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TeaVM: TpyOoHOCTU NepeBona U3
Java B JavaScript
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l NoKnaa4yuk

 Anekcen AHOpeeB
« KoOMMUNATOPLUK-IHTY3NACT
« [IlBa rona paboTtan B JetBrains, koHTpunbbtoTnN B Kotlin/JS

 [Jlo JetBrains paboTan B aHTepnpanse, B ToM vyucne fullstack-

pa3paboTHYMKOM

« Ceinyac paboTtato B Delightex
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l TeaVM

« AOT-komnunaTop bamTt-kona Java

« CaMbIn U3BECTHbIN U CTabunbHbIN B3K3HAO — JavaScript
« EcTtb WebAssembly n C

* [ogasunca B 2013-m roay Kak xobbu-npoekT

* OnbIT ¢ GWT NpuBEN K MbICJIN: MOXKHO NI TPAHCIMPoBaTb 6anT-koa

BMeCTO NCXOOHNKOB

« C BecHbl 2019 production ready
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l AHanorum

« GWT: camMblin N3BECTHbIN KOMNUNATOP Java B JavaScript oT Google
 J2CL: npoekT oT Google, npnsBaHHbIN 3aMeHUTb GWT

« Kotlin/JS: komnunnatop Kotlin B JS oT JetBrains

* Scala.js: komnunaTtop Scala B JS

* Cheerp): BupTyanbHasa MalwunHa Java B 6bpay3epe

- NT.A.

KV
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l KeM ucnonb3lyertcs

 CoSpaces (xoTenn Ha4aTb MurpmpoaTb Ha Kotlin, GWT He pnaBan)
« Codename One (xoTenn NOTOKM Kak B Java)

* Greenfoot (xoTesin MOTOKK Kak B Java)

 BO3MOXHO, KTO-TO eLle
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https://edu.cospaces.io/
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l TPYAHOCTU NepeBoaa

* Java u JavaScript He TaK y>X 1 NMoX0XXu
« JlbABON — B AeTansax
* DJMYJIMPYEM BO3MOXHOCTU Java B JavaScript

* [loNy4nTb NOJIHOCTbLIO NOMOMATUYECKUN KO Ha JavaScript
HEBO3MOXXHO
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l [leperpy3ska no curHaTtype

static void foo(String value) {
System.out.println("string");

}

static void foo(Integer value) {
System.out.println("integer");

}
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l [leperpy3ska no curHaTtype

function foo(value) {
switch (typeof value) {

case '"string":
console. log("string");
break;

case "number":
console. log("integer");
break;
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l [leperpy3ska no curHaTtype

static void foo(String value) {
System.out.println("string");
h

static void foo(Integer value) {
System.out.println("integer");
¥

static void bar() {
foo((String) null);
foo((Integer) null);

}
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l [leperpy3ska no curHaTtype

static void foo(String value) {
System.out.println("string");
h

static void foo(Integer value) {
System.out.println("integer");

}

static void bar() {
foo((String) null); Kak passiuyums amu null Ha
foo((Integer) null); pPaHmauve?

}
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l [leperpy3ska no curHaTtype

function foo_1(value) {
return "string";
}

function foo_2(value) {
return "integer";

b

function bar() { Pa3zsiudaem ux 8 komnausi-matme
foo_1(null);
foo_2(null);

b
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l <clinit>

class A {
static int FO0 = bar();

static int bar() {
return 23;

}
}

class Test {
public static void main(String[] args) {
System.out.println(A.F00);

}
}
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l <clinit>

class A {
static bar() {
return 23;
}
¥

A.FO0 = A.bar();

console. log(A.F00);
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l <clinit>

class A {
static int FOO = bar();

static int bar() {
System.out.println("bar");
return 23;

}

class Test {
public static void main(String[] args) {
System.out.println("start") ;
System.out.println(A.F00);

start
bar
23
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<clinit>

 CneuynanbHbI CTaTUYECKNUN MeTOoL, KOTOPbIW javac BCTaBJISET B
KJ1aCChbl, rOe eCTb CTaTU4eCcKre noss C MHUUManm3aTopamm

* BblI3blBaeTCd Npn MHULUMANMN3aLNN Kfacca B caenyrwmx cnydyanx
-~ NpW BbI30Be CTaTM4YeCKOro Metoaa
-  npumyrteHnn nain namMmeHeHMnn CtTaTn4eckKoro rnosis
-~ MNpW CO34aHUKN 3K3eMMJspa
- npwu Bbi3oBe Class.forName
« Pa3ymMeeTcCs, TOJIbKO OAUH pa3

* B JavaScript y Kj1accoB HET MHULMANN3aTOPOB
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l <clinit>

class A {
static bar() {
console. log("bar");
return 23;
¥
static clinit() {
A.clinit = () => {};
A.FO0 = bar();
}
¥
console. log("start");

A.clinit();
console. log(A.F00);
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l equals/hashCode

class A {
int value;
A(int value) {
this.value = value;
3

public static void main(String[] args) {
var set = new HashSet<A>();
set.add(new A(23));
set.add(new A(23));
set.add(new A(42));
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l equals/hashCode

class A {
constructor(value) {
this.value = value;
h
h

var set = new Set();
set.add(new A(23));
set.add(new A(23));
set.add(new A(42));
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l equals/hashCode

class A {
int value;
A(int value) {
this.value = value;

}

public boolean equals(Object that) {
return value == ((A) that).value;

}

public int hashCode(Object that) { return value; }
static void main(String[] args) {

var set = new HashSet<A>();

set.add(new A(23));

set.add(new A(23));

set.add(new A(42));
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equals/hashCode

« B JS B knnacce Object HeT equals/hashCode, cooTBeTCTBEHHO

KoJiJiekKunnn HnM4ero rnpo 3T1o He 3HakoT

* Bbixon: onpenenntb cBon 6a30BbIN KJflaCcC A8 BCEX Java-K1acCoB

(Hanpumep, j|_Object), HO Torga nmeem nNpobsiemMbl C NUHTEPOMNOM

 AnbTepHaTtua (GWT, Kotlin/]S): Ha Ka>xgoMm Bbi3oBe equals/hashCode
reHepupyem Ko, KOTOPbIN BbIACHAET TUN 00beKTa U NpUMeHseT

HY>XHYO 1OrMKy (M10oxXo o8 Npon3BOONTEIbHOCTW)

 Takxe HY>KHO HalnCaTb CBOKO peajin3aumnto KOJIEKL W
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l ArraylList

class A {
public static void main(String[] args) {
var list = new ArraylList<>(List.of(2, 3, 5, 7, 11));
for (var elem : list) {
foo(elem, 1list);

k

}

static void foo(int elem, List<Integer> list) {
System.out.println(elem + " of " + 1list);

¥

}
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l ArraylList

var list = [2, 3, 5, 7, 11];

for (var elem of list) {
foo(elem, list);

}

function foo(elem, list) {
console.log( ${elem} of ${list} ),
h
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l ArraylList

class A {
public static void main(String[] args) {
var list = new ArraylList<>(List.of(2, 3, 5, 7, 11));
for (var elem : list) {
foo(elem, 1list);
}
h
static void foo(int elem, List<Integer> list) {
System.out.println(elem + " of " + 1list);
if (elem == 2) list.add(13);
b
h
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l ArraylList

var list = [2, 3, 5, 7, 11];

for (var elem of list) {
foo(elem, list);

}

function foo(elem, list) {
console.log( ${elem} of ${list} ),
if (elem === 2) list.push(13);

h
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2 of 2,3,5,7,11

3 of 2,3,5,7,11,13
5 of 2,3,5,7,11,13
7 of 2,3,5,7,11,13

2 of [2, 3, 5, 7, 11]

Exception in thread "main" java.util.ConcurrentModificationException
at java.base/java.util.ArrayList$Itr.checkForComodification(ArrayList.java:1042)
at java.base/java.util.ArrayList$Itr.next(ArrayList.java:996)
at A.main(A.java:7)
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l KoMnunartop

YTo KOMNUNPOBaThL
OnTuMn3lauynmn
Invokedynamic
[Monydaem AST

Green threads
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l HYTOo KOMNUIUpPOBaTh

JavaScript poskKeH ObITb Kak MOXXHO MeHbLUe

«  KoMnunupyem ToNIbKO Ko, KOTOpPbIN AeNcTBUTeNnbHo byneT
NCMOJIHATBLCS

* [pad 3aBUCMMOCTEN K/1aCCOB

« Knacc ¢ main-MeToaoM OOCTUXKUM
* [lycTb A BOCTVMXINM

* [lycTb B ynoMmnHaeTtca B A
 3Ha4unT, B TOXXEe OOCTMXNM
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l HYTOo KOMNUIUpPOBaTh

class A {
public static void main(String[] args) {
B.foo();
b

}

class B {
static void foo() {
System.out.println("I'm B.foo");
¥
static void bar() {
C.baz();
¥

}

¢—

main

< o

bar

0O -
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l HYTOo KOMNUIUpPOBaTh

* bar He ncnosb3yeTcs, HO Mbl €ro KOMMNUJINPyeM

* bar TaHeT 3a cobon uenbin kKnacc C

* 3Ha4yuT, obxoaum rpad mMeTon0B

« MeToa main goCTUXUM

* [lyCcTb MeTo4 a OOCTUXKUM

 [lycTb b BbI3bIBaeTCHA B MeTOE a

« Torpa b Toxxe gocTmxmm

* B >3TOM cny4dae goCcTmXxmmel TosNIbKo A.main n B.foo
* [lpobnema: BUpTYyasibHble BbI30BbI
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l HYTOo KOMNUIUpPOBaTh

class A {
public static void main(String[] args) {
for (J instance : instances()) {
instance.foo();

¥
}

static List<J> instances() {
return Arrays.asList(new B(), new C());
3

}
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l HYTOo KOMNUAUpOBaTh

class A {
public static void main(String[] args) {
for (J instance : instances()) {

instance.foo(); «— Yymo makoe instance.foo?
}
}

static List<J> instances() {
return Arrays.asList(new B(), new C());
3

}
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l HYTOo KOMNUIUpPOBaTh

A.main
class A { ’//
public static void main(String[] args) {
for (J instance : instances()) { Ainstances @
instance.foo();
b
b
static List<J> instances() {
return Arrays.asList(new B(), new C());
)
¥
new:

33/62



l HYTOo KOMNUIUpPOBaTh

A.main
class A { ’//
public static void main(String[] args) {
for (J instance : instances()) { Ainstances @
instance.foo();
b
b
static List<J> instances() {
return Arrays.asList(new B(), new C());
)
¥
new: {B, C}
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l HYTOo KOMNUIUpPOBaTh

A.main
class A { /
public static void main(String[] args) {
for (J instance : instances()) { A.instances @
instance.foo();

¥
¥

static List<J> instances() {
return Arrays.asList(new B(), new C());
¥

¥

B.foo C.foo

new: { B, C}
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l HYTOo KOMNUIUpPOBaTh

 BOHYyC: peBunpTyannsayns

- Ecnn BupTyanbHbIN MeToO Pe30/IBUTCSA TONIbKO B OAHY peanm3aumio,
NoaAMeHSeM BUPTYasibHbIA BbI30B 3TOF0 MeToAa Ha NMPsiMO BbI30B

peanusauunmu

- [psaMbie BbI30BbI MeToAa bbICTpee, 4eM BUPTYasibHbIE
* boHycC: rpad BbLI3OBOB

- [loneseH ANst HEKOTOPbIX ONTUMM3ALINIA
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l HYTOo KOMNUIUpPOBaTh

* [lpobnema: reflection
- Method.invoke — mMo)xeT ObITb BbI3BaH /t0bon MmeTon Ntoboro Kiacca
- Class.forName — moxxeT 6bITb BoobOLLEe ntobon Knacc
- BbIxoa: He ncnonb3oBaTb reflection Boobuye (annotation processors)

- BbIxon: 4BHO aHHOTUPOBAaTb MeTOo4bl, KOTOPble MOXXHO Bbi3BaTb 4Yepes

reflection

* EcTb Bbonee cusbHbIE aNTOPUTMBbI, HEM MPEOJIOXKEHHbIN
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l HYTOo KOMNUIUpPOBaTh

class A {
public static void main(String[] args) {
for (J instance : instances()) {
instance.foo();

h
}
static List<J> instances() {

hew B();

return Arrays.asList(new C());
}
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l HYTOo KOMNUIUpPOBaTh

 Oy4eBunpgHo, B.foo y>xe He Hy>XeH
« Hapgo noHMMaTb, 4TO BO3BpalwlaeT instances
e 2DTO aHa/NM3 NoToKa AaHHbIX (data-flow analysis)

« Data-flow analysis nbiITaeTca NOHATb 4YTO-TO NPO 3HAYEHUSA, KOTOPbIE
nepeMeHHas MOXXET MNPUHATb B Ka)XKA0WN TOYKe NMporpamMmsl

* Hanpumep, Kakne MoryT ObITb TUMbI Y 3TUX 3HAYEHUN

e 3Hasd 3TO B TOYKE BUPTYaJZiIbHO Bbl30Ba, MOXXEM MPaBWU/1IbHO pa3peLlnTb
MeTo

« Ilnsa data-flow analysis ynobeH SSA (static single assignment)
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l ssa

var a = 1,
System.out.println(a);
a += 1;
System.out.println(a);

e TyT MOXHO NOACTaBUTb KOHCTAHTbI
e KaK 3To caoesiaTb 04eBUOHbIM ONSA MALIUHBbI?
° A U3MeHHAeTCHA, MO3TOMY 3TO He KOHCTaHTa

« Hapo paboTaTb B TEpMUHaX onpeneneHnn, a He NepeMeHHbIX
* Wnn nepenucaTb Ko4
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l ssa

var a_1 = 1;
System.out.println(a_1),
var a_2 = a_1 + 1;
System.out.println(a_2),

e To 4TO mony4ymnocb — SSA

« SSA — 3TO Takoe npoMe)xyTo4yHoe npeacrassieHne (intermediate
representation, IR)

B SSA Kaxgasa nepeMeHHas NpucBanBaeTCsA TOJIbKO OOUH pa3
 Tenepb NpoTaWUTbL KOHCTAHTbl MOXXHO O4YE€BUOHbLIM CMOCODOOM
* SSA ncnonb3lyeTcs B 110OOM HOPpMaJZIbHOM KOMMUATOPE
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l OnTMmuMmsauum

* Global value numbering

* Loop invariant code motion
 Dead code elimination
 Redundant null check elimination
* Class initialization elimination

* Scalar replacement

* Inlining

* Devirtualization

« Eager class initialization
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invokedynamic

* Invokedynamic — 370 B Kakoun-To cTeneHun reflection

* EcTb invokedynamic, Nnpo KOoTopble Mbl 3HAaeEM KakK OHU paboTatoT
 Ecnn B banT-koae HensBecTHble invokedynamic, To pyraemMcs Ha Hero
K c4acTblo, javac reHepupyeT TOJIbKO N3BeCTHbIe invokedynamic

 LambdaMetafactory:
- reHepupyem Knacc BO BpeMa KOMMNUAALUNn

- 3amMeHseM invokedynamic Ha co3gaHue 3K3eMnJisgpa 3TOro Ksjacca

« StringConcatFactory: 3ameHsem Ha StringBuilder.append
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l NMonyuyaem AST

static int max(Node node) {
var result = Integer.MIN_VALUE,
while (node !'= null) {
if (node.value > result) {
result = node.value;

}

node = node.next;
}
return result;

¥
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l NMonyuyaem AST

* AST, abstract syntax tree, abcTpakTHOE CMHTaKCM4YeCcKoe OepeBo
« KoMnunnaTtopbl NapCcAT TeKCT B AST

 3aTeM aHanumsnpyroT AST

* AST npeBpallaeTcs B 6anT-Kon,

B TeaVM Bcé HaobopoT
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l NMonyuyaem AST

= while return
— N
result Integer.MIN_VALUE = ; result
4\
node null if =

N

= node node.next

7 LS

node.value result result node.value
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NMonyuyaem AST

$start

@2 = -2147483648

goto $loop
$loop

if @node == null then goto $exit else goto $body
$body

@3 = field Node.value @node as I
@4 = @2 compareTo @3 as int
if @4 < 0 then goto $less else goto $greater
$less
@2 = field Node.value @node as I
goto $greater
$greater
@node = field Node.next @node as LNode; "
goto $loop
$exit
return @2
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l NMonyuyaem AST

MycTb Kycok IR Mmexnay aByms meTkamum bynert
6710KOM

Hapucyem cTpenoyky ns 6s1oka A B 610K B, ecnm
ecTb nepexon u3 6s10ka A B 6,110k B (YCNOBHbIN UK
6e3yC/I0BHbIN)

Mony4ynnun CFG (control-flow graph, rpad noTtoka
yripaBJieHns)

CFG ncnonb3yeTca K KOMNUAATOPAX, CTaTUYECKNX
aHanmsatopax, IDE n T.4.

3anada — CFG npeobpa3oBaTb B AST

greater
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l NMonyuyaem AST Cemer

* CFG: npuBoanmbie N Henpueogumble °

* HenpuBoaummble rpadbl — rpabl C UMKIAaMKn, B KOTopble °
ecTb 60s1ee oQHOro BXoAaa

* HenpuBoanmbie rpadbl MOJy4aloTCAa TOJIbKO U3 async- e
MeTOoLO0B, KOPYTUH, FeHepaTopoOB

* WX MOXXHO npeBpaTuTb B NpuBoanMbie (00pOron LLeHon) a

 J1na npuBOANMbIX MOXHO BCerga BoCCTaHOBUTb AST @
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l NMonyuyaem AST

* Ha KapTuHKe Cc rpadoM CTpesika, Beayulasa B HavaJsio

LKA, HanpasJieHa BBEPX
e Bce ocTanbHble — BHU3
« TakuMm rpad MoO>XHO HapucoBaTb Bcerga
 Ctpenku BBepx — 310 while (true)
 CTpenkun BHU3 — 3T0 break ns 6,10ka ¢ MmeTKoM

- OnTuMM3npyem

greater
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NMonyuyaem AST

function Node_max($node) {
var $result;
$result = (-2147483648);
loop: while (true) {
if ($node === null) break loop;
greater: {
less: {
if ($node.$value <= $result) {} else break less;
break greater;
} // less
$result = $node.$value;
break greater;
} // greater
$node = $node.$next;
continue loop;

}

return $result;

}




l NMonyuyaem AST

function Node _max($node) {
var $result;
$result = (-2147483648);
while ($node !== null) {
if ($node.$valued® > Sresult)
$result = $node.$valued;
$node = $node.$next;

}

return $result;

}

function Cu(b){var c;c=(-2147483648);while(b!==null)
{if(b.r>c)c=b.r;b=b.L; }return c;}
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l Threads

WebWorkers — 3To He NOTOKW, 3TO aHAJIOr MPOL,eCCoB

MoTokn 13 Ul 4acTo 3anycKatoT, 4ToObl TAXKENbIE BbIHNUCIIEHNA HE
Bewanwn Ul

Taxenble BblyncneHmnda: CPU-bound, 10-bound
C CPU-bound H1n4ero He nogenaellb
Ho 10-bound MO>XHO pa3py/iMTb C MOMOLLbLIO green threads

Green threads — 3T0O MOTOKMN, KOTOPbLIE YNPaABNATCA MaLLMHOW, @ He
OC

B HawleMm cnydae B poan OC — bpay3ep
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l Threads

« Coroutine (conporpamMmma, KOpyTrHa) — 3TO npouenypa, Kotopas
MOXXeT BO3BpPalLLaTbCs B BbI3bIBalOLLLYIO NpoUenypy, He ooaenas
paboTy 00 KOHLa

* Bbi3blBatoLlad npouenypa MoXeT NMpoaoJIXXNTb BblNOJIHEHNE
cornporpamMmmbl Wjinm He gesiatTb 3TOIO

* He obs3aTenbHO NPOAO/IKATb CPa3y, MOXXHO OT/IOXKUTb BbIMOJIHEHNE
Ha NOTOM

* Hanpumep, oToaBaTb NPOrpamMmbl MAaHUPOBLLUKY

* Wcnonb3yem rpad BbI30BOB AJ18 «3apa>XeHUsa» NporpaMmbl async-aMu
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l Threads

System.out.println("before"),;
Thread.sleep(1l);
System.out.printiln("after");

55/62



Threads

$ptr = 0,
if ($rt_resuming()) {
var $thread = $rt_nativeThread();
$ptr = $thread.pop();var$l = $thread.pop();

b
main: while (true) { switch ($ptr) {
case 0:
jl_System_out().$printin($rt_s(12)),
var$l = Long_fromInt(1),
$ptr = 1;
case 1:
jl_Thread_sleep(var$il);
if ($rt_suspending()) break main;
jl_System_out().$printin($rt_s(13)),
return,

1}
$rt_nativeThread().push(var$l, $ptr);
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Threads

$ptr = 0Q;

if ($rt_resuming()) {
var $thread = $rt_nativeThread(); BoccmaHas/iusaem
$ptr = $thread.pop();var$l = $thread.pop(); cocmosiHue

3

main: while (true) { switch ($ptr) {
case 0:

jl_System_out().$printin($rt_s(12)),
var$l = Long_fromInt(1),
$ptr = 1;

case 1:
jl_Thread_sleep(var$il);
if ($rt_suspending()) break main;
jl_System_out().$printin($rt_s(13)),
return,

1}
$rt_nativeThread().push(var$l, $ptr);
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l Threads

$ptr = 0;
if ($rt_resuming()) {
var $thread = $rt_nativeThread();
$ptr = $thread.pop();var$l = $thread.pop();
}
main: while (true) { switch ($ptr) {
case 0:
jl_System_out().$printin($rt_s(12)),
var$l = Long_fromInt(1); Moém oo Thread.sleep
$ptr = 1;
case 1:
jl_Thread_sleep(var$il);
if ($rt_suspending()) break main;
jl_System_out().$printin($rt_s(13)),
return,

1}
$rt_nativeThread().push(var$l, $ptr);
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Threads

$ptr = 0;
if ($rt_resuming()) {
var $thread = $rt_nativeThread();
$ptr = $thread.pop();var$l = $thread.pop();

b
main: while (true) { switch ($ptr) {
case 0:
jl_System_out().$printin($rt_s(12)),
var$l = Long_fromInt(1),
$ptr = 1;
case 1:
jl_Thread_sleep(var$il);
| if ($rt_suspending()) break main; | [Npepbisaem

jLl_System_out().$println($rt_s(13)); BbINO/IHeHue U

return;
1 eturn; coxpaHsiem

$rt_nativeThread().push(var$i, $ptr); - CocmosiHue, ec/u
HY)KHO

59/62



Threads

$ptr = 0;
if ($rt_resuming()) {
var $thread = $rt_nativeThread();
$ptr = $thread.pop();var$l = $thread.pop();

b
main: while (true) { switch ($ptr) {
case 0:
jl_System_out().$printin($rt_s(12)),
var$l = Long_fromInt(1),
$ptr = 1;
case 1:
jl_Thread_sleep(var$il);
if ($rt_suspending()) break main;

jl_System_out().$println($rt_s(13)); BbirosiHsSieM Kod rnoc/ie
return:

3 Thread.sleep
$rt_nativeThread().push(var$l, $ptr);
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l BbiBOAbI

« TeaVM — 3710 production-ready

e TeaVM MOXXHO MCNONb30BaTb, €C/IN BalleMy KpoccrniaTpPopMeHHOMY

Java-koay Heobxoaumo noaaep)xaTb ewé oaHy naatdopmy
« TeaVM mncnonb3yeT JavaScript kak accembnep

 TeaVM ontnmMmsunpyer

 HanwucaTtb cBon AOT-KoMnunaTop BanT-Koaa He C/I0XKHO; CNNIOXKHO

HanucaTb xopowwnn AOT-komnunaTop banT-kona
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Cnacmnoo 3a BHumMaHune!

Anekcen AHapees | Delightex

konsoletyper@gmail.com
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