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Faster startup with Spring Boot 3.2 and CRaC,
part 3 - Automated build process, TBD...
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IAGENDA

* What’s the problem?

* The CRaC concept

 From concept to pl’OdUCtiOIl

e Alternatives

* Summary
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IWHAT'S THE PROBLEM?

* Startup times...

- Restarts
= E.g. after an update or crash
- Scaling

= E.g. autoscaling, including scale to zero

* Demo
- Startup a Spring Boot application
» In cloud
= Pay as you go
» Transient application

» Scale to zero
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IDEMO ENVIRONMENT




IDEMO #1, STARTUP OF A TRADITIONAL JAVA VM APPLICATION

X ml-pods (sleep) @)

NAME

mongodb—5b9bd7c467-jj Lhm
mysql-795fd6fb88-6xrhs
product-68cfcd9595-v5nzg
product—composite-7976c5849-g59rt
recommendation-587996c87c-rnct8
review-5b94fbb5d4-127sv

[

READY
1/1
1/1
1/1
il
1/1
1/1

STATUS
Running 0
Running (/]
Running (/]
Running (/]
0
0

RESTARTS

Running
Terminating

X stern (stern) ©

review-5b94fbb5d4-127sv 1 / 2025-01-04T11:50:19.643Z
.43 seconds (process running for 3.619)
review-5b94fbb5d4-127sv v 2025-01-04T11:50:19.648Z
SQL db: jdbc:mysql://mysql/review-db
review-5b94fbb5d4-127sv review 2025-01-04T11:50:21.204Z
1

review-5b94fbb5d4-127sv review 2025-01-04T11:50:21.293Z

INFO [review,,] 1 ——— [review] [ main

INFO [review,,] 1 —— [reviewl] main]
INFO [review,,] 1 —— [review] [ctor-http-nio-2]

DEBUG [review,,] 1 ——— [review] [ jdbc-pool-1

s.m.m.c.review.ReviewServiceApplication

s.m.m.c.review.ReviewServiceApplication

s.m.m.c.r.services.ReviewServiceImpl

org.hibernate.SQL

ntent,rel_0.product_id,rel_0.review_id,rel_0.subject,rel_0.version from reviews rel_@ where rel_0.product_id=?

review-5b94fbb5d4-127sv revi
eviews-0]
review-5b94fbb5d4-127sv
views-0]
review-5b94fbb5d4-127sv review 2025-01-04T11:50:31.153Z
oup-1, groupId=review-group] Unsubscribed all topics or
review-5b94fbb5d4-127sv review 2025-01-04T11:50:31.392Z
review-group-1 unregistered
review-5b94fbb5d4-127sv review 2025-01-04T11:
review-5b94fbb5d4-127sv review 2025-01-04T11:

for active requests to complete
review-5b94fbb5d4-127sv review 2025-01-04T11:
review-5b94fbb5d4-127sv / 2025-01-04T11:
review-5b94fbb5d4-127sv re / 2025-01-04T11:
persistence unit ‘'default'
review-5b94fbb5d4-127sv re\ /| 2025-01-04T11:
review-5b94fbb5d4-127sv review 2025-01-04T11:
- review-5b94fbb5d4-127sv > revi

J

X .app-crac-demo (-zsh)

2025-01-04T11:50:22.805Z

2025-01-04T11:50:31.152Z

.393Z
25057

.397Z
.435Z
L4947

. 4967
.507Z

= app-crac-demo o Vmain m 1
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m app-crac-demo

o Pmain =1 I

http://minikube.me/product-composite/1 -s |

INFO [review,,] 1 ——— [review] [ntainer#0-0-C-1

INFO [review,,] 1 —— [review] [ntainer#0-0-C-1

INFO [review,,] 1 ——— [review] [ntainer#0-0-C-1
patterns and assigned partitions
INFO [review,,] 1 —— [review] [ntainer#0-0-C-1
INFO
INFO

[ntainer#0-0-C-1
[ionShutdownHook

[review,,] 1 [review]

[review,,] 1 [review]
INFO
INFO
INFO

[review,,] 1 [review]
[review,,] 1

[review,,] 1

[ netty-shutdown]
[ionShutdownHook
[ionShutdownHook

[review]
[review]

INFO
INFO

[ionShutdownHook
[ionShutdownHook

[review,,] 1 [review]

[review,,] 1 [review]

.productId

0.s.k.l.KafkaMessageListenerContainer

0.s.k.l.KafkaMessagelListenerContainer

fkaConsumerFactory$ExtendedKafkaConsumer

.kafka.common.utils.AppInfoParser

.k. l.KafkaMessageListenerContainer
.b.w.embedded.netty.GracefulShutdown

.S.b.w.embedded.netty.GracefulShutdown

.s.b.j.HikariCheckpointRestoreLifecycle :
j.LocalContainerEntityManagerFactoryBean :

com. zaxxer.hikari.HikariDataSource
com. zaxxer.hikari.HikariDataSource

: Started ReviewServiceApplication in 3

: Connected user 'mysql-user-dev' to My

: Will get reviews for product with id=

: select rel_0.id,rel_0.author,rel_0.co

review-group: partitions assigned: [r
review-group: partitions revoked: [re

[Consumer clientId=consumer-review-gr

: App info kafka.consumer for consumer-

review-aroup: Consumer stopped

: Commencing graceful shutdown. Waiting

: Graceful shutdown complete

Evicting Hikari connections
Closing JPA EntityManagerFactory for

: HikariPool-1 - Shutdown initiated...
: HikariPool-1 — Shutdown completed.




ITHE CRaC CONCEPT

* CRaC is an OpenJDK project

* CRaC = Coordinated Restore at Checkpoint
* Checkpoint

- Dump memory of a running (warmed up) Java app to file

* Restore
- Restart the Java app by loading the file into the memory

* Demo #2
1. Jar application startup time
2. Make a checkpoint

3. Restore time from checkpoint
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IDEMO #2, BASIC CHECKPOINT AND RESTORE

# Normal start of application
java —jar build/libs/hello-crac-0.0.1-SNAPSHOT.jar

Started DemoApplication in 1.702 seconds

# Create checkpoint (automatically)

java -Dspring.context.checkpoint=onRefresh \
—XX:CRaCCheckpointTo=checkpoint \

—jar build/libs/hello-crac-0.0.1-SNAPSHOT.jar

# Restore application from checkpoint
java —-XX:CRaCRestoreFrom=checkpoint

Restored DemoApplication in 0.221 seconds
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IFROM CONCEPT TO PRODUCTION

1
2
3
4.
5
6
7.

Demo
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IFROM CONCEPT TO PRODUCTION

Only works on Linux

1.
2
3
4.
5
6
7.

Demo
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IONLY WORKS ON LINUX

* CRaC depends on a Linux feature
- CRIU - Checkpoint/Restore In Userspace

* Approaches
1. Reusable: Create Docker images of CRaC-enabled applications
2. Dedicated: Infrastructure-specific solutions, e.g., AWS Lambda SnapStart

* This presentation is about creating reusable Docker images

* CRIU requires extra Linux capabilities

- Checkpoint: CHECKPOINT_RESTORE and SYS_PTRACE
- Restore: CHECKPOINT_RESTORE

- Do use in Docker or Kubernetes!
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IFROM CONCEPT TO PRODUCTION

1. Only works on Linux

2. Warmup

3
4.
5.
6
7.

Demo
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IWARMUP

* Ensure application classes are loaded before the checkpoint

- Execute relevant test cases

 High-performance applications might require JI'T - compilation

- When are my application classes JI'T compiled?
= Use java —XX:+PrintCompilation

= Log output
...com.example.hello_crac.MyRestController::helloRequest (13 bytes)
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IWARMUP

. Training environment

- Separated from the Production environment
- Similar in terms of external connections
= APIs, Databases, message systems...

= Relevant test data

- Approaches
» Permanent environment
» Temporary environment
» Docker Compose
> Locally or in a CI pipeline

$ docker compose up -d
$ ./createTestdata.bash

The training landscape
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IFROM CONCEPT TO PRODUCTION

. Only works on Linux

. Warmup

. State and connections
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ISTATE AND CONNECTIONS

* Before checkpoint, open connections must be closed
- Files, HT'TP, databases, message brokers, ...

» At restore, all connections must be restored
* In-memory state, e.g. caches, must be reset

» CRaC-interface for receiving checkpoint/restore notifications

package org.crac;

public interface Resource {
void beforeCheckpoint(...);
void afterRestore(...);

}
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IFROM CONCEPT TO PRODUCTION

Only works on Linux
. Warmup

State and connections

. Configuration
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ICONFIGURATION

* Runtime-specific configuration must be reloaded at restore
- Hostnames

- Connections

- Credentials

Spring Boot application loads config at startup

* Spring Cloud Commons to the rescue

@RefreshScope

@Component
public class ProductCompositeIntegration {

@Autowired

public ProductCompositeIntegration(
@Value("${lapp.product-service.hostft") String productServiceHost,
@Value("$4dlapp.product-service.port}") int productServicePort,
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ICONFIGURATION

* Provided at build time: app lication.yml
spring:
config.import: file:./runtime-configuration.yml

* Provided at restore: runtime—configuration.yml

app:
product-service:
host: product-prod

port: 8080
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IFROM CONCEPT TO PRODUCTION

. Only works on Linux
. Warmup

State and connections

. Configuration

. 3PP libraries

. Demo

CALLISTA




IBPP LIBRARIES

e 3PP libraries must be CRaC-aware

- Handle external connections, state, and configuration

- Implement the CRaC-interface org.crac.Resource

* Not all 3PP libraries are CRaC-friendly [yet]

- To the rescue: spring-lifecycle-smoke-tests
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https://github.com/spring-projects/spring-lifecycle-smoke-tests

IBPP LIBRARIES

e State October 2024

and , see blog post #1

, see blog post #2

and , see blog post #2

, see blog post #3

- MongoDB Client, see blog post #2
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https://callistaenterprise.se/blogg/teknik/2024/07/01/SpringBoot-with-CRaC-part1-automatic-checkpoint/
https://callistaenterprise.se/blogg/teknik/2024/10/16/SpringBoot-with-CRaC-part2-on-demand-checkpoint/
https://callistaenterprise.se/blogg/teknik/2024/10/16/SpringBoot-with-CRaC-part2-on-demand-checkpoint/
https://callistaenterprise.se/blogg/teknik/2024/10/16/SpringBoot-with-CRaC-part2-on-demand-checkpoint/

IFROM CONCEPT TO PRODUCTION

. Only works on Linux
. Warmup
State and connections

. Configuration

. 3PP libraries

. Building a CRaC image

. Demo
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IBUILDING A CRaC IMAGE

#ormal start of application e Automated checkpoint not so useful...
java~=jar build/libs/hello-crac-270.1.jar

- No proper warmup
# Create checkpoint(automatically) . ; .
java -Dspring.context.checkpoint=onRefresh \ B (:onﬁgunuunlunltbeChangedatruHUHu:
-XX:CRaCCheckpointTo=checkpoint \
-jar build/ Utibhs/hello-crac-0.0.1.jar

* Use on-demand checkpoints instead

# Restore afiplication from~checkpoint _ A bit more complex
java —-XXTCRaCRestoreFrom=checkpoint piex...
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IBUILDING A CRaC IMAGE

What needs to be done:
. Optional: Start training landscape and populate test data

. Build jar-based application

. Warm up the application

. Take checkpoint

. Package CRaC-based application
. Test CRaC-based application
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IBUILDING A CRaC IMAGE

docker compose up -d > ./createTestdata.bash)

(/gradlew build —— —— docker build ———

<:,/’—docker run —d

-v /checkpoint:/checkpoint > -/warmup-bb

checkpoint crac

GCKE" run —d —— ./runTests.bash

-v /config.yml:/config.yml

qer exec checkpoint — - —— docker build —
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IBUILDING A CRaC IMAGE - DEMO #3

magnus@MagnusMBP:~

$ hello crac/build-crac-image.bash

#1: 14:18:27 - Building... |

#2: 14:18:30 - SKIP Start training landscape and prepare testdata... |
#3: 14:18:30 - Warmup... |

.. Started DemoApplication in 1.418 seconds (process running for (1.732)
#4: 14:18:33 - Checkpoint... |

#5: 14:18:37 - Building CRaC image... |

#6: 14:18:38 - Test CRaC image. |

.. Spring-managed restart completed (restored JVM running for |88 ms|)
#7: 14:18:40 - CRaC image built and tested successfully! & |

Execution time: 12.36s For details and source code, see:

’ @ Faster startup with Spring Boot 3.2 and CRaC,
S part 3 - Automated build process, TBD...
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IFROM CONCEPT TO PRODUCTION

. Only works on Linux
. Warmup
State and connections

. Configuration

. 3PP libraries

. Building a CRaC image

. Demo
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IRECAP: DEMO ENVIRONMENT

(process running for 3.619)
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IDEMO #4, STARTUP OF A CRaC'ed APPLICATION

CALLISTA

X mi-pods (sleep)

NAME
mongodb-5b9bd7c467-jj Lhm
mysql-795fd6fb88-6xrhs
product-68cfcd9595-v5nzg

product-composite-7976c5849-g59rt
recommendation-587996c87c—rnct8

review—79986dd744-kkh6g

I

X stern (stern)
review-79986dd744-kkh6g
review-79986dd744-kkh6g review
review-79986dd744-kkh6g
review-79986dd744-kkhég
review-79986dd744-kkh6g

0gging. level.se.magnus]
review-79986dd744-kkhég rev
review-79986dd744-kkh6g
review-79986dd744-kkh6g
review-79986dd744-kkh6g
review-79986dd744-kkh6g

groupId=review-group] Subscribed to
2025-0

review—7098Add744-—kkhAa
restored JVM running for 348 ms)
review—-/998odd/44—-kkhbg review
review-79986dd744-kkh6g
review-79986dd744-kkh6g re\
.jdbc.ConnectionImpl@caf45ea
review-79986dd744-kkh6g review
review-79986dd744-kkhég re

review-79986dd744-kkh6g
0]
..app-crac-demo (-zsh)

m app-crac-demo [+) Pmain =1

™ app-crac-demo (4] Pmain =1

w 2025-01-04T12:
2025-01-04T12:
W 2025-01-04T12:
W 2025-01-04T12:
ew 2025-01-04T12:
e, spring.cloud.client.ip-address, logging.level.org.apache.kafka, spring.datasource.

STATUS

magnus@MagnusMBl

RESTARTS

Running
Running
Running

Running
Running

Running

08:47.4677
08:47.468Z
08:47.645Z
08:47.783Z
08:47.783Z

lew 2025-01-04T12:08:47.785Z
w 2025-01-04T12:08:47.791Z
W 2025-01-04T12:08:47.791Z

Compare

INFO 8 —— [review]
INFO 8 —— [review]
INFO 8 —— [review]
INFO 8 —— [review]
INFO 8 —— [review]

INFO 8 —— [review]
INFO 8 —— [review]
INFO 8 —— [rev1ew]

[Attach
[Attach
[Attach
[Attach
[Attach

[Attach
[Attach
[Attach

with jar-app:

(process running for 3.619)

2025-0

/ 2025-01-04T12:08:48.771Z INFO 8 ——— [review]

2025-01-04T12:08:48.772Z INFO 8 —— [review]
/ 2025-01-04T12:08:48.775Z DEBUG 8 —— [review]
el _@.product_id,rel_0.review_id, rel_0.subject,rel_0.version from reviews rel_0 where rel_0.product_
eview 2025-01-04712:08:50.816Z INFO 8 —— [review]

Listener] o.s.
Listener] o.s.
Listener] com.
Listener] com.
Listener] o.s.

url, spring.

Listener] o.
Listener]
Llstener]
ener]
ener]

ener]

[ jdbc-pool-2]

[ jdbc-pool-2]
[ jdbc-pool-2] org.

.b.web.
.kafka.
.kafka
.kafka.
fkaConsumerFactory$ExtendedKafkaConsumer

0.S.

com.

ocuments/projects/cadec2025-crac/app-crac-demo

b.j.HikariCheckpointRestoreLifecycle :
: Refreshing context on restart.

: HikariPool-1 - Shutdown initiated...
: HikariPool-1 - Shutdown completed.

: Refreshed keys:
kafka.bootstrap-servers, logging.level.org.apache.kafka.common.utils.AppInfoParser, 1

c.c.refresh.RefreshScopelLifecycle
zaxxer.hikari.HikariDataSource
zaxxer.hikari.HikariDataSource
c.c.refresh.RefreshScopeLifecycle

embedded.netty.NettyWebServer
common.utils.AppInfoParser
.common.utils.AppInfoParser
common.utils.AppInfoParser

c.support.DefaultLifecycleProcessor

.m.c.r.services.ReviewServiceImpl
.zaxxer.hikari.HikariDataSource
.zaxxer.hikari.pool.HikariPool

zaxxer.hikari.HikariDataSource
hibernate.SQL
id=?

[ntainer#0-0-C-2] o.s.k.l.KafkaMessageListenerContainer

http://minikube.me/product-composite/1 -s |

.productId

: Kafka version:
: Kafka commitId: 5e3c2b738d253ff5
: Kafka startTimeMs:

Resuming Hikari pool

[spring.cloud.client.hostnam

: Netty started on port 8080

SulEoil

1735992527791
[Consumer clientId=consumer-review-group-2,

: Spring-managed lifecycle restart completed (

: Will get reviews for product with id=1
: HikariPool-2 - Starting...
: HikariPool-2 - Added connection com.mysql.cj

: HikariPool-2 - Start completed.
: select rel_0.id,rel_0.author,rel_0.content,r

review—group: partitions assigned: [reviews-—




IALTERNATIVES

Technology Spring Boot Complexity Faster Startup |More information
support

GraalVM native compile Spring Boot 3.0 Rather complex =20 times faster | hitps://callistaenterpris
- Spring AOT - November 2022 |constraints on e.se/assets/presentati
source code oner/cadec2023-

spring.pdf

Looong compile times
Spring Boot 3.2 Relatively moderate =10 times faster | hitps://callistaenterpris
A\ O\ClglolsIg@2l02X I code and configuration e.se/blogg/teknik/2024
changes /10/16/SpringBoot-
with-CRaC-part2-on-
demand-checkpoint/
App CDS Spring Boot 3.3 No impact on source code, EZRilylRRERCIaM https:/bell-
Project Layden - May 2024 only configuration sw.com/blog/how-to-
use-cds-with-spring-
boot-applications/
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https://callistaenterprise.se/assets/presentationer/cadec2023-spring.pdf
https://callistaenterprise.se/assets/presentationer/cadec2023-spring.pdf
https://callistaenterprise.se/assets/presentationer/cadec2023-spring.pdf
https://callistaenterprise.se/assets/presentationer/cadec2023-spring.pdf
https://bell-sw.com/blog/how-to-use-cds-with-spring-boot-applications/
https://bell-sw.com/blog/how-to-use-cds-with-spring-boot-applications/
https://bell-sw.com/blog/how-to-use-cds-with-spring-boot-applications/
https://bell-sw.com/blog/how-to-use-cds-with-spring-boot-applications/

ISUMMARY

* 10 times faster startup!

* Can be very useful in some scenarios
- E.g. Scale to Zero

* Requires
- Handling state and connections

- Reload configuration at restore

- An automated build process

* Including warmup before the checkpoint

* Not all 3PP libraries are (yet) CRaC-friendly

* If CRaC is not feasible at this time, try App CDS!
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IWANT TO KNOW MORE?

* Blog series - Faster startup with Spring Boot and CRaC

- Part 1 - Automatic checkpoint

- Part 2 - Warmup and configuration
- Part 3 - Automated build process, TBD...

= Follow me on Linkedin to be notified!

https://www.linkedin.com/in/magnuslarssoncallista/

* Regarding App CDS:

- How to use CDS with Spring Boot applications
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https://callistaenterprise.se/blogg/teknik/2024/07/01/SpringBoot-with-CRaC-part1-automatic-checkpoint/
https://callistaenterprise.se/blogg/teknik/2024/10/16/SpringBoot-with-CRaC-part2-on-demand-checkpoint/
https://www.linkedin.com/in/magnuslarssoncallista/
https://bell-sw.com/blog/how-to-use-cds-with-spring-boot-applications/

ISUMMARY - QUESTIONS?

* 10 times faster startup!

* Can be very useful in some scenarios
- E.g. Scale to Zero

* Requires
- Handling state and connections

- Reload configuration at restore

- An automated build process

* Including warmup before the checkpoint

* Not all 3PP libraries are (yet) CRaC-friendly

* If CRaC is not feasible at this time, try App CDS!
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