Auto-Vectorisation Reborn

Jonas Sys, Elisa Gonzalez Boix, Christophe Scholliers

—
A m VRIJE

GHENT UNIVERSITEIT
UNIVERSITY BRUSSEL




Vectorisation

W vV VY
-~

vV oV

Single Instruction, Multiple Data
Significant speedups
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Available on commodity hardware
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Hardware-dependent
Not portable

Complex & error-prone
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Vectorisation Approaches

Manual VeCtorlsatlon inline void gamma_srgb(std::vector<float> &xs) {
const auto threshold = _mm512_setl_ps(0.04045F);
// ... other constants

for (size_t i = 0; 1 < xs.size(); i += 16) {
const auto idx_mask = (lul << std::min(xs.size() - i, 16)) - 1;
const auto 1d = _mm512_maskz_loadu_ps(idx_mask, xs.data() + i);
const auto mask = _mm512_mask_cmp_ps_mask(idx_mask, 1d, threshold, _CMP_LT_0Q);
const auto mask_not = idx_mask & (~mask);

const auto div = _mm512_maskz_mul_ps(mask, 1d, gamma_div_rcp);

auto t_24 = const_fac; // t70 term

const auto t = _mm512_maskz_mul_ps(mask_not,
_mm512_maskz_add_ps(mask_not, 1d, x2t_plus), x2t_div_rcp); // t

const auto t2 = _mm512_maskz_mul_ps(mask_not, t, t); // t"2

const auto t3 = _mm512_maskz_mul_ps(mask_not, t2, t); // t"3

t_24 = _mm512_maskz_fmadd_ps(mask_not, linear_fac, t, t_24);
_mm512_maskz_fmadd_ps(mask_not, quadratic_fac, t2, t_24);
= _mm512_maskz_fmadd_ps(mask_not, cubic_fac, t3, t_24);
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const auto res = _mm512_mask_blend_ps(mask, t_24, div);
_mm512_mask_storeu_ps(xs.data() + i, idx_mask, res);
}
}
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Vectorisation Approaches

Manual Vectorisation Language Extensions Automatic Vectorisation
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Guaranteed performance Possible race-conditions Scalar code

Complex & error-prone Not always possible

Abstractions guarantee
—~ safe vectorisation
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Phoeniy Abstractions

Restricted Vector Loops
#1: Iteration Independence

No non-local modifications

#2: Loop Completion

No break/return
Early-end single iteration: continue/continue with

#3: Index-Free Loop Operations

Due to masking
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Views & Restricted Vector Loops

Restricted Vector Loops

#1: Iteration Independence
#2: Loop Completion
#3: Index-Free Loop Operations

foreach (x, idx) in view {}
(modify in-place)

mask (x, idx) in view {}
(filter in-place)

project (x, idx) in view into output {}
(modify out-of-place)

merge (x1, .., xn, idx) in (viewl, .., viewn) into output {}
(combine multiple views)

accumulate (x, idx) in view with initial into var {}
(reduce to single value)

continue

mask out current output element

continue withe
write current output element
continuelidz] with (z) -> e

update arbitrary output element
executes scalar (correctness)



KMeans

function kmeans(points, centers) is
origin = (0, 0)
new_centers = [(origin, 0) for each center in centers]

for each point in points:
c_idx = argmin distance(point, center) in centers
new_centers[c_idx].point += point
new_centers[c_idx].count += 1

centers_out = []
for each (sum, count) in new_centers:
centers_out += sum / count

return centers_out
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Geometric Mean Speedup over scalar C++ (GCC 15.2.1)

Evaluation

Execution Speed Expressiveness
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Efficient vectorisation)
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