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[eHepaunsa napannenbHbIX NOTOKOB CIyYanHbIX YXACEST
nns pacyetoB MoHTe-Kapno ¢ ncnons3osaHnem GPU.

. PaspabotaHbl ©Oubnunoteka PRAND wu 6ubnuoteka RNGSSELIB no
napannenbHOU reHepauun nceBaoOCydYauHbIX YKCen, KOTopas BKIHOYaeT
reHepartopbl, OCHOBaHHble Ha MaparnsnenbHON 3BOSIOUNM aBTOMOPM(PU3MOB
Topa (GM19, GM31, GM61, GM29.1, GM55.4, GQ58.1, GQ58.3, GQ58.4),
reHepaTop MRG32K3A, reHepatop LFSR113, reHepatop MT19937.

. [Ansa Kagoro U3 reHepaTopoB peanv3oBaHbl:

NHMUManmM3aumns napannenibHblX MNOTOKOB METOAOM pacluenneHus 6noka;
NMEETCH BO3MOXHOCTb MHULUManu3npoBatb Ao 10719 He3aBMCUMbIX NOTOKOB
adbdpekTuBHble Bepcun ana CPU c ncnone3sosaHnem SIMD-napannenusma u
SSE-komaHg;

OOHOHUTEBLIE BEPCUU, KOTOPblE MOXHO WCMNOMb30BaTb B BbIYUCIIEHUAX
MoHTe-Kapno Ha rpaduyeckmx npoueccopax, pacnpenerieHHbIX no HATAM U
BbIYUCIINTENBHBIM Y31laM NPON3BOSbHLIM 06pa3oMm;

napannenbHble  BepcuM C  UCMNOMb30OBaHWEM  MHOXeCTBa  HUTEN
rpadomnyeckoro npoleccopa Asid YCKOpeHUs BblYUCIIEHUN.

COBMECTMMOCTb C (QOPTPaHOM; WMMEKTCA NpUMeEpPblI MUCMNOMb30BaHUA Ha
dopTpaHe n Ha Cwu.



JInHeRHO-KOHT Py HTHBIE: Tni1 = (ax, + ¢)(mod M).

CIBUTOBBIE PETUCTPBI: X, = (A1 Tp_1 + - + apZp_k)(mod 2),
L
—i k k—1
Uy = E Tnsti12 P(z) =2" — a1z — s — Q.
i=1
['eneparop Mersenne Twister: Xkin = Xktm P (XE|X§C+1)A.
KombunupoBanubiii reneparop MRG32K3A: “» = (azp—2 + bxy_3)(modmy),
a=1403580, b=—810728, ¢=527612, d =—1370589, Yn = (CYn—1 + dyn—3)(modmy),
m, = 232 — 209, m,= 2% —22853 Zn = (T, + Yn)(modmy).
KoMOmHMpOBaHHBIIM ® Tp=1=Tp 31 BTp_25, =18,
Tausworthe-reneparop o z., — D AN

LFSR113 asagerca

KOMOMHAaITEN YeThIpex
CIIBUTOBBIX PETUCTPOB: ® Tp=1Tn_25DBTn-22, =13

® Ty, = Tp—28 D Tn—15, S = 77



PRNGs based on ensemble of dynamical systems and their
properties:

The state of the generator consists of the values mz(-n_l), :UE"_Q) e {0,1,...,9 — 1}, i =
0,1,...,s — 1. The transition function of the generator is defined by the recurrence relation
:an) — kxi(;n_l) — q:vgn_Q) (mod g), (1)
where t = 0,1,...,5s—1. The values mgn), ¢t =0,1,...,5—1 can be considered as z-coordinates
of s points (xf;n), ygn))T, 1 =0,1,...,5—1 of the g x g lattice on the two-dimensional torus, then
each recurrence relation describes the dynamics of x-coordinate of a point on the two-dimensional
torus: ,
(n) | — M (n—1) (IIlOd g)a (2)
Y; Y
where matrix M = (m; 22) IS a matrix with integer elements, £k = Tr M, ¢ = det M and Tr M

is a trace of matrix M.
The output function:

s—1
a® = 37|2°2{" /g] - 2", 3)
i=0
where v bits are taken from each recurrence and 2 =0,1,...,s — 1.

The sequence of bits {[2°z\™ /g|}, where i is fixed and {z\™} is generated with relation
(2) is designated as a stream of v-bit blocks generated with matrix M.



OO0acT Ha TOpE U MATUOUTOBBIC MOCIEA0BATEIILHOCTHU
Tr€HEPHUPYEMBbIC THIIEPOOTNUECKUM aBTOMOP(PHU3MOM

L.Yu. B., Europhysics Letters (EPL) 95, 10003 (2011).
L.Yu. B., L.N. Shchur, Phys.Rev. E 73, 036701 (2006).



Equidistibution properties of the PRNGs based on ensemble of

dynamical systems:
Proposition 1. If (i) M = (! "2) is a matrix with integer values my, ma, ms, my, (ii) mu,
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g = det M and g are divisible by 2v, (iii) the image of the lattice g x g with the transformation M7 is
invariant with respect to the shift S for j = 0,1,...,n, then all the sequences of length n in a stream
of v-bit blocks generated with matrix M are equiprobable.

Proposition 2. Consider a matrix M with integer elements and the following integer quantities:
g=p-2t, g=detM =2%w modg, k=TrM =2™r modg, u>1,t>wv, m>0. Here w,r
are odd integers and p is an odd prime. Then all 27 sequences of length j in a stream of v-bit blocks
generated with recurrence relation (1) are equiprobable for j =1,2,...,¢. Here £ = [(t —v)/[u/2]]

foru <2m and £ = [(t —v)/(u—m)] for u > 2m;

L.Yu. B., Applying dissipative dynamical systems to pseudorandom number generation:
Equidistribution property and statistical independence of bits at distances up to
logarithm of mesh size, Europhysics Letters (EPL) 95, 10003 (2011).

L.Yu. B., Geometric and statistical properties of pseudorandom number generators based
on multiple recursive transformations, Springer Proceedings in Mathematics and
Statistics, Volume 23, p. 265-280 (2012).

[book chapter in “Monte Carlo and Quasi-Monte Carlo Methods 20107, Ed. by Henryk
Wozniakowski and Leszek Plaskota, Springer-Verlag, 2012. xii,732 pp, ISBN 978-3-642-
27439-8].



http://dx.doi.org/10.1007/978-3-642-27440-4_12
http://dx.doi.org/10.1007/978-3-642-27440-4_12
http://dx.doi.org/10.1007/978-3-642-27440-4_12
http://dx.doi.org/10.1007/978-3-642-27440-4_12

Table 2: Initialization of pseudorandom streams for RNGs in PRAND library

Function initializing sequence

Number of sequences

Maximal length

gm19_init_sequence_ 1000 6 - 10°
gm29_init_short_sequence_ 108 8- 107
gm29_init_medium_sequence_ 10° 8- 107
gm29_init_long_sequence_ 104 8- 10!
gm31_init_short_sequence_ 10° 8-107
gm31_init_medium_sequence_ 107 8-10°
gm31_init_long_sequence_ 10° 8- 101!
gmb5_init_short_sequence_ 1018 1010

gmb5_init_long_sequence_ 4-10° 1020

gq58x1_init_short_sequence_ 108 8- 107
gq58x1_init_medium_sequence_ 10° 8-10°
gq58x1_init_long_sequence_ 104 8- 10!
gq58x3_init_short_sequence_ 2108 8- 107
gq58x3_init_medium_sequence_ 2 - 10 8- 107
gg58x3_init_long_sequence_ 2104 8- 10!
gq58x4_init_short_sequence_ 3-10% 8- 107
gq58x4_init_medium_sequence_ 3106 8- 107
gq58x4_init_long_sequence_ 3-10% 8- 10!
gm61_init_sequence_ 1.8-10%° 1010

gm61l_init_long_sequence_ 4-10° 3-10%
1fsr113_init_sequence_ 3.8-10'8 101Y

1lfsr113_init_long_sequence_ 4 -10° 1024

mrg32k3a_init_sequence_ 1019 1038

mt19937_init_sequence_ 1019 10139




Owmnbka BblMNCNEHUS NHTErpana ansa npocrtoro metoga MoHTe-

NG

Kapno: BN
A== me AN =02 f@)
MeToabl YMEHbLUEHNS ANCMEPCUMN: B | f ()] N M x)dr
ple) = [f(x)|dx’ = /R (p(fc))p( i

1. Bblibopka no 3HaYMMOCTN:
p(ut,...,uq) = p1(ui)p2(u2) ... pa(uaq).

2. CtpatndunumpoBaHHas BblDOpKa: UTepauMoHHbIN MeToA C pa3bueHnem Ha

r|/|r|ep|<y6b| N C KOJINHECTBOM TOYHEK MponopunoHalsibHbIM ANCnepcmmn B r|/|r|ep|<y6e
a4 yMeHbLUEeHNA ANCnepcunin rnosmHOro nHTerparna ot utepaunnm K ntTepauunin.

Cxema BblHMUCIIEHUN

-

NHnunanusauyms napamMeTpoB

2. [eHepauusa N NpoBHbIX TOYEK, KaXaasa U3 KOTOPbIX ABMETCA BEKTOPOM U3
K nceBgocnyyanHblx Ynucen, ecnu pasMmepHoOCTb paBHa K.

BbluncneHne nogbiHTErpanbHOW PYHKLMN HA MHOXECTBE NPOBOHbLIX TOYEK.
CymMmMunpoBaHue 3Ha4YeHU nogblHTErpanbHON YHKUUN U UX KBagpaToB
anga Bcen obnactn MHTErpMpoBaHUs, a TakKe B KaXXaoM runepkyobe.
BbluncneHue cpegHux BENIMYMH N AUCNEPCUMN.

OnTnMmnsaums ceTkm n gpyrmx napameTpoB Nocre BblYUCNEHUS 3HAYEHUMN.
[ToBTOpEHME WaroB 2—-5 BNnoTb 40 M ntepaumn

e

oo
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PucyHok 1. 3aBncnmoctb adpdpekTBHOCTM Napannenudauum k = T(1)/T(N) ot
N, rae T(N) — Bpems BblYUCIIEHNS MHOTOMEPHOIO MHTErpana ¢ 3agaHHOW
TOYHOCTbIO (He 3aBucdiwlen ot N) npu 3anycke BbluMcneHns B pexume N mpi-
y3510B. 3Be3a4bl 0603Ha4aloT BbIYMCIIEHNA Ha cynepKoMnbioTepe «JIoMOHOCOB»
MocKkOBCKOro rocygapCTtBeHHOro yHmsepcuteta. Ksagpatel 0603HavatoT
BbluMCNeHNs Ha cynepkomnbtoTepe «K-100» MHcTUTyTa npuknagHou
matematunku num. M.B. Kengbiwa Poccunckon akagemmmn Hayk. [NporpammHoe
obecneyeHune Obino paspaboTtaHo npu nomoln TexHonorun MPI n CUDA.
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PucyHok 2. 3aBncmmocTb adodpoekTuBHoCTM napannenusaumm k = T(1)/T(N) ot N,
rae T(N) — Bpems BblYUCIIEHUA MHOTOMEPHOro UHTerpana ¢ 3agaHHoun
TOYHOCTLIO (He 3aBucsLlen oT N) npu 3anycke BbluMcreHus B pexume N mpi-
y3noB. BbluncneHnus 6binn npoBeaeHbl Ha cynepkommnbloTepe «J1IoMoHOCOB»
MOCKOBCKOro rocyaapCTBeHHOro yHmBepcurteta. [lporpammHoe obecnedyeHme
Obin1o paspabotaHo npu nomolm TexHonorn MPI1 n CUDA.



Cnacunbo 3a BHMMaHue!

IlutepaTtypa

1. T. Hahn, CUBA — a library for multidimensional numerical integration,
Computer Physics Communications 176 (2007) 712-713.

2. J. Kanzaki, Monte Carlo Integration in GPU, Eur. Phys. J. C (2011)71:1559.

3. L.Yu. Barash, L.N. Shchur, RNGSSELIB: Program library for random number
rneneration. More generators, parallel streams of random numbers and
Fortran compatibility, Computer Physics Communications 184 (2013) 2367.

4. L.Yu. Barash, L.N. Shchur, PRAND: GPU accelerated parallel random
number generation library, Computer Physics Communications 185 (2014)
1343.

5. J1.KO. bapauw, J1.H. Wyp, Ncnonb3oBaHne rmubpuaHbiX cyrnepKkoMnboTEPOB
0519 MHOrOMEPHOIo YMCEHHOro NHTerpupoBaHnsa metogom MoHTte-Kaprio,
rOTOBUTCS K Ne4vaTu



