(std::deque<T>& out, std::stop token st);

size t TryPopAll(std::deque<T>& out); .
size t PopUpToOrWait(std::deque<T>& out, size t maxItems, std::stop token st); BatchlnngeToLuﬂ

void Close();
[[nodiscard]] bool IsClosed() const noexcept; YKU3HEHHbIN LUK

void NotifyAll() noexcept; 53/63

}s



NHuTepdenc knacca AsyncStage

export template <class Processor, class Input, class Output>
class AsyncStage : private detail::AsyncStageBase {
public:
AsyncStage(Processor processor, size t inputCapacity, size t outputCapacity, PipelineNotifier& notifier);

void Start();

void RequestStop(); namespace detail {

class AsyncStageBase {
bool TryPush(Input& & input);

protected:
void CloseInput(); enum class State { NotStarted, Running, Finished,
std: :optional<Output> TryPop(); Stopped, Failed, };
private: PipelineNotifier& m_pipelineNotifier;
using InputQueue = AsyncQueue<Input>; std: :exception_ptr m_workerException;
using OutputQueue = AsyncQueue<Output>; std::atomic<State> m_state = State::NotStarted;
std::jthread m_workerThread;
InputQueue m_inputQueue; };

OutputQueue m_outputQueue;
Processor m_processor;

} // namespace detail

bool m_inputClosed = false;

}s
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Pabounn unkn AsyncStage

void WorkerThreadFunc(std::stop token stopToken) override {

try {
std: :deque<Input> batch;

while (true) {
m_inputQueue.PopAllOrWait(batch, stopToken);
m_pipelineNotifier.Notify();

for (Input& input : batch) {
const bool eof = !input;

ProcessInput(input, stopToken);

if (eof) {
CloseOutput(State::Finished);
return;

}

}
}
} catch (...) {
m_workerException = std::current_exception();

CloseOutput(State::Failed);
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YHuBepcanbHasa 06paboTka nakeToB U
bpenMoB

void ProcessInput(const Input& input, std::stop token stopToken) {

while (m_processor.Send(input) == SendResult::NeedReceive) { // LpeHupyem, noka He MNOAYYUTCA OTMNPaBUTb BXOAHble AAHHblE
DrainProcessor(stopToken);
}

DrainProcessor(stopToken);

}

void DrainProcessor(std::stop token stopToken) {
Output output;

while (m_processor.Receive(output) == ReceiveResult::Produced) { // 3abupaem BcCe roToBble pe3ynbTaThl
m_outputQueue.PushOrWait(std: :move(output), stopToken);
m_pipelineNotifier.Notify(); // YBenomnaem opkecTpaTop 06 U3MEHEHUM COCTOAHMUSA

output = {};

b export using AsyncEncoder
} export using AsyncDecoder

AsyncStage<Encoder, ffmpeg::Frame, ffmpeg::Packet>;
AsyncStage<Decoder, ffmpeg::Packet, ffmpeg::Frame>;

void CloseOutput(State state) {
m _state.store(state, std::memory order_release);
m_outputQueue.Close();
m_pipelineNotifier.Notify();
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YBeaoMneHmne o6 nsMeHeHnn COCTOAHUA
ctagumu

export struct PipelineNotifier {
std: :mutex mutex;
std::condition variable cv;
std::atomic uint64 t epoch = 0;

void Notify() {
epoch.fetch add(1, std::memory_order_relaxed);
cv.notify one();

}
void Wait(std::uint64_t oldEpoch) {
if (epoch.load(std::memory order_relaxed) != oldEpoch) return;
std: :unique_lock lock{ mutex };
cv.wait(lock, [&] {
return epoch.load(std::memory order _relaxed) != oldEpoch;
1
}
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ACVHXPOHHbIN TPAaHCKOAEP

export class AsyncTranscoder {
struct Branch {
AsyncDecoder &decoder;
AsyncEncoder &encoder;
int streamIndex = -1;
Muxer: :TrackId track;
bool decoderInputClosed = false;
bool decoderEof = false;
bool encoderInputClosed = false;
bool encoderEof = false;
std: :optional<Packet> pendingPacket;
std: :optional<Frame> pendingFrame;

}s

Branch m_video;
Branch m_audio;
Muxer &m_muxer;
Demuxer &m_demuxer;
mm_pipeline::PipelineNotifier &m_pipelineNotifier;
bool m_demuxEof = false;
public:
AsyncTranscoder(Muxer &muxer, Demuxer &demuxer, const BranchConfig &video,
const BranchConfig &audio, PipelineNotifier &pipelineNotifier);
}; 58/63



Async transcoder Demuxer Async decoder Async encoder Muxer

loop while
IAlIDone()

TryPop encoded video paclket

: packet / EOF | ﬂ :
ST T T Write video packet :
1. 3abupaem . :
nakeTbl U3 SRR EEE L EEE e L L L LR LR LR L Rt e L L L e L LR P LR LR P LR LR Ok
SHKOAEPOB U TryPop encoded audio paclket
3anncelBaem . !
B paiin D S Packe O ﬂ |
' ! Write audio packet !
ok
[Cmmmm s AR ELEEEELEEEEEEREEEEREEEE MR R R R Rt R R R et e L L LR L e Rl
¢ TryPop 'decoded video frame :

frame / EOF ﬂ
< ___________________ Leccccccccccccccccc e e — ==

TryPush video frame

2. 3abupaem S 9[(_/‘_@1\ _______ __________________________________ :|:|

dpenmbl y | i
[EKOAEPOB 1 | _
OTNpaBnsieM B TryPop audio frame :

aHKoaepsl frame / EOF ﬂ

SAREEELEELEERELILEEE Fmmr e ——— .

TryPush audio frame

! ok / full E ﬂ E

S T SRR :

¢ Read packet : I :

ket / eof I |

3. YUMTaem naketbl - - - - packer/ et | -->~|:| ' ;
13 dhaiina u : : :
oTnpaenaem mx B TryPush(packet) ' '
HY>XHbIR aekonep , . !
v ok / full .

J, (Lommmmm e ST TTTTssssssssssssscssse- :

4. Wait(epoch)

I T : : :
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Pabounn umkn TpaHcKkoaepa

export class AsyncTranscoder A
void Run() {
... // Initialization and setup
while (!AllDone()) {
auto epoch = m pipelineNotifier.epoch.load(std::memory order_relaxed);

bool progress = false;

progress |= DrainEncoder(m_video);

progress |= DrainEncoder(m_audio);

progress |= DrainDecoder(m_video, videoFrameProcessor);
progress |= DrainDecoder(m_audio, audioFrameProcessor);
progress |= FeedDemux();

if (!progress) m pipelineNotifier.Wait(epoch);

. // Shutdown
}

bool AllDone() const noexcept { return m_video.encoderEof & & m_audio.encoderEof; }
}s 60/63



OueHKa Npon3BoaUTE/IbHOCTH

 CkpuHKacT (14:55):
* [locnenoBaTefibHbI KOHBEWEP:
108.14 ¢

* [lapannenbHbIN KOHBeNepP: 67.67 ¢
(1.6x)

* FFmpeg: 64.38 (1.68x)

 InHaMM4YHbIN BNAEeO-pann
(4:33):
* [locnegoBaTefibHbI KOHBEWEP:
95.40c

* [lapannenbHbin KOHBeNeEpP: 85.91 ¢
(1.11x%)

* FFmpeg: 68.46 ¢ (1.39x)

@;CEHI

<

@i

3

Se

ssssssss

ttings

E3 Run new task

12th Gen Intel(R) Core(TM) i7-12650H

ce
CPU
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[s]

|NRAL
A GeForce R... [
e |
5 (52°0) L
GPU 1
Intel(R) UHD Grap... Utilization ~ Speed
" 3%  168GHz

Processes  Threads  Handles L
343 5572 178039 V
L1 cache:

Up time
0:07:24:01

over 4 minuf
A Fanvo
[ [
¥ |
| R IN="F=
g -
14 [
| | U
J, | I 0| | "
L | | |
A - L
7 M A
18 |’n| ‘;
bl |
I
. |
/ | | "I U
| | | |
Pl o |-
Base speed: 2,30 GHz
1
10

3arpyaka npoueccopa npu MCnosib30BaHNK
napannenbHOro KOHBenepa

61/63




IToru

* FFmpeg + C++23 = @
e RAIl cnnbHOo ob6neryaroT )XU3Hb

* Ynanocb yCKOPpUTb KOHBEWEP 3a CHET pacnapannenmBaHus
He3aBUCKMbIX 3TanoB

* FFmpeg noka neperHaTtb He yaanoch &=
* Ho aTto TeMa gnAa cnenyrowlero goknaaa

e [lepcnekTnBbl Ha byayLiee:
 PaccMoTpeTb NpnMeHeHue coroutines, generators, ranges
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Cnacnbo 3a BHMMaHume

Telegram: https://t.me/vivid_coding

YouTube: https://youtube.com/@vividbw

[emMo kog TpaHckoaepa: https://github.com/alexey-malov/ffmpeg-transcoder-demo
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