WHEN IS NATIVE JAVA
WITH GRAALVM
WORTHWHILE FORME?
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WHEN 15 NATIVE JAVA WITH
GRAALVM WORTHWHILE FOR ME?
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NATIVE JAVA:
OPEND DEVELOPER TIME T0
SAVE OPERATIONAL GOSTS







FASIER STARTUP
LESO MEMORY

SMALLER FILES
BETTER SEGURITY




SPRING BOOT 3: JIT VS. NATIVE (LOWER = BETTER)
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SWEET SPOI:
MIGROSERVIGES ONKGS -
MORE PODS PER NODE
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HARDER 10 LEARN & USE,
LW JOB DEMAND




WHY AMIANEXPERT?



|GOT DATATO BAGK UP MY GLAIMS

EDITOR OF 6-PART INFOQ ARTIGLE
SERIES ONNATIVE JAVA

JAVAEXPERTS HELPED ME

EVALUATE & REGOMMEND
TEGRNOLOGIES FOR 20 YEARS
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PROBLEM? AND WHY NOW?
NATIVE JAVA SOLUTION
JIT JAVASOLUTION
WHEN WORTHWAHILE?




PROBLEM? AND WHY
NOW?




"THE LONG-TERM PAIN POINTS OF JAVAS SLOW
STARTUP TIME, SLOW TIME TO PEAK
PERFORMANGE, AND LARGE FOOTPRINT

JAVA LANGUAGE ARCHITECT MARK REINHOLD,
ORACLE, APRIL 2020




SLOW SIARTUP,
SLOW TIME TO PEAK

PERFORMANGE,
LARGE FOOTPRINT







JAVA:
RUNTIME




VERIFI APP (12
GATION SIART  GOMPILATION

LOAD INITIALI- PROFILING
OLASSES [ERS o ol

LOAD START  COMPILATION ~ SPEED

0000000000







b1+ G2 GOMPILATION.
HOTSPOT JIT GOMPILER -
ALSO USES MEMORY




WHY GLASS FILES &
JIT GOMPILER?







JAVATHEN (E.G., 2010)

MISSION: RUN EVERYWHERE
PLATFORN-INDEPENDENT BYTE
GODE INGLASS FILES

INGENTIVE: SELL TOENTERPRISES
OPTIMIZE FOR LONG-RUNNING
PROGESSES & LARGE HEAPS
(JAVA EE APP SERVERS)
















RESOURGE USAGE!




JAVANOW

MISSION: RUN INLINUX GONTAINERS
NATIVE EXEGUTABLES ARE BETTER

PLATFORM-INDEPENDENT BYTE
GODE INGLASS FILES

INGENTIVE: RUN IN GLOUD
PAYLESS FOR LOWER MEMORY & GPU
USAGE AND SMALLER FILE SIZES

OPTIMIZE FOR LONG-RUNNING
PROGESSES & LARGE HEAPS
(JAVA EE APP SERVERS)




JAVA APPLIGATIONS: HOW
MANY GPU GORES?
(NEW RELIC, APRIL 2022)




OUTSIDE: 58% >=4 GORES
IN:62% 1-2 GORES,
4% 14 GORE




JAVA APPLIGATIONS: HOW
MUGH MEMORY?
(NEW RELIC, APRIL 2022)
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JAVA APPLIGATIONS IN
GONTAINERS:
FEWER GPU GORES,
LESS MEMORY TODAY










SLOW STARTUP
SLOW TIME TO PEAK

PERFORMANGE,
LARGE FOOTPRINT
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NATIVE JAVA SOLUTION
JIT JAVASOLUTION
WHEN WORTHWAHILE?







GRAALVM

NATIVEIMAﬁE )
. AHEAD-OFTIME (ACT) |
. JAVACOMPILER FOR
) - NATIVEEXECUTABLES - |
. THINKC-++ COMPILER |

JOK TRUFFLE
OPENJDK WITHGRAALVM  RUNS OTHER LANGUAGES

JAVA GOMPILERS (JAVASGRIPT, PYTHON,
(WRITTENIN JAVA),
REPLAGES HOTSPOT JIT
COMPILER (G:++)




FADIER STARTUP
LESS MEMORY

SMALLER FILES
BETTER SEGURITY




HOW GANNATIVE
IMAGE DO ThiS?










NATIVE JAVA:
HUNTIME




LOAD SOME INITIALIZERS

FULL SPEED

O

O






Ji1 JAVA:
RUNTIME




VERIFI APP (12
GATION SIART  GOMPILATION

LOAD INITIALI- PROFILING
OLASSES [ERS . ol

LOAD START ~ COMPILATION SPEEL

0000000000







WHAT'S ThE
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GLOSED-WORLD ASSUMPTION: AT BUILD TIME

ALL GODE KNOWN INGLUDE ALL RESOURGES

OURAPPLIGATION, THE ALL PROPERTY FILES &
FRAMEWORK & THE JDK RESOURGE BUNDLES WE

WANT TOLOAD




WHY IS THAT A
GONSTRAINT?




NATIVE JAVA GONSTRAINTS

JAVAFEATURES IMPOSSIBLE MORE GUMBERSOME
GONSTRUGT NEW GLASSES & ENSURE ALL GLASSES

METHODS AT RUNTIME (ESPECIALLY IN REFLECTION) ARE

INGLUDED
LOAD ARBITRARY BYTEGODE

ENSURE ALL RESOURGES ARE
SOME "RUNTIME LINKING & INGLUDED

VISIBILITY" SGENARIOS
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SIILL THERE

REFLEGTION & GLASS LOADING
YES, POSSIBLE INNATIVE JAVA.. SUBSTRATE VM: GARBAGE

GOLLEGTION, THREAD MANAGEMENT
.BUT GONFIGURATION REQUIRED
TOINGLUDE GLASSES NO JIT GOMPILER!

VIRTUAL MAGRINE







REGULAR JAVA
GOMPILER




PARSING OPTIMIZATION
LEXIGAL SEMANTIC BYTEGODE
ANALYSIS ANALYSIS GENER.

O 6 6 0 O






NATIVE IMAGE:
SIARTS WITH BYTEGODE




BUILD-TIME
INITIALIZATION

POINT-TO-POINT
ANALYSIS

OPTIMIZATION

100PTO
)

HEAP IMAGE
HINTS SNAPSHOTTING BENER.

0600000




NORMAL GOMPILATION
+ [ STEPY:
SLOOOW







MY DEMO MICROSERVIGE

WHAT HOW
GONVERTS IMAGES IN GURRENT TWIGE: SPRING BOOT 3 & QUARKUS

DIREGTORY TO ONE-PAGE PDFS
BOTH USE SAME GONVERTER GLASS

USES ITEXT PDF LIBRARY
REPO LINKS ON TALK PAGE
BENGHMARK: 80 PNG, EAGH

ABOUT 26.9MB, 21 GB IN TOTAL







SPRING BOOT VS. QUARKUS: BUILD TIME (IN SECONDS)
104K

JIT Native



NATIVE IMAGE BUILD TIME:
23X OF JIT JAVA WITH
SPRING BOOT!
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NATIVE JAVA DEVELOPMENT

MOST OF THE TIME SOMETIMES

DEVELOPERS GODE & DEBUG DEVELOPERS BUILD LOGALLY
WITHJIT JAVA INIDE BEFORE ,Bl6 MERGE™

CI/CD PIPELINE BUILDS NATIVE BUT DEBUGGING NATIVE PROBABLY
JAVAENEGUTABLES REQUIRES NATIVE BUILDS!




MORE ON NATIVE IMAGE GOMPILER

TOOLS NO GROSS-GOMPILATION
| USE GRAALVM JAVA SDK FOR ONLY BUILDS NATIVE EXEGUTABLE
BUILD FORHOST PLATFORM (E.G., FOR
WINDOWS ON WINDOWS)
NATIVE IMAGE IS AN ADDITIONAL
DOWNLOAD THEN WINDOWS & MAG: USE DOGKER

LINUXIMAGE TO BUILD FOR LINUX



ARE YOU OK I YOUR APP
OESNT DOCLASS
| ADING DR REFLECTION?













HOW DEPENDENGIES BREAK NATIVE JAVA

REFLEGTION BUILD-TIME INITIALIZATION

IFCLASS/METHOD/FIELDONLYUSEDVIA ~ SOME CLASS INITIALIZATION BREAKS
REFLEGTION, NATIVE IMAGEREMOVESIT ~ ATBUILDTIME

BREAKS AT RUNTIME - MAYBE AFTER NATIVE IMAGE DEFAULIS TO
JAYS! INITIALIZATION AT RUNTIME - BUT

QUARKUS T0 BUILD TIME
FIX: MARK IT FOR INGLUSION




HOW T0 FIX DEPENDENGIES?

YOU EGOSYSTEM
WAIT FOR FIXED DEPENDENGY "REAGHABILITY REPOSITORY" ON
GITHUB GOLLEGTS GONFIGURATION
GONFIGURATION HINTS FOR HINTS FROM GOMMUNITY
GRAALVM NATIVE IMAGE
FRAMEWORK-SPEGIFIG

REPLAGE DEPENDENGIES GONFIGURATION FEATURES




HOW THIS BREARS -
AND hOW TOFIXIT




QUARKUS: BREAKS

return Response.ok(
jsonParser.fromJson(

sonlnput,  RETURNPERSONI
).build(); HTTP RESPONSE

BREAKS IF PERSON GLASS ISN'T USED ANYWHERE ELSE!



"name"” : "com.acme.Person",
"allDeclaredConstructors” : true,
"allPublicConstructors" : true,
"allDeclaredMethods"” : true,
"allPublicMethods"” : true,
"allDeclaredFields" : true,
"allPublicFields" : true

5
]
NATIVE IMAGE GONFIGFILE REFLECTION-CONFIG. JSON




SPRING BOOT: BREARS

var result = objectMapper
.readValue(json,

new IypeReference

, <ist<Custoner>() 13 [TERATE OVER CUSTOMERLIST
result. f orEach( AND GALL TﬂSTHlNﬁO

System.out::println

);

BREAKS IF GUSTOMER GLASS ISN'TUSED ANYWHERE ELSE!



@TypeHint(
types = Customer.class,
typeNames = "com.acme.Customer") ANNOTATION

@SpringBootApplication
public class Application {

METHOD GALLS

@0verride
public void registerHints(
RuntimeHints hints, ClassLoader loader) {
hints.reflection().registerType(Customer.class,
MemberCategory.values());






FRAMEWORKS WITH GRAALVM PRODUGTION SUPPORT

WHAT FRAMEWORKS DO
GONFIGURE NATIVE IMAGE & LIBRARIES

- DON'T USE HELIDON, NOBODY DOES
SHIP WITHNATIVE-READY LIBRARIES

OLD: SPRING BOOT 3.0 (NOV 2022)
MAY HAVE ADDITIONAL FEATURES (LIKE
HOT CODE RELOAD WITH QUARKLS) JAKARTA EE:NO

WHIGH FRAMEWORKS?
NEW: QUARKUS & MICRONAUT







SPRING BOOT VS. QUARKUS: MEMORY (MB)

SIARTUP QI PEAR

)]

5)

o
- |
T Native JIT Native




SPRING BOOT VS. QUARKUS: STARTUP TIME (MS)

3.2\

.

ol el
JIT Native




SPRING BOOT VS. QUARKUS: FILE SIZE (MB)

1.09K
120.1 119.2
i ! “

JIT SB JITO NativeSB Native (




HARDER 10 LEARN & USE,
LW JOB DEMAND
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JOB DEMAND: GOUNT
MENTIONS INJOBADS IN 33
GOUNTRIES AT INDEED.GOM



http://indeed.Com

NEW FRAMEWORK SHARE
bROWS 0GT 2021- DEG 2022:
2.0%0=>03




UK: 19 FEB 2023

DropWizard
1.05%

\, ZERO MENTIONS OF
\ HELIDON

NEW FRAMEWORK
SHARE: 4.37%

Ja -




NOTALLNEW FRAMEWORR
USERS DEPLOY NATIVE, BUT
SUME SPRING BOOT USERS DO




MY NATIVE JAVA
JOB DEMAND ESTIMATE:
2/3 OF NEW +10% OF SPRING BOOT
=41+8h=12%










Micronaut: <1 Jakarta EE: 2

Quarkus: 2 Spring Boot: 35
“Jun 2004 o Nov 2022 Nov 2022 Dec 2022

100 36 1 2



NE‘Q’AFSHTA:I'.VI \{E E'XEE -




Micronaut: 25
Helidon: 12

Quarkus: 82

Feb 2022 Feb 2022
100 19

Aug 2022
39




NEW FRAMEWORK
INTERES.
<107 OF SPRING BOOT




QUESTIONS AT STAGK
OVERFLOW =
ENGAGEMENT




o

1 s0% opring Boot: 1.387
| 60% _ Spring: 0.89/
ol Quarkus: 0.07%
p— Jakarta EE: 0.03/

1.00%

0.80%

0.60%

0.40%

0.20%

0.00% S
2010 2012 2014 2016 2018 2020 2022



NEW FRAMEWORK

BUESTIUNS:
“T7 OF SPRING BOOT




JOB DEMAND FOR NATIVE
JAVA INGREASES BUT 13
SILLLOW




NEW FRAMEWORKS: INITIAL
INTEREST & ENGAGEMENT
PLATEAUED IN 2022










JIT V5. NATIVE: GONVERSION TIME

TIME 1% Jh
N

Spring Boot 3.0 Quarkus






PEAK PERFORMANGE

GRAALVM GOMMUNITY EDITION GRAALVM ENTERPRISE EDITION: £££
SERIAL GARBAGE GOLLEGTOR: STOP i1 GARBAGE GOLLEGTOR: DOESN'T

THE WORLD, SINGLE-THREADED S10P THE WORLD, MULTHTHREADED

SIANDARD MODE FOR NATIVE IMAGE PROFILE-GUIDED OPTIMIZATION

(PGO): AGENT PROFILES AT RUNTIME,
NATIVE IMAGE USES THAT




VERIEL, PP (2

BTG coirfTARL,.  COMPILATION
00 INTUL-  PROFILING

CLAGSES v IERS .
MNTYELHEM, = ooy SPEED

0000000000







DEBUGGING 15 VERY INGONVENIENT

ONLY WHEN RUNINLINUX
MAG/WINDOWS: RUN NATIVE IMAGE IN
DOGKER LINUX TOBUILD LINUX
EXEGUTABLE & DOGKER IMAGE

THAT TAKES VEEERY LONG- AND FOR
EVERY GHANGE!

DEBUGGING INIDE
EXPERIMENTAL INTELLLJ SUPPORT
SINGE JULY 2022

VS GODE SUPPORT (STABLE?)




WORSE OBSERVABILITY

INGOMPLETE STANDARD SUPPORT
JXMNOT SUPPORTED AT ALL BUT
UNDER GONSTRUGTION

JAVAFLIGHT REGORDER ONLY
PARTIALLY SUPPORTED

POPULAR LIBRARIES DON'T WORK
MANY USE JAVA AGENTS & RUNTIME
INSTRUMENTATION - BOTH DON'T

WORK INNATIVE JAVA

QUARKUS & SPRING BOOT 3 HAVE
THEIR OWN OBSERVABILITY SOLUTION




EGOSYSTEM IMMATURITY

DEMO GALGULATED THUMBNAILS FIRST ~ MISSING GRAALVM SUPPORT
NATIVE BUILD FAILED IN QUARKUS DEMO GOMPILED IN SPRING BOOL...
BEGAUSE THUMBNAIL LIBRARY

.BUTLIBRARY USES AWT - DOESN'T

GLASSES GAN'TBE INITIALIZED AT
BUILD TIME (QUARKLS DEFAULT) WORK NATIVELY ONMAG, 50: PDFS

FIXED YESTERDAY WITH QUARKUS hINT  RELATED: SPRING WEB SERVIGES DON'T
WORK OUT OF THE BOX (ISSUE WITH FIX)







NATIVE JAVA SEGURITY

SMALLER ATTACK SURFAGE

REMOVING UNUSED GODE ALSO
REMOVES POTENTIAL SEGURITY HOLES
INDEPENDENGIES

NOARBITRARY GODE EXEGUTION
MANY JAVA ATTAGKS, LIKE
LOGASHELL, GET JAVA TOLOAD AND
RUNATTAGK GODE"

GWA PREVENTS THAT: ONLY RUNS
GODE KNOWNAT BUILD TIME







NATIVE IMAGE THROW
UNUSED STUFF AWAY &
DOES MORE AT BUILD TIME




FASIER STARTUP
LESO MEMORY

SMALLER FILES
BETTER SEGURITY










MUGH LONGER BUILD TIMES,
WORSE PEAK PERFOR-
MANGE IN FREE VERSION




ALSO WORSE:
DEBUGGING. MONITORING.
EGOSYSTEM




USE A FRAMEWORA:

SPRING BOOT 3.0,
QUARKUS, OR MIGRONAUT
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JIT JAVASOLUTION
WHEN WORTHWAHILE?







FASTER SIARTUP & LEDS
MEMORY WITHOUT
GRAALVM & GWA?




APPLIGATION GLASS
[JATA SHARING



Ji1 JAVA:
RUNTIME




VERIFH

AN e APPLICATIONCLASS
A AT SHARW

OLASSES

00



APPLIGATION GLASS DATR SHARING

WHAT? HOW?
LOWER STARTUP TIME: STOREINTERNAL  ENABLEDWITH OPENJDK GOMMAND
JUMGLASS DATASTRUGTUREASFILEQ: LINE PARAMETERS - READY TODAY!

LOAD IT ONNEXT RUNS
SOME FRAMEWORKS (LIKE QUARKUS)
SAVES MAYBE 10-207% OF STARTUPTIME  SUPPORT [T, T0O, FOR BIGGER IMPACT










UPENJDK PROJEGT GRAG:
GOORDINATED RESTORE AT
GREGKPOINT




VERIFH

APP (12
GATION SIART  GOMPILATION

00 INTAL NG
s s € CRIG

H FULL
LOAD START ~ COMPILATION ~  SPEED

0000000000




PROJEGT GRAG

WHAT? HOW?
LOWER STARTUP TIME: STORE JAVAHEAP  LINUX ONLY: USES GRIU 05 FEATURE

WITH INITIALIZATIONRESULTS” AS FILE
THE FIRST TIME & LOAD ITONNEXTRUNS AP DETERMINES WHENSAVE & LOAL

FLESg  UNYMCAONAUTPRODUETION
Eru o ULt ok SUPPOTS, HAZONLAHBOA SNAPSTART
NETWORK CONNECTIONS CLOSEDBEFORE 2o e hen oy
SAVING & REDPENED AFTER LOADING




GRAG VS. NATIVE IMAGE HEAP SNAPSHOTTING

ADVANTAGE GRAG DISADVANTAGE GRAG

RUNLESS CODEAT RUNTIME:RESULTS ~ ONLY MICRONAUT SUPPORTS IT
FROMALL INITIALIZERS (NATIVE IMAGE

DEFAULTS TO RUNTIME INITIALIZATION) +  HEAP IS SEPARATE FILE (NATIVE

DYNAMIG INSTANGES IMAGE: PART OF EXECUTABLE)

APPLIGATION DETERMINES WHEN TO TAKE
SNAPSHOT - STORE EVEN MORE STATE







PROJEGT LEYDEN

FIRST PHASE
GOAL: STANDARDIZE NATIVE JAVA

STARTED JUNE 2020 BUT
NOTHING RAPPENED FOR 2 YEARS

SEGOND PHASE
GOALS: IMPROVE JIT JAVA &
STANDARDIZE NATIVE JAVA

STARTED AGAIN IN MAY 2022

INLTS RELEASE: JAVA 20 IN
SEPTEMBER 20237







SUME LOWER JIT JAVA STARTUP
TIME WITHAPPLIGATION GLASS
JATA SHARING NOW




HOPEFULLY ALOT LESO
SIARTUP TIME WITh
ORAG IN FUTURE













WHEN WORTHWHILE?



NATIVE JAVA:
SPEND DEVELOPER TIME T0
SAVE OPERATIONAL GOSTS




MY FIVE-STEP
PLAN T0 INTRODUGE
NATIVE JAVA







1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6







DOES YOU BOSS GARE?

YOUR JOB YOUR BOSS MAY NOT GARE BEGAUSE...
GREATE BUSINESS VALUE - FEATURES ARE MORE IMPORTANT NOW

FEATURES, BUG FIXES
DOESNTWANT YOU TODOThE WORK
BUSINESS VALUE NOT ANDOPS TOGET THE GREDIT
NEGESSARILY EQUALS SAVING
GOSTS DEPARTMENTS PAY IT BUDGET NO
MATTER WHAT




1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6







"RETURN ONINVESTMENT -
SHOULD BE POSITIVE
AFTERT-3 YEARS




NATIVE JAVA:
SPEND DEVELOPER TIME T0
SAVE OPERATIONAL GOSTS




NATIVE SAVINGS: MEMORY

MICRO- MONOLITH
SERVICE [
. “

STARTUP STARTUP




FYOUPAY FOR SERVER WITH
2 GBRAM, WHATS 200 B
MORE HEAP SPACE TO YOU?




NATIVE SAVINGS: STARTUP TIME (IN SECONDS)

MIGRO- MONOLITH
SERVIGE

67%

Iy

=017

STARTUP STARTUP



WHAT'S 40 SEGONDS LESS
SIARTUP TIMEEVERY TWO
WEEKS 10 YOU?




SWEET SPOT: MICROSERVIGES IN KUBERNETES

SAVINGS
INFOQ ARTIGLE: SAVED 30% OF

GAUTION
WORKS BEGAUSE JAVA MICROSERVIGES

KUBERNETES GOST BEGAUSE USUALLY WAIT FOR DATABASE AND AP}
MORE PODS IN ONE NODE GALLS TO GOMPLETE

19 307 OF KUBERNETES GOST MAYNOT WORK IF YOUR MIGROSERVIGES
10K TOYOU- OR 100M? ARE GPU-BOUND!




OF NATIVE JAVA?




GOSTS OF NATIVE JAVA

ONE-TIME ON-GOING

NEW FRAMEWORK (QUARKUS) OR MORE TIME ON TROUBLESHOOTING:
UPGRADE (SPRING BOOT 3: JAVA 17 LESS ANSWERS OUT THERE,

JAKARTA EE 9)- DEPENDENGIES! PROBABLY LESS OBSERVABILITY
TRAINHOW MANY DEVELOPERS? DEBUGGING PRODUGTIONIS

HARDER
DEVELOPER MAGRINES, BUILD
PIPELINE, CI/GD, OBSERVABILITY. ..










1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6







WOULDIT WORK?

WHAT YOU KNOW WHAT YOUDON'T KNOW
DOES YOUR APPLIGATION DO WILL MY DEPENDENGIES WORK
"FORBIDDEN THINGS" (E.G., INJAVA?
CLASS LOADING)?

DOES YOUR OBSERVABILITY
WORK INNATIVE JAVA?




1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6







TRYSMALL

60T MIGROSERVIGES 60T MONOLITH

REWRITE ONE/WRITE NEW ONE BREAK OFF ONE SMALL PIEGE AS
WITHNATIVE JAVA MIGROSERVIGE
SMALL TEAM, LOW GOSTS THEN: SEE LEFT

13 YOUR ROIGALGULATION RIGHT?



1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6







ROLL-OUT
GAREFULLY EXPAND NATIVE JAVA FOOTPRINT

ADJUST ALONG THE WAY

DON'TMOVEAPPLIGATIONS TONATIVE JAVAIF
[T DOESN'T MAKE BUSINESS SENSE




1. DOES YOUR BOSS GARE?
2. IS THERE AN ROI?
J. WOULD IT WORK?
4 TRY SMALL

. 60 Bl6




WHEN WORTHWHILE?
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NATIVE JAVA:
SPEND DEVELOPER TIME T0
SAVE OPERATIONAL GOSTS







FASIER STARTUP
LESO MEMORY

SMALLER FILES
BETTER SEGURITY




SPRING BOOT 3: JIT VS. NATIVE (LOWER = BETTER)
' - 125.1

} A

3.0/
33
STARTUP PEAK STARTUP JIT  Native



SWEET SPOI:
MIGROSERVIGES ONKGS -
MORE PODS PER NODE
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HARDER 10 LEARN & USE,
LW JOB DEMAND







QUARKUS TEAM, RED HAT
BEN EVANS
DIMITRIS ANDREADIS
FOLVOS ZAKKAK
GALDER ZAMARRENG
HOLLY GUMMINS

MAXRYDARL ANDERSEN
MIGHAEL KAM BARBAGEG
PATRICK BAUMGARTNER
SANNE GRINOVERD

OPENJY TEAM, RED HAT
DAN HEITINGA

GRAALVM TEAM, ORAGLE
ALINA YURENKD

AZUL
SIMONRITTER
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