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Abstract—Inspecting code changes in source-control commits
is an important task for developers. Professional best practice is
to maintain a “compiling-commit” policy, where each commit is
buildable. In practice, a single change can introduce cascading
changes that must be committed together to keep the project
compiling. Such commits are unwieldy to navigate and labor-
intensive to understand, especially in the commonly used line
diff tools that present them as deletions from the old version
and additions to the new version. We present Diffmagic, a new
algorithm and interface that leverages the compiling-commit
policy to organize diffs according to causality. Since commits
must remain buildable, changes to a definition lead to changes to
its uses, forming a causal structure that Diffmagic uses to find
change batches, i.e., changes with a shared root cause. Diffmagic
uses semantic information from running just the compiler’s
front-end, on only the changed files (i.e., it requires neither
full compilation nor whole-project analysis) to recover these
use-definition connections that imply the causality. Within each
change batch, Diffmagic assigns a causality score to prioritize
changes that are likely to trigger other downstream changes. A
user study with 14 participants performing two tasks on real-
world commits suggests that Diffmagic makes diffs easier to
understand and helps users complete diff inspection tasks faster.

I. INTRODUCTION

Inspecting code changes is an important and time-
consuming task for developers. This can be in the course of a
structured code review activity [47], for finding the cause of
a fault, or for understanding the contents of a feature [52].
Code changes are often viewed in a line difference (or a
diff ) format [11], where changes are displayed as deletions
from the old version of the file and additions to the new
version. Adjacent changed lines form a hunk, and a handful of
surrounding unchanged lines are typically shown as context.
Some graphical diff viewers like the desktop application
Beyond Compare [48] and GitHub’s diff viewers [12, 13]
allow users to explore the full file and search through changes.

However, despite many small usability changes that have
become standard over the years (e.g., syntax highlighting of
code in the diff, highlighting the changed characters within
a changed line) and better ways to compute the changes
from the raw files [19, 21, 34, 45], diffs are still essentially
presented as pairs of changed lines with some context, ordered
lexicographically by the path of the file they appear in.

While this can work for small changes, line diffs become
cumbersome for large changes. This is further exacerbated
by the common industry practice of making only “compiling
commits” [35], that is, commits in which the whole project

remains in a compiling state to help maintainers deal with
problems down the line. Changes to definitions must be
propagated throughout the codebase to their usages before the
code can compile and a commit can be created. Renaming a
variable or method causes all of its uses to change, changing
the signature (i.e., number or type of arguments) of a function
affects all its calls, and deleting a class necessitates removing
all its uses. Changes like these can have far-reaching effects
that must all be included in a single (often large) commit.

Moreover, in such commits, the hunk containing the cause
of a change may be located far from the hunks of its effects.
Depending on file names in the project, it may even appear
after those effects, or be interleaved among them. Even within
the same file, the effects of a change can come before the
cause: in languages like Java, class members can be declared
in any order in the class scope, so changes to uses of
methods or fields may appear before the declaration change
that necessitated them. The causal structure of the commit is
therefore hidden by the order in which hunks in the diff are
displayed, making diffs hard to understand.

Our insight is that the “compiling-commit” policy contains
within it the key to the remedy: in such commits, definitions
and their uses form a relationship of causality, which can
serve as an organizing principle for the commit, grouping
changes with the same root cause. These relationships can
be discovered using lightweight semantic information about
the program, namely name resolution, which identifies the
declaration of each identifier in a program. Using name
resolution, we can connect a function call to the declaration of
the called function, function arguments to their corresponding
parameters, and a method to the interface method it overrides.
In the context of a change, such connections can be used to
relate changes that would otherwise be separated by many
lines or even be in different files. We refer to these groupings
as change batches to be displayed separately to the user. We
perform name resolution by running a compiler front-end on
the code before and after a change.

Since name resolution is directional, i.e., from uses to their
definitions, we can use it to identify which change is the cause
and which is the effect. To identify the cause of many changes
that are grouped together by this technique, and to generate
display names for the change batches according to their cause,
we score each change in a batch using reachability via name-
resolution paths.
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Fig. 1: Diffmagic displaying a diff between two versions of a Java program. A Diffmagic breaks the changes in the diff down into change batches categorized
by type, e.g., 1 renames of methods and variables. 2 Individual change batches can be selected and be viewed separately. B Diffmagic displays the selected
batch in its center panel display. Change 3 is a result of change 4 , but comes before it in the original file. C The list of changes in a batch lets the user
navigate between them. The list is sorted by causality of the changes, with 5 the likely source of the batch pointing to 4 .

Importantly, this approach does not require the entire project
to be compiled: if only a handful of files out of a very
large project change, performing name resolution only on the
changed files is sufficient. Relying on the assumption that both
the version before and after the change compile, the change
will contain both its cause and its effects, so program elements
used in effect hunks of the diff will have their definitions to
resolve to. Definitions declared outside of the changed files
may not successfully resolve, but since they were not changed,
we do not need to find a change batch for them.

To help users better understand large diffs, we implemented
Diffmagic1, a rich diff viewer that batches together related
changes and their causes in Java programs. Diffmagic uses
structural diffing [34] and name resolution to batch together
related diff hunks, then computes a causality score for each
hunk in the diff, so that hunks can be sorted by their distance
from the source of the change. Diffmagic’s interface is based
on the GitHub diff viewer [12], retaining its familiar elements.
Figure 1 shows a diff in Diffmagic with all its components.

To evaluate Diffmagic, we conducted a between-subjects
user study with 14 participants and two diff comprehension
tasks based on real-world commits from open-source Apache
Java projects. We compared Diffmagic against the popular
GitHub Desktop tool as a baseline. Our results show that
Diffmagic improves users’ ability to understand the goal of
a commit and helps users accomplish their tasks faster with
fewer users timing out. Users also said that Diffmagic’s or-
ganization of changes helped them understand the root cause,
and the order in which changes were displayed was logical
and made it easier to connect related changes.

In all, this paper makes the following key contributions:
• We present our key insight that the causal structure of

a diff can be reconstructed using semantic information
(name resolution) from the compiler front-end.

• Based on this insight, we present a new algorithm for or-
ganizing diffs using structural diffing and name resolution

1Our implementation is available at https://github.com/Diffmagic/Diffmag
ic. A demo video is available at https://youtu.be/bro4TqO88xY.

to batch changes according to a causal relationship.
• We present an implementation of this algorithm in a tool

called Diffmagic that shows organized diffs in a new
interface built on top of the GitHub Desktop tool.

• We provide evidence from a user study that Diffmagic’s
new way of showing diffs makes them easier to under-
stand, and faster to inspect.

II. BACKGROUND AND RELATED WORK

This paper presents a new way of showing code diffs. To
that end, we first introduce key terminology on program diffing
that will be used in the rest of the paper. We then position
our work at the intersection of (i) knowledge about how
developers understand and review code changes, (ii) diffs that
carry additional information, and (iii) usability improvements
in diff visualization.

A. Terminology

We begin by introducing terminology essential to the inner
working of Diffmagic.
Diffs and diff hunks. The diff between two files is computed
by first computing what has not changed, or aligning the files
according to their unchanged elements. The parts that cannot
be aligned are then displayed as the diff’s hunks: contiguous
regions of the file that have changed. In a compressed display
of a diff [11, 13], hunks are displayed with a small context of
unchanged code around them. When two hunks are separated
by fewer unchanged lines than the size of the context window,
they are merged and displayed together. Some visual diff
viewers [48] show the entire file with the hunks highlighted.

Traditional line diff algorithms compute hunks by aligning
unchanged lines in the file, marking the remaining lines as
changed. Since these algorithms are designed for any textual
file, they have several shortcomings when used for code. They
have no understanding of program structure, so they can get
caught up on uninteresting formatting changes. Additionally,
large changes are often misinterpreted because the alignment
is so fragile.

https://github.com/Diffmagic/Diffmagic
https://github.com/Diffmagic/Diffmagic
https://youtu.be/bro4TqO88xY


On the other hand, structural diff algorithms operate on
two Abstract Syntax Trees (ASTs) generated from parsing
the code files. Instead of aligning pairs of unchanged lines,
they align pairs of AST nodes, one from each AST. Since
the resulting hunks are trees themselves, structural diffs pro-
vide a finer-grained view of changes, are not sensitive to
changes in indentation and formatting, and often better reflect
the programmer’s intent than purely line-based matching.
GumTree [18, 19, 43] and ChangeDistiller [21, 22] are consid-
ered the canonical AST diffing algorithms, supplemented by
different algorithms exploring optimizations for specific types
of code changes [2, 3, 8, 14, 39, 40, 56].

A more recent structural diff tool, Difftastic [34], models
the diff space as a graph and finds the lowest-cost route from
the initial state to the final state of the diff. Diffmagic uses
Difftastic to obtain a structural diff.
Static name resolution. The name resolution phase of compi-
lation is where all uses of identifiers (e.g., variable, function,
or class name) are associated with their definitions in the pro-
gram [4, Ch. 5]. This information is then used throughout the
rest of the compilation pipeline e.g., to check type correctness
or to allocate room on the stack for variables. IDE toolkits
like Eclipse Java Development Toolkit [23] can perform name
resolution on partially compiling code, and, importantly in
Diffmagic’s case, when files are missing.

B. Understanding Code Changes in Practice

Understanding code is a crucial part of software develop-
ment. A 2022 study found that developers spend 41 minutes
per day on code reviewing and understanding code changes,
which is almost as much time as they spend writing code
(52 minutes per day) [50]. The rise of AI-assisted coding
may further increase the importance of code understanding
and review, as developers increasingly rely on AI tools yet
continue to have limited trust in AI-generated code [28, 51].
To understand how professional programmers understand code
changes, researchers conducted a large-scale user study of
software engineers at Microsoft [52]. They studied scenarios
in which developers need to understand a code change, the
frequency of these scenarios, and the kind of information
developers look for when trying to understand a change.
The authors note that many study participants struggled to
understand the effect of a change and found it difficult to
associate changes across different parts of the codebase. This
motivates Diffmagic, and its goal to aid comprehension beyond
line-level edits by grouping together related changes.

C. Tools for Rich Diff Generation

Prior work has produced many tools for generating richer
code diffs, annotating diffs with additional information, and
classifying types of changes.

DiffDetective [5] makes existing diff tools “variability-
aware”, i.e., it distinguishes changes to a program’s actual
logic from changes to annotations like those used for condi-
tional compilation. Likewise, refactoring-aware program diff-
ing [2, 6, 37] aims to remove from the diff changes that

are semantics-preserving, i.e., do not change the program’s
meaning. Ge et al. [25] isolate these changes and display
them separately. Diffmagic’s identification of renames paral-
lels these tools, but it both supports non-refactoring changes,
and explicitly visualizes renames instead of hiding them.

Collector-Sahab [17] enhances existing Java code diffs with
dynamic information, running test cases on both the original
and modified versions of the code to generate a runtime
diff of the program’s state. Dufloer et al. [15] display this
information in a debugger to track divergence in executions
caused by a change. SymDiff [38] and Glock [26] check
the behavior differences symbolically via a logic encoding
and generate counterexamples highlighting differences. Unlike
these, Diffmagic does not reason about the program’s behavior,
it focuses on organizing source-level diffs.

Many tools summarize the changes in a diff and produce
summary statistics [27, 29, 44, 46] using semantic information
such as type information as well as name resolution similarly
to Diffmagic. Wang et al. [53] use information retrieval meth-
ods for the same goal. Diffmagic uses the semantic information
to partition the diff, in order to show it, not summarize it,
making Diffmagic complementary to these tools.

CLDiff [32]’s goals are similar to ours: like Diffmagic, it
improves diff understandability by computing a syntactic diff,
then grouping related changes. However, unlike Diffmagic,
CLDiff relies on string-matching heuristics to connect diff
hunks where the same names appear, and uses a fixed set of
five predefined change links. Diffmagic, in contrast, derives
the grouping from name resolution information and organizes
them into causally motivated batches rooted at definition
changes. All but one of the change links in CLDiff are captured
by Diffmagic’s semantic structure, but Diffmagic does not
depend on brittle string-based matching. Kim et al. [36]’s goals
are also conceptually close to Diffmagic’s in that both tools
aim to show high-level structure in diffs. While Diffmagic
batches changes through causality, Kim et al. [36] produce
concise summaries of code changes as “change rules” by using
a rule-inference algorithm to search the space of instantiated
candidate rules.

D. Diff Visualization

Finally, we discuss prior work that focuses on novel ways
to visualize diffs.

DiffViz [24] is a diff visualization tool that offers features
for better code navigation. Its navigation does not rely on
semantics, only on displaying the syntactic edit script created
by some syntactic diff algorithms [13, 19].

Azurite [55] displays a history of changes on a time-
line, showing the individual diffs as a function of time.
Chronos [49]’s visualization is also timeline-based: it lets de-
velopers select arbitrary lines of code across one or more files
and then visualizes the complete history of just those lines. The
goal is to support interactive querying and exploration of code
evolution. Storyteller [42] takes a unique approach to helping
developers understand the evolution of code. It records and
replays code changes across programming sessions, allowing



developers to annotate and share the evolution of their code as
web pages. While these tools focus on displaying a sequence
of changes, Diffmagic focuses on making a single diff with
many related changes easier to understand.

Deknop et al. [9] visualize the difference in an application’s
log printouts, an implicitly-structured format, and visualize
the impact of code changes as a graph. Diffmagic’s focus is
entirely on showing syntactic changes to code and it does not
require running the code at all.

III. MOTIVATING EXAMPLE

We follow Kiran, a Java programmer, as they examine the
diff of a commit2 in the Apache Kafka project, a distributed
message streaming platform. The commit that Kiran is inspect-
ing comprises two Java files, MirrorCoordinator.java and
MirrorMetadataManager.java. It also includes several atomic
changes: several methods are renamed, as are some local
variables, and the MirrorMetadataManager class deletes two
helpers, a logger and a scheduler, as well as their initialization
and usages. In addition, there are non-functional changes in
the form of whitespace and comment styles.

Tracking exactly what happens in the commit using a line
diff viewer requires Kiran to constantly scan up and down the
files to track the cause of the various changes. For example,
the 22nd diff hunk in the MirrorMetadataManager.java file
replaces the call to updateRemoteClusterNodes with a call
to updateRemoteClusterNodesCache. On its own, this change
could suggest that the call was redirected to a different method.
Only after scrolling past several more hunks can Kiran see that
the change actually stems from a method rename. Likewise,
the deleted import for the LogManager type is separated by
several hunks from the removal of the field of this type,
even though the two changes must be considered together to
understand that the change is not replacing the field’s type or
switching to a different library.

Instead, Kiran opens the diff in Diffmagic, shown in Fig-
ure 1, to observe the diff in a way that conveys the causality
between its individual changes.
A List of change batches. Kiran starts in the left panel,
where related changes are grouped into change batches. By
default, the option Show All is selected, which shows the raw
line diff in the center panel. Batches are 1 grouped into
Deletions, Additions, and Renames. An additional Miscellaneous
category contains diff hunks that are not part of any batch.

Kiran inspects the list of Renames in the diff, then selects
2 “Method renamed from updateRemoteClusterNodes to
updateRemoteClusterNodesCache in MirrorMetadataManager”.
B Viewing diff hunks in Diffmagic. Once Kiran selects the
method rename change batch, the center panel changes from
showing the full diff to showing only the changes in this batch.

Diffmagic shows Kiran all the lines where individual
changes in the batch occur, leaving a context window around
them. Other changed lines are hidden. Kiran sees that the

2https://github.com/showuon/kafka/commit/32674acf4680feb0c4942141a9
83d46b1f470acb

Fig. 2: A diff with two variables renamed. Only one change on each line is
included in the change batch.

current batch contains two changes: 4 the method rename
and 3 its use.
C Navigating the changes in a batch. Kiran can see every
change in the current batch in Diffmagic’s right panel. There
are four changes: two deletions and two additions. While the
diff hunks in the center are sorted as they would be in most
diff viewers, i.e., hunks by their location in the file and files by
their path in the project, the list of changes on the right panel
is instead sorted by the causality score, the number of changes
the current change is the transitive cause of. Kiran notices that
in this batch, later changes in the file are listed first. Kiran
clicks on 5 “likely source”, the highest-scoring change in
the batch which also gives the batch its name. Clicking the
likely source highlights that change in the center panel, 4 the
rename of the method from updateRemoteClusterNodes to
updateRemoteClusterNodesCache.

Kiran then clicks on other changes in the right panel to
look through them. The third change sends Kiran to the center
panel, highlighting 3 the use of the function. If the change
is outside the text shown in the center panel, this also scrolls
to it. By following changes in descending order of causality
score, Kiran can follow the cause to its cascading effects, then
move on to the next batch until they’ve fully inspected the diff.
Separating nearby changes. When selecting a specific batch,
Diffmagic narrows the hunks shown in the center panel to that
batch. But Diffmagic’s hunks are also displayed with a context
window around them, and a change in the batch can contain
changes from other batches or Miscellaneous changes, e.g., the
comment above 4 .

Diffmagic displays lines that are changed but are not
included in the currently displayed change batch in a faint
red or green. That way Kiran can tell which changes are in
the selected batch while still retaining a context window. This
is particularly important if Kiran uses the expander arrows
between hunks to enlarge the context window to encompass
other changes.

If code changes that belong to different change batches
appear on the same line, Diffmagic uses a brighter color to
highlight which parts of the line are contained in the current
batch. An example of this is shown in Figure 2: the code in
view contains changes to both parameters of the function, but
only the first is in the currently viewed batch. The second
parameter, which is in a different batch, is not highlighted.

Overall, Diffmagic allows Kiran to quickly understand the
gist of the changes in the inspected diff, and to easily find the
changes they are interested in.

IV. ORGANIZING DIFFS

We implemented the front-end for Diffmagic on top of
GitHub Desktop. To display a diff, Diffmagic takes as input

https://github.com/showuon/kafka/commit/32674acf4680feb0c4942141a983d46b1f470acb
https://github.com/showuon/kafka/commit/32674acf4680feb0c4942141a983d46b1f470acb
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Fig. 3: (Left) AST for the Java snippet int x = 6;· · ·foo(x); annotated
with name resolution edges connecting the identifier x at the call site to its
declaration. (Right) Similar AST annotated with name resolution edges but
for the snippet int y = 6;· · ·foo(y); showing a variable rename. The
dashed lines between the two ASTs are examples of the alignments between
unchanged AST nodes in the programs before and after the change.

all files that are changed in the diff in their versions before and
after the change. We will refer to these as the lhs (left-hand
side) and rhs (right-hand side) versions of the files, based on
the side of the diff in which they are displayed. In this section,
we detail how Diffmagic (1) applies name resolution to the
changes, (2) computes the change batches, and (3) selects a
likely source, so that they can be displayed by Diffmagic’s UI.
Our implementation organizes diffs of Java code, but its base
ideas are language-agnostic, so we conclude this section by
outlining the requirements for Diffmagic to handle additional
programming languages.

A. Applying Name Resolution
In this section, we detail how Diffmagic overlays the

program ASTs for the lhs and rhs with name resolution edges
that indicate causality between different changes. We call this
overlay a causality graph.

As a first step, Diffmagic applies structural diffing to the
two versions using Difftastic’s [34] structural differencing
implementation. Difftastic first aligns unchanged AST nodes—
a sample of these is shown as dashed gray lines in Figure 3.
It then labels unaligned nodes (e.g., x in the lhs of Figure 3
and y in the rhs) as novel nodes, which we refer to as being
in the diff.

We now consider the lhs and rhs trees separately. For each
version’s AST, Diffmagic identifies all nodes that describe a
name. These can be names of variables (e.g., x in the lhs of
Figure 3), of functions (e.g., foo on both sides of Figure 3),
and of non-primitive types (e.g., String).

For each name node that was marked as novel by the
structural diff, Diffmagic applies name resolution to recover
the edges that connect the name’s use to the program element
that declares it. Diffmagic uses the Eclipse Java Development
Tools (JDT) [23] toolkit for name resolution. As Diffmagic
only gives the JDT the changed files, compilation errors can
occur, for example when class definitions remain unchanged
and are therefore absent from the changed files. However,
Eclipse JDT’s error recovery means name resolution remains
effective even when such errors are present. As long as both
a definition and its uses are within the changed files, Eclipse
JDT recovers and produces the relevant name resolution in-
formation successfully.

The name x in the lhs of Figure 3 will be resolved by the
Eclipse JDT to the VariableDeclaration node that defines the

variable x, indicated in Figure 3 by a purple arrow. However,
this name resolution edge is not going to help Diffmagic: while
its source is in the diff, its target, the VariableDeclaration,
is not, so we cannot consider the causality it represents as
part of the change. We are interested in edges between two
novel nodes: such an edge indicates that its source (the use)
was changed to accommodate a change in its target (the
declaration).

Since Figure 3 shows a rename, only the name of the
declared variable is novel. To still capture this causality,
Diffmagic supplements the name resolution edges with several
additional parallel edges. These are edges that preserve the
same use–definition relationship as the original edge, but start
from or target a different AST subnode. In Figure 3, Diffmagic
adds the blue, dotted parallel edges from the name being
resolved to the name within the resolved declaration, i.e.
between the two x nodes and between the two y nodes. Other
examples of parallel edges in Diffmagic are:
→ from arguments of a method call to the parameters of the

method, e.g., from x to the declaration of the parameter
inside foo’s MethodDeclaration;

→ from inherited methods to their version in a parent class or
interface, paralleling the resolution of the name following
implements or extends;

→ from the method name of a constructor to the name of the
class it constructs.

Notice that, unlike standard name resolution, which resolves
names to a single declaration, parallel edges can connect a
node to multiple relevant nodes in the AST.

Diffmagic builds the causality graph by iterating over all
novel name nodes and collecting their name resolution edges
and parallel edges. It then retains only those edges whose
targets are also novel. The resulting set of novel nodes and
set of connecting edges give us the causality graph for that
version of the program. Diffmagic constructs one causality
graph for the lhs and one for the rhs.

B. Batching Changes

This section describes how Diffmagic uses causality graphs
to compute the change batches displayed to the user.

Diffmagic begins by finding the connected components of
the lhs and rhs causality graphs separately, using a BFS-
based algorithm [30]. Each connected component groups novel
nodes on one side of the diff that are linked by causality and
are therefore considered by Diffmagic as effects of the same
underlying change. In Figure 3, this yields the red connected
component on the left-hand side, and the green connected
component on the right-hand side.

At this point, Diffmagic has only grouped related changes
within each version. We do not want to separate the rename in
Figure 3 into two batches, a deletion and a separate addition,
so we must determine whether an lhs connected component
and an rhs connected component are two independent batches
or two sides of a single rename/substitution.

To understand how Diffmagic unifies them, we observe that
novel nodes in the structural diff are not connected to each



other, whereas unchanged nodes are. Diffmagic therefore looks
for pairs of novel nodes that are children of aligned unchanged
nodes. For example, in Figure 3, the VariableDeclaration

nodes are aligned. This is an indicator that the connected
components of x and y below them need to be unified and
considered together as one batch.

Once all pairings have been made, Diffmagic determines the
category of the batch by examining nodes in the batch with
an outgoing degree of zero (i.e., “sinks” into which causality
flows). If the sinks on the rhs do not have a pairing, the
change batch is rooted in an addition, if those on the lhs have
no pairing, the batch is rooted in a deletion, and if both are
matched it is a rename/substitution.

C. Computing Causality Scores

Once the changes are divided into batches, Diffmagic finds
the cause of the change in each batch. This allows Diffmagic
to both sort the right panel by logical distance from the root
cause and to create the batch’s display name.

For every AST node in a change batch, Diffmagic computes
the causality score by counting the number of nodes that it is
reachable from in the causality graph. For instance, the unified
connected components of the change batch in Figure 3 have
four nodes and two edges. Each of the nodes that is the target
of an edge has a causality score of 1. The two nodes that are
the source of the edges have a causality score of 0. The right
panel is then sorted by the causality score and the top-most
change is marked as the likely source. If there is a tie, as in
the case of Figure 3, the pairings computed while building the
batch are used to check whether the tie is between a pair, i.e.,
between the two halves of a rename, and, if it is, then one
of them is arbitrarily chosen as the source. If there is a tie
between more than two changes, no likely source is denoted.

Finally, we use the likely source to create a display name for
the batch. The change in Figure 3 is identified as a rename, and
its tied top-scoring nodes are x and y, so the naming template
“Variable renamed from □ to □” is used. If there is no likely
source, we compose the name from all tied top-scoring nodes.

D. Diffmagic for Other Languages

Diffmagic is implemented for diffs of Java programs, but
its technique is language-agnostic. In this section, we detail
the requirements for Diffmagic to support other languages.

Most crucially, the idea behind Diffmagic is aimed at stat-
ically typed languages or languages where there is a concrete
definition site for variables and functions (e.g., C#, C++,
Rust, Scala, Haskell, Ocaml, etc.). For example, in Python,
where a variable does not have a single definition, Diffmagic’s
technique will not be able to handle variables.

Next, an implementation of Diffmagic requires a compiler
front-end that resolves names when files are missing. The
Eclipse JDT is an IDE toolkit, designed to deal with projects in
an unstable state; other languages have similar toolkits [1, 41].

Finally, the parallel edges needed to supplement the name
resolution edges may vary by programming paradigm and the
structure of the AST for a given language.

TABLE I: Statistics about the commits used in our study. Java files in project
are counted for the committed version. Line diff changes are the per-line
statistics computed by git.

Java files Changed Line diff
Task Project in project files in diff changes
Tutorial1 Apache Kafka 5,584 2 +121 -95
Task 12 Apache Maven SCM 449 95 +307 -336
Task 23 Apache Flink 11,007 6 +93 -15

2https://github.com/apache/maven-scm/commit/d6391e43b7ea7e51ab50a1a71fc8c325e32b79ad
3https://github.com/apache/flink/commit/e2e10a062a779aabc7717c643623c74ff4cbd5cb

V. USER STUDY

To evaluate Diffmagic, we compared it in a user study
with GitHub Desktop, the viewer on which our tool is based.
Viewing changes through GitHub is considered the industry
standard for viewing diffs, and was reported by 9 out of the
14 participants as the way they usually look at diffs. We asked
the following research questions:

RQ1. Does Diffmagic help programmers get a better un-
derstanding of a change?

RQ2. Is it faster to use Diffmagic for inspecting diffs than
a baseline line diff viewer?

RQ3. What role do change batches play when inspecting a
diff?

This research was performed under the oversight of the insti-
tutional review board at Technion, approval number 2026-015.

A. Participants

We recruited 14 participants, industry developers with
between 2 and 29 years of Java experience (mean = 9,
stdev=8.83), who perform code reviews at work (all: at least
weekly, 13/14: multiple times per week), ensuring they have
experience inspecting commits made by others. We randomly
assigned seven to the control condition, viewing diffs through
a baseline tool, and seven to use Diffmagic. Participants
were compensated for their time with a $30 gift card upon
completion.

B. Tasks

For our study tasks, we selected two commits made in
Apache projects between July and December of 2025 that
were sufficiently interesting for diff comprehension tasks but
not so large as to be impractical for a 20-minute task. For the
tutorial, we used the commit shown in Section III. Statistics
for the commits and their projects are shown in Table I.

Participants were only given the diff, without the rest of the
project or the commit message, so that their comprehension of
the diff would rely solely on the quality of code differencing.
For each of the tasks, participants were given a short prompt
with a reason to inspect the commit in depth, then asked
comprehension questions about the content of the diff.

Task 1: Apache Maven SCM. The Maven SCM library inte-
grates source control systems (e.g., git) into the build process.
The commit used in the task is a refactoring that replaces a
base class with a generic class. This changes the return types of
methods for all inheritors from a base type to a concrete type

https://github.com/apache/maven-scm/commit/d6391e43b7ea7e51ab50a1a71fc8c325e32b79ad
https://github.com/apache/flink/commit/e2e10a062a779aabc7717c643623c74ff4cbd5cb


instantiated in the generic. This change is widely propagated
to implementing classes and their uses, comprising 95 files.
Task type: code review.
Prompt: Participants were asked whether to merge the commit,
as it could introduce a backward-compatibility issue.
Comprehension questions:

1) What was the goal of the commit?
2) What was the main change you saw in the code?
3) What design idea is the change introducing?

Task 2: Apache Flink. Flink is a distributed data processing
framework for large-scale data in real time. The commit used
in the task adds a control flag, ignoreParseError, reads it,
and propagates its logic throughout the code.
Task type: debugging/fault localization.
Prompt: Participants were asked to judge whether the commit
is the cause of a NullPointerException, as git bisect

hinted it may be the cause.
Comprehension questions:

1) What was the goal of the commit?
2) What was the main change you saw in the code?
3) What is the role of the flag that was added to the system?

C. Procedure

We conducted the study via Zoom. Participants were ran-
domly assigned to either use Diffmagic, or the baseline tool,
GitHub Desktop. Participants were first given a brief tutorial
of their assigned tool, then given the two tasks in Section V-B.
Participants were instructed to do what they usually do when
inspecting diffs, e.g., searching the web; they were encouraged
to think out loud, but were not prompted if they chose not to.
Each task ended when the participant came to a conclusion
about the provided prompt, or at a timeout of 20 minutes. Time
to completion for each task was recorded. After each task,
participants were asked the task-specific comprehension ques-
tions. Answers to the comprehension questions were scored
in bulk by the last author, who did not know the assigned
group for each answer. Scores assigned for each question
were 1 (correct), 0.5 (correct but incomplete), or 0 (incorrect),
yielding a total comprehension score between 0 and 3. After
both tasks, participants filled out a post-study survey with five
Likert-scale questions. Finally, participants in the Diffmagic
group who were interested were given additional information
about how the tool works, and GitHub participants who were
interested were shown Diffmagic or had it explained to them,
as the remaining time permitted.

VI. RESULTS

We recorded the task outcomes for our study participants,
shown in Figure 4. Responses to the post-study survey are
shown in Figure 5. We tested statistical significance using a
Wilcoxon rank-sum test [54], which is appropriate for interval
data (correctness scores) and ordinal data (survey results). The
threshold for statistical significance was set at p < 0.1. We
also tested effect size using Cohen’s d [10]. The first and
last authors individually coded participant actions and quotes
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Fig. 4: Task completion times (timeout at 20 minutes) and comprehension
scores (range 0–3) for tasks 1 and 2.

during sessions, then collaboratively grouped these codes. We
report on the observed behavioral patterns.

A. RQ1: Comprehension of the Diff

Task 1: Maven SCM. Task 1 was to review a change spanning
95 files. In the post-task comprehension survey, Diffmagic
users scored higher, with an average score of 2.6 (stdev=0.73)
to GitHub users’ average score of 2.3 (stdev = 0.99). These
results are not statistically significant (p=0.84, d=0.25).

While inspecting the diff, every participant in the GitHub
group except P7 made mention of the change being repetitive,
and of the similar cascading changes being “more of the same”
(P13). P11 described it as “a pretty targeted formulaic change”
with “a Cartesian product of annoyances going on”. P9 said
that what they are interested in are changes “not following the
pattern of the previous classes”. In contrast, in the Diffmagic
group, only P5 made reference to the repetition of the changes,
saying of the many classes changing the way they implement
a modified abstract class, “these are all similar”.
Task 2: Flink. All participants but two got the maximum score
for comprehension after inspecting Task 2: one Diffmagic user
scored 0.5 (correct but incomplete) on two questions, and one
GitHub user scored 0.5 on one question, which, as expected,
is not statistically significant (p=0.96, d=0.24).

In this smaller task, GitHub users were more explicit about
the friction caused by the ordering of files by path: “the entry
point was towards the bottom of the file list” (P1), and “the
actual change [...] was in the fourth file” (P8). Diffmagic users,
on the other hand, moved between Show All and specific batches
to gain a quicker understanding of the diff (P3, P4, P5).
Post-study survey. GitHub users felt it was less easy to
understand the cause of changes (Q1) (p = 0.38, d = 0.62)
and more difficult to locate the interesting part of the diff (Q3)
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Fig. 5: Participants’ ratings in post-study survey. For Q1 and Q4 higher is
better, for Q2, Q3 and Q5, lower is better.

(p=0.6, d=0.39). P8 and P11 mentioned that they would like
“semantic changes” that are based on the goal and on “why are
we changing to this”. P6, a Diffmagic user, said, “this list of
changes that are related was super helpful for figuring out what
it was doing in context”. P10 noted that Diffmagic aligned with
the way they think about diffs: “somebody touches something,
I’m thinking about many of the places where it’s used”.

In Q4, GitHub users almost uniformly disagreed with “the
order in which changes were presented was logical”, while
Diffmagic users were significantly more positive (p= 0.026,
d=1.5). P1, P2, P8, P11, and P13 all made reference to the
alphabetical ordering of file names being unhelpful. P1 also
noted that at work, developers overcome this shortcoming by
adjusting the way file paths and methods are ordered so that a
diff would “go from a higher to a lower level of abstraction”.
P11 mentioned a proprietary code review tool where the diff
is supplemented by a list of files ordered by the committer,
saying it is important “to label file groupings as semantically
effectful”. P5 referred to Diffmagic’s ordering as a “semi-
intelligent grouping”, and found it useful, though they felt like
they “didn’t leverage it enough, especially when I was doing
my first pass-through”.

GitHub users also answered it was harder to connect related
changes across the project (Q5) compared to Diffmagic users
(p=0.31, d=0.72). Few users elaborated on this specifically,
but during Task 1, P14 noted that this is easier in Diffmagic,
“which is nice, seeing which changes are all just related to
this type parameter”.

RQ1: Comprehension

Diffmagic helped participants better understand the root
cause of changes and associate related changes within
the allotted 20 minutes. Participants using Diffmagic
also found its organizational structure helpful, and, over-
all, did not call the large diff repetitive.

B. RQ2: Speed of inspecting the diff

Task 1: Maven SCM. Diffmagic users came to a conclusion
about whether to merge the large change within an average of
16.4 minutes (stdev=4.3). GitHub users came to a conclusion
in an average of 16.6 minutes (stdev=2.9). These results are
not statistically significant (p=1.0, d=0.06). One Diffmagic
user timed out compared to two GitHub users.
Task 2: Flink. Task 2 involved reviewing a much smaller
change, only six files. Diffmagic users decided whether the
error could originate from this change within an average of
9.3 minutes (stdev=4.6). GitHub users came to a conclusion
in an average of 15.7 minutes (stdev = 4.4). These results
are statistically significant (p=0.018, d=1.4). No Diffmagic
participant timed out, compared to two GitHub participants.

This is particularly interesting given the experience gap
between the two groups: Diffmagic participants have, on
average, 6.9 years of experience in Java (stdev=4.67), while
GitHub participants have almost double that, an average of
11.1 years (stdev = 11.6). That they were not considerably
slower in performing Task 1 and were significantly faster
performing Task 2 may speak to the tool’s benefits.
Post-study survey. Among the post-study questions, only in
Q2, “the size of the diff impacted the difficulty of the
task”, did Diffmagic not mark an improvement over GitHub;
Diffmagic users found size to be significantly more impactful
(p=0.072, d=1.3). This can be because, despite the improved
comprehension, the large diff was still a time-consuming task
for users. It is also possible that, having cleared away other
obstacles, the size of the diff remains the main one.

RQ2: Time to Task Completion

Diffmagic helped participants complete tasks faster and
time out less.

C. RQ3: Role of Change Batches

For each Diffmagic user, we computed the proportion of the
task time spent in each of Diffmagic’s views: Show All, change
batches, and Miscellaneous. The results are shown in Figure 6.
In the larger and more repetitive Task 1, participants spent
less time in Show All and more time in change batches. In the
smaller Task 2, participants used Show All more, likely because
it was possible to look through the entire diff. Participants
spent more time in the Miscellaneous view than we anticipated:
P14 explained that they are just “able to ignore all of that [the
change batches], and then look at the miscellaneous ones” to
make sure they did not miss anything.
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Fig. 6: Usage statistics for the different views in Diffmagic.

Using change batches instead of file lists. We observed Diff-
magic users interacting with the list of change batches like
they would with the list of files.

The first instance of this was in a style of navigating diffs
that we observed for several participants (P1, P2, P5, P13) who
rapidly clicked through the interface to change their view of
the displayed diff. At times, this was as quick as 1-2 clicks
per second for long stretches of time. Early in the task, this
took the form of selecting what to click on almost at random,
seemingly getting a sample of the diff, with P1 even focusing
on a specific cross-file change by clicking to rapidly change
between 2–3 files. P5 did this mainly during the first task,
and P1 and P2 did this far more heavily during the first
task than the second. P13 displayed this behavior consistently
throughout their session. For GitHub users, this clicking was
between different files in the diff. The one Diffmagic user who
displayed this behavior (P5), who had both a file list and a list
of change batches available, rapidly clicked between change
batches and not files. (This rapid clicking style contrasts with
quietly staring for long periods of time without scrolling or
clicking, displayed by P3, P4, P7, and P9.)

The second instance was to get a sense of the project’s
structure. GitHub users P1, P7, and P9 did this by looking
through the file list, P1 explaining, “let’s just look at the
package names, and try and get a sense of the structure”. Both
P1 and P7 spent a long time doing this, particularly in the
larger Task 1. In contrast, Diffmagic users P4, P10, P12, and
P14 looked at change batches to the same effect. P4 reasoned
about types of changes as categories, hypothesizing in Task 1
that deletions are more important to start with than additions
for a backwards compatibility problem. In Task 2, P10 went
through every change batch, then went back to Show All for a
wider view. P12 called this “getting an overview” of the diff,
and P14 called it “getting the lay of the land”.
Using batches to validate hypotheses. A complementary pat-
tern to starting with change batches and then moving to
Show All was participants spending the majority of their time
in Show All, and only entering change batches briefly to under-
stand connections to what they were currently inspecting or
to validate a hypothesis. All Diffmagic users except P14 did
this at some point during their session: P3, P4, and P5 as their

main strategy for Task 2. At the end of their session, P6 said
they think this is the better strategy for the bigger diff (i.e.,
Task 1). Similarly, P10 and P12 used this strategy in Task 1.
Proposing to ignore the content of change batches. When
inspecting the diff for Task 1, P14 referred to Diffmagic’s
grouping of similar updates, saying “what I would most likely
use this for is just to be able to ignore all of that”. P8, when
shown Diffmagic after their GitHub session, hypothesized how
they would use Diffmagic outside the study and said that if
they used Diffmagic for code review, they would only use the
left panel: “It’s a lot more important to understand how the
idea works within the system than where they got the value
for a new argument, because I trust whoever did that.”

RQ3: Change Batches

Diffmagic users used change batches to:
▷ Gain insight into the structure of the project.
▷ Rapidly switch back and forth between views.
▷ Validate hypotheses about things they saw in Show All.

In addition, users hypothesized that in a more realistic
code review setting, they would only use the title of
change batches, not their content.

VII. DISCUSSION

In this section, we reflect on the results of our study and
lay out the limitations of the study and of Diffmagic.

A. Advanced ways to use Diffmagic

When building Diffmagic, we envisioned it as a way to
structurally and methodically explore diffs, one batch at a
time, as demonstrated in Section III. While this behavior was
observed in the study, we were surprised by some methods
participants adopted immediately upon encountering the tool.

One such behavior was using change batches to validate
hypotheses formed while viewing the diff in Show All. This
employs Diffmagic’s causal structure as an advanced form of
the navigation to definition usually available in IDEs. Instead
of simply navigating to a definition, switching to the view of
the specific change batch shows a wider picture of related
changes. This also hints that an easier way to skip from
Show All to the specific change batch could aid in this strategy.

The most interesting suggestion, however, was made by P8
and P14: that in the context of code review within a project’s
team, the list of change batches is, on its own, sufficient for
the review. Doing this collapses a code review into a very low-
level design review, where what changes were made is under
review, and developers are trusted to perform them correctly.
P14 went so far as to assign the Miscellaneous view the role
of catching changes outside the list of expected changes, to
make sure nothing else is hiding in the diff.

B. Building Diffmagic on Semantics

Recent advancements in AI, specifically in large language
models (LLMs), are already being leveraged for tasks re-
lated to code change, including automated commit mes-
sages [20, 31], reviewing code [7, 20], automatically resolving



issues [33], and advanced diffing [16]. As LLMs continue to
improve, we will continue to witness more adoption of these
techniques in code diff comprehension and future work can
compare Diffmagic with generative-AI tools, and even explore
the benefits of integrating Diffmagic with such tools.

However, fundamentally, LLMs rely on patterns observed in
text (in our context, code) which can work in many cases but
due to their inherently non-deterministic nature, they cannot
always produce the same result, nor can they be relied upon to
always succeed. Diffmagic takes a more principled approach:
since the compiler front-end will return the same AST and
the same name resolution edges for the same input diff,
Diffmagic yields deterministic batches. Diffmagic also has
practical benefits: it does not require external APIs (or, indeed,
a network connection), and avoids inference costs and reliance
on model services. While in some parts of Diffmagic, LLMs
may be leveraged effectively, e.g., for generating intuitive
display names of the change batches or enhancing the output
of Diffmagic with additional natural language explanations of
the changes, the choice to rely only on semantic information
for the batching process is deliberate. More experienced users
share our view in this regard: P14, who asked for an expla-
nation of how Diffmagic works at the end of their session,
said that they were worried Diffmagic is LLM-based. They
appreciated the reliance on semantics as “then I have some
guarantees about what’s there or not. As much as LLMs are
super useful, I wouldn’t always trust it for that, right?”

C. Limitations and Future Work

Ecological validity of our study. The setup of our study
compromises ecological validity by asking participants to
inspect diffs of unfamiliar code: this is a rarity for developers.
Several participants (P1, P10, P11) remarked on this during
their sessions, while P1, P2, P8, and P14 also said that they
would usually have the ability to run the test suite. This limits
the generalizability of our findings to code review, but we
believe our results of diff comprehension in isolation inform
us about the qualities Diffmagic would have when reviewing
familiar code. Moreover, P5, P8, and P14 theorized about how
they would use Diffmagic for familiar code, showing that users
foresee the tool having value in their day-to-day work.
Ways to strengthen our results. The comprehension tasks
were scored only by the last author, who was blinded to the
treatment. Scoring reliability could be further strengthened
by using multiple independent judges and reporting inter-
rater reliability measures. Additionally, while we evaluated
Diffmagic on one code review task and one debugging task,
additional studies can be designed to focus on a wider range
of tasks and commit types.
The “compiling-commit” assumption. Diffmagic relies on the
assumption that the project compiles both before and after
the change. If this is not the case, Diffmagic will produce
partial results. If either the lhs or rhs has syntactic errors,
the created AST will be only partially correct around those
regions. Because Eclipse JDT still resolves the identifiers that
remain available, Diffmagic can still recover part of the causal

structure, but some causal edges may be missing or incorrect.
In practice, this can produce fewer batches overall, and in some
cases slightly inaccurate batch contents. From our testing,
degradation is gradual: the closer each side is to compiling,
the more complete and reliable the resulting batches are.
Limitations of the causal structure. The causal structure of
the diff is our main organizing principle, but it has several
shortcomings. First, it partitions changes into batches, but does
not order the batches themselves. When reflecting on Task 1,
P6 noted that the main change of the diff “didn’t appear until, I
think, all the way down near the bottom of the list”. Organizing
the batches is an important challenge and requires additional
design work. Possible approaches include sorting them by size
or number of roots, or using LLMs to determine effective
strategies. We leave further exploration for future work.

Additionally, the strict directionality of the causal structure
does not always fit with user perception. When an import is
added or removed, it necessarily becomes the source of its
chain of causality, often making it the likely source of its
batch. P4 specifically pointed out that this is wrong to them,
as a change to the import should be caused by the type’s
use even though name resolution directs in the opposite way.
We have not encountered additional language constructs where
users felt this conceptual ambiguity exists, but they may exist.

Finally, in some cases, Diffmagic can fail to group together
related changes from the lhs and rhs into the same batch.
As discussed in Section IV-B, unifying connected components
into a batch operates by pairing the causality sinks, i.e., nodes
with no outgoing causal edges. If at least one of the nodes
is not a sink, they will not be merged and will wind up in
separate batches, even though they represent both sides of a
change. For example, if a type substitution was made, and the
old or new type has an import statement, Diffmagic finds a
causality edge from the type to the import, making the import
the causality sink, which means the type change itself does not
trigger a union, and the type substitution will not be captured.
When P10 and P14 encountered this specific case they noted it
was confusing, though P10 said that “if I used it for a week,
I would have a very fine-tuned sense of how it works and
why it works”. Implementing P4’s suggestion for the causality
direction for imports may solve this instance of the problem.
Additional context within the diff tool. Several participants
(P7, P8, P12, P13) reported that they use tools that allow
them quick access to additional context about the project from
within the diff view. P5 explained that they do not like to have
more than one application open at a time, which makes the
lack of context limiting. Many mentioned they would have
liked access to additional information outside the diff, like
documentation (P7), the rest of the project (P6, P8, P11, P12,
P13), a call graph (P8), and the build system (P1). P5, P7
and P8 looked up documentation or code for the classes they
encountered within the diff. While such improvements are
not commonly available in diff viewers, and are orthogonal
to the key idea behind Diffmagic, we agree that as part of
making Diffmagic ready for the real world, some of these
improvements could be useful to its future users.



ACKNOWLEDGMENTS

We thank the participants of our study for their enthusiastic
engagement. We are grateful to Yotam M. Y. Feldman and
Valkyrie Savage for giving us feedback on earlier drafts of this
paper, and the reviewers for their valuable feedback in making
it better. Many thanks to Zachary Tatlock who originally
brought this team together. Mooly Sagiv generously supported
Chandrakana Nandi’s pursuit of this research alongside her
responsibilities at Certora. This work was funded by the
European Union (ERC, EXPLOSYN, 101117232). Views and
opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union
or the European Research Council Executive Agency. Neither
the European Union nor the granting authority can be held
responsible for them.

REFERENCES

[1] (2026, Mar.) rust-analyzer. Accessed 2026-03-31.
[Online]. Available: https://rust-analyzer.github.io/

[2] P. Alikhanifard and N. Tsantalis, “A novel refactoring
and semantic aware abstract syntax tree differencing
tool and a benchmark for evaluating the accuracy
of diff tools,” ACM Trans. Softw. Eng. Methodol.,
vol. 34, no. 2, Jan. 2025. [Online]. Available: https:
//doi.org/10.1145/3696002

[3] T. Apiwattanapong, A. Orso, and M. J. Harrold, “Jdiff:
A differencing technique and tool for object-oriented
programs,” vol. 14, no. 1, p. 3–36, Mar. 2007. [Online].
Available: https://doi.org/10.1007/s10515-006-0002-0

[4] A. W. Appel and J. Palsberg, Modern Compiler Imple-
mentation in Java, 2nd edition. Cambridge University
Press, 2002.

[5] P. M. Bittner, A. Schultheiß, B. Moosherr, T. Kehrer,
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