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Why Triton

PRI TREY

Wras: Z2F#2. Tile Base

CUDAFRZE LR

Python First or Pytorch First

FTAIZES

BRI IFERIDSLATX

PyTorch

CUDA-Free

Inference for LLMs

READ BLOG

CUDA Programming Model

(Scalar Program, Blocked Threads)

#pragma parallel
for(int m = @; m < M; m++)
#pragma parallel
for(int n = @; n < N; n++){
float acc = @;
for(int k = @; k < K; k++)

acc += A[m, k] * B[k, n];

€[m, n] = acc;

}

Thread Block 1

Thread Block 3

Thread Block 2

Thread Block 4

Triton Programming Model
(Blocked Program, Scalar Threads)

#pragma parallel
for(int m = @; m < M; m += MB)
#pragma parallel
for(int n = @; n < N; n += NB){
float acc[MB, NB] = ©;
for(int k = @; k < K; k += KB)
acc += A[m:m+MB, k:k+KB]
[d BIk:k+KB, n:n+NB];
Clm:m+MB, n:n+hNB] = acc;

}
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Bt il
Pytorch SCF Linalg
Tiling/Fusion/LICM/Loop Transforms
FlagGems Triton Kernels
CF spekernel/JIT Linalg.generic .
kernel dispatch/custom vector
Triton - ’ - contract to asm/memory reuse
ﬁﬁ/l:}:lﬁﬁ”ﬁ Vector Vector.contract
TTIR
llvm.call llvm vector inline asm
TTSIR |
Linalg IR llc
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° Grld ND_> Ktile
Die/Cluster/Core ] TIEE}'_% o lT g 'i <vKBlockSize; ki++) {

i][ni] += A[mi][ki] @ B[ki][ni];

=R

+ Clusterf{t i I A S
Ktile Grid

. Kernel/mFEAMI B — [eee

Mtile eeooe : : : o . |
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+ ZAMEE. Tensorft ............. .............. ............ ............. ......
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° EEblOCk ptrEﬁ{Eﬁﬁ E)\EACPUJ%$EIU\ pid_m = tl.program_id(®)

pid_n = tl.program_id(1)

+ {R$¥FLoad with MaskHY{ERAT

LAC A Z &R kernel SEZEFE—E EEEZ?:ESifide:"’";;oéi"i‘izfiﬂ’e]
— offsets=[pid_m 5 7
’ J\ us.ter%)b% : §’£$EE ernel= $’£$EE iﬂ block_shaEe:EBLOCK_SIZE_M, ELOCK_SIZE_K],
order=[1, @],

)

b_block_ptr = tl.make_block_ptr(
base=b_ptr,
shape=[K, N],
strides=[stride_bk, stride_bn],
offsets=[0, pid_n * BLOCK_SIZE_N],
block_shape=[BLOCK_SIZE_K, BLOCK_SIZE N],
. order=[1, @],
)

%6 = tt.make_tensor_ptr %argl, [%3, %4], [%5, %cl_ied], [#%2, %c®_i32] {order = array<i32: 1, ©>}
%7 = arith.muli %1, %clé_i32 : i32 loc(#lock)
%8 = arith.extsi %arg4 : 132 to i64 loc(#loc7)
%9 arith.extsi %arg7 : 132 to i64 loc(#loc7)

accumulator = tl.zeros((BLOCK SIZE M, BLOCK SIZE N), dtype=tl.float32)

if EVEN_K:
a = tl.load(a_block_ptr, boundary check=(@, 1))
b = tl.load(b_block_ptr, boundary_check=(@, 1))
accumulator += tl.dot(a, b, allow_ tf32=F e)
else:
for k in range(®, tl.cdiv(K, BLOCK_SIZE K)):
a = tl.load(a_block ptr, boundary check=(@, 1))
b = tl.load(b_block ptr, boundary check=(@, 1))
accumulator += tl.dot(a, b, allow_tf32=False)
a_block_ptr = tl.advance(a_block_ptr, (©, BLOCK_SIZE_K))
b_block_ptr = tl.advance(b_block_ptr, (BLOCK_SIZE_K, @))

%10 = tt.make_tensor_ptr %argl, [%4, %8], [%9, %cl_i64d], [%c@_i32, %7] {order = array<i32: 1, @>}
%11 = tt.load %6 {boundaryCheck = array<i32: @, 1>} : !tt.ptr<tensor<16x1024xf32>> loc(#loc8)

%12 = tt.load %10 {boundaryCheck = array<i32: @, 1>} : !tt.ptr<tensor<1024x16xf32>> loc(#loc9)

%13 tt.dot %11, %12, %cst : tensor<16x1@24xf32> * tensor<1@24x16xf32> -> tensor<16x16xf32> loc(#l
%14 = arith.extsi %arg8 : i32 to i64 loc(#locll)

%15 = tt.make_tensor_ptr %arg2, [%3, %8], [%14, %cl_ie4], [%2, %7] {order = array<i32: 1, @>} :
tt.store %15, %13 {boundaryCheck = array<i32: @, 1>} : !tt.ptr<tensor<16x16xf32>> loc(#locl2)
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- spekernel¥J3%linalg.pack/mmt4d/..JENX

‘ Triton IR
W

« mmt4éd->ime vmadot/vector load store Linalg IR

« pack->vector

i s 5
o6 § 5 :
%subview 14 = memref.subview %reinterpret_cast_6[@, @] [%77, %83] [1, 1] : memref<?x?xf32, stri E E — E E
%subview_15 = memref.subview %reinterpret_cast_7[@, @] [%77, %84] [1, 1] : memref<?x?xf32, ] ; = : '
%subview_16 = memref.subview %alloc_4[@, 8] [%77, %83] [1, 1] : memref<32x32xf e 3 A I I ]
%subview 17 = memref.subview %alloc_4[e, %83] [%77, %84] [1, 1] : memref<32x32xf32> | : ; ) ] E
memref.copy %subview_ %subview_16 : memref<?x?xf32, sf délies a2l i <X E l J E
memref.copy %subview_15, T 2x2xT32 1<[?, ?], off ?>> to me ' ]
spekernel.generic "pack y _3 : memref<64x32xf32>) outs(%alloc_© : memref<16x4x4x8xf32 S '
spekernel.generic " : memref<32x32xf32>) outs(%alloc_1 : memref<2x4x16x8xf32 ‘l

spekernel.generic "mm ins(%alloc_©, %alloc_1 : memref<l6x4x4x8xf32>, memref<2x4x16x8xf32>)

%85 = ar}thAadd% %argle, %c32 :llﬂdEK LLVM Eunction
%86 = arith.addi %argl7, %34 : index

scf.yield %85, %86 : index, index
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« Gemm Analysis
Eiz=gim, M/N First->K

Core EE1ZHi#, K First->M/N

vO0-v3. vd-v7
VLen=1024
2 *K4
v8-v9, v10-v1l M8
M8 N32
M16

v16-v31
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Gemm Codegen

%3 = scf.for %arg3 = %c@ to %c512 step %cl128 iter_args(%arg4 = %arg2) -> (tensor<256x512xf32>) {
%extracted_slice = tensor.extract_slice %argl[@, %arg3] [256, 128] [1, 1] : tensor<256x512xf32> to tensor<256x128xf32>
%extracted_slice @ = tensor.extract_slice %argd[@, %arg3] [256, 128] [1, 1] : tensor<256x512xf32> to tensor<256x128xf32>
%4 = spekernel.generic "pack" ins(%extracted slice : tensor<256x128xf32>) outs(%1l : tensor<4x8x32x32xf32>) (%c256, %cl128, %c4,
%5 = scf.for %arg5 = %c@® to %c256 step %clé iter args(%argé = %extracted slice 8) -> (tensor<256x128xf32>) {
%extracted_slice 1 = tensor.extract slice %arg@[%arg5, ©] [16, 256] [1, 1] : tensor<256x256xf32> to tensor<16x256xf32>
%extracted_slice_2 = tensor.extract_slice %arg6[%arg5, ©] [16, 128] [1, 1] : tensor<256x128xf32> to tensor<l6x128xf32>
%6 = spekernel.generic "pack" ins(%extracted_slice_1 : tensor<16x256xf32>) outs(%@ : tensor<1x8x16x32xf32>) (%cl6, %c256, %cl
%7 = spekernel.generic "pack" ins(%extracted_slice 2 : tensor<16x128xf32>) outs(%2 : tensor<1x4x16x32xf32>) (%clé, %cl28, %cl

%8 = spekernel.generic "mmt4d" ins(%6, %4 : tensor<1x8x16x32xf32>, tensor<4x8x32x32xf32>) outs(%7 : tensor<lx4x16x32xf32>) (%
%9 = spekernel.generic "unpack" ins(%8 : tensor<1x4x16x32xf32>) outs(%extracted_slice_2 : tensor<16x128xf32>) (%cl, %c4, %cl6
%inserted_slice_3 = tensor.insert_slice %9 into %arg6[%arg5, ©] [16, 128] [1, 1] : tensor<16x128xf32> into tensor<256x128xf32
scf.yield %inserted_slice 3 : tensor<256x128xf32>

¥
%inserted_slice = tensor.insert_slice %5 into %arg4[e, %arg3] [256, 128] [1, 1] : tensor<256x128xf32> into tensor<256x512xf32>

scf.yield %inserted_slice : tensor<256x512xf32>
}

return %3 : tensor<256x512xf32>
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« Gemm Codegen

// load b

%0 = vector.load [...] : memref<?x?x32x4xf32>, vector<4x32xf32>
// load a

= vector.load [...] : memref<?x?x16x4xf32>, vector<2x32xf32>
// vfmadot -> 2x8x4 @ 4x8x4 => 2x4x8x8

%2 = vector.contract {...} %1, %0 : vector<2x32xf32>, vector<4x32xf32> into vector<16x32xf32>

// pack A -> [m_block_size, k_block_size, mb, kb]
// pack B -> [n_block_size, k_block_size, nb, kb] vle32.v ...
// packA @ packC -> [m_block size, k_block_size, mb, nb] vle32.v ...
for (mi : m_block size) { .
f I block_si
or E:lcf :gopoc —size) { vmadot $(acc:0), $(lhs:0), $(rhs:0)
for (ki : k_block_size) { vmadot $(acc:2), $(lhs:0), $(rhs:1)
// vector.contract
C[mi, ni, :, :] += A[mi, ki, :, :] @ B[ni, ki,

s 1] vmadot $(acc:8), $(lhs:1), $(rhs:0)
vmadot $(acc:10), $(lhs:1), $(rhs:1)
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Gemm Codegen

vin

vn+1l

...| dst[0:8, 0:8]

dst[0:8, 8:16]

dst[8:16, 0:8]

dst[8:16, 8:16]
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« Conv Codegen

kernel_shape=[3,3]

%acc: vector<16x32xf32>

load b

= vector.load [...] : memref<?x?x32x4xf32>, vector<9x32xf32>

load a he

= vector.load [...] : memref<?x?x16x4xf32>, vector<3x32xf32>

vfmadotn -> 3x8x4 @ 9x8x4 => 2x4x8x8

= vector.contract {...} %1, %@ %acc : vector<3x32xf32>, vector<9x32xf32> into vector<16x32xf32>
load a hl

= vector.load [...] : memref<?x?x16x4xf32>, vector<3x32xf32>

vfmadotn -> 3x8x4 @ 9x8x4 => 2x4x8x8

= vector.contract {...} %3, %@ %2 : vector<3x32xf32>», vector<9x32xf32> into vector<16x32xf32>
load a h2

= vector.load [...] : memref<?x?x16x4xf32>, vector<3x32xf32>

vfmadotn -> 3x8x4 @ 9x8x4 => 2x4x8x8

= vector.contract {...} %5, %@ %4 : vector<3x32xf32>, vector<9x32xf32> into vector<16x32xf32>

vlie32.v ...
vie32.v ...

vmadot $(acc:8), $(lhs:@), $(rhs:e@)
vmadotl $(acc:8), $(lhs:e), $(rhs:8)
vmadot2 $(acc:0), $(lhs:e), $(rhs:0)

vmadot $(acc:2), $(lhs:8), $(rhs:1)
vmadotl $(acc:2), $(1lhs:8), $(rhs:1)
vmadot2 $(acc:2), $(lhs:e), $(rhs:1)

vse32.v
vse32.v
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