ANAVIGELA5 7075

BEIE Kot
KRR A N— A7 4 T 58—

2018.06.04

furihata@cmc.osaka-u.ac.jp (KBRAZFEHY A /\- ZNAVIGELCRUFTOSS S5 OER 2018.06.04



X CoIC

furihata@cmc.osaka-u.ac.jp (KBRAZFEHY A /\- ZNAVIGELCRUFTOSS S5 OER 2018.06.04 2 /62



ZDBEEDNRE

L E&IE Windows, Mac &ZfE>TWT, Unix IZDWTIEHFEY -
AEMRICOVTIEL K> TLS.

E@EIcTOTS I T IEHES.

AEXRHDPPRBFEICZY ZSE.

DLTHHABERED B,

WHEFHRICHKIEHZH, TTEEBEHLCDHSEL. EDLDS
FRMD B ZDD ? # LV DL EELGDL ? BfMcD<DH?

0444-)
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Unix APS
m GUI & CUI: Unix, Windows, Mac OS DEILE T A EESET A
s L EHEEAM

AHEFE AR
n REMICHFIFETENS SLEERLHATRED
» THLZELERBEDFEICIXADHZDH
» RIBAFIFHEOEN

0444-)
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HLLHY K B2 ?

T0, &YBELWLEES (TR AALUE) !

6 A48 (&B) ANAVIGELRLHNTOTS IV T OER

68 5H
6H19H
6H22H
6H26H
6H29H
8H 23 H

A=N\—AVE1—2BEELA—N—OVE1—2FIBAAF *
SX-ACE S MbEIEDERE *

WFH AV E1—2 EREBEDERE (for OCTOPUS,VCC) *
SX-ACE HEF7ATZ 22T AFT (MPI) *

SX-ACE %7045 = %5 APF9 (HPF) *

Gaussian BER (RILKFE MEKEMS)

* —BEEZSEREE LAV FDOETT !

http://www.hpc.cmc.osaka-u.ac.jp/lecture_event/lecture/
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Part I: UNIX AP9
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O RTEET S CUl &I
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GUI & CUI, 0OS DRE{&

geleet

o value. (Donain/03 only) (+)

EEE e - comang terminates abrornally or

paoon> 102>

GUI Cul

m 5D 0S (Windows, MacOS X, Unix) @ GUI (Graphical User
Interface) DRENMFIEHF YV EDLSELN.

m CUI (Character User Interface)/ CLI (Command Line Interface) DFE
EEIX OS ICK>TELS.

m Unix I& CUI/CLI BFEBITFEE, 5D, Unix DFRFIFZ (.
= Unix B& < hH55EL = CUI/CLI B bh 5.

0445-
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GUI & CUI

GUI

s (FEHE. FRREITRSR. BHREZL
m EREMICERS.

n BRI - KREEESL

s BEMELICCLN.

n VI U T7REDE#HELITSL.

CUl
n B, RABHRIEERN1EIC1D. FHRIFI =T L.
n IEREVIRIE.
n BRI - WORIKEFHEEL.
= BEMELPTOLN.
n VI U TRDEHELPTL.
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CUl ZIBfi#9 5" |

GUI I3 1T, CUI I3 BETH% !

GUI = #1[X

CUI Tl T4, ETlcWBh ) HEE.
BEAHMICIE TEBODHHBVTITC (= cd AV FETHEE) .

0445-J
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CUl =2EBfE9 5V Il

CUI DERE = }ZFE (shell) \D@D TH3.

N

1—H— me >xb

CUlME =Yz IVEKRBNBY T U 2 7 \DERE.
FEEVIICKWVI TIVEWVWBDT, FHTEZELD!
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CUl 212953 Il

CUl I3ZERIECL S EDNS

[':> Network E'>

—~—

FTDiHK Xy cT—9 Unix Y—/\

EERIEE R Y T —JICEBEHIDLDLBDT, Ei&ElE CUl T.
BEEIX ssh £S5 70O FaILbMEDNS.

0445-J
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CUl 212953V IV

CUI TEDLNBIT 1 ZIEERLE Emacs b vi ICBRSNTWLS

Emacs vi

BBl (F2) E>DERT L emacs HEHENSD.
BEA vi MEAGWVERS L.

0445-J
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Unix O< > FAP
InRIFEI>TLONIFEZ 5
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Unix AV F: 747 FJEME

mpwd SELDT LY MJICERDERT.

cd .. LREET LT MUNEBEH.
cd hoge hoge 74 L7 FUNTEH).

m mkdir hoge T I hoge 714 L7 b ZEES.

rmdir hoge T M hoge 74 L7 kY ZHIBR.

m mv hoge poko T M hoge 714 LY FU% poko 74 L7 MUIC

18 or HAIEE.

- poko 71 L7 FUDEBEICE 2% 5 Z DHANEH,
- BOESZDRFICER.

0445-J

furihata@cmc.osaka-u.ac.jp (KBRAZFEHY A /\- ZNAVIGELCRUFTOSS S5 OER 2018.06.04 15 / 62



Unix AV F: 774 )103E

mls SOTALIMVICER77M4IVD) X FFRE.

m touch hoge hoge EWVD T 71 ILZES.

m rm hoge hoge EWLD T 7 1 IVZHIRR.

m mv hoge poko hoge EWD T 7 A IL% poko T« LU +UICHEED
or HAIEE.
- poko 74 L7 FUDBLCEZ%G 5 ZDHNEE,
- BOWESZTOEFIICER.

0445-J
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Unix AV F: 77101V ##4E

m less hoge hoge EVWS T 7M1 IVDHREERT.
FIXERDOEFEET S F : more, cat

m grep kore x ZTDTALYT FUT kore EWVSIXFHEZELT 7
1 IVERT.

0445-J
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Unix T7 4 2 (7 7 A IViRE) : Emacs

m emacs hoge hoge &EWLVD T 7 A ILZEFRIMAA THEE).

(LLF, emacs FT.

C- | Ctrl #—FIBEHRL, M- & Esc F—%HLTH 5. )
C-x C-f 774 IVEidridAdr

C-x C-s R#FE

C-x C-c #&7.

C-g emacs hLTWBZ L%&IEHS. Mo>fc5Th.
C-s hoge hoge &L XFFI%EHRT.
C-AN—*— ERR.

M-w 3dE—.

m C-w AV b (HIFR).

m C-y AN—RX b (BRTIT).

furihata@cmc.osaka-u.ac.jp (KBRAZFEHY A /\- ZNAVIGELCRUFTOSS S5 OER 2018.06.04



Unix T7 4 2 (7 7 A IVIRE) : vi

m vi hoge hoge &LVD T 7 M ILZEFRIMAA THEEH.

(AT, vi $h
XFEBAE—FE, OV FE—FEYIVEBZTES. )
i XFHAE— FAYEA
m Esc¥— DOV KRE—FAYIEZ.
(UTF, O FE—FKT. )
mh,jk,1 Z& T, Lk B EH.
= :wq  RELTET.
=gl REETET.
mx, dd 1XF, 117hv b (HIBR).
myy 17—
mp AN—2R (BEF).
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HFEIlF: Emacs + vi = spacemacs: &R C5d7]

(spacemacs)

A community-driven Emacs distribution

The best editor is neither Emacs nor Vim, it's Emacs and Vim!

2014.10 first release. ITEIL ver.0.200.13.
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Unix AFIDE & &

m Unix BHH 5% = CUl ITEBNTHEWEIFEWS T EHZL.
CUl BRI BICIEFW DA VYHES.

m CUI IZZDHED “BEE" L& BUTW3.

m CUI DRE = BFE (shell) NDE.

m CUI ILZEBIRIECE L fEDNS.

m CUl TEDLNBIT 1 ZIEERLE Emacs B vi ICRSNTLS.
OV FIZRLBBH, SEEBN LD bHhNIETIHZ S.
B SEOVEDTULULDDT Unix DEREE TR TH I S.

0445-J
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Part II: ME5EHE AFT
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n A—N\—OVE1—2DEE (BE)

» RE(EDMEEL, Fik

n FENIC, WIHBETENSSWESGZZDH?

n EAGN—FRIIT7EVT I T DEFEDED?

EEhGLhT L

n BEVI U T7DTOTS I DR
- ZNZTNDFEBEN GO !
n BFHBEDF1—=T%

0491-J
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A—/I\—AEa21—2cDW\T
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A—N\—aAEa1—%2¢&IF

n KFRAE, BIF0E

s N7 MVEE (SIMD): 1 70w ¥ CHEDEE A FREERT
SX-9 (NEC) I& 1 Fv 713770+ v T 100GFlops J E.
* 2007 FEHEHAREE.

s —FR\REOCTOEYHIT
= (Top500 1 {if 2011.06-12, 2017.11 BT 10 i1):
10.6 PFlops, O 77#k 705,024.
Z DEAAR PrimeHPC FX10: 23.3 PFlops, 7%k 1,572,864.
R - A2 (FRE, Top500 1 i1 2016.06-2017.11 Bfs):
93 PFlops, J77%K 10,649,600

n BEXXEY
W 1.26 P/\A b, #E: 1.3P/\1 k
* PrimeHPC FX10 |& spec £ 6Pbyte f& 5.
n XKBH (- EBH)
H: 12.7 MW, #E: 15.3 MW, (a0 X 2: 17.8 MW).
*SENKRIKADEER 27 D55, 13 MW X 56D > 3D
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B JRARD SX-ACE &

» 5tEIERE
395 A2 A%t 423 TFlops = 0.423 PFlops, 1774k 6144.
* BEtf& 2017 5 6 BD TOP500 @ 500 fiZ (549 TFlops) O 8 EIgS.
(—207OJ S LTHEHOEZDIE 1 VT RAR2ET)
n XEY
96TB 22 0.1 PB.
n BN
(hgH ?) 700 KW.
* fELeLy 34 1000 @43

- MR EBIHEER, ROEELZT 4~5% .
XEVIE 8% <5

0491.J
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A—NN—aAVE1—2DEE |

10000000000

1000000000

100000000

iR

10000000

—— Sum

‘.,-"’ /“**/ #500

10000 ‘./.x /4

-

e
~ A
d

1000000 ~
100000 | // — Top

-
1000 ”’/’“"
100 -1
10 |
1
21—ttt
1995 2000 2005 2010 2015 2020

A==V E1—Z2DHEEDEE
(creative commons -attribution, share alike 3.0 by A.I.Graphic)
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A—N\—aAVE1—20DF$ |

m ILLIAC I, I, Il (B2 1952, b5 JA4Z 1962, SIMD 1966)
AINTIVZREARR. WHEHEOBLR, BiiOERHEE.

m Cray-1 (BB A/, 1976, 80-160MFLOPS).
580 BUEARI L SITFTENT.

m ERS S 2 L—42 (SX-5, 41 TFLOPS, 2002: SX-9, 131 TFLOPS,
2009). TOP500 1 fif 2002.06-2004.06. ZBF& L TlE Meir#ny . 7
X 1) A TlE Japanese 'Computenik’ #zL>.

m Blue Gene (2004)
IV TINIC AT =B TR, FI5EFTEEIC 32,768 077, 2007 &
[ZlE 212,992 O 7.

m I3 (2011) 10.62 PFLOPS DiBILF!H.
m XA 25 (2013) CPU &% <¥<. 33.8 PFLOPS.
m fHEL - K2 (2016) CPU Z & ICh < #iZ < ¥ <. 93 PFLOPS.

0491-J
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A—N\—aAVEa1—20DF$ I

by THRED A —/IN\—OV E1— 2 DR - EREICKATWLSEIE -

m 77 A1) 73 (143/top 500 2017.11 FR) : CPU #%&HE® L THENZEH S,
Cray 1 & IBM #5580, CPU Z#BECRE TES5a&bH Y.

s BA (35) 1 R MVRR—NN—OVE1—2EE3H—DED.
NEC ¢ELiE, HIHAFELEA—H—. CPU IZEERRLDEBA
MDETE.

s E ([F 202) : (FIE7 AV AR f=h . EFIE CPU & (BBL)
BAEEA. COHE. 2BBZEELLTWNS.

m 1Y (21), 75X (18), 1¥ 1) X (15) (EU £ & 86).

%Y DEIFZNZh 10 K (top500 H).

0491-J
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SIEORRILFE BIZEE/N—FU T
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STREDEE{LFIE |

ZHLZHERER

Input Data Operation Output Data
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STRORFEILFE I

7IVAY XLZDEDDHE

(EBREY) TKYEL) or MEFHMEICKYBELTWNS] 73T LA
" aad

- S
Input Operation Output

Bl: 14+2+3+---4100 = 5050 lcxt LT,
for i := 1 to 100 do result += 1i;
ZWELT, ROKSI.
(100 + 1) * 100 / 2

v

0491-J
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SAREOERILFE 11

CPU, XE, HDD H&EDAE— FZEEiflilc EIF3.
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STREOFEEEFE 111-2

10000 T T T T T T T T
.... ..i'...!.
1000 F ii 1
.i!
§ t"% ’
s 100 | : 335 1
= Y
(9] e o o
_o L] L] L] : L]
v .
=) 10 o o o b
(s .
U .I
H
1F, D |
0.‘| Il Il Il Il Il Il Il Il
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

BRiGAE—F7 v T3 Z5Z5RA?
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SREOERIEFE V-1

—REIRILITA !

e &S GNBZE EHT—EILTS (/\— V7 7T).
- N7 MVEE
- SIMD (Single Instruction Multiple Data)

» 5l

Input Vector Operation Output
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STREOERELFE IV-2

1 D9 DIEEICFHEL TS

a[1]:=b[1]+c[1]; | a[2]:=

b(2]+c[2];

a[100]:=b[100]+¢[100];

2NH5—5E

furihata@cmc.osaka-u.ac.jp (KBRAFH 1 /1~

NAVIGELAAF 7O

—EICLEHETES
a[1] b[1] c[1]
a[2] b[2] cl2]

= 4
a[100] b[100] c[100]
N7 hMVETE




STEORRIEFE V-1

BTPh! XEVHFE

AEY (T—R) ZHBLIRET, VEZLFE.

S
I Tij m

@ f1 85

Input Parallel Operation Output
RRELPTUVD, XEVT7I7ERARENREPLTL, E&IELITS L.

ST — e —
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STEORRIEFE V-2

a7 ar a7 a7
Frvya | | Frva | | Frvya | | Frva
HEAEY

X EVHBEHEROBLR

0491-J
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STEORRIEFIE VI-1

BTPhn! XEUSHE

AT (7—%) ZHFHBLT, NEZEILFIE.

AEVTVEABEDEEICC L, SECWITFIREFEERIELPTL.
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BOEEEFE VI-2

ar
1] ¢w~>1|

LRF*Frya

ar
|L1$w~>1| |L1¢w~>1|

LRF*Fryafffl2+rya

S

|| ||

TAAAEE]
trasxqll[tacaralcicssalffcccaran
TahAE n| |r<~m¢ r|| |rm-4¢ r|| |r/:n-4¢ 1

AL LT LE L LT

ar ar ar ar

|L1 Fryva L1$V'7“/J||L1$V'y“/1| |L1$f'y“/1|

L*vyya LFvyvall|eEryva|lRFryza

LBFrya

ar ar

|L1 Fryva

LRFrya

Trahdte]
tiasxa||[tacara||cacarall[zecara
TahkE n| |t/m4¢ n| |r<~m¢ n| |r/:m¢ 1

L JLE JLE

AT SREEFTEROELR

0491-J
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StEORRIEFE VI

O3S L%, TESWSIEFETRITLTEEVWESICDEITS) &%
EiHeEEEES.

- IThHTENIE, MFNEICETHRICIID
- L.

0491-J
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STREOERILFE Vi

BRI
s TBFIES ] EWVWSDIFERLZEEC.
B RN MVBZ—=N—aVE1—2IFEP® NECD SX 1) —X<5
(BY0)%
PC DF v 7%, GPU 5tEIZ SIMD ZHKR— b.
B ZLDRA—/N\—OVE1—Z2FBLAF] (DHEADTL!).

XEVIF, ZBROWE, OFY, HBLTVLBEHES LREFD
Fyya1hHBLILZRIBEDSL.

v

0491-J
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AEF R DN R
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L EBDH: 7 LAZ—)VE |

7073 L%, 88 o« OBS%E n BAOT7OE Yy Y TEINEL, Y
1 — a OFBELTHELEWEES, 2F

- 2z

(14+6)2+(1—a) fi
EER{EENS. 6 [FAUFNULICE > TRET ZBEEEIC K BIEHESR.

60 T 100

a:50%, delta: 0% —— " ai50%, delta: 0% ——
a:80%, delta: 0% a:80%, delta: 0%
50 b a:90%, delta: 0 ’ %
a:95%, delta: 0% s 80 - —
a:99%, delta: 0% 2:99%, delta: 0%
L 40 4 o
£ g eof
S 30} £
3 3
o Q 40 -
o 20 - n
10 b 20
0 n n n n n n n n n 0
10 20 30 40 50 60 70 80 90 100 0 100 200 300 400 500 600 700 800 900 1000
Number of Processors Number of Processors
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Speed up Ratio

Speed up Ratio

60

50

40

30

20

60

50

40

30

20

a:50%, delta: 50% ==

a:80%, delta: 50%
a:90%, delta: 50%
a:95%, delta: 50%
a:99%, delta: 50%

30 40 50 60 70
Number of Processors

80

a:50%, delta: 200%
a:80%, delta: 200%
a:90%, delta: 200%
a:95%, delta: 200%
a:99%, delta: 200%

70 80

AINa7ic

90

100

Speed up Ratio

Speed up Ratio

80

60

40

20

100

80

60

40

20

0
0

a:50%, delta: 50% ===
a:80%, delta:

2:90%, delta: £
2:95%, delta:
a:99%, delta: 50%

100 200

300 400 500 600 700 800 900 1000
Number of Processors

2:50%, delta: 200% =

a:95%, delta: 200%
a:99%, delta: 200%

100 200

300 400 500 600 700 800 900 1000

Number of Processors

BELAAHNTOIS IV DER




EHFHRETENS SWLELGBDH I

n LHHLTELGOERD MECONGEWCSVLEZSID3RS] .
n WHHLICH S BEFTRELNH S L, 26ZLhLDEELTS.
n ffCHFNET BT TIIFHNRITEODLSE -

0491-J
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EDEOIBYT M IITZEINED
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N—=Foxz7EVT R T7OEBEDE

N— R T7HGEEESEDEVNADSIEND L

=W €Y

VIboxIT7F

R4k izl pa)-od

CPU %! HE
CPU A% HE
SIMD/ N7 hUE | &%

MPI (Message Passing Interface), ft

— KEGE —

OpenMP (Multi Processing), ftt
OpenMP, ft;RIL
BiES1T751), CUDA ¥

—fHgEIlc, FTDIESIHTAISIVITIEES.
N—=RI 73 EDIESHRT—IVLPTL.
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WHHEY I o7 |

RIES LI, BOPTULAEDLSBNAT S.

s /\—FDOx7, VYVIbr0x7, SA4T3)D T#fg) #LETZXT

s OV VIHGERTORERET 7=y 7IXIFIEFRE.
FZZENT MIVET B, Lz EVWS8EINGET LT 7
(BETIEEWD) ZANEYTH50N.

n 7LZ—IVDEADHZDT,
N7 PIVEREESH DB THDEEISHEHDEE.

MZIE,

for i:=1 to 10000 do al[i] := 2%i;
EWVWSO—FREOAVNALIVT BT 170y TRITENS.
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WHHAEY 7 o7 111

CPU A/ [ M5k: X EUHE
» JOUSIVIREBNAR. [CTHSTTETES WS T 1
1/77‘-4' 77077 LICEEANSCSVTED. (thread ZAL
/j\ Lg& LL\)

] *51‘1_'&61 =1A

n fREHEZ L.
s PPEERELICCL.
n V7 bz 7ELTIE
m OpenMP
m OS PEEDHETS5175V

- Grand Central Dispatch (MacOS X 10.6, FreeBSD),
- intel TBB, Google Go, Rust % & .

v
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WHHAEY 7 o7 112

Fortran Dfl:

program hello

!$omp parallel
WHHE LW REER S
!$omp end parallel

end

&SI, WINLLIEWETAET 4 LY T4 T THGOHER.
WHEEEOVINT SPREBEZHTIEE.
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WHEHEY 7 o7 -1

X VAN FEAEY
m X5 L TEN < BEBARLDBERDPY & V) % 3BIE (Message) ELVD
RET133.

» 7075 LOEEELFHLRICEET D2HEDY.

s 7075 LIEEAR.

B N\— FU 7 \OEKFEIIPPRE. TDRH, BHEEIEPPEL.

n RHESL.

n A—/\—OVEa1—2FIFETh (NEC BRS).

m V7 ;7 IT71& MPI (Message Passing Interface) & UMD HiBiRMg(IC
B8, 51473 VEHA.
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WHEHEY 7 b7 -2

S

n T—RIEPELTEY, th7OERDT—2IThNEL.
s F—RIFBEWNC TRNIC) BIET BEENS S,
A HETEIEA
T—RE(E
mpi_send Bg&k
T—22E
mpi_recv BE%L
W RITIRY
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H> 71V SIMD / N4 MIVEE (1)

SIMD / N7 kU StEOH): W&
Julia lang:

@simd for i=1:length(x) <« @simd ZDIF BTl
@inbounds s += x[i] * y[i]
end

C/C++ on SX-ACE:

#pragma vdir nodep ¢ #pragma vdir .. ZDIFBflF
for(i=1;i<length(x);i++){ s += x[i] * y[il; }

HERED 5 ZU T

* /— b PC (vaio, 4core), 1000 Xt kJL, 100000 EIF.
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B> 71b: OpenMP/MPI BT EFIME (1)

Parallel 7O S LD 214> MR

Julia lang:
nheads = Oparallel (+) for i=1:200000000
Int (rand(Bool))
end

C/C++ on SX-ACE:
compile option IC -Pauto % DIFBEIFTHEL -

WHEFEZFED T & T (4 core CPU T) HHERED 33 5L LI
* — D 2 /]

al0 ore
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B> 71b: OpenMP/MPI BT AEFIME (2)

ZA/INOAV 2017 ITT. BRE 20 F— LD SX-ACE BfE>Tfc& T 5
fefzL. SIMD & B#) OpenMP Y% T.

e
°
o
o °
°
sk
® e
°
o
, .
0 50 100

HEh: 5 BFIGNT MIVEER, Fitsh: 5 EFIIE

- BOF—LIIERT FIVESEERTWNAS.
- SIMD, OpenMP DIEFULFEGSIE, BEDTOTS IV JEENT
+493.
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B> 71b: OpenMP/MPI B7xEFIE (3)

Parallel 704 5 LLDfAl: Black-Scholes =& (by Julia language)

using ParallelAccelerator < Intel Labs &S T35
Q@acc begin

7095 LA

end

Black-Scholes option pricing model
100,000,000 iterations

20.95 s

— 20|
o
.
E1s
2
g
£
2

5 297s

D 16 s 0.27
5ot %<&
\e \ <& 2\2‘ d—e\i’o o o we
o e ™ s S

http://julialang.org/blog/2016/03/parallelaccelerator ok 4.
AFEHEEFES T & T (36 core CPU T) SHEEED 130 {5l EIT!
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LEFEHBEDE L&

n N\—FUI7ICL>THINLD B EDREZDT, VI 7%d
ZTNICEDETEIRT 5.

n DYV T R U TICHE TS E, MPIIZTOT S LEELADLT
tEZZREEST, PLEEHLHSEL.

B [RADR—/N\—OE1—42 (SX-ACE) I&N¥ b IVEEHE K% Ra
fcBDBEDT, 1./—F (1 cpu, 4 core) TEETXBHELSIETY
Zy IR LT EIEEWLD. RN MUEREESHDADIRIE
F IR RHETED.

m RFEED PCTH 4a7F>TWWTBDT, 45<5VWET
DAFUEIEBERICTERY T 5.

s O7DEEVZHICTOTS LEEFMICHHT BEIFTTRELESRT
td.

m N7 ML, MPILIZDWTIET A N\—TEB2H Y.

BERDH 25V ZE 5.
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Thank You!
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