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Introducing ClangIR
High-Level IR for the C/C++ Family of Languages



Background
Compilation pipeline

• Multiple representations from source to machine code


• Each translation level requires specific information



Compilation pipeline
Progressive lowering

• Lowering: loss of information, each level is better at something



• May preclude language specific analysis & optimizations


• Reconstruction can be hard, expensive and brittle

Compilation pipeline
Premature lowering



Clang
Compiler C/C++ family of languages

• C++ is hard: more opt and analysis require richer IR


• Pipeline: C++ → AST → LLVM IR → […] → assembly


• AST too high level


• LLVM IR too low level (e.g. opaque ptrs)



Clang
Why we need a new IR?

• Enable more static analysis and unlock optimization opportunities


• Success stories of high-level IRs


• Flang, Mojo, Rust, Swift, Open64’s WHIRL



Clang
Reconstruction is hard



Clang
Reconstruction is hard

-emit-llvm -O1

https://godbolt.org/z/zd15hK9cb



ClangIR



ClangIR (CIR)
High-level IR for Clang

• Represents C/C++ closely


• Translated out of Clang’s AST


• Move Clang onto the MLIR substrate


• Use MLIR from C, C++ and extensions



ClangIR (CIR)
Open Source

• llvm-project incubator, currently being upstreamed


• June 2022: Introductory RFC to LLVM project


• Feb 2024: Upstream RFC in Feb 2024 (accepted)


• Github, 46 unique contributors since 2021


• Industry commitment



ClangIR (CIR)
Pipeline purview



CIR example
High-level IR for Clang



CIR example
High-level IR for Clang

Types, ABI information

https://godbolt.org/z/MTaPP7xdc
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CIR example
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ClangIR progress
LLVM IR backend

• CIR to LLVM IR dialect pass


• Supports: x86_64, ARM64 and SPIRV LLVM IR


• Initial OpenCL support, toy OpenMP support


• Builds SPEC2017 C, 90% of Social App


• C++ under heavy development (WIP building libc++)



LLVM lowering
Different representation levels

ClangIR

LLVM IR



LLVM lowering

ClangIR

LLVM IR

Different representation levels



Other Lowering

• Built on top of MLIR


• CIR to MLIR "standard" dialects: 


• affine, arithmetic, mermen, scf, math, etc


• Not as advanced as LLVM lowering

Easy to write conversions



Tooling and Usages

• CIR support in Compiler Explorer


• C++ lifetime analysis


• Handle most of C++ support constructs


• clang-tidy & clangd integration


• PoC of cross-library optimization framework

Integration with existing tools



Why the HPC community 
should care?



HPC & ClangIR

• Lower C/C++ extensions to MLIR


• Mix CIR with downstream and custom dialects


• High level mapping of specific C/C++ extension idioms


• Domain specific optimizations, analysis, diagnostics


• Avoid premature lowering



Case study
OpenMP in Clang
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Case study
OpenMP in Clang

• Read-only variables above


• What kind of code generation we get?
-emit-llvm -O2 -fopenmp

https://godbolt.org/z/EsYodTKW9



Case study
OpenMP in Clang

• Unnecessary alloca’s before forking



Case study
OpenMP in Clang

• Function is outlined prematurely, too late for classic clang


• ClangIR: mix OpenMP + CIR


• mem2reg remove allocas



Case study
OpenMP in Clang



Case study
OpenMP in Clang

• Work around existing compiler limitations


• No diagnostics on “writes" to those variables



Case study
OpenMP in Clang

• Work around existing compiler limitations


• No diagnostics on “writes" to those variables



Case study
Does this happen in real code?



Case study
Does this happen in real code?

qmcpack/src/Platforms/OMPTarget/ompBLAS.cpp



Takeaway

• Premature lowering hurts


• A higher level for C, C++ and 
extensions brings a clear benefit to 
the Clang compiler community 
(looking at you HPC folks)


• ClangIR is under heavy 
development, joins us!



Resources

• clangir.org


• Compiler explorer (ClangIR branch)


• C/C++ MLIR WG meeting monthly (1st Monday of the month)


• Discord: #clangir


• Github: https://github.com/llvm/clangir

http://clangir.org
https://github.com/llvm/clangir


Questions


