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SMP
Oakforest- PACS Oakbridge-CX

SMP 8,208 1,368

SMP
100Gbit/s 100Gbit/s

SMP

Processor 1 2

25.0 PFlops 4.8 PFlops

16GB (MCDRAM)
192GB (DDR4)

96GB (DDR4)

490GB/sec~ (MCDRAM)
281.6 GB/sec

115.2GB/sec (DDR4)

Processor

Processor Intel Xeon PhiTM 7250 Intel Xeon Platinum 8280 TM

Core 68 28

(Core) 44.8 GFlops 86.4 GFlops

Core cache(L2) 512KB 25MB

cache(L3) 38.5MB

SMP
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OpenMP

ïMPI Message Passing Interface

ïHPF High Performance Fortran

ïOpen MP
Å

ïOpen ACC

ïP hread (POSIX )
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MPI OpenMP

MPI-process ,SMP-core OpenMP-Thread

Thread

Thread

Thread

Thread

Thread

Thread

Thread

Thread

process

process

process

process

process

process

Thread

Thread

Thread

Thread

process

SMP SMP SMP

SMP-core

OpenMP-Thread

MPI-process process

1process1thread( pure-MPI) 1process2thread 1process4thread

MPI-process Thread
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SMP

OpenFOAM FrontFlow, ppOpen- APPL/BEM

Super-LU ScaLAPACK

SMP

Intel MKL SSL2 BLAS LAPACK
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BLAS, LAPACK, ScaLAPACKǵ
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֓

1. BLAS

http://www.netlib.org/blas/

2. LAPACK

http://www.netlib.org/lapack/

3. ScaLAPACK

http://www.netlib.org/scalapack/
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BLASǯǶ

}BasicLinearAlgebraSubprograms

}

API

}

} BLAS
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BLASǵ

}

}BLAS

}

}

}

}BLAS
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BLASȳɔɩɶȿɱǵѝ
}BLAS

1.

2.

3.

4.

}

} BLAS

} BLAS

} BLAS

}
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ɪɗɩ BLAS

}

} y њ xh +  y

}

}

}

}

} BLAS

} - BLAS
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ɪɗɩ BLAS
} -

} yњ Ah x+ y̡

} / T x = y T x

} BLAS

}

} BLAS
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ɪɗɩ BLAS

} -

} Cњ Ah B+ C̡

} BLAS

} -

}
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BLASǵᴁ׀ Ѹ

} XYYYY

}X

S: D C Z

}YYYY

}

AXPY

}

GEMV: 

}

GEMM:
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ȢɱȽɓȥɶȷ͈ DGEMM /

}DGEMM 

(TRANSA, TRANSB, M, N, K, ALPHA, A, LDA, B, LDB, 

BETA, C, LDC)

}C := alpha*op( A )*op( B ) + beta*C

} op( X ) = X   op( X ) = XõX

}

}TRANSA ΅ CHARACTER*

}TRANSA op( A ) 

ÃTRANSA = ôNõ 'n',  op( A ) = A

ÃTRANSA = ôTõ 't',  op( A ) = A'

ÃTRANSA = 'C' or 'c',  op( A ) = Aô

}TRANSB ΅ CHARACTER*

}TRANSB op( B ) 
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ȢɱȽɓȥɶȷ͈ DGEMM /

}M - INTEGER

}op( A )  C

}N - INTEGER

}op( B )  C

}K - INTEGER

}op( A ) op( B ) 

}ALPHA - DOUBLE PRECISION

} ALPHA

}A - DOUBLE PRECISION 

} A ( LDA, ka ) ka TRANSA = ôNõ or ônõ

k m

}TRANSA = ôNõ or ônõm k A

k m A
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ȢɱȽɓȥɶȷ͈ DGEMM /

} LDA - INTEGER

} A TRANSA = ôNõ ônõ LDA 

max( , m ) LDA max( , k )

}B - DOUBLE PRECISION 

} B ( LDB, kb ) kb TRANSA = ôNõ or ônõ

n k

}TRANSA = ôNõ or ônõk n B

n k B

} LDB - INTEGER

} B TRANSA = ôNõ ônõ LDA 

max( , k ) LDB max( , n )
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ȢɱȽɓȥɶȷ͈ DGEMM /

}BETA - DOUBLE PRECISION

} BETA

}C - DOUBLE PRECISION 

} C

} m n  C BETA 0

C C

} m n

( alpha*op( A )*op( B ) + beta*C )

} LDC - INTEGER

} C LDC max( , m )
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ǵᵂ

}BLAS

1. BLAS

} BLAS

2.

}

3.

}BLAS
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LAPACKǯǶ
}Linear Algebra PACKage

}BLAS

}

}

}

}

}

}HP http://www.netlib.org/lapack/
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LAPACKǵᴁ׀ Ѹ

} XYYZZZ
}X

S: D C Z

}YY

BD: DI GB GE

HE: HP SY

é.

}ZZZ

TRF: TRS CON

RFS TRI

EQU é
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LAPACKɩɶȿɱʝ

bdsdcbdsqrdisnagbbrdgbcongbequgbequbgbrfsgbrfsxgbsvgbsvxgbsvxxgbtrf

gbtrsgebakgebalgebrdgecongeequgeequbgees geesxgeevgeevxgehrdgejsvgelqf

gels gelsdgelssgelsygeqlfgeqp3 geqpfgeqrfgeqrfpgerfsgerfsxgerqfgesddgesvgesvd

gesvjgesvxgesvxxgetrf getri getrsggbakggbalggesggesxggevggevxggglmgghrdgglse

ggqrfggrqfggsvdggsvpgtcongtrfsgtsvgtsvxgttrf gttrs hgeqzhseinhseqropgtr opmtr

orgbr orghr orglq orgql orgqr orgrq orgtr ormbr ormhr ormlq ormql ormqr ormrq

ormrz ormtr pbconpbequpbrfspbstfpbsvpbsvxpbtrf pbtrs pftrf pftri pftrs pocon

poequpoequbporfsporfsxposvposvxposvxxpotrf potri potrs ppconppequpprfs

ppsvppsvxpptrf pptri pptrs pstrf ptcon pteqr ptrfs ptsvptsvxpttrf pttrs sbevsbevd

sbevxsbgstsbgvsbgvdsbgvxsbtrd sfrk spconspevspevdspevxspgstspgvspgvdspgvx

sprfsspsvspsvxsptrd sptrf sptri sptrsstebzstedcstegrstein stemr steqr sterf stev

stevdstevrstevxsyconsyequbsyevsyevdsyevrsyevxsygstsygvsygvdsygvxsyrfs

syrfsxsysvsysvxsysvxxsytrd sytrf sytri sytrstbcon tbrfs tbtrs tfsmtftri tfttp tfttr

tgevctgexctgsentgsjatgsnatgsyltpcon tprfs tptri tptrs tpttf tpttr trcon trevc trexc

trrfs trsen trsnatrsyl trtri trtrs trttf trttp tzrzf
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ȢɱȽɓȥɶȷ͈ DGESV /

}DGESV

(N, NRHS,  A, LDA, IPIVOT,  B, LDB, INFO) 

}A X = B X

}A * X = B A N N X B N NRHS

} LU A A = P * L * U

P L U

} A A * X = B

}

}N ( ) - INTEGER

} A N >= 0
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ȢɱȽɓȥɶȷ͈ DGESV /

}NRHS ( ) ðINTEGER

} B NRHS >= 0

}A ( )ðDOUBLE PRECISION, DIMENSION(:,:) 

} N N A

} A L U = P*L*U

L

} LDA ( ) ðINTEGER

} A LDA  >= max(1,N)

} IPIVOT ( ) DOUBLE PRECISION, DIMENSION(:) 

} A i IPIVOT(i)
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ȢɱȽɓȥɶȷ͈ DGESV /

}B ( )ðDOUBLE PRECISION, DIMENSION(:,:) 

} N NRHS B

} INFO = 0 N NRHS X

} LDB ( ) INTEGER

} B LDB >= max(1,N)

} INFO ( ) INTEGER

}= 0:  

}< 0:  INFO = -i i-th

}> 0:  INFO = i U(i,i) 0

U
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LAPACK95 ( ˺ǵȆ)

38

}LAPACK Fortran95

} LAPACK 77 90/95

}Fortran90/95

}

}

}

}HP http://www.netlib.org/lapack95/
LAPACK

call DGESV(N, NRHS,  A, LDA, IPIVOT,  B, LDB, INFO) 

LAPACK95

use f95_lapack

call LA_GESV (A, B) ( )



C Ǯ , LAPACKș̓Ǎ ǵ
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BLAS, LAPACK Fortran

DGEMMҜdgemm_

-

ColomnMajor

ColomnMajor Row Major

Fortran C



CBLASƲCLAPACK ( ˺ǵȆ)

40

}CBLAS

}BLAS C Interface

}RowMajor, Column Major

}

}BLAS

}HP http://www.netlib.org/blas/#_cblas

}CLAPACK

} LAPACK C

}f2c

}Column Major

}

}HP https://www.netlib.org/clapack/

http://www.netlib.org/blas/#_cblas
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(BLAS/DGEMM)



ȳɱɕɩɕɫȮɧɞǵ BLAS

}

}

}BLAS OpenMP

}

#PJM --omp thread=10 
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ὕ ș ǍǉǦǪǭǵ ( BLAS DGEMM)

}

Mat-Mat-BLAS-OBCX.tar

} mat-mat-blas.bash

lecture tutorial 

pjsub

}lecture : 

}tutorial : 4+
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BLAS DGEMM ǵȳɱɕɩɕɫȮɧɞǵὕ
/Fortran В

}$ cd /work/gt00/ t XXXXX (XXXXX )

// Work

}

$  cp  /work/gt00/z30113/tut168/Mat-Mat-BLAS-OBCX.tar ./

$  tar  xvf Mat-Mat-BLAS-OBCX.tar 

$  cd  Mat-Mat-BLAS

$  cd  C  //C

$  cd  F  //Fortran

$  make

$  pjsubmat-mat-blas.bash

}

$  cat mat-mat-blas.bash.oXXXXXX(XXXXXX )
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BLAS DGEMM ǵȳɱɕɩɕɫȮɧɞǵὕ

}

N  = 9100 

Mat-Mat time  = 190.748147 [sec.] 

7901.214364 [MFLOPS] 

OK! 
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BLAS DGEMM ǵȳɱɕɩɕɫȮɧɞǵὕ
Fortran

}

N  =         9100

Mat-Mat time[sec.] =    103.923363756388     

MFLOPS =    14502.4366198134     

OK!
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ȳɱɕɩɕɫȮɧɞǵ

}#define  N     91

}#define  DEBUG  

-

}MyMatMat

} N N
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Fortran ǵȳɱɕɩɕɫȮɧɞǵ

} NN

mat-mat-blas.inc

}

integer  NN

parameter (NN=91 )
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C

49

double  t0, t1, t2, t_w; 

..

ierr = MPI_Barrier(MPI_COMM_WORLD);

t1 = MPI_Wtime();

ierr = MPI_Barrier(MPI_COMM_WORLD);

t2 = MPI_Wtime();

t0 =  t2 - t1;

ierr = MPI_Reduce(&t0, &t_w, 1, 

MPI_DOUBLE,MPI_MAX, 0, 

MPI_COMM_WORLD);

0



Fortran

50

double precision t0, t1, t2, t_w

double precision MPI_WTIME 

..

call MPI_BARRIER(MPI_COMM_WORLD, ierr)

t1 = MPI_WTIME(ierr)

call MPI_BARRIER(MPI_COMM_WORLD, ierr)

t2 = MPI_WTIME(ierr)

t0 =  t2 - t1

call  MPI_REDUCE(t0, t_w, 1, 

& MPI_DOUBLE_PRECISION,

&       MPI_MAX, 0, MPI_COMM_WORLD, ierr)

0



BCX BLAS

} BLAS (Intel MKL )

51

B̧LAS (1

mpiifort -mkl < > F

mpiicc -mkl < > 

B̧LAS

mpiifort ðmkl =parallel -qopenmp < > 

:

mpiicc ðmkl =parallel -qopenmp< >



BLAS
1. MyMatMat BLAS DEGMM

} -
C mat-mat-blas.c 100

Fortran mat-mat-blas.f 110

}DEGMM

C mat-mat-blas.c 106

Fortran mat-mat-blas.f 116

}C

} DGEMM_

}
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ǵɐɱɆ

} BLAS3
C := alpha*op( A )*op( B ) + beta*C 

A: M*K;   B:K*N;   C:M*N;

CALL DGEMM( ôNõ, ôNõ, n, n, n, ALPHA, A, N, B, N, BETA, C, N )

53

A

B

M

N
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A

A

B

B
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C

C



BLAS

2-1 

DGEMM

1

Makefile FLAGS=

2 mat-mat-blas.bash

thread=1

2-2 
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BLAS DGEMM ᶥ

55



BLAS DGEMM ᵂ ǵᶥ
C

double ALPHA, BETA;

char TEX[1] = {'N'};

ALPHA=1.0;

BETA=1.0;

dgemm_(&TEX,&TEX,&n,&n,&n,&ALPHA,

A,&n, B,&n, &BETA, C, &n);
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BLAS DGEMM ᵂ ǵᶥ
Fotran

double precision ALPHA,BETA

ALPHA=1.0d0

BETA=1.0d0

CALL DGEMM('N', 'N', n, n, n, ALPHA, 

&                 A, n, B, n, BETA, C, n)
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ɕɫȮɧɞὕ и
(LAPACK)
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Кὦ

}

}LAPACK/DGESV

C Fortran

59



ȳɱɕɩɕɫȮɧɞǮ ǠȒᵂ

http://nkl.cc.u-tokyo.ac.jp/FEMintro/
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61

ȳɱɕɩɕɫȮɧɞɵȵɨȠɩ ǵ

}

}

}

}

}

}

}CG

test_org.f, test_org.c

}

}

}

}MicroAVS



ȳɱɕɩɕɫȮɧɞǵ

} ERR 10 10 10

}test_org.c test_org.f

CG
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ȳɱɕɩɕɫȮɧɞǵὕ
LAPACK/DGESV
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ȳɱɕɩɕɫȮɧɞǵ LAPACK
}

}

}LAPACK

}

}
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ὕ ș ǍǉǦǪǭǵ (LAPACK dgesv)

}

lecLAPACK-OBCX.tar

} go.sh

lecture tutorial 

pjsub

}lecture : 

}tutorial : 4+
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LAPACK dgesvǵȳɱɕɩɕɫȮɧɞǵὕ
/Fortran В

} /work/gt00/t00***

}

$  cp  /work/gt00/z30113 /tut168 /lecLAPACK-OBCX.tar  ./

$  tar  xvf lecLAPACK-OBCX.tar 

$  cd sphere-LAPACK 

$  cd C  //C

} $  cd F  //Fortran

$  make

$  pjsubgo.bash

}

$  catgo.bash.oXXXXXX(XXXXXX )
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LAPACK dgesvǵȳɱɕɩɕɫȮɧɞǵὕ

}

time  = 0.0000001 [sec.] 

13083407467.39 [MFLOPS] 

990 -2.272792e+00

991 -2.276715e+00

992 -2.288410e+00

993 -2.307670e+00

994 -2.334166e+00

995 -2.367479e+00

996 -2.407125e+00

997 -2.452584e+00

998 -2.503330e+00

999 -2.558846e+00

err = 6.274235e+02 
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LAPACK dgesvǵȳɱɕɩɕɫȮɧɞǵὕ
Fortran

}

TIME[sec] =  6.053596735000610E-008

MFLOPS =   11070575549.3297     

991   -2.272792E+00

992   -2.276715E+00

993   -2.288410E+00

994   -2.307670E+00

995   -2.334166E+00

996   -2.367479E+00

997   -2.407125E+00

998   -2.452584E+00

999   -2.503330E+00

1000   -2.558846E+00

ERR =   627.423511391423 
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ERR



OBCX LAPACK

} LAPACK (Intel MKL )

Makefile

69

ĻAPACK (1

mpiifort -mkl < > F

mpiicc -mkl < > 

ĻAPACK

mpiifort ðmkl =parallel -qopenmp < > 

:

mpiicc ðmkl =parallel -qopenmp< >



LAPACK
1. test.c test.f

test.c:159 test.f : 114

LAPACK dgesv

} ATAN, N, RHS, :PIV, 

}

}C dgesv Fortran

} dgesv_

}

} ERR
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1 LAPACK dgesvᶥ
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LAPCK dgesvǵᶥ
C

dgesv_(&nn, &inc, amat2, &nn, 

piv, rhs, &nn, &info);
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LAPCK dgesvǵᶥ
Fotran

call DGESV(N, INC, AMAT, N, 

&           PIV, RHS, N, INFO)
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} 168 QR
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