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Compilers are fundamental to software system
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But compilers are prone to bugs

120K GCC bug reports

80K LLVM issue reports
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But compilers are prone to bugs

120K GCC bug reports

80K LLVM issue reports

Code complexity is high

Support a wide range of platforms

Optimization algorithm are complex

……

Compiler bugs can seriously 
impact system correctness, 

ensuring compiler reliability and 
correctness is crucial
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Existing approaches for compiler testing
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Existing approaches for compiler testing

gcc –O0 source.c –o source && ./source 1
output

gcc –O2 source.c –o source && ./source 0
output
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Existing approaches for compiler testing

gcc –O0 source.c –o source && ./source 1
output

gcc –O2 source.c –o source && ./source 1
output

gcc –O2 -ftree-loop-distribution source.c
–o source && ./source 0

output
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Existing approaches for compiler testing

gcc –O0 source.c –o source && ./source 1
output

gcc –O2 source.c –o source && ./source 1
output

gcc –O2 -ftree-loop-distribution source.c
–o source && ./source 0

output

Compiler options are typically applied to the entire program
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What is attribute？

Attributes give the compiler extra information about specific code elements

Attributes

__attribute__((noinline))
__attribute__((packed))
__attribute__((unused))

……
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What is attribute？

Attributes provide the compiler extra information about specific code elements

Attributes

__attribute__((noinline))
__attribute__((packed))
__attribute__((unused))

……

Functions

Variables

Types

Compilers

GCC
Clang
……

Attributes enable fine-grained control over compilation behavior
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Source Program

A motivation example
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GCC Bug 43234

https://gcc.gnu.org/bugzilla/show_bug.cgi?id=43234

A motivation example
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GCC crashed when 
compiled it with –O1



GCC Bug 114956

https://gcc.gnu.org/bugzilla/show_bug.cgi?id=114956

Another motivation example
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GCC crashed when 
compiled it with -O2 

-fsanitize=address



Atlas
Attribute-Guided Compilation Space Exploration
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Atlas workflow
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Atlas workflow
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Atlas workflow
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Atlas workflow
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Atlas workflow
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Functions info: position, return type…

Variables info: position, variable type…

Statements info: position, variables …
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Original Program

Atlas generated case 1
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Mutated ProgramOriginal Program

Atlas generated case 1
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Original Program

Atlas generated case 1
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Mutated Program

https://gcc.gnu.org/bugzilla/show_bug.cgi?id=114687

GCC crashed when 
compiled it with –O1 

–fsanitize=address 



Original Program

Atlas generated case 2
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Mutated ProgramOriginal Program

Atlas generated case 2
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GCC Bug 117145Original Program

https://gcc.gnu.org/bugzilla/show_bug.cgi?id=117145 28

Atlas generated case 2

GCC crashed when 
compiled it with -O2 



Original Program

Atlas generated case 3
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Original Program Mutated Program
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Atlas generated case 3



Original Program Mutated Program
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Atlas generated case 3



Original Program Clang Bug 108166

https://github.com/llvm/llvm-project/issues/108166 32

Atlas generated case 3

Clang crashed when 
compiled it with –O0



●RQ1: How many compiler bugs have been found by Atlas?

●RQ2: How efficient is Atlas in uncovering compiler bugs?

●RQ3: Can Atlas improve code coverage?

Research Question

33



RQ1: Effectiveness of Atlas

Distribution of confirmed bugsReported bugs

ü1 GCC P1 bug, 14 GCC P2 bugs

üSpan a wide range of compiler components
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Valuable attributes of GCC Valuable attributes of LLVM

RQ1: Effectiveness of Atlas

Each case contains at least one attribute
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RQ2: Efficiency of Atlas

ü Atlas finds more bugs
ü More than 60% of program 

generated by Atlas are compliable

Detected bugs and generated programs within 10 days
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ü More unique bugs
ü 109.1% more bugs than 

other approaches

Unique bug found by different approaches

RQ2: Efficiency of Atlas
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ü Atlas continues to uncover 
bugs over a period of 10 days

ü Atlas maintains a more 
consistent discovery rate

The earliest time each unique bug was discovered

RQ2: Efficiency of Atlas
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Code coverage

ü Atlas achieves the highest code 
coverage in all metrics

ü Atlas brings the largest improvements

RQ3: Capability of Atlas
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Conclusion
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lTarget: achieve fine-grained control over compilation for compiler testing

lOur solution:

ü Insert attribute into code target specific elements such as functions, variables, 

and statements

üCombine various options that activate the attributes during compilation

lTake away: attributes enable precise control over the compilation strategies 

applied to individual code elements



Thank You！
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