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Eclipse Memory Analyzer

Provide General Purpose Tooling to analyze Java Heap
Dumps.

Report automatically detected Leak Suspects.

Stable Code Basis donated by SAP.
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Manual Memory Analysis Is Complex

Requires experience with tools
Requires expertise in the analyzed coding

People with diverse skills are faced with memory
problems



Goals of Memory Analyzer

Reduce complexity of handling memory issues

Provide results of analysis, not only features to
analyze

Accommodate diverse skills and demands



1. Automation for Technical Support Staff
1.1. Leak Suspects
1.2. Memory Intensive Threads

2. Automation for Developers
3. Memory Analyzer @ Eclipse
4. Questions & Answers

© SAP 2008 / Page 12



Support Use Case - Goals

Find Leaks without immediate Familiarity and
Expertise with the Java Code at hand

Search if the Issue Is known (and a Fix available)

Forward to the responsible Development Support



Support Use Case - Scenario

VM throws an Out Of Memory Error
-XX:+HeapDumpOnOutOfMemoryError

|

L The Heap Dump is a Snapshot of all Objects alive at one Point in Time:

0101010 objects, classes, class loaders.
0111111

Parse & Report Leak Suspects

RI= Developer continues Analysis Interactively
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Parse Heap Dump

Investigate Leak Report
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Support Report Overview

One Big Object l/ Any up-to-date
| architecture loads
| components with
o 2208 I separate class loaders,
I be it OSGi or JEE
-l I application
~— () 2161 ME I servers.
: Extensible to display
‘\ meaningful names.
[ U U U S o
Loaded by Class Loader
@ Problem Suspect 1
i \
e KOYWOTAS by o e sssnzmoe | Soarch tuple: |
| I Identify if problem |
1 iskoown. |
: java.lang.Object(] 5 — e e e o = = -
CSN Components. . . y - —_————— ~
| BW-BEX-MMR for "library: bi~mmr~mmrlib" : .
L . 1 Less ping-pong of |1
e T S, ' 1 trouble tickets. |
/

Classification for trouble ticket system
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Support Report Details
e SAC

Shortest Paths to the Accumulation Point [ Who'is keeping )
Short. - I the leak suspect :

Class N2 Shallow Retained l allve?
Heap Heap ~ _— —_— —_— L | L] L] —_— /
@1ava.|anu.0biectf5883?1 @ 0xbe6e7dsS0 470,720 Z2,366,169,455
DelementData jawa.util. Arraylist @ Oxcdicbsan 40 2,366,169,528
Dmessages com.sap.ip.mmr.Repository @ 0xc400fa28 120 2,366,237 ,448
B <Java Local- .sap.engine. .thread.i .5i ad @
p: Gue g . isn 224 7,380,160
Drepnsitnry com.sap.ip.mmr.xcrni2l. 2rmifeader @ 0xb7fA5290 » 24 24
Drepnsitnry com.sap.ip.mmr.xcrniz0. =rmizMofld @ 0xb7fI52c8 » 120 2,328
Drepusitory com.sap.ip.mme.Connection @ 0xcd0c3cld » 56 56
'@rcl com.sap.ip.mmrefoundation. ClassloaderMMR @ Oxcd40c3adn 168 1 328
com.sap.ip.mmrfoundation.ClassLoaderMMR @ 0xcd40c3as0 = !
—_— — — —_— —_— _— _— —

Accumulation p by the Ieak

> Total: 5 e . .
— | Accumulation Point in the Dominator Tree =~ ( What is kept alive
|
|

Shallow Retained

Class name Percentage Suspect?
Heap Heap /
~ _— —_— —_— L | L] L] —_—
Elcom.s@.iu.mmr.ReDositor\r @ 0xcd00fa28 120  2,366,237,448 91.26%
jizva.util Srraylist @ Oxedlchtan 40 2,366,169,523 91.26%:
:hjava.lang.Object S58537] @ 0xbE6e7dS0 470,720 2,360,169,453 91.26%

[liava.lanq.strinq @ 0xb5ada3fs com.sap.ip.mmrfoundation drmiException: Elerment

narne cannot be resolved; unknown package

com.sap.caf.metamodel BusinessEntityInterface, Yalue is: 40 59,744 0.00%
com.sap.caf.metamodel BusinessEntityInterfacetudyuaiudat

CoMm.sap.ip.mmesmizd. xmizMofld resolveElemmentiame(n...

[liava.lanq.strinq @ 0xf3b7c348 com.sap.ip.mrr.foundation.JmiException: Element

narne cannot be resolved; unknown package

com.sap.caf.metamodel BusinessEntityInterface, Yalue is: 40 59,744 0.00%
com.sap.caf.metamodel .BusinessEntityInterfacetudyuaiudat

com.sap.ip.mmr.xmi20. XmizMofld resolveElermentiame(<m..,

[isva.lang String @ 0xfbe&51c0 corn.sap.ip.mmrfoundstion JmiException: Element

nnnnnnnnn B LT EEETT N P T N P
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Retained Size

SADd

The Retained Size of an Object X is the Memory that would be
freed by the Garbage Collector if no References to the Object X
would exist.

To calculate the Retained Size, one removes any References to
the object and marks all Objects reachable from the GC Roots.
The sum of the Shallow Sizes of the non-marked Objects is the
Retained Size.



Dominator Tree

SADd

The Dominator Tree is a Transformation of the Cyclic Object
Graph into a ,Keep-Alive® Tree:

Every Node in the Tree is directly responsible for keeping alive its
Children.

“X'dominates Y if all paths from the roots to Y run through X”

http://en.wikipedia.org/wiki/Dominator_%28graph_theory%29
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Dominator Tree - Benefits

>Fast Calculation of the Retained Size
(sum all children)

>List of Distinct Big Objects

(first Level of the Tree)

>Fast Identification of responsible Objects
(just go up the tree)

http://en.wikipedia.org/wiki/Dominator_%?28graph_theory%?29
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Garbage Collection (GC) Roots
SAP

are objects that are assumed to be reachable.
Typically, these include all objects referenced from the
current call stacks and classes loaded by the system
class loader.



Object Graph vs. Dominator Tree

LinkedList

header
next . —_

( LinkedList$Entry

S—r
previous

element
String
value

char[]
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Leak Suspect and Accumulation Point

Top Level Objectin 1
Dominator Tree |

|

|

4
~7 Leak Suspect I
|
|

above a given
\ Threshold

Dominator Tree

————————— ~
| Accumulation Point ( Significant Drop in the [
I Retained Sizes!
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Shortest Path to GC Root

om mEm mmm o = e — \
Shor;t;ecs;tllqi’oaé?és) i I{ Note: All Paths must go |

through the Parent Nodes, but |

\) : not necessarily directly (see |
\ Linked List Example). ’l

7
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Retained Set

The Retained Set of the
Accumulation Point
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1. Automation for Technical Support Staff
1.1. Leak Suspects
1.2. Memory Intensive Threads

2. Automation for Developers
3. Memory Analyzer @ Eclipse
4. Questions & Answers
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Demo Thread Details

Thread btpool0-9

Thread Properties ~ &

Marne btpoalo-9
Instance org.rmortbay thread BoundedThreadPool$éPonlThread @ OxZeeed0s
Shallow Heap 11z
Retained Heap 64,746,336
Status S
Caontext Class Loader  /demao
(21 61,7 ME
- Pool Mame
(=)
— () 2ME Task Mame
® O
Subtask Mame
User Name
Task Stack Depth
> Total: 11 entries
Summary ~ I
Total: 63/ ST
Thread Name The thread is executing an HTTP Request to fdemo/index.jsp.

® Problem Suspect 1

_____________________________________________________________________________________________

The thread org.mortbay.thread.BoundedThreadPool$PoolThread @ 0x2eee408 btpool0-9 keep:

. . . ? = = 1. H : L2
E variables with total size 64.746.336 (96,85%) bytes. GET /demo/ ?flag=truesinbPerSecond=2z0 HTTP/1.1..Host: localhost:5050..T

! The memory is accumulated in one instance of "java.util.LinkedList$Entry" loaded by "< system cli Parameters ~ ]

! loader>",

' Key Yalue
i The thread is executing an HTTP Request to /demo/index.jsp. flag true

mbPersecond 20

i Keywords
1 java.util.LinkedListfEntry

! Details »

More Request Details (Parameters etc.)
provided by Pluggable Request Resolvers
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Memory Intensive Threads

If the Suspect is a Thread, then

Extract Request Activity
from <Java Local>s

Dominator Tree

Objects currently referenced |
from the call stack of the 1
thread are marked <Java |

Local> !

o= Emm oy,
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1. Automation for Technical Support Staff
1.1. Leak Suspects
1.2. Memory Intensive Threads

2. Automation for Developers
3. Memory Analyzer @ Eclipse
4. Questions & Answers

© SAP 2008 / Page 30



Developer Use Case - Goals

Limit Analysis to Components, not the whole Heap

Report on Memory Consumption & Leaks
Excessive Use of Empty Collections
Duplicate Strings
Leaking OSGi Bundles

Drill-Down to the last Bits of the Object Graph (if necessary)
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Investigate Memory Consumption per Component
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<o HashMap$Entry
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Finalizer

SADd

A Finalizer is a method that is executed when an object is garbage collected.

obj = new Object() GC
_ obj addedto GC
obj becomes finglization queue obj reclaimed
unreachable
l obj finalized
\ !

time

How to Handle Java Finalization's Memory-Retention Issues:
http://java.sun.com/developer/technicalArticles/javase/finalization/
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http://java.sun.com/developer/technicalArticles/javase/finalization/

Finalizer in the Heap

———————————————\

In Memory Analyzer run |
Java Basics - Finalizer Overview |

———————————————/

’——\

Finalizer In Processing ~ &

Class Name Shallow Heap Retained Heap

[Jiava.io FileInputStream @ 0xaGd73f6 » 16 40 ObJeCt Currently processed

Finalizer Queue ~ &

Class Name Shallow Heap Retained Heap

jiava.io.FilelnputStream @ 0xadd7dbd » 16 40 Objects ready for Flnallzatlon In
Qiava.io.FileInnutStream @ 0xa5d7800 » 16 40 .
Iliava.io.FileInnutStream @ 0xasd73fa » 16 40 ProceSSIng Order
Qiava.io.FileInnutStream @ 0:xafd73b0 = 16 40

Jiava.ioFilelnputstream @ Oxadd7308 » 16 40
Qiava.io.FileInnutStream @ 0xafd7260 » 16 40
Iliava.io.FileInnutStream @ 0xa5d7195 » 16 40
Qiava.io.FileInnutStream @ 0xafd7088 = 16 40

Jiava.ioFilelnputStrearn @ Oxaddafas » 16 40 . . .
Qiava.io.FileInnutStream @ Oxaddédcd » 16 40 The Flnallzer Thread ObJeCt
> Total: 10 entries

Finalizer Thread ~ &

Class Name Shallow Heap Retained Heap

J Jiava.lang.ref.Finalizer§FinalizerThread @ 0xa8c3328 Finalizer Native Stack, Thread » 88 168

Finalizer Thread Locals ~&]

Class Name Shallow Heap Retained Heap

Object currently processed

Qiava.io.FileInnutStream @ 0xasd73fa » 16 40
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1. Automation for Technical Support Staff
1.1. Leak Suspects
1.2. Memory Intensive Threads

2. Automation for Developers
3. Memory Analyzer @ Eclipse
4. Questions & Answers
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Memory Analyzer @ Eclipse

Memory Analyzer (MAT)

— “ The Ecipre Memary Aralyzer it a %ast ard Seaturooch Java heap analyzer that halps you fnd memery seake ard reduce memory Connidasten
consumption
. Sap
The Memory Annyzer wis dessloped 10 3naly2e produciies hesp demps with hundreds of mifisns of ofjecte. Ones tha heag darmg in parsed,
yOUu can reapen if nxtartly, imemesistaly gt the retaned nize of sngle objects ard qucMy apgrocesaie the retsined size of 9 ==l of obgects
The redarenca than bo the Gasage Colecton Roals then detals wiy the shysct is not gachage collectsd tecibation

Uang theae fealues, 4 mpot sutematicaly anracts Mk suseects 1 inciudes detdis Dot the obyects sctumulated, tha path ta the GC
Rous, phus panard nk W Rystam propeties

rawnload
etting Stated
tilag

T grogect is 1 S cubiation Paagse

Thardes for Your grew Neadbask fr
L SA520N Avtmatisierte
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SPetchinssabyne: Suf et gt
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A tor Devel, T ES Sides Memory Anaytels Seagitied:
i ey ek Rasae ios Decaupacs Fevion: st Sepved Euvivirne Anaiiatad Hes Duanp Aatiis
Frizay. 8 Moy X008, 13301430
Huwsgionp
< Entwickemag (Katerute, Owmany) Gotquastians? Neos advce? Nas a
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EEmn
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Java Farnm Sttegart (Stutigan, Gemany)
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Infos & Download

Eclipse Page

http://www.eclipse.org/mat/

Forum

eclipse.technology.memory-analyzer

WIKI @ SDN
Download, Screen Cam, FAQ

https://www.sdn.sap.com/irj/sdn/wiki?path=/display/Java/Java+Memory+Analysis
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http://www.eclipse.org/mat/
http://www.eclipse.org/newsportal/thread.php?group=eclipse.technology.memory-analyzer
http://www.eclipse.org/newsportal/thread.php?group=eclipse.technology.memory-analyzer
http://www.eclipse.org/newsportal/thread.php?group=eclipse.technology.memory-analyzer
https://www.sdn.sap.com/irj/sdn/wiki?path=/display/Java/Java+Memory+Analysis

1. Automation for Technical Support Staff
1.1. Leak Suspects
1.2. Memory Intensive Threads

2. Automation for Developers
3. Memory Analyzer @ Eclipse
4. Questions & Answers
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