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i Herbstcampus

Der Referent

* Insgesamt iiber 10 Jahre Beratung und Entwicklung
rund um Java, davor Entwicklung im
Forschungsumfeld

* Senior Software Engineer bei adesso AG, Dortmund

* Schwerpunkt EAI und SOA-Projekte im JEE
Umfeld, aber auch klassische JEE-Projekte

* Autor und Referent auf Konferenzen
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i Herbstcampus

Agenda

e Uber das Messen
* Performance
* Messungen bei Performance-Problemen
* Manuell
e JVisualVM
* Memory-Probleme
e JVisualVM
« MAT
* IBM Heap Dump Analyzer
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Was 1st ,,Messen®?

Eine Messung ist das Ausfiihren von geplanten
Tdtigkeiten zu einer quantitativen Aussage iiber eine
Messgrofse durch Vergleich mit einer Einheit. Dabei
ist die Messgrofse jene physikalische Grofse, der die
Messung gilt. Die Bezeichnungen fiir die
Messtechnik werden in der DIN-Norm DIN 1319
definiert.

Quelle: wikipedia.de
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Wie wird gemessen?

* Was i1st das Messproblem?

* In welcher Einheit wird gemessen?

* Messeinrichtung / Messgerit

 Kalibirierung

* Messablauf definieren

* Durchfiihrung und Messergebnis

* Fehlerrechnung (Messunsicherheiten, Fehlergrenzen
Usw.)
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Ein paar Anregungen...

* Ein beobachtetes System veridndert sich durch die
Messung
* Heisenbergsche Unschérferelation

* Ort und Impuls nicht gleichzeitig exakt messbar

h
Oz0p = =

2
e .,Quantenselbsmord*

* Schrodingers Katze etwas weiterentwickelt
* Der selbstmordende Wissenschaftlicher 1st am Ende ,,nur ein
bisschen Tot*

* Also lebt Elvis doch... wenn auch nur ein bisschen!
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Agenda

» Uber das Messen

* Performance ]

* Messungen bei Performance-Problemen
* Manuell
* JVisualVM
* Memory-Probleme
* JVisualVM
« MAT
* IBM Heap Dump Analyzer
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"Performance"

e WAS ist ,,Performance*?

o Gefiihlte Performance*

* Durchsatz — z.B.
* Transaktionen / sec.
* Anzahl verarbeitete Nachrichten,
* Einhaltung von ,,Zeitfenstern®

» Hiufig nichtfunktionale Anforderungen im Projekt

* Viele Wege zum Messen...
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Toolbasiertes Stressen & Messen

e Diverse freie Tools zum ,,Vermessen* von
Applikationen:
* JMeter
e Grinder
* OpenSTA
e Derivate von JUnit
* Messungen eher ,,Grobgranular*
* Aufruf ,,Seite XY oder ,,ServiceZ* dauert zu lange
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JMeter...

* ...kann mehr als nur Web-Applikationen vermessen:

* Datenbankzugriffe
* IMS S—

* Webservices

e [ eicht zu erweitern

lisekunden (ms) ‘|

Anzahl der Proben 1500 Letzte Prol
Abweichung 405 Durchsatz

I
be 274 Durchschni
393 48Minute Mittel
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Agenda

* Uber das Messen
* Performance
* Messungen bei Performance-Problemen

* Manuell ]

* JVisualVM
* Memory-Probleme
* JVisualVM
« MAT
* IBM Heap Dump Analyzer
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Ursachenforschung...

e Tatséchlich alles richtig gemessen... (?)

* Ergebnis: es gibt tatsdchlich ein Performance-
Problem

 Was ist die Ursache?
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Wo geht die Zeit verloren?

* Es kann viele Ursachen geben
e Schlechter Code*
* Blick in diverse Antipattern Blogs / Artikel / Biicher
* Klassiker
e String, StringBuffer
* comparelo()
 resultSet.close()
* XML-Parser
* JNDI Lookups
* JDBC
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Manuell Messen

* Auswertung von Logfiles
» Zeiten zwischen Logausgaben
* Gezielte Logausgaben mit Zeitangaben
* AOP / Interceptoren

* Aufwindige Analyse, schwer Daten zu aggregieren

@]103.09.2010 16:59:15.899 | [[ACTIVE] ExecuteThread: '6' for queue:
'weblogic.kernel.Default (self-

tuning) '] IDEBUG|CorrID[9d4e92197bc54b6f] |de.adesso.hgu.hcex.busines
s.interceptor.ProfilingInterceptor|profile|46|Methode 'public long
de.adesso.hgu.hcex.facade.SimpleBean.validate (de.adesso.hgu.hcex.ut
il.MDCWrapper, java.lang.String) throws
de.adesso.hgu.hcex.business.exception.ValidationException'

ausgefuehrt in 76ms
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Eine Datenbank mit I/O-Problemen
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Agenda

e Uber das Messen

* Performance

* Messungen bei Performance-Problemen
* Manuell

e JVisualVM ]

* Memory-Probleme
* JVisualVM
* MAT

* IBM Heap Dump Analyzer
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JVisualVM

* Es gibt viele Tools, z.B. JProbe u.a.

* JVM TI ist neue Schnittstelle innerhalb der JVM

e Geschenkt: JVisiualVM

e Teil der SUN JDK und unter
https://visualvm.dev.java.net/

* Features

* Konfiguration der Applikations-Runtime
* Performance Monitor

* Memory Monitor

* Thread Monitor

 Offline Analyse
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JVisualVM — Verbinden

* Lokale, laufende JVM ‘s unter dem gleichen User
werden automatisch gefunden
* Remote-JVM's
* Starten von jstatd auf dem Remote-System. Muss unter dem
gleichen User wie die JVM laufen
 Starten der Applikation mit den Systemparametern
* com.sun.management.jmxremote.port
* com.sun.management.jmxremote.ssl

* com.sun.management.jmxremote.authenticate
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Monitoren der Basisdaten

r —_— ~
"] Tomeat (pid 2664) - Editor =E 2]
- :
2 Tomcat (pid 2664) x| O
[ overview B Monitor E"I‘I’veadsl 3, Sampler | (5) Profiler | @P\Bea’\slgﬁmal GC|
~ .
~ Tomcat (pid 2664)
Manitor CPU Memory Classes Threads
Uptime: 2 min 43 sec [ Perform GC ] [ Heap Dump. ]
CPU ¥ | | Heap | PermGen X
CPU usage: 0,0% GC activity: 0,0% Size: 83.951.6168 Used: 20.016.208 B
Max: 1.073.741.8248B
100% 1
| 75 MBS |
&% somed
4% 4
25 MBH
20% f—'/’/l\—’_’///_‘
0% f L T T oMB-Ly T T T
16:29:00 16:29:30 16:30:00 16:30:30 16:29:00 16:29:30 16:30:00 16:30:30
[ CPUusage [ GC activity [0 Heap size [ Used heap
Classes ® | | Threads ®
Total loaded: 2.443 Shared loaded: 0 Live: 20 Daemon: 19
Total unloaded: 0 Shared unloaded: 0 Live peak: 21 Total started: 21
2.500 1
214 =]
=
2,000
154
1.500 1
104
1.000 1
500 1
16:29:00 16:29:30 16:30:00 16:30:30 16:29:00 162930 16:30:00 16:30:30
[0 Total loaded dasses [ Shared loaded dasses O Live threads [ Daemon threads
\ = v
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| & Tomeat (pid 26564) =

X

i =
[ overview | Monitor E"I‘I’veadsl 3, Sampler | (5) Profiler | @P\Bea’\sl =] visual GC|
~ .
~ Tomcat (pid 2664)
Manitor CPU Memory Classes Threads
Uptime: 13 min 08 sec [ Perform GC ] [ Heap Dump. ]
CPU ¥ | | Heap | PermGen
CPU usage: 3,6% GC activity: 0,0% Size: 740.425.728 B Used: 569.616.552B
Max: 1.073.741.8248B
100% 1
3w o
B0%
&9t 4 500 ME+
4% 4
250 ME+
20%
0o i, T At 0MB T =T t e ey T
16:30 16:35 16:40 16:45 16:30 16:35 16:40 16:45
[ CPU usage [ GC activity [H Heap size [ Used heap
Classes ® | | Threads x
Total loaded: 2.451 Shared loaded: 0 Live: 221 Daemon: 220
Total unloaded: 3 Shared unloaded: 0 Live peak: 222 Total started: 224
2.500 1
-
2004
2,000
150
1.500 1
1,000 1004
5001 501
T 1635 16:40 16145 T 1635 16140 16145
[0 Total loaded dasses [ Shared loaded dasses @ Live threads B Daemon threads
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Threads

%Tmt(pidm x -
= hveacs | ) Sampler | ) profier | & MBeans | =] vioual c|
C Tomcat (pid 2664)

Threads [¥] Threads visualization |
kbt [T |
Daemon threads: 217
| Table | Details X
@ Q € | Show: [AHTheads -
Threads i 23:00 23:10 23:20 23:30 [m:s]
| | |

[ IMX server connection timeout 24 .
O RMI Scheduler(D) ‘ l l l E|
O RMI TCP Connection{1}-10.1.10.4%

O RMI TCP Accept-0

[ http-8080-2

[ http-8080-1

O TP-Monitor

[ TP-Processord #

O TP-Processor3

O TP-Processor2

O TP-Processor 1

@ http-8080-Acceptor-0

[ ContainerBackgroundProcessor[...
[ GC Daemon

[ Attach Listener

[ Signal Dispatcher

O Finalizer

O Reference Handler S
] [m] »

[ Running [ Sleeping [ Wait [ Monitor
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=
| &2 Tomeat (pid 2664) = |<__’|‘I
Overview | @ Monitor | Threads| o3 Sampler | @ Profiler | @ Mﬂeansl Visual GC
I
o~ .
~ Tomcat (pid 2664)
Sampler [] Settings
Sample: [ @CPU ] [ ﬁMemory ] [ @Stop ]
Status: CPU sampling in progress
CPU samples
Refresh:| 500 v.l_ ms. @ €2 | Snapshot Thread Dump
Hot Spots - Method Self time [%] + Self time Self time (CPU)
org.apache, tomcat. util.net. JloEndpointéWorker, await () ] 10984797 ms 0.000ms =
org.apache. coyote. http11. InternallnputBuffer. fill [ I 457886 ms 457886 ms
org.apache. catalina. session. ManagerBase. generateSessionld [ I 427292 ms 263605 ms
org.apache. catalina. core. ContainerBase $ContainerBackgroundProcessor, run ) 43321 ms 0.000 ms
org.apache.coyote.http11.Http 11Processor. process [ 15683 ms 15683 ms | _
org.apache.catalin ion.ManagerB: i ile ) 4542 ms 4542 ms
org.apache. coyote.http11. InternalOutputBuffer. realWriteBytes ) 4081 ms 4081 ms
org.apache.coyote.Response, getContentType [ 2250 ms 2250 ms
org.apache. catalina. session. ManagerBase. createSession [ 381ms 381ms
org.apache. catalina. session. ManagerBase. findSessions [ 60.5ms 60.5ms
org.apache. catalina. connector . RequestFacade. getSession () 0.000 ms 0.000 ms
org.apache, tomcat, util.net. JloEndpointéWorker. run [ 0.000 ms 0.000 ms
org.apache. jasper.runtime, HttpJspBase. service [ 0.000 ms 0.000 ms
org.apache.jsp.Simple]SP_jsp. _jspService [ 0.000 ms 0.000 ms
org.apache. jasper.runtime.PageContextImpl. _initialize [ 0.000 ms 0.000 ms
org.apache.jasper.servlet. JspServlet. serviceJspFile [ 0.000 ms 0,000 ms
org.apache. jasper.serviet. JspServietWrapper. service [ 0.000 ms 0.000 ms
org.apache. catalina. core. ApplicationFilter Chain. doFilter [ 0.000 ms 0.000 ms
org.apache. catalina. core. ApplicationFilterChain. internalDoFilter [ 0.000 ms 0.000 ms
org.apache. jasper.serviet. JspServiet. service ) 0.000 ms 0.000 ms
org.apache.catalina. session. StandardManager. createSession () 0.000 ms 0.000 ms
org.apache. jasper.runtime, PageContextImpl. initialize ) 0.000 ms 0.000 ms
org.apache. catalina. connector Request. doGetSession [ 0.000 ms 0.000ms ™

[Method Mame Filter]
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Tomcat...

* Simple Methode um CPU und Speicher zu

verbrauchen:

public static String generatelongString () ({
new String();

0; i < 10000; i++) {
result + "dummy" + i + "<br>";

String result
for (int i =
result =

}
return result;

24
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ampler-Ergebnis

4" Tomcat (pid 9824) - Editor lilﬂlij
2 Tomeat (pid 9824) x| —
| IE Overview | @ Monitor | Threads| D@, Sampler | @ Profiler | g MBeansl H Visual GC|

C Tomcat (pid 9824)

Sampler [] Settings

Sample:[ @CPU ] [ gMemory ] [ @Stop ]

Status: CPU sampling in progress

CPU samples

JIE s (19 | =] spapshot
Hot Spots - Method Self time [%] + Self time
de.adesso.hgu.hc2010.SlowStringConcat. generatelongString () - 129294 ms 126336 ms =~

L org.aEdﬂe.mxobe.hEll.IntemalInEtBuFFer.ﬁll 0 . 71245 ms 71245 ms |_|
org.apache. coyote.http11.Http 11Protocol$Http 1 1ConnectionHandler. register ) . 55882 ms (11, 9818 ms
org.apache, tomcat,util.http. MimeHeaders, createHeader ) l 39946 ms 39946 ms
org.apache. tomcat.util.net. JloEndpointéWorker, await ) l 39429 ms 0.000 ms
org.apache. tomcat.util.buf.MessageBytes. setBytes | I 20477 ms 20477 ms
org.apache.coyote.http11.Http 11Processor. process [ I 16274 ms 16274 ms
org.apache, tomcat, util.buf.ByteChunk. getLength [ I 15503 ms 15503 ms
org.apache.coyote.http11.Http11Processor, findBytes [ I 14488 ms 14488 ms
org.apache. coyote. http11. filters, ChunkedOutputFilter. doWrite [ I 13651 ms 13651 ms
org.apache. tomcat. util.http.mapper.Mapper. comparelgnoreCase [ I 11935 ms 11935ms
org.apache, tomcat.util.http. Cookies. processCookieHeader [ I 11834 ms 11834 ms
org.apache. tomcat, util.http. MimeHeaders. setValue ) I 11834 ms 11834 ms
org.apache. catalina. connector Request. <init> () | 9548 ms 9548 ms
org.apache. coyote.http11. InternalOutputBuffer. realWriteBytes ) | 6658 ms 6658 ms
org.apache. tomeat. util. buf.ByteChunk. setBytes [ | 5167 ms 5167 ms
org.apache. tomcat, util. http. mapper.Mapper . internall ionWrapper | | 5120 ms 5120 ms
org.apache, tomcat,util.http. MimeHeaders. clear [ | 4774 ms 4774 ms
org.apache. tomcat.util.http. Cookies. isSeparator ) | 4438 ms 4438 ms
org.apache, tomcat, util. buf, WriteConvertor, write ) | 2421 ms 2421 ms
org.apache. tomcat. util.buf.ByteChunk. toStringInternal ) | 2337 ms 2387 ms
org.apache. coyote.Response, setContentType [ 1742 ms 1742 ms
org.apache.coyote.http11.Http11Processor, parseHost [ 1722 ms 1722ms ™
"5_._;; [Method Mame Filter] -
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Agenda

e Uber das Messen

* Performance

* Messungen bei Performance-Problemen
* Manuell
e JVisualVM

* Memory-Probleme ]

* JVisualVM
« MAT
* IBM Heap Dump Analyzer
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Memory Probleme

* Haufig treten Memory und Performance-Probleme
gemeinsam auf
* Memory-Probleme werden in der Entwicklung noch
haufiger ignoriert als Performance-Probleme
* Testumgebungen laufen nicht lang genug
e zu wenig Testdaten
* Analyse in einer produktiven Umgebung schwierig
* Haufig beobachtete Dauer-Zwischenlosung
* Application Server Reboots (tdglich, stiindlich...)
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Heap Dumps

* Wichtiges Werkezeug um aktuelle Speichersitaution
einzufangen und zu analysieren
* Heap Dumps erzeugen mit...
* -XX:-HeapDumpOnOutOfMemoryError und dazugehorige
Optionen
 erzeugt Heap Dumps bei einer OOME
* Jmap , JConsole, JVisual VM - Teile der SUN JDK
* Uber IMX

* Tastenkombinationen
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GC und Performance

* GC kostet CPU-Zeit
* Sichtbar: ,,die Welt steht* (,,Stop the World*)
* Es gibt verschiedene GC*s
* leider immer noch eine Erwidhnung wert!
* Default-Einstellungen abhingig von System, CPU &
Speicher
* Abhidngig vom Einsatzszenario
* Durchsatzoptimiert = ,,Stop the World*
e Ziel: Minimierte Pausen
 kostet aber Durchsatz!

e auch in G1 (wenn auch kurz)

Herbstcampus 2010 — Mist gemessen? — Java Performance und Memory Analyse 29



i Herbstcampus

Agenda

e Uber das Messen

* Performance

* Messungen bei Performance-Problemen
* Manuell
e JVisualVM

* Memory-Probleme

[ - IVisualvm |

« MAT
* IBM Heap Dump Analyzer
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Sampler... String in Session

e orat aTon it . A ——

TR (= (=] = )

Sampler

samoe [ Ou | (v ] [ s |

Status: memory sampling in progress

Heap histogram | PermGen histogram

2 Tomcat (pid 7664) x| KIDO]E)
Overview | ] Monitor | [£] Threads | &5 Sampler | () profiler | & MBeans | =] visual GC | (=) heapdump] 06:05:41PM x|
C Tomcat (pid 7664)
[] Settings

K

Reﬁesh:i 1.000 s. @ W | (=] snapshot | Deltas

Peform GC  Heap Dump

Classes: 1.0499 Instances: 1.120.420 Bytes: 506,307,838

java.lang. Boolean

"E__v [Class Mame Filter]

Class Name Bytes [%] + Bytes Instances
char[] [ ] 436.822.328 (25.2% 91.148
int[] | 12,515,672
v e : e
java.util, TreeMap$Entry | 8.875.800
java.io. ObjectStreamClass$WeakClassKey | 8.710.072
byte[] | 4,344,430
java.lang. String | 2,522,720
java.util. TreeMap 1.327.520
java.util. TreeMap$KeyIterator 1.177.232
java.lang. Long 1.096.872
java.util. TreeMap$EntryIterator 1.026.200
java.io. ObjectStreamClass 1.011.648
java.lang.management. ThreadInfo 854,216
java.util. Collections$UnmoedifiableCollection$ 1 672,704
java.util. HashMap$Entry[] 661,752
java.lang.reflect. Method 659,680
javax.management.openmbean. CompositeData[] 554,480
java.util Arrays$Arraylist 530,464
javax.management.openmbean. CompositeDataSupport 530.336
java.lang. StringBuilder 430,160
441,758
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GC 1in JVisualVM

[5d) Overview | [ Monitor | [ Threads | (5 Sampler | (%) Profiler | 8 MBeans | =] Visual GC | 5] heapdump] 06:05:41PM x

C Tomcat (pid 7664)

| visual GC

Refresh rate: msec,

| Spaces

rPerm— Ol

i [¥]Graphs [ Histogram ._

. :_ o

’—r ile Time: 204

P
BRI i i /157150 § B 1Y A

gy

|:Class Loader Time: 2047 loaded, 0 - 2,475s

’—GC Time: 881 collections, 5, 9?85 Last Cause: unk GCCaus:

rEden Space (341,188M, 334, 052[-1) 252,113M, 876 collections, 5,613s

o

~Survivor 0 (113,750M, 3,625M): 1,986M
bl R o i L —

~Survivor 1 (113,750M, 3,625M): 0

B e ek MG N

-0ld Gen (682,688M, 207,562M): 184,247M, 5 collections, 365,216ms

-

~Perm Gen (84,000M, 25,188M): 15,348M

|
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Agenda

e Uber das Messen

* Performance

* Messungen bei Performance-Problemen
* Manuell
e JVisualVM

* Memory-Probleme
e JVisualVM

« MAT ]

* IBM Heap Dump Analyzer
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Eclipse Memory Analyzer (MAT)

 Standalone (RCP) und als Plugin

* Be1 gro3en Heap Dumps RCP mit hohen Memory-
Settings verwenden, sonst schnell OOME !

* Kann Heap Dumps von SUN & IBM JDK"*s
auswerten

e Ahnlich JVisualVM anfordern von Heap Dumps

* Unterstiitzt OQL (Object Query Language)
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File Edit Window Help

ioml | BB Q

i Overview 2@]

+ Details

Size: 50,3 MB Classes: 2,2k Objects: 117,5k Class Loader: 100 Unreachable Objects Histogram

~ Biggest Objects by Retained Size

Total: 50,3 MB
Remainder

* Actions * Reports + Step By Step

Il Histogram: Lists number of instances per class Leak Suspects: includes leak suspects and a Component Report: Analyze objects which belong to a

% Dorminator Tree: List the bi t obi and systermn overview common root package or class loader.
what they keep alive. Top Components: list reports for components
Top Consurmers: Print the most expensive bigger than 1 percent of the total heap.
objects grouped by class and by package.

Duplicate Classes: Detect classes loaded by
multiple class loaders,

| | motaasm [T
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MAT

* Leak Suspects Report
* Analysiert Heap Dump nach moglichen Memory Leaks
* Top Components
* Alle Komponenten die > 1% des Heaps belegen
* Component Report
* Identifiziert z.B. vervielfachte Strings, leere Collections usw.
* Histogramm / Dominator Tree
* Speicherverbrauch herunter gebrochen auf einzelne

Instanzen
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MAT — Domintor Tree

Eclipse Memaoi
File Edit Window Help

N BB~ QBB -ed~|

i Overview '%g dominator_tree 2’5]

Class Mame

—+,

S <Regexs

4 (3 org.apache.catalina.session.StandardManager
4 (& java.util.concurrent.ConcurrentHashMap

4 (3 java.util.concurrent.ConcurrentHashMapSSegment(]

Objects

<MNumeric>

Shallow Heap
<MNumeric>
464

144

304

Retained Heap
<MNumeric>
151.313.880
151.310.200
151.310.008

Percentage Retained Heap

<MNumeric>
90,61%
90,61%
90,61%

<MNumeric>
151.314.168
151.310.200
151.310.008

» (@ java.util.concurrent.ConcurrentHashMapS5egment
@ javalang.String
> Total 2 entries
1 @ java.util.concurrent.ConcurrentHashMapS$Values
> Total: 2 entries
@ javasecurity.SecureRandom
@ javasecurity.MessageDigestSDelegate
@ java.lang.String
@ org.apache.catalina.util LifecycleSupport
@ java.beans.PropertyChangeSupport
@ org.apache,julilogging.DirectiDKLog
@ javalang.Object
2. Total: 8 entries
org.apache.catalina.session.StandardSession
javalang. Thread
javalang.Class
org.apache.catalina.loader.StandardClassLoader
org.apachetomcat.utiL.modeler.ManagedBean
org.apache.catalina.connector.Request
java.util.PropertyResourceBundle
org.apachetomcat.util.modeler.Registry
org.apache.catalina.connector.Response
org.apache.coyote.httpll Internal OutputBuffer
sun.util.resources. TimeZoneNames

(ollollofoliolioNofolioflofolo]

java.lang.String

1.564

40

48

208

160
&0
96
48
32

151.309.624
&0

48

720

416
160

96
48
32

8.796.160
2.050.592
838.816
T75.544
390.768
318.720
266.344
243632
188,616
180.000
154664
141472

90,61%
0,00%

0,00%
0,00%
0,00%
0,00%
0,00%
0,00%
0,00%
0,00%

527%
1.23%
0,50%
0,46%
0,23%
0,19%
0,16%
0,15%
011%
0,11%
0,09%
0,08%

151.309.704
80

43

720
46
160
96
48
32

8.796.240

2.050.688

1.288.536
775.544
391.824
318.720
266.344
243632
188616
180.000
154664
143472 -

136M of 512M

s B B
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MAT — OQL

 Mit Hilfe von OQL  [Ereiemyadi — =2
File Edit Window Help
. . € tc-heapdump-1284134741909.hprof 53 | =&
=
ist gezielte Suche cliwzalE-a-1altim-a s
i Dver\riew| l%g dominator_tree [ i OQL 2 ]
h /* Press F1 for help */
naC select * from java.util.ArrayList
Class Mame Shallow Heap  Retained Heap =
. }:b <Regex> <MNumeric» <MNumeric»
von be Stlmmten [} java.utilArrayList @ 0:30139208 40 773664
I [} java.util. ArrayList @ 0330225240 40 773.664
[} java.util. ArrayList @ 0x30e5feed 40 773.664
. .o . D java.util. ArrayList @ (x30el e458 40 773664
ObJ ekten mo gllCh [ java.util ArrayList @ (x30el6e40 a0 144 =
[} java.util. ArrayList @ 0:30d8600 40 773.664
java.util. ArrayList @ 0:30cefl68 40 773.664
L
java.util ArrayList @ 0:30ca5138 40 1.031.504
- Syntax seh iy
yn aX Se r g} <class> class java.util ArrayList @ 0:22412bc0 System Class 8 8
I il elementData java.lang.Object[10] @ 0x30ca5160 104 1.031.464
. <class> class java.lang.Object[] @ 0x222cf5f8 0 0 —
elnfach analo [} [0] java.lang.String @ 0:30ca51c8 dummy<br> dummyl <br> dummy2<b 40 257.840
e e [1] java.lang.String @ 0:30f8dc08 durmmyl<br> dummyl <br> dummy2<b 40 257,840
g Ld 11 g.String y0 . .
[2] java.lang.String @ 0x3126d658 dummyl<br>dummyl<br> dummy2«<k 40 257,840
L2 g.String y0 . y:
[3] java.lang.5tring @ 0:31544bb0 dummyl<br> dummyl <br>dummy2<t 40 257.540
LL B g:String y0 y y
S QL Z Total: 5 entries
I Z Totak: 2 entries
[} java.util. ArrayList @ 0:30c8a170 40 144
[ java.util. ArrayList @ 0:30cTbeb8 40 184 =
B e FEEF I == A
somaisizv | s B b
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MAT — Viele Funktionen

* MAT bietet sehr viel Funktionalitit
* Suche nach GC Roots
* Referenz-Zusammenfassungen
* Ggfs. wichtige Hinweise warum ein Objekt nicht
weggerdumt wird!
* Fiir schnelle Analysen sind die Reports geeignet
* Tiefergehende Analysen benotigen einiges an
Einarbeitung
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Agenda

e Uber das Messen
* Performance
* Messungen bei Performance-Problemen
* Manuell
e JVisualVM
* Memory-Probleme
e JVisualVM
« MAT
[ * IBM Heap Dump Analyzer

Herbstcampus 2010 — Mist gemessen? — Java Performance und Memory Analyse

40



i Herbstcampus

IBM Heap Dump Anaylzer

* “IBM Thread and Monitor Dump Analyzer for
Java”

* http://www.alphaworks.ibm.com/tech/jca

* Mein “Favorit* fiir schnelle Analysen

 Unterstiitzt (inzwischen) SUN & IBM JDK Heap
Dumps im hprof-Format

 Bietet suche nach Leaks

e Ubersichtlich, aber nicht so detailverliebt wie MAT
= Pragmatisch
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IBM HDA

) IBM HeapAnalyzel

File Analysis View Help

[o]m[m]+ =/aafel

Q) [=|w) [ @]

B Analysis of tc heapdump-1284134741909.npro o X
Property Value
Heap dump file name D:\HGU\zz_templ\heapdumpsitc-heapdump-1284134741909.hprof
Timestamp Fri Sep 10 18:05:42 CEST 2010
WNumber of roots 11.400
Wrumber of objects with finalize() method 94
INumber of garbage objects implementing finalize() method [i]
Heap size 170.752.086
Classes 2.270
Objects 112.788
ObjectArrays 16.730
PrimitiveArrays 30.619
Mumber of leak suspects ]

e

2 Reference Tree

- E] array of [Ljavalutillconcurrent/Concurrent...

& Subj Leak St t(s) St ts by Cat Y Go to Bookmark Remove Bookmark

N, 160.926.071 (94%) [129] 6 orgfapacheitomcat/uti/netJloEndpoint 0x2766ce40
T \D 160.916.863 (94%) [48] 4 org/apache/coyote/hlip11/Hitp11Protocol$Hiip 11ConnectionHandler 0x2766ccc0
-4 \D 160.913.901 (94%) [64] 1 org/fapache/coyote/RequestGroupinfo 0x2766cd08
7 (1) 160.913 837 (94%) [32] 1 javalutil/ArrayList 0x27 66048
-4 LD 160.913.805 (94%) [80] 10 array of [Ljavallang/Object; 0x2766cd70
-4 \D 160.073.639 (93%) [116] 5 org/apache/coyote/Requestinfo 0x30cEc2f3
¢ (1) 160 073 365 (93%) [268] 25 org/apachelcayote/Request 0x30c6c098
¢ U1 160.031.281 (93%) [256] 1 array of [Ljavallang/Object, 0x30c74ced
¢ (I) 160.021.025 (92%) [298] 22 org/apact \alconnector/Request 0x30c6beas
¢ (1) 159 785 514 (93%) [127] 7 orglapache/catalir jon/StandardSession 0x30c7a888
4 \D 159.009.501 (93%) [219] 16 orgfapachelcatalinalsession/StandardManager 0x294b2ff0
¢ (1) 158.967.317 (93%) [72] 2 javalutilconcurrent/ConcurrentHashMap 0x294b36f0

o g 158.967.221 (93%) [128] 16 array of [Ljavalutiliconcurrent’ConcurrentHashMap$Segment, 0x294b3738
oL

24 (0%) [24] 1 javalutillconcurrent!ConcurrentHashMap$Values 0x30c92108
39.661 (0%) [52] 3 javalsecurityMessageDigestsDelegate 0x294b3160
763 (0%) [55] 4 javaximanagement'Objecthame 0x294b2eb8
741 (0%) [93] 4 javalsecurity/SecureRandom 0x294b3370
154 (0%) [36] 1 javaldang/String 0x280edf20
138 (0%) [36] 1 javallanagfString 0x294b32c8
134 (0%) [24] 1 org/apache/julilogging/Direct)DKLog 0x294b30d8
88 (0%) [36] 1 javallang/Siring 0x22d 16470
64 (0%) [40] 3 org/apachelcatalinalutiliLifecycleSupport 0x280e4f48
60 (0%) [36] 1 javalang/String 0x22d16418
60 (0%) [36] 1 javallang/String 0x22d164e8

A4 IODSATAAY A i

I A B
o iy o

4 MacnO e Ao g0

3 Property Value

— |Address 0329463738

— :|Name array of [Ljavalutiliconc...
:[Number of children 16
:[Number of parents 1
:[Owner address 0x204b36f0
:|owner object javalutiliconcurrentiCa..
||Size 128

|| :[Total size 158.967.221

-

HeapAnalyze
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Weitere Tools (tellweise veraltet)

* IBM Diagnostic Tool for Java Garbage Collector
 Fiir IBM JDK
* http://www.alphaworks.ibm.com/tech/gcdiag
* jhat — Heap Dump Browser, Teil der SUN JDK
* Jconsole — Teil der SUN JDK
* Funktionalitit durch JVisualVM abgedeckt
« HPROF
* http://java.sun.com/developer/technical Articles/Programmin

g/HPROEF.html

* Sehr rudimentires Profiling-Tool, Analyse mit perfanal

* Option -Xrunhprof
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i Herbstcampus

adesso AG adessoj

* Sponsor Herbstcampus 2010
* Mitarbeiter
« Uber 750 Mitarbeiter in der adesso Group

¢ Umsatz DEUTSCHLANDS
* Umsatzerwartung 2010: > 79 Mio. Euro '

* Auszeichnungen

* Platz 18 der deutschen Top-25 Beratungs- und o KR

DEUTSCHLAND

Systemintegrationsunternehmen (Linendonk-Liste 2010)
* Top Job (2008
* Deutschlands beste Arbeitgeber (2005 und 2010
 Standorte in Dortmund, K6ln, Aachen, Stuttgart,
Hamburg, Berlin, Frankfurt, Miinchen sowie in der
Schweiz und Osterreich
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