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Part 1: EF HIP i GEMM-FP8 & FsCIif
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GEMM (General Matrix Multiplication) - B

|

C A B
- YBPEFEE: C = AXB

Al PEAK THEORETICAL PERFORMANCE
Ci.j) = ) AGRXB(k,])

TF32 (TFLOPS) 653.7
. FPSIERETE: C= a - AXB - B a FP16 (TFLOPS) 1307.4
Hdi4 e FPY*N, B € FPY*X, C € BPILK BFLOAT16 (TFLOPs) ~ 1307.4
g€ IFPI;IZX(K/HS) INT8 (TOPS) 2614.9
B € [F[szg/128)x(1</128) FP8 (TFLOPS) 2614.9
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GEMM (General Matrix Multiplication) - %E & 3;
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GEMM (General Matrix Multiplication) - %E & 3;

Compute Compute
LDS -> VGPR LDS -> VGPR

LOAD
GDS -> LDS GDS -> LDS

Store
VGPR -> GDS
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I GEMM-FP8 BU45 1

&

Scale-Add Scale-Add
VGPR; =& VGPR, VGPR; = VGPR,

Store
VGPR, -> GDS
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« MatrixCorels S EXRHBBIIFESFESRME, LSSV MFMA _F32 32X32X16_FP8 FP8Jafil:

{RigWavefront Size=4, #i=2{CFEthreadldx,

0O 0 0 O o o o o o o o0 o 0 1 2 3
1 1 1 1 1 1 1 1 1 1 1 1 , ‘ 0 1 2 3
2 2 2 2 2 2 2 2 2 2 2 2 0 1 2 3

B

- Ak, EEANRERNFERBRERoW-Major, EEBHNRERBNRERNEFERBECol-Major,
M, BEDPHIEMANRNTERBRCol-Major, EMEBRIAEMRBERow-Major,

 BAEMT—MEMEENSREF, &M: ~3TB/s
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« FE—: MBNAEE, HENERFESHE, S0 ~120us

Compute
LDS = VGPR PR Store

- R
GDS - LDS

s AR HEuIISERATIEEBEE, SN ~100ps, EEFE ~10ps

VGPR

LDS Transpose L e Store

GDS = LDS = GDS LOAD VGPR -> GDS
GDS - LDS
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IREGPURRFI A= - Splitk )
N = 1536 BK :A 256 BN =128 - B1
[ | [ | _
B
— M = 1024 :|>BK:128
B3
(: /1 l;
—/NSEFREYHIF
N M
X = 4x12 =48
BN BM

« {HEEMI300XHE3041CU, GPUIREFRIEZR: 48/304 = 15.7%
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IREGPURRFI A= - Splitk )

BK = 2 6 — - )
N = 1536 | > BN = 128 b1
A
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B
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— NSLFRBV F
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Part 2: EF HIP ] rocBLAS B MoE EF5I]
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From FFN to MoE (Mixture of Experts)
FFN #2481 Gate, Up 1 Down = projection transform £ token

FIKE
(seqglLen)

B ek 24
(dHidden)
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From FFN to MoE (Mixture of Experts)
FFN #2481 Gate, Up 1 Down = projection transform £ token

Gate Up Down

AT, &% Dense FFN ZEMEEB AR _EFEH#RSN
. HENXEISH AR
- BEIGEEXREENER
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MoE - &g

MoE A IIEMNETIERE Top-K EXR, E—XIHEPREEDLESH

FIKE
(seqglLen)

Bo e 4

(dHidden)

Router
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MoE - &g
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Router

FIKE
(seqglLen)
B ek 2
(dHidden)

\%g,\{g S Q@
vE S vis?’

Q

ST

&

Presenter: RadeonFlow Team

MC4Z) PyTorch: ETF MI300X B DeepSeek HEF2t&i&iHFIEMR

ERNEEME

0.2

0.3|10.4

0.1

=

%EIE Top2 &R

2025/8/2

Page 21



MoE - £ g
1 Token BIEXNERH#HITZE

Router
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MOE - &
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Expert Centric!

« 81 Token FE2MNERRS

« BYMERRFZN Token, BERZEMNITEEEKIX R
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Expert Centric!

ZE Expert 2 (it HE, SILMER—RAEEFETAER TR token BITHE
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Bi4k K Grouped GEMM
Grouped GEMM: §—HIR/HY GEMM 1+EEFHE— GPU kernel 525k, MMmERE kernel 3118

Like
Programming

S

With
AMD
Hardware

p— \

Programming
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Gate
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Down

N
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B S HIEHSHA

SILU

FP16 GEMM Kernel HEEBENE

TopK Kernel ERERMEHIEH

{EABY Kernel
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MoE B Kernel 5CI

TopK Kernel ERIERMEFIEHE £

Q: tnfaJ &R Top-K ?
A: BEBEMASRIELMLE, KL EEHKE

REEE

A

Thread 0
Thread 1
Thread 2
Thread 3

o
N
o
W
o
AN
o
Y

éi

R HIP 2489 shfl xor_sync() R ELIZIEES,
REXF S slots IR AKEHEANBCH slot

o
N
o
W

lteration 1

Bl S % E O(logn)

lteration 2 0.4
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MoE B Kernel 5CI

FP16 Grouped GEMM Kernel EAR=EE 3 fax

rocBLAS 2t Grouped GEMM #[0, 8EU5i@IE— )X GPU Kernel Launch TR Z N AREFIKE GEMM
=]

for (int i = @0; i < n_expert; i++) {
m[i] = h_IDX[i + 1] - h_IDXI[i];
inputs[i].setB(d_A + h_IDX[i] x K);
if constexpr (CONT_LAYOUT) {
inputs[il.setA(d_B + i *x N *x K);
} else {
inputs[i].setA(expert_weights.ptr[il);

- IRESH GEMM BB AR T B LR TE

}

inputs[i].setC(d_C + h_IDX[i] * N);
inputs[il.setD(d_C + h_IDX[i] * N);
inputs[il.setAlpha(gemm_thirdparty.d_alpha); - IRE W ESUEISE
inputs[i].setBeta(gemm_thirdparty.d_beta);
epilogue[i].setMode (HIPBLASLT EPILOGUE_DEFAULT);
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MoE B Kernel 5CI

FP16 GEMM Kernel TTHEEBRNE

- {EHM PyTorch (SEFRIAF rocBLAS) = ITE
« TJLAFD Shared Expert Byt & H1T

Reduce Kernel HE

« B ZHIEE hipCUB EABZIA index MlE—FHNBANELERITEH T
« —%{ thread AR B token AR RN

ESHBESERNNNBARARS (REBHRE ZH4H)
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Part 3: {fit{t PyTorch Eager MLA §F
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Why PyTorch Eager Instead of HIP/Triton?

- TEE, RIEFE (DBLREITF)-
« EF rocBLAS B9 PyTorch 89 GEMM 8RB (GCHILA)
« SCI FlashAttention EE 5K GEMM fEE (#ZiK rocBLAS)

Q

b

[

[g0)

% We are here HIP/Triton
o *

o

PyTorch Eager

»
>

Time spent
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iR

- FELEASEIAE attention score B EIRFE, BRitEsS
* head; IR EN:

FLOPs(q°k) = q¢ - (W - ") > (q¢ - W) - &V

Cached During Inference
Output Hidden ut[OOOO ______ OOOO]

[ Multi-Head Attention ]
L)

(k¢ | kF1} ||[

concatenate

k{ @ (ki) r@ vii} @

app/y‘
I

RoPE
OO 1 OO Latent c? Latent ¢V [ S 1 SS)

Input Hidden h, [OOQQ - - eJelele)
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iR

- FEZLEEIAE attention score it EIGFE, BRitES
* head; I HEEA:

FLOPS(C[C]{C) — qC . (WiUK . CKV) N (qC . WiUK) ) CKV

« MELL (s =6144) :

2bd.dps + 2bdps  dcdps+dps  513s

_ = = 125.6
2bdyd, + 2bd,s  dpd. +d.s 512+4s
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Free Lunch from torch.compile

- FJA JIT LI Element-wise EFRIS
- A HIP Graph i#4> CPU launch kernel F$#

11 def rotate_half(x):

12 X1 = x[..., : X.shape[-1] // 2]

13 X2 = X[..., x.shape[-1] // 2 :]

14 return torch.cat((-x2, x1), dim=-1)

15

16 @torch.compile

17 def apply_rotary pos_emb(q, k, cos, sin, seq_len):

18 g_embed = (q * cos[seq_len - 1]) + (rotate_half(q) * sin[seq_len - 1])
19 k_embed = (k * cos[:seq_len]) + (rotate half(k) * sin[:seq_len])

20 return q_embed, k_embed
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Analyze GPU Kernel Trace

- EHEENEXR LH—FIEIERRLR
rocprofv3d --hip-trace --output-format pftrace -- python mla.py

o LR 7E7E CPU launch kernel FF$EE B GPU bubble

| 170us 142ns |
X = Y Default Workspace v i 1
v System |
~ python 3010207
python 3010207 main thread ] hipDev. . ‘ | |" | ‘” m "|
COMPUTE AGENT [2] ... [0] (GPU) ] I cl ! Cijk_Alik_BIjk_BBS_BH..  Cijk_...

[1] https://ui.perfetto.dev/
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J/> CPU Launch Kernel 78

« Solution #1: HIP Graph or torch.compile(mode="‘reduce-overhead’)

97 ~v def custom_kernel graph(data: input_t) -> output_t:

98 global output_static, input_static
99 _, _, kv_cache_wrapper = data
100 prefill = kv_cache_wrapper.seq_len
101 if not input_static:
102 with torch.cuda.graph : ..
graph(e) Initial capture
103 output_static = custom_kernel impl(data)
104 input_static = data
105 copy_input(input_static, data) , ,
Replay with new input data
106 g.replay()
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J/> CPU Launch Kernel 78

« Solution #1: HIP Graph or torch.compile(mode="‘reduce-overhead’)

97 ~v def custom_kernel graph(data: input_t) -> output_t:

98 global output_static, input_static

99 _, _, kv_cache_wrapper = data

100 prefill = kv_cache_wrapper.seq_len

101 if not input_static:

102 with torch.cuda.graph(g):

103 output_static = custom _kernel impl(data)
104 input_static = data

105 copy_input(input_static, data)

106 g.replay()

I8k : KV $ copy overhead !!
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&> CPU Launch Kernel F$5
« Solution #2: Create Subgraph
Cached During Inference
Step #1: Output Hidden “t[OOIOO ? OOOO] Step #2:
« Lightweight kernels [ Nlulti-Head Attention ] * GPU intensive kernels
f
« No KV $ required (9. a4 1) TR oo « Requires KV $
concatenate
_— k‘?ej k(t:i tCi
s p R ce (v
RoPE |
[OO OO] Latent (:E Latent cXV [®® @@] N
1 f

Input Hidden h, [OOQQ - - OO00)]
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JA/> CPU Launch Kernel ;

« Solution #2: Create Subgraph
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«HY»

107 v def custom_kernel(data: input_t) -> output_t:

108
109
110
111
112
113
114
115
116
117

global output_static, input_static

_, _, kv_cache_wrapper = data

prefill = kv_cache_wrapper.seq_len

if not input_static:
with torch.cuda.graph(g):
output_static = custom_kernel step 1(data)
input_static = data
copy_input(data)
g.replay()

return custom _kernel step 2(data, *output_static)
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JA/> CPU Launch Kernel ;

- MR

X = Y Default Workspace v

«HY»

N 1 I | I I | 1
(

v System

~ python 3010207
python 3010207

COMPUTE AGENT [2] .. [0] (GPU) v
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main thread

128 000
170us 142ns |

00:00:11 00:00:11
_» r‘ . 0( 00
\
|

Ll
1 1 B m
|
| |
1 1
L 1 \ i
i i (

4102213+ I ‘\ [ Jl

o I [ );mmsnns—l‘ ‘
=V DefaultWorkspace v 1 ! 1

v System

M6 manthesd) O
COMPUTEAGENT[Z]... [0](GPU)
COMPUTEAGENT[Z]... [1](GPU)

|

CurentSelecton (e

(g

Cijk_Alik_BIjk_BBS_BH..  Cijk_...

B> 40% FFEH |

MC4Z) PyTorch: ETF MI300X B DeepSeek HEF2t&i&iHFIEMR

Cijk_Ailk_BIjk_B...

2025/8/2

Page 42



Thanks!

RadeonFlow Kernels Github AMD A&
(BEEARRE) (TTR4EMI300X GPUSE)
XM Star YD E_ FEETERNNINE
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