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What is Triton

- A Python-like language

- A JIT compiler

- A PyTorch backend

- A set of MLIR dialects

- A community

- An organization
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A Triton Program (Permutation)

Kernel decorator

Kernel body

Triton operator
Device function

Package import



The Triton-Lang Organization
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Triton Community
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Beginner’s Resources

- Triton Index
- cuda-mode/triton-index: Cataloging released Triton kernels. (github.com)

- Awesome Triton Kernels
- zinccat/Awesome-Triton-Kernels: Collection of kernels written in Triton language (github.com)

- Unsloth
- unslothai/unsloth: Finetune Llama 3, Mistral & Gemma LLMs 2-5x faster with 80% less memory (github.com)

- Triton Puzzles
- srush/Triton-Puzzles: Puzzles for learning Triton (github.com)

- Torchao
- pytorch/ao: Native PyTorch library for quantization and sparsity (github.com)

- Attorch
- BobMcDear/attorch: A subset of PyTorch's neural network modules, written in Python using OpenAI's Triton. 

(github.com)

https://github.com/cuda-mode/triton-index
https://github.com/zinccat/Awesome-Triton-Kernels
https://github.com/unslothai/unsloth
https://github.com/srush/Triton-Puzzles
https://github.com/pytorch/ao/tree/main
https://github.com/BobMcDear/attorch
https://github.com/BobMcDear/attorch


Guide for Developers

- Read the Triton source code!

- Read the MLIR source code!

- I found a handful of Triton backend analysis articles on zhihu.com

- But triton core developers may not have time to write any of these

- We prefer to leaving comments to save time

- Discussion

- [QST] Triton MLIR · Issue #3 · srush/Triton-Puzzles (github.com)

https://github.com/srush/Triton-Puzzles/issues/3


Proton
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A Profiler for Triton



Proton

- Provide a quick, intuitive, and simple way to check kernel performance

- Open source

- Multiple vendor GPUs

- Flexible metrics collection

- Hardware metrics

- Software metrics

- Call path profiling
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Design
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Call Path Profiling

- Profile kernel running time

Python Context Shadow Context
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User Interface

- Lightweight source code instrumentation
- Profile start/stop/finalize

- Scopes

- Hooks

- Command line
- python -m proton main.py

- proton main.py
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Profile Start/Stop/Finalize

- Profile only interesting regions
- proton.start(profile_name: str) -> session_id: int

- proton.finalize()

- Skip some regions, but accumulate to the same profile
- session_id = proton.start(...)

- proton.deactive(session_id)

- … # region skipped

- proton.activate(session_id)
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Scopes

- Only collect the Master Thread scope
- In PyTorch, the thread that train and test models

with proton.scope("test0"):
    with proton.scope("test1"):
        foo[1,](x, y)
with proton.scope("test2"):
    foo[1,](x, y)
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Metrics

- Asynchronous metrics

- Come from profilers

- Synchronous metrics

- Come from users

- Theoretical flops, bytes

- Loss

- Counts

- Dict[str, Union[int, float]]

with proton.scope("test0", {"foo_metric": 1.0}):
    foo[1,](x, y)

“test0” scope ends with multiple metrics.
Two metrics can be displayed the same time.
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Triton Hooks

- Rename the triton function with a custom name

- Append launch configurations

- Append runtime dynamic

- Append constants

- e.g., foo_<num_warps:4>_<fast_math:4>_<branch_0:1>

- Supply custom metrics based on kernel arguments

- flops{8, 16, 32, 64}

- bytes
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Instruction Sampling on NVIDIA GPUs
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CUPTI Internals
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Hardware Buffer

Kernel1 Kernel2 Kernel3

Application Thread:

CUPTI Thread:

Kernel1 Kernel2 Kernel3
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Proton’s View

● Total samples and stalled samples



Overhead

● NCU overhead >1000x 
○ 4s -> 66 mins

○ time ncu --section SourceCounters python ./dynamic_net.py

● Proton overhead ~20x
○ Could be reduced to less than 5x

■ Many optimizations haven’t been applied
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Proton-Analyzer

● Design for Torchinductor and Triton
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Potential Views

● Interactive view
○ https://godbolt.org

● Terminal view
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https://godbolt.org/


Interpreter
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Revisit the Frontend

math.py

builtin

core.py

rand.py standard.py

libdevice.py

jit

custom

semantic.py

Triton PythonCode Generator

Triton IR

IR Builder

AST Visit

Backend

IRs and Binary
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Interpreter
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math.py

builtin

core.py

rand.py standard.py

libdevice.py

jit

custom

semantic.py

Triton PythonInterpreter

Interpreter Builder

Exec

Numpy Executor



Usage

- Enable the interpreter mode
- TRITON_INTERPRET=1 <your command>

- Debug with pdb
- TRITON_INTERPRET=1 pdb test.py

- b test.py:<line number>

- r

- Highlights
- You can set device=’cpu’ to execute code with the interpreter

- You can print tl.tensor using the native python print and check all values of the tensor
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Triton Conference 2024

● The Triton Conference is happening again on September 17th, 2024 in 

Fremont (CA)

● If you are interested in attending, please fill up this form

○ https://tinyurl.com/4rdfy8s9
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https://tinyurl.com/4rdfy8s9

