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28 years of Java
25 years of JCP Program

Java continues to be an
important choice for
enterprises and developers

The Java technology
innovation pipeline has
never been richer \\

Java 21 available now —
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« Java 21 sees higher adoption than Java 17: Following the release of Java 21in September
2023, the report found that the adoption rate for the latest Java LTS version was 287%
higher in the first six months after release than its previous LTS counterpart, Java 17.

In the six months after the release of Java 21, 1.4% of applications monitored 350/
by New Relic were using it. To put this into perspective, in the six months o

after Java 17 was introduced, only 0.37% of applications were using it, which
is 287% fewer. of apps are using Java 17

In addition, the adoption rate of Java 17 far exceeded what the developer
world saw when Java 11 was introduced. About a tenth (9%) of applications
were using Java 17 in production in 2023, and now 35% of applications are
using Java 17, representing a nearly 300% growth rate in one year. It took
years for Java 11to reach anywhere near that level.

Less than 2% of applications were using Java non-LTS versions, which
makes sense since they’re usually not used in production.
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The use of Amazon increased to 31% of the market in 2023 (up from 180/
2.2% in 2020 and 22% in 2022), but has dropped to 18% in 2024, which 0
represents a 43% decrease YoY.

are using the Eclipse
The rising star this year is Eclipse Adoptium, adoption of which rose 50% YoY Adoptium JDK
from 12% to 18%. Because Eclipse Adoptium is community-managed, this
JDK tends to be updated more frequently than the Oracle and Amazon JDKs.

Amazon | 31.4%

Azul Systems R 57%
BeliSoft NN 19%
—

Debian N 18%
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The Azul Platform

Java&EBT RS
EENUBRAEE
y

Azul Intelligence Cloud

Actionable intelligence from production
Java runtime data

Boost DevOps Productivity

Eliminate Efficiently Code Use Real-time &
Vulnerability Triage New Analysis & Historical
False Positives  Vulnerabilities Unused Code Analysis
Visibility

Application
Oracle Java " 0 Performance

Replacement A & Latency
Improvement
S Azul Platform Core Azul Platform Prime A,
i & Cloud Cost
(R:iiigzs:c% Includes Azul Zulu, the world’s most OpenJ D K Includes Azul Zing, an enhanced build Optxizatizi

secure and stable build of OpenJDK of OpenJDK for superior performance,

70%+ Savings vs. Oracle Java consistency and efficiency DevO
IlderOte.?ion & 20%+ Reduction in Cloud Costs Prodi\cl:tivFi)tsy b
ndemnitication Efficiency
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Azul Zing Builds of OpenJDK

Zing JVM

Based on OpenJDK

* We start with OpenJDK
as the base

C4 Pauseless ReadyNow
Garbage Warmup
Collector Accelerator

Falcon JIT
Compiler

Other Runtime
Enhancements

» Then we replace key
components with our
optimized versions

Reduced » Taken together, these deliver the
Ff?tetf B o best & most consistent
i consistent : ~ e erformance at the lowest
execution e Faster time to Instrumentation, p )
g e full performance more accurate operating cost of any JVM
(Better latency : profiling on the planet
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How OpenJDK Works

OpenJDK JVM

Class Loading Verification/Linking Initialization

Runtime Data Area

Native Stacks
and Memory

Method Area

Execution Engine

Interpreter HotSpot JIT Compiler Garbage Collectors




How Azul Zing OpenJDK Works

OpenJDK JVM

Class Loading

Verification/Linking

Initialization

Runtime Data Area

Method Area

Native Stacks
and Memory

Execution Engine

!

Falcon Interpreter
replaces Interpreter

Falcon replaces HotSpot
JIT Compiler

ReadyNow

Azul C4 replaces
Garbage Collectors

Optimizations

Lo

Azul Platform Prime

)cal Disk

azul

Local

ReadyNow

Profile
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» Cloud FinOpspiFfiElsS- Azul Optimizer Hub
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Azul Zing R4 A OpenJDK

Zing JVM

HF OpenJDK

« FAILA OpendDK NERLFFE

Falcon JIT ReadyNow BhistTaHEE
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» =IR4ERNO - ReadyNow Orchestrator OnlyZ813E]

Kubernetes Namespace
I Sie B ==
RRB TG E
. N e
RRAEREERE
Application ; JVM Gatewa Cache
JVMs RPC—» 7 Load ~——gRPC y L
Balancer ‘
7 veore, 14GI 7 veore, 26GI
A
OPTIONAL
J & Magement
\{
—HTP(—> Lload | .05 Gateway
Balancer
: 2 vcore, 2 GI
Administrators, —
Tools ﬁ 1 \ 2 J ‘
Blob
Storage
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» ZIRYECNC - Azul Cloud Native ComplierZ213E

e ”é Kubermnetes ————— -
API Kubernetes Namespace
i \
Scali Compile
Opg::gr > Broker B% 2':
1 vcore, 2 Gi 7 veore, 26 Gl R RESRIF
SEPENEE TR iRIE

‘ IHRCPUISEINE

' ‘ SNy Sl=l ]
Apg"vch:tsw" RPC—> load | oo MM ey . kel Cemo. BRI ERIEHE

Balancer 7 vcore, 14 Gi 7 vcore, 26 Gl p:r:;to;t iiu?‘m
A
OPTIONAL
1. X EZRMERIFERK
3 Ncl:“agtement 2. ﬁ?%*@ﬁﬁﬂﬂﬁi%%”
atewa LA — N s
THTIPON et SHTTRE> i 3. HMERAB N SHRiE
i 2 vcore, 2 Gl ;tti;;EE](J }I_k%RT}il—ﬁJ
Administrators, s oS
"Toos ; t:b . 4 SIFRITDHES, HHTHuE
' Storage MEEISIERSERE
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» Optimizer Hub Component

With the default AWS setup ( values-aws.yaml ), the setup is divided into three node types (four if you also want to use the
optional monitoring stack). Each node has a role label used to set the affinity for the nodes. If you set up your cluster on
AWS EKS using the Azul-provided cluster config file, nodes are created with these labels.

The nodes in a Optimizer Hub instance are as follows:

T KL
‘ API Kubernetes Namespace
e Compile Broker - Performs JIT compilations.
e AWS node type: role=opthubserver | T ‘
Scaling Compile
o System Requirements: CPU 8, RAM 32GB, HDD 100GB Operator >t
. . . I 1 veore, 2 Gi 7 veore, 26 Gi
e Cache - Stores information about the JVM that the compiler needs to perform compilations.
* AWS node type: role=opthubcache
[
¢ System Requirements: CPU 8, RAM 32GB, HDD 100GB e
Application S JVM Gateway Cache i
¢ There is one pod per Cache node. To scale up, create more replicas JVMs e ey uRPC¥ >
podp . p. P! : Balancer 7 veore, 14 GI 7 veore, 26 Gi Yot 20 54
LJ ‘ persistent volume
¢ Infrastructure - Provides supporting functionality. ‘s
¢ AWS node type: role=opthubinfra OPTIONAL
¢ System Requirements: CPU 8, RAM 32GB, HDD 100GB. Make sure the disk connection is fast (use SSD) and that the L
storage volume is persistent between runs. —HTTP(s)— B;-Ioad Lirrre] oy
o . . i £0080 2 vcore, 2GI
¢ The pods included in this node are: Administrators, — l
Tools .
e db ;. Blob -
Storage
* gateway
e storage

¢ Infrastructure - Non-Optimizer Hub supporting functionality, such as monitoring.
e AWS node type: role=infra
¢ System Requirements: CPU 8, RAM 32GB, HDD 100GB.
¢ Pods included in this node:
e grafana

e prometheus
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» Install Optimizer Hub - Deployment on Kubernetes

1. Install Azul Zulu Prime Builds of OpenJDK 21.09.1.0 or newer on your client machine.

2. Make sure your Helm versionis v3.8.0 or newer.

3. Add the Azul Helm repository to your Helm environment:

helm repo add opthub-helm https://azulsystems.github.io/opthub-helm-charts/

helm repo update

4. Create a namespace (i.e. my-opthub ) for Optimizer Hub.

kubectl create namespace my-opthub

5.Create the values-override.yaml file in your local directory. r Kubernetes
AP Kubernetes Namespace
6. If you have a custom cluster domain name, specify itin values-override.yaml : T :
Scali Compile
Oper::gr Broker
clusterName: "example.org" U 1 veore, 2 Gi b
7. Configure sizing and autoscaling of the Optimizer Hub components according to the sizing guide. By default, autoscaling is = t .
mi 1 H . Application JVM Gateway Cache Database
on and Optimizer Hub can scale up to 10 Compile Brokers. For example, you could set the following: e RPC—>  Load N LI
= Balancer B onPe 7 7 veore, 26 GI,
veore, 14 Gl | | 7 veore, 26 GI B el et
_\—‘
simpleSizing: OPTIONAL
vCores: 32 l
minVCores: 32 THTPO( Load Ly SHEM
2 vcore, 2 Gl
maxVCores: 106 Administrators, l
Tools
Bob

Storage

26
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» Install Optimizer Hub - Deployment on Kubernetes

8. If needed, configure external access in your cluster. If your JVMs are running within the same cluster as Optimizer Hub, you can

ignore this step. Otherwise, it is necessary to configure an external load balancer in  values-override.yaml .

For clusters running on AWS an example configuration file is available on Azul's GitHub.

9. Install using Helm, passing in the values-override.yaml .

thub opthub-helm/azul ub -n my-opthub -f values-override.yaml

* |n case you need a specific Optimizer Hub version, please use --version 1.9.2 flag. The command should produce
output similar to this:

Kubernetes

NAME : opthub API Kubernetes Namespace
LAST DEPLOYED: Wed Jan 31 12:19:58 2024 T I
NAMESPACE : my-opthub Seaeg. T
STATUS: deployed o 7 voore, 25 Gi
REVISION: 1
TEST SUITE: None r I
Apgl\l;:';lslon RPC—> . ;:3 ge ) ) oo JVM Gateway Cache Ul 7':::)::‘.
10. Verify that all started pods are ready: ik —“ e parsistent vourme
A
OPTIONAL
kubectl get all -n my-opthub !
—HTTP(s)— Load LHTTP(sy> Gateway
Balancer
Admi;\lsua(ors. gt l
ools
Boo
Storage

27
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» Sizing and Scaling your Optimizer Hub Installation

Perform a test run of a single JVM against your Cloud Native Compiler. In Grafana, check the Time to Clear Optimization

Backlog and Compilations in Progress graphs.

Time to Clear Optimization Backlog

¢ |f the maximum TCOB during your application’s warmup is lower than your target, you can scale down the number of vCores
provisioned for the job.

¢ |f the maximum TCOB is higher than your target, check the Compilations in Progress metric in Grafana. This metric shows you
actual compilations in progress versus Cloud Native Compiler capacity. If you are using the full capacity, add more vCores to

the capacity.

You should also check the client JVM logs to see whether the JVM fell back to using local compilation. JVMs switch to local
compilation when Cloud Native Compiler becomes unresponsive or tells the JVM that it cannot handle any new requests. You

can also see the number of local fallbacks in the Grafana dashboard.

28
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» Sizing and Scaling your Optimizer Hub Installation

You should also check the client JVM logs to see whether the JVM fell back to using local compilation. JVMs switch to local

compilation when Cloud Native Compiler becomes unresponsive or tells the JVM that it cannot handle any new requests. You

can also see the number of local fallbacks in the Grafana dashboard.

Client JVMs

75

50

25

0

11:00 11:30 12:00 12:30

== Total connected == Backlogged == |ocal fallback
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» Sizing and Scaling your Optimizer Hub Installation

Configuring Capacity

Depending on your autoscaling settings, there are three variables you will need to set:

simpleSizing:

vCores: 32
minVCores: 32
maxVCores: 106

* vCores - Total number of vCores that will be allocated. This does NOT include resources required by monitoring, if you
enable it. The minimum amount of vCores for provisioning Cloud Native Compiler is 29.

¢ minVCores - The minimum amount of resources that are always allocated when autoscaling is enabled.

* maxVCores -The maximum amount of resources that are allocated when autoscaling is enabled.

Configuring Autoscaling

Autoscaling is enabled by default in the Helm chart. To disable autoscaling, add the following to values-override.yaml :

autoscaler: false

If you use the Azul-provided cluster config file, the pre-defined node groups for the gateway , compile-broker and cache
components already contain instructions to work with Autoscaler. If the Autoscaler Node sees any unused nodes, it deletes
them. If a replication controller, deployment, or replica set tries to start a container and cannot do it due to lack of resources,
the Autoscaler Node knows which service is needed and adds this service to the Kubernetes cluster. For more information, see
https:/kubernetes.io/docs/tasks/run-application/horizontal-pod-autoscale/.

In order to use HPA autoscaling, you need install the Metrics Server component in Kubernetes.

Confidential | Do Not Distribute




> Monitor Optimizer Hub

Grafana Dashboard

You can find a Grafana configuration file cnc_dashboard. json in opthub-install.zip.

Overview

VMs connected VM roundtrip time Server CPU utilization CPU usage by component

Server sizing

compile-broker

L

Client JVMs Time to Clear Optimization Backlog

Compilation Queues VMs / CNC

|
Rliied
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> Troubleshooting Optimizer Hub

3 APMUIRTA 88 SRE / Optimizer Hub dashboard 2 # < B ® OomEsHH v Q@ Q s B

) a
dashboard
DataSource | csprd v Cluster | k8s-prd dard-hz-1 v y-opthub-1 v Quantile | 0.95
v Overview
VMs connected VM roundtrip time Server CPU utilization CPU usage by component
Value
70
= compile-broker [throttling] ~ 4.3 hour
[ | i | 60 compile-broker 2.8 hour
i 1] 50 = gateway 6.6 min
- == cache 1.8 min
40
Server sizing = guw-proxy 3295
AltEE 30 =t = db 1245
5 | = operator 1.7s
- storage 74s
10 /
4 == operator [throttling] 58s
0 —— == storage [throttling] 27s
23:20 23:25 23:30
= cache [throttling] 0s
= VCores used total == VCores requested == VCores provided — -
& Client JVMs 3 Time to start compilation Time to Clear Optimization Backlog
2 O e TS — —
50s 50 \
1.50 |/ I R 408 [ 405 {
1 U Uy H AL
20s | 20s
0500 bl f |
10s . — cod | 10s .e |
0 § 11 0s NN v 0s ke L
23:20 23:25 23:30 23:20 23:25 23:30 23:20 23:25 23:30
== Total connected Backlogged == Local fallback == Maximum across all JVMs Maximum across all CNC == Maximum across JVMs
Compilations in progress Compilation requests incoming Compilation Queues VMs / CNC
160 req/s
600 - — b 3K
140 reg/s
500 A | || . ‘
5 I 120 rea/s . -
400 / \ | 100 req/s |
300 AN || | 1 | 80req/s f
| [ | | 1 60 req/s
200 | - | |
. \ I 40 1eq/s (@)
1
0 20req/s
0 S = 0rea/s L
2320 2325 23:30 23:20 2325 23:30 23:20 2325 23:30
= Compilations == Capacity = Received by gateway == Dropped (compilation limit exceeded) = Dropped (engine not found) = Dropped (vm disconnect) = VM = CNC
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> Troubleshooting Optimizer Hub

compilations:

minVmVersionForCNCCompilation: ""

parallelism:
# Maximum concurrent compilation limit per VM (VMs will not send more than this amount at the same time).
limitPerVm: 500
# Maximum amount of parallel compiler enghne processes running at the same time per compile broker.
limitPerCompileBroker: 30
lookupParallelism: 120 # calculated as limitPerCompileBroker * 4

B ALUMIR-H% /dppae W = [r @ O®EME v Q Q 3sv O
datasource | csprd v B&% | dpp-ae-cluster-gray-jdk-eg v zone | ali_cn-hangzhou-i v 6 | All v scene | All v identity | All v layerName | All v layerld | All v SWE | auto v # | EEHE_BE v RER | Alv
REERX® | Al v
- BRSSHRIE

BUERE * IEFEMRRIIERE O RANRIE )
15 0.200 2505
2s
- 0.150
1.50s
0.100
5 1s
0.0500 500ims
18:00 18:30 19:00 19:30 20:00 2030 g os
18:00 18:30 19:00 19:30 20:00 20:30 18:00 18:30 19:00 19:30 20:00 20:30
min  max v avg  current E i
min  max v avg  current min  max v avg  current
— 5% %
SR~ [ ethot-] o0 745 998 = [#% cthot] 0 0192 00792 0.100 [10.236.102.231:8888] [ ct_hot] 457ms  216s 530ms 492ms
- T o
[Ese (Ehicl) 0983 CRRNOeo 0202 [#5% ct_hot_close_personal] 0 000833 0.0000947 0.00833 [10.236.102.231:8888] [ ct_hot_close_personall 0s 356ms 184ms 29.6ms
O PHARZE BAETH IR 8 G

600 ms 150 ms 150 ms

200MS . — L - 100 ms \ ’ e 2t et e e = 100 ms

——— LN = — = =

- R
200 ms 50 ms = = e e ——— —— 50ms

P e e oy
N |~ rrvT——r——— v 0s PPNV —N Voo nea /i o aren e hae oo I750T
18:00 18:30 19:00 19:30 20:00 20:30 18:00 18:30 19:00 19:30 20:00 20:30
min max avgv  current min max  avgv  current

== {instance="10.236.102.231:8888", scene="ct_hot'} 0s 492ms 367ms 372ms FEX - [15% ct_hot] $4HER (righty) 105ms  121ms  112ms  118ms

= E{E- 1R ct_hot 0s 432ms 365ms 372ms = SXK- (55 ct_hot]l BHE 0s 139ms 112ms 115ms
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> Benefit of Optimizer Hub

88 RAUITHTF /dppae & <

W B ® OoOmEvE v Q@ O 3 Q
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Performance S-curve Chart

Relative performance vs selected targets -100% (%), corresponding to the table configuration above.

I Zino release 8 Falcon 23.12.0.0 vs OpenJDK 8 latest [l Zing release 8 Falcon 23.12.0.0 vs Zing nightly 8 Falcon latest
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Azul Vulnerability Detection
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Monthy
Subscription Sub:‘c:":ﬂon Volane P:::g
Price Strie s
Java SE Universal Products
Java SE Universal Subscription 15.00 Employee for Java SE Universal Subscription 1-999 1,2,3
12.00 Employee for Java SE Universal Subscription 1,000-2,999 1,23
10.50 Employee for Java SE Universal Subscription 3,000-9,999 1,23
8.25 Employee for Java SE Universal Subscription 10,000-19,999 1,2,3
6.75 Employee for Java SE Universal Subscription 20,000-29,999 1,23
5.70 Employee for Java SE Universal Subscription 30,000-39,999 1,23
5.25 Employee for Java SE Universal Subscription 40,000-49,999 1,2,3
Contact for Details 50,000+ 1,23
Oracle JDK and Oracle OpenJDK LTS License Guide
Java Version Releases License
Oracle JDK, releases through September 2026 Oracle No-Fee Terms and Conditions License for All Users
Java 21
Oracle OpenlJDK, releases through January 2024 GPLv2+CPE for All Users
Oracle JDK, all releases Oracle No-Fee Terms and Conditions License for All Users
Six month releases, Java 18 and later
Oracle OpenJDK, all releases GPLv2+CPE for All Users
Oracle JDK, releases through September 2024 Oracle No-Fee Terms and Conditions License for All Users
Java 17
Oracle OpenJDK, releases through January 2022 GPLv2+CPE for All Users
My Oracle Support (Oracle Customers Only) and Oracle Technology
Java 1l Oracle JDK, all releases Network License Agreement for Java SE for Personal, Development
and other Users only.
My Oracle Support (Oracle Customers Only) and Oracle Technology
Java 8 Oracle JDK 8u211, April 2019 and later Network License Agreement for Java SE for Personal, Development
and other Users only.
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® Azul Intelligence Cloud
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© Azul Platform Prime

3. Azul platform KARER BIEMBYFinOps 53
Azul Optimizer Hub = Azul Cloud Native Compiler + ReadyNow Orchestrator
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