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A Tyga N Bbl NPULLINY

B apyvrux sanax

[TpoknATmne Spring Test
Knpunn Tonkayes

Analyzing HotSpot Crashes
Volker Simonis

4 [TnaTgpopma — apXUTEKTYPHbIE PAa3BUNKIA
Anekcen KyparvH
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OTOT goknapg npo BHyTpeHHocTn JVM
N NPO NPON3BOANTENBHOCTb
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Knpunn Tonkayen
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Analyzing HotSpot Crashes
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Javac Runtime
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2) HeonTumusupyowaa KomnunAaumaA 2) JInHkoBKa
npocgpunb
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Ho mo)keT ObiTb 1 nHa4ye

bantkon B BM MoXeT “npuneteTb”’ BOBCE HE N3 javac

Komnunatop ntoboro JVM a3bika; jasm, ByteBuddy, ...

BM 6biBatoT 6e3 nHtepnperartopa Javac Runtime
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[ToniTHoCcTbto AOT MOXXHO CKOMMUNMPOBAaTb OanleKo He BCSKYIO NporpamMmmy

[ mbpugHbie JVM : Excelsior JET, AOT Ha 6a3e Graal (B pa3paboTke)
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+ 1o cyTn - NnerkoBecCHbI KOMMUIATOP

- BepeT noacyeT BbISOBOB
- [loppgep>XmnBaeT cMeLlaHHbIN CTEK
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[ lpnmep - ladd 6anTkon

0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x000000010a59a938:
0x000000010a59%9a93b:
0x000000010a59a945:

0a59a920:
0ab59%9a924:
0ab59%9a928:
0ab9%9a92c:
0a59a930:
0ab90933:

mov (srsp), srax
add S0x10, 3rsp

mov (srsp), srdx
add S0x10, 3rsp

add srdx, srax
movzbl 0x1(3rl3), sebx
1nc srl3

movabs $0x10a0foc600,%rl10
Jmpq *(%rl0, srbx, 8)



[ lpnmep - ladd 6anTkon

0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x000000010a59a938:
0x000000010a59%9a93b:
0x000000010a59a945:

0a59a920:
0ab59%9a924:
0ab59%9a928:
0ab9%9a92c:
0a59a930:
0ab90933:

PEIYJIbTAT
mov (srsp), srax
add S0x10, 3rsp
mov (srsp), srdx
add S0x10, 3rsp
add srdx, srax
movzbl 0x1(3rl3), sebx

1inc srl13
movabs $0x10a0foc600,%rl10
Jmpq *(%rl0, srbx, 8)



 lpnmep

HTeHre aprymMeHToB

0x000000010a59a920:
0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x000000010a59a938:
0x000000010a59%9a93b:
0x000000010a59a945:

0a59a924:
0ab59%9a928:
0ab9%a92c:
0a59a930:
0ab90933:

ladd banTtkon

pPe3yJibTart
mov (srsp), srax
add S0x10, Brsp
mov (srsp), srdx
add S0x10, 3rsp
add srdx, srax
movzbl 0x1(3rl3), sebx

1inc srl13
movabs $0x10a0foc600,%rl10
Jmpqg *(5rl0, Srbx, 8)



[ lpumep - ladd banTkon

0x000000010a59a930: add srdx, srax
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Ecnn B %RAX
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[ lpumep - ladd banTkon

Ecnn B %RAX

—
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[ lpumep - ladd banTkon

HayaJIoO MeToma -— TabJjiMlia [IepexXOoloB
0x000000010a0f6600:

Ecnn B %RAX

0x000000010a59a930: add
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4T0 Takoe npodhann ?

+ OTO CYETUYUKN
- HeToyHble

- Ba)kHO COOTHOLLEeHne, a He
abCcoNnoTHbIE BENTNYUHDbI

- C 3awuTon oT nepenosiHEHUS

- VlHorpga ectb pononHUTEesrnibHOE none
N9 CBOUCTB

-+ Kakune knacchl nonaaunchb
npuv NpoPnInpoBaHnNN
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[TocmoTpum Ha methodCounter.hpp

Interpreter_invocation_count &

invocation_counter interpreter_profile_limit

Interpreter_throwout_count invoke mask

backedge_counter backedge mask

number_of_breakpoints (4 dbg) rate & prev_time

nmethod_age highest_comp_level &

interpreter_invocation_limit & highest_osr_comp_level

interpreter_backward_branch_Ilimit
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A Kpome npodpumniAa YTO HY>XHO?

class A {
static List<String> list = new LinkedList<> ()
static {
DateFormat dateFormat = new
SimpleDateFormat ("yyyy/MM/dd HH:mm:ss") ;
l1st.add (dateFormat.format (new Date())) ;

}
static List<String> getList()

return 1ist;

J
J
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A Kpome npodpumniAa YTO HY>XHO?

class A { class B
static List<String> Ilist = new LinkedList<>(); {
static { String process (String s, 1nt 1)
DateFormat dateFormat = new {
SimpleDateFormat ("yyyy/MM/dd HH:mm:ss") ; 1f (1 < A.list.size())
l1st.add (dateFormat.format (new Date())) ; return s.concat(A.list.get(1));
} else
static List<String> getList() { return s;

return 1ist; }
} }
}
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A Kpome npodpumniAa YTO HY>XHO?

class A {
static List<String> Ilist = new LinkedList<>();
static {
DateFormat dateFormat = new

SimpleDateFormat ("yyyy/MM/dd HH:mm:ss") ;
l1st.add (dateFormat.format (new Date()));

}
static List<String> getList()

return 1ist;

J
J

class B

{

String process (String s, 1nt 1)

{
if (i < A.list.size())

return s.concat(A.list.get(1));
else
return s;

J
J

B.process() MOXHO
CKOMMUNpOBAaTH
nocne nHnumnannsaunm
Knacca A
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A Kpome npodpumniAa YTO HY>XHO?

class A { class B
static List<String> list = new LinkedList<> () {
static { String process (String s, 1nt 1)
DateFormat dateFormat = new {
SimpleDateFormat ("yyyy/MM/dd HH:mm:ss") ; 1f (1 < A.list.size())
list.add (dateFormat.format (new Date())) ; return s.concat(A.list.get(1));
} else
static List<String> getList() { return s;
return 1ist; }
} }
}
NHuunanusauusa A npouncxognT B.process() MOXXHO
NOocCJie NnepBoro Bbi3oBa CKOMMUINpPOBAaThb
B.process () nocne nHuymanmnsaumn

(Ecnn Tonbko B.process () NCNOMb3YET A)

Kracca A
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public enum SimpleEnum {
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}3



O npocToTe Enum

>11 SimpleEnum. java

pUth cnum SlmPIEEnum { —rw—-r——r—-— 1 1ivan staff 35 Feb 23 21:30 SimpleEnum. java

One >11 SimpleEnum.class
}. —rw—r——r—— 1 1ivan staff 732 Feb 23 21:30 SimpleEnum.class
’
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O npocToTe Enum

public enum SimpleEnum {

One
2

—_—

Compiled from "SimpleEnum.java"
public final class SimpleEnum extends java.lang. Enum<SimpleEnum> {
public static final SimpleEnum One;

public static SimpleEnum([] values();
Code:

0:
3:
6:
0:

getstatic ~ #1
invokevirtual #2

checkcast #3
areturn

// Field $VALUES:[LSimpleEnum;
// Method "[LSimpleEnum;".clone:()Ljava/lang/Object;
/I class "[LSimpleEnum;"

public static SimpleEnum valueOf(java.lang.String);
Code:

0:

N AN

Idc #4
aload_0

: invokestatic #5

checkcast #4
areturn

static {};
Code:

0:
3:
4.
6:
7:

10:
13:
14:
17:
18:
19:
22:
23:
26:

new #4
dup

ldc #7
1const_0
invokespecial #8
putstatic  #9
iconst_1
anewarray  #4
dup

iconst_0
getstatic  #9
aastore
putstatic  #1
return

// class SimpleEnum

// Method java/lang/Enum.valueOf:(Ljava/lang/Class;Ljava/lang/String;)Ljava/lang/Enum:;
// class SimpleEnum

// class SimpleEnum
// String One

// Method "<init>":(Ljava/lang/String;I)V
// Field One:LSimpleEnum;

// class SimpleEnum

// Field One:LSimpleEnum;

// Field $VALUES:[LSimpleEnum;

12



YTO penaeT KOHCTPYKTOp Enum-a”

static {};
Code:
0: new 4 // class SimpleEnum
public enum SimpleEnum { 3: dup
One 4: 1dc #7 // String One
. 6: 1const_0
}’ 7. invokespecial #8 // Method "<mit>":(Ljava/lang/String;1)V
10: putstatic  #9 // Field One:LSimpleEnum:;
13: 1const_1
14: anewarray #4 // class SimpleEnum
17: dup
18: 1iconst_0
19: getstatic ~ #9 // Field One:LSimpleEnum;
22: aastore
23: putstatic ~ #1 // Field $VALUES:[LSimpleEnum;
26: return



VIHNaMHUHT - KITIKOYNK K ONTUMM3aumnam
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VIHNaMHUHT - KNKOYMK K ONTUMM3aumam

class A {
boolean Cond;
A (bool v) { Cond = v; }

int outerMethod(B b,C )
{

int a=2;

1T (Cond) {
at+t=b.1nnerl() ;
else
at=c.inner2() ;
return a;

;
;
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j }
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VIHNaMHUHT - KITIKOYNK K ONTUMM3aumnam

M1

class A {

boolean Cond; N class B {

A (bool v) { Cond = v; ) int innerl() {

int outerMethod(B b,C ) \ j
{
int a=2;
1T (Cond) {
at+t=b.i1nnerl(); class C {

else int inner2() {
at=c.inner2() ;

return a; }WO'
J }
)
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HepaBHM 6ar Npo MHNAUHUHT

- OBHapy>xunun perpeccuto B 24% Ha beHuMapke

- AHanNM3 gaHHbIX NHNANHUHIA

4249 - 3anHNanHeHo 00 perpeccun
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HepaBHM 6ar Npo MHNAUHUHT

- OBHapy>xunun perpeccuto B 24% Ha beHuMapke

- AHanNM3 gaHHbIX NHNANHUHIA

4249 - 3anHNanHeHo 00 perpeccun

- 3184 - B “npobnemHoM” bunge
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KakK MHNaUuHUHI MOXXeT HaBpeOuTb”?

class A {
boolean Cond;
A (bool v) { Cond = v; }

int outerMethod(B b,C )
{

int a=2;

1T (Cond) {
at+t=b.1nnerl() ;
else
at=c.inner2() ;
return a;

;
;
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HeBnaonmbin KOO

class C {
int val;

Cl[] kInverseVector(int k, C[] v) {
Cl] result = new Clv.length];
for (int 1=0;, 1 < wv.length; 1++) {
result[1] = new C{();
result[i].val k / vI[i].val ;

J

return result;
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[IpnymHbl eonTMnU3aunm ¢ getanmsaymen
MCTOYHMKA C TOYHOCTbKO 00 banTkoaa
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[IpnymHbl eonTMnU3aunm ¢ getanmsaymen
MCTOYHMKA C TOYHOCTbKO 00 banTkoaa

- Null Check (null object or div 0)

- Null Assert

- Range Check (OOB)

-+ Class Check (Unexpected class)

- Array Check (Unexpected array class)
» Intrinsic operand

- Bimorphic inlining failed
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[IpnymHbl eonTMnU3aunm ¢ getanmsaymen
MCTOYHMKA C TOYHOCTbIO OO0 MeToaa
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[IpnymHbl eonTMnU3aunm ¢ getanmsaymen
MCTOYHMKA C TOYHOCTbIO OO0 MeToaa

- Unloaded class
- Uninitialized class

- Unreached code

- Unhandled exception

- Unexpected Constraint

- DivO check

- Age (tier threshold reached)

- Predicate failed

+ Loop limit check

- Speculate class check
- Speculate Null Check
- Rm state change

- Unstable if

- Reason unstable fused if
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Uncommon trap. YTo nenaem?

e Cny4yamHOCTb?

class C {

e [laTTepH cMeHnncsa” int val;

Cl[] kInwverseVector (int k, C[] v) {
e A YTO CO CTApPbIM KOOOM OenaTtb? C[] result = new C[v.length];

for (int 1=0; 1 < v.length; i++) {
result[i]=new C{();
e Hano N KOMNUIMPOBATb cHOBA”? result[i].val = k / v[i].val ;
}

return result;

J
J

e YTO OyneT npomncxognTb Npn
CNeayroLLMX BbI30BaX?
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|. Ctapbin oobpbin CompileCommand

+ MO>XHO yKasaTb CTaTUYeCKN

- Yepes -XX:HotspotCompile

- .hotspot_compiler or
-XX:CompileCommandFile=/path/to/thefile
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|. Ctapbin oobpbin CompileCommand

MO>XHO yKa3aTb cTaTndecKin
- Yepes -XX:HotspotCompile

.hotspot_compiler or

-XX:CompileCommandFile=/path/to/thefile ~ €Xctude Java/lang/Thread setPriority
dontinline java/lang/String charAt

MO>XHO yKasaTb grHamMmmnyeckin

- jcmd Compiler.directives_add

- CuHTakc:

KomMaHaa naket/Knacc meton
KomaHgb!:

 dontinline WIN exclude NN excludec” MWTN excludecl

27



{

[l. Compiler Control B Java 9

// naTTepHb
match: ["steve.*", "aglex.*"]

cl:
Enable: false // WrHopupyem TONbKO AN C2.

// JAna obonmx KOMNUNATOPOB

[/ “+7 3HAUUT MNPUHYAUTENnbHO, “-" 3HAUUT 3aNPeTUTH
inline : [ "+java/util.*", "-com/sun.*"],
PrintInlining: true

28
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LlnpekTrBbl oA 060X KOMNUTATOPOB

Enable
bool Exclude

bool Inline

bool BreakAtExecute

bool BreakAtCompile
bool Log
bool PrintAssembly



LlnpekTrBbl oA 060X KOMNUTATOPOB

Enable bool PrintInlining
bool Exclude bool PrintNMethods
bool Inline bool ReplayInline
bool BreakAtExecute bool DumpReplay
bool BreakAtCompile bool DumpInline
bool Log bool

. CompilerDirectivesIgnoreCompileCommands
bool PrintAssembly
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[HnpekTunebl onAa C2

BlockLayoutByFrequency

bool
bool
bool
TNntx

Tntx

raceOptoPipelining
Vectorize
VectorizeDebug
MaxNodeLimit

DisablelIntrinsics
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[HnpekTunebl onAa C2

BlockLayoutByFrequency
bool raceOptoPipelining
bool Vectorize

bool VectorizeDebug
intx MaxNodeLimit

Tntx Disablelntrinsics

bool
bool
bool
bool
bool
bool

PrintOptoAssembly
PrintIntrinsics
TraceOptoOutput
TraceSpilling
CloneMapDebug
IGVPrintLevel
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1l. java.lang.Compiler

Compiler.enable(); //
Compiler.command("{com.mycompany.* }(compile)");
System.out.println("Now let’s wait till compilation 1s done");
Compiler.command("waitOnCompilationQueue");
System.out . println("Compilation 1s complete");
Compiler.disable(); // turn the compiler oft
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1l. java.lang.Compiler

- OpendDK / Oracle - HeT nognep>XKu

Compiler.enable(); //
Compiler.command("{com.mycompany.* }(compile)");
System.out.println("Now let’s wait till compilation 1s done");
Compiler.command("waitOnCompilationQueue");
System.out . println("Compilation 1s complete");
Compiler.disable(); // turn the compiler oft
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1l. java.lang.Compiler

- OpendDK / Oracle - HeT nognep>XKu

- IBM J9 nopgnep>xnBaroT
http://www.ibm.com/support/knowledgecenter/en/

SSSTCZ 2.0.0/com.ibm.rt.doc.20/realtime/
rt jit.html

- Y Zing-a HEMHOIro Apyron CUHTaKcuc
http://docs.azul.com/zing/Zing UserGuide/

#/Zing UserGuide/
Zing AT ReadyNow EnsureCriticalMethodsareCom

piled CompilerAPIl.htm
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System.out . println("Compilation 1s complete");
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1l. java.lang.Compiler

- OpendDK / Oracle - HeT nognep>XKu

- IBM J9 nopgnep>xnBaroT
http://www.ibm.com/support/knowledgecenter/en/

SSSTCZ 2.0.0/com.ibm.rt.doc.20/realtime/
rt jit.html

- Y Zing-a HEMHOIro Apyron CUHTaKcuc
http://docs.azul.com/zing/Zing UserGuide/
#/ing UserGuide/

Zing AT ReadyNow EnsureCriticalMethodsareCom

piled CompilerAPIl.htm

- QOracle xorerBbiHeeT BbiHeC 3T10T APl n3 9kun

https://bugs.openjdk.java.net/browse/JDK-4285505

Compiler.enable(); //
Compiler.command("{com.mycompany.* }(compile)");
System.out.println("Now let’s wait till compilation 1s done");
Compiler.command("waitOnCompilationQueue");
System.out . println("Compilation 1s complete");
Compiler.disable(); // turn the compiler oft
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3ameTku Ha rnosisix

JEP-243 Java-Level JVM Compiler Interface

e Paboraert TosibkKo ¢ GGraal

o Het nogaep>xkmn C2 (1 He rsiaHnpyeTcs)
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- Mexay AOT n JIT

+ “OWwmnbokK NpoLbIX Mbl Y>Xe HE NOBTOPUM”

+ BonbWMHCTBO KOMNMUAALUN MPOUCXOOAT paHbLUe
0bObl4YHOIro 1 He B yLepPO KavyecTBy
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- [logrpy>xaetca npodusib, a HE CKOMNUINPOBaHHbLIN KOoA

- [leonTMmn3saumm MHOMOKpPaTHO peXke 0ObI4YHOro

- OwyTrMbIN 3PEKT B “XopoLmnx” crny4vasax

- 3anacHoun BapuaHT - obblyHaa JIT koMnunayms
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. AOekBaTHOCTb Npoduns
Il. TlpMmeHnMocTb Npohnns

lll. PaspelummocTb 3aBUCUMOCTEN



BpeMs OTKNnKa

ReadyNow

be3 ReadyNow!

C ReadyNow!

D | 'S

9 11 13 15 17 19
HOMEP TPaH3aKL
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Ahead of Time Komnunauuna B8 JDK9

jaotc --output libjava.base.so --module java.base
jaotc --output libHelloWorld.so HelloWorld.class
java -XX:AOTLibrary=./libHelloWorld.so HelloWorld

39



Ahead of Time Komnunauuna B8 JDK9

- 1ns1 ObICTPOro 3anycku npuioXXeHumn

- CoBmecTtum c JIT (cMm. gnarpammy BblLLE)

- Tonbko Linux x64

jaotc --output libjava.base.so --module java.base

- Ochurl. NopaepXKUBaeTCs TONbKO Moay/ib java.base jaotc --output libHelloWorld.so HelloWorld.class
java -XX:AOTLibrary=./libHelloWorld.so HelloWorld

Henb3a meHats JVM conarn npu 3anycke
CKOMMNUINPOBAHHOIo Koaa

HeT nopgoep kK

* OMHaMMN4YeCKN Cco3aaBaeEMbIX KJ1aCCOB

- reflection

- Instrumentation

39
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Zing: BupTtyanbHas Java-mailunHa ansa KpyrnHoro busHeca

- [naBHasqa uenb - ynydlleHne nokasarenenm pyHKUMoOHNpoBaHNA BUPTYyaSIbHOW
Java-malmnHbl gns npeanpusaTtuiin

- HenameHHasi npon3BoanTeNbHOCTb - He NpocTo 6bicTpo, a BCEI A 6bicTpo

-+ Cbopka mycopa bosblLle HE BINAET Ha NMPOn3BOANTESNTIbHOCTb NMPUTOXKEHNN
- LLnpoyaniuaa cdpepa npuMeHeHUS:

* OT MHTEPAaKTUBHbIX I'IpI/IﬂO)KeHI/IM A0 3a0ay, KPUTNHHbIX KO BpeMEHU
OTKJIMKaAa

* OT MUKPOCEPBNCOB A0 NPUNOXEHUN, TPEDOYIOLLIX O0MbLLUNX OOBEMOB
namMmsT

1l

- YcTpaHsaeT Heo6XoaMMOCTb B OOMbLUMHCTBE N3BECTHbIX "KOCTbINEN" B
BalleM Koae
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Oy 8%
SYSTEMS®

Zulu Embedded: Korga Hy>kHbl pelleHnsa aas BCTPOEHHbIX CUCTEM

- 100% OTKpbITbIN KO - TeXHOSIOrnA, ocHoBaHHada Ha OpendDK
- CepTnduunpoBaHa Ha COBMECTUMOCTb U COOTBETCTBME Java

SE

- [lokazaTenun pyHKumoHnpoBaHusi, noeHTn4dHble OpendDK v

Oracle Java SE

- BbiCcOKOKNaccHaa nognep>kka
- Pennsauna onsa Linux x86, ARM32, ARM64, PPC32, MIPS, a

Tarkoke Windows n Mac OS
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