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About  this  ta lk

G PU  Mode  P rev ious  Ta lks  on  Tr i ton  (Tr i ton  101,  Fus ing  Ke r ne l s ,  L i ge r  Ke r ne l s )
Resea rche r s  l ove  t r i ton
Resea rch   P roduc t ion  
Wha t  is  Tr i ton?  Comp lex  comp i le r /codegen  mach ine r y  unde r nea th
Py to rch   to rch .comp i le   t r i ton  ke r ne l s   ta rge t  ha rdwa re
B l og  pos ts :  Pa r t  1 ,  Pa r t  2 ,  Pa r t  3

https://www.kapilsharma.dev/posts/deep-dive-into-triton-internals/
https://www.kapilsharma.dev/posts/deep-dive-into-triton-internals-2/
https://www.kapilsharma.dev/posts/deep-dive-into-triton-internals-3/


Agenda

Cuda  Comp i la t ion
Tr i ton  Comp i la t ion
Example
J i t  Comp i la t ion
Tr i ton  and  M L I R
I R  Wa lk th rough
Example  M L I R  Pass
I f  T ime  Pe rm i t s :  Add  a  new
comp i le r  pass



CUDA Compilation



NVCC toolchain

NVC C  sepa ra tes  the  hos t  code
(C /C++  code )  f rom  dev i ce  code
(CUDA  ke rne l s )
Hos t  code  is  comp i led  us ing  a
s tanda rd  C /C++  comp i le r
Dev i ce  code  is  comp i led  into
PTX /cub in
Uses  ex te rna l  C++  comp i le r s  l i ke
g++  or  c lang  for  hos t  comp i la t ion
NVC C  comp i les  .cu  f i les  for  G PU
execut ion  and  .cpp  f i les  for  hos t
code .





Dev ice  Code  Process ing

The  NVC C  comp i le r  processes
dev i ce  code  in  two  key  phases
The  f i rs t  phase  gene ra tes
inte rmed ia te  forms  us ing  the  C++
preprocessor  and  cicc  prog ram
The  cicc  prog ram  opt im izes  and
gene ra tes  PTX
The  PTX  code  is  then  passed  to
ptxas ,  wh ich  produces  SASS

Godbo l t  Example

https://godbolt.org/z/GcYKT7cfo


Tr iton  Comp i lat ion

Tr i ton  comp i le r  takes  the  D S L
code  and  comp i les  i t  ove r  mul t ip le
s tages  down  to  CUB I N / fa tb ina r y
Gene ra ted  execu tab le  CUB I N  is
loaded  in l ine  in  cuda  ke r ne l

E L F- forma t ted  f i le  wh ich
cons is ts  o f  CUDA  execu tab le
code

https://docs.nvidia.com/cuda/cuda-binary-utilities/index.html#what-is-a-cuda-binary


Source :  Source :  https : / /www.youtube .com /watch?v=AtbnRIzpwhohttps : / /www.youtube .com /watch?v=AtbnRIzpwho

https://www.youtube.com/watch?v=AtbnRIzpwho


Example :  add_kerne l



Example  :  add_kerne l

Th is  shou ld  dump  a  .c  and  .h  f i le  w i th  the  cuda  ke r ne l  code .
add_ke r ne l . 9969bdda_0123.c
add_ke r ne l . 9969bdda_0123.h

https://gist.github.com/kapilsh/23599d68a4e3e8af7ae46ccc670ed444
https://gist.github.com/kapilsh/16d1218c0629242bb7e9b613609129dd


Example :  add_kerne l  (Art ifacts)

Tr i ton  I R
Tr i ton  G PU  I R
L LVM  I R
PTX
CUB I N
Some  too l s

F i le  is  e l f  forma t ted :  readelf -a add_kernel.cubin
cuobjdump add_kernel.cubin -sass -ptx  (cuob jdump )
nvdisasm -gi add_kernel.cubin  (nvd isasm )

More  de ta i l s  on  Py thon  b ind ings  in  Pa r t  2  o f  b l og  se r i es

https://gist.github.com/kapilsh/e8f09e8ed4f2f3bcfe13dd4bd099e270#file-add_kernel-ttir
https://gist.github.com/kapilsh/e8f09e8ed4f2f3bcfe13dd4bd099e270#file-add_kernel-ttgir
https://gist.github.com/kapilsh/e8f09e8ed4f2f3bcfe13dd4bd099e270#file-add_kernel-llir
https://gist.github.com/kapilsh/e8f09e8ed4f2f3bcfe13dd4bd099e270#file-add_kernel-ptx
https://gist.github.com/kapilsh/e8f09e8ed4f2f3bcfe13dd4bd099e270#file-add_kernel-cubin
https://docs.nvidia.com/cuda/cuda-binary-utilities/index.html#command-line-options
https://docs.nvidia.com/cuda/cuda-binary-utilities/index.html#nvdisasm
https://www.kapilsharma.dev/posts/deep-dive-into-triton-internals-2/


Example :  add_kerne l  (JIT  Comp i led)

A r t i fac t s  tha t  a re  dumped  on  the  d isk  can  a l so  be  re t r i eved  d i rec t l y  f rom  the  ke r ne l



JIT  Comp i led  Kerne l  

Seve ra l  laye r s  o f  code  gene ra t ion
Py thon  D S L   I R   PTX   CUB I N / fa tb ina r y   launche r .so

Saves  i t  on  d isk  ( TRITON_CACHE_DIR )  th rough  a  cache  manage r ;  l oaded  in l ine  as
fa tb ina r y  (cub in )
Ta rge t ted  ha rdwa re  have  respec t ive  d r ive r s  tha t  prov i de  na t ive  code  wrapped  as
py thon  modu les
D r ive r  l oads  cub in  in to  the  CUDA  d r ive r .  Re fe rence  Code
Expor ted  sha red  l i b ra r i es :  cuda_u t i l s .so  and  __ t r i ton_ launche r .so
Code  po in te r s
comp i le_modu le_ f rom_s rc
t r i ton . run t ime .bu i ld

https://github.com/triton-lang/triton/blob/4348109b0a8e1aac748aa9b1bbbcd858e9488940/python/triton/runtime/cache.py#L50-L71
https://github.com/triton-lang/triton/blob/main/third_party/nvidia/backend/driver.c#L389-L406
https://github.com/triton-lang/triton/blob/main/third_party/nvidia/backend/driver.py#L72-L86
https://github.com/triton-lang/triton/blob/main/third_party/nvidia/backend/driver.py#L413-L426
https://github.com/triton-lang/triton/blob/main/third_party/nvidia/backend/driver.py#L48-L64
https://github.com/triton-lang/triton/blob/main/python/triton/runtime/build.py#L21-L80




Tr iton   MLIR

Comp le te  rewr i te  o f  the  backend  f rom  sc ra tch  in  2022
M L I R  is  a  f lex i b le  in f ras t ruc t u re  for  mode r n  opt im iz ing  comp i le r s ;  pa r t  o f  the  L LVM
ecosys tem
Cons is ts  o f  In te rmed ia te  Represen ta t ion  ( I R )  spec i f i ca t ions  and  a  too lk i t  for
t rans forma t ions
Uses  d ia lec t s  tha t  prov i de  cus tom  D S Ls / I Rs  bu i l t  on  top  o f  M L I R  f ramework

D i a lec t s  a re  mechan ism  to  engage  w i th  and  ex tend  the  M L I R  ecosys tem
Tenso r f l ow  was  the  f i r s t  ma jor  M L  f ramework  us ing  M L I R

Good  resou rce  on  M L I R  app l i ed  to  M L  F rameworks :  Tenso r f l ow  bu t  s t i l l  use fu l
A l l  o f  Tr i ton  d ia lec t s  use  tab le-gen  (D S L /codegen  for  M L I R  bo i le rp la te )

Good  Resou rce  on  tab legen
MLIR_ENABLE_DUMP=1  to  dump  I R  a f te r  each  pass  in  t r i ton

MLIR_ENABLE_DUMP=1 python vector_add.py

https://github.com/triton-lang/triton/pull/1004
https://mlir.llvm.org/docs/Passes/
https://www.youtube.com/watch?v=R5LLIj8EMxw
https://www.jeremykun.com/2023/08/10/mlir-using-tablegen-for-passes/


MLIR He l lo  World  Example



MLIR Example



Common  Passes

Seve ra l  common  passes  a re  prov i ded  by  M L I R  and  a re  d i rec t l y  used  by  t r i ton
Inc l udes  opt im iza t ions  such  C S E ,  D C E ,  e tc .
Re f :  M L I R  Common  Passes

https://mlir.llvm.org/doxygen/namespacemlir.html


Tr iton  Passes

Tr i tonCombineOps :
dot(a, b, 0) + c => dot(a, b, c)
addptr(addptr(ptr, idx0), idx1) => addptr(ptr, AddI(idx0, idx1))

Tr i tonReorde rB roadcast :  Moves  b roadcas t /sp la t  a f te r  e lemen t-w ise  ops
elementwise(broadcast(a)) => broadcast(elementwise(a))
elementwise(splat(a), splat(b), ...) => splat(elementwise(a, b, ...))

Tr i tonRewr i teTensorPo inte r :  A f te r  th is  pass ,  tt.make_tensor_ptr  and
tt.advance  w i l l  d isappea r
Tr i tonLoopUnro l l :  Unro l l s  (S t ruc t u red  Con t ro l  F l ow )  l oop  w i th
tt.loop_unroll_factor  a t t r i bu te

Re fe rence  tab le-gen :  Tr i ton  Passes

https://github.com/triton-lang/triton/blob/576426bccfb9a2c90f2abaa405995738d4a79403/include/triton/Dialect/Triton/Transforms/Passes.td#L27


Tr iton  GPU  Passes

Re fe rence  tab le-gen :  Tr i ton  G PU  Passes ,  Tr i ton  NV I D I A  Passes

https://github.com/triton-lang/triton/blob/main/include/triton/Dialect/TritonGPU/Transforms/Passes.td
https://github.com/triton-lang/triton/blob/main/include/triton/Dialect/TritonNvidiaGPU/Transforms/Passes.td


Tr iton  GPU  Passes

Tr i ton  comp i le r  app l i es  seve ra l  gpu  spec i f i c  opt im iza t ion  passes  to  the  I R
prev ious ly  gene ra ted .
Some  o f  the  we l l-known  opt im iza t ion  passes  inc l ude :

Coa lesc ing
F32  dot  produc t  opt im iza t ion
CTA  p lann ing
Th read  l oca l i t y
Ma t r ix  mul t ip l i ca t ion  acce le ra t ion
Opt im iza t ion  o f  dot  ope rands
Da ta  de-dup l i ca t ion
Ins t ruc t ions  reorde r ing
TM A  l owe r ing ,  e tc .



IR Wa lkthrough :  add_kerne l  (gist)

https://gist.github.com/kapilsh/cee55b221d7f91dc64fbac46f018163c


Module  Attributes



Program  ID and  Range  Creation



Ops  (Splat  and  add  operations)



Load  and  store  operations





Example  GPU  MLIR Pass :
Tr itonGPUAcce lerateMatmul

Codegens  the  base  c lass  tha t  comp i le r  pass  wr i te r  can  implemen t

https://github.com/search?q=repo%3Atriton-lang%2Ftriton%20TritonGPUAccelerateMatmul&type=code




L ive  Coding



Sources

Tr i ton  Source  Code :  I  read  a  l o t  o f  code  
O r i g ina l  Tr i ton  Pape r
Tr i ton  Docs
M L I R  Docs
Techn i ca l  Ove r v i ew  o f  Tr i ton
Le i  Mao 's  b l og
Baby lon  P ro j ec t
Towa rds  Ag i le  Deve l opmen t  o f  E f f i c i en t  Deep  Lea r n ing  Ope ra to rs
The  process  o f  a  CUDA  prog ram  comp i la t ion  us ing  the  NVC C  too lcha in
M L I R  —  Us ing  Tab legen  for  Passes

https://www.eecs.harvard.edu/~htk/publication/2019-mapl-tillet-kung-cox.pdf
https://triton-lang.org/main/dialects/dialects.html
https://mlir.llvm.org/docs/
https://www.jokeren.tech/slides/Triton_bsc.pdf
https://leimao.github.io/
https://openjdk.org/projects/babylon/articles/triton
https://www.jokeren.tech/slides/triton_intel.pdf
https://hpcgpu.mini.pw.edu.pl/cuda-compilation-toolchain/
https://www.jeremykun.com/2023/08/10/mlir-using-tablegen-for-passes/


Questions!


