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W [RISC-V] vector extension and scientifi€Codes

535;5{:;; European Processor Initiative to deliver a RISC-V based vector accelerator. We contribute to the porting and evaluation of scientific codes in RISC-V systems with a
Pl We provide a HW and SW ecosystem to enable co-design before the chip arrives. strong focus on long vector architectures.
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Software Development Vehicles to Enable Extended and Early Co-design: ;
A RISC-V and HPC Case of Study DOI: 10.1007/978-3-031-40843-4 39
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We also develop an evaluation methodology to study potential optimizations Batched DGEMMs for scientific codes on long vector architectures %;
Our optimization techniques are CPU-agnostic and provide benefits in other architectures. DOI: 10.48550/arXiv.2501.06175 E.
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Short reasons for long vectors in HPC CPUs: a study based on RISC-V
DOI: 10.1145/3624062.3624231
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Exploiting long vectors with a CFD code: a co-desigh show case
DOI: 10.1109/IPDP557955.2024.00047
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SeisSol Software package for simulating wave propagation and dynamic rupture based FALL3D is an eulerian model for atmospheric
on the arbitrary high-order accurate derivative discontinuous Galerkin method. transport and deposition of passive particles. I I - I - I .I l .I I I
‘3 . . computeLocallntegration [J computeNeighboringIntegration Pre_timestep B[] B x1tox4  TimestepQy
| Structure lIterative pattern with two phases. o o o N B B phasesd M ADS_solve along x BE O E o L QR Preses - _
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BLAS libs Available BLAS libraries are either i) not vectorized at all; or Wothes  (4) ;
. . . . X1toX4 Y1ltoY4 Z1toZ4
I1) auto-vectorization is not able to leverage long vectors. T RHS f '
unction
~ openblas.3.20 :  VL=1 | VL=1 i VL=2 | VL=1 | VL=3 | VL=1 | Fine grained execution Not vector-friendly @ _}_/__e___;_fc_g_[;_l_‘_[_l__e___r_}_q_l_}_/______@_)__ -----
\ blis0.8.1 | | | | ; : : : : do 1 = 1ips, 1pe flux(1l) = !... ;
| eigend.4.0.rv64gc , , f f | ‘ H ‘ ‘ | | ‘ Ca”ed 88k tlmeS __'___Q_c_)___\/_\/_(_)_ rke... / d01=1p51pe -----------------------
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Batched DGEMMs Multiplication of small matrices does not expose enough work to take

advantage of long-vectors -> Batch multiple DGEMMs at once.
array operations — do-loops (2
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RISC-V MareNostrum4 - x86  Register spilling (250k cycles) = Computation (250k cycles) : :
|- > > . —_—
- 10 9B [7 99 10 1B Arith. IO OO0 00000 vector: f un Ct 10N Su b rOUt 1ne @
< 20 ' 29I ] 8.18.0 ' MemO B FIETEERTEE BB E00 0 1000 0 1 o
A 8P T e = 8| [T — Mem1 Il I 11| MIIITIM I mI TE - F————— — — = — e m —m - — = — -
5 Mem? | I I I T Other Regions |
ST e 1T HHT - Time Loop collapsing, do-loops, and loop swap. | RISC-V MareNostrum> - x86
E; ab b = ab L N ] | XltoX4 B YltoY4d B ZltoZ4 O Other [ Speedup & (1)3_ 100 _
. | Performanfze qf c.urrent batchgd DGEMM Not vectorized e o &l
g oL A 2 2ﬂ01ﬂ81ﬂ80909_ implementation is limited by register spilling. 1 CBoWw(:,t,:) = (1.0 rp-stime)*my wl(:,:,:) + stime*my w2(:,:,:) | o 2 ST
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Batched DGEMM |mp|ementat|0n IN pure C do@) | do@)  do() Z ébl\?l-;gzil)lpﬁ;?_ig)r aiséggafnt? . | 2.0 ;_ . 00
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RISC-V: always better than reference. , , _ , o ’f“‘% 7 1 1D do-loop |
Able to leverage full vector length Integration with SeisSol requires modifying data | Bdoi=1, ifksize | - I Changes architecture agnostic
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