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Google core libraries for Java

java guava

J Readme

¥ master ~ ¥ 14 branches ©) 93 tags Go to file Add file ~ m About
Q eamonnmcmanus and Google Java Core Libraries ... -~  cd3b419 2 daysago Y9 5,625 commits
I github Bump styfle /cancel-workflow-action from 0.9.0 to 0.9.1 last month
B android Add ImmutableMap.ofEntries. 2 days ago

&3 Apache-2.0 License

O Junits

The 5th major version of the programmer-
friendly testing framework for Java and the
JVM

B User Guide Q Code & Issues S Q&A @ Support JUnit

& Junit4

~

Apache Commons

http://commons. apache.org/

M

Apache Commons Collections ™ Last Published: 09 July 2019 | Version: 4.4
Commons Collections
Download

Security Reports
Users guide
History

Release Notes 4.4

Release Notes 4.3

The Java Collections Framework was a major addition in JDK 1.2. It added many powerful data structul
Commons-Collections seek to build upon the JDK classes by providing new interfaces, implementation

« Bag interface for collections that have a number of copies of each object
« BidiMap interface for maps that can be looked up from value to key as well and key to value
« Maplterator interface to provide simple and quick iteration over maps
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Software Libraries Evolution
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Software Libraries Evolution

3 google / guava  Public ®Watch ~ 25k ¢y Star | 423k %P Fork 94k

Repositories that depend on com.google.guava:guava | package: com.google.guava:guava v

<> Code () Issues 640 17 Pull requests 77 (® Actions [ Projects 00 wiki @ security |~ Insights

[©) 275,122 Repositories @ 0 Packages @
aws aws / amazon-documentdb-jdbc-driver w6 %5
¥ master ~ ¥ 14 branches ©) 93 tags Go to file Add file ~ m About
=y kamilinw / Lift-managemennt wo %o
Google core libraries for Java
@ eamonnmcmanus and Google Java Core Libraries ... - cd3b419 2 days ago ¥ 5,625 commits chahr=zetobi ORTIMA wo T
java guava
R > @ ryanrousseau / AppBuilder-EKS wo %o
I github Bump styfle /cancel-workflow-action from 0.9.0 to 0.9.1 last month
[0 Readme
B android Add ImmutableMap.ofEntries. 2 days ago )
&3 Apache-2.0 License
v 2 Em guava/src/com/google/common/collect/TopKSelector.java (]
1 @@ -186,7 +186,7 @@ private void trim() {
186 186 iterations++;
187 if (iterations >= maxIterations) {
188 ’ We've already taken O(k log k), let's make sure we don't take longer than O(k log k).
189 - Arrays.sort(buffer, left, right, comparator);
SHON - + Arrays.sort(buffer, left, right + 1, comparator);
190 190 break;
191 191 }
192 192 }




Breaking Changes in Practice

o Why?



Breaking Changes in Practice

nitsharm1910 opened on Feb 18, 2022

[ J Why? With the new release getting the below error. It is v

o Kee p users co nﬁ d ence ImportError: cannot import name 'soft_unicode' fri

Q maowerner on Feb 18, 2022 - edited by maowerne
©

Yes, that is correct. The function was removed in tl

https://github.com/pallets/markupsafe/issues/284



https://github.com/pallets/markupsafe/issues/284

Breaking Changes in Practice

?
o Why:" @© Spring Boot s

O Ke e p u S e rS CO n ﬁ d e n Ce OVERVIEW LEARN SUPPORT SAMPLES

. . . 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
o Avoid multiple versions support
3.4.x
3.3.x
3.2.x
3:0:x
2.7.x

https://spring.io/projects/spring-boot#support



https://spring.io/projects/spring-boot#support

Breaking Changes in Practice

o Why?

©)

©)

Keep users confidence

Avoid multiple versions support

How?

©)

Policies

guava /| README.md

IMPORTANT WARNINGS

1. APIs marked with the @Beta annotation at the class or method level are subject to change.
They can be modified in any way, or even removed, at any time. If your code is a library itself
(i.e., it is used on the CLASSPATH of users outside your own control), you should not use
beta APIs unless you repackage them. If your code is a library, we strongly recommend
using the Guava Beta Checker to ensure that you do not use any @Beta APIs!

2. APIs without @Beta will remain binary-compatible for the indefinite future. (Previously, we
sometimes removed such APIs after a deprecation period. The last release to remove non-
@Beta APIs was Guava 21.0.) Even @Deprecated APIs will remain (again, unless they are
@Beta ). We have no plans to start removing things again, but officially, we're leaving our
options open in case of surprises (like, say, a serious security problem).

2 . £ . . .

https://github.com/google/quava/blob/master/README.md#important-warnings



https://github.com/google/guava/blob/master/README.md#important-warnings

Breaking Changes in Practice

o Why?

o Keep users confidence
cargo-semver-checks —Tm gocompat
gorelease

o Avoid multiple versions support

o ? |
How? P rox S, JApicmp

o Revapi
o Policies Java

o Tools


https://github.com/epage/cargo-semver-check
https://github.com/smola/gocompat
https://pkg.go.dev/golang.org/x/exp/cmd/gorelease
https://github.com/StardustDL/aexpy
https://github.com/siom79/japicmp
https://revapi.org/revapi-site/main/index.html

Breaking Changes in SE Research

e Studies: why, how, when do libraries break, how does it affect clients?
o  Xavier et al.: 317 libraries, 9k releases’
0 Ochoa et al.: 14k libraries, 120k releases?

o Jayasuriya et al.: 7k libraries, 18k releases®

[1] “Historical and impact analysis of API breaking changes: A large-scale study”. L. Xavier; A. Brito; A. Hora, M. Valente. SANER'17
[2] “Breaking Bad? Semantic Versioning and Impact of Breaking Changes in Maven Central’. L. Ochoa, T. Degueule, JR. Falleri, J. Vinju. EMSE’22
[3] “An extended study of syntactic breaking changes in the wild”. D. Jayasuriya, S. Ou, S. Hegde, V. Terragni, J. Dietrich, K. Blincoe. EMSE’25



Breaking Changes in SE Research

11 Rewrite and publish Throwables.testLazyStackTraceFallback . X

e Studies: why, how, when do libraries break, how does it affect clients?
11 Add HighwayFingerprint64 to ChecksumBenchmark X

#7507 opened on Nov 1, 2024 by copybara-service | bot | * Review required

o  Xavier et al.: 317 libraries, 9k releases’

1 Add i ized() method to izingSupplier v @
. . . 2 #7469 opened on Oct 19, 2024 by xc-x * Review required
0 Ochoa et al.: 14k libraries, 120k releases 1ttty MamoiAngeuppeciamemotzed € QD

#7450 opened on Oct 17, 2024 by alexey-pelykh * Review required

o Jayasuriya et al.: 7k libraries, 18k releases®

1 #7430 implemented multiFactorial .~ (@) (BRRaGESMaHH)  type=addition

#7438 opened on Oct 15, 2024 by YujingZHG * Review required O 2 tasks done

e Researchers are limited in their ability to study library evolution 12 Expose bitsize method for the Bloomilter casss  (55) GRRGEED tp-sddion

#7436 opened on Oct 14, 2024 by meenbeese * Review required

11 #7430 : Implement MultiFac
#7433 opened on Oct 14, 2024 by Mar

o  Japicmp is the de facto standard, but requires compiled JAR files N —

11 BloomFilter - bitSize exposed as public API

m  Only about 50% of arbitrary versions on GitHub can be built automatically* PG AR S

m Even when possible, compilation costs are impractical for large-scale studies =~ commisonterio.202

Add module-info definitio|

o  Empirical research is limited to analyzing pre-built releases @9 sammon uthore s Googievm Core ifies omenites 3 weehs ago X 25/28

e Analyzing commits, pull requests, etc. would be valuable but is impractical® Bump faitureaccess to 1 (@unich s modutarizec. =

@) sgammon authored and Google Java Core Libraries committed 3 weeks ago - v/ 26 /28
-o- Commits on Mar 18, 2025

Steer users of newMultimap and friends toward MultimapBuilder . &3

@) cpovirk authored and Google Java Core Libraries committed 3 weeks ago - v 26 /28

Stop explicitly specifying JDK 23 for Javadoc. =

@) cpovirk authored and Google Java Core Libraries committed 3 weeks ago - v 26 /28

[1] “Historical and impact analysis of API breaking changes: A large-scale study”. L. Xavier; A. Brito; A. Hora, M. Valente. SANER'17 o Commits on Mar 17, 2025
[2] “Breaking Bad? Semantic Versioning and Impact of Breaking Changes in Maven Central’. L. Ochoa, T. Degueule, JR. Falleri, J. Vinju. EMSE’22

[3] “An extended study of syntactic breaking changes in the wild”. D. Jayasuriya, S. Ou, S. Hegde, V. Terragni, J. Dietrich, K. Blincoe. EMSE’25

[4] "Automatic building of java projects in software repositories: A study on feasibility and challenges". F. Hassan, M. Shaikh, E. Lam, X. Wang. ESEM’'17
[5] “BreakBot: Analyzing the Impact of Breaking Changes to Assist Library Evolution”. L. Ochoa, T. Degueule, JR. Falleri. ICSE’22 (NIER) @) cpovirk authored and Google Java Core Libraries committed 3 weeks ago - «/ 26/28

Use Javadoc {@snippet ...} tag. =
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public final class List<E> {
private int size;
V1 public E add(int pos, E elem) A{

}
}

public finat class List<E T> {
private int double size listSize;
public £ void add(int pos, £ T elem) {

}

V2

}



RosEAU \l/

public final class List<E> {
private int size;
V1 public E add(int pos, E elem) A{

}
}

— Breaking Changes:
- METHOD_RETURN_TYPE_CHANGED

public finat class List<E T> {
private int double size listSize;
public £ void add(int pos, £ T elem) {

}

V2

}



Roseau 1/ - API Model

public final class List<E> {
private int size;
public E add(int pos, E elem) A{

.
}



Roseau 1/ - API Model

public final class List<E> {
private int size;
public E add(int pos, E elem) A{ E
et final
} ; public

[api.List.List}—public

api.list.add}—public
| | |

intx E > E




Roseau 1/ - API Model

public final class List<E> {
private int size;
public E add(int pos, E elem) A{ E

}
}

public final class —

api.List<E> {
public api.List();

final
public

[api.List.List}—public

api.list.add}—public

0: aload_0
1: invokespecial #1 B | |
4: return intx BE > E

public E add(int, E);
0: aconst_null
1: areturn



V1

V2

RosEAU \l/

public final class List<E> {
private int size;
public E add(int pos, E elem) {

}
}

public final class api.list<E> {
public api.List();

0: aload_0
1: invokespecial #1
4: return

public E add(int, E);
0: aconst_null
1: areturn

public #émet class List<e T> {
private #n¢ double sise listSize;
public & void add(int pos, & T elem) {

+
+

public class api.List<T> {
public api.List();
0: aload_0
1: invokespecial #1
4: return

public void add(int, T);
0: aconst_null

—_—

public

api.lList.List
api.lList.add

public

intx E > E

public
api.List.List
api.List.add

int x T = void

public

public
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public final class List<E> {
private int size;
public E add(int pos, E elem) {

- public
V1 R ey |apd . List . Listj—pubLic
0: aload_®
1: invokespecial #1
4: return

public E add(int, E);
0: aconst_null
1: areturn

api.lList.add

intx E > E

public

Diff

public #émet class List<e T> {
private #n¢ double sise listSize;
public & void add(int pos, & T elem) {

+
+

public api.List();
0: aload_0

public
api.List.List
api.List.add

int x T = void

public

1: invokespecial #1
4: return b1i
upLic
public void add(int, T); I]
0: aconst_null



RoseAu \'/ - BCs as Diffs of API Models

e Translating JLS rules as detection rules on APl models

e Expressing these rules at the API level is much easier than at the AST/classfile level

Kind

Detection Rule

Binary

Source

Type removed

Type now protected

Type kind changed
Supertype removed

Type variable removed

Type variable added

Type variable changed

Type now final

Type now abstract

Nested type now static
Nested type no longer static
Class now checked exception
Abstract method added to type

TEAANAT € A |T~T

T ~ T’ A public(T") A protected(T")

T ~ T’ A typeKind(T') # typeKind(T")

T ~T" AN 3S € superTypes(T) | exported(S) AT" Z S

A |typeVars(T)| > |typeVars(T")|

A |typeVars(T")| > [typeVars(T)| > 0

A i € [1, |typeVars(T)|], 3b" € bounds(typeVar, (T")), Vb € bounds(typeVar,(T)) | b Z b’
A —effectivelyFinal(T') A effectivelyFinal(T")

A —effectivelyFinal(T") A effectivelyFinal(7")

A —static(T') A static(T")

A static(T") A —static(7")

A uncheckedException(7") A checkedException(7")

T ~ T A 3m’ € allMethods(T") | abstract(mm’) A #m € allMethods(T") | m ~ m’

T T
T oo T
T~T
T~T
T~T
T~T
T~T
T~T

X

Executable removed

Executable now protected

Executable checked exception removed
Executable checked exception added
Executable parameter generics changed
Executable type variable removed
Executable type variable added
Executable type variable changed

e € executables(T) A #e’ € executables(T”) | e ~ e’
e ~ ¢’ A public(e) A prolecledgc')
e~ e’ A3t e thrown(e) | A’ € thrown(e’), t' Tt

en~e' A3t € thrown(e’) | Bt € thrown(e), t' T ¢

en~e' AJi€ [1,|params(e)|] | |typeArgs(param; (e))| # |typeArgs(param; (e”))
e ~ e’ A |typeVars(e)| > |typeVars(e')| A (isMethod(e) V |typeVars(e)| > 1)
e
e

~ e’ A |typeVars(e’)| > |typeVars(e)| > 0
~e' AJi€ (1, |typeVars(e)|], 3b" € bounds(typeVar;(e’)),V b € bounds(typeVar,(e)) | b Z b’

Method now final

Method now static

Method no longer static
Method now abstract
Method return type changed

m ~ m’ A —effectivelyFinal(m) A effectivelyFinal(m')
m ~ m/ A —static(m) A static(m”)

m ~m’ A static(m) A —static(m”)

m ~ m’ A —abstract(m) A abstract(m’)

m ~ m’ A returnType(m) # returnType(m”)

Field removed

Field now protected
Field now final

Field now static
Field no longer static
Field type changed

f € fields(T) A B f € fields(T") | f ~ f'
f ~ f' A public(f) A protected(f”)

f~ f' A—final(f) A final(f)

f ~ f A —static(f) A static(f’)

f ~ f’ Astatic(f) A —static(f’)

I~ [ Aype(f) # type(f')

BMRAXAX™X™ [ ZXAXBXRR [ CNNNTIRX [ CUX XXX NNN% XXX

BN XX [ 3™ N | % %X ™KK K XX X X X X X X X X X X

CHAPTER 13

Binary Compatibility

13.4.6 Class Body and Member Declarations

No incompatibility with pre-existing binaries is caused by adding an instance
(respectively static) member that has the same name and accessibility (for fields),
or same name and accessibility and signature and return type (for methods), as an
instance (respectively stat ic) member of a superclass or subclass. No error occurs
even if the set of classes being linked would encounter a compile-time error.

Deleting a class member or constructor that is not declared private may cause a
linkage error if the member or constructor is used by a pre-existing binary.



RosEAU \l/

public final class List<E> {
private int size;
public E add(int pos, E elem) {

- public
V1 R ey |apd . List . Listj—pubLic
0: aload_®
1: invokespecial #1
4: return

public E add(int, E);
0: aconst_null
1: areturn

api.lList.add

intx E > E

public

Diff

public #émet class List<e T> {
private #n¢ double sise listSize;
public & void add(int pos, & T elem) {

+
+

public api.List();
0: aload_0

public
api.List.List
api.List.add

int x T = void

public

1: invokespecial #1
4: return b1i
upLic
public void add(int, T); I]
0: aconst_null



ROSEAU

public final class List<E> {
private int size;
public E add(int pos, E elem) {

}
}

public final class api.List<E> {
V1 public api.List();
0: aload_0
invokespecial #1
4: return

public E add(int, E);
0: aconst_null
1: areturn

public #émet class List<e T> {
private #n¢ double sise listSize;

public & void add(int pos, & T elem) {

+
+

public api.ListQ);
0: aload_0

: invokespecial #1
4: return

public void add(int, T);
0: aconst_null

CHAPTER 1 3
Diff 3 Binary Compatibility

1346 Class Body and Member Declarations

No incompatibility with pre-existing binaries is caused by adding an instance
(respectively ber that ity (for fi

me and accessibility and signature and return type (for methods), as an
spectively of asuperelass or subelass. No error occurs
evenif the set of classes being linked would encounter a compile-time error.

Deleting a class member or constructor that s not declared pr tvate may cause a
linkage error if the member or constructor is used by a pre-existing binary.

public

api.List.List
api.List.add

int x T = void

public

public
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public final class List<E> {
private int size;
public E add(int pos, E elem) {

}
}

public final class api.List<E> {
V‘I public api.ListQ);
0: aload_0

invokespecial #1
4: return

public E add(int, E);
0: aconst_null
1: areturn

CHAPTER 1 3
Di Binary Compatibility Breaking Changes:
|ff é ) reaking Changes:

13.4.6 Class Body and Member Declarations - M ETHOD_RETURN_TYPE_CHANGED

No incompatibility with pre-existing binaries is caused by adding an instance

and signature and return ty| hods), as an
spectively ofasupercl Noerror occurs
evenif the set of classes being linked would encounter a compile-time error.

Deleting a class member or constructor that s not declared pr tvate may cause a
linkage error if the member or constructor is used by a pre-existing binary.

public #émet class List<e T> {
private #n¢ double sise listSize;
public & void add(int pos, & T elem) {

+
+

public api.List();

public

api.List.List
api.List.add

int x T = void

public

0: aload_0
1: invokespecial #1
4: return

public void add(int, T);
0: aconst_null

public



Features / Optimizations

e Incremental Parsing

Reference » myapi.Collection

package myapi; //////////

public interface List<
extends Collection<T> A{
T getFirst();

Reference » java.util.Iterator —}— Iterator<T> iterator();

String toString();

2\

Reference » java.lang.String




Features / Optimizations

e Incremental Parsing public class ArrayList {
e : public int index0f(0Object o) A
Diet” Parsing



Features / Optimizations

Incremental Parsing
“Diet” Parsing
Partial Updates

F, F, F, F,
VAN T VAN
VIiiT, | T, T,
: T T T
e[| S




Evaluation




Accuracy

API Evolution Data Corpus (Jezek et al." and Ochoa et al.?)

[1] K. Jezek and J. Dietrich, “Api evolution and compatibility: A data corpus and tool evaluation.” J. Object Technol., vol. 16, no. 4, pp. 2—1, 2017.
[2] L. Ochoa, T. Degueule, J.-R. Falleri, and J. Vinju, “Breaking bad? semantic versioning and impact of breaking changes in maven central: An external and differentiated replication study,” Empirical Software Engineering, vol. 27, no. 3, p. 61, 2022.



Accuracy

API Evolution Data Corpus (Jezek et al." and Ochoa et al.?)

All

Source

Prec.

Rec.

F1 Prec. Rec. F1

Binary

Prec.

Rec. F1

JAPICMP 0.90
REVAPI 0.85
RosEAu 0.98

0.82
0.97
0.99

0.86 0.78 0.80 0.79
0.91 0.77 096 0.85
0.99 0.88 1.00 0.94

[1] K. Jezek and J. Dietrich, “Api evolution and compatibility: A data corpus and tool evaluation.” J. Object Technol., vol. 16, no. 4, pp. 2—1, 2017.
[2] L. Ochoa, T. Degueule, J.-R. Falleri, and J. Vinju, “Breaking bad? semantic versioning and impact of breaking changes in maven central: An external and differentiated replication study,” Empirical Software Engineering, vol. 27, no. 3, p. 61, 2022.

0.90
0.89
0.91

0.98 0.94
095 0.92
0.98 0.94



Performance

Dataset w/ Top 100 Artifacts from Maven
I Artifact last stable version on itself

Java Microbenchmark Harness (JMH)
— 50 measures by artifact and tool



Performance

Dataset w/ Top 100 Artifacts from Maven
I Artifact last stable version on itself

Java Microbenchmark Harness (JMH)
— 50 measures by artifact and tool

6000

5000

4000

Time in ms
w
o
(=2}
o

2000

1000

m]

Tools
Japicmp
Revapi
RoseauASM
RoseauJDT

50000

100000
Lines count

150000

200000



Large-scale Longitudinal Studies

(> guava Public 0 6,875 Commits



Large-scale Longitudinal Studies

{2 guava Public \) 6,875 Commits

Preliminary study: 100 latest commits of Google's Guava

Method Mean commit time (ms) Total time (minutes)
Packaging JAR 68,750 7,836
Roseau w/o incremental 1,065 121

Roseau w/ incremental 81 9



Large-scale Longitudinal Studies

{2 guava Public \) 6,875 Commits

Preliminary study: 100 latest commits of Google's Guava

Method Mean commit time (ms) Total time (minutes)
Packaging JAR 68,750 7,836
Roseau w/o incremental 1,065 121
Roseau w/ incremental 81 9

55days vs 9 minutes
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Evolution of Guava API and introduction of Breaking Changes over time




Future Work

Qualitative case studies of some popular libraries
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Future Work

Qualitative case studies of some popular libraries Maintain and improve Roseau
5000 - . . . .
ob - 250 ( ’ junit-team / junit-framework
4000 - 2
2001 .
_ — APismbos Commit 465a06f
e sith —— Deprecated Symbols =
3 —— Beta Symbols 150 &
fé e — % ﬁ marcphilipp committed on Jul 11
& 2000 1008
Ll et :
o Try out roseau to analyze API changes between versions
- 50
0- bl : Lt L -0 ¥ marc/roseau 1 parent eaf5ae9 commit 465a06f LI
2010 2012 2014 2016 2018 2020 2022 2024

Date



Future Work

Qualitative case studies of some popular libraries

5000 -

V10.0
T.0
V12.0
3.0
7.0
5.0
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7
V8.0

4000 -
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w
S
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—— Breaking Changes
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|
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Breaking Changes Count

2010 2012 2014 2016 2018 2020 2022 2024
Date

Combinatorial benchmark

V1l API :
288 types
47K members » 1,5M V2

~80K clients

Maintain and improve Roseau
O junit-team / junit-framework

Commit 465a06f
ﬁ marcphilipp committed on Jul 11

Try out roseau to analyze API changes between versions

¥ marc/roseau 1 parent eaf5ae9 commit 465a06f L[;l



Future Work

Qualitative case studies of some popular libraries Maintain and improve Roseau
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Preliminary study: 100 latest commits of Google’s Guava
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5,5days vs 9 minutes
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