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Oracle Labs

Oracle Labs je vyzkumna a vyvojova organizace
v ramci firmy Oracle.

V Ceské republice mé Oracle Labs tymy
v Brné a v Praze.

Uzce spolupracujeme s VUT FIT a MatFyz UK
formou studentskych stazi a vyzkumnych grantu.
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Oracle Open Source

Oracle Labs iniciovaly a rozvijeji
hlavni open source projekty
podporované firmou Oracle.
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3 Copyright © 2023, Oracle and/or its affiliates

Q

Products and Technologies Learn Community Downloads

Leading open source projects

We are committed to cultivating, supporting, and promoting several open source projects. Some of industry’s most widely adopted open source technologies, such as Java and MySQL, were

developed by Oracle.

Graal

GraalVM

High-performance Polyglot VM.
* 174K Prax

GitHub
Website
SIETd

ORACLE

Linux

Oracle Linux

An open and complete operating environment.

* 60 31

GitHub
Website

Twitter

1JDK

OpenJDK

Open source implementation of the Java Platform.

* 139K ¥3.8¢

GitHub
Website

Mailing list

Helidon

Lightweight.
Fast.
Crafted for Microservices.

* 27K Pasa

GitHub
Website

Slack
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® View Accounts Get Started

MySQL

The world's most popular open source database.
* 82K Pk

GitHub
Website

Twitter

VirtualBox

Feature rich, high performance product for
enterprise customers.

* ¥

Source Code
Website

Mailing list




GraalVM, Graal Cloud Native, GraalOS

Vice informaci na graal.cloud.
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What is the Graal Stack?

The Graal stack includes Graal Cloud Native, which makes it easy to build
multicloud native applications; GraalVM Native Image, which compiles your
application into an efficient native executable; and GraalOS, which makes

the cloud as easy to use as the JVM.

GraalVMm Graal Cloud Native
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GraalOS



graal.cloud

Co je GraalVM

Vice informaci na graalvm.org.
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Just-in-Time (JIT) kompilator
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Ahead-of-Time (AOT)
kompilator Native Image
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LLVM

GraalVM jako prostredi pro beh
aplikaci v rdznych jazycich



http://graalvm.org/

Komunita kolem GraalVM

GraalVM ma rozsahlou a aktivni komunitu.

Spolupracujeme s dalSimi open source projekty,
napr. v oblasti microservices jsou to projekty
Spring, Quarkus, Micronaut a Helidon.

Helidon Spring Micronaut Quarkus
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David Kozak

2020+ Research Assistant, Oracle Labs
2021+ PhD student, FIT VUT
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GraalViVl.
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- - - s One VM to Rule Them All
Dynamic speculation and deoptimization e
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GraalVM v Netsuite

NetSuite
* Integrovany soubor cloud business aplikaci.
» Rozsahla a komplexni Java aplikace.

« Nasazena na vysokém poctu server. OR Q CI €®
SuiteScript
* RozsSireni JavaScriptu bézici na serveru. N ETS U I T E

« PrizpUsobeni a automatizace business procesu.
» V soucasnosti JIT kompilovan pomoci GraalJS.

Vice informaci v planovaném blog postu.
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From research to production

O APEX App Builder SQL Workshop v Team Development

@ Application 100 ' Page Designer 4 Go rb & s

MLE and the Future of Server-Side Programming in R ¢ |
Oracle APEX B ¢ [0l & & Q  Proces

. After Submit = Q_ Filter v
February 11, 2021 | 11 minute read e
) Validating
Salim Hlayel 5 Identification
et rocessin
Principal Product Manager b .
Processas Name Extend Project Tasks
[‘_’% Extend Project Tasks Type IExecute Eoce = I 4=
: = Editable Region - Select - a4

After Processing

MLE & the Future of

Location Local Database N

Server-Side Programming L reenea——"
i n O raCI e AP EX JavaScript Code 2]

function extendProjectTasks( status ) {
if (status !== "Closed") {
return true;

else {
return false;
}

}

for ( var row of apex.conn.execute( “"select id,
status from project_tasks where project =
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GraalVM Native Image
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GraalVM.

JIT AOT

java MyMainClass native-image MyMainClass
./mymainclass

14 Copyright © 2023, Oracle and/or its affiliates 11.11.2023 E




15

JIT

Load JAR files from disk

4

Uncompress class files

4

Verify class definitions

4

Execute in interpreter (~20x slower)

¥

Gather profiling feedback

4

Compile to machine code

4

Execute at peak performance

AOT

Load executable from disk

\

Execute at peak performance




Native Image Build Process

Input:
- .- Output:
All classes from application, -
libraries, and VM Native executable
T Ahead-of-Time

Application Points-to Analysis Compilation Code in

> .
Libraries  — l, Text Section

Run Initializations
K B \1/ Image Heap in

Substrate VM Heap Snapshotting Image Heap Data Section

Writing

lterative analysis until
fixed point is reached




GraalVM & Reflection?

17

GraalVM ¥ Reflection!

Native Image tries to resolve the target elements through a static analysis that detects calls to
the Reflection API

 If the analysis can not automatically detect your use of reflection, you might need
additional configuration

Trace reflection, JNI, resource usage on the JVM with the tracing agent
« Manual adjustment / addition might still be necessary

3 oracle [ graalvm-reachability-metadata  public R EditPins v+  ©Watch § ~ ¥ Fork 9 Starred 104

<> Code () Issues 9 11 Pullrequests 1 ) Discussions (® Actions [ Projects [0 wiki © Security |~ Insights 8 Settings

P master ~+ P Gbranches © 6 tags Gotofile  Addfile~ m About B

Repository which contains community-
a dnestoro Bump repo version to 0.2.3-SNAPSHOT 02da975 23 hours ago 171 commits driven collection of GraalVM reachability
metadata for open-source libraries.

B _github Bump actions/setup-graalvm version 18 days ago
0J Readme
B docs Fix JSON quotation marks 4 months ago & CCO-1.0 license
B gradle Relaxed checkstyle requirements. 2 months ago @ Code of conduct
B metadata Consul api 1.4.5 (#1) 6 days ago W 104 stars
® 5 watching
I tests Consul api 1.4.5 (#1) 6 days ago
% 9forks
3 .gitignore Simplify .gitignore 5 months ago
D .gitmodules Add graalvm/setup-graalvm as a submodule 3 months ago
Releases &
[ CONTRIBUTING.md Enable override attribute on Netty dependencies 23 days ago

© Release 0.2.2 ( Latest

[ RN e AR A £ s T ke oAt T ke came e e AR 23 hnurs ann




Java in the Cloud - Goals

J
% ¥ B

Low Resource Minimize Compact

Start Fast Usage Vulnerability Packaging




Vyvoj Native Image
Me zkusenosti z dlouhodobe staze
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Ny

Prvni vetsi ukol - Lokalizace
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Lokalizace v Jave

Re&ena pomoci Resource Bundles:
* Mapovani kli¢ => hodnota s jednoduchym konceptem dédicnosti.

class PropertyResourceBundle V
abstract class ResourceBundle {

/** Get the string value for a given key */

public String getString(String key) ;

/** Get the object for a given key */

public Object getObject(String key); abstract class ListResourceBundle {
] abstract Object[][] getContents();

}
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Lokalizace v Jave

Jak identifikujeme spravnou Resource Bundle?

public static ResourceBundle getBundle(String baseName, Locale targetLocale,
ClassLoader loader, Control control)

« Pomerne komplexni implementace.

« Vyuziva reflexi. x
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Lokalizace v Native Image

1. VSechny ResourceBundles dostupné za béhu musi byt inicializovany pri prekladu.
2. Objekty ulozeny v mape.
3. Kdéd ResourceBundle.getBundle() substituovan.

@ TargetClass(java.util.ResourceBundle.class)
class Target_java_util_ResourceBundle {
@Substitute
ResourceBundle getBundle(...) {...}

}
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Problémy lokalizace

 Substituovani ResourceBundle.getBundle() mize byt zdrojem nekonzistence mezi JVM a Native
Image.

« Implementujeme vyhledavani opravdu totoZznym zptusobem?
* Ne vsechny ResourceBundles mohou byt inicializovany v dobé prekladu.
» Riziko selhani prekladu s kryptickym chybovym hlasenim.

“Muzeme vyuzit puvodni JDK kdd misto substituce?”
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Jak jsem vyrobil 300MB HelloWorld...

class FormatData_af extends ListResourceBundle { @ TargetClass(java.util.ListResourceBundle.class)
Object[][] getContents() {...} class Target_java_util_ListResourceBundle {
} @Substitute

private void loadLookup() {...}
}
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Native Image Build Process

Input:
- .- Output:
All classes from application, -
libraries, and VM Native executable
T Ahead-of-Time

Application Points-to Analysis Compilation Code in

> .
Libraries  — l, Text Section

Run Initializations
K B \1/ Image Heap in

Substrate VM Heap Snapshotting Image Heap Data Section

Writing

lterative analysis until
fixed point is reached




Points-to analyza pod poklickou

void foo(l 1) {
1. bar();
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| 17 Merge ||31 Retum|

) —
19 Phi(4, 13, 25, a java.lang.Object)

33 Unwind

openalt.PtaExample.foo(l)

[ NullCheckTypeFlow J [ NullCheckTypeFlow J

/.

[ Filter(not-assignable) ] Filter(l)

rec




Analyza Spring Petclinic trva pres 90 vterin...
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Muzeme pouzit jinou metodu?
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Comparing Rapid Type Analysis with Points-To
Analysis in GraalVM Native Image

David Kozak Vojin Jovanovic Codrut Stancu
ikozak@fit.vut.cz vojin.jovanovic@oracle.com codrut.stancu@oracle.com
Brno University of Technology Oracle Labs Oracle Labs
Czechia Switzerland Switzerland

Tomas Vojnar Christian Wimmer
vojnar@fit.vut.cz christian.wimmer@oracle.com
Brno University of Technology Oracle Labs
Czechia USA

https://dl.acm.org/doi/abs/10.1145/3617651.3622980
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https://dl.acm.org/doi/abs/10.1145/3617651.3622980

Rapid type analyza - zakladni myslenka

P interface
[ dass
* implements
Collection T extends

- List<Object> list = new ArraylList<();

5 _— LinkedHashSet

o LinkedList

Typova hierarchie + Instanciované typy
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Reachable Methods Analysis Time (s) Totaltime (s) Binary size (MB)

Suite Benchmark PTA RTA | PTA RTA | PTA RTA | PTA RTA
Console helloworld | 18 +17% | 14 +21% | 36 +17% | 13 +23%
avrora 24 +25% 12 -8% | 51 +6% | 23 +30%

Dacapo fop 94 +4% 46 -30% | 128 -10% | 105 +11%
jython 71 +8% 55 140 134 +9%

luindex 26 +23% 13 -8% | 54 +7% | 32 +25%
micronaut-helloworld-wrk | 74 +4% 34 -32% | 88 9% | 45 +18%

mushop:order 168 +2% 102 -59% | 209 -30% | 104 +13%
mushop:payment 82 +4% 36 -33% | 91 -10% | 80 +14%

mushop:user 115 +3% 57 -44% | 135 -18% | 76 +13%

Microservices petclinic-wrk 207 +4% | 159 297 144 +15%
quarkus-helloworld-wrk 52 +6% 18 -22% | 69 3% | 50 +4%
quarkus:registry 111 +5% 49 -39% | 126 -16% | 69 +19%
spring-helloworld-wrk 67 +4% 30 -33% | 87 -10% | 47 +13%

tika-wrk 82 +6% 29 -28% | 117 -6% | 88 +6%

chi-square 173 +8% 129 -60% | 260 -30% | 100 +17%

dec-tree 324 +6% | 2009 -95% X X X X

future-genetic 27 +22% 15 0% | 44 +5% 19 +21%

BaEaaERES Qauss-mMix 189 +8% | 146 -61% | 286 107 +17%
log-regression 334 +7% | 2215 X X X X

page-rank 171 +8% | 129 -60% | 258 31% | 119 +13%

reactors 30 +13% 19 +16% | 47 +11% 19 +21%
scala-stm-bench? 30 +20% 12 +26% | 49 +14% 19 +21%
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Super, vyhrala RTA?
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Ne tak docela...
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openalt.PtaExample.foo(l)

Zalezi na tom, kolik typu je v

n agem invo ke? [NullCheckTypeFIowj [NullCheckTypeFIowJ
« Maly pocet je pro prekladac zajimavy. /
e 20vs 25 uz tolik ne... [Filter(not-assignable)]

rec
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If you can’t beat them...
...join them!
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Zaver

* GraalVM
* Native Image
« ZkusSenosti ze staze v Native Image

« GraalVM je velky projekt — moznosti staze jsou velmi rozmanité
* Moznosti do budoucna

« Specializované prezentace
« GraalVM, Truffle, GraallS, GraalOS, Graal Could Next, Micronaut
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Dékujeme za pozornost

Q&A
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Jak jsem se ke GraalVM dostal?

(
= ]ava” + Linked [}




ORACLE
NETSUITE
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Graal Cloud Native Graal OS

“Build portable cloud native Java “High-performance serverless
microservices that start instantly application deployment platform.”
and use fewer resources to reduce

compute costs.”

https://graal.cloud/
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