





























Fused MF Kernel Optimizations - 1/2

AMD MI300A

e No PA data stored at Quadrature points

— e Extra input vectors & computations
- o Indirections, basis arrays
o Mesh coordinates: used for'

trial 1

B de
o Sum f rad basis
e Multiple
o smem: default, with 3D block of smem & threads
o regs: less shared mem, 2D thread blocks
BTtrial
BT

test

void mfem:HipKernel1 Demfem:RK4Solv.. ~ vo.. void mfem:hip:HipKerel3D<128, 1, mfem:SmemPAGradientApplyTranspose3DRRMulteS, 4, 5,128, 1>(mfem: FiniteElementSpace const, mfem..

void mfem:HipKemel.. ~ void m.. | oid mfem:hip:HipKemel3D<126,1;

void mfem:HipKernel1D<mfem:RK4...

‘ Lawrence Livermore National Laboratory



Fused MF Kernel Optimizations - 2/2

e Increasing the occupancy: number of wavefronts

e Use compiler output:
o 170 max VREG
© 3 waves = 1638 maximum fp64

e Reducing register usage:
0o FORALL DIRECT

e Reducing the amount of shared memory
o moveB . ,B __ datatoconstant memory

o shuffle/re-use vector grad computation

void mfem::HipKernel1D<mfem::RK4Solv.. ~ vo..

void mfem::HipKernel1D<mfem::RK4...
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AMD MI300A

=== |nitial PA

=== Shared PA

25 Optimized PA
== Fused PA

=== Fused MF (sm

Throughput (GDof/s)

em)

108 107 108 10°

Degrees of Freedom

void mfem::hip::HipKernel3D<128, 1, mfem::SmemPAGradientApplyTranspose3DRtRMult<5, 4, 5, 128, 1>(mfem::FiniteElementSpace const*, mfem... v void mfem:HipKemnel1D...
void mfem;:HipKernel1D<mfem::RK4Sol... HipKernel3D<128, 1, mfem:

:SmemMFGradApplyT3DRtRMult_amds<S5, 4, 5, 2, 5, 128, 1>(mfem::FiniteElementSpace const*, mfem::ElementRestriction cons..

v void mfem:HipKernel1D..

j1 void mfem::HipKernel..  void mf..

void mfem::hip::HipKernel3D<128, 1, mfem::internal::SmemPA...

v void mfem::HipKerne...

‘ Lawrence Livermore National Laboratory %

VS

National Nuclear Security Administration

12



Shared Memory, Fused PA & Fused MF NVIDIA Kernel Optimizations

test

i trial

Switch seamlessly to NVIDIA hardware
Resilient to the different versions
¢/ Shared memory bound kernel

Live p Stal Sampling  Instruction Instructions /g, Predicated-On

Registers (Al Samples) Executed rhreads Executed

<MD1, MOQ>(e, DIDE, XT, sn6); .03
<MD1, MQL>(D1DE, QID, be, BG[01); 6.0u
<01, WQL>(DI0E, QID, BGL<], sne, sn1); 0.05%
<M1, MQ1>(DIDE, QID, BG[0], snl, sne); 6.05%
<01, WQL>(DIDE, QID, BGL<1, sne, sn1); 0.0

(az, 2, Q) .02

Cay, y, @)

Cax, x, Q)

1
real_t G[2), AL?);
9= ax + (ay + qz * QU
real_t d[3102] =

<MI>QD, ax, @y, Gz, sal, G);

) + @010+ GED) + @EIEO] » GED);
+ @010+ GLD) + @EI0] » GLD;
+ @00+ GED) + L] * GED);

<ML, ax, ay, qz, A, sm0);
HL>(QID, ax, ay, az, snl, ©;
+ @O0 * 60D + @IIE * GLD);
+ @0I0T * 60D + @EE  GD;
+ @RI0 + GLD) ¢ @EE] * GED);
MU0, ax, ay, az, A, 5n0);

Fused PA

o118
0.
0.1
o
o.m

o.m

At sty FLOPyel

Address  Acoess
Space Operation

Global(3) Load(3)
Global(3) Load(3)
Global(3) Load(3)

Shared  Load

Shared  Store
Shared  Load

Shared  Store

‘Access L1 Wavefronts eoretical Sectors
Size ihared Excessive Global Excessive

6403
6403)
6403)

&

Throughput (GDof/s)

30
=== |nitial PA
=== Shared PA
25 Optimized PA

== Fused PA

10

=== Fused MF (smem)

/——_-

10°

107 108 10°

Degrees of Freedom
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Unlocking Next-Level Performance Opportunities

, int W01 = DI0R>

y<real_t> Gtest_bt)

), DIDE, DIOE, DIOE, AE, 3)

+32, 1, 1, [=] FEN_HOST_DEVICE(int )

861211010 + W01)

81010 « W011;

50031 (010 » 010 » QID), sm1(3](Q1D + OI0 = Q1D
50031010 * 010 x 010], $n1(3] (01D * 010 * 10

-
V201, Q10-(OL0E, 01, 8, 08, sn1)

int thread = a::get
if (thread < Q10 = QI0 = QI0)
«

ThreadTdx();

thread % 10, div = thread / QID;
div % 01, qz = div / QI

€ a0 -

Al0] = (410] (0
Al1l = (dl0] (1
7 i

UshGrad<QID>(0ID, ax, ay, az, A, snd)

LoadBt_y244D1, 010>(DIOE, Q1D, be.t, B, true)
2401,010>(D10R, 010, br_, gr_t, BG)

401, Q10>(D10E, QI0, B,
401, Q0>(D10R, Q1D BG,

401, Q10-(D10E, QID, B, sn1, smd)
o1, 010-(010%, 0o, 05, sek.

¢ V2401, Q10> (DI0E, Q1D, B, smo,
tha00 v2H01.010> (D108, 01D. 86 508

(), Q10 D10R), (), o108, Q10);
(), aw, D10R), (), DIOR, 10)
), aw, o1e), ., D10E, 010)

SHARED
B

test

B

trial

BT

trial

test

e Jiqun Tu added Tensor Core based contractions

e M-by-N-by-K warp-synchronous collectives

e 4" generation Matrix Multiply-Add (MMA)

@)

@)

(@)

A100 FP64

D=o0p(A,B)+C

= Higher throughput
= More efficient way to share data

"mw

H100 FPé64

e For shared memory bound kernels = speedup

& +10 GDof/s

40

NVIDIA GH200

DMMA Optimized PA
=== DMIMA Fused PA
== DMMA Fused MF
— Initial PA
30— Shared PA
Optimized PA
25 | — Fused PA
— Fused MF

Throughput (GDof/s)
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( = :
10" 10° 108

107 108

Degrees of Freedom

Fused PA
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Conclusion

e Practical insights for enhancing FE HPC computations

e Contributions are welcome!

e Holistic Kernel Fusion Approach
o Not only limited to kernel launch overhead

o Re-use data, avoid in-&-out data transfers e =ul
e SE e
e WIP tensor contraction API to support: :E
o Low vs. high order algorithms ﬁz
o Arbitrary number of arguments for oFEM L ‘ /———
i esifieuiiin -
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