T|IeLang -MetaX Task6

RS DRSS S

MetaX C500 64G x4 12026-06-08



m=Ta><a

AR Hi 5T

H 15

Ui B A YRR AR B o5 I B A% O S 4
- f£ C500 |4 4-5 2H n] &5 I sz i
« i 37 MetaX/MACA 55 1 B8 NCU ZFE K br H1%

- F Y benchmark. mcTracer trace. PPT Markdown

e EWEF

/data/metax_task6_operator_tuning

14 benchmark. trace. PPT &40

fan

02



m=Ta><a

AR =ENHET

HT FEEUHE

GEMM C=A@B/A@B.T

FlashAttention FWD tiled QK + online softmax + AV

PageAttention Decode . token Q + paged KV cache

AU TFAEL . IR SR f5 47

tile. threads. pipeline. swizzle. async copy

causal/full mask. seq_len. latency/correctness

block_H. block_N. page i1 5. GQA head %34H

03



m=Ta><a

St 4 e R T

O

GEMM

TileLang/MACA 2 {1 5
/NAFR
= shared memory

= register

- occupancy £

FlashAttention
7 & attention &g

= softmax

» mask

« X GEMM
- BE AR E 1%

~

g

PageAttention

s H H € X TileLang

kernel

= paged KV cache
- decode 5

-GQA 7+ 4

=RREK

= dense compute

= attention prefill-like

= paged decode

04



m=Ta><a

HIE5T

PyTorch

TileLang

TileLang path

MmX-smi

mcTracer

mcprofile

MetaX C500 x 4, 65120 MiB/card

2.8.0+metax3.5.3.9

0.1.9+cuda.gitf1caOfb9

/app/tilelang-metax/tilelang

AL Bk 4 RIRE

A, /opt/maca-3.5.3/bin/mcTracer
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C500 LR

M macainfo ## H 5 &0 < i F D45

AP / card Wavefront size Max waves / AP
Xt NCU ) SM Xt NCU ) warp

Max work-items / AP 2048
Max workgroup size 1024
L1/L2 32 KB/ 8192 KB
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° correctness

max diff. assert_close. ZMAFEALS.

B
it

@ launch shape

grid. block. threads fit &

latency

TileLang profiler event backend

resource

registers/thread. shared memory.

occupancy

0 throughput

GEMM TFLOPS / attention
approximate TFLOPS

° runtime overhead

module load. malloc. launch.

memcpy. sync
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GEMM 1% Lo AHS

with T.Kernel(T.ceildiv(N, block_N), T.ceildiv(M, block_M),
threads=threads) as (bx, by):

A_shared =T.alloc_shared((block_M, block_K), dtype)
B_shared = T.alloc_shared((block_K, block_N), dtype)

C_local =T.alloc_fragment((block_M, block_N), accum_dtype)
T.clear(C_local)

fork in T.Pipelined(T.ceildiv(K, block_K), num_stages=num_stages):
T.copy(A[by * block_M, k * block_K], A_shared)

T.copy(B[k * block_K, bx * block_N], B_shared)
T.gemm(A_shared, B_shared, C_local)

T.copy(C_local, C[by * block_M, bx * block_N])
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GEMM Async Copy #% L2 fCH5

barrier = T.alloc_maca_barrier()

fork in T.Pipelined(T.ceildiv(K, block_K), num_stages=2):
T.maca_async_copy(

Alby * block_M, k * block_K], A_shared, barrier=barrier

)

T.maca_async_copy(

B[k * block_K, bx * block_N], B_shared, barrier=barrier

)
T.gemm(A_shared, B_shared, C_local, mbar=barrier)

< X85 async copy i Al barrier. stage. tile shape —i#£%&, ALY AERI I <
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GEMM Swizzle # 0:LHE

T.use_swizzle(panel_size=10, enable=enable_swizzle)

for k in T.Pipelined(T.ceildiv(K, block_K), num_stages=num_stages):

T.copy(A[by * block_M, k * block_K], A_shared)
T.copy(B[bx * block_N, k * block_K], B_shared)

T.gemm(A_shared, B_shared, C_local, transpose_B=True)

HE2RE W
AUAE num_stages Fil enable_swizzle 7E 94 4725 &R

- swizzle T 4lt4k shared memory bank conflict
- transpose_B=True fit & swizzle {2 B ) 52 BUAR 2
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GEMM =281t

& EE&M

= dtype: FP16 input, FP32 accum
= shape: M=N=K=2048

= backend: event

= correctness: X} bt PyTorch matmul

= block_M /block_N/block_K
= threads=128/256

= num_stages=0/2/3

= enable_swizzle=True/False

= SYNC COPY VS maca_async_copy
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GEMM Tile Sweep 45 51

128x128x32, 256t 0.494
64x64x32,128t 0.561
128x64x32, 128t 0.633
128x128x32, 128t 0.665
64x128x32, 128t 0.765

128x128x64, 128t

30.64

27.15

25.82

22.46

PASS

PASS

PASS

PASS

PASS

KRR
- ALHD B 128x128x32/256t 145 3] 34.76 TFLOPS

- 128x128x64/128t [X] shared memory overflow k¥ GEE it C500 64KB FE i)
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GEMM Async / Swizzle 4 &

async copy sync stage2 0.464 37.02
async copy async stage2 0.494 34.78
swizzle/stage stage2 + swizzle

swizzle/stage stage2 no swizzle 0.400 43.00
swizzle/stage stage3 + swizzle 0.543 31.66
swizzle/stage stageO no swizzle 0.564 30.48

Bit4HE: stage2 +swizzle = 46.94 TFLOPS

async copy A R RS, swizzle 7 & 8 K 21
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dynamic shared

, stage3 7t A shape T

A}
GEMM it
e block_K=64 + stage3 fifi
YETEALR H , /NJ& async copy 9
memory, Ak C500 64KB [ il
e threads=256 1Erit: GEMM tile sweep F 4t T [A tile e pipeline stage
H] threads=128 HH AR 72

RILEE: stage2 + swizzle + 128x128x32/256t = 46.94 TFLOPS
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FlashAttention EF4#)

Q@KT Online Softmax
A = #E3 row max / sum
Query 5 Key FIER /15051 BB 22 1 PR
ARIREIEE &
= causal / full mask correctness 46 iiF

- seq_len M 128 FI| 256 ] latency Z&1k,
- FP16 iR E R G Al 8%

ScorexV

softmax J5 score

JAY Value %y H
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FlashAttention 1% .0 A5

#Step1: Q@K.T

T.gemm(Q_shared, K_shared, acc_s, transpose_B=True,
policy=T.GemmWarpPolicy.FullRow)

# Step 2: Online Softmax

T.reduce_max(acc_s, scores_max, dim=1, clear=False)
fori, jin T.Parallel(block_M, block_N):

acc_sli, j] = T.exp2(acc_sli,j] * scale - scores_max[i] * scale)
T.reduce_sum(acc_s, scores_sum, dim=1)
T.copy(acc_s,acc_s_cast)

# Step 3: Score x V

T.gemm(acc_s_cast, V_shared, acc_o,

policy=T.GemmWarpPolicy.FullRow)
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FlashAttention 45 5
seq128 full 0.030 0.552 0.00098 » correctness ;‘@jj
= max diff < 0.002
seq128 causal 0.035 0.239 0.00195
- 7/ shape T latency tt TFLOPS ¥
seq256 full 0.043 1.556 0.00146 repb ey
seq256 causal 0.053 0.633 0.00195
~
&

correctness ifid; /) shape T latency Lt approximate TFLOPS 5 4 fi#t Bt /)
causal mask bt full mask B&5, #F& il (£ 15-20% overhead)
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PageAttention 1% Lo HS

# Page index calculation

global_token_idx =k * block_N

page_idx = T.floordiv(global_token_idx, page_size)

page_offset = T.floormod(global_token_idx, page_size)
physical_page =block_table[bz, page_idx]

# Load K from physical page and compute QK
T.copy(K_pages[physical_page, page_offset:page_offset + block_N,
cur_kv_head,:], K_shared)

T.gemm(Q_shared, K_shared, acc_s, transpose_B=True,
policy=T.GemmWarpPolicy.FullRow)

# Load V from physical page and compute OV
T.copy(V_pages[physical_page, page_offset:page_offset + block_N,
cur_kv_head,:], V_shared)

T.gemm(acc_s_cast, V_shared, acc_o)
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PageAttention 3

& EE&M

= batch=1

- heads=64

= heads_kv=2
= dim=128

= page_size=16

= num_blocks=128

2rarary

= seq_len: 64 /128
- block_H:32/64
= block_N:16/32
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PageAttention Decode & 3£

seq64, H32, N16
seq128, H32, N16
seq128, H64, N16

seq128, H32, N32

GRT

» A

0.0288

0.0402

0.0533

« §if =2H correctness j# 1L, max diff ¥ < 0.001

. maxdiff 0.713,

0.073
0.104

0.079

Y HTSEILA S FF S page tile

0.00049

0.00049

0.00024

PASS

PASS

PASS
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AR E block_H=64 4~ XI5 block_N=32 2% page block_N > page_size
block_H=32 kv_group_num = A tile REL—> J& correctness
block_N=16 heads/heads_kv =32 physical_page R, MAEE S
-
%0 E) R

| PageAttention SZELH, A tile 11 K/V 2B R B —> physical_page. *4 block_N > page_size (16) K,
—tile TR E B Z > page, (EACHE ARACFEXFIEN, 3 correctness fail.
2. BEEE page LB, &N block_N <=page_size K1 ERW 5
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mcTracer 815

)\ti\

A IR SE B A3 FH ) 7B

= kernel name

= grid / block

= duration

= queue / submit / complete timestamp
= registers_per_thread

= static_shared / dynamic_shared

= mtreg_occupancy (%)

= shared_memeory_occupancy(%)

mcTracer ¥ 1% timeline/resource trace

A% [F]F NCU counter profiler:

« ARt warp stall breakdown
- NIt memory/cache counter

- £t kernel timeline #1 resource occupancy
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mcTracer Kernel &

mu

gemm_async gemm_kernel 688.128 16x16x1 128x1x1
gemm gemm_kernel 648.704 16x16X1 128x1x1 230 L4 VS
torch_matmul mcBLAS hgemm 32x8x1 256x1x1 241 47 100
page_attention main_kernel Tx2x1 128x1x1 120 23 26
. N
Pul= ik =2
- torch_matmul (mcBLAS) latency &1k, 1H occupancy s (100%)
- TileLang kernel A ¥ K2 2300, {H24H7AIAE mcBLAS 7K
N J
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Runtime API W%
‘ NIy _ 000 S \ \
K ) AV SR SRR Gl s 7R 1 meMalloc £k R T A
latency
0 mcLaunchKernel host {lI#E[f 1 device kernel event mcMemcpyAsync / mcStreamSynchronize 7] F-T-#E
BN E i SR

host/runtime fli4s & P41, AREMHHEEF T kernel 34T 8]
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core import

PASS

TileLang #% .0 JE S AN IR

FlashAttention
PASS

correctness % iF i i
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PASS
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