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B&® Fortran, C 7’025 A% Python hSFIBATERLS(CRB.

O LTRIBREZOBBCHELELEID
- BRDIS—XyvE—IDIEEE
- EYa1-)LEBRIZE/”]
- ATY U EM[, Python TOY S ADMEXD KLY
— ctypes LUIANDIEA D Fortran, C I— RIFEVE UAE
— Cython ZFIAA UTcE&RETE
- AV ST 4 TE—KP IPython TOFHE
— Python2 & Python3 MELV (REBY 7 b (& 2.7 & 3.5 A ICTHESR)

1) http://docs.python.jp/2.7/reference/index.html
http://docs.python.jp/3.5/reference/index.html




1. Python S&&(CDWT

0 Python S5&(CDWT
- SMRA7005=zVJSE
- BB, AR=IYILOY3Y, ATV U MEM
- IR— 7))L (Unixk, OSX, Windows)
- A=TIVVY—-2
- MR

(| :l I\—.I-o}bli(bﬁarg
- 4JT/FL$53 NARNESS 57

. SREESATSY

- sys, re, subprocess, .

. @*aﬂdeMyL£57477U
- NumPy, SciPy, mpidpy, .
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HAK2.1: Hello World 2’005 A

hello.O.py 70935 ARS

myname = "Kyudai Taro"

age = 25

height = 1.705

weight = ©69.16 N - B E BN EXFIINER

formatted weight = “weight: %6.1f” % weight

val = “8T0" % B or (B, ...)

print( weight )

print( formatted weight )

print( "Hello, %s." % myname )

print( "Your age, height, and weight are %2d, and %6.3f m, %6.1f kg, respectively.”
% (age, height, weight) )

o BHICIIELDERIDT —4 % {RIFOTRE
J00 3 ALET - EAHICE print B ZEFIA
$ python hello.0.py s BREZDEISIBITET or
-%ﬂjéi%ﬂxﬁkxﬁbfﬁi
. %d: B#
HMER - %f, %e: SZEV B SEK
60.16 « %s: XFFor ATV O MRS

weight: 60.2
Hello, Kyudai Taro.
Your age, height, and weight are 25, 1.705 m, and 60.2 kg, respectively.

BEHhY I RADT LI KY 1 /hello



hello.1.py 7’075 ARS

'_+_'2|:2.21 %?T% Nz U

for i in range( 5 ):
print( “%16.4e” % (float( i ) / 3) )

array = [5.7, 7.8, 9.10, 7.95]
print( “Length of array: %d” % len( array ) )
for v in array:

print( “%16.4f” % (v - array[ 0 ]) )

I
- range() BIEUIEH S| BERGETD
B A = ERR
range(5)=>[0, 1, 2, 3, 4]

B ARER

0.0000e+00
3.3333e-01
6.6667e-01
1.0000e+00
1.3333e+00
Length of array: 4
0.0000
2.1000
3.4000
2.2500

« #20DIRUIT for TIERL (while ©H D)

c in ITORBHNS—DDDEXRE
WMoY U TRFEHICEKHET D

« for DITEIC “” JOVESNRL !

c =TT 1A >VFTV TSB!

[
e RN (..., ..., ] [CEKDHEAL
- array[i] DERICTZ IR
e len() BEEIC K D ERHZESTIRE

BEHhY I RADT LI KY 1 /hello




HA2.3: R

hello.2.py 7’005 ARA
i = int( input(’Input an integer: ') )
if ((1%2)==20):

print( “Even: %d” % 1 ) « input() BIRIC KD F—R— KA DZEEF
else: , . BEEORDEIFXXFS
print( “Odd : %d” % i ) . ST :
if...:
EHEE else:
Trpdt an integer: 89, + RIEDBERT 1 BEA VTV RT3 |

___________________________________________

BEHhY I RADT LI KY 1 /hello



hello.3.py 7’075 ARS

'_+_'2|§2.42 Bg.l’;&@ﬁ%

def sumi( arr ):
S even = 0
s odd =0
for i in range( len( arr ) ):
if ((1%2)==90):
s even = s even + arr[ 1 ] * 2
else:
s odd =s odd + arr[ 1 ] * 3
return s_even, s_odd

array = [5.7, 7.8, 9.10, 7.95]
s_even, s_odd = suml( array )

sys.stdout.write( "test: " )

print( "suml of %s -> %8.2f,%8.2f" % ( array, s _even, s odd ) )

- BROEE :
def BA¥&( 31¥11, ... ):
return Z#Y&

« 7003 LMEEHEMRRIFICE,
ATV RIL=)LIC > Tz
BHEZBWVWEDSITER |

- RO SIS,
return 21, ¥ 2, ..
&, BEOE (%E) ZRL,
IFOE LI TEMDEZR (T DEH TEE

AL S

test: suml of [5.7, 7.8, 9.1, 7.95]
> 29.60, 47.25

BEHhY I RADT LI KY 1 /hello
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1TV RIL—=I

D—=—r70YORBAYTYRCKDRIR! |

def suml( arr ):

is =0

i for i in range( len( arr ) ):

O HF (1% 2) ==0):

| is=s+arr[ 1] *2

elsd:
| f Es = s + arr[ 1 ]
Ereturn S

« ZZ283ERN Y THAD TVWBDIEENEBRID TIEE |
e ITT 4 7(CZEAEBAITRIIVYREZHAEITDIIEEZARRAN
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3. &XR70OU9S=VD

1. 8 sed 7

2. f58 awk 7
3. NumPy Z=#%,

75 I
75 I
JUTEIREETER

12



D;RiEf_zg ] ,P—Bﬁéé Sed

o
a8
2 741J)L% in.template DD “_ 727 " OXFI %,

"7.47, “8.4”, “9.4” D 3FBBOXFIICEHRL,
ZTNTN, in7.4,in.83,in9.4 DI 7AILICEAHT S

(1111}

in.template

3
7.8 4.9 8.9
5.3 3.4 77 in.9.4
9.8 7.9 -2.9
L) 3
7.8 4.9 8.9
@ Q 5.3 3.4 9.4
in.7.4 9.8 7.9 -2.9
3 in.8.3
7.8 4.9 8.9
5.3 3.4 7.4 3
9.8 7.9 -2.9 7.8 4.9 8.9
5.3 3.4 8.3
9.8 7.9 -2.9

BV 2 hARDT s LY KU ¢ /seq/sbst



707035 LMMERDEETE

£y Yk

in.template ZAH& LT,

1 DDEBREEIET D7D sbst.py Z1ERK

5% sed (sbst.py) DIERL :
1. ONVYKRSA1V5|18%Z 2 or 3DEUS
$ python sbst.py src dst [infile]
1. 2DOKR‘DBEICIEFITS—

2. 77A)& 1171 1T5HMAH
3. BESNEXFIERER

2. 2DODBEICE, BEANEANT7IILETD.
3DHBBEICE, 3DEBZANT7AILEBETD

4. BESNEXFIIHNR DN 272HE, BESNICELNFIIIC

sbst.py [C&D, LUITDKSIC 7.4 DT 74 )L =1ERXOIREE T B

$ python sbst.py _ 7Z

7.4 in.template > in.7.4

4

@ sbst.py ZFIB L TEE(7.4, 8.3, 9.4) DBRE HE1ER

755 1 : Shell h5 sbst.py ZFH
A% 2 Python H\5S sbst.py ZFIF

14



sbst.poy 70> 4 (1/3)

sbst.py £4A7 073 A

import sys, re

if len( sys.argv ) <= 2:
sys.exit( "Error: len(args) <= 2: args: %s" % sys.argv )

rstr = sys.argv[ 1 ]
sstr = sys.argv[ 2 ]
if len( sys.argv ) <= 3: = . _
fin = sys.stdin 51 0. BV 21— )LD
else: 1. S|&YLIE
filename = sys.argv[ 3 ] 2. 774 I8
fin = open( filename, “r” ) i BEANE UL (Z
#HHH T A e gt il ')__I_/'z)\ 5 1?%-: LI
for line in fin: 2. BRXFN=Z=EDIT, %Tgﬁ

iline = line[:-1]
oline = re.sub( rstr, sstr, iline )
print( oline )

170 # LIREEIAV

HHHHHHEHHHH AR

if len( sys.argv ) > 3:
fin.close()




sbst.py 70> L (2/3)

sbst.py BIHEBD

sys, re €Y 1 —)LDEHAH

import sys, re

if len( sys.argv ) <= 2 :
sys.exit( "Error: len(args) <= 2: args: %s" % sys.argv )

rstr
sstr

sys.argv[ 1 ]
sys.argv[ 2 ]

if len( sys.argv ) <= 3:

fin = sys.stdin
else:

filename = sys.argv[ 3 ]
fin = open( filename, “r” )

# fin (D 7AMIATITOR) %=

# MRALTT—9ZEIS

if len( sys.argv ) > 3:
fin.close()

. re: IERKIR

« sys: YRT AR, SEIKSIEDED KL

IRV RSAVSIEDED IR ¢
LU ORRICEITUEBE TS,

sys.argv XF5U R ~ CL T DIEDERE
sys.argv[ © ] => ”sbst.py”

sys.argv[ 1 ] => “_72Z ”»
sys.argv[ 2 ] => “7.4”
sys.argv[ 3 ] => “in.template”

len( sys.argv ) => 4

$ python sbst.py “ ZZ »” 7.4 in.template

« J7AIATI O LEDOIKRL
BEREA NI : sys.stdin

274 A =T : fileobj = open( “T 71 ILA”, “r”)

274 )L 0—X : fileobj.close()

« sys.stdin (7 7AMIATI O SELTHRATEE

16




sbst.opy 700> A (3/3)

for & D274 ATI O ~%=FAE
1. 7714ILHS—IT—1T5HMAA T,
2. line ZECHEHN

3. 7710 I)LKIRICTEL

sbst.py #¥ZB5H line[:-1] ICT, line XFEINZEHDREBEDXFLUNZES,

iline ZXUZEA (perl @ chop() (CXT)

for lin€ in fin: /////

iline = line[:-1]
oline = re.sub( rstr, sstr, iline )
print( oline ) \

\ re IEMRIRSAM TS Z=FA

=> “BIAERXFS

re.sub( “BRERXFH”, “BIAXFF", “BENRFH")

K< bhH5BWEEICIE,
line, iline, oline DZHM%=)L—TARTEALTHABDERL)

17




Shell 5D sbst.py DF

Bourn T JUICK D 3FERDERT 7 1 ILERK

#!/bin/sh
PYTHON=python2
Zs='7.4 8.3 9.4'

for Z in $Zs

do
echo "$PYTHON sbst.py ZZ  $Z in.template > in.$zZ"
$PYTHON sbst.py ZZ  $Z in.template > in.$Z

done

Bourn ¥ T)LICKB#DRL :
for Z# in 28
do
ST #FALEYTILTOTS A
done

18



Python 5577 0€R%ZE1T

Python SDY T T OLEREITU sbst.py [c&D IEFEDBER D 7 1 JLERK
I

impo
Zs =

comm

comm.
comm.
comm.
comm.

comm

for

rt subprocess

subprocess €V 1—JLZ A Vik—k

[ Il7.4ll, ll8.3ll, II9.4II ]

=[]

append( "python" )
append( "sbst.py" )
append( " _ZZ ")
append( "" )

.append( "in.template" )

i in range( len( Zs ) ):

« YIOTOERAFTOROD, IVvY RXFHN R ~EfERk.

IFOIVYY RZEEITURLVIEE,
$ python sbst.py _ ZZ 7.4 in.template
LIFDXFFU X~ comm Z1ER YT B

” (3 ” [13

[ "python”, “sbst.py”, “_ZZ 7, “7.4”, “in.template” ]

S@E, comm ZERLT BRICZEY R ~Z1ERL L7214,
append() B Z=FIF L TEXRZEN0

comm[ 3 ] = Zs[ 1 ]
print( "comm: %s" % comm )
filename = "in.%s" % Zs[ i ]

Comm @ 3 EEOERE L3 EFTO,

747, ... DXFHFI—TDPT Zs HhSERL, BA

os = open( filname, "w" )
subprocess.call( comm, stdout=o0s
os.close()

subprocess.call( comm, stdout=0s ) ([C&KD,

comm DIV Y R%ZEE(T, CDFE, stdout=os [CKD,
0s 27 A ATI O~ CTEHOIRE
EHI77AIWATI O os (3,

open( “Z 7 A ILB”, “W”) [CXKDERK

19
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wﬁE:EBZZ

b \ N

5 awk

[E] 5

71 "input” DPHS, UTDI3IDDBEHRZEEL, 2. & 3. DEZLEHT .

7
1. NUMB_AO fB

2. TOTAL ENERY f&
3.

EIGEN VECTOR 1~4 (NUMB_AO XJt)

ﬂ'input))

NUMB_AO, NSIZE_FOCK
TOTAL ENERGY =

EIGEN VECTOR:

39

780

-227.9533603374

NUMB_AOQO Xt
(3917)

1 2 3 4
E -20.62037342 -20.53632775 -20.53231522 -1.41791218
1 0.00000537 0.99579190 -0.00044285 -0.00773777
2 0.00004793 0.02221927 -0.00006103 0.01727343
39 0.00035687 0.00030065 -0.00228570 -0.00553780
AN e
ene: -2.2795e+02
1: 0.00000537 0.00004793 ... 0©0.00035687
2: 0.99579190 0.02221927 ... 0©0.00030065
3: -0.00044285 -0.00006103 ... -0.002285709
4: -0.00773777 0©.01727343 ... -0.00553780

NUMB_AOQ 3l
(3931)

BHRY I bRDT LI KY

./seq/awk

20



awk Z

7’0435 A main /\— kD24K (awk.py)

700> main /\—k (1/3)

line =
strs =
na =
print(

strs
ene
print(

line
line

lines

find line( sys.stdin, "NUMB_AO, NSIZE FOCK"

line[:-1].split()
int( strs[ 3 ])
"na: %s : %d" % ( strs, na ) )

find_line( sys.stdin, "TOTAL ENERGY
float( strs[ 3 ] )
"ene: %s : %e" % ( strs, ene ) )

find line( sys.stdin, "EIGEN VECTOR:"

skip_lines( sys.stdin, 2 )

= read_split lines( sys.stdin, na )

)

)

=" )[:-1].split()

“NUMB_AQ” {ED e A

“TOTAL ENERGY” {ED&tHAd+

“EIGEN VECTOR” D&tdrAd

21



awk 87’047 >/ main /\—k (2/3)

“input”
NOMB_AO, NSIZE_FOCK : 39 780
TOTAL ENERGY = -227.9533603374
1. BEANZFTHMAHDD,
BEBA%K find_line() ZAWT,
“NUMB_AOQ, ...“ Z18%,
7’025 A main /\— kD#i¥ (awk.py) ZD17% line ? éﬁu'é(c_:@'g*
line = find_line( sys.stdin, "NUMB_AO, NSIZE_FOcK" ) | 2. line DE{TXFDHIFRERICZBTHE,
strs = line[:-1].split() 3 BEOXFY 39" %
na = int( strs[ 3 ] ) . N -
print( "na: %s : %d" % ( strs, na ) ) int TEH na IcRe

strs = find_line( sys.stdin, "TOTAL ENERGY =" )[:-1].split()

ene = float( strs[ 3 ] )

print( "ene: %s : %e" % ( strs, ene ) ) 1. “TOTAL ENERGY =* AR,
T DIT7ZESTHIAM,
2 THE

2. AU 3FEDDXFY % float TIRTE
22




awk B8 27’02 > A main

f(inputJ)

\— bk (3/3)

EIGEN VECTOR:
1 2 3 4
E -20.62037342 -20.53632775 -20.53231522 -1.41791218
1 0.00000537 0.99579190 -0.00044285 -0.00773777
2 0.00004793  0.02221927 -0.00006103 0.01727343

39 0.00035687 0.00030065 -0.00228570 -0.00553780

“EIGEN VECTOR” %#&%
% 2{FRF VS

na 1Tt MAHEDSED.
FMAATET =2 2 XTIV AT

) R . o /0 N/ -I'
7’025 A main /\— kD% (awk.py) )
line = find_line( sys.stdin, "EIGEN VECTOR:" ) '
line = skip_lines( sys.stdin, 2 )

3

eigen _vectors str = read_split lines( sys.stdin, na )
for i in range( 4 ):
sys.stdout.write( "%4d:" % ( 1 + 1 ) ) 4

“EIGEN VECTOR:” =&
BERS%K skip_lines() [CT21TRF w7,
RAF¥ W THRDITZ line [SRT

. BYFEI% read split lines() ZFIAL,

na ZEN T 75:6%5'%1&5'%
FIMAATES %’:é’t/ HEILT,
2R R lines (TR

. lines ZL£h

for j in range( na ):

sys.stdout.write( "%13s" % eigen_vectors tr_ str[ j J[ 1 + 1 ] )

sys.stdout.write( "¥n" )

23



awk 7005 LAZREHDER (1/2)

awk.py DBIEE & ZREIH

import re

#

def find line( fin, str ):

r = re.compile( str )
for line in fin:
if ( r.search( line ) ):
break
return line

. re.compile B CHRRXFHZIVINAILL,

DV IVBAIRRXEATI O RELT
r ZEUORYT (SnRIERD =)

L IPANATI O fin HS 1171 1TFHMAD

IV—T &R

. IIL—TARICHNT,

IREFFATNIZITICRRBEXFINE TN DIHNRER,
C DPRIC r [CfIBET 285X search() =FIF8

. XFEHHEELTLWEBZSICIE break U,

ZDITERY

24



awk 7005 LASREHDER (2/2)

awk.py DEEIEEHEERZ Y

def skip_lines( fin, n ):
for i in range( n ):
line = fin.readline()
return line

#
def read_split lines( fin, n ):
lines = []
for i in range( n ):
line = fin.readline()
strs = line[:-1].split()
lines.append( strs )
return lines

1. NBIIL—TZ#&DiR UL

2. L—=TARICEWNT, T7MIWATI O fin hS
1179 DEEAAH, line BEITRT

3. N TR Z 125, IRED line ZHZIRYT

1. lines U R ~&ZeTHIHATL

2. n@IL—TZ=#gORL

3. L—TRICEWNWT, ZPAMILATI Ok fin S
1179 DFAH, line BERITRT.
line Z59&19 3.

4. lines U R ~(ZHENI=NTc line Z3EN0

5. n {T5RARZTE5, IRED line B ART

25



PAIWNATITODSDAANTRED

Oh#

o XFEINDZEGTODORD

strs = str.split()

J

: "aaa bbb ccc” =>[ ”aaa”, “bbb”, “ccc” ]

PANATI O RDS 1 1T50AH, 0

AN 77’]/.)|/7b\'.9_:|:_—.t0)17€c11b¢)i7% (CIFLLTFDAHNRLY
s2a 10 107 AT e i e i

line = fileobj.readline() ” aaa 10 10.76¥n”

str = line[:-1] ” aaa 10 10.76¥n” =>" aaa 10 10.76”
strs = str.split() ” aaa 10 10.76” =>["aaa”, ”10”, “10.76” ]
Cl = int( strs[ 1 ] )

C2 = float( strs[ 2 ] )

<L UTokiceEE3

. BEANHSHEUHZEICE !
fileobj => sys.stdin
7A1ILBHST 71 IL7ZRWNT,

strs = fileobj.readline()[:-1].split() PAIATI YO RERESTBICIT:

Cl = int( strs[ 1] )
C2 = float( strs[ 2 ] )

fl|eObj = open( filename, “r” )
open Z LTEiZEICICIE,
fileobj.close() Z 5170\,

26




I27ANATI IO NDEATED

n BEROHITHEELA

print( obj ) ¢ obj EUTKIEDZEH, VRAFZWR
- BETERUREOSATIE _repr B¥MZEERITDINESHD
. BTEMZADAEDHD

o J27AIATI O RNDES

fileobj.write( “%s¥n” % obj ) fObJ: ZH 7 L/EQT"ZF
fileobj.write( “%s¥n%s¥n”, % (objl, obj2) ) L obj1 LD LAITL

\ obj2 =D LekdT
. write() BIED 3 | B(IXFFH—D
o BUTIIEDRWESH, BHT “¥n” Z5Cik

SELN, BEIS—EANELTORICEET S :

fileobj => sys.stdout, fileobj => sys.stderr
271D T 7MIZ2REWNT, 270IATI O ZREITIICE
fileobj = open( filename, “w” ).

open L7ZZEI(C(S fileobj.close() Z=7&0L)

27



NumPy & SciPy

o NumPy
- BRI DEE T SR(ICETAREETDISAITSY
- Python DU R~ CEHB U TKEDT—H [CXTL,
SRR T U AT

O SCiPy
- NumPy DB ITIESEICIIZ,
BRORERNEGTEZCgEE T D515
- BEZILT) ALPHEETRR E DREEE Z NumPy O
HhoRk & U TR

HESTREZ1T DD THNIL,
PHRB7E(F NumPy DEC5ZRWLD

2% . http://docs.scipy.org/doc/



srea3.3.1: IR 5T R (BH1ERRE)

8
2

LTFD1T5 A, B H5, ERMEEE—MRERERRE (Ax = ABx) 2518

(=I]11}

A input_eig R E DT
4 A:
0.24 ©.39 0.42 -0.16 0.24 0.39 0.42 -0.16
9.39 -0.11 0.79 0.63 " -0.11 ©0.79 0.63
9.42 0.79 -0.25 ©0.48 ¢ -0.25 0.48
-9.16 ©0.63 0.48 -0.03 N -0.03
4.16 -3.12 ©0.56 -0.10 B:
-3.12 5.93 -0.83 1.09 4.16 -3.12 0©.56 -0.10
0.56 -0.83 0.76 0.34 5.03 -0.83 1.09
-0.10 1.09 ©0.34 1.18 0.76 0.34
1.18
—
SupA|
0 1 2 3
E -2.2254 -0.4548 0.1001 1.1270
0 -0.0690 -0.5740 -1.5428 1.4004
1 0.3080 0.5329 -0.3496 -0.6211
2 -0.4469 -0.0371 0.0505 0.4743
3 -0.5528 -0.6766 -0.9276 0.2510

BV 7 hARADT « LY KU . /seg/mat



AT 075 LB

EEEREEAEETOI S A (1/3)

#1
# €Y 1—JU sys, numpy, scipy Z&EdhAdH
# €Y 21—l linalg Z scipy DS E(CFHtAA M

#2

# 2105 —FBHUE ndim DFEHMAH

# ndim * ndim 2X7T®D NumPy D 2 XJtEcdl & ULTZED A, B Z4RK
# BREANDSANT —HZs5HAH, A, B ICHE

#3
# SciPy >4 73> linalg.eigh() ZFA L TxA1L,
#RDEE UTEBEBEBENY MNLZEE

#4
# L7

30



EEEREEAEETOI S A (2/3)

wAREIASVAN:-TE -

#1

# €Y 2—)L sys, numpy, scipy Z i A
# €Y 21—JU linalg Z scipy H 5 & (TFRAIAH
import sys, numpy, scipy

from scipy import linalg

#2

# AN 5 —FHKIE ndim DFEMAH

strs = sys.stdin.readline()[:-1].split()
ndim = int( strs[ @ ] )

print( "ndim = %4d" % ( ndim ) )

# ndim * ndim R7T®D NumPy D 2 RXJTEeslE LTZED A, B 4R
A = numpy.empty( [ ndim, ndim ], dtype=numpy.float64 )
B = numpy.empty( [ ndim, ndim ], dtype=numpy.float64 )

# BEANDDSANT —FZFHMAH, AB [CERE
for icol in range( ndim ):
strs = sys.stdin.readline()[:-1].split()
for irow in range( ndim ):
A[ icol ][ irow ] = float( strs[ irow ] )

... BICDOWTHED)

31



BEEEREEAEETOT S A (3/3)

200> LY

#3
# SciPy ®>4 7>V linalg.eigh() ZFA L TWEA1LY,
#IRDEE UTEBBEBENY NLEES

evals, evecs = scipy.linalg.eigh( A, b=B, lower=False, type=1 )

#4 \\\@ﬁﬁﬁﬁﬂﬁic%wal
# HhH

print( "eigen values and vectors:" )
sys.stdout.write( "%5s" % '' )
for i in range( ndim ):
sys.stdout.write( "%16d" % i )
print( "" )
sys.stdout.write( "%4s:" % 'E' )
for i in range( ndim ):
sys.stdout.write( "%16.4e" % evals[ i ] )
print( "" )
for j in range( ndim ):
sys.stdout.write( "%4d:" % j )
for i in range( ndim ):
sys.stdout.write( "%16.4e" % evecs[ i ][ j ] )
print( "" )

1) http://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.eigh.html
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saen3.3.2: Rz ETR (BiLAHTER)

SRR
IFD1T5 A, B hv5, BIZIARH (Ax =B) Z5t8E I3
AN input_lu XIR & 73D 175
32 A:
6.0 4.0 1.0 6.0 4.0 1.0
1.0 8.0 -2.0 . 1.0 8.0 -2.0
3.0 2.0 0.0 “ 3.0 2.0 0.0
7.0 6.0 8.0 N B:
8.0 -1.0 3.0 7.0 8.0
6.0 -1.0
Hjjj-==£22:::il==—- 8.0 3.0
A:
6.0000 4.0000 1.0000
1.0000 8.0000 -2.0000
3.0000 2.0000 0.0000
B:
7.0000 8.0000
6.0000 -1.0000
8.0000 3.0000
ANS:
4.0000 0.8182
-2.0000 9.2727
-9.0000 2.0000

BV 7 hARADT « LY KU . /seg/mat 33



BV AREAEET 0T 50 (1/3)

27073 LEK (LU B> 75 Z2FIRA)

#1
# €Y 1—JU sys, numpy, scipy Z&EdhAdH
# €Y 21—l linalg Z scipy DS E(CFHtAA M

#2

# 2H S —FBFUE ndim, nsol DFHAI

# ndim * ndim X7TD NumPy 2 XJTlcsl A &,

# nsol * ndim X7t NumPy 2 XJtlcsl B, X Z4AK
# BREANDSANT —F =AM, A, B [CEHTE

#3
# SciPy @S>V linalg.lu_factor() ZFIFB L T LU 7#,
#IRDEELTL, U, pivot ZEUS

#4
# nsol EgDERULIL—T ‘
#IL—TMFT 1 (CHEWVT, SciPy DS54 731 linalg.lu_solve() Z=F]/A

#5
#EBH




EV AL 0T 50 (2/3)

JOO35 A
NumPy &%l A, B H'5 LU DERIC K D@ AER ZfE<
#3

# SciPy @S2 3>V linalg.lu_factor() ZFIFBLT A &= LU 71,
#:RDEELTL, UZ&ERETH LU, PIVOT Z1851

LU, PIVOT = scipy.linalg.lu factor( A )

#4 I LU DEEOESE(CARITD |
# nsol EHEDIRLIL—T
#IL—TMT 4 (CE VT, SciPy D> 73>V linalg.lu_solve() ZFIFA L,
# @I AERZEL<2)

for isol in range( nsol ):
X[ isol ] = scipy.linalg.lu solve( (LU, PIVOT), B[ isol ] )

N T ATRHEHICHRT S |

1) http://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.lu_factor.html#tscipy.linalg.lu_factor
2) http://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.lu_solve.html#tscipy.linalg.lu_solve
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27005 A

BV AL 0T 50 (3/3)

import sys, numpy, scipy
from scipy import linalg

HHHH R
strs = sys.stdin.readline()[:-1].split()

ndim = int( strs[ @ ] )

nsol = int( strs[ 1 ] )

print( "ndim, nsol = %4d %4d" % ( ndim, nsol ) )

A = numpy.empty( [ ndim, ndim ], dtype=numpy.float64 )
B = numpy.empty( [ nsol, ndim ], dtype=numpy.float64 )
X = numpy.empty( [ nsol, ndim ], dtype=numpy.float64 )

for icol in range( ndim ):
strs = sys.stdin.readline()[:-1].split()
for irow in range( ndim ):
A[ icol ][ irow ] = float( strs[ irow ] )

for icol in range( nsol ):
strs = sys.stdin.readline()[:-1].split()
for irow in range( ndim ):
B[ icol ][ irow ] = float( strs[ irow ] )

#HHHHHH S R
LU, PIVOT = scipy.linalg.lu factor( A )

#print( LU )

for isol in range( nsol ):

X[ isol ] = scipy.linalg.lu solve( (LU, PIVOT), B[ isol ] )

i3

print( "A:" )
for icol in range( ndim ):
for irow in range( ndim ):
sys.stdout.write( "%16.4f" % A[ icol ][ irow ] )
sys.stdout.write( "¥n" )
print( "B:" )
for irow in range( ndim ):
for isol in range( nsol ):
sys.stdout.write( "%16.4f" % B[ isol ][ irow ] )
sys.stdout.write( "¥n" )

print( "ANS:" )
for irow in range( ndim ):
for isol in range( nsol ):
sys.stdout.write( "%16.4f" % X[ isol ][ irow ] )
sys.stdout.write( "¥n" )
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NumPy DEWA X &

+ NumPy BE5ID4R AN —fBOL
: 32 E'vw FEH: numpy.int32
+ =0 NumPy Besle R | fsfEERS . numpy.float64

numpy A = numpy.empty( [ nsol, ndim ], thbe=numpy.float64 )
' cEERr—suvTo2 R
- N BXR0 1 Rkl eieEd 5%5(d,
[n] &6

« Python UX kH'5S NumPy BEFINZE R
numpy A = numpy.array( [ A ], dtype=numpy.float64 )
« ZRILIVARZETZEHTEE

numpy.array( [ F ], dtype=numpy.float64 )
/
ANS—EZET E, TDETHEME=NTZ 1 2FR0D 1 RITEHIDER

« NumPy E25H 5 Python 'J R RAZA

A = numpy A.tolist()

numpy_A

1) http://docs.scipy.org/doc/numpy/reference/routines.html 4 @‘CB%<®B§%{ ]
http://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
2) http://docs.scipy.org/doc/numpy/reference/arrays.scalars.html#arrays-scalars-built-in 37




4. AT OTSIVD

1. MPI [E&X2EHT70T3 A
2. MPI [C&BBHIRT7 003 A

38



0%@5.:4 -I

MPI| (C & D Hello World BHo'050 5 A

=]
2

MPI ZRWEILSEHED EHDHFDT OIS L7ZERT 3.

1. MPI@?JO?&HR SEIE, TOTREEVSEE, /— EEUSEIEICKD
BEBHREEST D.

2. %5‘/9@(:5‘/7%%&7"[3127\%&, J—hk2EENTD.

(=]]11]

LA :8/—Kk8 7D'l27\DJr'§

nproc: 8 -> id: @ : pcjoee6s
nproc: 8 -> id 1 : pcjooe6
nproc: 8 -> id 4 : pcjoee69
nproc: 8 -> id 5 : pcjoo7e ,—
nproc: 8 -> id 3 : pcjoe6s — 817
nproc: 8 -> id 2 : pcjoeee7
nproc: 8 -> id 6 : pcjoe71
nproc: 8 -> id 7 : pcCcjoe72

BemY 7 hARADT« LY KU ¢ /mpi/python 39



MPI (D Hello World 882’09 5 A

70035 LAT
#1

# £V a2—)L mpidpy B 5 MPI €Y 21— )L Z A M
from mpidpy import MPI

#2
# COMM_WORLD O3z a2 =7 —957ZH=

#ZDIAZI2ZTHT—HATDOSVIBSES VY IHERE
#IREDSVIOHLEBLNTWBRTOLY DR MR—AZEE

comm = MPI.COMM_WORLD

rank = comm.Get_rank()

size = comm.Get_size()

name = MPI.Get processor name()
#3

# BH

print( "nproc: %4d -> id: %4d : %s" % ( size, rank, name ) )

MPI_Init() & MPI_Finalize() ORI ZE |

2% . http://mpidpy.readthedocs.io/en/stable/



srrad.2: MPI [C KB ECHIFIDETE

1. 2TOT0ERICHEVT, 10000 EXRZRDOEBRBEEHD NumPy D

1R7oleH x 2R U, BEREFSEZSVIBSICKEULIBEZRET 3.
2. RIC, Root VP (Root=0) D x [, 2TOTOCRHNSD x ZHET 3.
3. Root SO D x[0], x[ 9999 ] =+ HT 3.

BHH):8 /—K 8 JOLRHE
Nproc = 8
Before reduce:
4.00039380e+00, 4.00000004e+04

After reduce:
1.44003150e+02, 1.44000000e+06

BeHY 7 RROT« LY KU 1 . /mpi/python 41



MPI [CXBEHIFITOT S AL (1/2)

pARLZASVIN-IIE =

# 1

# €Y 2—JL numpy ZFHAH

# €Y 2—JL mpidpy HB5 MPI €Y 1 —)LZFHAH
import numpy

from mpidpy import MPI

#2

# COMM WORLD @Oz a2 =7 —5 %818
# COMM_WORLD D50 ESERS
#root &£ LT 0 Z/E

comm = MPI.COMM_WORLD
rank = comm.Get_rank()
root = 0

#3

# BRHEREZ 10000 & 93
# BRHIBRET 1 XDNumPy 1 RITHES & AL

# B DEER(CEZRTE (ERDE)
nsize = 10000

array = numpy.empty( [ nsize ], dtype=numpy.float64 )
for i in range( nsize ):

array[ i ] = 3.938e-04 + (i +1 ) *4 * (rank + 1)
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MPI [CXBEHIFITOT S A (2/2)

pARLTASIN: ==

#4
# SV 0BSH root DIFEICEIZE N
if ( myrank == root ):
print( "Nproc = %10d" % nprocs )
print( "Before reduce:" )
print( "%16.8e, %16.8e" % ( array[ © ], array[ nsize - 1 ] ) )

#5

# JZ2=45—% comm [CFHULT, reduce Z5t&
#IRD{EE LT reduce BDESZES

garray = comm.reduce( array, MPI.SUM, root )

#6
# SV 0FSH root DIFEIC reduce TEUS LBz BN
if ( myrank == root ):
print( "After reduce:" )
print( "%16.8f, %16.8f" % ( garray[ © ], garray[ nsize - 1] ) )

mpidpy DfELNG, MOREE :  http://mpidpy.readthedocs.io/en/stable/



5. Fortran ¥ C Sz&(C & BHha

95 hDFFE
2. LAPACK 21472 U DRI

1. B sort 7

kIIII

44



S8955.1: B1E sort 7095 ADF|

]

JVINAILEYEEE (Fortran77, Fortran95, C, C++) [CXDEkEhnie
BED/I\TILY — ~E# %z Python HhSFIAT 3.
CORRIC, LITD A, B D 2FEEDOREMZETRET B.

A. Bc5IEY (Fortran, Fortran95, C, C++) :
Keys & Values @ 2 DDBEFNICDWVNT, Keys F¥F—& LT
Keys & Values @ 2 DDECHZRIBICIH VB X DEE

B. &8 (Fortran95, C, C++) :

key & value DXV )\—ZHFFDEEHECHIIC DT,
key ZF¥—& UCRIBICIEVE Z D BE

BHYIRADT Lo KY ¢ /ffi/sort
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Fortran77 S3EDXIREK

sort f.f O3> A

BECEH DB D H

subroutine bsortf( n, keys, values )
implicit none

integer n

integer keys( n )

double precision values( n )

end

46



Fortran95 S:5DXIREA%

sort f95.f95 7’00 35 A

module mysort
type keyvalue
integer :: key
double precision ::
end type keyvalue

value

contains

implicit none

integer n

integer keys( n )

double precision array( n )

end subroutine bsortf95
subroutine bsortf90_struct( n, array )
implicit none
integer n
type( keyvalue ), dimension( n )

end subroutine bsortf90_ struct

end module mysort

////

subroutine bsortf95_array( n, keys, array )

////

1 array

BEPEL DA DH D5

TBSIAECY D5 1#

47



C SEEOXIRE

sort c.h 7’0905 A

typedef struct {
int key ;
double value ;
} key value t ;

Extern int bsortc_array( int n, int *keys, doule *values ) ;
extern int bsortc _struct( int n, key value t *array ) ;

sort c.c O35 A

#include "sort_c.h" //////// BHPEH DA D HD 5|

int bsortc_array( int n, int *keys, doule *values )

{

8 / SRS D3 1%

int bsortc_struct( int n, key value_t *array )

{
}..

48



C++ SEEDOXIREE

sort_cpp.cpp 707> A

#include "sort C.h" /////%wﬁiﬁ@mw@ﬂ@m@

int bsortcpp_array( int n, int *keys, doule *values )

{

R /////////%ﬁmmwmaﬁ

int bsortcpp_struct( int n, key_value_t *array )

{

49



VINLILESA TS UER, BEEZ

27005 LZIVINTIVE, HBESATS5UZERT D

ol

OH

$ make

gcc -Wall -fPIC -g -I. -c sort c.c
gfortran -Wall -fPIC -g -c sort f.f
gfortran -Wall -fPIC -g -c sort_f95.f95
g++ -Wall -fPIC -g -I. -c sort_cpp.cpp

gcc -Wall -fPIC -g -shared -Wl,-soname,libsort.so -lgfortran -1lstdc++ sort c.o

sort f.o sort f95.0 sort cpp.o -o libsort.so

HESATSVPORIEHRBLZIEIT D

$ nm libsort.so | grep sort

000001954 T _Zl4bsortcpp arrayiPiPd
00000V 1b52 T Z15bsortcpp structiPllkey value_ t
00001523 T _ mysort MOD_bsortf95_array
00001138 T _ mysort MOD bsortf95 struct
0000VVLVLLVLR9Ccc T bsortc_array

0000VOLVOLVLBbCcS T bsortc_struct

0000000000000d88 T bsortf

C++
C++
F95
F95

array B
struct Bi%K
array %%
struct BI%K
array B
struct Bi%K
array B

—fiR(C, C SHLANDERIIEIVINASIEXKDROSNTERAIICEKD
BRINRE=NS1T S VUICIREFESNS. Python B SHIAY BIHEICE,

SATSUPDOBRDREERD

50



85807003 LDTR S

27005 LhFIVINMILL, ENMfEETESRT D

$ make exe

gfortran -Wall -fPIC -g -o test f test f.f -L. -lsort

gcc -Wall -fPIC -g -I. -o test _c test_c.c -L. -lsort
gfortran -Wall -fPIC -g -o test_f95 test _f95.f95 -L. -lsort
g++ -Wall -fPIC -g -o test cpp test cpp.cpp -L. -lsort

$ ./test f
$ ...

51



Fortran 8172005 ALA0D C hSDFFE

« Python St IVINAIVBIEZEDS 175 U aHAYT IERICIT,
FNEFNOEKICDOWT, CEBHLSDAVI—T 1T —R=EFHECLTWD
e Fortran DA V9 —2 1 —RIIZFDEFXFTIEIRABFLZL

subroutine bsortf( n, keys, values )
integer n
integer keys(n)
double precision values(n)
—
CEZNSHVEITIZEDREHM VY —T 1T —R

void bsortf ( int *n, int *keys, double *values ) ;

IR

« Fortran @ B OD5|EEVWDTHSRBEEZZ D

« subroutine (& C h5(J void EHRXT

« Fortran @1, 2XTBHIEWVWDTH C A5l 1 kmledlE ULTHIART S (ERWY)
- BAHMBZEZITDH, nm IV RFICKDFANRS

2% . https://docs.oracle.com/cd/E19957-01/806-4843/Cpll_cfort.html
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ctypes ([CKBNZTOT S LADFIA

(E¥a2—-JL) D12

ctypes (&, C &EBBRMEDHDT—HYERZRMHL
HESATSUVEDORBBICERNTCEAHMOECE UZOEE I DAE

libaaa.so A®D, "k D{E func(

51, 5182, ... )" B5EH=FAT D56

<< LEREFInEG

ctypes ([C&KD func U LECik D 7 )L wrap_sort.py

import ctypes

module aaa.func.argtypes =

module aaa = ctypes.CDLL( “path_to library/libaaa.so” )
module aaa.func.restype = JRD{EDE!

[ 51301 O, 5182 DE, ... ]

func B ZFIRI 27095 A

« wrap_sort.py, module_aaa D
2MIBBICEDHSDSEH0JRE

import ctypes, wrap_sort

argl = ...
arg2 = ...

retval = wrap_sort.module aaa.func( argl, arg2, ... )

« RDEEIPSIEDE (L ctypes [CKD
TN AEzED
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wrap_sort.py DOzFl (1/3)

wrap_sort.py Q2K

#1
# ctypes =41 Vik—

#2
# libsort.so Z0—k U, EY1—J)LB%KTE

#3
# ctypes DI A )P REZ EBEHREIZER T D
#(ZA VP RAFELDERKISNEBETIERLS, IJ—rZRBPI<THDH)

#4
# ZNZNOFPTIERICH L, BERORESIMERTT S




wrap_sort.py Dzl (2/3)

wrap_sort.py DB+

#1
# ctypes =1 Vik— bk
import ctypes

#2
# libsort.so Z#Z0— kU, EY21—JLB%ZHRTE

libsort = ctypes.CDLL( "./1ibsort.so® ) |, otynes.c ... DA E CEYSEN TR
- POINTER BT ctype OEDRA VIIEET S
#3 - BESHAEYS T ORE(CER

# ctypes DI A )P RBZ EESHBEIZER T D /

T PTR_VOID = ctypes.c void p

T _INT = ctypes.c_int32 typedef struct {

T_PTR_INT = ctypes.POINTER( ctypes.c_int32 ) int key ;

T PTR_DOUBLE = ctypes.POINTER( ctypes.c_double ) double value ;
} key value t ;

class STRUCT_ELEM( ctypes.Structure ):
_fields = [( "key", ctypes.c_int ), ( "value", ctypes.c_double )]
def __init_ (self, key, value): N
self.key = key RISHREER
self.value = value

T_PTR_STRUCT = ctypes.POINTER( STRUCT_ELEM ) |#&&MAADIRA VYEDIT A Y P RFL1ER
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wrap_sort.py DOzl (3/3)

wrap_sort.py D%

#4

# ZNZNONAT DKL, BEDE L 5| M=K TE

void bsortf ( int *n, int *keys, double *values ) ;

# Fortran77 bsortf subroutine
libsort.bsortf .restype = T _PTR_VOID

IR DED void DIBE(E
void TR V5 ZRTE

libsort.bsortf .argtypes = [ T_PTR_INT, T_PTR_INT, T_PTR_DOUBLE ]

int bsortc_struct( int n, keyvalue t *array ) ;

# C bsortc_struct function
libsort.bsortc_struct.restype
libsort.bsortc_struct.argtypes

T_INT

[ T_INT, T_PTR_STRUCT ]

subroutine bfortf95_struct( n, array )
S o

void . mysort MOD bsortf95 struct( int *n, keyvalue t *array ) ;

# Fortran95 bfortf95 struct subroutine
libsort. mysort MOD bsortf95 struct.restype
libsort. mysort MOD bsortf95 struct.argtypes

T_PTR_VOID
[ T_PTR_INT, T_PTR_STRUCT ]
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bsort B DIFEOE L (1/3)

BiSEZzFf A UBRWEED sort BEEIFEOE ULDEK (main_sort_array.py)

#4 VR— I~ (ctypes, wrap_sort)
# B38BT —9 DHEAL( ZBEL nelem, BED X+ keys_data, £#') X + values_data)
# nelem Z#% ctypes TO int32 &, int32 OSRRA V) (R

nelem c ctypes.c_int32( nelem )
ptr_nelem ctypes.byref( nelem c )

# Python ) R T —%% ctypes DECHT—HN\ZEHA

keys ctypesarray = (ctypes.c_int32 * nelem)( *keys data )
values ctypesarray = (ctypes.c_double * nelem)( *values data )
# BRIFOE U | ctypes BICERSNICEBOSREET

wrap_sort.libsort.bsortf ( ptr_nelem, keys_ctypesarray, values_ctypesarray )

#Y—REEAH ctypes B [CEIBREINT- B ZET

Y



bsort BEAEDMEVE U

(2/3)

BSEZFRAT BEFED sort BBEIFUE LDEMK (main_sort_struct.py)

#4 Y ik— bk (ctypes, wrap_sort)

# ST —5 DWEAL( B nelem, )LD 'J R ~ array_data)

# nelem Z#% ctypes TD int32 &, int32 OSRBGRA VF) (CEiA

# Python Y 7LD U R =T —%% ctypes DIESHAECHIT —INLHR
structarray = (wrap_sort.STRUCT_ELEM * nelem)( *array_data )

7 Nazg | N Uzr7—50fic * 26455

# YV —hRILA

# BEHIFOLE L

wrap_sort.libsort.bsortc_struct( nelem c, structarray )

ctypes BI(CEaSI N T
ZHOSR=ZET

#YV—bhREAN

ctypes B[CEREINT-EHZET
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bsort EEOMHEOE U (3/3)

NumPy ZEFIET %S D sort BAEIFOE ULDZEM (main_sort_numpy_array.py)

#41 >V ik— b (ctypes, wrap_sort, numpy)

# BBT—5 DAEAL( ZBE nelem, BE X+ keys_data, £#(') X |+ values_data)

# nelem Z#7% ctypes TO int32 (CZ#R ( nelem -> nelem_c = ctypes.int32( nelem ) )

# Python O#EAILY X kT —% 7% NumPy DEZS!IT —H\ZHR
numpy.array( [ nelem ], dtype = numpy.int32 )

numpy.array( keys data, dtype = numpy.int32 )
numpy.array( values data, dtype = numpy.float64 )

keys
values

# NumPy OECHIT—5 DARETT—5 DSRZHIS
ptr _nelem n.ctypes.data_as( wrap_sort.T_PTR_INT )

ptr_keys keys.ctypes.data_as( wrap_sort.T_PTR_INT )
ptr_values = values.ctypes.data_as( wrap_sort.T_PTR_DOUBLE )

VL e numpy.ctypes.data_as( ctypes DRk V5 E )
# = kR L&D, NumPy BEBlDSIEZEERS

# BEHIFOLE L

wrap_sort.libsort.bsortf ( ptr_nelem, ptr keys, ptr values )

#YV—bhREAN




sreab.2: LAPACK 21735 DE#EF

8
2

(=]]11}

LAPACK 5473 U(CH3ENIMTI—MEBERRE (dspgv BEE) ZFBL,
LTFD1TH A, B [CX2BHEERE (Ax = ABx) 25189 %

AR input IR & 72 B1T5
4 A:
00 0.24 4.16 ©.24 0.39 0.42 -0.16
©1 0.39 -3.12 -0.11 ©.79 0.63
11 -0.11 5.03 - -9.25 0.48
©2 0.42 0.56 o -0.03
12 0.79 -0.83 “ | B:
2 2 -0.25 0.76 N |4.16 -3.12 0.56 -0.10
© 3 -0.16 -0.10 5.03 -0.83 1.09
13 0.63 1.09 9.76 0.34
2 3 0.48 0.34 XIFMTH%Z 1 RIT TSl 1.18
33 -0.03 1.18 '
Ph L
0 1 2 3

E  -2.2254  -0.4548 9.1001 1.1270

© -0.0690  -0.5740  -1.5428 1.4004

1 0.3080 ©.5329  -0.3496  -0.6211

2 -0.4469  -0.0371 0.0505 0.4743

3 -0.5528  -0.6766  -0.9276 9.2510

ety 7 hRDT« LY KU o /ffi/dspgv
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ol
OH

dspgv BAE DA VY —T 11—

LAPACK 473V liblapack.so DizPAESANRTH <

RKEBETE, UATDTr LI KVUICAR
/home/1ib/liblapack.so

Fortran (C &2 dspgv 8%

SUBROUTINE dspgv(ITYPE, JOBZ, UPLO, N, AP, BP, W, Z, LDZ, WORK, INFO)
INTEGER ITYPE, N, LDZ, INFO

double precision AP(LDA,*), BP(LDB,*), W(*), WORK(*)

CHARACTER*1 JOBZ, UPLO

L
C HSHAT DD dspgv B

void dspgv_( int *itype, char *jobz, char *uplo, int *n, double *A, double *B,

double *w, int *1dz, double *work, int *info) ;

C HSFAT DBED dspgv B DBRIIE, nm IV RICKDHEFRL THL.
LAPACK SAT7SUDMNERRYVRTAICKDERDZDTER.

$ nm /home/lib/liblapack.so | grep dspgv
000000V 1e30d0 T dspgv_

S dsygv BB
http://www.nag.co.uk/numeric/FL/nagdoc_fl22/pdf/FO8/FO8SAF.pdf
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wrap_dspgv.py D5k

wrap_dspgv.py DEE

# ctypes EYVa21—I)LD1 Vik—bk
import ctypes

#HESATS5U%ZO0—-KRULT, EYa21—JL2R liblapack & UTIRZDESICTS
liblapack = ctypes.CDLL( "/home/lib/liblapack.so" )

#BEESSDIA 7P RDIER

T PTR_VOID = ctypes.c _void p

T _PTR_CHAR ctypes.POINTER( ctypes.c _char )
T_PTR_INT ctypes.POINTER( ctypes.c_int32 )
T_PTR_DOUBLE = ctypes.POINTER( ctypes.c_double )

C SEBH\ 5D dspgv_ BBED1A VY —T1—2
void dspgv_( int *itype, char *jobz, char *uplo, int *n, double *AP, double *BP,
double *w, int *1dz, double *work, int *info) ; B

# B3 dspgv_ DE% liblapack DI D dspgv_ :Ey\l—)bff.{Z_.‘\Z_%N

#IRD(BERTE RDIBEDRE voi
BOE void
liblapack.dspgv_.restype = T_PTR_VOID <:ﬁ l;> \1/oid :'0:)/_1_:,]/ S ) 9

# S|EHUERE

liblapack.dspgv_.argtypes = [
T PTR_INT, T_PTR_CHAR, T_PTR_CHAR, T_PTR_INT, T_PTR_DOUBLE, T_PTR_DOUBLE,
T _PTR_DOUBLE, T_PTR_DOUBLE, T PTR_INT, T _PTR _DOUBLE, T_PTR_INT ]
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dspgv_ BEEDIEFEVCLE L (1/3)

2467005 A (NumPy FIFAR)

# sys, numpy, ctypes, wrap_dspgv €Y 21 —)LD1 Vik—k

# ndim Z5FEMAD

# dspgv_ ([CEY NumPy Be5lza4ERL

# EERTERULIEZNZNDEIINDIRA VY ZEIFT D

# A, B D1 XITEANC AN ZFTHHMAD

# wrap_dspgv.liblapack.dspgv_() \, LtZORA VY EELTHESES
# SIREBROBEEND b EBBEZRHID S5tHMAD
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dspgv_ BEDIFEVE L (2/3)

/7075 LDFIH (NumPy FIAAR)

# sys, numpy, ctypes, wrap_dspgv €Y 2 —ILDA1 Vik— bk
import sys, numpy

import wrap_dspgv

from ctypes import *

# ndim Z3EHMAD

# dspgv_ ([CEY NumPy Be5la4ERL
itype = numpy.array( [ 1 ], dtype = numpy.int32 )

n = numpy.array( [ ndim ], dtype = numpy.int32 )
ap = numpy.empty( [ nsize ], dtype = numpy.float64 )
bp = numpy.empty( [ nsize ], dtype = numpy.float64 )

# EEETER LI ZNZNDEIINDRA VY ZEIET D
ptr_jobz = c_char_p( b’V’ )

Ptr_itype = itype.ctypes.data _as( wrap _dspgv.T_PTR_INT )
ptr_n = n.ctypes.data_as( wrap_dspgv.T _PTR_INT )

ptr_ap = ap.ctypes.data_as( wrap_dspgv.T PTR_DOUBLE )
ptr_ap = ap.ctypes.data_as( wrap_dspgv.T PTR_DOUBLE )

# A, B @1 RITBANC AN ZESGTKMAD
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dspgv_ BEHDIEFEVLE L (3/3)

2T 0I5 L0%R¥

# wrap_dspgv.liblapack.dspgv_() N\, FEORAVIEELTEHESES

wrap_dspgv.liblapack.dspgv (
ptr_itype, ptr_jobz, ptr_uplo, ptr_n, ptr_ap, ptr_bp,
ptr_w, ptr_z, ptr_1ldz, ptr_wk, ptr_info )

- ZOFEICKD,
ptr_w, ptr_z QR VHDEIT MBI, w, z 85I,
BEEEEENRY MLHMRESND
. EtEORDE ptr_info K59 5B, info @ info[ 0 ] [CRFEESNTWD

# SIERBROBBNI MLEEEEZNRTS (BHhd3)

sys.stdout.write( "%4s:" % 'E' )
for i in range( ndim ):
sys.stdout.write( "%16.4e" % w[ 1 ] )
sys.stdout.write( ”¥n" )
for j in range( ndim ):
sys.stdout.write( "%4d:" % j )
for i in range( ndim ):
sys.stdout.write( "%16.4e" % z[ j * ndim + 1 ] )
sys.stdout.write( ”¥n" )
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(153

1. BemmY I b
2. BVIRDIT7DAYVYARN=IVAE
+ Debian8 [C TR (BV Y —DEHTHOIRERIZT)
BETYILDI7PZY—RAh5 SHOME N1 VR ~—=)LigE
- $HOME/python
« $HOME/openmpi-1.10.3
- $HOME/local/lib/libblas.so, liblapack.so

root H#ERZFDHZEIC(T,
VIKRDIP%Z yum ¥ apt-get [CEDA VYR R—=)LT DI ENERIT.
BFETHRANTHTLESLY,
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Al.1: BcfrY 7 &

tykPv>

$ cp -a /home/riit 160824 $HOME

d $HOME/riit 160824
i C .ir‘ofiigll - _— BAELMERIC !
$ 1s
doc ffi hello mpi seq
Sl E DX
hello BHAR21,22,23,24
seq/awk s5e83.1
seq/sbst sRRa3.2
seq/mat :2883.3.1, 3.3.2
mpi/python i2R84.1,4.2
ffi/sort s7r80. 1
ffi/dspgv s5R85.2

RNEENBSDHESS -

O 278D Linux RIS
- H#Et Y5 — CX400 (Redhat6.1)
« Python2.7, Python3.5
« OpenMPI-1.10.3
« BED Linux ERiE (Debian8)
« Python2.7, Python3.5
« OpenMPI-1.10.3

RA—Y—RT
| python /X\—23> T
Bh{EZHERR

67



Al.2: .profile @D

.profile DEXEETEAH

=L
oxX AE

#Root dirs

DIR_PYTHON=/home/python
DIR_MPI=/home/openmpi-1.10.3

FNZNOYVIRODIFPD
AR R=)LEICHREV, BB

DIR_LIBLAPACK=/home/lib

#For python, python3, mpicc, and mpirun command

PATH=${DIR_PYTHON}/bin:${DIR_MPI}/bin:$PATH

#For libblas.so liblapack.so, user-defined and

LD_LIBRARY_PATH=.:${DIR_LIBLAPACK}:${DIR_MPI}/lib:${LD_LIBRARY_ PATH}

#I don't know whether these are necessary.

mpi libraries

BLAS=${DIR_LIBLAPACK}/libblas.so

PYTHONPATH ([
BEDER LT *.py ZBLNTHL &,
import HOJgE(CiR D

#For python user-defined modules

LAPACK=${DIR_LIBLAPACK}/liblapack.so
PYTHONPATH=. : ${PYTHONPATH}

#For python numpy. Configurations of threads
OPENBLAS_NUM_THREADS=1
OPENBLAS_USE_THREADS=0

#Don’t forget to export.

« LYY —-IVE 21— TOETDERIC,
numpy % import 9% & python H'5
segmentation fault B4 9 DIHE(CER.

* pip T numpy Z1 YA L—=)LUZDH
BRELCo>7eHhD ? DM Y X ~—
AT 3B/ ?

export PATH LD_LIBRARY_PATH BLAS LAPACK PYTHONPATH OPENBLAS_NUM_THREADS

OPENBLAS_USE_THREADS




Y, e S
: Bt Y 7 FDOETA)
A1.3: B <1T /37
SREE 2 il 4
$ cd ./hello $ cd ./mpi/python BEE . ]
$ python hello.@.py $ ./run-local.sh
$ python hello.1l.py $ pjsub run-tatara.sh CX400
$ python hello.2.py ---- N O IV RET
$ python hello.3.py run-local.sh & run-tatara.sh D
EXE=${DIR}/test_hello.py Z=
e 3. | #EXE=${DIR}/test_hello.py [€IX> b7 k
$ cd ./seq/sbst $ ./run-local.sh Fxea 4. 2
$ ./gen_xyz.sh $ pjsub run-tatara.sh
$ python sbst.py 7ZZ 8.8 in.template
$ python gen_xyz.py kea 5. 1
: tive AR
= $ cd ./ffi/sort PUBEINAS .
Z@e O
3. 2 $ make ; make exe — E?U(:gggg%’gﬁz
$ cd ./seq/awk $ python main_sort_array.py
$ python awk.py < input $ python main_sort_struct.py
$ python main_sort_numpy_array.py

a3, 3

$ cd ./seg/mat
$ python eig.py < input_eig
$ python lu.py < input 1lu

R 5. 2

$ cd ./ffi/dspgv

$ make

$ python main_dspgv.py < input

I

| SED native hR
70035 LADER

BlllCSRIT = bR
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A2: Python D1 VXA k=)L

Python 2 D1V X k=)L

$ wget https://www.python.org/ftp/python/2.7.12/Python-2.7.12.tgz
$ tar -xzf Python-2.7.12.tgz

$ cd Python-2.7.12

$ ./configure --prefix=$HOME/python

$ make ; make install

$ export PATH=$HOME/python/bin:$PATH

Python 3 D1V X k=)L

$ wget https://www.python.org/ftp/python/3.5.2/Python-3.5.2.tgz
$ tar -xzf Python-3.5.2.tgz

$ cd Python-3.5.2

$ ./configure --prefix=$HOME/python

$ make ; make install

$ export PATH=$HOME/python/bin:$PATH

STILDRY—KF

77 {LICRATS |

Python2 & Python3 (FR—®DF « Lo kUICA VR ~—)LTTEE
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A3: MPI D12V A k=)L

OpenMPl D1 >V A ~—)L

$ wget https://www.open-mpi.org/software/ompi/v1.10/downloads/openmpi-1.10.3.tar.gz
$ tar -xzf openmpi-1.10.3.tar.gz

$ cd openmpi-1.10.3

$ ./configure --prefix=$HOME/openmpi-1.10.3

$ make ; make install

$ export PATH=$HOME/openmpi-1.10.3/bin:$PATH

$ export LD_LIBRARY_PATH=$HOME/openmpi-1.10.3/1ib:$LD_LIBRARY_PATH

| VILORI—FPYTIPAIERATS

MPICH2 VY 7 k (https://www.mpich.org) THERUL)
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A3: BLAS D1V ~—=)

BLAS O1 VX k=)L

$ wget http://www.netlib.org/blas/blas.tgz
$ tar xzf blas.tgz

$ cd BLAS-3.5.0

$ gfortran -03 -m64 -fPIC -c *.f

$ ar r libblas.a *.o0

$ ranlib libblas.a

$ mkdir -p $HOME/local/lib

$ cp libblas.a $HOME/local/lib

$ gfortran -03 -m64 -fPIC -shared -o libblas.so *.o
$ cp libblas.a libblas.so $HOME/local/lib
$ export BLAS=$HOME/local/lib/libblas.so

 YILORI—RTPYTIPAILERATS

ZZE: http://qiita.com/_akisato/items/9227b8f17026f3bd76c1



e

Ad: Lapack D1 VA=)l

Lapack D1V ~—)L

$ wget http://www.netlib.org/lapack/lapack.tgz
$ tar xzf lapack.tgz

$ cd lapack-3.6.1

$ cp INSTALL/make.inc.gfortran make.inc

$ vi make.inc make.inc 7&
OPTS = -02 -m64 —fFPIC 2 (TE&E

NOOPT = -00 -m64 —fPIC

$ make lapacklib .
$ cp liblapack.a $HOME/local/lib Makefile (D

$ cd SRC Y=y

$ vi Makefile 12 (CEND.

%E@EEB(E& TAB X=F

liblapack.so: $(ALLOB3J)
gfortran -shared -W1l,-soname,$@ -o $@ $(ALLOBJ) -L$(HOME)/local/lib -1lblas
cp liblapack.so ../

$ make liblapack.so ; cd ..

$ cp liblapack.so $HOME/local/lib

$ export LAPACK=$HOME/local/lib/liblapack.so

$ export LD_LIBRARY_PATH=$HOME/local/lib:$LD_LIBRARY_PATH

 VILORI—RTPYTIPAINCRATE

Lapack @1 >R ~—)L(E BLAS 1 VX ~—)LE&IC

http://theoryno3.blogspot.jp/2010/12/compiling-lapack-as-shared-library-in.html
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A5: NumPy, mpidpy, SciPy

DA1YVAR=Il

Python /\w o —3IY 2 KEBY—)L (pip) DAY A=)l

$ wget https://bootstrap.pypa.io/get-pip.py
$ python2.7 get-pip.py
$ pytton3.5 get-pip.py

pip ZRALEEE/INNY T =3I DA VR ~=)

B A A B A A A A S

pip2.
pip3.
pip2.
pip3.
pip2.
pip3.
pip2.
pip3.
pip2.
pip3.

~N

U U1 N U1 U N v

install
install
install
install
install
install
install
install
install
install

numpy

numpy
nose

o F NumPy, SciPy 07 2 F &Y BIRICZLEB
mpidpy
fgg;ggy mpidpy D1 Y X k—JLIEMPI o Y R ~—JL#&IC
scipy
setuptools 7 pip UND/I\v T —IYV T ~EEY—)L easy_install D
setuptools | /YA ~—)L (BX(TF)

HUTFDIS—XyE—IDBBASNIIHZEICE, FTTICZDINYT—IDA YR ~—)LiEdH.
(V&2&ELT, N=Y3aUDhEWFEDRHESLHD)

Requirement already satisfied (use --upgrade to upgrade): setuptools in ...

python 7035 AICT numpy Z41 Vik— k3% &EZFNTE(FT segmentation fault B AT BERICIEIUTEH#S

export OPENBLAS_NUM_THREADS=1
export OPENBLAS_USE_THREADS=0

e

http://theoryno3.blogspot.jp/2010/12/compiling-lapack-as-shared-library-in.html
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