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#Success and Scale Bring Broad R

We are big, we impact the world, and we are far from perfect
and thoughtful about even the secondary effects of our actio
communities, planet, and future generations need us to be b

Amazon's leadership principles
https://amazon.jobs/content/en/our-workplace/leadership-principles
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What is Amazon Corretto?

- Downstream distribution of OpenJDK
« Quarterly security releases

- Certified

» No-cost long-term releases — JDK 8, JDK 11,
« Feature release train (JDK 15, JDK 16, JDK 1

« We launched in Devoxx Belgium 2018! 3 b

- Now 122 binary artifacts
— JDKS8: 22 artifacts, JDK11: 31, JDK20: 7, JDK17: 31
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AWS Graviton2 &
Graviton3
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Custom AWS silicon wit

Available in e.g. Amazon
AWS Fargate, Amazon R
Service

Up to 40% better price
comparable current ge
instances

Up to 60% less ener
performance than c



EFFECTIVELY RUNNING JAVA APPLICATIONS ON AWS - DEEP DIVE

AWS Global Infrastructure Regions & Availability Zones
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AWS Shared Responsibility Model

CUSTOMER DATA

CUSTOMER PLATFORM, APPLICATIONS, IDENTITY & ACCESS MANAGEMENT

RESPONSIBILITY
FOR SECURITY “IN’ OPERATING SYSTEM, NETWORK & FIREWALL CONFIGURATION

THE CLOUD

CLIENT-SIDE DATA
ENCRYPTION & DATA INTEGRITY
AUTHENTICATION
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NETWORKING TRAFFIC
PROTECTION (ENCRYPTION,
INTEGRITY, IDENTITY)

SERVER-SIDE ENCRYPTION
(FILE SYSTEM AND/OR DATA)




Application Performance Shared Respo

Application
(You!)

Runtime
(Community!)

SYSTEM DESIGN

DATA

STRUCTURES ALGORITHNS

Framework

Libraries

Language (Java, Kotlin, ...)

JVM/JDK




The good, the bad, and the ugly.
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Example: Monitoring service 1/5

HeapMemoryAfterGCUse
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Example: Monitoring service 1/5

HeapMemoryAfterGCUse
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Another Monitoring Service 2/5

JDK 8 tO JDK 17 Linear Regression
Capacity Reading

« 7% fleet utilization improvement

« Millions in savings

« 98% cold start fault reduction

« 19% p99 PUT latency reduction

CAA)
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Proxy Service Improvement 3/5

JDK 8 to 17

75% lower end to
end latency

minute data poin

30-40% capacity improvement
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Analytics 4/5

JDK 11 to 17

pl00 GC Time

Mar 23 Mar 23 ar 23 ar 23 i ] i Mar 23 i ] a ar 23 i i ] E i 3 Mar 23

Always compare N M 5
under high load

p100 CPU

Ma Mar 23 Mar Ma ] ] E E ] ar 23 3 Ma

0340  04:00  04:2 04:40  05:00 052 . 7 & B: 0900 092

p90 Latency

Mar 23 Mar 23 Mar Mar 23 Mar 23 ar23 Mar23 Mar23 Mar23 Mar ar 23 3 3 3 3 23 Mar 23
aWS 03:40 04:00 0 04:40 05:00 05:410 06:00 06:20 06:40 g: 0540 09:00 08:20
N 2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.




pl00 GC Time
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Analytics 4/5
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Proxy Service — No Improvement 5/

JDK 11 to 17

Is GC the limit for a low latency service?

aws

N 2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved



Proxy Service - No Improvement 5/5

JDK 11 to 17

Is GC the limit for a low latency service?
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Proxy Service - No Improvement 5/5

* iGraph - Interactive Search and Graph

Reset Layout Relc

~

GC Pause Duration (ms) %95
100 - 400
BITMAP
75 1 - 300 m
50 1 200 | SooMER
25 - 100
P T T T L T Tl T = ﬂmmmmm |
e — —— —aa———— — ———— —aaa—— . aa— —aa—— —aaa——— e ————e e — PIE
Aug 15 Aug 16 Aug 17 Aug 18 Aug 19 Aug 20 Aug 21 Aug 22 Aug 23 Aug 24 Aug 25 Aug 26 Aug 27 Aug 28 —
17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00
W p50 90 W p99 99.9 100
l P P P P “ P l BAR
* iGraph - Interactive Search and Graph Reset Layout Relo
- ™y
GC Pause Duration (ms) %5(
BITMAP
300 -
200 1 ZOOMER
100 -
E — - - - — —~ — — — - - - PIE
Aug 15 Aug 16 Aug 17 Aug 18 Aug 19 Aug 20 Aug 21 Aug 22 Aug 23 Aug 24 Aug 25 Aug 26 Aug 27 Aug 28
17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00 17:00
W pS0 p90 MW p99 p99.9 BAR




Proxy Service - No Improvement 5/5
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Remember...

Friends don’t let
friends run JDKS8
(or JDK11)



The good, the bad, and the ugly
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The good, the bad (not really that bad), ant
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JDK 17 upgrade regression case study 1

Previously accessible methods became unreference

java.lang.reflect.InaccessibleObjectException:
Unable to make field private final {type} accessible:
module java.base does not "opens {module}" to unnamed module {module}

Test your application, fix flakey tests
- Scan logs for exceptions

« Gradual rollout
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JDK 17 upgrade regression case study 2

- ParallelGC parallelized the reference processing using more CPU durir

- Triggered CPU spikes because failed to take into account other JVMs ¢

- Had to explicitly set -XX:ParallelGCThreads when sharing a host.
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The good, the bad, and the ugly
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I
The good, the bad, and the ugly (not really tha
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Java 17 still has bugs!

- JDK-8305994: Guarantee eventual async mo
Moving monitor cleanup out of safepepoints

- JDK-8313678: SymbolTable can leak Symbo
Triggered by Groovy/LambdaForms (introdu

« We still find a couple of these every month
This is why Update releases are so importa

- Both fixed upstream - backport to 17.
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Java 21?

How many bugs are slated for a fix in Java 21.0.1
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Java 21?

How many bugs are slated for a fix in Java 21.0.1:

23/104/271 -
297 -21.0.2
220-21.0.5

Report bugs upstr

a S, © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved



JDK 17 The Simplified Migration Guid

- Upgrade your dependencies!
- Especially test frameworks: e.g. at least Mockito 5.x.

 Libraries, e.qg., need at least Lombok 1.18.22, Guice 5.1.0.

 Strong encapsulation.

« No access to what were "public” JDK implementation classe

- JDK 17 GC behavior is different (better!).
- Default collector is G1 (not Parallel) starting in JDK 11.
- Concurrent Mark-Sweep (CMS) collector is gone.

« New collectors: Shenandoah and ZGC.
aws
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It gets complex when you have a lot

Developers
Services and Applications
Dependencies

Open Source / 3™ party

Internal / 1st Party
Custom tooling (build/deploy/test)
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How do you future proof?

This could be controversial

- Use less dependencies, a lot less

- Remove unsupported dependencies
- Use libraries that only use public supported
- If you can avoid

= Mocks
= Aspect oriented programming

 Relentlessly keep your code and depen

2) © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved



How do you future proof?

« Test
» Unit tests (non mocks)
= Integration tests that cover all mainline, and cri
= Load tests — Observe latency, error rates, anom
= Fix Flakey tests

aws
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How do you future proof?

« Metrics
= Measure success rates, Latency, Memory, Memor
= Observe and fix anomalies

« Log analytics, eliminate anomalies

- Pipelines, Beta, Fractional Deployments,
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How do you future proof?

Don't leave broken windows behind.
Use the opportunity to modernize yo |

Upgrades become a lot less scary.
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Automatic Upgrade & Migration Tool

 Tools do static & dynamic code analysis
- The have a knowledge base of known upgrade iss
» They can use LLMs to detect patterns not in the d
- Some well-known tools: '

= OpenRewrite

= Eclipse Migration Toolkit for Java

= Windup / Migration Toolkit for Runtimes

= Amazon Q Code Transformation

aws
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Introducing Amazon Q Code Transfo

AWS Cloud
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00 j
(885
< / Amazon Q
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Code Transformation: How it works

Build and Apply Build and
> test — Knowledge —— test
Source code  (Java 8) base (Java 17)

Fix errors

,» Knowledge
DB
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Code Transformation: How it works

Build and Apply Build and
> test —— Knowledge — test
Source code (Java 8) base (Java 17)

Fix errors

,» Knowledge
DB
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Knowledge Base (1/2)

MINING RECOMMENDED VERSIONS OF DEPENDENCIES

<dependency>
<groupld>com.fasterxml.jackson.core</g
<artifactld>jackson-core</artifactld>

</dependency>

aws
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Knowledge Base (2/2)

MINING GENERAL COMPILATION ERRORS AND FIXES

Fix: Add dependency Junit. Example:
<dependency>
<groupld>junit</groupld>
<artifactld>junit</artifactld>
<scope>test</scope>
</dependency>
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Code Transformation: How it works

Build Apply Build and
» andtest —— Knowledge ——— test
Source code  (Java 8) base (Java 17)

Fix errors

,» Knowledge
DB
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Fixing errors using LLMs (1/2)

ERROR RESOLUTION AFTER KNOWLEDGE BASE APPLICATION

exception

public class SearchUtils {
public static String generateGoogleSearchUrl(String search
try { .
String uriQuery = UriUtils.encode(searchString, Stanc
return Searchltems.GOOGLE_SEARCH_URL + uriQue
} catch (UnsupportedEncodingException e) {
e.printStackTrace();

return ™,

}
}
}

aws
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Fixing errors using LLMs

LLM CODE UPDATE THAT FIXES THE ERROR

public class SearchUtils {
public static String generateGoogleSearchUrl(String searchStri
String uriQuery = UriUtils.encode(searchString, StandardCh
return Searchltems.GOOGLE_SEARCH_URL + uriQuery;

}
}
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Thank you!
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