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UBaH YI'ATHCKHUH

JVM unHxeHep B npoekTe Excelsior JET
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Excelsior JET JVM

Java compatible

o JlnueHnsmaTbl Oracle

o JCK kaxgyiw HO4b
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Excelsior JET JVM

Java compatible ¢
7

o JlnyeHsunaTbl Oracle S Sl
o JCK kKaxgyw HO4b ng\nlmalme

YecTHbin AQT

o Me»(rlpou,e,u,yprle onTnNMMM3aunmm

o JIT pna noarpyxaembiX KJ1aCCOB

o WHTepnpeTaTopa HeT
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Excelsior JET JVM

Java compatible ¢
7

o JlnyeHsunaTbl Oracle S Sl
o JCK kKaxgyw HO4b Jimﬁ%“

YecTHbin AQT

o Me»(rlpou,e,u,yprle onTnNMMM3aunmm

o JIT pna noarpyxaembiX KJ1aCCOB

o WHTepnpeTaTopa HeT

}YCELSIOR JET team blog: www.excelsiorjet.com/blog


https://www.excelsiorjet.com/blog/

ABTOMATHUECKOE
YIIPpaBACHHE IIaMSIThIO
(Cbopxa mycopa)

EXCELSIOR



Cb6opka mycopa

OBJECTS

EXCELSIOR
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The

A uyTO B criexe?

Java Virtual Machine Specification, (§2.5.3):

Heap storage for objects is reclaimed by an automatic
storage management system (known as a garbage
collector); objects are never explicitly deallocated.
The Java Virtual Machine assumes no particular type of
automatic storage management system, and the storage
management technique may be chosen according to the
implementor's system requirements.



Cbopka mycopa

OxmnpoaHue:

o JVM cobupaeT Mycop, Kak XO4yeT
(B paMKaX KOPPEKTHOCTMW)

EXCELSIOR



Cbopka mycopa

OxmnpoaHue:

o JVM cobupaeT Mycop, Kak XO4yeT
(B paMKaX KOPPEKTHOCTMW)

o Pa3paboTumk He 3aAyMbIBAETCS
00 ynpaBAeHUMN NaAMATbLH

y(CELSIOR
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Cbopka mycopa

PeanbHOCTb:

java.lang.NullPointerException
at java.util.ResourceBundle$Control.newBundle(ResourceBundle.java:2640)
at java.util.ResourceBundle.loadBundle(ResourceBundle.java:1501)
at java.util.ResourceBundle.findBundle(ResourceBundle.java:1465)
at java.util.ResourceBundle.findBundle(ResourceBundle.java:1419)
at java.util.ResourceBundle.getBundleImpl(ResourceBundle.java:1361)
. 3 more

%CELSIOR
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Cbopka mycopa

PeanbHOCTb:

java.lang.NullPointerException

at
at
at
at

al Exception in thread "1" java.lang.OutOfMemoryError: Java heap space

at StressTimer$Task.run(StressTimer.java:10)
at java.util.TimerThread.mainLoop(Unknown Source)
at java.util.TimerThread.run(Unknown Source)

Exception in thread "2" java.lang.OutOfMemoryError: Java heap space

at StressTimer$Task.run(StressTimer.java:10)
at java.util.TimerThread.mainLoop(Unknown Source)

%CELSIOR
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Cbopka mycopa

PeanbHOCTb:

java.lang.NullPointerException

al Exception in thread "1" java.lang.OutOfMemoryError: Java heap space

at
at
at

at Exceptic

y(CELSIOR

Java HotSpot(TM) 64-Bit Server VM warning: INFO:
os::commit_memory(0x00000000e0000000, 257949696, ©) failed;
error="Not enough space' (errno=12)

#

# There is insufficient memory for the Java Runtime Environment
to continue.

# Native memory allocation (mmap) failed to map 257949696
bytes for committing reserved memory.

# An error report file with more information is saved as:

13



EXCELSIOR

Koraa xoukpeTrHo GC
IIPHAET 3a OO BbEKTOM?
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B sTOoM noxknase

[lpo nonuntmkn GC OTHOCUTENBHO BPEMEHU XU3HU
0bbekTOB Ha NpuMepax

Kak 3To BMAeT Ha MCNOJIHEeHue?

Kak He—Fomypiters—00M 5TO yuuMTbiBATb B KOoAe?

CELSIOR
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E

PasMuHKaA

16



E

PasMuHKaA

public static void main(String[] args) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];
System.out.println("arrl (" + arrl + ") allocated");

512mb

17



E

PasMuHKaA

public static void main(String[] args) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];
System.out.println("arrl (" + arrl + ") allocated");
System.gc();

512mb
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E

PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

512mb

512mb
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

java -Xmx768m Test

}YCELSIOR

512mb

512mb
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

512mb

512mb

}YCELSIOR

arrl ([I@4aa8feb4) allocated
java -Xmx768m Test 3 | Exception in thread "main"
java.lang.OutOfMemoryError: ...
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

java -Xcomp -Xmx768m Test

%CELSIOR

512mb

512mb
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

512mb

512mb

java -Xcomp -Xmx768m Test | =———

%CELSIOR

arrl ([I@4aa8f0b4) allocated
arr2 ([I@9e89d68) allocated
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

512mb

512mb

java -Xcomp -Xmx768m Test | =———

arrl ([I@4aa8feb4) all
arr2 ([I@9e89d68) all

}YCELSIOR




PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] |arrl| = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();
int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

iIMeeM npaBo cobupaTb NepPBbIN MAaCCUB?

}YCELSIOR
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
[ int[] arrl = new int[size];
System.out.println("arrl (" + arrl + ") allocated");
System.gc();
int[] arr2 = new int[size];

\ System.out.println("arr2 (" + arr2 + ") allocated");

CELSIOR

ObnacTb BMOAMMOCTM nNepeMeHHoW arrl
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PasMuHKaA

public static void main(String[] args) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
[ int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

\ System.out.println("arr2 (" + arr2 + ") allocated");

ObnacTb BMOAMMOCTM nNepeMeHHoW arrl

ObnacTb XM3HU nepemeHHoM arrl

/E)GZELSIC)R 27
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

3oecb GC mMmeeT npaso
cobpaTb NepBbin MaCCUB
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PasMuHKaA

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

512mb

512mb

}YCELSIOR

arrl ([I@4aa8feb4) allocated
java -Xmx768m Test 3 | Exception in thread "main"
java.lang.OutOfMemoryError: ...
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PasMuHKaA

public static void main(String[] args) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];
System.out.println("arrl (" + arrl + ") allocated");
System.gc();
int[] arr2 = new int[size];
System.out.println("arr2 (" + arr2 + ") allocated");

NHTepnpeTaTop He BblYMUCASAET BPEMSA XU3HU!

%CELSIOR
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PasMuHKA

public static void main(String[] args) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];
System.out.println("arrl (" + arrl + ") allocated");
System.gc();
int[] arr2 = new int[size];
System.out.println("arr2 (" + arr2 + ") allocated");

NHTepnpeTaTop He BblYMUCASAET BPEMSA XU3HU!

(npegnonaraeT Xyawum ciny4dan)

%CELSIOR
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HcTopusa #1. O6bexThI-IpHu3paKku

32



E

HcTopusa #1. O6bexThI-IpHu3paKku

Cnabble cCbiNKWU:
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HcTopusa #1. O6bexThI-IpHu3paKku

Cnabble cCbiNKWU:

1. java.lang.ref.*

2. He ocTaHasnuBawT GC oT
cbopkun pebdepeHTa

CELSIOR
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E

HcTopusa #1. O6bexThI-IpHu3paKku

Cnabble cCbiNKWU:

1. java.lang.ref.*

2. He ocTaHasnuBawT GC oT
cbopkun pebdepeHTa

5. «llpoTyxawT»

35



E

HcTopusa #1. O6bexThI-IpHu3paKku

Cnabble cCbiNKWU:

1.

java.lang.ref.*

He ocTaHaBnusawT GC oT
cbopkun pebdepeHTa

«lpoTyxaknT»

36



E

IIpumep

public static void main(String[] args) {
Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
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E

IIpumep

public static void main(String[] args) {
Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
System.gc();
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E

IIpumep

public static void main(String[] args) {

Object obj = new Object();

WeakReference ref = new WeakReference<>(obj);
System.gc();
System.out.println(ref.get().hashCode());
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IIpumep

public static void main(String[] args) {

Object obj = new Object();

WeakReference ref = new WeakReference<>(obj);
System.gc();
System.out.println(ref.get().hashCode());

java Test | —> |1252585652 J;‘-
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IIpumep

public static void main(String[] args) {

Object obj = new Object();

WeakReference ref = new WeakReference<>(obj);
System.gc();
System.out.println(ref.get().hashCode());

java Test | —> |1252585652 J;‘-

. Exception in thread "main"
jJava -Xcomp Test | —> P

%CELSIOR

java.lang.NullPointerException

0!
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IIpumep

public static void main(String[] args) {

Object |obj|[= new Object();

WeakReference ref = new WeakReference<>qobj ;

N”

System.gc();
System.out.println(ref.get().hashCode());

java Test | —> |1252585652 J;a(-

. Exception in thread "main"
jJava -Xcomp Test | —> P

y(CELSIOR

java.lang.NullPointerException

0!

42
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OO6BeKThI-IPU3PaAKH

Ho Beab 3TO MCKYCCTBEHHbIA MpuMep?
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OO6BeKThI-IPU3PaAKH

Ho Beab 3TO MCKYCCTBEHHbIA MpuMep?

java.lang.NullPointerException
at java.util.ResourceBundle$Control.newBundle(ResourceBundle.java:2640)
at java.util.ResourceBundle.loadBundle(ResourceBundle.java:1501)
at java.util.ResourceBundle.findBundle(ResourceBundle.java:1465)
at java.util.ResourceBundle.findBundle(ResourceBundle.java:1419)
at java.util.ResourceBundle.getBundleImpl(ResourceBundle.java:1361)
. 3 more

%CELSIOR
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PeanbHBIN IpEMED

private static ResourceBundle getBundleImpl(...,
ClassLoader loader,

L)

CacheKey cacheKey = new CacheKey(baseName, locale, loader);
// obpauieHne Kk loader 4yepe3 cacheKey

return bundle;

y(CELSIOR
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PeanbHBIN IpEMED

private static ResourceBundle getBundleImpl(...,

ClassLoader loader,

N I
//,.-é;éheKey cacheKey = new CacheKey(baseName, locale, [loader);
}}.o6pau_\eH|/|e K loader 4epe3 cacheKey
;é;urn bundle;
}
Cnabasa ccbinka [locnegHee ncnonb3o0BaHMUE

}YCELSIOR
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PeanbHBIN IpEMED

o JDK 1.8.0_181
o java.util.ResourceBundle.getBundle(...)
o [na nposBneHusa: -Xcomp + uTepauumu

o JDK-8209184

}YCELSIOR


https://bugs.openjdk.java.net/browse/JDK-8209184

E

YTo ¢ 5THUM AenaTh?
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E

YTo ¢ 5THUM AenaTh?

o [llepen ncnonb3oBaHWMEM NPOBEPATH,
CChblika He npoTyxja

4TO
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YTo ¢ 5THUM AenaTh?

o [lepen vcnonb3oBaHUWEM MPOBEPSATH,
CChblika He npoTyxja

o [lpoannTb XM3Hb 0b6bEKTA!

EXCELSIOR

4TO
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YTo ¢ 5THUM AenaTh?

public static void main(String[] args) {

Object obj = new Object();

WeakReference ref = new WeakReference<>(obj);
System.gc();
System.out.println(ref.get().hashCode());
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YTo ¢ 5THUM AenaTh?

public static void main(String[] args) {

Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
System.gc();

System.out.println(ref.get().hashCode());
// use obj ???
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YTo ¢ 5THUM AenaTh?

public static void main(String[] args) {

Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
System.gc();

System.out.println(ref.get().hashCode());
// use obj ???

y(CELSIOR

Ho kKakoe MMEeHHO UCMnoJb30BaHMEe A00aBUTbL?
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YTo ¢ 5THUM AenaTh?

public static void main(String[] args) {
Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
System.gc();

System.out.println(ref.get().hashCode());
// use obj ???

Ho kKakoe MMEeHHO UCMnoJb30BaHMEe A00aBUTbL?

Kak ybeomTb KOMMNUASTOP €ro He BblKMAblBATb?

y(CELSIOR
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HUcmmonr3oBaHUEe

) Nepeparb B MeTOL

Y 3anucatb B none
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HUcmmonr3oBaHUEe

) Nepeparb B MeTOL

Y 3anucatb B none

< Reference.reachabilityFence(obj)

Since Java 9

y(CELSIOR 56



E

NeuyeHUue

public static void main(String[] args) {

Object obj = new Object();

WeakReference ref = new WeakReference<>(obj);
System.gc();
System.out.println(ref.get().hashCode());

// use obj ???
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NeuyeHUue

public static void main(String[] args) {

Object obj = new Object();
WeakReference ref = new WeakReference<>(obj);
System.gc();

System.out.println(ref.get().hashCode());
Reference.reachabilityFence(obj);
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NeuyeHUue

private static ResourceBundle getBundleImpl(...) {

CacheKey cacheKey = new CacheKey(baseName, locale, module,
callerModule);

// Reep callerModule and module reachable for as Long

// as we are operating with WeakReference(s) to them
// (in CacheKey)

Reference.reachabilityFence(callerModule);
Reference.reachabilityFence(module);
return bundle;

EXCELSIOR
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OO6BeKThI-IPU3PaAKH

[logyMaewsb, oaunH npumep!

60



OO6BeKThI-IPU3PaAKH

Aleksey Shipilév m
vV
@shipilev

Weak references are A-fun, boys and girls.
Now you see it, now you don't.

bugs.openjdk.java.net/browse/JDK-821...

7:33 PM - 15 Oct 2018

JDK-82121/8

}YCELSIOR
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https://bugs.openjdk.java.net/browse/JDK-8212178

OO6BeKThI-IPU3PaAKH

com.sun.xml.internal.stream.util.ThreadLocalBufferAllocator:

public static BufferAllocator getBufferAllocator() {
SoftReference<BufferAllocator> bAllocatorRef = tlba.get();
if (bAllocatorRef == null || bAllocatorRef.get() == null) {
bAllocatorRef = new SoftReference(new BufferAllocator());
tlba.set(bAllocatorRef);

return bAllocatorRef.get();

%CELSIOR
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OO6BeKThI-IPU3PaAKH

com.sun.xml.internal.stream.util.ThreadLocalBufferAllocator:

public static BufferAllocator getBufferAllocator() {
SoftReference<BufferAllocator> bAllocatorRef = tlba.get();
if (bAllocatorRef == null || bAllocatorRef.get() == null) {

bAllocatorRef = new SoftReferencednew BufferAllocator()

tlba.set(bAllocatorRef);

return bAllocatorRef.get(); > mmm@

y(CELSIOR
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BrIBOAEI

o GC mMeeT npaBo cobpaTb 0O6bLEKT nocne
nocnegHero MUCnosib3oBaHUS

O KOMI'II/IJ'IHTO'p MOXET BblIKNAObIBATb WNCIOJIb30BaAHUNA
npn onTmMMM3aunmun

o Reference.reachabilityFence gna npoaneHus
XM3HN 0BbeKkTa

y(CELSIOR
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EXCELSIOR

Xopsuue 00 beKThI-MEPTBEIIbI
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Xopsuue 00 beKThI-MEPTBEIIbI

ObpaTHaa npobnema: o0b6bbeKTbl MepTBbl, HO GC
3a HUMMU NPUXOAUTb HE TOPOMUTCSH.

EXCELSIOR
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EXCELSIOR

Xopsuue 00 beKThI-MEPTBEIIbI
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Xopsune 06 bEKThI-MEPTBEIIb]

Memory Drag -
namMaTb, KoTopvykw GC
«NpoTacKmBaeT» Ao
crneanywuwen* coopku
(xapaKkTepmcTmnKa
anropuntma GC)

EXCELSIOR
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Xopsune 06 bEKThI-MEPTBEIIb]

bonbwon Memory Drag =

69



E

Xopsune 06 bEKThI-MEPTBEIIb]

bonbwon Memory Drag =
MHOTO 30MOU-00BEKTOB =
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Xopsune 06 bEKThI-MEPTBEIIb]

bonbwon Memory Drag =
MHOTO 30MOU-00BEKTOB =

PesynbTart:
o HeoxumpaHHble OOM

o [lpobnembl ¢ java.lang.ref

%CELSIOR
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Hcropusa #2. F-reachables
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Hcropusa #2. F-reachables

Object.finalize() JavaDoc in JDK 9+:

The finalization mechanism 1s inherently problematic.
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Hcropusa #2. F-reachables

Object.finalize() JavaDoc in JDK 9+:

The finalization mechanism 1s inherently problematic.
Finalization can lead to performance 1issues,
deadlocks, and hangs.

CELSIOR
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Hcropusa #2. F-reachables

Object.finalize() JavaDoc in JDK 9+:

The finalization mechanism 1s inherently problematic.
Finalization can lead to performance 1issues,
deadlocks, and hangs. Errors 1in finalizers can lead to
resource leaks; there is no way to cancel finalization
1f 1t 1s no longer necessary; and no ordering 1s
specified among calls to finalize methods of different
objects. Furthermore, there are no guarantees
regarding the timing of finalization.
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EXCELSIOR

Hcropusa #2. F-reachables
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Hcropusa #2. F-reachables

> JDK 8 — 89 peanuzaumnm finalize()

EXCELSIOR
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Hcropusa #2. F-reachables

> JDK 8 — 89 peanuzaumnm finalize()

> JDK 9 — 87 peanuzauun
(Object.finalize() 1s deprecated since 9)

EXCELSIOR

78



Hcropusa #2. F-reachables

> JDK 8 — 89 peanuzaumnm finalize()

> JDK 9 — 87 peanuzauun
(Object.finalize() 1s deprecated since 9)

> JDK 11 — 84 peanusauumu

%CELSIOR
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Hcropusa #2. F-reachables

ObbekTbl ¢ HeTpuBMmanbHbeiM finalize():

O XWBYT [0/blie
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Hcropusa #2. F-reachables

( -
Java < >
Threads P
. -
1
Finalizer
Thread

EXCELSIOR 81



Hcropusa #2. F-reachables

GC Threads
I
I
( s
Java < > STW
Threads P
. s
1
Finalizer
Thread

EXCELSIOR
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Hcropusa #2. F-reachables

GC Threads

e

e
( . .
Java < > STW >
Threads = .
\ = =

1
Finalizer finalize() BbLINOAHUTH

Thread HEe MOMYy4YUTCH

EXCELSIOR
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Hcropusa #2. F-reachables

ObbekTbl ¢ HeTpuBMmanbHbeiM finalize():

o wmByT pgonbuwe: gna STW kak MuHuUMyM (1)
Ha oauH uukn GC

CELSIOR
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Hcropusa #2. F-reachables

class Foo {
Object ref;
Foo(Object r) {
ref = r;
}
void finalize() {
ref.call();

E
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Hcropusa #2. F-reachables

class Foo {
Object |ref;
Foo(Object r) {

ref = r;

ref ncnonbsyerca n3 finalize,
3HAYUT OH TOXEe BbMKMBET

¥

void finalize() {
ref.call();

EXCELSIOR



Hcropusa #2. F-reachables

class Foo {
Object |ref;
Foo(Object r) {

ref = r;

¥

void finalize() {
ref.call();

E

ref ncnonbsyerca n3 finalize,
3HAYUT OH TOXEe BbMKMBET

Kak U BCeé OOoCTMKnMoe un3 ref

ref

Foo
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Hcropusa #2. F-reachables

ObbekTbl ¢ HeTpuBMmanbHbeiM finalize():

o wmByT pgonbuwe: gna STW kak MuHuUMyM (1)
Ha oauH uukn GC

O [AOMOJIHUTENIbHO YAEPKMBAKT BCE
LOCTUXMMbIE U3 HUX OBOBLEKTDI
(f-reachables)

}YCELSIOR
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JVM vs F-reachables

Kak JVM mMoxeT 6opoTbcsa ¢ F-reachables?
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JVM vs F-reachables

class Foo {
Object ref;
Foo(Object r) {
ref = r;
}
void finalize() {
ref.call();

Foo

ref
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JVM vs F-reachables

¥

class Foo {

Object ref;

Object ref2;

Foo(Object r) A
ref = r;

}

void finalize() {
ref.call();

¥

%CELSIOR

Foo

ref

91



JVM vs F-reachables

¥

class Foo {

Object ref;

Object ref2;

Foo(Object r) A
ref = r;

¥

void finalize() {
ref.call();

¥

ref2
M

ref

}YCELSIOR

NN
Foo
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JVM vs F-reachables

¥

class Foo {

Object ref;

Object ref2;

Foo(Object r) {
ref = r;

¥

void finalize() {
ref.call();

}YCELSIOR

ref2 ref

O

Foo

Ho ref2 He ucnonb3yercsa B
finalize!
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JVM vs F-reachables

¥

class Foo {

Object ref;

Object ref2;

Foo(Object r) {
ref = r;

¥

void finalize() {
ref.call();

%CELSK)R

ref2 ref

O

Foo

Ho ref2 He ucnonb3yercsa B
finalize!

MOXHO cokpaTuTb f-reachables
(Ttak penaetrcsa B Excelsior JET)

94



Developer vs F-reachables

Kak obHapyxuTb npobnemy c F-reachables?

EXCELSIOR
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Developer vs F-reachables

Kak obHapyxuTb npobnemy c F-reachables?

jmap -finalizerinfo <PID>

EXCELSIOR
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Developer vs F-reachables

Kak obHapyxuTb npobnemy c F-reachables?

jmap -finalizerinfo <PID>

Unreachable instances waiting for finalization
instances class name

147532 StressTimer$FinalizeBallast
222 java.util.Timer$1l
221 StressTimer$Task

EXCELSIOR
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Developer vs F-reachables

Kak obHapyxuTb npobnemy c F-reachables?

jmap -finalizerinfo <PID>
HotSpot-specific

EXCELSIOR
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Developer vs F-reachables

Kak obHapyxuTb npobnemy c F-reachables?

jmap -finalizerinfo <PID>
HotSpot-specific

-Djet.gc.finalizer.stat

}YCELSIOR %



Developer vs F-reachables

Kak Bbl MoxeTe 6opoTbcsl ¢ F-reachables?

EXCELSIOR 100



Developer vs F-reachables
Kak Bbl MoxeTe 6opoTbcsl ¢ F-reachables?
Foo
ref2

ref3
resourcel-\\\\‘(:>

resource?2

resource3

finalize ()

EXCELSIOR 101



Developer vs F-reachables

Kak Bbl MoxeTe 6opoTbcsl ¢ F-reachables?

Foo

State refl

resourcel ref2

resource?2 ref3
resource3 state -\\\><:>

finalize()

%CELSIOR 102



Developer vs F-reachables

Kak Bbl MoxeTe bopoTbcsi ¢ F-reachables?

EXCELSIOR : .



Developer vs F-reachables

Ecnn He finalize(), TO KTO?

EXCELSIOR 104



Developer vs F-reachables

Ecnn He finalize(), TO KTO?

java.lang.ref.Cleaner

(paHee sun.misc.Cleaner)

EXCELSIOR 105



Developer vs F-reachables

Foo
State refl
resourcel ref2
resource?2 ref3
resource3 state -\\\><:>
f1i iZe ()
static class State implements Runnable { ... }

static final Cleaner cleaner = Cleaner.create();

var foo = new Foo();
cleaner.register(foo, foo.getState());

EXCELSIOR 106



Developer vs F-reachables

Ecnn He finalize(), TO KTO?

java.lang.ref.Cleaner

(paHee sun.misc.Cleaner)

[lomoxeT c¢ Memory Drag Tonbko B Java 9+!
JDK-80/1560/

}YCELSIOR 107



https://bugs.openjdk.java.net/browse/JDK-8071507

BrIBOAEI

o finalize() yBenunuymeaeT Memory Drag

o JVM MoryTt obnerynTb CUMNTOMbI
(HO penawT 3TO penko)

o Jjava.lang.ref.Cleaner since Java 9

%CELSIOR 108



Hcropus #3. Henotusm GC

HenoTuaM (KyMoBCTBO) — BuA QaBOpPUTM3MA, MPEeAOCTABASHWMA NPUBUNETUN
POACTBEHHMKAM UM APY3bAM HE3aBUCUMO OT UX NPOhEeCCUOHANbHbIX KAaYecTB.

}YCELSIOR 100



E

IIpumep

public class DummyList<E> {

private Node<E> first;
private Node<E> last;

private class Node<E> {
E value;
Node<E> next;
public Node(E value, Node<E> next) {

110



IIpumep

public void addLast(Node n) {
final var 1 = last;

last = n;

if (1 == null) {
first = n;

1} else {
l.next = n;

y(CELSIOR

111



IIpumep

public void addLast(Node n) { public void removeFirst() {
final var 1 = last; if (first != null) {
last = n; var next = first.next;
if (1 == null) { first = next;
first = n; if (next == null) {
1} else { last = null;
l.next = n; }
} }
} }

%CELSIOR



IIpumep

public void addLast BEWARE removeFirst() {

final var 1 = I= null) {

last = n; . OF ZOM IES next = first.next;

if (1 == null) = next;
first = n; fhext == null) {

1} else { ) 3 last = null;
l.next = n;j ™"

%CELSIOR

113



E

HcTopusa #3. Henmotusm

Cbopka Mycopa MO MOKOJIEHUAM:

o Monopmoe/cTapoe MNOKOJIEHUS

o Minor/Major GC

114



E

HcTopusa #3. Henmotusm

Cbopka Mycopa MO MOKOJIEHUAM:

o Monopmoe/cTapoe MNOKOJIEHUS
o Minor/Major GC
o Bce poCTMXMMOE M3 CTapOro MOKOJIEHUS

OONMXHO nepexmBaTb Minor GC

CELSIOR

115



HcTopusa #3. Henmotusm

OoLd Young
Generation Generation

EXCELSIOR
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HcTopusa #3. Henmotusm

olLd
Generation

EXCELSIOR

DummyList
first
last

new DummyList ()

Young
Generation
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HcTopusa #3. Henmotusm

Old
Generation
DummyList
first
last

EXCELSIOR

Young
Generation
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HcTopusa #3. Henmotusm

olLd
Generation

EXCELSIOR

DummyList
first
last

Young
Generation
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HcTopusa #3. Henmotusm

OoLd Young
Generation Generation

DummyLis-t/
first /

DummyList.addLast (...)

EXCELSIOR 120



HcTopusa #3. Henmotusm

OoLd Young
Generation Generation

DummyLis-t/
first /

DummyList.addLast (...)

Q /.

EXCELSIOR ‘~ 121

7 N



HcTopusa #3. Henmotusm

OoLd Young
Generation Generation

DummyLi s-t/
first

last

SN\

DummyList.addLast (...)

EXCELSIOR 122



HcTopusa #3. Henmotusm

OoLd Young
Generation Generation

DummyLi s-t/
first

last

N\

Q L Q l: Z
v .J: N v N

EXCELSIOR 123



HcTopusa #3. Henmotusm

oLd ///_,<:>,//// Young
Generation Generation
< DummyList

~ first
last

EXCELSIOR 124



HcTopusa #3. Henmotusm

oLd @/ Young

Generation Generation

DummyList [

first—’//

DummyList.removeFirst(...)

EXCELSIOR 125



HcTopusa #3. Henmotusm

oLd @/ Young

Generation Generation
DummyList /

DummyList.removeFirst(...)

EXCELSIOR 126



HcTopusa #3. Henmotusm

oLd @/ Young

Generation Generation
DummyList /

EXCELSIOR 127



HcTopusa #3. Henmotusm

N

old \\\\\\ Young

Generation Generation

DummyList /

e
»

4
‘@,
¢ \

1
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HcTopusa #3. Henmotusm

Cbopka Mycopa No MOKOJIEHUAM
CO3HaTenbHO yBenuumeaeT Memory Drag.

EXCELSIOR 129



HcTopusa #3. Henmotusm

Cbopka Mycopa No MOKOJIEHUAM
CO3HaTenbHO yBenuumeaeT Memory Drag.

CTapoe nokosleHne - UCTOYHUK
XO0O084YNX MEepPTBELOB

130
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HcTopusa #3. Henmotusm

Ho Beab 3TO MCKYCCTBEHHbIA MpuMep?

EXCELSIOR 131



HcTopusa #3. Henmotusm

Ho Beab 3TO MCKYCCTBEHHbIA MpuMep?

Tony Printezis o 6bopbbe Cc HeNnoOTU3IMOM
LinkedHashMap B TwitterJDK:

https://voutu.be/M901LVEGP2A?t=1391

}YCELSIOR 132


https://youtu.be/M9o1LVfGp2A?t=1391

Kax oOHapy>XUTh HEIIOTU3M?

EXCELSIOR 133



E

Kax oOHapy>XUTh HEIIOTU3M?

[lo KOCBEHHbIM NMPU3HAKAaM:

YacTbie n gonrme Full GC
(npoBepuTb no -XX:+PrintGCDetails)

MHOTO MOAO3PUTENbHbIX XUBbIX OOBEKTOB
(cMoTpeTb jmap -dump <PID>)

134



YTo nenatn?

EXCELSIOR 135



YTo nenatn?

o XMgaTb Full GC

MR,

-

EXCELSIOR .




YTo nenatn?

o XpaTb Full GC

o 3aHVYNATb CCbINKM U3 O0O6BLEKTOB MpU yAaeHUu

EXCELSIOR 137



YTo nenatn?

java.util.LinkedList:

E

/>I<>I<

* Unlinks non-null first node f.

*/

private E unlinkFirst(Node<E> f) {

final E element = f.item;
final Node<E> next = f.next;

f.item
f.next

null;
null; // help GC

138



YTo nenatn?

java.util.LinkedList:

EXCELSIOR

/**
* Unlinks non-null first node f.
*/

private E unlinkFirst(Node<E> f

final E element = f.item;

final Node<E> next = f.next;
f.item = null;

f.next = null; // help GC

139



YTo nenatn?

java.util.LinkedHashMap:

void afterNodeRemoval(Node<K,V> e) {
// unlink
LinkedHashMap.Entry<K,V> p =
(LinkedHashMap.Entry<K,V>)e;
b = p.before, a = p.after;
p.before = p.after = null;

EXCELSIOR 140



YTo nenatn?

o XpaTb Full GC

o 3aHVYNATb CCbUIKM M3 O0OBEKTOB NpU yaAaANEHUU

EXCELSIOR 141



YTo nenatn?

o XpaTb Full GC
0 3aHVYNATb CCbUIKM U3 0O6bEKTOB MNpU yaAaneHuu

o YBENUYUTb pa3Mep MOJIOAOTO MOKOJIEHUSA

-Xmn
-XX:NewRatio
-XX:NewSize

}YCELSIOR




Xopsune 06 bEKThI-MEPTBEIIb]

A mMoxeT nn GC Boobwe He NpUNTU
3a MepTBbIM OObLEKTOM?

EXCELSIOR 143



Xopsune 06 bEKThI-MEPTBEIIb]
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Hcropua #4. KoucepBaTusm

4

|

EXCELSIOR 145



E

Toununizi GC

public static void main(String[] args) {

final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[] arrl = new int[size];

System.out.println("arrl (" + arrl + ") allocated");
System.gc();

int[] arr2 = new int[size];

System.out.println("arr2 (" + arr2 + ") allocated");

146



Toununizi GC

public static void main(String[] [args]) {
final int size = 512*1024*1024 / (Integer.SIZE / 8);
int[]|arrl|= new int[size];
System.out.println("arrl (" + arrl + ") allocated");
System.gc();
int[]|arr2|= new int[size];
System.out.println("arr2 (" + arr2 + ") allocated");

Kak GC nmoHuMaeT, KaKkue nokKaJsbl XWBbl?

}YCELSIOR 147



Toununizi GC

stack registers

rax
rcx
rdx

sp+30h

r14

sp+0h

EXCELSIOR 148



stack

sp+30n [N

sp+0h

EXCELSIOR

Toununizt GC

registers

rax
rcx
rdx

r14
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Toununizt GC

stack registers
rcx
rdx
sp+30h e
@— 1

sp+0h

EXCELSIOR 150



Toununizt GC

stack registers
rcx
rdx
sp+30h .
@_ r14

sp+0h

}KCELSAOR 151



Toununizi GC

> [logaepxkka OT KoMnMnaTopa

EXCELSIOR 152



Toununizi GC

> [logaepxkka OT KoMnMnaTopa

> l'eHepaumsa KapT CTeka W PECUCTPOB

EXCELSIOR 153



Toununizi GC

> [logaepxkka OT KoMnMnaTopa

> T'eHepauua KapT CTeKka U PErUCTpPOB

A
/\ 4 ‘//\\

> KapTbl Tonbko B safe-points! \

FR
VA"
7\

%CELSIOR 154



KoucepsarusHubizi GC

A Henb3a nn 6e3 nogaepXkKM OT KoMnunsTopa?

EXCELSIOR 155



KoucepsarusHubizi GC

> [lpegnonaraem xyawee: Kaxgoe
3Ha4YeHMe MoXeT OblTb yKa3aTesem

> (OTcenmBaeM uIHEE B paHTanMe

EXCELSIOR 156



KoncepsaTusubili GC

stack registers
rcx
rdx
sp+30h
@— 14

sp+0h

EXCELSIOR 157



KoncepsaTusubili GC

stack registers
rcx

rdx

sp+30h

r14

sp+0h

EXCELSIOR 158



KoncepsaTusubili GC

stack registers
rcx

rdx

sp+30h

r14

sp+0h

EXCELSIOR 159



KoucepsarusHubizi GC

> [lpegnonaraem xyawee: Kaxgoe
3Ha4YeHMe MoXeT OblTb yKa3aTesem

> (OTcenmBaeM uIHEE B paHTanMe

> [IHorpa owunbaemMcs = yBeNUYMBAEM
Memory Drag Ha BeMYMHY OWNOKMK

}YCELSIOR
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KoucepsarusHubizi GC

3a4YeM TaKoe HYXHO?

EXCELSIOR 161



KoucepsarusHubizi GC

3a4YeM TaKoe HYXHO?
> HeT kapT = OHM He 3aHMMAKWT MEeCTO

> HeT kapT = HeT 3aTpaT Ha TCeHepauuio

y(CELSIOR 162



KoucepsarusHubizi GC

3a4YeM TaKoe HYXHO?
> HeT kapT = OHM He 3aHMMAKWT MEeCTO
> HeT kapT = HeT 3aTpaT Ha reHepauuw

> HeT kapT = MOXHO BblKMHYTb Ssafe-points

y(CELSIOR 163



Safe-points

1 - 2 MallMHHbIE MHCTPYKLUUU [lj*\\
v
\/

O6bpaTHble AYTU UUKIOB U 3SMUNOTU

EXCELSIOR 164



Safe-points

1 - 2 MallMHHbIE MHCTPYKLUUU [lj*\\
v
\/

O6bpaTHble AYTU UUKIOB U 3SMUNOTU

YXyawanT nponM3BOOUTENIbBHOCTb =
ArpeccmMBHO ONTUMUIUPYHTCS

y(CELSIOR 165



Mup 6e3 safe-points

EXCELSIOR 166



Mup 6e3 safe-points

 Tpou3BOAUTENBHOCTbL PacTeT

J PasmMep Koada yMeHbllaeTcH

EXCELSIOR 167



Mup 6e3 safe-points

 Tpou3BOAUTENBHOCTbL PacTeT

v/' PasmMep Koada yMeHbllaeTcH

MHoroe pabotaeT 4yepe3s safe-points,
* nos3ToMy noTpebyeT nepepaboTKu

EXCELSIOR 168



KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

EXCELSIOR 169



KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

Teopusa:
Boehm GC, 1988, conservative

Immix, 2008, mostly-precise

/E)GZELSIC)R 170



KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

Teopusa:
Boehm GC, 1988, conservative

Immix, 2008, mostly-precise

%CELSIOR

[lpakTMKa:

@ ROBOVM
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KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

Teopusa:
Boehm GC, 1988, conservative

Immix, 2008, mostly-precise

%CELSIOR

[lpakTMKa:

@ MobiVM
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KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

Teopusa: [lpakTMKa:

@ MobiVM

Boehm GC, 1988, conservative

— scala-native

~a

|
|
|
|
I
|
|
|
Immix, 2008, mostly-precise :
|
|
I
|

%CELSIOR
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KoucepsarusHubizi GC

A Tak BoOOWe pnenawt?

Teopus: MpakTuka:
Boehm GC, 1988, conservative © MobiVM
Immix, 2008, mostly-precise — scala-native

Excelsior JET
(c 1999 no 2015)
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Heorpaunnuenusin Memory Drag
KoHcepBaTmnBHasa ownbka:
o 06blMHO NpoasieBaeT XMU3Hb 06bekTa Ha

oAVH MM Heckonbko umknos GC
(noka JNOXHbIM KOPEHb Ha CTeKke)

EXCELSIOR 175



Heorpaunnuenusin Memory Drag

KoHcepBaTmnBHasa ownbka:
o 0OblMHO MNpoAa/sieBaeT XM3Hb 0BbekKTa Ha
OOVH WUIN HeckoNnbko umknos GC

(noka JNOXHbIM KOPEHb Ha CTeKke)

o UMHOTrOa npoasneBaeT HaBCerid

EXCELSIOR

176



Heorpaunnuenusin Memory Drag

public class Executor extends Thread {
public abstract class Task implements Runnable { }

final TaskQueue queue = new TaskQueue();

EXCELSIOR 177



Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

Task t = queue.get();
t.run();

EXCELSIOR 178



Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

—— Task t = queue.get();
t.run();

}

%CELSIOR

sp+20h

stack

addr t
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Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

—— Task t = queue.get();
t.run();

}

%CELSIOR

sp+20h

stack

addr t
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Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

Task t = queue.get();

— t.run();

}
}

y(CELSIOR

sp+20h

stack

addr t
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Heorpaunnuenusin Memory Drag

public void mainLoop() { |

while (true) { stack )

synchronized (queue) { |

while (queue.isEmpty()) {
queue.wait();

}

Task t = queue.get(); spt20h |  addr t

t.run();

EXCELSIOR 182



Heorpaunnuenusin Memory Drag

MoxeT 3TO WMCKYCCTBEHHbLIN Npumep?

EXCELSIOR 183



Heorpaunnuenusin Memory Drag

MoxeT 3TO WMCKYCCTBEHHbLIN Npumep?

HeT, 3TO knacc java.util.Timer mn3 JDK

N TaM BcCe ele Xyxe

EXCELSIOR 184



Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

Task t = queue.get();
t.run();

EXCELSIOR

sp+20h

stack

addr t
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Heorpaunnuenusin Memory Drag

public void mainLoop() {
while (true) {
synchronized (queue) {
while (queue.isEmpty()) {
queue.wait();

}

Task t = queue.get();
t.run();

EXCELSIOR

sp+20h

stack

addr t

threadReaper
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Heorpaunnuenusin Memory Drag

Kak Bbl MoxeTe
bopoTbCHA C KOHCEpPBON?

EXCELSIOR 187



E

Heorpaunnuenusin Memory Drag

bopoTbCHA C KOHCEpPBON?

Kak Bbl MoxeTe

~

LIE

DOWN

2

~

TRY

NOT TO CRY

~

r

CRY

A LOT

~

188



Heorpaunnuenusin Memory Drag

Kak Bbl MoxeTe
bopoTbCHA C KOHCEpPBON?

EXCELSIOR 189




Heorpaunnuenusin Memory Drag

java.util.Timer javadoc:

After the lLast Live reference to a Timer object goes
away and all outstanding tasks have completed
execution, the timer's taskR execution thread terminates
gracefully (and becomes subject to garbage collection).
However, this can take arbitrarily Llong to occur. By
default, the task execution thread does not run as a
daemon thread, so it 1s capable of keeping an
application from terminating. If a caller wants to
terminate a timer's task execution thread rapidly, the
caller should invoke the timer's cancel method.

y(CELSIOR 190



BrIBOAEI

KoHcepBaTuBHbin GC - 6osbwass cuna, HO WU
bonbllagd OTBETCTBEHHOCTDb

WITH GREAT POWER
COMES GREAT RESPONS/BILITY ..

EXCELSIOR 191



BrIBOAEI

KoHcepBaTuBHbin GC - 6osbwass cuna, HO WU
bonbllagd OTBETCTBEHHOCTDb

KoHcepBa He Tonbko B GC
(cMOTpU nepBblid NMpPUMEpP)

192
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3aKAIOUEeHHEe
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3aKAIOUEeHHEe

He HyYXHO MmblTaTbCA NpeayragaTb BPEMSA XU3HU
06beEKTa M pPACCUYUTHLIBATb Ha 3TO B Koae!

EXCELSIOR 194



3aKAIOUEeHHEe

He HyYXHO MmblTaTbCA NpeayragaTb BPEMSA XU3HU
06beEKTa M pPACCUYUTHLIBATb Ha 3TO B Koae!

Ecnn Bbl BCe-TakKM Ha 3TO peunincCob .

Nlcnonb3synTe npaBuibHblE OE€FbHHA PELEHUS
(reachabilityFence, Cleaner, Timer.cancel)

y(CELSIOR 105
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