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1 Introduction

Modern general-purpose accelerators integrate a large number The RF is augmented with a valid bit per register to implement
of programmable area- and energy-efficient processing elements head-of-line blocking at the consumer’s side of the logical FIFO.
(PESs), to deliver high performance while meeting stringent power

delivery and thermal dissipation constraints. In this context, PES

are often implemented by scalar in-order cores, which are rd/—L V  RF rsZ\—Lrsl\-L FPU

highly sensitive to pipeline stalls. Traditional software > 0 | ft11 — 1. (4] [3
techniques, such as loop unrolling, mitigate the issue at the cost : | : Q-0-06

of Iincreased register pressure, limiting flexibility. We propose S0l O g D O O
scalar chaining, a novel hardware-software solution, to address e Jilns - ) SSR 0

this Issue without incurring the drawbacks of traditional software- ‘ N d2][d[3][d[4]]d[5]}«——
only techniques. We demonstrate our solution on register-limited "E_' 0 e SSR 1 o
stencil codes, achieving >93% FPU utilizations and a 4% 1o +D‘Z - cl21] cl3] eldl] elS]—
speedup and 10% higher energy efficiency, on average, over 5 Rl T.D e &,

highly-optimized baselines.

3 Results and Discussion

2 Implementation

On a Snitch cluster implemented Iin GlobalFoundries™ 12LP+
FINFET technology using Fusion Compiler 2023.12, with a target
clock frequency of 1 GHz, our extensions introduce negligible
area and timing overheads, In the scale of synthesis process
variability margins.

We implement dataflow (or FIFO) semantics In the scalar In-
order Snitchltl core, to chain functional units (FUs) through the
register file (RF) and ensure that values from the producer FU
are not overwritten until they are used by the consumer FU.

We evaluate our implementation on two register-limited stencil
codesldl, box3dlr and §3d27pt. By applying chaining, we can
free enough registers to fully store the stencil coefficients in the
RF, achieving a 4% speedup and 10% higher energy
efficiency, on average, over the highly optimized baselines in [3],

The producer FU’s pipeline registers form a logical FIFO, which
can be effectively used to store intermediate results from loop
unrolling, without adding pressure on the architectural RF.

Naive , and >93% FPU utilizations.
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In this example, the fadd and fmul Instructions are chained
through £t3 (the FPU is both the consumer and producer FU).

Stream semanticsl?l are assigned to £t0, ft1 and ft2. 4 Conclusion

We presented a novel hardware and software solution to hide FU
latencies In scalar In-order processors, without Incurring
Increased register pressure, as with traditional software-only
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