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Description
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In recent times weak memory concurrency has emerged as a dominant
programming paradigm for modern hardware. Modern hardware
performs various optimizations such as out-of-order execution that result
in weak memory concurrency behaviors.

To exploit the performance opportunities, programming languages and
libraries also introduce concurrency primitives that enable efficient
concurrent programming.

Programming languages like C/C++ provide platform-independent
abstractions for writing weak memory concurrent programs. The
language specifications have defined the C/C++ memory model and
state-of-the-art compilers (e.g. GCC, LLVM) follow the memory model. In
parallel, Linux also introduces its own concurrency primitives and
memory model to gain Performance improvement.

The C/C++ and Linux memory models differ in subtle ways. Linux enforces
memory ordering based on dependencies (data, address, control) while,
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in contrast, dependencies do not play any major role in C/C++
concurrency. As a result, the compilers which follow the C/C++ model
remove false dependencies. However, these compilers may introduce
subtle concurrency bugs in linux if it does not preserve the dependency
based ordering. This compiler-correctness gap is a serious concern for
the linux community.

The goal of this project is to bridge this gap by developing a
dependency-preserving-compiler (DPC) that preserves the required
orderings in linux in the correct and optimal manner. Finally, we study
the performance impact of DPC on the linux kernel.

Linux kernel, weak memory consistency, LLVM, concurrency

Concrete outcomes

—_

Understanding linux memory model

2. Analysis of existing LLVM optimizations

3. Modify LLVM to develop a DPC compiler
4. Performance evaluation on linux kernel

Bonus points
Formalization of linux concurrency and formal reasoning of
compiler correctness

Compulsory

C/C++

e Knowledge of compilers
Willing to collaborate and communicate with other
members

Preferred

e Knows LLVM internals
e Knows/interested in formal methods
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