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e Compilation basics for the JVM
e AOT-compilation added

e Advantages of AOT-compilation
e Examples using AOT

e Current limitations

e Conclusions
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Java compilation
basics

interpretation and JIT-compilation in the JVM
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Pro
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 focus on hot code:

e speculatively optimize
» method inlining

» branch prediction

e loop unrolling

» de-optimization
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o -Xint
e-XCcomp

e-Xmixed
e JIT-compilation

e default
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package com. jpinpolnl.jfall;

import java.util,list;
import java.util.Set;

» public class HellodUG {
, public static void main(String[] args) {
System.out.printlni"Hello JUGI");
System.out.printini"Speakers dinner desert: " + L1st.of(el: "ice crean”, 22:"chocolate”, ed:"cake"));
) System.out.printlni{“Speakers: “ + Set.of(“Mark", “Ray", “Arum®, “Sander”, “Roy", “Jeroen“)):

15 www.jpinpoint.com
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Which |

java HelloJUG
java -Xcomp HelloJUG
java -Xint HelloJUG
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java HellodJUG 252 ms

java -Xcomp ... 2272 ms

java -Xint ... 214 ms
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common

stop at L1

Tiered
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C1
profiling
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FALL Real times, average of S runs
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java HelloJUG

java -Xcomp ...

java -Xint ...
java -XX:TieredStopAtLevel=1...

252 ms
2272 ms
214 ms
244 ms
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AOT C1 C1 C2
no profiling ili profiling '
code speed 9 7

conmen | (a0t)

efootprint more important than peak performance

eno JIT-code cache, no compiler threads
emore predictable behavior

e constant speed of code, no JIT-compilation taking CPU
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java HelloJUG

java -Xcomp ...

java -Xint ...
java -XX:TieredStopAtLevel=1...
java -XX:AOTLibrary=lib..nont.so...

252 ms
2272 ms
214 ms
244 ms
214 ms
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e Faster startup time
e compiled/optimized methods immediately available

 JIT optional, for best peak-performance
e Reach peak-performance quicker

e Potentially less memory usage
» Class data sharing (CDS)

e No JIT-compiler overhead

* ess CPU usage

e less interpreting, profiling, compiling

28 www.jpinpoint.com
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jeroen@jeroen-VirtualBox:~j/Proj/HelloJUC/fout/HelloJUCS jeolc info oulpul LibHellolUG- L. so0 compile-for- Liered cl
5% -name com. jpinpoint. jTall.HelloJug

Campiling libHallolduG-T...

1 classes found (33 ms)

2 methods total, 2 metheds to complle (7 ms)

Compiling wilh 2 Lhreacs

7 methods compilad, © methods failed (7039 ms)
Parsing complled cocde (€ ms)

Proce==ing meladala (26 ms)

Preparing slubs binary (1 ms)

Preparing compiled binary (8 ms)

Creating blnary: libHelloJUG-t.o (47 ms)

Creating shared library: WbHellodug-t.s¢ (36 ns)
ToLtal Lime: 3665 nms

29 www. jpinpoint.com
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jercen@jeroen-virtualBox:~/Proj/HelloluG/out /HellodUGS java -XX:AOINlihrary=./lihAdA2llolUG-t.5a,. f/libjava.base-coop-T.50
-cp . com.jpinpaint.jTall.HellaluG
Hells 2UG!

Speaker dinner deseri; [lce cream, chocolals, ceke)
Spraker=: |Mark, Sander, Arun, Roy, Ray, Jeroen)

30 WWW. jpinpoint.com
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jeroengjeroen-VirtualBox:~/Proj/HellolUG/out/HellodUGS jJava -XX:AOTLLibrary-./libHelloduG-tT.s¢ -XX:+PrintAOT -cp . com.]
pinpoinl, jlall.HelloJUG
5 Loaded .JLibHellolUC L.=o aol Library
aot[ 1] com.jpinpoint.jfall.Hellodub.sinita( )V
aot[ 1] com.jpinpoint.jfall.Hellodut.main([1 java/lang/STtring; )V

’

Speaker dinner deserl: |[ice creem, chocolale, cake)
Speakers: |[Ray, Sander, Roy, Jeroen, Arun, Mork)

31 WWW. jpinpoint.com
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|
non-AOT |

|
|
tiered AOT |m |
|

non-tiered AOT
—> 29s.
-Xint
B real run time (s) 0 0,5 L 1,5 2 2,5 3
W C1 time Shorter is better

7 C2 time
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Curr

e For JDK 9 only supported on Linux x64
 JDK 10 (18.3) also on MacOS and Windows

* No use of profiling data during AOT (yet)
* Only supported for G1 GC and Parallel GC

www.jpinpoint.com
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con

* Promising technique for quicker startup times

* Most noticeable when user waiting for startup / execution
e Short run: non-tiered - without JIT-compiler
* Small devices with little resources
 IDE’s, unit tests, code generation, coding checks, ..
e Can be 10% to 2x better for short execution or startup
* AOT-compile and bundle only touched methods of java.base etc. should
help more

e training run in future versions

34 www.jpinpoint.com
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* GC basics

e Serial, Parallel, Concurrent GC
*Region based: G1 GC

e Shenandoah GC

e Epsilon GC

e Conclusions

37 www.jpinpoint.com
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Garbage collection
basics

Mark&Sweep, Compaction and Mark&Copy
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e After compaction:

e Compaction is expensive

© jPinpoint www.jpinpoint.com . .
42 WWW.jpinpoint.com



i‘k Mark-Co

JFALL
#ifalll7
-~5_
‘\
‘\
A Y
A Y
‘>
_

www.jpinpoint.com




/3

JFALL

#ifall17

Mark Sweep - Compact S

Old space

-
-------

44 www.jpinpoint.com



/3

JFALL

#ifall17

Seri

©

VYVVYYVYY

GC thread
eg. 7s.

45

>
>
>
>

www.jpinpoint.com



/3

JFALL

#ifall17

GC thread
eg. 7s.
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GC threads
eg. 2s.
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eg. 2x100 ms. STW
10 s. concurrent

47
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throughput v

GC threads
eg.2s.
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GC threads
eg. 2x100 ms. STW
10 s. concurrent
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10 s. concurrent
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% %-live objects
| Nen-Alecated Space
. Young Generatior

B cid Generation Gi
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grars regions witl
e Concurrent mark in Old
* Mark-copy: no fragmentation

e Limit copy #regions to meet
-XX:MaxPauseTimeMillis

* Solves scalability and failures

o Still stw pauses

54 www.jpinpoint.com
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Shenandoah GC

Ultra low pause times
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* Mark Young
e Copy Young & Old
e Update refs
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* MarE=¥aling
*Copy Yomeg & Old «— concurrent

e Update refs «— concurrent
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e forwarding pointer
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*4 short stw pauses

e init mark, final mark, init UR, final UR

w W W W W W w w w

Pause Init Mark 0.771ms

Concurrent marking 76480M->77212M(102400M) 633.213ms

Pause Final Mark 1.821ms

Concurrent cleanup 77224M->66592M(102400M) 3.112ms

Concurrent evacuation 66592M->75640M(102400M) 405.312ms

Pause Init Update Refs 0.084ms

Concurrent update references 75700M->76424M(102400M) 354.341ms
Pause Final Update Refs 0.409ms

Concurrent cleanup 76244M->56620M(102400M) 12.242ms

71 www.jpinpoint.com
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*4 short stw pauses

e init mark, final mark, init UR, final UR

(GC(3) Pause Init Mark 0.771lms )

GC(3) Concurrent marking 76480M->77212M(102400M) 633.213ms

(GC(3) Pause Final Mark 1.821ms )

GC(3) Concurrent cleanup 77224M->66592M(102400M) 3.112ms

GC (3) Concurrent evacuation 66592M->75640M(102400M) 405.312ms

(GC(3) Pause Init Update Refs 0.084ms |

GC(3) Concurrent update references 75700M->76424M(102400M) 354.341ms
(GC(3) Pause Final Update Refs 0.409ms

GC(3) Concurrent cleanup 76244M->56620M(102400M) 12.242ms

72 www.jpinpoint.com
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Run time (x100 s)
Total pause time (s) |ggm

Average (X10 ms) |

e
Max (x100 ms)

0 1 2 3 4 5 6 7 8 9
Shorter is better W G1 B Shenandoah
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jercen@iercen-VirtualBax:~/Praj/Hellaluc/out /Helladucs time Jusr/lecal/{cdk-9-sh/bin/java . =XX:+UseParallelaldac -xlo
Q:QC -Xrx3€4m com.iplnpoint.ifell.CreateCalendars

[0.0€9s5 [inTfo][gc] Using Parallel

Starting

19,5235 L\nT0 [gc)] GC(O) Pause Young (AlLlocation Failure) Z4M-=4M(SON) 13.693 s
19,5995 [linfo)|gc)] GC{1) Paus= Young (Allocalion Failure) 2EM-=3M({114H) 22,478mx
19,7225 linfo][gc)] GC(2) Pausz Young (Allozalion Failure) SE7M->17M({114M) 17,82%ms
Ileraetion 1 Look m=: 594

19,2865 |info)|lgc] GC(2) Pausc Young (Allocalion Failure) E5M->25M(162M4) 13,30Bms
Ileretion 2 Look m=: 226

[1,2495][infol[gc] GC(4) Pause Youny (Allocation Failure) 1Z1IM->4ZM(162M) 22, 7089m5
1teration 3 took ms: 25%

[1,511s][inTo][gc] GC(S) Pause Young (Allocation Failure) 138M->57/M{164M) ¢
Iteratian 4 toak ms: 277

[1,718s7[inToT[gc] GO i ] lure) 157/M-S71M0162M)
[1,879s1[inTol[gec](GC( ; Ties) M-20/M(197N) 161,3730s
[2,839s7[1nT0][qc] ! 2 X : - PETIT BT 1777 ® 729,507Tms
Tteratian 5 toak me: 405

Number af string numbers: 180006

amz,1o7s
om1,832s
0m@,152s




jercen@jeroen-uVirtualBox:~/Proj/Hel LoJUG/out/Hel LoJUGS time Jusr/local/jc -<hybin/java -cp . -Xlag:ige -Xmx3B4n com. Ipin
poinT.ifall.CreatecCalendars

[0.ee55] [Iinfo][gc] Using G1

Sleriing

19,2935  [info]luc] GC(O) Paou=e Young (
[0.5885][info][ec] GC(1) Pause Young (
[8,62Z2s7[infa]lec] GC{?) Pause Young (
[a,676s [Infa]lac] GC(3) Pause Young (
Iteratlon 1 took ms: 537

19,8665 [info]lgc] GC'4) Pou=e Young (G Evucuultun Pause) 38BM >19M(924M) 19, 046m,
19,9695 [info]luc] GCI au=e Young (0 ion Pau

[1 111s7[infa][qc](GC(a)
Iteration ? taok maY ’
[1,409s5][Info][gc] GC(7) Peuse Young (01 Cvacuation Pause) 73M-=37M(210M) 29,955ms
[1,661s [info][gc] GC(3) Pause Young (G1 Cvacuation Pause) B3M-=-46M(210M) 11,172ms
Ileration 3 Look ms: 390

[1, bll,'[infs][cg] bL'D) Pouse Young (Gl kEvacualion Pause) 118M >5eNM(218M) 17,451ms
[1,996s [infa]lec] GC(18) Pause Young (G1 Fvacuation Pzuse) 1723M--63M(218M) 74 ,997ms
Tteratlon 4 took ms: 192

[2,0625 ] [inf2][gc] GC{11) Pause Young (G1 Cvacuation Pause) 134M-=-73M(245M) 26,447ms
Ilereiion 5 Lovk ms: 169

Number of sbring numbers: 100668

1 Evacualion Paouse) 7M >2ZM(24M) 4,187m=
1 kEvacuation Pausec) 5/M >10M(94H) 7,156ms
L1 Fvacuation Pause) 19M-513M(99N) 11,767/ms
1 Fvacuatian Pause) 28M-=15M{94M) 2 ,67Ems

Pause Fvacuatian SAM-S36M(2168%) ir,bhﬂne

Young

rezl Am? ,1R7<
user omz,21zs

Sis 0n3|2125



jerocn@jeroen-VirtualBox:~/Proj/HelloJUG/out/HelloJUGS Lime fusrjlocalf] 2 =h/bin/ jave
tge - Xma384m com, jpinpointl. jfall.CrealeCalendars

[8.8145][1nfo][gc] Using shenandozh

Starting

ITeration 1 took ms: 356

Treration 2 taank ms: 317

[1,027s][1nfo][gc] GC(O)
[1,037s][1nfo][g¢<] f
[1,8965]info]lge] (GCL2) Pouse Finol Mark 284N ~2B4M(2384M) £,927ms
Ll,OQGbJLlHIOJlgL] Y ’ Y T O,00515
[1,160s][info]logc] GC(O) Concurrent evacualion 284M >341M(284NM) 64,232ms
[1,187c][1nfo][gc] GC(8) Pzuse Lnit Update Kefs 9,846ms

[1,736s]7info]lgec] GC(A) Concurrent update refersnces  34IM-5348M(38IM) 49 ,8672ms
[1,237=]1nfo][qc] GC(A) Pause Final Update Hefs 34EM->39BM(3EAN) 8,35%1ms
[1,237=][1nf0o][qc] GC(a) Concurrent cleanup 34aNM-=7SM(334M) ©,285n%

Iteration 3 took ms: 154

Iteration 4 took ms: 183

[1,664s][info]lge] GCL1) Pause Initl Mark 2,443ms

Iteralion 5 Look m=: 318

[1,783s5][nfo][ge] GC(1) Concurrent marking Z77M >315M(384M) 118,494m=
[1,7385s][1nfo][ac] GC(1) Pause Final Mark 315M->315M(389K) 1,92/ms
[1,739s][1nfo][qc] GC{1) Concurrent cleanup 315M-~>315M{384M) ©,8877%

Number oF string numbers: 1666400

[1,9055][1nfo][g¢c] Cancelling concurrent GC: Stopplng VM

[1,907s][1nfo][gc] GC({1) Concurrent evacuation 315M-=36GM(3E4M) 117,230ms

Fause Init Mark 1,459ms

- - - ~

M] 59 378ms

real @m2,818s
uses Om2,1125
cys ©mB, 282




‘3 G1 with -XX:MaxGCPauseTimeMillis=6:
L N\~ 4
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e JEP Draft (by Aleksey Shipilev)
estw pauzes = 0.0 ms!

eHow?

www.jpinpoint.com
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e Garbage non-collector
* JVM shutdown when heap exhausted

ejava -XX:+UnlockExperimentalVMOptions
XX:+UseEpsilonGC

eBinary builds of patched JDK10 available

www.jpinpoint.com
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* Performance testing

e compare with real garbage collectors

* Minimize overhead
* garbage free apps
e short-lived apps

* active failover before heap exhausted
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* Shenandoah GC clearly beats G1 for short pauses

e Likely to replace G1 as default after JDK9
e Can try it out now on JDK8+!
e Epsilon GC eliminates all GC-overhead (and comfort)

* if you can avoid GC

e last-drop performance improvement
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e want to learn more?

* resources: www.jpinpoint.com

* accelerating Java applications training 4 *

e coversJava 8 & 9
e 12-14 March 2018

ethanks for the attention!
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