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A Simple Single-Threaded Algorithm

Single-thread execution is sequential.
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Parallelism on the GPU with HIP

In a parallel program, threads can progress independently.

// Barrier to synchronize execution of threads.
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Execution Synchronization Beyond "syncthreads"

• "syncthreads" synchronizes memory & execution at a fixed scope.

• Other APIs can synchronize:

o Threads at different scopes.

o Only specific address spaces.

• Both parameters affect performance.

AMDGPU Memory Hierarchy.
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The AMDGPU Target & Execution Synchronization

• AMDGPU barrier primitives must be:

o Reusable.

o Portable.

o Efficient.

• Documentation is hard.

• Imprecise documentation leads to:

o Ad-hoc changes.

o Confusing user experience.
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Documenting Barriers in AMDGPU

• Fences must pair with an atomic memory operation.

• Barriers are not memory operations, yet this must work:

LLVM IR for "__syncthreads()".
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The Formal Barrier Execution Model

• Formally document:

o Barrier operations and how to use them.

o Guarantees offered by barriers.
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Challenge: Compatibility between Targets

• Need backward and forward compatibility.

• (Try to) support alternative implementations.

• Solution: Separate model from implementations.
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Challenge: Memory Model Integration

• Memory models are:

o Precise.

o Defined over program executions, not source code.

• Memory model does not apply to barriers.

o Execution model must be defined separately.



|10 of 20

Challenge: Mastering the Chaos

• Experimental work.

• Remember the big picture.

• Solutions:

o Iterative development.

o Frequent feedback.
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Modeling the Barrier Flow

• Barrier objects (BOs).

• Barrier operations on barrier objects:

o join, wait, init, arrive, drop

• Basic single-thread relations:

o thread-barrier-order<BO>

o barrier-joined-before

modification operations

Note: thread-barrier-order<BO> is transitive, but only the transitive reduction is drawn on the diagram.
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Modeling the Barrier Flow: Modification Order

• barrier-modification-order<BO>

Note: This relations is transitive, but only the transitive reduction is drawn on the diagram.
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Modeling Execution Dependencies

• Barrier completion represented by barrier-participates-in
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Modeling Execution Dependencies: Emergent Relations

• barrier-executes-before = barrier-participates-in + program-order of barrier operations

• barrier-phase-with: barrier phases via barrier-participates-in

Note: both relations are transitive, but only the transitive reduction is drawn on the diagram.
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Applying the Execution Model to AMDGPU Targets

• Formal model has common semantics.

• Target-specific semantics specified separately.

• Informational notes guide users.

• Intrinsics rely on barrier operations.

• Barrier operations implementation documented for all targets.

Documentation Table of Content.
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Synchronizing Memory

• barrier-executes-before alone does not affect memory.

• Use fences with barrier operations to synchronize memory:
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Testing

• Barrier execution model implemented in Alloy (https://alloytools.org/).

• Test cases written in a custom format and translated to Alloy.

• Determines whether a given program execution is allowed by the model or not.

Test File Example.

https://alloytools.org/
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Conclusion & What's Next ?

• Find the text at https://llvm.org/docs/AMDGPUUsage.html#execution-barriers

• Keep improving the model.

• Continue supporting new targets as they come.

https://llvm.org/docs/AMDGPUUsage.html#execution-barriers
https://llvm.org/docs/AMDGPUUsage.html#execution-barriers
https://llvm.org/docs/AMDGPUUsage.html#execution-barriers
https://llvm.org/docs/AMDGPUUsage.html#execution-barriers
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Copyright and disclaimer
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