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Abstract. Error recovery is a critical component of parsing technology, particularly in applications such as
IDEs and compilers, where a single syntax error should not prevent further analysis of the input. This paper
presents PereFlex — a tool for extensive experimental evaluation of error recovery in JVM-based parsers. Our
evaluation is based on real-world parsers for Java and users' erroneous programs. The results demonstrate that
while some strategies are fast, they often fail to provide meaningful recovery, whereas advanced methods offer
better recovery quality at the cost of increased computational overhead.
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AnHotammsi. BoccraHoBnenme mocie OMMOOK — OOWH W3 KIIOYEBBIX KOMIIOHEHTOB TEXHOJIOTHH
CHHTAKCHUYECKOTO aHaJIN3a, 0COOCHHO B TaKHX MPWIOKEHHAX, Kak IDE 1 KOMIUIATOpEL, Tie CHHTaKCHYECKHE
OoImMOKKA HE JOJDKHBI OJIOKMPOBATh aHAIM3 BXOOHBIX AaHHBIX. B nmanHOW cTathe mpencraBieH PereFlex —
HMHCTPYMEHT IS SKCIIEPUMEHTAIBHO OI[EHKH BOCCTAHOBJIEHHS ITOCIIE OIIMOOK B aHAIN3aTOpax, paboTaloMmuX
Ha wiatgopme JVM. OneHka OCHOBaHa Ha peajibHBIX Mapcepax At Java 1 OMIMOOYHBIX MOJIB30BATEIBCKUX
nporpamMmax. [lomydeHHBIE TaHHBIE YKa3bIBAIOT Ha OOpPaTHYIO 3aBUCHMOCTh MEXKAY CKOPOCTBIO PabOTHI H
KaueCTBOM BOCCTAHOBJICHUS: HPOJBHHYTHIE METOIBI, OOCCIIEUMBAIOIINE KAaUYeCTBEHHOE BOCCTAHOBIICHHE,
COTIPSIKCHBI C BBICOKOW BBIYUCIIUTENBHOM CII0KHOCTBIO.

KiioueBble ¢j10Ba: BOCCTAHOBJIEHHUE MTOCIIE OMIMOOK; CHHTaKcn4yeckui ananus; IDE.

Jas uutupoBanus: baunme O.M., BopoOweB .C., Paiikun I'.P., Bacuna [I.B., Ilymakor /JI.C.,
I'puropreB C.B. PereFlex: mHCTpyMEeHT Iisi aBTOMAaTHYECKOH OIIEHKH BOCCTAHOBICHHS IIOCIE OLIMOOK B
cuHTakcuueckux anaimmszatopax. Tpymst UCIT PAH, Tom 37, Bem. 6, gacts 3, 2025 r., crp. 121-132 (na
anrsumiickoM s3eike). DOI: 10.15514/ISPRAS-2025-37(6)—40.

1. Introduction

An integrated development environment (IDE) is a tool designed to assist developers in writing code
efficiently. The features and inspections provided by an IDE are largely based on the abstract syntax
tree (AST), which serves as a structural representation of the source code generated by a parser or
syntax analyzer. During the coding process, programmers do not always maintain syntactically
correct code.

To work effectively under such circumstances, IDE parsers must be capable of recovering from
errors and generating an AST that is, if not entirely accurate, at least a reasonable approximation of
the correct structure. Efficient error recovery ensures that minor syntax errors do not interrupt the
development process [1], enabling features such as autocompletion, real-time syntax highlighting,
and quick fixes to function smoothly.

Evaluation of error recovery is important from both scientific and practical standpoints. Parser
developers need reliable benchmarks and metrics to compare new recovery algorithms against
existing solutions. Likewise, practitioners who build tools such as IDEs, linters, or static analyzers
must be able to choose a parser that meets their needs. This requires access to measurable,
reproducible information about how well a parser handles erroneous input. Without a clear
evaluation framework; it is difficult to make informed decisions or track progress in error recovery
techniques.

Despite its practical importance, evaluating the quality of error recovery remains a challenging and
largely open problem. First, there is no standardized metric for measuring recovery quality. Different
approaches employ a variety of techniques, including analysis of error type distributions [2], exact
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match metrics [3], and manual assessment [4-5]. Second, not all metrics are universally applicable.
Some are suited to specific parsing algorithms [6], while others depend on the structure of the
recovered AST [5, 7]. Different parsers often produce different ASTs for the same incorrect input.
This variation arises from differences in their grammars, error recovery strategies, and design
decisions. As a result, directly comparing parsers becomes a challenging task.

In addition to metric design, dataset construction presents another fundamental challenge. Many
prior studies rely on synthetic datasets, fully generated or partially modified by mutators [5, 7-8].
These datasets make it possible to automatically label error types and run controlled experiments.
However, they can create error patterns that do not reflect real-world code, which limits how well
the results apply in practice. To address this, recent studies [1, 6, 8] have started using datasets of
real code written by developers [9]. These datasets provide more realistic testing conditions and lead
to more reliable evaluations.

This work addresses these challenges by introducing a unified way to evaluate parser error recovery.
The proposed method does not depend on a specific parsing technique or AST representation and
can be applied to a wide range of real-world codebases.

To ensure an efficient and systematic evaluation, we first review existing approaches to assessing
error recovery quality. Building upon this foundation, we present a novel tool that automatically
evaluates the error recovery quality of parsers targeting the JVM platform. Notably, the tool can
operate without access to a parser’s internal structure, including its parsing algorithm or specific
error representations.

Additionally, we analyze the error recovery capabilities of widely used JVM-based parsers
integrated into IDEs such as VS Code and Eclipse. To facilitate benchmarking, we have annotated
a real-user dataset [9] of Java source files containing syntactic errors.

This research contributes to the field of parsing and syntax analysis in the following ways.

e Evaluation Metrics: We review existing approaches to error recovery evaluation and
summarize their advantages and limitations.

e Tool Implementation: We present PereFlex [10] (Flexible Parser Error Recovery
Evaluation), a tool that computes a subset of these metrics for any given JVM-based parser
without requiring internal access to its implementation.

o Analysis of Real-World Parsers: We apply PereFlex to evaluate both generated and
standalone parsers used in real-world development environments, including Visual Studio
Code [11] and Eclipse [12], providing insights into their recovery quality and limitations.

2. Evaluation Methodology

Many techniques exist for evaluating error recovery [13]. We limit our scope to parser recovery in
general, excluding lexer-level errors.

2.1 Quality Metrics

The central question in quality assessment is how closely the recovered input matches the original
user input or a correct reference version. Several evaluation strategies are widely used.

1) The simplest approach involves manual evaluation [4-5]. However, this method is time-
consuming and prone to subjective bias. Additionally, developers may be influenced by
error-messages output from the tools used during verification [6]. Despite its limitations,
manual inspection remains a valuable method, particularly in cases where no baseline file
with corrected errors is available. To enhance precision, some studies classify recovery

quality using coarse categories such as “excellent”, “good”, and “poor” [4]. However, this
classification lacks granularity and does not allow detailed analysis.
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2) AST comparison assesses structural similarity between recovered and expected syntax
trees [5, 7]. This method is accurate but sensitive to AST format differences and parser-
specific representations. This method also requires a dataset with reference recovered code
to compare trees in the same format.

3) Edit distance [14] quantifies the number of modifications needed to transform one string
into another. In error recovery algorithms, particularly in syntax analysis, edit distance is
employed to identify the optimal recovery path with minimal data loss [6]. While useful, it
may not fully reflect structural differences in complex codebases, requiring careful
application.

4) Exact match [15] is 1 if the recovered code exactly matches the marked target code, and 0
otherwise. Because it is based on a labeled dataset, false positives may occur when
performing alternative but syntactically correct fixes.

5) Cascade errors, where one error triggers additional parsing failures, are measured by
counting total error locations [6]. Yet, fewer errors do not always imply better recovery, as
some parsers may miss detecting them entirely.

6) First-error stopping [2, 16] limits recovery assessment to the initial error, ignoring parser
behavior for subsequent code, which is vital in IDE scenarios.

7) Error type distribution [2] reflects the frequency and kinds of errors encountered. Though
often mixing compile-time and parsing errors for Java code, it reveals patterns that highlight
parser weaknesses.

In our approach, we selected edit distance and error distribution as our primary evaluation metrics.
Edit distance provides a general, language-independent measure of how well the recovered input
matches the original one, while error distribution highlights systematic flaws in recovery strategies,
providing insight into the parser’s robustness and practical utility.

2.2 Performance and Memory Usage

The most straightforward way to evaluate recovery performance and memory consumption is to
measure the difference between parsing benchmarks for a correct file and the same file containing
errors [5, 7]. This approach eliminates common overhead costs but is only applicable to generated
datasets where an ideal solution is known. When working with real-world datasets, performance
trends must be compared across different parsers rather than against a predefined baseline.

In some cases, performance measurement can be further refined. For instance, if recovery is a
distinct module within a parsing algorithm, its execution time can be measured separately [6].
However, this is only applicable to parsers with dedicated recovery modules.

2.3 JVM-specific Aspects of Evaluation

In this study, we analyze the performance of the JVM (Java Virtual Machine). Our methodology is
based on “Pro.NET Benchmarking” [17], which provides an approach to experiment design,
statistical analysis, and bias mitigation that can be applied to any virtual machine.

e Use release builds with optimizations: this ensures that benchmarks reflect real-world
tool performance.

e Prevent compiler optimizations from eliminating measurements: partial results should
be stored in variables to ensure correctness.

¢ Repeat benchmarks multiple times: each performance measurement should be executed
at least 30 times, with 5-10 warm-up iterations to stabilize results.

e Trigger garbage collection (GC) between measurements: since GC can introduce
variability, forcing a collection cycle before measurement ensures consistency.
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Since this study focuses on evaluating JVM-based parsers, memory measurement must account for
JVM-specific constraints. The most critical metric is peak memory usage during parsing. JVM-based
programs do not have a fixed point where peak memory usage is guaranteed, as GC can reclaim
memory at any time.

One possible solution is to use specialized profiling libraries such as JMH [18]. However, these tools
are designed for microbenchmarking and are not well suited for experiments involving large datasets
or extensive computations. An alternative approach is to constrain the JVM's maximum memory
allocation and use binary search to determine the minimum required memory for processing a given
file.

In summary, a tool for reliable parser evaluation on the JVM requires awareness of its runtime
behaviors, especially GC and JIT optimizations.

3. Error Recovery Analysis Tool for JVM Platform

PereFlex provides an efficient and structured way to benchmark error recovery capabilities across
different parsers on the JVM. It operates as a console application, enabling users to evaluate multiple
parsers for different programming languages with precise control over execution parameters.

3.1 System Architecture

The high-level architecture of the benchmarking tool consists of the following key components
shown in Fig. 1.

o RecoveryAnalyzer An API for evaluating any JVM parser in a benchmark system and its
implementation for different parsers.

e Benchmark Runners: Kotlin module that performs multiple measurement algorithms with
a given implementation of IRecoveryAnalyzer and dataset. This module can be extended by
users.

o Data Representations: Python library processes the collected benchmark data. This
module generates graphs for a specific parser or compares graphs for all analyzers and
calculates some statistics to obtain test results.

‘ Parserl ‘ ‘ ParserN

1 I

Benchmark Runners (Kotlin) Data representations (Python)
RecoveryAnalyzer >
‘ Error Types ‘ ‘ Similarity ‘ o B Plots for one parser
Labels and N
measurement
results

— Comparison plots for
set of parsers

Original ? —
dataset J

-— —

JVM Heap Memory ‘ ’ Processing Time ‘

il

Fig. 1. High-level architecture of the benchmarking tool.

3.2 Key Features

The benchmarking tool currently implements the following evaluation metrics for error recovery in
parsers.
e Error Types: Categorization and analysis of errors encountered during parsing.

o Similarity: Similarity score is calculated between recovered output and expected result. In
current implementation the original token sequence is used as the expected result. The
system can be extended to use a reference-fixed version, enabling broader dataset
evaluation and experiment design flexibility.

e JVM Heap Memory Usage Tracks peak JVM-heap memory consumption during parsing.
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e Processing Time: Execution time is measured multiple times for each benchmarked input.
Each measurement is recorded, allowing users to specify the number of warm-up runs and
actual executions even after evaluation.

The system is designed to be extensible, allowing users to define and integrate their own evaluation
metrics. By following the existing benchmarking framework, users can implement custom analyzers
to gather additional insights, such as parser-specific error handling strategies, CPU usage, or other
performance indicators. This flexibility makes the tool adaptable for different research needs and
evolving parsing technologies.

3.3 Conclusion

The evaluation tool described in this paper is a practical solution for researchers and developers
working on JVM-based parsing. The tool is also scalable, allowing users to add their own JVM-
based parsers and define custom statistical measurements, making it adaptable for different research
needs and parser implementations.

4. Experiment Design
This section describes our approach to measuring the quality of error recovery in parsers.

4.1 Dataset

To evaluate the quality of error recovery, we use the real-world dataset from Blackbox, a repository
of events from the BlueJ Java IDE [19]. This dataset has previously been used for experiments in
the field of syntactic analysis [1, 6, 8], enabling direct comparisons with prior research.

4.2 Research Questions

We design experiments to address the following research questions.
RQ1: How does parsing implementation affect error detection quality?
RQ2: Does similarity score reflect the quality of error recovery?

4.3 Evaluation Metrics
In this study, we adopt edit distance and error type distribution as the principal evaluation metrics.

The edit distance (ED) is zero for identical code; however, in our approach, we invert this metric
so that the similarity score equals zero if the token sequences are completely different:

ED(original,recovered)

B max(|original|, |recovered|)

The original token sequence is obtained from the lexer phase, while the recovered token sequence
is collected from parsing results, including error tokens if error nodes appear.

To evaluate the quality of error recovery by error type distribution, the dataset must be annotated
with error types that should be detected. Since the target language is Java, we use the javac [20]
compiler as a reference. javac is part of the Java Development Kit (JDK) so it serves as the de facto
standard for compiling Java source files. It provides a well-defined set of diagnostics [21] with
human-readable error descriptions [22].

A key challenge is that javac does not strictly separate parsing and compilation errors. For instance,
a parser error like illegal start of expression and a compilation error such as classes: {0} and {1}
have the same binary name are defined in the same file and referenced by property names. To ensure
accurate evaluation of parsing errors, we manually exclude errors from later compilation stages. As
javac is our reference, the metric for error recovery is the number of errors detected by javac that
were missed by other parsers.
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4.4 Implementation Details

All parser metric evaluations are abstracted using the IRecoveryAnalyzer interface, which provides
the following methods.

o getlLexerTokens — returns the set of original tokens obtained after lexing.
e getParserTokens — computes the set of tokens after error recovery.

e measureParseTime — performs parsing once and returns the execution time.

To support a custom JVM-based parser, it is necessary to implement these methods. During this
research, we developed implementations for commonly used parsers and parser generators.

e Tree-sitter [23] — A widely used parser generator, notably in VSCode. Originally written
in C, it includes optional JVM bundling [24]. Due to its non-heap memory usage, JVM-
based memory profiling is not representative, but parsing speed and quality evaluations
remain applicable. Since it lacks a built-in lexer API, we implemented an external lexer
(based on JFlex for Java) for similarity distance calculation.

e Two versions of ANTLR [25] were generated for Java:

= ANTLR-Java8-spec — Based on the official Java 8 specification [26].
= ANTLR-Java — Based on an optimized Java grammar [27].

e JDT (Java Development Tools) — Used in Eclipse, JDT differs from conventional parsers
by storing keyword tokens (e.g., if, else, catch, public) as AST node fields instead of leaves.
Extracting token sequences for comparison requires a custom AST traversal mechanism.
Fortunately, JDT provides the NaiveASTFlattener visitor, which traverses the AST, applies
error recovery strategies, and reconstructs the correct code.

In approbation purposes, we analyzed the parsing speed for each parser on the BlackBox dataset.
The evaluation results are shown in Fig. 2. This demonstrates that our tool enables researchers to
compare different parsers in a benchmarking ecosystem with minimal overheads.

5. Evaluation

In this section, we present the evaluation results and address our research questions.

RQ1: How does parsing implementation affect error detection quality?

To assess the impact of parsing implementation on error detection quality, we compare different
parsers in terms of missed error messages relative to the reference parser from the javac compiler.
Fig. 3 presents the distribution of missed errors across multiple parsing implementations.

The results reveal differences in error detection effectiveness. The most notable finding is the
variation in the number of missed errors, particularly for common syntax issues such as not a
statement and most common Java error [2] *;" expected. Tree-sitter, for instance, exhibits a high rate
of missed variable declaration not allowed here and class, interface, enum, or record expected
errors, indicating its limitations in handling incorrect declarations. ANTLR-Java and ANTLR-
Java8-spec, while similar in parsing algorithm, show discrepancies in handling punctuation-related
errors such as missing colons and parentheses. JDT, by contrast, appears to have more balanced
performance but still misses certain structural errors.

These differences suggest that parsing strategies play a crucial role in error detection quality. Parsers
optimized for flexibility, such as Tree-sitter or Antlr-java, may allow faster parsing but at the cost
of missing critical syntactic violations. Conversely, stricter parsers such as ANTLR-Java8-spec can

127



Bachishche O.1., Vorobiev Y.S., Raykin G.R., Vasina D.V., Shushakov D.S., Grigoriev S.V. PereFlex: A tool for automated evaluation of error
recovery in parsers. Trudy ISP RAN/Proc. ISP RAS, vol. 37, issue 6, part 3, 2025. pp. 121-132.

enforce the Java grammar more rigorously, but as we can see in Fig. 2, they may struggle with
parsing performance.

Parsing time
50000 T B ANTLR-Java
| [ ANTLR-Java8-spec
- I Tree-sitter
40000 i mm JDT-JLS21
S 30000 i
[o]
(&)
o L
- 20000
10000

for 100 100 100 1p10° To¥
Parsing time(ns, log)

Fig. 2. Parsing time measurement on the BlackBox dataset.

In summary, the choice of parsing implementation directly affects error detection quality. The trade-
off between strictness and recovery flexibility determines whether a parser will correctly diagnose
syntax issues or silently fail to recognize them.

RQ2: Does similarity score reflect the quality of error recovery?

The similarity score, based on edit distance, measures how closely the recovered code matches the
original input. We measured this metric using a BlackBox dataset to evaluate error recovery, as
shown in Fig. 4. To better understand the quality of the similarity score, we compared its results
with other metrics, such as performance and error distribution.

Missed error type distribution(score 1)
[ | .

not a statement
';' expected r—

illegal start of expression

array dimension missing

-> expected

class, interface, enum, or record expected

while expected

variable declaration not allowed here
invalid method declaration; return type required Parser
‘(" expected Bl Tree-sitter

reached end of file while parsing BN ANTLR-Java
W ANTLR-Java8-spec

B DTJLS21

Error type

<identifier> expected
Other

0 1000 2000 3000 4000 5000
File count

Fig. 3. Missing error distribution in comparison with javac.

Our analysis showed that although the similarity score provides a useful quantification, it does not
always reflect the true quality of error recovery.
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e ANTLR-Java and Tree-sitter show high similarity scores, but they tend to miss many
syntax errors, as seen in Fig. 3. Their outputs look close to the original, yet they often fail
to identify and correct issues.

e JIDT-JLS21 has lower similarity scores because it carefully prunes incorrect subtrees
during recovery. This leads to more edits but ensures that invalid constructs are not
preserved.

o ANTLR-Java8-spec closely follows the Java language specification and detects many
errors, resulting in more differences from the original and thus lower similarity scores.

Similarity Score Similarity Score

5
—— ANTLR-Java —— ANTLR-Java
40 ANTLR-Java8-spec 4 ANTLR-Java8-spec
5 — Tree-sitter s —— Tree-sitter
%30/ — IDT-LS21 % | — IDT-JLS21
E E3
- -
(] (]
L L
220 29
] ]
c c
] (]
Qg o 1
—i//\
0.96 0.98 1.00 .0 0.2 0.4 0.6 0.8
Similarity Score Similarity Score

Fig. 4. Similarity score for Blackbox dataset.

In conclusion, while the similarity score alone is not sufficient to assess recovery quality, it still
offers valuable insights. It is simple to compute, enables easy comparison between parsers, and it
indicates how the recovery process is performed in general. However, since high similarity may also
result from ignoring errors rather than fixing them, it must be used alongside correctness and
structural validation metrics to accurately evaluate recovery behavior.

6. Conclusion

In this work, we surveyed and analyzed existing approaches to measuring error recovery quality in
parsers. To support a subset of this analysis, we developed an open-source tool that enables
researchers to evaluate both performance and recovery quality benchmarks for any JVM-based
parser. The tool features an extensible architecture, allowing additional benchmarks and data
analysis modules to be integrated using a consistent API.

Using this framework, we evaluated a real-world parser on actual erroneous user input. Our results
demonstrate that parser recovery quality cannot be fully understood using a single metric alone.
Instead, a comprehensive analysis across multiple metrics is necessary to draw meaningful
conclusions.

This multifaceted evaluation approach allows not only for a deeper understanding of newly
developed parsers but also facilitates practical comparisons between existing ones. Such
comparisons can guide the selection of parsers best suited for real-world applications, depending on
whether performance or error recovery is a higher priority for the end user.
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7. Future Work

Impact on Performance: Understanding the impact of error recovery on performance requires
proper benchmarking. Establishing a baseline for each example allows us to isolate whether
performance variations stem from error recovery or differences in the parsing algorithm.
Cross-Language Evaluation: Extending our framework to other programming languages,
particularly those using Parsing Expression Grammars (PEGs) [28-29], would provide broader
insights into recovery strategies and language-specific challenges.

Al-Powered Recovery: Al-assisted tools demonstrate promising results in error recovery by
analyzing the AST and suggesting fixes [8, 30-31]. Future work could explore integrating Al-driven
recovery into JVM-based parsers and comparing its quality and effectiveness with traditional
methods.

Evaluate More Real-World IDE Parsers: Some parsers used in real-world projects are not
standalone tools but are instead tightly integrated components of larger systems. A key engineering
challenge in benchmarking such parsers lies not in supporting them within the benchmarking
framework, but in isolating and executing them independently of the full application. Notable
examples include the parser from the IntelliJ IDEA IDE and the one embedded in the javac Java
compiler.
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