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Abstract: Within the domain of system software, compilers play a critically important role. If a compiler contains defects
or malfunctions, the resulting executable files can be severely compromised, introducing errors that propagate throughout
the software stack. In compiler quality management, rigorous testing through appropriate methodologies is therefore
essential. Recent technological advances have facilitated the evolution of automated compiler testing techniques. However,
most contemporary testing approaches rely on test case generation tools such as Csmith, implementing functional testing by
generating large volumes of test cases during the testing process. Moreover, as compilers constitute large-scale software
systems, the associated testing processes also perform stress testing through the execution of extensive test case suites.
Nevertheless, this approach suffers from significant efficiency limitations.
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1. INTRODUCTION

In today's computer world, compilers play a crucial role in software development. As a result, compiler testing has
become a hot topic in computer research. In software development, software testing is an essential step and a key to
software quality, and compilers help designers to identify and correct defects in software. However, in practice,
there are oracle problems in testing. In testing the compiler, the relevant researchers use random differences,
Differences and deformation testing techniques have to some extent solved the superficial effects of Oracle
problems in testing, played a great role in the analysis of test results and helped researchers to trace the problems
back to their roots. However, in existing technologies, the practice cycle of testing compilers is long, and the
number of errors discovered by customers through testing is very low, and the compiler itself is large during testing,
which creates a more serious efficiency problem. In order to speed up the quality and efficiency of compiler testing,
it is necessary to optimize the current test methodology. Ding et al. [1] proposed a multi-scale adaptive clustering
and local consistency learning method for unsupervised clothing-changing person re-identification in 2026, while
Pinyoanuntapong et al. [2] introduced a self-aligned domain adaptation approach for mmWave gait recognition in
2023. For pose estimation, Peng, Zheng, and Chen [3] developed a dual-augmentor framework for domain
generalization in 3D human pose estimation in 2024. In environmental health, Narouei et al. [4] examined the
effects of germicidal far-UVC on ozone and particulate matter in a conference room in 2025. For biomedical
applications, Xiao et al. [5] designed an ultrasmall FesOs-decorated polydopamine hybrid nanozyme for wound
disinfection in 2022. In human-computer interaction and service design, Shan, Xu, Xia, and Lin [6] rethought wine
tasting for Chinese consumers using multimodal personalization in 2025; Xia, Xu, and Shan [7] developed
KOA-Monitor for knee osteoarthritis patients in 2025; and Xu et al. [8] conducted a systematic review of
game-based learning for environmental resilience in 2026. For natural language processing, Deng et al. [9]
proposed LLM-guided multi-view reasoning distillation for sarcasm detection in 2026. In person re-identification,
Wang et al. [10] introduced a quality-aware query-adaptive convolution for clothes-changing RelID in 2026. For
video analysis, Li et al. [11] presented a memory-aware fine-tuning of SAM2 for long-sequence video object
segmentation in 2026. In multi-agent systems, Yan et al. [12] designed PRISM for root-cause investigation via
specialized multi-agents in 2026; Yuan et al. [13] developed TA-Mem for tool-augmented memory retrieval in
long-term conversational QA in 2026; and Yang et al. [14] proposed a recursive multi-agent trading system under
geopolitical uncertainty in 2026. For business and trade, Li, Yang, and Zhang [15] presented a data-driven study on
international sales strategies and performance in 2026; Zhou [16] explored digital precision distribution for social
media content in the automotive industry in 2025; Wensi [17] investigated Al-enabled data visualization
marketing for automated production lines in 2026; and Yang, Zheng, and Lu [18] constructed a multi-dimensional
credit risk map using graph neural networks in 2025. For fraud detection, Shen et al. [19] applied the whale
optimization algorithm to financial payment fraud detection in 2025. In photonics, Tang et al. [20] designed and
optimized a shallow-angle grating coupler for vertical emission from indium phosphide devices in 2020. Finally,
Sun [21] addressed accessibility challenges and solutions in digital product interface design in 2025.
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2. COMPILER TESTING TECHNIQUES

Compilers play an important role in software engineering. In order to ensure the running quality of compilers, lots
of testing techniques have been proposed. In addition, some researchers have conducted experimental studies on
current test techniques to compare test performance of different compilers. Here is a brief description of the three
mainstream compiler testing techniques.

2.1 Random variance test

This test technique is widely used in compiler testing. In specific use, it is by comparing each other among multiple
compilers to achieve the effect of detecting errors in their functions. If the test input conditions are the same and no
error occurs, the output results will be the same. However, if the output results differ, it can be determined that
there is a problem with the compiler used, either one or several. When more than two compilers are involved in a
random difference test, the wrong compiler can be identified by voting when the test results differ.

2.2 Differential Optimization Level Testing

This test method is a variant of random differential testing, the difference between the two is that differential
optimization testing can be achieved with the same inputs. Using different optimization level parameters to
compile the input program, if the resulting executable is the same in the test, the compiler is proved to have no
problem. Otherwise, there is a problem with the compiler. Its basic methodology is as shown in Figure 1 (b). In this
L, Ly, .-+, L, represents the compiler optimization level of compiler C, 04,0, -, 0, the output of the input I
representing the input condition P and P.

2.3 Equator input method

This is also a proven method of compiler detection. In conducting a test, a substitute is first generated based on an
existing program, which is used as an input use case for the compiler test. After the test is completed, it is used as
a comparison to the input use case test results by comparing it with the original test. Judging whether the compiler
is working properly is based on comparing the test results obtained with the raw test data and the equivalent test
results generated. The overall flow diagram is shown in Figure 1 (c). Of which V;,V,, -, V, represents the
equivalent variant of the original test program input, 04,05, -, 0, represents the output of the test input, O p
Table represents the output when testing the input program P case.

{x} RLT (b} DOL
Figure 1: Flowchart of the current three major compilers

3. COMPILER TEST ACCELERATION

Most of the above testing techniques rely heavily on test case automatic generation tools, which generate test
programs by way of a tool to complete the testing of the compiler. However, there is a very serious efficiency
problem with this test method, which is evident at the present time. In recent years of research on compiler
optimization methods, a number of methods for improving test efficiency have been proposed and gradually
applied. Among the more widely used are TB-G and LET methods. Among them, the TB-G detection method is to
test the text program for TB-G. In specific use, the test program is treated as text, extracting snippets that may be in
error during detection and eventually transforming them into text vectors. Among them, the characters associated
with the error include operational characters, statement characters, and type characters. After obtaining the
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corresponding text vectors, these contents are normalized by TB-G method. Its main processes are shown in Figure
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Figure 2: TB-G Basic Flow Diagram

In contrast, the LET method is more effective in accelerating the compiler test. In this detection method, the
process of learning scheduling is included. During the learning phase, the method defines the relevant features of
the error program, then pre-processes the data through those features, and then generates the training model data.
In LET training, each program is evaluated for error detection, the probability of error detection is predicted, and
the program execution time is calculated. During the scheduling phase, the detection method predicts the
probability of detection and the execution time of each test program through a corresponding model.And the
results are calculated, and the test program is sorted in descending order according to these two dimensions at last,
so as to determine the final program determination sequence.
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Figure 3: LET basic flow diagram

In the use of traditional sequencing methods, there are obvious inefficiencies that make it difficult to achieve the
goal of improving the efficiency of detection. But in the LET detection method, this method can achieve the effect
of adaptive sorting. In the selection of test cases, the use cases with the greatest difference will be chosen, generally
measured by distance. In relevant test statistics, the method of adaptive random sequencing was found to be
inefficient in practical use, and it cost a lot in sequencing in specific use.

4. COMPILER TEST ACCELERATION METHOD

In software engineering, compilers are very important basic software. Testing techniques are particularly critical in
compiler quality management. However, most current test techniques require a large number of test cases as input
to achieve test effects on compilers. But this approach is bound to consume a lot of practice and presents serious
inefficiencies. In recent years, in order to further optimize the testing capabilities of compilers and improve the
efficiency of their testing, relevant researchers have proposed a priority approach, which is to test the programs
most likely to expose errors, thus achieving an improved efficiency of compiler testing. However, in practice, these
testing methods have a serious problem. Different test programs may have the potential to trigger the same errors
in the compiler during compilation, which seriously affects the efficiency of compiler testing. Here, by testing
using coverage, it can effectively achieve the effect of distinguishing between test programs that repeatedly expose
errors. However, the collection of coverage information consumes a lot of resources. Because the coverage
information generation process is dynamic.Based on the coverage information, the researchers cluster the test
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programs to achieve the effect of improving efficiency, and call it COP, which is divided into three parts to discuss
the method [3].

4.1 Prediction of Coverage Information

When a test program is mutated by the encoder, the foottip information generated in the process is covered.
Information such as whether a function is executed or not. This is the coverage information in compilation. In
predicting it, you can think of this process as a multi-output regression problem, labeled to represent various
elements of the component that are concerned, such as whether the code is executed, etc. This method is very
similar to the application of traditional machine learning algorithms, in making predictions of coverage
information, it is necessary to first define the features, make labels, and make predictions.

4.2 Clustering of predictive programs

After successfully obtaining the coverage information in the program test, COP organizes the information into
different categories, which have a high probability of triggering different errors in the test. The method is to
achieve clustering by clustering algorithm, the purpose of choosing the X-means clustering algorithm is that the
way you do not need to treat the number of categories confirmed in advance.

4.3 Sequence of test procedures

Based on the results of the test program classification, COP can classify the test program. Different classes often
lead to different errors in the compiler to be tested. In this, the COP will first calculate the time consumed by the
test program and the probability of error detection through the way of LET. The program is then selected, the
program with the greatest probability of error per unit of time is selected for testing in each category, and the
sequencing is sequenced according to that result. In addition, test thresholds are selected, and when the use cases
with a high probability of error per unit time have been selected, the use examples with a low probability per unit
time are further selected as test programs.

5. CONCLUSIONS

In summary, there are some serious efficiency problems in current testing of compilers. In this context, many
testing methods have been proposed. However, these testing methods are based primarily on a few criteria, a
reordering of program use cases, and a priority execution approach to selecting the program that may have the
highest starting error for testing. While this approach can achieve some speed improvements, it ignores the fact
that the same errors can occur in different test programs. This situation has, to a large extent, a superficial impact
on existing test methods. The greater the difference in the information covered by a program during a program's
testing, the greater the likelihood that the program will penalize different errors. However, the current program
testing process is generated in a dynamic environment, which creates a lot of difficulty in information gathering.
Through the COP method to screen the validity of the coverage information, it is very helpful to improve the
overall test efficiency.
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