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1 7748

mcRAND EEfZ HEIINREMNIE T R S Rt E A= B 2 B D e SR A EREH 25
BN ERF YR E AR D EREHFFIBvStititE, ERECRAHE SRR EEMA.
n ERBERYESFEY I RBE—MBEEFEAERD, ZEASEYIMIET— n =6,

1.1 &

L3 MXMACA® T E 1§48 RAND 334 (mcrand.h #1 mcrand_kernel.h) WK EESX 4 (libmcrand.so
#0 libmcrand_static.a) EFIZIE R LR E MXMACA 88 B RH, MXMACA TEGRNZE, 2011 (&
=RYBEAITE GPU R EF15/m). RERE, BFEIGE THHETE MACA_PATH,

export MACA_PATH=/opt/maca

X 2R /opt/maca B2 MXMACA TEEHRINLERIZ. IRLENEETHERE, WIE
MACA_PATH i B %812, LITE5S RAND API HEXBIX 5K,

#header
$ {MACA_PATH} /include/mcrand/mcrand.h
$ {MACA_PATH}/include/mcrand/mcrand kernel.h

#libraries

$ {MACA_PATH} /1ib/libmcrand.so

$ {MACA_PATH}/lib/libmcrand_static.a

mcRAND HFREB4EM : ML (CPU) IREIEFMIZE (GPU) ImBISk 4,

FNIRAIESRIMTF EAith CPU FE: BRFEEEE LM ${MACA_PATH}/include/mcrand/mcrand.h LA3R
BYERZAERA, HEEERIEN . FENEAI IR SR EN CPU L&A,

5¥F device generation , FERVERAEEEN L, BREVREMBILIRTEAERIRE L. EMAIBE
NBEFREEIRENE/AEF. BATERECHRNZRERAXEMREIE, HERENBEREEN
BT PRI,

X3F host CPU generation , FIEMTIEEEEN LM, FENETFHEEENAEF,
McRAND BY2E —E 0 218 & imIk X4 S{MACA_PATH}/include/mcrand/mcrand_kernel.h .

BXHEX T BT IREMNBERSRSHERMENSRFIIRERE, BRI LSRR EE,
HERBFREBRZA LUK XA HE XK &R XEFRENER AT LA E R 1L BI# R~ AR fE
A, MARERMENERTNEBREFAGE IR,

1.2 Hello mcRAND

LU TF2—™MER mcRAND API B & =151 :
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mcRAND APl &% =TA \fif

/*

* XMEFEAEN] MCRAND API &R 100 MNHEHIEK
* {ABENLE R EK.

&Y/

#include <cstdio>
#include <cstdlib>
#include <cstring>
#include <stdexcept>
#include <vector>
#include <mc_runtime.h>
#include <mcrand.h>

int main (int argc, char *argv[]) {

mcStream t stream = NULL;
mcrandGenerator_t gen = NULL;
mcrandOrdering_t order = MCRAND_ORDERING_PSEUDO. BEST;

const int n = 10;

const unsigned long long offset = QULL;
const unsigned long long seed = 1234ULL;
const float mean = 1.0f;

const float stddev = 2.0f;

mcStreamCreateWithFlags (&stream, mcStreamNonBlocking) ;

std::vector<float> h_data(n, 0);

float *d _data = nullptr;

mcMalloc (reinterpret_cast<void **>(&d_data),
sizeof (float) * h data.size()) ;

mcrandCreateGenerator (&gen, MCRAND_RNG_PSEUDO_XORWOW) ;
mcrandSetStream (gen, stream) ;
mcrandSetGeneratorOffset (gen, offset);
mcrandSetGeneratorOrdering (gen, order) ;
mcrandSetPseudoRandomGeneratorSeed (gen, seed) ;

mcrandGenerateLogNormal (gen, d_data, h data.size(), mean, stddev) ;

mcMemcpyAsync (h_data.data (), d_data,
sizeof (float) * h data.size(),
mcMemcpyDeviceToHost, stream) ;
mcStreamSynchronize (stream) ;

mcFree (d_data) ;
mcrandDestroyGenerator (gen) ;
mcStreamDestroy (stream) ;
mcDeviceReset () ;

return EXIT SUCCESS;
}

Rig EENRFIBEETER 7 myMcrandApp.cu BIXHH, 1F Linux EEHB mxcc miFSITHBITHIZE,

HIEREITHSE, AIUERMU TGRS

export MACA PATH=/opt/maca
export MACA_CLANG PATH=$ {MACA_ PATH} /mxgpu_llvm/bin

CSRD-23016-020-F3_V03 ABEEBMN=RFRZEE
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export LD_LIBRARY PATH=${MACA_ PATH}/lib:${LD_ LIBRARY PATH}

$ {MACA_CLANG_PATH} /mxcc myMcrandApp.cu \
-I$ {MACA PATH} /include/mcrand \
-lmcrand -o myMcrandApp

XEH /opt/maca B1EN MXMACA TEGMRINREREZ, MIRRBMNEFTHERRIF, WIE
MACA_PATH i B RIZE&1Z. MERIFFIERS mcRAND EMNARRER, WEEFERUTHS:

export MACA_PATH=/opt/maca
export MACA CLANG_PATH=$ {MACA PATH} /mxgpu_llvm/bin
export LD LIBRARY PATH=${MACA PATH}/lib:${LD LIBRARY PATH}

$ {MACA_CLANG_PATH} /mxcc myMcrandApp.cu \
-I${MACA_PATH} /include/mcrand \
-lmcrand_static -o myMcrandApp

XEH /opt/maca BIEH MXMACA TEGRRIUNRERIZ. MRRENERTHEREI, WIF
MACA_PATH 1€ & 71z & 1Z.

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 3



2 ZH# API LA

ZFAEN AP, BPABNZEEENAXY mcrand.h, HEEHEEE mcRAND E, ZEER
MXMACA 178y, EIbA A ABEBSRERIZEITH,

BENER R B E MR £ M. 7E mcRAND VLRl s 3 T £ AN SUERE R F FIFR B RIFRE X
ERT. BEAVREIRFNT:

1 5/ mcrandCreateGenerator() IBFAEXR RN ERES (BRAEMIEE ),

2IKBEMEIET (BRAEMRIED); B30, A mcrandSetPseudoRandomGeneratorSeed() IR E
FhF,

3 A mcMalloc() £i&& L9 BLRTE

4 {E A mcrandGenerate() ¢ Eth 4 B ERIE A BB £

5 EREER,

6 INREE, ATLUEE ZXIEA mcrandGenerate() &5 8 % HIBEN ER
7 £ mcrandDestroyGenerator() #1751,

RNTEEN CPU LERMENIEL, £ LASPE 1 FiEHE mcrandCreateGeneratorHost() ERER, HESE
3HDE—PNENARFEEAXUBZRER, FRitbzIh, BB ERE LEREEN CPU EERBENIEK,
FrE BB T ERIEBEEE—HER,

BN RIS M ERBRES EN. B TNEMSHET —MHIIARE, HESHBEHMAEKRIEBEIEILA.
ENERBTENRFRIIRHREN, THERNRESHT, ERNESXETHERERNES. T
RE LERRAIBENI G SR TN CPU LEMABRES,

HEER, EARSPE 48 mcrandGenerate() R = BaI— 1 HNIZHE D REl, NMREERENRTE
BB —NRIZ, FEZAZEEMFHE mcrandGenerate() LR, EXFIARE mcThreadSynchronize()
FERREIE/FHEEFTE, URFRMNERAZEFRRNZB R ERITRE.

FAR, BEVAGFRHEEATIRE LETHNERBIE LN, B, BGEARAFRHERATE
CPU LIBfTHEM SRR G AN, EXEER THITAREREE XM,

2.1 E gy

REMEK 4 B 28 BB 2K BY(E38 45 mcrandCreateGenerator() BRIER 8RR,
MCcRAND RENFEB NI EMSR, SHIAFE,

MCRAND_RNG_PSEUDO_XORWOW, MCRAND_RNG_PSEUDO_MRG32K3A,
MCRAND_RNG_PSEUDO_MTGP32, MCRAND_RNG_PSEUDO_PHILOX4 32 10 0
MCRAND_RNG_PSEUDO_MT19937 2 ka1 414 528,

MCRAND_RNG_PSEUDO_XORWOW Zf£F8 XORWOW BJASKINRY, B = xor-shift (ABEN 2N E K2R R T
BIR R Z—o

MCRAND_RNG_PSEUDO_MRG32K3A 2 Combined Multiple Recursive faFEH I E 2R RTINMEZ

o




-- /:
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MCRAND_RNG_PSEUDO_MT19937 #1 MCRAND_RNG_PSEUDO_MTGP32 & Mersenne Twister {4
MELERM B RTINS

MCRAND_RNG_PSEUDO_MTGP32 BB % A1t GPU LizfTmEFRIINESE,
MCRAND_RNG_PSEUDO_MT19937 BB 5 CPU hkA<tHEIMNESEL, BIRFFE,
MCRAND_RNG_PSEUDO_MT19937 1% z#F HOST API,

MCRAND_RNG_PHILOX4_32_10 Z Philox #%I8pk5Z—, ER D E Shaw Research 7 SC11 =X t
MAN=FE T ISR IFERFRN B ERSEZ—

B Sobol RN ERMRE 4 N LM, FIEBRZFERA LI ZIX 20,000 £RF5,

MCRAND_RNG_QUASI_SOBOL32, MCRAND_RNG_QUASI_SCRAMBLED_SOBOL32,
MCRAND_RNG_QUASI_SOBOL64, #1 MCRAND_RNG_QUASI_SCRAMBLED_SOBOL64 =& # f& #
MERAREE.

MCRAND_RNG_QUASI_SOBOL32 2—1 32 fi/F%!# Sobol £ 28,
MCRAND_RNG_QUASI_SCRAMBLED_SOBOL32 @— 32 {iF%8 Scrambled Sobol 4 %23
MCRAND_RNG_QUASI_SOBOL64 2—* 64 fiiF5!I#Y Sobol 4 k28,
MCRAND_RNG_QUASI_SCRAMBLED_SOBOL64 @— 64 {iF %89 Scrambled Sobol 4 %23

2.2 EpEEsiEIm

BIEfS, BIfEA seed. offset # order ZFEHIEINE X FEHNEK L FX 28,

2.2.1 Seed

seed ZHUE— 64 (IEEE, BT UIMBENIEMIBITRIGINT, HBER seed 0= EABRIBVLE
5o

2.2.2 Offset

offset ZH A FEFTIP BT —EHERIPENI . R offset=100, BALERNE—THENEEZEFT!
RS 100 1 XBERRA—MEFNZRIBITAIUSEME—TMFIIRERER, MASES, B,
MCRAND_RNG_PSEUDO_MTGP32 #1 MCRAND_RNG_PSEUDO_MT19937 &£ mi28 2 Bkt IThae.

2.2.3 Order

order BB TERERELRAFHIHF AN, ©EEZEFN mcRAND £ MR AR,

tOF BN F 5, B E M #H F & #: MCRAND_ORDERING_PSEUDO_DEFAULT
. MCRAND_ORDERING_PSEUDO_LEGACY . MCRAND_ORDERING_PSEUDO_BEST .
MCRAND_ORDERING_PSEUDO_SEEDED #1 MCRAND_ORDERING_PSEUDO_DYNAMIC ,

XML, B—HEFi%EE: MCRAND_ORDERING_QUASI_DEFAULT

IREN 2 A S EIAHEFE A T2 MCRAND _ORDERING_PSEUDO_DEFAULT , &R £ 4 al 2292k
AHEF A T2 MCRAND_ORDERING_QUASI_DEFAULT ,

m oM o B M OB F B N MCRAND_ORDERING_PSEUDO_DEFAULT 0
MCRAND_ORDERING_PSEUDO_BEST t FFrE AN L pds = £ HEN R L HEF, BRT MT19937,
MT19937 A MCRAND_ORDERING_PSEUDO_DEFAULT 5 MCRAND_ORDERING_PSEUDO_LEGACY
ELE
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33 MT19937, MCRAND_ORDERING_PSEUDO_BEST EARAZE S GPU LrlgexE AR/ @ L,
FBEFBESfEA mcrandCreateGeneratorHost() S EV £ —EEA,

mCcRAND B RAR AT #E4 3% 5 MCRAND_ORDERING_PSEUDO_BEST #8805, LIRS
RENE RV E,

£ MCRAND_ORDERING_PSEUDO_BEST XS HIF AN IBARBHREN, HEBREBTEFNEE
R,

f&£F MCRAND_ORDERING_PSEUDO_LEGACY 3R1§8VHEF 73 N7EPIE mcRAND A RIRIERIFAZE,

MCRAND_ORDERING_PSEUDO_DYNAMIC HfF 75 X R 8E 5 f# 8 mcrandCreateGeneratorHost() £l
BOENMEREI—EFER, BRINIZFHUTHMEER23: MCRAND_RNG_PSEUDO_XORWOW
. MCRAND_RNG_PSEUDO_PHILOX4_32_10 . MCRAND_RNG_PSEUDO_MRG32K3A i
MCRAND_RNG_PSEUDO_MTGP32 .

%43%£3F MCRAND_ORDERING_PSEUDO_DYNAMIC HiE A BY, mcRAND 2R AR A GPU FIFRK,
LURHEREMARE,

f§£F8 MCRAND_ORDERING_PSEUDO_DYNAMIC $*188$HEF A AT REIE AR RIM GPU L BFAARRE,. REE
{RIUETEFRE mcRAND hrZAFFRIFHER, HEREEFRIEEMME LT FRISFHER, B2, ERIEEREN,

EMERSBREENHIFES BT AESRERINT:
« XORWOW fhFEM R 28
- MCRAND_ORDERING_PSEUDO_DEFAULT

£ & 80 Rk & P, MCRAND_ORDERING_PSEUDO_DEFAULT ® # H IR & 5
MCRAND_ORDERING_PSEUDO_BEST 48[,

- MCRAND_ORDERING_PSEUDO_BEST

£ H ® AR 4 P, MCRAND_ORDERING_PSEUDO BEST ® % WH It F 5
MCRAND_ORDERING_PSEUDO_LEGACY #8[El,

- MCRAND_ORDERING_PSEUDO_LEGACY

ELBAES, REEA n AERF B FEIE XORWOW FFHFME (n mod 4096) - 267 +
|n/4096] o

- MCRAND_ORDERING_PSEUDO_DYNAMIC
A RH GPU £, MCRAND_ORDERING_PSEUDO_DYNAMIC B4 IR AT BER[Eo
- MCRAND_ORDERING_PSEUDO_SEEDED

TELRAER, BB LHERRKBT XORWOW FHIFRBIALE n/4096] , ZFFFIEERAEF#
FAEF nmod 4096 BYAASHITHREM, MaIER, 4096 NMLEFNE—NEIZEERRERIM
Fo EMMFIRESHRL TINSIRERE, EBAgSFEELERAPHFENNEVEEFEST
EAYERBE.

« MRG32k3a {hBEN A RY 28
- MCRAND_ORDERING_PSEUDO_DEFAULT

£ % 87 AR 7~ ", MCRAND_ORDERING_PSEUDO_DEFAULT # % H IR & 5
MCRAND_ORDERING_PSEUDO_BEST 48[,

- MCRAND_ORDERING_PSEUDO_BEST

HeBRET, REEN » WERKBRHA MRG32k3a F5HMAIE (nmod81920) - 276 +
|n/81920] » (EFE, MRG32k3a HELMF A2 EIRF K5 XORWOW R[E])

- MCRAND_ORDERING_PSEUDO_LEGACY

FE2RAEFEYP, REEH n NERRBEREIE MRG32k3a BHIFRBILE (n mod 4096)-276+ | n/4096 |
o (EER, MRG32k3a HUELEARZBRIE K5 XORWOW F[FE)

- MCRAND_ORDERING_PSEUDO_DYNAMIC
MCRAND_ORDERING_PSEUDO_DYNAMIC Byig B IRFEARER GPU ErIgesBFRARE,

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 6



-- /:
mcRAND APl &% =TA \fif

« MTGP32 {HREH1 4R 23
- MCRAND_ORDERING_PSEUDO_DEFAULT

T % B AR Z& =, MCRAND_ORDERING_PSEUDO_DEFAULT # % H IR & 5
MCRAND_ORDERING_PSEUDO_BEST 48[,

- MCRAND_ORDERING_PSEUDO_BEST

MTGP32 £ LI LB FEABEZNARMNSHEER 192 M RENFET. & S(p) RS
EpXNNHFEG. T2RAETD, REEN » WERFKBEFEY S(|n/256] mod 192) FHIIE
nmod 256 . HEIEN, HhESEMKE S(0) 89256 MEd, AEEFRE S(1) B9 256 MEZ, LU
e, BE S(191) . XMERSEE, FrLUE TR 256 MEAXERE S(0) , REEXRE
S(1), LBAEEH,

- MCRAND_ORDERING_PSEUDO_LEGACY

MTGP32 28 Kfr LB FREARBZNRRESHELMN 64 DPRREBFT. 1% S(p) AEHE p B
F5lo 2RREFRREN n WERKBTFT S([n/256] mod64) REIIE nmod 256 . #ATE
W, M S(0) FEXH 256 AR, FAIRRM S(1) BERH 256 MFA, MKIb3EHE, HE 5(63) o X1
RASEE, FRLUETRRY 256 MEARZM S(0) PEXHRY, AFEM S(1) FENHEY, LUESEHE,

- MCRAND_ORDERING_PSEUDO_DYNAMIC

MCRAND_ORDERING_PSEUDO_DYNAMIC i IRFEEARER GPU LRIgESB AR, EX
MIRET, MTGP32 ] LAEARAARRTFIRIE MTGP32 SEIEYFIHE S,

« MT19937 (BB 23
- MCRAND_ORDERING_PSEUDO_DEFAULT

T % @1 MR 25 %, MCRAND_ORDERING_PSEUDO DEFAULT B W H IR B 5
MCRAND_ORDERING_PSEUDO_LEGACY #8[&,

- MCRAND_ORDERING_PSEUDO_LEGACY

HFEE2ETARERN MT19937 CPU SKHL, M@l 8192 MR EMBEMET. S TEMSR
ERMRBFTIRNESLEFFT. BNFFIINKENRN 210, BEHBERER/\M—AEmME, Fit
A1 8 PILEKBEE T FF, BTIRHNBITRKEE-NFFI, KILEH. ATIRSIERE,
HERFEVAXESRGHVIA ARG RFSERNEMHTEX.

- MCRAND_ORDERING_PSEUDO_BEST

R T KEESF A4 B, MCRAND_ORDERING_PSEUDO_BEST By % H Ifi = BXR F 48 FX 1&
B) GPU B9 SMs #i 2, PEN A4 RL A 5 MCRAND_ORDERING_PSEUDO_LEGACY #H[E,
BEMRBAOBRETRERRE, URETEFMEEE FRAXMINEERMHFIREF IR
MCRAND_ORDERING_PSEUDO_BEST 1% 3 #¥ GPU mcRAND e $R £ 28, FHES mcrand-
CreateGeneratorHost() 82 ENME R 2Z—EFER,

« Philox_4x32_10 {hbEHN 4 K28
- MCRAND_ORDERING_PSEUDO_DEFAULT

£ % # A 4 =, MCRAND_ORDERING_PSEUDO_DEFAULT ® # & IR & 5
MCRAND_ORDERING_PSEUDO_BEST 8.

- MCRAND_ORDERING_PSEUDO_BEST

T XN #] KM 2~ 1, MCRAND ORDERING PSEUDO BEST ® & H IIH F 5
MCRAND_ORDERING_PSEUDO_LEGACY B[,

- MCRAND_ORDERING_PSEUDO_LEGACY

Philox_4x32_10 £ BN ELEREERFZNFRSHEEHNARNFT. EEN API
&, B 65536 M RENFY. BTFFINEMEFERE T— TN FFIBENME,

- MCRAND_ORDERING_PSEUDO_DYNAMIC
#ERREE GPU £, MCRAND_ORDERING_PSEUDO_DYNAMIC B95ith IR A1 s & A R El.
+ 32 {i01 64 fiI SOBOL F1 Scrambled SOBOL EREH 4 A28

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 7
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- MCRAND_ORDERING_QUASI_DEFAULT

EER d EEFRN » MNMERY, MERBEREE—LEEN n/d MERAK, AEBREFE -4
B n/d MER, KRILEHE, BIIE JEE, REEEMEERNDIEREN. FESH JJTET
mcrandSetQuasiRandomGeneratorDimensions() #{TI& &, BRIAERN 1o

2.3 E[EfE

Fr & mcRAND =M ZEIARE B A mcrandStatus_t IR E{E, MNRIAEAKINEEEHIR, WiR([E
MCRAND_STATUS_SUCCESS, IR & 4£%1%, NIREHIZREIEME, BHF MXMACA RiFRZS
CPU REBEFH1T, EILTEIAAEREBIATEESICNEIIE mcRAND RIZFRIEIR, EXMERT, &
iR[E] MCRAND_STATUS_PREEXISTING_ERROR,

2.4 EpEiEER

mcrandStatus_t

mcrandGenerate (
mcrandGenerator_t generator,
unsigned int *outputPtr, size t num)

mcrandStatus_t
mcrandGenerateLongLong (
mcrandGenerator_t generator,
unsigned long long *outputPtr, size t num)

mcrandGenerate() & £ B F /5 XORWOW. MRG32k3a. MTGP32. MT19937. Philox_4x32_10 #0
SOBOL32 & B ERM AN I ERNMNEmE . S MEETER— 1" R ULRFSEHR, HPFFE
(I #BZFENRY, XtF SOBOL64 £ Fi2s, B8 M HEHITER— 1 64 (UERFSWNK (longlong) ¥, H
FErE L& 2 FMENAY. mcrandGenerate() XFF SOBOL64 £ 28 iR [Al5E1R. 8 mcrandGenerate-
LonglLong() 1 SOBOL64 £ i 28 4 Ak 64 NIEEEK,

mcrandStatus_t

mcrandGenerateUniform (
mcrandGenerator_t generator,
float *outputPtr, size_t num)

mcrandGenerateUniform() EREBTERTE 0.0 1.0 Z[EY8 D HmAGFE S 3E, EHA 0.0 BHBRTES,
mLoOWEEERN.

mcrandStatus_t

mcrandGenerateNormal (
mcrandGenerator t generator,
float *outputPtr, size_t n,
float mean, float stddev)

mcrandGenerateNormal() ¥ B FEREE A ENENTMEENESA HIERHE,

mcrandStatus_t

mcrandGenerateLogNormal (
mcrandGenerator_ t generator,
float *outputPtr, size_t n,
float mean, float stddev)

mcrandGenerateLogNormal() R# A FETFRAEAENEMINEEN ES DR ERTRES D HIZE
mEE,

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 8



-- /:
mcRAND APl &% =TA \fif

mcrandStatus_t

mcrandGeneratePoisson (
mcrandGenerator_t generator,
unsigned int *outputPtr, size t n,
double lambda)

mcrandGeneratePoisson() KA FIRIEL ER lambda BEM T & BLR D HEVELHKE,

mcrandStatus_t

mcrandGenerateUniformbDouble (
mcrandGenerator_t generator,
double *outputPtr, size t num)

mcrandGenerateUniformDouble() B8 T4 B XU E B394 72 R FEH#K.

mcrandStatus_t

mcrandGenerateNormalDouble (
mcrandGenerator_ t generator,
double *outputPtr, size t n,
double mean, double stddev)

mcrandGenerateNormalDouble() RERAFERE B A TIEMINEENINEEES D HLER.

mcrandStatus_t

mcrandGenerateLogNormalDouble (
mcrandGenerator_ t generator,
double *outputPtr, size t n,
double mean, double stddev)

mcrandGenerateLogNormalDouble() REHEFREBLENEMNEENIESD M, ERIFEERTEL
ESDHLER,

ST EREM, REIRERBEDIEEMSERZRER,

IR —MER S E 5 RIBR S RS MRS R, T AR, SRERE MR
MRS B REARAR T EMBNERIEE. M T EENERS, MTFRERAENES, F5REN
AR RAERE R E 5 — MEARBRERINAR; AR n £HEERIERN,

2.5 EH API xR

/*

* XMERFEAEN] MCRAND API 4R 100 MUE.
* {ABENLE S

Y/

#include <stdio.h>

#include <stdlib.h>

#include <mc_runtime.h>

#include <mcrand.h>

#define MC_CALL(x) do { if ((x)!=mcSuccess) { \
printf ("Error at %s:%d\n",_ FILE ,_ LINE_ );\
return EXIT FAILURE;}} while(0)
#define MCRAND_CALL (x) do { if ((x)!=MCRAND_STATUS_SUCCESS) { \
printf ("Error at %s:%d\n",_ FILE ,_ LINE );\
return EXIT FAILURE;}} while(0)

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 9
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(8 Em)
int main(int argc, char *argvl[])
{
size t n = 100;
size t i;
mcrandGenerator_ t gen;
float *devData, *hostData;
/* EENLEDE n MNERBHIRNEFTE. */
hostData = (float *)calloc(n, sizeof (float)) ;
/* EIRF LD n NMERBNAETE,. */
MC_CALL (mcMalloc ( (void **) &devData, n*sizeof (float))) ;
/* CUEIARENIEEmMZR. */
MCRAND_ CALL (mcrandCreateGenerator (&gen,
MCRAND_RNG_PSEUDO_DEFAULT) ) ;
/* IRERENEFRF «/
MCRAND_ CALL (mcrandSetPseudoRandomGeneratorSeed (gen,
1234ULL) ) ;
/* EIRFELEER n NERE */
MCRAND_CALL (mcrandGenerateUniform(gen, devData, n)) ;
/* BIREARFEEFEEN. */
MC_CALL (mcMemcpy (hostData, devData, n * sizeof (float),
mcMemcpyDeviceToHost) ) ;
/* BINER *+/
for(i = 0; i <enjp i++) {
printf ("%$1.4f ", hostDatalil) ;
}
printf ("\n") ;
/* EkR */
MCRAND_CALL (mcrandDestroyGenerator (gen) ) ;
MC_CALL (mcFree (devData) ) ;
free (hostData) ;
return EXIT SUCCESS;
}
2.6 PESEXE
7£ Linux £, mcRAND EEtig# 7T —1%8 7 libmcrand_static.a BIBESEEHER,
BEn, 7E linux £, E1ERA mcRAND XY ohSE®RF—MNENABER, sIUFERUTHRS:
mxcc myMCrandApp.c
-lmcrand -o myMCrandApp
MREBE XS mcRAND FE#HITHRIE, MHAFERUTHS:
mxcc myMCrandApp.c
-lmcrand_static -o myMCrandApp
CSRD-23016-020-F3_V03 ABEEN=REBEE 10
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2.7 t£deiseA

—RERIR, BT ERRATRERBIFENI SR, AT LAM mcRAND FEEHRRIGREMRE, BEDAERLER
ZOBENE, LSRR RERIINENSREER. FRIABIRENIE M S XORWOW, EE—RIFA
REE-ENEHTIRE. BENERNARAEERATINMEE, NTEEXMRENE, BEA
MCRAND_ORDERING_PSEUDO_SEEDED H#F /53,

MTGP32 Mersenne Twister BAS A2 T HAIRIH A EYIERX, MTGP32 BPRSLEMSE R LB ELER
5IHY 256 MESIEFAIRTS, BRENSHERTE. 564 MTREFFRANSHE, §256 MEEMK
BRER—MFER, HETRS. ALt, MTGP32 WEREREAAXZLER 16384 MFEARRIEE
MT19937 BIARIIEREBUR T R MARIIEF = ENFEARRE, TEMBET 2GB BEIER A LUAE|IEE
PERE, {BIX4ERL 80MB BYEERLAI LUA R IE(EMEAERY 80%

Philox_4x32_10 EZ5 & BT RMRH B BIEAX. ST LERNTE 4 MENK FHit
Philox_4x32_10 NE&BRERHLNEEM 4 FLZHMBIFERLL,

717 3R1S mcRAND £ API s £ 8E, A F £/A MCRAND_ORDERING_PSEUDO_BEST &
MCRAND_ORDERING_PSEUDO_DYNAMIC HtFF.

2.8 ZiER2H

AR ENEIZERRRNEMZS, £ e MT19937 (MCRAND_RNG_PSEUDO_MT19937) Hia
HAEZH1E R T, mcRAND E41 APl si24iEL2M.

EEE, Y5 MT19937 & %8 (MCRAND_RNG_PSEUDO_MT19937) —#2fARF, mcRAND FA| API
RE&IEZ 2,
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BEMIRE APl, 72E XEA mMcRAND & & REHIRZXXER, REEBEXH mcrand_kernel.h, &%
AP| B35 F pseudorandom generation 1 quasirandom generation %5,

3.1 {REEINIF5Y

BN FIRIThAESZ L (bit) RN B EM.

3.1.1 {#Ff XORWOW #1 MRG32k3a By E Rk

__device__ unsigned int
mcrand (mcrandState t *state)

£ B mcrand_init() 25, mcrand() 2:RE—MEBRKTF 21° WinkENEHREY.. RS X AR
mcrand() BHE R AR BIRE, FEE mcrand() ZRIEBZEIREBURE, BLERNFESYE
=R,

__device _ void

mcrand _init (
unsigned long long seed, unsigned long long sequence,
unsigned long long offset, mcrandState_t *state)

mcrand_init() REERLENFHF. FHISHFETIRREBERIGERIARE S ENERES. FRNH#
FRIEFERRNEERENARENFEY . ERNMHF2E=EERNRENERNFEY . RENRKE
BN FIREFFIEER5T 257 * sequence + offset XA mcrand() BRVIRES.

BREAREMFERNFIEECREARITAXNE, BRERENMFERATEITERNSN. £HA1E
EMFHAEFTSERNFIIFZBE S ITEX L,

NTERRERENHITHENE, SPLEMNZIE— 1 E—HMT, EREF, SMTELERN
NZDRE—THE—NFS, NR—REREBET ZXAZER, BARNAZBEIZEINAIZERER
BT, HFUREEENSADERFS. NMRBHERNEIEERE, BoizEdUEE2RBAFRERENE
RS, UEERERERE,

3.1.2 {£M MTGP32 R ER

MTGP32 RSB BAFF LKA,

FEEER, BERASIFIMNEN, SMFHIET—AIHTERFENSH. mcRAND AT 4 32 I
ERUBRTSTEAAY 200 MEE, BN 21, WEILIEREMSHE, HEREN. 81M38& (F
5l) BE—MRELE, ZBIEAFN 200 MFEFIFHENFIIHITSIE 256 MHELIE (R TIRA)
AR R 2 ERFIRSE .

12
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FEIRNE, MOTENRTENE—RSHITL 2R, TEEIENZE, T—TRA, AERSR
Z ] LU 256 1MEiE.

T MTGP32 £/ids, RIETRIENRER, BTFEMKBREAFRARFTINSE, UKKEDR
Ko

_ _host_ mcrandStatust mcrandMakeMTGP32Constants (mtgp32paramsfastt
—params[],
mtgp32kernelparamst *p)

Z R B T A RS T (mtgp32_params_fast_t) WS ERIBER AL NARNZRBERAHIER
(mtgp32_kernel_params_t), HREEEHIFNIZEREFEF,

__host_ mcrandStatus_t

mcrandMakeMTGP32KernelState (mcrandStateMtgp32_t *g,
mtgp32_params_fast t paramsl|[],
mtgp32_kernel_ params_t *k,
int n,
unsigned long long seed)

BERHIRIEIE E IS HEMM AR n MRS, HBENERZH s IHRNREREFR. HEF,
NRIEEATNERBRES, n BIRAEN 2000
mMCcRAND MTGP32 % 22 1 7 N AR R E R £ R BB Lo

__device__ unsigned int
mcrand (mcrandStateMtgp32_t *state)

ZREITBELIERS|, HFAZRSIERNERAETIRS. LIER5| tWITEWNT:

t= (blockDim.x * blockDim.y * threadldx.z) + (blockDim.x * threadldx.y) + threadldx.x
ZRHPIUERINAZEHNRES AR, BREHRTEUTARFMG:

- EREEEAR 256 M EDVAIZRNRPL LA,

o —NMAERRSREER S MRIER,

o —DNATERVRE]LUEA 2 MRS L B RE #

s ERBENENMEES, RPVFAEZIZEEALEERALLRE, EA2ERER,

__device__ unsigned int
mcrandmtgp32specific (mcrandStateMtgp32_t *state, unsigned char index,
unsigned char n)

LR BBRIBEZERENRSIER— M ERHENRS, AEERESFNREEEFIEH n MIE,
mcrand_mtgp32_specific AIAE—TMRIZBoHH ZXER, BREHEUTOREH:
i 713:2 A:EE’J)Ikn_,\, EE_% 256 Aﬁi&jl«lﬂﬁﬁﬁﬁ\ *&o

« T—TRA, WFLEERRS, WRE n MEBEAXERER, R3|ILHM 05178 n-1, R3|FB5
LIESLEE, HEULRERREFNERELEZED G, EABNEMER, SERFRERN
ZR5IM 0 &l n-1, HEAERERRES

« —PMEERRSTERS MIRER,
— MAERIRA] LUER S MRS E RN %
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.-"-'-F-
Block{0) using Fi0) 'r:rn/m-

I =0 I =1} I P I #ln) I s(nel} I s{med} I s I s{mspl I sluoptli P I slu-tﬂ-EI:I slu-tﬂ-ﬁ!!.‘l P I (10225 I = 1023) I

Blocki{1} using Fil) /

I =[] I =1} I - =(n) I =(nel} I s{med} I I s{mep) I sluoptli B I slu-tﬂ-EI:I slu-tﬂ-ﬁ!!.‘l » I =(1022) I = 102R) I

Blacki{2) ushag Pi2) /T

BT | stnd | stmerr | simam | | simepr | smepan] | smensny siwensm] | strmezy | srroe |

Blocki{&dl using P(&3) i
Isl{l-l Islll I I =(n) I sluq-l!-l s[,u-o!!!-l [slu-tpl Islu-tptli Isluoﬂ‘ﬁl* slutﬂ‘-ﬁ'}.‘* I:IilJIS_I I:Iil.lﬂj ]

E] 1. MTGP32 IRFLLAZIRIF

El 1 2 MTGP32 R AIENW £l s8R SHITIRIEN T EE, 8—17RKR—1 " 32 U s(n) A
TEIIRS I 1R FRARZAZWARIRN T(m ) PRV E B S N APIEY WW;—E}JEEEE, EBET
64 MR, BMIRE 256 MLiE. B PRIBE—AM—RISH P(n) RERERIFES). —1N5TBH MTGP32
FFHIRZSH 351 4> 32 T_Lé*ﬂlmxo BEE T(m) RIERP—PEH s(n+m), KHS s(n+m+1) M—
B#FTE s(ntm+p) (R p<=95) AT, ERMRSHEETRSEANMLE s(n+m+351), &KIEAD
&, BHZE5| n RFEEETRSHAEREHTER, ATBREES, BHATINKELAEDH
256 +351 N E#, Kk, ATRSIPBE, ENARNN 1024 M,

TR LUR A ERSHARIRPNLIZHENRS], BATHREFTEFENRERSZA, RS
s(n+351) B EH. WRE—1MEIZ T(256), ERILUER s(n+256+95), BIEZSLIZEH s(n+351)
ZBIfERA s(n+351), MR—PMNAREFRFEE—MRFIARBEY 256 TEIZR MTGP32 EMZRHER, ©
BAERZ N MTGP32 KT, AILLBIERZ M EHE, HECREEAAMFHIZ N EMI KL,
%%%E ERSRBESRARERNRS &I, EHILE—MRPIEA 256 MEIEREREMBER

3.1.3 {#M Philox_4x32_10 4R 20ERE

__device__ unsigned int
mcrand (mcrandState t *state)

£IEA mcrand_init() Zf5, mcrand() — NEA SRR EES 2128, MRERUMBEEIER
%?\-UEUEH mCrand(), #EE mcrand() /T\ﬂFEZIEﬂxxﬁ1ﬁEﬂj(u, ﬁBZEﬁEE’\Jﬁ"‘_@JE\%*EEE@o

__device _ void

mcrand_init (
unsigned long long seed, unsigned long long subsequence,
unsigned long long offset, mcrandState_t *state)

mcrand_init() REBERLENMF. FRIINRSESERERBERE D ENIIERS. FENMFRIES
ERERRERENAENFY. FRIINEBEXBENXT BA 2'* NFEFIFHREE. REBEE
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XTKERN 2 NFFIRNREE. SFFINRE—TTERENRN, T EISMEESFF
FIME—T R, HENMF SR ERRFRESHFET .

BAEATEMFERNFIEEREERITEXNE, ERXESENMFERTRIERIN.

NTRBERERENHTHENBEN, SILENSE— 1 E—NMFE, T ERP, 8 M8
ZAZN D EC— P IE—RY ID 553, MR ERBESITAZER, BITERNZBHZENES TEE
BYMF, HIURIEEENSNOE ID S8, MRBMEREENLE, FIUERZEEEERFHRR
BRI, UEZREIKENE,

3.1.4 9%

__device _ float
mcrand_uniform (mcrandState t *state)

XA REORE— MY D HE 0.0 B 1.0 ZEBRHENF = #F5. ERRESEER 0.0 2 1.0, 88
1.0, AEE 0.0, DHRKAILUEREREMBRENEIEHENLTTSERE, ERANENKRETRR
IEREERY,

__device _ float
mcrand _normal (mcrandState t *state)

ZREORE—MNEBYEN 0.0 ItnEEN 1.0 NIESDH TR Y. ERAIHITERMZE, U~
FREEAEEHENINEENES D HE

__device  float
mcrand_log_normal (mcrandState t *state, float mean, float stddev)

ZRHETRAAAENENITEZENESS S, RE—TERENBESDHERY.

__device__ unsigned int
mcrand_poisson (mcrandState t *state, double lambda)

ZREARIBL TR lambda, RE—NMNAMSHERFSER. ATMYIRHNERFPEHANRERDN
BIEBUATF lambda BIEMAEMSHIEE, BEBEE—MaEPETELZ MR,
__device _ double

mcrand_uniform double (mcrandState t *state)

_ _device__ double
mcrand_normal_double (mcrandState_ t *state)

_ _device_ _ double
mcrand_log normal_double (mcrandState t *state, double mean, double stddev)

LEH=PREEIGEERZE mcrand_uniform(). mcrand_normal() #1 mcrand_log_normal().
TTF ORI ERMES, XHEEREFERZ XA mcrand() SRERT 53 ML,

__device  float2
mcrand_normal2 (mcrandState t *state)

__device  float2
mcrand_log_normal2 (mcrandState_t *state)

_ _device__ double2
mcrand_normal2_double (mcrandState t *state)
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__device _ double2
mcrand_log_normal2_double (mcrandState t *state)

ERREBERAREMRR N ES D HHITHRES DR RMENER, HTFRERIAERT Box-Muller &
%, XBEELSXNEREN —TERESW.

__device  uint4
mcrand4 (mcrandStatePhilox4 32 10 _t *state)

__device _ float4
mcrand uniform4 (mcrandStatePhilox4_32 10 t *state)

__device  float4
mcrand normald (mcrandStatePhilox4 32 10_t *state)

__device  float4
mcrand_log_normald (mcrandStatePhilox4_32_10_t *state, float mean, float
—stddev)

__device_  uint4d
mcrand_poisson4 (mcrandStatePhilox4_32_10_t *state, double lambda)

__device _ uint4
mcrand _discrete4 (mcrandStatePhilox4 32 10 t *state,
—mcrandDiscreteDistribution_t discrete_distribution)

__device __ double2
mcrand_uniform2_double (mcrandStatePhilox4_ 32_10_t *state)

__device__ double2
mcrand _normal2 double (mcrandStatePhilox4 32_10_t *state)

__device  double2
mcrand_log normal2_double (mcrandStatePhilox4_32_10_ t *state, double mean,
—double stddev)

FRREERARERE T EEERR I EENER. ATFRESRIERT Philox ke, X@BEL
BRFEEBREN—TERESH.

3.2 EHENEFET

REBINBERM I LE ZRKE XORWOW BIARENIER, BRILUMER UL TREIEMRET Sobol’ 32 {uEe%k
#Y Sobol’ FF5I:

__device  void

mcrand _init (
unsigned int *direction_vectors,
unsigned int offset,
mcrandStateSobol32_t *state)

device void
mcrand init (
unsigned int *direction_vectors,

CSRD-23016-020-F3_V03 ABEEEN=LEEER 16
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unsigned int scramble c,
unsigned int offset,
mcrandStateScrambledSobol32_t *state)

__device__ unsigned int
mcrand (mcrandStateSobol32_t *state)

__device _ float
mcrand_uniform (mcrandStateSobol32_t *state)

__device  float
mcrand_normal (mcrandStateSobol32_t *state)

__device _ float
mcrand_log_normal (
mcrandStateSobol32_t *state,
float mean,
float stddev)

__device__ unsigned int
mcrand_poisson (mcrandStateSobol32_ t *state, double lambda)

__device__ double
mcrand_uniform double (mcrandStateSobol32_t *state)

__device_ __ double
mcrand_normal_double (mcrandStateSobol32_t *state)

__device _ double

mcrand_log normal_ double (
mcrandStateSobol32_t *state,
double mean,
double stddev)

mcrand_init() REE F B LERNEERBIVRS. ©REMFEH, REHFRRENREE, X
F Scrambled Sobol £5%28, E*BE—1EIMNIEEL scramble_c, B2 Scrambled F5|M#IIAE, T
mcrandStateSobol32_t ZE!H] mcrandStateScrambledSobol32_t &, AAAEE—1MEE 321N
TS EHEMEHE, T mcrandStateSobol64_t Z£EF] mcrandStateScrambledSobol64_t 28!, A
AEEE—NEE 64 MR SWNKESENEAE, 4T 32 1iI Sobol £Hi2s, mIZEF Scrambled &
FIRFIAE LR 2 TR S B, XtTF 64 (i Sobol £ 28, XLEBHMMLRZ LTS IEKEE, XF
mcrandStateSobol32_t Z2AYF0 mcrandStateScrambledSobol32_t 28, FHIMNEKEIRTFHN 232 PNt
%, 81 TEN 321, 3F mcrandStateSobol64_t ZFUF] mcrandStateScrambledSobol64 t 28!,
FHIRKENSTF R 264 &R, 81N TERN 64 . 8XAA mcrand() fisRE F—MNMERNTTER. A
B mcrand_uniform() iR[EIM 0.0 E 1.0 BERENF RS NEES, HFP 1.0 8E7EA, 0.0 FfEEE
o s, JA mcrand_normal() R[EIIER 0.0, FREEN 1.0 WIESH A F L IEES. A
F3 mcrand_log_normal() iR Bl I EIIEMIFEENIES D HIRENXTIES 2 07 RS EE .
Ffr 8 4 AR BRI £ ER o] LU BB AR RIS BYAY Sobol &R 28# 1T .

F4n, ERMIBEFEEAIL S AN ARV LR EERE= MEMRIERZ. X=1"4EHREBMREEZEEN 0 FF
9, EEDFA0. 1f 2, MFHNMEMEINRE, A mcrand_uniform() —RIGERK =z, v, M 2 245
FHEmEERRE LUEE mcrandGetDirectionVectors32() #1 mcrandGetDirectionVectors64() ERETE £
M Eimml, EFERZE, SERENSRAREEFHEIEEREF.

BT ERERFFIRES D H R ER R RNEERERFREERVF IS Bit, FEEGR
BB E a3 ABIF —REE B Z NME RAVER 2K

B Sobol32 EEUANKEEREIER, ERKEEMFH 32 LNEHEE.
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AR Sobol64 EREUASKEEREILR, ERKEEMFH 64 UFAREMH 53 UFAREMEE,

3.3 BkiZ (Skip-Ahead)

BN REAT UM E R B IRESBEE
__device __ void

skipahead (unsigned long long n, mcrandState_t *state)

__device _ void
skipahead (unsigned int n, mcrandStateSobol32_t *state)

ERX M EREHENTAB mcrand() n XTIAERREE, BEREER,

_ _device__ void
skipahead_sequence (unsigned long long n, mcrandState_t *state)

XANREAEYTFIEA mcrand() n - 267 RMAERIRENE, EREER,

3.4 BFERSHRIRE API

BHOM (WD H) FTEGIMNY AP EENEHEITINE, UERBESHNEAE. TaM0MD7H
BERT, AREN lambda BEEFEFRNERE. XESHHNREMRITEREEED 48KB L1 £FH
GPU E{F3,

mcrandStatus_t
mcrandCreatePoissonDistribution (
double lambda,
mcrandDiscreteDistribution t *discrete_distribution)

mcrandCreatePoissonDistribution() E# B FEIZL4E lambda KX TR AR D HEFEL

__device__ unsigned int
mcrand _discrete (
mcrandState_t *state,
mcrandDiscreteDistribution t discrete_distribution)

ZRHIREAE B O TEAENSHEEAETEBRETSBE S,

mcrandStatus_t
mcrandDestroyDistribution (
mcrandDiscreteDistribution t discrete distribution)

mcrandDestroyDistribution() ER#HE T BES HH EHXE,

3.5 tEgEREA

Y8 mcrand_init() Ltk mcrand() 2 mcrand_uniform() 1€, R AMREHZEXT mcrand_init() B9iE A
BN RIEEFTEEZHE,. RENMERTIERSBSRELLEETEREREEREZ,

PR, ERMSASAUERZBHZ BEFEEERAEFET, ERAFMRAFEHITREEN, AEEHF
EERAEF.
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__global__ void example (mcrandState *global_state)
{
mcrandState local_ state;
local_state = global_state[threadIdx.x];
for(int i = 0; i < 10000; i++) {
unsigned int x = mcrand(&local_state) ;

}
global_state[threadIdx.x] = local_state;

}

BNERSRSHNRCREZTELLBINKERNESHNFEFSRMEMAE K mcrand_init()
mcrand() BYIERA 2 FF IR N NZA] RIS EREEMEBE.

RERSARE— 1 RRAEE MRREN—MGERAS M EAREEATANMFN—NERFTIS
790, MRFBEIRITFSZSEME, XMGELHAEEY, RBARBEEREER, BRHGENEMFTIHIEK
FRUERENFRIERD . MEMFIBHERSASHIGRERE S ERSNAEAREZEBEFEFARRE,
WA FHRELEMFE, JIURSERXNEHERE. FNERNESEABRENE; ERIEETE,
WRFTRERF LAY,

3.6 &% API ;%=ffl (Device APl Examples)

R BIERA mcRAND 1% API, {&B) XORWOW 8¢ MRG32k3a s £ A fhbEN 2R, X FEE, EitE
BERMUENED. WFHIADHEHELR, EFEHAT 0.5 &0, NFESOHHELE, EitEl
T EN—MREE EERNER D

/*
* XNMEFERIZE MCRAND API FRitEMAMEHHEERIKERRIELH,
* REERAE—SER, TEEZLKTF 0.5
* AfE, ERERESER, TEEZ VEFHEN—MMREER,
s/
#include <stdio.h>
#include <stdlib.h>

#include <mc_runtime.h>
#include <mcrand_kernel.h>

#define MC_CALL(x) do { 1if((x) != mcSuccess) { \
printf ("Error at %s:%d\n",_ FILE_ ,  LINE_ ); \
return EXIT FAILURE;}} while(0)

__global__ void setup_kernel (mcrandState *state)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
/* BYNEEFIERNMF, — M FRNFEYIS,
HEREE +/
mcrand _init (1234, id, 0, &state[id]) ;
}

__global__ void setup_kernel (mcrandStatePhilox4_32_10_t *state)

{
int id = threadIdx.x + blockIdx.x * blockDim.x;
/* STEERIMERNTF, — N FENESIS,
REREE +/
mcrand_init (1234, id, 0, &state[id]) ;
(TFoagk4r)
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(8 £m)
}
__global__ void setup_kernel (mcrandStateMRG32k3a *state)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
/* SMEERIMERNMTE, — N FENFESIS,
REREE ~/
mcrand_init (0, id, 0, &state[id]) ;
}
__global _ void generate_kernel (mcrandState *state,
int n,
unsigned int *result)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
int count = 0;
unsigned int x;
/* RBRBEFBIEMRNEFPLUUIRESHER «/
mcrandState localState = state[id];
/* ERRAFEN LRI S BE ~/
for(int 1 = 0; i < n; i++) {
x = mcrand(&localState) ;
/* Check if low bit set */
if(x & 1) {
count++;
}
}
/* BREEFERLBAT */
state[id] = localState;
/* TEHELER +/
result[id] += count;
}
__global__ void generate_kernel (mcrandStatePhilox4_32_10_t *state,
int n,
unsigned int *result)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
int count = 0;
unsigned int x;
/* BREEHIAMAFPHLURERE */
mcrandStatePhilox4_ 32 10_t localState = statel[id];
/* ERAMBNRERT S BE ~/
for(int i = 0; 1 < n; i++) {
x = mcrand (&localState) ;
/* Check if low bit set */
if(x & 1) {
count++;
}
}
/* BREBEFELBERE */
state[id] = localState;
/* TRELER +/
result[id] += count;
}
(@piti=)
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__global__ void generate_uniform kernel (mcrandState *state,
int n,
unsigned int *result)

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;
float x;
/* RBRBEFBAMRNEFRURSHER «/
mcrandState localState = state[id];
/* ERRAMEHNTRS B ~/
for(int i1 = 0; i < n; i++) {

x = mcrand uniform(&localState) ;

/* Check if > .5 */

if(x > .5) {

count++;

}
}
/* BRESEHEIL2BERE */

state[id] = localState;
/* TFELER +/

result [id] += count;

__global__ void generate_uniform_kernel (mcrandStatePhilox4_32_10_t *state,
int n,
unsigned int *result)

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;
float x;
/* RREBEFBIAMRNEFPLUIRESHER ~/
mcrandStatePhilox4_32_10_t localState = state[id];
/* ERRAFENR LRI S BE ~/
for(int 1 = 0; 1 < n; i++) {

x = mcrand_uniform(&localState) ;

/* Check if > .5 */

if(x > .5) {

count++;

}
}
/* BREEFEAE/BAEF +/

state[id] = localState;
/* TFELER +/

result [id] += count;

__global__ void generate_normal_kernel (mcrandState *state,
int n,
unsigned int *result)

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;

float2 x;

/* RBREBEFBEMRNFRURESHE ~/

mcrandState localState = state[id];

/* ERABBHNESDE +/
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for(int 1 = 0; 1 < n/2; i++) {
x = mcrand_normal2 (&localState) ;
/* Check if within one standard deviaton */
if((x.x > -1.0) && (x.x < 1.0)) {
count++;
}
if((x.y > -1.0) && (x.y < 1.0)) {
count++;

}

}

/* BREEFRLBAE +/
state[id] = localState;
/* TFELER +/

result[id] += count;

_ _global__ void generate_normal_kernel (mcrandStatePhilox4_32_10_t *state,
int n,
unsigned int *result)

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;
float2 x;
/* RBRBEFBEMRNFRURESHER ~/
mcrandStatePhilox4_32_10_t localState = state[id];
/* ERAMENESSHE */
for(int i = 0; 1 < n/2; i++) {
x = mcrand normal2 (&localState) ;
/* Check if within one standard deviaton */
if((x.x > -1.0) && (x.x < 1.0)) {
count++;
}
if ((x.y > -1.0) && (x.y < 1.0)) {
count++;

}
}
/* BRSEFEEBEREFE ~/

state[id] = localState;
/* TEELER +/

result[id] += count;

__global__ void generate_kernel (mcrandStateMRG32k3a *state,
int n,
unsigned int *result)

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;
unsigned int x;
/* RREBEFFAMRNEFPURESHER «/
mcrandStateMRG32k3a localState = state[id];
/* LRI S B ~/
for(int 1 = 0; i < n; i++) {
x = mcrand(&localState) ;
/* Check 1f low bit set */
if(x & 1) {
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count++;
}
}
/* BREBEFIELBRE */
state[id] = localState;
/* TRELER +/
result[id] += count;
}
__global__ void generate_uniform_kernel (mcrandStateMRG32k3a *state,
int n,
unsigned int *result)
{
int id = threadIdx.x + blockIdx.x * blockDim.Xx;
unsigned int count = 0;
double x;
/* RREBEFBEMRNFRUREHRER ~/
mcrandStateMRG32k3a localState = statel[id];
/* LRI SBE ~/
for(int i = 0; 1 < n; i++) {
x = mcrand_uniform double(&localState) ;
/* Check if > .5 */
if(x > .5) {
count++;
}
}
/* BREBEFIELBRE */
state[id] = localState;
/* TFRELER ~/
result[id] += count;
}
__global__ void generate_normal_kernel (mcrandStateMRG32k3a *state,
int n,
unsigned int *result)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int count = 0;
double2 x;
/* RBRBEFFAMRNEFRUREHER «/
mcrandStateMRG32k3a localState = state[id];
/* ERABHNESS */
for(int i = 0; 1 < n/2; i++) {
x = mcrand_normal2_double (&localState) ;
/* Check if within one standard deviaton */
if((x.x > -1.0) && (x.x < 1.0)) {
count++;
}
if((x.y > -1.0) && (x.y < 1.0)) ¢{
count++;
}
}
/* BREEFIELBATF */
state[id] = localState;
/* TEMELER */
result [id] += count;
(@piti=)
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int main(int argc, char *argvl(])

{
const unsigned int threadsPerBlock = 64;
const unsigned int blockCount = 64;

const unsigned int totalThreads = threadsPerBlock * blockCount;

unsigned int 1i;

unsigned int total;

mcrandState *devStates;
mcrandStateMRG32k3a *devMRGStates;
mcrandStatePhilox4_ 32 10 t *devPHILOXStates;
unsigned int *devResults, *hostResults;
bool useMRG = 0;

bool usePHILOX = 0;

int sampleCount = 10000;

bool doubleSupported = 0;

int device;

struct mcDeviceProp properties;

/* MEREBZFWEE +/
MC_CALL (mcGetDevice (&device) ) ;
MC_CALL (mcGetDeviceProperties (&properties, device)) ;
if ( properties.major >= 2 || (properties.major ==
—minor >= 3) ) {
doubleSupported = 1;
}

/* & MRG32k3a I (FRIASI XORwWOW) */
if (argc >= 2) {
if (strcmp (argv[1l],"-m") == 0) {
useMRG = 1;
if (!doubleSupported) {

1 && properties.

printf ("MRG32k3a requires double precision\n") ;
printf ("AAAA test WAIVED due to lack of double precision\n

return EXIT SUCCESS;
}
}else if (strcmp(argv[l],"-p") == 0) {
usePHILOX = 1;

/* STFBEFARITER ~/
sscanf (argvargc-1], "%d", &sampleCount) ;

}
/* AENERNERDE=IE */

hostResults = (unsigned int *)calloc (totalThreads,

/* Rg&EENERDECTIE +/

sizeof (int)) ;

MC_CALL (mcMalloc ( (void **)&devResults, totalThreads *

sizeof (unsigned int)));

/* BLERIZERN 0 */
MC_CALL (mcMemset (devResults, 0, totalThreads *
sizeof (unsigned int))) ;
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/* K& EW prng REDE=TE */
if (useMRG) {
MC_CALL (mcMalloc ( (void **) &devMRGStates, totalThreads *
gsizeof (mcrandStateMRG32k3a))) ;
}else if (usePHILOX) {
MC_CALL (mcMalloc ( (void **) &devPHILOXStates, totalThreads *
sizeof (mcrandStatePhilox4 32 10 t)));
lelse {
MC_CALL (mcMalloc ((void **)&devStates, totalThreads *
sizeof (mcrandState))) ;
}
/* 188 prng K& *
if (useMRG) {
setup_kernel<<<64, 64>>>(devMRGStates) ;
}else if (usePHILOX)
{
setup_kernel<<<64, 64>>>(devPHILOXStates) ;
lelse {
setup_kernel<<<64, 64>>>(devStates) ;
}
/* ERFFERHIBINSE  +/
for(i = 0; i < 50; i++) {
if (useMRG) {
generate_kernel<<<64, 64>>>(devMRGStates, sampleCount,
—devResults) ;
}else if (usePHILOX) {
generate_kernel<<<64, 64>>>(devPHILOXStates, sampleCount,
-~devResults) ;
lelse {
generate_kernel<<<64, 64>>>(devStates, sampleCount,
—devResults) ;
}
Y
/* BIRENFEEFRNEN ~/
MC_CALL (mcMemcpy (hostResults, devResults, totalThreads *
sizeof (unsigned int), mcMemcpyDeviceToHost)) ;
/* BIRER */
total = 0;
for(i = 0; i1 < totalThreads; i++) {
total += hostResults[i];
}
printf ("Fraction with low bit set was %10.13f\n",
(float) total / (totalThreads * sampleCount * 50.0f));
/* RBEFRILERN 0x/
MC_CALL (mcMemset (devResults, 0, totalThreads *
sizeof (unsigned int)));
/* ERAMFERYONMRREN SR +/
for(i = 0; 1 < 50; i++) {
if (useMRG) {
(@piti=)
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generate_uniform kernel<<<64, 64>>>(devMRGStates, sampleCount,
—devResults) ;
}else if (usePHILOX) {
generate_uniform kernel<<<64, 64>>>(devPHILOXStates,
—,sampleCount, devResults) ;
lelse {
generate_uniform kernel<<<64, 64>>>(devStates, sampleCount,
—.devResults) ;
}
}

/* RgEREEFBIEN ~/
MC_CALL (mcMemcpy (hostResults, devResults, totalThreads *
sizeof (unsigned int), mcMemcpyDeviceToHost)) ;

/* BRER +/
total = 0;
for(i = 0; 1 < totalThreads; i++) {
total += hostResults([i];
}
printf ("Fraction of uniforms > 0.5 was %10.13f\n",
(float) total / (totalThreads * sampleCount * 50.0f)) ;
/* RBEFRILERN 0+/
MC_CALL (mcMemset (devResults, 0, totalThreads *
sizeof (unsigned int)));

/* ERMERESHHNHENSEHR ~/
for(i = 0; 1 < 50; i++) {
if (useMRG) {
generate_normal_kernel<<<64, 64>>>(devMRGStates, sampleCount,
—devResults) ;
}else if (usePHILOX) {
generate_normal_kernel<<<64, 64>>>(devPHILOXStates,
—.sampleCount, devResults) ;
}else {
generate_normal_kernel<<<64, 64>>>(devStates, sampleCount,
—devResults) ;
}
}

/* BigEREEFIEIEN ~/
MC_CALL (mcMemcpy (hostResults, devResults, totalThreads *
sizeof (unsigned int), mcMemcpyDeviceToHost)) ;

/* BRGER +/

total = 0;

for(i = 0; 1 < totalThreads; i++) {
total += hostResults([i];

}

printf ("Fraction of normals within 1 standard deviation was %10.13f\n",
(float) total / (totalThreads * sampleCount * 50.0f)) ;

/* BE x/
if (useMRG) {

MC_CALL (mcFree (devMRGStates) ) ;
}else if (usePHILOX)
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{
MC_CALL (mcFree (devPHILOXStates) ) ;
lelse {
MC_CALL (mcFree (devStates) ) ;
}
MC_CALL (mcFree (devResultsg) ) ;
free (hostResults) ;
printf ("AAAA kernel_ example PASSED\n") ;
return EXIT SUCCESS;
}

TEBRFEIER mcRAND B9EN, MTGP B9i&E APl #1 mcRAND BYIE# API, {&Bh MTGP32 £ 234

B, MtEERRMgENG,

/*
* ZIEFEAIRE MCRAND API RITE{NFENEHEBRAIEERLLH.
wy

#include <stdio.h>

#include <stdlib.h>

#include <mc_runtime.h>

#include <mcrand_kernel.h>

/* A vreP EWNM helper KEX */

#include <mcrand _mtgp32_host.h>

/* |\ MTGP FGITENESHE «/

#include <mcrand mtgp32dc p 11213.h>

#define MC_CALL(x) do { 1if((x) != mcSuccess) { \
printf ("Error at %s:%d\n",_ FILE_ ,_  LINE_ ); \
return EXIT FAILURE;}} while(0)

#define MCRAND CALL(x) do { if ((x) != MCRAND STATUS SUCCESS) { \
printf ("Error at %s:%d\n",_ FILE_ ,  LINE ); \
return EXIT FAILURE;}} while (0)

_ _global__ void generate_kernel (mcrandStateMtgp32 *state,
int n,
int *result)

int id = threadIdx.x + blockIdx.x * 256;
int count = 0;
unsigned int x;
/* ERAMETRERT S BE ~/
for(int i = 0; 1 < n; i++) {

x = mcrand (&state[blockIdx.x]) ;

/* Check if low bit set */

if(x & 1) {

count++;

}
}
/* TFREER */

result[id] += count;

}

int main (int argc, char *argv[])
{
(@piti =)
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int 1i;
long long total;
mcrandStateMtgp32 *devMTGPStates;
mtgp32_kernel params *devKernelParams;
int *devResults, *hostResults;
int sampleCount = 10000;
/* RFBEEARITER +/
if (argc == 2) {
sscanf (argv[1l],"%d", &sampleCount) ;
}
/* RENLEMNERSEC=(E] */
hostResults = (int *)calloc(64 * 256, sizeof (int)) ;
/* MgELEMERDETIE ~/
MC_CALL (mcMalloc ( (void **) &devResults, 64 * 256 *
sizeof (int))) ;
/* BLERIGERN 0*/
MC_CALL (mcMemset (devResults, 0, 64 * 256 *
sizeof (int))) ;
/* NKEEW prng REHBE=E */
MC_CALL (mcMalloc ( (void **) &devMTGPStates, 64 *
sizeof (mecrandStateMtgp32))) ;
/* 1&EB MTGP B prng K& */
/* 7 MTGP AREHMHE=IE */
MC_CALL (mcMalloc ( (void**) &devKernelParams, sizeof (mtgp32_kernel__
—params))) ;
/* RFEXMSHEEME U NAZIERX, +/
/* FHRBRZESHEHIIEERNFH */
MCRAND_ CALL (mcrandMakeMTGP32Constants (mtgp32dc_params_fast_ 11213,
—devKernelParams) ) ;
/* RBPMEERVBU—TRE ~/
MCRAND_ CALL (mcrandMakeMTGP32KernelState (devMTGPStates,
mtgp32dc_params_fast_ 11213, devKernelParams, 64, 1234));
/* WEZEBEETH */
/* ERFFERNBINSE  «/
for(i = 0; 1 < 10; i++) {
generate_kernel<<<64, 256>>>(devMTGPStates, sampleCount,
—devResults) ;
}
/* RgEREFEEFBIEN ~/
MC_CALL (mcMemcpy (hostResults, devResults, 64 * 256 *
sizeof (int), mcMemcpyDeviceToHost)) ;
/* BRGER +/
total = 0;
(Foadksr)
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for(i = 0; 1 < 64 * 256; i++) {
total += hostResults[i];
}

printf ("Fraction with low bit set was %10.13g\n",
(double) total / (64.0f * 256.0f * sampleCount * 10.0f));

/* B */
MC_CALL (mcFree (devKernelParams) ) ;
MC_CALL (mcFree (devMTGPStates) ) ;
MC_CALL (mcFree (devResults)) ;
free (hostResults) ;
printf ("AAAA kernel mtgp_example PASSED\n") ;
return EXIT SUCCESS;
}

TEMRGIMER mcRAND i85 API, {£A 64 {iI Scrambled Sobol £ 24 RIISMITUEES. ©FIB
R R RS B — P ERIRFFD AR E,

/*

ZIEFEAIEE mcRAND API ¥itE
HERENL 3D RURTEIKEARIELSHI

FRER 1 BN, HEMBHESHERRETR,

IRt ERS
mcrandGetDirectionVectors64 REIM 64 fiI

Scrambled Sobol HMIEERERINIEENSTEL,

b R T R

/

#include <stdio.h>
#include <stdlib.h>
#include <mc_runtime.h>
#include <mcrand_ kernel.h>
#include <mcrand.h>

#define THREADS_ PER BLOCK 64
#define BLOCK_COUNT 64
#define TOTAL_THREADS (THREADS_PER BLOCK * BLOCK_COUNT)

/* BNEEN 64 IREWE +/
#define VECTOR_SIZE 64

#define MC_CALL(x) do { if((x) != mcSuccess) { \
printf ("Error at %s:%d\n",_ FILE_ ,_  LINE_ ); \
return EXIT FAILURE;}} while(0)

#define MCRAND_CALL(x) do { i1f((x) != MCRAND_STATUS_SUCCESS) { \
printf ("Error at %s:%d\n",_ FILE_ , LINE_ ); \
return EXIT FAILURE;}} while(0)

/* BRABABNEEN <. vy Ml z BEPRULKE +/

__global__ void setup_kernel (unsigned long long * sobolDirectionVectors,
(Foadksn)
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}

(8 Em)
unsigned long long *sobolScrambleConstants,
mcrandStateScrambledSobol64 *state)

int id = threadIdx.x + blockIdx.x * THREADS_PER_BLOCK;
int dim = 3*id;
/* BYNEEFER 3 MRREEE +/
mcrand_init (sobolDirectionVectors + VECTOR_SIZE*dim,
sobolScrambleConstants [dim] ,
1234,
&state[dim]) ;

mcrand_init (sobolDirectionVectors + VECTOR_SIZE* (dim + 1),
sobolScrambleConstants [dim + 17,
1234,
&state[dim + 1]);

mcrand_init (sobolDirectionVectors + VECTOR_SIZE* (dim + 2),
sobolScrambleConstants [dim + 2],
1234,
&state[dim + 2]);

XPMAZERFENS 30 K, FRNR—PRERMBKA,

/* X

* ERRIHEEE 1
*/

__global___ void generate_kernel (mcrandStateScrambledSobol64 *state,

int

int n,
long long int *result)

int id = threadIdx.x + blockIdx.x * THREADS_PER_BLOCK;
int baseDim = 3 * id;

long long int count = 0;

double x, vy, z;

/% ERERTAIIEE LT */

for(int i = 0; i < n; 1i++) {
x = mcrand uniform double (&state[baseDim]) ;
v mcrand_uniform double (&state[baseDim + 1]);
z mcrand_uniform double (&state[baseDim + 2]) ;

/* MERBLBEFEN 1 KA +/
if ( (x*x + y*y + z*z) < 1.0) {
count++;

}
}
/* TFELER +/

result[id] += count;

main (int argc, char *argv|[])

int 1;

long long total;

mcrandStateScrambledSobol64 *devSobolé64States;
mcrandDirectionVectors64 t *hostVectorsé64;
unsigned long long int * hostScrambleConstants64;
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unsigned long long int * devDirectionVectorsé64;
unsigned long long int * devScrambleConstants64;
long long int *devResults, *hostResults;

int sampleCount = 10000;

int iterations = 100;

double fraction;

double pi = 3.1415926535897932;

/* RTFBEELRBE ~/
if (argc == 2) {
sscanf (argv[1l],"%d", &sampleCount) ;

}

/* RENLENERSEC=(E] */
hostResults = (long long int*)calloc (TOTAL_THREADS,
sizeof (long long int)) ;

/* NIgEENERSECTIE */
MC_CALL (mcMalloc ( (void **)&devResults,
TOTAL_THREADS * sizeof (long long int)));

/* IBERIGEN 0 */
MC_CALL (mcMemset (devResults, O,
TOTAL_ THREADS * sizeof (long long int)));

/* IREWEME 64 {i Scrambled FHRIMAEFEEAVIEEH */
MCRAND_ CALL (mcrandGetDirectionVectors64 ( &hostVectors64,

MCRAND_SCRAMBLED DIRECTION_
. VECTORS_ 64_JOEKUO6) ) ;

MCRAND_ CALL (mcrandGetScrambleConstants64 ( &hostScrambleConstants64)) ;

/* RABIYEEN 3 MRE (x,v,2) PEARE, SMRESETFRIUSENLEE «/
MC_ CALL (mcMalloc ( (void **) &devSobol64States,
TOTAL_ THREADS * 3 * sizeof (mcrandStateScrambledSobolé64))) ;

/* DEAFEHBEINAEN 3 ARESFEigE «/

MC_CALL (mcMalloc ( (void **) & (devDirectionVectorsé64),
3 * TOTAL THREADS * VECTOR_SIZE * sizeof (long
—long int))) ;

MC_CALL (mcMemcpy (devDirectionVectors64, hostVectors64,
3 * TOTAL THREADS * VECTOR_SIZE * sizeof (long
—~long int),
mcMemcpyHostToDevice) ) ;

/* DERFEHESMEEN 3 1 scramble B (BMEE—IER)
EHENRE +/

MC_CALL (mcMalloc ( (void **) & (devScrambleConstantsé64),
3 * TOTAL_THREADS * sizeof (long long int)));

MC_CALL (mcMemcpy (devScrambleConstants64, hostScrambleConstantsé64,
3 * TOTAL THREADS * sizeof (long long int),

(T oadksR)
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mcMemcpyHostToDevice) ) ;
/* FIRHRE */
setup_kernel<<<BLOCK_COUNT, THREADS_PER_BLOCK>>> (devDirectionVectorsé64,

—~devScrambleConstants64,
devSobol64States) ;

/* ERMHBUERNR  +/

for(i = 0; 1 < iterations; 1i++) {
generate_kernel<<<BLOCK_COUNT, THREADS_PER_BLOCK>>>
< (devSobol64States, sampleCount, devResults) ;
}

/* FHREREERIZIEN ~/

MC_CALL (mcMemcpy (hostResults,
devResults,
TOTAL_ THREADS * sizeof (long long int),
mcMemcpyDeviceToHost) ) ;

/* HUHHBTRER +/

total = 0;
for(i = 0; i < TOTAL THREADS; i++) {
total += hostResults[i];

fraction = (double)total / ((double)TOTAL_THREADS *
< (double) sampleCount * (double)iterations) ;
printf ("Fraction inside sphere was %g\n", fraction);
printf (" (4/3) pi = %g, sampled volume = %g\n", (4.0*pi/3.0),8.0 *
—~fraction) ;

/* BB */

MC_CALL (mcFree (devSobol64States) ) ;

MC_CALL (mcFree (devDirectionVectors64)) ;
MC_CALL (mcFree (devScrambleConstants64) ) ;
MC_CALL (mcFree (devResults) ) ;

free (hostResults) ;

printf ("AAAA kernel_ sobol_example PASSED\n") ;

return EXIT SUCCESS;

3.7 Thrust #l mcRAND xi={jl

TEMRAETR T WNEGESEA mcRAND # Thrust, X254 Thrust =filz—, monte_carlo.cu B
RAMEBRA, Znf @ ENIERBEMUERFEHN S, FITEEHIRESNES, FHMERSAUTHT
pnZ—BURAN, UHE .
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#include <thrust/iterator/counting_iterator.h>
#include <thrust/functional.h>

#include <thrust/transform reduce.h>

#include <mcrand_kernel.h>

#include <iostream>
#include <iomanip>

// BATAILUAE v 1 v NERLEIMERESR

struct estimate_pi

{

i 7

public thrust::unary function<unsigned int, float>

__device
float operator () (unsigned int thread id)

{
float sum = 0;

unsigned int N = 10000; // 8MEENEREK
unsigned int seed = thread_id;

mcrandState s;

// B BENERE R ERIR ETF

mcrand_init(seed, 0, 0, &s);

// EEDZ—ERNE N NMER
for (unsigned int 1 = 0; 1 < N; ++1i)
{

// MEBALIE B RZRIREVFEZA

float x = mcrand uniform(&s) ;
float y = mcrand uniform(&s) ;

// HRERRES

float dist = sqgrtf (x*x + y*y);

// & (u0,ul) FEEPZ—EA, M¥E 1.0f MOAN sum
if (dist <= 1.0f)
sum += 1.0f;

}
// FTLL 4 BEIENERNER
IE

sum *= 4.0

// BREL N
return sum / N;

}

int main (void)

{

// 1A 30,000 MhRIIFHF
int M = 30000;

float estimate = thrust::transform reduce (
thrust::counting_iterator<int>(0),
thrust::counting_iterator<int> (M),

CSRD-23016-020-F3_V03 ABEEEN=LEEER



-- /':
mcRAND APl &% =TA “ %

estimate_pi (),

0.0f,

thrust::plus<float>()) ;
estimate /= M;

std::cout << std::setprecision(3) ;
std::cout << "pi is approximately ";
std::cout << estimate << std::endl;
return 0;

3.8 H#RS 76 APl Tl

XNROIRRT BRI =F API £ Z EHNX 5, ER—MEMEEHANGIF. £ API (host
AP|) St FERGAM D RMEN M AEEERRBEN (WMETE lambda EMNENSEENEE RTINS
HER) . BEILE API(discrete Device API) JLSEFIEMN APl —#E Y, HAFERZPER AN
BIBEN 2L, EE 1% API(simple Device APl) @ xARERN, BEANFZARREMN lambda EE A5
RRIFENE A E S,

/*
XMEFMEHE MCRAND FERVHINS T
SRABINEEERIRATY, 1EIAESEIA 16 /MBS,
CRRTER 3 HMAEKN art BIXZ:
- HOST API -MIEEAMSIZER Poisson(4) FiER
- SIMPLE DEVICE API -[ZEEXRISAZE
B Poisson (4* (sin(x/100)+1)) KA,
Hoh x B MFERTEFIEITE S #E
- ROBUST DEVICE API -AREARSAZRINT:
- 81 3 /MBI Poisson(2) RiER,
- ¥ETRM 3 /NBYAE pPoisson (1) RiER,
- 6 /\BIfEH Poisson(3) RiEA,

b I I T R I T T T

*
e Q

#include <stdio.h>
#include <stdlib.h>
#include <mc_runtime.h>
#include <mcrand_kernel.h>
#include <mcrand.h>

#define MC_CALL(x) do { if((x) != mcSuccess) { \
printf ("Error at %s:%d\n",_ FILE_ ,_ LINE_ ); \
return EXIT FAILURE;}} while(0)
#define MCRAND_CALL (x) do { if ((x)!=MCRAND_STATUS_SUCCESS) { \
printf ("Error at %s:%d\n",_FILE_ , LINE );\
return EXIT FAILURE;}} while(0)

#define HOURS 16
##tdefine OPENING_ HOUR 7
#define CLOSING_HOUR (OPENING_HOUR + HOURS)

#define access_2D(type, ptr, row, column, pitch)\
*((type*) ((char*)ptr + (row) * pitch) + column)
(TFoagksr)
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enum API TYPE {
HOST API = 0,
SIMPLE_DEVICE API = 1,
ROBUST_ DEVICE API = 2,
57
/* ERTE *
API_TYPE api;
int report_break;
int cashiers_load_ h[HOURS] ;
__constant___ int cashiers_load [HOURS] ;
__global___ void setup_kernel (mcrandState *state)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
/* BMNEEERERNMT, TR
FyS, TmtE +/
mcrand_init (1234, id, 0, &statelid]);
}
__inline  _ device
void update queue (int id, int min, unsigned int new_customers,
unsigned int &queue_ length,
unsigned int *queue_ lengths, size_t pitch)
{
int balance;
balance = new_customers - 2 * cashiers_ load[(min-1)/60];
if (balance + (int)queue_length <= 0) {
queue_length = 0;
lelse(
queue_length += balance;
}
/* TRHELER +/
access_2D(unsigned int, queue_lengths, min-1, id, pitch)
= queue_length;
}
__global  void simple_device API kernel (mcrandState *state,
unsigned int *queue_ lengths, size_t pitch)
{
int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int new customers;
unsigned int queue_length = 0;
/* RBRBEFBIEMRNE, UIEESHRE ~/
mcrandState localState = state[id];
/* TEBY[E] LAZIAHERA +/
for(int min = 1; min <= 60 * HOURS; min++) {
/* 1RIE ar1 BHMMEHE ~/
new_customers = mcrand poisson (&localState,
4% (gin((float)min/100.0)+1)) ;
/* BEHBAT */
update_queue (id, min, new_customers, queue_length,
queue_lengths, pitch);
}
(@piti=)
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/* BREEFELBEAF ~/
state[id] = localState;

}

__global__ void host_ API_kernel (unsigned int *poisson_numbers,
unsigned int *queue lengths, size t pitch)

{

int id = threadIdx.x + blockIdx.x * blockDim.x;
unsigned int new_customers;
unsigned int queue_length = 0;
/* $RBYEIREIAHEEBA */
for (int min = 1; min <= 60 * HOURS; min++) {
/* MEBRERIREFENER ~/
new_customers = poisson_numbers
[blockDim.x * gridDim.x * (min -1) + id];
/* BEHBAT| =/
update_qgueue (id, min, new_customers, queue_ length,
queue_lengths, pitch);
}

}

__global__ void robust_device API_kernel (mcrandState *state,
mcrandDiscreteDistribution t poisson 1,
mcrandDiscreteDistribution_t poisson_ 2,
mcrandDiscreteDistribution t poisson_3,
unsigned int *queue_lengths, size_t pitch)

{

int id = threadIdx.x + blockIdx.x * 64;
unsigned int new_customers;
unsigned int queue_length = 0;
/* BREMEFZIFERF, UEESUER */
mcrandState localState = state[id];
/* FRESTEAEIAHEBA */
/* @ 3 /NEE x/
for (int min = 1; min <= 60 * 3; min++) {
/* 1RIE arT BHMMEHE +/
new_customers =
mcrand_discrete (&localState, poisson_2) ;
/* BEHBAT */
update_qgueue(id, min, new_customers, queue_ length,
queue_lengths, pitch);
}
/* FETRE 3 B +/
for(int min = 60 * 3 + 1; min <= 60 * 6; min++) {
/* TR4E API SHMEHE +/
new_customers =
mcrand_discrete(&localState, poisson_1) ;
/* BEHBAT */
update_gueue(id, min, new_customers, gqueue_ length,
queue_lengths, pitch);
}
/* 6 INRIfF */
for(int min = 60 * 6 + 1; min <= 60 * HOURS; min++) {
/* 1RIE arT BHMMEHE +/
new_customers =
(@piti=)
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mcrand_discrete(&localState, poisson_3) ;
/* BEHBAT */
update_queue (id, min, new_customers, queue_length,
queue_lengths, pitch);
}
/* BREEFELBEAF ~/
state[id] = localState;
}
* IGEREEEIERE */
void report_settings ()
{
do{
printf ("Set time intervals between queue reports") ;
printf (" (in minutes > 0) \n");
if (scanf ("%d", &report_break) == 0) continue;
}while (report_break <= 0);
}
/* RESNNNPEREHE ~/
void add_cachiers (int *cashiers_load)
{
int i, min, max, begin, end;
printf ("Cashier serves 2 customers per minute...\n");
for (i = 0; 1 < HOURS; i++) {
cashiers_load h[i] = 0;
}
while (true) {
printf ("Adding cashier...\n");
min = OPENING_HOUR;
max = CLOSING_HOUR-1;
do {
printf ("Set hour that cahier comes (%d-%d)",
min, max) ;
printf (" [type 0 to finish adding cashiers]\n") ;
if (scanf ("%d", &begin) == 0) continue;
}while (begin > max || (begin < min && begin != 0));
if (begin == 0) break;
min = begin+l;
max = CLOSING_HOUR;
do{
printf ("Set hour that cahier leaves (%d-%d)",
min, max) ;
printf (" [type 0 to finish adding cashiers]\n") ;
if (scanf ("%d", &end) == 0) continue;
}while (end > max || (end < min && end != 0));
if (end == 0) break;
for (i = begin - OPENING_HOUR;
i < end - OPENING_HOUR; i++) {
cashiers_load h[i]++;
}
}
for (i = OPENING_HOUR; i < CLOSING_HOUR; i++) {
printf ("\n%2d:00 - %2d:00 %d cashier",
i, i+1, cashiers_load_h[i-OPENING_HOUR]) ;
(@piti=)
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if (cashiers_load[i-OPENING_HOUR] != 1) printf("s");
}
printf ("\n") ;
}

/* RE APT EH «/
API TYPE set API type()
{
printf ("Choose API type:\n");
int choose;
do{
printf ("type 1 for HOST API\n");
printf ("type 2 for SIMPLE DEVICE API\n");
printf ("type 3 for ROBUST DEVICE API\n") ;
if (scanf ("%d", &choose) == 0) continue;
}while( choose < 1 || choose > 3);
switch (choose) {
case 1l: return HOST API;
case 2: return SIMPLE DEVICE_API;
case 3: return ROBUST DEVICE_APT;
default:
fprintf (stderr, "wrong API\n") ;
return HOST API;

void settings ()
{
add_cachiers (cashiers_load) ;
mcMemcpyToSymbol ("cashiers_load", cashiers_load_h,
HOURS * sizeof (int), 0, mcMemcpyHostToDevice) ;
report_settings () ;
api = set_API_typel) ;

void print_statistics(unsigned int *hostResults, size t pitch)
{
int min, i, hour, minute;
unsigned int sum;
for (min = report_break; min <= 60 * HOURS;
min += report_break) {
sum = 0;
for(i = 0; i < 64 * 64; i++) {
sum += access_2D (unsigned int, hostResults,
min-1, 1, pitch);
}
hour = OPENING_HOUR + min/60;
minute = min%60;
printf ("%2d:%02d # of waiting customers = %10.4g |",
hour, minute, (float)sum/(64.0 * 64.0));
printf (" # of cashiers = %d | ",
cashiers_load _hl[(min-1)/601) ;
printf ("# of new customers/min ~= ") ;
switch (api) {
case HOST API:
printf ("%2.2f\n", 4.0);
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break;
case SIMPLE_DEVICE APTI:
printf ("%2.2f\n",
4% (sin((float)min/100.0)+1)) ;
break;
case ROBUST DEVICE_API:
if (min <= 3 * 60) {
printf ("%2.2f\n", 2.0);
}else({
if (min <= 6 * 60) {
printf ("%2.2f\n", 1.0);
lelse{
printf ("%2.2f\n", 3.0);

}

break;
default:
fprintf (stderr, "Wrong API\n") ;

int main (int argc, char *argvl[])

{
int n;
size_t pitch;
mcrandState *devStates;
unsigned int *devResults, *hostResults;
unsigned int *poisson_numbers_d;
mcrandDiscreteDistribution_t poisson_ 1, poisson_2;
mcrandDiscreteDistribution t poisson_ 3;
mcrandGenerator_t gen;

/* REWER. CIRIMZE (report) F API */

settings () ;

/* F&EFLNERDETIE +/
MC_CALL (mcMallocPitch((void **)&devResults, &pitch,
64 * 64 * gizeof (unsigned int), 60 * HOURS)) ;

/* RENLENERSEC=(E */
hostResults = (unsigned int *)calloc(pitch * 60 * HOURS,
sizeof (unsigned int)) ;

/* FIKEEW prng REDECTE */
MC_CALL (mcMalloc ( (void **) &devStates, 64 * 64 *
sizeof (mcrandState))) ;

/* 188 prng K& *
if (api != HOST API) {
setup_kernel<<<64, 64>>>(devStates) ;

}

/* TEIMHERA +/

switch (api) {
case HOST API:
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/* CIERAPENIELERSE +/
MCRAND_CALL (mcrandCreateGenerator (&gen,
MCRAND_RNG_PSEUDO_DEFAULT) ) ;
/* BBMF +/
MCRAND_ CALL (mcrandSetPseudoRandomGeneratorSeed (
gen, 1234ULL)) ;
/* I8 n */
n = 64 * 64 * HOURS * 60;
/* EIGELEDER n NERFSEY +/
MC_CALL (mcMalloc ( (void **) &poisson_ numbers_d,
n * gsizeof (unsigned int))) ;
/* ERELER n MERFSEHR +/
MCRAND_CALL (mcrandGeneratePoisson (gen,
poisson_numbers_d, n, 4.0));
host API_kernel<<<64, 64>>>(poisson_numbers_d,
devResults, pitch);
/* B +/
MCRAND_CALL (mcrandDestroyGenerator (gen) ) ;
break;
case SIMPLE_DEVICE_API:
simple_device API_kernel<<<64, 64>>>(devStates,
devResults, pitch) ;
break;
case ROBUST_ DEVICE API:
/* Bl Poisson(l) HWEAFE */
MCRAND_ CALL (mcrandCreatePoissonDistribution (1.0,
&poisson_1)) ;
/* Bl Poisson(2) MEHE */
MCRAND_CALL (mcrandCreatePoissonDistribution (2.0,
&poisson_2)) ;
/* Bl Poisson(3) HWEAFE */
MCRAND_ CALL (mcrandCreatePoissonDistribution (3.0,
&poisson_3)) ;
robust_device API_ kernel<<<64, 64>>>(devStates,
poisson_1, poisson_ 2, poisson_3,
devResults, pitch);
/* HE */
MCRAND_ CALL (mcrandDestroyDistribution (poisson_1)) ;
MCRAND_ CALL (mcrandDestroyDistribution (poisson_2)) ;
MCRAND_CALL (mcrandDestroyDistribution (poisson_3)) ;
break;
default:
fprintf (stderr, "Wrong API\n") ;

}

/* REEREEFBIEN ~/

MC_CALL (mcMemcpy2D (hostResults, pitch, devResults,
pitch, 64 * 64 * gsizeof (unsigned int),
60 * HOURS, mcMemcpyDeviceToHost)) ;

/* BIRER +/

print_statistics (hostResults, pitch);

/* B */

MC_CALL (mcFree (devStates)) ;

MC_CALL (mcFree (devResults) ) ;

free (hostResults) ;

return EXIT SUCCESS;
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U BFEEIRITIR:

4.1 EH API

4.1.1 HEFIER

mcrandStatus_t MCRANDAPI mcrandCreateGenerator ( mcrandGenerator_ t*
—~generator, mcrandRngType_t rng_type )

BIZFTRIBEN I E A2

mcrandStatus_t MCRANDAPI mcrandCreateGeneratorHost ( mcrandGenerator t*
-~generator, mcrandRngType_t rng_type )

BB EN CPU FEME Al 2R

mcrandStatus_t MCRANDAPI mcrandCreatePoissonDistribution ( double lambda,
—mcrandDiscreteDistribution_t* discrete distribution )

WEBR DRV E S B,

mcrandStatus_t MCRANDAPI mcrandDestroyDistribution (
—mcrandDiscreteDistribution_t discrete distribution )

HEREHOH BNk NESERAE.

mcrandStatus_t MCRANDAPI mcrandDestroyGenerator ( mcrandGenerator_t
-.generator )

HR— I EBNEMS.

mcrandStatus_t MCRANDAPI mcrandGenerate ( mcrandGenerator_ t generator,
—unsigned int* outputPtr, size t num )

R 32 RO REH S ERENTER

mcrandStatus_t MCRANDAPI mcrandGenerateLogNormal ( mcrandGenerator_t
-~.generator, float* outputPtr, size_t n, float mean, float stddev )

ERHERES D HETE R Ko

mcrandStatus_t MCRANDAPI mcrandGenerateLogNormalDouble ( mcrandGenerator_t
—~generator, double* outputPtr, size t n, double mean, double stddev )

ERSEES DRI EF = o
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mcrandStatus_t MCRANDAPI mcrandGeneratelLongLong ( mcrandGenerator_ t
-sgenerator, unsigned long long* outputPtr, size t num )

E Ak 64 (IRYEREHEL

mcrandStatus_t MCRANDAPI mcrandGenerateNormal ( mcrandGenerator_t
—.generator, float* outputPtr, size_ t n, float mean, float stddev )

ERESDHHVEEF R

mcrandStatus_t MCRANDAPI mcrandGenerateNormalDouble ( mcrandGenerator_t
-»generator, double* outputPtr, size_t n, double mean, double stddev )

ERESDHHIVBEF R

mcrandStatus_t MCRANDAPI mcrandGeneratePoisson ( mcrandGenerator_ t
—~generator, unsigned int* outputPtr, size t n, double lambda )

ERGEMR D HRETSER.

mcrandStatus_t MCRANDAPI mcrandGenerateSeeds ( mcrandGenerator_t generator

=)

BRI,

mcrandStatus_t MCRANDAPI mcrandGenerateUniform ( mcrandGenerator t
-»generator, float* outputPtr, size_ t num )

ERBHIDDHIF R

mcrandStatus_t MCRANDAPI mcrandGenerateUniformDouble ( mcrandGenerator_ t
—~generator, double* outputPtr, size_ t num )

ERIID D HHIVEEF R 2o

mcrandStatus_t MCRANDAPI mcrandGetDirectionVectors32 (
—mcrandDirectionVectors32_ t* vectors, mcrandDirectionVectorSet_t set )

FREX 32 (iERENER E B T A

mcrandStatus_t MCRANDAPI mcrandGetDirectionVectors64 (
—mcrandDirectionVectors64_t* vectors, mcrandDirectionVectorSet_t set )

FREX 64 (RN ERB T RRE.

mcrandStatus_t MCRANDAPI mcrandGetProperty ( libraryPropertyType type,
—~int* wvalue )

IR[E mcrand EH4RYE,

mcrandStatus_t MCRANDAPI mcrandGetScrambleConstants32 ( unsigned int**
-,constants )

FREXEETF 32 {iL Scrambled Sobol F5#Y Scramble &%k,

mcrandStatus_t MCRANDAPI mcrandGetScrambleConstants64 ( unsigned long
—~long** constants )

FREXEETF 64 1iL Scrambled Sobol F58Y Scramble &%,
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mcrandStatus_t MCRANDAPI mcrandGetVersion ( int* version )

RBIERRRE S,

mcrandStatus_t MCRANDAPI mcrandSetGeneratorOffset ( mcrandGenerator_ t
—sgenerator, unsigned long long offset )

BRI R E RN AT R E.

mcrandStatus_t MCRANDAPI mcrandSetGeneratorOrdering ( mcrandGenerator_t
-~generator, mcrandOrdering_t order )

RE NSRBI E R ER RIS R A

mcrandStatus_t MCRANDAPI mcrandSetPseudoRandomGeneratorSeed (
—mcrandGenerator_t generator, unsigned long long seed )

R B REN R E s BT F{Eo

mcrandStatus_t MCRANDAPI mcrandSetQuasiRandomGeneratorDimensions (
—mcrandGenerator_t generator, unsigned int num dimensions )

REEEHE,

mcrandStatus_t MCRANDAPI mcrandSetStream ( mcrandGenerator_t generator,
—mcStream t stream )

79 MCRAND RZE&hi& & H Al

4.1.2 %

enum HOST::mcrandDirectionVectorSet [inherited]

MCRAND 73 B[R £ A% E
&

MCRAND_DIRECTION_VECTORS_32_ JOEKUO6 = 101

RIE S. Joe M F. Y. Kuo #EFNZHALEMRFE 32 (I MMAELE, EATFEIX 20000 MEE,

MCRAND_SCRAMBLED_DIRECTION_VECTORS_32_JOEKUO6 = 102

1R#E S. Joe M F. Y. Kuo #EFENZMAEMMIFE 32 iiARMES, EATEIE 20000 MEE, HiHiT
TRALIE,

MCRAND_DIRECTION_ VECTORS_64_JOEKUO6 = 103

1RIE S. Joe M F. Y. Kuo HEFENZIMAEMBITE 64 IS RMEL, EHRTEIA 20000 MEE,

MCRAND_ SCRAMBLED_DIRECTION_VECTORS_64_ JOEKUO6 = 104

HRYE S. Joe M F. V. Kuo HFENZ ML ERBTE 32 U MMEESE, EATEX 20000 MEE, Hi#iT
TIRBLE,

enum HOST: :mcrandOrdering [inherited]

MCRAND EREFHER AR
&
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MCRAND_ORDERING_PSEUDO_BEST = 100

BN SRV RIEHF.

MCRAND_ORDERING_PSEUDO_DEFAULT = 101

HPEN L RIS E BRIALETZIRE, 5 MCRAND_ORDERING_PSEUDO_BEST #8[E,

MCRAND_ORDERING_PSEUDO_SEEDED = 102

BTFRBRE. REENENERIIFTEM FER.

MCRAND_ORDERING_PSEUDO_LEGACY = 103

MBENERMSERE TS, RIETEFTE mcRAND & HHREHER
MCRAND_ORDERING_PSEUDO_DYNAMIC = 104
RIERITIREHITHBNEEINT, RIEZEERE.
MCRAND_ORDERING_QUASI_DEFAULT = 201

BT INFEHEEREVETTE n 4o

enum HOST: :mcrandRngType [inherited]

MCRAND 4 pi 282581
&

MCRAND_RNG_TEST = 0

MCRAND_RNG_PSEUDO_DEFAULT = 100
BIANBENE 2R
MCRAND_RNG_PSEUDO_XORWOW = 101

XORWOW fhE 4 s,

MCRAND_RNG_PSEUDO_MRG32K3A = 121

MRG32k3a fufENE s,

MCRAND_RNG_PSEUDO_MTGP32 = 141

Mersenne Twister MTGP32 {ka#1 4 B 28

MCRAND_RNG_PSEUDO_MT19937 = 142

Mersenne Twister MT19937 {BE#4E A% 28,

MCRAND_RNG_PSEUDO_PHILOX4 32 10 = 161

PHILOX-4x32-10 {ABEH & %23

MCRAND_RNG_QUASI_ DEFAULT = 200

RROIAEERENLE A 2R
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MCRAND_RNG_QUASI SOBOL32 = 201

Sobol32 ERENVE 28

MCRAND_RNG_QUASI_ SCRAMBLED_SOBOL32

202

Scrambled Sobol32 RN 4 m 2

MCRAND_RNG_QUASI SOBOL64 = 203

Sobol64 ERENE 28

MCRAND_RNG_QUASI SCRAMBLED_SOBOL64 204

Scrambled Sobol64 HREH 4 28

enum HOST: :mcrandStatus [inherited]
MCRAND R EABIKRESEE

I1

MCRAND_STATUS_SUCCESS = 0

TR0

MCRAND_STATUS_VERSION MISMATCH = 100

SR AN HE R e AR S AR LA

MCRAND_STATUS_NOT_ INITIALIZED = 101

EmEERIE K.

MCRAND_STATUS_ALLOCATION_ FAILED = 102

RED B M.

MCRAND_STATUS_TYPE_ERROR = 103
EMERRE IR,

MCRAND_STATUS_OUT_OF_RANGE = 104
SHEBHEE,
MCRAND_STATUS_LENGTH_NOT_MULTIPLE = 105
BROKETZHEERES.
MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED = 106
GPU /%% MRG32k3a FRERNEE F =5
MCRAND_STATUS_LAUNCH_FAILURE = 201
RIZBEDERIR.

MCRAND_STATUS_PREEXISTING FAILURE = 202

FENDO S BT £ IR,
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MCRAND_STATUS_INITIALIZATION_FAILED = 203

MXMACA #4811t R Mo

MCRAND_STATUS_ARCH MISMATCH = 204

LHMARILEE, GPU RZHHEKRAITHAEE,

MCRAND_STATUS_INTERNAL ERROR = 999

FEREBHEIR.

4.1.3 HK

mcrandStatus_t MCRANDAPI mcrandCreateGenerator ( mcrandGenerator_t*
—.generator, mcrandRngType_t rng_type )

BIEE—NETBIREA $ 4 R 23

8%

generator

o L RERRVIEE

rng_type

- BRIEAERMEIXE

BEE

« MRFEEDECNTE, MiRE] MCRAND_STATUS_ALLOCATION_FAILED

« 1R GPU B LA, MN3&[E] MCRAND_STATUS_INITIALIZATION_FAILED
o MRKXHRRA S S5 HEEERAARILAS, MiR[E] MCRAND_STATUS_VERSION_MISMATCH
« W18 rng_type BIETL, NR[E] MCRAND_STATUS_TYPE_ERROR

« ANREREICIERMIN, MiRE] MCRAND_STATUS_SUCCESS

fiik

BT —1 rng_type KEMFFEN R E R 2S, FHIFHIR[EF] *generator o
rng_type N&AEEE:

« MCRAND_RNG_PSEUDO_DEFAULT

+« MCRAND_RNG_PSEUDO_XORWOW

+« MCRAND_RNG_PSEUDO_MRG32K3A

« MCRAND_RNG_PSEUDO_MTGP32

+ MCRAND_RNG_PSEUDO_MT19937

« MCRAND_RNG_PSEUDO_PHILOX4_32_10

« MCRAND_RNG_QUASI_DEFAULT

« MCRAND_RNG_QUASI_SOBOL32

« MCRAND_RNG_QUASI_SCRAMBLED_SOBOL32

« MCRAND_RNG_QUASI_SOBOL64

+ MCRAND_RNG_QUASI_SCRAMBLED_SOBOL64

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 46



-- /:
mcRAND APl &% =TA \fif

%  rng_type A  MCRAND_RNG_PSEUDO_DEFAULT  BY, ® OB N X B F
MCRAND_RNG_PSEUDO_XORWOW, = rng_type 73 MCRAND_RNG_QUASI_DEFAULT B, % 1%
HYZEEYZ MCRAND_RNG_QUASI_SOBOL32,

rng_type = MCRAND_RNG_PSEUDO_XORWOW FYZRIAE S

+ seed=0

« offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_MRG32K3A HIZRIAE S :
+ seed=0

« offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_MTGP32 HYERIAE N :

+ seed=0

« offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_MT19937 BERIAE S

+ seed=0

+ offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_PHILOX4_32_10 HIERIAMES:
+ seed=0

+ offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_QUASI_SOBOL32 FIERIAEA:

+ dimensions=1

» offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT
rng_type = MCRAND_RNG_QUASI_SOBOL64 FYERIAEA:

+ dimensions=1

« offset=0

+ ordering= MCRAND_ORDERING_QUASI_DEFAULT
rng_type = MCRAND_RNG_QUASI_SCRAMBBLED_SOBOL32 HZERIAE S :
+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT
rng_type = MCRAND_RNG_QUASI_SCRAMBLED_SOBOL64 HIERIAESI:
+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT
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mcrandStatus_t MCRANDAPI mcrandCreateGeneratorHost ( mcrandGenerator t*
—»generator, mcrandRngType_t rng_type )

BIEETAI TN CPU BENLE AL 2R,

8%

generator

o HERRERAVEEET

rng_type

- BRIERERMIRRE

iBEHE

- WMRTENEARTE, NiKE MCRAND_STATUS_ALLOCATION_FAILED

« MR GPU B HIIEI, N&E] MCRAND_STATUS_INITIALIZATION_FAILED
o MR HRAS shSHEIZERARILES, MiR[E MCRAND_STATUS_VERSION_MISMATCH
« MR rng_type BIET, MR[E MCRAND_STATUS_TYPE_ERROR

o MBREMIBIOIEMIN, NiKE] MCRAND_STATUS_SUCCESS

ik

BIE— N BIEEL A rg_type BIEAN CPU BENIE LRSS, FHREHIREIF *generator A,
rng_type N&EEEN:

« MCRAND_RNG_PSEUDO_DEFAULT

« MCRAND_RNG_PSEUDO_XORWOW

« MCRAND_RNG_PSEUDO_MRG32K3A

« MCRAND_RNG_PSEUDO_MTGP32

« MCRAND_RNG_PSEUDO_MT19937

« MCRAND_RNG_PSEUDO_PHILOX4_32_10

« MCRAND_RNG_QUASI_DEFAULT

« MCRAND_RNG_QUASI_SOBOL32

%  rng_type A  MCRAND_RNG_PSEUDO_DEFAULT  BY, ® OB OB X B R
MCRAND_RNG_PSEUDO_XORWOW, = rng_type 73 MCRAND_RNG_QUASI_DEFAULT BY, & #
HYZEEY 73 MCRAND_RNG_QUASI_SOBOL32,

rng_type = MCRAND_RNG_PSEUDO_XORWOW BIZRAER
« seed=0

. offset=0

- ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_MRG32K3A HIZRIAE S :
« seed=0

« offset=0

« ordering = MCRAND_ORDERING_PSEUDO_DEFAULT
rng_type = MCRAND_RNG_PSEUDO_MTGP32 KIZRIAER:
« seed=0

« offset=0
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+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT

rng_type = MCRAND_RNG_PSEUDO_MT19937 BIEKIAE S :

+ seed=0

« offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT

rng_type = MCRAND_RNG_PSEUDO_PHILOX4_32_10 BIERIAES:
+ seed=0

« offset=0

+ ordering = MCRAND_ORDERING_PSEUDO_DEFAULT

rng_type = MCRAND_RNG_QUASI_SOBOL32 HIERIAES:

+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT

rng_type = MCRAND_RNG_QUASI_SOBOL64 FIZRIAES:

+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT

rng_type = MCRAND_RNG_QUASI_SCRAMBLED_SOBOL32 BIZAERN:
+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT

rng_type = MCRAND_RNG_QUASI_SCRAMBLED_SOBOL64 HIZRIAE R
+ dimensions=1

« offset=0

+ ordering = MCRAND_ORDERING_QUASI_DEFAULT

mcrandStatus_t MCRANDAPI mcrandCreatePoissonDistribution ( double lambda,
wmcrandDiscreteDistribution t* discrete distribution )

AFERE LN A Kl =Wl Sk €2 8

s

lambda

- JB¥25%5RY lambda

discrete_distribution

- EMEEREFEFESERE

A

« MREEDECANTFE, MiR[E MCRAND_STATUS_ALLOCATION_FAILED

« 1R GPU RZIFIUEEF =2, MR[E] MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED
« MR GPU KB AR, MiR[E] MCRAND_STATUS_INITIALIZATION_FAILED

« YNR5ITEEE I null, MIRE MCRAND_STATUS_NOT_INITIALIZED

- MRFSFINAZBEHFEESIR, Nik[E] MCRAND_STATUS_PREEXISTING_FAILURE
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« 18 lambda FEIEZATF 400,000, MiR[E] MCRAND_STATUS_OUT_OF_RANGE

« NREHFEERMTI, MiR[E MCRAND_STATUS_SUCCESS

fiik

giﬁiﬂ*ﬂﬁﬁﬂ@ﬁﬁ%ﬂﬁ, lambda B9{EH lambda. %R lambda AF 2000, NEREMIESSD

mcrandStatus_t MCRANDAPI mcrandDestroyDistribution (
—mcrandDiscreteDistribution_t discrete_distribution )
HEBEHOE BIIamRsH) NEHERE,

%

discrete_distribution

- FEMEMEE S ERIRERFRIE

B[EE

. MNRERIBAREIE, MiR[E] MCRAND_STATUS_NOT_INITIALIZED

- NMREHEHESMTY, MiR[E MCRAND_STATUS_SUCCESS

iR

428 B mcrandCreatePoissonDistribution SIEM B FRIVE 75 EI#R A,

mcrandStatus_t MCRANDAPI mcrandDestroyGenerator ( mcrandGenerator t
—.generator )

HE— M INEERZS,

88

generator

o FFIHERAVAE PR 2R

EEE

o MNREMZIREIE, MiR[E] MCRAND_STATUS_NOT_INITIALIZED
- WRBEHEHEKMIN, MiRE] MCRAND_STATUS_SUCCESS

1303

HRIE LS HRRRSES ERSHEXBRE R,

mcrandStatus_t MCRANDAPI mcrandGenerate ( mcrandGenerator_ t generator,
—unsigned int* outputPtr, size t num )

E Ak 32 (I fARENERESUEREHLER,
s

generator

- AITRABEREE

outputPtr

- FEMIREAFRIES, BTEME MXMACA £VER, EBAIVRFNET, BFEECPUE
D7 RERES

num
o AT 32 fIBENLERY R
E[EE
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- MREESEAE, MRE MCRAND_STATUS_ALLOCATION_FAILED

o« NRAERIZFKAEIE, NiRE MCRAND_STATUS_NOT_INITIALIZED

« NRICHINAIZBNFEEIR, NR[E MCRAND_STATUS_PREEXISTING_FAILURE

« IRFMESFRNHER2ERVELREE, NiRE MCRAND_STATUS_LENGTH_NOT_MULTIPLE
- MEARAZEEMREEBsNAEK, NikE] MCRAND_STATUS_LAUNCH_FAILURE

- MREMIZE 64 MBVERVIERSS (R 64 ARV A RKESM mcrandGenerateLonglLong()) , N
iR[6] MCRAND_STATUS_TYPE_ERROR

« WNRAMTHAERL, MR[E MCRAND_STATUS_SUCCESS

1303

/8 generator 7£ outputPtr BUIRERERER num 1 32 [UFENIE. REREVNETNLSEHN, H
BRBAUBRHFIELER. BERER mcrandSetStream() IRBHIRSTERH, MREHIRER, WAS

32
/o
HRZE 32 E, B—(U#BEPENIAEY,

mcrandStatus_t MCRANDAPI mcrandGenerateLogNormal ( mcrandGenerator_t
-»generator, float* outputPtr, size_t n, float mean, float stddev )

EMXTHES DT R
%

generator

- FIARRVE 2R

outputPtr

. ﬁgiﬁ%ﬂﬁﬁ@?‘éﬁ, BT MXMACA £ERIER, EERENRNEFET, BTFEMECPUE
SEEES

n

- BERBERENEK

mean

« ESDRIYE

stddev

« ESHIIREE

iBEHE

- MNRFTESEAE, MR[E MCRAND_STATUS_ALLOCATION_FAILED

o WNR4EMIIAROIE, NiKE MCRAND_STATUS_NOT_INITIALIZED

« NRERBRIZBHIEETEIR, NiR[E MCRAND_STATUS_PREEXISTING_FAILURE
- MEAZEEMREERBsNEMK, NikE MCRAND_STATUS_LAUNCH_FAILURE

MR BHEEINYHEAREMNERNEHRXATEZNENEXSF 2 WEH, WiRE
MCRAND_STATUS_LENGTH_NOT_MULTIPLE

o WNRMIHAER, MR[E] MCRAND_STATUS_SUCCESS

R

fEF generator ¥ n NMERBLERERIISEAERN outputPtr I8, RENEFEHRIETI 2B, H
BREBAUBMFIELER, Boh2A mcrandSetStream() iI§BRRTEHRMN, MNMEREHIEER, AT
25

Wito

HRE N2 MFRE, HFHEN mean, TREREN stddev,
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BE, AR ERZEM Box-Muller THKAERMIESDHRILER, FILEXR n AEH. HEREVER
BEATERMDHREKRIFELS, ERNESHHERSZIRANBES Do

&£ A mcrandCreateGenerator() Sl EERY £ R 287 GPU L B4 R 5 A mcrandCreateGenera-
torHost() BIEZBAEMSITE CPU LitEMNERZ B 2B RHHNNEESR. XEEREHTBHKE
HHRERMERIEMM, I, KEKARZSH MCRAND RIRESEAEHhRZSHY MXMACA math F, EFR
[ElAR4<HY MCRAND mJgE =44 HBEE RREIHEE.

mcrandStatus_t MCRANDAPI mcrandGenerateLogNormalDouble ( mcrandGenerator_t
-»generator, double* outputPtr, size_t n, double mean, double stddev )

ERITHES D HRIEEF =
3

generator

- AIARBVEREE

outputPtr

- EEEIRERFVET, BTEE MXMACA £RRIBENER, SERBENREFNET, BTF&E4#ECPU
R BYRENER

n

- BERINEEF SN

mean

« ESDTHITE

stddev

« EBRDHIIREE

iBEHE

- MNBFTESEAE, NR[E MCRAND_STATUS_ALLOCATION_FAILED

o WNR4EMAZARLIE, NiKE MCRAND_STATUS_NOT_INITIALIZED

o NRERBIRIZBEHIEETEIR, NiR[E MCRAND_STATUS_PREEXISTING_FAILURE
- MEAZEEMREERBsNEK, NikE] MCRAND_STATUS_LAUNCH_FAILURE

C-MRBHEFEINYEAREBNEBNERXATEZNENEXSF 2 WEH WiRE
MCRAND_STATUS_LENGTH_NOT_MULTIPLE

« MR GPU AZHXNFEEZ =21, N5R[E MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED

« WNERAINERL, M&R[E] MCRAND_STATUS_SUCCESS

iR

5/ generator & n NFRHMERERTIGENFN outputPtr iIE. REARNFHAEMLIEH, H
Eiﬁlgkuﬁéﬁﬁﬁ%%o BEIE A mcrandSetStream() IRBRITRTEREY, MNREGHIRER, WAS
Albo

SERE 64 (FRE, HFEWEN mean, FRERES stddev,

BE, ERMMENEERM R Box-Muller THRERIESDHBIER, FLER n HEK. ERIER
BEATRMDHRECKRIFELS,. ERNESHHERSFIRANBES Do

&£ F§ mcrandCreateGenerator() BI 2 4 28 1E GPU L E B4R 51 A mcrandCreateGenera-
torHost() BIZMERMEIE CPU LITEMNERZEIF RSB ERNBEER. XEEREHTEHEL
HEERNEREMRD, I, RKFHRZASHE MCRAND TIgEFE R E MARAHI MXMACA math F, FEILtR
[EIARASHY MCRAND mIaE= 44 KRB REINEIE.,

mcrandStatus_t MCRANDAPI mcrandGeneratelongLong ( mcrandGenerator_ t
—»generator, unsigned long long* outputPtr, size t num )
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4 pY 64 (URY AR AL
%

generator

. ATABVER R
outputPtr

. gﬁiﬁ%ﬂﬁﬂ%‘éﬁ, BT & MXMACA ERRIER, EERENRNEFE, BTEFMECPUE
ERS

num

- BERBIKEY 64 MBI ML

BEE

o WNR4EMIIAROIE, NiKE MCRAND_STATUS_NOT_INITIALIZED

- MRLRIARIZBETEEEIR, NiKE] MCRAND_STATUS_PREEXISTING_FAILURE

- MRFHERNBERSEMNAELEE, NRE MCRAND_STATUS_LENGTH_NOT_MULTIPLE
« NBRAZRAEMEEBEHRY, MiR[E MCRAND_STATUS_LAUNCH_FAILURE

« INRERLBRE 64 AIRVERHEMSS, NRE MCRAND_STATUS_TYPE_ERROR

o MRMINER, NiKE] MCRAND_STATUS_SUCCESS

3%

/8 generator 7E outputPtr BUIRERERERR num 1 64 IHER, BREREVAETNLSEH, H
Eiﬁlgkuﬁéﬁﬁﬁ?%o BohEEH mcrandSetStream() IEERIRTERD, NREEIKER, WAT

o
ZERE 64 1H, 8MUEEFEN.

mcrandStatus_t MCRANDAPI mcrandGenerateNormal ( mcrandGenerator_t
—generator, float* outputPtr, size_ t n, float mean, float stddev )

EMIESHRITBREE T = 2o
&8

generator

- FIARBVEREE

outputPtr

. ﬁ?iﬁ%lﬂﬁ-ﬁ@?‘é% , AT EE MXMACA £ERBIER, HEEMENAFIEST, BTEMECPULE
SEES

n

« BERBE SN

mean

o ESHHITEIIE

stddev

« ESDIIREE

iBEHE

. MBTLENEAE, MRE MCRAND_STATUS_ALLOCATION_FAILED

o WNR4EMAZAROIE, NikE MCRAND_STATUS_NOT_INITIALIZED

. MNBERIMRIZBETEESEIR, NRE] MCRAND_STATUS_PREEXISTING_FAILURE
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- NRAZAEMEEBEHRY, NRE MCRAND_STATUS_LAUNCH_FAILURE

cMRBEBFANBEARTERNERNERIAZ2NENERSFN 2 AUELR, WEE
MCRAND_STATUS_LENGTH_NOT_MULTIPLE

o WNRALINERL, MiR[E] MCRAND_STATUS_SUCCESS

R

5/ generator & n MERMERERTNISENFN outputPtr LB, HEANFHAEMLSEH, H
BREBAUBMFIELER, B2 A mcrandSetStream() iI§BRRTEHM, MREHIEER, MAE
JZs

/Lo

FEAEE 32 F =18, HFIYEN mean, FEREN stddev,

BE, ERRENERERMZEMN Box-Muller TKAEMIESDHRIER, FULEXR n BB HERENER
28 AL R D 1R ECRRITHELL,

£ A mcrandCreateGenerator() BRI £ R 287 GPU £ B4 R 5 B mcrandCreateGenera-
torHost() BIZHIERESTE CPU LItEMNERZEIN s ERRHNBEER. XEEREHTBHE L
HEERMEREMM, I, REARZASHI MCRAND RIRESEAE HhRZSHI MXMACA math F, EIEFR
EIARA<HY MCRAND mJgE =44 HBR B R RIFEE,

mcrandStatus_t MCRANDAPI mcrandGenerateNormalDouble ( mcrandGenerator_ t
—sgenerator, double* outputPtr, size_ t n, double mean, double stddev )

EHIESHRIBNEE T = 2o
%

generator

- AITRBVEREE

outputPtr

. ﬁgiﬁ%ﬂﬁﬁ@?‘éﬁ, BT =i MXMACA ERBIER, ERRENRNEFES, BTEMECPULE
VLR

n

- BERBNIEEZ SN

mean

- ESDHITIE

stddev

o ESDIIREE

iBEHE

- MNRTESEARTE, MR[E MCRAND_STATUS_ALLOCATION_FAILED

o WNR4EMIBIAROIE, NiRE MCRAND_STATUS_NOT_INITIALIZED

. MNBERRIZBEITEEEIR, N&E MCRAND_STATUS_PREEXISTING_FAILURE
- MEAZEEMREEBNEK, NiKE MCRAND_STATUS_LAUNCH_FAILURE

-MRBERIHNBEFAZERNEBNEHAX A HENERSEN 2 WEKR WEE
MCRAND_STATUS_LENGTH_NOT_MULTIPLE

« YNR GPU RZHIUWEEF = E, MRE MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED
o« SNRALTHERY, MiR[E MCRAND_STATUS_SUCCESS
- P
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£/ generator 3§ n MERERERIIKEWFD outputPtr (LB, IREAREFEHAEINA S, FH
BEBAUBSHIELE R, BEh2EA mcrandSetStream() IR BRI RTTHRB, WMREHIEER, WHE

o
BENEURE 64 (WF B, HTIIEN mean, tREREN stddevo

B, ERRMENEERMZEH Box-Muller THRERESDHBHER, EER n HEK. ERENER
2EAYE RN HREHRRIFHELL,

£ A mcrandCreateGenerator() Sl 2RV £ R 287 GPU £ B4 R 5 B mcrandCreateGenera-
torHost() BIZMERMEITE CPU LItEMERZEITESERERNBMEER., XLEEREHTBHEL
HHRERMNEREMM, I, KREKARZSH MCRAND RIRE=EAEHhRZSHY MXMACA math F, EFR
[ElhR4<HY MCRAND mJgE =44 HBEE RRINEE.

mcrandStatus_t MCRANDAPI mcrandGeneratePoisson ( mcrandGenerator_t
-.generator, unsigned int* outputPtr, size t n, double lambda )

ERGAM D TR S BRI,
% {

generator

- ATRBVEREE

outputPtr

- FEMIREAFRIES, BTEME MXMACA £VER, EBRAIVRFNET, BFEHECPUE
FYBVZER

n

- BERNTRSEREHAK

lambda

« A9 7REY lambda

iBEHE

s WMRTENERTE, NiRE MCRAND_STATUS_ALLOCATION_FAILED

o WNREMIBIAROIE, NiRE MCRAND_STATUS_NOT_INITIALIZED

- MNBERTRIZBEITEEEIR, NRE MCRAND_STATUS_PREEXISTING_FAILURE

- MEAZEEMREEBNEK, NikE MCRAND_STATUS_LAUNCH_FAILURE

« IRFMEERNHRER2ERVELRBEE, NiRE MCRAND_STATUS_LENGTH_NOT_MULTIPLE
o W GPU 8} sm R #FIWHEEF =%k, Nik[E] MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED
« W lambda FEIEKATF 400,000, MR[E MCRAND_STATUS_OUT_OF_RANGE

o MERMINER, MiRE] MCRAND_STATUS_SUCCESS

3% 3

£/ generator 1% outputPtr IREREFERLER n MERFSERER., RENFHAEMADER, H
B RRBAUBRHFIELER. BEl2FA mcrandSetStream() IRBEHREMA, MEEZEIEER, N

R
ZERZAMDHH 32 UETFSEERE, €A lambda Fixz,

mcrandStatus_t MCRANDAPI mcrandGenerateSeeds ( mcrandGenerator_t generator

=)

RERBIRES,
%

generator
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- EEMBIERES

iBEHE

- WMRTENEARTE, NiKE MCRAND_STATUS_ALLOCATION_FAILED

« WNR4EMABIAROIE, NikE MCRAND_STATUS_NOT_INITIALIZED

.« MNBERRIZBETEESEIR, NRE] MCRAND_STATUS_PREEXISTING_FAILURE

- MEAZEEMREEBNEMK, NiRE MCRAND_STATUS_LAUNCH_FAILURE

o MNRMHFRHINER, MiR[E MCRAND_STATUS_SUCCESS

ik

ERERSBNBIIRES. ZRHEALEREEEIAA, W mcrandGenerate() 1 mcrandGenerateUni-
form() HFMHEEMXHBR, wJUFEhiEA TR BEIRIRSE AR AIET [EIFIFEN E 4 BRI AT IE,

mcrandStatus_t MCRANDAPI mcrandGenerateUniform ( mcrandGenerator_ t
—~generator, float* outputPtr, size_t num )

£ D TRTE R
%

generator

o PTARERKER
outputPtr

. ﬁgiﬁ%ﬂﬁﬂ@?‘a% , AT FE MXMACA £ERBER, HEEMENAFHIEST, BTEMECPUE
V&E

num

« BERBESRBANE

iBEHE

. MBTLENEAE, MRE MCRAND_STATUS_ALLOCATION_FAILED

o WNR4EMIIAROIE, NiRE MCRAND_STATUS_NOT_INITIALIZED

- MBERIMRIZBETEESEIR, N&E] MCRAND_STATUS_PREEXISTING_FAILURE

- NBRRZEEMHRRERBENEK, MiR[E MCRAND_STATUS_LAUNCH_FAILURE

« IRFMHERNHERZEMILELREE, NRE MCRAND_STATUS_LENGTH_NOT_MULTIPLE
« WNERMINAERL, MR[E MCRAND_STATUS_SUCCESS

3%

58 generator 7£ outputPtr BYI&ERERERR num NMERBLER, IEEREFELAETLH RN, HE
RBBAUBHEIELER, BaI2FH mcrandSetStream() IRBRIRTTHAY, NREHIRETR, WA
LZRENT 0.0f # 1.0f Z &89 32 iZ = fE, &3E 1.0f BFR&HE 0.0f,

mcrandStatus_t MCRANDAPI mcrandGenerateUniformDouble ( mcrandGenerator_t
-.generator, double* outputPtr, size_t num )

ERIII DI EF =¥
%

generator

- AIARBVEREE

outputPtr
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. ﬁgiﬁ%ﬂﬁﬂ’ﬂ%ﬁ, BT =i MXMACA ERRIER, EERENRNEFET, BTFEMECPULE
SEEES

num

- BERBNIEEZ SN

iBEHE

« NRTESEAE, MR[E MCRAND_STATUS_ALLOCATION_FAILED

o« WNRARLEEFKAIEE, MIRE MCRAND_STATUS_NOT_INITIALIZED

- NRERBRIZBEHIEETEIR, NiR[E MCRAND_STATUS_PREEXISTING_FAILURE

- MEARAZEEMREERBsNEMK, NikE MCRAND_STATUS_LAUNCH_FAILURE

- MRBMERRNBER2ERMNELAIEE, MR[E MCRAND_STATUS_LENGTH_NOT_MULTIPLE
« 1R GPU AZHFIHEEZ =51, Mik[E] MCRAND_STATUS_DOUBLE_PRECISION_REQUIRED

« MERRINAERL, MiRE] MCRAND_STATUS_SUCCESS

3%

8 generator 7£ outputPtr BUIEEREHRER num N IEEZRBNER, EENEFHAETNT 7 E
B, HEEBAUBHFIEER, BEIEEA mcrandSetStream() IR BRIRTTRE, RZEIZER,

A==

HZRZENT 0.0 1.0 ZiERY 64 (INEEZRE, B 1.0 EFEHE0.0

mcrandStatus_t MCRANDAPI mcrandGetDirectionVectors32 (
—mcrandDirectionVectors32_ t* vectors, mcrandDirectionVectorSet_t set )
RIS T AR 32 AR BN S REE,

&%

vectors

- REGAEERETHIE

set

- —AERANSTERE

EE{E

o MNREENE ST, MRE] MCRAND_STATUS_OUT_OF_RANGE

« NRIBFIKE KN, MiR[E] MCRAND_STATUS_SUCCESS

iR

REGER A BT ERIER S BRI ERANEH. VISR RSIBENREFFNERBEHE,
BHARSS M EENRE, SMER 32 THE, 8MRMNRENE— M LHSEE,

set WETEEN:

« MCRAND_DIRECTION_VECTORS_32_JOEKUOG6 (20000 )

« MCRAND_SCRAMBLED_DIRECTION_VECTORS_32_JOEKUOG6 (20000 £F)

mcrandStatus_t MCRANDAPI mcrandGetDirectionVectors64 (
—mcrandDirectionVectors64_t* vectors, mcrandDirectionVectorSet_t set )

RIFATER 64 (WERNBN A RRE.
%

vectors

- R[E 5 REEE it
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set

- —HHEANFERE

iBElE

« MNRIEFMES T, NR[E MCRAND_STATUS_OUT_OF_RANGE

- MRIEHIREMIN, NR[E MCRAND_STATUS_SUCCESS

fiik

FREXIE M AT B TR AE R S MR EEARIIEH . FEN SR IS | BENAEFERN S BRELH,
ZEABEEZMMENAE, SMES 64 THE. SMERNEEHE— DL/ S WKEE,
set WEEEN:

« MCRAND_DIRECTION_VECTORS_64_JOEKUO6 (20000 ££ES)

« MCRAND_SCRAMBLED_DIRECTION_VECTORS_64_JOEKUO6 (20000 4:E)

mcrandStatus_t MCRANDAPI mcrandGetProperty ( libraryPropertyType type,
—~int* value )

iR[E] mcrand BIEBYE,

%

type

« MXMACA B4

value

- ERBBEMERESE

A

- NRBEHESKINRE, MikE MCRAND_STATUS_SUCCESS

« MMRFEEIRFIBMEZEES!, MR[E MCRAND_STATUS_OUT_OF_RANGE

iR

7£ value HIREIHhAHEER MCRAND FERYZEEUERME T,

mcrandStatus_t MCRANDAPI mcrandGetScrambleConstants32 ( unsigned int#**
—constants )

RBY 32 {ii Scrambled Sobol %89 Scramble &

%

constants

« iR[E] Scramble E#kHIFg et

B[EE

WRIBFIZEMT, MiR[E] MCRAND_STATUS_SUCCESS

R

SRENFE R B A FE RUERENL 8 Scramble B EUEARIEST. FRIGEINIEHRSIBUTENAEFRNT

TS ERA,

BHABSS I EENEE, SMERE—TENSRBRERE,

mcrandStatus_t MCRANDAPI mcrandGetScrambleConstants64 ( unsigned long
—~long** constants )
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¥X18 64 {iI Scrambled Sobol F%I8Y Scramble %K,
&%

constants

« JR[B] Scramble E#AVEFT it

iB[EHE

WRBFHZEMTN, MiR[E] MCRAND_STATUS_SUCCESS
fiik

IRENFE R B A T AUEREN XY Scramble H R EAARYIE . FRIGEINIESHIRS I BT ENAEFRNT
TS WKERIA,

ZHAES ST EENEE. SMMEHE—ITTASUKEEES,

mcrandStatus_t MCRANDAPI mcrandGetVersion ( int* version )

REENRAS S,

8%

version

« MCRAND k4 S

iBElE

NRhRASAINRE], MiRE MCRAND_STATUS_SUCCESS

ik

7£ *version HIREIzh A 1A mcRAND FEERIhR A S . 18T 5 MXMACA Runtime 7 #J MACART_VERSION
R, M—ZIFMEIER S MXMACA Runtime ArZ<+8[EAY MCRAND hits,

mcrandStatus_t MCRANDAPI mcrandSetGeneratorOffset ( mcrandGenerator t
-~generator, unsigned long long offset )

R B IREN EE RN $ Rl 2RV X RIS &,

&%

generator

o FHECRAVAE AR

offset

. BRI AE

iB[EHE

o WNREEIREIE, MiR[E] MCRAND_STATUS_NOT_INITIALIZED
- NMREBRBIEEIGEMIN, MiRE MCRAND_STATUS_SUCCESS
fiaik

R B AREN EE RN $ R 2RV X RIS &,

FraR offset B EENH, RIBMUEZLXNH, MARENFEIIPHNHFILE,

mcrandStatus_t MCRANDAPI mcrandSetGeneratorOrdering ( mcrandGenerator_t
—~generator, mcrandOrdering_t order )

R EREN R EUERE B E B 2S RIREN B T
%

generator
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. FHERBIERLER

order

- ERIHE

iBEE

o« NRAERLIZFKEIEE, MIRE MCRAND_STATUS_NOT_INITIALIZED
- MBHFETRL, MiRE MCRAND_STATUS_OUT_OF_RANGE

« NRELBINFIZERLN, MiR[E MCRAND_STATUS_SUCCESS
ik

R E NN S EREN S E R B E R A S o

TRBBH S E R B & EHEFE A

« MCRAND_ORDERING_PSEUDO_DEFAULT

« MCRAND_ORDERING_PSEUDO_BEST

« MCRAND_ORDERING_PSEUDO_SEEDED

« MCRAND_ORDERING_PSEUDO_LEGACY
ERNBER BN S AR EN:

« MCRAND_ORDERING_QUASI_DEFAULT

mcrandStatus_t MCRANDAPI mcrandSetPseudoRandomGeneratorSeed (
—mcrandGenerator_t generator, unsigned long long seed )

R E RN EE R ZENMFE,

8%

generator

o FHECRRYAE PSR

seed

- TFE

iBEE

o WIRERLZEAREIZE, NMIR[E] MCRAND_STATUS_NOT_INITIALIZED

« MEHFFLK, MiRE MCRAND_STATUS_OUT_OF_RANGE

« MREMEEINFIZEMTN, Nik[E] MCRAND_STATUS_SUCCESS

ik

RENMENHRERSENTFE, FIENHFEREENN. FRNMHFR=ERENFEY . RRNMHF
ZEFFAEERITHEXY, EXELEMHFUNEEERNEERITHEXENES,

mcrandStatus_t MCRANDAPI mcrandSetQuasiRandomGeneratorDimensions (
—mcrandGenerator_t generator, unsigned int num dimensions )

REHEEHE,
8%

generator

o FHECRRVA PR
num_dimensions

- HEWE
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iBEHE

o« NRAERLIZFKEIEE, NRE MCRAND_STATUS_NOT_INITIALIZED

« 318 num_dimensions T34, Mi&[E] MCRAND_STATUS_OUT_OF_RANGE
« MNREMBAEERENIER2S, NR[E MCRAND_STATUS_TYPE_ERROR
- MBEMBIRFIREMN, MCRAND_STATUS_SUCCESS

3% 3

R B RN E RS E RV B E,

&7 num_dimensions &7 1 ~ 20000,

mcrandStatus_t MCRANDAPI mcrandSetStream ( mcrandGenerator_ t generator,
—mcStream t stream )

79 MCRAND R#Z/Eohi% & SRl

8

generator

o FHECRRYAE PR ER

stream

- EFANBIER, TEIRARNA NULL

iBEHE

« MNRERMEIKREE, MiR[E] MCRAND_STATUS_NOT_INITIALIZED
« MNRMZEMTT, MiRE] MCRAND_STATUS_SUCCESS

fiik

79 MCRAND RZ/Eohi% B SRl #iER. TEMKEZAI, PIEEREERSFERIZEER.

4.2 iZ& API

4.2.1 R =iE

P& %08 mcrand_detail

4.2.2 HETIER

_ _device__ unsigned int mcrand ( mcrandStateMtgp32_t* state )

M mtgp32 A pkas Fak(E] 32 IR HRENER.

__device_ unsigned long long mcrand ( mcrandStateScrambledSobol64_t*
—.state )

M Scrambled Sobol64 4 k28R [E] 64 (IR ERENER,

__device  unsigned long long mcrand ( mcrandStateSobol64_t* state )

M Sobol64 4= pl a8 FiR[E] 64 /AR
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__device_ unsigned int mcrand ( mcrandStateScrambledSobol32_t* state )

M Scrambled Sobol32 4 pE2§HiR[E] 32 (IR /ERENTER,

_ _device_ unsigned int mcrand ( mcrandStateSobol32_t* state )

M Sobol32 4 pl 28 HR[E] 32 i Y AEREN 2K

_ _device_ unsigned int mcrand ( mcrandStateMRG32k3a_t* state )

M MRG32k3a 28R [E] 32 I AREHLER.

__device__ unsigned int mcrand ( mcrandStatePhilox4_ 32 _10_t* state )

M Philox4_32_10 & 28R [E] 32 I RIPIREHEK.

_ _device__ unsigned int mcrand ( mcrandStateXORWOW_t* state )

M XORWOW “ pasi (A 32 A {REN .

__device _ uint4 mcrand4 ( mcrandStatePhilox4 32 10_t* state )

M Philox4_32_10 £ s EI—ME S04 32 (I {AREHIERRITA.

__host__ forceinline mcrandStatus_t mcrandMakeMTGP32Constants ( const
—mtgp32_params_fast_t params[], mtgp32_kernel params_t* p )

RE mtgp32 £ ERNEHRESH

__host__ forceinline  mcrandStatus_t MCRANDAPI
—mcrandMakeMTGP32KernelState ( mcrandStateMtgp32_t* g, mtgp32_params_fast_
-t params[], mtgp32_kernel_params_t* k, int n, unsigned long long seed )

RE mtgp32 RIS

_ _device_  void mcrand init ( mcrandDirectionVectors64_t direction_vectors,
<> unsigned long long scramble c, unsigned long long offset,
—mcrandStateScrambledSobol64_t* state )

#ta1Y Scrambled Sobol64 4 L EEAVIRES

__device  void mcrand init ( mcrandDirectionVectors64_t direction vectors,
<> unsigned long long offset, mcrandStateSobol64_t* state )

#1881k Sobol64 & R 2RHVIRES

__device_ void mcrand init ( mcrandDirectionVectors32_t direction_vectors,
<> unsigned int scramble ¢, unsigned int offset,
—mcrandStateScrambledSobol32_t* state )

#0441k Scrambled Sobol32 £ EBHRES

__device  void mcrand init ( mcrandDirectionVectors32_ t direction vectors,
<> unsigned int offset, mcrandStateSobol32_t* state )

#41E Sobol32 AR ERHVIRES

__device  void mcrand_init ( unsigned long long seed, unsigned long long
—subsequence, unsigned long long offset, mcrandStateMRG32k3a_t* state )

#4A1E MRG32k3a £ 2RHIIRTS
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__device_ void mcrand init ( unsigned long long seed, unsigned long long
—»subsequence, unsigned long long offset, mcrandStatePhilox4_32_10_ t*
—state )

%41k Philox4_32_10 £ BHRES

_ device  void mcrand_init ( unsigned long long seed, unsigned long long
—subsequence, unsigned long long offset, mcrandStateXORWOW_t* state )

#8516 XORWOW 4R 28 HIRES

__device_ float mcrand_log normal ( mcrandStateScrambledSobol64_t* state,
—~float mean, float stddev )

M Scrambled Sobol64 4 E 28R E]— MY EIE S 2 AT = 3K

_ _device_ float mcrand_log normal ( mcrandStateSobol64_t* state, float
—mean, float stddev )

M Sobol64 4 pE 28R [E— M ER S HHZ S5

__device__ float mcrand_log normal ( mecrandStateScrambledSobol32_t* state,
—~float mean, float stddev )

M Scrambled Sobol32 £ 28R El— NI ERIES 2 HIE =36

__device_ float mcrand log normal ( mcrandStateSobol32_ t* state, float
—mean, float stddev )

}‘A SObOl32 éEEE%g @_/\y-j &Elp\ﬁﬁm /.\\Fyo

_ _device  float mcrand log _normal ( mcrandStateMtgp32_t* state, float
—mean, float stddev )

M MTGP32 &l iR Bl — M EIE R D RV F R 2

__device_  float mcrand_log normal ( mcrandStateMRG32k3a_t* state, float
~mean, float stddev )

M MRG32k3a RS FIRE— M HIES D HHYF R

_ _device_  float mcrand_log normal ( mcrandStatePhilox4_ 32_10_t* state,
—~float mean, float stddev )

M Philox4_32_10 £ 28 HRE— M TERIET D HHF R

_ _device__ float mcrand_log normal ( mcrandStateXORWOW_t* state, float
—.mean, float stddev )

M XORWOW 4 R 28R Bl — M EHUE S 2 HRF = 8

__device_ float2 mcrand_log normal2 ( mcrandStateMRG32k3a_t* state, float
<. mean, float stddev )

M MRG32k3a £ 2RREIR N ESD B ANE = o

_ _device  float2 mcrand_log normal2 ( mcrandStatePhilox4_32_10_t* state,
—~float mean, float stddev )

M Philox4_32_10 £ m2FFRER N ES D HHF R
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__device_ float2 mcrand_log normal2 ( mcrandStateXORWOW_t* state, float
—mean, float stddev )

M XORWOW A pfi 23 iR AN ES D HBYF R K

__device _ double2 mcrand log _normal2_double ( mcrandStateMRG32k3a_ t*
—state, double mean, double stddev )

M MRG32k3a & i 28R E R MY EE S 2D R IEE F = 8

_ _device__ double2 mcrand_log normal2_double ( mcrandStatePhilox4_32_10_t*
-»state, double mean, double stddev )

M Philox4_32_10 & plig8iR B M ERIES DRI EF = o

__device_ double2 mcrand_log normal2_ double ( mcrandStateXORWOW_t* state,
—double mean, double stddev )

M XORWOW “E p 281 Bl NS R IE S 2D R RIUE E 7 F = 5

_ _device  float4 mcrand_log normal4 ( mcrandStatePhilox4_32_10_t* state,
—~float mean, float stddev )

M Philox4_32_10 4 k2R BN ES D HHNE R

__device__ double mcrand_log normal_double ( mcrandStateScrambledSobol64d
—~t* state, double mean, double stddev )

M Scrambled Sobol64 4 % 28R [El— N EES D HBIGEEZ =5

_ _device_ double mcrand_log normal_double ( mcrandStateSobol64_t* state,
—~double mean, double stddev )

M Sobol64 4 23R [E— M TERIE S B RRINUE EF = 2K

__device_  double mcrand_log normal_double ( mcrandStateScrambledSobol32_
—t* state, double mean, double stddev )

M Scrambled Sobol32 4 % 28R [Bl— N XTEIE S D REINGE EZ =5,

_ _device_ double mcrand_log normal_double ( mcrandStateSobol32_t* state,
—double mean, double stddev )

M Sobol32 48R B — NS ERIE RS BRI EF = 5o

__device  double mcrand_ log normal double ( mcrandStateMtgp32_t* state,
—~double mean, double stddev )

M MTGP32 Al 28R [E]— PN FERIES D BRI EF = 8o

__device__ double mcrand_log normal_double ( mcrandStateMRG32k3a_t* state,
—~double mean, double stddev )

M MRG32k3a R 28R E— MR ER DRI E F = Eo

_ _device_ double mcrand_log normal_double ( mcrandStatePhilox4_ 32_10_t*
—.state, double mean, double stddev )

}‘A PhllOX4_32_10 Eﬁi%gig AXTSIKIEILAﬁﬁﬂgyy*ﬁg;gmxéﬂo
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__device_ double mcrand_log normal_double ( mcrandStateXORWOW_t* state,
—~double mean, double stddev )

M XORWOW A 28R Bl — MR IE R D R RIUE E I = 5

_ _device_  float mcrand _mtgp32_single ( mcrandStateMtgp32_t* state )

M mtgp32 E 2R EI— MY D HENE R o

_ _device_ float mcrand_mtgp32_single specific ( mcrandStateMtgp32_t*
-»state, unsigned char index, unsigned char n )

M mtgp32 RS E U ERE—MITDHIF R

__device__ unsigned int mcrand mtgp32_specific ( mcrandStateMtgp32_t*
—state, unsigned char index, unsigned char n )

M mtgp32 AR A E U ER B —1 32 U fhPEN 2K

_ _device  float mcrand_normal ( mcrandStateScrambledSobol64_t* state )

M Scrambled Sobol64 4 {28 iR [El—MNES D RHZE = 3.

_ _device__ float mcrand_normal ( mcrandStateSobol64_t* state )

M Sobol64 4 pig8iR [E— PN EB D HHF =

__device__ float mcrand_normal ( mcrandStateScrambledSobol32_t* state )

M Scrambled Sobol32 £ 28R EI—MNES D HHZF 23,

__device _ float mcrand normal ( mcrandStateSobol32_t* state )

M Sobol32 ZEplgsREl— M ES D HENE R .

_ _device  float mcrand_normal ( mcrandStateMtgp32_t* state )

}‘A MTGP32 Eﬁﬁ%&i&@— lu\ﬁ?ﬁﬂq/?ﬁiyo

__device  float mcrand_normal ( mcrandStateMRG32k3a_t* state )

}‘A MRG32k3a EEE‘Z%%E@_ /u\ﬁ#ﬁa"]&ﬁ—igyo

_ _device_ float mcrand normal ( mcrandStatePhilox4_32_10_t* state )

}‘A Ph|lOX4_32_10 Eﬁﬁ%ﬁi’i@ Ih\ﬁ*ﬁ;gu \3?5(0

_ _device__ float mecrand_normal ( mcrandStateXORWOW_t* state )

}‘A XO RWOW Eﬁﬁ%gifg@_ lu\ﬁﬁ%/# S?&o

__device  float2 mcrand normal2 ( mcrandStateMRG32k3a_t* state )

M MRG32k3a R asR BN ES D HEYE R

__device  float2 mcrand normal2 ( mcrandStatePhilox4 32 10 _t* state )

M Philox4_32_10 £ 28R EIRNMESD HRE R E.

__device  float2 mcrand normal2 ( mcrandStateXORWOW_t* state )
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M XORWOW “E B 28R BN ER D B RE R &

_ _device__ double2 mcrand_normal2_double ( mcrandStateMRG32k3a_ t* state )

M MRG32k3a £ 2R EIR N ES D HHNNNEEF =¥

__device _ double2 mcrand normal2_ double ( mcrandStatePhilox4_32_ 10 t*
-.state )

M Philox4_32_10 22 R EIRMES DRI EF R o

_ _device  double2 mcrand normal2_double ( mcrandStateXORWOW_t* state )

M XORWOW “ p 28 iR B ES D B NHEE T = o

_ _device_ float4 mcrand_normald4d ( mcrandStatePhilox4_32_10_t* state )

M Philox4_32_10 4 k28R [0l 4 NEBDHHE =5,

__device__ double mcrand_normal_double ( mcrandStateScrambledSobol64_t*
-.state )

M Scrambled Sobol64 £ 28R [El—MES D BB EZ =,

__device  double mcrand normal double ( mcrandStateSobol64 t* state )

M Sobol64 £ pERERE— M ES D HRIIEEF R o

__device  double mcrand normal_ double ( mcrandStateScrambledSobol32_t*
—.state )

M Scrambled Sobol32 4 k28R [Bl— N EE D R HINE R = 3

__device__ double mcrand_normal_double ( mcrandStateSobol32_t* state )

M Sobol32 £ 28R El—MNES D HHINEE F R 2o

__device_ double mcrand_normal_double ( mcrandStateMtgp32_t* state )

M MTGP32 gz iR [E—MNES D HEINEEF =Ko

__device  double mcrand normal double ( mcrandStateMRG32k3a_t* state )

M MRG32k3a 28 FiRE— PN ES DB RINEE T = Ho

__device  double mcrand normal_double ( mcrandStatePhilox4 32_10_t* state

~)

M Philox4_32_10 £ 28R E— PN ES D G E T = o

_ _device__ double mcrand_normal_double ( mcrandStateXORWOW_t* state )

M XORWOW i gs iR [E— P ES DR REEZ R

__device__ unsigned int mcrand poisson ( mcrandStateScrambledSobol64_t*
-»state, double 1lambda )

M Scrambled Sobol64 %R FiRE— AR DRI TR S B,

_ _device_ unsigned int mcrand poisson ( mcrandStateSobol64_t* state,
—~double lambda )
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M Sobol64 & pi 28 iR [E—MEMR D B TR S B,

__device__ unsigned int mcrand poisson ( mcrandStateScrambledSobol32_t*
-»state, double lambda )

M Scrambled Sobol32 £ 28R EI—NAM D TR TRT S B,

__device_ unsigned int mcrand poisson ( mcrandStateSobol32_t* state,
—~double 1lambda )

M Sobol32 23 iR E—MEMR D BT S B,

_ device  unsigned int mcrand poisson ( mcrandStateMtgp32_t* state,
—~double lambda )

M MTGP32 i gg iR [E—MEM D HHERT S B,

__device__ unsigned int mcrand poisson ( mcrandStateMRG32k3a_t* state,
—double lambda )

M MRG32k3A £ fiZz iR El— MM D IR S 2.

_ _device_ unsigned int mcrand poisson ( mcrandStatePhilox4_32_10_t* state,

<. double 1lambda )

M Philox4_32_10 £ 28R E—MEM D BT SEH.

_ _device__ unsigned int mcrand poisson ( mcrandStateXORWOW_t* state,
—~double lambda )

M XORWOW “E 23 iR [E— AR D R TR S B,

__device_ uint4 mecrand_poisson4 ( mcrandStatePhilox4_ 32_10_t* state,
—double lambda )

M Philox4_32_10 &g 239:R BN AR SRRV TTRT = B4,
__device_ float mcrand uniform ( mcrandStateScrambledSobol64_t* state )

M Scrambled Sobol64 4 pE 28R [E]— MY 2 R EYE = 5.

__device__ float mcrand uniform ( mcrandStateSobol64_t* state )

M Sobol64 a2z iR [E— MY D HHF R Ko

_ _device_ float mcrand_ uniform ( mcrandStateScrambledSobol32_t* state )

M Scrambled Sobol32 4 28HiR [E]— MY 2 THEYE = E.

__device  float mcrand uniform ( mcrandStateSobol32_t* state )

M Sobol32 gz iR [E— MY D HHF R Ko

_ _device  float mcrand_uniform ( mcrandStateMtgp32_t* state )

M MTGP32 g3 iR [E— MY D HBF R o

_ _device_ float mcrand_uniform ( mcrandStatePhilox4_ 32 10_t* state )

M Philox4_32_10 g3 iR [E— MY D HBF R Ko
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__device  float mcrand uniform ( mcrandStateMRG32k3a_t* state )

M MRG32k3a e FiRE— MY D HBFE R

__device  float mcrand_uniform ( mcrandStateXORWOW_t* state )

M XORWOW £ pfi 23 iR [E—MIH D HHF R o

_ _device  double2 mcrand uniform2_double ( mcrandStatePhilox4 32_10_t*
—.state )

M Philox4_32_10 £ 28R EI—1MIS D HITH, ERFEEHINNEEZR.
__device  float4 mcrand uniform4 ( mcrandStatePhilox4 32 10 _t* state )
M Philox4_32_10 £ 28R EI—MIT D HHITE, BE0ENERE.

__device  double mcrand uniform double ( mcrandStateScrambledSobol64 t*
—.state )

M Scrambled Sobol64 4 pf 28R [E]— MY 2 RS EZ = 3K

_ _device  double mcrand uniform double ( mcrandStateSobol64_t* state )

M Sobol64 4 pl 28 FiREl—MIS 3B E F = ¥

_ _device_ double mcrand_uniform double ( mcrandStateScrambledSobol32_t*
—.state )

M Scrambled Sobol32 & pf28HiR [E]— MY 2 THEIKEE I = EK

__device _ double mcrand uniform double ( mcrandStateSobol32_ t* state )

M Sobol32 gz iR [E— MY DRI VEEF =Ko

__device  double mcrand uniform double ( mcrandStatePhilox4_ 32 10 t*
—.state )

M Philox4_32_10 & 23R E— MY R HEHNEEZ =

_ _device_ double mcrand_uniform double ( mcrandStateMtgp32_t* state )
M MTGP32 £ 28R EI— MY D HRIEE Z =

__device  double mcrand uniform double ( mcrandStateMRG32k3a_t* state )

M MRG32k3a £ FiRE— MY DRI EFE R o

__device  double mcrand uniform double ( mcrandStateXORWOW_t* state )

M XORWOW “E a2 iR [E— Y8 DB HE EF R 5o

template < typename T >
_ _device_ MCRAND_STD::enable if < MCRAND_STD::is_same &lt;
—mcrandStateSobol64_t* > ::type skipahead ( unsigned long long n, T state

~)

B3 Sobol64 £ M ERFVRE BT n P&,
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template < typename T >
__device _ MCRAND_STD::enable if < MCRAND_STD::is_same &lt;
—mcrandStateSobol32_t* > ::type skipahead ( unsigned int n, T state )

E#7 Sobol32 A 2SR UBLE n oo

_ _device_ void skipahead ( unsigned long long n, mcrandStateMRG32k3a_t*
-.state )

ST MRG32k3a A a8 BPIRS LB n PrTEo

__device__ void skipahead ( unsigned long long n, mcrandStatePhilox4_32_10__
—~t* state )

S Philox4_32_10 £ 830K LUBGE n P&

_ _device_ void skipahead ( unsigned long long n, mcrandStateXORWOW_t*
—state )

SE3T XORWOW £ gz RE BT n Mo

_ _device__ void skipahead_sequence ( unsigned long long n,
—mcrandStateMRG32k3a_t* state )

SB3#T MRG32k3a Al a3 BPIRZS LABKE n NEF,

__device _ void skipahead_ sequence ( unsigned long long n,
—mcrandStatePhilox4_32_10_t* state )

31 Philox4_32_10 £ 28HPRZS LB n NEFo

_ _device  void skipahead_sequence ( unsigned long long n,
—mcrandStateXORWOW_t* state )

B3 XORWOW E 2z BVRE BT n TNF5o

_ _device_ void skipahead_subsequence ( unsigned long long n,
~mcrandStateMRG32k3a_t* state )

S MRG32k3a A 2RRTIRZS LABKE n NFFo

4.2.3 Fk

_ _device_ unsigned int mcrand ( mcrandStateMtgp32_t* state )

M mtgp32 & pEeRiRE] 32 I {AFENEL

%

state

- FEMEERRSAES

B[EE

32 {UHFENEIF AR S B EORE], FRIBIIHIER.

R

M state RRZH MTGP32 £ 23R [E] 32 (U fhFEH L, E£MBNMUBIRRPIIZIZHEE, TE, R
HILLIZE AR REREE 256,
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__device__ unsigned long long mcrand ( mcrandStateScrambledSobol64_t*
—.state )

M Sobol64 4 28R [E] 64 I fAFENEK.

8%

state

- IEREERREHIET

BEE

64 LERENEBIFATR S WK EBAIRE, FIEYER.

fiik

M state IKZHI Scrambled Sobol32 £ g8 HiR[E] 64 (ERBHEL, 4R 2RAIUEBIE—1L,

_ _device_ unsigned long long mcrand ( mcrandStateSobol64_t* state )

M Sobol64 &Rk 23R [E] 64 {i fAKEH .

&%

state

- IBRABEEMREIIEH

BElE

64 AR EIEN TS KEBEIRE, FREMYIER.
fiik

M state JRZSHI Sobol64 & pesHIR[E] 64 AERENIER, 4B E #BIE—(l,

_ _device  unsigned int mcrand ( mcrandStateScrambledSobol32_t* state )

M Scrambled Sobol32 4 28R [E] 32 U {AREN K,

&%

state

- IBRAEEMREHIEH

iB[EE

32 AEMNEIEA TR S BEORE, FRIBMIHER.

fiik

M state IRZEHI Scrambled Sobol32 4 28HIR[E] 32 (i ERENER, 4R ERRII B IBIE—1(il,

_ _device__ unsigned int mcrand ( mcrandStateSobol32_t* state )

M Sobol32 A pkasi(E 32 (I {AREHER.

o0

state

- EREEFASHIET

A

32 (LERENEE A TR SEERE], FRBESYER.

i

M state IRZSHI Sobol32 4R HIR[E] 32 AR EL, L£RERAYIE BRI —1,
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__device__ unsigned int mcrand ( mcrandStateMRG32k3a_t* state )

M MRG32k3a &£ k28R [E] 32 I {AFEN £,

%

state

. FEREEMASIET

BEE

32 U RN EIF AR S B EORE], PRBMISER.

R

M state JAZSHY MRG32k3a £ 2eHiR[E] 32 N fhbEHEL, EREsRIIEEE—(L,

__device_ unsigned int mcrand ( mcrandStatePhilox4 32 _10_t* state )

M Philox4_32_10 &} 28iR[E] 32 fi {AREH 2K,

%

state

. FERBEEASHET

BEE

32 {UFENEIF A LR S EERE], PRBMIHIER.

R

M state IRZSRY Philox4_32_10 £ 2eHiR(E] 32 (ufhbEtlEk, 4asdaIiEEE—Ii,

_ _device_ unsigned int mcrand ( mcrandStateXORWOW_t* state )

M XORWOW 4283k [E] 32 (i {AREH#K,

&%

state

- IBEEBMRSHIEH

iBEHE

32 AR EBIE A TR S BERE], FIBELIEK.

3%

M state IRZSHI XORWOW 4 RE28iR[E] 32 I fhREMNIER, 4ERESHINIE I —1L,

_ _device_ uint4 mcrand4 ( mcrandStatePhilox4 32 _10_t* state )

M Philox4_32_10 £ 28R [E] 4 4 32 U {5FEH AT,

s

state

- EREERRSHIET

E[EE

128 i {ARBHERES uint4 IR[El, FRELIIBER.

- P

M state IRZSHY Philox4_32_10 28RO 128 I {ARENEL, £ 2RV EEEII1L,
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__host__ __ forceinline  mcrandStatus_t mcrandMakeMTGP32Constants ( const
—mtgp32_params_fast_t params[], mtgp32_kernel params_t* p )

7 MTGP32 £ EREESH.

%

params

o ¥8EENIATES mtgp32_params_fast_t FEFEAMIEE -

p

« IEMIEEATERN mtgp32_kernel_params_t BFILEHARIIEH .

A

« MRFENAEFETEDE, MR[E MCRAND_STATUS_ALLOCATION_FAILED;

. NREHFNEEWELY, MRE MCRAND_STATUS_INITIALIZATION_FAILED;

« ZN3R[E] MCRAND_STATUS_SUCCESS,

iR

XA EN IR R I ERELR T MCRAND_NUM_MTGP32_PARAMS HA RS, HAZERIER,
HREEREFIIRERNFRREEME.

__host__ forceinline  mcrandStatus_t MCRANDAPI
—mcrandMakeMTGP32KernelState ( mcrandStateMtgp32_t* g, mtgp32_params_fast_
—t params[], mtgp32_kernel params_t* k, int n, unsigned long long seed )

79 mtgp32 £ k2R g BEVIEIRTS

8%

S

. IEAGENFHIRSHRANIET

params

« IEMENATES mtgp32_params_fast_t FHREEARIEH

k

. IE8MEIREATES mtgp32_kernel_params_t FE LIRS

o BEVNRLHISEE IRSHIEE,
seed
- MFE
iB[EHE
« MRENAFEKRSTE7E, MWikE MCRAND_STATUS_ALLOCATION_FAILED;
- MREHENLZENFNRY, MiRE MCRAND_STATUS_INITIALIZATION_FAILED;
« ZN3R[E] MCRAND_STATUS_SUCCESS.
ik
XA EN IRV HEEN R EA FH9a 1K MTGP32 £ pi 28I % MRS (E/Mk,uﬁr“ NEHE), AT ERX
—=, EREENMHREFRIET —MREHA, ARMBIILIZEE, HiEL %E%‘J"Uu%lﬂﬁo

_ _device_ void mcrand init ( mcrandDirectionVectors64_t direction_vectors,
— unsigned long long scramble ¢, unsigned long long offset,
—mcrandStateScrambledSobol64_t* state )
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#3881k Scrambled Sobol64 &£ R 2FEIRTS
s
direction_vectors
. 18 64 MRS WKBHANIEH, XEKERTIARHEENTEAE
scramble_c
« 3T Scrambled Sobol64 FFIHEE
offset
« RIMFERIZE
state
- BEURURIRSIES
finik
fERLENS mMENREEENRLA T state Y Sobol64 KZ.
FAEEZR—1MEM 64 MRS WKBREMANIREIET. ERBANRBEEHESIEN.

__device_ void mcrand init ( mcrandDirectionVectors64_t direction_vectors,
> unsigned long long offset, mcrandStateSobol64_t* state )

a1k Sobol64 K.

%

direction_vectors

. 18M 64 MEMFSWKBIWHANIEH . XEKERTAREENSARE,
offset

« RINFELENRIEZE

state

- BEUIRHRIRSIES

1303

ERLENA REEMREEEVIRILAT state Y Sobol64 K.
FRRER—MEMR 64 MRS NEKERKANGEIEH. ARBANREEEHMESEN.

_ _device_ void mcrand init ( mcrandDirectionVectors32_t direction_vectors,
— unsigned int scramble_c, unsigned int offset,
—mcrandStateScrambledSobol32_t* state )

#1841 Scrambled Sobol32 £ M 2SHIRTS

8%

direction_vectors

- EBRRTAIREENAAAEN 32 MRS BEKANIET
scramble_c

« AF Scrambled Sobol32 FFIHEZ

offset

 RINFELENRIEZE

state

- BUNIAKBIRSIEH
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R
ERLENTRREM RS EDNIRLLT state FIEY Sobol32 K7,
HEAEER—TER 64 MEMFSNKERKMANRERT. AERANREEETESEN.

_ _device_ void mcrand init ( mcrandDirectionVectors32_t direction_ vectors,
— unsigned int offset, mcrandStateSobol32_t* state )

#3881k Sobol32 K7,
8%
direction_vectors
« IBRRTAREENAAAEN 32 MRS BHRAKARNTET
offset
« RINFELENREE
state
- BEURKRIRSIES
fiik
ERLENS RRENREEENIELA T state FHY Sobol32 KE.
FRRAEE—MEMA 64 MRS WKEBAKAMILEIETH. ERBANREEEHESIEN.

__device  void mcrand init ( unsigned long long seed, unsigned long long
< subsequence, unsigned long long offset, mcrandStateMRG32k3a_t* state )

IR MRG32k3a K&.

%

seed

- AEMFRIERM

subsequence

- FENFFY

offset

« BIRFEET RS E

state

- BEURTRIRSIES

ik

ERLENMF. FRIINREENRLLT state FHY MRG32k3a FIPIRES.
HF. FRIINEEENFMERNERESEN. BFETIEETA 51 ALEEHNT—TF.
FFER 0B, MPIESREIRE N MRG32k3a BIEARIAK R RZA<HI{E,

__device  void mcrand_init ( unsigned long long seed, unsigned long long
—,subsequence, unsigned long long offset, mcrandStatePhilox4_32_10_t*
—state )

#951€ Philox4_32_10 K7
8%

seed

. AfEMFRIERM
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subsequence

- FENFFT

offset

o ENFFHINERIEE

state

- BNIRLRVIRSTE

fiaik

ERATENMF. p FRIIFREERULAT state BB Philox4_32_10 KZ.

MF. FRIMBEENFRERMANEBESEN. MFH 264 MAREFHE—TEHER—TKEN
2130 B3R5, FF5IRYET 266 * subsequence + offset. MEHBKE, tLEARH, FRFINKER 266,

__device _ void mcrand init ( unsigned long long seed, unsigned long long
—>subsequence, unsigned long long offset, mcrandStateXORWOW_t* state )
#1a16 XORWOW K7

%

seed

- BFMFRERAL

subsequence

- FHIBHIFFT!

offset

 RIRFLESREE

state

« BYRIRESIET

- P

ERBENMF. FFIIFMREENIBULT state B XORWOW R

WANEEMTF. FRIIURREENERRSEN. FRINRSEER, FENHEEMREX, Hit
FER BT IE B R,

MRMFERN 0, WIFREIRENRIBE R xorwow FIEIE,

_ _device_ float mcrand_log normal ( mcrandStateScrambledSobol64_t* state,
—~float mean, float stddev )

M Scrambled Sobol64 & 5251 El— M EE R D RV = 3K
&%

state

- EEFIRSIES

mean

s MXESHTIINE

stddev

s BXESHHEIIREE
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B[El{E
(&R mean, FREEN stddev FISTEIES D HE 2 ¥
- P

M state IK7&RY Scrambled Sobol64 4 28R [E]l— P MIES S RIKE , 9B mean, trEZE I stddev
BT ERES D RZ =5, £ ERIE—1L

SCIMERDMIRREMESDHRER, ARRFERERATHRIESS .

_ _device_ float mcrand_log normal ( mcrandStateSobol64_t* state, float
—mean, float stddev )

M Sobol64 & 23R El— M EUES D HENF = EK.
88
state
- EEMATKTIES
mean
« BXESHHRIIE
stddev
s BXESSHIITEE
EEE
¥IMEJI mean, tEZEN stddev BISTEIES D IE R
ik

M state JRZEEY Sobol64 £ 28 IREI— MM ES D WIRE, HEN mean, FREEN stddev BISTERIE
n..\ﬁ*ﬁ/#rlj*&, Eﬁﬁ%gﬂgﬁﬁﬁi_ﬁo

SMERDMRBERESHHNER, ARREREIRNNHRESD M.

__device_ float mcrand_log normal ( mcrandStateScrambledSobol32_t* state,
—~float mean, float stddev )

M Scrambled Sobol32 & 5 28R Bl — M EER DR RYFE = 2K
8
state
- EEHFIRSIEST
mean
« BRESHHIYE
stddev
- MXESHHNIREE
BElE
¥9{ER mean, FREZER stddev BIXTEES S IF =K
ik

M state JX7&BY Scrambled Sobol32 £ 28R E— MM IEB D RIRE, 198N mean, FREEN stddev
BISTEES D=3, s E BRI —1(l,

BEMERDURBER—NESHHNER, ARBERERANBESD o

__device__ float mcrand_log normal ( mcrandStateSobol32_t* state, float
—mean, float stddev ) (FTI4k%)
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M Sobol32 & 23R E— M EHIES D HHNF = EK,
s
state

- EEMATRTIES

mean

- BXESHHIYE

stddev

s BXEXSHHIITEE
iBEHE

¥MEH mean, tREZEN stddev BISTEIES D IE R
ik

M state IRZEEY Sobol32 £ 2SR EI—MNMIES R RIRE, BN mean, FEZEN stddev BISTEIEDS
PDF R, ERESNAIEBIE—1{,

BSERMERDMURBER—NESHHENER, RARBEREIRANBESD o

_ _device  float mcrand log _normal ( mcrandStateMtgp32_t* state, float
—mean, float stddev )

M MTGP32 & 23R El— M EES 2 RBF =,
s
state

- EEMATRTSIES

mean

« BXESHHANIE

stddev

s BXESSHIITEE

E[E{E

¥IMEH mean, tREZEN stddev BISTEIES D IE R
{303

M state K& MTGP32 £ 28R Bl — N MIES D HIRE, 39EHN mean, tRAEZEN stddev FISTEIES
DIF R, EMESNAIEBIE—1L,

BSERMERADMURBER—NESHHENER, ARBEREIRANBESD o

_ _device_  float mcrand_log normal ( mcrandStateMRG32k3a_t* state, float
—mean, float stddev )

M MRG32k3a £ 8RB — MR ES D HRIE R o
&3

state
- BEENRIVRSIE

mean
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« BXESHHHIE
stddev
s BXESHmNIREE
BElE
BN mean, TRAEZERN stddev BISTEES DR Z =K
fiik

M state RSB MRG32k3a 4 R 251RE— MM IES D IKE, BN mean, tEEH stddev BIXTEE
:p\ﬁ#ﬁﬁﬁ ) E&%E’\Jﬁ%ﬁﬁi—ﬁo

+ELJJ.$5EF'1§FHT Box-Muller THERMMF N ESDHLER, BENRIBAWBESHT, AE—RE
o BXR—RREIRMMERNESMBIRA, 15E M mcrand_log_normal2().

__device_ float mcrand_log normal ( mcrandStatePhilox4_32_10_t* state,
—float mean, float stddev )

M Philox4_32_1 & a8 El— M EIES D RIE 2 ¥
8%
state
- EEHMACKESIEE
mean
« EXESHHIYE
stddev
s BXESDHIITEE
iBElE
{ER mean, TRAEZER stddev BISTEES DR ZE =K
fiik

M state RSB Philox4_32_1 £8P IREI—MMIET D HIRE, ¥HIEN mean, tEZEN stddev B9
yj‘;&IEIL:\ﬁ*E/¥£* ) ﬂfﬁﬁ%ﬁﬂ'\ﬂjﬁﬁ"_iﬁm—{io

+i)ui$zf§ﬁ§7 Box-Muller TIRE MW NES A HER, BENFRANBESHSH, AE—
o BXR—RREIRMERNESMBIRA, iEEW mcrand_log_normal2().

__device_ float mcrand_log normal ( mcrandStateXORWOW_t* state, float
—mean, float stddev )

M XORWOW 4 % 283R Bl — NI HUE S 72 R HFE = 8
&%
state
- EEHFIKSIEE
mean
« EXESHHIYE
stddev
« EXESHHEIIREE
iBEHE
#{EH mean, TREZERN stddev BITEES D Z A5
fiik
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M state IRZSHI XORWOW A 28 FIREI—MMMIEES D RIRE, HEHN mean, FrEZER stddev BIXTER
ESDHEAR, £ EBE—1{L,

ZEUER Box-Muller TIRERFE MG ESHHHER, BENBRBRANES S |, HEMNRE,
RABUESRNAREREIRENER, 1530 mcrand_log_normal2() &i#K.

_ _device  float2 mcrand_log normal2 ( mcrandStateMRG32k3a_t* state, float
—. mean, float stddev )

M MRG32k3a £ 28R EIRES D Y E =3
&%
state
- IERAEERMREHIEH
mean
« EXESHHIYE
stddev
s HXESHHEIIREE
iBEHE
HIIEHN mean, TREEN stddev HIES D RIKERIXTEIES 2 float2
iR

M state IRZ&HI MRG32k3a A FigsHuREIF N HISE N mean, TRAEZER stddev FIES D IREAITTER
Elu\ﬁ*ﬁ/#ﬁ*kj iﬁﬁ%ﬁm{ﬁ%ﬁtﬁ{io

%SEIER Box-Muller TMEMPM NI S ESDHIER, FHREEEIR A REST Do

_ _device_ float2 mcrand_log normal2 ( mcrandStatePhilox4_32_10_t* state,
—~float mean, float stddev )

M Philox4_32_10 £ 28 REIR N ES D HRIE S
&%
state
- IBRAEEMREHIEH
mean
« EXESHHIYE
stddev
s EXESHHEIIREE
iBEHE
HI9EN mean, TREEN stddev HIES D RIKERXEIES 2 float2
finik
M state IRZSHY Philox4_32_10 & pi28IREIFHMHEN mean, tEZENR stddev BIES D IKERY
SWEHESHE R, ERSBNAIEBIERL,

HSEIER Box-Muller TMEMPM NI S ES DGR, FHREEEIR A RET Do

__device  float2 mcrand_log normal2 ( mcrandStateXORWOW_t* state, float
—mean, float stddev )
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M XORWOW AR 28R BN ES 7D MRYE =8
&%
state
- IERAEEREIIEH
mean
« EXESHHIYE
stddev
- EXESHHEIIREE
iBEHE
HEN mean, IREEN stddev NIES R HIRERSTEIES D 1H
finik
M state IRZSHI XORWOW 4 pfi 23 HiR Bl HIFEHN mean, TREZEHN stddev FIIES 7 HIREAINT £
ESDHFRE, ERNSEMNUEBIERL

ZSEIER Box-Muller TMEMPM NI S ES DGR, FHREEZIR A RES Do

_ _device_ double2 mcrand_log normal2 double ( mcrandStateMRG32k3a_t*
—.state, double mean, double stddev )

M MRG32k3a &l 28R B N XS ERIE S 2 R BB E F = 3K
&%
state
- EEAEEFTRSHIES
mean
« EXESHHIYE
stddev
- EXESHHRIIREE
iBEHE
HI9EN mean, TREEN stddev HIES D RIKERXTEIES 2% double2
finik

M state IKZSHI MRG32k3a £ 22 HREIFR N EIIE N mean, FREZE RN stddev BIEDS 2 HIRERIXTER
ESDHENEER, EEsrNIE B/,

BRIEA Box-Muller AP NMI G IESDHHIER, FH R EZIRAMES D .

__device_ double2 mcrand_log normal2 double ( mcrandStatePhilox4_ 32_10_t*
—state, double mean, double stddev )

M Philox4_32_10 £ 28R BN IES D R EIXNUIEEF = &
&%

state
- EEAEEFTRSHNIES
mean

« BXEBSHHRIIE
stddev
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« BXESDHEINEE
A=
HIIERN mean, FREZEN stddev IES D RIKERXTEIEDS S double2
;-H-\

M state IR7&BY Philox4_32_10 &£ M2 R EIFRNHIFERN mean, tREEN stddev WIESHHIRER
STEES D HEIGEEL, EMRESNMIERIERIL

%SEIER Box-Muller TMEMPM NI S ES DGR, FHREEEIR A RET Do

__device  double2 mcrand log_normal2 double ( mcrandStateXORWOW_t* state,
—~double mean, double stddev )
M XORWOW 4 R 28R Bl NS SR IE S D R RINUE EF = 3K
s
state
- FEMEEFRSHES
mean
« HXIESHHNHE
stddev
« MXIESHHIITHEE
A
BN mean, TREENR stddev BIES D MIKERNXTEIES 57 double2
fiaik

M state IRZSHY XORWOW A A28 TR BN HIFEN mean, PrEZEN stddev IES D fRIRERIXTER
EEDHEXNEES, ERsrIE BT,

1Z+EL1§FH Box-Muller 3 *QEEEEWA?% uﬁ*ﬁﬂ’]ét% #1 ﬂ%ﬁﬁﬁ?&ﬂfuﬁ*ﬁo

_ _device  float4 mcrand_log normal4d ( mcrandStatePhilox4_32_10_t* state,
—float mean, float stddev )
M Philox4_32_10 &£} 28iR[E]l 4 MEBD HRNF S
%
state
- FEMEEFRSHES
mean
« HXIESHHHE
stddev
« MXIESDHIITHEE
A
HIEN mean, FRAEERN stddev NIERD MIKERIERIESS floatd
fiaik

M state JRZSHI MRG32k3a £ 2PN HRIIEHN mean, FREERN stddev FIIES D AIREMIITEES
DIF R, ERESAIE BIE ML,

BRIEA Box-Muller AP NMI G IESDHHIER, HREEZIRAXMES D .
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__device__ double mcrand_log normal_double ( mcrandStateScrambledSobol64d
—t* state, double mean, double stddev )

M Scrambled Sobol64 & %281k [B]— MY ERIE S 2 R RV B E F = 3K
8%
state
- FEEMEEFRSHIES
mean
« BXESHHIIE
stddev
« BXESHHIITEE
BElE
BN mean, TRAEERN stddev BISTEIES D RN EZ A 5K
fiik

M state IRZSBY Scrambled Sobol64 £ 28 iR [EI—NEHIYE N mean, FREZERN stddev IEE DIk
BT IES D HIGEEZ =5, £ ERBE—1,

ZSRMERYE RN BRI RERES D HHIER

__device__ double mcrand_log normal_double ( mcrandStateSobol64_t* state,
—~double mean, double stddev )

M Sobol64 & 28R Bl — MIEIES D RIUEEF =K
8%
state
- EEMEEFRSHIEST
mean
« BXIEBSSHIIIE
stddev
« MXESHmIREE
iBEE
9{ER mean, TRAEZERN stddev BISTEIES DR WNFEEZ = 5K
R

M state JXZSBY Sobol64 A K25 HIRE]—PMNHIYEHN mean, IEEN stddev IES D HIREMIITEES
DEVEEZ =3, SR EIRE—,

BEMERERM D BRBKRERESHHIER,

__device__ double mcrand_log normal_double ( mcrandStateScrambledSobol32_
—t* state, double mean, double stddev )

M Scrambled Sobol32 & 28R El— M EIES DRI INEE F =¥
8%

state

- EEMEEFRSHIES

mean
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« BXESHHHIE
stddev
s BXESHmNIREE
BElE
19BN mean, TRAEZERN stddev BISTEIES D RN EZ A 5K
fiik

M state IRZSBY Scrambled Sobol32 £ 28R EI—NEHIYE N mean, FREZERN stddev IEE DIk
BT EES D HIGEEZ =5, £ ERBIE—1L,

ZSRIERYERMNDHRYRERESHHIER, HFRHERRANRESS .

_ _device__ double mcrand_log normal_double ( mcrandStateSobol32_t* state,
—~double mean, double stddev )

M Sobol32 & 28R Bl — N TEES D I UE E T =3k
8%
state
- EEMEEFRSHIES
mean
« BXIEBHHIIE
stddev
s BXRETSHIITEE
iBElE
R mean, TRAEER stddev BISTEIES DR WNFEEZ S5
ik
M state SKZSHI Sobol32 £ 23 iR EI—NEIYEN mean, TEER stddev EBDIREMNITEES
DHMUEEZ =5, ERBNUEBRIE—1L,
BZRIMEAFERR D HRICRERNESHHHNER, HREHERANHESS .

__device__ double mcrand_log normal_double ( mcrandStateMtgp32_t* state,
<~double mean, double stddev )

M MTGP32 & 28R Bl — MIEIES D ARIIAUEEZ R 3K
%
state
. FEREEMASETT
mean
s BXESHHIAE
stddev
- BXESHHIIREE
B[EE
¥{EH mean, FREERN stddev I EES D HINEEZ R
R

M state JRZSRY MTGP32 £ A28 FIREI—NEIIEN mean, IREEN stddev IES D IRERIITEERS
DEVEEZ =, SRS EIBRE—(,
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ZEMERERMDHRHRERESHHIER, FRERIRANRESD .

_ _device__ double mcrand_log normal_double ( mcrandStateMRG32k3a_t* state,
—~double mean, double stddev )

M MRG32k3a &£l 23R Bl — M ERIE S D RV AUE E E = 3K
8
state
- IEREERREHIEH
mean
s BXESSHIIE
stddev
s BXESHHIIREE
BEE
¥9{ER mean, TREZERN stddev IIFEES D HIIEEZ REL
ik
M state IRZSBY MRG32k3a & pi 28 iR [E|— DM EIIEN mean, tRAEZEN stddev IES S RIRERIXTEE
BOWMNEEZ 28, ESINUEBE—L

Z LI ERA Box-Muller E?QEEEWA?“”AEMQ*EE’J LR, BEHEZRANHIESS 56, FZEMNRE], MR
HEUESRNAXENREIFNER, 1550 merand_log_normal2_double() K%,

_ _device__ double mcrand_log normal_double ( mcrandStatePhilox4_32_10_t*
—»state, double mean, double stddev )

M Philox4_32_10 £ 23R EI—MHEUES D HRHNIEEF 25
8%
state
- EEAZEERSHIES
mean
« BXEBSHIISE
stddev
s BXREZHDHIITEE
BElE
9N mean, TRAEZERN stddev BISTEIES DR WNFEEZ 25K
feik
M state IRRZH Philox4_32_10 £ 23R E—1NEIFEN mean, FREEN stddev EBD MIRERIXT
HWESHHNEEZ =, £ EBIE—(L,

ZIRIMER Box-Muller TIRERFE M S ESHHNER, RENTERANKESS M, HEMNRE, W
RAEBUESHNARBELREIRNESR, 1520 mcrand_log_normal2_double() &%,

__device_ double mcrand_log normal_double ( mcrandStateXORWOW_t* state,
—~double mean, double stddev )

M XORWOW “E i 28R Bl — MR IES D R EINAG E 7 = #X
%

state
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- IERAEERREHIEH
mean
« EXESHHIYE
stddev
s MXESHHIIREE
iBEE
¥{ERN mean, TREEN stddev BIXTEIES DR IEEZ 2K
ik
M state IRZSHI XORWOW A 28 FiRE|— N EIIEN mean, TREERN stddev IEAD ikERIXTEE
BREINEEF R, ERSBINAIEBIE—(L,

ﬁ;’—i}uﬁﬁﬁ Box-Muller 2 ?ﬁiﬁﬁﬂﬁﬁ\ﬁé lu\ﬁj\ﬁE’J %,1 Eﬂ]iﬁ#ﬁhngyElu\ﬁﬁ #L | L@O ﬂﬂ
REBUESHHNARXBHREIFENER, 1580 mcrand_log_normal2_double() &%k,

__device_ float mcrand mtgp32_single ( mcrandStateMtgp32_t* state )

M mtgp32 EpEHREl—MID D HENE R o
s
state
- EREEFRSHIET
A
955737 0.0f B 1.0f Z B0 Z = #K
iR
M state JREHY mtgp32 £ EEHiRE—17E 0.0f M 1.0f ZEBYI D HEVFREK, EMBEHNIERE—
il HHSEEAEE 0.0f (BELE 1.0f, AREIFMBILETF =2

AR REXMERNHIOFIREREALZNT SR RE TR,

_ _device  float mcrand_mtgp32_single specific ( mcrandStateMtgp32_t*
—.state, unsigned char index, unsigned char n )
M mtgp32 B E U ERE— MR HF R
%
state
- FEMEEFRSHES
index
o RS TERNFAEHBMUERS| (0..255)
n
s IWRESTEBRI I RARERNUE S
A
#1553 #1E 0.0f B 1.0f Z IRV FE =2
iR

M state IRZSHY mtgp32 BRI EZRS|REI—ME 0.0f 71 1.0f ZEBF S R HHESE, FHER
BIZI n MIE, HA n BANLERETOEAAFHRS TERNUE S, BLSEEREE 0.0f 8
3% 1.0f, F2REIFEMIBILRNT =K
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Pt 3. ‘Y

- ZAER5|W )ﬁT‘ 0En-1EER. EMAUERTEET 2560 — MEERAIUERZ MR, B—
MEERS RS N AITREN

- REXMERNYSFRERKEANEN T SRR TR,

__device__ unsigned int mcrand mtgp32_specific ( mcrandStateMtgp32_t*
—state, unsigned char index, unsigned char n )

M mtgp32 Eplas B4 E (U EIR[E] 32 (A PREN 2.

%
state
. FERBEEMASET
index
o WRESTERIMEHMIUIERS| (0..255)
n
o WRETE@RIUMRIFARERNUE S
B[EE
TERNTRT SR 32 (U fhFENE, PREMIERE A,
R

M state IRZSH mtgp32 £ HIAIBE RS IR 32 [N ARENIEL, HFEMSHEE n MIE, HFn
%/ﬁijjéiiii;&rlttﬂﬁﬁ EPE@&ILATE%EE@{?LE/E\%&O

R SERSIMTIEO0 B n - 1EER, BB REERBE 256, — MERRAUENRZMKRE,
BR—1MAENRE TR S MAZREH,

_ _device  float mcrand_normal ( mcrandStateScrambledSobol64_t* state )

M—" Scrambled Sobol64 4 28R Bl — M ES DRI E =K

2

state

- IBRAEEREIIEH

BElE

¥ER 0.0f, FEZEN 1.0f WIESHHZESEK

fiik

M state KB Scrambled Sobol64 4 %28 iR EI—MYE R 0.0f, FREEN 1.0f WIESDHF SR,
4Rk ER I BB —1L,

ZRMFERERMOBRIBRERES D HHNER

__device  float mcrand normal ( mcrandStateSobol64_t* state )
M— Sobol64 & 2R E— PN ES D HENE R L
88

state
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- EREEFASHIET

BEE

(&R 0.0f, FREZEN 1.0f WEXSHHERE
;-H-\

M state IKZSHY Sobol64 4 p 28 FIREI—MYE 0.0f, tEZERN 1.0f WIESHDHZ S, ERERRIIL
BiBIE—11l,

BSEMERERMDHRERERESDHIER

_ _device  float mcrand_normal ( mcrandStateScrambledSobol32 t* state )

M— Scrambled Sobol32 4 28R El— M ES D R HYE R K

&%

state

- EAEETRSHNIES

iBElE

¥ER 0.0f, FREZEN 1.0f WIESDHZESEK

fiik

M state IKZ&BI Scrambled Sobol32 £ k28R EI—MYEN 0.0f, FREERN 1.0f NIESHHFRE,
R IR BB —1L,

ZRIFERERMOBRERERES DB

__device _ float mcrand normal ( mcrandStateSobol32_t* state )

M Sobol32 & piZRR[E— N ERDHAE R

8

state

. FEMZEEHIIRSHIEST

BEE

T9ER 0.0f, FREEN 1.0f NIESHHERE

ik

M state IRZSHY Sobol32 &R 2HIR[EI—MIER 0.0f, FEEN 1.0f WIESHDHERE, LRI
BBE—1,

ZRIMERAE R HRPCREMES D HRIER

_ _device_ float mcrand_normal ( mcrandStateMtgp32_t* state )

M MTGP32 28R [E— N ES D HHF R E
s
state

- EREEMIKSHE
A
F{EH 0.0f, tREER 1.0f WIESHHFRE
iR

M state IRZSHI MTGP32 28R EI—MIER 0.0f, fEERN 1.Of WIESHHZRE, £RBHAGAE
BB —{iL,
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BEMERTERMDBRBKERESDHHER

__device__ float mcrand_normal ( mcrandStateMRG32k3a_t* state )

M MRG32k3a £ asREl—MES D HHNE R o

%

state
- EEREEMIKSHE

A

FES 0.0f, tRAEER 1.0f WIEDHDHFREK

R

% stiaie I{?UE’J MRG32k3a £m2siR[E—MYEN 0.0f, TREEN 1.0f WIESDHFRK, EMFHIU
e o

ZSLIER Box-Muller TIAERE NS ESOHHER, HZMNEE, IRFEUESHHNAXE
IREIFNER, 20 merand_normal2() &%,

__device_ float mcrand normal ( mcrandStatePhilox4_32_10_t* state )

M Philox4_32_10 4 28R EI—MES D HRNERE
&%

state

- IEREEMIIRESHIIEE

iBEHE

F39EHR 0.0f, FEER 1.0f WESHHERE
finik

M state IRZSHY Philox4_32_10 £ a8z E—MYERN 0.0f, FAEEN 1.Of NESHHFRE, £s
A B B8 —11lo

ZZHfERA Box-Muller TIRAERFE NS ESAHHER, HFEMNREl, NRFEUESRB AR
IREIFNER, 1520 merand_normal2() Ei#.

__device  float mcrand_normal ( mcrandStateXORWOW_t* state )

M XORWOW 4R 23R El— N ES 7S MAVE =¥,
&%

state

- IBEREFEHIRESNIEH

iBEHE

F39ERN 0.0f, tREER 1.0f WIESHHERE
o

M state K7 XORWOW A 28R Bl —MEER 0.0f, FEEN L.Of WIESHDHERE, EMENUE
¥'ii_1_Lo

ZSLIER Box-Muller TIRERE NS ESOHER, HZEMRE, IRFEUESHHNAXE
IREIFNER, 20 merand_normal2() &%,

__device  float2 mcrand normal2 ( mcrandStateMRG32k3a_t* state )
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M MRG32k3a £ 28R BN ES D RHZE 2.
8%
state
- BAEEHMIRSHIEEH
iEEE
ESHDHH float2 KEZ S, HPSNTRIBREHER 0.0f, iREER 1.0f NDH
finik

M state JRZSHY MRG32k3a R 2SREIFRMIE N 0.0f, iEEN 1.Of WESHDHZ S, LML
BB,

&RIEA Box-Muller THREMF NI S ESDHHILER.

__device  float2 mcrand normal2 ( mcrandStatePhilox4 32 10 _t* state )

M Philox4_32_10 &2 EIFR N ES D HRSFE =5
%
state
. FERBEEMIVIASHIETH
B[EE
EES M float2 KELF S8, HpBNREKBHEN 0.0f, FEERN 1.0f D%
R
M state IKZHY Philox4_32_10 £ 28R EFHEMIER 0.0f, tREER 1.0f WESDHFRE, £
A BB R 1L,
ZRIMEEA Box-Muller BMEFA MRS ESHHHER,

__device__ float2 mcrand_normal2 ( mcrandStateXORWOW_t* state )

M XORWOW “E 23R Bl MES 2 HEVE R o
%
state
« FEMEEHHVRSHIEH
A
ERD float2 XEF o8k, HPSNTRERKBEIERN 0.0f, fREEN 1.0f 9%
R

M state IKKZSHI XORWOW £ k23R [EIFMIE S 0.0f, tREEN 1.0f WIESHHZRE, £REBNUE
BRI

BRI Box-Muller EMEMR M TS ES D HHILER,

__device  double2 mcrand normal2_double ( mcrandStateMRG32k3a_t* state )

M MRG32k3a £ 28R EIR M ES DRI EF = &
%

state

. ?E th¥ﬁ EIJ'H(/L.\E’J#é"'H-
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B[El{E
IEASS double2 REBTEF REK, HPSNREKEWEN 0.0, ImEERN 1LOMDH
- P

M state JKZSBI MRG32k3a £ 2IREIFHMIEN 0.0, tEERN 1.0 WESHHEINEEZ S, £Hs
A1 BRI R,

ZSEIER Box-Muller EMEMM TG ES D HHIER,

__device _ double2 mcrand normal2 double ( mcrandStatePhilox4_ 32 10 t*
—.state )

M Philox4_32_10 & 23R BN ES D BB EF =8
o0
state
- FEMEEMIPREZNEH
B[EE
IEAS 0 double2 KEXUBEE F =, HRSINREREHNEN 0.0, FEEN 10D H
R

M state IRZSHY Philox4_32_10 £ 2R EIRMIEN 0.0, FREEN 1.0 NESHHNEE TR, &
P28V B B I R 1L,

ZSRILER Box-Muller THRER N T & ES D HRILER,

__device__ double2 mcrand_normal2_double ( mcrandStateXORWOW_t* state )

M XORWOW “E B 28R Bl MES D R BINE EF R o
88
state
- EREERIKSHE
A
IEA5 6 double2 KEBEF R ¥k, HPSNoREKBEHIEN 0.0, IEEN 1OMDH
iR

M state IRZSHI XORWOW £ 23R EIFRMIEN 0.0, tEEN 1.0 WESHHEXHEE T 28, £
B B IR R 1L,

BRI Box-Muller TMEMR M TS ES D HILER,

_ device_ float4 mcrand_normald4d ( mcrandStatePhilox4_32_10_t* state )

M Philox4_32_10 £ 28R BN ER7Z BRYE R
&%
state
- IERAEEMIIRESHIIEE
iBEHE
ERD float2 KELF S ¥, HPS N HRERBIHEN 0.0f, FTEER 1.0f WD
fiik

M state IRZSHY Philox4_32_10 £ iR EEA-MYER 0.0f, FRAEERN 1.Of NESHHFRE, £
AY{i B BB P11l
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ZSEIEERA Box-Muller EMEMM TG ESDHIER,

__device__ double mcrand_normal_ double ( mcrandStateScrambledSobol64_t*
-.state )

M Scrambled Sobol64 & 28R [E—MNER D R REE F =K.
8
state
- IEREEMAIIRSHIES
iBEE
(ERN 0.0, FREERN 1.0 WIESDHIEEZ =K
Hisk

M state IRZH Scrambled Sobol64 £ R2siREI—MYEN 0.0, tREZEN IONESDHEINEEZS
8, E£RBIINIEIRIE—L,

ZEMERERMDHRERERES D HIER

_ _device__ double mcrand_normal_double ( mcrandStateSobol64_t* state )

M Sobol64 4 28R Bl —MES 7 RGBT = EKo
8%

state

« BAEEHMIRSHIEEH

iEEE

¥ER 0.0, IREERN 1.0 WESDHEIUEEZ =K
finik

M state IRZBY Scrambled Sobol64 4 28R [E]—MYEN 0.0, FREER 1.0 NESHHIEEER
], £RSSMNIE BT —,

ZSRIERY RN MRERERES A HIIER

__device  double mcrand normal_ double ( mcrandStateScrambledSobol32_t*
—.state )

M Scrambled Sobol32 & 28R El—NER D RIS EZ = 5.
&%

state

- IERBEEMIIRESHIIEEH

iBElE

¥ER 0.0, FTEEN 1.0 NIESHHIFEEZ =5

Hisk

M state IRZBY Scrambled Sobol32 A 28iR[E—MYEN 0.0, FREZER 1.ONESSHIEEER
], £ESSMNEBRE—,

BEMERZERMD HRBKRERES D HHER

__device _ double mcrand normal double ( mcrandStateSobol32 t* state )
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M Sobol32 & 28R El—MES RGBT = Eo
8%

state

- BAEEHMIRSHIEEH

iEEE

¥ER 0.0, FREERN 1.0 WESHHEIUEEZ =K
finik

M state JIXZSHY Sobol32 £ 2SR EI—MYEN 0.0, TEERN 1.0 WIESDHEIIEEZ =5, R8s
A EBEE—1,

ZSRIERAY RN MRERERES D HIER

__device_ double mcrand_normal_double ( mcrandStateMtgp32_t* state )

M MTGP32 Al 28R B — PN ES D R IUEEF = 2o
%
state
. FERBEERIVASHIETH
B[EE
(& 0.0, FEEN 1.0 NIESHHENEEF =5
R
M state RRZH MTGP32 £ 23R ([E—MIEN 0.0, tREEN 1.0 WESHHEINEEF R, LN
I BB —1L,
ZRIMERERMDHREKRERESH HHER

__device__ double mcrand_normal_double ( mcrandStateMRG32k3a_t* state )

M MRG32k3a R EsiRE—MNES D HHINEEF =Ko
%

state

« FEMEEHHVRSHIEH

A

¥{ERN 0.0, FREEN 1.0 WESDHIEEF =K
Hak

M state IRZSHI XORWOW £l 23R EI—1MIEHN 0.0, iEEN 1.0 WESHHEXHEE T 28K, £
A B B —11lo

ZIUER Box-Muller TIRERFE M S ESHHNER, HEMERE, IRFEUESHHSXRE
RERNMER, B5E mcrand_normal2() %K,

_ _device__ double mcrand_normal_double ( mcrandStatePhilox4_ 32 10_t* state

=)

M Philox4_32_10 £ ma&El—MES D HRIDEEF R o
8
state

- EREEMIKSHE
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B[El{E
#¥{ERN 0.0, FREEN 1.0 NIESHHIUEE T =K
- P

M state IRZSHY Philox4_32_10 £ 28R E—MIEN 0.0, TREEN 1.0 NMESHHNEEFRE, &
PR 2SRV & B8 —{i,

ZSEIERA Box-Muller TMEMPMMIFESHHHIER, HEMNRE, MRFLEUESHH S KRN
REFHMESR, ES N merand_normal2() &

_ _device  double mcrand normal_ double ( mcrandStateXORWOW_t* state )

M XORWOW A p 28R Bl —MER S B INE EF = ¥
%
state

- FEMEEMIPREZNEH
B[EE
¥{EH 0.0, FREEN 1.0 NIESHHENEEF =5
R

M state IRZSHI XORWOW &£ 23R EI—MYEHN 0.0, AEEN 1.0 WIESHBIUNEEF =5, L£iss
Al B 18 —1iLo

ZSLILfEF Box- Muller TRERBMTEESDHNER, HEMRE, NRFLEUESHHI A E
IREIFNER, EF20 merand_normal2() &%,

__device__ unsigned int mecrand poisson ( mcrandStateScrambledSobol64_t*
—state, double 1lambda )

M Scrambled Sobol64 & 28R E— MBS TR TRT S B A,
7
state
. IEREEHIIRSHIES
lambda
« A5 7ERY Lambda
iBEHE
lambda BB lambda BB R TR 5 B
Hsk

M state JRZSHI Scrambled Sobol64 & iz ERA lambda B9{E N lambda BB 2 IREIEN T/ S
A, 4 pRasp I E BE—l,

_ _device_ unsigned int mcrand poisson ( mcrandStateSobol64_t* state,
—~double 1lambda )

M Sobol64 & 28R [E— MBI TRT S BRI,
8

state

- FEAEEHIIRESHITEE

lambda

. A5 7HY Lambda
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B[E{E

lambda B9{E lambda BIAMR D T TR S EEEK

iR

M state IRZSHY Sobol64 428 lambda BYfEH lambda BB D FAIREI RN ERFSEE, £k
BRHNI BRI —1L,

__device__ unsigned int mcrand poisson ( mcrandStateScrambledSobol32_t*
-»state, double lambda )

M Scrambled Sobol32 &£ 28R El— MBI DRI TR S ER .
8

state

- IEREERIIRSHIES

lambda

. A5 7Y Lambda

iBEHE

lambda B9{EH lambda IR D R RT S Bk

finik

M state }KZSHY Scrambled Sobol32 £ 28+ lambda B{&% lambda BRI B FRIREIENTERFS
BR, S ESE—(i,

_ _device__ unsigned int mecrand poisson ( mcrandStateSobol32_t* state,
—double lambda )

M Sobol32 & 23R EIRIA 3 HRITRF S BE.
8%

state

. FEMEEHIIRSHIEST

lambda

. A5 7RI Lambda

EEE

lambda BB lambda BB D R S B
finik

M state IRZSHY Sobol32 £ Ri2sH A lambda B9{E N lambda BAM D fRREIEN TR S EE, 4R
SR B I — 1L

__device__  unsigned int mcrand _poisson ( mcrandStateMtgp32_t* state,
—double lambda )

M MTGP32 & k28R BRI 3 RV TR = B E.
%

state

. FERBEERIVIASHIETH

lambda

. BRI Lambda
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B[El{E

lambda B9{E lambda YA D RS B K

- P

\}Q;cat?ﬂﬂéﬁﬂ’y MTGP32 & pggHiR[El lambda B{E lambda BB DAV R NEE, LRBHNUE

PEERZ= pal IV

_ _device__ unsigned int mcrand _poisson ( mcrandStateMRG32k3a_t* state,
—~double lambda )

M MRG32k3A £ plig5:R AR 3R TR S B,

%

state

- FEEEEHRIRESHIET

lambda

- JA¥25%ERY Lambda

E[EE

lambda B9{&9 lambda BRI 3T ERF S B

iR

M state IRZSHI MRG32k3a &£l 2%iREl—4 lambda BB lambda BYAM DB RS B, HIRIEFR
ERNEE, URIZRHRERIEERSEMNUE,

__device__ unsigned int mcrand poisson ( mcrandStatePhilox4_32_10_t* state,
< double lambda )

M Philox4_32_10 £ k28R EIAA D BRI S BE.
8%

state

. FEMEEHIIRSHIEST

lambda

. A5 7RI Lambda

EEE

lambda BB lambda BB D R S B

finik

M state IRZSHY Philox4_32_10 £ 28HR[E|— lambda B9{E R lambda AR D H LTS B, 7
WRIBFAEAMNEE, U THHEBIEERSIUE,

__device_  unsigned int mcrand poisson ( mcrandStateXORWOW_t* state,
—double lambda )

M XORWOW 4R 23R EEM D RV TR S B,
%

state

. FERBEERIVIASHIETH

lambda

. BRI Lambda
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B[E{E

lambda B9{E lambda BIAMR D T TR S EEEK

iR

M state RSB XORWOW 4 25k [E— lambda BY{EN lambda BAM DR TR S, HiIRE
FRERMEE, UAITHHERIE 4 MG E.,

__device__ uint4 mcrand_poisson4 ( mcrandStatePhilox4_32_10_t* state,
—~double lambda )

M Philox4_32_10 %28 B0 R TR S B
8%

state

- FEMEEHIIRSHIEST

lambda

« A5 Lambda

EEE

lambda B9{E9 lambda BB 2 TR S EEK

fiaik

M state IRZSHY Philox4_32_10 £ 28R [EIA4 lambda B9{E A lambda BAM D LTS B, HiR
BEAEAMNEL, UTHHEREERSENUE,

__device__ float mcrand uniform ( mcrandStateScrambledSobol64_t* state )

M Scrambled Sobol64 & kX 2881R Bl — MY 5] 5 Y E = 2

8

state

- IEREEMIIRSHIES

BElE

7vF 0.0f F0 1.0f ZIBIMH S D RRYF = 4K

ik

M state IRZHY Scrambled Sobol64 & 28R [E]— 153767 0.0f 2 1.0f Z [BIRY5 57 =&k, £ RERRIL
BEiBE— i, WmEBEAREE 0.0f, B8IE 1.0f, FTREFFREMRE B L,

ZSEIRIEER T % merand() BYERIAA,

_ _device_ float merand uniform ( mcrandStateSobol64_t* state )

M Sobol64 Al gRiR 5 DBV F =
s

state

- EREEMIRSHE

E[EE

71T 0.0f ¥ 1.0f Z B8V D HBF =K
- P

M state JRZSHY Sobol64 £ 28R El— 13w 7E 0.0f B 1.0f Z (BRI 57 88, £ EEE—
il iHSEEAEE 0.0f, EEHE 1.0f, NREFFRELRYTF = EH L.
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ZRIMRIEER T X merand() B9ERIAR,

_ _device__ float mcrand _uniform ( mcrandStateScrambledSobol32_t* state )

M Scrambled Sobol32 £ R 28R B9S2 R ENE = 3K

%

state

- EEREEMIKSHE

A

71T 0.0f A 1.0f Z (BRI B HBEE =K
P

M state JRZSHY Scrambled Sobol32 4 ki 25:R [B1— 1537 7E 0.0f £ 1.0f Z[BIRNSAF =31, 4 EsEI(i
BiRg—1, WHEEAREIE 0.0f, B84E 1.0f, FREIFEIMENRTE SEE L,

ZIRIMRIEER T X merand() B9ERIARA,

__device  float mcrand_uniform ( mcrandStateSobol32_t* state )

M Sobol32 & 28R [E13945 73 R =

&%

state

- IEAEEMIIRESHIIEH

BElE

7vF 0.0f F0 1.0f ZIBIMHE B RAYF = 5K

fiik

M state JKZSHY Sobol32 £ 28R [E— 1% 1E 0.0 2 1.0f Z i@ 89394052 80, £MBHMIB B —
il iHSEEAREIE 0.0f, EBEIE 1.0f, NREFEFRELHYTE SEEH,

ZRIRIEER T X merand() B9ERIAA,

__device_  float mcrand_uniform ( mcrandStateMtgp32_t* state )

M MTGP32 & pli 28RBS 5 R EYE R 3.

%

state

. FEREERAVIASHIETH

BEE

7vF 0.0f A0 1.0f ZIE]AUHE] D AT =2
R

M state IRZSHI MTGP32 £l 28R [E]— 153 % 1E 0.0f B 1.0f Z B394 F S8, MBI EHEIE—
il WML SEEAREE 0.0f, BEE 1.0f, FTREIFREMRTE B L,

_ _device  float mcrand_uniform ( mcrandStatePhilox4 32 10_t* state )
M Philox4_32_10 £ 2R EBIS D FHEVE R,
88

state
- EREEMIKSHE
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B[El{E

0.0f  1.0f Z [ D HEVF R

- P

M state JRZSHY Philox4_32_10 £ pkasiR[E— N2 #7E 0.0f B 1.0f ZBBISSF <8k, EMRMEE
E—il, WHSEEATEE 0.0f, E8E 1.0f, FREHFRENRF ¥,

_ _device__ float mcrand_uniform ( mcrandStateMRG32k3a_t* state )

M MRG32k3a R EY A D HEYF R Ko

%

state

- EEREEMIKSHE

A

7TF 0.0f 71 1.0f Z[EIBVHS D HBYF = 2K
R

M state IRZHI MRG32k3a £ R 28R [E— N2 #7E 0.0f B 1.0f Z[BAIYSF ¥k, £ MBI ERIE—
il HHSEEAEE 0.0f, E8HE 1.0f, NROFFRELRYTTE =BT,

BEILREIRS 23 (IR, HHEE&/WREE

__device  float mcrand _uniform ( mcrandStateXORWOW_t* state )

M XORWOW “ 28R B8 BT = 8o

%

state

- EREEMIRSHE

A

71T 0.0f # 1.0f Z BB D HBF =K
i P

M state IRZSHI XORWOW &l 28iR Bl — N3 %R 1E 0.0f B 1.0f ZBANY S F =k, £MBHNUEEE—
il MHSEEAEE 0.0f, EEHE 1.0f, NREFFRELRYTE = EH T,

BRI AT LUEREEEER mcrand() IHARREVE B HIFEN IR EIZIREIE, HRIRISSIER—RIF
Fo

__device  double2 mcrand uniform2_double ( mcrandStatePhilox4 32_10_t*
—.state )

M Philox4_32_10 £mi38iREIEE 2 MNUEEZ R 89599l

&%

state

- IBEREFEMIREIEH

iBEHE

2 MY FRTE 0.0f F 1.0f Z BB EF =5

3% 3

M state JRZSHY Philox4_32_10 428k [A] 0.0f #1 1.0f Z [E9S9D % 2 NINFEEZ 23K (doubled),
BRSSP, W EEAEE 0.0f, BEHE 1.0f, FROEIEATELATE S5,

CSRD-23016-020-F3_V03 AEBEEENM=REFEER 98



mcRAND API &% TA '*

__device  float4 mcrand uniform4 ( mcrandStatePhilox4_ 32 10 _t* state )

M Philox4_32_10 £ iR EIEE 4 NER BN D HTE,
%

state

. FERBEERIVIASHIETH

BEE

0.0f E 1.0f Z &5 D HAVF =2

sk

M state IRZSHY Philox4_32_10 4 pk28:% (0] 0.0f #1 1.0f ZEYS D EY 4 NE R, REMSIE R
1O, HHSEEAEE 0.0f, E8E 1.0f, FREHFRAENRRFEREGHE L,

_ _device_ double mcrand_uniform double ( mcrandStateScrambledSobol64_t*
—.state )

M Scrambled Sobol64 4 % 28R [B139 5] 5 R BINUE E 7 = #5o
&%

state

- IEREEMAIIRESHIIEE

iBEHE

0.0f #1 1.0f Z (B394 D HAINNEEF = 21

finik

M state IRZSRIFTELISRY Sobol64 £ R2RiR[ElI—ME 0.0f B 1.0f Z BRI DRI EF =¥, £MR
S| EEIE—, WLEEAEE 0.0f, B8E 1.0f. FREFFMEMIFREEmL,

ZIRIMRIEEEAXS merand () BYERIA A LURES 5 R ERENE 14,

_ _device  double mcrand uniform double ( mcrandStateSobol64_t* state )

M Sobol64 4 28RBS D FRBIREEF = ¥
8%
state
. FEMEEHIIRSHIETT
iB[EHE
0.0f 0 1.0f Z B9 D FRAINNEEF =38
sk

M state JRZSH Sobol64 & 28R [EI—ME 0.0f B 1.0f Z BRSO DRI EZ ¥, £MBIGLE
BIE—(, WEEAEE 0.0f, EEE 1.0f, FNREFFMRENRYTE = H,

ZRIMRIEEEAXT merand () BV RIA A LUREEF 5 IR ERENE 14,

_ _device__ double mcrand_uniform double ( mcrandStateScrambledSobol32_t*
-.state )

M Scrambled Sobol32 4 5% 28R B394 73 T HIXNAE B s ¥
8

state
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iEEIfE
0.0f #1 1.0f Z B D HAINUNEEF =2
;-H-\

M state IRZSRIFTELISRY Sobol32 £ ERR[EI—ME 0.0f B 1.0f Z RIS DRI EZ R E, £M
S| EEIE—L, WMHEEAEE 0.0f, B8E 1.0, FREFFFMEMIFREEmE,

ZSEIMRIUEERXY merand() BYERIER URITFF 5B ERETLE M.
EAR, ZRIMEER 32 MENAIRER RN EEE.

_ _device__ double mcrand_uniform_double ( mcrandStateSobol32_t* state )

M Sobol32 4 23R [E15 45 3 R R NUHE T = Ko
s
state
- EEREEMIKSHE
A
0.0f #1 1.0f Z YA D HBIIKEEF =K
iR

M state JRZSHY Sobol32 A 28R [EI—> 0.0f | 1.0f Z BRI D HHNEEF =, ERHBRHNUERE
E—l, WHSEEAEE 0.0f, B8E 1.0f, FREEHFFENRF ¥ H,

ZSRERIEERRY mcrand() BYERRIE A LARE 5B AR Mo
BAR, ZRIMEER 32 MENAIRER RN EEE.

_ _device__ double mcrand_uniform double ( mcrandStatePhilox4_ 32 10_t*
—.state )

M Philox4_32_10 2R EI S D HEIMEEF R &Ko
%
state
- EREEMIKSHE
A
0.0f 71 1.0f Z B D HHINEE F = 2K
P
M state IRZHI Philox4_32_10 £ 28R EI—ME 0.0f E 1.0f Z BRSO D RAINNEEZ m Rk, s
I EEIE— 1, A EEAEE 0.0f, E8HE 1.0f, NREFFRELRTE =BT,

WAR, ZEIEA 32 NHEVLASRER RN NIEEE.
BiVER mcrand_uniform2_double() REME SR 2SO D HEXEEE,

_ _device__ double mcrand_uniform double ( mcrandStateMtgp32_t* state )

M MTGP32 28RBS S D REIME EF = &Ko
s
state

- EEREEMIRSHE
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B[El{E
0.0f #1 1.0f Z @Y D HHINBEF =K
- P

M state IRZHI MTGP32 & 28R [EI—171F 0.0f F 1.0f ZBBNS D HINEEF =8, £RBNUE
BIE—(, WEEAEE 0.0f, E8E 1.0f, FREFMTENRYT =k,

EER, ZKRIREER 32 MENARERR RN B EE.

__device _ double mcrand uniform double ( mcrandStateMRG32k3a_t* state )

M MRG32k3a £ 28R([EI5) D RIS EF = Ho
%

state

. FERBEEMIVIASHIETH

BEE

0.0f #1 1.0f Z[E S D MU EF =2

sk

M state RRZHI MRG32k3a 28R EI—1NTF 0.0f # 1.0f ZBIFISS NHAUEEF =88, HERLERAYL
BB —{l, WHEEFEE 0.0f, BEE 1.0f, FREHFRENRRFE B H,

HAR, WL Ecuyer WAEIMEIRSCHRATAR, %SLH&ZIR(E 32 MHENEIR L,

_ _device__ double mcrand_uniform double ( mcrandStateXORWOW_t* state )

M XORWOW A R 28R B354 3 B IUE BT = 250
s

state

- EREEMIKSHE

E[EE

0.0f #1 1.0f Z [ D HEINBEF =K

Hk

M state JRZSHI XORWOW & i 281 [B]—-NE 0.0f F 1.0f Z BRI D HREINUEEF = 2, £ AesRI1il
BB —(l, MdSCETEE 0.0f, B84E 1.0f, FREIEHFFENRF ¥,

BRI A A RESRER mcrand () 1EARIREUE B BREH ALK G R E1E, HRTRISEINERRAR
.

template < typename T >
_ _device__ MCRAND_STD::enable if < MCRAND_STD::1is_same &lt;
—mcrandStateSobol64_t* > ::type skipahead ( unsigned long long n, T state
—) [inline]
%7 Sobol64 IR, BT n Tk,
8%
n
EPLI TR
state

- FEMEEHIPRETET
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Jk

{33
E%ﬁ State EPEIJ Sobol64 >Ikl|_,\, LXE)KH n ﬁﬁ%o
FrE n BEHBEM.

template < typename T >

_ device_ MCRAND_STD::enable if < MCRAND_STD::is_same &lt;
wmcrandStateSobol32_t* > ::type skipahead ( unsigned int n, T state )
— [inline]

EE# Sobol32 RE, MBI n M tko

8%

n

- BBRERITTRE

state

- EREEMIRSAE

iR

5B state A9 Sobol32 K&, UBkE n Mtk

Fr& n BB K.

_ _device_ void skipahead ( unsigned long long n, mcrandStateMRG32k3a_t*
—.state )

T MRG32k3a K%, LABKE n oo

%

n

« EPIMTTERIEK

state

. IR E MRS
R

B # state 89 MRG32k3a K& UBGE n Mt &.
FiE n BEYEN. BANHEZEEZITE, RtEEF ZATERTM.

__device__ void skipahead ( unsigned long long n, mcrandStatePhilox4_32_10__

—~t* state )

S Philox4_32_10 K3, LABKE n Pt

&%

n

- EPIMTTRR

state

. FEMEEHRIPRTET

iR

EE#T state A9 Philox4_32_10 R&EUBGT n PMrtke
Fi & n BB X
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_ _device__ void skipahead ( unsigned long long n, mcrandStateXORWOW_ t*
—.state )

EHT XORWOW IR, Bkid n Nrt&ko

%

n

- BPIHITTRE

state

- EEREEMIKSHE
iR

S state B9 XORWOW K7, UABKE n NrtHko
FRE nBYAER. RANBEFTEESIHE, REFTEEESHERTM.

_ _device__ void skipahead_sequence ( unsigned long long n,
—mcrandStateMRG32k3a_t* state )

E# MRG32k3a K7, Bk n NFFlo

%

n

- BBRIRIFTIE

state

- EREEMIKSHE

R

Ei?f_st%te ) MRG32k3a R%, Bkl n NEF. S MFFIK 2127 Nk, RtizEREBRFBNT 2127
n NItEo

FRE n BYAEN. BRANBERTEESIHE, RAEFTEEESHERTM.

_ _device  void skipahead_sequence ( unsigned long long n,
—mcrandStatePhilox4_32_10_t* state )

5 Philox4_32_10 K%, LABEE n DNFF5

%

n

- EPINTFETIE

state

« B EEMIPKREZNEH

1 P

5B state RY Philox4_32_10 K%, LBKE n NFFF. B8 NFFFIE 266 ok, EILZEREOEEE
iZ 266 * n Mt .

FrE n BB

__device _ void skipahead_sequence ( unsigned long long n,
—mcrandStateXORWOW_t* state )
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B XORWOW R, Bbd n MFEF,
o0

n

- EPINTFETIE

state

. FERBEEMIVIASHIET

1 P

B3 state FBY XORWOW R, MUBEE n NFFF. B81NFFHIE 267 MR, XEREREFEE
i$ 267 * n MtEko

FRE n B98N, RANKEZEEZITE, FELEEESHNIERTM.

_ _device_ void skipahead_subsequence ( unsigned long long n,
—mcrandStateMRG32k3a_t* state )

B MRG32k3a RE, LUBkE n M FFFl.

&%

n

- BRI TR

state

- IEREEMAIIRSHIES

fiik

ST state ABY MRG32k3a K7, BT n M FFES. 8NFFEIIA 2127276 NnEK, ALLXERE
ZERBUEBT 267 * n DT,

n MBREN 0 Bl 251, FE n BHEKA 51 i,
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