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License, copyrights
COPYRIGHT: Copyright (c) 2008 Stefan Parvu

The contents of this file are subject to the terms of the PUBLIC DOCUMENTATION

LICENSE (PDL), Version 1.01.  You may not use this file except in compliance with

the License

You can obtain a copy of the license at http://www.opensolaris.org/os/licensing/pdl

See the License for the specific language governing permissions and limitations under

the License

This presentation includes graphics from Open Clip Art Library

      The goal of the Open Clip Art Library is to provide the public with a huge collection 
of reusable art. Some highlights about this release can be seen in the 
RELEASE*.svg file. Also, look in the Examples directory for templates and tutorials 
on ways to make use of the clipart. For more information, including how you can 
contribute to this growing library, please see http://www.openclipart.org/ Public 
Domain Dedication Copyright-Only Dedication

http://www.opensolaris.org/os/licensing/pdl
http://www.openclipart.org/
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Agenda
● Introduction to Java Virtual Machine
● HotSpot VM

– Architecture

– Memory management and Garbage Collection

– Heap Sizing

● Java 5 and 6
– What's new ?

● Troubleshooting
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Java Virtual Machine
● Part of the Java Platform
● Runs your Java application by implementing a 

virtual machine model, virtualized environment
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Java Virtual Machine, cont.
● Java Runtime Environment, JRE:

– a virtual machine

– a set of standard class libraries

– usually used to run Java applications

– not intended for development

● Java Development Kit, JDK:
– intended for development

– includes the JRE
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Java Virtual Machine, cont.
● Example JREs

– Java Runtime Environment (JRE) 6 Update 4

– Java Runtime Environment (JRE) 5.0 Update 14

● Example JDKs
– JDK 6 Update 4

– JDK 5.0 Update 14

● http://java.sun.com/javase/downloads/?intcmp=1281
● http://java.sun.com/javase/downloads/index_jdk5.jsp

http://java.sun.com/javase/downloads/?intcmp=1281
http://java.sun.com/javase/downloads/index_jdk5.jsp
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Java Virtual Machine, cont.
● Java Community Process

– over 1000 corporate and individual participants

– developer community

– http://jcp.org/en/home/index

● Open Source: OpenJDK
– source code available, anyone can participate

– https://openjdk.dev.java.net/

– http://www.sun.com/software/opensource/java/

http://jcp.org/en/home/index
https://openjdk.dev.java.net/
http://www.sun.com/software/opensource/java/
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Java Virtual Machine, cont.
● Programs which run inside a JVM must be 

compiled in a portable binary format (your 
.class file)

● A set of .class files can be combines into a jar
● Safety: no user should be able to crash the 

host machine (Sandbox model, bytecode 
verification)

● The VM runtime subsystem executes the class 
or the jar file



10

USE IMPROVE EVANGELIZE

Java Virtual Machine, cont.
● Execution can be interpretation or just-in-time 

compile
● Interpretation is a slower approach
● Just-In-Time compilation

– turns the bytecode into native code for that 
machine

– is one of the most common methods of execution 
inside a VM

– a short delay in the startup caused by the initial  
bytecode compilation
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Java Virtual Machine, cont.
● Examples:

– Sun Java Virtual Machine, HotSpot

– IBM Java Virtual Machine, J9 VM

– BEA Java Virtual Machine, JRockit

– Apache Java Virtual Machine, Harmony
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HotSpot architecture
● HotSpot is Sun's Java Virtual Machine 

technology, the foundation for Java Standard 
Edition

● HotSpot technology: the VM continuously 
analyses the program performance for hot 
spots, frequent part of the program which are 
executed

● Hot spots are then highly optimized, excluding 
the less performance code
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HotSpot architecture, cont.
● HotSpot Client VM: used for light 

applications, reducing memory footprint and 
startup time

● HotSpot Server VM: used for enterprise 
applications, maximizing the speed

● Both options: -server or -client share the same 
HotSpot runtime, but use different compilers 
internally !
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HotSpot architecture, cont.

Note: 
Check your production 
environment VM options !
Are you running HotSpot VM 
using client or server 
compilers !?

● -client: does less 
computation, analyzing 
and compiling the code, 
resulting in a faster 
startup

● -server: advanced static 
analysis and compilation 
techniques resulting in 
faster execution time for 
long lasting applications
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HotSpot architecture, cont.
● HotSpot Client VM:

● HotSpot Server VM:



17

USE IMPROVE EVANGELIZE

HotSpot architecture, cont.
● Operation mode: interpreted, compiled or 

mixed
● Native thread support: using the operating 

system's stack and threading model
● Garbage Collection: based on generational 

model, support several algorithms to manage 
the objects in different generations. Objects 
allocated on heap. Automatically freeing 
unused objects – when  the objects are not 
referenced anymore by the application
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HotSpot architecture, cont.
● 64bit safe: when needed large heaps, on 

server class machines with lots of RAM. This 
is selectable via -d32 or -d64 options and 
applicable for HotSpot Server VM

● Adaptive Optimizations: the code first run 
through an interpreter and then is analyzed to 
detect the hot spots, the most called parts of 
the code. Finally the hot spots are then 
processed by a native-code optimizer. This 
way the memory footprint is decreased
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HotSpot architecture, cont.
● Method inlining: the hot spots are native 

compiled and the Java VM performs method 
inlining for that code. Reduces the time of 
method invocations

● Dynamic deoptimization: new classes might 
be loaded anytime into the VM. The Java VM 
should be able to reorganize during this 
process: dynamically deoptimize and then 
apply the optimizations if needed. Server and 
Client VM supports deoptimization
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HotSpot architecture, cont.
● Scalability: the new ergonomics model found 

in Java 5. The Java VM automatically adjusts 
itself based on server configuration: a client or 
server VM will be started and a GC algorithm 
will be selected

● Serviceability: Integration for profiling tools, 
debuggers or monitors using JVM Tools 
Interface. Supports full speed debugging, error 
reporting from JVM. 
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HotSpot architecture, cont.
● Memory Management in HotSpot

– automatic memory management

– objects allocated and deallocated from Heap

– memory is managed in generations, pools of 
objects

– the Garbage Collector, GC is managing the 
process when one pool of objects fills up

– easy to control the VM memory settings using 
several JVM options
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HotSpot architecture, cont.
● The Garbage Collector

– based on a generational model

– responsible for: allocating memory, making sure 
all referenced objects are in memory and freeing 
the memory after the objects are no longer 
referenced

– objects: live and dead

– GC will try to garbage all dead objects

– Several GC algorithms

– easy control for each GC algorithm, using JVM 
options
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HotSpot architecture, cont.
● The Garbage Collector

– Safe and Efficient: all live objects must never be freed 
and the time for collection should not take very long

– In real life it very much depends: time, space and 
frequency

– Fragmentation: the memory which has been freed could 
be found in different places. This will make harder to 
allocate a large object. Compaction will help during GC 
activity

– Scalability: for large CPU servers GC should be 
scalable and it should not turn into a bottleneck
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HotSpot architecture, cont.
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HotSpot architecture, cont.
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HotSpot architecture, cont.
● The Garbage Collector goals

– Throughput: the total time not spent in garbage 
collection

– Pause Time: the time during the application is 
paused which garbage collection takes place

– Frequency of collection: how often the GC is 
working

– Footprint: the Heap size
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HotSpot architecture, cont.
● Serial Collection

– Only one thing happens at the time. If the Serial 
collector is used on a multi CPU machine only one 
CPU is utilized

● Parallel Collection
– The garbage collector job is spread across 

multiple jobs and multiple CPUs if available

– The execution is faster but at the expenses of 
fragmentation
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HotSpot architecture, cont.
● Stop-the-World Collection

– the execution of the application is totally 
suspended during this phase.

– very simple, the entire Heap is frozen

● Concurrent Collection
– many garbage collection jobs can be executed at 

the same time the application is running

– some of the work is done concurrently some is 
done as a short Stop-of-World collections

– operates on live and large heaps
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HotSpot architecture, cont.
● Compacting Collection

– The memory is compacting, resulting in easy and 
fast allocations

– Moves all live objects to a contiguous space

● Non-Compacting Collection
– Does not move all live objects

– Finishes faster

– Expensive allocations in this mode. Searches for 
contiguous are of memory
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HotSpot architecture, cont.
● Serial Collector

– Young and Old generations are collected serially

– default on client type of hardware or manually 
using -XX:+UseSerialGC option

– the application is paused during this operation , 
the collection is being done serially, using one 
CPU, stop-the-world method
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HotSpot architecture, cont.
● Serial Collector

– usage: applications which run in a client type of 
hardware and don't have a requirement for low 
pause times

– Young generation collection
• live objects from Eden are copied to the initial free 

survivor space S1, the larger ones are moved directly 
to Old

• The live objects from occupied survivor space S0 are 
copied to the S1, the old ones retire to Old
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HotSpot architecture, cont.
● Serial Collector

• Objects marked with X will be garbaged and space 
freed, S1 and S0 swap positions at the end
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HotSpot architecture, cont.
● Serial Collector

– Old generation collection
• Old and Permanent generations are done using mark-

sweep-compact method
• Mark phase: marks all live objects
• Sweep phase: sweeps over the heap identifying the 

garbage
• Slide phase: the GC performs a sliding compaction, 

sliding the live objects towards the start of the Heap 
and maintaining the rest compact. This help future 
allocations.
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HotSpot architecture, cont.
● Serial Collector, -verbose:gc

[GC 4692K->4278K(5220K), 0.0018318 secs]

[GC 4790K->4445K(5220K), 0.0022160 secs]

[GC 4957K->4597K(5220K), 0.0021238 secs]

[GC 5109K->4777K(5348K), 0.0020124 secs]

[Full GC 4777K->3682K(5348K), 0.0907230 secs]

[GC 4193K->3715K(6716K), 0.0013422 secs]

[GC 4672K->4652K(6716K), 0.0011858 secs]

[Full GC 4652K->4509K(6716K), 0.0848523 secs]

[GC 6484K->6467K(8160K), 0.0011248 secs]

[Full GC 6467K->6467K(8160K), 0.0877565 secs]

[GC 10803K->10474K(11676K), 0.0019494 secs]

[Full GC 10366K->6250K(11676K), 0.0947010 secs]
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HotSpot architecture, cont.
● Serial Collector, -verbose:gc -XX:+PrintGCDetails

[GC [DefNew: 576K->64K(576K), 0.0032166 secs] 3645K->3310K(3944K), 0.0034281 secs]

[GC [DefNew: 576K->64K(576K), 0.0031091 secs][Tenured: 3423K->3061K(3496K), 0.0702154 secs] 
3822K->3061K(4072K), 0.0737055 secs]

[GC [DefNew: 512K->64K(576K), 0.0025877 secs] 3573K->3237K(5680K), 0.0027977 secs]

[GC [DefNew: 567K->64K(576K), 0.0049749 secs] 3740K->3407K(5680K), 0.0050272 secs]

[GC [DefNew: 576K->64K(576K), 0.0022290 secs] 4805K->4446K(5680K), 0.0022749 secs]

[GC [DefNew: 576K->64K(576K), 0.0040543 secs][Tenured: 5209K->4170K(5232K), 0.1937438 secs] 
5591K->4170K(5808K), 0.1980173 secs]

[GC [DefNew: 512K->63K(576K), 0.0037735 secs] 4682K->4234K(7528K), 0.0038244 secs]

[GC [DefNew: 177K->59K(576K), 0.0015195 secs][Tenured: 6530K->6582K(6952K), 0.0866866 secs] 
6611K->6582K(7528K), 0.0884189 secs]

[GC [DefNew: 156K->55K(896K), 0.0013317 secs][Tenured: 10400K->6586K(10972K), 0.0854252 
secs] 10525K->6586K(11868K), 0.0868328 secs]
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HotSpot architecture, cont.
● Serial Collector, -verbose:gc -XX:+PrintGCDetails 

-XX:+PrintGCTimeStamps

1.680: [GC 1.680: [DefNew: 512K->64K(576K), 0.0023637 secs] 2746K->2342K(4304K), 0.0026758 secs]

1.772: [GC 1.772: [DefNew: 576K->64K(576K), 0.0053333 secs] 2854K->2436K(4304K), 0.0056777 secs]

1.819: [GC 1.819: [DefNew: 576K->63K(576K), 0.0023710 secs] 2948K->2580K(4304K), 0.0027122 secs]

2.085: [GC 2.086: [DefNew: 576K->64K(576K), 0.0032957 secs] 3550K->3153K(4304K), 0.0036396 secs]

2.117: [GC 2.117: [DefNew: 575K->64K(576K), 0.0037193 secs] 3665K->3337K(4304K), 0.0040632 secs]

2.144: [GC 2.144: [DefNew: 576K->64K(576K), 0.0033613 secs] 3849K->3512K(4304K), 0.0037018 secs]

2.235: [GC 2.235: [DefNew: 576K->64K(576K), 0.0050588 secs]2.240: [Tenured: 3815K-
>3152K(3856K), 0.0756689 secs] 4210K->3152K(4432K), 0.0809025 secs]
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HotSpot architecture, cont.

-Xloggc:gc.log 
-XX:+PrintGCDetails  

-XX:+PrintGCTimeStamps
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HotSpot architecture, cont.
● Parallel Collector

– used to collect Young and the Old generation, 
using a stop-of-world type of collection

– also known as the throughput collector
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HotSpot architecture, cont.
● Parallel Collector

– default on server type of hardware or manually 
using -XX:+UseParallelGC option

– the application is still paused during this operation, 
but the collection is performed in parallel on 
multiple CPUs

– usage: applications which run on servers with 
more than one CPU and which don't have time 
constraints: batch processing, billing, payroll, 
scientific computing



40

USE IMPROVE EVANGELIZE

HotSpot architecture, cont.
● Parallel Collector

– Young generation collection
• a parallel version of the Serial collector
• performs the collection in parallel, using many CPUs
• increases application throughput

– Old generation collection
• similar as for Serial Collector
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HotSpot architecture, cont.
● Parallel Collector

-Xloggc:gc.log -XX:+PrintGCDetails 

-XX:+PrintGCTimeStamps

1.369: [GC [PSYoungGen: 3072K->501K(3584K)] 3072K->622K(36352K), 0.0089261 secs]

1.918: [GC [PSYoungGen: 3573K->505K(3584K)] 3694K->1108K(36352K), 0.0068211 secs]

221.580: [GC [PSYoungGen: 9984K->3522K(19392K)] 26144K->22754K(56256K), 0.0270233 secs]

221.744: [GC [PSYoungGen: 19093K->3112K(20032K)] 38324K->28918K(56896K), 0.0176338 secs]

221.900: [GC [PSYoungGen: 18681K->3112K(20480K)] 44487K->37370K(57344K), 0.0202805 secs]

221.921: [Full GC [PSYoungGen: 3112K->0K(20480K)] [PSOldGen: 34258K->23454K(57344K)] 
37370K->23454K(77824K) [PSPermGen: 15535K->15535K(36864K)], 0.1227910 secs]
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HotSpot architecture, cont.
● Parallel Compacting Collector

– new GC algorithm with J2SE 5.0 Update 6

– used to collect the Young or Old generations using 
a totally new algorithm, support compacting

– enabled using -XX:+UseParallelOldGC option

– usage: applications which run on machines with 
more than one CPU and have a requirement for 
low pause times. Not suitable for large machines 
where many applications are running at the same 
time – a single application which can use the 
entire CPU capacity
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HotSpot architecture, cont.
● Parallel Compacting Collector

– Young generation collection
• similar method as in Parallel collector

– Old generation collection
• each generation is given a certain fixed size region
• Mark phase: all live objects are marked in parallel, 

and the data for the object's region is updated
• Summary phase: operates on regions and not objects
• Compaction phase:
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– The low-latency collector, important for fast 
response time

– Application is paused for very short periods of time

– It is not a compacting collector

– enabled using -XX:+UseConcMarkSweepGC 
option

– used usually with large heaps – the application is 
allowed to run during the collection phase, 
meaning the Old generation can grow in size
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– supports an incremental mode: concurrent phases 
are processed incremental

– usage: applications which require short garbage 
collection pauses and which can share the CPU, 
the CMS collector takes CPU cycles from the 
application for its own GC activity, web servers, 
app servers – applications with large Old 
generations and long lived data objects
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– Young generation collection
• same as the Parallel collector

– Old generation collection
• decreases dramatically the old generation pause time
• starts a collection early enough to avoid a Full GC
• Initial mark phase – identifies the initial set of live 

objects, STW (stop-the-world)
• Concurrent Marking phase – marks all live objects; 

some of the objects might not be marked so a second 
cycle is needed to make sure all objects are marked
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– Old generation collection
• Precleaning phase – tries to minimize the Remark 

phase time, by marking all objects which were 
previously modified by the application threads

• Remark phase – STW, rescans all objects, by 
revisiting any object which was modified in the 
previous phase. Here the collector uses multiple 
threads to finish faster the remark phase

• Sweep phase – sweeps over the heap to reclaim all 
the garbage which has been identified
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector
14.505: [GC 14.505: [DefNew: 3968K->0K(4032K), 0.0147255 secs] 9382K->6234K(16320K), 0.0148194 

secs]

14.523: [GC [1 CMS-initial-mark: 6234K(12288K)] 6247K(16320K), 0.0017829 secs]

14.524: [CMS-concurrent-mark-start]

14.587: [CMS-concurrent-mark: 0.063/0.063 secs]

14.587: [CMS-concurrent-preclean-start]

14.588: [CMS-concurrent-preclean: 0.000/0.000 secs]

14.588: [GC[YG occupancy: 13 K (4032 K)]14.588: [Rescan (non-parallel) 14.588: [grey object rescan, 
0.0001824 secs]14.588: [root rescan, 0.0007562 secs], 0.0009850 secs]14.589: [weak refs 
processing, 0.0018470 secs] [1 CMS-remark: 6234K(12288K)] 6247K(16320K), 0.0029740 secs]

14.595: [CMS-concurrent-sweep-start]

14.603: [CMS-concurrent-sweep: 0.007/0.007 secs]

14.624: [CMS-concurrent-reset-start]

14.627: [CMS-concurrent-reset: 0.004/0.004 secs]

22.807: [GC 22.807: [DefNew: 3968K->0K(4032K), 0.0090208 secs] 9109K->5890K(16320K), 0.0091121 
secs]
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

24.626: [GC [1 CMS-initial-mark: 8881K(12288K)] 10035K(16320K), 0.0007227 secs]

24.627: [CMS-concurrent-mark-start]

24.682: [CMS-concurrent-mark: 0.055/0.055 secs]

24.682: [CMS-concurrent-preclean-start]

24.682: [CMS-concurrent-preclean: 0.000/0.000 secs]

24.683: [GC[YG occupancy: 1154 K (4032 K)]24.683: [Rescan (non-parallel) 24.683: [grey object rescan, 
0.0002292 secs]24.683: [root rescan, 0.0007530 secs], 0.0010290 secs]24.684: [weak refs 
processing, 0.0023396 secs] [1 CMS-remark: 8881K(12288K)] 10035K(16320K), 0.0034769 secs]

24.686: [CMS-concurrent-sweep-start]

24.695: [CMS-concurrent-sweep: 0.009/0.009 secs]

24.695: [CMS-concurrent-reset-start]

24.699: [CMS-concurrent-reset: 0.004/0.004 secs]
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

58.456: [GC 58.456: [DefNew: 3456K->0K(4032K), 0.0078289 secs] 40036K->38255K(45704K), 
0.0079163 secs]

58.466: [GC [1 CMS-initial-mark: 38255K(41672K)] 38854K(45704K), 0.0006956 secs]

58.467: [CMS-concurrent-mark-start]

58.523: [CMS-concurrent-mark: 0.056/0.056 secs]

58.523: [CMS-concurrent-preclean-start]

58.523: [CMS-concurrent-preclean: 0.000/0.000 secs]

58.525: [GC[YG occupancy: 598 K (4032 K)]58.525: [Rescan (non-parallel) 58.525: [grey object rescan, 
0.0003533 secs]58.525: [root rescan, 0.0006906 secs], 0.0010895 secs]58.526: [weak refs 
processing, 0.0024445 secs] [1 CMS-remark: 38255K(41672K)] 38854K(45704K), 0.0036423 secs]

58.530: [CMS-concurrent-sweep-start]

58.535: [CMS-concurrent-sweep: 0.005/0.005 secs]

58.535: [CMS-concurrent-reset-start]

58.538: [CMS-concurrent-reset: 0.003/0.003 secs]
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector
58.558: [Full GC 58.558: [CMS: 13971K->13842K(41672K), 0.1547712 secs] 14579K-

>13842K(45704K), [CMS Perm : 14788K->14748K(24648K)], 0.1551333 secs]

58.789: [GC 58.789: [DefNew: 3965K->0K(4032K), 0.0051317 secs] 17807K->17395K(45704K), 
0.0058756 secs]

58.856: [GC 58.856: [DefNew: 2562K->0K(4032K), 0.0016115 secs] 19958K->17396K(45704K), 
0.0016866 secs]

58.869: [GC 58.869: [DefNew: 3908K->0K(4032K), 0.0049839 secs] 21304K->21303K(45704K), 
0.0050737 secs]

58.957: [GC 58.957: [DefNew: 3968K->0K(4032K), 0.0063983 secs] 25271K->24592K(45704K), 
0.0064776 secs]

59.275: [Full GC 59.275: [CMS: 24592K->16145K(41672K), 0.1323715 secs] 26912K-
>16145K(45704K), [CMS Perm : 14832K->14832K(24648K)], 0.1361513 secs]

59.752: [GC 59.752: [DefNew: 3690K->0K(4032K), 0.0059947 secs] 19836K->18431K(45704K), 
0.0063151 secs]

59.803: [Full GC 59.803: [CMS: 18431K->14558K(41672K), 0.1263113 secs] 20150K-
>14558K(45704K), [CMS Perm : 14833K->14833K(24776K)], 0.1268321 secs]

60.018: [GC 60.019: [DefNew: 3608K->0K(4032K), 0.0038720 secs] 18166K->16791K(45704K), 
0.0041940 secs]
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector
CMS-initial-mark – marks all living objects. A STW phase

CMS-concurrent-mark-start – the application starts to 
run at the same time the GC is marking additional objects. 
Not very exact operation in marking all objects

CMS-concurrent-preclean-start – a cleaning 
operation before the remark phase; similar as the remark but 
processed in parallel, with multiple threads. The goal is to  
check again all objects, which were changed in previous 
phase and mark them – minimizing the time for remark 
operation
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector
CMS-remark – re-scanning the objects which where 

changed by application threads. It is the longest phase. A 
STW phase

CMS-concurrent-sweep-start – sweeps over the heap 
for all dead objects. Performs in parallel with all the other 
threads running. Here might occur compaction problems, 
objects are not compacted properly since the CMS is a non-
compacting collector

CMS-concurrent-reset-start – prepare for the next 
cycle of collection
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– Concurrent-mode-Failure, collection of the Old 
generation did not finish before it was already full !

• Long living objects take too much space in Old, there 
is not enough free space in Old

• Signal the GC to start enough earlier a concurrent 
collection using:-
X:CMSInitiatingOccupancyFraction=XX

– Fragmentation
• Space in Old generation can be scattered resulting in 

poor allocation rate Young/Old
• Young GC will backout if there is not enough space in 

Old
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HotSpot architecture, cont.
● Concurrent Mark-Sweep Collector

– Fragmentation
• Make sure you run Java 5
• Try to run with a bigger Heap size, -XmsXXX and 

-XmxXXX
• Smaller Young generation
• During night time, try to schedule a System.gc() - this 

will compact all heap



56

USE IMPROVE EVANGELIZE

HotSpot architecture, cont.
● Ergonomics in Java 5

– the JVM automatically setting the Heap, GC, and 
compiler VM: client or server

– dynamically tune the Heap, for the parallel 
collector, no need to specify the Heap size

– Maximum pause time goal
• -XX:MaxGCPauseMillis=N, the Parallel GC will 

adjust the heap size in order to keep this requirement
– Throughput goal

• -XX:GCTimeRatio=N, where N is a ratio which 
defines the total time spent in GC
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HotSpot architecture, cont.
● Ergonomics in Java 5

– Throughput goal
• -XX:GCTimeRatio=N

– Application time: time not spent in GC

– GC time: time spent in GC activity

– the ratio GC time to App time = 1 / ( 1 + N )

– ratio, N=29 will set the goal to 3% as of the total 
time to be allowed in GC ! -XX:GCTimeRatio=29

– if the target goal can't be met then all generations 
will be increased, in an effort to keep the goal
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HotSpot architecture, cont.
● Ergonomics in Java 5
● Server class machine

– A computer with 2+ CPUs and 2GB+ of memory

– Exception 32bit Windows platforms

– Hotspot Server VM selected

– Initial Heap size: 1/64th of the physical memory, up 
to 1GB

– Maximum Heap Size: 1/4th of the physical memory, 
up to 1GB



59

USE IMPROVE EVANGELIZE

HotSpot architecture, cont.
● Client class machine

– A computer which is not a server class machine

– Hotspot Client VM selected

– GC: the serial collector

– Heap size: 4MB initial up to 64MB maximum



60

USE IMPROVE EVANGELIZE

Heap Sizing
● I've never heard of this. Java does 

automatically this !
● Why do I need to tune the JVM ? The vendor 

takes care of that.
● Who will do this operation ? I will take care of 

this later on !
● It is not important, the contracting company 

does these sort of things !
● Should I stop profiling my application ?
● Hmm..., do I really need to tune the JVM ?
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Heap Sizing, cont.

STAY IN CONTROL !



62

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● WHY ?

– Default settings, usually, not suitable for real life 
applications

– To understand – your application might work, but 
you have to clear see how does it work

– To avoid downtime and wasting time 
understanding what's going on

– To observe closely how your application works in 
different conditions

● Define a tuning procedure
● Goals: throughput and footprint



63

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● WHO ?

– System Administrators or AppServer Administrators

– Performance Testing Team

– Java Development Team

● WHEN ?
– Before releasing a new major version in Production

– New features are needed to be developed

– Business has communicated that the expected 
usage will triple during next 6 months
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JVM Tuning

Java developers

External Contractors

Testing Team
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System Administrator

<Error> java.lang.OutOfMemoryError: PermGen space

02:23 AM –  Service Down

NOTICE: e1000g0 link up

NOTICE: e1000g0 link up
NOTICE: e1000g0 link up

02:23 AM –  Service Down
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Heap Sizing, cont.

SO, IT REALLY MATTERS !
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Heap Sizing, cont.
● Tools needed

– Load injection: JMeter/LoadRunner

– Monitoring JVM:
• visualGC(jvmstat)
• jmap
• jstack, jstat

– Monitoring OS:
• netstat, vmstat, sysperfstat, nicstat
• prstat
• pstack/pmap
• DTrace, DTraceToolkit
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Heap Sizing, cont.
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Heap Sizing, cont.

The Java Heap
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Heap Sizing, cont.
● Prepare JMeter or LoadRunner performance 

scripts and run them against your application
● Start by allocating enough memory to the 

initial Heap, -XmsXXX -XmxXXX
● Observe how many minor and major 

collections (Full GC) are performed
● Adjust the memory settings and change to a 

different GC algorithm if needed
● Repeat until you will minimize the number of 

major collections and the response time is ok
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Heap Sizing, cont.
● NewRatio 

– Ratio between Young/Old

– Very important how your objects will be 
transitioned 

– NewRatio=2, Old 2/3 of Heap and Young 1/3

– Flags: -XmnXXX similar as -XX:NewSize=XXX and 
-XX:MaxNewSize=XXX

– What value !? 

– It very much depends: if your application has a lot 
of long lived objects, Old > Young to hold all data
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Heap Sizing, cont.
● Young generation: define and experiment with 

different sizes for the Young generation using: 
-XX:NewSize=value and 
-XX:MaxNewSize=value

● Permanent generation: start with a big enough 
to hold all classes. Stores JVM's metadata. If 
the applications loads a large number of 
classes then this generation might require 
resizing using -XX:PermSize=value and 
-XX:MaxPermSize=value
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Heap Sizing, cont.
● For large applications set the Heap size for 

both options the same. This avoids extra 
allocations. Apply the same principle for the 
Young generation

● Finally: run several tests with different values 
for Heap and with different GC algorithms. 
Choose the ones they fit best your 
requirement: throughput, footprint, etc.

● Run several times the steps defined in the 
tuning procedure and review the results with 
your team
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Heap Sizing, cont.
● Example

– BEA Weblogic Portal 10 sample application, 
portalAppAdmin

– Jdk-1.5.0_14

– Heap: 512 – 1024MB

– Permanent generation: 256MB

– Default GC

● Observe and Identify bottlenecks
● Tune
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Heap Sizing, cont.
● JMeter script

– define a simple script which will simulate 
concurrent users for portalAppAdmin application

– for complex applications try to define a much 
realistic script

● Start with a minimal payload, 1-5 VUs
– if you are confident about your application use a 

bigger payload from start, 10-50VUs

– think time, ramp-up time

● Examine the GC logs and visualGC screen
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Heap Sizing, cont.



77

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● Examine the young generation and the 

number of minor collections
● Adjust the ratio of Young/Old such way to 

have a good throughput and have enough big 
old generation

● Check the permanent generation
● Monitor closely the number of Major 

collections
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Heap Sizing, cont.
● Young generation too small
● Survivor spaces not big enough, what ratio !?
● Permanent generation ok
● Old generation too small
● A better GC ?
● After 1st tuning: 

-Xms1024m -Xmx1024m 

-XX:NewSize=256m -XX:MaxNewSize=256m
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Heap Sizing, cont.

Conclusions:
● Retest the previous JVM options
● Are these options ok ? What about more fine 

tuning ? A better young generation, survivor 
spaces, bigger heap !?

● GC: CMS or Parallel Compactor ? 
● Repeat all over the test based on different 

payloads until you will match your desired 
results
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Heap Sizing, cont.
● Parallel GC tuning

– Let the JVM chose the Heap sizes

– Define a throughput goal 
– The heap will dynamically grow or shrink 

based on the application usage
– Sometimes the heap will set to its max 

value, the throughput goal cannot be met
– Throughput goal is met but still are 

application pauses: set a maximum pause 
time
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Heap Sizing, cont.
● For large applications, a tuning procedure 

might be needed
● Clear steps and test cases
● A cycle consists of one or more test cases
● Each cycle is reviewed and retested
● Usually 3-4 cycles are enough for sizing a 

generic JVM
● Adapt the procedure for your application and 

purpose
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Heap Sizing, cont.
● Tuning procedure

– Cycle 1 - Initial observations
• default settings for JVM: Heap size, Permanent 

generation, default garbage collector. Monitor the 
initial behavior of the application

– Cycle 2 – Tuning
• different settings for garbage collector and memory 

generations. Try to discover the maximum number of 
VUs one JVM can sustain

– Cycle 3 - Fine tuning
• apply a series of extra test cases to confirm C2

– Cycle 4 - Plan to crash
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.1: Initial observations

– C1.2: Minimal payload

– C1.3: Long run test

– C1.4: Stress test

– C1.5: Final Exit Criteria

Monitoring points

System utilisation: CPU, Mem, Disk, Net, TCP: ESTABLISHED, CLOSE_WAIT, TIME_WAIT

JVM utilisation: GC, Old, Young, Permanent generations, throughput

JVM options: -Xloggc:gc.log -XX:+PrintGCDetails -XX:+PrintGCTimeStamps
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.1: Initial observations
➢ Start with default settings: 1-2GB Heap size and 128 MB for 

permanent generation.
➢ Observe using visualGC the behavior of your application for an 

average number of VUs: ~25-100 during 1, 2hrs.
➢ Examine closely the GC log and monitor the number of minor 

and major collections. Record the time spent in GC and the 
response time of the application. If you start to notice long time 
spent in GC try to decrease the number of VUs to 10-50 and 
repeat the test.

➢ If you cant sustain for 1-2 hrs a minimal number of 5-10 VUs, 
recall the application to functional testing and escalate with 
your Java project development team.
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.2: Minimal payload
➢ Ensure the application works ok with this minimal payload 

found in C1.1
➢ Keep the application long enough, say 2-4hrs and examine 

closely the JVM data: GC, the number of minor/major 
collections and the time spent for these events. 

➢ If your application cant sustain for more than 2hrs this minimal 
payload return to functional testing and core development, 
opening bugs to the development team finding out why the 
application handles so bad such minimal payload.
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.3: Long run test
➢ If everything goes fine in C1.2 plan a longer test for 10-12hrs 

with this payload. 
➢ Analyse the results with the Java development and support 

teams, together and write down the results found for this 
payload.

➢ If you found problems in this phase return to 1.2 and decrease 
the payload. Easily adjust the payload trying to find out the for 
how long your application works fine. 
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.4: Stress test
➢ Plan a stress test at this point where you can analyse how long 

your application will survive for a different number of virtual 
users. 

➢ Keep this load for certain period of time: 2-6hrs. For instance: 
start with the minimal payload, slowly ramping up every 
30minutes with 50VUs more. Keep a max load level, say 500 
VUs and observe the System and JVM data. Decrease if 
necessarily or increase if the application seems to handle ok 
that load. 

➢ Try to find out the max number of VUs that your application can 
handle. Repeat the test to ensure the step is correct.
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Heap Sizing, cont.
● Tuning Cycle 1

– C1.5: Final Exit Criteria
➢ Based on C1.2-4 you should approximate the max number of 

VUs one JVM can sustain and if the initial VM options used, for 
Heap and Permanent generation are ok.

➢ It is highly recommended to have a common meeting review 
after Cycle 1 and discuss the results with your Java 
Development Team and Support Unit. 

➢ Finally review the results and apply the changes to your JVM to 
be ready for your next cycle.
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Monitoring points

System utilisation: CPU, Mem, Disk, Net, TCP: ESTABLISHED, CLOSE_WAIT, TIME_WAIT

JVM utilisation: GC, Old, Young, Permanent generations, throughput

JVM options: -Xloggc:gc.log -XX:+PrintGCDetails -XX:+PrintGCTimeStamps

Heap Sizing, cont.
● Tuning Cycle 2

– C2.1: Sizing generations, chose a collector

– C2.2: New settings, 10hrs

– C2.3: Uplimit

– C2.4: Endurance

– C2.5: Final Exit Criteria
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Heap Sizing, cont.
● Tuning Cycle 2

– C2.1: Sizing generations, chose a collector
➢ Based on the previous cycle results, from C1, try to adjust the 

JVM options: enlarge the Heap size and dedicate enough 
memory to the Young generation and Permanent generation. 
Chose a Garbage collector, experimenting with the Parallel 
Compactor and CMS.

➢ Try first the Parallel collector, using as well the new Parallel 
Compactor. Write down the settings and results.

➢ Try at the end the CMS collector, write down the settings and 
results. Chose one which is best for your application.

➢ Review once more the setting and pickup a final collector what 
you will use.
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Heap Sizing, cont.
● Tuning Cycle 2

– C2.2: New settings, 10hrs
➢ Use the max payload found in C1 and run a test for 10hrs using 

the new collector and memory settings from C2.1. 
➢ If you haven't changed anything in C2.1, simple check that one 

JVM can easily sustain this payload. Observe the JVM 
dynamics using visualGC and jstat. 

➢ Record all times and ensure you don't have a degradation of 
your service using the new VM settings. 

➢ Repeat the test as many times you think in order to ensure the 
new JVM settings are ok. Make final adjustments to your Heap, 
Permanent generation and garbage collector and freeze the 
options. Repeat the test with the final settings. 



96

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● Tuning Cycle 2

– C2.3: Uplimit
➢ Increase the payload to 250-500-1000 VUs and run it for 2-4hrs 

with the new settings. 
➢ If problems decrease the payload to a decent and safe value 

where you dont find anymore errors. Write down the max value 
for VUs.



97

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● Tuning Cycle 2

– C2.4: Endurance
➢ Ensure the JVM can sustain for 10-12hrs the C2.3 payload. If 

you have troubles return to C2.1
➢ If ok, plan a longer test for 48-72hrs with this load in Quality 

and Assurance environment (The QA should have similar 
network and configuration as the PROD environment)
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Heap Sizing, cont.
● Tuning Cycle 2

– C2.5: Final Exit Criteria
➢ At this moment you should have a set of the new settings for 

your JVM and a min and max value numbers of VUs. 
➢ Write down the average number of VUs for one JVM as well 

the max number of VUs you have recorded. 
VUavg/JVM
VUmax/JVM
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Heap Sizing, cont.
● Tuning Cycle 3

– C3.1: Endurance test

– C3.2: Final test

– C3.5: Final Exit Criteria

Monitoring points

System utilisation: CPU, Mem, Disk, Net, TCP: ESTABLISHED, CLOSE_WAIT, TIME_WAIT

JVM utilisation: GC, Old, Young, Permanent generations, throughput

JVM options: -Xloggc:gc.log -XX:+PrintGCDetails -XX:+PrintGCTimeStamps
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Heap Sizing, cont.
● Tuning Cycle 3

– C3.1: Endurance test
➢ Plan with the LoadRunner/Jmeter team several test cases for 

QA where the application will use the new settings found in C2. 
➢ Use as a payload the C2 findings.
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Heap Sizing, cont.
● Tuning Cycle 3

– C3.2: Final test
➢ Run a final test for 72hrs with all managed servers up and 

running, no extra debug level on. Record the response time of 
the application and watch for major collections and how long 
they take. Ngs.

– C3.5: Final Exit Criteria
➢ If no troubles found in C3.2 or C3.1 push the new settings for 

PROD env. If you have experinced troubles in C3.1,2 it is good 
to review the results and return to Cycle 2
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Heap Sizing, cont.
● Tuning Cycle 4

– C4.1: JVM core dump

– C4.2: Application not responsive, very slow

– C4.3: Dynamic Tracing

Monitoring points

Proactive step, in order to prevent possible failures inside JVM or from application itself

JVM: jstack, jmap, jstat

OS: truss, dtrace, pstack, pmap 
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Heap Sizing, cont.
● Tuning Cycle 4

– C4.1: JVM core dump
➢ Plan a simple recovery plan in case your application core 

dumps. Keep up to date the JDK with your vendor, check 
periodically the Release Notes for any corrections on JDK.

➢ Examine the core dump using dbx or mdb in Solaris.

– C4.2: Application not responsive, very slow
➢ One of the most common symptoms what you could 

experience: your application starts to answer very slow, or 
looks like is doing nothing. Check the CPU consumption and 
get two, three thread dumps using SIGQUIT signal. Use prstat 
-mL to get a lwp usage distribution. As well experiment this in 
QA env by developing a series of D scripts which can be used. 
Consider using here: jstack, pstack, dtrace
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Heap Sizing, cont.
● Tuning Cycle 4

– C4.3: Dynamic Tracing
➢ You should not wait until you have a real problem. Therefore it 

is good you develop in QA env a series of D scripts, based on 
DTrace to find out how your application really works. Try to 
understand the numbers you get and run these periodically 
communicating the findings to your Java development team 
and Support Unit. Check the Troubleshooting section for more 
details
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Heap Sizing, cont.
● Final: you should have a tuning JVM 

document where you have all results gathered
● Review this document with your Java 

Development and Support unit and chose the 
best values for your JVM

● Implement these in QA before PRODUCTION
● You are almost done: periodically review and 

re-tune if needed. Application changes can 
have an effect the way the JVM works



106

USE IMPROVE EVANGELIZE

Heap Sizing, cont.
● Tuning Cycle 1, example

Test JVM Settings

50 12:00 – 13:00: JVM 1,2  running

100 14:00 – 15:00:  JVM 1,2  running

200 20:00 – 20:30: JVM 1,2  running

300 20:30 – 21:00: JVM 1,2 running

500 21:00 – 23:00: JVM 1,2 running

VUs

-verbose:gc -Xloggc:gc.log
-XX:+PrintGCDetails
-XX:+PrintGCTimeStamps
-Xms2048m
-Xmx2048m
-XX:MaxPermSize=512m

-verbose:gc -Xloggc:gc.log
-XX:+PrintGCDetails
-XX:+PrintGCTimeStamps
-Xms2048m
-Xmx2048m
-XX:MaxPermSize=512m
-verbose:gc -Xloggc:gc.log
-XX:+PrintGCDetails
-XX:+PrintGCTimeStamps
-Xms2048m
-Xmx2048m
-XX:MaxPermSize=512m
-verbose:gc -Xloggc:gc.log
-XX:+PrintGCDetails
-XX:+PrintGCTimeStamps
-Xms2048m
-Xmx2048m
-XX:MaxPermSize=512m
-verbose:gc -Xloggc:gc.log
-XX:+PrintGCDetails
-XX:+PrintGCTimeStamps
-Xms2048m
-Xmx2048m
-XX:MaxPermSize=512m
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Heap Sizing, cont.
● Tuning Cycle 1, example

– Test 1: 50 VUs/10sec think time; 12:00 – 14:00

– Test 2: 100 VUs/10sec think time, 14:00 – 15:00

– Test 3: 200-300 Vus/5sec think time 20:00 – 20:30 – 21:00

CPU Disk Net GC Old Young Permanent

1-10% 20.00% <3% 15% ~70 Minimal activity OK OK Requires tuning

Mem
TCP 
Sessions

CPU Disk Net GC Old Young Permanent

15.00% 20.00% <3% 15% 110 OK OK Requires tuning

Mem
TCP 
Sessions

Minimal, minor 
GC

CPU Disk Net GC Old Young Permanent

~20% 20.00% <3% 20% 200 minor GC OK OK Requires tuning

Mem
TCP 
Sessions
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Heap Sizing, cont.
● Tuning Cycle 1, example

– Test 4: 500 VUs/10sec think time; 21:00 - 23:00

– Review the results after each test case

– Write down the results in such report and after all test cases 
in cycle 1 review the results with your support unit and Java 
development team

CPU Disk Net GC Old Young Permanent

20.00% 20.00% <3% 20% 350 Needs tuning OK Requires tuning

Mem
TCP 
Sessions

Minor and major collection. 
Full GC 5sec
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Heap Sizing, cont.
● Tuning Cycle 1, example

– Final Exit criteria to Cycle 2:

Change Description

-XX:PermSize=256m
-XX:MaxPermSize=256m

The permanent generation needs to be set to
256MB from the beginning. Currently the
generation starts  as 64MB and grows up to
512MB. 512MB is way too high for the current
application.

CPU utilisation Identified a CPU usage issue: sometimes one
managed server is using more CPU than the
other, even for longer periods of time. 

-Xms2048m 
-Xmx2048m

The heap might not be enough set for running
more than 24hrs. Requires a bit more analyse
in Cycle 2 to observe how often we will have
FullGCs from one JVM.

Payload: 250VUs Both JVM were able to sustain 500VUs for
certain amount of time. For next Cycle, we will
chose 250 VUs as the starting payload for one
JVM and we will try to identify the safe
payload for one JVM
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Agenda
● Introduction to Java Virtual Machine
● HotSpot VM

– Architecture

– Memory management and Garbage Collection

– Heap Sizing

● Java 5 and 6
– What's new ?

● Troubleshooting
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Java 5 and 6
● Java releases over time
● JDK 1.1

– JDK 1.1.4 Sparkler Sept 12, 1997

– JDK 1.1.5 Pumpkin Dec 3, 1997

– JDK 1.1.6 Abigail April 24, 1998

– JDK 1.1.7 Brutus Sept 28, 1998

– JDK 1.1.8 Chelsea April 8, 1999
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Java 5 and 6, cont.
● JDK 1.2 and 1.3

– J2SE 1.2 Playground Dec 4, 1998

– J2SE 1.2.1 (none) March 30, 1999

– J2SE 1.2.2 Cricket July 8, 1999

– J2SE 1.3 Kestrel May 8, 2000

– J2SE 1.3.1 Ladybird May 17, 2001
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Java 5 and 6, cont.
● JDK 1.4, 5 and 6

– J2SE 1.4.0 Merlin Feb 13, 2002

– J2SE 1.4.1 Hopper Sept 16, 2002

– J2SE 1.4.2 Mantis June 26, 2003

– J2SE 5.0 (1.5.0) Tiger Sept 29, 2004

– J2SE 6.0 (1.6.0) Mustang Dec, 2006
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Java 5 New Features
● JVM

– Class Data Sharing

– Garbage Collector Ergonomics

– Thread Priority Changes

– Fatal Error Handling: OOM
<Oct 28, 2007 8:35:21 PM EET> <Error> <netuix> <BEA-423167> <An exception 
or error occurred in the backing file [com.bea.jsptools.comm

on.PatDesktopBacking] while executing its preRender method. It was 
java.lang.OutOfMemoryError: PermGen space

java.lang.OutOfMemoryError: PermGen space

– High-Precision Timing Support
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Java 5 New Features, cont.
● Java Language, User Interface, RMI, JDBC
● Base Libraries

– Monitoring and Management

– Monitoring and management API for the Java 
virtual machine

– JMX instrumentation of the Java virtual machine

– JavaTM Management Extensions

– jconsole, jstack, jmap

– jmap backported to JDK 1.4.2_09 branch helps 
you to diagnose problems where you don't have 
latest java
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Java 5 New Features, cont.
● Tools and Tool Architecture

– Java Virtual Machine Tool Interface (JVMTI)

– Java Platform Debugger Architecture (JPDA)

– A new troubleshooting guide

● Hardware 64-Bit AMD Opteron support
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Java 6 New Features
● JVM

– DTrace probes into the JVM, Hotspot provider

– GC: Parallel Compaction and CMS enhancements

– CMS: Parallel Marking, the CMS collector now 
uses multiple threads to perform the concurrent 
marking task. Minimizes the duration of the 
concurrent marking cycle, allowing the collector to 
support applications with larger numbers of 
threads and higher object allocation rates, 
particularly on large multiprocessor machines
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Java 6 New Features
● Scripting

– integrated JSR 223: Scripting for the Java Platform 
API

– Java Applications can "host" script engines, 
example javascript for Java

● Security
– XML Digital Signature API and implementation

– JSR 268, Smart Card I/O API

– Elliptic Curve Cryptography (ECC)

– java.io.Console class
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Java 6 New Features
● Observability

– jconsole officially supported

– java.util.concurrent locks has been added, 

– easy access to list all locks owned by a thread and 
to report which stack frame locked a monitor

– getSystemLoadAverage(), has been added to 
OperatingSystemMXBean to return the system 
load average

– Java Virtual Machine Tool Interface (JVM TI), 
enhanced heap walking
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Java 6 New Features
● Observability

– HPROF
• built-in heap dumper – easy to dump the Heap when an 

OOM occurs -XX:+HeapDumpOnOutOfMemoryError
• postmortem analysis from a core file, generate a Heap 

dump
– jhat, Java Heap Analysis Tool enhanced

• Scripting interface to HAT
• Object Query Language, OQL, is a SQL like language 

used to query the Java Heap !
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Java 6 New Features
● Performance

– Runtime enhancements: 
• biased locking, lock coarsening, adaptive spinning
• large page heap on x86/64 
• System.arraycopy() 

– Ergonomics

– Garbage Collection:
• Parallel Compaction Collector
• Concurrent Mark Sweep Collector

– Faster startup, boot class loader
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Agenda
● Introduction to Java Virtual Machine
● HotSpot VM

– Architecture

– Memory management and Garbage Collection

– Heap Sizing

● Java 5 and 6
– What's new ?

● Troubleshooting
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Troubleshooting
● Help, my Java application is slow !
● Again my application has crashed in 

PRODUCTION – whats going on ?
● We can't migrate our J2EE application to the 

new hardware platform – what can we do ?
● How can we understand and look what's going 

on with my application ? 
● Which VM we should use: HotSpot, JRockit, 

J9 !? Why are so many virtual machines ?
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Troubleshooting, cont.
● For support:

– Develop a number of Standard Operation 
Procedures (SOP) in case of problems

– What do you do when the entire JVM has died, 
with a core dump ? How do you examine ?

– What about the application is simple slow, what 
tools do you need to debug this ?

– The JVM is wasting a lot of CPU resources, again 
what tools do you need to investigate

– Or simple, the application does nothing but my 
users are complaining
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Troubleshooting, cont.
● For application development:

– Do you have a plan for unit, integration testing ?

– System Testing, Regression testing ?

– Have you ever profiled your application ?

– How well are you testing your application ? What 
code coverage criteria are you using ?

– We have so many tools – if the profiler tool takes 
so much time to understand why don't you 
consider dynamic tracing ?
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Troubleshooting, cont.
● Almost in all real cases, Application 

development team does not work together 
with the Support team

● Both have same goal: keep production up and 
running

● How do you fix this ?
– avoid internal politics

– schedule common meetings

– plan together certain activities: next QA system 
test, a debugging exercise, etc

– review together the results of certain activities
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Troubleshooting, cont.
● Have you read the Troubleshooting Guide !?

– Java 6:
• http://java.sun.com/javase/6/docs/
• http://java.sun.com/javase/6/webnotes/trouble/index.html

– Java 5:
• http://java.sun.com/j2se/1.5.0/docs/
• http://java.sun.com/j2se/1.5.0/docs/tooldocs/index.html#debug

http://java.sun.com/javase/6/docs/
http://java.sun.com/javase/6/webnotes/trouble/index.html
http://java.sun.com/j2se/1.5.0/docs/
http://java.sun.com/j2se/1.5.0/docs/tooldocs/index.html#debug
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Troubleshooting, cont.
● Operating system:

– prstat, process statistics

– pstack, prints stack traces for a process

– pmap, used to print the process address space 
and its segments

– truss, general purpose syscall tracer

– DTrace, new dynamic tracing facility in Solaris 10

– DTraceToolkit, DTT, over 200 DTrace scripts 
ready to be used 
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Troubleshooting, cont.
● DTraceToolkit, Java category:



130

USE IMPROVE EVANGELIZE

Troubleshooting, cont.
● JDK:

– jconsole, provides information on performance 
and resource consumption of applications running. 
Based on Java Management Extension (JMX) 
technology:

• Detect low memory situations
• Enable or disable GC and class loading verbose 

tracing
• Detect deadlocks

– jstack, prints Java stack traces of each thread

– jmap, memory statistics for a running JVM. Useful 
options here: -heap, -histo, -permstat
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Troubleshooting, cont.
● JDK:

– jstat, performance and resources consumption. 
Used to identify bottlenecks with GC and Heap 
sizing

– visualGC, a GUI used to monitor the activity of the 
Garbage Collection, GC

– jhat, the heap analyser tool. Inspects a heap 
dump and displays object retention – objects 
which are not longer needed but still referenced
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Troubleshooting, cont.
● Java Post-Mortem Analysis
<work in progress>
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Troubleshooting, cont.
● Java Process Analysis
<work in progress>
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Troubleshooting, cont.
● Java Performance Analysis

– Case 1: Java 5 and Weblogic Portal 10

– Case 2: Java 6 and Sun Java System Webserver 
7.0sp1
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Troubleshooting, cont.
● Case study 1: Java 5 and BEA Weblogic 

Portal 10
● Scope: 

– evaluate and debug the portalAppAdmin  
sample application, delivered with the BEA 
Weblogic Portal product

– observe the application using different 
methods: DTrace, operating system utilities 
or the JDK tools

– list all the inefficient parts of the application
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Troubleshooting, cont.
● Notice:

– This applies only to BEA Weblogic Portal 
10.0 and 10.1 software

– The issues found are specific with Portal 
software only !
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Troubleshooting, cont.
● A sample portal application

$ cd /opt/bea/wlp10/wlserver_10.0/samples/domains/portal/bin

$ cp /opt/bea/wlp10/wlserver_10.0/common/bin/commEnv.sh .

$ ./startWebLogic.sh

...

JAVA Memory arguments: -Xms256m -Xmx768m -XX:CompileThreshold=8000 
-XX:PermSize=48m  -XX:MaxPermSize=128m

<Oct 27, 2007 3:51:53 PM EEST> <Notice> <WebLogicServer> <BEA-000365> 
<Server state changed to RUNNING> 

<Oct 27, 2007 3:51:53 PM EEST> <Notice> <WebLogicServer> <BEA-000360> 
<Server started in RUNNING mode

http://localhost:7041/console/

http://localhost:7041/portalAppAdmin/

http://localhost:7041/console/
http://localhost:7041/portalAppAdmin/
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Troubleshooting, cont.
● Couple of configuration changes:

– Switch the example domain from development to 
production mode

– Switch off the debugging options

– Experiment with different JVM options: 
• Client or server compiler: - server, - client 
• Heap size: 512, 1024MB
• Permanent generation: 128, 256MB

– Switch off the Autonomy module
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Troubleshooting, cont.
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Troubleshooting, cont.
● Scope:

– What the portal sample application does when I 
click 'users ' ? Usually this should not take long 
time, however under some systems we can see it 
takes ~5-10 seconds

– Check what Java methods are called.

– Is there any way to count how long each of these 
calls are taking ?

– How about object allocation when we access this 
part of the application ?
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Troubleshooting, cont.
● Select 'users' or 'GroupSpace'
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Troubleshooting, cont.
● Check the JVM target process, pargs pid 
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Troubleshooting, cont.
● Check the nlwp distribution, prstat -mL -u weblogic
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Troubleshooting, cont.
● Object histogram: jmap -histo:
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Troubleshooting, cont.
● When running jmap -histo your JVM target is 

stopped, the application is not running
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Troubleshooting, cont.
● List of all syscalls when clicking 'users'
dtrace -n 'syscall:::entry/pid==xxxx/{ @[probefunc] = 

count(); }'
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Troubleshooting, cont.
● Easier, using dtruss in DTT:
# /opt/DTT/dtruss -c -p xxxx
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● procsystime
# /opt/DTT/procsystime -a -p xxxx
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Troubleshooting, cont.
● What are we stat-ing so much ?

dtrace -qn '

syscall::stat64:entry

/pid==xxxx/

{ 

    @[strjoin(basename(copyinstr(arg0)), "/")] = count(); 

} 

END 

{ 

    printa ("%-70s %8@d\n", @);

}'
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Troubleshooting, cont.
● What are we stat-ing so much ?
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Troubleshooting, cont.
● jstack()
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Troubleshooting, cont.
● Easy to drill down and aggregate on each method, 

using dvm agent:
#pragma D option quiet

dvm$target:::method-entry

{

    @[strjoin(strjoin(basename(copyinstr(arg0)), "."),

            copyinstr(arg1))] = count();

    /* @[copyinstr(arg0),copyinstr(arg1)] = count(); */

}

dtrace:::END

{

    printa("%-73s %7@d\n",@);

}
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For one click you can see how 
many calls from URLClassPath. 

As well a lot of String 
operations.
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Troubleshooting, cont.
● How about execution time ?

dvm$target:::method-entry

{

    self->start=vtimestamp;

}

dvm$target:::method-return

/self -> start/

{

    this->time = vtimestamp - self->start;

    @Time[copyinstr(arg0)] = sum(this->time);

    @Time["TOTAL:"] = sum(this->time);

    self->time = 0;

}

dtrace:::END

{ printa("%-69s %11@d\n", @Time); }
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The time spent calling 
these methods, interesting 
here to notice the 
URLClassPath$JarLoader. 
Time is recorded in ns.



156

USE IMPROVE EVANGELIZE

Troubleshooting, cont.
● Conclusions

– The portalAppAdmin application is doing a lot of 
activity on classloader, making the application a bit 
slow on some configurations. Same thing is visible in 
the commercial Portal Administrative Tool, PAT

– Possible the way the application has been 
developed. The case has been escalated with BEA

– A nice example: how easily can you use free tools to 
debug and analyse your application
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Troubleshooting, cont.
● Possible cause of this high number of stat64() 

calls
http://www-4.ibm.com/software/webservers/appserv/ws_bestpractices.pdf
Paper detailing the "Best Practices for Developing High Performance Web and Enterprise Applications"

using IBM's WebSphere. All the tips are generally applicable to servlet/EJB development, as well as other

types of server development. (Page last updated September 2000, Added 2001-01-19, Author Harvey W.

Gunther, Publisher IBM)

– Access entity beans from session beans, not from 
client or servlet code.

– Reuse EJB homes

– Use Read-Only methods where appropriate in 
entity-beans to avoid unnecessary invocations to 
store.

http://www-4.ibm.com/software/webservers/appserv/ws_bestpractices.pdf
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Troubleshooting, cont.
– The EJB "remote programming" model always 

assumes EJB calls are  remote, even where this is 
not so. Where calls are actually local to the same 
JVM, try to use calling mechanisms that avoid the  
remote call.

– Remove stateful session beans (and any other 
unneeded objects)  when finished with, to avoid 
extra overheads in case the container  needs to be 
passivated.

– Beans.instantiate() incurs a filesystem check 
to create new bean instances. Use "new" to 
avoid this overhead.
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Appendix
Solaris 10

– http://www.sun.com/software/solaris/

Java SE
– http://java.sun.com/javase/

DTraceToolkit and DTrace
– http://www.opensolaris.org/os/community/dtrace/

jvmstat
– http://java.sun.com/performance/jvmstat/

JMeter
– http://jakarta.apache.org/jmeter/

http://www.sun.com/software/solaris/
http://java.sun.com/javase/
http://www.opensolaris.org/os/community/dtrace/
http://java.sun.com/performance/jvmstat/
http://jakarta.apache.org/jmeter/
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Appendix, License
Public Documentation License Notice

The contents of this Documentation are subject to the Public Documentation 
License Version 1.01 (the "License"); you may only use this 
Documentation if you comply with the terms of this License. A copy of the 
License is available at http://www.opensolaris.org/os/licensing/pdl.

The Original Documentation is Java Virtual Machine Internals. The Initial 
Writer of the Original Documentation is Stefan Parvu Copyright © 2008. All 
Rights Reserved. Initial Writer contact(s):stefanparvu14@yahoo.com.

http://www.opensolaris.org/os/licensing/pdl
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