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l FlagGemsEF[E

IR EIRA L S6EAAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

o https://qithub.com/FlagOpen/FlagGems QGQ ﬁ @ I‘l

— MEROpenAl TritoniESSLINEFZE

= H &b
SHEST
B E T EE Storch eagerfd

AL & E T EEL Ttorch eager

T BE
V2.0 SLI66NMNEF, BHL76MAteniEzEO
ItV3.05ER133+H F, EARBEKIRRIE K

2R

SHEHTHE, HENVIDIASESTRA
ZRFEREE, TiEarxA\PyTorch
FEMUNERS, REEIMENK
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https://github.com/FlagOpen/FlagGems
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T
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CUDA Triton

Driver
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l FlagGemsSFE I RERA T BT

import torch
import flag_gems

> Eﬁ*ﬁ*f}(ﬁﬁﬁﬁ flag_gems.enable()

M, N, K= 1024, 1024, 1024

torch.randn( (M, K), dtype=torch.floatl6, device="cuda")
torch.randn( (K, N), dtype=torch.float16, device="cuda")
torch.mm(A, B)

O m >
inn

import torch
import flag_gems

A~
I]]HT_I-EH% M, N, K = 1024, 1024, 1024

A = torch.randn( (M, K), dtype=torch.floatl6, device="cuda")
B = torch.randn((K, N), dtype=torch.float1l6, device="cuda")

with flag_gems.use_gems():
C = torch.mm(A, B)

> EHERER

import torch

> Ej%%ﬂ%_l % import flag_gems

M, N, K = 1024, 1024, 1024

= torch.randn( (M, K), dtype=torch.floatl6, device="cuda")
torch.randn((K, N), dtype=torch.floatl16, device='"cuda")
flag_gems.mm(A, B)

A
B
C
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LinearAlgebra

addmm cumsum amax
bmm mean argmax
linear* sum max
matmul** prod min
mm var_mean
mv
outer

NeuralNetwork

BasicMath
asicMat * linear/EEiEAaddmmzCIf

Fusion ** matmul/EEERbmm, mm, mvaLIj

Backward
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l FlagGemsEFi5H IEEBA TR

LinearAlgebra

NeuralNetwork Normalization Other

gelu layer_norm* dropout***
relu group_norm** triu
silu vector_norm cross_entropy_loss
softmax rms_norm native_dropout
log_softmax native_layer _norm
sigmoid native_group_norm
* layer_normJi/ZEnative_layer norm3CH
** group _norm/i/=ZiAMnative_group normsCcER

“** dropout/EE@native_dropout=cijl
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l FlagGemsEFi5H IEEBA TR

LinearAlgebra

NeuralNetwork

BasicMath Mathmatical Logical Reduction

add abs bitwise_and eq all
div exp bitwise_not ge any
sub reciprocal bitwise_or gt
mul rsqrt _or__ le
pow neg isinf It
rsub COS isnan ne
clamp sin
where tanh

Fusion

Backward

IBAAI



l FlagGemsEFi5H IEEBA TR

LinearAlgebra

NeuralNetwork

BasicMath
Fusion Mathmatical Pointwise Attention
skip_layernorm gelu_and_mul rotary_position_embedding
skip_rmsnorm silu_and_mul

Backward

IBAAI



l FlagGemsEFi5H IEEBA TR

LinearAlgebra

NeuralNetwork

BasicMath
Fusion
Backward*
native_dropout_backward  native_layer_norm_backward outer_backward
threshold_backward _softmax_backward_data cross_entropy_loss_backward
silu_backward _log_softmax_backward_data
tanh_backward native_group_norm_backward

sigmoid_backward

* Backward&FFRiT NS

IBAAI



FlagGems5Aten Kernel[$gEXJEL JLRERA TR

- ITEZER: blaskMRBITE
- BISEITE MR cuda
- FREEITEEREEYcuda

blas® FhniE kb
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
addmm bmm mm mv outer

mfloatlé w=float32 »bfloatlé
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Jll FlagGems5Aten Kernel{®gExJLL I RERATEENR

o IGEFEZERL: pointwiseX it E
- ZHEFETHBEITEMEEANIEF cuda
- DEEFStriton languageIHEeiE ORIEUESRERSI, upcastaiE K34E B BR8] i A

pointwise HFIMEEL

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2 ‘
0
fo 66 6\Q oe & o \g\*“@ @ \\ &9 4“ oo @» b g\ & e§° @{0 & &
B & s

@

mfloatle mfloat32 bfloat1l6
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Jll FlagGems5Aten Kernel{®gExJLL I RERATEENR

o IHEFEZEERY . reduction)3Z)HE
- ZHEFEBEITE MBI cuda
- DHEFITEMRES Feuda, NEH—SME

2.5

2

1.5

1
0.5 I

0
& &"' &2

reductionEFIMELL

+ 0
o‘&

6//_

| || || | In
> + &

& & & o
&S N go@ & & &SSP &
? S & & L I\ R & <
N NS N3 ¢t o o </ </
O 7 ° & °
& ) > ©

mfloatl6 mfloat32 bfloat16
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FlagGems5Aten Kernel[$gEXJEL JRERA TE A7

- MEHET
- £FfEF STEEITREREET cuda

Fused 7Nkt
35
3
2.5
2
15
1
0.5
’ silu_and_mul gelu_and_mul skip_layernorm skip_rmsnorm

nfloatlé - float3z » bfloatlé
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$ SRR

——CORE SIGMA—

I'd siLIcONFLOoW

|): x5va

NVIDIA.

[_ambricon
® = £

NN BB ex

M=TAE
HYGON

E R % 1=

MOORE THREADS

A B0

/ KUNLUNXIN

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

Google Bert Infer

Gigle

Meta LlamaZ2 Infer

N

BAAI Aquila Train
IRiE] - X &

WUDAD Aquila
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B FlagGemsF& IEEBA TR

HFSCH ({XEITE) FlagGems/src/flag_gems/

import triton import triton

BEN4E K TTA import triton.language as tl FETTA ﬁmport ltrito?.language as tl
: 3 =3 i t logging s = 5 Import logging
ointwiseE 'mpor = £ o .
1XBED 5 from ..utils import pointwise_dynamic oz ﬁ j]fliﬁﬁ’]ﬁ_jr L) o0 e L Seruits
4= ifipointwise_dynamic 2 iflibentry _
o . @pointwise_dynamic . . @Ilt.)entr_%/
FTENDEBUGH EFiEx A A @triton.jit FTENDEBUGH &L K 1A A @triton.jit

. def cos_func(-):
IST-PICRISTSuprE Rl | e cos funcl MR SatenfE AR e
return tl.cos(x.to(tl.float32))
def cos(A):
logging.debug("GEMS COS")
0 = cos_func(A)
return O

def cos(A):
logging.debug("GEMS COS")
0O = cos_func(A)
return O

IR IAN _init__py

IBAAI
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(A& [a])

EFSH

IR BIBA TEEERFABR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

FlagGems/src/flag_gems/

®ETTE
RERHBETTERE
a] £ fflibentry =i pointwise_dynamic

BIEE ¥, 4k&torch.autograd.Function
E X E 7S F3 ik forwardFlbackward
FHREFEREMELE
EBLMEA, REKEF/L L
FESK BRI A R Y K (5% A None
SMNEBE SatenXtFF

import torch

import triton

import triton.language as tl

import logging

from ..utils import pointwise_dynamic

@pointwise_dynamic

@triton.jit

def tanh_forward(x):

return tl.math.tanh(x.to(tl.float32))

@pointwise_dynamic

@triton.jit

def tanh_backward(y, dy):

return dy * (1.0 - tl.math.pow(y.to(tl.float32), 2))

class Tanh(torch.autograd.Function):
@staticmethod

def forward(ctx, A):
logging.debug("GEMS TANH FORWARD")
O = tanh_forward(A.to(torch.float32))
ctx.save for _backward(O)

return O.to(A.dtype)

@staticmethod

def backward(ctx, out_grad):
logging.debug("GEMS TANH BACKWARD")
(out,) = ctx.saved_tensors

in_grad = tanh_backward(out, out_grad)
return in_grad

def tanh(A):
return Tanh.apply(A)

IR SN _init__py

IBAAI



B FlagGemsF& IR T BRI

5FEM FlagGems/src/flag_gems/__init__.py

> (NERATenBIREFEEIM, ATenkBEHNET. MEAEFLE M
> {#FBtorch.libraryZR&3Z[OSCH
> {EPyTorch/aten/src/ATen/native/native_functions.yamlff&EZHatenEF i E
> HEHRRIA
> lib.impl("cos", cos, "CUDA")
> EEEIESRR

> lib.impl("tanh", tanh, "AutogradCUDA")

I2AAI



B FlagGemsH A& I RERATEENR

BFRE

@ @ @ @ L >

(AN |

SE FlagGems/tests/

DIEF K7 KRBV S 31 S Y i H WL R T oK 45 NI
. . @pytest.mark.parametrize("shape", POINTWISE_SHAPES)
unary_pointwise POINTWISE_SHAPES gems_assert_close to_reference @pytest.mark. parametrize("dtype”, FLOAT DTYPES)
binary_pointwise* REDUCTION_SHAPES gems_assert_equal to_cpus** def test_accuracy_cos(shape, dtype):
inp = torch.randn(shape, dtype=dtype, device="cuda")
reduction MNK_SHAPES others upcast ref_inp = to_reference(inp, True)

blas FLOAT_DTYPES
special INT_DTYPES
SCALARS

ref out = torch.cos(ref inp)
with flag_gems.use_gems():
res_out = torch.cos(inp)

gems_assert_close(res_out, ref_out, dtype)

* =oAL ERIpointwise EF A Etest binary pointwise ops.pyHh
B EFSR A loated, FEILESEEECPU hostimitE, TEIZ{TAIEINSEL --device cpu

IBAAI



B FlagGemsF& IR T BRI

BRI
BN : ZERIFEEERNEMET, TAALIF®RPA (False Positive) , TREHINERBA (False Negative)

> Btorch.float64fJeagertEz{itELE R IR

> torch.allclosetmf

linput — other| < atol + rtol X |other]|

» Machine epsilon

> IRIEIEEEANE, HFFEREENALEIN, FiEIEAFmachine epsilonfIHEx £ F
lx —x'| < |x|] X (1+¢)

float16 2720 ~ 0.000976562 0.001
float32 23 2723 ~ 1.19209¢ — 07 1.3e-06
bfloat16 7 277 ~ 0.0078125 0.01

» Reduction
> BEETEIREIEIN, FEESINEXKIRE, tolerancetd RIiZAHN &<
> BMIANSUBEEELH, SIKETESERAXME, (FrolfILhrE ZSeE4E/)
> LUAAHIR R R, tEKatolBE

I2AAI
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B ERglin

IR BIBA TEEERFABR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

FlagGems/benchmark/

@ =

DET XA KB 25
pointwise POINTWISE_BATCH
reduction REDUCTION_BATCH
blas BLAS_BATCH

SIZES

INT_DTYPES

* CUDATMREfEAtriton testing.do_benchillliz,

** end2end e python time timellid,, EE{TATIENNSEL --mode cpu

ESEEL
unary_arg
unary_int_arg

binary_args

binary_int_args

ternary_args

other

HIUTIP R

cuda_perf*

end2end_perfx*

w5
@pytest.mark.parametrize("dtype", FLOAT_DTYPES)
def test_perf_cos(dtype):
bench = Benchmark(
op_name="cos",
torch_op=torch.cos,
arg_func=unary_arg,
dtype=dtype,
batch=POINTWISE_BATCH,
sizes=SIZES,
)

bench.run()

IBAAI



B FlagGemsF& I B TSI

BN
> torchbenchim/f
> Storch eagert®RNAVTTEERXILE
> Ftorch.allclose(atol=1e-3, rtol=1e-3)i@1d, NHAAITEIEM
> Fcosine_similarity~£F0.99, MA At E IEH#
> iR b 2Eprompt
» "How are you today?”
» "What is your name?”
» "Who are you?”

» "Where are you from?"

I2AAI
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. Triton 1=Z17HY It EBA TEEEHRAIR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

* tl.constexpr

Ekernel P FHLRIBIE S, wIFFEH
1B 5 1 o5 AR A Lannotation 2 R A& B Compiled
AE: B8/ =285k | 28 oc4E | FixT Kernel
AEE: EXYFERF /LR /1ZEEE /UER constexpr

FEFPHESRARF LTS
¢ KEHIEAR

* num_warps / num_ctas / num_stages

@triton.jit
def add_kernel(x_ptr, # *xPointerx to first input vector.
y_ptr, # xPointerx to second input vector.
output_ptr, # *Pointerx to output vector.
n_elements, # Size of the vector.
BLOCK_SIZE: tl.constexpr, # Number of elements each program should process.
# NOTE: “constexpr' so it can be used as a shape value.

i

IBAAI



Jj Triton i=77hd IFERATBED

®

Config
kernel I AIEECESH, B FEconstexprfinum_warps / num_ctas / num_stages

Autotuner (optional)

& B A % 1EEkernel BIED B £ # Config

Heuristics (optional)
£ B %3\ AT Ekernelfic &S #constexpr

JITFunction (required)
#iTkernel B9 BN A 4RI

= A RIS ERIFAEESH: Autotuner / Heuristics / iIB{TRHES

IBAAI



Jll Triton iz{THY S A TR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

Runtime

° e Autotuner
Compiled » Heuristics
Kernel
* Heuristics

* JITFunction

@triton.autotune(configs=[triton.Config(kwargs={'BLOCK_SIZE': 32})]1, key=['N']l, warmup=1, rep=1)
@triton.heuristics({'EVEN_N': lambda nargs: nargs['N'] % 2 == 0}) # test kwargs
@triton.heuristics({'EVEN_src': lambda nargs: nargs['src'l.data_ptr() % 2 == @}) # test args
@triton.jit
def _kernel(dst, src, N, BLOCK_SIZE: tl.constexpr, EVEN_N: tl.constexpr, EVEN_src: tl.constexpr):
tl.store(dst, EVEN_N)
tl.store(dst + 1, EVEN_src)

IBAAI



J Triton iZ{70d

e Autotuner
o BidY%mIE. BITNE, RiEFFENH/DWALE Skernel
- AJLABE X BERCRIEE RN B 4E/ )\ E = 8]

« B
- A[IEEERETE: list of Config
- AT EFECERNTEHE: list of runtime arguments
« MZEkernelfrFTHIEIFECE : warmup, rep
- BIFATFRYSERRAEEY: perf_model, top_k, early config_prune

- ASH
* num_warps=4, num_stages=2, num_ctas=1

« num_ctas R A [EISM 90U _ERIZEHS

IR EIRA L S6EAAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

@triton.autotunel

configs=|

triton.Config({
'BLOCK_SIZE M': 128,
'BLOCK_SIZE_N': 128,
'BLOCK_SIZE K': 32,
'NUM_SM': 84,

2P

triton.Config({
'BLOCK_SIZE M': 128,
'BLOCK_SIZE N': 128,
'BLOCK_SIZE K': 32,
'NUM_SM': 128,

3

triton. Config({
'BLOCK_SIZE M': 64,
'BLOCK_SIZE N': 64,
'BLOCK_SIZE K': 32,
'‘NUM_SM': 84,

},

triton.Config({
'BLOCK_SIZE M': 64,
'BLOCK_SIZE N': 64,
'BLOCK_SIZE K': 32,
'NUM_SM': 128,

b,

key=['group_size'

IBAAI



Jll Triton iz{THY R A TR TSI

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

o Autotuner

- fig & £E fFconfig cache
« Key: SEENXHEHHERR
« Value: BIMRGHRERESH
i SUR-S G
- MHEIRERNZEERF, TEEHES
- B¥=EFConfighic EME—, FRAS

| Autotuner

|
—.B get —> E A —x> prune g tune o
il orgs key
|
| X ]

IBAAI



J] Triton =75 BB THEIAR

* Heuristics

- REMERESH, UKBARITERIER
AI{ERABITIRMEASEIRHITITE
LheuristicsZ&ihfEautotune N E, WAILUERENAESEHITIHRE

valuesAF I, keyhEH#Z, value AFARRIFRIAR
AIASHHEHIEXRIRET, JUUERBARNAERIRREEH

@triton.heuristics(
values={
"BLOCK_N": lambda args: triton.next_power_of_2(args['N"]),
"num_warps": lambda args: (
4 if args["N"] <= 1024 else (8 if args['N"] <= 2048 else 16)

)
}
)

IBAAI



. Triton 1=170 JtEREBA TEE TSR

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

* JITFunction

« #tPkernel cache: ZE7F 24 iFHkernel
- BEME: ABinspectHfESH

- BHH

- BESHE. HHEHE

- IEESESH{EKHannotation#iELH
- V2iE{E (FEV3ISEILIL)

« CudaiiA&=

o BB KEHUITT, FEHEXST
- ZEREEERYKenel BT
. HSEEEHRIFkernel, EHERFIEIT
- Hith

- BRBE. BEFKRE., streami@®E

IBAAI
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il Triton i=17HY LB A TEECHATR

Arguments Arguments Arguments Arguments Arguments
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. Fl agGems""Hjmﬂ%IJ tRBBA TSR
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Triton v2 RuntimeJFg

* LAbatch matmul&-F94 batch mm¥FHEBRLL
« A100E&

« HVbatch=10, dtype=torch.float16
s FEHwarmuprepeat

o
-

=
-

o
W
o

&

 {fLiLBYtriton kernelATLUXEISeager kernel 3594 RE 1w
* 1M AYCPURYIR Z‘ElJlﬁﬁJ:F%E‘ =BT
- KRS FiEER
. /J\%WE%?J:%EEEBDHBE . =
- 128 3192 256 120 384 448 512 576 640 TOm Tﬁﬁmjlj:' k[l‘]!i P60 1024 1088 1152 1216 1280 1384 1400 1472 1536 1600
© faStrt: kernelghg _/_Ej-/ \11_% %C&Che key ———asger_cudn time cager_cpo_time ——triton_cuda_time N _cpu_time —a Pu_t

triton kernelfhE{TRIFHEEHEEEENEEFE

I2AAI



l FlagGemsiz{TRIHN I I B TSI

. = /— Ej-;:F%E J:FI}? ) 1 @triton.autotune(

Triton Kernel

AU tOtU ner 2 configs=configs(),
HPIC 3 key=['M", "N", "K"
« Heuristics Autotuner ey ]
. . e arguments collection 4)
JitFunction e config key computation
5 @triton.heuristics(
e ER R TR Heuristics 6 {
Z (N 1 o o na q
Ll;-l = Z H t/A 17 BK J;-lﬁa heuristic arguments computation 7 "DIVISIBLE_M": lambda args: args["M"] % args["'TILE_M"] == 0,
FrEEREEImEsAdruniREy , , 8 "DIVISIBLE_N": lambda args: args["N"] % args["TILE_N"] == 0,
JitFunction
e arguments binding 9 "DIVISIBLE_K": lambda args: args['K"] % args['TILE_K"] == 0,
. . . e KernelArg objects construction 10
JitFunction.ru anEEgﬁH;I(Jﬁ e signature key computation !
S = . e specialization key computation 1 )
* %éﬂlé?llmlﬂﬁﬁ pythO n lnspect e callable grid computation

12 @triton.jit

- KernelArg3&BiE 3
« cache keyit&

13 def bmm_kernel(*args):

14

I2AAI



l FlagGemsiz{TAIHE

.« ZREE

o HELibEntryihiz#EFkernel cache

« ZEgFAutotuner, 730 Bruntime
- IJgE

o {YEfEtriton kernelgy2EimBEpa]

« FFAutotuner, Heuristics, JitFunctionfIE#EE 4

« BURTRTENIRBRBEE, AIESIheeRIERER
- it

- THRATIE T RERIERETE

- TETEENSHE, TEIPTENREEE

« &t T cache keyt&z(, WAV ERREITE

@libentry()
@triton.autotune(...)
@triton.heuristics(...)

@triton. jit

def bmm_kernel(*args):

IR EBIRA T E6EIAFBR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

Operator Call

.

( Autotuner.run

)

!

Heuristics.run

!

JitFunction.run

kernel

[ LibEntry )

IBAAI



l FlagGemsiz{TRIHN I AEERA TR

) batch mm$FHER 2 LE
« R -
o cpuimRlimBELTF KM triton, TTEIE70% o
- runtimefERNTETEiER , RBgEiTtorch eager ;0“
- BIR i
FiEt fast rsCR 7 RES T o
- fBtb/Rcache key, FE—EHNSEIRL — s:nm:xn;ﬁ;m:t o
« J37A%kernel cacheZih S BT FHEZSIE i
+ RIMNIEET HYRES EZZ
KAUEE T cudak ST T kernelHi/TEHH P ~
MRARTEruntime »

0

L J 18 A& P o
g 1_35" ,‘.9? \\?’ g o ,p s?\#’ o ‘3~. @.,;is 9" _? '? "?'s“‘"" 4 6,’?:{:_3.‘;;, 0&“ {o oF \\,\v'l,\cz?-“
batch 128
—3Qr CPU MY ——tnioa Cpu time  ——gems cpu_time

IBAAI
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Pointwise B34k

01 1T 4{EH Code Generation

02 #»: PointwiseDynamicFunction
03 SCHIALH

04 MEESHT

05 RE5RE




ll pointwise §F 3t 838 A TESAEORFSIR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

SN{eT A triton 5E—"IIREERERY pointwise B+, MExfEEEHAY vector add FHE,

@triton.jit

def add_kernel(a_ptr, b_ptr, o_ptr, N, TILE_SIZE: tl.constexpr):
pid = tl.program_id(0)
offsets = pid * TILE_SIZE + tl.arange(0, TILE_SIZE)
mask = offsets < N

a = tl.load(a_ptr + offsets, mask=mask)
b = tl.load(b_ptr + offsets, mask=mask)

o=a+b
tl.store(o_ptr + offsets, o, mask=mask) . T|LE=E.|2E |

def add(a, b): 0 1 2 3 4 5 6 7 8|9 |10|11|12|13[14(15|16|17|18|19|20
o = torch.empty_like(a)

N = a.numel()

TILE_SIZE = 512

grid = triton.cdiv(N, TILE_SIZE)
add_kernel[grid](a, b, o, N, TILE_SIZE)

EIAMCEBAE)R

« X tensor FRAARE, EE broadcast EFENTE;
« tensor HUEAELL, broadcast 8¢, & permute I3, EEHIBED VBN AEELE,

JRERBEENBARFEHRoIEIHREENTES, MERITEEIREE—mAFXE,

I2AAI



4

#i%—: (#f wrapper 2% non-contiguous

def add_func_naive(x, y):
# supports broadcasting now
X, y = torch.broadcast_tensors(x, y)

# support non-contiguous now

X = x.contiguous()

y = y.contiguous()

o = torch.empty(x.shape, dtype=x.dtype, device=x.device)

TILE_SIZE = 512

num_warps = 4

N = x.numel()

grid = triton.cdiv(N, TILE_SIZE), 1, 1

add_kernel[grid](x, y, o, N, TILE_SIZE, num_waprs=num_warps)
return o

IR EBIRA T E6EIAFBR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

{s&EF wrapper EF3 torch.broadcast tensor 34ME broadcasting, {5 contiguous R4 BEIEALELE

HY[A)RE,

{53 warpper &8 broadcast FIAEZELEAIEIAN tensor, HEEA—ELF, XAMNIEARBFAIsEE —IREUE

copy.

IBAAI



2k —: %§F stride

BRiZ a, b BN tensor _ ERRESI A

a = torch.randn(200)[::2]
b = torch.randn(300)[::3]

(ENEANFRZEITESIRIR, FEEAN= tensor FEARY stride.

a = tl.load(a_ptr + offsets * stride_a, mask=mask)
b = tl.load(b_ptr + offsets * stride b, mask=mask)

tl.store(o_ptr + offsets * stride_o, o, mask=mask)

IR EBIRA T E6EIAFBR
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4

iFiE—: 325 stride ISR A TESETA7SHR

% a, b EB® 2d tensor ERIRNEE A

a = torch.randn(200, 200)[::2, ::2]
b = torch.randn(300, 300)[::3, ::3]

mask FHBENES, YIRS NHEER
i1.= tid % N stride, AILEEITEENMEERN
i0=tid//N index, (i0, i1)

a = tl.load(a_ptr +i0 * a_stride0 + i1 * a_stridel, mask=mask)
b =tl.load(b_ptr+i0 * b_stride0 + i1 * b_stridel, mask=mask)

BT MMEENERS|, LK tensor
[ — Y B . PSS \ < S

tl.store(o_ptr +i0 * o_stride0 + i1 * o_stridel, o, mask=mask) 'E:ﬁ\gﬁ};ﬂ’ﬂ stride FATLAK LR
B,

Q: EAIEZ tensor By stride {£45 JITFunction g?
A: Triton JITFunction 7552 list tuple FEEBIRISE, REERIHMENZS int (&, T tensor BY rank 4%
5 jit function BNEHMEZEAREN. TEEH—IDERFREB RS,

TypeError: Unsupported type <class 'tuple'> for (128, 128)

ITTERNFRPERMUIBEIVE, FTERY pointwise IZ8RIE EREEHEMMYE, aTLARABEMUEERIG I

IBAAI



[l Triton JITFunction £33 Tuple &

@triton.jit

def add_kernel(a, o, iteration_space, a_strides, o_strides, BLOCK_M: tl.constexpr, BLOCK_N: tl.constexpr):
# NOPE, you cannot do this!
pid0, pidl = tl.program_id(0), tl.program_id(1)
m_offsets = pid0 * BLOCK_M + tl.arange(0, BLOCK_M)
n_offsets = pid1l * BLOCK_N + tl.arange(0, BLOCK_N)
a_s1,a_s2 =a_strides
0_sl1,0 s2 =o_strides
s1, s2 = iteration_space
a_ptrs = a + m_offsets[:, None] * a_s1 + n_offsets * a_s2
o_ptrs = o + m_offsets[:, None] * o_s1 + n_offsets * o_s2
mask = (m_offsets[:, None] < s1) & (n_offsets < s2)
a_block = tl.load(a_ptrs, mask=mask)
v = tl.sin(a_block)
tl.store(o_ptrs, v, mask=mask)

Traceback (most recent call last):
File "/home/clement/projects/triton_snippets/index/try_to_use_tuple.py", line 24, in <module>
add_kernel[(4, 4, 1)](x, v, (128, 128), (128, 1), (128, 1), 32, 32)
File "/home/clement/.virtualenvs/triton_dev/lib/python3.10/site-packages/triton/runtime/jit.py", line 434, in run
sig_key = tuple(arg.signature_key() for arg in args if not arg.param.is_constexpr)
File "/home/clement/.virtualenvs/triton_dev/lib/python3.10/site-packages/triton/runtime/jit.py", line 434, in <genexpr>
sig_key = tuple(arg.signature_key() for arg in args if not arg.param.is_constexpr)
File "/home/clement/.virtualenvs/triton_dev/lib/python3.10/site-packages/triton/runtime/jit.py", line 168, in signature_key
return JITFunction._key_of(self.value)
File "/home/clement/.virtualenvs/triton_dev/lib/python3.10/site-packages/triton/runtime/jit.py", line 229, in _key_of
raise TypeError(f"Unsupported type {type(arg)} for {arg}")
TypeError: Unsupported type <class 'tuple'> for (128, 128)

IR EBIRA T E6EIAFBR
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l AERZETERA IRERA T BN

(program id -> task id) -> multi index -> memory offset

triton ZRIZERZ CTA BWESREM CTA id (program id) F3aAY, 25{1A cuda BY blockldx #0
threadldx.

Pointwise Ogeration REATLMAEF IR EIEE, XL task B LABEM A 1d B9 vector. 4

task BECH] task id. 1~ CTA i1E& TILE_SIZE/\task (1d task space)
tid = pid * TILE_SIZE + tl.arange(0, TILE_SIZE)
task id program id

O 1 2 3|4 O 0 0 0|1

- 5(6(7(8]9 1]1]1]2]2
tas.kspace: (5’ 5) 10111121314 21213133

tile size: 4 15|16|17|18|19 3|4|4|4]|4
5(5|15([5]6

20121 (22|23 |24

IBAAI



W HEREEITES

program id -> (task id -> multi index) -> memory offset

EITENRFNEERR, 15 task id JIRFEB tensor _ERIEUENISZSHZES [IHEHE,
Q: A H24E(FER multi-index?
A: B NEER stride PEIEIZAY, ATRIR tensor WFEESL, FrlA task id ToEEIEGNEINTFRBE.

i1=tid % N
i0 =tid // N

task id

index 1

0

1

2

3

5

6

v

8

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

index 0
000/0|10|0
11111
2121222
3|3|3|3]|3
4(4(4 (4|4

|00 |0 | O

—r ] b | b | b | -,

NDINININ

WDIW| W W W

AR AR

IR EBIRA T E6EIAFBR
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W HEREEITES

program id -> task id -> (multi index -> memory offset)

B tensor EBNMEEESE—) stride, FXRZHEEZRS

RN FREE.

a = tl.load(a_ptr +i0 * a_stride0 + il * a_stridel, mask=mask)
b =tl.load(b_ptr +i0 * b_stride0 + i1 * b_stride1, mask=mask)
tl.store(o_ptr +i0 * o_stride0 + i1 * o_stridel, o, mask=mask)

offset

index 0

10|11

12

13

14

15|16

17

18

19

20|21

22

23

24

APl IN|—=|O

AN =

AlOIN|—-

AlOIN|—=|O

AlOIN|—=|O

* stride® +

index 1

oO|jo|0|O|O

— ] e | b | b | b

NN NN

WDIW|W|W|W

RN ES

IR EBIRA T E6EIAFBR
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IR0 RN FRIE. Z4EE5(|F0 strides B9

* stridel
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i #%1L:: PointwiseDynamicFunction

IR EIRA L S6EAAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

S NTHREIZE, Boh4mEEERT tensor BY pointwise operation.
-« RIEBIARY argument RIATE(ESFESIZIAERY rank (B tensor broadcast [FRIFZR) ;

« TRAE rank ZFREMRHLIRAHIREL,
- RS, ERERIWTLREEL.

PointwiseDynamicFunction

Specialize by rank of task index space

wrapper & JITFunction

specialize by:

« constexpr,

« Tensor's dtype, data pointer's divisibility,

« divisibility & equals_one predicate of integer arguments
« None arguments

« other dependent jitted function

4
CompiledKernel

— PointwiseDynamicFunction BJ§EXIWE T
wrapper 1 JITFunction. ItbE—ZE454, H

PointwiseDynamicFunction %R,
pointwise dynamic LI — PN EEImES, EiHE—

N JITFunction £, 8&—4
P0|ntW|seDynam|cFunct|on

—> JITFunction AJgEXI AT
CompiledKernel, It&b2B /M —Et, X2 triton
EITHIEEIRRY.

PointwiseDynamic RIEERZE(LL,

IBAAI



il PointwiseDynamicFunction A IREBA TEREHAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

REANRZLE, B2 tensor BIA, B— i, BHAISSEFIE— operand —Z,

@pointwise_dynamic @pointwise_dynamic()
@triton.jit @triton.jit
def ordinary2(x, y): def ordinary(x, y):

return tl.sin(x) + tl.cos(y) return tl.sin(x) + tl.cos(y)

AJLUEERLESEAR tensor, MEEAEBIFEEINFERE. TILUSEXESHRIETESRE.

@pointwise_dynamic( @pointwise_dynamic(is_tensor=[True, False, True])
is_tensor=[True, False, True], @triton.jit
dtypes=[None, float, None]) def axpy(x, alpha, y):

@triton.jit return x * alpha +y

def axpy(x, alpha, y):
return x * alpha +vy

IBAAI



il PointwiseDynamicFunction A IREBA TEREHAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

TEHEEE ML tensor BUEUESSEY, LU0 compare 24t torch.bool

@pointwise_dynamic(output_dtypes=[torch.bool])
@triton.jit
def ge(x, y):

returnx >y

IFIEERE T (MIASMERERHERT)

@pointwise _dynamic(num_inputs=2, num_outputs=2)
@triton.jit
def f(a, b):

returna+b,a-b

EFESZMRER, ARE—TAIREL. Ll FlagGems Ry gelu EREY

@pointwise_dynamic

@triton.jit

def gelu_none(x):
scale = 0.7071067811
output = 0.5 * x * (1 + tl.math.erf(x * scale))
return output

IBAAI



ll PointwiseDynamicFunction {5 I RERA T BT

@triton.jit gE — H H @pointwise_dynamic
def abs_kernel( k _% p|0| ntWI se @triton.jit

X, def abs_func(x):

Y, erne *D Wrapper return tl.abs(x)

M,

M_BLOCK_SIZE: tl.constexpr,
): def abs(A):

pid = tl.program_id(0) * M_BLOCK_SIZE O =abs_func(A)

Y_ptrs = tl.make_block_ptr( return O

Y,

shape=(M,),

strides=(1,),

offsets=(pid,),

block_shape=(M_BLOCK_SIZE,),

order=(0,), é'_\“ NN = e . \_?
) wERNIEE, REFFRIER.

X_ptrs = tl.make_block_ptr(

X,

hape=(M,), e . .

ctrides=(1), Bl FlagGems i3 31 4 pointwise EF{FFE
ffsets=(pid,), . . R

Eloscit_sstheqM_BLOCK_S|ZE,), pointwi Se_dyna mic SCI,

order=(0,),
)
X_val = tl.load(X_ptrs)
Y_val = tl.abs(X_val)
tl.store(Y_ptrs, Y_val.to(X_val.dtype))

def abs(A):
A = A.contiguous()
O = torch.empty_like(A)
M = A.numel()
grid_fn = lambda meta: (triton.cdiv(M, meta["M_BLOCK_SIZE"]),)
abs_kernel[grid_fn](A, O, M)
return O

56|3AAI
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B ST

5| X3

pUlGIE

EREER N\ : A0{E38 scalar function SR NERAMLAE S

E RS BRI HMED

BNSEERK R WA GRIFE RIS,
RIBEF: NAIEFERIIREL

IR EBIRA T E6EIAFBR
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- EBAasEes] IR EBA TEEHRR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

PointwiseDynamic ZERHIRASEMEB7, wrapper # jit function.
wrapper function 51 :

- wapper: FERFLR output FHEF warpper out;

- warpper_out: 2¥UER, TTHEZES5I=E, 1A jit function;

def wrapper(in0O: torch.Tensor, valO: float, inl: torch.Tensor):
"""Generated wrapper function with Pointwise: (Tensor, float, Tensor) -> (Tensor)"""
shape = broadcast_shapes([in0.shape, in1.shape])
outO = torch.empty(shape, dtype=in0.dtype, device=in0.device)
outO = _wrapper_out(in0, val0, in1, out0)
return outO

I2AAI



- EIpAs e ISR\ T RSSO

def wrapper_out(inO: torch.Tensor, valO: float, in1: torch.Tensor, outO: torch.Tensor):
"""Generated wrapper function with Pointwise: (Tensor, float, Tensor, Tensor) -> (Tensor)

shape = broadcast_shapes([in0.shape, in1.shape]) . _ . e

num_tasks = volume(shape) #HEF)?E{JCTJQ%BEE;JEEZ, 7 (Mg
DETERARRIRAS, TEEMIITHE

# strides of each tensor argument w.r.t the task space fh{sEH,

in0_strides = broadcasted_stride(in0.shape, in0.stride(), shape)

inl_strides = broadcasted_stride(in1.shape, inl.stride(), shape)

outO_strides = outO.stride()

# kernel launch
grid = triton.cdiv(num_tasks, 512), 1, 1
_jit_function[grid](
in0, valo, in1, outO,
in0_strides[0], in0O_strides[1], # stride for in0
inl_strides[0], in1_strides[1], # stride for inl
outO_strides[0], outO_strides[1], # stride for outO
shape[0], shape[1], # task indexing space
num_tasks, # num tasks
tile_size=512,
num_warps=4,
)

return outO

IBAAI



- EIpAs e It RER A T BB AT

@triton.jit(do_not_specialize=['val0'])

def _jit_function(
in0_ptr: tl.tensor, # of tl.pointer_type
val0: float,
inl_ptr: tl.tensor, # of tl.pointer_type
outO_ptr: tl.tensor, # of tl.pointer_type
in0_stride0: int, in0_stridel: int, # strides for in0
inl_strideO: int, in1_stridel: int, # strides for inl
outO_strideO: int, outO_stridel: int, # strides for out0
sO: int, s1: int, # task_space
num_tasks: int,
tile_size: tl.constexpr,

# task id & masking

pid = tl.program_id(0)

tid = pid * tile_size + tl.arange(0, tile_size)
mask = tid < num_tasks

# multi index recontruction
il =tid % sl

tid //=s1

i0 = tid % s0

# loads
in0 = tl.load(in0_ptr +i0 * in0_stride0 + i1 * in0_stridel, mask=mask)
inl = tl.load(in1_ptr +i0 * in1_stride0 + i1 * in1_stridel, mask=mask)

# compute
out0 =in0 *val0 +inl

# stores

tl.store(out0_ptr + i0 * out0_strideO + i1 * out0_stridel, out0, mask=mask) IBAAI



oSSR EREN tEEEA TEERRE
'U BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

Python AziSHATHIBAYA

+ eval/exec ThSHUTEMIIIEFRTER., &t compile F exec. XAFRTLARIT—EAKEI =8I scope BY
B (Lbanfkisn exec B local 8% global scope HHIEZE) .

« SANEIXH, A compile exec.

- BEAZR, Himportlib SN, XEFEKERZAMKE=EIAY scope.

Triton JITFunction A8 7T inspect FESRENRENRED, MAUIRIZBEARNY, B4 exec FRFHE
FRIRERIRBIRBEEM, 255 triton miERELS. Pointwise dynamic NG REBEANZEISUY, AE
£F importlib kRSN, KBz, B85 debug RTEEHENAERAM BTN,

with open(cache_dir() / file_name, "wt", encoding="utf-8") as f:
f.write(code.getvalue())

spec = importlib.util.spec_from_file_location(

f"' gen _module {self. scalar_fn_cache_key}", f.name)
m = importlib.util.module_from_spec(spec)
spec.loader.exec_module(m)
overload = getattr(m, " wrapper")

I2AAI



. Inline JtEEE A TR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

HERIPHIREERZE— JITFunction. EILEERESATLAEMA tl REYEREL, MARS torchIREl, (XEERZEN
TR KRS ENFE T RAYANER)

Inline &47E Python AST EH., £/ ast.Visitor X5 AST, JAIGHE{ER unparse B4Rk
python {8, #RA jit function I8, (XFEERI triton JITFunction A3ZFFHEA triton
JITFunction {ER&20)

» scalar_function FRUBAFZSBSRENILSHZFEIR;

+ scalar_function HREOTE X AY local TR FLER S 4RIH BT DAERE TN,

« scalar_function IREIRIATVESHARERE, WELBHTE;

@pointwise_dynamic(is_tensor=[True, False, True]) #loads
@triton.jit in0 = tl.load(in0_ptr + ...)
def axpy;J(X alpha, y): inl = tl.load(in1_ptr + ...)
return x * alpha +y # compute
out0 =in0 * valO +inl

# stores
tl.store(outO_ptr +..., out0, mask=mask)

I2AAI
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PointwiseDynamicFunction FU4E7F: LA rank /3 key BU=8, 1=z{THI4EIR,

def call_(self, *args):

# It does not accept kwargs

key = f"{self.arg_key(*args)}"

if key in self.overloads:
overload = self.overloads[key]

else:
m = ... # dynamically generated module
overload = getattr(m, " wrapper")
self.overloads[key] = overload

return overload(*args)

ER S XJF pointwise dynamic ZEImSRIAIEREL, FMMAERKAIS 4 (wrapper & jit function) BIEZESE scalar fn A9
hash {EF{ESZ5 |=ERY rank. BEIXA NS AL HZRN—EED. AT ESHENEHERMmER LS
MR, BPNEEREIOATE DA,

ERRARIBAITF ~/.flaggems &, R~EIGEIT.

pointwise_dynamic_df4cb90608f3d65c2d1e3ffc31a41d560c2870cc8 rank 2 pid 3109092.py

hash, rank, pid

I2AAI
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. Broadcast

xy #2ITEFHA., x+y

contiguous, no broadcasting

pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 4.032 naive:
pointwise_dynamic: 3.840 naive:
pointwise_dynamic: 3.904 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 5.120 naive:

contiguous, with broadcasting

pointwise_dynamic: 4.000 naive:
pointwise_dynamic: 3.936 naive:
pointwise_dynamic: 3.968 naive:
pointwise_dynamic: 3.936 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 4.096 naive:
pointwise_dynamic: 9245.696 naive: 9240.576 torch: 9243.616 | Shape: (25600, 25600), (1, 25600)

4.096
3.328
3.840
3.936
4.096
3.136
4.096
5.120

3.328
3.264
3.360
4.000
4.096
4.096
4.096

torch
torch
torch
torch
torch
torch
torch
torch

torch
torch
torch
torch
torch
torch
torch

:4.032 | Shape: (32,), (32,)
: 3.328 | Shape: (64,), (64,)
: 3.744 | Shape: (128,), (128,)

:3.936 | Shape: (256,), (256,)

:4.096 | Shape: (32, 32), (32, 32)
:3.776 | Shape: (64, 64), (64, 64)
:4.096 | Shape: (128, 128), (128, 128)
:5.120 | Shape: (256, 256), (256, 256)

:3.360 | Shape: (32,), (32, 1)

: 3.872 | Shape: (64,), (64, 1)
:3.776 | Shape: (128,), (128, 1)

: 3.840 | Shape: (256,), (256, 1)
:3.968 | Shape: (32, 32), (1, 32)
:4.096 | Shape: (64, 64), (1, 64)

: 4.096 | Shape: (128, 128), (1, 128)

pointwise_dynamic: 4.096 naive: 4.096 torch: 4.096 | Shape: (25600, 1), (1, 25600)

pointwise_dynamic: 18.432  naive: 18.432 torch: 18.432 | Shape: (1024, 1, 1024), (2560, 1)

XFEIR pointwise_dynamic AR AIMEREREE. FEAFIRBEXT contiguous HAFFISME, TR
memory offset FrLAtaEE~R, MR torch.broadcast tensors ] contiguous HESCHHL AR,

IR EBIRA T E6EIAFBR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

RIBIZEITE
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. Permuted JtE B A TR ORI

xFly #EHE, x3EF, yITER. x+y

Permuted
20
18
16
14
2 —e—pointwise_dynamic
E 10 —e—naive
¢ —e—torch
6
4 s
2
0
32 64 128 256 512 1024

IBAAI



. Strided JEEE A TEETHAR

BEIJING ACADEMY OF ARTIFICIAL INTELLIGENCE

X,y #EMTERLME ERTIA,

fE—%E—7%1 fR—1TE—1T

20 20

18 18

16 16

14 14

12 —e—pointwise_dynamic 12 —e—pointwise_dynamic
E 10 —e—naive E 10 —e—naive
Z —e—torch 2 —e—torch
4 — Gu— 4 — Gum—

2 2

0 0

32 64 128 256 512 1024 32 64 128 256 512 1024

IBAAI
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Jl SE5RE AFERATEETAR
FEIRTHA B RRTHRIS S 7

torch 4 Tensorlterator, LAK numpy nditer 3gigit, EFh—HEEESEFIHEN library
F(ERRY, BT —ERENEERII0EE, BEILUE map —MrEIZEREL

torch inductor. BFERF(E jit compiler, £RXHIEFE5XT shape F stride $54H9,

BEREE
o ERBIABELE{LL TODO:
- BOTRITE, EXT contiguous {HEFRIAMNE,
o XJHIH tensor fp/E, (FHBEHFIEL, SLIEIIFHIARFLERETC
« IRIEWIA tensor BY shape [ stride #7901, XHMES RS |TEFTIEBAERSCINE Y
RNFAEED,. Bal pointwise dynamic B{ESZE5 |FAEETERN.
BREERN : triton BRIASHEHENIE JITFunction {fEASEELS JITFunction. FRLAREERN S
BT python AST ERSCHIRY. 0REBEILAERBIIBEZARMEEITRIREL, TLMISEREE.
« BJgEsZHT reduction KEF, NS 5SEIHL.

I2AAI
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