TemHaa ctTopoHa nsonatos B Dart

N

CtaHucnas YepHbiwes, K.T.H., goueHT CM6INYAN u CNBray
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060 MHe

» bonee 10 nem pabomei 8 IT (BI1K, MO, npoeKmbl Ha 3aKa3)
» OcHosHoli sud desmenbHOCMU — HAYKa U npenooaeaHue

» YuyeHuKku pabomarom e pasnuyHoix KomnaHusax (VK, Paragon Software, Astra, Cl16
UAL, Padap MMC u m.o.)

» Asmop yyebHbix KHU2



060 MHe

.CranuciaB YepHbIuleB -~ Cranucnas YepHbiwes

OCHOBBI BaC:;l[OBbI
_ DART

o 0] u3IaHue, ﬁepepaﬁo’rqmme "
VL JIONOTHEHHOe )

¢ * ’
Hcnonbsosanie ganHoro ¢asiza 0sHa4aeT, YTO BbI COTIACHBE C YCIOBHAMIL
JOMIeH3MY, PACcIOI0KEHHOM Ha CEXyIONIeli CTPaHNMIe

pow 5 2024 -
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Y10 TaKkoe n3onarT?



Cnocobbl co3aaHmna n3oaaTa

run

Future<R> run<R>(
FutureOr<R> computation(),
{Sting? debugName}

)



Cnocobbl co3aaHmna n3oaaTa

run spawn

Future<R> run<R>( Future<Isolate> spawn<T>(
FutureOr<R> computation(), void entryPoint(T message),
{Sting? debugName} T message,

) {bool paused = false,

bool errorsAreFatal = true,
SendPort? onExit,

SendPort? onError,

©Since("2.3") String? debugName}



Co34aHne HOBOW M30NALMOHHOW FPy bl

spawnUri

Future<Isolate> spawnUri(

Uri uri,

List<String> args,

dynamic message,

{bool paused = false,

SendPort? onExit,

SendPort? onError,

bool errorsAreFatal = true,

bool? checked,

Map<String, String>? environment,
bool automaticPackageResolution = false,
@Since("2.3") String? debugName}



spawn vs spawnUri

Kandinsky 3.0
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spawn vs spawnUri

dnar Komnunaumm

Pe3ynbrar OnucaHue

exe

ABTOHOMHDbIN UCNoNHAEeMbIN pann, KOMNUINPYEMbIN
noA ueneByto Ni1atGopmMy 1 COAEPKALLMN YPE3aHHYIO
cpeay BbinonHeHuA Dart.

ABTOHOMHbIMN
ncnonHAembln dann

dainn, Komnuampyembl nog, uenesyto naatpopmy, 6es

aot-snapshot Mogaynb AOT
p Ay cpeAabl BbinonHeHUA Dart.
dann, Komnuanpyembin noa uenesyto naathopmy, ¢
.. NPOME}KYTOUYHbIM ONTUMU3UPOBAHHbIM
jit-snapshot Mogaynb JIT P y P

npeacTtaBAeHUEM UCXOAHOI0 Koaa, KOTOPbIM Obin
No/slyyeH B Xxoae y4ebHOoro 3anycka nporpammeoi.

kernel

daiin, coaeprKalmii NPOMeKYTOYHOE NPeacTaBAEHUNE
MCXOAHOTO Koaa B BUAe abCTPaKTHOrO CUHTaKCUYECKOro
aepesa (Kernel AST) .

MoxKeT 3anycKaTbca Ha N06bIX naatdopmax.

Kernel moaynb

exe n aot-snapshot He noagepxunsatoT dart:mirrors n dart:developer




spawn vs spawnUri

Isolate.spawnUri(Uri.parse('new_group.aot'), [], null)



spawn vs spawnUri

C:\code\dart\deep isolate\bin>dart compile exe main_isolate.dart
C:\code\dart\deep isolate\bin>dart compile aot-snapshot new group.dart

C:\code\dart\deep isolate\bin>main_isolate.exe



OrpaHnyeHna Ha ncnonb3loBaHue SendPort

vs spawnUri

Kandinsky 3.0
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YcnoBHoe npeactasaeHune Dart VM

VM Isolate

qomTmmeme et =P Heap Dl etttk

IsolateGroup § IsolateGroup

GC Managed heap ---------.><.---------* GC Managed heap

HEeT CChI/IOK Ha
IMEPEKPECTHDBIEC I'PYIIIIbI

Isolate Isolate
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CsomnctBo hashCode Knacca Object

class Cat {
final name;
const Cat(this.name);

}

1
2
3
4
5
6 void main(List<String> arguments) async {

7 var cat = Cat('Max');

8 print('Cat hashCode: ${cat.hashCode}");

9

10  var value = 10;

11  print('Value hashCode: ${value.hashCode}"');
12 }

13 // Cat hashCode: 206932202

14 // Value hashCode: 1160160
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CsomnctBo hashCode Knacca Object

14 void main(List<String> arguments) async {

15 var cat = Cat('Max');

16  print('${cat.hashCode}'); // 344563804

17  print('${identityHashCode(cat)}'); // 1013285941
18

19 var value = 10;

20 print('${value.hashCode}'); // 116010

21  print('${identityHashCode(value)}'); // 116010
22 3}
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Kak 06bekTy npucsameaetca hashCode?



Kak 06bekTy npucsameaetca hashCode?

// sdk/runtime/vm/object_graph.cc
uint32_t HeapSnapshotWriter::GetHashHelper(Thread* thread, ObjectPtr obj) {
uint32_t hash;
#if defined (HASH_IN_OBJECT_HEADER)
hash = Object::GetCachedHash(obj);
if (hash == 0) {
ASSERT (
Ithread->heap()->o0ld_space()->Is0ObjectFromImagePages(obj)
)i

hash = GenerateHash(thread->random());
Object: :SetCachedHashIfNotSet(obj, hash);
}.
#else
Heap* heap = thread->heap();
hash = heap->GetHash(obj);
if (hash == 0) {
ASSERT(!'heap->o0ld_space()->Is0ObjectFromImagePages(obj));
hash = GenerateHash(thread->random());
heap->SetHashIfNotSet(obj, hash);
}.
#endif
return hash;

}



Kak 06bekTy npucsameaetca hashCode?

// sdk/runtime/vm/object_graph.cc
static uint32_t GenerateHash(Random* random) <{
uint32_t hash;
do {
hash = random->NextUInt32();
} while (hash == 0 || (kSmiBits < 32 && !Smi::IsValid(hash))):
return hash;

}.



Ob6bABNEHUE NEPEMEHHON UTU UMEHU?



var val = 15;

Isolate Group

GC managed Heap

Object
Variable > jec

type int
name: val

; value 15
type: int

- hashCode 174015
modificator: null




val = 312;

Isolate Group

GC managed Heap
Object
Variable -
type int
name: .Val value 15
type: int hashCode 174015
modificator: null
> Object
type int
value 512
hashCode 5939712
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vanr

newVal

Variable

name: val

= val;

Isolate Group

type: int

modificator: null

GC managed Heap

Variable

name: newVal

type: int

Object
type int
value 512
hashCode 5939712

modificator: null




1 import 'dart:convert’;

2

3 void main(List<String> arguments) async {

20 }

var val = 'Hello';

var newVal = 'Hello';
print('${val.hashCode}"'); // 828172268
print('${newval.hashCode}'); // 828172268
print('${identical(val, newVval)}'); // true

var list = [1, 2, 3];

var newlList = [1, 2, 3];
print('${1list.hashCode}'); // 664960072
print('${newList.hashCode}"'); // 464510092
print('${identical(list, newlList)}'); // false

var value = jsonDecode('{"a": 1, "b": 1}');
print(identical(value['a'], value['b'])); // true
print(identityHashCode(value['a'])); // 11601
print(identityHashCode(value['b'])); // 11601
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18 }

class Cat {

final name;
const Cat(this.name);

void main(List<String> arguments) async {

var cat = const Cat('Max');

var newCat = const Cat('Max');
print('${cat.hashCode}"'); // 9406337853
print('${newCat.hashCode}'); // 940337853
print('${identical(cat, newCat)}'); // true

var list = const [1, 2, 3];

var newlList = const [1, 2, 3];
print('${list.hashCode}"'); // 286116521
print('${newList.hashCode}"'); // 286116521
print('${identical(list, newlList)}"'); // true
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1 void main(List<String> arguments) {

2 var strl = "Mobius';

3 var str2 = "Mobius';

4 print(identical(strl, str2)); // true

5

6 var str3 = 'Mob' + 'ius';

7 print(identical(strl, str3)); // false

8

9 var value = jsonDecode('{"a": "f", "b": "f"}");

10 print(identical(value['a'], value['b'])); // true
11

12 value = jsonDecode('{"a": "wtf", "b": "wtf"}');

13 print(identical(value['a'], value['b'])); // false
14  print(identityHashCode(value['a']) == identityHashCode(value['b'])); // true
15 }
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KU3HEeHHbIN UMK 0bbeKTa



1-noKoneHue 2-NOKoONEeHue
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Achievement unlocked

[lpeBO3MOTIYH
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AropuTM COOpKM Mycopa B 1-M MMOKOJIEeHUN
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AJITOpUTM COOPKM MyCOpa BO 2-M ITOKOJIEHUU

1. >kuBbIe OOBEKTHI IIOMEUYalOTCsI MEeTKOI;



AJITOpUTM COOPKM MyCOpa BO 2-M ITOKOJIEHUU

1. >kuBbIe OOBEKTHI IIOMEUYalOTCsI MEeTKOI;

2. IIpoyecbIiBaHMe MMaMITU IJIS1 yAaJeHUs MePTBbIX OObEKTOB;



AJITOpUTM COOPKM MyCOpa BO 2-M ITOKOJIEHUU

1. skuBbIe 0ObEKTbI IIOMEUAIOTCS METKO;
2. IIpoyecbIiBaHMe MMaMITU IJIS1 yAaJeHUs MePTBbIX OObEKTOB;

3. VINIOTHEHHNE 0O0OBEKTOB B IIaMATHU, YTO I103BOJIA€T YMEHDbIIINTD €€

(parMeHTalHIO.



Ob6wan NamATb U3ONALUMOHHBIX TPy
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9 void main(List<String> arguments) async {

10
11
12
13
14
15
16
17
18
19
20
21
22
23 }
24

await Future.wait([

Future.delayed(Duration(seconds: 2), () {
var a = const ['22'];
var b = 44;
var cat = const Cat('Max');
var ¢ = ['45'];
print('Main cat: ${identityHashCode(cat)}'); // 693067717
print('Main a: ${identityHashCode(a)}'); // 405082921
print('Main b: ${identityHashCode(b)}'); // 510444
print('Main c: ${identityHashCode(c)}"'); // 959463167

1

Isolate.run(() => isolateFoo()),

1);

25 void isolateFoo() async {

26
27
28
29
30
31
32
33
34
35
36
37
38 }

var cat = const Cat('Max');

final a = const ['22'];

var b = 44;

var ¢ = ['45"'];

print('Isolate cat: ${identityHashCode(cat)}'); // 693067717
print('Isolate a: ${identityHashCode(a)}'); // 405082921
print('Isolate b: ${identityHashCode(b)}'); // 510444
print('Isolate c: ${identityHashCode(c)}'); // 243495788

b += 3;
print('Isolate b: ${identityHashCode(b)}"'); // 545247
await Future.delayed(Duration(seconds: 2));
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10 void main(List<String> arguments) async {
11 await Future.wait([

12 Future.delayed(Duration(seconds: 2), () {

13 var a = const ['22'];

14 var cat = const Cat('Max');

15 var b = ['45"];

16 var ¢ = 44;

17 var d = 'hi!"';

18 var e = 23.1;

19 print('Main cat: ${identityHashCode(cat)}'); // 640354238

20 print('Main a: ${identityHashCode(a)}"'); // 8966760331

21 print('Main b: ${identityHashCode(b)}'); // 913878150

22 print('Main c: ${identityHashCode(c)}"'); // 510444

23 print('Main d: ${identityHashCode(d)}"'); // 1009204041

24 print('Main e: ${identityHashCode(e)}"'); // 15509272291868675

25 1, : :

26 Isolate.spawnUri(Uri.parse('new_group.dart'), [], null), 1 void main() {

27 1); 2 var a = const ['22"];

28 } 3 var cat = const Cat('Max');
4 var b = ['45'];
5 var c¢ = 44;
6 var d = 'hi!’;
7 var e = 23.1;
8 print('IG cat: ${identityHashCode(cat)}'); // 478627355
9  print('IG a : ${identityHashCode(a)}'); // 174622686

10  print('IG b : ${identityHashCode(b)}'); // 167233800

11  print('IG c : ${identityHashCode(c)}'); // 51e444

12 print('IG d: ${identityHashCode(d)}'); // 1009204041

13 print('IG e: ${identityHashCode(e)}'); // 15509272291868675
14 } 40 n3 55



Pa3HuLUa B nepenaye oObblYHbIX M KOHCTAHTHbIX
0OBEKTOB MeXay N301ATaMU rpynnbl



void main(List<String> arguments) async {
var catl = const Cat('Max');
print('Main catl: ${identityHashCode(catl)}"');

print('Main cat2: ${identityHashCode(cat2)}"');

await Future.wait([

1
2
3
4
5 var cat2 = Cat('Max');
6
7
8
9 Isolate.run(() => isolateFoo(catl, 1)),

10 Isolate.run(() => isolateFoo(cat2, 2)),
11 1)

12 await Future.delayed(Duration(seconds: 3));
13 }

14

15 void isolateFoo(Cat cat, int number) async {

16 print('Isolate cat$number: ${identityHashCode(cat)}');

17 await Future.delayed(Duration(seconds: 1));

18 }

19 // Main catl: 528416660 !!!

20 // Main cat2: 9390701

21 // Isolate catl: 528416660 !!!

22 // Isolate cat2: 683512425 42 n3 55



C:\code\dart\deep isolate>bin\deep isolate.exe 1000000 1
0:00:01.6213/6 count: ©

C:\code\dart\deep isolate>bin\deep isolate.exe 1000000 ©
0:00:01.446942 count: ©
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Co3aaHue u3onATa U3 Apyroro n3onATta



import ‘'dart:isolate’;
import 'dart:async’;

1
2
3
4 void main() async {

5 print('Main isolate started');

6 await Future.wait([

7 Isolate.run(firstIsolate),

8 Future.delayed(Duration(seconds: 1)),
9

1);

12 Future<void> firstIsolate() async {
13  print('First isolate started');
14 await Future.wait(][

15 Isolate.run(secondIsolate),

16 Future.delayed(Duration(seconds: 1)),
17 1);

18 }

19

20 Future<void> secondIsolate() async {
21 print('Second isolate started');
22}

23 // Main isolate started

24 // First isolate started

25 // Second isolate started
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byayliee n3onATos
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<2

® ¢ @ githubcom  Shared Memory Multithreading by mraleph - Pull Request #3531 - dart-lang/language R

O dart-lang / language

Code (® Issues 11k i1 Pullrequests 28  (®) Actions [ Projects 1 M wiki @ Security

Shared Memory Multithreading #3531

i Open mraleph wants to merge 7 commits into dart-lang:main from mraleph:shared-memory |‘_|;|

() Conversation 168 -0- Commits 7 [F) Checks 3 Files changed 1

‘ mraleph commented on Dec 21, 2023

Initial proposal attempting to introduce shared memory multithreading.

/cc @leafpetersen @Irhn @eernstg @munificent
/cc @a-siva @alexmarkov @mkustermann @dcharkes @liamappelbe @chinmaygarde

/tyi @syg @kevmoo
©@34) 2 Mo @®o g1 g4

-0 5‘ Initial propesal

[~ Insights

Q Type [/ to search

Member

v FA47d
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BbiBOoAbl

» OO0BeKTbI MPOCTHIX OOIIMX TUIIOB JAHHbIX IIPeJICTaBA€HbI OTHUM
9K3eMILJISIPOM;
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BbiBOoAbl

» OO0BeKTbI MPOCTHIX OOIIMX TUIIOB JAHHbIX IIPeJICTaBA€HbI OTHUM
9K3eMILJISIPOM;

» KoHcTaHTa BpeMeHU KOMIWISIIUY TIpeJicTaBleHa OJHUM 00bEeKTOM
TOJIbKO B PaMKax MU30JISIIIMOHHO I'PYIIIIbI;
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BbiBOAbI

» OO0BeKTbI MPOCTHIX OOIIMX TUIIOB JAHHbIX IIPeJICTaBA€HbI OTHUM
9K3eMILJISIPOM;

» KoHcTaHTa BpeMeHM KOMIIWIAOUN ITpeadCTaB/I€eHa OQHNM 00 bEKTOM
TOJIbBKO B paMKadX MU30JISLIMIOHHOMN I'DVYIIIIBI;

> Ilepemaya KOHCTaHTbI BpeMEHM KOMIIUSLINUMA U 00BEKTOB ITPOCThIX
OOIIMX TUIIOB JAHHBIX MEXKIY U30JIITaMM IPYIIIbl TPeOyeT MeHbIIIe
3aTpar;
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BbiBOAbI

OO6DBEKTHI ITPOCTHIX OOLIMX TUIIOB JaHHbBIX IIPeCTaB/Ie€Hbl OJHUM
9K3eMILJISIPOM;

KoHcTaHTa BpeMeHM KOMIIWIAOUN ITpeadCTaB/I€eHa OQHNM 00 bEKTOM
TOJIbBKO B paMKadX MU30JISLIMIOHHOMN I'DVYIIIIBI;

Hepenaqa KOHCTAaHTbI BpeMEe€H!M KOMIIWJIALINN N 0OBEKTOB IIPOCTBIX
O6H_U/IX TUIIOB JaHHbBIX MEXIY M30JIATAMMU I'DVIIIIbI Tp@6Y€T MeEHbIIIe

3aTpar;

OT Koro IMIOIIJIO, YTO M3O0JIAT HEJIb34 3aIlyCKAaTb U3 APYIoro M30JIITa?
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BbiBOAbI

OO6DBEKTHI ITPOCTHIX OOLIMX TUIIOB JaHHbBIX IIPeCTaB/Ie€Hbl OJHUM
9K3eMILJISIPOM;

KoHcTaHTa BpeMeHM KOMIIWIAOUN ITpeadCTaB/I€eHa OQHNM 00 bEKTOM
TOJIbBKO B paMKadX MU30JISLIMIOHHOMN I'DVYIIIIBI;

[Tepemaua KOHCTaHThI BpeMeHY KOMIWISIIMY U 00beKTOB ITPOCTHIX
OOIIMX TUIIOB JAHHBIX MEXAY M30JISITaMy I'PYIIIIbI TpeOyeT MeHbIIIe
3aTpar;

OT Koro IMIOIIJIO, YTO M3O0JIAT HEJIb34 3aIlyCKAaTb U3 APYIoro M30JIITa?

M304ThI — 3TO He CTPAIIHO!
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CtaHucnas YepHbiwes, K.T.H., agoueHT CM6INYAN v CNBray
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