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Code Coverage

,Legacy Code Is simply L L
code without tests.” R g Y e gl

WORKING
Michael Feathers: E F F ECT | V E LY

Working Effectively with Legacy Code WITH

LEGACY CODE

Michael C. Feathers
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Example: JUnit with Code Coverage

-

=05
A

public static int clip{int lower, int upper, int x) {
if (x < lower)
% = lower;

@Test }
public void testClipl(} { if (x > Upper)_ {
int % = Formulas.clip(l, 3, 0} } X = Upper;

assertEqualsil, x);
return :x;

Finished after 0,016 seconds =
e

Furs: 77 B Errors: 0 B Failures: 0

public static int maxi{int a, int Db, int <) {
if {(a < b) {
if (b < ) { o

| return c;
— . 1 else {
= T_I FarmulasTest [Runner: JUnit 4] (0,000 s) return b:

o] testClipd (0,000 5)
gl testClinz (0,000 =) !

¢l testClip3 (0,000 ) boelse { ;ILI
gl testClind (0,000 5)

o] testMand (0,000 )

-] testVax2 (0,000 ) _>ILI

L] testManE (0,000 =)

= Failure Trace

i'III&
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EclEmma — Code Coverage for Eclipse

& Java - CursorableLinkedList.ja¥a - Eclipse SDK =10l =l
File Edit Source Refactor Mavigate Search Project Run  Window  Help
o9 e o | R %0 Q- [EEG- S -GG &5 4 =P
gu nit &2 ] |& 2 g~ =8 bleLiri =08
Finished after 34,898 seconds public boolean addill (int index, Collection cj I (=]
Runms: 13009/13009 E Errors: 0 B Failures: 0 ific.isEmpey()) {
return false; -
I } else if{ size == index || size == 0] {
y = i return addidllic):
Failures | ]t Higrarchy + else |
=+ junit framework, TestSuite = Listable succ = getlistabledt (index);
junit framewark, TestSuite Listable pred = [(null == succ) ? null : succ.previ):;
I:‘El TestBaglltis Iterator it = c.iterator():
|F|E| org.apache.commons, collections , TestClos while [it.hasNext (]] {
|:'|E| org.apache.commons, collections , TestColle : . X X
I:‘IEl TestButferLtils pred = insertlistable (pred,succ,it.nextil);
[l TestEnumerationLtils !
org.apache.commons, collections , TestFact EEIETED (ETTEg
Ef] TestListitis H
[l TestMaplitils ' -
|:'|E| org.apache.commons, collections , TestPrec 4 | | Ll_l
[ Testgetutis
[[5] org.apache.commans, collections  TestTrar Problems | Javadoc | Declaration | Console ﬂa Coverage 53 =0
|:'|E| TestArrayStack TestallPackages (31,10, 2006 15:04:14) % | ® & = - | B’E H o.. =
|:'|E| TestBeanMap
[l org.apache.commons, collections, TestBina— Element [ Coverage | Covered Lines | Total Li”EI;
5] TestBoundedFifoBuffer EI@ java - commons-collections = 79,5 % 10927 13738
Eff] TestBoundedFifaBuffer2 El-f3 org.apache. commans. callections ] 74,1 % 3842 5183
[l TestCursorableLinkedList [J] ArrayStack.java = 86,5 % 32 37
E‘E TestDoubleOrderedMap [J] Bagutils.java ] 86,7 % 13 15 —
|:'|E| org.apache.commons, collections , TestExte B BeanMap.java - 724 % 155 214
E‘E TestFastarrayList ﬂ BinaryHeap.java L] 87,6 % 127 145
(] TestFastArrayListt [J] BoundedFifoBuffer java ] 93,2 % gz g8
E‘E TestFastHashMap B BufferCverflowException. java =] 55,6 % 5 9
E‘E TestFastHashMapl ﬂ BufferUnderflowE xception. java (] 83,9 % g 9
TestFastTreeMap ﬂ Bufferltils, java =] 30,8 % 4 13
E‘E TestFastTresMapl 3 Closurelltils, java (] 93,9 % 31 33
4 | b | ﬂ Collectionltils, java (] 92,4 % 293 317
ﬂ ComparatorUtils, java - 8,6 % 3 35
= Failure Trace [J] CursorableLinkedList . java = 85,4 % 444 520 |
| | writable Smart Insert | 149 : 25
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EMMA

Monthy EclEmma Downloads
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Current Status of EMMA

= Great Tool! ©
= Last Release ®
2> 2.0.5312, 2005-06-13
= Project Activity ®
<> Latest Commit 2006-02-23

Element Instruction Coverage Missed Lines

# comuvladium. emma 0% 41275 412
0% 24R2 72 462

0%  1.531/1.531

# comuwladium. logding 0% 1620 1R2
Total 0% 9567 f 9567
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Action Required!

= Making EMMA alive?
= Using a different Library?
= Starting a new Project?
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Requirements for a Code Coverage Library

= Be a Library!
2 Open for Different Usage Scenarios
2 Designed for Integration

= Regression Tests

= Framework Independent
Scalable for Large Projects

= Fast Enough for Agile Teams
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The ,JaCoCo” Project

= Java Code Coverage
Started Mid of 2009

= Beta Releases Sinces End of 2009

= EPL

= Hosted within EclEmma (SourceForge)
2> www.eclemma.org/jacoco

= Active Team
2 Marc R. Hoffmann (GER)
2 Brock Janiczak (AUS)
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JaCoCo Demo

T:NdemoNeclipse’eclipse -vmargs - javaagent: jacocoagent. jar

T:Ndemoseclipsercd ..\report

T:Ndemosreport>ant
Buildfile: T:“Ndemosreportsbuild.xml

report:

BUILD SUCCESSFUL
Total time: 28 seconds
T:Ndemo\report>

IZom.eclipse.rcp_3.6.0 » (#org.eclipse. osgi > £ org.eclipse. osgi.util

org.eclipse.osgi.util

Elerment Instruction Coverage Migsed Classes  Missed Methods  Missed Blocks
® ManifestElement 48% s 1 9/ 734 153
® TextProcessor — 16% s 1 3/ B g8/ 07
O NS e B3% as 1 200N 477 125
© MLS MessagesProperties = B0% o/ 1 osf 2 B/ 15
® MNLS new PrivilegedAction) ...} | 0% 14 1 2y 2 242
Tatal 48% 14 5 164 44 186/ 366

tissed Lines
a3/ 189

497 B1
557145
97 23
47 4
199/ 42

The Future of Code Coverage for Eclipse | © 2010 by Marc R. Hoffmann | made available under t




Coverage Analysis

Actual *.execJ ~ Coverage
[Analysis} —> !

Target *.class

Good work,,

but I think we might
need just a little more
detail right heve.
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JaCoCo Ant Tasks: Coverage

<jacoco:coverage>
<java classname="o0rg.jacoco.examples.HelloJaCoCo™ fork="true™:>
<classpath>
<pathelement location="./bin"/>
</classpath>
</Jjavax
</jacoco:coverage>

<jAacoco:coverage
<junit fork="true”™ forkmode="once":>
<test name="org.jacoco.examples.HellodJaCoCoTest" />
<classpath>
<pathelement location="./bin"/>
</classpath>
</junit>
</jacoco:coverage>
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JaCoCo Ant Tasks: Report

<jacoco: report>

<executiondata>
<file file="jacoco.exec”/>
</executiondata>

<gtructure name="Example Project™=>
<classfiless
<fileset dir="hin"/>»
</classfiles>
<sourcefiles encoding="UTF-8">
<fileset dir="szrc"/>
</zourcefileszs:>
</atructure:>

<html destdir="report™/>

</jacoco:report>
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JaCoCo Ant Tasks: Report

<structure name="JaCoCo">
<group name="0rg.jacoco.core’>
<classfiles>
<path refid="bundle-org.jacoco.core™/>
</fclazzfiless
<gourcefiles>
<fileget dir="5{workspace.dir}/org.jacoco.core/src’/>
</gourcefiless>
</group>
<group name="0rg.jacoco.report’>
<classfiles>
<path refid="bundle-crg.jacoco.report™/ >
</clagszfiles:
<gourcefiles>
<fileset dir="5{workspace.dir}/org.jacoco.report/src”/>
</zaourcefilez>:
</group>

</atructures
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Report Sorting

Project A 80%

Project B 35% =

Sort Items by absolut amount of missed code.
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JaCoCo in Eclipse

Create, manage, and run configurations

Create a configuration that will launch a JUnit plug-in kest. @

& T Ho, y g

LT BE X B 5 Mame: |Test.0.|| {Compiler regression tests) |

|type filker tesxt | Test (E| IMain (M= Arguments 'Q. Plug-ins\l ConFigural;i-:n\I Tra-:i_ng\l i
----- JU RundllFarmatterTests ad Program arguments:
""" Ji RunAllIDTCoreTests -os $4target, 05} -ws ${target.wst -arch $4karget. arch} -nl $4target.nll -consoleLog
----- joﬁ RunAlModel Tests
----- jaﬁ RunallTests
----- JU RURDOMTests
----- JU RunlavaSearchests
----- joﬁ RunPrivateModelTests
..... j‘a‘ SefTests WM arguments:
----- joﬂ SignaturaTests -¥mx300M -javaagent: [ ijava_toolsijacocollibljacocoagent. jar
----- joﬁ StandaloneASTParserTest (1) | —

|1
----- JU switchi7Test I
----- i arTests
.....
i
T ¥ Test Director COT
W o ‘iorking directory:
_ . , L - . . .
javaagent:D:ljava_tools\jacocollibljacocoagent.jar |

----- BTl et (Compiler regre: wrkspace.., | | Ble System.., | | Variablgs..,
----- joﬂ Testall (evaluation tests)
----- w1 TeckR |n‘-'\.»=-cc|inn‘-'\.pria|ival'innTF :

<

- Apply Rewert

Filker makched 412 of 417 items

@ [ Run J [ Close

The Future of Code Coverage for Eclipse | © 2010 by Marc R. Hoffman



£

JaCoCo on JDT Test Suite

=0T Core tests » (B org.eclipse.jdt.core

org.eclipse.jdt.core

Element Instruction Coverage Missed Classes  Missed Methods Missed Blocks Missed Lines
1 org. eclipse. jdt. intemal. core T B % 154 237 404 /1 2 656 3436/ 16103 39437 21 2597
1 org. eclipse. jdt.internal. care. util B4 % 27 73 3437 1220 30427 7348 41337 11272
3 org. eclipse.jdt. core. dom 83 % of 148 2124 24898 33967 14734 1935/ 17 196
1 org. eclipse jdt.interal. corpiler e 71 % 47 29 1094 675 14187 4370 2531/ 8540
1 org. eclipse. jdt.internal. cormpiler. lookup 85 % 1/ B0 103 10583 1767 5 11792 1879 12957
B org. eclipse jdt. internal. compiler. parser 86 % 07 25 a6/ 815 12847 7949 16107 12529
3 org. eclipse jdt.internal codeassist ] 82 % 1/ 33 74/ 524 14827 6464 1927 11207
3 org. eclipse. jdt.intemal. corpiler. ast 89 % 10 12 1204 1108 13827 1148 16047 14752
£ org. eclipse.jdt.interal. formatter | 86 % 14 20 535 429 1017 B715 1285 9107
4 org.eclipse. jdt.internal. core. search. matching | — 84 % 1/ s b6/ BE2 1166/ BE35 963/ 7026
2 org. eclipse jdt.internal compiler. problem | ] 81 % 04 =] 7444490 397 5 1980 1142 a9
£ org. eclipse.jdt.internal. campiler.codegen | ] 23 % 07 20 554 519 Fars 33588 1079 BO7GB
4 org.eclipse jdt.internal. core. builder = T2 % 3/ 28 a0/ 278 7 F 2533 71 i 0 3163
4 org.eclipse jdt.internal. codeassist. complete | ] 82 % o4 44 84/ 539 Ay 3817 g72+¢ 65149
1 org. eclipse.jdt.internal. campiler. batch = B8 % 14 17 434 180 B18s 2086 920/ 3097
1 org.eclipse. jdt. intemal. eval == 74 % 24 35 B9/ 294 7B 2039 905/ 3009
1 org. eclipse. jdt. intemal. compiler flow = 78 % 1/ 13 417 18a 0y 1712 5297 233
1 org. eclipse.jdt.intemal. care. dom. rewrite = 85 % 04 39 B0/ 518 4435 2703 BR3¢ 35980
1 org. eclipse jdt internal. core. search = 73 % 2/ 24 385 170 536/ 1807 817 ¢ 2172
1 org. eclipse jdt.interal. cornpiler. util B 71 % 1/ 23 080 220 426 1408 4807 1822
f org. eclipse. jdt.core = 7B % 24 26 14247 M8 5695 194 703/ 2676
1 org. eclipse. jdt. intemal. compiler.impl = 86 % 07 13 475 168 Ba3/5 2702 284 f 2097
3 org. eclipse jdt internal compiler. classfmt B 79 % 1/ 13 B5 17 INas 1205 364 15833
1 org. eclipse.jdt.interal. care hierarchy = a4 % or 17 1|84 197 3327 1B38 3w/as 2187
B org. eclipse jdt. internal. core. search.indexing = 23 % 07 22 137 193 3205 1887 243/ 1935
1 org. eclipse jdt.interal. codeassist. impl ] 77 % 3r 13 427 156 1817 aa7 2827 1419

Credits: Olivier Thomann
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Implementation Detalils
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Implementation Strategies
JVM

Profiling

J Compiler > 010 Class Loade> i___d:]

N / ‘
Source Offline

Byte Code

Instrumentation
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Java Agent

= Java.lang.instrument

2 In-Memory
> No class file preprocessing

byte[] transform(ClasslLoader loader,
String className,
Class<?> classBeingRedefined,
ProtectionDomain protectionDomain,
byte[] classfileBuffer)
throws lIllegalClassFormatException
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Implementation and Packaging

= Set of OSGi Bundles

= < 3,000 LOC
= <400 KB
= COre 3rd Party Dependencies
« agent > ASM
= report
= ant > Ant
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=

Keep the Good Ideas of EMMA m

= Byte Code Instrumentation
< JRE and Platform Independent
= Basic Block Coverage
2 Good Tradeoff between Datails and Overhead
= Using boolean[] Arrays for Probe Storage
< Concurrency Possible
< Sharing the Instance
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Basic Block Coverage

?

— : ALOAD probearray
ICONST probeid

—| o ICONST 1

v BASTORE

&
@—

S
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=

Class Identity

" |ssues
> Multiple Versions of the Same Class in one VM
2> Modified Classes over Time

= Use CRC64 Hash
> Fits into Java long
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Avoid Coverage Runtime Dependency

= Avoid Class Loading Issues
= Use JRE APIs only!

Object access = ... // Retrieve instance

Object[] args = new Object[3];

args|0] = Long.valueOf(0x89f47a04b2881d38); // class 1id
args[1] = "com/example/MyClass'; // class name
args[2] = Integer.valueOf(24); // probe count

access.equals(args);

boolean[] probes = (boolean[]) args[0O];
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How to Share an Object Instance?

= The Challenge:

Share a given object instance
by using JDK APIs only.

= Current Solutions:
> Object as System Property
2 Install Custom Handler with Java Logging
2 Install Custom URL Protocol Handler
2 Instrumented JRE Class
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Runtime Isolation

Eating one‘s own dog food:
Run JaCoCo on JaCoCo?

= Java Agent becomes part of the
application classpath ®

= Rename classes in jacocoagent.jar
during build ©
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Runtime Isolation

e JacoCoagent. jar

&8 org. jacoco.agent.rt_ouey7h

---EE oFg. jacoco, agent.rt_ouey /. .asm

---EE oFg. jacoco, adent.ri_ouey /. asm. oo mimons
---EE oFg. jacoco, agent.ri_ouey /p.asm.ires
---EE org.jacoco.agent.rt_ouey7p.core.data
---EE org. jacoco,.agent. rt_ouey7p.core. instr
---EE oFg. jacoco. ajdent.rt_ouey /p.core.runtime
&= MET A-INF

- ¥ about.btml
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=

JaCoCo Implementation Maxims

= Test First
= Keep it simple and fast

= Release Often and Consistent
> Every Work Item released as Trunk Build
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JaCoCo Status

= Statement Coverage

= HTML, XML, CSV Reports
= Ant Tasks

= Documentation

= APIs not frozen yet!

3rd Party Integrations
= Sonar Plug-in
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Future Plans

Branch Coverage
Filters

Eclipse Plugin
Maven Integration
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Get Involved

= Download the Latest Build at
http://www.eclemma.org/jacoco

= [ntegrate it With Your
> Build
> Whatever Tool

= Get in Touch for
2 Feature Requests

< Bug Reports
= Contributions
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Questions?

Thank You!




