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B1E HE

1.1 [FL®IC

KMATH RANDOM (Z AVt v XY 1 ZARZFEEAERT VTV X2 dSFMT[1] % FV 72 KB
FEBERNV—F o TH b, AT07 I Ly ME, TOMERIEDOZODT AN TR0 TS L%EE
3, KMATH.RANDOM i > &7z —A& LT, C. C++. Fortran90 ¥ R— + 33,

KMATH_RANDOM I, WHIFHEHEEREIZS W CEIET 2 5 - & 5B 72 LA BB RE % R4k
THIXIZED, KEEUEREEEEICB IS 70 s aEElbe XETL 2 2HKE LTV
5, KIEEE YT ALO - vIalb—rarvziRLHesi7ms 7 A4THE, WY DAV KED
BT £ T 2 A H 5, KMATH RANDOM 137 DFE %723 R LM TEL
— DB WELBG & BT D RE R SRS B, F 72, AHIBNGFIGH AR BT 2 T u s T A
DFEFRHTEHBERDS 70 7T L 2ROFEFTEREZHERT LI DRV E S, KMATH_ RANDOM
EAFIFH AR CEEICEIE S B K D ICREF I T nw B,

KMATH_RANDOM T X NAFEEER 7V T XA ASFMT 1Z. SLEBUEEGEE A3 & T dH
0. BHUELES O FHAAY 2521 — 1 95 2216091 _ 1 B TREL, X512, BWHEEIM % &
LW, FETEE, ILROMEOMEIZE W TENZME 2+ D>, KMATH.RANDOM ik, N
ERIIZ ASFMT 2RI U CELES 2 42k 3 %, Z D76, KMATH_RANDOM 1% dSFMT & [Ak
OB EE D,

KMATH_RANDOM (4 KT B ELE DI FI WS FEFTD T > 7 TEBE LR WL S, FLEE
BV —F > OPIMUERIZ, KT v 78I R DEBNITIREEZ 7 7 AV S5 ARAETLT S (R
X 1.1 0T, WIEEND), DI, ZOT7 71 VE2 Yy T I 7AVERR, ZD7 74
ZEER I N A ELBNERIREEIX, ASFMT Vv v TERER AL T, T 74V MTIR1 V7 H7-
0 ELEUCE RREIFE 2 2100 & U 2000 T V7 R TIEIRY ¥ v TEEE B RS ZE TERI N E D
Th 5,

1.2 FIAFFEE/Copyright

KMATH RANDOM (% 2 5:JE BSD 7 1 & > A (The BSD 2-Clause License) (232 & fil il % #F
#id 5 (7477 Y HNO LICENCE.txt IZFd#k).
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1.1: KMATH RANDOM DML D
( LICENCE.txt

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.

M
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2.1 KMATH RANDOMA YA MN—JVICHERY I DT

KMATH RANDOM % 2 V81 VT 27223V DDV 7 b 2 7Ny r—VNBETH
5, BEEEHZEINTWEY 7 Y 27 2 NIRRT,

NTL Version 5.5 B (ASFMT O ¥ ¥ 77 7 A WAERIZ &6 5)
MPI MPICH2 version 1.5 BAB#, MPICH version 3.0.2 LAR%
OpenMPI version 1.6.4 DARE
a¥314F  GNU 281 T (gee, gfortran, g+-+ version 4.1.2 PABE) 721
(SRS
(mpifrtpx, mpifccpx, mpiFCC (5, FX10 HO 2B X331 )

2.2 KMATH RANDOM D AFHE

KMATH RANDOM (B3 B 1 #ILIRD URL 25 AFAIHETH 5.
http://www.aics.riken. jp/labs/lpnctrt/KMATH_RANDOM.html

tarball Dftl, N7, N—Y a VERBBEHEINTH FETH 5,

2.3 KMATH_RANDOM®D7T 1 L7 M) ¥R

RTATITLDT 4 L7 PUKKRIEEL21DEED TH 2,

BT A 770 RKREENT 5 random/& RFa A2 NHT 1 L2 MY doc/. ZDRITIFES
BAVR—T 2= AMIFDITATIIERT 4 L2 b (¢/, c++/,190/)) ¥ % v T 7 7 A VEAE
R BYY Y —IVET 1 L2 MY (tool/, ptool)) W B, F7z, FAFEL—VHINZT AN T
7F I (test)) MEENT VS,

24 AVNRAIIEA VA N—ILFE

KMATH_RANDOM D I Y S )WZIZE O PO FIEVBBETH S5, LFOFIHITH > THEDH T
=Y AN
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% 2.1: KMATH_RANDOM version 1.1 ®F 4 L 27 + V) Ak

TA4LZ MY &7 7 1L
random/ BT 7T VARKRERMHT AL 27 RV
arch/ 7 —F 7 27 F v il Makefile H1 > 7 )V — K7 7 1)L
c/ CHAYRTz—=ADY)—Aa—FR
ct+/ C++HA VR Tz —ADY —Aa—F
90/ Fortran90 A > X 7 = —ADY —A2a2— K
dsfmt/ dSFMT V—Z2a— R, &1 &7z —AM@fHY —Aa—F
test/ FEMGEH DY — A a—F
1_interface/ AVRTz—AT AL
2 serialize/ BT A b
3_comparison/ T A b
dSFMT-src-2.2/ ASFMT # U U F LY — 23— K (S5 HE)
4 benchmark/ NVFI—=7
kmath_random_v1.0/ KMATH Random v1.0 ® 2 — R GEEA)
tool/ Vv T T 7 ANERY =Y —ZAT—=F (7rY TV RH)
jump/ VX VT T ANEET LI ™Y
ptool/ VYT T ANERY =LY —Aa—K (Ny 7T v RH)
jump/ VYT I ANMRET LI MY
doc/ R¥FaXy MEHT« L2 MY

2.4.1 NTL®OA YR k—Jb

KMATH_RANDOM © ¥ v > 77 7 4 )VOEHIZIE Victor Shoup KABHIFET 5 NTL A HET
Hb, NTLIZV Y VT 7 7 A VB BB R T — R ERT 5720105, foTHIVEa—
RipEO7aY NTY R/ —=RTIZBRAAVNRAINVTLEETIE, 702 by MDA NTL
FEMEITEEL, Ny 722y RIITIZEHZ NTL OBHIZBER N (7 7 1 VEREZ RS 3 HKW
TNV IV RETCYY T T 7ANVEERT DL EIZEIBETHD).

3. BFEDOYA b (2] (http://www.shoup.net/ntl/) £V tarball # AF L, #4747 —F
YITFa VL2 M) ETEMTA, TLUTC, TALIZ NV EYTTFA LI MY sre/ ETRET S, T
Z T, configure & make ¥ 4579 %, NTL A > A b —)LIZBT 53 L Wil IZ NTL OB — L R—
JIH B,

ntl-7.0.1 ® 3 > 81 L

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

% make




2.4, aAVNAINEA VA N=I)VFE

2.4.2 Makefile.machine D% E

iz, KMATH.RANDOM ®F « L Z bV iZBE L, KMATH.RANDOM ® Y )L K %475,
3. BIHEICTIER U= NTL 51 75 U AD/S A% Makefile.machine 7 7 1 WIZERET 5,

ES

(f-hdakeﬁleinachjne

$ 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
FI90FLAGS = $(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 -1lstd -lstd_mt -lstdc++
$

N

~

BT IR B B

1. MPL 2281 5 (F90, CC, CXX)

2. 7BV FIY RAI Y15 (xCC, xCXX)

3. CFLAG NTL ~AD A ¥ 2 )L — K32 % CFLAGS ¥ CPPFLAGS (Z3E/17 %,

4. LFLAGS NTL AD 51 75 YN 2% LFLAGS 12817 %,
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2.4.3 ELEAERDEIR

F2w FAODEN

dSFMT DELEERO LT 7 4 )V hT2VBT s T3, ZOEMMAEZETE T 5121, Make-
file.machine 77 T IVDOLU T DR ELLHET 5,

. Makefile.machine B
$ 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

EIRATRE L A HNI A T D & B D T,

-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

— D % # R LU T Makefile.machine (25283 %,

REREHEL GG, LBNHBREBELOZODY Yy v 77 74 VB L ORROENLT 7

TVl M’Fﬁi@bﬁéé&f 725720,

FOEFINOGDTI7ANETAT IV THHELESGE, 7

075 LAIRERTT2580HL20THENBRETDH S,



2.4, aAVNAINEA VA N=I)VFE 11

2.4.4 SIMD s DAL - Eihit

dSFMT @ SIMD s DEANT 7 4V N TEME R>T WD, ZOHREEENZT I
Makefile.machine DA T DOHEEZIA YV VT 7 b T 5,
/ Makefile.machine N

$ cat Makefile.machine

# compilers
F90
CC
CXX

mpifrtpx

mpifccpx

mpiFCCpx

#-- SSE2
CFLAGS
CPPFLAGS +

+
]

-DHAVE_SSE2
-DHAVE_SSE2

$
N J

CDHFEEEHELIZGE, ILBNHTIREECOZODY Y v T 774 VB X OBBDESILT 7
AIIERUES R TER SR, TOFEINS6DT7 74 IVETA4 T 7Y THRALEZGE, 7
077 LMIERERTT5,

F/, ZOBEDPENIIR>TWVWBIEEELZE D TRWIGEEL T, ERINBEEFNTELLDT
EEVPBETH S,

2.4.5 make
C. C++. Fortran90 HZNFNDA VX Tz —A54 TV DI RFEIIUTOEEVITS,
(-347“‘3‘)0)@}1/]\“ ™
$ cd <kmath random root path>
$ make
$ find . -name " *.a”

../c++/1ibkm_random.a
../f90/1ibkm_random.a

../c/libkm_random.a

J
make I Y RED find AV Y RTERENEZIATIVIR, EREINEZARTAvIS514T 5
V774V THDB,




12 Ho#E ORI
2.5 F7TVHr—a3avoEIR

WAV a—&X LT, KV—FU2FHLETY TV r—2a vz RT5848, a3V 81 L,
DYV IHFIZEFNTNUTDN T A —RE2IBETIHERH D, B, 14773 VF T aryoiEe
IEIXEETH O, UTFOHIZHED R VESY) v 2712 R T 288 H 5.

25.1 CAv497x—R%FATZHE
a2 )b :

-I<kmath random root directory>/c
>

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

252 CH++AM V¥ 7x—R&=FAET2HE
VA U172

-I<kmath random root directory>/c++
>0

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

2.5.3 Fortran90 1 ¥4 71— %ZFAT %56
VA 1

-I<kmath random root directory>/£90
A7

-L<kmath random root directory>/£90
-L<NTL path>/1ib
-1lkm_random -1ntl -1lstd -lstd_mt -lstdc++
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FEI3EZ A Y —T A REH

ARENT KBNS LB —F DA VBT 2 —AMEHTH 5,

R AU T —ARIBIN—Y 3 v (ver. 1.1) TIEAL Y R2—=T7TiERWV, YILVFALY
FEECHAHT 2581, PO LIIASEYNIC LB 217 5 BB D 5,

3.1 KMATH Random Init

C Syntax

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

518 Eit 10 | M
comm MPI_Comm | In MPIdXa=/—2X&
RYOE | voidx Ret | NV RV

C++ Syntax

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

5% i 10 | #ifA
comm MPI_Comm | In MPIadIa=r—%
R Y E | bool Ret | IRFE& (true: EH)

Fortran90 Syntax

use kmath_random.mod

subroutine KMATH_Random_Init(handle, comm, ierr)

G1E L 10 | &

handle | type(s_km_rand) | Out | N> b

comm integer In MPI2Iaz=h—2%
ierr integer Out | IREE (0: iEH)




14

33 2= —& comm % 5E U KM FIELEUE BV —F > 2G> — RE (1) Tk d 5,
DA VR T z—AF, EHEBETH O ETO T V7 THFIZI =L U ARITNIER S0,
DA VRT =z —AFETHRE, V= NELIZHRT 2V Y 7 7 A VhasilEn, £V 270
LBNERIREEDE X NS, L, I a5 —XADT Y IEN, ERTHEIY T T71L
IS NIRRT V2 BAEBATLUEY, Vv 77 7 IVDaAAARDIEFIZTE R 5725

&, FIHIZ R iT 5,

VYT T AIE 120y — NEIZ 1 D2FEL, TNZENLT (K 3.1) D1 F Y BRD

TA—xv  NeET 5,

SN

7 > 7 0 DYHELENERIRTE

7 > 7 1 OYFELBINEIRE

7 > 2 N-1 DHFLEN IR

B3TE AV R—T A Affi

4 31 b
3080 /N1 b
3080 /N b

3080 /N b

31 Vv T I77ANVNE T +—< v b

3.2 KMATH Random Finalize

C Syntax

#include <kmath_random.h>

int KMATH_Random_finalize(void* handle);

513 i 10 | M

handle | voidx* | In NV RV

ROfE | int Ret | fREE (0:520)
C++ Syntax

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

514K it}

10

At

ROME | bool

Ret

REE (true: 1EH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Finalize(handle, ierr)
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515 il 10 | &
handle | type(s_km_rand) | In ANV D%
ierr integer Out | 1REE& (0: IEH)

NY RLVEREELT, KB TELBERL—F 2 7714 F 514 RT 32, 2O VR T—
ZlZ. I L FRRIZEFBETH D720, £TDT Y 7 TRIBHZ 2 =)L L2RIT LR S0,

3.3 KMATH Random Seed

C Syntax

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

Gk pix| 10 | b

handle | void* | In NV RV
seed int In v— N1l
RO | int Ret | {RFE (0:820)

C++4 Syntax

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

518 # 10 | #HMH
seed int | In ¥— N{E
JROME | bool | Ret | K& (true: IEH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Seed(handle, seed, ierr)

514 il I0 | @i

handle | type(s_km_rand) | In NV RV

seed integer In ¥ — FfH

ierr integer Out | RR%& (0: IEH)

LDy — Nz 525, ZOLE, Y= FMEIIHIGT 2V ¥ T 7 7 A UDGiAAEN, KT
VU OEBNIREIETL I NS, L, BELLZY—FEEZIE, 23227 —-XNOI V78
WEREBZ, V¥ v 77 74 NVOHRAAARPIEREIZTE R P o156, ZOFOHUIREKT 5,
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3.4 KMATH Random Get

C Syntax

#include <kmath_random.h>

int KMATH_Random_get(void* handle, doublex value);

Gk g 10 | i

handle | void* In NV R

value | doublex | In ELEE

RYfE | int Ret | JIRRE (0:52))
C++ Syntax

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

518 74 10 | #H
value | double& | Out | HLEUE
R YME | bool Ret | REE& (true: 1EH)

Fortran90 Syntax

use kmath_random_mod
subroutine KMATH_Random_Get (handle, value, ierr)

G1E it} 10 | &ifd

handle | type(s_km_rand) | In AN )Y
value | double precision | Out | FLEUE

ierr integer Out | RREE& (0: IEH)

HBEAE 1 DEBET 5, BoNAEE8IT 1.0 < v < 2.0 DHEHFCTEHRILE N TWD,

3.5 KMATH Random Vector

C Syntax

#include <kmath_random.h>

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

Gl i 10 | 3

handle | void* In NV RV

values | doublex | Out | ELEXELSIADKRA > &
size int In 152K

ROl | int Ret | {RAE (0:5%2))
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C++ Syntax

#include <kmath_random.h>

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

Gk piA] 10 | &itHA

values | double& | Out | GLEXELFIND KA ¥ &
size int In JEVEES'

RYfE | bool Ret | KR (true: 1EH)

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Vector (handle, values, nvalue, ierr)

51K il 10 | &

handle type(s_km_rand) | In NV RV
values(:) | double precision | Out | FLEXEIH]

size integer In A2

ierr integer Out | RR7E& (0: IEH)

fERE U7 IS E D 72 D ELEBE 2 Bl IS 4 5, 7272 Ly HUSEUE, 386 fldEA ETA D, 2 TH
DN B TRTNIEZR S0, FoNEEIX 1.0 <v < 2.0 DHEPFATER (LT TNS

3.6 KMATH Random Serialize

C Syntax

#include <kmath_random.h>

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

G1E~ i 10 | &M
handle void* In NV RV
filename | const char* | In 774NV
RO int Ret | =5 —

0: =J—7%U (IE#H)
—1: WA DRSS T
—2: MPI 4%

-3: 7714V 1/0 kK
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C++ Syntax

#include <kmath_random.h>

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

5% i) 10 | i
filename | const char* | In 7714V
R f# int Ret | T5—

0: =7 —7% U (%)
—1: #IAfbD Ak FE4T
—2: MPI %K
—3: 771 1/0 KK

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Serialize(handle, filename, ierr)

515 i} 10 | @i

handle type(s_km_rand) | In NV RV

filename | character(*) In 77 AV

ierr integer Out | =7 —

0: =7—7%U (IEH)

—1: RNV R D
—2: MPT 2Bk
-3: 774 1/0 KK

BIEOFENIREE R, filename THHELZ7 7 1 WIZESUML (BRF) 75, 204X 72—
AERBETH Y, 2TDOT VI THEHZI =L EINRITNIER S0,

BEILI N7 7AMIZIE, 33227 —RIZBETHTRTD T V7 OFELBNTIRE, Gk S 1
TW5, EBOEFLLIIZS > 27 0D 7a ZAAMH YL, 1203 I 2=/ —RIZHLT1 20D
T7ANVIPERINDE Z 2245,

T7ANENAFVEAT, 74—y FEUF (K32 DeBHTHD, £/, C. C++5&
O Fortran90 A VX 7 = — AFNFNOM THEMDH 5,

3.7 KMATH Random Deserialize
C Syntax

#include <kmath_random.h>

int KMATH_Random_deserialize(void* handle, const char* filename);
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WRT VI 4 84 b
Z 7 0 OHHIELEA ERR RE 3080 /N bk
Z V7 1 OFEHRLEA SRR RE 3080 /N1 b

Z v 2 N-1 OFJHIELE A AR RE 3080 /N1 b

3.2 VY VT Iy ANVHET A=< v b

G1E4 i 10 A
handle void# Inout | /N> Kb
filename | const char* | In T 7 AN
R f# int Ret | TT—

0: =7—7%UL (IEH)
—1: &SNy RL
—2: MPI %k
-3: 771 1/0 %K
—4: FUIBDAE—E

C++ Syntax

#include <kmath_random.h>

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

5% o 10 | i
filename | const char* | In AP Z4
R D fifi int Ret | =5 —

0: =T7—7%L (IEH)
—1: 7Ny R
—92: MPI 2&H
—3: 77410 KK
—4: TV IBDAR—EL

Fortran90 Syntax

use kmath_random_mod

subroutine KMATH_Random_Deserialize(handle, filename, ierr)
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G1E Lt 10 At
handle type(s_km_rand) | Inout | N> R
filename | character(*) In T 7AIVEH
ierr integer Out 77—

0: =5 —7%L (E%)
—1: fEsh7z N> KL
—2: MPI 5
-3: 771 1/0 KK
—4: TV IEDR

EFMLI N T 7 A I ZFAr A, SLENEREZEILT 5, 2D VX 7 = — Ak, EFI{LHE
MRIZERBETH D ETO T v 7 TRFHZ =)L I NI NIER 580,
BEQIAIa=r—RIZ@T 57V 08E. 77 ANMMEBRD TV 2 BNRRZ IG5 -
D, T7—FS —42EHIN5,

AR T 7 A NVDERIZOVWTIL, AiffizSBO I &,

3.8 IRIZEZ#M: KMATH_RAND_JUMP_FILE_PATH

Dy T T 7 ANDBMANAEIEET 5, ZOBRBEEBDRESNTWRWES, UTAT 7 4
VRSN L35,

/etc/kmath/random/ jump

3.9 IRIZEZ#: KMATH_RAND_JUMP_FILE_PREFIX

VXY UTTrANDT VT 4w I AERBET D, ZOBRBABDVHEINTWRWESE, UFR
FTIANKNT VT 4y 2 AR5,

file

FEBEDY ¥ > T T7 7140k £i1e_00001, £ile_00002, ... DFRIZ, ¥ — ROFEHF7Z1F D ID (B
i) 5N TEHI NS,
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B4E DFFIR

KMATH_RANDOM DM DFENIZ, HE—HETHERUAZEII K41 DL IZh B,

1.

2.

3.

Tr T T 7 ANDERK

VYU TTTANDA VA=)
KMATH_RANDOM Zffifid % 702 LADHEH)

Vv v T T 7 A VKEINE T (BRI5Z5 X KMATH_RAND_JUMP_FILE_PATH) D2t}

KMATH_Random_Init {Z X 2 #J8i{k. & U < IZ KMATH_Random_Deserialize TV ¥ V777
AV H 5 NERIRFED R

KMATH_Random_Get 7% ¥ T# 7 0 & A7 IZFLE % HUS

KMATH RANDOM ® 7 74+ J 4 X

SwTITTAI
(U—FN)

ELEBMERIK RS .
ERY—IL 7«1{7774»
km_rand_gen_jump ’—F 4 (—F2)

S TIT7AIV
O —F1)

291
= 5292
5293

REZH _
KMATH.RAND_JUMP_FILE PATH - 5242000

Q]
@IV RR—)L @
©3t§llllFUH1L\\
KMATH Random

W—F2

system directory

TI)r—ay @EHAS

X 4.1: KMATH_.RANDOM DOLHE DN
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4.1 vy VT T774IVDIER

AEITIX, V—F VHIWHERFIZR T > 7 DSELBNERIRE 2 E T T 572 0D T vy VT 7 7 1 VR AR
B IEIZ D \WTEHT %,

411 7BYMIVR/NRy IV RENFY—ILDEILR

FT. ELBNERRBARY — ) (BUF, Yr VTV =L EIRER) oL RE7aY Ty R
Ny Ty RHTHRZY, 70y by FAITY —)Vid make tool IZ& > TEKRL, Ny
R Y —)Vid make ptool IZ&k o TIEET 5, b, FEEIZIZY —RAa—RIZFEFERALTH Y.
Ny 72Ty RMEMPI 28 S TR TFRSRWRYE, a1 5 %2KBUTERTE S5
MEIZHIZTER,

K7D‘/}\I‘/ RIS ¥ v 7Y —LDOE L R N

$ 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

4.2 v IY—ILDET

RIicCEN RENEY =ik, V¥ 77 74 IVEIEKT % km_rand_gen_jump & fERK X 172
VYT T 7 AINVDOKGEE B 272D km_rand_chk_jump D 2 D TH D, LANICEDAFIZRT,
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4.2.1 km rand gen_jump

Vr T T 7 ANVEERTBY—VTH D, HBELZY— NMEDFHFOKZ Ty 77101
BEREING, EXREFLLTOEENTH S,

./km_rand gen_jump [/XT A —X 1 [)ST A —X 2].]
BERRERN T A—=RIILFD B TH B,
-seed <seed_start> <seed_end>

— RIEOHIPH, ZD Y — REDEFZ, DX v T 77 A VBMER I B, T 7 40 MEIL, seed_start=1,
seed_end=1 TH %,

-max_ranks <rank>

SUOBOERME, FHEERE, 2322 —RNDOT V7Y A XE, TOMEMUTTHRLTIERS
B\, T 7 4V MElk 1,

-rand_range <range>

1 7> 27 &7 0 OFLEERRHPH, 21208 » LTHRET %, 7 7 4L Mk 100,
-install_ dir <path>

ERS 29 v v 77 7 A VDR, T 7 4 )V MElE. /jump.
-file prefix <prefix>

BT Y T 77 ANVDT VT 4w I A, EBOI Y v T I 74NVKIE, ZOTV T 4w I A
DBIZY — RB{BERIMNEEINE, T 74V MhlX file TH D,

4.2.2 km rand_chk_jump

ERE NV Y T T 7 ANVDORGEEE B RO Y =V ThHd, KY—iE, DAV RXTz—A
EN S TEE ASFMT 2IE0HT, Vv > 77 7 A IZEBRES N2 TRTD T > 7 85 OFELEAHE
IRFEZ MG dsfmt ¢ 12 U, BLEE 1 DFAE S ¥ sz B e 5.

Z2RIILUTOEBLTH B,

./km_rand_chk_jump < ¥ ¥ ¥ 77 7 A >
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4.2.3 km rand get gen jump MEITHI (7O bV KA)

(\‘/“«v VT 7 7 A NDIERK N
$ mkdir jump
km_rand_gen_jump -seed 1 10 -max_ranks 2000
$ 1s ./jump
file_00001 f£file_00003 £file_00005 £file_00007 £file_00009
file_00002 £ile_00004 file_00006 file_00008 f£file_00010

C Y

PERR X 727 7 1 )V £ile_00001, file_00002, ... ZELEERBSMILIZRIHT 5, 7 7 1 VI
WL FDE B TH B,

¥ — FED#iH 1~10
IS INTAVEIE 2000
15> 7 &7 OFELEA: R 2100
VX VT T 7 A IVORES ./ jump

vy T ITTANDT VLT 4w A file

KMATH_Random_Get %> KMATH_Random_Vector THEZ ALK L T\ &, ZD T 7 A V& FHA
AAEY) FTCEMINELRNERIRENZE/ L TWL, > T, KMATH_Random_Serialize IZ & -
THEIMEUFZIZ 7 7 A VEBESAENREZ, 2OV Y VT = UDMERL U 7= I AN EIREE & 1%
RILDZOTHBVPBETH D, IIHRE» SHEHZAAZD, XSy T ay bE2HBELUEZWES
WYy 77 AV T OHEEHEFE L T, KMATH_Random_Deserialize IZ 415 23 HEAS
H5,

728, dSFMT T SIMD s 2T 20 LR WO EEETH U2 HEa il 2 £ H L7
BEb, Vv 777 A VEERLAEBTHRERD S,

4.2.4 km.rand get_gen jump DETHI (/Xv 7T FAE/NY FUNIE)

T T ANENY T RUITERT I L EIE, Xy 72V NHDOY Y v Y — L EFHEH
T2, Iy IV oAl by RREFEKTHSHDT, BifioNEE2SHIZ L THHA
T 5,

Ny 72Ty RITHETTRIZRFa— VAT LAIHALUTETTAIRERDH L, 1V RF7 T+
TVaTdDGERITOY FIT Y RERERZTDVD, Ny FUa TITTHAT LEIL. ptool/
UFERNYyFYaTdBAMADY a T A7) T NOHINRH 2D TUTDOEFHZ2BEIZI NN,
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~

Ny FVa TOET
r

N

VFR—7

$ 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 f£file_00003 file_00005 £file_00007 file_00009
file_00002 £file_00004 file_00006 f£file_00008 £file_00010
$

4.3 RNVFIX—7Y

ANR=Vay (11 DOL—Fre, [HRN=Vay (1.0) DLV—F VORYFI—2F A N2fTI,
[HN—Y 3 viE, SIMD @S ETHAEMEEN TR WVRETEL RXINTWSE, TRFN, 1013
mDELEE ERR U, MR 2 FHS 5,

25
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4.3.1 RUFIT—IDERISHT a3 THEA

(/&y%v—77D75A®W&#693f&Aif ~
$ 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.

C Y

VIWRUAEEGT I 7ANVERETTE, NvFVaTHAHOY 2 VAZY) T BIRYyFv—0 S
075507427 M) EiZrun.shB3HBDT, TNEBEIZINZN, BB, IV KI1 v
¥ E—DIETAIENTE, LB (V—N) 2BFFTH5Ze2TE5,
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4.3.2 RUFIT—UEROERNT

EROVaTEAT, HRX=Vay, HiNn—Yary, TNTh, 1024 7ot AiHTF A s Ta s
T LEFEFURBRELERT S, LT, 215 OERDOIIKIZDOWTHET 5, 1712k, KMATH,
Rand, Diff, First, Last ® 5 HH DR R H 5, TNSIILTOEREZEZKRL TWD,

KMATH KMATH.Init FEOVH U225, KMATH Finalize MEOVH U £ CTORFR
Rand KMATH_Random_get )L —F > % 10 {&[A] IO H 3 HEH]

Diff b & Iz B L 7288 ( = KMATH - Rand)
First ) D ELEE
Last wEOGLEE (10 &EEH)

AT EEE

FATRER D HITIE, V—F VHIHMEIFETY — b L. mBRRIZE LT V2P —FTILK
RENTWD, [HN—Y 3 v LT, WA THENZ DR TE 5, U, Hiv—
Va v TRYHHER DY v o TR EDHIHULD I — NNy Rl iRl e EZ 6N D,

77410 B

EU. V¥ v 77 7 A VDGmIASAREMIEZT V28 (DFED, Vv T 774008 A X) 124
FLTHBH, ZHOEHE — NTOWMLICIZRMZ BTS2 212 5b, KAV Ea— X TOER
POMEINBMETIED HH5, 10000 7 > 27 2 OELENIIRED ZEFHI NI v T 7 71 WIFH
SMBIZ#ET 5, 774 NVY A XIMBREDOY YV 77 A NVEAT V1Y L THIAAEET
Bh. &7 TT7 74V A =T (fopen) IZ0.35 WFEE, 774 VJ—1K (fread) 2 0.2~
0.4 LT DM 233 5, W, LRRNVFI—22FEMLEEOY Yy T 774 VDY A X
IZ. 6032KB TH %,

SIMD fP4AE

/o, VAT LT RNEKT S Z LT SIMD s OFETEE AR TE S, bbb a1
&% SIMD iyt nTH b, A=Y a v TH SIMD @ahFHiTEnTWS, BHAN—Ya
> TlE 20~30%FEE D SIMD M FITEAEML TE b, ETRMERIFSLTWEEEZS
ns,
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- RyFI—r 7075 LETHER

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:

Haw BIEFIH

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 R 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:

L i e

e T e N S Y N

L i e

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

.384332
.914003
.113646
.486338
.176010
.971146
.366891
.457589
.856374
.736941

.077725
.127347
.332175
.550704
.629879
.478234
.482196
.8256657
.044430
.037025

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

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:

~

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

e e

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

e

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

e

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

e
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BHEE KU

51 KMATH RANDOM DIRTE & 5%

BIED KMATH RANDOM (2%, PARITBRR B HIFIREMAMG S B88E0H D, T b1k
SpleE, BEINLTREMELD 5,

W12, HI3IETHRREZE B, BIED KMATH RANDOM IZAL Y RE—T7 TRV E WS
MR DB, Db, /= FRIZBWTIiFFETT 25ETH > TEHEBD MP1 70t A% 4L
BT BMENELTWS,

5212, SLEFHOEGHA KMATH RANDOM DO L)L RIFIZIE X N, BIICEAETE R0 eE »
SHHIN BB, ZD7-H, EROEABAWEF N T2 —FiE, BELREPOKSIZFT 1T S
DZEILRUARITNERS RN, ZhEdEE L, FETRITTRIZEIE 2 2R 5 58 OB A3k
INTWA,

31z, BUEIXASFMT ICEEINTWAELEER 7V T X L%k, EEOGEERT 1TV
WCEEHZ SN AEEEOBEMARF I T WS,

5.2 FHiEF

AL— 7= 27 VBIROE TR, BULEREFTOA— =3V Ea—& 5 2FHLT
BonkH0THE,
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[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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