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Snitch Core: Tiny, Latency Tolerant, Extensible

 Snitch: tiny (20KGE), extensible RV core
» Extensible through

» Latency-tolerant through scoreboard Memory Memory
—> can issue ~10 non-blocking memOPs 1 1

Snitch

RV32I|
Core

» Usually paired with FPU subsystem

« Large, pipelined double-precision FPU S § " ﬁ
g ° = egfile
- FP8-FP64 SIMD capable : ' HE restt -
« Multiple Extension available (e.g. RVV, DSP, QNN) ..ftf’ ....................
* ISA extensions for near-ideal FPU util.
* SSRs: map memory streams to FP registers §5‘,fsystem n

* FREP: dedicated HW loop for FPU
- FPU & int. core can compute in parallel
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Low & Mixed-Precision Floating-Point Formats Q%

FP32
4 # Representable Maximum
Format
bfloat16 values Value
p FP32 4.29 x 10° ~ 3.40 x 10*
Bfloatl6 65536 ~3.40 x 10°®
FP16
" FP16 65536 ~ 65504
£ FPS 256 ~ 57344
FP8
* Low precision * Mixed Precision
* Lower memory footprint e Addresses accuracy loss of low precision format
* Higher energy efficiency e Accumulation in higher precision format
e Higher throughput with SIMD * e.g. wDotp FP8->FP16
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SSR & FREP: the Key for PE efficiency

« SSR: Link register read/writes into implicit LD/ST

€

Memory
* Extension around the core’s register file
« Address generators (2-3KGE/SSR) ddr' cen. T
 Configured out of inner loop (LD/ST elision) )
« Staggering: generators prefetch from memory (latency tolerant!) 3 @ 5 S
<8 + b © D =
« FREP: LO instruction buffer (no IS access) § § é’“‘ < g
* Pseudo-dual issue (Int pipeline can proceed in parallel) -
« No boundary checking for loop (similar HW loop in DSPs) CPU Core
* Boost FPU utilization = 100% (once setup is amortized) E R R
NS 0 b b2 b3
. o . o, ) al0] a[1] al2] a[3]
dotp: 30% FPU dotp: 90% FPU Mem Resp: — 1T
loop: scfg 0, %[a], 1dA PU- FMA | FMA | FMA | FvA
fld ro, %[a] scfg 1, %[b], 1dB ' | 1R B
f1d r1, %[b] = oop: — oyoes
fmadd r2, ro, ri fmadd r2, ssr@, ssri

Less expensive _}_han 000 (CPU) and Multi-threading (GPU)
ETHzirich =
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Accelerating Dense, Sparse, and Mixed Workloads

« Sparse SSRs (SSSRs) are highly flexible

Banked TCDM
reqg

3 dffine streams for dense workloads SUO vals idcs idcs  vals SU 1 idcs  vals SU 2
« 2 indirect streams for scatter-gather Data [|4D-+indir{ <5
. addrgen Eﬂ}’p/ inters. gg’y/ addrgen
(sparse-dense LA, stencils, codebooks...) oo — PP o

* Intersection & union for sparse-sparse LA

Workload & g & é’ %
« Accelerate mixed compute patterns (C“’ e_sse”z"‘”(; + ;’f“iﬁda/} f f > & %
. onjugate Gradien

underlylng emergent HPC & ML ;l':) Finite difference methods v v

« Often combine sparse and dense compute ADMM MPC J  J o

- must handle both efficiently Convolutional NNs a . N

« HPC: sparse solvers and stencil codes _, Deep NNs N -+ +

« ML: sparsified weights and activations, = Graph NNs v v+ +

unconstrained quantization w. codebooks Large Language Models v+ +

&N
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STX Cluster

8 Snitch compute cores
« SIMD 64b FPU with SSRs & FREP

9th Core: DMA engine

« 512b interface to interconnect

T

« HW support for autonomous < 2D transfers, SB 2 SuperBank 3
. . . ' B16 B2, B31
higher dimensions through SW : I
. N
* Latency-tolerance block transfers (100s of cycles) 5 < nared SliserachipadiciossHAl

64b AXI Crossbar

128 KiB TCDM
« 32-bank, low-latency shared scratchpad
« Double-buffer large chunks with DMA

Shared TDCDM, I-cache and peripherals

il ZeroMemory

Shared DMA (10% overhead) for global latency tolerance |

T,
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STX Cluster Performance and FPU Utilization P

. Mixed workloads @1GHZ’ 0.8V’ 25°c I Base Perf. Ext. Perf. =@~ Base Util. =@~ Ext. Util.
GEMM Stencil Cod
» Occamy-chip, 2x24-cluster system 700 100% 600 e 100%
-9
* RV32G baseline vs. code using ISA extensions o B0 ARSEE B R
S % & 5 a0 . wm - 60% &
 All workloads use FP64 data, int16 indices : : g 5
N 280 40% E % 240 - g 40% E
* Sparse LHS real-world matrices, RHS 1% density & 0 [ 20% * 120 I I II I [I .
> Near-ideal dense, leading sparse perf. e JUITgRpray s
‘Qoo N ~o° \é’ﬁ e
« GEMM: 14.3 GFLOP/s, 2.8x faster than RV32G, SovM ’ —
89%FPU util. competitive with GPUs 350 100% 200 100%
« Stencils: Up to 11.9 GFLOP/s, 3.9x faster, 0 - o - gm o
] o 210 60% < = 120 60% <
83% FPU util. (215% more than GPU codegens) = ) 5 3 5
= 140 o= 40% é = 80 40% %
« SpMM: Up to 6.4 GFLOP/s, 4.6x faster, 1 oot g =i oo
42% FPU util. (=1.6x more than sd. LA on GPUs) . .'-I"l'l“'i . . ‘ i l l l l .
& P2 x%é\ & (obib 2 X

5N e
2 A
o g

° SpMSpM. Up to 3 9 GCOM P/S 3 Gx faSter, \é‘\& & *oc’é} & \é‘\& & $ ¢ European
49% mdeex,comparator utilization w iatve
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