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Problem Statement
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Compilation Error
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How to fix compilation errors?
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Related Work 
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Code Fix for C/C++ Compilation Error -- Traditional Methods

● Compiler itself
○ Detailed Diagnostics

○ Enhanced Error Messages

○ Fix-it Hints

● IDE Real Time Feedback

● Static Analysis
● Cross-file Error Contexts
● Incremental Compilation
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Code Fix for C/C++ Compilation Error -- ML Method

➔ Deepfix (2017 AAAI)
◆ GRU（Gated Recurrent Unit）

➔ TRACER(2018 ICSE-SEET)
◆ RNN

➔ DrRepair (2020 ICML),  Break-It-Fix-It (2021 ICML)
◆ LSTM

➔ ……

https://program-repair.org/tools.html
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Code Fix for C/C++ Compilation Error -- ML Method

➔ Deepfix (2017 AAAI)
➔ DrRepair (2020 ICML)
➔ Break-It-Fix-It (2021 ICML)
➔ ……

Quanjun Zhang, Chunrong Fang, Yuxiang Ma, Weisong Sun, and Zhenyu Chen. 2023. A 

Survey of Learning-based Automated Program Repair. ACM Trans. Softw. Eng. 

Methodol. 33, 2, Article 55 (February 2024), 69 pages. https://doi.org/10.1145/3631974
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Large Language Model
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For LLMs, we need data

➔ Deepfix -- Homework
➔ C-Pack-IPAs -- Homework
➔ CodeForces Dataset -- Online Judge(OJ)

● Stack Overflow?  Github? Other Public Resources?
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In clang, how many compilation error types? 

3541 unique error types! (commit 6441df3b) 

C++/OpenMP/OpenACC/OpenCL are developing, more error types are coming!
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So, aims of Fuzzlang

● Let LLMs understand compilation error 
● Categorize compilation error types
● Generate more compilation error 

❏ Reproduce compilation error
❏ Cover more error types
❏ Fine-tuning current LLM
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Implementation -
Foundational Components
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How clang diagnostic engine works?

Diagnostic[Type]Kinds.inc

Clang Error Message Categorize?
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Error Message?

expected %0  - “err_expected”

expected %0 or %1 - “err_expected_either”

expected %1 after %0 - “err_expected_after”
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Fuzzlang Foundational Components

● Specially Modified Clang -- Diag ID
● Specially Modified Diagtool -- Diag Name
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How clang diagnostic engine works?

Diagnostic[Type]Kinds.inc

Clang Error Message Categorize?
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How Fuzzlang diagnostic engine works?

Diagnostic[Type]Kinds.inc

Fuzzlang

Error Message

Diag ID DiagTool Diag Name
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Implementation -
Fuzzlang Agent
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Workflow of Fuzzlang Agent
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Implementation -
Fuzzlang Transformer
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Introduction of Fuzzing
What’s Fuzzing?

Automated software testing technique that inputs invalid, unexpected, or random data 
into a program to find vulnerabilities and errors.

Workflow of Fuzzing?
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Design of Fuzzlang Transformer

● A Clang Wrapper (Used as a C/C++ compiler)
● “Modification” Modules

○ Compilation Command 
○ Source Code

● Collecting Error Message & AST
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Workflow of Fuzzlang Transformer
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Evaluation
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Error Diagnostics Reproducing Breakdown
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Bonus: Fuzzlang for HPC
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Dataset: Fuzzlang-LLVM

● Compile LLVM project(LLVM+Clang)
● ~4000 Compilation Steps
● 659k errors
● 488 Unique Types
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Dataset: Fuzzlang-LLVM
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● 77k errors
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Validation -- Fine Tuning LLM 

● Meta Llama 3-8B
● OpenAI GPT 4o-mini
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Next Steps
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What next?

➔ Larger dataset from other C/C++ project

➔ Modification cross files

● Runtime Error Monitoring(Vulnerability)
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Q&A

Contact: baodi.shan@stonybrook.edu
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