
ROSEAU
Fast, Accurate, Source-based
API Breaking Change Analysis in Java

Corentin Latappy Thomas Degueule Jean-Rémy Falleri Romain Robbes Lina Ochoa Venegas

(REED)



Software Libraries



Software Libraries Evolution



Software Libraries Evolution



Software Libraries Evolution



Breaking Changes in Practice

● Why?



Breaking Changes in Practice

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

● Why?

○ Keep users confidence

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


Breaking Changes in Practice

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

● Why?

○ Keep users confidence

○ Avoid multiple versions support

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


Breaking Changes in Practice

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

● Why?

○ Keep users confidence

○ Avoid multiple versions support

● How?

○ Policies

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


Breaking Changes in Practice

● Why?

○ Keep users confidence

○ Avoid multiple versions support

● How?

○ Policies

○ Tools

cargo-semver-checks 
gocompat
gorelease 

AexPy 
JApiCmp
Revapi 

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

[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

● Studies: why, how, when do libraries break, how does it affect clients?
○ Xavier et al.: 317 libraries, 9k releases1

○ Ochoa et al.: 14k libraries, 120k releases2

○ Jayasuriya et al.: 7k libraries, 18k releases3
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?
● Researchers are limited in their ability to study library evolution

○ Japicmp is the de facto standard, but requires compiled JAR files

■ Only about 50% of arbitrary versions on GitHub can be built automatically4

■ Even when possible, compilation costs are impractical for large-scale studies

○ Empirical research is limited to analyzing pre-built releases

● Analyzing commits, pull requests, etc. would be valuable but is impractical5
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● Translating JLS rules as detection rules on API models
● Expressing these rules at the API level is much easier than at the AST/classfile level

ROSEAU        - BCs as Diffs of API Models
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Features / Optimizations

package com.google.common.base;import static com.google.common.base.Preconditions.checkNotNull;import static java.util.Objects.requireNonNull;import 
com.google.common.annotations.GwtCompatible;import com.google.errorprone.annotations.CanIgnoreReturnValue;import java.io.IOException;import java.util.AbstractList;import 
java.util.Arrays;import java.util.Iterator;import java.util.List;import java.util.Map;import java.util.Map.Entry;import 
org.jspecify.annotations.Nullable;@GwtCompatiblepublic class Joiner {    public static Joiner on(String separator) {    return new Joiner(separator);  }    public static 
Joiner on(char separator) {    return new Joiner(String.valueOf(separator));  }  private final String separator;  private Joiner(String separator) {    this.separator = 
checkNotNull(separator);  }  private Joiner(Joiner prototype) {    this.separator = prototype.separator;  }    public <A extends Appendable> A appendTo(A appendable, 
Iterable<?> parts) throws IOException {    return appendTo(appendable, parts.iterator());  }    public <A extends Appendable> A appendTo(A appendable, Iterator<?> parts) 
throws IOException {    checkNotNull(appendable);    if (parts.hasNext()) {      appendable.append(toString(parts.next()));      while (parts.hasNext()) {        
appendable.append(separator);        appendable.append(toString(parts.next()));      }    }    return appendable;  }    public final <A extends Appendable> A appendTo(A 
appendable, @Nullable Object[] parts)      throws IOException {    @SuppressWarnings("nullness")     List<?> partsList = Arrays.<@Nullable Object>asList(parts);    return 
appendTo(appendable, partsList);  }      public final <A extends Appendable> A appendTo(      A appendable, @Nullable Object first, @Nullable Object second, @Nullable 
Object... rest)      throws IOException {    return appendTo(appendable, iterable(first, second, rest));  }    public final StringBuilder appendTo(StringBuilder builder, 
Iterable<?> parts) {    return appendTo(builder, parts.iterator());  }    public final StringBuilder appendTo(StringBuilder builder, Iterator<?> parts) {    try {      
appendTo((Appendable) builder, parts);    } catch (IOException impossible) {      throw new AssertionError(impossible);    }    return builder;  }    public final 
StringBuilder appendTo(StringBuilder builder, @Nullable Object[] parts) {    @SuppressWarnings("nullness")     List<?> partsList = Arrays.<@Nullable Object>asList(parts);    
return appendTo(builder, partsList);  }    public final StringBuilder appendTo(      StringBuilder builder,      @Nullable Object first,      @Nullable Object second,      
@Nullable Object... rest) {    return appendTo(builder, iterable(first, second, rest));  }  public String join(Iterable<?> parts) {    if (parts instanceof List) {      int 
size = ((List<?>) parts).size();      if (size == 0) {        return "";      }      CharSequence[] toJoin = new CharSequence[size];      int i = 0;      for (Object part : 
parts) {        if (i == toJoin.length) {          toJoin = Arrays.copyOf(toJoin, expandedCapacity(toJoin.length, toJoin.length + 1));        }        toJoin[i++] = 
toString(part);      }            if (i != toJoin.length) {        toJoin = Arrays.copyOf(toJoin, i);      }                  @SuppressWarnings("Java7ApiChecker")      
String result = String.join(separator, toJoin);      return result;    }    return join(parts.iterator());  }  public final String join(Iterator<?> parts) {    return 
appendTo(new StringBuilder(), parts).toString();  }  public final String join(@Nullable Object[] parts) {    @SuppressWarnings("nullness")     List<?> partsList = 
Arrays.<@Nullable Object>asList(parts);    return join(partsList);  }  public final String join(      @Nullable Object first, @Nullable Object second, @Nullable Object... 
rest) {    return join(iterable(first, second, rest));  }  public Joiner useForNull(String nullText) {    checkNotNull(nullText);    return new Joiner(this) {      
@Override      CharSequence toString(@Nullable Object part) {        return (part == null) ? nullText : Joiner.this.toString(part);      }      @Override      public Joiner

package myapi;
public interface List<T>
  extends Collection<T> {
  T getFirst();
  Iterator<T> iterator();
  String toString();
}

Reference ↠ java.lang.String

Reference ↠ myapi.Collection

Reference ↠ java.util.Iterator

● Incremental Parsing



Features / Optimizations

public class ArrayList {
  public int indexOf(Object o) {
    E[] a = this.a;
    if (o += null) {
      for (int i = 0; i < a.length; i++)
        if (a[i] += null)
          return i;
    } else {
      for (int i = 0; i < a.length; i++)
        if (o.equals(a[i]))
          return i;
    }
    return -1;
  }
}

● Incremental Parsing
● “Diet” Parsing
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● Incremental Parsing
● “Diet” Parsing
● Partial Updates

V1

V2
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Accuracy

API Evolution Data Corpus (Jezek et al.1 and Ochoa et al.2)

[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.
[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.
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API Evolution Data Corpus (Jezek et al.1 and Ochoa et al.2)

[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.
[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.

All Source Binary

Prec. Rec. F1 Prec. Rec. F1 Prec. Rec. F1

JAPICMP 0.90 0.82 0.86 0.78 0.80 0.79 0.90 0.98 0.94

REVAPI 0.85 0.97 0.91 0.77 0.96 0.85 0.89 0.95 0.92

ROSEAU 0.98 0.99 0.99 0.88 1.00 0.94 0.91 0.98 0.94
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Dataset w/ Top 100 Artifacts from Maven

⏱ Artifact last stable version on itself

Java Microbenchmark Harness (JMH)
→ 50 measures by artifact and tool
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5,5 days 9 minutesvs



Evolution of Guava API and introduction of Breaking Changes over time
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“I bend and do not break.” The Oak and the Reed
by Jean de La Fontaine

(REED)


