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About me

| Developer in theracle Javission Controteam
In Stockholm, Sweden

I Sometimes tweets ®araward

Celebrating Java 20 Years at JFokus
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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
iInformation 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 upo
In making purchasmg decisions. The development, release, and timing of any features
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Agenda

Overview of Java Mission Control

B
2 Overview of Java Flight Recorder
E» Demo

B

Customization, Future, Links

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



MaurizioCimadamoreOracle (JavhangTools AllanThraneAndersen,Trygg

d managed to do in one day what I've fail@dMC is my main tool for getting insight i
to do in 2+ weeks using <profiling tool> atite rhythm of a JVM and the running
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RebelLabs Developer Productivity Report 2015,
Java Performance Survey

Which tools do you use for application profiling? Figure 1.12

46.5% 20.6%
JProfiler

13.9%

Don't know

17.1% 15.0%

NetBeans profiler
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What do they mean?
Probably:
| Data from Java Flight Recorder
I Visualized in Java Mission Control
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Java Flight Recorder (JFR) & Java Mission Control (JMC)

Brief overview

Control recordings
start/stop/dump

< java - XX:StartFlightRecording

L ow € JDK/bin/jcmd <pid> <cmd>
JFR | overhead

Events JFR 1
Engine

Recording data
myrecording.jfr

R

java - XX:+FlightRecorder JDK/bin/jmc
or Eclipse plugns

S Javar
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Overview of Java Mission Control

The graphical client




Java Mission Control Overview

AA tools suite foproductionuse (fine in development too)
I Basic monitoring
I Production timeprofiling and diagnostics

AFree for development and evaluation
I Tool usage is free, data creation in production
requires a commercial license
tiny.cc/javalicense
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http://tiny.cc/javalicense

History of Mission Control

AJRockiFlight Recorder
AAppealJRockit-> BEA Systems Oracle<- Sun
ABest JRockit features HotSpot JVM

AJFR and JMC released with 7u88ptember 2013
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Java Mission Control Main Tools

Two main tools:

AIMX Console
I Online monitoring

AFlightRecorder

I Offlinelow overhead profiler
| Control and visualization in IMC

AJRockiMission Control also had tidemory LeakAnalyzer
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ExperimentaPlugins

Downloadable from within Mission Control

ADTrace
I JFR style visualization of data producedidyace

AJOverflow
I Memory anttpattern analysis fronmprof dumps

AIMX Console plugs

AJava Flight Recorder phirgs
I WLS
I JavaFX
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JMC installation/startup
<JDK>/bin/ |jmc

I Mac:(/ usr /bin/) jmc
Add if needed:
i consoleLog 1debug (| more 2>&1)
AEclipse plugns
I Install from update site on OTN:

»s » jdk1.7.0 40_b40 » bin

~ [ 49 |[ searcnbin_ P}

v

Share with ¥ New folder =~ 0 ®

‘M-M\ lezo {

Name

” Y

Date modified

=7 ymap.exe 2U13-US-10 12:2U
B jmcee 2013-08-16 12:20
& jmeini fo description: Java Mission Control | 00200616
=7 jps.exe Company: Oracle Corporation -08-16 12:20
[.3 erHSCfipt- File version: 5.2.0.0 -08-16 12:20
S Date created: 2013-08-20 10:53
@7 jsadebugd Size: 318 KB -08-16 12:20
®7 jstack.exe -08-16 12:20
7 jstat.exe 2013-08-16 12:20
=7 jstatd.exe 2013-08-16 12:20

http://oracle.com/missioncontrol Eclipse Update Site

A Experimental plugns: Install from within the JMC app, or from
hitps://oracle.com/missioncontrglEclipse Experimental Update Site

$ Java

= Copyright ©2016, Oracle and/or its affiliates. All rights reserved.
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http://oracle.com/missioncontrol
https://oracle.com/missioncontrol

Overview of Java Flight Recorder
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Flight Recorder

101
AHigh Performance Event Recorder

ABuilt into the JVM
I Already available runtime information
faSkadzaNAy3I 0KS NBI
optimizations
ABinary recordings
I Self contained self describing chunks

AVery detailed information

AExtremely low overhead (-2%)
I Can keep it always on, dump when necessary
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Java Flight Recorder (JFR) & Java Mission Control (JMC)

Brief overview

JFR JMX]
Java API
Events JFR Javal
API

NAVA\Y/
Events

R

java - XX:+FlightRecorder

Control recordings
start/stop/dump

java - XX:StartFlightRecording

JDK/bin/jcmd <pid> <cmd>

Recording data
myrecording.jfr

JDK/bin/jmc
or Eclipse plugns
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Data collected by JFR

AJava application behavior
I Threads/Locks
1 1/0
I Exceptions

AJVM behavior (indirect Java application behavior)
I Garbage collection, allocation
I JIT Compiler
Implemented by the different subsystem teams
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Method sampling

ASampling profiler

I Not displaying every single call to your method
AThis is partly why we get the low overhead
ADetects hot methods

I Does not require threads to be aafepoints

A(Flags currently needeid give more accurate nesafepointdata)
- XX:+UnlockDiagnosticVMOptions - XX:+DebugNonSafepoints

(will be default in coming releases)
ANot sampling threads in native

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



RebelLabs Developer Productivity Report 2015,

Java Performance Survey

What are the
typical root causes
you most often
expeﬂence’I

Figure 1.16

44% Don't know

. Excessive disk IO
38.6%

Too many database o
queries ® o

Inefficient application code
Excessive network 10 = 12.9% . .

v j *pooling thresnolds/  7.6% HTTP session bloat
Excessive memory churn [10.6%
Z. REBELLABS Y

request throttling

Slow/unreliable
third party entities £0%

54.8%

Slow database queries




RebelLabs Developer Productivity Report 2015,
Java Performance Surve

What are the

typical root causes

you most often 17% Other

expeﬂence’I

Figure 1.16 44% Don't know
2.0%

54.8%

third party entities 13.3% Excessive disk IO
Slow database queries

38.6%
Toomary dabase 51.5%

Inefficient application code

Excessive network [0 12.9% . .

. : *pooling thresholds/ 76% HTTP session bloat
L REBELL ABS Excessive memory churn | 10.6% Feues: throtting
by ZEROTURMAROUMN D




Different Kinds of Events

Alnstant Event- Exception

ADurationEventc Thread.sleep
I Configurablaghreshold

ARequestable EvemtMethod profiling sample
I Polled from separate thread
I Configurableeriod

APeriod and threshold settings impact the performance overhead
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Event settings

APredefined settings
I WR S Td-ddgigriedto get max information within <= 1 % overhead
I W LINE: ®verf n®@ information, ~2 % overhead

I Enabling of event types, configuring periods and thresholds
i jre /ib/ jfr [*jfc

ADesign your own from the Mission Control GUI

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Different Kinds of Recordings

AContinuous Recordings

I Have no end time

I Must be explicitly dumped

I Example use case: Enable at startup, dump the last X minutes naselied
ACAYS CAESR wSO2NRAYy3IA OWLINRTFALAY

I Have a fixed time

I If started from Java Mission Control, opened automatically in the GUI

I Example use case: Performance testing under load, do a 1 mewdeding

AResulting®@2 FNJ FA{S |faz2z OFftfSR awSO;
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Creating recordings

More than one way

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.
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Preparations

AStart the JVM from which to get recordings with:

- XX:+UnlockCommercialFeatures
- XX:+FlightRecorder

Aln 8u40 and later, possible to enable at runtime if needed
I Using JMC or jcmd
Tah-¥SYlI yRE

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Creating Recordings Using Mission Control

1. Find a JVM to do a recording on in the JVM Browser
2. Double click the Flight Recorder node under the JVM
3. Follow the wizard

E Commercial Features Mot Unlocked u

Commercial Features must be unlocked to start a Flight Recording. Do you want to
unlock Corm,3ercial Features in the VM now?

If you don't want to see this dialeg in the future, you can unlock the Commercial

NEW: No need for the JVM flags
. Features by adding -XX:+UnlockCommercialFeatures -X3:+FlightRecorder to the
automatic enablement from JMC|  commanaiine. - g

Commercial Features are covered by the Binary Code License.

Read about the Binary Code License

Yes | ’ Mo

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Creating Recordings Using Startup Flags

- XX:+UnlockCommercialFeatures - XX:+FlightRecorder

Time fixed

- XX:StartFlightRecording= delay=20s,duration=60s,
filename=C: \ tmp\ myrecording.jfr,settings=profile,name= Javaland
Continuous w/ dumponexit

- XX:StartFlightRecording=settings=default
- XX:FlightRecorderOptions=dumponexit=true,
dumponexitpath=C: \ tmp\ myrecordings

(Needed before 8u20: XX:FlightRecorderOptions=defaultrecording=true

M SS R20dzyYSy il dAz2y F2N W@ 2 LI
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Creating Recordings Using JCMD

Useful for controlling JFR from the command line

Usagejcmd <pid> <command>

A Starting a recording:
jcmd 7060 JFR.start name=MyRecording settings=profile
delay=20s duration=2m filename=c: \ tmp\ myrecording.jfr

Dumping a recording:
jcmd 7060 JFR.dump name=MyRecording
filename=C: \ tmp\ dump.jfr

A Unlocking commercial features (if JVM not started with the flag):

jcmd 7060 VM.unlock _commercial_features

52y Qi T2 MBdpid>ihédp  Nib see what else jcmd can do

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Creating Recordings Using JMX Console triggers

When realtime monitoring your application

A

A
A
A

Start JIMC

Connect a JMX Console to your
application

Configure and enable rules on th
Triggers tab

Recording will be started or dump
when the trigger occurs

Rule Details

Condition | Action | Constraints

<i» Application alert

E Console cutput

%y HPROF Dump

@Inuuka Diagnestic Command

E Log to file

1 Send e-mail

n;- Start Continuous Flight Recording
F‘ Start Time Limited Flight Recording
ﬂTwittar - Direct Message
ﬂTwittar - Update Status

Dump Flight Recording

This action will dump flight recorder data to a local file and then attempt to
open it. This action only works when connected to JODK Tu4 or later JVMs and

when at least one recording iz active.
File: /Mission ControlfautomaticallyTriggeredRecording.jfr a Browse...

Time:  a0s

" | Open automatically

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Remote production systems

No GUI, security restrictions

A Remote access |
i either using Dcom.sun.management.jmxremote X3 O2yySOU gA U
I or start recording from local commandline usiognd , transfer JFR to workstation

A Enabling JFR

[ atstartup

A some very small initiation overhead at startup, threads allocate small amount of
extra memory

I dynamically

A 0% overhead at startup, initiation overhead happens at time of enabling, might
cause some classes to be deoptimized etc.

A If you want to avoid restart

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



Analyzing recordings

Using the graphical client




How to think about the information shown
When analyzing Flight Recordings

AOnly you know what your application is supposed to be doing
| Batch job, or real time trading?
I Do you want the CPU usage to be high or low?
I If you have a theory about what is wrong, you can find out why

Copyright ©2016, Oracle and/or its affiliates. All rights reserved.



How to think about the information shown

Common pitfalls

ACPU load

I Low loadc method sampling not very interesting
I Full loadg latencies not very interesting/likely

©PU Usage

AEventthresholds
I Keeping performance up but still detecting outlie
I Is the thread running normally during 30%?
I Hint: Default threshold is 10 ms.

il
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