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Main Problem




How to Find Dead Classes

dc=ac—-Y __lc

dc: dead classes
ac: all classes
Ic: loaded classes



How to Get All Classes?

[c

de =ac—), "~



Get Classpath

String classpath = System.getProperty("java.class.path");

Java-Monitoring- und Managementkonsole

Verbindung Fenster Hilfe

pid: 38967 clazzfish.sample.Bank
Uberblick  Arbeitsspeicher Threads Klassen @ VM-Ubersicht | MBeans

Betriebssystem: Mac OS X 15.1 Physischer Gesamtspeicher: 33.554.432 KB
Architektur: x86_64 Freier physischer Speicher: 2.796.456 KB
Anzahl Prozessorcn: 8 Gesamter Swap-Bereich: 2.097.152KB

Festgeschriebener virtueller Speicher: 45.508.244 KB Freier Swap-Bereich: 1.759.232KB

VM-Argumente:

-javaagent./Users/obaehm/.m2/repository/de/aosd/clazzfish/clazzfish-agent/2. 3-SN APSHOT/clazzfish-agent-2. 3-SNAPSHOT jar -javaagent./A pplications/opt/java/Tntelli]

SN

[DEA. app/Contents/lib/idea it jur—57220 A pplications/optjava/Intell) IDEA . app/Contents/bin -D/ile.encoding = ISO-8859-15

Classpath:

/Uscrs/obochm/work/github/en/Clazzl ish/sample/target/classes /U sers/obochm/work/github/en/Clazzl ish/idbe/target/classes:/Users/obochm/work/github/en/Clazziis h/monitor/target/classes /U sers/oboch
m/.m2/repository/org/apache/commons/commons-lang3/3.12.0/commons-lang3-3.12.0.jar:/Users/oboehm/. m2repository’commons-io/commans-i0/2. 14.0/commons-ia-2, 14.0.jar:/Users/oboehm/. m2/repo
sitory/io/github/classgraph/classgraph/4.8.154/classgraph-4.8. 154 jar:/Users/oboehm/.m2/repository/io/github/toolfactory/jvm-driver/9.4.2/jvm-driver-9 4.2 jar://Users/oboehm/. m2/repository/io/github/tool
factory/narcissus/1.0.7/narcissus~1.0.7.jar:/Users/obochm/.m2/repository/org/hsqldb/hsqldb/2.7.4/hsqldb-2.7.4 jar:/Users/obochm/.m2/repository/org/apache/logging/log4y/log4)-sit4)2-impl2.22.1/log4)-sl
f4)2-impl-2.22.1 jar:/Users/aboechm/.m2/repository/org/apache/logging/logdi/logdj-ap2.22 1 1ogdj-api-2.22.1 jar/Users/ohoehm/. m2/repository/org/sifdy/sif4j-api/2.0.1 1/sH4j-api-2.0.1 1 .jar:/Users/oboehm
/.m2/repository/org/apache/logging/logdj/logdj-core/2.22 1/logdj-core-2 221 jar

Library-Pfad:
Boot Classpath:

/Users/oboehm/Library/Java/Tixtensions:/Library/Java/lixtensions:/Netwark/Lihrary/Java/Tixtensions /System/Library/Java/T'xtensions /usr/lib/java:.

Nicht verfiighar




Get All Classes

o file:/...
e find .class files in directory

o jar:file:/...
 simple JAR: find .class files in JAR (ZIP)
* nested JARs (JAR, WAR, EAR):

* find simple JARS, inspect it



Libs for Classpathes

1T
-,
|
 https://github.com/classgraph |
—
» com.google.common.reflect.ClassPath (Guava) — '

\

ClassGraph


https://github.com/classgraph

How to Get Loaded Classes?



Classloader Internals

v 00 this.classLoader = {ClassLoaders$AppClassLoader@4142}

> @ assertionLock: Object = {Object@4166}
(f) classAssertionStatus: Map = null

v %) classes: ArrayList = {ArraylList@4162} size = 1005
> = 0={@799} "interface clazzfish.agent.ClasspathAgentMBean" ... Navigate
> = 1={@800} "class clazzfish.agent.ClasspathAgent" ... Navigate
> £ 2={@1044} "class clazzfish.agent.logging.SingleLineFormatter" ... Navigate
> = 3={@1179} "class clazzfish.agent.logging.StdoutHandler" ... Navigate
> S 4 ={@1633} "class com.intellij.rt.junit.JUnitStarter" ... Navigate
> £ 5={@1634} "class com.intellij.rt.execution.junit.RepeatCount" ... Navigate
> S 6 ={@1635} "interface com.intellij.rt.junit.IdeaTestRunner" ... Navigate
> £ 7={@1637} "class com.intellij.junit5.JUnit5ldeaTestRunner" ... Navigate
> S 8 ={@1640} "interface org.junit.platform.engine.TestDescriptor" ... Navigate



Ask the Classloader

protected final Class<?> findLoadedClass(String name) {
1f (!checkName(name))
return null;
return findLoadedClassO (name);

}

private final native Class<?> findLoadedClassO(String name);




Ask the Classloader

SystemClasslLoader
WebClasslLoader

ContextClasslLoader

AppClasslLoader



Ask the GC

jmap -histo:all <pid>

cboehm@PLTCM7002$ jmap -histo:all 9668

tbytes

class name (module)

num finstances
1 182752
2 17269
3: 135138
4 14721
5 32078
0 21455
1372 : 1
1373: 1
1374: 1
Total 027763

oboehm@PLTCM7002S

15704168
8513224
3243312
11776080
1026049606

858200

16
16
16
42881928

[B (Java.base@l7.0.06)

[I (java.base@l7.0.6)

java.lang.String (java.base@17.0.06)

java.net.URI (java.base@l7.0.6)
java.util.concurrent.ConcurrentHashMap$Node (java.base@l7.0.6)
java.util.TreeMap$Entry (java.base@l7.0.06)

sun.util.resources.LocaleData (jJava.base@l7.0.6)
sun.util.resources.LocaleDataSLocaleDataStrategy (java.base@l7.0.6)
sun.util.resources.cldr.provider.CLDRLocaleDataMetaInfo (jdk.localedata@l’/.0.6)



Ask DiagnosticCommand

Connection Window Help
&

Overview

| JMimplementation
. clazzfish
com.sun.management
¥ DiagnosticCommand
Operations
compilerCodeHeapA
compilerCodecache
compilerCodelist
compilerDirectivesAc
compilerDirectivesCl
compilerDirectivesPr
compllerDirectivesRe
compilerQueue
gcFinalizerinfo
gcHeaplinfo
gcRun
gcRunFinalization
help
jfrCheck
jfrConfigure
jfrDump
jfrStart
jfrStop
jvmtiAgentLoad

-SRI B p YIS | SISO

Java Monitoring & Management Console

pid: 15628 clazzfish.sample.Bank
Memory Threads Classes VM Summary

Operation invocation

java.lang.String :
( arguments String|]

_MBeanOperationlnfo

Name Value

Operation:

Name gcClassHistogram

Description Provide statistics about the Java heap usage.

Impact ACTION_INFO

ReturnType java.lang.String

Parameter-0:

Name arguments

Description Array of Diagnostic Commands Arguments and Options
Type Lava.lang.String,

Descriptor

Name Value

Operation:

demd.arguments {=all={dcmd.arg.description=Inspect all objects, including unreach...
demd.description Provide statistics about the Java heap usage.

dcmd . enabled true

dcemd.help GC.class_histogram Provide statistics about the Java heap usage. |...
dcmd.name GC.class_histogram

dcmd.permissionAction

dcmd.permissionClass java.lang.management.ManagementPermission

demd permissionName monitor

demd.vmimpact High: Depends on Java heap size and content.




Ask DiagnosticCommand I

public static List<Class<?>> getLoadedClassesFromGC() {
String mbeanName = "com.sun.management:type=DiagnosticCommand";
try A
Object classHistogram = ManagementFactory.getPlatformMBeanServer() .invoke (
new ObjectName (mbeanName),
"gcClassHistogram",
new Object[]{new String[]{"-all"}},
new String[]{"[Ljava.lang.String;"});
return parseClassHistogramm(classHistogram.toString());
} catch (JMException ex) {
log.warn("Cannot call 'getLoadedClasses(..)
return new ArrayList<>();

from MBean \"{}\"", mbeanName, ex);



statische
Klassen




Use JVM Log

java -Xlog:class+load=info ...

OO OO o oo

.021s]
.021s]
.022s]
.022s]
.022s
.022s]
.022s]

1nfo]
1nfo]
info]
1info]
1nfo]
1nfo]
info]

‘class, load]
‘class, load]
‘class, load]
‘class, load]
‘class, load]
‘class, load]
‘class, load]

java.
java.
java.
java.
java.
java.
java.

lang.Object source:

10.Ser1alizable source:
.Comparable source:
lang.
lang.
lang.

lang

lang

CharSequence source:
constant.Constable source:
constant.ConstantDesc source:
.String source:

shared objects file

shared objects file

shared objects file

shared objects file

shared objects file
shared objects file
shared objects file



Ask DiagnosticCommand Il

Java Monitoring & Management Console

Connection Window Help

-

& pid: 57349 com.intellij.idea.Main

Overview Memory Threads Classes VM Summary MBeans

com.sun.management Operation invocation

¥ DiagnosticCommand java.lang.String
Operations
compilerCodeHeapAn

compilerCodelist Name: Value
Operation:

compilerDirectivesAdc -
: L _ Name vmClassHierarch
compilerDirectivesCle: Description Print a list of all loaded classes| indented to show the class hierarchy. The na...
compilerDirectivesPrin Impact ACTION_INFO
compilerDirectivesRen ReturnType java.lang.String

compilerQueue Parameter-0:

gcClassHistogram Name_ : arguments. : :
3" Description Array of Diagnostic Commands Arguments and Options
gcFinalizerinfo

» i Type [Ljiava.lang.String;
gcHeapinfo

gcRun

gcRunFinalization

help

jfrCheck Descriptor

jfrConfigure Name Value

ifrDump Operation:
ifrstart dcmd.arguments {-i={dcmd.arg.description=Inherited interfaces should be printed., dcmd.ar...

_ dcmd.description Print a list of all loaded classes, indented to show the class hierarchy. The na...
jfrStop dcmd.enabled true

jfrView dcemd.help VM.class_hierarchy Print a list of all loaded classes, indented to show the clas...
jvmtiAgentLoad dcmd.name VM.class_hierarchy

jvmtiDataDump dcmd.permissionAction

demd.permissionClass java.lang.management.ManagementPermission

dcmd.permissionName monitor

demd.vmimpact Medium: Depends on number of loaded classes.

( arguments String(]

threadDumpToFile
threadPrint
vmCds

mClassHierarchy




Ask DiagnosticCommand IV

private static final String DIAGNOSTIC COMMAND = "com.sun.management:type=DiagnosticCommand"”;

public static Set<Class<?>> getLoadedClassesFromVmClassHierarchy() {
try A
Object classHierarchy = ManagementFactory.getPlatformMBeanServer() .invoke (
new ObjectName(DIAGNOSTIC COMMAND),
"vmClassHierarchy",
new Object[]{new String[]{""}},
new String[]{"[Ljava.lang.String;"});
return parseClassHierarchy(classHierarchy.toString());
} catch (JMException ex) {
log.warn("Cannot call 'vmClassHierarchy(..)' from MBean \"{}\"", DIAGNOSTIC COMMAND, eXx);
return new HashSet<>();



The Official Way...

package java.lang.instrument;

public interface Instrumentation {

J **
* Returns an array of all classes currently loaded by the JVM.
* The returned array includes all classes and interfaces, including
* {@linkplain Class#isHidden hidden classes or interfaces}, and array classes
* of all types.
*
* @return an array containing all the classes loaded by the JVM, zero-length i1f there are none
*/
@SuppressWarnings("rawtypes")
Class|[ ]

getAllLoadedClasses();



HoOKS

agentmain, premain

public class ClasspathAgent implements ClasspathAgentMBean {

private static Instrumentation instrumentation;

public static void agentmain(final String agentArgs,

premain(agentArgs, inst);

public static void premain(final String agentArgs,
instrumentation = inst;

public Class<?>[] getLoadedClasses() {
return instrumentation.getAllLoadedClasses();

final Instrumentation inst){

Manifest-Version: 1.0

Created-By: Maven Jar Plugin 3.2.0
Build-Jdk-Spec: 21

Agent-Class:
clazzfish.agent.ClasspathAgent
Premain-Class:
clazzfish.agent.ClasspathAgent

META-INF/MANIFEST.MF

final Instrumentation inst){






JMX

‘ From Agent to App . Console

@ jconsole

Classpath
Agent
MBean

\\ c h - — - :
. - - — — - et - _— - — . —
| m— .“" d .-.’._ »
W . - -

java -javaagent:agent007.Jjar ..




Agent Calling...

public List<Class<?>> getLoadedClassListFromAgent() {
Class<?>[] classes = (Class<?>[]) MBEAN SERVER.1invoke(AGENT MBEAN, "getLoadedClasses",
new Object[0], new String[0]);
return Arrays.asList(classes);



How to Get Loaded Classes?

Y= e
[




How to Get Loaded Classes?
t1

- == Runtime.getRuntime().addShutdownHook

On Shutdown

Invoke run() (Thread)




How to Get Loaded Classes?
t1

Serviet Container

= @)\\\/ehl| istener

(Tomcat)

|— On Shutdown ) ServiletContext

contextDestroyed(..) Listener
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All Pieces Together

Classpath
getAllClasses

Instrumentation
getAllLoadedClasses

Record
loadedClasses




ClazzFish

DIY

ClasspathMonitor

ClasspathAgent

ClazzStatistic



ClasspathAgent

Java-Monitoring- und Managementkonsole
Verbindung Fenster Hilfe

pid: 83449 clazzfish.sample.Bank
Uberblick  Arbeitsspeicher Threads Klassen VM-Ubersicht MBeans

JMimplementation Attributwerte
lasspathAgent
Active true

agent A
9 ClasspathAgent rgs T "

LoadedClasses licht verflgbar _
m class java. lang.Double
Vorgdnge

jdbc class java.lang.Enum
monitor

com.sun.management class java.lang.Error

java.lang
java.nio LoadedClassnames | class java.lang.Exception

java.util.logging

{dk.management.jfr class java.lang.ExceptionInInitializerError

org.apache.logging.log¢ X
3P Doe-109 class java.lang.Float

Aktualisieren




ClasspathMonitor

Java Monitoring & Management Console

Connection Window Help

| JMimplementation
clazzfish
1 agent
0 jdbce
monitor
9 ClasspathMor
Operations
¥ Resourcepatt
stat

com.sun.manageme
7 java.lang

7 java.nio

7 java.util.logging

jdk.management.jfr

pid: 63918 clazzfish.sample.Bank

Overview Memory

- Attribute values

Name

BootClasspath
Classloaderinfo
Classpath
ClasspathClasses
DoubletClasspath
Doublets

DumpDir
IncompatibleClasses
IncompatibleClasspath
LoadedClasses
LoadedPackages
ShutdownHook

UnusedClasses

UnusedClasspath
UsedClasspath

Threads Classes VM Summary

Value

java.lang.String|0]

clazzfish maonitor.internal BoringClassLoader (supported)
javalang.String[13]
javalang.String[3510]
java.lang.String[0]
javaJlang.String[0]
target/statistic/ClasspathMonitor
java.lang.String[0]
javalang.String[0]
java.lang.String[1148]
javalang.String[246]

false

clazzfish.monitor.internal.ClassDiagnostic

clazzfish.monitor.io.BetterFileQutputStream
clazzfish.monitor. io.ExtendedFile
clazzfish.monitor.io.FileInputStreamReader

clazzfish.monitor. jmx.MBeanHelper

~laaaFairh manidar 1lan | st~k

javaJldang.Stringl[4)
java.lang.String[9]

Refresh

ClasspathMonitor



ClazzStatistic

Classpath Classname
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.AbstractMonitor
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.AbstractMonitorMBean
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.ClassloaderType
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.ClasspathMonitor
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.ClasspathMonitorMBean
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes | clazzfish.monitor.ResourcepathMonitor
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes | clazzfish.monitor.ResourcepathMonitorMBean
file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.Starter

file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.exception.ClassloaderException

o O O N DN OO O O OO O

file:/Users/oboehm/work/github/en/ClazzFish/monitor/target/classes |clazzfish.monitor.exception.NotFoundException

ClazzStatistic
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ClazzFishg
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Maintainability Overview @

(Only showing data for the first 500 files)

1d 5h
1d 2h
=
D
o
S
g 6h 40min
’_
3h 20min

Q0
st

0

A

500

Color: Maintainability Rating Size: Code Smelis

B @) m(® a(E

See the data presented on this chart as a list

1,000

Lines of Code

@

1,500



Maintainability Overview @ Color: Maintainability Rating Size: Code Smelis
(Only showing data for the first 500 files) A B @ @ @

See the data presented on this chart as a list

1d 5h ]00%
1d 2h

=

]

o

=

o

=

S 6h 40min

—_

3h 20min

1,000 1,500

Lines of Code



Maintainability Overview @
(Only showing data for the first 500 files)

Technical Debt

Malintalnabllity Overview @
(Only showing aara for the first 500 files)

See the data presented on this chart as alist

lechhical Ueat

1d 5h

1d 2h

91 50min

ah
4h 10min
30 20min
2h 30min
r 40min

S50min

O

200

quu

Lires of Code

Color: Maintainability Rating Size: Code Smelis

A

B @) m(® a(E

See the data presented on this chart as a list

Color: Maintainability Rating Size: Code Smel s

Ma Me @Bc BAG BAE

Zoom: 10C%
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Lines of Code
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Alternatives?

e https://teamscale.com/

e https://qgithub.com/parttimenerd/dead-code-agent



https://teamscale.com/
https://github.com/parttimenerd/dead-code-agent

Alternatives?

e https://teamscale.com/

e https://qgithub.com/parttimenerd/dead-code-agent

= file:///Users/oboehm/work/github/en/ClazzFish/sample &,
e JaCoCo

g» clazziish-sample > . * clazzfish-monitor

clazzfish-monitor

Element Missed Instructions+ Cov. Missed Branches Cov. Missed Lines: Missed Methods Missed Classes
# clazzfish.monitor.util —— 76 % e—— 68 % 82 631 16 136

H clazzfish.monitor — 79% & 77 % 39 650 12 148
1 clazzfish.monitor.internal 81 % — 77 % 56 635 12 113

# clazzfish.monitor.jmx 56% & 76 % 23 173 17 38
#1 clazzfish.monitor.io 46 % = 63 % 35 127 26 43

# clazzfish.monitor.stat — 84% ° 80 % 170 6 39
i1 clazzfish.monitor.log 74 % 66 % 38 2 12

# clazzfish.monitor.exception 77 % 100 % 10 1 5
Total 2.462 of 10.356 76% 204 of 778 73 % 92

0
0
0
0
2
0
0
1
3



https://teamscale.com/
https://github.com/parttimenerd/dead-code-agent

—=Javaagdent:org.

=

clazzfish.monitor.io

Element Missed Instructions+ Cov.
(9 ExtendedFile s 61 %

- » o/

(9 FilelnputStreamReader === %
(» BetterFileOutputStream &= 0 %
Total 272 of 509 46 %

file:///Users/oboehm/work/github/en/ClazzFish/san

Missed Branches

13 of 36

Cov.
63 %
n/a
n/a
63 %

Missed
16

14
5
35

‘@ C

Missed Methods

B
14

5
26

24
14

S
43

M + O

Source Files ¢ Sessions

Missed Classes
0 1

1 1
1 1
2 3

runtime.jar=destfile=log/jacoco.exec,append=true..
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The Classes Lifecycle

from cradle...

@Deprecated







The Classes Lifecycle I

...to grave

e assess dead code

 mark dead classes as @Deprecated
 move them to framework-deprecated
* reduce dependencies

e clean framework-deprecated




i Software rots
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