daHTacTnyeckKume 6arm
KaK X J1OBUTb N NMpaBunTb

OMutpun KysHeuosB
Mo6unbHbIN pPa3pPaboTUnNK




KpaTKoO O MOEM onbiTe

Bonee 13 neT B KOMMep4yecKomn pa3paboTke, U3 HUX 8+ B MOBUTbHOM
Windows, macOS, Android, iOS

C++, Objective-C, Swift, Java, Kotlin

Qt Framework, Kotlin Multiplatform

O6paboTka MynbTUMeamna, B TOM Yncsie Ha MOBUIbHbIX YCTPOMUCTBaXxX



Buabl 6aros

® [NOJITOXUNTEJ1b



Buabl 6aros

® [OJITOXUTENb
e pa3HOopa3MepHbIn



Buabl 6aros

® [OJITOXUTENb
e pa3HOopa3MepHbIn
e MUMUKPUPYHOLNIA



Buabl 6aros

OOSTTOXUTESb
pa3HOpPa3MepPHbIN
MUMUKPUPYIOLLNN
KpaCHbIN



Buabl 6aros

OONroXUTenb
pa3HOpPa3MepPHbIN
MUMUKPUPYIOLLNN
KpaCHbIN

aaHbl



Buabl 6aros

OONroXUTenb
pa3HOpPa3MepPHbIN
MUMUKPUPYIOLLNN
KpaCHbIN

aaHbl
6ecnaMaTHbIN



bar ponroXxxumrternb

e [logBunNca Ha cBeT B NepBbiX Yncnax ¢espana 2017 roaa
B HOBOM danne B 601bLLION CEMbE KOMMUTOB.

e Ho c camMoro Ha4ana NoLwén No CKOMTb3KOW OOPOXKKe
N 00 nocnegHero CKpbiBasnica OT BCex B npoge.



bar ponroXxxumrternb

i — n
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Java_ @ Pas ™= Fu e 0% SurfaceTextureHelper_onFrame(INIEnvk, jlong handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =
<reeid "ra L mednnde “mJ . =mul. . in 1 OnFrameAvailableListener>(handle)
listener->0nFrameAvailable()

| % Signal = SIGBUS (signal SIGBUS: illegal alignment) |

- ey ee—— -




Java_ @ Pas ™= Fu e 0% SurfaceTextureHelper_onFrame(INIEnvk, jlong handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =
<reeid "ra L mednnde “mJ . =mul. . in 1 OnFrameAvailableListener>(handle)
listener->0nFrameAvailable()

Signal = SIGBUS (signal SIGBUS: illegal alignment)

- ey ee—— -




Java_ @ Pas ™= Fu e 0% SurfaceTextureHelper_onFrame(INIEnvk, jlong handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =
<reeid "ra L mednnde “mJ . =mul. . in 1 OnFrameAvailableListener>(handle)
listener->0nFrameAvailable()

Signal = SIGBUS (signal SIGBUS: illegal alignment)

- ey ee—— -




Java_ @ Pas ™= Fu e 0% SurfaceTextureHelper_onFrame(INIEnvk, jlong handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =
<reeid "ra L mednnde “mJ . =mul. . (v 1 OnFrameAvailableListeners>(handle)
——
listener->0nFrameAvailable()

Signal = SIGBUS (signal SIGBUS: illegal alignment)

- ey ee—— -




Java_ @ Pea ™= Fa == B SurfaceTextureHelper_onFrame(JINIEnvk ]lonﬂ handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =
<reeid "ra L mednnde “mJ . =mul. . in 1 OnFrameAvailableListener>(handle)
listener->0nFrameAvailable()

Signal = SIGBUS (signal SIGBUS: illegal alignment)

- ey ee—— -




Java_ @ Paa ™= Fa e B% SurfaceTextureHelper_onFrame(INIEnvk

long handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =

<Wru.id e LR S S ol L 6
listener->0OnFrameAvailable()

OnFrameAvailableListenerk>(handle)

Signal = SIGBUS (signal SIGBUS: illegal alignment)

. e—— -




Java_ @ Paa ™= Fa e B% SurfaceTextureHelper_onFrame(INIEnvk

long handle)

P10 P AT . =" 1w gt OnFrameAvailablelListener klistener =

<Wru.id e LR S S ol L 6
listener->0OnFrameAvailable()

OnFrameAvailableListenerk>(handle)

Signal = SIGBUS (signal SIGBUS: illegal alignment)

. e—— -




Java_uml ™ Fa s = B SurfaceTextureHelper_onFrame(JNIEnv, jlong handle)

e Tl =] e =g | w-mr— Incorrect type for parameter ‘handle’, which should have type 'jclass'.
<Br.ad T !

listener->OnFrameAvailable()




Java_«™ i Fe"t ®i" SurfaceTextureHelper_onFrame(INIEnvk, jclass jlong handle)

Wi s’ mh i B "maToaamaad: :OnFrameAvailableListener *listener =
Fefa LR " Mi0m §u =%l gl © OnFrameAvailableListeners>(handle)

listener->OnFrameAvailable()




I pNUYnNHDbI

Java n C++ Kopf, Ha aTarne C60pKU NPOEeKTa HMYEro He 3HatOT Apyr o gpyre.
CornaweHue o Bbi3oBax (calling convention), pernaMeHTUPYET KaK BbI3biBaTb

MeToAbl, ONMUCbIBAET MNOPAAO0K M CMOCO6 Nepenaydm apryMeHToB, NonyyeHus
pe3ynbTata U T.n.
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BbiBOAObI

C6opkKa nog, HOBYO NNaTtPopMy MOXKET BCKPbITb HOBbIE, paHEEe He U3BECTHbIe
Nnpo6neMbl, U TO, YTO rogaMm pPaboTano, BHE3AMHO MOXKET Cpa3y XXe cnoMaTbcs.
Ha code review 3ameyaloT He Bce NpobeMbil.

CTaTU4yecKMe aHanmM3aTopbl KoOa NoMoratoT OT/IOBUTb YacCTb OLLUMOOK.

IDE pa3BuBaloTCH, MCMNOMb3YyMTE aKTyallbHble BEPCUMN.

ABTOMaTU3aUUSA PYTUHHbIX 0ENCTBUIM MOBbILLAET CTabUNMbHOCTb CUCTEMBI.

21



bar pasHopa3mepHbIn

VS

22



bar pasHopa3mepHbIn

OouvH 13 BuaeodamnnoB, KOTOPbIN OTKPbIBaNca B c6opKe
npunoXxeHua nod armeabi-v7a, nepecTtan oTKpbIBaTbCA
cbopkKe nog armoe4-v8a.

NMpunnoxxeHmMe 3aBuncaeT, cuctemMa getektmpyetT ANR.

BblbepuTte BugEO

BUJEO

MaTHUYa, 8 HOs6. 2019 T.

» .?-’_; 1

. i
X l

o’ |

[MpunoxeHue
oTBevaer.

3akpbITb ero?

Mopoxpatb

He

OTMEHA

23



OO6paboTKa mynbTnMeaua
MepnakoHtenHep

24



O6paboTka MmynbTMegma
Parser, demuxer



O6paboTKa MmyrbTnMmeana
Decoder




OO6paboTKa mynbTnMeaua
Decoder
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OO6paboTKa mynbTMeana
Decoder

BblbepuTte BugEO

BUJEO

MaTtHuua, 8 Hos6. 2019 .

% : I

o~ |

MpunoxeHue
oTBevaer.

3akpbITb ero?

Mopoxpatb

He

OTMEHA

28



TecTOoBOE NpunoXxeHue

e Kotlin, MediaExtractor + MediaCodec

[ ]

DecoderTest

EXOPLAYER
SELECT FILE
Lot N

29



TecToBOEe nNpunoXXeHume + “3TanoHHaqa” peanmnsauud

e Kotlin, MediaExtractor + MediaCodec A
e ExoPlayer (aekopgepyet vepe3 MediaCodec) DecoderTes

EXOPLAYER
SELECT FILE

30



TecToBOEe nNpunoXXeHume + “3TanoHHaqa” peanmnsauud

e Kotlin, MediaExtractor + MediaCodec: HE OK 2
e ExoPlayer (aekogepyet vepes MediaCodec): OK DecoderTes

EXOPLAYER
SELECT FILE

31



TecToBOEe nNpunoXXeHume + “3TanoHHaqa” peanmnsauud

e Kotlin, MediaExtractor + MediaCodec: HE OK 2
e ExoPlayer (aekogepyet vepes MediaCodec): OK DecoderTes

EXOPLAYER
SELECT FILE

32



Supported

media formats. Video

Format

H.263

H.264 AVC
Baseline Profile (BP)

H.264 AVC
Main Profile (MP)

H.265 HEVC

MPEG-4 SP

VP8

VP9

AV1

Encoder

YES

Android 3.0+

Android 6.0+

Android 4.3+

Android 14+

Decoder

YES

YES

YES

Android 5.0+

YES

Android 2.3.3+

Android 4.4+

Android 10+

. File Types
Details : P
Container Formats
Support for H.263 is optional in Android « 3GPP (.3gp)
7.0+ - MPEG-4 (.mp4)

« Matroska (.mkv)

« 3GPP (.3gp)

« MPEG-4 (.mp4)

« MPEG-TS (.ts, AAC audio only,
not seekable, Android 3.0+)

The decoder is required, the encoder is - Matroska (.mkv)

recommended.
Main Profile Level 3 for mobile devices « MPEG-4 (.mp4)
and Main Profile Level 4.1 for Android « Matroska (.mkv)
v
3GPP (.3gp)
Streamable only in Android 4.0 and « WebM (.webm)
above « Matroska (.mkv, Android 4.0+)
« WebM (.webm)
« Matroska (.mkv)
Encoder and decoder are mandatory « MPEG-4 (.mp4)
beginning with Android 14. « Matroska (.mkv)

33



ExoPlayer

@ extractor
& src
8 androidTest
& main
& javajandroidx/media3/extract... L7
B amr
| avi
s bmp
 flac
. flv
B heif

heif
ipeg
metadata
mky

mp3
8 jpeg
mpa
metadata
o
miv -
png

mp4

[ BN BN BN BN BN BN BN BN BN BN BN BN |

ogg

]
]
B mp3
]
]
]

png

webp
AacUtil.java

! Ac3Utiljava
AacUtiljava
) Ac3Utiljava Acau

[ Acautiljava [3 AvcConfig.java

[ AvcConfigjava

3 BinarySearchSeeker java
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T
IOMEHUEIHAR20IMUH YT}t

A-A-A-A-Alll
YTo TYT npoucxoaunt?!
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.

NMPUKJIIOYE

A B D E G | H

1
| 2 x32 x64 EXO

3

4 [1] size 722 [1] size 738 Size 1585152

5 _linputBuff[0] 0inputBuff(0] 0 inputBuff[0] 0
6 inputBuff[1] OinputBuff{1] 0inputBuft(1] 0
7 linputBuff(2] OinputBuff(2] 0inputBuft(2] 0
8 _linputBuff3] 1inputBuff[3] 1 inputBuff[3] 1
= inputBuf4) 0
10 | inputBuff(s] 0
1| inputBuf6] 0

12 inputBuff[7] 0
_13 [inputBuff(4] 6 inputBuff[8] 6 inputBufff4] 6
14 finputBuff(5] 5 inputBuff[9] 5 inputBuff(s) 5
_15 |inputBuff(6] -1inputBuff[10] -1inputBuff[6] -1
16 JinputBuft[7] -1inputBuff[11] -1inputBuff[7] 1
17 |inputBuff(g] 64 inputBuff{12] 64 inputBuff(s] 64
18 finputBuff(9] -36 inputBuff[13] -36 inputBuff[9) -36
19 finputBuff[10] 69 inputBuff[14] 69 inputBuf[10] 69
20 JinputBuff[11] -23inputBuff{15] -23inputBuff(11] -23
21 JinputBuf[12] -67 inputBuff{16] -67 inputBuff(12] 67
22_linputBuf[13] -26 inputBuff[17] -26 inputBuff[13] -26
EMinpuBufi{14] -39 inputBuff[18] -39 inputBuff[14] -39
_24 finputBuff[15] 72inputBuff[19) 72inputBuff[15] 72
25 |inputBuff[16] 73 inputBuff{20] -73inputBuff(16] 73
26 |inputBuf17] -106 inputBuff[21] -106 inputBuff[17] -106
_27_linputBuff(18] 44 inputBuff[22] 44inputBuff[18] 4
28 finputBuff[19] -40 inputBuff[23) 40 inputBuff[19] -40
29 |inputBuff[20] 32 inputBuff(24] 32inputBuff(20] 32
730 |inputBuf[21] -39 inputBuff(25] -39 inputBuff(21] -39
31 |inputBuff[22] 35 inputBuff(26] 35 inputBuff(22] 35
32 finputBuff[23] -18inputBuf27) -18inputBuf[23] -18
33 |inputBuff(24] 17 inputBuff[28] 17 inputBuff(24] -17




Androi

[ **

*

*/

d SDK. MediaExtractor

Retrieve the current encoded sample and store it in the byte buffer

starting at the given offset.
<p>
<b>Note:</b>As of API 21, on success the position and limit of

{@code byteBuf} is updated to point to the data just read.
@param byteBuf the destination byte buffer

@return the sample size (or -1 if no more samples are available).

public native int readSampleData(@NonNull ByteBuffer byteBuf, int offset);

38



BbiBOAObI

KpoccnnatdopMeHHble pelleHuna, KoTopble, HanpuMep, peanmsyoTcs Ha OCHOBE
JVM, BCé paBHO MOryT MCMOIb30BaTb Kofa, cneymndunyHbin onga nnatdopmMmbl,
APXUTEKTYPLI U T.N. B 3TOT MOMEHT MOXXET NMPOUCXOAUTb YTO YroaHO U BSIMATb Ha
noBeageHme CUCTeEMbI B LLenoM. Nocneacrtesmsa MOryT He MMeTb OTpaXKeHuda B
OOKYMEHTaLUMU, T.K. 0 HUX HUKTO He 3aayMbiBancsa U/mMnm ¢ HUMM He
CTaNKMNBaUCH.

Ncnonb3yuTte NpocTble peanmsaunm (NpoToTUNMPOBaHME) ANS NPOBEPKU
PaboTOCNOCOBHOCTU peLUEHUN.

O6KaTanTe peleHmne oTaebHO OT 06LEN CUCTEMBI, y6eauTechb B ero
CTaBbUNBbHOCTU U yXKe NOTOM MepPEHOCUTE B MPUNOXKEHME.

Ncnonb3yuTte 3TafloHHbIe pelleHna KaK YacTb TECT-CUCTEMDbI, AO/MHKHA 6bITb
BO3MOXHOCTb CPaBHUTb peaninsaumm Mexxay cobom npm BHECEHMN NSMEHEHUN.
Heob6xoommo nMmeTb 6a30Bble npencrtaBnieHnsa o pabote OC, VM m Bcero Toro, 4to
obecneymBaeT paboTOCNOCOBHOCTb BalLero Koga.
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bar mmmukpunpyrowmnnm
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OpHoBpeMeHHas padoTa C HeCKOJIbKUMU BUAEO

® TrpPUMEHeHUe Nepexoaon
e picturein picture
®¢ aHMMUPOBAHHbIE CTUKEPDI

41



Bupoeonepexon

18:47

x il

42



Bupoeonepexon

18:47

x il
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Bupoeonepexon

e [OHU3UTb paspelleHne
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Bupoeonepexon

e [OHU3UTb paspelleHne
e MOMEHATb peanmsauuio geKogepa
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Bupoeonepexon

e TMOHU3UTb paspeLueHune
e OMEHATb peanmsauumto gekogepa
e ‘“cton’-kagp

46



Nonck NnpnymH

47



Nonck NnpnymH

@

Q\

2n failed: library "libiconv.so" not found
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BbiBOAObI

e 3HaHWUA O BHYTPEHHEM YCTPOMNCTBE CUCTEMbI MOMOryT BaM chOPMyNNPOBaTb
rmnoTesbl A9 NPOBEPKMU.

e Korga 6onbLie HET BapMaHTOB - HE OTYaMBaMTECb, HAYNHAWUTE CHOBA, ULLNTE TaM,
roe paHblle gymManu, 4To BCE B nopaake.

e UVHdopMaTuBHbIE Norn ¢ npasunbHbIM ypoBHeM (INFO, DEBUG, WARNING,
ERROR) noMorytT HamTm aHOManmMm B CUCTEME U NTOKASIN30BaTb UX.

e ABTOMaATU3MNPYMUTE NMPOBEPKMU, UTOOLI B ByayLLEM He OeNnaTb 3TO BPYYHYIO.

49



bar kpacHbiIn ...
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bar kpacHbiIn ...
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bar kpacHbIn necev,

52



Pixel format.

RGB

53



Pixel format. RGB

HD, 720 x 1280 = 921600 px

2pitrce [N

= 2,6 MB (1 kKaap)
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Pixel format. YUV
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Pixel format. YUV

“s=-B4 == 4= EEeY
-~ B 422
Si A4 B
i - .

» -Ei 4:2:0

» Bl 4:1:1



Pixel format

4 ho N a Mo a e e

// DddekT oxmmaeT UBETOBOE MPOCTPAHCTBO RGBA
const auto rgbaFrame = srcFrame->ConvertToRGBA(context);
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e
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Ll 2 o .- . -
- - . - -
- - h -

-
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BbiBOAObI

He cMellmBanTe HECKONbKO 3a4a4 B O4HY.
HeBO3MO)XHO MPOBEPUTb BCE BO3MOXHble KOMBUHALIMM HAaCTPOEK B
MPUNOXXEHUNU, TEM BoNee BPYUHYIO.

e Bcerpa npoBepsanTe rpaHMYHbIe ycnoBug!

e [lpoeKTupya cucTeMy, KoTopad MMeeT orpaHnyYeHmna Ha GopMaT AaHHbIX C
KOTOPbIMM OHa paboTaeT obecrneybTe UX NpeaBapuUTenbHYO NOAroTOBKY, TM60
MPOBEPKY Ha COOTBETCTBME TPEeBOBAHUAM, a Nydlle U To, U Apyroe.

e [lpoBepanTe peweHUa. lenante 3To NOCTOAHHO. ABTOMaTU3NPYMTE NpoLiecc.
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HaaHbin 6ar

JNI ERROR (app bug): weak global reference table overflow (max=51200)
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Java_«™ i Fe"t ®i " SurfaceTextureHelper_onFrame(JNIEnvx, jclass jlong handle)

Wi s’ mh i B "maToaamaad: :OnFrameAvailableListener *listener =
Fefa LR " Mi0m §u =%l gl © OnFrameAvailableListeners>(handle)

listener->OnFrameAvailable()




JavaVVM

JNIEXPORT jint JNI_OnLoad(JavaVM* vm
JNIEXPORT JNI_OnUnload(JavaVM* vm

* reserved)
* reserved)
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JavaVVM — INIEnv

jni.h
_JavaVM {
JNIInvokeInterface*

#if defined(__cplusplus)
jint DestroyJavaVM()
{ = (

jint AttachCurrentThread(JNIEnvx* p_env

{ ->
jint DetachCurrentThread()
{ ->

jint GetEnv( *% env, jint version)

{ -> ( env

jint AttachCurrentThreadAsDaemon(JNIEnv** p_env

{ ->
#endif
I

* thr_args)

* thr_args)
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JavaVVM — INIEnv

jni.h
_JavaVM {
JNIInvokeInterface*

#if defined(__cplusplus)
jint DestroyJavaVM()
{ = (

jint AttachCurrentThread(IJNIEnv** p_env

{ ->
jint DetachCurrentThread()
{ ->

jint GetEnv( *% env, jint version)

{ -> ( env

jint AttachCurrentThreadAsDaemon(JNIEnv** p_env

{ ->
#endif
I

* thr_args)

* thr_args)
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JNI ERROR

JINI tips 64


https://developer.android.com/training/articles/perf-jni#threads

JavaVVM (references)

jweak NewWeakGlobalRef(jobject obj)
{ ->

(

obj); }
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JavaVVM (references)

L. Las. .JacpLh
java
java

java_

1 e 1 J - muulw’i‘wenﬁmé
java
java
java
java
java_vi Xt.cc:740] f java.lang.DexCac
java ext.cc:740 G java.lang.Class
java ext.cc:740] f dalvik.system.Patl asslLoad 5 unique instances)

java <CC:74¢C ] java.lang.Boot




JavaVVM (references)

java_vm_ext.cc

62 // Maximum number of global references (must fit in 16 bits).

63 static constexpr size_t kGlobalsMax = 51200;

65 // Maximum number of weak global references (must fit in 16 bits).

66 static constexpr size_t |kWeakGlobalsMax = 51200;|

INI tips

67


https://developer.android.com/training/articles/perf-jni#local-and-global-references

BbiBOAObI

e IJINI n Android NDK - oTaenbHbi1 MUP Ha cTbike C++ 1 Android pa3paboTku.
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bar oecnamMmsaTHbIN
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bar oecnamMmsaTHbIN

Memory Use

= 3,95¢8
A 71,2%

Usage Comparison

@

Profile in Instruments
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CucTtembl yrnpaBneHnsa NnamMmsaTblio
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CucTtembl yrnpaBneHnsa NnamMmsaTblio
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CucTtembl yrnpaBneHnsa NnamMmsaTblio

C
X

73



Cuncrembl yrnpassrieHnd

MaMmdaTblO
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Moandomnkauna Kkagpos
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Profiler

Size

8,09 MiB
8,00 MiB
8,00 MiB
7,98 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB
7,92 MiB

Responsible Library

I0GPU

I0GPU
I0GPU
CoreVideo
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreVideo
CoreVideo
CoreGraphics
CoreGraphics
CoreGraphics
CoreVideo
CoreVideo
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics
CoreGraphics

Responsible Caller

-[I0GPUMetalResource initWithDevice:options:args:argsSize:]
-[I0GPUMetalResource initWithDevice:options:args:argsSiz:

-[I0GPUMetalResource initWithDevice:options:args:argsSiz:
CVPixelBufferBacking::performStandardMemoryLayoutAndCopylOSurfaceCreationProperties(void®, unsig...
create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

CVPixelBufferBackin: erformStandardMemoryLayoutAndCopylOSurfaceCreationProperties(void®, unsig...
CVPixelBufferBacking::performStandardMemoryLayoutAndCopylOSurfaceCreationProperties(void*, unsig...
create_protected_copy

create_protected_copy

create_protected_copy

CVPixelBufferBackin: erformStandardMemoryLayoutAndCopylOSurfaceCreationProperties(void* unsig...
CVPixelBufferBacking::performStandardMemoryLayoutAndCopylOSurfaceCreationProperties(void®, unsig...
create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy

create_protected_copy
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CucTtembl yrnpaBneHnsa NnamMmsaTblio

@ @autoreleasepool
|
|

84


https://developer.apple.com/documentation/foundation/nsautoreleasepool

CucTtembl yrnpaBneHnsa NnamMmsaTblio

e @autoreleasepool
|
|

( -Xruntime-logs=gc=info

85


https://kotlinlang.org/docs/native-memory-manager.html#monitor-gc-performance
https://developer.apple.com/documentation/foundation/nsautoreleasepool

CucTtembl yrnpaBneHnsa NnamMmsaTblio

@ @autoreleasepool
|
|

( GC.collect()

86


https://kotlinlang.org/api/latest/jvm/stdlib/kotlin.native.runtime/-g-c/collect.html
https://developer.apple.com/documentation/foundation/nsautoreleasepool

CucTtembl yrnpaBneHnsa NnamMmsaTblio

@ @autoreleasepool
|
|

( GC.collect()

. applicationDidReceiveMemory\Warning
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https://developer.apple.com/documentation/xcode/responding-to-low-memory-warnings
https://kotlinlang.org/api/latest/jvm/stdlib/kotlin.native.runtime/-g-c/collect.html
https://developer.apple.com/documentation/foundation/nsautoreleasepool

Cucrtembl yrnipaBneHnd namMmaTbio

Memory
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BbiBOAObI

HeobxogunMbl 3HaHUSA O BHYTPEHHEM YCTPOMCTBE CUCTEMBI
OKCNEePUMEHTDI

KoM6uHaumsa pasHbIX MCTOYHMKOB AaHHbIX

Dukcaums pesynbraTta
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VitTorm

Code review

CTaTM4YeCKMM aHanNmM3 Koaa
Ncrnonb3oBaHUe aKTyanbHbIX Bepcun IDE
ABTOMaTM3aUUNA PYTUHDI
MpoTtoTUnMpoBaHue

ATOMapHble U3MeHeHUnd

DTarloHHble peLleHnda - YHaCTb TECT-CUCTEMDI
NHPopMaTMBHOE fiormpoBaHmne
ABTOMaTM3aUUAa TECTUPOBaAHUSA

N3yyamTe HoBOE
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Cnacubo 3a BHMMaHue

K Kotlin
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