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Introduction
Efficient generation of parallel random variates under certain distributions is often
a very challenging task. VecMath provides vectorized math utilities and pseudo
random number generators that use VecCore library [1]. General strategies on how
to vectorize several PDFs (Probability Distribution Functions) are presented.

Algorithms without Branches

These cases involve 2 different approaches for PDFs:

• Direct transformation through inverse functions as Exponential distribution).

• Vector instructions without branches as Gaussian or Normal distribution with
the Box-Müller algorithm [2]).

Algorithms with Branches

Cases as Gamma and discrete Poisson distributions need input and parameters
that could be rejected or accepted. Using some VecCore APIs, several random
conditionals are managed efficiently following: SIMD structure, the combination of
branches,regrouping the data and increasing acceptance rate.
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Mask condition allows to apply the same operation at same time at a pool of values
inside a vector following SIMD structure if those are in the same threshold (MaskFull
or MaskEmpty). Acceptance-rejection methods usually use inside do-while loop
structure with random input, so if a group of data has different thresholds, a
mixed case is presented. However is possible to increase acceptance rate through
regrouping data.

Probability Density Functions

Parameters
/n.d.f. 2χ  1.0380

 τFit  0.5002

 error τFit  0.0005
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Parameters
/n.d.f. 2χ  1.5062

 µFit  5.0001
 error µFit  0.0010
 σFit  1.0041
 error σFit  0.0007
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Normalized histograms of Exponential [3] (left) and Normal [2] (right) density
functions generated by the vectorized algorithms.

Probability Density Functions

Parameters
/n.d.f. 2χ  1.7029

 αFit  4.9876
 error αFit  0.0069
 βFit  1.0017
 error βFit  0.0015
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Parameters
/n.d.f. 2χ  0.9903

 λFit  6.0009

 error λFit  0.0025
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Normalized histograms of Gamma [4] (left) and discrete Poisson [5] (right)
density functions generated by the vectorized algorithms.

Scalar and Vectorized Performance
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Performance gains by vectorization are roughly 3 ∼ 5 times with test
environment CPU Intel R©CoreTMi7-4510U 2.00GHz using AVX2 set architecture

with 1,000,000 samples.

Future Work
Vectorize more complex PDFs algorithms and include into Vecmath APIs.
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