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Abstract—Understanding the changes made by developers
when they submit a pull request and/or perform a commit
on a repository is a crucial activity in software maintenance
and evolution. The common way to review changes relies on
examining code diffs, where textual differences between two file
versions are highlighted in red and green to indicate additions
and deletions of lines. This can be cumbersome for developers,
making it difficult to obtain a comprehensive overview of all
changes in a commit. Moreover, certain types of code changes
can be particularly significant and may warrant differentiation
from standard modifications to enhance code comprehension. We
present a novel visualization approach supported by a tool named
ChangePrism, which provides a way to better understand code
changes. The tool comprises two components: extraction, which
retrieves code changes and relevant information from the git
history, and visualization, which offers both general and detailed
views of code changes in commits. The general view provides an
overview of different types of code changes across commits, while
the detailed view displays the exact changes in the source code
for each commit.

B¢ Video demonstration: https://youtu.be/jMoGLfM3KIM

Index Terms—visualization, code evolution, commits

I. INTRODUCTION

Understanding code changes is a fundamental activity
that underpins software maintenance and evolution. When
developers submit pull requests or commit changes to a
repository, it is essential to review and comprehend these
modifications accurately. Traditionally, this review process
relies on examining code diffs, where textual differences
between two code snapshots are highlighted [1]. Additions and
deletions are marked respectively in green and red, providing
a basic visual cue to identify changes.

While widely used, relying solely on red and green highlights
to indicate additions and deletions is insufficient for comprehen-
sive code reviews. This simplistic approach fails to differentiate
between various types of changes, such as newly introduced and
removed code (additions and deletions), and changes to existing
code (modifications). As a result, developers may overlook
important nuances in the code, making it challenging to grasp
the full scope and impact of changes. Furthermore, the textual
diff representation can be cumbersome, especially when a single
commit involves changes that are distributed across multiple
files and therefore lacks a general view to help developers
quickly grasp the scale of the changes. In addition, not all code
changes are equal. Some modifications, such as refactorings
or micro-changes [2], carry different significance levels and
impact on the overall system [3]. The awareness of those
modifications can help developers prioritize and understand
the more critical aspects of a commit while reducing cognitive
load [4]-[6].
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We present ChangePrism, a code diff visualization tool to
enhance the understanding of code changes by automatically
identifying various change types, including refactorings and
micro-changes, and representing them with distinct visual
elements. It comprises two main components: extraction and
visualization. The extraction component retrieves code changes
and relevant information from a Git history. The visualization
component then presents the changes and information in
multiple views: a general view showing the overview of changes
of all commits, and a detailed view detailing the changes of
each commit. By integrating semantic change information into
the visual review process, ChangePrism enables developers to
more effectively understand what changed in a commit, where
those changes occur, and what type of changes they are.

II. CHANGEPRISM IN A NUTSHELL

ChangePrism offers three views: a) General view, offering
a comprehensive summary of commits and changes, as well
as entry points to the other two views; b) Commit Insight
view, presenting a snapshot of the changes within a single
commit; and ¢) Code Detail view, displaying specific changes
with the corresponding source code. We present ChangePrism
by utilizing it to review commits in the repository mbassador.

General View. Figure 1 shows the General view of
ChangePrism. At the top is the timeline (@&)), which displays the
commit history in the repository. Each commit is represented as
a blue circle, with its SHA-1 hash shown below it. The commits
are arranged chronologically from left to right. By scrolling the
timeline horizontally, more commits can be revealed. Clicking
on a commit will display its details on the page. Above the
timeline, there are four checkboxes ((B)) that allow users to
select the types of code changes they wish to view. This feature
enables users to focus on specific types of changes. The area ©
contains information about a single commit, including its SHA-
1 hash of the commiit, a link to the commit on GitHub, the paths
of the changed files, and the ChangeSpectrum for each file (®).
The ChangeSpectrum is a clear and concise representation of
various types of code changes and is introduced in later. It
provides users with a general view of changed files in commit
and the scales of code changes. The button ©) is the entry
point to access the Commit Insight View, and the SHA-1 hash
of the commit (B) is the entry point to access the Code Detail
view of that commit.

Commit Insight View. This view offers a visual summary
of the ChangeSpectrum within a single commit, as illustrated
in Fig. 2. The checkboxes (@) function in the same way as in
the General view, enabling users to filter the types of changes.
The @ depicts ChangeSpectrum in each changed file in the
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src/test/java/net/engio/mbassy/listeners/MultiEventHandler.java

src/test/java/net/engio/mbassy/listeners/EventingTestBean.java

src/main/java/net/engio/mbassy/listener/MetadataReader.java

src/test/java/net/engio/mbassy/MethodDispatchTest.java

Fig. 1. General view.
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Fig. 2. Commit Insight view.

commit. This view ensures users have immediate access to the
scope and impact of code changes in all files across the commit.
Additionally, users are able to prioritize the review of the most
vital or complex changed files, such as MultiEventHandler.java,
as suggested by Fregnan et al. [7].

Code Detail View. This view (Fig. 3) shows the concrete
source code and the code changes for changed files in a commit.
Similar to the General View, users can select the code change
type they wish to see, as shown in (). The () and ©) denote
the pre-commit and post-commit windows with a scroll bar
to show the pre-commit and post-commit source code of a
file, respectively. The file path is shown above as ®). Within
the source code window, different colors are used to highlight
various types of code changes as shown in Table I. Purely added
code lines are highlighted in green, while purely removed code
lines are highlighted in red.

The modified code is highlighted in yellow. Additionally,
two special types of code changes, refactorings and micro-
changes, are highlighted in blue and purple, respectively.
For refactorings, we use three shades of blue—from light
to dark—to distinguish among class-level, method-level, and
statement-level refactorings. Class-level refactoring refers to
changes that apply to the entire class, such as Move Class
and Extract Superclass. Similarly, method-level refactoring
pertains to changes at the method level, and statement-level
refactoring involves changes to fields or within the method.
When users hover the mouse over the blue (refactoring) or
purple (micro-change) areas, the corresponding type names for
the code changes in those areas are displayed. For instance,
as shown in M), a tooltip appears indicating that the light
blue highlighted code changes contain an Extract Superclass
refactoring.
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DeadEventTest.java

src/test/java/net/engio/mbassy/
package net.engio.mbassy;

import net.engio.mbassy.common.ConcurrentSet;
import net.engio.mbassy.common.DeadEvent;
import net.engio.mbassy.common.UnitTest;
import net.engio.mbassy.listener.Listener;

import org.junit.Test;

/e
* Verify correct behaviour in case of message publications that do not have any matching

subscriptions
*

Extract Superclass

* @author bennidi

* Date: 1/18/13

*/

public class DeadEventTest extends UnitTest{

Fig. 3.
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III. TECHNICAL BACKGROUND
A. Data Extraction

An overview of the data extraction process used for
ChangePrism is shown in Fig. 4. The data source is a Git
repository, and the output consists of various types of code
changes. The java-diff-utils library [8] is used to extract the
addition, removal, and modification code changes. The state-of-
the-art tool RefactoringMiner [9] is used to extract refactorings,
and the micro-change detector [2] is employed to extract micro-
changes. The extracted result includes the change type names
and their corresponding positions. They serve as the input to
the ChangePrism.

B. Change Spectrum

ChangeSpectrum is a visualization tool designed to enhance
the understanding of code changes between commits. It consists
of two mini-maps representing the pre-commit and post-commit
source code of a file. The height of each mini-map corresponds
to the length of the file, providing a proportional view of the
source code scale. The mini-map is constructed as a layered
spectrum piled with different colors, each representing a specific
type of code change.

Different types are displayed in their relative positions on
ChangeSpectrum, allowing developers to see exactly where in

DeadEventTest.java

src/test/java/net/engio/mbassy/
package net.engio.mbassy;

import net.engio.mbassy.bus.BusConfiguration;
import net.engio.mbassy.bus.MBassador;

import net.engio.mbassy.common.ConcurrentSet;
import net.engio.mbassy.common.DeadMessage;
import net.engio.mbassy.common.MessageBusTest;
import net.engio.mbassy.listener.Handler;

import org.junit.Test;

Jxx
* Verify correct behaviour in case of message publications that do not have any matching
subscriptions

*

* @author bennidi

N Date: 1/18/13

/4

public class DeadEventTest extends MessageBusTest{

Code Detail view.

TABLE I
SUPPORTED CHANGE TYPES
Priority  Type Color
1 Class-level refactoring [ Light blue
2 Method-level refactoring [ Blue
3 Modification [ Yellow
4 Addition [ Green
5 Removal I Red
6 Statement-level refactoring  [Jll Dark blue
7 Micro-change Il Purple

the file the changes have occurred. This spatial representation
aids in understanding the context of the changes within the
overall file structure. In addition, changes are layered according
to their priority. The priorities are displayed in Table I.

This prioritization helps developers quickly identify the most

significant modifications in the code change.

o Textual code diff involves three types: addition, removal,
and modification. The addition refers to introducing new
lines of blocks, the removal involves deleting existing
lines or blocks of code, and the modifications occur when
an existing line or block of code is altered.

e Refactorings refer to the code changes that enhance the
internal structure of the code while preserving its external
behavior [3], and it is a key practice in agile development
processes [10].

e Micro-changes refer to code change operations described
in natural language, designed to bridge the cognitive divide
by translating the textural diffs into more understandable
natural-language described operations.

IV. CASE STUDY: CHANGEPRISM IN ACTION

We illustrate the use of ChangePrism to review a commit
in the OSS mbassador'. There is only one file ListenerFac-
toryjava changed in this commit, which can be observed
from both the General View and the Commit Insight View.
The visualized code changes are shown in Fig. 5. From the

Thttps://github.com/bennidi/mbassador/commit/5c2fc81
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ListenerFactory.java
src/test/java/net/engio/mbassy/common/

package net.engio.mbassy.common;

import java.util.*;
import java.util.concurrent.atomic. Atomicinteger;

e
*The factory can be used to declaratively specify how many instances of some given classes

* should be created. It will create those instances using reflection and provide a list containing those
instances.

*The factory also holds strong references to the instances such that GC will not interfere with tests unless
the

* factory is explicitly cleared.

* @author bennidi
*  Date:11/22/12
*/

public class ListenerFactory

private Map<Class, Integer> requiredBeans = new HashMap<Class, Integer>();
private List generatedListeners;
private int requiredSize = 0;

public int getNumberOfListeners(Class listener){
return )7

}

public ListenerFactory create(int numberOfinstances, Class clazz){
put(clazz, numberOfinst
requiredSize +=numberOfinstances;
return this;
}

public List<Object> getAll(){
generatedListeners = new ArrayList(requiredSize);
try {
for(Class clazz : requiredBeans.keySet()){
int numberof i = get(clazz);
for(int i = 0; i < numberOfRequiredBeans; i++){
generatedListeners.add(cla: ;

}

} catch (Exception e) {
e.printStackTrace();
throw new RuntimeException(e);
}
Collections.shuffle(generatedListeners);
return generatedListeners;

// not thread-safe but not yet used concurrently
public void clear(){
generatedListeners = null;
requiredBeans.clear();

S
* Create a thread-safe read-only iterator
* @return
*/

public Iterator iterator(){
if(generatedListeners == null)getAll();
final current = new 0);

ListenerFactory.java
src/test/java/net/engio/mbassy/common/

public class ListenerFactory {

private Map<Class, Integer> requiredBeans = new HashMap<Class, Integer>();
private volatile List generatedListeners;
private int requiredSize = 0;

public int getNumberOfListeners(Class listener){
retun )? ):0;

}

public ListenerFactory create(int numberOfinstances, Class clazz){
put(clazz, numberOfinst:
requiredSize +=numberOfinstances;
return this;
}

public synchronized List<Object> getAll(){
if(generatedListeners 1= nul)
return generatedListeners;
List listeners = new ArrayList(requiredSize);
try {
for(Class clazz : requiredBeans.keySet()){
int numberOfRequi =
for(int i = 0;i < numberOfRequiredBeans; i++){
listeners.add(clazz.newlnstance();
}
}
} catch (Exception e) {
/7 instantiation fails, counts will be incorrect
1/ -> fail early here
Assert.fail("There was a problem instantiating a listener " + e);

get(clazz);

Collections.shuffie(listeners);
generatedListeners = Collections.unmodifiableList(listeners);
return generatedListeners;

}

// ot thread-safe but not et used concurrently

public synchronized void clear(){
generatedListeners = null;
requiredBeans.clear();

}

S
* Create a thread-safe read-only iterator

* NOTE: Iterator is not perfectly synchronized with mutator methods of the list of generated listeners
*In theory, it is possible that the list is changed while iterators are still running which should be avoided.

* @return
*/
public Iterator iterator(){
getAll();
final current = new 0);

return new Iterator() {
@0verride
public boolean hasNext() {
retumn current.get() < generatedListeners.size();
}

@Override
public Object next() {

Fig. 5. ChangePrism interface.

ChangeSpectrum in the middle of Fig. 5, users can easily
identify that the main changes occur in the middle of the file.
The blue layers mixed with yellow layers indicate a method-
level refactoring and additional changes to that method.

Additionally, the right mini-map shows a larger height with
some green layers, indicating that new code has been added.

As shown in Fig. 5, Lines 63-65 contain newly added
Javadoc comments. These lines are highlighted in green,
indicating that they belong to the addition category. Line
18 on the left side is highlighted blue, and it is a Add
Attribute Modifier refactoring, which adds the modifier keyword
volatile to the class field generatedListeners. Lines
32-47 in the left side is the method getAl11 (). The method
block is highlighted as light blue, and the tooltip indicates the
existence of a method-level refactoring Add Method Modifier.
The method signature is highlighted in yellow on Lines 32
and 34 on the left and right windows, respectively, indicating
the addition of the synchronized keyword, which is the
refactoring Add Method Modifier. Line 35 on the post-commit
window is highlighted in purple color, and the tooltip says

the existence of two micro-changes: Insert Condition Block
and Encapsulate In Condition. The code block ranges in
Lines 35-36 is the inserted condition block, and the class
field generatedListeners in the is encapsulated into the
conditional expression to check whether it is initialized in the
commit.

In the subsequent yellow highlighted code, a lo-
cal variable listeners is created to replace the
generatedListeners in the pre-commit code, and the
exception thrown is replaced by an assertion. With the different
colors highlighting the code, the developer can effectively
capture the main logic change.

Lines 50-53 in the pre-commit is the method clear (),
and it is highlighted in light blue. From the tooltip, we can
know this is a Add Method Modifier refactoring, and from
the method signature highlighted in yellow, we can know a
keyword synchronized is added as a method modifier.

Line 60 in the pre-commit window is highlighted in purple
with a tooltip indicating a micro-change Extract From Condi-
tion. In the corresponding Line 69 in the post-commit window,



in yellow, the method getAll () has been extracted from its
previous position within the condition that checked whether
generatedListeners was initialized. This method is now
executed without any conditional checks.

V. RELATED WORK

Visualization techniques have been extensively researched
and developed to assist developers in understanding code
changes. D’ Ambros et al. [11] proposed Commit 2.0, which
highlights the changes in packages, classes, and methods
between the last version and the locally modified version
before commit. Fregnan et al. [12] offer a summary of the
contents in a pull request by presenting method calls, class
relations, and code changes. Both studies provide visualizations
at a coarse level, whereas ChangePrism offers a finer line-
level visualization of changes. DiffViz [13] proposed a tree-
diff visualization at the line level but does not distinguish
between different types of changes as ChangePrism does.
Spike, proposed by Escobar et al. [14], RAID proposed by
Brito et al. [15], and RefactoringMiner [9], can highlight both
refactorings and regular code changes. However, they do not
provide an overview of changes in a commit, failing to give
users a comprehensive grasp of changes across the commit as
effectively as ChangePrism does. To our knowledge, no existing
tool supports the visualization of micro-changes. ChangePrism
is the first tool specifically designed to surface these fine-
grained transformations within a commit.

Line-based change visualization tools have long used color
highlights to represent code modifications across files and
revisions. Seesoft [16] visualizes each line of code as a thin
horizontal strip, using color to indicate statistical attributes
such as change recency. CVSscan [17] visualizes the evolution
of each line across revisions along a time axis, effectively
showing when each line was modified. CVSgrab [18] presents
a timeline view of file-level activity, showing when and how
frequently each file changed during the evolution. While these
tools effectively reveal the location and frequency of line-level
changes, they do not convey the type or semantic intent of the
changes. Our approach builds upon these line-oriented visual
encodings, but extends them by distinguishing a broader range
of change types, including refactorings and micro-changes,
enabling a richer understanding of code evolution.

VI. CONCLUSION

We proposed a novel code visualization tool ChangePrism.
We introduced its user interface and provided examples of how
it works. Our future plans for ChangePrism are:

Enhanced wuser interface. The wuser interface of
ChangePrism can be made more user-friendly by adding several
new features. A search function can be added to the code detail
view, allowing users to search according to the type of change.
The search results will be highlighted in the ChangeSpectrum.
Additionally, a navigation feature can be implemented so that
when a user clicks on a layer in the ChangeSpectrum, the
pre-commit and post-commit windows automatically jump to
the corresponding code.

Improved accuracy in highlighting. We plan on enhancing
the change type extraction process to achieve higher accuracy.
For instance, currently, only the line where an attribute is
renamed is highlighted for the Rename Attribute refactoring.
However, to help reviewers better understand the impact of
this refactoring, the lines where the renamed attribute is used
should also be highlighted.

Support for additional types of code changes. The tool
should support additional types of code changes, such as
Behavioral Changes, which alter the program’s behavior, and
Syntax Adjustments, which include changes like adding a blank
line or modifying a curly brace.

Integration with GitHub and Review Platforms. Our tool
should be integrated with GitHub and Review Platforms to
enable a more effective review without altering the workflow
reviewers and developers are already familiar with.
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