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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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About the speaker

e Developer in the Java Mission
Control team

e @klaraward
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Program Agenda

E» Overview of Java Flight Recorder
E» Overview of Java Mission Control
) Creating Recordings

E» Analyzing Recordings
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Production Time Profiling and Diagnostics

“The big challenge is no longer really performance.
The big challenge is profiling, and especially profiling
in production.”

- Tony Printezis, JYM engineer, Twitter
(Devoxx 2015, “Life of a Twitter JVM Engineer”, 49:49)
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“Once more @javamissionctrl is saving my day! " "Java Mission Control is the best

- Michael Nitschinger, SDK Engineer, Couchbase profiler by far.”
- T Jake Luciani, PMC Cassandra

"JMC not only saves time trying to resolve “... Our real-time messaging products can
performance issues and bugs, it can give publish millions of messages a second to
you a detailed view on your application you many thousands of connections - only

cannot get with other commercial profilers" JMC can keep up with this level of load."
- Peter Lawrey, CEO, Chronicle Software - Phil Aston, Product Architect, Push Technology

"For the record: Java Mission Control is the best

profiler ever, | use it daily, and so should you"
- Marcus Lagergren, Lead Architect, Nasdaq
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"I am ACS engineer since 2008, delivering local Middleware support to several
customers. Since | started to work with Java/JRockit Mission Control, it became a
key tool for my work, helping me to troubleshooting, identifying root causes and
bottlenecks, and also for doing proactive follow up services to customers.

Without it, | would be blind."
- Iratxe Etxebarria, Oracle (ACS)

"In Fusion we create hundreds of thousands of Flight Recordings, and we can

figure out 95% of the issues using nothing but the recordings."
- Joe Albowicz, Oracle (Fusion Application Development)
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”Java Mission Control profiler”

What do they mean?

Usually:
* Data from Java Flight Recorder

* Visualized in Java Mission Control
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Java Flight Recorder (JFR) & Java Mission Control (JMC)

Control recordings
start/stop/dump

Java —-XX:StartFlightRecording

JDK/bin/jcmd <pid> <cmd>

JFR

Events

Recording data
myrecording.jf;

java -XX:+FlightRecorder JDK/bin/jmc
or Eclipse plug-ins
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Overview of Java Flight Recorder

Low overhead profiling




Java Flight Recorder

* Event Recorder
* Build into the JVM

* Extremely low overhead

* Can keep it always on and dump when necessary

* Free for development use

— Commercial use still requires a license

* Open source |
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Low overhead

* 1-2 % depending on settings
— Enabled events, thresholds, periods

* Thread local buffers

* Using JVM internal data structures

* Avoids recompiling code or disabling optimizations
* Sampled method and allocation profiling

* Fast timestamps — invariant TSC
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Flight Recorder Inner Workings

When full, is copied into When full, is copied into
Java API Events
-
\/\
Global buffer
—P Event
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Disk chunk
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Thread Buffer
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Global buffer
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Method sampling

» Sampling profiler
— Periodic samples

— Not sampling all threads every time

— Does not require threads to be at safepoints™

* (Flags currently needed to give more accurate non-safepoint data)
—-XX:+UnlockDiagnosticVMOptions -XX:+DebugNonSafepoints

* Not sampling threads in native
— Will do in coming releases

* *More on safepoints - http://psy-lob-saw.blogspot.co.uk/2016/02/why-most-sampling-java-profilers-are.html
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Lead Performance Engineer, Azul Systems
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Method sampling
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Allocation profiling

* Sampling profiler

 "TLAB” - Thread Local Allocation Buffer

— Creates an event for each new TLAB
— Creates an event for each object outside a TLAB
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Allocation profiling

"Apple 150 g, total 2 kg” ”Banana 100 g, total 3 kg” “Apple 5 kg”
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“Flight Recorder”

v Profiler

v’ Logger
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JFR Recording Types

JFR
Started on File
demand T
End

Time fixed recording

ey

I Centinuous recording

lDump
Often started
on JVM start JER

File

S, Javar
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Data Collected by JFR

Method
Samples
o 0 Allocations

Java Events

. g
Collections
JVM Events
VM
<>
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RebellLabs Developer Productivity Report 2015,
Java Performance Survey

What are th
typical roo
you most often

expeﬂence’T

Figure 1.16
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Java Flight Recorder in Java 9

* New supported APlIs
— Create your own events
— Create and read recordings
— Google ”jdk.jfr api” for documentation

* Performance enhancements

* Improved ability to emit data in bad situations
— Can dump on crashes and OOM

* More event types

S Javar

ORACLE’
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Java Flight Recorder in Java 9
New API for custom events

import jdk.jfr.Event;
import jdk.jfr.Label;

public class Hello {

@Label("Hello World")

static class HelloWorldEvent extends Event {
@Label("Message")
String message;

¥

public static void main(String... args) {
HelloWorldEvent event = new HelloWorldEvent();
event.message = "Hello World event message!”;
event.commit();

S Javer

<  ORACLE

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |

27



Java Flight Recorder in Java 9
New API for starting recordings

import jdk.jfr.Recording;
public class Record {

public static void main(String... args) {
Recording recording = new Recording();
recording.enable(HelloWorldEvent.class);
recording.start();
// Do stuff and commit events
recording.stop();
recording.dump(path);

S Javar
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Java Flight Recorder in Java 9
New API for starting recordings

import jdk.jfr.consumer.RecordedEvent;
import jdk.jfr.consumer.RecordingFile;

public class ParseRecording {

public static void main(String... args) {
RecordingFile.readAllEvents(Path.get(args[0])).stream()
.filter((RecordedEvent e) ->
e.getEventType().getName().equals("HelloWorldEvent"))
.map(e -> e.getValue("message")
.forEach(System.out: :println);

¥

S Javar
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Overview of Java Mission Control

The graphical client




Java Mission Control

* A tool suite for monitoring JVM behavior
— JMX Console

* Real time monitoring

— Flight Recorder Ul

* Visualization of Flight Recorder data
* Completely reworked in IMC 6

— Automatic Recording Analysis

* Detects potential problems and provides recommendations on
how to solve them

— Supports Flight Recordings from JDK 7, 8 and 9
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JMC Installation and Startup

 Bundled with JDK

Windows/Linux: <JDK>/bin/jmc
Mac: (/usr/bin/) Tmc

* Eclipse plugins

— Install from update site
http://oracle.com/missioncontrol, Eclipse Update Site

(=] & o]

»s » jdk1.7.0.40_b40 » bin -
e e ——

v ” Search bin ,o]

v Share with » New folder

=~ 0 @

- %

Name Date modified
=7 ymap.exe 2UL3-U8-10 12:2U
B jmc.exe 2013-08-16 12:20
B oo i: WA B :
= Jmcin File description: Java Mission Control 06-2005:26
@7 jps.exe | Company: Oracle Corporation -08-16 12:20
B jrunscript. File version: 5.2.0.0 -08-16 12:20
3 Date created: 2013-08-20 10:53
®7 jsadebugd jye- 318 KB -08-16 12:20
@7 jstack.exe 2013-08-16 12:20
® 7 jstat.exe 2013-08-16 12:20
=] jstatd.exe 2013-08-16 12:20

-,

" ‘Mc‘w-\m:wzo J
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Creating Recordings
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Enable Flight Recorder in the Java VM

e Start the JVM that you want to record from

—XX:+UnlockCommercialFeatures
-XX:+FlightRecorder
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Enable Flight Recorder in the Java VM

e Start the JVM that you want to record from

e Java 8u40 and later: Enable at runtime if needed

— Using Java Mission Control
— Using jemd
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Enable Flight Recorder in the Java VM

e Start the JVM that you want to record from

—XX:+UnlockCommercialFeatures

* Java 9 and later

Copyright © 2018, Oracle and/or its affiliates. All rights reserved.
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Enable Flight Recorder in the Java VM

e Start the JVM that you want to record from

* Future version of Java
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Creating Recordings Using Mission Control

* Easy and intuitive

1. Find a JVM to record from in the JVM Browser
2. Double click the Flight Recorder node under the JVM

3. Follow the wizard

=
C:ﬁc

-
[ Start Flight Recording

File

@ﬁ!

h v F T T

Start Flight Recording
Edit recording settings and then click Finish to start the flight recording.

Mame: My Recording
@ Time fixed recording

Recording time: 1 min
() Continuous recording

Maximum size:

Maximum age:

Destination File: Chtmp'\flight_recording_901The/VMRunningMissionControl_1.jfr

Event settings: Profiling - on server

w7 ] ’Templ.ate Manager

Description:
Low overhead configuration for profiling, typically around 2 % overhead.

Note: Time fixed recordings will be automatically dumped and opened.

® < Back

MNext =

| [ Finish ][ cance |

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |

38




Creating Recordings in other ways

-XX:StartFlightRecording

Startup [s £ JFR
flags ; Java API

jcmd <pid> JFR.start
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Analyzing Recordings
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What the data can tell you

* Investigate bad behavior

* Find performance bottlenecks

* Some things are always bad
* CPU?

— Batch job or real time trading

Copyright © 2018, Oracle and/or its affiliates. All rights reserved.
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Analyzing Flight Recordings in JMC

* Data shown on pages
with different themes

Memory

Locks

Method profiling
— etc.

ORACLE’

ﬂ Oracle Java Mission Contral

File Edit Mavigate ‘Window Help
[ UM Browser 8% Outline = 8
e ¥

m Automated Analysis Results
4 E Java &pplication
’-’5 Memarny
& Lock Instances
& File O
o Socket /O
Q) Methad Profiling
Ja Exceptions
& Thread Dumps
a &8 WM Internals
% Garbage Collections
= GC Configuration
» @, Compilations
& Class Loading
&8 WM Operations
¥4 TLAB Allocations
4 (3 Environment
E‘@ Processes
Environment Wariables
<@> Jystem Properties
[ Recording
Ta' Event Browser

@ jun_flightRecording518_i2582,jfr &3

& Java Application

===
=)

o 2| EE

[<Nn Selection s v] Aspect: [<Nn Selection > v] [7] Showr concurrent: Contained Same threads Time Range:
Thread Pmﬁ\in‘g Samples Total /0 Tirme  Total Blocked Tire  Class Loa
5@ DmsThread-1 663
»@ [ACTIVE] ExecuteThread: '21' for queue: 'weblogic.kernel.Default (self-tuning)’ 114 30415
2 [ACTIVE] ExecuteThread: '14' for queue: 'weblogic.kernel.Default (self-tuning)’' 113 40245
2 [ACTIVE] ExecuteThread: ‘18" for queue: ‘weblogic.kernel.Default (self-tuning) 107 9.816 5
2 [ACTIVE] ExecuteThread: '4' for queue: 'weblogic.kernel.Default (self-tuning)' 100 226,425 ms
@ [ACTIVE] ExecuteThread: '5' for queue: 'weblogic.kernel.Default [self-tuning)' 94 3.931s |
«‘AI'”""—“ - PR e e e o PR, .
1 O Halts
CPU Usage o Meemadd ol b hmnebin ne | it b L1 comrteagian, L | B I Mschine Total
e W vha + Application
Heap Usage W Used Heap
E [ Profiling

501 |_| [ Totl Allocation

Profling Ey =TT — T 1 ’_ . Wl Throwables
12 =20 EY E Thread Activity

Allncation 1

107
Throwables ]
T1NT207 1:20:00 AM 1:22:00 AM 1:24:00 AM 1:26:00 AM 1:28:00 AM

= Stack Trace

KAK | =|@» =0

Stack Trace

T, void java lang.Objectuvait(lang)

R woid java lang.Objectavait)

[ Properties 3% as Results = 0
v

Field Walue

<0 Bvent Type Too many values..,

(L) Start Tirne 11/12/2017 - 11/17/2

@Duratmn 0s-4d19h

®End Tirne 11/17,/2017, 1:19:38 2

2 Thread Too many values.,

422,141 events
] m G

f\vmd weblogicwork,EzecuteThread.waitForRequest(
T woid weblogicwork. ExecuteThread.rung)

Count
202449
93581
92515
92515
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Automated Analysis of Recordings

* Recordings contain lots
of data

* JMC rules attempt to:

— Highlight relevant
information

— Explain detected problems
and how to solve them

* Can be run from POJO
using unsupported API

4 Automated Analysis Results L Nell )=
#Java Application
High JVM CPU Load 5
I Method Profiling +
“4 Memory
D Allocated Classes

The most allocated class is likely 'Java.util_ LinkedListENode’.

Frequently allocated classes are likely good places to start when trying to reduce garbaae collections. Look at the aggregated
stack traces for the class (or classes) being allocated the most to see if many instances are created along the same call path. Try
to reduce the number of instances created by invoking the most commonly taken paths less.

@ JVM Internals

5D | DebugNon Safepoints +
Stackdepth Setting +

¢ Environment

L2 Processes

[ | Competing Processes +
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JFR and JMC Demo
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Resources

* Home page
— http://oracle.com/missioncontrol (Click Discussion to find the forum)
— https://docs.oracle.com/javase/9/troubleshoot/toc.htm

* Twitter
— @javamissionctrl
— @hirt
* Blog
— http://hirt.se/blog/

S Javar
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Open source

* Open sourcing
—Java Flight Recorder
—Miission Control

* Free for development now

0°C AN-DN-AgQ DD J9pun pasuadl| si Aluanag Aq AjJi91ang
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Safe Harbor Statement

The preceding is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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