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HREF 2 — = ZIZBH 3 Bk 5m
» A INAS%B(E UZLL\
E=AMNEWE, BELAET- 1T TLL,
BE Rzt TELLN !
NJRILETE#REIZENANT-O—FIE.
1IL—THRTENTHASA D> HINETESLY,
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AEYIZT—AHEHITO—FEFERMT S
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P F 2 —= > 71T B9 B L
://\47’5—1@1.:. L7ELN(DDFE)
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h 4
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(ZD2)

5 HEAE VR R —R (S

S{ETEZELD

i%?’j’?ﬁ\ub\& [RIBRICiF{ETESIL—TF.

S8k 5L TE4E0N

IL—T DIEE (FIRIE. #& TIEMNBRFED. L)

EENLTEHEENICELSHELHD
ECIE, WHELI=WLNIL—T A H AR Ea—ILED
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PoEF 2 —=> 7B T Sikam (ZD2)
» AVINAFEBIELGZLN(DDE)
f5) foo (A, B, C); ——H#i&IZA, B, CIXE—EZHIT
SlIESNDAIEEENHST=. A, B, CEIIEKF
NHHERTE
KT ALITA4T . AV INASF T3 iEETHIG
int foo(double A[N][N], double B[N][N], double C[N][N]) {
int i, j, k;
for (i]=0;i<N;i++) {
for (j=0;j<N;j++) {
for (k=0; k<N; k++) {
C[10] +=A[i1[k] * BIKILL; } } }
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P F 2 —= 2 ZITBH T Bikim (FD 3)
» AVINAZZEBELLELN(DDE)
ALyR# DM

BERALYFRIEF (2~4RLyR)AEDI—FE, §ALYER:

15

(16 RALYRZEREBAS)MEO—FKIE. Fo1={EL5
O IN S, ETRIICA—IESAL YR #ZE
MAHZEMNH LN

FHGEALYEBZERE . TDEHF

REDI—FZE KT S
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PR 2 —= 719 Sieim (£D4)

» AVNRASZEBIELGN(DDE)
HENVERBEDAVINASTREBEILTEZELTE.
DR RBED A /N4 S THRBEIL TEHREEIEARL
B1) CX400DE L@ /NS & CXA00DATIILAVINAT
Rl —A_UH DAV INAFTEFHRN—FTIE,
F—a—FTELREILAE THREE TEAHRIAEHELD
WENLHAHAIA—F(LAL—a—R) T./N—Foz7 . BLU,
VIR IT7RENEHL->TH. BLVEREZHRDIE
(MERERTHRIEEMESY) (X, HPCH B TRy NG R T—<
IOz 7 BB Fa1—=0 T IOBRSF
VIR 7HBET S (Software Performance Engineering, SPE)
VIR 7RABIRNABLR D Fa—=20T O H
O—k B B Rl
MEEETVUY REB/N\TAZRE. BHFEE . ORTTNLE
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VRS 2 —= 719 SiEim (£D6)

» E

FDA—FDHRYFRRYF(EVVES) Z2HE &

sTE=EGE. AL LFFMIEH TIZEB7ZEL

R EHIRIE CETEEICIKTF
BhHhHhEZAIZ RYRRRYE(ELERS)
Fa1—=UJKRIZIECRYRRARYMIZEDH S

STEEHNZCTH, BBEYAXN NS, Fryialc

DHEEIL., EERBNEGDHDE|E LA

BIEENDIEKTH, BE<EE> HZBLVE,

BIELATUVEE

IOE MV TH IION—F Y7 HNEGE. QC)
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 BEARLRYID5E (BESRE T HREE)
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FZILONVXLEZZRBL, GTEENVLEVVEDFRFE
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AV EFTIThENI—KFa—=20%
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FTI1O
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By ARy MHEHRORELT; EFO—pF
» BEERMLRYIDIZGE
BIELATUUNEZR GEEFERIBMNZSLY)
CFUNDBEZTFEDTIES
GRIEDANIRILE)
LRI HEICEHEERIZDHIR
JERIEBIEICLDBIEDIEALY
EENFEREEHLYBET—FHZLY)
R EICLHSBE=DHIR
KUY EFRGBEEREAXDEA
(Remote Direct Memory Access (RDMA) 7% &)

ERIEBIEICKHBIEDREARLY iTC)
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Ry b ARy MEBHZOGGEAL T 8D —4]
» HOTRRILAR YT DIGE

ENRGI7AID AT LEFES

T7AIVART—U T DFIA

ERI7AIATL(SSD, IN—RM\YI7HE) DFI A
T—R%E5IE NNI0OEZEIFET S
OSURTLINSAIDE R
IORNSATHAXDER

KRBT =AY A XZ1ENOT BIGE . ANSATH A XEKRECT S
FYUSRGIOARFIRAT S

TJ7/4ILEZTHLIE.MPIZAEAZ EIZRIZZfTT. BIEIZIOE AT 5
FRETHHIENZLY

EEE T 74 )LIO (Parallel /O, MPI-IOEE) #1{FS _
BHOIFAILEIDIZREBZENTES IT(D
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By PARY F2EDLHIZLTHIS D)

. 7005 LH([ZAAIEEZRELTHARS
. MEETOT7ASEFATS

EERNLRYD
TOI7AZDERKEEICKYFHERTEE
=T ZEDFERMTAT7AIIZEY  N—Fx 7 ERE
(FvuiabybhF G E) ZREREE
f5) Bilpmpr. ET @ EAXTOI7/45.%HGE
BIERRILRYY
TOJ7ASDEREREIZIYFETRE
BhELE BERTOO745.7%5E
/ORMILRY D
—fRICHFYVIRMBE SN TLVED
RISAVAUE — 2 &> TIEERATOT7ASEIREL TS iTg
{51) Cray#t ® 7B 774 5 (CrayPat Performance Analysis Tool)
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» 110Z T8, TOtR0IZT—2ZEREL.
JAtER0DHAHINOETHTAT S L
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7 a7 742 (B1FX10, FX100)
y BETEOVNASIZIE. RET O D7 A SHBEAH D

r——

y BB /NATTaAVINS(ILEE . EfTaTURTIEEL

F,
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» LTD2IEEENH S
y EARTOT7145

THRAR:TAVSLEART, RUERONMNST

WAEMERET S

v
nllll

D |:|7747

'7&1 & xDEREONN > TWAEMANDIEE
D IZEWNT ARYTIOERANER, :\:’VJ/:LI:JI‘ﬁs
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PrE 7 1 7 7 £ Z OMFADFE
EARTAOI745

&

vkl :fipp —C

FnaAT b - fipppx. GUI(WEB#ZH)

A—H TR S LI L—ERBRT 74 /LEF100 SUFRERRE)E(ZE YA H
EWNTIRHRZINET S,

IREL-ERERIZ, ARMERFOA TR RERT

T Oo745

a5 fapp —C

F AR GUI(WEB#EH)

A—H707 3 LDHRICAEEREZREL., AIEHBD/N—FDVLT

NI ZDEZTIE,

IRELT-1EFEAEIZ. MFLOPS. MIPS, & iEmSLEE, X vyl 1S XED
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AT 77 A4 HH
(R KFX10, £ KFX100)

» ARBRETOATSLDHSTALYRIIC
Prof 74 LY M) ZERK
$ mkdir Prof
» wa2(XFRDEITAIBET 74 JL) D wa2-pure.bash (R71) Tk
J74IL) RIZLU TS
fipp -C -d Prof mpirun ./wa2
» BIT9 S
$ pjsub wa2-pure.bash
» TRXRRANTOT7ASEE
$ fipppx —A -d Prof

iTC)
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A7 7 7425
(R RFX10. #4RFX100) (1/2)

Fujitsu Instant Profiler Version 1.2.0

Measured time : Thu Apr 19 09:32:18 2012

CPU frequency :Process 0- 127 1848 (MHz)
Type of program : MPI

Average at sampling interval : 100.0 (ms)

Measured range : All ranges

Virtual coordinate :(12,0,0)

Time statistics

Elapsed(s) User(s) System(s)

2.1684 53.9800 87.0800 Application

AMPIZOEZRD

2.1684 0.5100 0.6400 Process 11 %%J‘@H%Fﬁﬂ ~ J-_-U:H%Fﬁﬂ S :/Xj__-lé\ H% Fﬁﬂ

2.1588 0.4600 0.6800 Process 88
2.1580 0.5000 0.6400 Process 99
2.1568 0.6600 1.4200 Process |11
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A7 774 SH hH
(B ARFX10, £ KFX100)

(2/2)

Procedures profile

Application - procedures

| HEIED
2FRREICHDHLEE

RATHFREAY.

B AT ERTE.
‘/—Z:—F‘J:O)
T DB

Cost % Mpi % Start End

475 100.0000 312 65.6842 - -- Application

312 65.6842 312 100.0000 I 45 MAIN_

82 17.2632 0 0.0000 - -- __GI___sched_yield
80 16.8421 0 0.0000 - __libc_poll

I 0.2105 0 0.0000 - -- __pthread_mutex_unlock_usercnt

Process |1 - procedures

Cost % Mpi % Start End

5 100.0000 4 80.0000 - -- Process 11

4 80.0000 4 100.0000 I 45 MAIN_

I 20.0000 0 0.0000 - -- __GI___sched_yeld

24 201 74

A T R AR A




il 7 v 7 7 A 2 F G

(BRKFX10, £ KFX100)

» AIELEWLA RIS, LTFTOaATURZEHA

» FortranSi&NDimE
~NYEITFAIL TG
BITERAIR FHE4: call fapp_start(name, number, level)
BIERT FH=4: call fapp_stop(name, number, level)
F) A call fapp_start(“region1”,1,1)

» CICH+EENEZS
ANYFZT7A )L : fj_toollficoll.h
BITERAIR BA%L4 :void fapp_start(const char *name, int number, int level)
BITERRT BIE4 : void fapp_stop(const char *name, int number, int level)
K15 : fapp_start(“region1”,1,1);
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AE 7 e 7 7 £ R
(R KFX10. 4 KFX100)

» IWa2 IZ Prof T4L R Z1ERL
$ mkdir Prof
» Wa2@®Dwa2-pure.bashZLL T ZFECEL
(Frud 1 EHEFE)
fapp -C -d Prof —L | —lhwm —Hevent=Cache mpirun ./wa2
» BIT9 D
$ pjsub wa2-pure.bash
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Sl a7 7 £ S GUNZ & 5 EXai
(R KFX10, 24 RFX100)

y OS5I KB Y—IL(FUJITSU Software Development
Tools Version 1.2.1 for Windows) Z4 > XA +—JL

y T2 00—k 1%9)v9

» Server|Z, L FZANS (RKFXIODIZE)
oakleaf-fx-1.cc.u-tokyo.ac.jp

» Nameé password(E 22— HE2
LIzt DZEANS

» DFUKE, BEDRYIANTS

FUJITSU Software Development Tools FUjiTsu
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S a7 7> £ 2 GUNZ X B ZEAH
(R KFX10, £ KFX100)

» BORYIAT, TAITF7A7 |
Bz 1)vo

y JAT7AILT—3IDHS
THIVFEIEET S

FUJITSU Software Development Tools FUjiTSU

F SENKE, D &SRR
F—AMREAS
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ST a7 > A4 S TRNETF—¥
(R RKFX10, £ KFX100)

» 7O XEDBEHEEFIR
(GUIL TR TER)

» EMPIT O RIZETHLUT DIEHR
Cache: ¥y a1 XE
Instructions: £1Tan0 T 5F 1
Mem_access: * 7Vt RIKR
Performance: ap 5 T3N3
Statistics: CPU core EJ{EIKR

iTC)
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Sy An by A G
RIAVEa1—42, B2
NI L BHFERZExcells X TrItR{E TS

y [

N

CIEFX

(ExcelJBR)

10. FXI00 Gl gE7 Q77

Y—ILH B

JEEE—Y L E (%), MFLOPS, MIPS, AE!) X JL—T YK (GB/s), L1¥ ¥y S RE (%),

TLBEREYRE(%). GEDT—RGEEMN, FLHTH AT D

AEYED

R GREMNAFIESNTHAIEND

AL

AEV- Xl Iy Dy EI—F 34

FX10 PA informatian Pracess Na == 0 Interval Hame == reaian
Performance Memary- Gache
[T selal-Tu k] ;LI_J,J.JJ,_ L a-Juk | geuesog "QI”'J_‘:JE'J" ! I”";E”"
OB ame) OB e OB e}

Thramd [T 125 )

Thrawd | 132 223 5107

Threwd 2 132 233 602

Thramw [T FEE] ]

Threwd 4 132 223 5107

Thrawd § 132 221 602

Thrawl & [T 221 a5

Threwd 7 132 224 &.11

Thrawd 2 132 221 G004 232 dde 2dE

Threwd 9 132 222 502 an

Thrawd 10 [TH 228 3] 230

Thramd 1| 132 224 610 221

Threwd |2 132 233 602 279

Thrawd 13 [TH 220 540 23

Threwd |4 132 222 G105 221

Threwd |5 132 236 6.17 234

Frisam [TH] 3552 9578 3457

ERID.

END AN HND O - i END 7 P
e ] [/EIND EH O - Bl [/END B 7 Pl
Fracam 250k I ST266 FEEIT EFRIT] I [T 1
Cache
LID znm LID ER dmfl  |LID Z2 hpf 2| LID 52 20 22 L2 =nm L Emdm B | L2 ERg
I L“é;"ém ['O-F PR O-F RFFH | LID SRR WLID 380 | LD SR | LD SR |Po-F R RPRED L2 i VL2 Rl VL2 28 [,;E“:;@VED_“::F

Thrami 0 0026 2378 20GE+0T 4 AFEDS EEAET] 12778 1206 ERITT

Thramd | 1026 2266 26E+TT 4E7EAIS 38376 ETEET] L34 1376

Thremd 2 002k 228K 20GE+TT 4 5UE+5 23036 47536 Ta44t} 1736
i 26 276 ZA7ER0T TIE+15 7] 506 52
rard 26 276 2GE+T7 STE+5 26 17
rwd 26 254 207ER07 GGE+1S 26 45
rwd 26 EET] 25E+TT GGE+1S I FET]
rawd 26 ¥ 20E+T FE+A5 E 268
rwd 26 264 2076007 A7E+15 [T} Adi
rard 26 26k 2GE+T7 SSE+5 26 246
rrd 26 206 20GE+TT FE+5 26 556 274
il 26 TE TTE+TT J1E+1E 4k 54k 54|
rwd 26 ¥ FYEE 7ErAS 126 FET]
rwd 26 2 2076007 A2E+05 4k NET] 24348
rwi 26 274 F7ETT J0E+1S [T} b K
o i A7E+ 4E+] 2k T i | 2zscul 7ssqu]  an0spol 1000225

razam ZE] AIEHTS BB TE] 23] SAEELIE FERIT] F531H

30

= AR -E LD - [ ol et acFF
% 10% 2% 30 4% 50 (23 0% amk S0 10% [E=1]
Frocess
SMOEE
SMOERHE  ESMTERER sIMDRME sMO0-HERE BEMO R FPERE
[l e g o] wE U BRU\SIMDERO- BEER VSMoER FrESRD
% 1% 20 £l A% 5% 6% 0% ams 9% 1%
Frocass
e RESD - PR PR
up Iz Wiz IR
% 1% 7% LY a% 5% B% ™ % E 1%
| |
Process |
LI sl 0 IR MR A0 X i 2 TRRE
w10 ER dmd L0 &R bl - L0 R sl B
o 0% 0% 0% am % % £ 5% e 100%
1 1 1 1
Process # *
I | | | |
LEX o3 T MRS i TR
w2 ER L ER o
o % 0% EleY am 5% % £ 8% £ 100%

1 I 1 1 1 1 1 1
Frocess
| I | | | | | |
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E:“ " O — / >
7 a7 7142 (Excellgx0)
y ETEREIORERIZDOUINT,
AEYADTF—AO—K /R M7 &5 B GRS . B 5
LS RAADEE A B
HEDBREALSHAEEHM., ATEELTR RTINS,

F{TONM MR (HA
oSO [HAEUT I 2T DRETEAD- FEUTOEARE o7 IFRE offO— (5 tuoa FORARE Halagc
OEERTHA0- B i POER#E Ll d iy OFE S EEE S BEEERE ime -
G L i uTmS S Bu0F Fau BEnEnEE o-RisLA | kRN
migE o B Sin e AR mEEE Dagrd el
Fr =]
Threwd
Threwd
Threwd
Threwd
Thras
Thras
Thras
Thras
Thras
Thras
Thremd |
Thrasd |
Thresd |
Thresd |
Thresd |
Thoawd |
D AT
BTHTE [rec? |
Thread O 1 -0
Thread | | -0
Thread T | S0
Thraad 3 | S0
Thraad & | S0
Thraad 3 | S0
Thraad 8 | S0
Qe —— - o Thraad T 1 2oy
Thwead O Tiwaod 1 Thraat 2 Thraad? Thoold TheadS Theoadd  Theood 7 Thwaat B Thwoot 9 Thwsad 10 Thwoot 11 Towesst 12 Tiweadt 13 Thwood 14 Trwsss 1D ey e
Thraad 3 | -0y
Thraad | 1 2oy
Thraad 11 | -0y
| =3 Thrasad | 13-}
Thraad 1. 1 2oy
Thraad | [ e
Thrasd 15 | -0
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FDIE Db

N—T58, V—7ph& ALy RiAl4k
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IW—TnHEIEN—TBEDFE (£D 1)

» Seismd3D:
HRAKFHMAHEIFBLE-E RO ZaL—3Y
JO5SL(ZBTHE RUFIT—HT7O55 L)

R KFIERERE L 2A—THESDD

MIEFAESR L7 ppOpen-HPCIZHIT5
ppOpen—APPL/FDM&L THIFE F

» BPRZE 7% (Finite Differential Method (FDM))
» SR Eal—ay
SRITEFIMNFERIND
y T—RE: EHEEE (real*4) iTC)
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V=T FEN—TEDEH (ZD2)

» EEMBENZNEZED=OD
EAEIREY A X NX=256, NY=256, NZ=128 (32GBAE!))
=21z 32.IMBA LA EREZEMEL THERTEZEWL
=FEAEDT—RIE, Ty alZlHEHH>TLED
BB A TYITHHAREVNGE . REFRBEEETHE1RATYT
L-YDORERTEMEZROITLMAEGL 2>BEY A XE/NIKT S
y IBFEDTILF AT EHDIER
L334y 1 (Last Level Cache, LLC) BN RKELEH>TETILVS
Xeon E5-2600 v3 (Haswell-EP) . LLC: 45MB [L3/socket]
FX100. Sparc64 XI-fx, LLC: 24 MB [L2/node]

RERT 7314 X (Intel 3D Xpoint, ARL—UH5 X AEN) 5 E
TIEXTB#K (F 1)

=>BEZE DB T—2HNEWEF, vy a b[TT—42H

L YN > \
, PYURTLIELTETL LY e SRR A




FX10., FX100DXHA7 a7 7 4 )IZ
X % 2R

y | /—K8aF7ET

e R B S R S S R S B R S S R B S B R B R B R S R S R B R B R B R B S S B S R B S R S S

Application - procedures

S R B S R S B R S B R S S R B R S B R B R B R B S S B S R B S R S S

35

Cost

% Operation (S)
100.0000 490.4783
17.8222 87.4140
10.5424 51.7083
9.7064 47.6076
79119 38.8062
7.5449 37.0059
5.5873 27.4044
5.5873 27.4044
5.0367 24.7039
4.8124 23.6038
4.4454 21.8035

Start End
49 192
128 173

213 353
195 225
176 210
199 226
169 196
139 166
229 256
108 136

201 74 &

-- Application

ppohfdm_velocity.ppohfdm_passing_velocity
ppohfdm_stress.ppohfdm_update_stress__
ppohfdm_stress.ppohfdm_passing_stress__
ppohfdm_velocity.ppohfdm_update_vel _
ppohfdm_stress.ppohfdm_update_stress_sponge _
ppohfdm_pfd3d.ppohfdm_pdiffz3_p4__
ppohfdm_pfd3d.ppohfdm_pdiffy3_m4_
ppohfdm_pfd3d.ppohfdm_pdiffy3_p4
ppohfdm_pfd3d.ppohfdm_pdiffz3_m4__
ppohfdm_pfd3d.ppohfdm_pdiffx3_m4_

S HERL R T w i B RS
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FX10, FX100&A 707 74 )MIZ &
5 2RI Ta] (2815 B E))

y | /—K8aF7ET

MPI % Communication (S) Start End
603 122961 60.3096 -- -- Application
503 57.5515 50.3080 49 192 ppohfdm_velocity.ppohfdm_passing_velocity
0 0.0000 0.0000 128 |73 ppohfdm_stress.ppohfdm_update_stress_
85 17.8571 85014 213 353 ppohfdm_stress.ppohfdm_passing_stress__

® 491T~19291T ppohfdm_velocity.ppohfdm_passing_velocity [&. Z<DEEfHE
M EBERFRE = 50.3[sec.]/87.4[sec ](RETOI7AILHL1FT-1E) * 100 = 57.5%
(MPI_lsend, MPI_Irecv) .
HE(82.5%) [ TAYE—2DINVF VT ERIET 2D T /NYF T (AE—BR)
® 2134T~3531T ppohfdm_stress.ppohfdm_passing stress
ISR = 8.5[sec.]/47.6[sec.](EE T EI774)L75\15?=E'1=7‘_1|E) * 100 = 17.8%.
HE(82.2%) [FAYE—LDINVX T ERET—ADT U /NyF 5 (A —B5R)
® LEE(OE—MDTFAD X, T EHYV—RO—+FDIGFHERSZETHIEA

36 20175%  FHEMEROTER



FX10, FX100#AR 797 7 A4 )LIT X
HEEEY (7 uatvAm)

y 1 /—F8a7ZET(ZAaER4MOY)

Cost % Operation (S§) Start  End

629 100.0000 62.9100 -- --

Process 4 ﬁ{% Fag Eim IE

111

160 25.4372 16.0025 49 192 ppohfdm_velocity.ppohfdm_passing_velocity

64 10.1749 64010 213 353
62 9.8569 6.2010 128 173
43  6.8362 4.3007 176 210
ppohfdm_stress.ppohfdm_update _stress_sponge

39 6.2003 3.9006 195 225
37 5.8824 3.7006 139 166
33 5.2464 3.3005 199 226
32 5.0874 3.2005 229 256
30 4.7695 3.0005 79 105

28 44515 2.8004 108 136

37 20174

ppohfdm_stress.ppohfdm_passing_stress__
ppohfdm_stress.ppohfdm_update_stress_

ppohfdm_ velocity.ppohfdm_update_vel
ppohfdm_pfd3d.ppohfdm_pdiffy3_p4
ppohfdm_pfd3d.ppohfdm_pdiffz3_p4
ppohfdm_pfd3d.ppohfdm_pdiffz3_m4_
ppohfdm_pfd3d.ppohfdm_pdiffx3_p4
ppohfdm_pfd3d.ppohfdm_pdiffx3_m4_

SRR TR



FE—RV GBLILD : 2009.8%
subroutine ppohFDM_update_stress (7 7 4 )V 44 : m_stress.f90)

do k= NZ00,NZO0|I
do j = NY00, NYO|
do i = NX00, NXO|
RLI = LAM (l,},K)
RMI =RIG (I,),K)
RM2 =RMI| + RMI
RLRM2 = RLI+RM2
DXVXI = DXVX(l,},K)
DYVY1 = DYVY(l,),K)
DZVZI| = DZVZ(l,},K)
D3V3 = DXVXI + DYVYI| + DZVZI
DXVYDYVXI = DXVY(l,},K)+DYVX(l,),K)
DXVZDZVXI = DXVZ(l,),K)+DZVX(l,},K)
DYVZDZVY| = DYVZ(1,),K)+DZVY(l,),K)
SXX (1,},K) = SXX (1,),K) + (RLRM2*(D3V3)-RM2*(DZVZ1+DYVYI) ) * DT
SYY (1,),K) = SYY (IJ,K) + (RLRM2*(D3V3)-RM2*¥(DXVXI+DZVZI)) * DT
S77 (1,),K) = SZZ (1,J,K) + (RLRM2*(D3V3)-RM2*¥(DXVXI+DYVY1) ) * DT
SXY (1,J,K) = SXY (I,J,K) + RM| * DXVYDYVXI * DT
SXZ (1,),K) = SXZ (1,J,K) + RMI * DXVZDZVXI * DT
SYZ (1,),K) = SYZ (1,J,K) + RMI * DYVZDZVY| * DT
end do
end do
end do



FEhH—)L GFE2hD) 2R 0D6.8%

subroutine ppohFDM_update_stress_sponge (7 7 A V44 . m_stress.f90)
do k = NZ00, NZO|
gg z = gz(k)
do j = NY0O0, NYOI
gg_y = gy(j)
g8 yz=gg y*gg z
do i = NX00, NXO|I
gg_x = gx(i)
88 _Xyz = gg_x* gg_yz
SXX(I),K) = SXX(I,},K) * gg_xyz
SYY(1J,K) =SYY(L),K) * gg_xyz
SZZ(1),K) =SZZ(I},K) * gg_xyz
SXY(1),K) = SXY(I,},K) * gg_xyz
SXZ(I,K) = SXZ(I},K) * gg_xyz
SYZ(IL,K) =SYZ(I,},K) * gg_xyz
end do
end do
end do
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T —)L GE36D  BED6.2%

subroutine ppohFDM_update_vel (7 7 1 )V 44 - m_velocity.f90)

do k = NZ00, NZO|
do j = NY00, NYO|
do i = NX00, NX0|

! Effective Density

ROX = 2.0_PN/( DEN(l,J,K) + DEN(I+1,},K) )
ROY = 2.0 PN/( DEN(l,},K) + DEN(l,J+1,K) )
ROZ =2.0_PN/( DEN(l,},K) + DEN(L,),K+1))

VX(1,),K) =VX(I,J,K) + ( DXSXX(l,},K)+DYSXY(l,),K)+DZSXZ(l,),K) )*ROX*DT
VY (L,),K) =VY(l,}),K) + ( DXSXY(I,),K)+DYSYY(l,),K)+DZSYZ(l,),K) )*ROY*DT
VZ(l,},K) =VZ(l,},K) + ( DXSXZ(l,},K)+DYSYZ(l,),K)+DZSZZ(l,),K) Y*ROZ*DT
end do
end do
end do

40 20175%  FHEMEROTER



FEB—F) GBahD) : &2kD5.8%
subroutine ppohFDM_pdiffy3_p4 (7 7 £ )V 44 + m_pfd3d.f90)

R40 = C40/DY
R41 = C41/DY

doK=1[,NZ
dol=1,NX
do | =I,NY
DYV (1,J,K) = (V(l,J+1,K)-V(1,},K) )*R40 - (V(I,]+2,K)-V(I,J-1,K))*R4 1
end do
end do
end do

4 201765 FHERMFHTRHA w Hi B R
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B — I —T DR
» LTFDIEIL—T#HETT 5
(ppOpen-APPL/IFDM®D FE 1 i1 )L—T LR )

DO K = 1,NZ

DO J=1,NY

DO 1= 1, NX
RL = LAM (1),K)
RM = RIG (1,},K)
RM2 = RM + RM

RMAXY = 4.0/(1.0/RIG(L),K) + [.O/RIG(I+1,J,K) + LO/RIG(LJ+1,K) + I.O/RIG(I+1,J+1,K))
RMAXZ = 4.0/(1.0/RIG(I,J,K) + 1.O/RIG(I+1,J,K) + I.O/RIG(LJ,K+1) + LO/RIG(I+1J,K+1))
RMAYZ = 4.0/(1.0/RIG(1,},K) + LO/RIG(LJ+1,K) + L.O/RIG(L),K+1) + [.O/RIG(I,J+1,K+1))
RLTHETA = (DXVX(1,J,K)+DYVY(l,J,K)+DZVZ(1,},K))*RL
QG = ABSX(I)*ABSY (J)*ABSZ(K)*Q(l,},K)
SXX (IJ,K) = ( SXX (1J,K) + (RLTHETA + RM2*DXVX(1,},K))*DT )*QG
SYY (1),K) = (SYY (1J,K) + (RLTHETA + RM2*DYVY(1,},K)*DT )*QG
SZZ (IJ,K) = (SZZ (I,K) + (RLTHETA + RM2*DZVZ(I,},K))*DT }*QG
SXY (ILK) = (SXY (IJ,K) + (RMAXY*(DXVY(L,},K)+DYVX(L,},K)))*DT }*QG
SXZ (1),K) = (SXZ (I,K) + (RMAXZ*DXVZ(1,),K)+DZVX(1,),K)))*DT )*QG
SYZ (1),K) = (SYZ (1),K) + (RMAYZ*DYVZ(1,},K)+DZVY(1,},K)))*DT )*QG
END DO
END DO
END DO
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ZTOa— Rig#EILDFHE (2D 1)
» L—T 73 E|| (Loop Splitting)

AEJLa—Fk

(LRI 51BN

a1—K)

< HBITITY,
LR 3= KR

HSNDT —3DH D

5770495 LT,

)(:E')ﬁ\bo)T_/)-ln'% HLZEIREL .

=IRIET B,

43 201 74F

ITC})

o T ER TR s A N%GEE%IXEES%



=1 V5

ZZTOa— R,

X

]

(LD JjEr (£D2)

» JL—TRLE (Loop Fusion) : JL—JHi (Loop Collapse)
HRIFZEIL—T — UTD2ODFE#HLAHSD

1RTIL—T 1k

ALYRIEFIRITD=86 ., RIMADIL—TRZIEMSE S

2T

NIMVETERADOAV NS TITHhNSHIEMN SN
A——a7EEHTIREICEYDRNRIAFEFNS

2RTIL—T 1k
ALyKRiliFIZEST
HETITS

D= . Z5NEID I —TEEZEINESES

AV NAIIZEBERNIL—T DT Doy F U A1
WMEDAZ—OTHE#TEIOELEFELEDONEAAE
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IW—T 5 BN DO — 5y El s,
» B:LL T DEHERFTTIL— ’\EIJTJ‘%)WJ

DOK = 1,NZ
DO J=1,NY
DO =1, NX
RL(I) =LAM (1},K)
RM(I) = RIG (1,},K)
RM2(1l) = RM(l) + RM(])
RMAXY (1) = 4.0/(1.0/RIG(L,J,K) + L.O/RIG(I+1,J,K) + L.O/RIG(l,J+1,K) + L.ORIG(I+1,J+1,K))
RMAXZ(1) = 4.0/(1.0/RIG(1},K) + LO/RIG(I+1,},K) + 1.O/RIG(L),K+1) + 1.O/RIG(I+1,},K+1))
RMAYZ(l) = 4.0/(1.0/RIG(I),K) + L.O/RIG(LJ+1,K) + 1.O/RIG(L),K+1) + 1.O/RIG(LJ+1,K+1))
RLTHETA(l) = (DXVX(1),K)+DYVY(L,},K)+DZVZ(L,},K))*RL(l)
QG(l) = ABSX(I)*ABSY (J)*ABSZ(K)*Q(l,},K)
END DO 5 )\
DO I - 1’NXh )I/ 7 iIJII\\
SXX (1,J,K) = ( SXX (IJ,K) + (RLTHETA(l) + RM2(Iy*DXVX(1,},K))*DT )*QG(l)
SYY (1),K) = (SYY (1),K) + (RLTHETA(I) + RM2()*DYVY(L,},K)/*DT }*QG(l)
SZZ (1),K) = (SZZ (I1,K) + (RLTHETA(l) + RM2(I)*DZVZ(1,},K))*DT )*QG(l)
SXY (1),K) = (SXY (1J,K) + (RMAXY(IY*(DXVY(1,},K)+DYVX(L),K)))*DT )*QG(l)
SXZ (I),K) = (SXZ (IL,K) + (RMAXZ(I)*(DXVZ(L,},K)+DZVX(1,},K)))*DT )*QG(l)
SYZ (IJ.K) = (SYZ (IJ,K) + (RMAYZ(I)*(DYVZ(1,},K)+DZVY(L,,K)))*DT }*QG(l)
END DO
END DO
END DO




IV—THB - 1H)IL—T 4L

» 451

)

DO

EN

e IL—TENEZS
KK = 1,NZ * NY * NX <—
K = (KK-1)/(NY*NX) + 1 NZ — NZ*NY*NX

] = mod((KK-1)/NX,NY) + 1
| = mod(KK-1,NX) + 1

RL = LAM (1,},K)
RM =RIG (1},K)
RM2 = RM + RM

RMAXY = 4.0/(1.0/RIG(1,},K) + 1.O/RIG(I+1,},K) + L.O/RIG(LJ+1,K) + I.O/RIG(I+1,J+1,K))
RMAXZ = 4.0/(1.0/RIG(LJ,K) + I.O/RIG(I+1,J,K) + LO/RIG(LJ,K+1) + 1.O/RIG(I+1,},K+1))
RMAYZ = 4.0/(1.0/RIG(I,J,K) + 1.O/RIG(LJ+1,K) + LO/RIG(L,K+1) + L.O/RIG(L,J+1,K+1))
RLTHETA = (DXVX(L,},K)+DYVY(l,},K)+DZVZ(l,),K))*RL

QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,},K)

SXX (1J,K) = ( SXX (IJ,K) + (RLTHETA + RM2*DXVX(L,J,K))*DT )*QG

SYY (1),K) = (SYY (1),K) + (RLTHETA + RM2*DYVY(l,),K))*DT }*QG

SZZ (1),K) = (SZZ (IJ,K) + (RLTHETA + RM2*DZVZ(L,},K))*DT }*QG

SXY (1),K) = (SXY (1J,K) + (RMAXY*(DXVY(l,),K)+DYVX(L,J,K)))*DT }*QG

SXZ (IJ.K) = (SXZ (IJ,K) + (RMAXZ*DXVZ(1,),K)+DZVX(L,},K)))*DT }*QG

SYZ (IJ.K) = (SYZ (1J,K) + (RMAYZ*DYVZ(L),K)+DZVY(1,),K))*DT }*QG

D DO
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IV—T - 2 F)L—T 1L

|
D MR IIL—TEMNEZD

DO KK =1,NZ*NY <€—

K = (KK-1)/NY + 1 NZ — NZ*NY

] = mod(KK-1,NY) + 1

DO 1= 1,NX < ZDI-IIL—T T EH::
RL = LAM (1,,K) ,
RM = RIG (1K) AVINASIZ&KDT) TzyFa—FE A AT BE
RM2 = RM + RM

RMAXY = 4.0/(1.0/RIG(1,},K) + LO/RIG(I+1,},K) + 1.O/RIG(LJ+1,K) + 1.O/RIG(I+1,J+1,K))
RMAXZ = 4.0/(1.0/RIG(L,J,K) + 1.O/RIG(I+1,J,K) + LO/RIG(LJ,K+1) + 1.O/RIG(I+1,},K+1))
RMAYZ = 4.0/(1.0/RIG(I,J,K) + 1.O/RIG(LJ+1,K) + LO/RIG(L,K+1) + LO/RIG(l,J+1,K+1))
RLTHETA = (DXVX(L,},K)+DYVY(1,),K)+DZVZ(l,),K))*RL
QG = ABSX(I)*ABSY (J)*ABSZ(K)*Q(l,},K)
SXX (I,J,K) = ( SXX (I,K) + (RLTHETA + RM2*DXVX(L,J,K))*DT )*QG
SYY (1),K) = (SYY (1),K) + (RLTHETA + RM2*DYVY(l,),K))*DT }*QG
SZZ (IJ,K) = (SZZ (IJ,K) + (RLTHETA + RM2*DZVZ(l),K))*DT )*QG
SXY (1J,K) = (SXY (IJ,K) + (RMAXY*(DXVY(1),K)+DYVX(L,J,K))*DT }*QG
SXZ (1),K) = (SXZ (IJ,K) + (RMAXZ*DXVZ(L,},K)+DZVX(),K)))*DT )*QG
SYZ (1).K) = (SYZ (I,K) + (RMAYZ*DYVZ(L),K)+DZVY(1,),K)))*DT }*QG
ENDDO
END DO




7 — 2 HpEEo A& H

DOK =1,NZ

DO J=1,NY

DO I = 1,NX
RL = LAM (1,},K)
RM =RIG (1},K)
RM2 = RM + RM

RLTHETA = (DXVX(L,},K)+DYVY(l,},K)+DZVZ(1,),K))*RL

QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,},K)

SXX (1,J,K) = ( SXX (1,J,K)+ (RLTHETA + RM2*DXVX(1,},K))*DT )*QG
SYY (1),K) = (SYY (1),K)+ (RLTHETA + RM2*DYVY(l,),K))*DT )*QG
SZZ (1J,K) = (SZZ (1J,K) + (RLTHETA + RM2*DZVZ(1,},K))*DT )*QG

RMAXY = 4.0/(1.0/RIG(1,),K) + 1.O/RIG(I+1,},K) + 1.O/RIG(L,J+1,K) + 1.O/RIG(I+1,J+1,K))
QU(1.O/RIG(L).K) + 1.O/RIG(I+1J,K) + 1.O/RIG(L),K+1) + 1.O/RIG(I+1,J,K+1))
RMAYZ = 2041, K) + LORIG(L)+1,K) + LO/RIG(LJ,K+1) + L.O/RIG(LJ+1,K+1))
SXY (1, |<) % RMAXY#(DXVY (1),K)+DYVX(L,},K)))*DT }*QG
SXZ (1).K) = ( SXZ (T3 RMAXZ*(DXVZ(1,),K)+DZVX(1,),K)))*DT }*QG
SYZ (IJ.K) = (SYZ (1),K) F(RMAYZ*DYVZ(L),K)+DZVY(1,},K)))*DT )*QG
END DO

LS T2K (AMD Opteron) T, $950%M & FE [ _E

END DO
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EIEa— R + [-)v—7 53D

DOK=1,NZ

DO J =1, NY

DO I =1, NX
RL = LAM (1,J,K)
RM =RIG (I,J,K)
RM2 = RM + RM

RLTHETA

= (DXVX(l,J,K)+DYVY(l,J,K)+DZVZ(l,J,K))*RL

QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,J,K)

SXX (1,4,K) = ( SXX (1,J,K) + (RLTHETA + RM2*DXVX(1,J,K))*DT )*QG
SYY (1,4,K) = (SYY (I,J,K) + (RLTHETA + RM2*DYVY(1,J,K))*DT )*QG
SZZ (1,J,K) = (SZZ (1,J,K) + (RLTHETA + RM2*DZVZ(1,J,K))*DT )*QG

ENDDO

DO I =1, NX JL—TNE|FTHE.
STMP1 = 1.0/RIG(1,J,K) —
STMP2 = 1.0/RIG(1+1,J,K) QGNEETEMNVEIZLSD

STMP4 = 1.0/RIG(l,J,K+1)
STMP3 = STMP1 + STMP2
RMAXY 4. OI(STMP3 + 1.0/RIG(I,J+1,K) + 1.0/RI

BEDOIINSTIE
1 OB DE
QG ABSX( )*ABSY(J)*ABSZ(K)*Q(I JK) | 7m0 T, TELLY

, Y (1,J,K)+DYVX(1,J,K)))*DT )*QG
( SXZ (1.J.K) + (RMAXZ*(DXVZ(I.J.K)+DZVX(1,J.K)))'DT QG

SXZ (1.J.K) =
SYZ (1,J,K) = (SYZ (I,J,K) + (RMAYZ*(DYVZ(I,J,K)+DZVY(1,J,K)))*DT }*QG
END DO
END DO

END DO




[EIE 2 — R + Kb —7 D% E| D

DOK =1, NZ
DO J =1, NY
DO I =1, NX
RL = LAM (1,J,K)
RM =RIG (I,J,K)
RM2 = RM + RM
RLTHETA = (DXVX(I,J,K)+DYVY(l,J,K)+DZVZ(l,J,K))*RL
QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,J,K)
SXX (1,J,K) = ( SXX (1,J,K) + (RLTHETA + RM2*DXVX(I,J,K))*DT )*QG
SYY (1,J,K) = ( SYY (1,J,K) + (RLTHETA + RM2*DYVY(1,J,K))*DT )*QG
SZZ (1,J,K) = (SZZ (1,J,K) + (RLTHETA + RM2*DZVZ(1,J,K))*DT }*QG

lm

ENDDO; ENDDO; ENDDO .
TEICHDIEIL—TIZHhnb

DOK =1, NZ - .

DO J =1, NY —rhnNf=-3FJ)L—TJI1ZxfL.

DO I = 1, NX (] — ~ ~ =R I s
STMP1 = 1.0/RIG(],J,K) AN D2 KBS HEiEIE D AT EETE
STMP2 = 1.0/RIG(1+1,J,K)

STMP4 = 1.0/RIG(1,J,K+1)

STMP3 = STMP1 + STMP2

RMAXY = 4.0/(STMP3 + 1.0/RIG(I,J+1,K) + 1.0/RIG(1+1,J+1,K))

RMAXZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(1+1,J,K+1))

RMAYZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(],J+1,K+1))

QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,J,K)

SXY (I,J,K) = ( SXY (1,J,K) + (RMAXY*(DXVY(1,J,K)}*+DYVX(1,J,K)))*DT }*QG

SXZ (1,4,K) = ( SXZ (1,J,K) + (RMAXZ*(DXVZ(1,J,K)+DZVX(1,J,K)))*DT )*QG

SYZ (1,J,K) = (SYZ (1,J,K) + (RMAYZ*(DYVZ(I,J,K)}+DZVY(1,J,K)))'DT )*QG
END DO; END DO: END DO:




Fa—= T OO H D 2 — K
(RRERIIZ D TN DNT)

» #1

» #2:
» #3:
» #4:

2= J)3E

-JL—

J-)L—

-Ib—

5 )L—TaA—FK (R—X5()
TEIDH
TEIDH

TEIDH

» #5: #2L—T 2T BIL—TREE QEIL—T k)
» #6 HIIIL—T I BIL—TRE (1 E)L—T k)
» #7 HIIIL—T T BHIL—TREQREIL—T 1)
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W—T5E] « ) —T HBDRE

» R KFEHREB L I—FX10%FI
1/—F. 16wk
Sparcé4 IV-fx (1.848 GHz)

» TP IL—T 1%L T, OpenMPAHNE A Bl BE
parallel dofg X Tifi 5l|{L A] &€

» ALYREIE, 1~16E TEEA[HE
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F a2 —= 7 DOk R

4878

ssaspy |PH A2 0 24|

25 BHS mH6 mHT

—

20

16  #lI
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1 (N—=RAF1 ) IZxT5EEM L

SpeedUP
1.8

1.6

. | I
| .4
1.2
I
0.8
0.6
0.4
0.2
0

16 2wk
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#ADK- N —T7 DnEDa— R

I$Somp parallel do private(k,j,i,STMP1,STMP2,STMP3,STMP4,RL,RM,RM2,
ISomp& RMAXY,RMAXZ,RMAYZ,RLTHETA,QG)
DOK=1,NZ
DO J=1,NY
DO I=1,NX
RL = LAM (1,J,K); RM =RIG (1,J,K); RM2 = RM + RM;
RLTHETA = (DXVX(1,J,K)+DYVY(l,J,K)+DZVZ(l,J,K))*RL
QG =ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,J,K)
SXX (I,J,K) = ( SXX (1,J,K) + (RLTHETA + RM2*DXVX(1,J,K))*DT )*QG
SYY (1,J,K) = (SYY (I,J,K) + (RLTHETA + RM2*DYVY(l,J,K))*DT )*QG
Szz (1,J,K)=(Sz2Z (I,J,K) + (RLTHETA + RM2*DzVZ(l,J,K))*DT )*QG
ENDDO; ENDDO; ENDDO
ISomp end parallel do
I$Somp parallel do private(k,j,i,STMP1,STMP2,STMP3,STMP4,RL,RM,RM2,
ISomp& RMAXY,RMAXZ,RMAYZ,RLTHETA,QG)
DOK=1,NZ
DO J=1,NY
DO I=1,NX
STMP1 = 1.0/RIG(l,J,K); STMP2 = 1.0/RIG(I+1,J,K); STMP4 = 1.0/RIG(I,J,K+1);
STMP3 = STMP1 + STMP2
RMAXY = 4.0/(STMP3 + 1.0/RIG(l,J+1,K) + 1.0/RIG(I+1,J+1,K))
RMAXZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(I+1,J,K+1))
RMAYZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(l,J+1,K+1))
QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(l,J,K)
SXY (I,J,K) = ( SXY (I,J,K) + (RMAXY*(DXVY(l,J,K)+DYVX(l,J,K)))*DT )*QG
SXZ (1,J,K) = ( SXZ (I,J,K) + (RMAXZ*(DXVZ(l,J,K)+DzZVX(l,J,K)))*DT )*QG
SYZ (1,J,K) = (SYZ (I,J,K) + (RMAYZ*(DYVZ(I,J,K)+DZVY(l,J,K))*DT )*QG
END DO; END DO; END DO;
ISomp end parallel do




A =— AT BRETON— 7~ DO

y —f%IZ. SRITIEREDH—RILIZLLTOEE
» OpenMPD ALy i FI|4b L ExSMEIIL—T I ZaE FE
y COB, HHMEIZK-IL—T EDNZTRES

'$omp parallel do private(...) (NZ - R ‘ X
>ALyRE) AALFIED-HILE
DO K=1,NZ —_ | ks

DO J=1,NY . C;:PenMPT&TN’\“JI;E%Q%)&\/—F%T:L)O)NZ
— AL YRE D2 ~ 3E 14
DOJ = 1,NX . > B 68RL YRIR5 . NZIK140~210L0 £
<BEBUEFRIZEDKHEA D> | > HTONAL YRR, NZI$540~81051 F
ENDDO ® IRTMBETLREDH AR (/—FRLFYD
BB AX) [XHERTESN?

ENDDO
ENDDO "'

'$omp end parallel do RRTELNMEA I —T R BAE
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sl LB
(Xeon Phi (KNC) ® 8 J — K)

e Intel Xeon Phi (KNC)

Xeon Phi 5110P (1.053 GHZz), 60 cores
*E!)=:8 GB (GDDR5)
HEmE—JTE8E: 1.0l TFLOPS
Xeon PhiDIZRA(/—FH-YU1/R—F)
InfiniBand FDR x 2 Ports
Mellanox Connect-IB
PCI-E Gen3 x16
56Gbps x 2
i/ \UR1E 13.6GB/s
PIZAYS & 475 M
Intel MPI
MPICH2, MVAPICH2R—X
4.1 Update 3 (build 048)
22741 F:Intel Fortran version 14.0.0.080 Build 20130728
AVINASF T3y
-ipo20 -O3 -warn all -openmp -mcmodel=medium -shared-intel -mmic -align array64byte
KMP_AFFINITY=granularity=fine, balanced (/4YrEINAL YR ZHFEE|Y L T0)
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eI

» ppOpen-APPL/FDM ver.0.2
» ppOpen-AT ver.0.2

» BRI R T 7 %1: 2000 steps
» /—FE:8 /—Fk

» Native Mode 24T

4 F'n'ﬂ%_"j'/(;(
(8 GB//—F T & KY 1 X)
NX * NY * NZ = 1536 x 768 x 240/ 8/—F

NX * NY * NZ = 768 * 384 * 120 / /—F

L F
(MPI7EItZé|7" )Ozajzﬁ-rlréégmgﬁ& ) w



NA 7Y » FMPI/OpenMP317 Dl

» Xeon PhilZH[+TAMPIZ7O+E R EOpenMPAL YR
4 HT (Hyper Threading

PXTY: X MPI7AtX, Y ALYk/JAtAX

P8T240 : 5z D D /11 ')y KMPI/OpenMPEAT
(ppOpen-APPL/FDMTI 8MPIT O A A RIE THLMLEL =)
P16T120

P32T60

P64T30

PI28TI5 | MPIZO+tX
P240T8 TRV HTHER
P480T4

POOT2LL T IEX. COBETIIMPITS—CEITTEHM-E=E=68
iZZ)N
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ALy RS0 D) —TE (Z-ih)
(87— K. 1536x768x240 / 8 J—K)

B Loop length per thread

JO55 L EDOHEIFIT,
FNZ N OMPI/OpenMPEITT
Z-EHOMPIZTOE X (L EL S

Q Q Q Q N ® X
PAGEIC S RS

017FK  STRFSASITR mA



IV—THWFIZ XD
KN DR ] _F (Xeon Phi, 8/ — K)
B Speedup [7%]

rmuﬂﬂ/#na FDOEITHRE / REZETORITHRRE )
T RTD/\1T1)YEMPI/OpenMPELT (PXTY)IZHINT

NXCNY*NZ = |536x768x240/ 8/—F

&/
&

S o/
S RS
/ "Q

Q
P ng 7 <&

Q
N\ &
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MO 2 — | (update_stress)
e Xeon Phi(KNC) (P240T8)

!$omp parallel do private
(k,j,i,RLT1,RMI,RM2,RLRM2,DXVXI,DYVY1,DZVZ1,D3V3,DXVYDYVXI,DXVZDZVXI|,DYVZDZVI)

DO k_j= I ,(NZ01-NZ00+1)*(NYOI-NY00+I) o— -
k = (k_j-1)/(NYOI-NY00+1) + NZ00 IW—TREITKY
j = mod((k_j-1),(NYOI-NY00+1)) + NY00 JLI—T

DO i = NX00, NXO| "
RLI = LAM (1J,K); RMI = RIG (1,),K) (= F14E) A iEhn

RM2 = RMI + RMI; RLRM2 = RLI+RM2
DXVX| = DXVX(1,),K); DYVY| = DYVY(1},K); DZVZI = DZVZ(1,},K);
D3V3 = DXVXI + DYVY| + DZVZI;
SXX (1,J,K) = SXX (1J,K) + (RLRM2¥(D3V3)-RM2*(DZVZI1+DYVY1) ) * DT
SYY (1),K) = SYY (IJ,K) + (RLRM2*(D3V3)-RM2#(DXVX|+DZVZI) ) * DT
SZZ (1J,K) = SZZ (1),K) + (RLRM2¥(D3V3)-RM2¥(DXVX|+DYVY)) * DT
DXVYDYVXI| = DXVY(1,},K)+DYVX(L},K);
DXVZDZVX| = DXVZ(1,J,K)+DZVX(L,},K);
DYVZDZVY| = DYVZ(L,},K)+DZVY(l,},K)
SXY (1),K) = SXY (IJ,K) + RMI * DXVYDYVXI * DT
SXZ (1),K) = SXZ (1J,K) + RMI * DXVZDZVX| * DT
SYZ (1).K) = SYZ (1J,K) + RMI * DYVZDZVY| * DT
END DO
END DO

!$omp end parallel do
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NA 7Y v RKMPI/OpenMPEF{T DR H

[#2] (Seism3D. ZxkH§E : 20000 2 7> 7)
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I\NA1)EMPI/OpenMP
Xeon Phi (KNC) :8/—F (5 X:1920 AL k)

INT1)yEMPI/OpenMPDE1T
WEEEZDHCENF1—=2YIC

| NXENY*NZ = 5I2x5|2x5|2/8/ ~

Total Executlon T|me NATY /I~MPI/OpenMP
- . d)gﬂéffﬁ- /IEJI:.

P8T240 P16T120 P32T60 P64T30 PI28TI5 P240T8 P480T4
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AN VPN ERE (N7 MVEFRENZ)
REICET D4RDFPRED AT —L (def_stress)

------------------------\
call ppohFDM_pdiffx3_m4_OAT(VX,DXVX, NXPNYPNZPNXPO,NXPI,NYPO,...)
call ppohFDM_pdiffy3_p4_OAT(VX,DYVX, NXPNYPNZPNXPO,NXPI,NYPO,.
call ppohFDM_pdiffz3_p4 OAT(VX,DZVX, NXPNYPNZPNXPO,NXPI,NYPO,.
call ppohFDM_pdiffy3_m4_OAT(VY,DYVY, NXPNYPNZPNXPO,NXP|,NYPO,..
call ppohFDM_pdiffx3_p4_OAT(VY,DXVY, NXPNYPNZPNXPO,NXPI,NYPO, ..
call ppohFDM_pdiffz3_p4_ OAT(VY,DZVY, NXPNYPNZPNXPO,NXPI,NYPO,...)

call ppohFDM_pdiffx3_p4 OAT(VZ,DXVZ, NXPNYPNZPNXPO,NXPI,NYPO,...)
call ppohFDM_pdiffy3_p4 OAT(VZ,DYVZ, NXPNYPNZPNXPO,NXPI,NYPO,... )
call ppohFDM_pdiffz3_m4_OAT(VZ,DZVZ, NXPNYPNZPNXPO,NXPI,NYPO,...)

.~ & § § § § B §N B B B N OB N B B N N EN N N BN RN
I DN D D DN DN DN DN DN DN DN D DN DN N D DN DN S D e e .

if(is_fs .or.is_nearfs ) then

call ppohFDM_bc_vel_deriv( KFSZ,NIFS,NJFS,IFSXIFSY,IFSZ,JFSX,JFSY,JFSZ )
end if —_—
----------------'
call ppohFDM_update_stress(l, NXP, I, NYP, I, NZP)

.)
)
)
)

s e an = = mm

==Z

= =

leap-frog A ¥+ — LI KD [HHIFFRIFEE (update_stress)



AV VPN FEE (X7 MVt Rk &)

subroutine OAT _InstallppohFDMupdate_stress(..)
'$omp parallel do private(i,j,k,RLI,RMI,RM2,RLRM2,DXVXI1,DYVY|,DZVZI,...)
do k = NZ00,NZO|
do j = NY00, NYOI
do i = NX00, NXOl
RLI =LAM (I,),K); RMI =RIG (l,J,K); RM2 =RMI + RMI;RLRM2 = RLI+RM2
DXVXI = DXVX(L,),K); DYVYI| = DYVY(l,),K); DZVZI| = DZVZ(l,},K)
D3V3 = DXVXI + DYVYI| + DZVZI
SXX (1,),K) = SXX (1,J,K) + (RLRM2*(D3V3)-RM2*(DZVZ1+DYVY1) ) * DT
SYY (1,},K) = SYY (l,,K) + (RLRM2*(D3V3)-RM2*(DXVXI1+DZVZI) ) * DT
SZ7 (1,),K) = SZZ (1J,K) + (RLRM2*(D3V3)-RM2*(DXVXI+DYVYI) ) * DT
DXVYDYVXI = DXVY(l,),K)+DYVX(l,),K); DXVZDZVXI =
DXVZ(1,),K)+DZVX(l,),K)
DYVZDZVY| = DYVZ(l,},K)+DZVY(l,},K)
SXY (I,J,K) = SXY (I,J,K) + RMI * DXVYDYVXI * DT
SXZ (I,I.K\ = X7 (11 KN + RMI| * DXV7ZD7VXI * DT

SYZ ( r
Lo leap-frog A F—L(Z
end do J:él-{%ﬂ,‘]ﬂ%ﬁﬂ%@
e (update_stress)

end



» — A %
M (R A Z5HREEN )
o EE1(IFXHY)

LT ONEZE)L—TH(ZEEE:
REICEHT 54 RODFPREDTRAFT—L
ETILIERNIE
leap-frog A+ — LIZ K S ERIEFE F R

o EX2(IFXEL, ETIILERNEDIFSL—THRIRNE)

REI1DLIFXERYRR =0, L—TEBEE,

TRIEFZEET S, LML, AHBREZHRCEFERERIEIRE—

[EL—T]

REICEHT 4 RODFPREDTRAT—L

leap-frog A F+— LIZ K5 EHFF R F R
[ETIVRRLED)L—T]

REICEHT 54 RODFPREDTRAFT—L

ETILIERNIE

leap-frog A+ —LIZ K B EHIEFE R




FEE1 (AHB T

Stress tensor of Sxx, Syy, Szz

T

o«

{0y

leap-frog A F+— L Z

KB [y [l B

!$omp parallel do private
(i,j,k,RLI1,RMI,RM2,RLRM2,DXVX, ...)
do k_j=1,(NZO0I-NZ00+1)Y*(NYOI-NYO00+I1)

ot TR R
SRl 4R RE S

RLI

¥ dwr| A% —Ls (def_stress)

I DXV)\U s \V/\\I,J,I\} 'V/\\I' 1 ,J,I\)} "NSTU/UA &X I
- (VX(I+1,J,K)-VX(1-2,),K))*C41/dx I
DYVYO = (VY(LJ,K) -VY(l,}-1,K))*C40/dy & I
- (VY (L,J+1,K)-VY (1,]-2,K))*C4 1 /dy I

DZVZ0 = (VZ(1),K) -VZ(,},K-1))*C40/dz &

- (VZ(1J.K+1)-VZ(L} K-2))*C4 1 /dz
I I N I .
I I I . \

! tru

!yir

if (idx==0) then

' if (i==1)then
DXVX0 = (VX(I,},K) - 0.0 PN )/ DX
I end if
I if (i==2) then
DXVX0 = (VX(2,),K) -VX(1,,K) )/ DX
I end if
end if

l if( idx == IP-1 ) then
if (i==NXP)then
J DXVX0 = (VX(NXPJK) -VX(NXP-1,},K) ) / DX

~

!ch-------

if( idy == 0 ) then ! Shallowmost

(update_stress)

if (j==1)then
DTVYO = (VY(l, VX1 = DXVX0; DYVYI = DYVYO0
end if ZVZI| = DZVZ0; D3V3 = DXVXI + DYVYI +
if (j==2)then ZVZ|
DYVY0 = (VY(l, B sXX (1).K) = SXX (1}.K) &
end if I + (RLRM2%(D3V3)-RM2*(DZVZ | +DYVY1) ) * DT
end if

SYY (1,),K) = SYY (1,),K) &
I + (RLRM2*(D3V3)-RM2*¥(DXVXI1+DZVZI) ) * DT
SZZ (1,),K) = SZZ (1,),K) &
+ (RLRM2*(D3V3)-RM2¥(DXVX1+DYVY1) ) * DT
end do

if(idy == JP-1) th
if j==NYP)then
DYVYO = (VY(l, I
end if
end if

d do
'Z dir (SO S — — -
if(idz ==0) then
if (k==1)then \
DZVZ0 = (VZ(l),1) - 0.0 PN )
end if
if (k==2)then
DZVZ0 = (VZ(1).2) -VZ(I,J,1) ) /
end if
end if

if(idz == KP-1 ) then
if (k==NZP)then
DzvZ0 = (VZ(l,J,NZP) -VZ(IJ,N
end if
end if

m end if

NETILERLE ¢

\—-----——




0 (IF3L7E L)

Stress tensor of Sxx, Syy, Szz

'$omp parallel do private(i,j,k,RLI,RM]I,- - )

do k_j=1, (NZO1-NZ00+1)*(NYO|-NYO00+1)
k=(k_j-1)/(NYO1-NY00+1)+NZ00
i=mod((k_j-1),(NYOI-NYO00+1))+NYO00 EEIZEHT S

do i = NX00, NXO| .
RLI = LAM (IJ,K);RMI = RIG (I,},K); ARDPRERD

RM2 =RMI +RMI;RLRM2 = RLI+RM2 (7 & el NI 1 TR
! 4th order diff svax DYVY,DZVZ —

§ “DXNE= VKT, & T R T R T B R T 734
DYVYO = (VY(LLK) VY (-1 K)*CA0/dy - (VY(LJ+1K)-VY(L)-2.K)*C41/dy g

;gzv_zoav_ﬂu..m_-vam G0/, (VG LVZ K2l
DXVX| = DXVX0; DYVY| = DYVYO; -

J DZVZI =DzvZo; I
D3V3 = DXVXI + DYVY| + DZVZI;

I oxx (1K) = SXX (1},K) + (RLRM2¥(D3V3)-RM2* (DZVZI+DYVY1) ) * DT g
SYY (IL,K) = SYY (1),K) + (RLRM2#(D3V3)-RM2* (DXVXI+DZVZ1) ) * DT

74 (W= 270K, +RLRM2H(R3VALRM2E (DXVXL DIV Lk u\'

e -
leap-frog A ¥ — L [Z

FOEMERIRE s

(update_stress) 9




F2HD (IFL7% L)

ETIVEFNED=HDIL— 7

! 2nd replace |
if(is_fs .or.is_nearfs ) then
!$omp parallel do private(i,j,k,RLI,RMI,= = =)
do i=NXO00,NXO0|
do j=NYOO,NYOlI
do k = KFSZ(i,j)- I, KFSZ(i,j)+1, 2
RLI =LAM (1),K); RMI = RIG (1,),K);
RM2 = RMI + RMI; RLRMZ RLI+RM2
| 4@, ——
DXVXO0 = (VX(I,),K) -VX(I-1,}),K))*C40/dx &
- (VX(I+1,),K)-VX(I-2,),K))*C4 1 /dx
DYVXO0 = (VX(IJ+1,K)-VX(l,J,K) )*C40/dy &
- (VX(1,J+2,K)-VX(l,J-1,K))*C41/dy
DXVYO0 = (VY(I+1,},K)-VY(l J,K))*C40/dx &
- (VY(1+2,),K)-VY(I-1,},K))*C41/dx
DYVYO = (VY(l,),K) -VY(l,)-1,K))*C40/dy &
- (VY(1,)+1,K)-VY(l,)-2,K))*C41/dy
DXVZ0 = (VZ(I+1,J,K)-VZ( J,K)*
- (VZ(1+2,),K)-VZ(I-1,},K))*C41/c
DYVZ0 = (VZ(1,J+1,K)-VZ(l,J,K) )*¢
- (VZ(1,)+2,K)-VZ(l,J-1,K))*C41/c
DZVZ0 = (VZ(I,J,K) -VZ(I,J,K-1))*C
- (VZ(1,),K+1)-VZ(l,},K-2))*C41/

REICET 5
4R D RED

_ e

———-——\
1 I .

IZkD
llisdk s

(update_stress)

AF—L (def_stress)

Ieap frog7\:\’——.lA SYY (I,J,K) = SSYY (1,),KK) &

'ﬁ---------

(K==KFSZ(l,J))*+1) then \
DZVX0 = (VX(I,J,KFSZ(1,))+2)-VX(L,J,KFSZ(1,))+ 1) )/ DZ‘
DZVYO0 = (VY(I,J,KFSZ(1,))+2)-VY(l,},KFSZ(l,))+1) )/ DZ
else if (K==KFSZ(l,))-1) then I
DZVX0 = (VX(L,J,KFSZ(l,)) )-VX(l,J,KFSZ(l))-1) )/ DZ
DZVYO0 = (VY(I,J,KFSZ(L,)) )-VY(l,),KFSZ(l,))-1) )/ DZ
end if
DXVXI1 = DXVX0
DYVYI| = DYVY0
DZVZI| = DZVZ0
D3V3 = DXVXI + DYVYI| + DZVZI
DXVYDYVXI = DXVY0+DYVX0
I DXVZDZVXI| = DXVZ0+DZVX0
DYVZDZVY| = DYVZ0+DZVY0
if (K==KFSZ(l,J))+1)then
‘ KK=2
else
KK=1

+ (RLRM2%(D3V3)-RM2*(DZVZ 1 +DYVY1) ) * D

+ (RLRM2*(D3V3)-RM2*(DXVX1+DZVZI) ) * DT I
SZZ (1,,K) = SSZZ (l,},KK) & I
+ (RLRM2*(D3V3)-RM2*¥(DXVX1+DYVY) ) * DT
SXY (1,),K) = SSXY (I,J,KK) + RMI * DXVYDYVXI * D'IJ
SXZ (1,),K) = SSXZ (1,J,KK) + RMI| * DXVZDZVXI * D
SYZ (1,),K) = SSYZ (I,J,KK) + RMI * DYVZDZVY| * DT
7.l N N N N N B B B N

end do
end do

!$omp end parallel do




MM E (update_stress)

(a)Xeon Phi (8 Nodes)
A L] mAYSHIL 49
4 -» THE|E R '
Jﬂ:jﬁ'E
275 2.42
2.31
|.56
Q % ®
f\, P <3 &\ D Q
qu\ Q\‘g\ <z”>W Sl Q\W &P
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MO & 72 % i fs OB

» RIBEED=6HDYS 923 (MPl_Allreduce)iE DIXET —4
FEFERE1{E S (8/31F)

» 8INAEDIRIET=E. FE 7 ZREEFIZMPI_Allreduced SFFfE &
1{&8 5 ZMPl_AllreduceZ 9 AR5fE (L. IXIFRCKEIELS

SEHE ST ORNEEEXZ—EICIT EEFRIESNSAREEHY
» B EIL—RAEBKXDODREFEECGEFORNIEER
BEOEELE 1REICIEIONIEEELHD
D=, RIEE R IEBELATUVERELGS
kKR1EZ1EIZITAIX. RIRICET @ EREIE1/KEZEIR
f=1=L. BHi7ZAETIE, ROBREDEZETINERLALY,

18 {E A8 CGi% (Communication Avoiding CG, CACG) &L T
WAEFREICHRESINTLS,
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W E— F GEBRITROLES)
. RBEFEETE—F (VoO—AhH) FTIAILE
EHAYE—2 DNV TF) T IEMPIZEE S,
INYITT) T ENEHEE - HFEORIELRHFIEEEXZT T AIEE;
INYDTT) T ENTENEE EENTEERT I H5ETHH;
2. IN\YI7REE—F (O—AJ)
ST INY TP T T B, 1IN ITFREEINGENEEITTIS—,
3. REAEEE—F (/oO—Ahl)
NI F7HEBABRETE, hD. JIETEHRIE/EEH
FIRSNDETEHED,
4. ULTA4BETE—F wBEakzo—mL)

55T HRIEN

ZREITSNTLDIE T DHEITTE D

%’hﬂ 1315’1‘ [j:Ia_o
NIRRT —NBEEE D60, BLVERETRIET 5,
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| —MPI_Send

» MPI_SendfE %%
Jaovxry
FEBEE-F/O—-HL)
INYTFREBNEETREICEHETRLIFL
INVTFRREBNENDIZE
AyE—TUMNYIFITEIND, HIET HRED
FCEII DHIIC, EFEZ5E T TED,
INVIFREE M ENTGZ NG S
XIET DZENFEITEINT, HD, AytE—IH
ZEAICEEICOE—SINDE T, X ENEZ . TC)
5t T TE1ELY,
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» ierr = MPI_Isend(sendbuf, icount, datatype,
idest, itag, icomm, irequest);

sendbuf : EX{EFEIEDEEHF/MMZTIETET S

icount : 3'55’!;?&5*” EEBREOT—2ERHMEIETET S
datatype BUE EEEEOT—IAOREFIETET D

idest : %‘ﬂ*" EELT=LPEQicomm RTNDI V%

IEET D

itag : BHEA, ZIEELI=-WW Ay =D IToh =45

DiE%EEETS ITC})
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1] 815 PEAK

yicomm : BHE PEERZRB T H4EFS
—C%éj\l r—R3%ETEIT 5,

1EE CIEZMPI COMM WORLD #3857
ERF ¢ AN

»irequest : MPI RequestJFJ (A DB,
EEZERLI-AYE—DIZDTHNT-
BBl FARD,

»ierr : _T_E';’Tﬂﬁl_]o I7_:|_I:7b§)\%)o iTC)
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» ierr = MPI_WVait(irequest, istatus);

irequest : MPI_Request®! (i RIFEZH)
EEZTERLI-AYE—UIZDFont=835+F,
istatus : MPI_StatusZ! (BB EELF))
ZEWRRIZEATHERIAD,

EZRHAHMPI_STATUS SIZEDEHEFIZEELT

HET 5o

ZIELI=-AYtE—DFEETDSIMN

istatus[MPI_SOURCE] . %#% Hlistatus[MPI_TAG] IZ

RASI . iTC)
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FH] —MPI Isend

» MPI_IsendE %X

/oJayxg

EBERET—F/O—AHI)
BE/ NV I 7EBOREIZHAIDLLTRES
INVIFREEMNENDIGE L, AvE—IH
/i“y_77')/7 SN, XL T HRIENEENT HHEIIZ.
EENEMNTET TES
INYIFIEENENLGWNGEEIX, JHICTHZEH
TSN, AvtE—UMNZEAICERICTOAE—ENS
F T, XELENT T TELL

MPI_Wait B A EN =158 DIRFBVCEBFEIT RS, )
ITC)
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E=y=l
» LR D KDITHEEFRL TLIZSLY:
MPI SendPE %k
RE &P (ZMPI WaitBAEIA A > TLVS
MPI IsendE %X
BEEH (ZMPI WaitBEZIMA A > TULVELY;

N D, 91— T7AT5LR;

ITC)
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WEAAEDHE (MPI Send. MPI Recv)

» EEHMPI SendZFIZHEKITI HE. TDIGATUEMN

IEFS, (fEEBEEFFZEE)

(IEREIZIX. BILNV =Y., DG oT=Y ., 95)
MPl_SendD LB T, JZEIZKY., /\wI7REEMN LGS,
INY D FPEENELETEHED(REVYTMMT3),

LML, EEQI/NNYTF7HEEARENG., KIBITEMNELY,

» INZEET H=OICIE, BIZIXUTOREZITI.
SUOBESMN2TEYTINGTOER:

MPI_Send();
MPI_Recv();
TALLLY ZNENITHS
MPI_Recv();
MPI_Send(); iTC)
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JEF IS TIPS
y Ayt—UZF T EIZRITIES &1L,
ZELI=AYTE— DEEEFHEZRL-LY

EEAYE—DDEEICKY. ZEARE
EZ21=-W\5E
MPI_Probe B3 (T BY{2 )
MPI_lprobe BE%% (/220 Ov+H27)
MPI_Cancel %8 (/22 0yFx2 7,

—HhIL)
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MPI Probe BH%

» ierr = MPI_Probe(isource, itag, icomm,
istatus) ;

isource: B EETTDIY,
MPI_ANY_SOURCE (E#Z)+,45E Al 8E

itag: BHE, 2V {E,
MPI_ANY_TAG (Z# %) 1Li5E I RE

icomm: BRI OZ2 =45 —4,

istatus: AT—RAF T Ik,

isource, itagli?'ﬁﬁ'c"ihaf:%d)b§%5%é®ﬁ§$C

Tc)
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MPI_IprobePd%X

» ierr = MPI_Iprobe(isource, itag, icomm,
iflag, istatus) ;

isource: BHE  FEETDIY,
MPI_ANY_SOURCE (Z# %) Li5FE Al §E,

itag: BB, 2T 1E,
MPI_ANY_TAG (E# %) 1Li5FE AT RE,

icomm' BYHR, OS2 =45 —4,

iflag: SHEERY, isource,itaglZIETESNT-H DM

ﬁ)of'iﬁ‘“litrueifﬁ'd’o

istatus: AT—3XA Tk, iTC)
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MPI Cancel P4%X

»ierr = MPl_Cancel(irequest);

irequest: ZH A BIEER(\VERIL)

» BE9ET HBIEMNERICERYESNSLLHIIZ,
AIRETZPRY 9 (<R S,

» BUBLZEIRT 57-6. MPl_Request_freeBH %4,
MPI_WaitBi%k, (X MPI_TestRE %
(FIXEEDOXIGT HIRE) OFHLZFIALT
SETSNTWARLENRHS, )

ITC})
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\J

if (myid == 0) {

for (i=1; i<numprocs; i++) {
ierr = MPI_Isend( &a[0], N, MP|_DOUBLE, i, /
i_loop, MPI_COMM_WORLD, &irequest[i] );

}
} else {

ierr = MPI_Recv( &a[0], N, MPI_DOUBLE, 0, i_loop,€— A XI[L, S0 5D

MPI_COMM_WORLD, &istatus );

) :
70+t X0IX,
a[ & {F o151 E LT, ?#T:f%‘l'ﬁé%cﬁ\;?

if (myid == 0) {

for (i=1; i<numprocs; i++) { /

ierr = MPl_Wait(&irequest[i], &istatus);
}

- 7y 7aEk (CEEE)

SU0NTAEARIE,

249 1~numprocs-1E£THD 7O+ R
[ZRLT. /o7Avd T BEE
AL T, KESN®DDoubleZ! B2 5]
T—R%EEE

271 ~numprocs-1ET®D

&b,

Z20MNDPEIX.

S 1~numprocs-1E£FTHD 7O X
23T HENENDEFIHL.
TNENDRIETETIHET
ES—Dz/MREVITAL)

ERAY
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J v Ty X 7ilE O

[ ]

(Fortran =3k

if (myid .eq.0) then

do i=1, numprocs - 1

call MPI_ISEND( a, N, MPI_DOUBLE_PRECISION,K

i, i_loop, MPI_COMM_WORLD, irequest,ierr)
enddo

else

call MPI_RECV(a, N, MPI_DOUBLE,_PRECISION , <€

S0NTAERIE,
>4 1~numprocs-1ETD
JAtERIZHLT, /oT7AvEDT

~ 1 BEEAVT. EAND

DOUBLE PRECISIONZ!Eg 5l
F— A% A E

271 ~numprocs-1ET®D
JOtXIE,

0, i_loop, MPI_COMM_WORLD, istatus, ierr)

dif A
endl 70t R0l&. recvzx

TOEEOTEEE gt 5t £ RS
if (myid .eq. 0) then

do i=1, numprocs - 1 /’
call MPI_WAIT (irequest(i), istatus,ierr )

enddo
endif

0L DREFL,

S0NTAERIE,

271 ~numprocs-1ETD
TatRZHTHEENENDEE
[ZxfL. TNENHRIER
THETED—IAk
(REV AR 95,
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VAVER A B /8 I FIB @AY &
TJARAONDBLET—2%E-TW51EE
Eind HsendlHTORIEFEHMZT =552 MPLWaitT

v

/2B 7 RECHIR HEORITIEIIEE

70O+ X0 HE send send send IR ’35%5%5;

Ot X1 RO RETOREES

JOotx2 RO RETORBES

ZAa+X3
KD
RIETD
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Kieilfs (20D 1)

/20y T BIEIX. MPLISENDDEEA,
MPl_ISENDZME(IN - R CTARYIZEIEXFHIRT S

4

98

EE(THEHOTULVEWEERRMLELY,

ECADMPIDOEZE(ZLH->TIE. MPI WAITHEE[X NS
£ T.MPILISENDDBE{EZRAIBLIGVLEENIN TS

ZENHB

COEEICE. /2 T00yF U T BIEDMENELLY,

7K #5t B8 {E (Persistent Communication) Z ¥,

19 %¢&.

MPISA TS DEEIZIKFL. /- TJOVFX T EBED

DENAFTSLOEENH S,

KIEBEEIX. MPI-1 S DRk (FzWVTULVOMPITE R S)
LA, BIELERENA— NSV T TEBREEITH->TLSAILRIREE
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Kl (£02)

» JKIERDIRIEDFIFHE
BIEZFIRATSIL—TEHIZABRICTE, BERFLET
B E T S REARETS
Z D . SENDZ9 HEFTICMPI_STARTRBE£1ZEE<
EDRHRAMFESREE(MPI_WAITE)IL., ISENDEE L
HLDEMES
» MPI_SEND_INITEIZ TBIEIRIEHEL THLL,
MPI_STARTB B IEBEHRD R ENITHNAL
RICEEHFIZAETET— 9&%6%@5@%@
/- 78yFUBIEICKL. BIFLULEDMRENH S EHR
» 1 AR5
R D B E OG5 HE A ]
REEED S REBEE > T SRR ITC})
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KiehilfE DFER (CEEE)

MPI_Status istatus;
MPI_Request irequest;

A IIL—TIZABHIIZ.

EET—EDMEFERHE
if (myid == 0) { MEAET S
for (i=1; i<numprocs; i++) 1

ierr = MPI_Send_init (a, N, MPI_DOUBLE_PRECISION, i,
0, MPI_COMM_WORLD, irequest);
§
§

i e ) /m
for G=1; i<numprocs; i++) 1

ierr = MPI_Start (irequest );
h

j

/* LIBelE. Isendd] & [R] T */
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K llG DFEEH (Fortrans k)

integer istatus(MPI_STATUS_SIZE)

integer irequest(0:MAX_RANK SIZE) A2 )L—TI= ABRII=,

FET —2DMEFEIFHRZE
LTS

if (myid .eq. 0) then
do 1=1, numprocs-1
call MPI_SEND_INIT (a, N, MPI_DOUBLE_PRECISION, i,
0, MPI_COMM_WORLD, irequest(i), ierr)
enddo
endif

if (myid .eq. 0) then
do 1=1, numprocs-1

call MPI_START (request, ierr )
enddo
endif

[* DIF1Z. ISENDOS] & [ U */
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Lih— i (ZFD 1)

» BIRELANILELLTICERTE

BEIREDLANJLIZEET S50 :

[_00:; %b&bfﬁéﬁﬁﬁlﬁio

L10: Biko2&EEZANITHMISEE,

L20: 1EAERYIIRERE,

L30: HEFHEIFREELELTLHRIE,

L40: HEARBELELT SME, EHLTEREVNELT S,
L50: MMARREVLELTHRE, RERERBEZET,
XLAOLL LT, X HhRT 5IZET SRR,

y BAPEDQYTIILTAT S LITLLTAFI A g
HREDOYUTINTOYT S LETHFIHEAEE
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2.

LAR— bkl (£2D2)

[L5] MPIZHEF4570vyX 5%, g LLREEATEWNE

ZERBAE K,

[L10] MPIIZEF+HT0yx2 5 /oTdavxod, B&U
BIEE—FICEDNFEICH T HEMEFR. —ERIC

FEOHX,

[L15] IR CEAMIIETEHIRIE T, /0T AvF T &EE
(MPI IsendFaE]aﬁ)?f)‘7El w715 {E (MPI SendBE %) 15
LTEMELRAVE—S DEE (N=0~E L7 ERE)IZD

WTERAR, FHERZEEH L,

[L20] MPI_AllreduceB8% M <BREHEE>HRZE. 7 Ov+>

JEE. LU/ F VT EET

JWVTEEHF L, S

512, ZOMEEELLRTHE, B85, <IBEHEE> (355

[ZERTELT&LLUY,
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LR— bk (2D 3)

[LI15] MPI ReduceFaﬂxﬂ’E%fﬁT%)Recurswe Halving
ZILTYZXLIZDWT, ZDMHREZRE B &£, _O)B’x
PEEFELRANT, %@%ﬁawﬂzﬁxﬂb?ﬁ

[L35] Recursive Halving7Z )L X L%, 7 H J:\’—/ﬁﬁﬁ/
ZE.BIUY. /7AYF VT EE A/ ZETAVWTEEE L,
Fl=. TNoDEREZEFHEE Ko

[h | 5\]4:5'5&@‘ S ET RARIRE T, ki B SR B D TERE
AN &

[LIO~] BahEF->TWhbd705 3 LKL, IL—T 53,
IW—TBE. ZOMDF1—=—20FRHA &K

[LIO~] B5hY #oft\éMPDn’JvAl *Tt,x/*/j‘n\yﬂw
J 1815 (MPI_Isend, MPI_Irecv) Z#3R%&L . REZXEHEE &,

ityk%;.,ﬂ’]un MEZ 2704 7A0)i@—Aliae =L CEft
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