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Random testing has proven to be an effective technique for compiler validation. However, the debugging of
bugs identified through random testing presents a significant challenge due to the frequent occurrence of
duplicate test programs that expose identical compiler bugs. The process to identify duplicates is a practical
research problem known as bug deduplication. Prior methodologies for compiler bug deduplication primarily
rely on program analysis to extract bug-related features for duplicate identification, which can result in
substantial computational overhead and limited generalizability.

This paper investigates the feasibility of employing bisection, a standard debugging procedure largely
overlooked in prior research on compiler bug deduplication, for this purpose. Our study demonstrates that the
utilization of bisection to locate failure-inducing commits provides a valuable criterion for deduplication, albeit
one that requires supplementary techniques for more accurate identification. Building on these results, we
introduce BugLens, a novel deduplication method that primarily uses bisection, enhanced by the identification
of bug-triggering optimizations to minimize false negatives. Empirical evaluations conducted on five real-world
datasets demonstrate that BugLens significantly outperforms the state-of-the-art analysis-based methodologies
Tamer and D3 by saving an average of 33.56% and 10.68% human effort to identify the same number of distinct
bugs. Given the inherent simplicity and generalizability of bisection, it presents a highly practical solution for
compiler bug deduplication in real-world applications.
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1 Introduction
Compilers are among the most fundamental and critical software systems, underpinning nearly
all modern software. Hence ensuring compiler correctness is crucial to guarantee the reliability
of software built upon them. However, the increasing complexity of modern compilers makes
them susceptible to various bugs. These bugs can result in incorrect code generation, leading
to unexpected program behavior and potential security vulnerabilities. Therefore, detecting and
resolving compiler bugs is paramount to maintaining the reliability and correctness of software
systems built upon them.
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Random testing has been proven highly effective for improving compiler correctness by dis-
covering numerous bugs [12, 17–20, 29, 38]. For instance, CSmith [38] successfully discovered
hundreds of bugs in GCC and LLVM by randomly generating C programs to perform differential
testing. By producing numerous test programs, these techniques effectively uncover compiler
bugs. However, in practice, a single bug may manifest through various test programs, resulting in
redundant programs that trigger the same underlying bug. Given the substantial volume of test
programs, classifying these programs based on the specific bugs they expose, referred to as bug
deduplication, remains challenging yet crucial for prioritizing bug reports and reducing developers’
debugging effort. In particular, unlike crash bugs, which can be readily deduplicated using crash
information [9, 37], miscompilation bugs (also known as wrong-code bugs) lack such distinguishing
characteristics, making deduplication significantly more difficult [9, 37].

In the literature, several techniques have been proposed to address the bug deduplication prob-
lem in compilers [9, 11, 37]. These techniques are typically analysis-based, relying on collecting
program features and runtime information to measure similarity among different test cases. For
example, Chen et al. [9] proposed Tamer, which distinguishes bug-triggering programs by analyz-
ing compiler code coverage during test execution. Subsequently, Yang et al. introduced D3 [37],
integrating more detailed static and runtime information to improve bug deduplication accuracy.
While these approaches demonstrate effectiveness in certain contexts, they often involve signifi-
cant implementation complexity and dependencies on external tools, substantially limiting their
practical applicability and generality. In particular, these techniques always depend on test input
minimization tools [25, 31, 39] to clear irrelevant code and reduce the analysis complexity, which
introduces additional overhead to the deduplication process. Thus, a more lightweight, generalizable,
and independent approach for bug deduplication is highly desirable in real-world scenarios.

Modern software projects (e.g., GCC and LLVM) extensively employ version control systems like
Git [3] to manage development activities. These version histories document all the code changes,
thus naturally including the introduction of bugs. In practice, developers frequently perform binary
search, i.e., bisection, on the commit history to identify the exact commit that causes the failure,
facilitating efficient root-cause analysis and bug resolution. While bisection is widely recognized as
a standard debugging technique for its simplicity and effectiveness, leveraging it explicitly for bug
deduplication has remained largely overlooked and unexplored in the literature.

To bridge this gap, we conduct the first systematic study on the feasibility of employing bisection
for deduplicating compiler bugs, specifically focusing on miscompilation bugs. The fundamental
insight guiding our study is that test failures triggered by separate code changes typically indicate
different root causes, i.e., distinct bugs. Thus, the commit identified through bisection, i.e., the first
commit exhibiting the bug, naturally serves as a criterion to deduplicate various bug-triggering
test programs. However, given multiple bugs can be introduced or triggered by a single commit—
a common scenario in compiler development—relying solely on this criterion raises concerns
about that distinct bugs may be mistakenly identified as identical (referred to as false negatives in
§ 3.3). Determining whether such false negatives can be effectively minimized without substantial
additional effort is essential for establishing the practicality of bisection-based deduplication.
Furthermore, the generality and efficiency of this approach are critical factors determining its
applicability in real-world scenarios. To systematically evaluate these aspects, we formulate the
following research questions (RQs):

• RQ1: How effective is using bisection as the sole criterion to deduplicate compiler bugs?
• RQ2: How can false negatives be mitigated when leveraging bisection for compiler bug dedupli-
cation?
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• RQ3: Can a bisection-based bug deduplication approach effectively function without test input
minimization?

• RQ4: How efficient is the bisection-based bug deduplication in practical settings?

RQ1 and RQ2 focus on effectiveness, RQ3 evaluates generality by analyzing dependence on test
input minimization, and RQ4 assesses practical efficiency. By answering these research questions,
we aim to present a comprehensive evaluation on the feasibility of leveraging bisection to dedupli-
cate compiler bugs. To assist the practical application, based on our study findings, we propose
BugLens, a bisection-based bug deduplication approach. BugLens leverages the failure-inducing
commit identified through bisection as the primary criterion, accompanied with examining the bug-
triggering optimizations as a subsidiary factor to mitigate false negatives. Our empirical evaluations
demonstrate that BugLens significantly outperforms two state-of-the-art analysis-based techniques,
Tamer [9] and D3 [37], by saving 33.56% and 10.68% of the human effort on average to identify the
same number of unique bugs, respectively. Additionally, results from RQ3 confirm that the approach
remains largely effective with unminimized test programs, thus providing a valuable alternative
when effective test input minimization is unavailable. RQ4 confirms the practical efficiency of our
approach.

Our study demonstrates that the bisection-based approach is a promising alternative to existing
analysis-based techniques for compiler bug deduplication, releasing the task from the excessive
complexity and limited generality. Our study emphasizes the importance of re-evaluating simple
techniques before resorting to more elaborate solutions. Overall, this paper makes the following
contributions:

• We conduct the first systematic study on the practical feasibility, including effectiveness, general-
ity, and efficiency, of employing bisection for compiler bug deduplication.

• Based on our study findings, we propose BugLens, a bisection-based bug deduplication approach,
which combines the bisection results with the bug-triggering optimizations to provide effective
bug deduplication.

• Empirical evaluations conducted on five real-world datasets demonstrate that BugLens signifi-
cantly outperforms the state-of-the-art analysis-based methodologies in deduplication effective-
ness, while exhibiting greater simplicity and generality.

2 Preliminaries
This section provides essential background information required to understand compiler bug
deduplication and underscores the limitations of existing approaches.

2.1 Challenges in Random Testing
Random testing enhances compiler correctness by automatically generating large amounts of
random test programs to expose compiler bugs [17, 19, 29, 38]. Although random testing has proven
effective at identifying new bugs, it faces two major challenges in practice.

First, randomly generated test programs that trigger compiler bugs are often large and complex,
typically containing a substantial amount of bug-irrelevant code, which complicates the debugging
process. A recent study [30] on bug characteristics in GCC and LLVM reports that minimized
test programs average only about 30 lines of code to trigger compiler bugs, whereas the original,
non-minimized programs frequently span hundreds or even thousands of lines. Automated test
input minimization techniques, such as Delta Debugging [39], have proven effective in alleviating
this issue. However, the process remains computationally expensive, often requiring hours to
minimize a single program [25, 31].
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The second issue is that program generators tend to produce numerous duplicate programs which,
despite syntactic differences, trigger the same underlying bug. For instance, in one dataset used
in our study, 1,235 C programs generated by CSmith [38], a state-of-the-art C program generator,
trigger only 29 unique bugs in the GCC-4.3.0 compiler. Deduplicating these programs and selecting
proper ones for investigation are crucial for efficient debugging. The objective is to identify as
many distinct bugs as possible while minimizing the number of test programs developers need to
analyze. Ideally, with an effective deduplication strategy, only 29 programs would be required to
manifest all of these bugs. Effective bug deduplication would significantly reduce the number of
cases developers need to investigate, saving considerable time and effort.

2.2 Analysis-Based Compiler Bug Deduplication
In the literature, several techniques have been proposed to tackle the bug deduplication prob-
lem in compilers [9, 11, 37]. A common strategy among these techniques is to reformulate bug
deduplication as a test case prioritization problem. Specifically, by assessing the similarity among
test cases, these approaches prioritize cases likely to reveal distinct bugs. When measuring the
similarity between test cases, these approaches are typically analysis-based, collecting various
program features and runtime information to predict if two test cases trigger the same underlying
bug. The state-of-the-art techniques include:
Tamer. Chen et al. [9] are the first to systematically formulate and study the bug deduplication
problem in compiler testing. They proposed a technique named Tamer, which measures the dis-
tance between pairs of bug-triggering programs using various static program features (e.g., types,
operators and loops) and runtime information (e.g., execution output, line and function coverage).
Based on the distance, Tamer prioritizes test programs that are more distant from others, as they
are more likely to trigger distinct bugs. Their evaluation showed that Tamer achieved optimal
performance with using compiler function coverage as the distance metric.
Transformer. Donaldson et al. [11] proposed a technique, referred to as Transformer, specifically
tailored for transformation-based compiler testing. The fundamental insight of Transformer is that
two bug-triggering programs generated by identical transformation operations tend to trigger the
same bug. While Transformer incurs minimal additional cost — since transformation operations
are inherently part of the testing process — its practical utility is limited due to its narrow focus on
transformation-based testing. Another study [37] further demonstrated that Transformer performs
poorly when extended to general compiler testing scenarios.
D3. Most recently, Yang et al. [37] introduce D3, which performs a three-dimensional analysis
to enhance the effectiveness of bug deduplication. Their approach is grounded on the observation
that three distinct dimensions of information are crucial for effectively characterizing compiler
bugs: 1 the program features of the test program triggering the bug, 2 the compiler optimizations
necessary to reproduce the bug, and 3 the execution information of the compiler on the program.
D3 assesses the similarity between test programs using a three-dimensional distance metric that
integrates these dimensions. Although collecting detailed information facilitates more effective
deduplication, it also increases the complexity and overhead of the process.

While these techniques are theoretically sound and show acceptable results in certain scenarios,
inherent limitations restrict their practical applicability in real-world scenarios.
Complex Implementation and Limited Generality. Analysis-based methods rely heavily
on collecting detailed program and execution features to measure the similarity between test
cases. Such implementations are typically complex and heavily dependent on external tools. For
example, Tamer and D3 both utilize Gcov [1] to collect coverage information, and D3 additionally
requires tree-sitter [2] for AST transformations, GumTree [13] for AST difference extraction, and
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spectrum-based fault localization (SBFL) tools [27] for identifying buggy code. These dependencies,
often language-specific, limit the generality of these methods, requiring substantial effort to adapt
them to different domains. Although Transformer is less dependent on detailed program analysis,
its scope is narrowly confined to transformation-based testing scenarios. In this context, a more
generalizable bug deduplication approach applicable across diverse domains is highly desirable.
Strong Reliance on Test Input Minimization. As discussed in § 2.1, compiler fuzzers typically
generate large and complex programs filled with bug-irrelevant code, which complicate the debug-
ging process. These extraneous elements also hinder the effectiveness of current analysis-based bug
deduplication methods, making them unable to provide prominent improvements over a random
selection baseline when handling unminimized programs [9, 37]. In particular, Chen et al. [9]
explicitly emphasize the necessity of test input minimization for effective bug deduplication:

“Our view is that attempting to tame a fuzzer without the aid of a solid test-case reducer
is inadvisable.”

— Chen et al. in Tamer’s paper [9]

Moreover, D3 is even infeasible to apply to unminimized test programs. For instance, a critical
step in D3 is to mutate a bug-triggering program into a passing one, which is nearly impossible
to success on large and complex programs. As a result, both Tamer and D3 require test input
minimization as a prerequisite, relying on external tools such as C-Reduce [25] and Perses [31].

However, test input minimization is time-consuming and computationally expensive. For exam-
ple, it could take hours to minimize a single bug-triggering C program generated by CSmith [38],
with state-of-the-art reducers like C-Reduce [25]. To this end, minimizing every test input for the
purpose of deduplication becomes undesirable. Ideally, deduplication would occur independently
of minimization, with only a small subset of test inputs needed to be minimized for reporting and
debugging purposes. Given the high volume of duplicate test inputs, minimization has become
a critical bottleneck in current analysis-based deduplication approaches. Additionally, bug slip-
page [9]—where the original and minimized versions of a test case trigger different bugs—may occur
during minimization, further complicating the process. In this context, a deduplication approach less
reliant on test input minimization would be significantly beneficial.

2.3 Version Control Systems and Bisection
Version Control Systems (VCSs) [28] are essential tools for managing changes to source code over
time. They facilitate collaboration, trackmodifications, and enable reversion to earlier versions when
necessary. VCSs play a vital role in modern software development by ensuring that all changes are
systematically recorded and maintained. As a result, the documentation of code changes naturally
includes the introduction of bugs. Bisect is a powerful feature supported by many VCSs—most
notably in Git [14]—that allows developers to efficiently identify the specific commit in which a
bug or issue was introduced. By automating a binary search through the commit history, bisection
significantly streamlines the debugging process. While bisection is widely adopted and studied for
debugging purposes, its potential application in bug deduplication remains largely overlooked and
underexplored in the existing literature.

2.4 Motivation
The limitations explained in § 2.2 inevitably restrict the practicality of analysis-based deduplication
approaches in real-world scenarios. This highlights the practical need for a more generalizable, easy-
to-implement, and less-dependent approach. Bisection, given its high simplicity and effectiveness,
motivates us to conduct this study to explore its potential for compiler bug deduplication. The
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fundamental insight driving this approach is that test failures introduced by different commits
should correspond to different root causes, i.e., distinct bugs.

By exploring development history through bisection, our study aims to provide a simple, generalizable,
and effective perspective on bug deduplication, reducing the complexity and overhead associated with
existing analysis-based techniques.

3 Effectiveness
Effectiveness is of paramount importance in compiler bug deduplication, as it directly impacts
the practical utility of the deduplication approach by determining how much human effort can be
saved in debugging. To explore this, we pose two effectiveness-oriented research questions:
• RQ1 (Bisection as the Sole Criterion): How effective is using bisection as the sole criterion to
deduplicate compiler bugs?

• RQ2 (False Negative Mitigation): How can false negatives be mitigated when leveraging
bisection for compiler bug deduplication?
By answering these questions, we aim to demonstrate the feasibility of deduplicating compiler

bugs with bisection and provide practical guidelines for its application in real-world scenarios.

3.1 Datasets
In this study, we use five datasets. Four are drawn from prior work on compiler bug deduplica-
tion [9, 37] and compiler testing [7, 8], while the fifth is newly constructed for this study. When
constructing these benchmark suites, we strive to reproduce each test failure within our experimen-
tal environment, while excluding test programs that meet either of the following criteria: (1) they
exhibit undefined behaviors (UBs), as compilers are not designed to produce consistent outputs for
such cases and may make arbitrary decisions—such as applying optimizations—around UBs; or (2)
the associated bugs could not be reliably reproduced in our experimental environment. The latter
exclusion primarily results from differences in system configurations or architectures and affects
only a minimal number of cases.

Table 1. The number of test programs and unique bugs in each dataset.

Dataset Number of Programs Number of Bugs

GCC-4.3.0 1,235 29
GCC-4.4.0 647 11
GCC-4.5.0 26 7
LLVM-2.8.0 80 5
GCC-13.1.0 42 7

Through considerable effort, we constructed five well-organized datasets. As summarized in
Table 1, each dataset comprises a collection of bug-triggering test programs associated with a
specific compiler version. The first four datasets, namely GCC-4.3.0, GCC-4.4.0, GCC-4.5.0, and
LLVM-2.8.0, cover all publicly available benchmarks that have been used in prior work on compiler
bug deduplication, thereby ensuring both comparability and comprehensiveness.

Although comprehensive, these datasets are relatively old, involving compiler versions released
more than a decade ago. To further validate the generalizability of our approach in modern compiler
development settings, we constructed a new dataset for a recent compiler version, i.e., GCC-13.1.0.
We built this dataset as follows. To obtain a set of distinct bug-triggering programs, we first used
LegoFuzz [? ], a recently proposed compiler fuzzing framework, to stress test GCC-13.1.0. Consistent
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with the scope of this study, we focused exclusively on silent miscompilation bugs. During a two-
week fuzzing campaign, LegoFuzz generated 42 programs that triggered miscompilation bugs in
GCC-13.1.0. To determine the ground truth, i.e., the unique bugs triggered by these programs, we
adopted the correcting-commit method used in prior work by Tamer [9]. Specifically, for each
bug-triggering program, we first identified a good version later than GCC-13.1.0, such as GCC-14.1.0,
that executes the program correctly. We then performed bisection between GCC-13.1.0 and the
good version to identify the first commit that fixed the bug and caused the program to execute
correctly. Programs that shared the same correcting commit were then grouped as triggering the
same bug. Note that this method cannot be used to deduplicate new bugs without known patches,
thus does not threaten the validity of our study. Using this method, we constructed a dataset of 42
test programs that trigger 7 unique miscompilation bugs in GCC-13.1.0.
Importantly, all bugs and bug-triggering programs in these datasets were originally collected

from real-world compiler testing efforts [7, 8, 38? ], which ensures the practical relevance of our
study. The datasets feature two major compilers, GCC and LLVM, both of which have long and
complex development histories, allowing the datasets to faithfully reflect the intricacies of real-
world compiler development and testing scenarios. The high ratio of test programs to unique
bugs in each dataset underlines the practical challenge of compiler bug deduplication in realistic
settings. Among the five datasets, the GCC-4.3.0 dataset stands out as the largest and most complex,
representing the most challenging case for deduplication.

3.2 Bisection as the Sole Criterion
In the first place, we investigate how effective the results of bisection, i.e., the failure-inducing
commits, serve as the sole criterion for compiler bug deduplication. This examination establishes
the foundation for our subsequent study.

3.2.1 Methodology. We follow the workflow of existing bug deduplication research [9, 11, 37],
which prioritizes test programs based on customized distance metrics. Specifically, our bisection-
based deduplication approach involves the following steps:
▶ Step 1 (Bisection Range Initialization): For each test program P in the dataset, we initialize a
bisection range with a known-good version (V✓) and a known-buggy version (V×). V× is obviously
the compiler version exhibiting the bug, e.g., GCC-4.3.0. To quickly determine V✓ , we build a
series of main releases of the target compiler (e.g., GCC-4.2.0, GCC-4.1.0, etc.). Then we check the
behavior of P with each of these versions, and set V✓ to the first version before V× where the bug
no longer manifests with P. We maintain a list of pre-built compiler binaries to facilitate quickly
narrowing down the bisection range.
▶ Step 2 (Failure-inducing Commit Localization): For each program P in the dataset, we perform
bisection, technically a binary search, within the identified range (V✓ to V×) on the compiler’s
commit history to locate the earliest commit c that induces the failure for P.
▶ Step 3 (Distance Calculation): The distance between two test programs reflects their estimated
similarity in terms of bug triggering. In our approach, we calculate the distance between two
programs based on the time interval between their corresponding failure-inducing commits. Given
two test programs P𝛼 and P 𝛽 , with their failure-inducing commits c𝛼 and c 𝛽 , the distance D
between them is defined as:

D(P𝛼 , P 𝛽 ) = Dbisect (c𝛼 , c 𝛽 ) = |𝑡 (c𝛼 ) − 𝑡 (c 𝛽 ) | (1)

where 𝑡 (c) denotes the timestamp of the commit c in integer seconds. The underlying rationale is
that a larger time interval indicates greater likelihood that the test programs correspond to distinct
bugs.
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▶ Step 4 (Test Program Prioritization): Prioritization aims to order test programs such that those
triggering distinct bugs appear earlier, thus facilitating faster identification of unique bugs. Using
the calculated distances, we prioritize test programs according to the furthest point first (FPF)
algorithm [15], which always selects the next element that is farthest from all previously chosen
ones, thereby ensuring that more diverse programs appear earlier in the ranked list. Specifically,
we start with an empty list L, and randomly select the initial test program to append to L. Then, for
each remaining program, we compute its distances to all programs already in L, and record the
minimum distance. The program with the largest minimum distance is selected next and appended
to L. This process continues until L contains all the test programs. The resulting ranked list then
serves as the guidance for the bug reporting and fixing process, allowing developers to efficiently
identify and resolve diverse bugs while reviewing fewer programs, significantly reducing their
debugging effort.

3.2.2 Implementation. We automated the bisection-based bug deduplication approach using git
bisect [14], a built-in Git functionality, together with a set of helper scripts. Specifically, git
bisect performs binary search automatically within the compiler repository and, at each step,
invokes a predefined test script to determine whether the current compiler version is good or bad for
the given test program. This script builds the compiler at the current commit, compiles and executes
the test program with the resulting compiler, and returns 0 or 1 to indicate whether the behavior
is good or bad. To further accelerate the process, we took several additional measures. First, we
maintained a list of prebuilt compiler binaries to quickly narrow the bisection range. Specifically, we
built a series of major releases of the target compiler. For example, when deduplicating bugs in GCC-
4.3.0, we built several earlier releases, such as GCC-4.2.0 and GCC-4.1.0. For each test case, we then
checked the program’s behavior on these versions from newest to oldest and selected as the good
version the latest one before the bad version in which the bug no longer manifests. This substantially
narrowed the bisection range and reduced the cost of bisection. In addition, compiler versions built
during bisection were cached and reused in subsequent bisection jobs, further reducing time and
resource consumption. As shown in § 5, this caching mechanism significantly reduces the total
number of required builds and thereby improves efficiency.

Because some compilers in our datasets are relatively old and may be incompatible with modern
system configurations, we adopted a container-based setup to provide a consistent and controlled
environment for the bisection process. In particular, we ran the process inside an Ubuntu 12.04
container, whose software environment is better suited to the targeted compiler versions. This
container-based setup was required only for our study because of the age of the datasets; it does
not limit the applicability of the approach in real-world settings, where the compilers under test
are typically much more recent.

3.2.3 Compared Techniques. In this study, we compare the bisection-based deduplication approach
with two state-of-the-art analysis-based techniques introduced in § 2.2, namely Tamer [9] and
D3 [37]. For Tamer, we adopt the compiler function coverage achieved by the bug-triggering test
program, i.e., the number of execution times for each function, as the distance metric, which is
shown to be the most effective metric [9] and has been adopted by prior work for evaluation [37].
For D3, we follow the default configurations provided in the original paper. We do not include
Transformer [11] in our comparison, as its scope is limited to transformation-based compiler testing.
Moreover, prior work [37] has demonstrated that its performance degrades significantly when
applied to general compiler testing scenarios.

3.2.4 Metrics. The primary goal of bug deduplication is enabling developers to uncover the
maximum number of distinct bugs by examining as few test programs as possible. As this research
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question serves as the initial exploration, we adopt the intuitive metric of a bug discovery curve for
preliminary evaluation of effectiveness. A bug discovery curve visually illustrates how efficiently
a ranked list enables the examination of the test cases one by one to encounter at least one
representative from each distinct bug category [22, 35]. Thus, a steeper curve is preferable, indicating
greater deduplication effectiveness. The bug discovery curve provides a visually intuitive assessment
of whether bisection alone effectively functions as a bug deduplication criterion. For a more
quantitative evaluation at a large scale, we later adopt the metric of wasted effort, which calculates
the number of test cases examined before identifying each distinct bug.

(a) First 100 tests (b) All tests

Fig. 1. Bug discovery curves of Bisection-Sole, Tamer, D3 and the baseline on the GCC-4.3.0 dataset.

3.2.5 Results and Analysis. To answer RQ1, we perform the bisection-based deduplication approach
described in ?? on the GCC-4.3.0 dataset, selected for its largest size and highest complexity
among the five datasets. To alleviate the impact of randomness in the prioritization process, each
deduplication approach was repeated one hundred times, and we report the averaged results. The
bug discovery curves of the three evaluated techniques, namely Tamer, D3, and Bisection-Sole,
are presented in Figure 1, along with a random ordering baseline. The shaded region represents
one standard deviation above and below the mean. Figure 1a specifically shows the results for the
first 100 test cases examined, reflecting common developer practices where not all bug reports
would be thoroughly examined [9, 10, 16, 37]. Figure 1b provides a view of the entire deduplication
process. Overall, the results shown in these curves are encouraging, demonstrating the technical
feasibility of using bisection as a criterion for deduplicating compiler bugs. Specifically, as depicted
in Figure 1a, Bisection-Sole successfully identifies 24 unique bugs within the first 100 test programs
examined, which is more than the 22 bugs identified by Tamer and slightly fewer than the 25 bugs
identified by D3. Given the inherent simplicity of bisection, these findings offer promising support
for the practical potential of using bisection for compiler bug deduplication.
However, the limitation of using such a single-criterion strategy is also apparent. As shown

in Figure 1b, after identifying 24 bugs by examining 64 test programs, the discovery curve of
Bisection-Sole exhibits several prolonged plateaus, significantly slowing the identification of new
bugs. Ultimately, Bisection-Sole requires examining an average of 1027.17 test programs to uncover
all 29 bugs in the dataset, which is substantially more than the 489.83 and 453.21 cases required by
Tamer andD3, respectively, and only slightly fewer than the random baseline. This low effectiveness
is primarily attributed to the misclassifications in the deduplication results. These misclassifications
can be categorized into two types:
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(1) False positives, where programs triggering the same underlying bug are incorrectly classified
as distinct due to different bisection results.
(2) False negatives, where programs triggering distinct bugs are incorrectly grouped together

due to the same bisection result.
False positives naturally arise because a single bug may manifest in various ways, leading to

different failure-inducing commits (a failure-inducing commit is not necessarily the root cause of
the bug, which may simply make the bug triggerable by a program). Given this inherent nature of
compiler bugs, false positives are not unique to our bisection-based approach, but prevail in other
deduplication methods as well. For instance, for analysis-based approaches, false positives occur
when two test programs triggering the same bug are classified as distinct due to different analysis
results, i.e., different execution paths or different covered code regions. The direct consequence
of false positives is the generation of duplicate bug reports, which require manual effort from
developers to filter out.
Conversely, false negatives pose a more serious problem, as they directly result in overlooked

bugs unless all test cases are examined—contrary to the fundamental goal of bug deduplication, and
often impractical in real-world scenarios [9, 10, 16]. In our approach which uses bisection results
as the sole criterion, false negatives typically stem from scenarios such as large single commits
introducing multiple different bugs, which are frequent occurrences in compiler development. In
other cases, commits modifying configuration flags (e.g., macro definitions) might disclose multiple
bugs across different compiler components. Instead of manually investigating each occurrence,
developing an effective yet lightweight strategy to mitigate such false negatives is crucial, forming
the core focus of RQ2.

RQ1: Employing bisection as the criteria to deduplicate compiler bugs is technically feasible,
as demonstrated by its effectiveness in identifying the majority of bugs within the GCC-4.3.0
dataset. However, the overall performance and practical utility could be further improved with
extra strategies to mitigate the occurrence of false negatives.

3.3 RQ2: False Negative Mitigation
The presence of false negatives poses a practical limitation to the utility of bisection-based bug
deduplication. In this research question, we investigate strategies to mitigate this issue and improve
the overall effectiveness of bug deduplication using bisection. To preserve the inherent simplicity
and efficiency of bisection, any additional measures introduced to mitigate false negatives must
remain lightweight, avoiding complex, analysis-based methods. Within this context, examining
various compiler modes and configurations that trigger bugs across different programs provides
a promising direction. In particular, given that modern compilers typically support customizable
optimization settings—and that complex optimizations are frequently a source of compiler bugs [17,
38]—exploring these optimizations as potential bug-triggering factors aligns well with our goal of
developing a simple yet effective solution.

In compiler testing, test programs are typically executed under various optimization levels, and
bugs may manifest exclusively when specific optimizations are enabled. Common optimization
flags in GCC and LLVM, such as -O1, -O2, -O3, and -Os, enable predefined sets of optimizations
that can influence bug manifestation. However, not all optimizations enabled by these flags are
directly responsible for triggering the bugs. For example, two test programs might both trigger
bugs under -O3, but one bug could be caused specifically by the optimization -tree-fre, while the
other might result from -inline-small-functions. Thus, pinpointing the exact optimizations
responsible for triggering each bug is crucial.
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Previous work [37] leverages the idea of Delta Debugging [39] to identify the minimal opti-
mization set that still triggers a given bug. While this approach is effective in principle, it faces
a practical limitation: some basic optimizations within predefined optimization levels (e.g., -O1,
-O2) are implicitly enabled and cannot be directly controlled via command line flags. These implicit
optimizations are sometimes the precondition for triggering a bug. For example, in our datasets,
some test programs trigger bugs under -O1, yet the bugs persist even after all explicit optimizations
associated with -O1 are disabled. Conversely, enabling these optimizations individually without
using -O1 fails to reproduce the bug. Identifying such implicit optimizations typically requires
in-depth examination of the compiler source code—an effort-intensive process that conflicts with
our goal of maintaining simplicity. To resolve this issue, we propose reversing the original strategy.
Rather than explicitly enabling optimization flags to trigger a bug, we retain the original opti-
mization level (e.g., -O1), and selectively add flags to disable optimizations outside the minimal
triggering set. This reversed approach allows us to isolate critical optimizations without the need
for source-level analysis. The resulting optimization configuration is then integrated with the
bisection outcomes to form a combined deduplication criterion.

3.3.1 Methodology. The overall deduplication process remains consistent with that described in
RQ1, except we introduce an additional step to extract optimization information for false negative
mitigation, and modify the distance calculation step accordingly.
▶ Extra Step (Optimization Information Extraction): For each test program P in the dataset, suppose it
initially triggers a bug under a certain optimization level, denoted generically as O. In our datasets,
O is one of the standard optimization levels defined by the GCC and LLVM compilers, i.e., O0, O1, O2,
O3, and Os. Each optimization level explicitly enables a set of optimization passes O ≔ {𝑜1, 𝑜2, ..., 𝑜𝑛}.
We then apply the minimizing Delta Debugging (ddmin) algorithm [39] to identify the minimal set
of optimization passes that is necessary to trigger the bug with P. Generally, ddmin is a divide-and-
conquer approach that iteratively partitions a set into smaller subsets, identifying and removing
unnecessary items. Specifically, ddmin first splits the list of passes into 𝑛 = 2 partitions. Then, it
traverses each partition and checks whether there is a partition that can solely trigger the bug with
P. If so, it removes all other partitions and starts over with the remaining partition. Otherwise, it
traverses each partition again to check whether the complement of any partition can trigger the
bug with P. If so, it removes the partition and starts over with the remaining partitions. If the list
cannot be reduced during the above process, ddmin further splits the list into 2𝑛 partitions and
repeats the above steps. Throughout the process of ddmin, when checking the bug-triggering with
a subset of optimizations passes, we always keep the original optimization level O in execution,
and selectively disable optimization passes outside the subset by adding disabling flags (formatted
as -fno-{pass_name} in GCC and LLVM) to the compiler command line. This approach ensures
that basic optimizations inherently tied to the optimization level remain active, eliminating the
need for manual inspection of the compiler’s internal implementation. Eventually, we obtain a
minimal set of optimization passes, O′ = {𝑜1, 𝑜2, ..., 𝑜𝑚} ⊆ O, where𝑚 ≤ 𝑛, that are necessary to
reproduce the bug for the given test program P.
▶ Revised Step 3 (Distance Calculation): To calculate distances between test programs, we construct
vectors that represent their respective bug-triggering configurations. Specifically, each test program
is encoded as a vector v = [𝑣0, 𝑣1, ..., 𝑣𝑛], where 𝑛 is the total number of optimization passes
supported by the compiler. The first element 𝑣0 ∈ {O0, O1, O2, O3, Os} denotes the optimization level
under which the bug manifests. The remaining elements 𝑣1, 𝑣2, ..., 𝑣𝑛 are binary values indicating
whether the corresponding optimization pass is included in the minimal bug-triggering set O′.
Specifically, for 𝑖 ∈ [1, 𝑛], 𝑣𝑖 = 1 if the corresponding optimization pass is part of O′, and 0 otherwise.
Then, the distance between two vectors v𝛼 = [𝑣𝛼0 , 𝑣𝛼1 , ..., 𝑣𝛼𝑛 ] and v𝛽 = [𝑣𝛽0 , 𝑣

𝛽

1 , ..., 𝑣
𝛽
𝑛 ] is computed as
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(a) First 100 tests (b) All tests

Fig. 2. Bug discovery curves of BugLens, Tamer, D3 and the baseline on the GCC-4.3.0 dataset.

follows:

Dopt (v𝛼 , v𝛽 ) =
1

𝑛 + 1

𝑛∑︁
𝑘=0

I(𝑣𝛼
𝑘
≠ 𝑣

𝛽

𝑘
) (2)

where I(𝑥) is the indicator function, returning 1 if its argument is true and 0 otherwise. The distance
value is normalized to the range [0, 1] and serves as a complementary criterion to the original
distance measure based on the time interval between failure-inducing commits. Thus, the revised
distance D between two test programs P𝛼 (with bug-inducing commit c𝛼 and optimization vector
v𝛼 ) and P 𝛽 (with bug-inducing commit c 𝛽 and optimization vector v𝛽 ) is defined as:

D(P𝛼 , P 𝛽 ) = Dbisect (c𝛼 , c 𝛽 ) + Dopt (v𝛼 , v𝛽 ) (3)

where Dbisect (c𝛼 , c 𝛽 ) is the original distance measure defined in ??, computed as the time inter-
val between the failure-inducing commits c𝛼 and c 𝛽 . This revised distance metric allows us to
distinguish between bugs that cannot be differentiated by bisection alone, thereby reducing false
negatives.
The remaining steps of the deduplication process follow the same procedure as in RQ1. Test

programs are prioritized using the combined distance measure in a furthest-point-first (FPF) order,
ensuring that those triggering distinct bugs appear earlier in the list. This ranked list then serves
as a strong guide for bug reporting and resolution, potentially saving substantial developer effort.
We refer to this refined approach as BugLens.

3.3.2 Results and Analysis. We maintain the same experimental settings from RQ1, and perform
bug deduplication with BugLens, Tamer, and D3 on the GCC-4.3.0 dataset. The bug discovery
curves are shown in Figure 3. As illustrated in Figure 3a, during the early stage, BugLens continues
to perform competitively with D3 and still outperforms Tamer. Specifically, during the first 100 test
case examinations, BugLens successfully identifies 27 distinct bugs, while D3 and Tamer identify 25
and 22 bugs, respectively, indicating that BugLens is slightly more effective than the analysis-based
approaches in the early stages. The benefit of incorporating optimization information as a comple-
mentary criterion becomes evident in the middle-to-late stages, where it successfully distinguishes
cases that could not be differentiated solely by bisection results. Specifically, as presented in Fig-
ure 3b, with BugLens, only 176.23 test case examinations are required on average to identify all
29 bugs in the dataset, which is a substantial reduction of 64.02% compared to Tamer (489.83) and
61.12% compared to D3 (453.21). Notably, compared to Bisection-Sole, which requires examining
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1027.17 test cases on average to identify all bugs, BugLens reduces the number of test case exami-
nations by 82.9%. These results demonstrate that leveraging specific bug-triggering optimizations
provides an effective strategy for mitigating false negatives in compiler bug deduplication with
bisection.

RQ2: Exploring bug-triggering optimizations offers a promising way to reduce false negatives
in bug deduplication while requiring only a modest extra effort. BugLens then significantly
outperforms the other evaluated techniques in overall effectiveness, by saving 64.02% and
61.12% of the wasted effort compared to Tamer and D3, respectively. Given the simplicity of
techniques involved, BugLens offers a highly practical solution for compiler bug deduplication
in real-world development and testing.

3.4 Large Scale Evaluation
The findings from RQ1 and RQ2 give rise to BugLens, a new bisection-based approach to compiler
bug deduplication, that follows a fundamentally different technical direction from existing analysis-
based techniques. BugLens leverages the failure-inducing commits obtained from bisection as the
primary criterion of deduplication, and identifies the specific bug-triggering optimizations as a
complementary factor to mitigate false negatives. Given the encouraging finding from RQ1 and
RQ2, we stand poised to evaluate BugLens on a larger scale, across all five datasets introduced
earlier, to further validate its effectiveness and practical utility. In this comprehensive evaluation,
we employ a more fine-grained metric, namely wasted effort. Compared to the visually intuitive
bug discovery curve, the wasted effort metric provides a quantitative measure, indicating precisely
how many test cases must be examined before each distinct bug is identified. A lower wasted
effort reflects a more effective deduplication process, directly highlighting the reduction in human
debugging effort achieved by the deduplication technique.
We compare BugLens with Tamer and D3, and present the detailed results in Table 2. The “ID”

column represents each distinct bug identified; however, it is worth noting that an “ID” does not
necessarily correspond to the same bug across different techniques, as the order of bug identification
may vary. The columns Δ% (Tamer) and Δ% (D3) indicate the relative improvement of BugLens
over Tamer and D3, respectively. Overall, the results clearly demonstrate that BugLens significantly
outperforms both Tamer and D3 by saving the wasted effort in identifying each distinct bug.
Specifically, BugLens outperforms Tamer in 48 out of 54 cases by reducing an average of 20.98
(33.56%) test case examinations to identify each bug. Similarly, BugLens achieves better performance
than D3 in 40 cases, saving an average of 6.75 (10.68%) test case examinations per bug. While a few
cases exist where Tamer and D3 achieve slightly better results, the differences remain marginal.
In fact, Tamer and D3 only save an average of 0.26 and 1.53 wasted effort than BugLens in these
cases, respectively.

Furthermore, to validate the statistical significance of the results, we conduct pairwise Wilcoxon
signed-rank tests [36] on the wasted effort data from the two larger datasets (GCC-4.3.0 and GCC-
4.4.0); the other two datasets have too few unique bugs to justify statistical analysis. The p-values
are all less than 0.05 (0.0001 and 0.03 for Tamer and D3 on GCC-4.3.0, respectively, and 0.002 for
both Tamer and D3 on GCC-4.4.0), indicating that the improvements of BugLens over both Tamer
and D3 are statistically significant.

4 Generality
The results presented in § 3 successfully demonstrate the effectiveness of bisection-based bug dedu-
plication. However, effectiveness alone does not ensure the practical utility of a bug deduplication

Proc. ACM Softw. Eng., Vol. 3, No. ISSTA, Article ISSTA066. Publication date: October 2026.



ISSTA066:14 Xintong Zhou, Zhenyang Xu, Yongqiang Tian, and Chengnian Sun

Table 2. Comparison of wasted effort between BugLens and other analysis-based techniques.

GCC-4.3.0

ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3) ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3)
2 2.06 2.0 -3.00% 2.0 -3.00% 16 28.05 41.67 32.69% 27.24 -2.97%
3 3.08 3.0 -2.67% 3.16 2.53% 17 30.76 44.93 31.54% 30.11 -2.16%
4 4.08 4.16 1.92% 4.46 8.52% 18 34.69 52.74 34.22% 34.01 -2.00%
5 5.71 5.16 -10.66% 5.75 0.70% 19 38.12 62.13 38.64% 38.99 2.23%
6 6.92 6.24 -10.90% 6.94 0.29% 20 42.57 67.47 36.91% 48.35 11.95%
7 7.96 7.77 -2.45% 8.32 4.33% 21 57.78 83.95 31.17% 54.86 -5.32%
8 9.35 9.34 -0.11% 9.59 2.50% 22 67.09 94.89 29.30% 61.76 -8.63%
9 10.57 10.88 2.85% 11.12 4.95% 23 71.18 112.25 36.59% 68.4 -4.06%
10 11.76 14.52 19.01% 12.94 9.12% 24 77.01 119.29 35.44% 76.5 -0.67%
11 13.24 17.22 23.11% 15.08 12.20% 25 84.15 125.72 33.07% 91.08 7.61%
12 15.18 18.51 17.99% 17.53 13.41% 26 92.8 142.27 34.77% 103.83 10.62%
13 18.0 22.62 20.42% 19.55 7.93% 27 99.26 173.8 42.89% 118.84 16.48%
14 20.16 27.33 26.23% 21.99 8.32% 28 128.41 302.32 57.53% 132.83 3.33%
15 24.21 36.74 34.10% 24.56 1.43% 29 176.23 489.83 64.02% 453.21 61.12%

GCC-4.4.0

ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3) ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3)
2 2.00 3.90 48.72% 2.72 26.47% 7 7.00 14.46 51.59% 9.41 25.61%
3 3.00 5.92 49.32% 4.36 31.19% 8 8.00 16.69 52.07% 10.74 25.51%
4 4.00 7.94 49.62% 5.44 26.47% 9 9.00 18.43 51.17% 11.80 23.73%
5 5.00 8.97 44.26% 6.61 24.36% 10 10.00 20.54 51.31% 13.17 24.07%
6 6.00 10.92 45.05% 8.11 26.02% 11 16.00 24.25 34.02% 17.81 10.16%

GCC-4.5.0

ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3) ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3)
2 2.00 2.20 9.09% 2.10 4.76% 5 7.14 8.81 18.96% 7.16 0.28%
3 3.12 4.50 30.67% 3.13 0.32% 6 9.66 12.47 22.53% 16.02 39.70%
4 5.24 6.53 19.75% 4.80 -9.17% 7 11.33 19.54 42.02% 21.64 47.64%

LLVM-2.8.0

ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3) ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3)
2 2.02 2.13 5.16% 2.05 1.46% 4 7.23 39.29 81.60% 6.09 -18.72%
3 3.54 4.05 12.59% 3.65 3.01% 5 10.14 46.66 78.27% 11.06 8.32%

GCC-13.1.0

ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3) ID BugLens Tamer Δ% (Tamer) D3 Δ% (D3)
2 2.00 2.62 23.66% 2.46 18.70% 5 5.00 7.74 35.40% 6.78 26.25%
3 3.00 4.30 30.23% 3.54 15.25% 6 7.08 10.54 32.83% 8.21 13.76%
4 4.00 5.82 31.27% 4.95 19.19% 7 9.26 19.86 53.37% 9.98 7.21%

approach; other properties, particularly generality, also play a critical role. As discussed in § 2.2,
analysis-based techniques often face criticism regarding their generality due to two primary issues:
(1) domain-specificity, requiring additional human effort to adapt them to different domains, and (2)
ineffective or even infeasible on unminimized test programs, relying on test input minimization as a
pre-processing step. Bisection-based bug deduplication inherently addresses the first issue because
it can be directly adapted to different domains without extra effort, provided the target compiler is
maintained in a version control system and supports multiple configuration modes. However, the
second issue remains concerning. While bisection theoretically should not be affected by the mini-
mization status of test programs, practical scenarios may differ. In particular, irrelevant fragments
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in unminimized programs might lead to variations in compiler behavior across different versions,
resulting in unexpected situations during the bisection process. For instance, we encountered a
scenario where a program triggering a miscompilation bug caused intermediate compiler versions
to crash during bisection. Such crashes prevent us from determining whether the miscompilation
bug is present in the current version, as they may result from an earlier-stage failure triggered by
code irrelevant to the bug of interest. These unexpected situations could increase false positives,
wherein identical bugs are incorrectly identified as distinct due to inconsistent bisection outcomes,
ultimately reducing deduplication effectiveness. To evaluate the generality of bisection-based bug
deduplication, we investigate the following research question:

• RQ3: Can a bisection-based bug deduplication approach effectively function without test input
minimization?

(a) First 100 tests on GCC-4.3.0 (b) All tests on GCC-4.3.0 (c) All tests on GCC-13.1.0

Fig. 3. Bug discovery curves of Bisection-Sole, BugLens, and the baseline on the unminimized GCC-4.3.0 and
GCC-13.1.0 datasets.

To answer this RQ, we perform bisection-based bug deduplication (both Bisection-Sole and
BugLens) on the original unminimized test programs in the GCC-4.3.0 and GCC-13.1.0 datasets,
which are the only datasets for which the original unminimized test programs are available.

As discussed in § 2.2,D3 is practically unrealistic to apply to unminimized programs. Additionally,
the authors of Tamer also acknowledged that they failed to conduct experiments on unminimized
test cases due to the excessively large data volume involved [9]. Therefore, we limit our comparison
to a random selection strategy for unminimized test programs. The resulting bug discovery curves
are presented in Figure 4, clearly illustrating that bisection-based bug deduplication remains
effective even with unminimized test programs. For example, on dataset GCC-4.3.0, BugLens
successfully identifies 21 bugs during the first 100 test programs, while random selection can
only discover 10 bugs. Furthermore, BugLens requires 658.38 test case examinations to identify
all the 29 bugs, saving 41.33% of the effort compared to random selection. Notably, exploiting the
bug-triggering optimizations can still effectively improve the overall performance by reducing
false negatives. However, as anticipated, irrelevant fragments in unminimized programs negatively
impact deduplication performance, primarily due to increased false positives. In response to this
challenge, we provide practical suggestions in § 6 to help balance deduplication effectiveness with
the overhead of minimization. On the more recent GCC-13.1.0 dataset, the bisection-based approach
remains highly effective, identifying all 7 bugs with an average of only 9.75 test case examinations,
and reducing effort by 71.17% compared with random selection. Ultimately, bisection-based bug
deduplication offers a valuable alternative to analysis-based techniques, particularly in scenarios
where effective test input minimization is unavailable.
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RQ3: Bisection-based bug deduplication remains effective even without test input minimiza-
tion, demonstrating superior generality. Nevertheless, irrelevant code fragments in original
test programs can complicate the bisection process, thereby reducing deduplication perfor-
mance. The trade-off between deduplication effectiveness and minimization overhead should
be carefully balanced in practice.

5 Efficiency

(a) GCC-4.3.0 (b) GCC-4.4.0

(c) GCC-4.5.0 (d) LLVM-2.8.0 (e) GCC-13.1.0

Fig. 4. Number of times each compiler version being examined by different test programs during bisection in
each datasets.

Another important consideration when using bisection to deduplicate bugs is its efficiency.
Bisection requires building a series of intermediate compiler versions from the commit history,
which constitutes the most time-consuming component of the entire deduplication process. For a
dataset containing 𝑛 test programs, and an average bisection range of𝑚 commits, the theoretical
maximum number of compiler versions built would be 𝑛 · log2𝑚. Given the typically large volume
of test cases, efficiency becomes a crucial factor influencing the practical utility of bug deduplication
through bisection. Our last research question aims to investigate this issue:
• RQ4: How efficient is the bisection-based bug deduplication in practical settings?
Building a compiler from source code can take varying amounts of time on different machines,

depending on the hardware configuration and the number of available cores. To formalize the
efficiency evaluation, we treat the time required for a single compiler build as a constant, and
measure efficiency by counting how many compiler versions must be built during the bisection
process. Notably, although the same compiler version may be examined multiple times by different
programs, it only needs to be built once and can then be cached for reuse—a strategy adopted in our
implementation. Given the large number of test programs in our datasets, this caching mechanism
significantly reduces the total number of builds required, thereby enhancing efficiency.
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Table 3. Number of compiler versions built during the whole bisection-based bug deduplication process.

GCC-4.3.0 GCC-4.4.0 GCC-4.5.0 LLVM-2.8.0 GCC-13.1.0

# Versions 569 127 136 195 211
# Versions per Case 0.46 0.19 5.23 2.44 5.02

The number of compiler versions built during the entire deduplication process for each dataset
is presented in Table 3. Among the five datasets, the average number of compiler versions built per
case ranges from 0.19 to 5.23, typically completing within a relatively short timeframe. Therefore,
although our approach theoretically has high worst-case complexity, it remains practically efficient.
Figure 5 illustrates how frequently each compiler version is examined by various test programs
during bisection, where the x-axis represents the number of compiler versions being examined, and
the y-axis represents the number of times a version is examined by different test programs. The
results show that most compiler versions are examined multiple times by different test programs.
The data confirms that a single compiler build can effectively serve multiple test programs, aligning
with our expectations. In practice, the higher the proportion of duplicated bugs, the fewer compiler
versions need to be built, as programs triggering the same bug generally produce similar bisection
traces. Moreover, the efficiency can be further improved by maintaining a list of pre-built compiler
binaries for quickly narrowing down the bisection range. Leveraging incremental build [24] can
also bring efficiency benefits by accelerating each build process.

RQ4: The average number of compiler versions needed to be built during the deduplication
process with bisection is relatively small, ranging from 0.19 to 5.23 per test program. This
indicates that bisection-based bug deduplication maintains high practical efficiency. The most
time-consuming aspect—building multiple compiler versions—is well mitigated by reusing the
same version across multiple test programs.

6 Discussion

Practical Suggestions. Our study confirms the feasibility of using bisection to deduplicate
compiler bugs in terms of effectiveness, generality, and efficiency. Prior research has typically
treated bug deduplication and test input minimization as separate tasks, relying heavily on test
input minimizers to enable effective deduplication, thus inevitably suffering from the overhead
of minimization. In contrast, our approach provides an alternative solution that reduces this
dependency. Nevertheless, noise present in unminimized test programs can still interfere with the
bisection process, potentially diminishing deduplication effectiveness. To address this, we propose
the following suggestions for practitioners.
Rather than minimizing the entire set of bug-triggering test programs upfront, we recommend

first applying bisection-based deduplication directly on the original test programs. Once preliminary
deduplication results are obtained, practitioners can select a smaller subset of test programs for
inclusion in bug reports—only this subset requires minimization. The number of selected programs
can be adjusted according to the development team’s available resources. After the reported bugs are
fixed, remaining duplicate test programs can be efficiently filtered by executing them on the patched
compiler version. This workflow can be iteratively applied until all bugs are addressed. Crucially,
the deduplication algorithm remains central to this process. Without it, randomly selecting test
programs for reporting may result in redundant submissions of the same bug—wasting valuable
developer time on diagnosing duplicate reports. An effective deduplication system ensures that the
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selected bugs for reporting are as diverse as possible, thereby maximizing developer productivity
and minimizing duplicated effort.
Originality & Contributions. This study successfully demonstrates the feasibility and effective-
ness of using bisection for compiler bug deduplication. Our findings show that leveraging bisection
to identify failure-inducing commits provides a useful signal for bug deduplication, albeit one that
requires supplementary techniques for more accurate identification. Admittedly, the underlying
technique itself is not new. For example, Theodoridis et al. [? ? ] used a bisection-based approach to
identify bug-inducing commits that lead to compiler performance degradations, and Yang et al. [?
] revisited automated compiler fault isolation and showed that bisection can effectively serve as
a lightweight alternative to more sophisticated techniques. Nevertheless, the originality of our
work lies in being the first systematic study to investigate bisection as a signal for compiler bug
deduplication and to directly compare it empirically with prior deduplication techniques. This consti-
tutes a novel application of the technique. While prior work has proposed sophisticated and often
complex algorithms for this task, our study shows that this long-standing practical challenge can
be addressed effectively with a lightweight and straightforward approach. In this sense, our study
highlights the value of re-evaluating simple techniques before resorting to more elaborate solutions .
We believe this simplicity is a strength, and our findings suggest that such an approach can serve as
a strong and practical baseline for future work on compiler bug deduplication.
Generality. A primary threat to the generality of bisection-based bug deduplication is that it
requires bugs to be regressions, i.e., there must exist both a good version and a bad version. As a
result, our approach is not applicable to non-regression bugs, such as bugs that persist throughout
the entire history of the compiler. Nevertheless, we argue that the proposed approach remains
highly applicable in the context of modern compilers, where most correctness bugs are regressions.
Taking GCC as an example, developers often indicate regression information in bug report titles [?
]. Based on this convention, we found that most miscompilation bugs in GCC are regressions,
as reflected by titles beginning with “xx Regression”. Furthermore, because our approach mainly
targets the deduplication of compiler testing results, we manually examined the bugs reported
in several major compiler testing papers [17, 29? ? , 30]. These papers typically report the “ages”
of the bugs they uncover. Although some techniques can discover long-lived bugs, i.e., bugs that
also manifest in older compiler versions, none report bugs that persist throughout the compiler’s
entire history, that is, non-regression bugs. Based on our experience with modern compiler testing,
finding non-regression bugs in modern compilers is theoretically possible but practically unlikely,
given their long and stable development history. Therefore, although our approach is conceptually
limited to regression bugs, it remains highly applicable in practice.
Limitations and Future Work. One of the limitations of our proposed approach is that it
requires the developing history of the target software available. This issue is practically alleviated
by the prevalence of version control systems like Git. Even for close source compilers, e.g., Intel
C++ Compiler [4], they normally maintain a private git-like repository for development, which can
be used for bisection-based bug deduplication. To this end, the bisection-based bug deduplication
approach is practically applicable to a wide range of domains. Another issue is the existence of
false positives in the deduplication results, where test programs associated with the same bug
are incorrectly identified as distinct. False positives are not unique to our approach, but rather
prevalent in other bug deduplication approaches. Future work can focus on further improving the
deduplication effectiveness by mitigating the happening of false positives.
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7 Threats to Validity

Internal Threats. The primary internal threats stem from the correctness of the implementation
of the bisection-based approach and its evaluation process. Our implementation leverages the well-
established git bisect tool, which is widely adopted in practice, thereby significantly mitigating
risks associated with the correctness of the bisection process. Furthermore, we incorporate an
additional verification step after executing git bisect, explicitly ensuring that the identified
commit indeed triggers the bug and that the preceding commit remains unaffected. To further
ensure correctness, all components of the implementation have undergone rigorous reviews by the
authors, who carefully verified both the code and the associated experimental results.
External Threats. The main external threat concerns the generalizability of the results. While
bisection-based bug deduplication is conceptually applicable across various compilers, our eval-
uation focuses exclusively on the GCC and LLVM compilers. All existing work suffers from the
same issue due to the lack of diverse datasets. However, considering the complexity and active
development of GCC and LLVM, we argue that our findings possess a reasonable degree of general-
izability. Specifically, the effectiveness demonstrated in these challenging scenarios suggests that
our approach may perform comparably well in other contexts. Future evaluations extending to
additional domains would be valuable to more conclusively affirm the general applicability of our
approach.
Construct Threats. The primary construct threat in this study stems from the datasets used.
First, the correctness of the ground truth—i.e., the actual bug triggered by each test program—is
critical for evaluating deduplication effectiveness. All test programs in our datasets include ground
truth labels provided by the original authors. To enhance the reliability of these labels, we have
manually verified their correctness to the best of our ability. Another potential threat arises from
the age of the datasets. The existing four datasets can be traced back to decades ago, which may
raise concerns about their relevance to the current state of compiler infrastructures. To mitigate
this threat, we have constructed a new dataset on GCC-13.1.0, a more recent compiler version, and
included it in our evaluation. The results from this dataset are consistent with those from the older
datasets, suggesting that the findings may still be applicable to modern compilers.

8 Related Work
We discuss two lines of related work.
Bug Deduplication. Our study focuses on deduplicating compiler bugs, making the most
relevant related work Tamer [9], D3 [37] and Transformer [11], which are introduced in § 2.2.
Additionally, bug deduplication techniques for general-purpose software have been studied in
the literature. These approaches typically rely on analyzing the textual descriptions of bugs—
such as bug reports and error messages—to identify duplicates. For example, BM25F [23] is a
widely used similarity metric for detecting duplicate bug reports. Building on this, Sun et al. [32]
proposed REP, which incorporates both textual content and non-textual metadata (e.g., product,
component, version) to improve similarity measurement. They further extended this line of work
by introducing discriminative models for more accurate duplicate detection [33]. Nguyen et al. [21]
proposed DMTM, which combines topic-based and textual features to characterize bug reports
for deduplication. Zou et al. [? ] introduced a multi-factor analysis approach that integrates topic
modeling, enhanced N-gram similarity, and contextual metadata for improved accuracy. Lin et al. [?
] proposed manifold correlation features and an enhanced SVM model that significantly boosts
duplicate detection performance. Wang et al. [? ] presented a hybrid technique that leverages
both natural language descriptions and execution traces, while Lerch and Mezini [? ] developed
a proactive approach that predicts potential duplicates using call stack structures and machine
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learning. Although these techniques are effective in their respective domains, they are not directly
applicable to compiler bug deduplication. Compiler bug reports typically contain minimal textual
information—often limited to the bug-triggering test program and the compiler configuration
used—rendering text-based techniques ineffective. In this context, our study introduces a novel
perspective on compiler bug deduplication by proposing a lightweight, analysis-free approach that
does not rely on rich textual content or extensive program analysis.
Failure-inducing Commit Localization. Localizing the exact commit that causes a test failure
is a common practice in software debugging and fixing, and has been extensively studied in
the literature. One of the most well-known techniques is the SZZ algorithm [26], along with its
numerous variants [? ? ? ? ]. In general, given a bug-fixing commit, the SZZ algorithm traces the
version history to identify commits that last modified the lines removed or changed in the fix—these
are considered the bug-inducing commits. However, SZZ and its variants are not applicable in our
context, as they rely on the existence of a bug-fixing commit, which is not available at the time
of bug detection. Other approaches have also been proposed: Wen et al. [? ] leverage information
retrieval techniques to match bug reports, while An et al. [5, 6] incorporate code coverage analysis
to aid in localizing bug-inducing commits. More recently, Tang et al. [34] introduced a semantic
analysis approach that uses program slicing and semantic reasoning to detect suspicious commits
based on data flow and control flow differences. While effective, these techniques either depend
heavily on the quality of bug reports or involve complex program analysis, making them unsuitable
for our setting. To this end, we adopt bisection to localize failure-inducing commits in this study,
aligning with our goal of developing a lightweight and analysis-free bug deduplication approach.

9 Conclusion
Debugging compiler bugs identified through random testing is a painful process, suffering from
the bug deduplication problem, i.e., numerous duplicate test cases expose the same underlying bug.
Existing deduplication algorithms are primarily analysis-based, leading to high complexity and
limited generalizability in practice. In this paper, we conduct the first systematic study on leveraging
bisection for deduplicating compiler bugs. Motivated by the insights gained from this study, we
propose BugLens, a simple, generalizable, and effective approach for compiler bug deduplication.
Our method outperforms the state-of-the-art analysis-based techniques, by significantly reducing
the human effort required for debugging. We emphasize the practical value and applicability of
bisection-based bug deduplication in real-world scenarios.

Data Availability
We publicly release the artifact to support the reproducibility of our study [? ].
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