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GraalVM

- Universal Polyglot VM from Oracle

- JVM languages + Ruby, Python, JS, R
- Graal Compiler / JVMCI

- Truffle

Substrate VM G raa lVM
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Micronaut n s EHE
- Framework for microservices in the JVM
- Ultra-lightweight & reactive (Netty-based) .
- Java, Groovy & Kotlin °. ° . o®

- Ahead of Time compilation (AoT)

- No reflection, no runtime proxies Ceov o : o °
0® o, o o
- Fast startup o o
- Low memory footprint MICRONAUT

- Natively Cloud Native
- Support for GraalVM




Creating app with GraalVM support

Terminal

File Edit View Search Terminal Help

$ mn create-app basic-app
--features=graal-native-image




Micronaut support for GraalVM Q COMPUTING

- Dependencies

annotationProcessor "io.micronaut:micronaut-graal"
compileOnly "com.oracle.substratevm:svm"

- Dockerfile

FROM oracle/graalvm-ce:1.0.0-rcl5 as graalvm

COPY . /home/app/basic-app

WORKDIR /home/app/basic-app

RUN native-image --no-server =-cp build/libs/basic-app-*.jar

FROM frolvlad/alpine-glibc

EXPOSE 8080

COPY --from=graalvm /home/app/basic-app .
ENTRYPOINT ["./basic-app"]



Micronaut support for GraalVM (Il) Q e

-native-1image.properties

Args = -H:IncludeResources=logback.xml|application.yml \
-H:Name=basic-app \
-H:Class=example.micronaut.Application




Native image Q COMPUTING

native-image --no-server -cp build/libs/basic-app-*.jar

# build-native-image. sh

native-image --no-server
--class-path build/
-H:ReflectionConfigura
-H:EnableURLProtocols=htt
-H:IncludeResources="1ogbac
-H:Name=basic-app \
-H:Class=example.micronaut.Applic
-H:+ReportUnsupportedElementsAtRun
-H:+AllowVMInspection \
--allow-incomplete-classpath
--rerun-class-initializati

ic-app-0.1-all.jar \
s=reflect.json \

.jca.JCAUtil$CachedSecureRandomHolder,
SSLContext \
.codec.http.HttpObjectEncoder,
cketx.WebSocketOOFrameEncoder,
calInsecureRandom,

ntime=sun.

--delay-class-initiala -to-runtime=io.netty.
io.netty.handler.codec.ht
io.netty.handler.ssl.util.Th

com.sun.jndi.dns.DnsClient




How does it work? n e s

- Composable native-image.properties

-src/main/resources/META-INF/native-1image/

example.micronaut/app

All  Classes Files Symbols  Actions || Include non-project files # YT

Cl native-ima ge.pro FPE'FTEE":

;,|natwe—tmage.pmp-emes.E'u'.:g:= fsrc/../native-imagefio.micronaut. http/mime-types) hittp_main s
Bl native-image.properties (inject/src/main/ .. /META-INF/native-image/io.micronaut/inject) nject_main g

gl native-image.properties (runtime/srd/../native-image/io.micronaut/runtime-graal) runtime_main g

gl native-image.properties (.../io.micronaut/hibemate-validator-graal) hibernate-validator_main &g




Micronaut packages everything n COMPUTING

# inject/native-image.properties
Args = -H:+ReportUnsupportedElementsAtRuntime \
--allow-incomplete-classpath

# http/native-image.properties
Args = -H:IncludeResources=META-INF/http/mime.types

# http-netty/native-image.properties
Args = --rerun-class-initialization-at-runtime=
sun.security.jca.JCAUtil$CachedSecureRandomHolder, javax.net.ssl.SSLContext \
--delay-class-initialization-to-runtime=
io.netty.handler.codec.http.HttpObjectEncoder,io.netty.handler.codec.http.websocketx.WebSocket
00FrameEncoder,io.netty.handler.ssl.util.ThreadLocalInsecureRandom, com.sun.jndi.dns.DnsClient,
io.netty.handler.ssl.ConscryptAlpnSslEngine,10.netty.handler.ssl.JettyNpnSs1lEngine,10.netty.ha
ndler.ssl.ReferenceCountedOpenSs1Engine,10.netty.handler.ssl.JdkNpnApplicationProtocolNegotiat
or,io.netty.handler.ssl.ReferenceCountedOpenSslServerContext,io.netty.handler.ssl.ReferenceCou
ntedOpenSs1ClientContext,io.netty.handler.ssl.util.BouncyCastleSelfSignedCertGenerator \
-H:EnableURLProtocols=http, https



Micronaut support Q COMPUTING

-@Introspected
-@TypeHint
- @QReflectiveAccess

- Custom src/main/graal/reflect.json

- Graal TypeElementVisitor




GraalTypeElementVisitor R/ comrumn

-micronaut-core/graal/src/main/java/io/micronaut/graal/

reflect/GraalTypeElementVisitor. java

- Generates reflection-config.json and native-image.properties




GraalTypeElementVisitor (ll) Q COMPUTING

:http:compilelava

Note: Writing native-image.properties file to destination:
META-INF/native-image/io.micronaut/http/native-image.properties

Note: Writing reflection-config.json file to destination:
META-INF/native-image/io.micronaut/http/reflection-config.json

:http-netty:compileJava

Note: Writing native-image.properties file to destination:
META-INF/native-1image/io.micronaut/http-netty-channel/native-image.properties

Note: Writing reflection-config.json file to destination:
META-INF/native-image/io.micronaut/http-netty-channel/reflection-config.json

:runtime:compileJava

Note: Writing native-image.properties file to destination:
META-INF/native-image/io.micronaut/health/native-1image.properties

Note: Writing reflection-config.json file to destination:
META-INF/native-image/io.micronaut/health/reflection-config.json
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Demo

ivan@nobita: ~/micronaut-basic-app = ¢ 0 System Monitor
File Edit View Search Terminal Tabs Help System Maonitor
van@nobita: ~/micronaut-basic-app x ivan@nobita: ~ x M - Processes File Systems
* / IS TR IR s -
ivan@nol 1:~/micronaut-basic-app sdk use java 1.0.0-rc-15-grl CPU History
Iy - E e R Wy T W z [ 100%
> V. = = o
ivan bita:~/micronaut-basic-app $ java -version |
openjdk version "1.8.8 202" [ ==
- i : i : e SRR = X pik8u-src-tar--bes) | 0%
OpenJDK GraalvM CE 1.0.0-rcl5 (build 25.202-b88-jvmci-0.58, mixed mode) -
I micronaut-basic-app $ ./gradlew assemble s = v o = i l %
anile [ cPut 21.6% I cruz 22,0% I crus 23.0% B crus 225%
Note: Writing native-image.properties file to destination: META-INF/native-image/example/micronaut/native-image.properties Memory and Swap History
Note: Writing reflection-config.json file to destination: META-INF/native-image/example/micronaut/reflection-config.json
Note: Creating bean classes for 2 type elements | 100%
&
> Task :compileGroovy NO-SOURCE | :
> Task :processResources |w‘
> Task :classes S
> Task :jar |
> Task :startScripts 0%
> Task :distTar |u.,
> Task :distzZip =0 & it o
> Task :shadowlar Swap
> Task :startShadowScripts 0 bytes (0,0%) of 15,9 GiB
> Task :shadowDistTar '
> Task :shadowDistZip
> Task :assemble | U
BUILD SUCCESSFUL in 7s Viytels
10 actionable tasks: 10 executed I b
T ta:~/micronaut-basic-app native-image --no-server --class-path build/libs/basic-app-8.1.jar | 1 byels
| 1 bytels
6 seconds 0 A 30 0 10 o Plyirs
Receiving 0 bytes/s Sending 0 bytes/s
Total Received 7,1 MiB Total Sent  453,0 KiB




How do we test this? n o ey S

- Creating a native-image takes a lot of time

- And needs a lot of RAM

- GraalVM changes so fast (and they break things)...
-...andwe alsodoit;-)

- We use Travis for Micronaut, but...

- ...JTravis has limits for RAM

- We needed another way







Tests using Gitlab Cli Q COMPUTING

- Scheduled job every hour

- Only if new commits in Micronaut or Graal

- Compile Graal from source code

- Create native image for Micronaut test applications

- Run functional tests

- https://gitlab.com/micronaut-projects/micronaut-graal-tests




Micronaut Test applications Q COMPUTING

- Basic application: DI, POJO serialization, reactive type
- Micronaut function: AWS Function

- Service discovery: Consul support & HTTP Client

- Static resources & views

- Management & metrics endpoints

- Distributed tracing: Zipkin
- RabbitMQ: Fire-and-forget & RPC
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Gitlab CI

& Pipelines - micronaut-project X

L A

& hitps./gitlab.comy/micronaut-projecis/micronaut-grasl-tests/pipetines 1w [Incogaito e

» GitLab

M micronaut-graak-tests mieronaut-projects » micronaut-gras-ests + Pipelines
& Projeet All 880 Pending @ Running 0  Finished 825  Branches Taps
@ Repository Status Pipeline Commit Stages
D lssues 0 s 256197764 by ) Ymaster o 26a91c6a & 00:28.54
— &) Use openjdkl.B.0_202vmci0.. £1 2 hours age
I Mermge Requests o
@ cl/co #56190346 by &g Ymaster-c 26a91c6a & 00:27:32
&) Use openjdk1.8.0_ 2024vmei-0.. & 3 hours sgo
Pipelines
Jobs #56182536 by i ¥master-o- 26a91c6a @ 00:27:40
& Use openjdkl.B.0_202-vmei-0.. £ 4 hours age
Schedules
Charts 256174077 by €) ymaster-c 26391c6a e & 02936
) Useopenjdk1.8.0 202 wmei0., 2T D £ 5hours ago
2 Registry
) #50159321 by ) Ymaster-o 26391063 @ 010254
&1 Packages i iinisind [ Titest | € Use openjdk1.8.0_202vmch0.. & 6 hours ago
0 Wiki
paswid. #56146798 by ) Ymaster-o 263%21c6a N TN Y & 00:54;57
% Bipwile Lrese) m € Useopenjdk.80 202jumci0.. 2 2 £ 7 hours 2o
& Members : 56132741 by € ymaster o 2639163 & 1171326
> 1 2 : 5 01132

&) Use openjdk1.B.0_202-jvmci-0.. = 8 hours ago

#513120516bye Ymaster & 26a91c6a R T & 03546
& Use openjdk.8.0_202jvmei-0,., A = 9hours ago

#56109004 by € Ymaster o 26351c6a DEEE & 102749
latest & Useopenjdk! 80 202jwmein., T = 10 hours ago
#56085593 by g Ymaster - 26391c6a & 004026
& Use openjdk1.8.0_202jvmei10., = 12 hours ago
< Collapse sidebar #56074202 by @) ¥master < 263%1c6a ~ e & 00:37:32
(o) (v [w) :
£ Use openidk] 8.0 2024vmei0 =, e & 13hoursage =




Gltlab CI gg‘IIWEPCJTING

tf FmEhnE-wmaln-PmPE- # _

€& 2 C @& hipstgitlab.com/mic

onaut-projects/micronavt-grasl-tests/pipelines/361 97754 1 Incognito e H

M  micronaut-graal-tests

& Project

Repository N
B Reestny Use openjdk1.8.0_202-jvmci-0.58
O lssues 0
@ 16 jobs from master in 28 minutes and 54 seconds (queued for 1 second)
11 Merge Reqisests o
# Cl/ch
Pipelines o 26adlcEa = [
Jobs
Schiedules Plpalive: -Joks 8
Charls Log-commits Build-graal Micronaut Test
0 Registry (<) logcommits () build-graal (+) micrenautbulld.. (7)) micrenautiest-..
Packages
B ol () micronautbuild... () micronaut-test_
[ Wiki )
() micrenautbuild... () micronauttest-f..
& Smippets
() micronautbuild... @ micranauttest-_
(+y micronautbuild... (#ymicronautiest-...
@micmnaut'bulid (%) micronaut-test-
(] ' ) & -
() micronautbuild.. () micronaut:test-
<« Collapse sidebar




Gitlab CI

Pipeline Jobs 16

Log-commits

() log-commits

Failed Jobs &

Build-graal

(v) build-graal

Micronaut

(1) micronaut:build..
() micronaut:build..
(1) micronaut:build..
() micronaut:build..
(1) micronaut:build..
() micronaut:build..

@ micronaut:build...
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Test

() micronaut test-...
() micronaut test-...
(3) micronaut test-f..
() micronaut test-...
() micronaut test-r..

@ micronaut:test-...

@ micronaut:test-...




Gitlab CI

Task :compile
Note: Writing
Note: Writing
Note:
fhu11d
pachage
import jav:

/builds/micronau
cannot find s
@singleton

|'|| Cro n-||+

type |-'| ements

- g1

-3:|] '?:__1-_1

META
META-

-TNF/nat
IHF/ r|-|1'

src/ma

Ippfsrc

Jfmain/

EVE
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EIIF]—' micronaut/native-ima
Tp1H micronaut/

F/GreetingSery

fexample/micronaut/GreetingService.java:7: error:
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] R RSB EeS B ﬁ

€ - C @& hitpsi//gitlab.com/micronaut-projects/micronaut-graal-tests/pipelines?page=258scope=all v  Incognito e
& GitLab Projects Groups  Snippets  Help Search or jump to. Q (72 Sign in / Register
M  micronaut-graal-tests micrenaut-projects > micronaut-graak-tests > Pipelines
& Drojack All 850 Pending 0 Running 0  Finished 825 Branches Tags
B Repository Status Pipeline Commit Stages
Opilzates B - Ymaster o d454b07 & 00:16:27
failed #478663317 by § 3 S
‘.E v & ) Disable Consul application be... £ 1 month ago
11 Merge Requests 0
= ter o d4547be7 & 00:17:47
cl/co ® failed #47794665 b s
* {ﬁj V@ ) Disable Consul application be.. # 1 month ago
Pipelines
e ¥master o d454fb@7 — — ¢ 00:16:24
 failed #47788834 by () () (1) (%)
doks u—] v & ) Disable Consul application be.. GAC) e 1 month ago
Schedules
= Ymaster o d454fbe7 & 00:16:57
Charts 3 #47776229 by @ (%
‘Ofﬂ Y@ &) Disable Consul application be.. é) £ 1 month ago
0 Registry
S tai Ymaster o d4547ba7 =
O -] b
[ﬂl SR bl ) Disable Consul application be... ‘\’-‘) £ 1 month ago
B Packages g
0 Wiki r Ymaster o d4547b07 —~ & 00:24:27
() passed #47749714 by § ) P2 :
‘I] & ) Disable Consul application be... M) 1 month ago
& Snippets
= Y master o d454fbo7 P & 00:23:22
s = #47731673 by V(v ) (w) (w)
& Members {ﬂ] VO @) Disable Consul application be.. pihogh st £ 1 month ago
—————— ¥master o d454fba7 N & 00:22:49
@ - | { M ]
‘.ﬂl #47712061 by @ ) Disable Consul application be.. Wiy (35‘ 1 month ago
| ‘Ymaster o d4547ba7 & 00:2317
(2) passed #47683137 by § 7 s 2
\p—J - @) Disable Consul application be... £ 1 month ago
e ——— Ymaster o d4547ba7 ~ & 00:22:24
@ passed #47610369 by § (v)
p—| v & ) Disable Consul application be... — £ 1 month ago
e d454fbe7 124
[ ©passed l RIS 3a;i:trﬂ-:Cmsul application be Fmg:tit;li
— == )
<¢ Collapse sidebar




Gitlab CI

Pipeline Jobs 10

Log-commits

() log-commits

Failed Jobs &8

Build-graal

(~) build-graal

Micronaut

(1) micronaut:build..
(1) micrenaut:build..
{1y micronaut:build...

(1) micronaut:build...
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Test

@ micronaut:test-..
(E} micronaut:test-f...

@ micronaut:test-..

@ micronaut:test-...




Gitlab CI

Graal Class Loading Analysis Enabled.

Graal Class Loading Analysis Enabled.

Writing reflect.json file to destination: build/reflect.json

[basic-app:96] classlist: 9,785.83 ms

[basic-app:96] (cap}: 3,801.95 ms

[basic-app:96] setup: 6,848.865 ms

[basic-app:96] analysis: 47,532.28 ms

Fatal error: java.lang.IndexOutOfBoundsException: index 2
at java.util.concurrent.atomic.AtomicReferenceArray.checkedByteOffset(AtomicReferenceArray.java:78)
at java.util.concurrent.atomic.AtomicReferenceArray.get(AtomicReferenceArray.java:125)
at com.oracle.graal.pointsto.flow.context.object.AnalysisObject.getInstanceFieldTypeStore(AnalysisObject.java:213)
at com.oracle.graal.pointsto.flow.context.object.AnalysisObject.getInstanceFieldFlow({AnalysisObject.java:199)
at com.oracle.graal.pointsto.flow.LoadFieldTypeFlowsLoadInstanceFieldTypeFlow.onObservedUpdate(LoadFieldTypeFlow. java:159)
at com.oracle.graal.pointsto.flow.TypeFlow.notifyObservers(TypeFlow. java:347)
at com.oracle.qgi .pointsto. flow. TypeFlow.update(TypeFlow. java:389)

at com.oracle. L.pointsto.BigBang$2.run(BigBang. java:508)

at com.oracle .pointsto.util.CompletionExecutor. lambdasexecute$d(CompletionExecutor. java:169)

at java.util.concurrent.ForkJoinTask$RunnableExecuteAction.exec{ForkJoinTask. java:1402)

at java.util.concurrent.ForkJoinTask.doExec(ForkJoinTask.java:289)

at java.util.concurrent.ForkJoinPool$WorkQueue. runTask(ForkJoinPool. java:1856)

at java.util.concurrent.ForkJoinPool.runWorker(ForkJoinPool. java:1692)

at java.util.concurrent.ForkJoinWorkerThread. run{ForkJoinWorkerThread. java:157)

Image building with exit status 1

Job failed: exit code 1
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Gitlab CI

Regression introduced: IndexOutOfBoundsException 1 cstancu commente on Feb 16 Mermber
creating Micronaut native-image apps #9285
ilopmar opened this issue on Feb 16 - 3 comments

Thanks for the quick report! | caught this on our own integration tests too and will have a fix soon.

A
@ ilopmar commented on Feb 16 AIPIanCE & B thomaswue assigned cstancu on Feb 17
gvjovanov
Qur Cl has detected a regression introduced in this commit: d4s581b 1
cstancu R =
© |8 thomaswue added [l £ labels on Feb 17
All of our Micronaut Graal test applications fail when building the native image with the following error:
Labels
[basic-app:96]  classlist: ©,785.03 ms L W (B cstancu referenced this issue on Feb 19
[basic-app:96] (cap): 3,801.95 ms i e » . .
[basic-app:96] setup:  6.848.65 ms [native-image] wrong type in AnalysisObject #9595
[basic-app:96] analysis: 47,532.28 ms
Fatal error: java.lang.IndexOutOfBoundsException: index 2 Milestone
at java.util.concurrent.atomic.AtomicReferenceArray.checkedByte0Offset(AtomicReferent 2 3 vjovanov self-assigned this on Feb 19
at java.util.concurrent.atomic.AtomicReferenceArray.get(AtomicReferenceArray.java:ii No milestone

at com.oracle.graal.pointsto.flow.context.object.AnalysisObject.getInstanceFieldType
at com.oracle.graal.pointsto.flow.context.object.AnalysisObject.getInstanceFieldFloy

at com.oracle.graal.pointsto.flow.loadFieldTypeFlowSLoadInstanceFieldTypeFlow.on0bse Wgarticipaits R dougxc pushed a commit that referenced this issue on Feb 20
at com.oracle.graal.pointsto.flow.TypeFlow.notifyObservers(TypeFlow.java:347) i
at com.oracle.graal.pointsto.flow.TypeFlow.update(TypeFlow.java:389) ﬂ’.ﬂﬁ ,.. [6R-14086] Fix DynamicHub.getProtectionDomain() substitution [#985, v
at com.oracle.graal.pointsto.BigBang$2.run(BigBang.java:508) #0095
at com.oracle.graal.pointsto.util.CompletionExecutor.lambda$execute$f(CompletionExec
at java.util.concurrent.ForkJoinTask$RunnableExecuteAction.exec(ForkJoinTask.java:1:
at java.util.concurrent.ForkJoinTask.doExec(ForkJoinTask.java:289) cstancu commented on Feb 20 Member
at java.util.concurrent.ForkJoinPoolSWorkQueue. runTask(ForkloinPool. java:1056)
at java.util.concurrent.ForkJoinPool.runWorker (ForkJoinPool. java:1692)
at java.util.concurrent.ForkJoinWorkerThread.run(ForkJoinWorkerThread.java:157) The issue is fixed in 9785467 . The problem was with the DynamicHub.getProtectionDomain()
Errars Tiede buidiing Wit exitrstabusid substitution: it declared object return type instead of ProtectionDemain , so the points-to analysis was
4 i not applying the expected type namowing. | also improved the error reporting: instead of an
ArrayIndexOutOfBoundException now you would get AnalysisError$FieldNotPresentError: Field
In this Cl execution https:/gitlab.com/micronaut-projects/micronaut-graal-tests/pipelines/47754989 you can java.security.ProtectionDomain.codesource is not present on type java.lang.Object. Error
check that all the applications fail in the "Micronaut” stage. This is the stage we use to build native images encountered while analysing java.security.ProtectionDomain.getCodeSource() .

with latest GraalVM built from master in the "Build-graal” pipeline stage.
To reproduce the issue you can use any of our test applications used in Cl, for example: @ 8 cstancu closed this on Feb 20
* Qgit clone https://github.com/micronaut-graal-tests/micronaut-basic-app
+ c¢d micronaut-basic-app/
« Use GraalVM built from master ﬁ ilopmar commented on Feb 20 Author
* . /build-native-image.sh
Thanks! | can confirm that our integration tests pass again



Summary

GraalVM is new and
exciting technology

*

WEe'll keep improving the
support

Micronaut AoT is the
perfect fit

Fast start-up & low
memory consumption
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Micronaut support
out-of-the-box

®

Developers are
happy & productive
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Questions?

CONNECT WITH US

& 1+ (314)579-0066
¥  ©@objectcomputing

Q objectcomputing.com




