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Uklizeni odpadku a analyza Uniku
e Sprava pameti

e Garbage Collection

e Escape Analysis

- P¥iklady
 GC
* EA
e ,memory leak”



JVM a optimalizace vvkonu

* Heap — ukladani objektl
e Garbage Collector — uklid heapu

 JIT — kompilace za béhu do
nativniho kodu

Spravné nastaveni heapu a vybér
spravného GC ma vliv na vykon
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Vétsinou ale staci default nastaveni



Sprava pameti

Heap
* Spolecny pamétovy prostor
» Ukladani objektu a dat
e Spravovan GC
Stack
e Docasny pamétovy prostor
* Lokalni proménné a reference
* Pro kazdé volani metody vlastni stack, ktery je po navratu uvolnén jako celek

Ptiklad z https://www.guru99.com/java-stack-heap.html



Sprava pameti
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Sprava pameti
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Sprava pameti

public wvoid m2(int b){

boolean c;
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Sprava pameti

public void m”(Gnt b)Y

boolean ¢;
//more code
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Sprava pameti

Account {
Int p;
Int g;

public void m3(){
Account ref = new Account();

// more code



Sprava pameti
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Sprava pameti
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Sprava pameti

public void m”Gnt bX._ o
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Sprava pameti

public void m7 G

boolean ¢;
//more code
m3();

t
public void m3(C

Account ret = r
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Sprava pameti

* Pokazdé, kdyz je volana metoda, rezervuje se prislusna cast stacku.

 Jakmile je metoda dokoncena, béh programu se vraci na misto volani
a prislusny stack je uvolnén.

* Proménné v argumentech metody jsou vytvoreny na stacku.
* Lokalni proménné jsou vytvareny na stacku.

* Referencni proménné jsou vytvareny na stacku.

* Instancni proménné jsou vytvareny na heapu.



Garbage collection

e Bezi automaticky na pozadi
* Muze byt ruzny v zavislosti na implementaci JVM a nastaveni

* Obecné probihaji faze: Marking
e Oznaceni objektl urcenych k , likvidaci“
I:II:II:I Before Marking

I:II:II:I After Marking
I:I Alive object

D Unreferenced Objects

D Memory space



Garbage collection

e Bezi automaticky na pozadi
* Muze byt ruzny v zavislosti na implementaci JVM a nastaveni

* Obecné probihaji faze:
e Oznaceni objektl urcenych k , likvidaci“
* Uvolnéni pameti

Normal Deletion

After normal
|:| |:| deletion

Memory Allocator holds a list

of references to free spaces.

and searches for free space
whenever an allocation is required



Garbage collection

e Bezi automaticky na pozadi
* Muze byt ruzny v zavislosti na implementaci JVM a nastaveni

* Obecné probihaji faze: Deletion with Compacting
e Oznaceni objektl urcenych k , likvidaci“
* Uvolnéni pameti
* Zkompaktnéni heapu After normal

4 Deletion with
compacting

Memory Allocator holds the
reference to the beginning of
free space. and allocated
memory sequentially then on.




Garbage collection

e Bezi automaticky na pozadi
* Muze byt ruzny v zavislosti na implementaci JVM a nastaveni
* Obecné probihaji faze:

e Oznaceni objektl urcenych k , likvidaci“

* Uvolnéni pameti

e Zkompaktnéni heapu

 VétSina objektu zanika brzy po vzniku
e Generacni“ GC



Generacni GC

e Struktura HotSpot heapu

Survivor Space

A
,
eden S0 S1 Tenured Permanent
\ v A v A v J
Young Generation Old Generation Permanent Generation

* Minor garbage collection pri zaplnéni Young Generation
» Prezivsi“ jsou presouvany do Old Generation

* Major garbage collection pri zaplnéni Old Generation

* Full garbage collection kontroluje vse



Generacni GC

Eden

Object Allocation

are created in eden
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Generacni GC

Eden

Filling the Eden Space
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Generacni GC

Copying Referenced Objects

Eden

YV

S0 survivor space

—p

1

.

1

—

S1 survivor space

Unreferenced

Referenced



Generacni GC
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Generacni GC

Eden

Additional Aging
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Generacni GC
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Generacni GC

Promotion

Allocation

Young Generation

Promotion

Old Generation




Generacni GC

Eden

GC Process Summary
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JVM Garbage Collectors

 Paralelni vs. Sériovy beh GC
e Concurrent vs. Stop-the-world

Concurrent Mark Sweep (CMS)

* nizka latence, fragmentace

Garbage First (G1)

e Od Java 7 (od Java 9 default, od java 10 paralelni Full GC)
* Paralelni, konkurentni, nizka latence
* Nespojity prostor
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JVM Garbage Collectors

Aktivita GC

* Monitor nebo profiler
* Vypis na prikazovou radku
—-verbose:gc

(Allocation Failure) fEE?éh—}ddnhlrfl'url}
(Allocation Failure) 65976K->344K(251392K),
(Allocation Failure) nﬁEEnL-} 60K (251392K) ,
(Allocation Failure) 65896K->344K(316928K),

(Allocation Failure) 13 ldlﬂh—}'d&lrJlﬁgrﬂh}J
(Allocation Failure) 131416K->376K(437760K),
(Allocation Failure) *ﬁL:LHI-}-ru||4-TTﬁﬁL}J
(Allocation Failure)




Escape Analysis

* Dulezita technika pro JIT
e Ovlivhuje (ne)alokaci objektu na heapu
e Odstranuje zbytecné zamky a synchronizace pameti
 Stav objektl muze byt
* NoEscape — objekt neni viditelny mimo aktualni metodu a vlakno

* ArgEscape — objekt je viditelny pouze jako argument metody
* GlobalEscape —objekt unika z metody (navratovy argument, staticka
proménna, apod.)
* Cilem je udrzet objekty nejlépe jako NoEscape aby mohli byt
optimalizovany



Escape Analysis

Zapnuti EA

—XX:+DoEscapeAnalysis
Vypnuti EA

—-XX:-DoEscapeAnalysis

Defaultné aktivovano pro server HotSpot JVM, zfejmé i 64bit Java 8 a
dale



EscapeAnalysis.java

* Bez analyzy — velka aktivita GC, runtime 13s, ¥135MB (~176 in Java 11)
e S analyzou — Zadna aktivita GC, runtime 11s, ~12MB (~25 in Java 11)
* Lokalni proménné jsou vytvareny na ,stacku®



EscapeAnalysisl.java

Bez analyzy — velka aktivita GC, runtime 14s, ~830MB (~380 in Java 11)
S analyzou — Zadna aktivita GC, runtime 4s, ~16MB (~30 in Java 11)
Vypocetni kod metody je v cyklu ,inlineovan

EA identifikuje vytvareni instance jako zbytecnou

NVylepseni” ulozenim objektl — EA nezabere, stvoren ,,memory leak”
Co kdybychom neukladali vysledek do proménné computation?
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* http://www.oracle.com/webfolder/technetwork/tutorials/obe/java/gc01/ind
ex.html

* https://www.dynatrace.com/news/blog/understanding-gl-garbage-collector-
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e https://www.guru99.com/java-stack-heap.html
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