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¢ The eVOIUtion Of Java AWS Lambda Azure Functions

ORACLE .
New Requirements 5
- q kubernetes

WebSphere » Faster startup
Fepleaten sener - Shorten warmup

op|app * Less memory
il « Scalability

JAVA EE
- Scale to zero

APP
JAVA VM * Observability #3

JVM

Application Servers ——————————) Distributed Systems
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I OVERVIEW Emerging Open]DK projects:
- CRaC, Amber, Valhalla, Leyden, and Panama

* The evolution of Java

APP[APP
#2 [#3

JAVA VM

Java SE 9 Java SE 10 OpenJDK Graal VM Java SE 19

- Modules - Docker - Native compile - Project Loom,
Virtual Threads
(preview)
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JOVERVIEW

* The evolution of Spring

APP [APP
#2 |#3

JAVA EE

—

JAVA VM

Spl‘il‘lg Boot 1 Sprlng Boot 2 Spring Boot 3 :F;P

JVM

Spring Framework 4 Spring Framework 5 Spring Framework 6

* Convention over * Reactive programming * Native Compile
Configuration model +_Observability THIS PRESENTATION
* Make JAR nor WAR * Production features « Virtual Threads

* Dependency Mgmt, actuators
starters and bom health, monitoring, metrics
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IMIGRATION

* Java 17 baseline

* Jakarta EE: Package rename: javax - jakarta

* E.g. JPA: javax.persistence.* - jakarta.persistence.*

* Deprecated code in 2.x removed

tasks.withType(JavaCompile) {
options.compilerArgs += ['-Xlint:deprecation']

* Breaking changes etc
* Spring Boot 3.0 Migration Guide

* Spring Security 6.0 Migration Guide

 Importance of end-to-end black-box tests

* Run them before and after the migration!
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https://github.com/spring-projects/spring-boot/wiki/Spring-Boot-3.0-Migration-Guide
https://docs.spring.io/spring-security/reference/migration/index.html
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INATIVE COMPILE For details on GraalVM Native
Image, see this presentation

* Problem definition from Cadec 2021 - GraalVM Native Image

JVM based Micro Services

1. Large memory footprint
2. Long startup time
3. Initial warmup required (JIT)

Makes it expensive for large systems and impossible to scale to
zero.

CALLISTA



https://callistaenterprise.se/assets/presentationer/cadec-2021-graal.pdf

INATIVE COMPILE

e Concerns from Cadec 2021

Develop and Build Findings Road to Enable Native

GraalVMm 20.3
. Upgrade to Spring Boot 2.4
. Add GraalVM native support. Substrate VM (svm)

Unable to compile static executable and build from a scratch docker- - Add Spring native support ( ceol
image . Create build script or use maven plugin (build.sh)

. Declare all Reflections (for DTO beans) and resources
= Both Go and GraalVM native executables depends on shared C/C++ libraries ¢ Manually or use to generate

. . . . . Compile, run and fix remaining stuff (trial and error)
. GOOg|€S gcer. io/distroless/basels used instead ¢ Reflection config for Kafka and JSON serializers

Even minor changes breaks the build * Resource config for Kafka

. e Substitute Kafka class using Method Handles
= Spring Boot 2.4.0-RC1 to 2.4.0 release update
= Graal 20.2 to 20.3 minor update

= Use of new features from existing 3rd party libraries _ _ _
= Adding 3rd party libraries Reflections, Dynamic Class Loading

Discrepancy between dev and runtime environments Dynamic Proxies (JDK)
What's the credibility of unit tests Resource Access
Java Native Interface (JNI)
e Frameworks/libs without native support

e Use and maintain configurations for Reflection, Proxies, Resources and native-image --initial
JNI [total]: 687,593.47 ms
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INATIVE COMPILE

e OQutcome from Cadec 2021

Dear fellow JVMersl

"There's no Holy Graal, just loads of hard work and
Java."

e Is it better now?
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INATIVE COMPILE

« With Spring Boot 3 and Spring Framework 6

- Compile Spring Boot applications into standalone executables, called a native image

- Uses GraalVM native-image compiler
» New build module Spring AOT
» Supersedes Spring Native

* Benefits
- Shorter startup times
- No warm-up required
- Less memory required
- Fit for scaling up and down

» Even to zero
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INATIVE COMPILE

* Spring AOT
- Creates and inspects an ApplicationContext
public static void main(String[] args) {

ApplicationContext ctx = SpringApplication.run(ProductServiceApplication.class, args);
- Closed world assumption
» Classpath fixed and Spring Beans are defined at build time

» Minimize memory footprint

- Generates start-up code Replaces the slow
» Creates a static ApplicationContext reflection based startup
» Programmatic registration of Spring Beans
product-service
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INATIVE COMPILE

* Spring AOT

- Generates native configuration

e Recall from Cadec 2021;

- GraalVM native-image compiler transforms Java bytecode to an executable image
- Can't figure out dynamic behavior
» E.g. use of reflection, dynamic proxies, and local resources

- Described in a native configuration
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INATIVE COMPILE

* Spring AOT
- Generates native configuration

- Sample of generated native configuration
(3 aotResources [aot] resources
(O META-INF.native-image.se.magnus.microservices.core.product.product-service
£33 native-image.properties
{} proxy-config.json
{} reflect-config.json
{} resource-config.json

{} serialization-config.json

- If Spring AOT fails, we can add native hints
» E.g. JSON mapping with Jackson

({Event.class, Product.class})

» Sample error message:

Error: No serializer found for class se.magnus.util.event.Event
This appears to be a native image, in which case you may need to configure reflection
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INATIVE COMPILE

Spring Boot
application
sources

Application
bytecode

Spring AOT plugin native-image Native
AOT compiler executable

AOT bytecode
sources

i Native
configuration

/2021/12/09/new-aot-engine-brin ing-native-to-the-next-level
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https://spring.io/blog/2021/12/09/new-aot-engine-brings-spring-native-to-the-next-level

INATIVE COMPILE

* More on Spring AOT

- AQT tests

» Builds a native image and runs tests inside it

/gradlew nativeTest

» Detects missing Spring Beans and Reflection metadata
» Best to run in a CI/CD build pipeline

- Use AQOT start-up code with Java VM (a.k.a AOT mode)
» Shorten startup time in Java VM with =20%

java -Dspring.aot.enabled=true -jar app.jar

» Log output

... Starting AOT-processed ProductServiceApplication using Java 17.0.5 ...
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INATIVE COMPILE

* Stability over time
- Spring ecosystem - 3PP libraries
» Spring AOT smoke tests » GraalVM reachability metadata

& spring-projects / spring-aot- & oracle [ graalvm-reachability-metadata
<> Code () Issues 28 11 Pullrequests 3 <> Code () lIssues 22 11 Pullrequests 14

9 main - $ 1branch  © 0 tags ¥ master v  graalvm-reachability-metadata /

a wilkinsona Test against Spring Boot 3.0.2-SNAPSHOT ‘9' cnestorolere pUliredtiest &78Blamiceyenarbe

aot-smoke-test-support Add test for M

ch.qos.logback/logback-classic
aot-smoke-test-third-party-hints Remove obsol

com.ecwid.consul/consul-api
batch/batch Update Batch

com.graphql-java/graphgl-java
boot Add test for X

com.h2database/h2

ci Add smoke te
com.mysq|l/mysql-connector-j

cloud Polish "Add CI
com.sun.mail/jakarta.mail

dat, Add test for M
ata dtest for com.zaxxer/HikariCP

framework Add webmvc- io.grpc/grpe-netty
gradle Add table of c{ io.netty

graphg|l Use documen io.undertow/undertow-core
integration Smoke test fo! mysql/mysql-connector-java

security Correct asser net.java.dev.jnafjna

session Remove const org.apache.commons/commons-pool2
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https://github.com/spring-projects/spring-aot-smoke-tests
https://github.com/oracle/graalvm-reachability-metadata

INATIVE COMPILE

* How?
- Add GraalVM’s build plugin:

plugins {
id 'org.graalvm.buildtools.native' version '0.9.18'

- Build a native image: ./gradlew nativeCompile

» Requires GraalVM JDK and native-image compiler
» OS & HW specific, e.g. macOS and ARM64

- Build Docker image: ./gradlew bootBuildImage
» HW specific, e.g. Intel x86_64

* Ongoing work
- GraalVM - Cross-compilation support
Paketo buildpacks - Add support for ARM64
Paketo buildpacks - 2023 Roadmap
Callista blog post - Docker images on ARM64
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https://github.com/oracle/graal/issues/407
https://github.com/paketo-buildpacks/stacks/issues/51
https://github.com/orgs/paketo-buildpacks/discussions/58
https://callistaenterprise.se/blogg/teknik/2022/11/02/microservices-on-apple-silicon

I TEST: NATIVE COMPILE

Microservices with
Spring Boot and

* System landscape from the 2ed of my book Spring Cloud

Build resilient and scalable
microservices usin: il

- Migrated to Spring Boot 3

Second Edition

Magnus Larsson PdCl(‘I‘)

| )

The microservice landscape

o
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ITEST: NATIVE COMPILE TIMES

* Compile times with ./gradlew nativeCompile
- Minimal Spring Boot app
Finished generating 'demo' in [32,3s].

[native-image-plugin] Native Image written to: /Users/magnus/

- The Product service from the test landscape

Finished generating 'product-service' in |1m 41s)
[native-image-plugin] Native Image written to: /Users/magnus/

- Not fast enough for a TDD - loop, but sufficient for a CI/CD build pipeline

- But significantly better than 2021
native-image --initial
[total]: |687,593.47] ms
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ITEST: STARTUP TIMES

* Java VM microservices
- Started ProductServiceApplication in seconds
- Started ProductCompositeServiceApplication in seconds
- Started ReviewServiceApplication in seconds
- Started RecommendationServiceApplication in seconds

Native image app
starts up 25 times
faster than JVM app

* Native image microservices
Started ProductCompositeServiceApplication in seconds

Started RecommendationServiceApplication in seconds
Started ProductServiceApplication in seconds
Started ReviewServiceApplication in seconds
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ITEST: MEMORY USAGE AFTER STARTUP

* Java VM microservices
review-1
product-composite-1
product-1
recommendation-1 Native image app
requires less memory
to startup.

* Native image microservices

- product-1 But what happens over time?
- recommendation-1

- product-composite-1
- review-1
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ITEST: RESOURCE USAGE OVER TIME

* Test scope

getProduct

1

getCompositeProduct getRecommendations

| o

getReviews

The microservice landscape b[

o
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ITEST: RESOURCE USAGE OVER TIME

 Test setup

’ ‘0
| m

The microservice landscape
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ITEST: RESOURCE USAGE OVER TIME

e Test results

Test case No of calls CPU time |Threads
(min:sec)
Native, 256 MB |2 159 056 42
JVM, 256 MB 2 162 800 54
Native, 512 MB |2 158 443 42
JVM, 512 MB 2 163 090 54
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INATIVE COMPILE

* Reiterate the concerns from Cadec 2021

Develop and Build Findings Road to Enable Native
GraalVM 20.3
1. Upgrade to Spring Boot 2.4
2. Add GraalVM native support. Substrate VM ( )

Unable to compile static executable and build from a scratch docker- § Simply add GraalVM'’s build plugin

Image 5. Declare all Reflections (for D10 beans) and resources

= Both Go and.GraalVM native executables denends on shared C/C++ libraries * Manually or use to generate
6. Compile, run and fix remaining stuff (trial and error)

" GOOg'GS g{e EXperlmental Sprlng Natlve o Reflection config for Kafka and JSON serializers

. . e R fig for Kafk
E\giclr:glgo(z replaced by Sp”ng AOT . Sﬁtsjcs)g[fjfecligﬂg cc:;ssaus?ng Method Handles

= Graal 202l* Tests can run in AOT mode

= Use of new features from existing 3rd party libraries * |n general, much less of a problem
" Adding 3rd party libraries » When needed, use Spring annotations

Discrepancy between dev and runtime environments

What's the credibility of unit tests * Worst case, use

GraalVM'’s Tracing Agent

« Spring smoke test project

- GraalVM reachability metadata project » Native compile in a minute or two
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INATIVE COMPILE

* Summary

Concerns from Cadec 2021 mitigated with Spring Boot 3
Startup: Native 25 times faster than JVM

Memory: Native beats JVM

CPU: JVM Hotspot beats native

Try it out, if start-up time is important!
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JAGENDA

e Overview

* Migration

* Native Compile

* Observability

e Summary
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JOBSERVABILITY

* Observability = Logging + Tracing + Metrics

APP APP

$1 | 2

JVM JVM
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JOBSERVABILITY
APP| |APP| |APP

#1 # 2 # 3

* Observability = Logging + Tracing + Metrics

WHAT HAPPENED?

localhost

475 hits New Save Open Share Reporting © Last 15 minutes

*

logstash-* September 1st 2017, 17:25:09.411 - September 1st 2017, 17:40:09.411 —

Selected Fields

ml_traceld
mi_level
mi_service
syslog_hostname

ml_message

Available Fields

Time mli_level ml_service ml_traceld ml_message syslog_hostname
@timestamp
@version September :35:00. INFO review-service 56130946e55630 mySecretProperty: my-secret-value 4f6913377f2e

c3

_id
index September :35:00. recommendation 5613094655630 /recommendation called, processing time: edd5f@7ab@5c
- -service c3 8
_score
e September 1st :35:00. review-service 5613a946e55630 /reviews called, processing time: 17 4f6913377f2e
-yp c3
host

Septenber :35:00. product- 5613094655630  /product called, processing time: 10 2b558e5a94el
ml_classname service 3
ml_date

September :35:00. auth-server 5613a946e55630  Authentication success: 894feb807e8e
ml_spanld c3 org.springframework.security.oauth2.provi
der.OAuth2Authentication@a327a2c:
Principal:
ml_zipkin org.springframework.security.core.userdet

ails.User@36ebcb: Username: user;

ml_thread

syslog_pid

syslog_timestamp X
September :35:00. composite- 5613a946e55630  Getting user info from: 4a2f49142bcf

tags service c3 https://auth:9999/uaa/user

ES September :35:00. edge-server 5613094655630  Before request [uri=/api/product/123] caaf47f8daf6
3

September 1st :34:59. auth-server 5613a946e55630 Authentication success: 894feb807e8e

org o gmeworic
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JOBSERVABILITY
APP| |APP| |APP

#1 #2 #3

* Observability = Logging + Tracing + Metrics

PROCESSING TIME?

@© Kiali Console x 4+

(67 @ Not Secure | kiali.istio-system.svc.cluster.local:20001/k console/jaeger?namespaces=hands-on&start=1& 37632¢ end=1572

I Apps #{ Landet (O Homeylinsights By Sv->En Bk En->Sv B3 Packt B3 VT EJ microservices B3 Az E3 Imported From Sa © Athom status

© kiali A@ © amin

Namespace: hands-on v
Overview
Service * product-composite Lookback * Last 1h

Graph

Applications  istio-ingressgateway: product-composite.hands-on.svc.cluster.local:80/
product-composite*

Workloads November 3, 2019 12:01 PM 38.07ms

Services

Istio Config Service & Operation vV > Y>> 19.04ms 28.55ms 38.07ms
v | istio-ingressgateway pro

Distributed Tracing > | istio-ingressgateway =» ® istio-mixe.

product-composite.hands-on p

v product-composite.hands-on
product.hands-on

v product-composite.hands-
recommendation.hands-on

v product-composite.hands-on re

review.hands-on revie
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JOBSERVABILITY

* Observability = Logging + Tracing + Metrics

22 Docker Containers - r @

CPU Load CPU Cores

12

3.31%

System Load

1.0%
—

127.0.0.1

B &

Memory Load Used Memory

\  215GiB

1.9 MiB

1.4 MiB

977 KiB

488 KiB

€ ZoomoOut » @ Last5minutes Refresh eve...

Running Containers

g

13:53 13:54 13:55

1/0 Usage

3

13:56

!H

13:57

M

i

0B
13:53

Container CPU Usage

_"\/v\-‘-c_ =
il M —/_4:—\/\’
\_—\/ ———T |

0.6%

0%

13:53:00 13:53:30 13:54:00 13:54:30 13:55:00 13:55:30 13:56:00 13:56:30 13:57:00 13:57:30

CALLISTA

13:55 13:56

blog-microservices_composite_1
blog-microservices_mongodb_1
blog-microservices_mysql_1
blog-microservices_pro_1
blog-microservices_rec_1
blog-microservices_rev_1
node-exporter

prometheus

prometheus_cadvisor_1

13:57

min
0.66%
0.04%
0.01%
0.54%
0.57%
0.57%
0.01%
0.26%
0.09%

APP
#1

APP
)

|ApPp
#3

RESOURCE USAGE?




JOBSERVABILITY

* Observability in Spring Framework 6.0
- Logs and Metrics already supported in 5.0
- Tracing: New module, Micrometer Tracing
» Based on spring-cloud-sleuth
» Traces are reported as a trace tree of spans based on OpenTelemetry
» Contexts based on W3C Trace Context

Unique ID — {context}

Edge service \L

A
{context} \/ &ontext}

B E
{context} \/ \/{context}

C D
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JOBSERVABILITY

 Tracing in Spring Framework 6.0
- Built-in support
» Creates traces for incoming requests, if missing

» Propagates to outgoing requests

» Supports both synchronous and asynchronous requests
Bridge Observability API

» Propagates to logs
pag & to OpenTelemetry

- Dependencies /

implementation 'io.micrometer:micrometer-tracing-bridge-otel!’

implementation 'io.opentelemetry:opentelemetry-exporter-zipkin' \

Report to a Zipkin
» Support for alternative Tracer Implementations compatible tracer

- No auto propagation (yet) for reactive libraries, e.g. Spring WebFlux

» Spring Boot 3 Webflux project missing traceld and spanld in logs

» Context Propagation Library

CALLISTA



https://docs.spring.io/spring-boot/docs/3.0.0/reference/html/actuator.html
https://github.com/spring-projects/spring-boot/issues/33372
https://github.com/micrometer-metrics/context-propagation

JOBSERVABILITY

 Tracing in Spring Framework 6.0
- Programmatically
» Spring abstraction Observation
» Custom spans and contexts can be created

@ResponseStatus(HttpStatus.ACCEPTED)
@DeleteMapping(value = "/api/product-composite/{productId}")
® void deleteProduct(@PathVariable int productId) {

Observation.createNotStarted( name: "composite.delete.observation", registry)
.highCardinalityKeyValue("productId", "" + productId)
.contextualName("composite.delete.context")

.observe(() -> {
log.info("Will send a message for deletion of all reviews for product id {}", productId);
pci.deleteReviewsBIO(productId);

};

CALLISTA




IDEMO: OBSERVABILITY v

Microservices with
Spring Boot and

getProduct
Second Edition
Magnus Larsson chkf)
getCompositeProduct getReviews

| Jo

getRecommendations

The microservice landscape 0[

o
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IDEMO: OBSERVABILITY

CALLISTA

curl://

Client

getCompositeProduct

1 )

createCompositeProduct $ metrics

GrafanaTempo
[tracing]

The microservice landscape

getReviews

|

|

Grafana loki
[logs]

Grafana

| =

O

Prometheus
[metrics]

J) metrics

The Grafana stack & Prometheus
is not the only alternative; see

(covering 145 products)



https://landscape.cncf.io/card-mode?category=observability-and-analysis&grouping=category

IDEMO: OBSERVABILITY
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localhost

Logs, Traces, Metrics - Dashboards

88 General / Logs, Traces, Metrics =< E @ Last 5 minutes

Trace ID  58131f06fe0424e9099eafd0a1be2580

> 2022-12-31 : composite
> 2022-12-31 3 review

> 2822-12-31 e review

> 2022-12-31 H review

| > 2022-12-31 17 composite

Common labels:

Logs with trace ID 58131f06fe0424e9099eafd0a1be2580

2022-12-31T700:22:17.350+01:00 INFO [composite,58131f06fe@424e9099eafdealbe2580,3efac4cd@a3940d1] 7378 --- [
http-nio-6543-exec-7] c.e.client.ProductCompositeController : Will send a request to the review service
2022-12-31T00:22:17.359+01:00 INFO [review, 58131f06feB424e9099eafd@albe2580, fe77bb4af3691487d] 7382 --- [htt
p-nio-7654-exec-7] c.e.s.review.services.ReviewServiceImpl : Will get reviews for product with id=123
2022-12-31T60:22:17.371+81:00 DEBUG [review,58131f06fe8424e9099eafdBalbe2580,265cedfc2d971b5f] 7382 --- [htt
p-nio-7654-exec-7] org.hibernate.SQL : select r1_0.id,r1_0.author,r1_8.content,r1_06.p
roduct_id, r1_0.review_id, r1_8.subject, r1_0.version from reviews r1_@ where r1_8.product_id=?
2022-12-31T00:22:17.378+01:00 INFO [review, 58131f06fe0424e9099eafd@albe2580,265cedfc2d971b5f] 7382 --- [htt
p-nio-7654-exec-7] c.e.s.review.services.ReviewServiceImpl : Got 3 reviews for product with id=123
2022-12-31T00:22:17.380+01:00 INFO [composite,58131f06fe0424e9099eafdalbe2580,3efac4cd@a3940d1] 7378 --- [
http-nio-6543-exec-7] c.e.client.ProductCompositeController : Got 3 reviews

1be2580

Trace View for trace with id 58131f06fe0424e9099eafd0a1be2580

composite: http get /api/product-composite/{productid} ss131f06fe0424e9099eafdoatbe2580

2022-12-31 00:22:17.349

31.84ms 2 6 7

Service & Operation
v | composite
v | composite
+ | composite
v | review

v | review

15.92ms 23.88ms 31.84ms

25.42ms

21.45ms

12.11ms P

| review = @ review-db qu:

20ms

0ms — o
= = =

latency for All

R

* P S
" = 0 g P A -

= = x =
00:18:00 00:18:30 00:19:00 00:19:30 00:20:00 00:20:30 00:21:00 00:21:30 00:22:00 00:22:30

= Max == tp99 == tp95

TRACES

METRICS




IDEMO: OBSERVABILITY

v I composite http get /api/product-composite/{productid} (31.84ms

v | composite composite.get.context (3

composite.get.context composite 30.38ms
723ps (00:22:17.350) 1

v Attributes
t.host .168.50.71"

.springframework.boo

=80 CONTEXT NAME

.springframework.boot"

/ CONTEXT KEY VALUE
8"
"123"

0

> Resource: composite

v I composite http get (25.42ms) 25.42ms (e
v | review nttp get /api/reviewbio (21.45ms 21.45ms (S
v | review connection (12.11ms) 12.11ms i
| review & @ review-db query (2.11ms) 2.11ms G- t

| review =» @ review-db result-set (634ps) 634us @
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IDEMO: OBSERVABILITY

localhost

g8 General / Logs, Traces, Metrics «<3 mFE B & O Last15minutes v

Trace View for trace with id 6133ba341836b9685c07137ca66cd466

composite: http post /api/product-composite 6133ba341836b9685c07137ca66cd466

A

oo
oo

)

fa Service & Operation v > ¥ o»  Ops 35.24ms

2023-01-11 16:31:02.051 46.98ms 2 6

v I composite http post /api/product-composite (3.86ms) @S 3.86ms
v I composite composite.create.context (3.21ms) G 3.21ms
v I composite reviews2023/reviews2023 send (257ps) 1 257us
v I review reviews2023 reviewsgroup2023 receive (17ms)

v I review connection (12.72ms)
I review = @ review-db query (2.35ms)
v I composite reviews2023/reviews2023 send (119ps)
v I review reviews2023.reviewsgroup2023 receive (11.49ms)
v I review connection (9.12ms)
| review » @ review-db query (1.51ms)
v I composite reviews2023/reviews2023 send (100ps)
v I review reviews2023 reviewsgroup2023 receive (8.71ms)
v I review connection (6.21ms)

©) | review » @ review-db query (1.6ms)
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JAGENDA

* Overview
* Migration

* Native Compile

* Observability

* Summary
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ISUMMARY

« With Spring Boot 3, a new foundation is in place

- Expect a lot of improvements to come over the following years...

* Migration
- Upgrade to Java 17 and jakarta package names

- Remove deprecated code

* Native Compile
- Use if start-up time is important
- Test and build native images in CI/CD build pipeline
- Reduce startup times running Java VM in AOT-mode

* Observability

- Built-in auto-configuration for tracing
- One interface, Observation, to abstract them all
- One dashboard to observe them all

CALLISTA
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EXPERT INSIGHT

Microservices with
Spring Boot and
Spring Cloud

Build resilient and scalable
microservices using Spring
Cloud, Istio, and Kubernetes

rJ

Second Edition m

Magnus Larsson PCICI('I')
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