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Long Vectors in HPC / Al

= Physical Modelling
= Large Language Models
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Data Parallelism

Amortize IF/DEC costs
=  Packed SIMD
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Al/HPC ISA
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Vector ISA

= Arm SVE (2 Kibits),
= SX-Aurora (16 Kibits)
= RISC-V V (64 Kibits)
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. Scales only up to 16 Kibits
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AraXL Goals
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Solution to

Scalability

e Long vectors can tolerate latency [1]
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Aligning + Shuffling

Aligning

~ 10 cycles ~20 cycles
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[1] Vizcaino, Pablo, et al. "Short reasons for long vectors in HPC CPUs: a study based on RISC-V." Proceedings of the SC'23 Workshops of The International Conference on High Performance Computing, Network, Storage, and Analysis. 2023.
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AraXL architecture

v Multiple 4-lane Ara2 instances
v’ Design pipelined low-cost interconnects

April 1, 2025 Navaneeth Kunhi Purayil / ETH Zurich 6



Global Load-Store Unit

Interface 0000 000D

Ring

Interconnect

128-bit

Global LD/ST

Global LSU
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Ring Interconnect
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Interconnect

128-bit

Global LD/ST

Global LSU

L2 MEMORY

April 1, 2025 Navaneeth Kunhi Purayil / ETH Zurich 8



Request Interface
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Linear Performance scaling High Latency Tolerance
8 — 64 Lanes = 8x <2% drop in performance
9 Performance )L for 64 lane AraXL y
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, , Linear Area Scaling
Hierarchical Flow Areag,; = 3.8 X Area,q;

Frequency Scaling
Maximum frequency of 1.15 GHz (TT/
0.8V /25C) for 64 lanes

E 1.6 mm

L2 memory ;§DS ‘

Energy Efficiency

Peak Performance 146 GFLOPS
Peak Energy efficiency +40 GFLOPS/W
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We present AraxL

The largest RISC-V vector processor architecture!

Scale to +16 Lanes

Achieves 64 Lanes (Highest amongst RISC-V vector processors)

SUALEUER I UEUEE A chieves 64 Kibits of VLEN (Highest among all vector processors)

AT RN T A chieves peak energy efficiency +40 GFLOPS/W
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