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This document describes a series of hands on exercises designed to familiarize you with
some of the key concepts in Java Mission Control. The material covers several hours’
worth of exercises, so some of the exercises have been marked as bonus exercises. The
bonus exercises can be skipped in the interest of seeing as many different parts of
Mission Control as possible. You can always go back and attempt them when you have
completed the standard exercises.
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Introduction

Oracle Java Mission Control is a suite of tools for monitoring, profiling and diagnosing
applications running in production on the HotSpot JVM. There is also a sibling product
named JRockit Mission Control for the JRockit JVM.

Java Mission Control mainly consists of two tools at the time of writing:
e The JMX Console —a JVM and application monitoring solution based on JIMX.
e The Java Flight Recorder — a very low overhead profiling and diagnostics tool.

There are also plug-ins available that extend the functionality of Java Mission Control to,
for example, perform heap waste analysis on heap dumps.

This tutorial will focus on the Java Flight Recorder part of Java Mission Control, with
bonus exercises for the heap dump analysis tool (JOverflow) and the JMX Console
towards the end.

Java Mission Control can be run both as a stand-alone application and inside of Eclipse.
This tutorial can be used with either way of running Mission Control.

In this document, paths and command prompt commands will be displayed using a bold
fixed font. For example:

C:\Tutorial\

Graphics user interface strings will be shown as a non-serif font, and menu alternatives
will be shown using | as a delimiter to separate sub-menus. For example:

File | Open File..



Installing Mission Control

If you have downloaded the full tutorial for windows, and unpacked it to
C:\Tutorial, you already have everything that is required for this tutorial and can
skip this section. If you are on a different platform, you will need to install Mission
Control, and optionally Eclipse Oxygen.

The easiest way of installing Java Mission Control is to download and install the latest
Oracle Java SE JDK (Java Development Kit). You will need the latest Oracle JDK even
if you want to run this Tutorial from within Eclipse.

Here is how to get the latest JDK:

1. Gotohttp://java.oracle.com.

2. Click on Java SE under Top Downloads.

3. Download the latest Java SE JDK for your platform. At the time of the writing of
this tutorial, the latest Oracle JDK is 9.

4. Also download the latest Oracle JDK 8.

With the JDK, you now have everything you need to do this Tutorial. That said, the
collateral for this tutorial is provided as a set of Eclipse projects. It is not necessary to
access them through Eclipse, but it may make playing around with the examples a bit
easier.

Note: For some versions of JMC the installation of experimental plug-ins will work
better if you install the JDK somewhere where you have write permission, e.g. not under
Program Files on Windows.

Installing JMC in Eclipse (Optional)

This section describes how to prepare for running this tutorial from within Eclipse. This
optional part is a bit more demanding than just running the stand-alone version of JMC,
but will on the other hand make it easier to experiment with the material later on.

Here is how to get the latest Eclipse:

Gotohttp://eclipse.orgq.

Click on Download.

Download the Eclipse IDE for Eclipse Committers for your platform.
To install simply unpack the Eclipse zip where you want it.

Run Eclipse by running the executable in the root of the unpacked zip.

agbrwnE

At the time of writing this tutorial, Eclipse Oxygen (4.7.0) was available. Eclipse Oxygen
does not run well on JDK 9. Next step will be to make sure that Eclipse uses your JDK 8.


http://java.oracle.com/
http://eclipse.org/

1. Findthe eclipse.ini file.
a. On Windows it will be next to your eclipse launcher.
b. On Mac OS X you will need to show the files for the Eclipse.app (Show
Package Contents). The file is under Contents/Eclipse.
2. Editthe eclipse.ini file to add your JDK 8 as the JDK to use for launching
Eclipse. Add a -vm argument before the -vmargs argument. Remember that the
arguments must be on their own line. For example:

-vm

/Library/Java/JavaVirtualMachines/jdk1.8.0 131.jdk/Contents
/Home/bin/java

-vmargs

-Xms512m

-Xmx2048m

-XX:+UseG1GC

-XX:MaxGCPauseMillis=200

-XX:+UnlockCommercialFeatures

-XX:+FlightRecorder

3. Remember to restart Eclipse after updating your eclipse.ini file.

Next you need to install the JMC Eclipse plug-ins. First you may need to set up the proxy
settings in Eclipse (if you have direct access to the internet, you can skip this step):

1. Start Eclipse, if not already running.

2. Go to the preferences dialog (Window | Preferences on Windows, Eclipse |
Preferences on Mac)

3. Type proxy in the filter box to quickly find the settings.

£ Preferences 5] S|

prowy Network Connections =4 - v

4 General
Network Connections | Active Provider:

Proxy entries

Sche... Host Port Provi.. Auth User
[ HTTP Man.. No
Clear

] HTTPS Man.. No
[C] SOCKs Man.. No
HTTP  Dynamic Dyna.. Native MNo

‘ m v

Proxy bypass

Host Provider Add Host...
[ localhost Manual -~
[ 127001 Manual
-
IRastora Defau\ts] { Apply J
®




4. Change the settings to match what you need for your current network.

Next install the Java Mission Control plug-ins:

1.
2.
3.
4.

Gotohttps://www.oracle.com/missioncontrol.
Click on Eclipse Update Site.

Click on Use Update Site under Download and Install.
Follow the instructions.

To access the extension and/or experimental plug-ins (such as JOverflow), follow nearly
the same procedure as when installing the core plug-ins:

1.
2.

3.
4.

Goto https://www.oracle.com/missioncontrol.

Click on Eclipse JMC Extension Plug-ins (the second last bullet under the
Overview section) and/or Eclipse JMC Experimental Plug-ins.

Click on Use Update Site under Download and Install.

Follow the instructions. Remember to install the WebLogic Tab Pack, JOverflow,
and the Java FX plug-in if you want to do the corresponding parts of the tutorial.

Finally, you need to import the projects from the unpacked tutorial zip:

N

From within Eclipse, select File | Import...

In the Import dialog, select General/Existing Projects into Workspace.

Click the Browse button to select the root folder, and browse to the root folder for
the unpacked tutorial zip.

Select all projects and hit Finish.

You should now be all set for running this tutorial from within Eclipse.


https://www.oracle.com/missioncontrol
https://www.oracle.com/missioncontrol

Starting Java Mission Control

There are two separate ways of running Java Mission Control available: as a stand-alone
application or from within Eclipse.

This exercise familiarizes you with the layout of the exercise collateral on disk, and
shows you how to start both the stand alone and the Eclipse plug-in versions of Java
Mission Control.

Exercise 1.a — Starting the Stand-Alone Version of JMC

Go to the %JDK9 _HOMES%\bin directory (C: \Tutorial\jdk9 181\bin, if using
the full Windows tutorial) and double click the jme executable. A splash screen should
show, and after a little while you should be looking at something like this:

[ Oracle Java Mission Control

- o x
File Edit MNavigate Window Help
‘& | [ Welcome 52 fir = &
ORACLE Welcome to Oracle Java Mission Control
WA
What is Oracle Java Mission Control?
Oracle Java Mission Contral is a tool suite for managing, monitoring, profiing, and ing your Java applications. When first installed, Java Mission Control consists of the JMX Cansole and the Java Flight
Recorder. More plug-ins can easily be installed from within Mission Control
The JMX Console as The Java Flight Recorder + = And plug-ins...
Monitor and manage your Java application and the Record the behavior of the JVM at runtime and analyzs the recording offine using the  Download and install various differant spacialized plug-ins to extend
JVM at runtime. Java Flight Recorder tool the functionality of Mission Control
JMX Console Guided Tour Flight Recorder Guided Tour Plug-ins Examples
JMX Console Help @ Flight Recorder Help (7) Plug-ins Help ()

‘a " Click here to start using Oracle Java Mission Control

71

The welcome screen provides guidance and documentation for the different tools in Java
Mission Control. Since you have this tutorial, you can safely close the welcome screen.

ﬂ Oracle Java Missicn Control
File Edit Mavigate Winalw Help
L -

& [O] Welcome %5

ORACLE




Closing the welcome screen will show the basic Java Mission Control environment. The
view (window) to the left is the JVM Browser. It will normally contain the automatically
discovered JVMs, such as locally running JVMs and JVMs discovered on the network.

[ Oracle Java Mission Contral - O X
File Edit Mavigste Window Help
[ VM Browser | B= Outiine &= i (0 = O

B 18] The VM Running Mission Control = 8

Property Value
= Stack Trace |=|o» ~=18

Stack Trace Count

To the bottom left is the Properties view, showing properties for anything selected in the
editor.

Behind the Properties view is the Results view, which shows the results from the
automated analysis relevant to the currently opened page in the editor.

Below the editor area is the Stack Trace view, which shows the aggregates stack traces
for anything selected in the editor.

To launch the different tools, simply select a JVM in the JVM Browser and then select
the appropriate tool from the context menu. For example, the Management Console can
be started on a JVM by selecting the JVM in question in the JVM Browser and selecting
Start JIMX Console from the context menu.

In the JVM Browser, the JVM running Mission Control will be shown as The JVM
Running Mission Control.

If you will be running the tutorial from within Eclipse, please shut down the stand-alone
version of Java Mission Control.



Exercise 1.b — Starting JMC in Eclipse

First start Eclipse (run the C: \Tutorial\startEclipse.bat script, if using the
full Windows tutorial). You should now be presented with the Java perspective, looking
somewhat like below:

£ workspace - Eclipse - m] x
File Edit Source Refactor Navigate Search Project Run Window Help

7 @B AW ES G o =] B (@] B
f# Package Explarer 12 =B = 8 % Outfine =g

== ‘ - An outling is not available.

(=4 02_JFR_HotMethods

24 03_JFR_Latencies

= M4_JFR_GC

&2 05_JFR_WLS

122 06_JFR_JavaFX

12 07_JFR_Exceptions

=2 08_JFR_CustomEvents

=2 09_JFR_SmurfberryBxchange
22 10_Console LoadAndDeadlock
=2 11_DTrace

& 12_0verflow

24 13_Memleak_Leak

(=2 14_Memleak_Online

= 99_Bample_JFR_Recordings
& Logs

&3 Recordings

[50 Problems 52 3 B
0 items

Description Resource Path Location Type

To the left the projects for the different exercises can be seen. In Eclipse a configuration
of views is called a perspective. There is a special perspective optimized for working
with JMC, called the Java Mission Control perspective. To open the Java Mission
Control Perspective, click the Mission Control perspective in the upper right corner of
Eclipse.

— | X

]| | & P e
=8

In this tutorial, you will be constantly switching between the Java perspective, to look at
code and to open flight recordings, and the Mission Control perspective, to access the
JVM browser and optimize the window layout for looking at flight recordings.
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As can be seen from the picture below, the JVM running Eclipse (and thus Java Mission
Control) will be named The JVM Running Mission Control, just like in the stand-alone
version of Java Mission Control.

2 workspace - Eclipse
File Edit Mavigate Search Project Run  Window Help
N mi X Ral " HRET=N SRR iR M
B4 VM Browser | B= Outline =8
"’ﬁ [1.2.0_.131] The WM Running Mission Control

A

Launching the tools work exactly the same as in the stand-alone version. Either use the
context menu of the JVM that you wish to launch the tool on, or click the Mission
Control button on the toolbar to launch a Wizard.

& workspace - Eclipse \
File Edit Mavigate Search Mw Help

TaRREN R R iy S AR R R SRR

B )vM Browser | B= Qutline == 8

b% [1.8.0_131] The WM Running Missinn Cantral
Start IMX Conscle

2% Start Flight Recording...
2 Control the Rernote JMX Agént

Properties Alt+Enter
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. o . . )
The Java perspective is the perspective with a little J on the icon (33 lava)

— | .

(Quckhcees) | 891804 B

B= Outline 22 e - — O

An outline is not available.

Go back to the Java perspective, so that you can see the projects in the Package Explorer
view again.
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The Java Flight Recorder

The Java Flight Recorder (JFR) is the main profiling and diagnostics tool in Java Mission
Control. Think of it as analogous to the “black box™ used in aircraft (FDR, or Flight Data
Recorder), but for the JVM. The recorder part is built into the HotSpot JVM and gathers
data about both the HotSpot runtime and the application running in the HotSpot JVM.
The recorder can both be run in a continuous fashion, like the “black box™ of an airplane,
as well as for a predefined period of time. For more information about recordings and
ways of creating them, see http://hirt.se/blog/?p=370.

Exercise 2.a — Starting a JFR Recording

There are various ways to start a flight recording. For this exercise, we will use the Flight
Recording Wizard built into Java Mission Control.

First switch to the Java perspective. Note that there is an empty project named
Recordings. Next start the LoadAndDeadlock program by selecting it from the drop-

down menu next to the run icon (O ™) as show below.

S workspace - Eclipse
File Edit Source Refactor Mavigate Search Project Run  Window Help
A @ N HF -0 Q- Qi H G IEIO A Y G E e
= [0 1LloadAndDeadlock
2 LoadAndDeadlock Auto Record
3 HotMethods
4 HotMetheds Auto Record

[% Package Explorer 2 ==

v [2% 02_JFR_HotMethods
(8 src
B\ JRE System Library [jdk1.8.0_131]
(= Launchers
@8 hotmethods_before jfr
a8 hotmethods_fixed.jfr

5 Latencies

6 Latencies Auto Record

=| Readmetdt T Allocater
[ 03_JFR_Latencies 8 Allocator Aute Record
e 04JFR_GC 9 GUIMark

1= 05_JFR_WLS

=2 D6_IFR_JavaFx

b‘l 07_JFR_Exceptions

b" 08_JFR_CustomEvents

b‘l 09_JFR_SmurfberryExchange
b" 10_Console_LoadAndDeadlock
b‘l 11_DTrace

= 12_J0verflow

=2 13_Memleak_Leak

(=% 14_Memleak_Online

= 99_Example_IFR_Recordings
= Logs

= Recordings Organize Favorites...

GUIMark Auto Record
ExceptionThrower

SmurfBerryExchange (command ling)
SmurfBerryExchange

LoadAndDeadlock Dump on Exit
LoadAndDeadlock Dynamic Enablement
AddressBook

AHEHEHH0HEEHEEEEEE HE

Run As 3

Run Configurations...

P W TP Vo SV Ty e W Ve
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http://hirt.se/blog/?p=370

Note: There are “Auto Record” versions of most launchers, which will launch the
application and automatically create a recording in the C:\Tutorial root folder. This is
since, in certain environments (slow machines running a virtualized Windows for
example), the highly loaded JVM that JMC is trying to communicate with will take so
long to getting around to communicate with JMC that it simply is no fun to wait. If that is
the case, simply run the “Auto” launchers. Or if you're lazy. I will not judge. Just try
doing this first exercise without Auto, as it is about doing recordings from JMC. If
running the tutorial on anything other than the full Windows tutorial located in
C:\Tutorial, the paths in the launchers will need to be updated.

Switch to the Mission Control perspective and select the newly discovered JVM running
the LoadAndDeadlock class in the JVM Browser. Select Start Flight Recording... from
the context menu. The Flight Recording Wizard will open. Click Browse to find a
suitable location (e.g. the Recordings project) and filename for storing the recording.
Don’t forget to name the recording so that it can be recognized by others connecting to
the JVM, and so that the purpose of the recording can be better remembered. The name
will be used when listing the ongoing recordings for a JVM, and will also be recorded
into the recording itself.

14



Next select the template you want to use when recording. The template describes the
configuration to use for the different event types. Select the Profiling — on Server
template, and hit Finish to start the recording.

& Start Flight Recording a x
Start Flight Recording ?ﬁ) »
Edit recording settings and then click Finish to start the flight recording. D.‘j}/
Destination File: | \Recordings\flight_recording_180131LoadAndDeadlock8324_1.jfr | Browse...
Mame: | My Recording |

(®) Time fixed recording

Recording time: | 1 min |

() Continuous recording

Maximum size:

Maxirmurm age:

Event settings: | profiling - on server | | Template Manager

Description:

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

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

@ < Back Mext = Cancel

15



The progress of the recording can be seen in the JVM Browser, when the Flight Recorder
node is expanded. It can also be seen in the status bar.

v

& workspace - Eclipse
File Edit Mavigate Search Project Run  Window Help

J=RAN I B3 T MAr-PURE TR TR
B /M Browser | B Outline E = 0
v % [1.8.0_131] LoadAndDeadlock (3324)

i MBean Server

w @i Flight Recorder
2% My Recording (43 )
"q [1.8.0_131] The VM Running Mission Control

SAA

Use the minute to contemplate intriguing suggestions for how to improve Mission
Control (don’t forget to e-mail them to marcus.hirt@oracle.com), get a coffee, or read
ahead in the tutorial.
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Once the recording is done, it will be downloaded to your Mission Control client, and
opened. Switch to the Java Mission Control perspective.

You should be looking at the automated analysis of the recording.

2 workspace - CA\Tutorialworkspace\Recordingsiflight_recording_120131LoadAndDeadlock14000fr - Eclipse - o X
File Edit Mavigate Search Project Run Window Help

A - B -is il - R~ - v ceess| | B | & 4 B
WM Browser |35 Outline | &* ok </ ¥ = O  as flight_recording_180131LoadAndDeadlock14000fr 52 =B
o
@ Autamsted Analysis Results * | B Automated Analysis Results L WoR ==
~ (3 Java Application
¥ Memory
é; Lock Instances FJava Application @ JVM Internals
& Filel/0
& Socket 0 4 | Threads Allocating + 50 | Command Line Options Check
@ Method Profiling ¥4 |Parallel Threads + =TLAB Allocations
J0 Exceptions . 53| TLAB Allocation Rati
§ Thread Dumps % Memory — ocation Ratio
~ 8 VM Internals 28] Heap Live Set Trend

[l Garbage Collections
I GC Configuration
@, Compilations
@ Class Loading
VM Operations
% TLAB Allocations

v ' Environment
[ Processes
P Environment Variables
<o System Properties
B+ Recordin

4 Fuent Rrawieer

5] Properties 33 ®v=n
Field Value

0 events

= Stack Trace |=|@w» ~=08

Stack Trace Count

This exercise is just to familiarize you with one of the ways to create a flight recording.
This will be a rather boring recording, in terms of results from the automated analysis, so
don’t mind the results of this analysis.

The Outline view shows the various pages in the Java Flight Recorder user interface.
Select Java Application.
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2 workspace - C\Tutoriah\waorkspace\Recardings\flight_recarding_180131LoadAndDeadlock14000.jfr - Eclipse - 0 X

File Edit Mavigate Search Project Run Window Help

R R TR R R =&+ 6
4 VM Browser 3% Qutfine ek </ ¥ = B asfight recording_180131LoadAndDeadlockl4000jfr 53 =8
[ Automated Analysis Results Al = A
= I Java Application ola|ElE
v 7 Java Application & PP lR=Eg =
a
%6 Memory <No Selection> | Aspect: | <No Selection> | [JShow concumrent: | Contained | Samethreads Time Range: | Set| | Clear
& Lock Instances
& Filelro
5 Socket1/O =
6 Methed Profiling Thread Profiling Samples Total /O Time  Total Blocked Time  Class Loading Time Total Allocation Throwables ~
J0 Exceptions 9 Thread-2 49 141 Gig
read Dumps ompilerThr M
Thread D 8 C1 CompilerThread3 653 MiB
~ &8 WM Internals & RMI TCP Connection(1)-192.1... 5 50.919s 425 MiB
1 Garbage Collections @ RMI TCP Connection(idie) 1 FERFEH 202 Mig
1 GC Configuration »@ Service Thread 13.9 MiB
G, Compilations #@ JFR request timer 127 MiB
9 Class Loading & RMI TCP Connection(2)-192.1... 9 11.5 MiB
VM Operations 8 JMX server connection timeo... 6,60 MiB
5 TLAB Allocations 4@ UM JFR Buffer Thread 2.57 Mig
v @1 Evironment 4@ Reference Handler
& Processes o v
P Environment Varisbles
100 %
<E> System Properties © Haks
B Recording 50% [ Machine Total
% Event Browser GPU Usage | . — VM + Application
~ 2% Weblogic . Used Heap
£l ECIDs - Profiling
T Users Hean Usage TeET o h,_ [ s | B Eoul atlecstion
f4 Connector - Connection 100 W Throwables
{4 Connector - Transaction 50 [ = Thread Activity
& Connector - Life Cycle
Profiling 1 thread
0 JDBC Operations Profiing (1 thread) — ||
@ saL Statements 64 GIE
5. Debug 32 GiE
!.=@ Deployment Allocation (1 thread) —
& FIRs hd
Results - v = 05
[C] Properties 52 Results 4 (=]
Throwables (1 thread)
Field Value 8iFI2017 12:07:45 AW 12:0800 AM 12:08:15 AM 12083
<0 Event Type [Method Profiling Samp.
(D)End Time O/72MT12:07:30 AM—..,

Here we get an overview of commonly interesting properties of the recording. We can,
for example, see that the application does bursts of allocations, in a cycle. We can also
see that it was mostly one thread being responsible for the allocations.

This exercise was mostly to describe how to make a recording, and basic navigation in
the user interface. Once you are done with the recording, remember to shut down the
LoadAndDeadlock application.

o Either go to the Java perspective and hit enter in the Console view,

=hecly neo... -
Proiiling (1 thread N
Hal —-— = & Connector - Life Cycle
n 0 IDBC Operations
3168 @ S Stetements
Allocation (1 thread) [ 45 Debug
[ Deployment
05 @ EBs
Throwables (1 thread) (=g
aF2017 12:08:00 AM 12082 = A
© Serviet Operations
£3 Sendet I b 1R hd
[2] Problems @ Javadoc 5 Declaration | ) Console 52 I X% | BEFPEErE-0-=0
<terminated> LoadAndDeadlack [Java Application] C/\Tutorial\jdk1 8.0_131\bir\ javaw.exe (Sep 7, 2017, 12:38:07 AM)
Press enter to quit!
W B
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e ... or go the Debug perspective, find the LoadAndDeadlock process and click the
Terminate button

£ workspace - C:\Tutoriahworkspace:Recordingsiflight_recording_12013LoadAndDeadlock14000,fr - Eclipse - o X

File Edit MNavigate Search Project Run w‘rw_____d

el Si@®-in o oM G SRS 0- - RIS S D
45 Debug =2 | & ¥ = 8 | orVerisbles 2

~ [1] LoadAndDeadlock [Java Application]
o CATutoriahjdk1.8.0_131\bin\javaw.exe (Sep 7, 2017, 12:41:02 AM)

Note: Also, remember to close the recording editor window when you are done with a
recording. Recordings contain a lot of information, and can consequently use a lot of
memory.

a® flight_recording_180131LoadAndDeadlock 14000, fr Ek ~ 1
& Java Application [ Close | —\ 42
<No Selections ~ | Aspect: | Mo Selection> « | [ Show concurrent: Contained [4*
Thread Profiling Samples Total I/0 Time  Total Blocked Time  Class Loading Time Total\:ﬂ\\
+® Thread-2 49 i
@ C1 CompilerThread3 64
& RMI TCP Connection(1)-192.1... 5 59.919s ?
& RMI TCP Connectionlidle) 1 23173 s
52 Service Thread 1
@ JFR request timer ?
& RMI TCP Connection(2)-192.1... 9 1
2 IMX server connection timeo... o
»® VM JFR Buffer Thread 254
3@ Reference Handler /
Y ) = T
100 % /
1
50 % !
CPU Usage e
2GiB ~
H u 1 GiB _
23 age 3 _____———;M
____.___E,é g.____,"'" —— = . - ,,.__.P) Pt il o - _,‘_f _____—-f
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Exercise 2.b — Hot Methods

One class of profiling problems deals with finding out where the application is spending
the most time executing. Such a “hot spot” is usually a very good place to start
optimizing your application, as any effort bringing down the computational overhead in

such a method will affect the overall execution of the application a lot.

Open the hotmethods_before.jfr recording.

Switch to the Java perspective and open (double click) the recording in the

02_JFR_HotMehods project named hotmethods_before.jfr.

Ty
Bl

w

w

o

o
g= Outline

& ah

-

-

=

& workspace - 02_JFR_HotMethods/hotmethods jfr - Eclipse
File Edit Mavigate Search Project Run Window Help

& @~ QAo !

-

m|

ﬂ Automated Analysis Results
\;‘T,! Java Application
4 Memory
Lock Instances
& Filel/O
+ Socket /0
() Methed Prefiling
13 Exceptions
# Thread Dumps
&5 VM Internals
I Gerbage Collections
E GC Configuration
(3, Compilations
(& Class Loading
VM Operations
¥ TLAB Allocations
Environment

L]

[3 Processes
P Environment Variables
<@» System Properties

LB Becouding @ enn e p g

~

- -

@® hotmethods.jfr &3

Fd Automated Analysis Results

ZJava Application
47 Parallel Threads
Method Profiling

The application may benefit from optimizing ceriain methods.
The application spent more time executing some methods than others, these may be a

A P S

@ JVM Internals

+ 50] Command Line Opticm/

e

good place to optimize P
4 Memory 4
Zi7 | Allocated Classes + r
i
{
. . i} ) /
J A s f Y - -..-f Y e

Switch back to the Java Mission Control perspective once the recording is open. The
automated analysis indicates that there is great value in optimizing certain methods. Do
not worry about the non-descript textual information — in JMC 6.1.0 the prime candidate

methods are listed, plus the first few frames of the stack trace aggregate.

Since there is apparently interesting information in the Java Application tab, click on the

Java Application header in the Automated Analysis Results page.
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© workspace - 02_JFR_HotMethods/hotmethods_before;f - Eclipse - o x
File Edit Mavigate Search Project Run Window Help
T L P LTy R reees] | 9 | & 458 &
@ VM Browser B Outline = B  as hotmethods_beforejfr £7 = 0
y = —
LU I Java Apy EIEE
[ Automated Analysis Results "
<No Selection> | Aspect: | <No Selection> ~ [JShow concument: || Contained - Same threads Time Range: | Set | | Clear
Thread Profiling Samples Total /0 Time  Total Blocked Time  Class Loading Time ~ Total Allocation Throwables A
1 Worker Thread 0 5560 S AE
+© Worker Thread 2 5366 510 MiB
4@ Worker Thread 3 5,366 508 MiB
@ Worker Thread 1 5361 510MiB
@ RMI TCP Connection(3)-192.1... 4 503835 232 MiB
1@ JFR request timer 3 328 MiB
Yy —m—ato_ray aAn . zanwn v
100 %< @ Halts
;S:: [ Machine Total
35 % WvM + Application
CPUUsage " [ Used Heap
T8 Wis * i,
96 e -
64 MiE -
Heap Usage S2MiE | =
600
400
200
Profiling I
64 iE -
32 Mig -
Aliocation
@ sQL Statements. z
T S h 075
Properties @ Results =g 051
Throwabl 02
TN Vethod Profiling 1 rowables 1 i | ; ;
The application may beneli from opfimizing a7i2017 1:51:45 Al 1:52:00 AM 1:52:45 AM 1:52:30 Al
certain methods. The application spent more time
executing some methods than others, these may
be a good place to optimize.
[71|Parallel Threads = StackTrace |=|@» ==8
There are fewer sampled threads than the total Stack T Count
number of hardware thread(s) (cores) Method ack Trace oun
samples from only 4 thread(s) were found, butthe | T boolean java lang.Integer.equals(Cbject) 15905
machine has 8 hardware thread(s) (cores). The 1 int java.util LinkedListindexOF(Object] 15005
apiication might beneft from a higher level of H
parallelism. This could also be caused by threads beolean java util LinkedList.contains(Object) 5210
doing sometning eise than running Java code. for | T int Initistor.countintersection(intiator) 15905
example running native code or spending time in
the JVM internals. } "”‘: W""“E' anr? . 1:2:
IEER Threads Allocating void javalang.Thread.run(
REERN Hioh JVM CPU Load
5]

Next click on the Profiling lane. The stack trace view will show the aggregated stack
traces of any selection in the editor, and will now show you the stack traces for the
profiling samples.

In the recording, one of these methods has a lot more samples than the others. This means
that the JVM has spent more time executing that method relative to the other methods.
Which method is the hottest one? From where do the calls to that method originate?

Which method do you think would be the best one to optimize to improve the
performance of this application?

Note: Often the hotspot is in a method beyond your control. Look for a predecessor that
you can affect.

There is another page, Method Profiling, that makes it easy to break down the method
profiling samples per package and class of where the sample was captured.
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- O X

& oD o] | 2 | & 4188

a® hotmethods,jfr &2 = O
@ Method Profiling =]

<Mo Selection> w | Aspect: | <Mo Selection> ~ [] Show concurrent: Contained Same threads

Top Package " Count

Javalang I -7

java.util [ ] 5703

T3

java.io 1

java.nio 1

Top Class ! Count

ek T

RAR|=|@w ~=0O

= Stack Trace

Stack Trace

1Y boolean java.lang.Integer.equals(Object) line: 574

T int java.util. LinkedList.indexOf{Object) line: 605

T boelean java.util.LinkedList.contains(Object] line: 317
T int Initiator.countintersection(Initiator) line: 26

T void Worker.run() line: 14

T void java.ang Thread.run(] line: 742

s 8

In the stack trace view, the most commonly traveled path is shown by default, effectively
giving you the most common stack trace directly. Wherever the path branches, there is a
branch icon. You can use the right and left arrow keys to select between the different
branches (Frame Groups), or use the toolbar buttons:

= Stack Trace [ | I"| = | D2 ¥ =08

Stack Trace Mext Frame Group i

i Integer java.lang.Inteqer.valueQf(int) line: 832
T void Initiator.initiate(int] line: 13

T void Worker.run() line: 13

1 void java.lang. Thread.run() line: 748

[T o R
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If you would rather use a tree representation, and see the aggregation done from the
thread roots, this can also be done:

= Stack Trace Tree Dessssliniial) =

Stack Trace

1 void javalang. Thread.run()
l void Worker.run()
~ 4 int Initiator.countlntersection(Initiator) G FﬁUﬁ ffﬁfﬁ
1 boolean java.util.LinkedList.contains(Qhbject) root
l int java.util. LinkedList.indexOf (Object)
1 boolean java.lang.Integer.equals(Object)
v & void Initiator.initiate(int)
1 Integer java.lang.IntegervalueQfiint)

Note that there are no line numbers in the last screenshot. You can select at what
granularity to distinguish the frames from each other, in effect grouping frames together.
This is controlled from the context menu:

= Stack Trace KA R | fa= | Q&# Y= 0
Stack Trace Count
1 voidjevalangThreat  Group Stacktraces From > | N 2]

l void Worker.run()
W l-) int Initiator.countinte

1 boclean java.util. Layout Options » Byte Code Index
1 int java.util.Linke

Distinguish Frames By > Optimization Type

Method Formatting Options » Line Mumber
1 boclean java.lane e I}
L]
v 4 void Initiator.initiate( Copy Ctrl+C @ 2|
1 Integerjavalang.  Clipboard Settings > Lo 2

Store Selection Package

Store and Set As Focused Selection [

Using Method will often be a helpful tool to declutter the view.

Deep Dive Exercises:

1. Can you, by changing one line of code, make the program much more effective
(more than a factor 10)?

Note: If you get stuck, help can be found in the Readme.txt file in the projects.

Note: To save resources, remember to close the flight recordings you no longer
need.
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2.

Is it possible to do another recording to figure out how much faster the program
became after the change?

Note: The application generates custom events for each unit of “work” done. This
makes it easy to compare the time it takes to complete a unit of work before and
after the code change. Would it be possible to decide how faster the program
became without these custom events?

The moral of the exercise is that no matter how fast the JVM is, it can never save you
from poor choices in algorithms and data structures.
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Exercise 3 — Latencies

Another class of problems deals with latencies. A symptom of a latency related problem
can be lower than expected throughput in your application, without the CPU being
saturated. This is usually due to your threads of execution stalling, for example due to
bad synchronization behavior in your application. The Flight Recorder is a good place to
start investigating this category of problems.

Like any good cooking show, we’ve provided you with a pre-recorded recording to save
you from having to wait another few minutes for the recording to finish. Open the
03_JFR Latencies/latency before. jfr recording (same procedure as when

opening the hotmethod recording in the previous exercise). Then switch back to the
Mission Control perspective.

—
=] workspace - D3_JFR_Latencies/latency_before,jfr - Eclipse
File Edit Mavigate Search Project Run  Window Help
e N R Ral=-W R R R R
| o= Outline = B  ao latency_beforejfr 53
= .
& et & F¥ Automated Analysis Results
ﬂ Automated Analysis Results A

v j Java Application _ . i

4 Memory & Java Application i @

a Lock Inst
Eg FTI'SS ances Method Profiling v .
-y He Iy
-

+ Socket /O # Lock Instances @

@ Method Profiling I Context Switches B

Jg Exceptions

& Thread Dumps IEI I ava Blocking i 1
v &3 WM Internals Igregdszian the application were blocked on locks for a total time of

) 6min 23 5.

o Garbagelﬁllec_t":'"s The specific monitor class which was blocked the most times on was Logger,

5 GC Cenfiguration 260 times. The following regular expression was used to excluda, .eads

@, Compilations from this rule: { *weblogic socket Muxer *)

(& Class Loading -

VM Operations

TLA] a 5

From the rule result our threads seem to be waiting a lot to enter a java monitor. We can

already see what monitor class seems responsible. Click the suggested Lock Instances
page to take a closer look.
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S workspace - CA\Tutorial\workspace\Recordings\flight_recording_180131CustomEventLatencies5392 jfr - Eclipse

File Edit MNavigate Search Project Run  Window Help
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~ | Aspect: | <No Selection>

[J] CustomEventLatenc...
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_ O >
[ reeee] | 5| & 488
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o=
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Contained Same threads

Total Blocked Time
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Total Blocked Time

Distinct Threads

Distinct Threads

Count

» I

Count

lemind3s

20—

Hmilhs @- QUi i Oy
# VM Browser 3= Outline = 0 Initiator.java 5| Readme.txt
@6t & 7 o LockInstances
ﬂ Automated Analysis Results -
h -ﬁl‘ Java Application <MNao Selection>
«3 Mermaory
g6 Lock Instances
& File |0 Menitor Class
& Socket /0 ®
@ Method Profiling Logger
0 Exceptions
§ Thread Dumps
~ g5 VM Internals
I Garbage Collections
E GC Configuration
@, Compilations Monitor Address
@ Class Loading ] B> 58D FIED
VM Operations
¥+ TLAB Allocations
~ ' Environment
L_@') Processes
¥ Environment Variables
<H» System Properties Thread
B Recarding +® Worker Thread 11
Fr Event Browser +® Worker Thread 19
v WebLogic
i ECIDs 2 Worker Thread 9
T Users % Worker Thread 17
- Connector - Connection +% Worker Thread 15
4 Connector - Trancactinn " Bt Tt

ap Results = 0
U Ly 1 UG SOST LI LU Iy

other means.

IE[ I Java Blocking

Threads in the application were

blocked on locks for a fotal time of

16 min 23 5.The specific monitor class
which was blocked the most times on

was Logger, 260 times. The following
regular expression was used to

exclude threads from this rule: v
(.*weblogic\.socket\ Muxer.”)

= Stack Trace

A | Stack Trace
1 void WorkerThread.run()
1 void Logger.log(String)

Total Blgcked Time
s2100s |
51.809s |
s0.508s |
505805
503435 ||

ensan_ 0

Count
7
7
9
15
1

|E|lo® = 0O
Count

260
260

Of what class is the lock we’re blocking on? From where in the code is that event

originating?

Note: In this case it is a very shallow trace. In a more complex scenario it would, of

course, have been deeper.

It seems most of these blocking events come from the same source.

Let’s take a step back and consider the information we’ve gathered. Most of our worker
threads seem to be waiting on each other attempting to get the Logger lock. All calls to
that logger seem to be coming from the WorkerThread. run ().

Can you think of a few ways to fix this?
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Note: Right click on the Logger.log (String) method and select Open Method if
running JMC in Eclipse. If not running in Eclipse open the source file and take a look at
it. We get several matches; select the one in 03_JFR_Latencies. The method is
synchronized.

Note: The events can also be visualized directly in the Java Application view. Select all
worker threads.

s latency fixedjfr | @s latency_beforejfr 53 =8

& Java Application 0=

| <o Selection> v Aspect: | <No Selection> v| [dShaw concurrent: | | Contained | Same threads Time Range:
=
Thread Profiling Samples Total I/0 Time  Total Blocked Time  Class Loading Time Total Allocation Throwables "
2 Worker Thread 13 322 48.006 5
2 Worker Thread 14 314 49.040 5
+® Worker Thread 15 253 50.343 s
@ Worker Thread 16 an 49.497 ¢
2 Worker Thread 17 304 50.580 5
+2 Worker Thread 18 307 4283005
+® Worker Thread 19 161 51.899 s
2 Worker Thread 2 307 48466 <
2 Worker Thread 3 307 482395
2 Worker Thread 4 389 473525
2 Worker Thread 5 325 475445 v

orker Thread 0
atker Thread 1
orker Thread 10
orker Thread 11
orker Thread 12
orker Thread 13
orker Thread 14
orker Thread 15
orker Thread 16
orker Thread 17
orker Thread 18
orker Thread 19
orker Thread 2
orker Thread 3
orker Thread 4
orker Thread 5
orker Thread &
orker Thread 7
orker Thread 8

orker Thread 9
T2

k' \t 9/7/2017 2:03:57 AM — 2:04:05 AM:

[H Java Monitor Blocked: 8394 5
Thread: Worker Thread 19

Monitor Class: Logger

Previous Manitor Owner: Worker Thread 9
Monitor Address: 0x238DFIED

At -co —co;

[ Thread Lifespan of Worker Thread 19: N/A

2:03:56 AM 2:03:58 AM 2:04.00 AM 2:04:02 AM 2:04:04 &M

2:04:08 AM

© Halts

[ [@ Machine Total

1 WM + Application
] [ Used Heap

[ [ profiling

[0 [ Total Allocation
[0 M Throwables

= Thread Activity

Note: More hints in the Readme.txt document in the project.

In the latency_fixed.jfr recording we simply removed the synchronized keyword from the
Logger.log (String) method. Can you see any difference to the other recording? Are
the threads getting to run more or less than before? Are we getting better throughput
now? How many threads are stalling now?
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File Bt Moviget Sewch Project Rum Window Help
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+ Worker Thresd 0 388 +# Worker Thread 0 k- 8263

8 Worker Theead 1 m + Warker Thread 1 o w0y

 Worker Thread 10 E + Worker Thread 10 0z agms

o Worker Thread 11 s 8 Worker Thread 11 " 21005

o Worker Thead 12 382 8 Worker Thvead 12 w5 8605

## Worker Thread 13 81 o Worker Thread 13 » 420085

8 Worker Thread 14 ) ® Worker Thread 14 3 800s

8 Worker Thread 15 i + Worker Thread 15 B 503435

 Worker Theead 16 a +# Worker Thread 16 F s

<8 Warker Thread 17 ar L B Worker Theesd 17 e 505005

om bles
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CPU Usage

Worker Thresa 0
amnT

]

Note: You can compare recordings side by side by dragging and docking the editors that
contain them in the standard Eclipse way.

Note: The CPU load can be seen in the Java Application tab.

Note: Green means the thread is happily running along (also purple, for our own custom
Work events). In the latency_before.jfr recording only one thread is running at any given
time, the rest are waiting. In the latency_fixed.jfr recording, they are happily running in
parallel. Also, no salmon-colored Java Monitor Blocked events can be seen at all.

Warker Thread &

Worker Thread &
QUTIZ017 2:27:24 AM

=

2:27:25.000 A

The moral of this exercise is that bad synchronization can and will kill the performance
and responsiveness of your application.
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Exercise 4 (Bonus) — Garbage Collection Behavior
While JVM tuning is out of the scope for this set of exercises, this exercise will show

how to get detailed information about the Garbage Collections that happened during the
recording, and how to look at allocation profiling information.

Open the allocator_before.jfr recording in the 04_JFR_GC project. Switch to the Mission
Control perspective (if in Eclipse). Note that in JMC 6.0, the Automated Analysis doesn’t
really show a clear signal here (it will in JMC 6.1). Instead, got to the Garbage
Collections page.

In this page you can see many important aspects about each and every garbage collection
that happened during the recording. As can be seen from the graph, garbage collections
occur quite frequently.

Note: the charts can be zoomed with the mouse scroll wheel or with the key buttons
(left/right to pan, up/down to zoom). If you want to use the keys to zoom/pan, make sure
the chart panel is selected, for example by clicking on the x-axis underneath the charts.
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It does not seem like there is anything special, like the handling of special reference
types, causing garbage collections to take an unreasonably long time, not to mention that
the garbage collections are pretty short. We are simply creating quite large amounts of
garbage.

Go to the Memory page. What kind of allocations (what class of objects) seems to be
causing the most pressure on the memory system? From where are they allocated?
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S workspace - 04_JFR_GC/alloc jfr - Edlipse - o X
File Edit Navigate Search Project Run Window Help
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B )vM Browser B= Outline = 8 asalocjfr 3 =8
Fat P ¥ 9% Memory o
[ automated Analysis Results ~
v (& Java Application <No Selections «| Aspect: [<No Selection> v [IShow concurrent: | | Contained /| Same threads Time Range: | set| [ Clear

Class Max Live Count MaxliveSize  LiveSizeIncrease  Total Allocation

® javalang.Integer 219GiB

© java.util.HashMap$Valuelterator 584 MiB

® java.lang.String 142 MiB

® java.lang.Object(] 13MiB

® oraclejrockit jfrVMIFRSThreadBuffer 655 KiB

© java.lang.Class 589 KiB

® char] 511 KB

® java.net.InetAddress[] 255 KiB

ction
on

owser
v 1% WebLogic

{ ECIDs

B Users

- Connector - Connection ap Space : Committed Size
& Connector - Transaction ap Space : Reserved Size
& Connector - Life Cycle

[ JDBC Operations Allocation (1 ¢lass)

[ sOL Statements e

%5 Debug

&, Deployment
[ EIBs

S

= A

Mermnary Usage

( amiz017 12:00:30 PM 12:01:00 P 12:01:30 PM 12:02:00 P
22 Web Services by URI - < >

[T Properties | @5 Results (=] RHR\E\O@ =g
Allocated Classes
The most allocated class is likely
‘java lang Integer’ Frequently allocated

classes are likely good places to start when
trying to reduce garbage collections. Look at o DS
the aggregated stack iraces for the class (o T void Allocator.mainiString[])

classes) being allocated the most to see if
many instances are created along the same
call path. Try to reduce the number of
instances crealed by invoking the most
commonly taken paths less

EI Heap Live Set Trend o

N Free Physical Memory |
I GO Pressura +

Note: Jump to the first method in the trace that you think you can easily alter.
Deep Dive Exercises:

3. Can you, with a very simple rewrite of the inner MyA11oc class only, cause
almost all object allocations to cease and almost no garbage collections to happen,
while keeping the general idea of the program intact? You only need a minor
change in two lines of the code. To see the difference, look at the
allocator_after.jfr recording. How many garbage collections are there after the fix?

Note: Hints in the Readme.txt

4. You can see even more detail if you go to the TLAB Allocations page. Does the
TLAB size seem aptly sized for this application?

The moral of this exercise is that whilst the runtime will happily take care of any and all
garbage that is thrown at it, a great deal of performance can be gained by not throwing
unnecessary garbage at the poor unsuspecting runtime.
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Exercise 5 (Bonus) — WebLogic Server Integration

This exercise will familiarize you with various elements of the new user interface. It also
shows that it is possible to create integration with JFR and JMC from a party outside of

the JDK, in this case the WebLogic Diagnostics Framework (WLDF). Even if you are not
using WLS, this is a good exercise, as it walks through some powerful features in the

JMC JFR user interface.

First open the file named 05 JFR WLS/wldf.jfr. This recording contains, aside from

the standard flight recorder events, events contributed by WLDF.

Open the WebLogic / JDBC Operations page. Can you tell which JDBC query took the
longest time? How long did it take?

© workspace - 05 JFR_WLS/widf f - Eclpse
File Edit Nevigie Sesch Project Run Window Help

e P HAUE S
85 Outline Pa¥ v=10
@ Lock Instances 7
§ Fiero

8 Socket VO
© Method Profiling
13 Exceptions
# Theead Dumps

v & WM intemals
5 Garbage Collection:
€. GC Configuration
@ Compiations.

I Environment Variables
System Properties
B Recording
%o Event Browser
v oW

& Connector - Connection
& Connector - Transaction
& Connector- Life Cycle
(0 J08BC Operations

0 SQL Statements

% Debug

3 Deployment

© Senviet Operations
© Serviet Invocetion by URS
2 Vieb Senvices by URI
2 Vieb Senvices by Thread
@ HITP Requests

+ Jeva X

< Metadata
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<No Selection>
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DIshow concument

o X
L3 ]
.

fs Time Range: [Set| [Clear

Shows JDBC data reported by the WebLogic Diagnostics Framework (WLOF).

Event Type
JDBC Statement Creation

JDBC Connection Prepare

JDBC Statement Execute Begin
JDBC Statement Execute

JDBC Connection Close:

1 s I Chort

SELECT COUNT(ID] FROM patients WHERE [35H = 7

-T16042d3¢be8-000003¢0
-T16042d3cbe8-00000081
-716042d3¢be8-000000ba
7160423 cbe8-00000083
Bec008a7-3063-fac-beN-716442d3cbeB-00000082

”D

Average Durstion

saL

SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT COUNT(D)
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
UPDATE SEQUENCE SET SEQ_COUNT = SEQ_COUN.
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.

SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM..

SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, VM.

SELECT COUNT(D) FROM patients WHERE (SSN = 7)

SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.

SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM..

SELECT 11D, t1.dste_prescribed, t1.DOSAGE, t1.0R
SELECT ID, DOB, EMAIL, GENDER, PASSWORD, PHO.
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT COUNT(ID) FROM patients WHERE ((SSN =
SELECT ID, CREATE_DATE, DIAGNOSIS, NOTES, SYM.
SELECT ID, DOB, EMAIL, GENDER, PASSWORD, PHO.
SELECT ID, EMAIL, PASSWORD, PHONE, USERNAM.

patients WHERE (SSN = 7)
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[ACTIVE] ExecuteThvesd... JDBC Statement Execute
[ACTIVE] ExecuteThread... JDBC Statement Execute
pock-5-thread-1 JDBC Statement Execute
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[ACTIVE] ExecuteTheesd.

JOBC Connection Prepare
[ACTIVE] ExecuteThvesd... JDBC Statement Execute
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[ACTIVE] ExecuteThresd,

JDBC Connection Prepare
JDBC Connection Prepare
JDBC Statement Execute

JDBC Connection Prepare
IDBC Connection Prepare
JDBC Connection Prepare
JDBC Connection Prepare
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Open the WebLogic / Servlet Invocation by URI page. Can you tell which invocation of

the viewPatients servlet took the longest time? How long did it take?
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Let’s take a look at everything that was going on during that request. Select the longest
lasting viewPatients servlet, and select the ECID (Execution Context ID) in the Properties
view. An ECID is an identifier which follows a request through the system across process
and thread boundaries. A little bit like an Open Tracing Span ID.
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Select Store and set as focused selection from the context menu.
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This will focus the user interface on events with the property value of that ECID. Open
the Java Application page.
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The selection box at the top shows that we are now looking at events matching our
selection.
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Also note that we can select other aspects of the selection to determine what the Ul
shows. Some pages may only be able to act on certain aspects of a selection. If the Show
concurrent box is checked, events concurrent (happening during the same time interval)
to the selection will also be showed. If Contained is checked, only events that is fully
contained within the time range will be shown. If Same threads is selected, only the
threads in the selection will be shown.

Check the Show concurrent and Same threads checkboxes. Next click the Set button to
set the time range for the page to the time range of the active selection. Can you find any
low-level events that do not have an ECID?

Note: There is, for example, a tiny bit of contention on a log4j logger in the beginning.

The Blocking event does not have an ECID; it is shown due to “Show concurrent” being
enabled.
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Open the Event Browser page. Here you can look at the events grouped by Event Type.
With our selection settings, we will now see the same events listed. Selecting an event
will show the properties for the selected event in the Properties view. Selecting multiple

events will show the common properties for the selection. As shown before, the

properties can be used to establish new selections.

ssEsssooEsEE

]

Sttt ¥

Deep Dive Exercises:

5. Can you find the aggregated stack traces for where the SQL statement taking the

longest time to execute (on average) originated?

Hint: Go to the SQL Statements page, find the line in the table representing the
events with the longest average duration. Look at the stack traces from the roots

down.

6. Can you find out which EJB the application seems to be spending the most time

in on average?

7. Which user seems to be starting the most transactions?

The moral of this exercise is that there are tools available that extend flight recorder and
that can be quite useful/powerful. Also, using selections and aspects of a selection can be

a useful way to focus the user interface. The Properties view can also be a source of

selections.
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Exercise 6 (Bonus) — JavaFX

In this exercise, we will explore the Java FX integration with Java Flight Recorder. Use
the GUIMark launcher to launch the GUIMark Bitmap benchmark application. You
should see a tower shooting a laser at monsters.

7 JavaFX GUIMark2.Bitmap T - ) =B

Fps: 5083
= 1

We will use a pre-recorded recording for this exercise,
06_JFR JavaFX/guimark. jfr, so you starting GUIMark was mostly pointless.
But, come on — lasers? Monsters? It had to be seen.

Note: If you insist on having a locally produced recording, it is better to run the GUIMark
Auto Record launcher. If you insist on not using the auto recording launcher, make sure
to enable the JavaFX events in the recording wizard, or import the template in the project
folder.
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Try looking at the recording using the special Java FX page. Can you tell which pulse
took the longest time (disregard the weird pulse 0)? What phase was the one that took the
longest for that particular pulse? Which was the input event that took the longest?
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Exercise 7 (Bonus) — Exceptions

Some applications are throwing an excessive amount of exceptions. Most exceptions are
caught and logged. Handling these exceptions can be quite expensive for the JVM, and
can cause severe performance degradation. Fortunately, finding out where exceptions are
thrown for a specific time interval is quite easy using the Flight Recorder, even for a
system running in production.

Open up the flight recording named exceptions.jfr inthe 07_JFR_Exceptions
project.

The automated analysis should indicate that things could be better:
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=
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Click on the Exceptions header above the rule result (or the Exceptions page in the
Outline) to go to the Exceptions page.
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Can you tell how many exceptions were thrown? Where did the exceptions originate in

code?
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Note: Click the exception class you want stack traces for. You can also select multiple

classes to see the aggregate traces for all classes in the selection.
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Can you tell exactly where the Scary exceptions are originating? In what threads are they
originating? Can you study the time line for the exceptions in just one of the threads?

Note: Either go back to the Java Application page class, sort on Throwables in the thread
table, and pick a Thread and select Store and Set As Focused Selection then go back to
the Exceptions page:
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...or pick an event in the Event Log directly on the Exceptions page, then select the

Thread in the Properties view and use Store and Set As Focused Selection from the
context menu:
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Once a single thread has been selected, try zooming in the graph and switch between the
two types of events, one each and both simultanously. Can you see a pattern?
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Note: Zoom until you can distinguish individual event buckets (the y-axis is showing 1).
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Exercise 8 — Custom Events in JDK 9 (Bonus)

In JDK 9 the API for controlling the Java Flight Recorder, contributing JFR events, and
parsing Flight Recordings is now supported by Oracle. Since we are running Eclipse on a
JDK 8, we will be using the command line to run the examples. We will also cheat a little
by compiling against a JDK 8 built jar with the JDK 9 API, so that the code can be edited
from within Eclipse.

Go to the Java perspective and open the 08_JFR_CustomEvents project. In the
com.oracle.example.jdk9jfr.control package, there is a class named RecordAndConsume.
Study the code and see if you can figure out what it does. To see how to create a custom
event, study the com.oracle.example.jdk9jfr.fib.FibonacciEvent class.

Let’s run the code. On Windows you can start a command line by double clicking on
cmdjdk9 . exe. This will start a terminal session with the appropriate environment
variables set. On other platforms, make sure that you use JDK9. Next run the following
command:

call recordAndConsume

This will run the RecordAndConsume class. You should see something similar to this:

Bl cmdjdkd.exe - d =

5702887 (time: 2126ns)
227465 (time: 1657ns)
14930352 (time: 1613ns)
24157817 (time: 1885ns)
39088169 (time: 1907ns)
63245986 (time: 1867ns)
102334155 (time: 1984ns)
165580141 (time: 2231ns)
267914296 (time: 1929ns)
433494437 (time: 1950ns)
701408733 (time: 1957ns)
1134903170 (time: 4907ns)
1836311903 (time: 1719ns)
2971215073 (time: 1732ns)
4807526976 (time: 1834ns)
7778742049 (time: 2111ns)

fibonacci(47)
fibonacci (48)
fibonacci (49)

C:\Tutorial>g

How long did it take to calculate the longest Fibonacci number? How long did it take to
calculate the shortest one?

Deep Dive Exercises:

8. If the first Fibonacci number took unexpectedly long, why do you think that is?
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9.

10.

11.

Is there any way you can use the flight recorder to prove your hypothesis?

The algorithm used is an iterative one. There is also a recursive version available.
Try changing the code to use the recursive version and see how long it takes. Is
there any difference?

Note: Change Fibonacci.fibonaccilterative (n) tO
Fibonacci.fibonacciRecursive (n).

Note: You may want to lower the number of Fibonacci numbers to calculate from
50 (in the for loop) to maybe half before starting the program.

(Very deep dive) There is a program (EnableDisableTesterFibonacci) and
a command line batch script (runEnableDisableFib) to run the Fibonacci
example continuously, printing out the disassembled compiled
calculateFibonacci method. Run the script (call
runEnableDisableFib), and wait until the method has been compiled two
times. Can you see any difference between the two versions? What do you think
the overhead of having a disabled event in your code would be (for an optimized
method)?

Note: To see the disassembled output, you need to get the appropriate library
(hsdis-amd64.dll) and put it next to the java launcher in bin.

Note: Look for anything related to the FibonnaciEvent class.



Exercise 9 — Custom Rules (Bonus)

There is one more Parser for JFR recordings. One that can run on JDK 7, and which also
allows the parsing of JDK 7, 8 and 9 recordings transparently. It is the parser used in Java
Mission Control. This parser supports internal iteration of events, and provides statistical
aggregators. It is also the parser used when evaluating rules. In this exercise, we will
evaluate the Java Mission Control rules headless by using a small program calling into
the Java Mission Control core libraries. A custom rule will also be created, using the Java
Mission Control Eclipse PDE support.

Running Rules

Take a look at the RunRulesOnFile classin 09 JFR_CustomRules. This class uses
some JDK 8 features, but can easily be re-written to work on JDK 7, if required. Try
running the class on different recordings by changing the RunRulesOnFiles launcher.

Open the Run Configurations... as shown below.

& workspace - 09 JFR_CustomRules/src/com/oracle/example/jmctjfr/rules/RunRulesOnFilejava - Eclipse

File Edit Source Refactor Mavigate Search Project Run  Window Help
N LS @I E R0 R Q-GS P BE MY
1 LoadAndDeadlock nableDisabl... 7] Fib

2 LoadAndDeadlock Auto Record 1
2 HotMethods m.oracle.ex

4 HotMethods Auto Record

5 Latencies a. io . File;
6 Latencies Auto Record

[# Package Bxplorer £ =

~ 125 02_IFR_HotMethods
[ src
B JRE System Library [jdk1.8.0_131]
(= Launchers
as hotmethods_beforejfr
s hotmethods_fixed.jfr

= Readme.bdt 7 Allocator
'b‘l 03_JFR_Latencies 8 Allocator Auto Record
e 04 JFR GC 9 GUIMark e rules in
> 05_JFR_WLS R
T2 06_JFR JavaFX. GUlMark Auto Record ending sco
122 O7_IFR_Exceptions ExceptionThrower

ExceptionThrower Auto Record

LoadAndDeadlock Dump on Exit sSs RunRu le
LeadAndDeadlock Dynamic Enablement e 'Final st

b" 08_JFR_CustomEvents
125 09_IFR_CustomRules
B JRE System Library [Java5E-1.2]

<
HHHEHHHEEEAEEHE

v (B oerc

~ 3 com.oracle.examplejmcEjfrrule 0 Lesk . neWF'i.Xe
J] RunRulesOnFile java [T] AddressBook : :
a ! = . e static i
=, JMCBCORE [0 SmurfBerryExchange (command line)
b" 10_Console_LoadAndDeadlock [T SmurfBerryExchange
Tz 11 JOverflow -
-bJ 12_Memleak_Leak [T RunRulesOnFile Stat 1c Vo
)
22 13_Memleak_Online e N throws I
b" 14_JFR_SmurfberryExchange .
= 99_Example_IFR_Recordings J0 LT LA ( a Pgs . 1en
1= Logs Organize Favorites... System P)

=% Recordings

System.e

}
IItemCollect]

S, TNy o By P A, A
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Then change the first parameter to the program to run it on various loads:

£ Run Configurations ®
Create, manage, and run configurations —
Run a Java application ( 5 }
EIEER

type filter text

Name: | RunRulesOnFile |

© Main [¢9- Arguments g, JRE| %; Classpath| &~ Source| M Emvironment | [] Common

= Eclipse Application

@ Gradle Project

[ Java Applet
~ [T Java Application

[T AddressBook

Allocator
Allocator Auto Record
ExceptionThrower
ExceptionThrower Auto Record
GUIMark
GUIMark Auto Record
HotMethods
HotMethods Auto Record
Latencies VM arguments:
Latencies Auto Record
Leak
LoadAndDeadlock
LoadAndDeadlock Auto Recard
LoadAndDeadlock Continuous Example
LoadAndDeadlock Dump on Exit
LoadAndDeadlock Dynamic Enablement
LoadAndDeadlock NMT
LoadAndDeadlock Remote Access
MultiLoaderleak
RunRulesOnFile Variables..
SmurfBerryExchange

Pragram arguments:

C:\Tutorial\projects\02_IFR_HotMethods\hotmethods_before jfriH]

Variables...

HHAHAHAHAEEEHEEEEEEEEHEEE

= Waorking directory:
[T] SmurfBerryExchange (command line)

Ju JUnit @ Default: S{workspace loc:02 JFR_CustomRules]

Ju JUnit Plug-in Test ©) Other:

A Launch Group

m2 Maven Build Workspace... | File System... Variables...
4 05Gi Framework

Juy Task Context Test

) . Revert Appl
Filter matched 33 of 33 items -

Try it on some of the recordings you have analyzed so far.

In Java Mission Control 6.1.0 there will be a built-in class which will output HTML
looking very similar to the Automated Analysis Results page in JMC. For now, there is a
build in class (JfrRulesReport) which will output in xml and html, and which can be
configured with a custom xslt.

Deep Dive Exercises:

12. There is a launcher for running the built in JfrRulesReport. Try running it.
There are no arguments set. Can you set the appropriate arguments to get xml,
html and text reports for the latencies before.jfr recording?

Creating Rules
The easiest way to get started creating rules is to use the PDE plug-in for Eclipse.

Note: The JIMC PDE plug-in should already be installed in your lab environment. That

said, if you are running this Tutorial in your own Eclipse environment, it can be found at
the experimental update site (look for it at http://oracle.com/missioncontrol).
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Press ctrl-n (or click the File | New | Other... menu) to bring up the New wizard.

= Mew O x>
Select a wizard _—
Create a Plug-in Project J_
L ]
Wizards;
| type filter text |
(& Class ]
¥ Interface

122 Java Project

4 Java Project from Existing Ant Buildfile
L7 Plug-in Project

= General

= CVW5

[= Eclipse 4

[= Git

= Gradle

= lava
= Maven W

WO W W WY YN

@ < Back Next > Finish
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Select Plug-in Project and hit Next. Name your rule project something exciting.

& MNew Plug-in Project O *

Plug-in Project .
Create a new plug-in proje . —
ernewpranPes®  Decidedly unexciting EE

Project name: | M],rRule{ - |

Uze default location

Location: | CATuternalworkspaceMyRule Browse...

Project Settings
Create a Java project

Source folder | sre |

Output folder: | bin |

Target Platform
This plug-in is targeted to run with:

(O] Eclipse version: 3.5 or greater

(0 an 05Gi framewerk:  Equinox

Working sets
[]Add project to working sets Mew...
Working sets: Select...
@ < Back Nesxt » Finish Cancel
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Unclick that this plug-in will make contributions to the Ul and hit Next.

& Mew Plug-in Project | *
Content w,
Enter the data required to generate the plug-in.
Properties
ID: | MyRule
Wersion: | 1.0.0.qualifier
MName: | MyRule
Yendor: | e
Execution Environment: | JavasE-1.8 w | | Environments...
Options

[ ] Generate an activator, a Java class that controls the plug-in's life cycle

Sctivator | myruleActivator

] This plug-in will make contributions to the Ul

COYes @MNo

Einish Cancel

® < Back




Next select the Simple JFR Rule Wizard and click Finish (or Next, if you really wish to

do some further customizations).

& Mew Plug-in Project

Templates

[] Create a plug-in using one of the templates

Lyailable Plug-in Templates:

¥ Sample help content
M Simple JFR Rule Wizard

- 3
Select one of the available templates to generate a fully-functiening plug-in. ,.-_" ,

This wizard creates a plugin with a sample JFR rule. The
rule will read a nurmber from a user definable
envirenment variable, by default JFR_RULE_TEST, and
use that number as the score, To test the rule, simply
zet the environment variable and create a short
recording.

Extensions Used

* com.oraclejme.flightrecorder.rules.ruleProvider

Mote that this extension is only used to get the
bundle class loader; it will never contain any actual
wvalues, Rules are leaded by the Serviceloader
mechanism, since they must be usable in a POJO
environment (outside of IMC/Eclipse)

You will now have a new project in your workspace. Open up the project and study the

source of the rule. Can you see what it does?
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Go to the Run Configurations and check out the Idle launcher. In the Environment tab you
can set up an environment variable. Launch the Idle launcher by hitting Run.

£ Run Cenfigurations

Create and run

Run a Java application

@

—+1

CEX B3

Name: | Idle

type filter text
w & Eclipse Application
& IMC with Workspace Plug-ins
& Gradle Project
Java Applet
v Java Application
AddressBook
Allocator
Allocator Auto Record
ExceptionThrower
ExceptionThrower Aute Record
GUIMark
GUIMark Auto Record
HotMethods
HotMethods Aute Record
Idle
JfrRulesReport
Latencies
Latencies Auto Record
Leak
LoadAndDeadlock
LoadAndDeadlock Auto Record

LoadAndDeadlock Dump on Exit
LeadAndDeadlock NMT

MultiLoaderLeak
RunRulesOnFile
SmurfBerryExchange

Ju JUnit

. X .

Ju JUnit Plug-in Test
@ Launch Group
m2 Maven Build

4 05Gi Framework
Juy Task Context Test

Filter matched 36 of 36 items

LoadAndDeadlock Continuous Example
LeadAndDeadlock Dynamic Enablement

LoadAndDeadlock Remote Access

SmurfBerryExchange (command line)

Environment variables to set:

© Main ((l)= Arguments (‘{, JRE re’{} Classpath (E/ Source (E Environment . [T] Common}

Variable Value New...
L]
JFR_RULE_TEST a7 Select...
Edit...
Remove
(®) Append environment to native envi nt
(O Replace native environment with specified environment
Revert Apply

®
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Next launch a JMC with your rule running by launching JMC with Workspace Plug-ins.

& workspace - Eclipse
File Edit Source Refactor MNavigate Search

il
[# Package Explorer 51
=% D2_IFR_HotMethods
=2 D3_JFR_Latencies
(=5 D4_IFR_GC
(=2 05IFR_WLS
=% D6_IFR_JavaFX
22 07_JFR_Exceptions
LgJ 08_JFR_CustomEvents
=% D9_IFR_CustomRules
=% 10_Console_LoadAndDeadlock
= 1 _JOverflow
122 12_Memleak_Leak
=2 13_Memleak_Online
= 14_JFR_SmurfberryExchange
= 99_Example_JFR_Recordings
= Logs
v '17'1 MyRule
=h JRE System Library [JavaSE-1.8]
= Plug-in Dependencies
w B sre

v [ myrulerules

m SimpleffrRulejava
(= META-INF
lozg build.properties

2o envvarjfr

@ pluginzml
1= Recordings

Project Run Window Help

@~ -0- Q- U HFEG- SO S

1 LeadAndDeadlock

2 LoadAndDeadlock Auto Record

3 HotMethods

4 HotMethods Auto Record

5 Latencies

6 Latencies Auto Record

7 Allocator

8 Allocator Auto Record

9 GUIMark

GUIMark Aute Record
ExceptionThrower

ExceptionThrower Auto Record
LoadAndDeadlock Dump en Exit
LoadAndDeadlock Dynamic Enablement
Leak

AddressBook

SmurfBerryExchange (command line)
SmurfBerryExchange

IMC with Workspace Plug-ins |}

Idle

JfrRulesReport
RunRulesOnFile

Run As >

Run Cenfigurations...

Organize Favorites...

B ST

|
ﬁ
|
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If you get a validation complaint, it will be about localization — simply click Continue. In
the Java Mission Control client that now starts, find your Idle program and make a short
(3s or so) recording with the default profiling template.

hto start the flight recording

[

Aaecus fight recording_ 18013 comoracleemplemefrmoiestiide]  Brow

H

Template Manager

Depending on the value you set the environment variable to, you should now see your
rule triggering:
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[ Oracle Java Mission Contral

File Edit Mavigaste Window Help

% VM Bro

ser Oz Outline @kt <7

o

[B4 Automated Analysis Results
~ 1 Java Application

4 Memory

@@ Lock Instances
& Filel/0

3 Socket /0

@ Method Profiling
0 Exceptions

& Thread Dumps

~ &5 WM Interals

I Garbage Collections
[ G6C Configuration
&, Compilations
@ Class Loading
VM Operations
* TLAB Allocations
@ Environment
[g Processes
o Environment Variables
<@ System Properties
B+ Recording
iy Event Browser

] Properties 32 o Resulis

Field Value

0 events

o

[=|

as flight recording_18013Tcomoraclesxampleimctjfirulesutilidle 12836, 52

[ Automated Analysis Results

@ JVM Internals

5 |command Line Options Check

= Stack Trace

& Environment

(% Processes

TN Competing Processes

& Environment Variables

A simple JFR Rule

0

it
@ |o

0 ©|

The result from parsing the information in the environment variable named

JFR_RULE_TEST was 87.0

|=|@w ~=8

Stack Trace

Count

Exporting the rule

The rule can be exported and shared with others. To export it, simply right click on the
rule project and select Export.... In the Export wizard, type Depl in the filter box, and
select Deployable plug-ins and fragments.
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& Export O *

Select b |

i

Export the selected plug-ins and/er fragments in a form suitable for deploying in an Eclipse product, E / 5 |

Select an export wizard:

Depl

v [= Plug-in Development
Lt Deployable features
~I% Deployable plug-ins and fragments

?) < Back Mext = Finish Cancel

WS k

Hit Next, select a destination directory and click Finish. The resulting plug-in can either
be dropped in a JIMC dropins folder
(JDK9_HOME/lib/missioncontrol/dropins), or put on the classpath to a

program running the automated analysis headless.
Deep Dive Exercises:

13. Duplicate the RunRulesOnFile launcher by right clicking on it in the Run
Configurations dialog. In the new launcher, set the arguments to
C:\Tutorial\workspace\09 JFR CustomRules\ruletest.jfr 51,and
add the exported plug-in to the class path (Add External Jars). Run it!

14. Do the same for the JfrRulesReport.
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Exercise 9b — Custom Pages

After some time with Java Flight Recorder you may find yourself repeatedly wanting to
look at specific pieces of information. JMC 6 provides an easy way to set up custom
views.

We will use the recording from the 05_JFR_WLS project for this exercise. Open the
wldf. j£r recording, and switch to the Java Mission Control perspective.

Filters

We would like a nice view of the servlet requests taking longer than 2 seconds. Start by
going to the Event Browser page. Use the filter box to quickly find the Servlet Request
Run event type, and then use the context menu to create a new page using the selected
event type.

56

£ workspace - 05_JFR_WLS/wldf.jfr - Eclipse
File Edit Mavigate Search Project Run  Window Help
Hmifhd " @- B Lo Y- ~th o -
IV er 0% Qutline e =08 @ widfjfr &
ﬂ Automated Analysis Results 3% Event Browser
v E Java Application
A
¥e Memoary <No Selection> | Aspect: | <No Selection> v
&P Lock Instances
£ File /O 3
2 Socket /O
@ Method Profiling Event Types Tree Replaced ECID Subsystem
5 Exceptions |55N|e Servlet
__ & Thread Dumps w G WebLogic Server 29,619 Servet
v &3 VM Internals v G Servlet 9,895 : Servlet
[ Garbage Collections = SEI’\;\;YI‘AS)"HC Action 0 Servlet
E GC Configuration B Serviet Check Access 2 Servlet
@y Compilations [ Serviet Context Execute 312 Servet
@ Class Lnad\.ng . Servlet Context Handle Throwable 1 Servlet
&5 VM Operations I Serviet Execute 1,26 Servlet
¥4 TLAB Allocations -
. Eri N [ Serviet Filter 1,492 Serviet
ve r‘nvlronmen [ serviet Invocation 214 Servlet
é Erucesses . I Serviet Request Servlet
nvironment Variables
[ Serviet Request Cancel 0 Servlet
<3
o ;yster‘: Properties [ Serviet Request Dispatch 1,005 Servlet {
r gen:;:m::: . Servlet Request Overload 0 Serviet
i \Webl [ Serviet Request Run 818 Servlet
hd ) b F;g\c [ Serviet Request Run Be [  Create a new page using the selected event types Servlet
_t ava [ Serviet Response Send Servlet
'f;g: Metadata " Show event types with no events
[ Serviet Response Write Servlet
[ Serviet Stale Resource ° Store Selection Servlet )
Store and Set As Focused Selection Servlet
Servlet
Servlet
Servlet
Servlet
Servlet
[ Properties &2 @o Resulis o =08 Serviet
Field Value Senvlet
<0 Event Type Servlet Request Run
) ime 11718/2013 10,43:10 AM. .




9.

Right click on the name of the new page, and name it “Long Lasting Servlets”:

S workspace - 05_JFR_WLS/wldf jfr - Eclipse
File Edit MNavigate Search Project Run Window Help

TR LT R I RaT-% AR IR R R SRR
,/J J ser g= Outline e T = 8 as widfjfr &2
ﬂ Automate.d A.nalyms Results B Serv!-=D-—---- P T
v @ Java Application Rename... 1
Py
o Memory <No Sele Changelcon---l“\’ [ Aspect: | <No Selection> 5
g® Lock Instances ST
B File /0 | ) et Topics...
& Socket 110 M Type is http:/fwww.oracle.com/wls/flightrecorder/low/wls/Serv

(@ Method Profiling
15 Exceptions
& Thread Dumps

v §& JVM Internals

Add a new attribute filter on Duration:

as widfjfr 5

M Servlet Request Run

<MNo Selection> ~ | Aspect: | <No Selection> w {
is http:/fwww.oracle.com/wls/flightrecorder/low/wls/Servlet/Serviet_Request Run
Add Filter from Attribute ¥ Event Type
Add Filter from Selection » Start Time
Combine with OR Duration %
Combine with AND End Time
=1 List |.i Chart Remove AND/OR filter Thread Name
Filter the table Negate Full Stack Trace [
of Cut CtrleX Wl 3
Copy Ctrl+C fcele=
Paste Ctrl+V fekacass
¥ Delete Delete Eotietbed
Clear Al =
Return Value
Method Name ’
Class Name
User ID RID Replaced | Transaction ID
Transaction ID
<WLS Kernel= 1
<WLS Kernel> D
<WLS Kemnel= RID 1..
<WLS Kernel> ECID
<WLS Kernel> Servlet Name
<WLS Kernel> URI
<WLS Kernel> Sz
<WLS Kernel=
CWLS Kernels Replaced ECID
<WLS Kernel> Servlet
<WLS Kernel> Serviet
<WLS Kernel> Servlet
<WLS Kernel> Serviet
<WLS Kernel> Servlet
<WLS Kernel> Serviet

<WLS Kernel= Servlet
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And set it to > 2 seconds:

l Servlet Request Run

Mo Selection=

~ | Aspect:

<No Selection>

e |

W Type is
@ Duration E

http://www.oracle.com/wls/flightrecorder/low,/wls/5ervlet/Servlet_Request_Run

2

= List | i Chart|

Filter the table

Now we have a custom page showing the longest lasting servlet requests:

| Aspect: <No Selections

- o

Quick Aeces) || 15 | @ 41
=-n
-

[Show concurent: | Contained - Same tiresds Time Range: |Set |Clear

© wrkspace - 05 JFR WAL/l - Eclipae
Fie Gt Mavigste Sech Project Run Window Help
oi- iR H R - RS SRR
B VM Browser | 5 Outine PoP 7= 8
Bl Automated Analysis Results
=1 rviet Re n
v &l Jova Appiicetion |l Serviet Request Ru
 Mamory st
¥ Lock Instances 25, o
& Filevo
B socket 10 [ '™ s
© Method Profiling @ Duration N
35 Exceptions.
# Theead Dumps
L —
[ Garbage Collections
G Class Losding 50 st et
L User I RID
<WLS Kemel»
<WLS Kemel»
WL Kemnels
<WLS Kemnel»
WL Kernels
<WLS Kemel>
<WLS Kemel>
<WLS Kemel>
WL Kemel»
W Seviet Request Rum <WLS Kemel»
WL Kemnels
<WLS Kemnel»
WIS Kernels
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Replaced ECID

Subsystem

Request_fun

Tansaction [0

Duration

LEH
7888
7854z
78305
62675
62383
62165
62155
62145
61355
6130:
a5
2905

-1
RCD End Time Class Hame: Event Type

118713 1043:30 AM Serdet Request Run
TV/TB3 134T AM Sendet Request
T1/IB/13 104347 M Sendet Request
/I3 I04RTAM  weblogic.senvetintema... Sendet Request Fun
TIGII0RSAM  weblogicstrvetintema..  Sendet Reguest Run
T/I613 104353 M . Senlet Request Run
116713 104353 M Senlet Request Run
116713 104353 AM Senlet Request Run
T/18713 1043:53 AM Serdet Request Run
TV/TB3 104339 AM Sendet Request Run
111813 104347 M Sendet Request

T3 104230 AM
T3 104322 AM

weblogic servietntema... Sendet Request fun
weblogicservetintema... - Sendet Request fun



Grouping

In the custom page, events can also be grouped. Create a new page, using the Servlet
Reguest Run event again. Name the page Request Log. Add a new filter from attribute,
this time ECID. Select isn’t null as the predicate relation.

as widfjfr 3
[l Request Log

<Mo Selection=>

~ | Aspect: | <Mo Selection>

B Type is http:/Swwew.oracle.com/wis/flig
<0 ECID isn't null W

I=

£

“ =

=

==

matches
= List | il ':hﬂl't| doesn't match

Kernel=

contains
Uszer ID doesn't contain Replaced ECID
<WLS Kemel> j’gizt et
=WLS Kernel= ic null
=WLS Kernel»
<WLS Kernel=
<WL5 Kernel»
<WLS Kernel»
=WLS Kernel=
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Now remove the Type filter:

s widfjfr 53

I Request Log

|<NoSeIection>

v | Aspect: | <No Selection>

.\,AM

<8 ECID

= List [ncog

User ID
<WLS Kerne
<WLS Kerne
<WLS Kerne
<WLS Kerne

Add Filter from Attribute
Add Filter from Selection
Combine with OR
Combine with AND
Remowe AND/OR filter
MNegate

Cut

Copy
Paste

Delete I}

Clear All

Ctrl+X
Ctrl+C
Ctrl+V
Delete

cle.com/wls/flightrecorder/low/wls/Servlet/Servlet_Request Run

<WLS Kernel=
<WLS Kernel>
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Subsystem Transaction [D
Servlet
Servlet
Servlet
Servlet
Servlet
Servlet




Use the context menu in the table to group by ECID:

ae widfjfr &3
B Request Log

<Mo Selection>

« | Aspect: | <No Selection>

<8 ECID isn't null
= List | [id Chart|
UserID RID Replaced ECID Subsystem Transaction [D
<anonymous> EiE BEA1-000217F] E993CDB..,
<anonymouss Sort Celumns BB BEA1-000217F1E993CDB...
<anonymous> Visible Columns EIB BEA1-000217F1E993CDB...
<anonymous> . 3L BEA1-000217F1E993CDB...
S Copy Ctrl+C

<anonymous> BB BEA1-000417F1E993CDB...
<anonymous> Clpbuaksiing B BEA1-000417F1E993CDE...
<anenymous> Store Selection EB BEA1-000617F1E993CDB...
<anonymous> Store and Set As Focused Selection E)B BEA1-000617F1E993CDB...
£anonymous> 2 Show Fitter ElB BEA1-000817F1E993CDE...
<anonymous> EB BEA1-000817F1ES93CDB...
anonymous> Q  Show Search FIR BEA1-000017F1E993CDE...
<anenymous> @5 Group By User ID BEA1-000917F1ES93CDB...
“3nonymous> RID BEA1-000817F1E933CDE...
<anonymous> Replaced ECID BEA1-000917F1E993CDB...
<anonymous> Subsystem BEA1-000917F1E993CDB...
<anonymous> S BEA1-000917F1E993CDB...
<anonymous> ; BEA1-000917F1E993CDB...
<anonymous> aton BEA1-000917F1E993CDB..,
<anonymous» RCID BEA1-000917F1EG93CDB...
<anonymous> End Time BEA1-000917F1E993CDB...
<anonymous> Class Name BEA1-000B17F1E993CD...
£anonymous> Event Type BEA1-000B17F1E993CD..
<anonymous> — BEA1-000B17F1E993CD...
“anonymous> ECID BEA1-000B17F1E993CD...
<anonymous> BEA1-000B17F1E993CD...
<anonymous> iasline BEA1-000B17F1E393CD...
<anonymouss> Return Value BEA1-000C17F1E993CD...
“3nonymous> Methed Name BEA1-000CT17F1ES93CD...
<anonymous> Serviet Name BEA1-00DC17F1E993CD..,
<anonymous> URI BEA1-000C17F1E393CD...
<anonymous> BEA1-000E17F1E993CDB...
<anonymous> 3L BEA1-0DDE17F1E993CDB...
<anonymous> BB BEA1-001017F1E993CDB...
<anonymous> BB BEA1-001017F1ES93CDB...

< moug>

-001217F1E:

N T W O Y N W\
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Add a column for the longest duration in the ECID table:

as widfjfr &3
H Request Log

<Mo Selection=

~ | Aspect: | <No Selection=

B8ec006a7-30e9-4fac-beTf-T16f42d3 cbc8-0

= List| [l Chart
User ID RID
a5
<anonymous> ﬁ
<anonymous:> %q

Clipboard Settings

Store Selection

Store and Set As Focused Selection

Group By
Combine Group By

<ancnymous>
<anonymous>
< EI"IDI"I)"I’T'IDLIS:‘
<anonymous>
< EI"IDI"I)"I’T'IDLIS:‘
“ EI"IDI"I)"I’T'IDLIS:‘
<anonymous>
“ EI"IDI"I)"I’T'IDLIS:‘
<anonymous>

“ EI"IDI"I)"I’T'IDLIS:‘

<anonymous>

Next sort the ECID table on the Longest Duration column. Select the longest lasting
ECID, and next sort the List, which will now show all events with the ECID selected in
the ECID table, on Start Time.
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ElB
ElB
ElB
ElB
ElB
ElB
ElB
ElB
EIB
ElB
ElB

Total Duraticn
MAverage Duration
Shortest Duration
Longest Duration
StdDev (P) Duration
Average End Time
First End Time

Last End Time
MAverage Start Time
First Start Time
Last Start Time

<@ ECID isn't null (
ECID Count {)
Bec006a7 309 4fac belf 716/42d3chbeB 0"~ T 31
8ec006a7-30e9-4fac-be7f-716f42d3cbc8-0- an1
8ec006a7-30e9-4fac-beTf-716f42d3cheg-0 Visible Columns >~ ECD
8ec006a7-30e9-4fac-beTf-716/42d3cbe8-0 [ Copy e ¥ Count

X




After some time rearranging the columns in the List to your liking, you should now have
a nice Log of what was happening, in Start time order, for any ECID you select.

@ widfjfr 53 =0
M Request Log -
<No Selection> | Aspect: | <No Selection> - [Jshow concurrent: || Contained | Same threads TimeRange: | Set | | Clear

<@» ECID isn't null
ECID Count Longest Duration ~
‘8ec006a7-30e9-4fac-beTf-716f42d3cbc8-00000092 98 11.305¢
Bec006a7-30e9-4fac-be7f-T16142d3cbcB-000000a5 7 7868
Bec006a7-30e9-4fac-be7f-T16142d3cbcB-000000a3 5 78545
8ec006a7-30e9-4fac-be?f-716142d3cbc8-000000a4. 68 7830s
8ec006a7-30e9-4fac-be7f-T16142d3cbc8-00000067 87 6267 .
3 List| i Chart &
Strt Time Event Type Duration ~ Serviet Name URI Subsystem Method Name User ID Class Name ~
10:43:27 AM ECID Range 113955
10:43:27 AM Serviet Request Run Beg... 0s FacesServlet /physician-web/login.action Servlet run <WLS Kemnel> weblogic.servlet.interal. ServletRequest]
10:43:27 AM Servlet Request Run 113955 FacesServlet /physician-web/login.action Serdet run <WLS Kemel> weblogic servlet.intemal.ServletRequestl,
TGS TRAET AN Serviet Context Brecute 1385 Facesderviel [physician-web/loaimaction Serdet et WS Kamels bioarsenetinterL
11/18/13 10:43:27 AM Servlet Invocation 113925 FacesServlet /physician-weh(login.action Serdet wrapRun <anonymous> weblogic.servlet.intemal. WebAppServlet.
11/18/13 10:43:27 AM Servet Filter 113925 FacesServlet r'phys\:\anrwe%ﬂgm‘a(tmn Serdet dofilter <anonymeus> weblogic.servletinternal. RequestEventsFi,
! 43:27 AM Serviet Filter 113925 /physician-web/login.action Serdet doFiter =<anonymeus> weblogic senvletintemal.TailFiter
1, 10:43:27 AM Serviet Execute 113025 /physician-web/login.action Servlet execute <anonymous> weblogic.servlet.internal.ServletStublmpl
1, 10:43:27 AM EJB Business Method In.. 112385 BB invoke weblogic.ejb t: Ite 1. L
1 10:43:27 AM EJBPoolManager Create  17.787ms €8 createBean weblogic.ejb contsi tatel
/18/1310:43:33 AM EJB Pool Manager Pre In... 0s €8 prelmvoke weblogic.ejb cont totel
/18713 10:43:33 AM EJB Business Method Pr.. 0s G _WL_prelnvoke weblogic.ejb.cont ternal,BaseLoca
/13 10:43:33 AM EJB Business Method In...  11.672ms £8 invoke weblogic.jb.cont temal, L
3:33 AM EIBPoolManager Create  8.207ms €8 createBean blogicejo.cont tatel
/13 10:43:33 AM EJB Pool Manager Pre In... 0s 33 prelnvoke weblogic.ejb.cont tatel:
/18/13 10:43:33 AM EJB Business Method Pr. 0s BB _WL_prelnvoke weblogic.ejb t: Ite I.Baseloca
/1310:43:33 AM EJB Business Method In... ~ 368.330 ps €8 invoke weblogic.ejb contsinerintemal. L
/13 10:43:33 AM EJB Pool Manager Pre In... 0s €8 prelmvoke weblogic.ejb cont totel
/18713 10:43:33 AM EJB Business Method Pr.. 0s G _WL_prelnvoke weblogic.ejb.cont ternal,BaseLoca
/13 10:43:33 AM EJB Business Method Po.. 0s £8 WL y weblogic.ejb.conts ternal.BaseLoca
3:33 AM EJB Pool Manager Post ... 0s €8 postinvake blogicejo.cont tatel
/13 10:43:33 AM EJB Business Method Po... 5749 ps 33 _WL_postinvokeCleanup weblogic.ejb.cont tternal.BaseLoca.
118/1310:43:33 AM EJB Business Method Po... 0s €8 WL y weblogic.ejb container.interal BaseLoca.
/1310:43:33 AM EJB Pool Manager Post | 0s €8 postinvoke weblogic.ejb contsi tatel
EJB Business Method Po.. 750,619 ps €8 _WL_postinvokeCleanup weblogic.ejb.conts ternal.BaseLoca
Servlet Request Run 66104 ms  Phy: adeService.,  /medrec] es/PhysicionFacadeS..  Serdet run <WLS Kemel> weblogic servletinternal.SenvletRequestl.
Servlet Context Exccute  65.477ms  Phy: adeService.,  /medrec] es/PhysicionFacadeS..  Serdet cecte <WLS Kemel> weblogic.servletintemal. WebAppServet..
Servlet Invocation 64.754ms  Phy: . [medrec /Phy: . Serdet wrapRun bl letintemal, .
Serviet Execute 64.640ms  Phy: adeService.. /medrec-j es/PhysicianFacadeS...  Senlet execute <anonymous> weblogic.servlet.internal.ServletStublmpl
FIR Ruinecs Method In. ANAAT me FIR inuoke <anonumone> wehlnaic eih.container.internal Secsionl .. ¥
>

Boolean Filter Operations

Lastly we will build a custom view to find any contention on Log4J lasting longer than
400ms, or 200ms if the contention is somewhere else, as this will neatly illustrate the use
of Boolean filter operations.

First create a new page on the Java Monitor Blocked event type. Go to the Event
Browser. Next use the filter box to quickly find the event type. Use the context menu to
create the new page. Name the new page Log4J Contention.

Use the context menu in the List table to show the search box. (This is available in all
tables.)

63



as widfjfr i3
@ Log4J) Contention
<Mo Selection> ~ | Aspect: | <No Selection> ~
O Type is com.oraclejdkJavaMonitorEnter
= List| i Chart

Event Type Thread Duration  Start Time End Tim
Java Monitor Blocked pool-3-thread-1 100,792 ms  11/18/13 10:43:55 AM 11/18/13
Java Monitor Blocked pool-3-thraad-1 22M02 ene 117123 10:43:55 AM 11/18/13 3
Java Monitor Blocked pool-5 Sort Columns 7 110:43:56 AM 11/18/131
Java Menitor Blecked pool-3 Visible Columns * o 10:43:56 AM 11/18/13
Java Monitor Blocked [ACTIV B Copy BT 10:43:57 AM 11/18/13
Java Monitor Blocked [ACTIV ] . 10:43:56 AM 111813
Java Monitor Blocked (acTiy  Clipboard Settings * 110:42:57 AM 11718713
Java Menitor Blocked [ACTIV Store Selection 10:43:57 AM 11/18/13
Java Monitor Blocked [ACTIV Store and Set As Focused Selection 10:43:57 AM 11/18/13
Java Monitor Blocked [ACTIV ) 10:43:37 AM 117181

. S Show Filter o
Java Menitor Blocked [ACTIV 10:43:36 AM 11/18/13
JavaMonitor Blocked  [ACTIv S ShowSearch 104356 AM 11718713

=

Java Monitor Blocked [ACTIV *& Group By * 1 10:43:56 AM 11/18/13
Java Monitor Blocked [ACTIVE] ExecuteThread... 123584 ms 1118413 10:43:57 AM 11/18/131
Java Monitor Blocked [ACTIVE] ExecuteThread... 30319 ms 1171813 10:43:537 AM 11/18/13
Ja onitor Blocked [ACTIVE] ExecuteThread... 76.810ms  11/18/13 10:43:57 AM /1811

In the search box, type log4j, then select one of the events. Next add a filter from the
attribute Monitor Class.

s widfjfr 5
[l Log4J Contention

<No Selection> | Aspect: | <No Selection> - O

F
X
is com.oracie jdk.JavahonitorEnter N
Add Filter from Attribute > Event Type 2
Add Filter from Selection > Start Time
= List | Chart Combine with OR Duration ;
Combine with AND End Time
log4j L
Remove AND/OR filter Thread Name
Event Type End Time Monitor Address Monitor Class Prey
Negate Full Stack Trace
Java Monitor Blocked 11/18/13 10:42:35 AM 0:DE9201B0  org.apache.logdilogger  [AC
. . Top Method -
Java Monitor Blocked ~ of  Cut Crl+X 11/18/13 10:43:56 AM ODE9201B0  org.apachelogdjLogger  [A
Java Monitor Blocked 2] Copy Crl+C epp s 11/18/13 10:43:56 AM Ox0ES201B0  org.apachelogdjlogger  [AC
Java Monitor Blocked (11 paste Ctrlsv Top Package 11/18/13 10:43:57 AM O:DE9201B0  org.apache.logdjlogger [
Java Monitor Blocked g0 b joqe — Root Method 11/18/13 10:42:58 AM 0:DE9201B0  org.apachelogilogger  po
Java Monitor Blocked Clear Al Monitor Class 11/18/13 10:44:00 AM 0x15D7F050 org.apachelogdjLogger  [AC
ear e
Java Monitor Blocked PE—y— 11/18/13 10:44:01 AM 0x15CF38F0  org.apachelogdjLogger  [AC
Java Monitor Blocked [ACTIVE] ExecuteThread... M 11/18/13 10:44:08 AM 0x07E52C40  org.apachelogdjLogger  [AC
Java Monitor Blocked [ACTIVE] ExecuteThread... 21481 ms  11/18/13 10:44:12 AM 11/18/13 10:44:12 AM 0x15CF30B0  org.apache.logdj.Logger

J oc|

(ACTIVE] ExgcuteThread,

21845 ms  11018/13 10:43:47 Al

{3713

LA3:47,

oy I er

The log4j class should automatically be added for you. Disable the search from the
context menu in the List table by using the context menu.

Add a new filter from the attribute Duration. Set the filter predicate to be more than 400
ms.
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as widfjfr 53
B Contention

<MNo Selection>

« | Aspect: | <Mo Selection>

u Type is
® Monitor Class ==
@ Duration

com.oraclejdkJavaMenitorEnter
org.apachelogdj.Logger

Add Filter from Attribute
Add Filter from Selection
Combine with OR
Combine with AND
Remove AND/OR filter

Java Monitor Blocked

=3-thr

MNegate
of  Cut Ctrl+X
[B Copy Ctrl+C
Paste Ctrl+V
B List l.i Chart ¥ Delete Delete
Event Type Thread - Duration  Start Time Clear All
Java Monitor Blocked pool-5-thread-1 461.534 ms  11/18/13 10:43:57 AM 11/18/13 10:43:58 AM
Java Menitor Blocked pool-5-thread-1 474132 ms 11/18/13 10:43:55 AM 11/18/13 10:43:536 AM
[ACTIVE] ExecuteThread... 557301 ms  11/18/13 10:43:55 AM 11/18/13 10:43:36 AM

Select the Monitor Class filter and the Duration filter both, and select Combine with AND
from the context menu. Next add a filter for Monitor Class != org.apache.log4j.Logger,

and Duration > 200 ms. Combine them with an AND filter, and finally combine the both
AND filters with an OR filter.

Note: There is a bug (fixed in JMC 6.1.0) that makes applying AND/OR filters sometimes
not immediately evaluate the expression. If that happens, try clicking in the list or select
another page and return.

@ widfjfr 13 =8
[ Contention A
<No Selection= | Aspect: | <No Selection> v [JShow concurrent: | | Contained (| Same threads Time Range: |Set| | Clear

[ Type is com.oraclejdk.JavaMonitorEnter
v 4 OR
~ [&anp
@ monitorClas: == org.apachelogdj.Logger
(@ Duration > 400 ms
~ [& anD
@ monitorClas: = org.apachelogdjLegger
@ Duration = 200 ms
= List| i Chart 42
Duration  Moniter Class Monitor Address  Thread Previous Monitor Owner Start Time End Time
712149 ms  orgapachelogdiLogger 0920180 [ACTIVE] ExecuteThread: ‘' for queue: . pool-5-thread-1 11/18/13 10:43:57 AM 11/18/13 10:43:58 AM
700587 ms  orgapache.logdjLogger OxDES201BD [ACTIVE] ExccuteThread: '3 for queue: .. [ACTIVE] ExecuteThread: 0’ for queue: 'weblogic kemel Default (self-t...  11/18/13 10:43:36 AM 11/16/13 10:43:57 AM
617.807 ms  org.apache.logdj.Logger 0xDE9201B0  [ACTIVE] ExecuteThread: ‘0 for queue: ...  pool-5-thread-1 11/18/13 10:43:55 AM 11/18/13 10:43:56 AM
575.184ms  org.apache.logdiLogger DDES201B0 pool-5-thread-1 [ACTIVE] ExecuteThread: 2" for queue: ‘weblagic.kemel.Default (self-t.. ~ 11/18/13 10:43:56 AM 11/18/1310:43:57 AM
557301 ms  org.apache.logdj.Logger 0xDE9201B0  [ACTIVE] ExecuteThread: '3’ for queue: ... [ACTIVE] ExecuteThread: '2' for queue: ‘weblogic.kernel Default (self-t..  11/18/13 10:43:55 AM 11/18/13 10:43:56 AM
474132 ms  orgapachelogdjLogger 920180 pool-5-thread-1 [ACTIVE] ExecuteThread: 2" for queue: ‘weblagic. kemel.Default (self-t..  11/18/13 10:43:55 AM 1/18/13 10:43:56 AM
461.534 ms  org.apache.logdj.Logger 0xDE9201B0  pool-5-thread-1 [ACTIVE] ExecuteThread: '3’ for queue: ‘weblogic.kernel.Default (self-t...  11/18/13 10:43:57 AM 11/18/13 10:43:58 AM
434057 ms  weblogic.persistence.Pe.. Ox1SATCACD [ACTIVE] ExccuteThread: ‘' for queus: 'n  [ACTIVE] ExecuteThread: 4’ for queus: 'weblogic kemel Default (self-t..  11/18/13 10:4303 AM 1/18/13 10:43:03 AM
431448 ms  weblogic.persistence.Pe... OxISATCACD [ACTIVE] ExecuteThread: '4 for queue: .. [ACTIVE] ExecuteThread: 2’ for queue: 'weblogic kemel Default (self-t...  11/18/13 10:43:03 AM 11/16/13 10:43:03 AM
397378 ms  weblogic.persistence.Pe... Ox13ATCACO [ACTIVE] ExecuteThread: ‘2’ for queue: .. [ACTIVE] ExecuteThread: '0' for queue: ‘weblogic.kernel Default (self-t... 11/18/13 10:42:02 AM
394820 ms  weblogic.persistence Pe... Ox1SATCACD [ACTIVE] ExccuteThread: ‘0 for queue: .. [ACTIVE] ExecuteThread: '3'for queue: 'weblogic kemel Default (self-t... 11/18/13 10:43:03 AM
201.183 ms  weblogic.utils.classload. Ox15A1AT30 [ACTIVE] ExecuteThread: '3’ for queue: .. [ACTIVE] ExecuteThread: '4' for queue: ‘weblogic.kernel.Default (self-t...  11/18/13 10:43:03 AM 11/18/13 10:42:04 AM
200375 ms  weblogic.utils.classload... Ox1SATA730 [ACTIVE] ExccuteThread: ‘4 for queue: 'n.  [ACTIVE] ExecuteThread: '0' for queue: 'weblogic kemel Default (self-t..  11/18/13 10:4303 AM 11/18/13 10:43:04 AM
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Adding grouping on monitor address would yield something like this

as widfjfr 5 =0
[l Contention - 3
<No Selection> | Aspect: | <No Selection> v [Show concurrent: | | Contained | Same threads Time Range: | Set| | Clear
[ Type is com.oraclejdk.JavaMonitorEnter
org.apachelog4j.Logger
(@ Duration > 400 ms
~ [& anD
@ monitorClas: = org.apachelogdjLegger
@ Duration = 200ms
Monitor Address Y Count Longest Duration StdDev (P) Duration
A Gx0E320 150, | 7 T s T80 s
[# ox15A1CaC0 N 4 430,057 ms 18372 ms N
2 0x15A1A730 [ | 2 201183 ms 403848 s
st lid (han‘
" Duration Monitor Class Menitor Address  Thread Previous Monitor Owner Start Time End Time
712149 ms  orgapachelogdLogger 0:0E9201B0 [ACTIVE] BxecuteThread: '1'for queue: .. pool-5-thread-1 /813104357 AM  11/18/1310:43:58 AM
700587 ms  orgapachelogdiLogger 00920180 [ACTIVE] ExecuteThread: '3 for queue: .. [ACTIVE] ExecuteThread: ‘0" for queue: ‘weblogic.kermel Default (seff-t..  11/18/13 10:4356AM  11/18/13 10:43:57 AM
617807 ms  org.apache og4j.Logger 0:0E9201B0 [ACTIVE] BxecuteThread: ‘0’ for queue: .. pool-5-thread-1 /813104355 AM  11/13/1310:43:56 AM
575184 ms  org.apache.logdj.Logger 0x0E9201B0  pool-5-thread-1 [ACTIVE] ExecuteThread: ‘2’ for queue: ‘weblogic.kernel.Default (self-t...  11/18/13 10:43:36 AM 11/18/13 10:43:57 AM
557301 ms  orgaapachelog4jLogger OE01BO  [ACTIVE] ExceuteThread: '3 for queue: ' [ACTIVE] ExecuteThread: '2'for queus: ‘weblogic.kernel Default (sefi-t..  11/18/13 10:4355AM  11/18/1310:43:56 AM
474132 ms  org.apache.logdj.Logger 0x0E9201B0  pool-5-thread-1 [ACTIVE] ExecuteThread: ‘2’ for queue: ‘weblogic.kernel.Default (self-t...  11/18/13 10:43:55 AM 11/18/13 10:43:56 AM
461534ms  orgapachelogdiLogger 0920180 pool-5-thread-1 [ACTIVE] ExecuteThread: '3 for queue: 'weblogic.kernel.Default (self-t..  11/18/1310435TAM  11/13/13 10:43:58 AM
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The Management Console (Bonus)

Java Mission Control includes a very handy JMX console. It has been described as a
“JConsole on steroids”, and it certainly has some very convenient features. The next few
exercises will show some of the more commonly used ones.

Exercise 10.a - The Overview

Start the LoadAndDeadlock program, like you did in Exercise 2.a. Then switch to the
Mission Control perspective. After a little while you should see the JVM running the
LoadAndDeadlock class appearing in the JVM Browser. Open a console by selecting
Start JIMX Console from the context menu of the JVM running the LoadAndbDeadlock

class, or by expanding the LoadAndDeadlock JVM in the JVM Browser and double
clicking on the MBean Server.

You should now be at the Overview tab of the Management Console. You should see
something similar to the picture below:

=
File Edit Nevigate Search Project Run Window Help
@@ RS if i oS ke ;| o8| & % [
B M Browser = B 180131 LoadAndDeadlock (17136) 52 =0 |
= 3 B Overview & | S
~ %3 [1.8.0.131] LoadAndDeadlock (17136)
i MBean Server » JMX Data Persistence Settings =
@5 Flight Recorder N
% [1.80_131] The JVM Running Mission ¢ |~ Dashboard i
Used Java Heap Memory VM CPU Usage Live Set + Fragmentation
# o D% T v
3 o vl 0 3 % 3
8 2 z 8
j 1 \ GiB ) o % 4 % o
0 = = .o ) ——— . al _ 10"
Now: 1.1GiB Max 1.84 GiB Now: 0,196 % Max: 15.3 % No value yet
pgpre— e
100 % [JvM CPU Usage
B0 % [l Machine CPU Usage
0%
< > 40 %
] Properties 5 = A B
o . 0w = 7 ] 7
B L 20250PM  22257PM 22304PM  223:1PM  223:8PM  22326PM  22332PM 22339 PM
Property Value
~+ Memory g
2GiB
15 Gig ."\ [1 [ Total Physi emo
166 ﬂ‘ \ [ W Used Java Heap Memory
[\ [1 [ used Physical Memery
512 MiB /
oe
22250 PN 22267 PM 22304PM 223:01PM 220:8PM 22325PM 223S2PM 22330 PM

> [ Overview| % MBean Browser| & Triggers| &% System | % Memory | 4@ Threads| &5 Diagnostic Command

s

In the overview tab you can remove charts, add new charts, add attributes to the charts,
plot other attributes in the velocimeters, log the information in the charts to disk, freeze

the charts to look at specific values, zoom and more.
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Click on the Add chart button in the upper right corner of the console. This will add a

new blank chart to JMC.

S workspace - [1.8.0_131] LoadAndDeadlock (17136) - Eclipse

File Edit Mavigate Search Project Run Window Help

R @B RiE S e e

B VM Browser I Outline = 5 (0180131 LoadAndDeadiock {17136) 51
ERO Overview

~ 38 [18.0.131] LoadAndDeadlock (17136)
MBean Server

> e Flight Recorder
> % [1.8.0_131] The JVM Running Mission €1

» JMX Data Persistence Settings

~ Dashboard

Used Java Heap Memory

JVM CPU Usage

- o

oores] | | & +88

=0

.
s : b
g 4
2 8
o % 1 % 9
‘ . - . lop ‘ ‘ 0 4 - . g ‘
Now: 730 MiB Max 1.84 GiB Now: 0,195 % Max 17.3 % No value yet
+ Processor &
100 % WM CPU Usage
a0 % Bl Machine CPU Usage.
60 %
0%
20%
0wl — ; : = T 7 Za ] 7
22552 PN 22580PM  22608FM  226:13PM 22620 PM  22627PM 22834 PN 226:1PM 228481
+ Memory &
< >
15 oiB O W Committed Java Heap
[ Properties 52 128 iB L/ [ M Maximum Java Heap
168 / \ \ [ [l Total Physical Memory
768 i Used Java Heap Memor
Property "1/ \ \ T L] P g4
512 MiB ] LA [ [H used Physical Memory
256 iB v
[
22852PM 22550PM 2260BPM 226:3PM 22620 FM 22827 PM 22834PM  22841PM 2268
+ My Chart &
1
08
o6
04
0z
o
2:24:28 M 2:24:35 FM 2:24:42 FM 22440 PM 2:24:56 PM 22503 FM 2:25:10 PM 2:25:17 PM 22524 PN
> Overview| 53 MBean Browser| > Triggers| &8 System | %7 Memory | ,® Threads| & Diagnostic Commands

x
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Click the Add... button of the new chart. In the attribute selector dialog, go to the Filter
text field and enter “Th” (without quotation marks). Select the ThreadCount attribute,
and press ok. You should now see the thread count.

LoadAndDeadlock (13748) i =)
@ Overview & Y@
} Historical Data Settings L7216
= Dashboard g L@
Used Java Heap Memory JVM CPU Usage Live Set + Fragmentation
e
W90 0 60
v 0 0
200 20
) ) \\ %
o™ . . = o . .7 . o™y i . v . e
Now: 526 MiB Max: 114 MiB Now: 86,4 % Max: 86,4 % MNow:133 % Max 133 %
- Processor P hH @ %
L e B [C1vM CPU Usage
[l Machine CPU Usage
so%{————- LS
[ LY R— — = ; .
10:57:38 1057:48 105753 10:58:00 105807 1058:14 10:58:21 1058:28
L NGRS
[7] [ Committed Java Heap
[7] [ Maximum Java Heap
71 [ Total Physical Memory
[l Used Java Heap Memory
[7] [@ used Physical Memory
10:57:38 10:57 48 10:57 53 10:58.00 10:58:07 10:58:14 10:58:21 10:58:28
~ Threads & X
_ X Total Live Thread Coun Add Em‘b“tE‘
Eis
i
L, .S, - -, - LD L .S, D .
@
T e
S
0
105732 10:57:30 10:57:48 10:57:53 10:58:00 10:58.07 10:58:14 10:58:21

[ Overview| i MBean Browser| <t Triggers | &8 System | % Memory| & Threads | 44 Diagnostic Commands

Note: You can use the context menu in the attribute list to change the color of the thread
count graph. To change the titles in the chart, use the context menu of the chart.
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Deep Dive exercises:
15. Try changing the color of the chart.
16. Sometimes it can be hard to read the precise value in a chart. Freeze the graph and

hover with the pointer over the thread count graph for a little while. What is your
exact thread count?

.Tota\ Live Thread Count

0 [ Total Live Thread Count: 15 (int, java.lang:type=Threading/ThreadCount) |

2:20:38 PM 2:20:43 PM 2:20:50 PM 2:20:57 PM 2:30:04 PM 2:30:11 PM 2:30:18 PM 2:30:25 PM

17. You decide that you dislike the live set attribute and warm up a bit to the Thread
Count attribute. Remove the Live Set velocimeter in the upper right corner of the
Overview tab, and instead add one for the Thread Count attribute.

Exercise 10.b — The MBean Browser

The MBean browser is where you browse the MBeans available in the platform MBean
server. If you expose your own application for monitoring through JMX and register
them in the platform MBean server, your custom MBeans will show up here. You can use
the MBean browser to look at specific values of attributes, change the update times for
attributes, add attributes to charts, execute operations and more. Go to the MBean
browser by clicking the MBean Browser tab.

What is the current garbage collection strategy for the old generation?
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[1.8.0_131] LoadAndDeadlock (17136) 12
#% MBean Browser

MEean Tree Eepes]

Filter: ‘ |

(= IMImplementation
[= com.sun.management

MBean Features

Attributes | Operations | Notifications | Metadata

MName

[l CollectionUsage

Value

CompositeData, size 4

Update Interval
Default

v (= javalang [0 CollectionUsageThreshold @ B Default
v [ GarbageCollector D CollectionUsageThresheldCount 2] Default
i PS MarkSweep . CollectionUsageThresheldExceeded false Default
i@ PS Scavenge . CollectionUsageThresheldSupported true Default
v [ MemoryManager v [ MemoryManagerNames String[1] Default
i CodeCacheManager o PS MarkSweep l}
9 Metaspace Manager [ Hame PS 0ld Gen Once
v (= MemoryPoal [l ObjectName java.lang:type=MemoryPoo... Once
% Code Cache [ PeakUsage CompositeData, size 4 Ss
i Compressed Class Space I Type HEAP Once
Metaspace [l Usage CompositeData, size 4 5s
PS5 Eden Space [l UsageThreshold 8B Default
PS Old Gen [l UsageThresholdCount 2] Default
% PS Survivor Space [0 UsageThresholdExceeded false Default
B ClassLoading |:| UsageThresholdSupported true Default
& valid true Default

% Compilation
i Memory
i OperatingSystem
ifa Runtime
i@ Threading
(= Java.nio
(= java.utillogging

[ Overview i MBean Browser| > Triggers | & System ’% Memory | @ Threads | &4 Diagnestic Commands

Note: Go to the java.lang domain, select the proper memory pool MBean and look for the
MemoryManagerNames attribute in the Attribute table.

Whilst browsing the java.lang.Threading MBean, you encounter your old friend the
ThreadCount attribute. You decide that you enjoy it so much that you wish to add it to yet
another chart on the Overview tab. Right click on the attribute, select Visualize... Select
Add new chart and click OK. Go back to the Overview tab and enjoy the Dual
ThreadCount Plotting Experience™ for a brief moment. Then reset the user interface by
clicking the Reset to Default Controls button in the upper right corner.

) 1.80_131] LoadAndDeadlock (17136) 53 = g
& Overview

» JMX Data Persistence Settings

~ Dashboard e ERY
Used Java Heap Memory JVM CPU Usage Live Set + Fragmentation
v D
3 g NG
2 8
’; 1 GiB ! 5 o\
i~ . 10 B e . . & A0
Now: 653 MiB Max: 1.4 GiB Now: 0.196 % Max: 14.3 % No value yet

Note: In JIMC charts must contain values of the same content type. That is the reason why
you cannot plot the ThreadCount attribute in the same chart as, say, the Memory
attributes.
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Deep Dive Exercises:

18. Get a thread stack dump by executing the DiagnosticCommand
print_threads.

Note: Browse to com. sun.management.DiagnosticCommand, select the

operations tab, select the threadPrint operation. Press the Execute button. You
will get a new time-stamped result view for each invocation of an operation.

19. Can you find a much simpler way of executing the Diagnostic Commands?

Note: Use the Diagnostic Command tab.
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Exercise 10.c — The Threads View

Short on time as we are, we skip to the Threads view. Rejoice at the discovery of our old
friend the Thread Count attribute in the upper chart (needs to be unfolded)! In the threads
view we can check if there are any deadlocked threads in our application. Turn on
deadlock detection by checking the appropriate checkbox.

Next click on the Deadlocked column header to bring the deadlocked threads to the top.

Note: You can also turn off the automatic retrieval of new stack traces by clicking the
Refresh Stack Traces icon next to the deadlock detection icon on the toolbar. This is
usually a good idea while investigating something specific, as you may otherwise be
interrupted by constant table refreshes.

What are the names of the deadlocked threads? In which method and on what line are
they deadlocked?

[1.8.0_137] LoadAndDeadlock (17136} 3 = O
@ Threads & HIE
b Live Thread Graph e i
Live Threads i
Live Threads 2:43:40 PM
|Search the table | [1cPU Profiling  [] Deadlock Detection [] Allocation
Thread Name Thread State Blocked Count Total CPU Usage Deadlocked Allocated Memory Lock Owner Name
&2 Thread-4 BLOCKED 1 Mot Enabled  true Mot Enabled Thread-3
& Thread-3 BLOCKED 1 Mot Enabled  true Mot Enabled Thread-4 I>’
& RMI TCP Connection(4)-192.168.56.1 RUNMABLE 461 Mot Enabled false Mot Enabled
&® RMI TCP Connection(2)-192.168.56.1 TIMED_WAITING 2,134 Not Enabled  false Not Enabled
&& IMX server connection timeout 21 TIMED_WAITING 6,778 Mot Enabled  false Mot Enabled
&2 RMI Scheduler(0) TIMED_WAITING 0 Mot Enabled  false Mot Enabled
& RMI TCP Accept-0 RUNMABLE 0 Mot Enabled  false Mot Enabled
& Thread-2 TIMED_WAITING 0 Mot Enabled  false Mot Enabled
&8 VM JFR Buffer Thread RUNMNABLE 0 Mot Enabled  false Mot Enabled
22 JFR request timer WAITING 0 Mot Enabled  false Not Enabled
B Attach Listener RUNMNABLE 0 Mot Enabled  false Mot Enabled
¥ Signal Dispatcher RUNMABLE 0 Mot Enabled false Mot Enabled
=% Finalizer WAITING 2 Mot Enabled  false Mot Enabled
2 Reference Handler WAITING 2 Mot Enabled  false Mot Enabled
® main RUNMABLE 0 Mot Enabled  false Mot Enabled

Stack Traces for Selected Threads
Stack traces for selected threads 2:43:40 PM

v Thread-4 [16] (BLOCKED)
= Load&ndDeadlockSLackerThread.run line: 41

%

[CE Overview | % MBean Browser | <> Triggers System | % Memory | @ Threads | &5 Diagnostic Commands

Note: In most tables in Mission Control, there are columns that are not visualized by
default. The visibility can be changed from the context menu in the table.
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Deep Dive Exercises:

20. If you run this from within Eclipse, you can jump to that line in the source and fix
the problem. Right click on the offending stack frame and jump to the method in
question.
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Exercise 10.d (Bonus) — Triggers

Let’s set up a trigger that alerts us when the CPU load is above a certain value. Go to the
Triggers tab. Click the Add... button. Select the ProcessCPULoad attribute and hit
Next.

S
Select attribute subscription trigger
Please select what kind of event the rule should trigger on. ﬁ

Filter: | *Cp

i

v [= java.lang

~ i OperatingSystem
i ProcessCpuloa . .
i ProcessCpuTim The amount of CPU load, as a value between 0.0 and 1.0, used by the JVM. When this value

n

iy SystemCpuload
~ i Threading

iF, CurrentThreadCpuTime
CurrentThreadCpuTimeSupported
ThreadCpuTimeEnabled
ThreadCpuTimeSupported

'i?_:' < Back MNext = Cancel

Select the Max trigger value to be 0.3 (30%). And set the limit to once per second. Click
Next.

There are a few different actions that can be taken when the rule triggers. There are
custom actions downloadable from the update site, and it is also possible to add your
own.

Let’s stick with the default (Application alert). Click Next. Constraints can be added to
constrain when the action is allowed to be taken. We do not want any constraints for this
trigger rule. Click Next once more. Enter a name that you will remember for the trigger
rule, then hit Finish.

Trigger rules are by default inactive. Let’s enable the trigger by clicking the checkbox
next to its name. The rule is now active. Move over to the Overview and wait for one of
the computationally intense cycles to happen. The Alert dialog should appear and show
you details about the particular event. If that isn’t enough to generate the necessary CPU
load, try resizing Eclipse like crazy for more than a second.
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Trigger Alerts

This dialeg shows the alerts that have triggered since the start of Java Mission Control,
Triggers can be configured in the Trigger tab of the Java Mission Control JMX Console,

Date

10 Sep 8, 2017 2:56:15 PM
10 Sep 8, 2017 2:56:18 PM
10 Sep 8, 2017 2:56:37 PM
10 Sep 8, 2017 2:56:41 PM
10 Sep 8, 2017 2:57.00 PM
10 Sep 8, 2017 2:57:04 PM
10 Sep 8, 2017 2:57:23 PM

Rule

My RulesiMy Cpuload ...
My RulesiMy Cpuload ...
My Rules\My Cpuload ...
My Rules\My Cpuload ...
My RulesiMy Cpuload ...
My Rules\My Cpuload ...
My Rules\My Cpuload ...

Source

[1.8.0_131] LoadAndDeadlock (17136)
[1.8.0_131] LoadAndDeadlock (17136)
[1.8.0_131] LoadAndDeadlock (17136)
[1.8.0_131] LoadAndDeadlock (17136)
[1.8.0_131] LoadAndDeadlqck (17136)
[1.8.0_131] LoadAndDeadI 58k (17136)
[1.8.0_131] LoadAndDeadlock (17136)

The notification rule is: My Cpuload Rule
Type description:
attribute://java.lang:type= Operating System,/ProcessCpuload
Rule trigger condition: value > 0.03

The actual trigger value: 0.07163235202865546

Disable or remove the rule when done to avoid getting more notifications.
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Heap Waste Analysis (Bonus)

There is an experimental plug-in available for Java Mission Control which provides heap
waste analysis. Heap waste analysis aims to find inefficient use of Java heap memory,
and provides suggestions on how to improve the density of an application.

To use it, it must usually first be installed. For this JavaOne Hands-on-Lab, however, it
has already been installed into the Eclipse lab environment.

Open the file 11 JOverflow/jmc4ldump.hprof by double clicking on it. Thisis a
dump from an earlier version of Mission Control, which traded quite a lot of memory for
a dubious performance gain in the JMX Console.

& J0verflow Analysis 52 =8
i JOoverflow Analysis rel
Object Selection Memory KB ¥ Overhead KB | Objects Memory KB ¥ | Overhead KB Objects
All Objects 18,741 (100%) 000% 159478 comjrockitmc.comm Array.m_armay 3,125 (16%) 3124 (16%) 8
Sparse Arrays 3223(17%) 3200 (17%) 710 Object(ll 38 (0%) 36 (0%) 7
Duplicate Strings 3,019 (16%) 2374 (12%) 26306 i i il KeyedHashSet, el 11(0%) 125
Small Collections 587 (3%) 448 2%) 4974 org.eclipse.swiwidgets.EventTable listeners 7 (0%) 226
Sparse Large Collections 586 (3%) 91(0%) 313 rg.eclips temal. pref - 5 (0%) 27
Empty Unused Collections 395 (2%) 395 (2%) 3829 rg.eclip ttermal, pre - 5 (0%) 27
385 (2%) 128 (0%) 2776 sun.nio.cs.StanderdCharsetsSAliasesht 4(0%) 1
207 (1%) 13 (0%) 2481 rg.cclipse jfaceviewers.Ci s 2 0%) 8
198 (1%) 140 (0%) 2192 h ternal.dom.DeferredDocumentl. 2(0%) 12
71 (0%) 171 (0%) 919 h ternal.dom.DeferredDocumentl. 2(0%) 12
Boxed Collections 95 (0%) 143 (0%) 87 h ternal.dom DaferredDs " 2 (0%) 12
Arrays with One Element 3 (0%) 73 (0%) 4644 h it |.dom.DeferredDocumentl... 2 (0%) 12
Zero Size Arrays 51 (0%) 51(0%) 3275 h ternal.dom. DeferredDocumentl... 2(0%) 12
47 (0%) 33 (0%) 340 5 ternal.dom.DeferredDocumentl... 2 (0%) iH
26 (0%) 26 (0%) 295 org.eclipseswtinternal Callbacklll 2(0%) 5
9(0%) 24 (0% 29 h ternal.dom.DeferredDocumentl... 2(0%) 1
0(0%) 30% 1 ro.eclip: temal.runt 100%) a7
I registry HashtablaO 1(0%) 1
Thea Al ArsICThraadl Araihan sahs 105 2
Class Class Memory KBY =~ Overhead KB | Objects Ancestor referrer Ancestor referrer Memory KBY = Overhead KB | Objects
Cbject(] 3,167 (16%) 3,163 (16%) 8 comjrockitme.commenutilGircul., 3125 (16%) 3,124 (16%) &
@ swingl] 13 (0%) 8(0%) 8 @ ObjectIn 38 (0%) 36 (0%) 37
@ orgeeclipse.osgiframeworkuti Ke.. 10%) 70% 125 orgeclipse.osgi.frameworkuil.Ke. 10%) 7(0%) 125
@inll 9(0%) 8(0%) 53 T(0%) 3(0%) 26
@ orgeclipse swhwidgets Listener(] 7(0%) 300%) 2% 5(0%) 3(0%) 27
5(0%) 4(0%) 35 5(0%) 3(0%) 27
2(0%) 10%) 8 4(0%) 3(0%) 1
2(0%) 1(0%) 25 e 2(0%) 1(0%) 8
1(0%) 1(0%) 7 2(0%) 1(0%) 12
e — ThreadLocal§ThreadLocalMap$En... 1(0%) 1(0%) 8 2(0%) 1(0%) 12
@ orgeclipse coreintemal registry R 1(0%) 10%) 1 2(0% 1(0%) 12
@ orgeclipse swigraphics Imagel] 1(0%) 0(0%) 3 2(0%) 100%) 12
100%) 10%) 1 2(0%) 100%) 12
0(0%) 000%) 8 2(0%) 100%) 12
widgets. Toolltem(] 0 (03%) 0(0%) 12 2(0%) 1(0%) 25
sunfont PhysicalStrike[] 0(0%) 0(0%) 4 Ancestor prefic 2(0%) 1(0%) 1
orgeeclipse uilSourceProviderlist... 0(0%) 0(0%) 5 1(0%) 1(0%) 27
Setl] 0(0%) 000%) 1 100%) 1(0%) 1

Clear || Update

JOverflow will open, and show the contents of the heapdump. There are four quadrants in
the JOverflow user interface. Also notice the little reset button in the upper right corner
(<7). It will reset all the selections in the user interface.

Object Selection

The top left quadrant, Object Selection, will show you what heap usage anti-patterns the
analysis has found. The first column in the Object Selection table show the kind of
objects found. The second how much memory they use in total. The third column,
Overhead, shows how much of the memory was wasted, in percent of the total heap used.
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Referrer Tree-table

The top right quadrant contains the Referrer tree-table. This tree-table will show the
aggregated reference chains for whatever is selected. Note that the way to reset the
selections in the Referrer table-tree is to right click in the table. This is since you can
make multiple consecutive selections to arrive at the reference chain you are interested in.

= 0
&
Referrer Memory KB ¥ | Overhead KB Objects

& Object[][] 13 (0%) 13 (0%) 13
£ com.sun.org.apachexerces.internal.dom.DeferredDocumen... 13 (0%) 13 (0%) 13
com.sun.org.apachexerces.internal.dom.DeferredElement.. 10 (0%) 10 {0%) 10
org.eclipse.ui.XMLMemento.factory 2 (0%) 2 (03%) 2
com.s_n.org.ap:%e xerces.internal.parsers.DOMParserfD.. 1 {0%%) 1 {0%2) 1

(Screenshot showing multiple available paths to select from)

Class Histogram

The lower left shows a class histogram for whatever is selected, allowing you to filter on
class. If you want to reset your selection, click the button representing the selection you
have made.

Class Memory KBY  Overhesd KB Objects
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Ancestor referrer

The final table, in the lower right, will show the objects grouped by the closest ancestor
referrer. It provides a pie chart to show the memory distribution, and filter box, making it
easy to home in on to instances of classes belonging to specific packages.

Ancestor referrer

Ancestor prefic

com

Clear

Update

Ancestor referrer

. com.sunjmx.mbeanserver.ClassLoaderRe..

com jrockit.mc.common.util.CircularArray....

@

com jrockit mc.greychart.uiviews.ChartCa...

@ com.sunjmxinterceptor.DefaulthBeanSe...

com,jrockit. mc.browserviews.JRockitBro..
@ comjrockit mc.browserviews. JRockitBro..
@ com jrackit mc.common.persistence. Setti...

com.sunjmxmbeanserver.MamedObject..

@ comjrockit me.jmxsubscription.internal....

@ com jrackitmcgreychartuiviews.ChartCa...

@ com jrockit merjmxsubscription.intemal....

@ comjrockit me.uimodel fields.StringField...

com.ibm.icu.text.RuleBasedCollator.m_rul...

com.ibm.icu.implintTrie.m_data_

com jrockit mcuimisc. MCToolBarManag...

com jrockit.mcgmxinternal. RIMXConnec...

com.jrockit. mc.gmyx.subscription. Attribute...

Memory KBY
3,501 (183%)
3,133 (16%)
2,588 (13%)
2,433 (12%)

1,295 (6%)
784 (4%)
676 (3%)
300 (1%)
179 (0%)
172 (0%)
143 (0%)
136 (0%)
130 (0%)
127 (0%)

97 (0%)
87 (0%)
85 (0%)
83 (0%)

Note: it is possible to directly select a piece in the pie chart.

Exercise 11a — Reducing Memory Usage

Overhead KB
0 (0%)
0 (0%%)
0 (0%)
0 (0%)
0 (0%%)
0 (0%)
0 (0%)
0 (0%%)
0 (0%)
0 (0%)
0 (0%%)
0 (0%)
0 (0%)
0 (0%%)
0 (0%)
0 (0%)
0 (0%%)
0 (0%%)

Objects

22,318 °

255
38,197
B
19,175
13,420
13,858
274
2,010
1,976
1,668
2,087
517

2

2
1,278

1757

496

It seems that quite a few objects used by this old version of IMC, are Sparse Arrays. This
means that there are arrays with very few actual instances referenced to from them. In
other words, they are mostly empty.

e How much memory (in percent of the total heap used) would be saved if the Java

Mission Control 4.1 JMX Console switched to a more compact representation?

¢ How many instances are holding on to all that memory?

e What is the name of the field holing on to those instances?

e Canyou, just by looking at the names in the reference chain, figure out how these
sparse arrays were used?
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JCMD (Java CoMmanD) (Bonus)

This exercise will explain the basic usage of the JDK command line tool jcmd. You can
find it in the JDK distribution under JDK_HOME /bin. It will already be on the path if
you open the command line interface by double clicking C: \Tutorial\cmd. exe.

Start any Java application. If you already have Eclipse or the stand-alone version of
Mission Control running, you are already running one and can skip this step.

Next open a terminal. At the prompt type jemd and hit enter. Assuming you have jcmd
on your path, this will list the running java processes and their Process IDs (PID). If not,
either add it to your path, or specify the full path to JDK_HOME /bin/jcmd. Since jcmd
uses Java, and it is running, it will list itself as well.

The jcmd uses the PID to identify what JVM to talk to. (It can also use the main class for
identification, but let’s stick with PID for now.) Type jemd <PID> help, for example
jemd 4711 help. That will list all available diagnostic commands in that particular
Java process. Different versions of the JVM may have different sets of commands
available to them. If <PID> is set to 0, the command will be sent to all running JVMs.

Attempt to list the versions of all running JVMs.
Deep Dive Exercises:

21. Start the Leak program. Use the GC.class_histogram command. Wait for a
little while, and then run it again. Can you find any specific use for it?

22. You decide that you want your friend to access a running server that has been up
for a few days from his computer to help you solve a problem. Oh dear, you
didn’t start the external agent when you started the server, did you? Can you find
a solution that doesn’t involve taking the server down?

Note: If you want to try the solution without specifying keystores and certificates,
make sure you specify jmxremote.ssl=false jmxremote.authenticate=false. Also,

specifying a free port is considered good form. Using jmxremote.ssl=false
jmxremote.authenticate=false jmxremote.port=4711 should be fine.

23. Could you start flight recordings using jcmd? How?

Note: Have you noticed that there is a very similar feature set available from the
Diagnostic Commands discussed in Exercise 10.b and jcmd. As a matter of fact,
everything you can do from jemd you can do using the DiagnosticCommand MBean and
vice versa.
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More Resources
http://oracle.com/missioncontrol

http://twitter.com/javamissionctrl

http://hirt.se/blog

http://twitter.com/hirt

- The Oracle Java Mission Control homepage
- The Java Mission Control twitter account
- Marcus Hirt’s Java Mission Control articles

- Marcus Hirt’s twitter account
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