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1.1 [IC®HIC

KMATH_RANDOM [ A V& o XY A AZFHEA R T VT Y XA ASFMT(1] % e KEETE
SR ES L —TF o CTh D, KTl T 5ty NI, ZOMERIEOTODOT A N0 s T AedE
T, KMATH.RANDOM (31 > # 7 =—A L LT, C. C++. Fortran90 =V H~—r§ 5,

KMATH RANDOM %, W FIFHRAER BRIV CEMET 2 ik - bl B 70 SLEA RO RE & 4 it
THZEIZLY, KB AGRSREICR TS 70 7T AmdlbaXET 52 L2 A E LTV
Do KT TN « 22 —2a &3 L5707 T ATH, WY DDRNKED
B EL A AT D HEN D D, KMATH RANDOM (3% DEE 2 7= 3~ < B TE <
— RO BWELES & AR T A RE AR ALT 5, Fo. KBRS EMREICRIT 270 /T A
DOFATRHCELIBAER N T 1 7T AR OFATEEZ BT 5 Z L DXL 9. KMATH_ RANDOM
IXAFNFH R EBREE CRdlICEMES 2 K o IcRFF S Tn D

KMMHBNW@MT&%%%@&&@WT»:)xAdﬁMTu\ﬂﬁi&ﬁ&ﬁ%ﬁf&
0. BEELERSI DA 2521 — 1 285 2216091 1 LHRH TR, S BT, @W B0 Am 1 & i 2
Bl FTHEE, IO MWEOmEICEW TENZHE A Lo, KMATH.RANDOM %, W
HAIIZ ASFMT ZFH L THLESI = ARk T 5, ZD7zH, KMATH_ RANDOM /X dSFMT & [FlR

DB ZEH D,

KMATH _RANDOM (XK T 2 ELE O FN 0 FNFAT O Z 7 M CTEE LW E 5. GLEE
fiL—F o DL, & T v 7 @I B D ELEPNEIRIEE 7 7 A A B EAARIE LT 5 (T
B 1.1 DI T, jtilJ%E'!ééﬂé) e, 277 AN TT7ANEMNS, ZOT7 74
JVAZFEER S D ELENERIRRE 1T %FMT/%/7% EXERALC, 74NV RNTIH1 T2 BT
0 ELERAE AP & 2190 L L 2000 7 v 7 IR FIER Y ¥ v T BEE R 2 ) Z E TIER SRS b D
Th b,

1.2 F|AEFEE /Copyright

KMATH_RANDOM % 2 538 BSD 7 1 &£ A (The BSD 2-Clause License) (%2 ZF| % 7F
#T D (7477 UNO LICENCE.txt [ZF0#).,
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1.1: KMATH_.RANDOM DOLED i

LICENCE.txt
4 * A
Copyright (C) 2014 RIKEN.

Copyright notice is from here

Redistribution and use 1in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this 1list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
‘“AS IS’’ AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
HOLDERS OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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2.1 KMATH RANDOM A VR b—JVIZREGEY T b0z 7T

KMATH_RANDOM % 2 XA LT 5 72DI1INL DO0D Y 7 v =T X r —UBRNETH
b, BAEMEHERINTWAY 7 vy =T 2L FILRT,

NTL Version 5.5 LA (ASFMT O ¥ % > 77 7 A MAERRIC L EE)
MPI MPICH2 version 1.5 LA, MPICH version 3.0.2 LA
OpenMPI version 1.6.4 LAk
a2 (4 Z  GNU 22234 T (gee, gfortran, g++ version 4.1.2 LAFE) F721%
[ERR: =P
(mpifrtpx, mpifcepx, mpiFCC (&, FX10 D7 r A 331 7))

2.2 KMATH RANDOM O AFFE

KMATH RANDOM (2B B 1§ #HITK D URL 75 AFAHETH .
http://www.aics.riken. jp/labs/lpnctrt/KMATH_RANDOM.html

tarball Dfth, /37, A= 3 UFRLRBES ATV TETH S,

2.3 KMATH RANDOM®DT 4 LY )L

RKIa T T DT 4 V7 FUHRITER 21 DEEY THD,

GLET A 77 VAREENT D random/ & R¥ 2 A NHT o L7 N doc/. EDTFIZIEES
FEA VAT 2= AT DTA T T IERT 4 L7 RV (¢/, c+4/, 190)) &P v T T 7 A VAR
THYx 7Y —=nVAT 4 L7 MY (tool/, ptool)) b5, £z, R —VIFIZTA N7l
7 L (test/) WEEN TN D,

24 A AL ILEA VR M—ILFIE

KMATH RANDOM D 21 234 JUIZIZR OO FIENRMETH S, LLTFOFIEICH - THED T
IZLVY,
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# 2.1: KMATH_RANDOM version 1.1 ®F 1 L' 7 U KRk

T4V Z b 1IN 7 A v
random/ BT AT T VKRIKRERHNT 1 L7 RV
arch/ T —%7 7 F x Il Makefile 1A > 7 V— K7 7 A )b
c/ CHAVHET7z—ADY —Aa—F
c++/ CH4+HA v H T z—AD Y —Za— R
90/ Fortran90 4 > % 7 = —AD Y —Aa— K
dsfmt / dSFMT Y —Za— K, %A 47 x—A@FHY —Aa— K
test/ BERGERH O Y — A a—
0_comm_split/ MPI @2 X 2 =7 —&5E17 Ak
1_interface/ AVHTz2—AT A |
2_serialize/ ESET A b
3_comparison/ g7 A b
dSFMT-src-2.2/ dSFMT A4 VU P F Yy —2a— R (§E 5L )
4 benchmark/ NoF~v—=7
kmath_random_v1.0/ KMATH Random v1.0 ® =— F GHE K H)
tool/ VXTI T ANVERY =LY —RAa— R (Try by RA)
jump/ xS T ANMVBEET 4LV MY
ptool/ X T T ANVERY =L —Aa— R (N sz RA)
jump/ Cx T T ANMRET 4L N
doc/ RFa A MEHT L2 B

2.4.1 NTLOA VA =)L

KMATH_RANDOM O ¥+ > 77 7 A )VOEBRIZIX Victor Shoup KABAFET 5 NTL 234 E T
b2, NTLIZV Y 77 7 A MERUTLE R T — Z BT DDV D, > TIRar Ba—
ZipEOT7R S hT U R )= RTr/rAar R AT 5RETIE, 7ry b= FMIZDOA NTL
ZEMETIUEE L, Ny 7 =2 FMAICIERFIC NTL ORIZSLE W (7 7 A MREE RS 3T Y
TNy I RETCUY T T 7 A NVEERT D L EITIILETH D),

FT. BREHFEOYA b [2] (http://www.shoup.net/ntl/) £V tarball Z AT L, #4727 —F
YIF 4 vy NY ETCRETS, LT TALZ NV EYTT L7 R sie/ECBEIT S, %
Z T, configure & make #5479 %, NTL A > A h—/UIZRT 538 LWEHNIEL NTL O AR — 53—
PIH D,
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ntl-7.0.1 D=3 3o

% tar zxvf ntl-7.0.1.tgz
% cd ntl-7.0.1/src
% /bin/sh ./configure

% make

2.4.2 Makefile.machine D%E

wiZ, KMATH.RANDOM ©F ¢ L7 sV iZE L, KMATH. RANDOM O bV R&EFTH, F
T B TR Lz NTL 7 A 75 U ~D /32 % Makefile.machine 7 7 A JVIZERET D,

. Makefile.machine B
$ cd <kmath random root directory>
$ cat Makefile.machine
# compilers
F90 = mpifrtpx
CC = mpifccpx
CXX = mpiFCCpx
xCC = fcc
xCXX= FCC
CFLAGS += -I/home/ra000005/a03137/include
CPPFLAGS += -I/home/ra000005/a03137/include
FOOFLAGS = $(FFLAGS) -Free
LFLAGS = -L/home/ra000005/a03137/1ib
ARFLAGS =
LFLAGS_CPP = $(LFLAGS) -1ntl
LFLAGS_C = $(LFLAGS) -1ntl -1std -lstd_mt -lstdc++
LFLAGS_F90 = $(LFLAGS) -1ntl -1std -lstd_mt -lstdc++
$
N Y

FREMRPTIIEEIT S D,
1. MPI =284 F (F90, CC, CXX)

2. 7ur by FHar 47 (xCC, xCXX)



10 Fo2®m FMAOHNC
3. CFLAG NTL ~®A > 7 J— R/3Z2 % CFLAGS & CPPFLAGS 2B %,

4. LFLAGS NTL ~DZ A 77 V{2 % LFLAGS (ZBINT %,

2.4.3 ELHAEHADER

dSFMT OEFEAROEIIET 7 4L h T8 LicsTing, ZoOFMEETE T 5I2iE, Make-
file.machine 7 7 A LV DLL FTORELZEFH T 5,
r Makefile.machine N

$ cat Makefile.machine

#-- no debug
FFLAGS = -c -Kfast -Ksimd=2 -Cpp -DNDEBUG
CFLAGS = -c -Kfast -Ksimd=2 -DNDEBUG -DDSFMT_MEXP=19937
CPPFLAGS = -c -Kfast -Ksimd=2 -DNDEBUG -DDSFMT_MEXP=19937
#-- debug
# FFLAGS = -c -00 -g -Cpp -DDEBUG
# CFLAGS = -c -00 -g -DDEBUG -DDSFMT_MEXP=19937
# CPPFLAGS = -c -00 -g -DDEBUG -DDSFMT_MEXP=19937
$
N J

RIRA[BERBEMNILL T D B Y T, —DO%FER L T Makefile.machine (25045,

-DDSFMT_MEXP=521
-DDSFMT_MEXP=1279
-DDSFMT _MEXP=2203
-DDSFMT_MEXP=4253
-DDSFMT_MEXP=11213
-DDSFMT _MEXP=19937
-DDSFMT _MEXP=44497
-DDSFMT_MEXP=86243
-DDSFMT_MEXP=132049
-DDSFMT_MEXP=216091

DREZEEL LT5E . SLENTIREBETOTZODO Y Yy 77 7 A LB L ORIBROEFI T 7
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AR LIS < TRABARY, ZTOEEINEDT 7 AAETAT T ) CHMLESE, 7
BT NEIRERT T HHA 165D CEESBETH D,

2.4.4 SIMD a5 DAL - EE

dSFMT @ SIMD 5 OfERNT 7 4V R THRE oo Tnd, ZORER BN T 25815,
Makefile.machine DLL FOEREEZ I AL N T 7 M1 5,
( Makefile.machine B

$ cat Makefile.machine

# compilers
F90
CcC
CXX

mpifrtpx

mpifccpx

mpiFCCpx

#-- SSE2
CFLAGS +
CPPFLAGS +

-DHAVE_SSE2
-DHAVE_SSE2

G )
ZOREEEE LIEBE, SLBNEIREE TOZODY Y 77 7 A LB I OBEBROESL Y 7
AIER LE SR TUIR bR, FOFEEINLD 77 A NVETA T TV TRHLESS, 7
077 MIBEKTT 5,
Flo, ZOREVPADNZ/->TWNBEGEEE S TRWEGEA LT, ERkSNAEEFITE 5D T
EENPLETH D,

2.4.5 make
Q. C++. Fortran90 AFNEFNDA v Z 7 x2—AF5A4 T VDEN RHFEZUTOEEVITH,
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e FATZIVDENLR ~
$ cd <kmath random root path>
$ make
$ find . -name " *.a”

../c++/1libkm_random.a

../f90/1ibkm_random.a

../c/libkm_random.a

N J
make =7~ RO find a~ > RCRREINTZTA T T VIR, ARSNIZAZT 47 T4 77

V774NV THD,

2.5 F7I)H5r—I 3 DENLFR

HarvbEa—4 BT, RV—F 2R LET 7V r— a2 RE5848, a0 /311,
VY IIRICENENLUTONRT A—ZEBETHNERDD, 0B, 477 V47 a v ORE
NEIZEZETH Y, LD WIGE Y v 7RIS 2 TRtk & 5,

2.5.1 CAVRII—REHATHES
AN )L

-I<kmath random root directory>/c

-L<kmath random root directory>/c
-L<NTL path>/1lib
-lkm_random -1ntl -1lstd -lstd_mt -lstdc++

2.5.2 CH+4+AM 248 7x1—REZFHATHESE
AN )L

-I<kmath random root directory>/c++

-L<kmath random root directory>/c++
-L<NTL path>/1ib
-1lkm_random -1ntl



25. TV r— a3 OV R
2.5.3 Fortran90 4 >3 7z —RX&HAIT 554
AN )L

-I<kmath random root directory>/f90

-L<kmath random root directory>/£90
-L<NTL path>/1ib

-1lkm_random -1lntl -1lstd -lstd_mt -lstdc++

13






Voo =z
3

=6

AREN IR W SNEAE TN —F DA 77 == AR TH D,

FE OAAM U T2 —ARIBIAN—T 3 v (ver. 1.1) TEEA Ly RE—=7 Tk, w/LF ALy
REREE TR 25613, FFOH LIS E S0 HEMALEE 24T 5 MBS & 2,

A3 DT —RES

3.1 KMATH Random Init

C Syntax

#include <kmath_random.h>
void* KMATH_Random_init(MPI_Comm comm) ;

518K gy 10 | 7
comm MPI_Comm | In MPl a3a=/—X%
RYAE | voidx Ret | /N Fov

C++ Syntax

#include <kmath_random.h>
bool KMATH_Random::init(MPI_Comm comm) ;

513k el 10 | 7
comm MPI_Comm | In MPIl a3 a=/—X%
Rl | bool Ret | fRHE (true: 1)

Fortran90 Syntax

use kmath_random.mod

subroutine KMATH_Random_Init(handle, comm, ierr)

515 it 10 | &

handle | type(s_km_rand) | Out | /»> Kb

comm integer In |[MPIaX=z=/—%
ierr integer Out | fR7E (0: IEF)
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a3 2 =7 —% comm ZHE LRBBGE SIS LR L —T > 2418 > — NE (1) THIEET 5,
DA VET 2= T, EHBETH YV ETHT 7 TRFFIZ—/L LARITIER B2,

ZDAUE T 2 —AFLTRE, U— FE LIRS T 2V XY 77 7 A VRGeir gL, 707 O
BLECNETIREENE L SN D, b L, aIa=F—FNOT U I7HB, ERTHLHV YT 77 AV
IR SN KT V7 BEBATLENY, V¥ 7 7 A NVOFIHIABLDBIEFIZTX ot
A PIEEIC KRBT %,

VXTI AME, 1 ODY— FEIZ 1 SfFEL, ZRERLT (K 3.1) 31 F V BRo
TA—~v b EHET D,

SNV 'S 4 34 K
Z 7 0 OXIELEN IR RE 3080 /S A k
77 1 OWHIELENERIRE 3080 /A b

i

-0

7 7 N-1 OFHELEPERREE | 3080 /XA b

3.1: DX VT ANVNE T F—~ > b

3.2 KMATH Random Finalize
C Syntax

#include <kmath_random.h>
int KMATH_Random_finalize(void* handle);

513K i 10 | 78
handle | voidx* | In N RV
RYfE | int Ret | {KHE (0:5%20)

C++ Syntax

#include <kmath_random.h>
bool KMATH_Random::finalize();

% | A 10 | @MW
R UfE | bool | Ret | IRHE (true: IEFH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Finalize(handle, ierr)
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515 ut 10 | #i#
handle | type(s_km_rand) | In /N RV
ierr integer Out | K& (0: EH)

N RVEREL T, KEBEBISIEEERL—F 27 74T T4 XTDH, 2O H T x—
2%, FIEUE L FRECEMBETH D720, 2TH T 7 TRIRICa— L LT iR 5720,

3.3 KMATH Random Seed

C Syntax

#include <kmath_random.h>
int KMATH_Random_seed(void* handle, int seed);

Gk g 10 | #H

handle | void* | In N Ry
seed int In v— NE
RUAE | int Ret | KHE (0:52))

C++4 Syntax

#include <kmath_random.h>
bool KMATH_Random::seed(int seed);

515 Gt 10 | #iH
seed |int |In | >— Nfi
RYME | bool | Ret | dKfE (true: 1EH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Seed(handle, seed, ierr)

515 ut I0 | @M

handle | type(s_km_rand) | In /N RV

seed integer In — MK

ierr integer Out | JREE (0: IEF)

HEDOY— Mz 525, Z0O&EE, = NMECKHIST VY T T 7 A ADGAPAEI, 7
V7 OEBNERENE TIND, bL, FHELLY— NMEERIT, a3a=Fr—2NOT7 78K
WEREEZ, Vv T T 7 A NDOFRBIARPIEF I TE Rl gE, ZOOH LTI %,
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3.4 KMATH Random Get

C Syntax

#include <kmath_random.h>

int KMATH_Random_get(void* handle, doublex* value);

513 i) 10 | 7

handle | voidx* In NV RL

value doublex* | In LI AE

ROME | int Ret | tRHE (0:552h)
C++ Syntax

#include <kmath_random.h>
bool KMATH_Random: :get(double& value) const;

513 Girl) 10 | #8A
value | double& | Out | HLE{E
RV {E | bool Ret | RfE (true: EF)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Get (handle, value, ierr)

Gl i 10 | #i¥

handle | type(s_km_rand) | In N RV
value | double precision | Out | HLEUHE

ierr integer Out | K& (0: EH)

A BT o— R

SLEEZ 1 SR 2, GO EEIE 1.0 < v < 2.0 DA TERbI TN D,

3.5 KMATH Random Vector

C Syntax

#include <kmath_random.h>

int KMATH_Random_vector(void* handle, double* values, int size);

513 gy 10 | #H

handle | void* In N RV

values | doublex | OQut | FLEEIF~DRA > ¥
size int In VgAY

RUE | int Ret | KHE (0:582h)
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C++ Syntax

#include <kmath_random.h>

bool KMATH_Random::get(double*x values, int size) const;

Gk | 10 | #i#d

values | double& | Out | ELEHESI~DKRA > ¥
size int In JNEELA

RUME | bool Ret | IRfE (true: EH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Vector (handle, values, nvalue, ierr)

515 A I0 | #iHA

handle type(s_km_rand) | In NS RV
values(:) | double precision | Out | SLEEZSI

size integer In HAS%L

ierr integer Out | K& (0: EH)

FBE LTS5 72 P SLEME 2 Bl A US55, 7272 L, BUSkiE, 386 fELL L Thvo, 2 TH
VYN AETRITNER 5720, B80T 1.0 < v < 2.0 0&FATESRL I TV D

3.6 KMATH Random Serialize

C Syntax

#include <kmath_random.h>

int KMATH_Random_serialize(void* handle, const char* filename);

515k Gl I0 | @M

handle voidx* In N RL

filename | const char* | In 77 ANV
R0 AE int Ret | =7 —

0: =7 —72L (IEF)
—1: MU DRFELT
—2: MPI &
=3: 77 A4 1/0 K
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C++ Syntax

#include <kmath_random.h>

int KMATH_Random::serialize(const char* filename);

515k gt 10 | #H
filename | const char* | In 77 ANV
= H int Ret | =5 —

0: =7 —72 L (IEH)
—1: Wb DORIAT
—2: MPI %%

-3: 774V 1/0 KK

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Serialize(handle, filename, ierr)

Gl it 10 | #iBA
handle type(s_km_rand) | In Ny KL
filename | character(*) In 77 ANV
ierr integer Out | =7 —

0: =7 —72L (IEH)
—1: HEZh7p N RL
—2: MPI 8%

-3: 77 AV 1/0 KRk

BAEDOELENENIREEZ | filename THRE LT 7 7 A WZEIUL (BRTF) 75, ZOA 2 H T x—
AIEMBIETH Y, 2 TOT > 7 TRFHZZ—/L I NRTHIER 5720,

EIULENTZ T 7 A NVIZIE, A a=F—ZIZ8T 5T XTO T 7 OFBNEREN RS
TW5, EZBEOBEICAEIZIT 7 007 o AREY L, 1203 I 2= —Z I L T120D
T ANDPMERIND Z LT b,

T7AMINALFIERT, 74—~y MILUT (K32) DBy ThHhd, £/, C. C++BL&
N Fortran90 A > % 7 = — AZFNENORI CTHEM  H 5,

3.7 KMATH Random Deserialize

C Syntax

#include <kmath_random.h>

int KMATH_Random_deserialize(void* handle, const char* filename);



3.7. KMATH_Random Deserialize

I/ 4 /34 b
7 > 7 0 ORHIELE TR 3080 /XA b
7 > 7 1 OFHIELE N ERIRE 3080 731 b

Z > 7 N-1 OFIHELEL N ERIR e 3080 /XA &

3.2: Vv T T ANNERT F—~ v b

513 | 10 B
handle voidx* Inout | /~> Kb
filename | const char* | In 77 AN
UK int Ret 77—

0: =7—72L (EH)
—1: 7N Kv
—2: MPT %%

-3: 77 AV 1/0 KK
—4: T I HDAR—EK

C++ Syntax

#include <kmath_random.h>

int KMATH_Random: :deserialize(const char* filename);

513k Gl 10 | 7
filename | const char* | In 77 AN
UK N int Ret | =7 —

0: =7 —72L (IE%)
—1: EZh7pN v
—2: MPI %k
-3: 774V 1/0 KK
—4: T EDOAR—E

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Deserialize(handle, filename, ierr)
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5% | 10 BiCh]
handle type(s_km_rand) | Inout | 2 F/b
filename | character(*) In 77 A VL
ierr integer Out T J—

0: =7—72L (E%)
—1: EY N R
—2: MPI %%

-3: 77 AV 1/0 KK
—4: T BOAR—EK

BEIUL ST 7 7 A N Efirirdx, FLEBENEIREZE LT 5, 204 % 72— X, BFHLFHE
FRICENEMETH D 2TOT v 7 TRIFFZZ—/L ENRITIER 5720,

BEDOaI 2= —RIBTHT 78 E. 77 ANMERRD T v 7 BB R b6 — &7
D, =7 —FF -4 PREEINS,

FAHIATe T 7 A NDERIZHOWTIE, BifizsRoZ L,

3.8 IRIEZ % KMATH_RAND_JUMP_FILE_PATH

U T T 7 ANDBRANAENRES Do ZOREABDPBES N T RNGE, UITHRT 7 4
IV RBRASR LR D,

/etc/kmath/random/ jump

3.9 IRIEZ % KMATH RAND JUMP_FILE_PREFIX

XTI TFANDT VT 4y I AEEET D, ZOBRBEEEPREISNTWRWEGE, LUFA
TIANRNT VT 4y 7 A& D,

file

EBEOT ¥ T 7 7 A VL £ile_00001, file_00002, ... DRI, ¥ — ROFES7Z1 D ID (FHk
) B HE SN TEHEIND,
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F4TF KMATH RANDOM QOFBAE

KMATH_RANDOM OMIEEDFIIL, H1ETHRLZE VKA1 DL SR D, Zhi, &
L<EXTTEUTOLIICRD,

L. V%777 A IVDER

2. VYT T ANDA A N—V (BEEIRT 4 V7 Y ~DFHA)

3. KMATH_.RANDOM ZAfEf 257w 7 LD EH)

4. V7T 7 A NVKEINEPT (B2 %k KMATH_RAND_JUMP_FILE_PATH) D% R

5. KMATH_Random_Init |2 X A2 #J#i{k., & L <X KMATH_Random_Deserialize TV ¥ 7 7 7
A VIS B NERIRRE DA 1

6. KMATH_Random_Get 72 ¥ T4 7' & & AT HLEk & BUS
7. KMATH. RANDOM ® 7 7 A F5 A X

ARETIL, FHALIETOY T 77 A NVOERSE (FIAL) | 4.2, 4.3HiTKMATH.RANDOM
R L (FIE3-7. 2FIT795) 7007 AOERTIECOWTHAT S, £/2, F44HT
X KMATH RANDOM O_> F<—7 BLRZDOMNT 21T 5, 2B, ABETHR_SEL TN
KMATH_RANDOM DO F A 77 U ARED )V R FEIZOWTIEE 2.4 #iz2, KMATH._ RANDOM
ERIRA L7077 A0/ RIFIEIZOWTIEE 2.5 @iz SR Iz,

4.1 v T IT77A4ILDERK

AREITIE, V=T U HIHHLERCE T o 7 BNELENERIRREZ BT 720D v 77 7 A LV DIE
BFIEIC DWW T T 5,

411 ZBVRIVE/NYI IV FAFY—ILOELR

FT. ELENEARBAR Y — v (LU, Y YV ERES) OENLRET ey b RAE
Ny RATRZRY, 7oy b= FAFY —/Vidmake tool IZ K> TERR L., Ny 7=
R > —/Vid make ptool IZK > TIERT 5, 7eds. ERRITIZY —Ra— NRIEFR L TH Y,
Ny 7y RANEMPL 222834 Z TR TR B0 e, a3 7 2KRIL TERTE 28
NELDITTE 0,



24 % 4% KMATH_RANDOM OF|H L

X 4.1: KMATH_RANDOM DAL DL

f7x:l‘/]\:t‘/ R v Y= DE N R ~
$ cd <kmath random root path>
$ make tool

$ cd tool

$ 1s -1

Makefile

dSFMT-calc-jump.hpp
dSFMT-jump.cpp

dSFMT-jump.h

dSFMT-jump.o

gen.sh

jump

km_dsfmt_jump.cpp
km_dsfmt_jump.h
km_dsfmt_jump.o




4.1. Vx 777 A4 IVOVER 25
4.1.2 Ox 2 TY—ILDOEFT

AECELN RENDY =L, VX777 A4V EERT % kn_rand_gen_jump & ERR S 7z
Tx T T 7 A NOGEER IS 272 9 km_rand_chk_jump ® 2 O TH D5, LLFIZEDOHEIEZ AT,

km_rand_gen_jump

X T Ty ANEERT DY =V ThD, FRELIZY— MEOFHORIZT Yy T T 7 AL
PER D, HERIFUTDOEEY THD,

./km_rand_gen_jump [/NT A—X 1 [/NT A =4 2].]
FRERBERNRT A—ZFLUTOLEY TH D,
-seed <seed_start> <seed_end>

— FMEOHFH, Z D3 — MMEOETIZT, Ux o 777 A VBMERR S NS, T 74V MilL, seed_start=1,
seed_end=1 TH 5,

-max_ranks <rank>

T UMD KRE, BEAERE, a3 2= —2NOT 7P A Rd. ZOFELLTF TR TERD
RN, T4V MEIT 1,

-rand_range <range>

1727 &= OFBAEMRGME, 27218 & LTRET 5. 7 7 4/ MEE 100,
-install_dir <path>

Bk 5 D% v 7T 7 A AORLEN . 77 44 ME. /jump,
-file prefix <prefix>

BT A Yo T T 7AND T LT 4w T A, BEOD YL T T 7 ANEIE. ZOF LT 4T A
DRI — REFHPHEIND, T 74/ ML file TH D,

km_rand_chk_jump

RSNV Y v T 77 A NVORKEFERB IR DY — L Thb, KY—it, EOAL L FTz2—R
B S FEE ASFMT 2O, Vv 77 7 A VSRS S N2 T X TD T 7 oy DEENED
IRIEA SR dsfmt _t IZHEE L, G %E 1 >RAESEEEE NICEZE T 5,

EXFLUTFTOLEBY TH D,

./km_rand chk_jump < ¥ 77 7 A /L >



26 % 4% KMATH_RANDOM OF|H L

km rand get_gen_jump MEFTHI (7B FT Y FA)

(/Vyyf774w@¢& ~
$ mkdir jump
km_rand_gen_jump -seed 1 10 -max_ranks 2000
$ 1s ./jump
file_00001 £ile_00003 £ile_00005 £file_00007 £file_00009
file_00002 £ile_00004 £file_00006 file_00008 f£file_00010

$
N J

YERL S 7=7 7 A /L file_00001, file_00002, ... & SLEAERESHIEULICRIAT S, 7 7 A L1
HITLULTDO LB THD,

¥— MEOHIA 1~10
SN/ " § 2000
1727 &0 OFEEARHH 2100
DX T T 7 AN DRAESG ./jump

VXTI FANDT VT 47 A file

KMATH_Random_Get =° KMATH_Random_Vector CTHLIEZAK L T\ &, T D7 7 A N EFHAA
HAEY ETEBES N EEAERREENZE(L LT <, f-> T, KMATH_Random_Serialize (2 & -
THEINLLFTZIZ 7 7 A NVEZIAEINRER, 20V 77— U ER L 7= 01N ERIREE & 1%
B0 TCHEENVETH D, PIHRENSHRERATZY, AT v 7 ay hEFRLZWES
WYy o 77 7 AV E T OEESRAFE L T, KMATH_Random_Deserialize (2% 5 Z ¢ B0
5D,

728, dSFMT T SIMD a5 Z T2 LAV ORELZE T LAl @M 4L E L
BEb, Vv T I ANVEERLEBTLERD D,

km_rand_get_gen_jump MEITH| (/Xv o TV FR/NY FIULIE)

T Ty ANENy I FMUITERTHEEXIE, Nyl RAOY Yy Y — VR
T5, V¥ Y=L ORfIETa s h L FREFBKTH H DT, RIFiIONEEZSEICL THIA
T 5,

Ny 7y FMUICEITT DI 2=V AT AMIBRA L TCETTLIVNERD D, A XT7 7T 4
TVa T ORI T e by REREBREZTRO, Ny FVa TITTHEHT AL, ptool/
TNy FUad7BARHOYa 727 VT ROFINRG 2D TLLTOFETHEZBEIZS TN,
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YT 3T DET ~
$ cat gen.sh
#!/bin/bash -x
#
#PJM --rsc-list "node=10"
#PJM --rsc-list "elapse=01:00:00"
#PJM --stg-transfiles all
#PJM --stgin "./km_rand_gen_jump ./"
#PJM --stgout-dir "./jump ./jump"
#PJIM -s
#

. /work/system/Env_base

mkdir jump
mpiexec -n 10 ./km_rand_gen_jump -seed 1 10 -max_ranks 2000

$ pjsub gen.sh
[INFO] PJM 0000 pjsub Job 2243314 submitted.
$

$ 1s ./jump
file_00001 £file_00003 file_00005 £file_00007 file_00009
file_00002 £file_00004 file_00006 f£file_00008 £file_00010

P )

4.2 HEERMGFARGE

KMATH_RANDOM % FIIF U CELEAER T H1iE, SLEERZIT 5 7 0 —F VARIR A O
FLAMZ, AHLEB L OB E LT DD S T —F U ZFOHTVERNSH D, LLTF T,
BT o A CHEAEREIT ) VoIV ST AOEKRITIEICONWT, ST a s T A
test/1_interface/test_c_seq.c (M4.2) ZHliC, DX 5 RFHEDULENIEICHIIT 5, 72
B, F0 7T htestcseq.clE, FATRHIIEE SO MPL 7V nt 2 (7)) #3bH RIF,
BT T TEHBAERE 7 7 A N~OEZHLEZ 10 BV IRT LV DO TH D,

ANYE T 7 A IWNDHEHAH KMATH. RANDOM OEREEFIFH T 572000~y &7 7 A )V FidriA
fo (M4.21317H), C++. Fortran90 A > % 7 = — A ZFHT 5B A0, FNENFREE
12 CH+HANY T 7 A VDFiHIAH (#include <kmath_random.h>). Fortran &3 =—/L
DFiAIAH (use kmath_random_mod) %1T 9,

DELGEHDEE KMATH.RANDOM Oy KA EFEET 2ABOES %2175 (K4.21947H),



28 % 4% KMATH_RANDOM OF|H L

ABERL—F L QML FMERIHNT S MPI a3 2=/ —4 £H8E L, $_TDT2 7T
KMATH Randon_Init iE% %17 L. FLEERL —F > ORMEZ(T> (M422217R).

EL% S — FODERTE KMATH Random Seed H¥BEA AWV TELEY — FEZRET S (M4.23617H), =
DOFE. BREEZS% KMATH_JUMP_FILE_PATH. KMATH_JUMP_FILE_PREFIX & HLES — D
EINDTX T T 7 ANDNGHHRAEIN, KT 7 OEENERIRENE TSN b,

KMATH Random_Get F8EIZ L o THLEZ 1 {3 >4 9 51EANZ, KMATH Random Vector
REIC L » THBMIEE & O TERLEEZ AR T 52 E bARETH D,

HBERIL—F DT 74F 54X FCTDF >/ TKMATH Random Finalize HEREZFHT L. L
HERN—F %27 74 F 54245 (M4.24717H).,

4.3 NERREOREFELEET

KMATH RANDOM (Z1%, BRI —F » ONIRREDOfrfE (BFHL) LHEITEAT O 720D D
F&HE. KMATH Random_Serialize 33 &N KMATH_Random Deserialize NHE I TWD, ZiubH
OFEREZ R 941X, KMATH Random Init #%. KMATH Random Finalize (Z X > THEATAK T T 5
ETOVTNOHITNICE N TS, WERREBORLE, EIXRARETH D, T b OEEOTEMIL, &
3.6, 3.7THiZZMI N, e, Mtk L bEMBIETHY, LT2T v 7 THRHIOH S
RN RWVRICEENMETH D,

test/2_serialize/test_c_io.c (X14.3, 4.4) 1%, NEREDOIRG EELEITOV T T 0
TINTHD, 207077 ATIE, FATRHOE 15U LV E— FEE, F251 8k RwAES
B D EE OB G- 2 B, T— FE SIS U TUTO X IR Thiv T 5,

o T— FEZN 1 ThUE, FE LIEBEOILELE A SE/HRE 7 7 A LIcESHT,

o T— NEFMN 2 THNIE., FBE LIEEOILEEZRAESE/ERE 7 7 A MICEEH LIZE,
2T 7 ODNEREEZ KMATH Random_Serialize ffEIC LV O\ DICE DT T 7 A /LicE
=9 (K44 1597H),

o E— REBEEMN 3 THIUL, NEIRREA S L 727 7 1 /L% KMATH Random Deserialize H¥RE
IZE 0 HEHRIAA (K 4.4299TH) ., &£T7 7 OREREDE T L, FDRITHEE I f%k
DOEEAEER LT 7 AT EEHT,

4.4 N2FI—7

A=V gy (1) O—F b BA=Var (1.0) ODV—FrOXFv—I T A NEITI,
B/ 8= 3 vid, SIMD i E TR ML SN T ZRWIREETE L RahTnd, ZhZi, 104
B OES A AR L, AR 2 5HH9 5,



4.4.

© &)\]GBU‘%-&)M>Aﬂ\

NoFv—7

29

/

#
#

*k
*

* \file test_c_seq.c

* \brief test of KMATH random C module

* \authoers Toshiyuki Imamura (TI)

* \date 2013/02/04 (NT)

* \date 2013/12/17 (NT)

*

* (c) Copyright 2013 RIKEN. All rights reserved.
*/

include "kmath_random.h"

include <stdio.h>

int main(int argc, char** argv)

{

int comm_rank, i;
voidx* h;

MPI_Init(&argc, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, &comm_rank);

h = KMATH_Random_init (MPI_COMM_WORLD) ;
if (h == NULL)
{
printf("Failed to initialize. rank:%d\n", comm_rank);
MPI_Finalize();
return -1;

}
char file[128];
sprintf(file, "out_c_seq_rnk’,04d", comm_rank);
FILE* fp = fopen(file,"w");

KMATH_Random_seed(h, 1);

for(i = 0; i < 10; ++i)

{
double v;
KMATH_Random_get (h, &v);
fprintf(fp, " %17.15f\n", v);
}
fclose(£fp);

KMATH_Random_finalize(h);

MPI_Finalize();
return O;

4.2: Y —A=a— K test/1_interface/test_c_seq.
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¥ 4% KMATH.RANDOM OF|H 5L

/*%

\file test_c_io.c

\brief serialize test of KMATH random C module
\authoers Toshiyuki Imamura (TI)

\date 2013/12/17 (NT)

* X X X ¥ X *

(c) Copyright 2013 RIKEN. All rights reserved.
*/

#include "kmath_random.h"
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char** argv)

int comm_rank, i, mode, count;
void* h;

if (argc < 3)
return -1;

MPI_Init(&argc, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, &comm_rank) ;

h = KMATH_Random_init (MPI_COMM_WORLD) ;
if (h == NULL)
{
printf("Failed to initialize. rank:%d\n", comm_rank);
goto ERR;
}

mode = atoi(argv[1]);
count = atoi(argv([2]);

FILE* fp;
char ofile[256];

switch(mode)
{
case 1:

KMATH_Random_seed(h, 1);

sprintf(ofile, "out_c_io_1_%04d", comm_rank);
fp = fopen(ofile, "w");

for(i = 0; i < count; ++i)

{
double v;
KMATH_Random_get (h, &v);
fprintf(fp, "Rank:%04d V:%f\n", comm_rank, v);
}
fclose(fp);
break;

~

4.3: VY —A 23— R test/1_interface/test_c_io.c (1/2)
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case 2:
KMATH_Random_seed(h, 1);

sprintf (ofile, "out_c_io_2_%04d", comm_rank);
fp = fopen(ofile, "w");

for(i = 0; i < count; ++i)
{
double v;
KMATH_Random_get (h, &v);
fprintf (fp, "Rank:%04d V:%f\n", comm_rank, v);
}

if (KMATH_Random_serialize(h, "./data_c_io") != 0)
{
printf ("Write ERROR\n");
break;

}

fclose(fp);
break;

case 3:

sprintf (ofile, "out_c_io_2_%04d", comm_rank);
fp = fopen(ofile, "a");

if (KMATH_Random_deserialize(h, "./data_c_io") != 0)
{
printf ("Read ERROR\n");
break;

}

for(i = 0; i < count; ++i)
{
double v;
KMATH_Random_get (h, &v);
fprintf (fp, "Rank:%04d V:%f\n", comm_rank, v);
}

fclose(fp);
break;

KMATH_Random_finalize(h);

ERR:
MPI_Finalize();

return O;

}

4.4: Y —A 23— K test/1_interface/test_c_io.c (2/2)
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441 RUFI—UDEFEIDY 3 TEA

/&y%v~77°m7*7A0>1’E55‘z75:%95 TERANET ~

$ cd <kmath random root directory>/random/test/4_benchmark

$
$ 1s -1
Makefile

kmath_random_v1.0
run.sh
run_small.sh
test.c

$

$ make

$ 1s -1F | grep \*
test*

$

$ cd kmath_random_v1.0/__comparison/

$ make

$ 1s -1F | grep \*

testx*

$ cd <kmath random root directory>/test/4_benchmark

$ pjsub run.sh

[INFO] PJM 0000 pjsub Job 2246378 submitted.

$ kmath_random_v1.0/__comparison/

$ pjsub run.sh

[INFO] PJM 0000 pjsub Job 2246379 submitted.

$

-

¥ 4% KMATH.RANDOM OF|H 5L

J

EARLEET I 7 ANEFETT R, NoF a7 BAHOY 2V A7 Y P Ry Fv—0

77507 427 M EZrun.sh 3HLDT, TNEBEBIZSN, BB, I~ FIA
S —DRET LI ENTE, BB —FE2EETLIENTED,
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4.4.2 RNUOFT—OHEBOGBNT

ERROTVa TERAT, HRX—=Var Fin—var, 2N, 1024 7ot A WF|TTF A N Fal
T LEFAT LRI E R T D, LT, 20 OREROBIZOWTIEHT 5, 7 712ik, KMATH,
Rand, Diff, First, Last ® 5 THHOZRN¥H 5, TNUHITLL FOFHREZERL TV 5D,

KMATH KMATH Init FEOMH L7>5 ., KMATH Finalize MEOMH L TOREH
Rand KMATH_Random_get /L' —F > % 10 {ERIFEON 9~ 15fH

Diff I & AEEEICE U7 (= KMATH - Rand)
First A OFEE
Last R OEEME (10 ERR)

TR R

FATRER OB T, V—F AL TY — P L, OBFRZZE LT 7 B —F TICE
RENTVD, [EA=Y g L LT, BRI 23 T3V 2 LR TE D, T, Hidi—
Va TIEAEHERR O Y v o T EAEIR EOPIHUL DA — 3~y R o lelob b BEZ BN D,

774 ILI0 BEE

72720, O T T s ANDFRIABREERNI T 7 (0F 0, v T T ANDY A R) ITE
FLTEY, ZHOHE ) — RTOYHULICIIR#ZET 5 Z L1225, Hara—X TOER
DHBERE SN AETIEH D45, 10000 7 2 7 5 OFLBENERREN LR S NT= Y v 77 7 A /WEH)
SMB 2T 5, 77 ANYAXIMBREDY Y T 77 A NVEARAT—T A LTRtAE T
B, K77 TT 7 ANA—T (fopen) 1Z0.35 WEEE, 77 A /LU —FK (fread) IZ0.2~
0.4 RREDNMIFMATET 5, M, LN Fv—2 2 EBLIZBOS vy o T 77 A NDH A X
I%. 6032KB TH 5%,

SIMD f4 &g

Flo, VAT A ERET 5 Z L TSIMD M OETEEEMR TE S, bblar (M T
£ % SIMD WA HE2R 72 ZnTRY, [HX—=T 3 0 TH SIMD ma BN RITINTW5E, A= 3
2T 20~30%FEE D SIMD 35 TE M L TR Y, EITRREMRICHFS L Tnd EE2D
no,
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- Ry Fv—rFa s T hNFETRHR

DISK SIZE (USE)
I/0 SIZE

FILE I/0 SIZE
EXEC INST NUM
EXEC SIMD NUM

DISK SIZE (USE)
I/0 SIZE

FILE I/0 SIZE
EXEC INST NUM
EXEC SIMD NUM

Rank00515: KMATH:
Rank00003: KMATH:
Rank00120: KMATH:
Rank00903: KMATH:
Rank00532: KMATH:
Rank00448: KMATH:
Rank00177: KMATH:
Rank00852: KMATH:
Rank00508: KMATH:
Rank00334: KMATH:
$ cat run.sh.02246378 |
Rank00843: KMATH:
Rank00987: KMATH:
Rank00838: KMATH:
Rank00916: KMATH:
Rank00891: KMATH:
Rank00969: KMATH:
Rank00761: KMATH:
Rank00759: KMATH:
Rank00754: KMATH:
Rank00776: KMATH:

Rank00204: KMATH:
Rank00832: KMATH:
Rank00207: KMATH:
Rank00190: KMATH:
Rank00147: KMATH:
Rank00167: KMATH:
Rank00405: KMATH:
Rank00165: KMATH:
Rank00967: KMATH:
Rank00953: KMATH:
$ tail -n 5 run.sh.i2246378

$ cat run.sh.o02246378 |
Rank00672: KMATH:
Rank00765: KMATH:
Rank00788: KMATH:
Rank00860: KMATH:
Rank00042: KMATH:
Rank00258: KMATH:
Rank00121: KMATH:
Rank00473: KMATH:
Rank00179: KMATH:
Rank00671: KMATH:

Gt

KMATH_RANDOM OFIHFE

sort -k6 | tail

18.765974 | Rand: 18.463989 | Diff:
18.751880 | Rand: 18.464001 | Diff:
18.757943 | Rand: 18.464019 | Diff:
19.021160 | Rand: 18.464068 | Diff:
18.877124 | Rand: 18.464134 | Diff:
18.864152 | Rand: 18.464231 | Diff:
18.891643 | Rand: 18.464245 | Diff:
18.994540 | Rand: 18.464328 | Diff:
18.925652 | Rand: 18.464336 | Diff:
19.015893 | Rand: 18.464410 | Diff:
$ cat kmath_random_v1.0/__comparison/run.sh.02246379
20.874865 | Rand: 18.937350 | Diff:
20.891247 | Rand: 18.937434 | Diff:
20.876069 | Rand: 18.937446 | Diff:
20.882967 | Rand: 18.937597 | Diff:
20.861776 | Rand: 18.937662 | Diff:
20.900649 | Rand: 18.937692 | Diff:
20.880725 | Rand: 18.937693 | Diff:
20.851202 | Rand: 18.937843 | Diff:
20.897802 | Rand: 18.938084 | Diff:
20.875466 | Rand: 18.939159 | Diff:
sort -k9 | tail
19.070450 | Rand: 18.459434 | Diff:
19.039628 | Rand: 18.428569 | Diff:
19.074573 | Rand: 18.463469 | Diff:
19.051415 | Rand: 18.440010 | Diff:
19.073662 | Rand: 18.462248 | Diff:
19.054204 | Rand: 18.442119 | Diff:
19.076265 | Rand: 18.460603 | Diff:
19.080420 | Rand: 18.461416 | Diff:
19.061866 | Rand: 18.441747 | Diff:
19.056881 | Rand: 18.435444 | Diff:
$ cat kmath_random_v1.0/__comparison/run.sh.02246379
20.908349 | Rand: 18.933447 | Diff:
20.908210 | Rand: 18.932970 | Diff:
20.909952 | Rand: 18.934280 | Diff:
20.910559 | Rand: 18.934203 | Diff:
20.911662 | Rand: 18.934374 | Diff:
20.912492 | Rand: 18.935168 | Diff:
20.912696 | Rand: 18.934336 | Diff:
20.914527 | Rand: 18.935986 | Diff:
20.917316 | Rand: 18.935278 | Diff:
20.916208 | Rand: 18.933213 | Diff:

: 8982.3 MB (8982214990)

: 8943.3 MB (8943265297)

: 38518205469617

: 2156386352

$ tail kmath_random_v1.0/__comparison/run.sh.i2246379

: 392.4 MB (392336626)
: 353.4 MB (353387891)
: 46965170405425

1896914464

B R R R R R R RBR R

e

©O O ©O O ©O © © O © ©

©O O O O O © © © ©o ©

.301985
287879
.293924
.557092
.412990
399921
.427398
.530212
.461316
551483

sort -k6

.937515
.953813
.938623
.945370
.924114
.962957
.943032
.913359
.959718
.936307

.611016
.611059
.611104
611405
.611414
.612085
.615662
619004
.620119
.621437

sort -k9

.974902
.975240
.975672
.976356
.977288
.977324
.978360
.978541
.982038
.982995

First:
First:
First:
First:
First:
First:
First:
First:
First:

First:

|tail

First:
First:
First:
First:
First:
First:
First:
First:
First:

First:

First:
First:
First:
First:
First:
First:
First:
First:
First:

First:

|tail

First:
First:
First:
First:
First:
First:
First:
First:
First:

First:

.562129
.171197
.954946
.881494
.516410
.045596
.216335
.968918
.260199
.394975

e i T e i N = =

1.384332
1.914003
1.113646
1.486338
1.176010
1.971146
1.366891
1.457589
1.856374
1.736941

.077725
.127347
.332175
.550704
.629879
.478234
.482196
.826657
.044430
.037025

e T e N Y

.964720
.906966
.516986
.281674
.624243
.525658
.604427
.380315
.779593
.444039

L T T a a a

Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:

Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:

Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:

Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:
Last:

T e e

e

e

.176186
.862207
.241992
.628772
.848048
.779265
.173056
.118621
.467264
.487162

.185851
.897960
.811843
.852805
.982283
.862640
.543183
.216967
.194903
.230808

.516480
.708528
.534236
.216761
.243444
.548668
.492482
.428102
.346183
.647820

.836223
.504693
.625560
.643301
.016437
.731941
.056995
.031952
.610631
.926610
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EEXE

[1] SIMD-oriented Fast Mersenne Twister (SEMT): twice faster than Mersenne Twister,
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/SFMT/index-jp.html

[2] NTL: A Library for doing Number Theory,
http://www.shoup.net/ntl/
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