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Abstract
We present the random number generator (RNG) library RNGAVXLIB,
which contains fast AVX realizations of a number of modern random number
generators, and also the abilities to jump ahead inside a RNG sequence and
to initialize up to 1019 independent random number streams with block splitting method. Fast AVX implementations produce exactly the same output
sequence as the original algorithms. Usage of AVX vectorization allows to
substantially improve performance of the generators. The new realizations
are up to 2 times faster than the SSE realizations implemented in the previous version of the library [1], and up to 40 times faster compared to the
original algorithms written in ANSI C.
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Nature of problem: Any calculation requiring uniform pseudorandom number generator, in particular, Monte Carlo calculations. Any calculation requiring parallel
streams of uniform pseudorandom numbers.
Solution method: The library contains realization of the following modern and reliable generators: MT19937 [2], MRG32K3A [3], LFSR113 [4], GM19, GM31, GM61 [5, 6],
and GM29, GM55, GQ58.1, GQ58.3, GQ58.4 [7, 8]. The library contains realizations
written in ANSI C, realizations based on SSE command set and realizations based
on AVX command set. Usage of vectorization allows to substantially improve performance of all generators. The library also contains the abilities to jump ahead
inside RNG sequence and to initialize independent random number streams with
block splitting method for each of the RNGs. C and Fortran are supported.
Reasons for the new version: Modern CPUs better support vectorization compared to CPUs available two years ago when the previous version of the library
was prepared. In particular, Advanced Vector Instructions 2 (AVX2) are now supported by CPUs fabricated by Intel and AMD. AVX2 is supported by Intel CPUs
since the Haswell microarchitecture was released in June 2013, and is supported
by AMD CPUs since the Streamroller Family 15h microarchitecture was released
in January 2014. An important new feature of this version is the ability to employ
the AVX2 instruction set of a CPU in order to speed up the calculations. As a
result, the new RNG realizations employing AVX2 are up to 2 times faster than
the realizations implemented in the previous version of the library.
Restrictions: For AVX realizations of the generators, Intel or AMD CPU supporting AVX2 command set is required. For SSE realizations of the generators,
Intel or AMD CPU supporting SSE2 command set is required. In order to use the
SSE realization for the lfsr113 generator, CPU must support SSE4.1 command
set.
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Additional comments: The function call interface has been simpliﬁed compared
to the previous versions. For each of the generators, RNGAVXLIB supports the
following functions, where rng should be replaced by the particular name of the
RNG:
void rng_init_(rng_state* state);
void rng_init_sequence_(rng_state* state,unsigned long long SequenceNumber);
void rng_skipahead_(rng_state* state, unsigned long long N);
unsigned int rng_generate_(rng_state* state);
float rng_generate_uniform_float_(rng_state* state);
unsigned int rng_ansi_generate_(rng_state* state);
float rng_ansi_generate_uniform_float_(rng_state* state);
unsigned int rng_sse_generate_(rng_state* state);
float rng_sse_generate_uniform_float_(rng_state* state);
unsigned int rng_avx_generate_(rng_state* state);
float rng_avx_generate_uniform_float_(rng_state* state);
void rng_print_state_(rng_state* state);

The function call interface for the rng_skipahead_ function, which jumps
ahead N output values inside an RNG sequence, can be slightly diﬀerent for some
of the RNGs. For example, the function
void mt19937_skipahead_(mt19937_state* state, unsigned long long a, unsigned b);
skips ahead N = a · 2b numbers, where N < 2512 , and the function
void gm55_skipahead_(gm55_state* state, unsigned long long offset64,
unsigned long long offset0);
skips ahead N = 264 · offset64 + offset0 numbers. The detailed function call
interface can be found in the header ﬁles of the include directory. The examples
of using the library can be found in the examples directory.
Some of the generators have several versions of the rng_init_sequence_, routine, for example, rng_init_short_sequence_, rng_init_medium_sequence_, rng_init_long_seque
(see details in [1, 10]). Maximal number of sequences and maximal length of each
sequence for pseudorandom streams are indicated in [1, 10]. The algorithms used
to jump ahead in the RNG sequence and to initialize parallel streams of pseudorandom numbers are described in detail in [9, 10].
This version of the library automatically detects whether the CPU supports
SSE and/or AVX vectorization at the compilation stage. During the compilation
of the library, the -march=native compiler option is used, which allows to use
predeﬁned macros such as __SSE2__ and __AVX2__ in the source code. This is
supported by both GNU and Intel compilers. The functions rng_generate_ and
rng_generate_uniform_float employ SSE and AVX vectorization if the CPU
supports them.
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Table 1: Speed of the realizations. CPU: Intel Xeon E5-2650v3 (2.3 GHz); Compiler: gcc;
Optimization: -O3.

Generator

ANSI C
(Gbit/sec)
GM19
0.27
GM29
0.32
GM31
0.31
GM55
0.93
GM61
0.14
GQ58.1
0.27
GQ58.3
0.58
GQ58.4
0.98
LFSR113
5.98
MRG32K3A
2.84
MT19937
7.43

SSE
(Gbit/sec)
1.43
1.86
1.29
2.30
0.48
0.63
1.31
1.97
3.83
5.21
9.84

AVX
(Gbit/sec)
3.12
3.11
2.17
3.27
0.89
1.12
2.15
3.10
12.6
7.64
12.2

speed(SSE)/
speed(AVX)/
speed(ANSI C) speed(SSE)
5.30
2.17
5.84
1.67
4.14
1.69
2.47
1.42
3.39
1.84
2.30
1.79
2.25
1.65
2.02
1.57
0.64
3.29
1.83
1.46
1.32
1.24

This version of the library also supports simultaneous generation of two independent output sequences for the LFSR113 generator using the AVX vectorization:
void lfsr113_avx_generate_two_(lfsr113_state* state, unsigned * out1, unsigned *out2)
This is the fastest possible way to generate LFSR113 random numbers using the
CPU which supports the AVX2 instruction set. The function lfsr113_skipahead_
jumps ahead only in the ﬁrst LFSR output sequence. Jumping ahead in the secound output sequence can be performed with the separate lfsr113_skipahead2_
routine.
GNU Fortran does not have compiler directives for data alignment to assist vectorization, although Intel Fortran has directives for that, such as !dir$ attributes align:32.
By default, GNU Fortran aligns all variables to 16-byte boundaries, which is sufﬁcient to eﬃciently use SSE, but is not suﬃcient for AVX. We ﬁnd that applying
additional SAVE command to the generator state in Fortran results, in particular,
in alignment of the data to 32-byte boundaries. This allows one to employ AVX
realizations from Fortran (see the examples directory). We have tested this on
workstations with various CPUs and various versions of Linux.
Development and optimization of the algorithms were supported by the Russian Science Foundation project No. 14-21-00158. Benchmark testing was partially
supported by Russian Foundation for Basic Research project No. 13-07-00570 and
by the Supercomputing Center of Lomonosov Moscow State University [11].
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Table 2: Speed of the realizations. CPU: Intel Core i7-4790K (4 GHz); Compiler: gcc;
Optimization: -O3.

Generator

ANSI C
(Gbit/sec)
GM19
0.45
GM29
0.51
GM31
0.53
GM55
1.36
GM61
0.21
GQ58.1
0.44
GQ58.3
0.85
GQ58.4
1.38
LFSR113
10.7
MRG32K3A
4.20
MT19937
8.85

SSE
(Gbit/sec)
2.05
2.69
1.92
3.57
0.75
0.93
2.01
2.98
5.60
8.79
14.5

AVX
(Gbit/sec)
4.52
4.69
3.32
5.16
1.32
1.67
3.30
4.28
18.2
12.4
17.8

speed(SSE)/
speed(AVX)/
speed(ANSI C) speed(SSE)
4.55
2.21
5.27
1.74
3.63
1.73
2.62
1.45
3.50
1.76
2.12
1.80
2.37
1.63
2.16
1.44
0.52
3.25
2.09
1.41
1.64
1.23

Running time: Running time is of the order of 20 sec for generating 109 pseudorandom numbers with a PC based on Intel Core i7-940 CPU. Speed of the random
number generation on CPUs widely used in modern servers and workstations is
shown in Tables 1 and 2 respectively (see also [6, 7]).
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