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® Cilig, SCFFC99 brifk,

® C+HiEE, CHF C++03 Fl C++11 brvE, HATMEA L E: CHHiE S

® TFortranif &, HF Fortran2003 Frifkh 35K ThAE.

172 HiTRIZESAZEO

“CRHBL RO TR R G SRR S E R AT m AR AR, A
MPI3.0. OpenMP3. 1. Pthreads. OpenACC2.0, ¥ FFiHEHATHRIEFA, JL= I
ATHRARRRL , MR HAT gAY, WL R S TR T R UREUT R AR AL 2 FEE
i AN SRy HIE 260107 SR ARAZ AL B 2 G5 KA A s TE 1 FR N5 2 R P
FEHE D, R B4 B SRAR SO A L TR I R 75 3K

1.7.3 AP ERREE
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IR RIAEE, WA RS g HuCMPEREREIN. Jymfe i 5t s
FF G BT AR, T 8 im A 28 3m 1 ] R Gede i w47 T HRAEH], e

Linux B4 K52
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1.8 BITERN

ARG “HIBE 260107 FAY AL AL BEAS S5 RRE A, R RKIBI 208 ” THEL
RGN RS A b A8 AT
1) ARARN: S B R G F G0N A TR £ B H
s, M2 LA R & 1K 8GB AT A AF
2) AR iR B K NIRRT HEREE AT LA
V1) 24 Fr326B A 47
TR SR 2 M RARR AT R, BRI 1-9 Fox, Hid Ll
FORE—RJIAT, L2 KRB LT, L3 FRB =HIFAT,

TG 1-9 “HE XML HENAZETSIHITRR

z % R i FA B

ai FNH, BAEKE
17— MPT #FE, WIPLR
L1: 4 MPI HEFE FH 12 5 3R R K R 2 AT
T 245 14 MPT 1472
i i

1| A AT R RS E
(e B 7. AW IE
L1: 4 /> MPI #FE 17, B—FIFTisirfEE
L2: 4 MM (OpenACC*/Athread) | # I, &5 —Z%HA4TIBITLE
MZA L, F5MIZA
——%F N

i FMH, MPT RN
TR KT 8GB; w4
4 Bl 2 ME AN At
4 P 1 /™ MPT #ER21E A

L1: 18424 MPI #tfE

2 | = AiERN, RS

- L1: 1> MPI 38

Bz MPT+OpenMP

L2: 4 NZEFE (OpenMP/Pthreads) pen i _EZ
MPI+Pthreads P2k 4T

L1: 2/~ MPI MEBMH, GMBEIT
L2: 2 NEFE (OMP/Pthreads) 475 MPT SRS 1SR




KT 8GB. {H/NTF 16GB

‘ MPT FAF =5 (8] N A7 5 >R
L1: 182> MPI #F%

K, M
L2: 182 Mz ‘
(OpenACC*/Athread) A N AREL 2 MZAE )
WAL 1 AN MPT 3R Ad
_ N ZHIAT IR 2 D
L L2 P SV K R R
L2: OMP/Pthreads e
L3: Athread FRANAFT R %R
b A
4 A=A B iR

A — M MPT 1Y
master B, I 0 5
HAEM S — AN AN
(WAFTRR) , HAhy A&
WAFIE &

i 5 O FEAE M $R AL
fr AT A EC-
master” FEIUFLAT LA, %
TEAENL ) 0 5 3EFE R nT LA
MG —ANHE A, T
| 326B NAF

master f& 3

1.9 FHHTHE

IR RO THENLR GO B R ENINE AT EAREDIE
17 ENARDIFAT A E NS IFAT R A AT 5%, il 1-6 Pon.

1.9.1 ENMEHIT

FMIEFFAT I V5 “plgl e R0 TN ER G RS 7 URAER H ) 2
AT IR, N A% DR Athread BUE OpenACCH#i 4R I M A% _E32t
AT, T A% R SN AR T IEAE . 1/0 AR AT T L, A
FEVEROBE R T, ERETHMPRES, BB OB T HAES .
Z LK 1-6-A fi7R .




1.9.2 FN\HEFHIT

XM IFAT I ERAPRZAE XS AR BEAT AT U5, IRES A5
RE ST HEAT SO IE, R F) e U O B THE . W R PRET LDM kAN, 7E LDM
v0 B Y A% AT LS RN e B TS, 3205 2RT B b D7 A7 T4, IFREfE 3R
PRI AT RCR o (HAZIFAT T VEAEAE 55 BRI 1) 0 I BB %, W RANEER AN
BIFAT A SRR, —RAH &% IAT IR S 1-6-B Pion.

193 FNFEHIT

G IFAT IR RAE ML REAT IR T S RIS, B SEARy,  TEREAT HoAl
it S JEE L 1/0 AR, ISR i E M PMEITH SRR . 24T T ks i
R AL, (AR BT, Bt LA 70 L SR AT R FH 2 A AT 5 vk AT
ftb. Z B 1-6-C fior.

194 ENEHIT

GMIFAT T E R ER M GUES B, W SHES IR RIS LR,
GIFAT IR CBOE & WAL T SR 55 1 T B TR) AN [ B B0 — 84 55 I FAT I
FEFF, N T R ETHE AT R, WL R P A IFAT I sCEAT KT
TS, B2 MPT R RN EIFAT, 28 —GON M A A B A% 4 A BT
ENFHAT. ZWE 1-6-D s,




main() | main() I
1 ﬂ 1
— ! —— !
ZIN 1)
(/B0 : (/B0 | ﬂ
IE=7 ) 1 1
EZBEIMIZ
ﬂﬂ . U 1
| [ HORB (I )
I
! I
|
HIDERC 1 -
(HR/EE0) || | = |
1
Fz : Mz

B: EMMBEHAT

iR
E=ES

E2A X

C: EMBIEHAT

[ 1-6 “HEKXKBZR” HEINRFEFAHITHE




BE HRPERRRE

ik FH PR 2B AE [ SR T R PG “ g T O06” THEHL AR SE, AR
) [ Z G 5 IC 0 O B I AR AE LR L VPN JERERAE Y, (HATIR AR
L pn) [H 5GBTS L R RGK

21 KPR

fEH “MEe K2 " tFENLRGR IR, BAEHIERGK . LR
EE S aac SR LRIk AR T RPNAE % YN S e /R L RN =]
(http://www. nsccwx. cn) , f& “ FHLFER” TUH FE (EKEBZOH SIS o
T ERUHIG % 2016) JFAE, Ai%%| infolmail. nscewx. cn, HHEFOLEEA
A RPARAE AR 1 BN E 58RI

ROEE IR ARIERERMAER, AR VPN EEK . Rk
P OmFREH e K e RN RGP REE B

2.2 APIfE

FI s VPN BEAT W48 T RE, SR SCRE SSH BMSLI 2 7 i gl o] AFE S R BF
N B RO HRNLARSE. £ —DIKTR, BIRTEMER] “HiE 260107
FRIARAZ A B AR IR AL =i T SR G, T DU X86 2 A% b PR A S (AL iy i it
BARGE, WHAA BT, B AR IR S i AT ARIERE P18 AT A 7 SRk
fHE

FEREAF DT, RGUE B A 2RI HE IR I RSO0, K
f¥) HOME H 3 BRI /5 10 iR v S R G i B i 5476k R 5

FH P 288 N BIPRBE  E 1 Linux FR8E, 46 K38 73 (1 Linux iy 2-#0mT LA,
R Al AR Z3A B N TR AU I TF L i AT, JFEE R Guhe afElk
B, A PATRE R SR TR BT R R S T

AR S NI AR R IT A A N i b A R, T
DIATHEIZING N s T P IR AL, RGE B OUA BRI E R LR 7 1817
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2.3 HEHR

HEE AL RS P SO T P S BRI R R B R BA S

® [AFI q_sw_expr: GRS RG]

® [\F q x86_expr: WG RS KIS

G IR IR AL AL 55 FTIEAT A IR E) 0 60 738, SR R IFAT LR
N 64, HHP e AR ARG, 7 EERIAR T S BRI R B AR U B

s
g/

2.4 FHEHEIE

R KOt THEHLAGHR LA T 2R R, RGUEHE SR
A8 FH P B IR I A T R B0, e — A B NG A P SRS R 42 RS AR
g, MPEGARGN, HUn] LUE ST S 4 R M R G D@ e HOME H 3% T
e WARTE, Jagthn] DURYEPREUS AT 1 00 B A R i) 2/ S0 R 5

NRGEITE, R R0 THEPL RS R 3R /0 & () HOME
fEftsla) CETSE 100MB) , FIAESERRAEAIIN, 00T 5 PRASUR G 4 Chs ikl
RS IRAFAE 2 RS R G

DIic: HIP ) HOME H 3% A BAORAF A BEAC B SCAE AN B RACHY, (HANZELR
AFFH PR Rl AN ZEOR AT T R AT S L 0 2l

2.5 YRiEIFLE

CHPEC KO THENL ARG S R 260107 SRR A% AL B AR AT
IR THR R G X86 2 A AL B AR AR AR B TH S R Gl 7y, I iZ R Gt
HE T A e A FI g 5 R G .

2.5.1 EiRTERGHRIFME

R MO0 TRV R G TR G A R B e A
1) FER A P




ML AR RIS ALEE C. C++F Fortran ZRi¥2s, &% “HIE 260107 &
Fo AR AL T 28 1) T2 4% « MAZ PR RS PR G PR AN BE R T T ) — 4t B i 2 A 5] 4 PR30 T
KsLIl, BARS R 2-1 i, FHRmEIETS LRSS 2-2.

o Ciﬁ‘%:

B AU swhee —host [HEI] 44
B M. swbee —slave [HEI] A4
B RS EEHE: swbee ~hybrid [IET] FE XML M CH4

® C(HiEs:

B RIS swhCC ~host [T L4
B A AR
B RS swbCC ~hybrid [EW] FAx0fb4a M CiE4

® Fortrani&E5:
B RIS swhbf90 ~host [HET] X4
B MRS swhf90 —slave [HEI] X {F4
W REEEE: swhf90 —hybrid [EET] FA U4 WS4
T"AE 2-1 MBEERMERIFHSTIR
Ea R A AR BEHE
C swhbece —host swhbece —slave swbce —hybrid
C++ sw5CC ~host ASFF sw5CC ~hybrid
Fortran swbf90 —host swbf90 -slave swbf90 —hybrid

2)  MPI %wi¥fnd:

CiE5: mpicc [JET] X4
C++if & : mpiCC &M R4
Fortran77 ¥ & : mpif77 [EI] A4
Fortran90 & : mpif90 [EI] (A4

3)  OpenACCk4m Ay 2 :

Fortran i&=: swafort [1&Ii] X444




B Fortran ZiFIE/REN: WIN!Sace wiFfEns [FEILIT
] ]
® CifFE: swacc [EII] X4
B C IBEHIFERER: Biitpragna acc FiFiEr% [TAL L]
TH]. ]
4)  MPT+OpenACCH4w %4
® Fortranifis: swafort [ETH] SCfh44
B Fortran ZiFFE/RHEN: WIN!Sace wFEnsa [FEILIT
Bl L]
B WPT FEREH swafort i oi8EH:
® CifiT: swace [T 4
B C IBEHIFERER: Biitpragna acc HFiFiEr% [TAL [ ]
TH]. L]
B MPI EpRELH swace T STHEH:
5) MPI+Athread %i%fin4
® CitEs:
B EHARE: swhec ~host [BEM] 044
B MHEAREE: swhee —slave [HEIR] X4
B RAEEHE: mpice ~hybrid DEIUI FESCHEE WS4
® (Hifis:
B EHARE: swhCC ~host [IEI] 044
B RS AR (R CTES)D
B RAEEE: mpiCC -hybrid D&M FECHEE WS4
® TFortranifs:
B EHARE: sw5f90 ~host [EIR] U4
B MEARE: sw5f90 —slave [BEI] S04
B RAEEE: mpif90 -hybrid [EI] TS WS4
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OpenACCHZ 13 & 5 FH 4 BRIE T S R 2-3.

g 2-2 EMGIFIFRE R RIFER

MBI 1EH

- NP A BRSO A
BATHERE

g R JEHERAE RS E R

~I<dir> D FRAL S S I A AR A

~1<1library> FERERZ I A 58 5 B 1 P ST

~L<dir> NEERERY BTSN A R A >
TEREREIY B 1ibm B0, 7 C R /5 p A

~1m 1T exp. log. sin M cos 2R $ N 75 5 H]

T

-0 <filename>

FRE AL AT AT () SCAFI 4475

~

-01 ~ -03 A i ARA [ AT AT AR
—pg N gprof A HTAR T AE R BHE B
~msimd 7T simd ThREAR R

~OPT: IEEE_arch=1 ¥ e AP (Fortran)
~mieee R AL (C+)

—convert big endian

&8 Kot 5 3 (Fortran)

—freeform
—fixedform

Fortran H HPBE &
Fortran [& & 55
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FH& 2-3 OpenACC*4Ri¥sRE ARIFIEIN

G 1 46 T3

i

~|==(h|help)

BRI

-SCFlags

T8 E IR DU AL 3 2|9 1 device FEFF I ERAT S
P, A AL 6 2 AN TR A E 5 147 40 %,
WA BER THE, il
swafort -SCFlags
hello. c

—extend source, —03

-HCFlags

82 IR TR AL 16 S host FE7 I FERER R4S,
A [N A% 22 AR T A P IE S AT 0 5, Pl A
REA M

-LFlags

TROE RIS A 1 BIBERR A, 2 I3 2 ik
WG R S AT o, PRI EER A

-priv

SHENIET: IR X AT AT AR, 4 AR
BT JEE, B BITEIER 5 B R B o b 25
1k

—priv:ignore call

ST IR X AT AT AR, AR
BT R, RN X N AT REAF L I eR A
ib)- A

GEIET: BV A, ATRAZE Y R] copy

—arrayAnalyse 2L B

HENIEIT: WA N BN N, Wi it
—ldmAnalyse AT B 2 It 2 0T v 551X PN X 3 £ A A A AR

0 S A SN

ENET: S A tinline 87 1 BR B0 B 1E A
—preinline I ER AT B, AN HoAth 1 s 48 7~ b 47 Ab 2,

P T B o B A BB

—preinline:all

ABHIET: fE-preinline W)FERE F, X [E—" R %L
W ) T ) 44 PR A FH eR B0 T N BR

—dmaReuse

£t Xt data copy ¥8a~, HahH#EATEIE E AL

—autoSwap

H B% i B BEAT R B AL B AN LA

—v|-version

TR G PR A AT I EE RS 5

~Minfo BRI R TR E R
~keep LB G PR 1) ] S
—dumpcommand

[dumpfile]

A5 1 S FO 42 A & 15 dumpf Le o




252 HtE ARG RIFESIE

1)

2)

3)

R AL T SEHLA B SR X86 HR S B, T T Tntel
RIS
o A R P 4

® FortranitEs:

o Cﬁ%%:

ifort [IET] X4
ice [IET] A4

® CHHiEE: icpe [N 4

NPT 34T REFF 5 7 4

® Fortran gmi¥#s: mpiifort [EI] A4
® CiE=EYnifas: mpiicc RN {4

® CHHBESFZMPEes: mpiicpe [IEW] X4
Intel 2w 1E48H H 9m BRI T :

A& 2-4 Intel ZRiF27E BHRIFED

ZRESan Lt

o1 R E,  H 2 5 P — Lo 18 RS AR R /N T
XT3 P H FHAR /N R 126 T

-02 R EE (BRIA)

03 R BE,  FRHT 5 2 Bk A X BT A
57 0 BEE e 12 e 1 10 T

-0 [7]-02

_0s FITFARAIE T, H 2 5% P — Lo 18 RS RN T
XT3 P H FHAR /N 126 T

-00 AL LT
£ & 4T JF —xHOST -03 -ipo -no—prec—div

—fast .
—static

—-Ofast ZE[E) 4T 03 —no—prec—div optimizations

—fno—alias AR AR RRE (TR, B g 1i%)

—fno—fnalias AR N R BGRE, RIRESNS I A

-nolib-inline 2R WA e NS R

—ftz FAEIEHE BUEE N 0

—fp-model precise | fRIFHUEAZCAL

[\
[\S)



—convert . Sl vk sy
. . o I R o 132 55 A
big endian

—assume byterecl | iffi € AL S R B K LA
-mcmodel=large IR PEPT i WAE KT 2GB B3 %356 T

2.6 {EAMR3Z

F AR “ s K126 tHRBIR, BAtld REREE B RGEHAT
e, EMERAZ #74N bsub,
® M EHITH RGBS q_sw_expr HHERZ H LB my job, ZAEMAEH 1
ARG AN ERIET:
bsub -1 -q qswexpr -N 1 -np 4 ./myjob
® =ikt RGNS g sw_expr FHEAZ HAAENL my job, ZAENILAEH]
64 N FERZIFAT, BT 64 M-
bsub -1 -q qswexpr -n 64 -cgsp 64 ./myjob
® [HINFE RGBAF q_sw_expr FHEAE HAAE N my job, iZAE AL
32 N IFAT AR
bsub -1 -q q swexpr -n 32 ./myjob
VENVARAZ I IR, ¥ n — 174 jobid MRS R, Hh il id 5,
n “Job <102> is submitted to queue < q sw expr >” , IS, jobid /&
102, ‘ERRME—R. — BRI M, H P RHEL &R E vy DL
XA jobid RFEIHT

2.6.1 HEIBN

bsub  [~h] [-v]
bsub  [-f sub _script]
bsub  [-1]
[-p] [-pr]
[-q queue name]
[-n num mpes [-master | —allmaster] | —-N num nodes]
[-np node mpes]

[-nodempemap node mpe map] (0x1-0xf)




[-mpecg mpe cgs]

[-cgsp spe in cg | —min _cgsp min spe in cg | —rtp spe rtp |

-asy]

[-mpmd]
[-nobind]
[-noredun]
[-node nodelist]

[-linpack node node file]

[-exclu | —shared]

[-js job_proj]

[-1fs proj 1fs proj]

[-] jobname]

[-jobtype job typel

[-i infile]
[0 outfile]

[k ckpt—period-

[-cross]
[-spebusy]
[-jobpre
[-jobpost
[-cnodepre
[-cnodepost
[-taskpre
[-taskpost

[—switchnode

minutes ]

plugin name]
plugin name]
plugin name]
plugin name]
plugin name]
plugin name]

nodenum in switch]

[-a ccc [—gs groupsize] | mpi | omp [-pt threads in process]]

[-midnode nodenum in mid]
[-cabnode nodenum in cab]
[-health health level]
[-perf | —preff perf file]
[-sw3runarg “argl arg2 ...”]
[-b]

[-parse]

[-PARSE <all | master | slave>]

[—quick]
[-m
[-share size

[-priv_size

value]
size]

size]




[-cross size size]

[-ro_size size]

[-pe stack size]
[-host_stack size]

[—sw3run sw3run name]
[command largument. .. ]]

2.6.2 ¥R

~h EoHBEE

-1 R B AR, AR e RV IR A & 1, Tz T gtk =X
TR

—q [A) 48 € FIBA A 3R AE AR, 0 1R T

—p/~—pr FEAEMV A FT B 2 Y s AR S A

—exclu | —shared F&E I /L

-n 5E TEBPTE FAZE

-N i 7E T EEH T AN

—master FAESHE, 0 5 PTAETHE T AR 250 N A7 SR
—allmaster 4 FAEHHEA

—np $8 & BT R A A%

-mpecg T8 E A FAZA HZAA KL

—cgsp TREFFMZHNTEIMNZANEL, $REN ZSHLFI<=64.
-min_cgsp FRERMLAE N T E M BN MZAEL

—asy $8E M AR BTIE, RoR & MZH WA B A E]T LLAS R
—nodempemap i € 11 s N I A% AL

—noredun AMEFHTCRHLARTT A

—js AR AR ) R A 5 4

~1fs_proj fi&EAEALAE IR SCAHARS

—node FREIBATARMLIHT RHAIE

—cross EERAHAMHLIHE £ CPU (4 F4% 1 CPUD

—mpmd 232 mpmd BRI




-J fREMELA

—job_type fREEIIREELRA

~health Fi&7E 73 FC 9% s e e 5 2 1

—perf FTFFPEREME I AE

—o ¥AE LI stdout Al stderr 1% Hi 8 M) B & SCHF, AIETI
—switchnode FREREA switch HorBCITT R

~midnode i 5 B TR BE 7 R AR

—cabnode 8 5 B LR 70 BT 9 R 8K

b 8 € MZARAL T SR A7

—share_size #REZHAILTZAAARN

—priv_size  fRERML LAA T E KA

—cross_size FRER XB AN

—ro_size 58 R [A] R/

-m value PRt A, 182 -m 2 B, R AR
RS fper MBI PRI 01, SRFBRASKE 245 5 2 SN BT A 7 54
AR SH ARG, ST 9344 -0PT: IEEE arith=2 #i; fEE-m 1
I, ¥ fopr BJEMALIN 00, VFATAE R EARTHE B, 4T %9
PEAR I -OPT: TEEE_arith=1 Z&30; HAMPATEHRS AR EINE fper
B

® —pe stack  FREMZIRTR KA, ERIADN 64K

® -host stack F8E ERARTE KA, BNy 8M

® —sw3run T8 52 18 P RF R 1 28k 35

2.7 XEHITRE

2.7.1 INRZIZEEERH

2.7.1.1 Fortran i&5 7~

o B 32 BT E A SR TS B X BT R P 5 2
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1) HATAIY: examplel. £90

program main
implicit none
real, dimension(imin:imax, jmin: jmax):: a, b, ¢
integer :: i, j,k
! init part
do j= jmin, jmax
do i= imin, imax
a(i, j)=i+j-0. 8888
b(i, j)=i+j+7. 7777
end do
end do

! excute
do j= jmin, jmax
do i= imin, imax
c(i, j)=a(i, j*a(i, - b, H*b(i, j)
end do
end do

end

BRI A% FFAT G 0 AR 7, B ERZARIE A MAZARHS
2)  FEA#ZAIY: master.foO

program main
implicit none
integer, parameter: :imin=1, imax=1000, jmin=1, jmax=1000
integer::i, j
real, dimension (imin:imax, jmin: jmax) ::a, b, c
integer, external :: slave fun ! ¥ EMZERE 4
common /shared gl/ a,b,c ! =

do j= jmin, jmax
do i= imin, imax
a(i, j)=i+j-0. 8888
b(i, j)=i+j+7. 7777
end do
end do
call athread init() LG NN




3)

call athread spawn(slave fun, 1) ! M HFATAE S TR
call athread join() VSR MAZAT 55 2
call athread halt() R YIN

end

MAZAREG: slave.f90

subroutine fun
implicit none

integer, parameter: :imin=1, imax=1000, jmin=1, jmax=1000
real, dimension (imin:imax, jmin: jmax) ::a, b, c

common /shared gl/ a,b,c DA
UK R A7 A% H

int eger, dimension(imin:imax):: a slave, b slave, c slave

il

integer 1, j

integer slavecore id, reply

'$omp threadprivate (/local gl/) ! W9 §iEnh)
call athread get id (slavecore id) ! R MIZIZHE id
do j= jmin, jmax
U N EAR S S8 E
if (mod(j, 64)+1.eq.slavecore id) then
reply=0
RS YN &/

call athread get(0,a(imin, j),a slave(imin), &
(imax—-imin+1)*4, reply, 0, 0, 0)
call athread get(0,b(imin, j),b slave(imin), &
(imax—imin+1)*4, reply, 0, 0, 0)
do while (reply.ne.2) USRI )
end do
do i= imin, imax
Doits
c_slave(i) = a_slave(i) * a slave(i) &
+ b _slave(i) * b_slave(i)
end do
reply=0
CIEEE
call athread put(0,c slave(imin), c(imin, j), &

(imax—-imin+1)*4, reply, 0, 0)




4)

do while (reply.ne. 1) ! ZER554E S KIh
end do
end if
end do
return

end

athread get id PA%X
athread get id pREH) Fortran # 1 H Bi b AR I B G R BUE T, i

&~
E

EFRTHIN— M EORE, WY athread get id. ¢ Fin.

5)

#include <slave. h>
#include <math. h>
#include <stdio. h>

void athread get id (int*t)

{
*t = athread get id(-1);

AL T G P -

® swbcc -slave —c¢ athread get id.c
® swhf90 —slave —c¢ slave. f90

® swhf90 —host —c master. f90
o

swbf90 —03 —hybrid athread get id.o slave.o master.o -—o test

MAZARS A swhf90 —slave 4wk, FRZAMGHfIA swhr90 —host FwiF,

{EF sw5f90 —hybrid #F47 85824 iR & 1 m] B AT S0 o

6)

AN T4 -

bsub -1 -b —q q sw expr —n 1 —cgsp 64 —share size 4096
~host stack 128 . /test

Hor:
® I IR B AN, ARk ARV RL IR AT T
® b RN A oA BOMAR B TR AR SR B A b, I I SR IO 3

HE WA 20 (R B A T
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—q: [ fEE BN PR AR

-n: REEWTFENITE FZEG

—cgsp: TREFMZANTEIMELNEL, 188N %S HLI<=64;
—share size: FREMHILZEAMA/N, —Med K] LA #] 7600MB;
~host_stack: 1RE ERMRTRIA/N, BRIH 8M, —MRiEEN 128\B
AL,

M BT R A% ARG AT LAB Y, 7F Fortran S, AREIEATI R EH
20 TH ARG I B 8 common BFEAT L5 o FALFE T i eI IR N B A e
SRE VP 75 BT (1 AL AR 7 1003 11, S50 AT B8 5, S50 45 TR IR 2 P P
MAZAR T F BB AR N THERI B S 4

X E ML, A AR T I, XA R R £ AR T DL B
P 1) AME SO A% 2 18] (B8 « SR Fortran 2 5 FEFF I, $odf 4t 538 % %
common J7 xUSEH, DAtk — g EARIUEAHR. commnon 44 AU K/ — Btk i@
i common (75 FUSEHUEE AL SRR, SR KN R R i —— R %4l
IR/ NI [ T8 ) o X T BhAS K N EEE, T BL#% common JLEHULH4REN, B
% common 8 [MIZEULA N Cray 484, A& 2-5 44t =F common i FH (11651 1.

=% 2-5 =Fh common A1\

n=10; real, pointer v(:, :) real v host(n, m)
m=10 common/fun v / v pointer (v_p, v_host)
real v(n, m) . common/fun v / v _p

common/fun v / v

v p=loc(v(1,1))

= common J5UM) DMA JEISVEREAFAEZESE, SKIRAT KRR, HATEE T
DVA PERER 7, Cray fafHIRZ, BASEA R

2712 C 5 =P
o (0 3 BT B ST PR A i

1) FEZARIY: master.c
#include <stdlib. h>
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#include <stdio.h>
#include <athread. h>
#include <sys/types.h>
#include <sys/stat.h>
#include <fentl. h>

#tdefine J 64

#define I 1000

double alJ][1],b[J][1], clJI[1], cc[JILI];
double check[]];

unsigned long counterl[]];

extern SLAVE FUN(func) () ;

/) AT

static inline unsigned long rpcc ()

{

int

unsigned long time;
asm(“rtc %0”: “=r” (time) : );

”

return time;

main (void)

int i, j;
double checksum;
double checksum?2;

unsigned long st, ed;

fflush (NULL) ;
for (j=0; j<J; j*++) {
for (i=0;i<T;i++) {
aljJ[i]=(i+j+0.5);
b[j1li]=(i+j+1.0);

}

st=rpcc() ;

31



for (j=0; j<J; j++) {
for(i=0;i<I;i++) {
ccljllil=@[j1liD)/JIHD;

}
ed=rpcc() ;

printf (“the host counter=%1ld\n”, ed-st) ;

checksum=0. 0;
checksum2=0. 0;

athread init();
st=rpcc () ;
athread spawn (func, 0) ;

athread join();

ed=rpcc() ;

printf (“the manycore counter=%1d\n”, ed-st) ;
printf (711 IIEITIT END JOIN tHttititiNn”);
fflush (NULL) ;

for (j=0; j<J; j*+H) {
for (i=0;i<I;i++) {
checksum=checksum+c[j][i];

checksum2=checksum2+cc[j][i];

}

printf (“the master value is %f!\n”, checksum?2) ;

athread halt();

fflush (NULL) ;

printf (“the manycore value is %f!\n”, checksum) ;

1) MEZARIY: slave.c

#include <stdio. h>
#include <math. h>
#include <string.h>

#include “slave.h”




#tdefine J 64
#define I 1000

_thread local volatile unsigned long get reply, put reply;
_ thread local volatile unsigned long start, end;

_ thread local int my id;

__thread local double a slavel[l],b slavell],c slavell];

extern double alJ][I],b[JI[T],clJ]LI];

extern unsigned long counter[64];

void func ()

{

int i, j;

my id = athread get id(-1);

get reply = 0;

/) SREEAR

athread get (PE MODE, &al[my id][0], &a slavelO], I*8, &get reply,
0,0,0);

athread get (PE MODE, &b[my id][0], &b slavel0], I*8, &get reply,
0,0,0);

while(get _reply!=2); // ZEfFEEINE E R

for (i=0;i<I;i++) {

c_slave[il=a slavel[i]/b slavelil;

}

put_reply=0;

// [EEEE

athread put (PE MODE, &c slave[0], &c[my id][0], I*8,
&put reply, 0,0) ;

while (put_reply!=1); // ZEfFH0E 1% 76 pY

2)  YmPREERRILRE:
® swhbcce —host —c¢ master.c

® swhbce —slave —c¢ slave.c

® swbcc - hybrid master.o slave.o —o test
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MIZARTGH] swhee —slave ik, ERARTGHMEH swhee —host ik, ff
H swhce ~hybrid @E474E 8 A2 B i 28 (0 ] ST S0

3) AT

YENLIRAZ 7 i S

2% Fortran i& = W .

2.7.2 OpenACC*7r4l

R R THRBLR G A AL IFAT 7&K H OpenACC*
HAT, OpenACCHIFATHLAZ “MHEL KM I THEN R Gl FERIHAT I, W
RGBSR ERE, — R IAT 2.

FHs 2-6 /r4HIW Fortran 15 5 F2 P ACR 5 & R FH OpenACCHIFAT J7 12553«

£ 2-6 A OpenACC*HITHIIEF1L R

program main

integer ::

linit part
do j= 1,64

end do
end do

lexecute

do j= 1,64

end do
end do

end program

implicit none
real ,dimension(1:512,1:64):: a, b, ¢

do i= 1,512
a(i, j)=i+j—0. 8888
b(i, j)=i+j+7. 7777

!$ACC PARALLEL LOOP COPYIN(a, b) COPYOUT(c) LOCAL (i)

do i= 1,512
C(ly .]):a<15 .])*a<15 .])_ b<15 .])*b<15 .])

I$ACC END PARALLEL LOOP

1,
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W T LA FH AR N TR AT B P A% O BE (execute) #5398 34 /T s 18 FH
OpenACCH NI 4 BEAR 78 HEAT ARV, A ARHS o iAH &6 43 BTzs , o PARALLEL 3R B
2B A e 7 N # B MAZ BEAT NI HAT 1) AT A LOOP 7R R i SR IR
(¥1 J 1B 75 EEAE MR 2R AR (A AT AT R 43+ COPYIN (a, b) RHH a\ b HZH 75 245 I
FIMEZH) LDM 2 1a], By av b B A1, AfEEHFEI 47 COPYOUT (c) &
B ¢ B AE TR 45 R 75 24 DL IR] 47 LOCAL (i) SRR & 1 f7//E LDM 1, J&
MAZ IR L FEFAA o

R swafort BEAT 4 1 AR P HIPAT BOR A, AR DL 64 M IE Z R iE 1T
WA ERESIAT 64 A J IR —A, MMM av by o B8
FE LDM H RS 23 8], FEBRAT R R 1 Bedfa 8 DURIUF 40

IG5 (AR AT LA S B T VE AT RS M. OpenACC ¥ B A AV 7 L

JREEETIN 4.

273 REEERRG

R KT THENLR G TR AR R 260107 A%
KePRESL S, BEASTESRCT A 326B A7, M2 — Ml “ B 260107 A% AL PSS
R LAYT ) 326B A7 . 4 i AR A R 45— A Z AL BEES 4 DMZIE T 3268 7
WAF . 2 3L AR E IR G 9 3%, FEIR S HEIEIN #5 22( Hl —al 1 share 25,
IRPER TR, 2R L2808 master fEa0F3E master B0, M FEFIZ
AT, ARV B AR iy AT S B n B TR 7 73 BC BT 5 B0 AL A7 5 1

2.7.3.1 £ E master 123

oL FH R Py A2 S PR IS AT I, 3 2 A0 A AR R TR AT DR Y 4 i 3k
master . TR (—BHE 0 ) MAFRRRKT 7500MB, HAlHER
RIN A7 RE RN T T500MB. XAEOL T, BVEFE master HAFEAM W, T
T8 S BEAT B o
#include <stdio.h>

#include <stdlib. h>
#include <unistd. h>
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#tinclude “mpi.h”

ftdefine DIM I 1024
ttdefine DIM J 1024
ttdefine DIM K 256

int main(int argc, char *argv[])
{
unsigned long *a, *b, *c, *d;
unsigned long sum total, sizel;
int myid, numprocs,i;

extern void slave func();

MPI Init (&argc, &argv) ;
MPI Comm size (MPI COMM_WORLD, &numprocs) ;
MPI Comm rank (MPI COMM WORLD, &myid) ;
sum total=0;
if (myid==0) {
sizel=DIM I*DIM J*DIM K;
a=(unsigned long*)malloc (sizel*sizeof (unsigned long)) ;
b=(unsigned long*)malloc (sizel*sizeof (unsigned long));
c=(unsigned long*)malloc (sizel*sizeof (unsigned long));
d=(unsigned long*)malloc (sizel*sizeof (unsigned long));
for (i=0;i<sizel;i++) {
ali]l = 1; bli] = 2; cli] = 3; d[i] = 4;
sum_total = sum total + ali] + bl[i]/2 + c[i]/3 + d[i]/4;
}
sum_total = sum total/4;
if (sum_total==sizel) {
sizel=4%8%sizel/ (1024%1024) ;
printf ("Process %d Memery size : %dMB and sum = %d \n”,
myid, sizel, sum total);
}
} else {
sizel=DIM I*DIM J;
a=(unsigned long*)malloc (sizel*sizeof (unsigned long));
b=(unsigned long*)malloc (sizel*sizeof (unsigned long));
c=(unsigned long*)malloc (sizel*sizeof (unsigned long));

d=(unsigned long*)malloc (sizel*sizeof (unsigned long));




for (i=0;i<sizel;i++) {
ali]l = 1; bli] = 2; cli] = 3; d[i] = 4;

}

sum_total = sum total/4;
if (sum_total==sizel) {
sizel=4%8%sizel/ (1024%1024) ;

myid, sizel, sum total);

}
MPI Finalize();

}

sum_total = sum total + ali] + bl[il]/2 + c[i]/3 + d[i]/4;

printf ("Process %d Memery size : %dMB and sum = %d \n”,

R, BEAHAWESEAN long, ESEPRBATRY, 0 BERERR 2 WA/
Rt 86, HAMBERENAFFREN. I ERREFPR, A T2 NAFTR, 0

BERE R ZAE A 4 i S, T AR AR AL AT 2 TR e A e, e

master FAFELZAE

bsub =b -1 —pr —q q sw expr —n 5 -—cgsp 64 -allmaster
—host stack0O 256 —cross size0O 10000 —host stack 256

—cross_size 2500 . /a.out

IR A A 1T, —allmaster UiBHFERF 75 2 master 4 HEEH,

—cross_size0 f53€ 0 HREFTHNAFR/D,  —cross_size $i& & HAWHFEIT T N AE

Ko

2.7.3.2 £/ E3E master &I\

#include <stdio. h>
#include <stdlib. h>
#include <unistd. h>

#include “mpi.h”

#define DIM I 1024
#define DIM_J 1024
#define DIM K 256

int main(int argc, char *argv[])

37



unsigned long *a, *b, *c, *d;
unsigned long sum total, sizel;
int myid, numprocs,i;

extern void slave func();

MPI Init (&argc, &argv) ;
MPI Comm size (MPI COMM_WORLD, &numprocs) ;
MPI Comm rank (MPI COMM WORLD, &myid) ;
sum total=0;
sizel=DIM I*DIM J*DIM K;
a=(unsigned long*)malloc (sizel*sizeof (unsigned long));
b=(unsigned long*)malloc (sizel*sizeof (unsigned long));
c=(unsigned long*)malloc (sizel*sizeof (unsigned long));
d=(unsigned long*)malloc (sizel*sizeof (unsigned long)) ;
for (i=0;i<sizel;i++) {
ali]l = 1; bli] = 2; cli] = 3; d[i] = 4;
sum_total = sum total + ali] + b[il/2 + c[i]/3 + d[i]/4;
}
sum_total = sum total/4;
if (sum_total==sizel) {
sizel=4%8%sizel/ (1024%1024) ;
printf ("Process %d Memery size : %dMB and sum = %d \n”,
myid, sizel, sum total);
}
MPI Finalize();

FE 7 A B B B 2R N long, BENEREMINAE 7SR A2 8G. HH 1
TRERFE, N T WA TR, SR B8 4 A =, @A AR
master FRAFEZ/E

bsub b -1 -pr —q q sw expr —n 5 —np 1 —cgsp 64 —sw3runarg
“"—a 1”7 ~host_stack 256 —cross_size 10000 . /a.out

iR A4T, Eid-sw3runarg “—a 17 -—np 1 SEIlE LR, &

FEFT 5 A A7 2 (8RN —cross_size ZHCRRE
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FIE MREIEEREFET

R RO TN R GUINIE LA (Athread JF) XS PIIFAT 9
FEAR RS (1 MO S AT P i T IR P s 22, e H 208 1 P Re g 5 1
PRAE S A% 2H A B 2R BEAT R V5 HO P IR B2, AT BE A i A3 A% AL N 2 IAZ T
RPATHIINIENERE . AFMAA—LEH ) i I ThRE, E VRN g Lafe e 1
WS RiEe Kt wMERGH T .

3.1 EE&miELIZE

TRZ N LR P ER SR B AR PRI Athread #2101, £ 4%l
LAEMIPIIRIE . Ja 3. S AREE— R ANERAE. P AT DUE I A LAR 3 D Se AR ¢
L

3.1.1 ¥R ELRIZEE

BRH A
athread init
BRI A «
SERIMEZAE FE (IR, 7248 P AR T B e e i 25U FH i 11
SRV
7
yAEIL=R
BTy R0, FORMELREYIAEA D)
W R BT AR EE R R R BT A, a0 R B LT —
athread init () KFZRIL, JFiR [RIAH R 1E -
B -EINVAL: a1k R0
B n e B -
7
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3.1.2 BIELIEA

BRE A
athread spawn
BRI A «
TE TR R IR IR (0 S P R PR 2 . B ST AT 55 B R 3L fpe Fi7E s
BRIEL fpec KB M arg #7241,
SRV
B start routine fpc: B4
B void * arg: HRE £ FISEGRIGEHIE.
yAEIL=R
B R 0
BRI HE TR EME AR N BT A, W R B DR AT 1
athread spawn () #4200,  FFIR [RIUAH S RME -
B -EINVAL: ZFEZH 608 R,
B n e B -
PR athread spawn $ O, JE %4 BFT A T FIMAZ R IR, 1R
T SN TE SRR AEAZ AL BT R DAZ BEURAE S, R DA A S D18 3% 28

e
E;m\o

3.1.3 FFLLIEHEZKIE

R4 .
athread join
PR A -
WA ZE A 2R, HERREMLRAZ L. T7E LRI
T AR
SR -
p5
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314 XH&REAERKE

BRH A
athread halt
BRI A «
TER 2 LR RE LA T MAZ TCAH A B 5 5 15230 DA /K 26, S AZ 4,
ML HAE AR T AL
SRV
7
yAEIL=R
BTy IR0, AR R AR SRR ) Ok
W ORI eI FE AR N A R, R DL R AT 1
athread_halt () K2R, Fak [ AH B -
B -EBINVAL: JoyiE# G ML TR .
B n e B -
W IARAUE AL TG AT AT F VML A e A i e 2

3.1.5 HENFHZAPGE T EER

PR
athread enter64

PR A -




athread_spawn fll athread_join HLHIFRAE 7 X AF R H AR I 2 FE 3t
IR . SR A RS 64 AN MAZ BB 41 _EPd S Sh LR 5
ESRE MR, athread enter64 $4E T HEN R HGHE R P
SRV
7
yAEIL=R
B RE 0
W R TR R RN B TR, A S B L MR,
athread enter64 () ¥ 2RI, FFiR [BIAH S 115 -
B -EINVAL: Joykdk NIz TAERI.
e B «
athread enter64 JE#f NI APHETEBAMA D, R P A 2%
i) ) 2 R A B BRI AR I T A, S FH 2z bR B e 5 B0AS P T F)

o

3.1.6 RIREN T EIELIEA

BRH A
athread spawn64
BRI A «
FEW A PE TAEBE TR IR R 2 S A AR 2 . ST IR 55 H R 2
fpe 7€
SRV
B start_routine fpe: BR%IR4T;
B void * arg: HATERE L.
yAEIL=R
B R 0
W ORI HE TR FME AR N BT A, W R I DR AT 1
athread_spawn64 () B2, IR [RUAH R PI4E -




B -EINVAL: ZRFEZH0O1E K.
BB UE BA «
WK athread spawn64 $2 E, K PRI S S AZ 4L 64 > MAZ Bk
ANFREAES -

3.1.7 PRRER THFHFLIZHELIE

B4

athread join64
BB«

PN R aCH 2 X R FE A, BH R E MR L& b, fEergk
LA T 4 HT R
SH U

y
1 [B{E .

BT 3R O;

BRI HEARATIR RE SR R I T

B _EBINVAL: #Z4NELREHIZT.

B hn 5 B «

y

3.1.8 IRtz HURE TEHRX

R4 .
athread leave64
PR A -
FHP A 22 4 BT DR AR, 5 480 EoRe 1 42 11 [8] 21 n] LA
BRI B AT A0 (193538 spawn A1 join =2
SR -
p5




B iRE0

B R HEARTIR A AR S L T A
BB B -

p/5

3.1.9 FHZAPETIEERRH

3.1.9.1 \&Z%IEF

int fun64( ) {

3.19.2 =&IERF

int main()

{

int tidl, tid2;

athread_init(); // LIEFEVIHL
athread_enter64 () ;// HENPRIE TAERZ

for (i=0: i<n; i++) {

athread spawn64 (fun64, 0); // Pz E)EA

athread join64() ;
}

athread leave64( ); // iBHPREHEFE
// BENE spawn Il join AR
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[/ RIALFERT 5 WAL K LR, ZMAZTCIEAE AL o 4k 2244
athread spawn (fun, arg);
athread join() ;

athread halt();

3.1.10 FEEZERKEIEEH

PR A
athread get max_ threads
PRV -
A1 P2z VA 2122 Wi R 10 7T FH AR BT A% 2 R B R A
SR
G
IR B4«
® kI IR[EZA AN A R KL E (1<=ret<=64) ;

® RN HEAR IR [ME AR R N B T, A SR B DL 1B

athread get max threads K2R, Ffi [A1AH N ) E -
B -EINVAL: JR[ERM, IR
B A B -
e

3.1.11 ZEHTXEZEEH

B4

athread_set num_ threads
BB«

fi 2% s E TR N — N IFAT X B ST A A 2R S
SH U

int num: ZRFEEVEL
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IR [Al4E :
® i1 0;
® R HEATRMNIR [BME AR N P 78S, an SR DL T — T,

athread set num threads ¥ 2, FHiR [B1FH R FIE -
B -EAGAIN: WELEHHBE 7T HERETIE, Rk ENZE;

B -EINVAL: JRATXELREABCE R, i BT XAES R
Jeo
BB B -
x

3.1.12 FRHITXEREZH

B4
athread get num threads
BB«
A8 2o VS 3 TR R B I I A 2 R S
SH U
W
1 [B{E .
® NTj: IRFEIUFETIZHNEFEANEL (1<=ret<=64) ;
® RN FEARA IR A H N tH L T, an SR B DR AR 1
athread get num threads ¥2<W, FiR [B1FH N IR :
B -EINVAL: RERM, HILRE.
B hn 5 B «
W

3.1.13 BHIZKEER

R

athread cancel
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PR A -
PR B RA ISR E AT, 2% 1D LA BEIR AT LLSZ B [a]

SRV

int id: fEERHLEES
yAEIL=R

® . ik 0;

® R HTAT IR [ME AR N I T, a5 MR R DL AR — 1R,
athread cancel ¥2RM, IR [BIAH S I {A -
B -ESRCH: WA #KF45E LA ID Xf ML AR
M -EINVAL: ID 5iEi%;
M -EFAULT: ID ZRFEX} B AL ik
B n e B -

SRR ST LS B T 7 R 1 E 4
B RIS ANRRRE, SRR SR, 2%

athread_create .

B i athread_cancel, #2FTIEH .

3.1.14 hHTEE

BRH A

athread signal
BRI A «

Fellcrbibr,  FRAEE bbb P R 2
SRV

® int signo: THHES

® start routine fpe: HWTALTH pR %
yAEIL=R

7
B n e B -
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2% athread sigqueue () #£11.

3.1.15 R EEE

B4
athread_expt_signal
BB«
FERURF E ST B AL B R L
SH U
® int signo: REEYS

® start routine fpe: S ALTH R

IR [B1E «
G
BRI BA -
1) SR RIEMZ T E R, HP DR LT 18 Fhig oAb 35
T

enum Exception Kind 1 {
UNALIGN = 0, /] AX R R
ILLEGAL, // AEEIR S
FPE, /] VTR
10V, // R
PCOV, // PC % H
CLASSE, /] rRRH
SELLDWE, // MEERRE
DFLOWE, // BRI
TFLOWE, // TR TR
ATOMOV, // R
SBMDE, // SBMD -
SYNE, // AR
RCE, /] AR T
CHANNAL, // 1BIE R
SRSETE, /] MR AL R
10E, // 10 j ) 75
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OUTRANK, // T4 rank B R
MTAG, // ZANERESES CTAG

2) HHTA

athread expt signal
3) A ALK

FI P E SR A B R B Ry

handler t * handler(int signum, siginfo t *sinfo, struct
sigcontext *sigcontext)

® HFi— ASH. signum NRHIES

® /¥ sinfo K{EREWT:
B  sinfo—>si signo = signum; // BHEES
B sinfo—>si errno = ? ; // FEHE R 2
B sinfo—>si pid = peid; // HIRE IS
B sinfo—>si uid = cgid; // BIRE IS
B sinfo—>si ptr=eaddr; /) 3E ONAZ R E B AT BT A 1)
Hohl:

® HN=1ZH sigcontext MET="MSHMRREFERL, WH:

B sigcontext—> sc onstack // MR PC & BAEHbr &

B sigcontext—>sc_pc // Wiz PC

B sigcontext—> sc_mask /) MWAZE R 5 VTS B

sc_pe MR 0 Kon A 55 PC, AN 0 (B S T HRYE sc_onstack
FIWT 15 ARG A PC.

sc_onstack N 0 KR BA 7 E PC, JLH sc_pe il MR KR ER
WS IAERSEf PC; sc_onstack N 1 Ron A K PC, LR sc_pe 3%
2 e S i B PR R PCo

sc_mask TR 5B HE L 2 H DFLOWE 45 4%, 9 4b” 0001 7% LD 4%,
N 4b 0010 FiR ST FA4E, A 4b 0100 K78 DMA GET, A 4b 1000 Fon
DMA_PUT.
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sigcontext HE &AM AN H 0S #5E I FE AL 45 ) F AL FRFE 7 o
Xf IR Exception Kind_ 1 HHAFE I, FH & 2 KB40 17245
KA, F Al DR 7 i 2 fE AT HE— B AL EE . e AT E LR

4)  FETE

enum Ekind FPE 2 {
OVI = 0, /) B
INE, // BRI EE R
OVF, // F
UNF, // L%
DZE, // BRECH 0
NV, /] TR AR
DNO, // BRI A EL
I

5) BIEmTE
enum Ekind DFLOW 2 {
RCSRINV = 0, // resr R 5hRk

LDME, // LDM M5

OTHERS, // oAt TFELH E R

MEMANS = 5, // MAZCENV; A7 57 5 Fi iR i B

CODC, // MIZIKZE 1 CODC $i 44 LDM Jm A7 b ik s

T
CLASS ST, // CLASS_ST $&4 B in) bbb kA ol ek 7
I
6) SBMD i
enum Ekind SBMD 2 {
MATCHE = 0, // SBMD VLt % A1 SBMD 25 i 5 %7

CMBIO, // SBMD £E & HE Y 10 1y n)
CMBCK, // SBMD £E F & B 04K A5 1Y) SBMD S
OTHER, // HAth SBMD S

I
7 PR
enum Ekind SYN 2 {
NOSELF = 0, // MAZKR IR 1) & AL AR i
SWITHNO, [/ BRI AERRITE T, SATEALIM
AT R [F) 20 1A
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I
8) EIEFRH:
enum Ekind CHANNAL 2 {
WRCHE = 0, // WRCHA§HH T HEvkdiE 5

DMAE, // DMA ;=4 DVMA iR fFE SR & =

DMAW, // DMA ;=4 DMA il 7 Fe A i A i 5

DMAMEM, // DMA Ui la] | ANTEAL A% 4 F A7

DMALDM, // DMA B A AN AT SN, Vi ANEAL
1] A% LDM

ANSWD, // (B8 Mk A B AN

CHNO, // ARIFIEE S

SYNVEC, // KB BARMREALE R D W E

I
KA, LREESREE - MRRY, ZDNRET %A R
WA U ML H o IR P O HE BN N S AL B R, A AR
SR EMRKTEELR, halt KESERMNZ, JFRERF: WRHF
FEA 12 W AL R A, TBE N P e SCH S A P R E

3.1.16 EEBMNZEFERLE

F:
10 addr (elment, penum, cgnum)
FYH -
FAZAT LA 10 15 7] JR A7, 1% %3R8 18] A% LDM A2 £ element ) 10 Hidil.
SH U -
® clement: WEFEFNHIRAFA AL E  thread local elment, =
WAk FH 10 addr 32 CURTAAUIN extern  thread BB EAMNEAS &
® penum: &5
® cgnum: %45
IR BIE
IR [A] TO kit
B 5. B «
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10 addr ZEAZ=#| W penum 1 cgnum (&0, B P ARE.
2445 Ut B
1) MIZFEF? slave. ¢

__thread local char ch=b";
__thread local long paral10]
__attribute  ((__aligned (128)))= {0x123, 0x234, 0x345,

0x456} :

2)  EMFEF main. ¢

extern long  thread paral];

extern char  thread ch;

unsigned long LDM addr;

LDM addr = 10 addr(paral0], 23, 0);

IXFE, LDM addr 28145 0 S %4 23 5 M F paral0] (¥ 10 Hihk.

3.1.17 EZ%iBRINZEE

i
h2ldm(elment, penum, cgnum)
YA
TR LA 10 V5l JR A7, 1% HAEAE T A% WA LDM A8 f element it
17 10 A7 HUERAE
SR
® clement: MWEIEFFARIEFFAEA R thread local elment, &
PAd ] 10_addr $21RTAZU0N extern  thread 5 B B4 AR &
® penum: &5
® cgnum: %45
A IR

typeof (element)




B B -

h21dm A2 H W penum A1 cgnum BIEENME,  HIH 7 ORIE,
244 B -

1) MIZFEF slave. ¢

__thread local char ch=b";

__thread local long paral[10]
_attribute ((_ aligned (128)))= {0x123, 0x234, 0x345,
0x456} ;

2)  EMFEF main. ¢

extern long  thread paral];
extern char  thread ch;
unsigned long LDM addr;
h21dm(paral0], 23, 0) = Oxaaa;
h2ldm(ch, 5, 1) = 2" ;

FXS 0 FIZAEE 23 5 MW LJRAF AR paral0JIRfE; EA 1 541
%5 MW LR RAFARE ch YA,
BVE:
A% create Al spawn 1 Wl — NS EE T . T RS A WAL R 1752
AT DARAE E % A X AT e E S EORE . thn: WEZARF L1 TH
TE — R I AR TS H, %A SR S AN R RIS [X 2 R AT DA IX B2
BIXHATE ;RN M A RIS H, 88 SRR 22 3
— AN MHHAT SHORE , 285 Wl 25 77 38 m s S 50 BRI A LTk
() A% o

3.1.18 B ELIZFEERIE

R

~set still living mask
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e G

PERRARR AT RO R, SRR G AN B0 MG L f O T R
WA 5 B A A T T I S A RO A5, 36 S B Tk s ]
E##E,  set_still living mask JROt—FBLE], FIK 5B BARKRA T
FRPHERS, T A 24 1 S 50— MR

R B TORAT C B SEI M T
S

unsigned long masko

mask {9 64 GC{EHR, 4 mask MIHE—BLEN 1IN, Fom YT AN
BERE MBI AR AP35 s 4 mask [9SE— Ry O I, o7 4T R (L
WAL CL 2R T R R4, (e R AR Gk, R 75 B i R
S I

%
BT

%

3.1.19 EZTRREES

PR A

unsigned long athread idle ()
PRV -

8 SR AR SR A 2 T MR R AR 5 b T S IR AS
SR

G
IR B4«

N SR MAZ AL AL T 23 RS DR B4 5T R 9 AAZAL I s 5 3R [E] O
e B «

XE B RARE R ISR SRS, . A RHATHF spawn
) IAZ I3k 2 P2 B 2R R 20 L& SE U 1 spawn I MAZ IR 2672
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2441 Ui B -

unsigned long idleslave;
if (idleslave=athread idle()) {
M Z AL (spawn) ;

3.2 \EhiELZ%LIZEE

MAZIE LA e 2R MIZAE P athread #2111, FEHT MZLHE
HILRAREIR I W A 55— R A3 o F P AT DLOE e I AR 32 1 SERUA SR D g

3.2.1 RIBLIZIZEIFAS

BRH A
athread get id
BRI A «
8 I R BORAT AN B R B AR AR RS (B 1D 5) o 1% 1 E A .
SRV
int core: fREEMWIIMZT, —1 BRAARK ML (WZE: OB R -
yAEIL=R
® NV LR ID 5 (0<=ret<=63);
® RN TR AR [EME AR N I T, dn SR MR DL AR — 1R,
athread get id KRN, JFFiR [EIAH S HIME -
B -EINVAL: RERMK, HILRE.
B n e B -
BT W] athread create BEHLRTERE O HEINLEASH
R 5E RS IRAT o
e N R
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int myid;

myid = athread get id(-1);

322 REBLEEMENZS

B4
athread get core
BB«
8 P2 I ERTGAT ZRFE B AR 5 o % 1 2 X GE
SH U
int id: fREBMLRES, -1 BOAARHERE ZEDH R .
1 [B{E .
® L. ZRARNT MBS (0<=ret<=63);
® RN FBARATIR A A N H L TR, a0 SR B DR AR 1
athread_get_core Rf2RM, Ik [BIAH S HIMF -
B -EINVAL: RERM, HILRE.
B hn 5 B «
R EMEAR 6 AEARG AR 3 ANFIS, & 3 ALNITS, sz 848
K551 o
245 Y B -

int mycore;

mycore = athread get core(-1);

3.23 BIEIFEW GET

R4
athread get

PR B -

56



MAZJRAF LDM U A7 MEM Kihis,  BEAT £ MEM 2 A% LDM 1 %dfE get
HAE, K MEM HEE get 2 LDM fREALE . Ml mode FR7E, WIRELE
JUARB T AT, T Bk A A AR A e, mask fH

TR

SHULH

extern int athread get(dma mode mode, void *src, void *dest, int

len, void *reply, char mask, int stride, int bsize) ;

® dma_mode mode: DMA f&#fiir & H;
® void *src: DMA &% EAFIR ML
® void *dest: DMA fRHAHh /R A7 H ArHbhk;
® int len: DMAfEfm#idleE, DAFT5 N8 fL;
® void *reply: DMA f&fanl &bk, AN FHAE, il 4B X
7t
® char mask: DMA {4 G &n &, A RRLEEONZA S —1T, AL
N LIRS R RAT A R E T RN H A7 E
® int stride: EAFFEL, AT NRAL
® intbsize: [THEAHAT, VARE, FHTHAEGN I LKL
PRLEE RN, HERRT, 76 DVA BB AL MmN AT 20, Fm DUA 164
s 2 HRN, PAE ATy B
yAEIL=R
® ). iR 0;
® U HEAT IR [BHE AR R L T, SR DL R A1
athread get ¥R, JFFIR [AIAH R KE
B -EINVAL: RERM, HILFH .
B n e B -
typedef enum {
PE_MODE,
BCAST MODE,
ROW_MODE,

BROW MODE,
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RANK_MODE
} dma_mode;
2545 A -
__thread local long 1ldm al[64];
__thread long mem b[64];
_thread local int reply=0;
athread get (PE MODE, mem a, 1dm a, 64%8, &reply, 0, 0, 0) ;
[/ VAR MAZ A, MIZ R ELE B UL mem a Dyl B 6488 i
AMAZJEAF LA Ldm_a Ay BRI SE 648B (125 (A, Hodr ™ # ) &
FAFE . MIEBRA/NE N 0,

3.24 ¥RAE PUT

B4
athread put
BB«

MAZ JRAF LDM AT A7 MEM 15 %040 , 24T A% LDM 21 =47 MEM FI%fE put
B4, # LDM HUE R put 3 MEM f5 € A B . B mode f85E, ASCHr
] REBLA AT R AT
SH U

int athread put(dma mode mode, void *src, void *dest, int len,
void *reply, int stride, int bsize)

® dma_mode mode: DMA f&Hiir &,
void *src: DMA F&f A7 IR L ;
void *dest: DMA f&%i ¥ 47 H itk
int len: DMAf&Hm#¥diisE, A9 N5fs;
void *reply: DMA f&ffi[alZrghhbilk, W20 JR 7 kL, Hutlk 4B Xt
Gt
® int stride: EAFEED, DAFIT NEAL;

58



® intbsize: {THEAMNT, LAME, T rEEMIE LR
PRI RN HERRTR, 75 DUA BB G R0, 7% DVA AL %)
(KiEs 2 mEORAN, DLF A BAL.
IR B4«
® il ikl 0;
® U AT IR [EHE AR R L T, SRR DL R A1
athread put #2RW, FFiR [HIAHRL K :
B -EINVAL: RERM, HILRE.
e B «
DVA 141 fir 2457 athread get £ HINELH .

3.2.5 B hE HiEiE

B4
athread get p
BB«
V) EE h hEEHE 0, BRVE B AE b S B bR A, e XS

athread get —%(.

3.2.6 ¥IEMUFEIEA =

B4
athread put_p
BB«
YIE HhE RS 0%, B E R B AR B s b A, e RS

athread put —%.

3.2.7 DMA =Hi

R
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athread dma barrier
PRV «
K dma FEME, SN dma a2 ERERS N barrier group

SHULH
TBH

328 Z%4EARS

R4 -
athread syn
PR A «
S NAEEZ R
Z2H UL
® scope scp: [AZ
® int mask: [F5FS
ySACILI=R
® iIh: ik[Al 0,
® R HEATRMNIR [MME AR N P 78S, an SR LU MM — T,
athread_syn B2,  FFaR [RIAH B 1I1E -
B -EINVAL: R[EKM, HIRHE.
Bf 5 BA
typedef enum {
ROW_SCOPE,  // 4TAZ, & 8 AiE R
COL_SCOPE,  // A, 1k 8 AL
ARRAY_SCOPE, // &M FIL, & 16 AR, Hd 16 fir
// A& 8 ANBINERE RS . & 8 AL oNAT [RID
// BERS

} scope;
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3.3 £ DMA EOFEEM

3.3.1 athread_get E{ 3}

athread_get /& DMA BEABOFEF, H 8 ML=, FEHIWIT:

athread get(0, master(l), slave(l), lenth, reply, 0, 0, 0)

HApss 1 AESMEREARSR, —BEBEN 0. % 2 DESRAFIEA
Al daithk . 25 3 LS R AR NS K MAZ B A e dn it . 55 4 NsES
AR B RKE . 55 NESREE . 6 NE mark, —fREN0. H7
ANANER 8 AN It TAFEE DN FS (15 204K AR R N B O JE RS 2D I T i
BHNO.

3.3.2 athread_put BR¥{

athread put /& DMA 5 EHZOREFE, H 7 4D%ES. HOIWT:
athread put(0, slave(l), master(1), lenth, reply, 0, 0)
MBENFE AR, SREORERD TE 6 M2, JHFHE 2 MLk
55 Bl NAZ AR Sk, A 3 AN 5 [a] H ARtk
TESERR “HIEL 260107 A AZIMAE AT A DMA 2 LTRR P I 77 22 DU F
JUANJ5 T -
1 BAREOIRRFU A2, BESEOSSNAERESHA TR
master (1), MAZE loc(master (1)) . XA&H Fortran &5 A H
HIHE R BTERERT, 5 5 DSES A E g KA
2) R TERAEEEE S AR R R, YR O AL,
PST L S o i A A P I 8 B A 1R A E M oo s ek Uiz e R R Y
- 5
3) [T reply £ —MEREEINAE, WAl BEBMEHAN —1 TR,
ARV G A TA BRI TE R .
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333 XEESHIES

AR T, HAMSCR B, BRI DO BB L A X B
THIGBATEE D S . ChRmiEn EE R S K E MR E, M MPT A,
X B A B S AT — MR B 45 B R — N BRI I an AL 527 A
Ap g v (im, jm, km) BN km M im BIEEE L, #RAE R0 B0 K BE DY imkmed,
B ARy 1wk juskd—imed, FEOERIERACE N imxd.

KPRmAEL A, B O SR R 2 R EOMZ T B A 1R B 5 R A R UL
AR WAL A RS, & ST R B s LDM i iR . BefEsk
FRKE PSRN SEH RN S E G . S8/THRi “DVA discriptor” #i%
), — M EATAIRE A DMA B D RE P T S22 5 IEHf

AR DA SRS HE A3, (ESEPRIZ AT DMA FRAE DGR R4 2
ASTE 5 DRI a0 25U e A S R S [ 2 A B R, SRide — 2 b i S 44 2
B F—5E8E) DA S5 BRAARE =PI, EE TS,
1 F DMA 3254 LURA) W [ 25 2 . 2 Bl 3-1 k.

reply=0 ! W RIE TN 0

call athread put(0,c slave(l),c(l,my id), 100%4, reply, 0, 0)
DR DMA SERCHERAE, [BIET + 1

do while (reply.ne.1) ORI R E

end do

B 3-1 SEEM) DMA B HidiE

Kb IE AT, BT reply BIE T AR -02 BUE mPHIPLALRT 47
G A, T B0 7 45 SR AN IR o DRI e 25 = T i R i S i 5 — AN 3
fF, JFEAR -00 %, EARZIAEILREFIEH L reply_wait (reply, 1) RAUE L




334 NEZRSHERE

WAL D — B =H . WFESINAT IR . SRS AR R 2P . A
REESN AT R 22 RIS R D AR, AR5 DL B R 35 A7 4% DMA B S A= 3 K 2
1132 R A o — A /5 ZE MR A R 2P T, iRl 45 R 30N syne_array ()
B DA% A B L U R SR A X, OF BRSBTS R B ORIE S A X A
G —8, FmERMZFED RO EFEERRER, ZFED R A
A, FrUCSRE i DA SN, BFASHE.
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$4E OpenACC*RERFEIT

OpenACCHiE F 42 1E OpenACC2. 0 SUASHYEEA b, FFX) “FH Bk 260107 FAAR
T AL PG S5 A R AT 8 2 B T A9 FE >R . OpenACC &M OpenACC ZHZA
(www. openacc—standard. org) J- 2011 FEHE B MR IAETE 5, 2013 R AT
2.0 XA, OpenACC & PAgw 4R/~ BT PR Bt A AR P i UG 5 Dhie, HE2E
H 12 AR AL i AR (B o A SCRTE A28 “M e KMl ” tFENL RS
SWACC 21 22 Gt i FH LA S FL BT SRR OpenACCHiE & H AR 3 B

4.1 BEFEITEE

FE B R0 WHEHLAG L] OpenACCHEAT M REFP it #
TR A8 AR (120 B -

1) SERERATEMPT B2 5 A2 2 A8 [ IR T K

2)  HWFREFFRRIAT R ORI B, 8 H A IE I LT LA SR A BT

R E -
a) ORI BRI AT, 2R T ARUSEHEE
A T BE AR ;

b)  FLMER AL gprof 14 fE T H K& 2P ARRS i #h sk 2, IF
i 8 e P A% ARG B
¢) SO E g R O A, AR L U e R 2
AURRR, BUE A routine TR FR B F 00 B
3)  ERCIEHACHL BTN b “#pragma acc parallel loop” ZwiFdE7N;
4)  HERZ AR B R EAAANA R, AR private T4
a) TERAWAESHIH, WUMEM -priv OB, WA SWACC
G ik RGAAT A WTIIRE, SWACC %k RGBT AT &4y
B, B SRS R (T gIRaS AR MR, 75X 4y
et FEREAT RN, DA G ISR B A R IS L)
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5)

b)  AERLAL YT o AT, AT RABRANAN N —arrayAnalyse & THf# A
SWACC % 1% 22 4L 1 73 A D REEAT 70 #
IwEIBAT, MR AR E R IR,

iBIL OpenACCHBEAT N AR P I Bty A 1 B & =AM P IR

1)
2)
3)

R ENZ O IEIR

¥NIN parallel loop #R7, JFfiE private A4

IPEICAT, WIEIBITE RS M RN, MRS AIEWRELE 2) 2, H
BFRFAE A L IERIEAT .

fiFH OpenACCX N FHAE PPt AT AL AE 75 BB e I R A K

1)
2)

3)

4)

FEor I AAZ ) LDM 25 18], S B a2 B AR A7 TAE LDM o
REH/NRALRAATH RIS . JHATRREF BT A @ E T
B L 5 SRR P (1 4T SR AN S AT K

GHEBEIEA PR AL tile JBYE, Hocm s R nrhe
2 [FIJRCEE LDM, A3 70 B2 REMA N LM A (1 i £

P B AR AR o n] DS T A 1 A0 20 S A B 5 R L A
i IR B AR AN SR K AE Uy 1) A2 RS (1 Bt s 75

FERFBHEMRATTH, FEDHTRCIE IS B 18 Ur 55, & 241
ASIN copy. local. pack 554578, KAz OBl 5 AL LDM H AT Uj fn) 15,
{8 OpenACCx HEATFRFAEME DRI FE b W) v E R g VR HE 78 A T 22 L3R
1% 4-1 s

& 4-1 OpenACC*E M AZESRwIFRR/FRAXERE

z YmPEfe N TR YL Yire Wi B
TEAMZ AT P T E W S
JE AR, JFHEBEATE
7E LDM HONIGES | B8 R E A A &, IR
1 | local (BB&E%3K) B (bri. M| AAbRE, "TRMER local ¥

2H) B A% ) H)AE LDM A B AH N A7 =S
6], local HAFE KA VI
18,
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copyin (B & 41| 3%)

OB ) br 7% DL
| LDM

copyin AR & 44 7E LDM H HRE
IE, R R A6 s
LDM H X N ) A8

copyin (48 & %1 % )
annotate (entire (

A EIR))

RO /N B A
¥ U1 3] LDM

copyin I BRI\ 1T 70t
N, BN EARERENE
N\ LDM B, K entire BEnHY
77 OB FN G AT o LI X B
HAKG AR IR Z AL LD
HERE A, R R AR EUH
KB $% D1E) LM .

copy
copyin

copyout

HHFE NFE H LDM

L WEAEIA R 7 J7 A EZ L
H, DA A By sE LDM
FEAE A, JFAE AR LDM
Al BEAT Bt AL, WRAA S
ekl o AR IR B L M7 S
TR B dEAT 73

collapse 15

AR R BB
Ny AT EAS

collapse HIEH 2 ZikER
TR G I AT AT R4
EH T RAINZEARER N, 1
HB B T2 0] HAT RIIEFR
LIRS

i tile 1A), B
FHK tile HIArER
KN

LDM =% [a] 75 FH ik

TEAE) tile KN HEERM
B 5 2 RBRBUA 1 et
B, K tile BIHA/INAT LKL
B NFEH LDM FHd 18
Ko

X 04 U 1) AH % (1)
W2 G B RIS
loop f7, FHARYE #
FAHH tile TH)

parallel copy HJ
2 HEEH KK,
LDM f£TA T

LA AR I A, 3
e AR R R,
E—RMEON LDM, W] PLAE
532075 10 AH < B N JE DB BA
SN loop Fa7~, FHT 44540 B Y
PEIN 7 HAR TR, FH L) 2% AH
K E s, ] LUK K
A E/p gD RANIIEAV €T3

loop fR7~
tilemask BE7~ 1)
tile 14)

W vy iR 5 IFAT
eI, 5N
fia A A<,

2B ) S B A E AT IR IR
Ty X5 W ETEIRFH T,
fi] parallel copy Zwi¥#s G
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parallel copy &
E¥EN LDM

EI O B AR oy A7 A, B
ANEZH I TCVE RN TE] LDM
Ho AT DATE 5802 15 1Al AH O
(1IN EJERETER N Loop FR7,
FH TR0 B E A 7 B, FFAR
EHEERE tile TA). HHM,
TERLOIHOLT, XAy B et
O H bR WOHT S N loop tile
55, TTLMEA tilemask F
f), PRI R B B AR
(Ve

data copy

oA Vs v i H s
X 8] %& 7E 32 4T I
HE

EAME LT T E S R B AL
fr, ATLMEH data copy fEE
B AR JT A T 7 195
Pfs S, FFrr DURE 7 248 A
if FRFEHIEAE R EH .

10

cache 1f]

[ Qo R
TCEN LDM

T BT I B, dmik s
TCVEFNTE $5 DIMR 045 2] LDM
Hr, PR copy FR)ANIE X F
1L, TTUME A cache FH)fif
PIXAN A, S MBI R R
MATLAMEF readonly WE7RT
AJXY cache HEATHRAL, Hif)
cache s A H RllHr 2] E 47

11

data present

T3k bR B N 7L
H #] parallel
copy MEHE

24 parallel copy HI%idE7E
parallel PN FTIAH I R 75
AL H W, W E Sk I AE
parallel H1¥% DUZI LDM H 4L
38 A T ey K A 1 F A Rk
4, WILAH data present i
HHMEHEE .

12

pack/packin/packo
ut 1]

HA 2 A5 1)
A [ ) A A B
WA, Bidt—DiR
THE ALK

BaAT A RE 2K 2o
R B Uy ) A 2 A2 B T
JRH B 45 A, ) ASEE—
U A S D1 22 i Xt B
MIHK. F34h, s B B
FEPEA N BT R R R i
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a0 A AN AR I, AT BAAE
data index BLE A, FHHT
BIRIESMERIEIA Z 5.

= R RITN, T
DR TR U, A
DL HHE . KORI V47
MO B4R, T DL
| | BT R A
13 Zﬁiﬁmmwwo'ﬁ;@;ﬁﬁw“&%ﬁﬁ%%ﬁﬁo%%,%
i B A A EIR B HL
0B 7 R R
B, AT PA#FH data index X &
Ml o B R O SN
5K b

I ACRS A ek O ) 1 Ol
H=Fhab BT D) AR A
BRI E A routine i
7Ny 22 B BR B 0 SR A R
routine. data copy~ | JHIEAHS F A pF | IRdERCAS, (R ES AT CAARFE A 150
data present 87~ | FifH {# | data present 1 data
copy A3 il bR 5 P ) Hic 4 2 ]
Mt 2) KR BON e 3) %
PR BSOS At R B, BRI BRI
i s i S 5L ik .

14

M FE T ERAE AL I 2L
FRK, i local TikHi%
LU A7 R LM i, Ap LAd
TR R, | A A 7 A, ¥z s Ak
VTN LDM private, fRIFHAEEM, &
Ja M P15 L fE B copy B
cache ¥ HEH: 77 B3\ LD,
TRUEFE T HERE

15 | HET4)

EREAEREERGIZ I “HEe KOt tHHEPLARSE OpenACCHHH 7
FH) .
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4.2 BFALRSE
A4 PR R e S U B0 ) OpenACCHRHEAT T2 A R R AL it 7.«
42.1 BTG
SERESR AT RIS matrixMul. ¢, W 4-1 iR,
/%

% FILE: matrixMul. c
*/

1

2

3

4

5 #include <stdio.h>

6 #include <stdlib.h>
7 #include <sys/time.h>
8

9 #idefine M 1024

10 #define N 1024
11 #define K 1024
12

13 int A[M]I[N];
14 int BIN][K];
15 int C[M][K];

16

17 // VB

18 double

19 timer ()

20 {

21 double t;

22 struct timeval tv;

23 gettimeofday (&tv, NULL);
24 t = (double) tv. tv sec*1. 0+ (double) tv. tv usec*le—6;
25 return t;

26 }

27

28 int main()
29 {
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
95
56
o7
58
59

60

61 }

int 1, j, k;
double t1, t2;

// init A
for(G =0; i <M; i +4)
for(j = 0; j <N; j+)
Alil[5] = i;

// init B
for(i = 0; i < N; i ++)
for(j = 0; j <K; j+)
BLil[j] = j;

tl = timer () ;
// matrix multiply, C=A*B

for(G =0; i <M; i +4)
{

for(k = 0; k < K; k ++)
{

for(j = 0; j <N; j++)

{

Clillk] += Alil[j] * B[jl[k];

}

t2 = timer () ;

printf ("Matrix-Multiply A[%d][%d] * B[%d][%d],
time:%. 2f\n”, M,N,N, K, t2-t1);

return 0;

use

B 4-1 FEFESERBITIZFRED

B 4-1 5 HIAZ 0 BO 46757 4T R B, RIBEATHE RS sfeis SR AU B
J38h, 9T HEERE R ANRAL T J5 R P PR RE  AERZ O BT 5 5 I 1 oA GRS o
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422 ERFEXK

1)

2)

3)

4)

B swace P HTIZHBRATRER, JRICS R AT IR HYIB AT I )

® Z§¥¥: swacc matrixMul.c -03

® BfT: IRAZHEH I E RS T IE LR DT AT, BATIA
T Serial = 4.10 # (EE: AT A5 RBEHE M. 8173
B MEMEEZANERA R, NSH) .

R F matrixMul. ¢ AARSHIRZ OIS, FEAERZ DB BTN #pragma acc

parallel loop $H7m.

® {EmatrixMul.c HJZ8 45 1T¥ IN#pragma acc parallel loop 7.

i swace -priv” IR BERET, MIEFAAT AL & B35 Hrah Rk

W T L8, W0 private 74). Il R ERAA LML EHRZTA

ML e E0E, HHSSHNAXEHESHRE, BIE

F| matrixMul. ¢, FFERMRAUHZEA=A: i 5. ko

® 7f matrixMul. c 25 45 T HIgmEFR R T ISR A 674 #pragma
acc parallel loop private(i, j, k)

i ] swace ik, AERFTHATRERF G, ATRMER 1340 64 > M

EBHEAT, X UL OpenACC St it (RS AT LLIERRIZAT T “ pf

e K" tHEHLARS E.

423 EFK

OpenACCHHE FP AR A I B A AR MR8 v (1 S B 380 IR vl e 22 1783 LD
i, I BOES R T TR AR R
1) BrE. DEABA LDM: X T XFEFF A F 24 private 7R3k local
TA), B 1L G k =R EBEERN IEZAR A LDM o, AR B398 2

HELFERAA 1
® 45 1T VETE /"4 N #Hpragma acc parallel loop local (i, j, k)

IPEISAT, SR IERRPEAICR .
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2) KeRBEYUEFE N LDM: Ui A =AY AL By C, H A FI B
&R, CRERFESH, T Rl A BEE N (copyin), REM
Kot A TR EEH (copyout) , 5 MIBET 25 N 75 ZEH5 H (copy) o FEREFFH
55 A5 ATININEE P DL A
® F 45 {TYRIFTE AN #pragma acc parallel loop local (i, j, k)
copyin(A, B) copy(C)

® UiiRigAT, WAL IERVERIZOR , i H RIFEALZ AT I 5] 29 T_Copy = 9. 02
o

MTLE R, BRSO E DR, KR 1. EE— NIk

(7 ekt 50 8 H —keep BT B AR LSS H)_slave WA SO, W] LA BILLE Inidk

FRBG 5 B HUZH A U5 ) A7 98 2 BB Vs n] EAEEHE, IR ] LDM 3 [H] .
SRR T LUK B, B UMV R SIFATIEIS 1 IO, WEE viindE

LREBFIAT — OIFATIEIRIEAR 1 R 7 EEU5 1) B A i, |1 LDM 2 &

B, B BTN NI FEI LDM, R B H4H 7 10 4 A 3 o B 3825

[AESE - ¢/aR
Ay C BRIV IR BRIFATOR I 1 MM SCH), At UEERRE S AT IHIA

i RISy, NI ZE AR BT TR B A B i A T U ) C B R B

MR, FG, XFT Ay CHdH, mr LUK i 35 I A FBON G R 26 A2

LDM.

3) fEye B BHEE DUE] LDM AR £04H B 2 FTLLRCATEON LDM H, R R4
B AHKIMIEIR A RIS, 3B R RBIETBON LDM, il th B R TGI8
O\ LDM (73 @ X A AT R IR tile EAT /0B, (EARPEIA 43 B0
JE R B RE S FE N LDM, 6 T ix MR B Sl A B R 2
a) AR 1: X kIEF tile, FHXEA B HEEHEN (swapin)

B B VT AR B PE AL B2 k A 5, T Je P BAEHEXS k 13 tile,
H R R B AGIR 73 BRAT » [ AT DA 5 (0 080 12 HE R RE 1 23 077 2088 DL
) LDM o EARMIER:
® 7t 48 47, k 1 ¥ HI ¥ fN #pragma acc loop tile(2)

annotate (tilemask (C))




B SNE DI Loop TRAREREA 1 MEIRIGTE 2 A IR LA IR 4T
X4y
W NAF K E BB Loop $R/RR U] k IEIMIGAE R — A i A
W BAT, BEAL tile H55E BRI N 2,
W THUA C VIS kARG, Xk EM L R, S E C
A BIEAE S, RN annotate (tilemask (C)) FIVEF A&, i@%0
i PEAE C AL 2% K JEAA I r BUE B, B C B S k ARG 4
CHRARYE) RopHe, BeAFE O LDM, XA ] DLSRAS R B %

LI
® B 45 1THIMIFTEN, ¥ copyin (B) UK swapin (B(dimension
order:1, 2))

B E 45 1T9R 1T AR li#ipragma ace loop local (i, j, k) copyin (A)
copy (C) swapin(B(dimension order:1, 2))
B DMEH swapin AR copyin A& By 54020 B V5 A AH G T
PRI G Ak, 23 ARSI 2 B A = 4EAMIRLE, T J PEPAE k
T2, W B BT N R AELLN . A& r s
Vi) & BB ACRBAR, 1 swapin HIFEFH 2R B H4LH)
JR GG H I F2 IR AR 8 B2 PP AT 4 B, A B S B AN
JR 46 B B A U5 ), TXRE AT DU AN B2 B Hdls U7 7] 38 BG4 25 1) 5
P V5 1] o
o [LRPMEHSERM)E, WIEEIT, M RRERSRR AN T Tile K =
0. 45 b,
b) FHH2: Xt jIEH tile
JraG 1 REXS kA tile, XARERF IR LIS B AL mdE sy B, Blxt
BLEIRE § U7 BT
® fE 51 AT, j 1 ¥ Hi ¥ N #pragma acc loop tile(2)
annotate (tilemask (A))
B 507501 B8 G, 29T REPRXT § IR LL 2 RN
BEAT M, MR R) 2R RS § AR EE P DL, B EA A
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B, [FRINE tilemask (A) ISR FAE MM PR, A HHZ
BEZ PG R, Bl A S j MRRI4EEEA .
® URIEIEAT, ZMRAGEREFMIRSIAIN T Tile J = 0.53 F.
o 7 2 (KB TR Z fr AL 730 1 i, JRUAZE R 2 HhE4L B
(107 18] 77 AT R A2 S 4 R AIRLE, XNy B PEREA — 28 52
o [Nit, WRIZERBSURIGRERT, WE j. kK AT, )5 i
KA BRI IEFAT AL .

I, ZEFEA BB, AR RO BRAT LR 9 A A
RIVERE IR, 582 W] AEET- SWACC 4 ikds A4 sl iy rh AR, #EAT — 0K, Xt
FE ARG AZ O B R PR R SIMD AT AL, I R I 710 L JE 82 345, SIMD
(e 7 S A R 7 F

4.3 —rxFk

FEAL ] SWACC Y Blod i AR Fr 2 J5, U SR 75 A G B 4 26 B 1) v 1) ACRD
fRBefils Bt — B At A o, AT AR N B R

1) B SR S

L test. c B MM, TEIZSCHFHR NHIATES:
swacc test.c -dumpcommand mk

Horf—dumpcommand PR FVE AT LLZ: I € R0 7 TH P &R 4t OpenACC
FLPF W) 2810 SWACC ZiRit T, HAE F A2 ORBE P [A) SO, R4 v B] ST AR
Gm ik 25 B mk SO

WAATHAT G, KETE 2400 H 3% FE host FEF SCERT device R 30
R 4 B host F device F/7 SCHF a4 5 N F6 € 1 H - B g A (115
H12& mk) B o host 1 device R U AT 4 NGNS (LA ¢ #2FF 9f, Fortran
KAL)

a) host RT3 P4 _host. ¢, U test_host. c;
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b) device FEFEICAE: Y4 slave 179 ¢, HhiT 5 ik X $57R
FERIAT S, I £ parallel loop #87, W44 54z BAS R K
device FeF A, Ul test  slave 7.c.
2) IR o
FH P RTARAE 75 ZEX s R S Chost FRIF SCHE device F2 7 SO NG i &
S BHATAE
3) IR SO ) EE T g 1R
AT TR B BT R SO R PR AR, $AT sh ZRiean &304 (Bl ol
sh mk) BA],

75



eSE  HITHE

51 ER4FEEmMRL

1) 00 FREAMA, Debug Hf¥i-g BTN 51ZIE T 5E 22

2) 01 Fm/MEERIPLL, %R TA) 1 5-00 BARKKH . %A R
PRFEAMEANS (EAB , BlnBifL e Ais & E. -01 gttt
G 1R I [ 5 o

3)  -02 WEHHEF NG BEIUALILT, 752K 2 8], (EHATR 1
R PR -

EEXT N EIE R

M EIT

W R L

m EHARCAAL

TR AR

BET B8 — il AR BE (042 R A A7 A 4 T
PR 1 4 R AL

mREERIUARAED MR

TR store MR

PRI

SR FER ISR A, 16 IS RO B B AL .
5 ARV AR

-02 MWL -OPT: goto=on, LI goto S5HIEEAL T 4L i
ghky, Bl for 4544,

~02 I E-OPT:01imi t=6000.

4)  -03 EWETIFE 2 AT R, AP R P13 Bl B R s T

=r
&=

. ARl Sk SBUR AT A o IR 7 AR TE-01, -02

A2 Ah, ST W R T

76



® -LNO:opt=1, IT A IR EILALIT K.
® —OPT EIUFI N4 I 20 &
OPT:roundoff=1

OPT: IEEE_arith=2

OPT:01imit=9000
B OPT:reorg common=1
N IEG AR P AEE AT I AR P I R AL, W swee/swf90/swCC
BhB-02 gm AT, Jin b “~OPT:IEEE arithmetic=2" #mikikii; i swgce/swgtt
TR -02 uikit, Nk “-mieee” 1L,

5.2 YRiIFETML

W E M T O IR EAT i, (g R AL BT — 25, R
TFA 4R FRXA A 9 A AL LT

5.2.1 FEEIFETRL

5.2.1.1 BiETEY

1) —CG:pf L1 1d:pf L1 st:pf L2 1d=0:pf L2 st=0
BEIEIURT A SRR TSR & IR T, ks A AR TR &2 75 R S IR 11
2) ~CG:pref opt=0
CG Bir B — N SR b BB U DLAR O30, X 3 0 TR 2K
3) -LNO:prefetch=0
R P EHE PRI A T
4) -LNO:pf ahead=3
VA TR AT BLRIE I, SRR3R AT 3 4> Cache 4T THL
5) -LNO:prefetch iter min=TRUE
75 CECEH V5 18] TRV AH 2288 5 10 B AR 00 R A St T o
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5.2.1.2 Btk

1) -LNO:full unroll=5

T RIT, IR ER KB T &, BT T 5 MIEI T 2 E Rt .
2)  -LNO:vintr=0

KPAPHIEIA T sin Bl vsin BIET, SC AR W] BE L4 BEa8 2EAT
W HuhA, MO IREAE R, 4 A-LNO:vintr=1.
3) -LNO:fis_scc=1

TEACAG T AT BB &R 3 R Ak, X —NMIERE oS A AR OGP I
)RR 3 B — N BRI A XS A Cache 0 5R ™ B R VR 12 126 T AT g
R, B N-LNO: fis_sce=0,
4)  -LNO:fission=0

KPFT A IEA TP R IET,  §45 N-LNO: fission=1.
5) -LNO:blocking=0

RPAEIA 7> PR T, 545 -LNO:blocking=1.

5213 HEMf®K

1) -OPT:alias=strongly typed

A A2 A TR DGR T, N FAZik I, g PR A AN [F) 2R AL 2 [8] 1) D A7 AN A7
TERN 4, FEPp A R E R Ui, AR 2 U 2 (B RN REORIE
T2 P AN [RI B 2 (AN 25 ) AF 5] 9 A7 L, A5 P8 00 7T B 5|6 A P 1) 7
2) —OPT:div_split=1

K BRERA BEREIEU AL, KR EE TREA —E k.
3) —WOPT:combine=0

KA R P RSB E L S I ARAL, R VR L
4)  -OPT:unroll_times=8

P JEIT LT, JEIRRTT 8 IR RAE N 4 o X T IR B H) 2 1E L,
%%k W4 % 5 -OPT:unroll size=512 — #{f A (7 LL B iR X ¥ -
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—OPT:unroll=8:unroll size=512, WHILL3IFE) , XRBEIFEMEA RS
HOAEAEIE 512 %, BRETT 8 IR, 4% Ml g R4 B R T IR BUR TT
5) —OPT:01limit=0

SRR P BEATAUAGIN A5 & T @ il 54 2 R ORI R 3R
6) —OPT:roundoff=3

—MREFXS fortran PR, XFis BB HEAT R B DL R TE 2 Akl 2x . X
RSO B, (B ] REIE BORE FE R K
7) -Ofast

RIS 2 WU AT I, s ik 20 5. 6. 7,
8) -—IPA

IARM AT, W LLHETH AL 3%, inline 2 WAL .
9) —OPT:IEEE_arithmetic=2

He#¥ TEEET54 V7 s bR e (I T, AH 24 T~ 2 Fh s FH 4w P28 HH - ieee BT (gee
H-mieee EIT)

5214 RIFNEmIFMKE

NFAFEMIRRFACTOR, B K67 THENL R GRS A P4
SCRF B A BEACAL 220 P 38
1) g g i T s I

-02/-03 —fb _create Mid - fb phase=4 -fb type=2/10

- fb edge profile *.¢ -lcginstr - Istdc+t
2) B A AN g

-02/-03 - OPT:feed=Mid* *.c

522 MEHIFEBIRIL

5EBEHEAR, BEMLTE cache, RA LDM, FUIEA FEHBERAALFIE
R T HA AT k2

1) -OPT:alias=strongly typed/-OPT:alias=disjoint
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A4S TR DGR T, N FAZak I, g PR A AN [F) 2R AL 2 [ 1) U A7 AN A7
TR, FEP A R E R Ui, AR 2 LU 2 (B RN REORIE
TP AN [RI B 2 (AN 25 ) AR (] 9 A2 L, A5 P38 00 1T g 5| 6 A P 1) 7
2) —OPT:div_split=1

W BB AL BEREIEU AL, KR LA T REA —E k.

3) —WOPT:combine=0

KA R P RSB R A S I ARAL, X VR L
4)  —OPT:0limit=0

SRR P BEAT LA, A5 & T @il 54 2 T ORI R 3R
5) —OPT:roundoff=3

—fEERT fortran PR, X FMF HEAT B LR B2 RN Xt
R AR B, (B ] RE s BORE FE B K

6) —Ofast
ZIE UK 22 TR O AT I
7) —IPA

SRR M, B DL T H =454/, inline 52 TiffLfb.
8) —inline FRE %
PN R BN B, IR SR IB TR

523 REBFERER

R RKIZO6” R RETH AL R G SR B AT SRR, — R
ST ieee T4 ARMERIMUAE, —ASRBURIRREE (e AL R HIBGHE
e e, BB AR UREURS [ W S8 50 BB R AT B %
1) PR#EEUAE, S H R I
2)  BOEBCEE, P ET AR
® —Imfast slave PSR
® —Inldm IKB slave 5 B E EARRRG B, B/ Z A AN S
1KB F£) LDM %3] ;
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® —Imldm 4KB slave 5 TR H AR RS BEAE 7 24000 5 F) 4KB
) LDM 2] ;

® —Imldm 6KB slave 5 TR E AR RS BEAE 75 24100 5 F) 6KB
) LDM 25 [8]

5.3 M\&ZinFi®

5.3.1 DMA intrinsic

DMA intrinsic WJEZEIJREREMAZIT LDM F 347 2 (o) 3k 47 B i) A& 5,
DMA #1E X B8 B M AZSERE D . DMA A&5ar s E M RE7E A7 bk >y 128B X4, H.
FESGT &N 128B A5 55 1 IS A5

5-1 DMA ¥ & FELThAE

P ERG g NI N Al T Hirk X
~ ) el ~ 71
Vah: |12 9|95 88|87 80|79 64
A A4
e e B RS (R R
Val: |63 60|59 56|55 5751 32| 31 24| 23 0
1R EEvescibiid
Rb: |3 40| 39 0
{5 AR ML DV
Rc: 63 15 |14 0
N, N S, M.
dma va, rb, rc D DMA 5 SR A DMA A= M AF o 2

DMA S B, WKZE 0 K% DMA iy 4 B MAZ P (138 18 2% v 5 P 45 1
RRSHEAT, WIEZ IO RUKE 0 B F 1EEAT .

H4% DMA i DMA (i A58 20 A 3

® FARN

J R
s
JHRAT AR
ITERAHA




P PAERE e P A 9 1A PR LAY DMA 22 TR, e 24 Sk S0

1)

#include “dma.h”

AP S
DMA #5iA%F (dma desc) : dma desc f#FH 128 A7 i) [ &= H 45 25 1Y
DVA #55X (DMA_MODE) :

enum DMA MODE {

s

PE_MODE,
BCAST_MODE,
ROW_MODE,
BROW_MODE,
RANK_MODE,

DMA #:/EfY (DMA OP)

enum DMA OP {

DMA_PUT,
DMA_GET,
DMA_PUT_P,
DMA_GET_P,
DMA_BARRIER=5,

2)

¥ 71 intrinsic:
dma_set size
dma_get size
dma set reply
dma get reply
dma_set op
dma get op
dma_set mode
dma_get mode
dma_set mask
dma_get mask

dma_set bsize




dma_get bsize
dma set sleng
dma get sleng
dma_desc_init
dma

dma wait

dma_barrier

5.3.1.1 dma_set_size

JiRr

void dma_set size (dma_desc *dma d, int size);
Thee:

VW E DMA A FF I E (e = ) e . 9

dma_set size(dma d, 256):

5.3.1.2 dma_get_size

JiRr

void dma get size(dma desc *dma d, int *size);
Thee:

#3304 H DMA #3177 1 £ & o B B 1k

5.3.1.3 dma_set_reply

JiRr

void dma_set reply(dma desc *dma d, int *reply);
Thee:

VW E DMA IR RF I B & 7 @ 1tk . iln

__thread local reply;




dma set reply(dma d, &reply);

5.3.1.4 dma_get_reply

JiRr

void dma_get reply(dma desc *dma d, int *reply);
Thee:

155241 DMA HiIR R 1 215 @ 1k . 45 2

__thread local reply;

dma get reply(dma d, reply);

5.3.1.5 dma_set_op

JiRr

void dma_set op(dma desc *dma d, dma_op op);
Thee:

BEE DMA HERFF (1 DVA $E/EIE . fldn:

dma_set op(dma_d, dma put);

5.3.1.6 dma_get_op

JiRr

void dma_get op(dma desc *dma d, int *dma_ op);
Thee:

732024107 DMA H#HR 771 DVA #4E &P, 4.

dma get op(dma d, dma op);

5.3.1.7 dma_set_mode

R
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void dma_set mode(dma_desc *dma d, dma mode mode);
Theg:
W 'E DMA FEIR 75 DMA i@ M. il

dma_set op(dma_d, pe mode);

5.3.1.8 dma_get_mode

JiRr

void dma_get mode(dma_desc *dma d, int *dma mode) ;
Thee:

732024107 DMA H#HAR 771 DMA BECJg P 4.

dma get mode(dma d, dma op);

5.3.1.9 dma_set_mask

Rk

void dma set mask(dma desc *dma d, int mask) ;
ThEe:

B DMA IR TT 0 Bl w1k . il

dma_set mask(dma d, 1);
Bk

AV IS I 1 g v

53.1.10 dma_get_mask

F¥A:

void dma get mask(dma desc *dma d, int %*mask);
ThRE:

3202400 DVA $R 1 B B J@ k. -

dma_get mask(dma d, mask);
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5.3.1.11 dma_set_bsize

P
void dma_set bsize(dma_desc *dma d, int bsize);
Thek:
BCE DVA R FF (185 2 m oM g . il dn
dma_set_bsize (dma_d, 0x32);
Bk
o HATHEIHALLATEEHN,
® THEAHINT bsize RALHBIG N ML LHITHA N,

53.1.12 dma_get_bsize

F¥A:

void dma get bsize(dma desc *dma d, int #*bsize);
ThRE:

320287 DMA FR A R #525 [F BHR N @Y. il

dma get bsize(dma d, bsize);

5.3.1.13 dma_set_stepsize

Rk

void dma_set stepsize(dma desc *dma d, int length) ;
ThEe:

VCE DMA R 70 EAEEs B K @ . 9 -

dma set stepsize(dma d, 0x128);
Bk

R T B PR L S AT S A A .
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5.3.1.14 dma_get_stepsize

Rk

void dma get stepsize(dma desckdma d, int *length);
ThEe:

152241 DMA FR R EAF s P K g #ilan.

dma_get stepsize(dma_d, length);
Bk

R T BB A L ZAT R AR

53.1.15 dma_desc_init
A

void dma_desc init(dma_desc *dma d);

Theg:

XF 4R DMA A FT dma_d FEATHIIRIE . WIARTLHIGRE B E -

FHEDRKE: 0
FAE P EICR N 0
dma #3: pe mode

dma #{F: dma get

dma [A] & i dk
BEiig: 0
Bl 1288

53.116 dma

i
void dma(dma desc dma d, long mem, long ldm);

Theg:
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WRIESHERE N DA AT EAARMGIAEA Rt A& DMA
#BAE

53.1.17 dma_wait
i
void dma wait( int *reply, int count);

Theg:
WRIESHERE I B it e, HEIRE 7 RIESF T count.,

53.1.18 =l

{#F] DMA intrinsic ®]LASEZEL DMA R FT A E . DMA A& %A DMA 2545 1)
S, m PLER = MRz DMA RR, 5-2 7 DMA intrinsic % E Y.

#ifndef _ADMA_H_ INCLUDE
#define _ADMA_H_ INCLUDE

#tdefine A DMA IGET (mode, src, dest, len, re addr)
({

dma desc da =0;

dma_set op(& da_ , DMA GET);

dma_set mode(& da , mode);

dma_set size(& da , len);

dma_set reply(& da , re addr);

dma( da_, src, dest);

1)

/*backup athread get*/
#tdefine A DMA GET (mode, src, dest, len, re addr)
({

dma desc da =0;

dma_set op(& da_, DMA GET);

dma_set mode(& da , mode);

~ - - — =

dma_set size(& da , len);
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dma set reply(& da , re addr);
dma( da_, src, dest);

dma wait (re addr, 1);

1)

#tdefine A DMA GET SET (da, mode, len, re addr)
({

dma_set op(&da, DMA GET) ;

dma set mode (&da, mode) ;

dma_set size(&da, len):;

dma_set reply(&da, re addr);
})

#tdefine A DMA GET RUN(da, src, dest)
({

dma (da, src, dest);

1)

#define A DMA GET WAIT (re addr, n)
({

dma_wait ((re_addr), n);

1)

#tdefine A DMA PUT SET (da, mode, len, re addr)
({

dma_set op(&da, DMA_PUT) ;

dma set mode (&da, mode) ;

dma_set size(&da, len):

dma_set reply(&da, re addr);
})

#tdefine A DMA PUT RUN(da, src, dest)
({

dma (da, src, dest);

1)

#define A DMA PUT WAIT (re addr,n)

—~ - - - =

~ - - = —
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({
dma_wait ((re_addr), n);

1)

#endif //_ADMA_H_INCLUDE

[E 5-2 DMA intrinsic EENX

PR e ¥eit 4, 2% % A DMA GET SET. A DMA GET RUN
A DMA GET WAIT =ANEREst vl LASZHL DMA GET fAThRE. JCHZE7E R E A DMA
FEEIEIME N, 7T LA £ B DMA R IIIF4S, tE 5-3 fis.

dma_desc gva = 0;
volatile unsigned long hs reply = 0;
A DMA GET SET(gva, PE MODE, sizeA, &hs reply):
For () {
hs reply = 0;
A DMA GET RUN(gva, &(global hs[beginlhs][beginJhs]),
compute data.hs[5]);

& 5-3 DMA intrinsic {8 F3 7=l

532 WLEHIEK

P “HE 260107 A A% AL B A5 I TE I BE A B An AT BRI A Bl R
JERIEE A o KD, il AE 2 76 22 UK DMA BE S #RAEI, 72 WA
JEy BB A A3 18] B AR 2 A5 T35 Hds /N A i 2 a], DACSEAE 50 ¢ [RIAE K/ HL
HxE 7 Gt B o SRt iB 5l AR I AN ST, BARIE: BR T —
R (Ja—800 BN (FED HEEFEEESREZ AN, P RLEAT AR R
THERIFEIR, #EAT7 5K (=300 A (BED HdErEsE.

FER DG PP, 388 75 28 SO hRiR: index RN RIS IKH
e, next F#on F—RIKINAE, 1 last R E—f R E. BT RAWNE
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WA, MKW E WA E a slave(:) N a_slave(:, 1:2) FifR &, Hrh
a_slave(:,1) M a_slave(:,2) H NG X . & & M [H 2 74 &
get_reply (1:2) F1 put_reply (1:2) fAE LRI reply A& . W n b0
Kl 5-4 Fios.

do k = kmin, kmax
N ARG R
if (mod((k-kmin), corenum)+1. eq. slavecore id) then
j=jmin
index=mod ((j—jmin), 2) +1
put reply(mod( (j—jmin)+1,2)+1)=1
RS YN=Eii &€/
get reply(index)=0
call athread get(0,a(imin, j, k), a slave(imin, index),
(imax—-imin+1)*4, get reply(index), 0, 0, 0)
call athread get(0, b(imin, j, k), b slave(imin, index),
(imax—-imin+1)*4, get reply(index), 0, 0, 0)
do j=jmin, jmax
index= mod ((j—jmin), 2) +1
next = mod((j—jmin)+1, 2)+1
last = next
VRN T — 5 R 55 P 75 B
if (j.1t. jmax) then
get reply(next)=0
call athread get(0,a(imin, j+1,k),a slave(imin, next),
(imax—-imin+1)*4, get reply(next), 0, 0, 0)
call athread get(0, b(imin, j+1,k),b slave(imin, next),
(imax—-imin+1)*4, get reply(next), 0, 0, 0)

end if
do while (get reply(index).ne.2)
enddo USRS OTH LR T AR e\ Se B

do i=imin, imax
c slave(i, index)=a slave (i, index)*a slave (i, index)+
b slave (I, index)*b slave (i, index)
enddo
put reply(index)=0
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call athread put(0, ¢ slave(imin, index), c(imin, j, k),
(imax—-imin+1)*4, put reply (index), 0, 0)

do while (ptu reply(last).ne.1)
enddo ! Zfy E—ROBIET R, HRRALERSEREEN.

enddo

do while (ptu reply(index).ne. 1)

enddo ! FEfif)a — ARSI

endif
enddo

& 5-4 WEARNG
FE R B AR SEIUE RE o, JCHGE RS WG AR iR 8l I W ar
B WG ISR AT LU, @SN T BT A, A
A 2B BB R AT IR AR

533 [RTIRE

£ 2 BRI E YT M BRI, O 7 o ORECE K 58 Bk, 51t 1 SR TR AR TR,
JE TR AR AT D EIN, EHAT BRI 2 AR H AR S5 s S ik, K
5-5 % n (H R I ht N _addr BHEE B RSB

#tdefine updt addw( n , addr )
{

unsigned long  tmp

asm volatile( “vshuffle $31, %1, 0x01, %I\n\t”
”1di %0, 4(%1)\n\t”
“updt %0, 0(%2)\n\t”
=" (_tmp_ ):"r"(n ), "r” (addr_

N P A

:“memory”) ; \

& 5-5 3% n {ERFB| MU _addr BIEEE E
534 FHESSEEED

WA A RS T LSE I A [FAT « [F 5 A T 4 FEIB A . B 5-6 JAAF A
AR R




// TAEAT B b M AZ &L
#tdefine LONG PUTR(var, dest) \

asm volatile (“putr %0,%1\n”::”r” (var), “r” (dest) : “memory”)

// AT I8
#tdefine LONG GETR(var) \

asm volatile (“getr %0\n”:”=r” (var) ::“memory”)

// T FEZ B bR MAZ &L
#tdefine LONG PUTC (var, dest) \

asm volatile (“putc %0, %1\n”::”"r” (var), “r” (dest) : “memory”)

// EEAEE g
#tdefine LONG GETC (var) \

asm volatile (“getc %0\n”:”=r” (var) ::“memory”)

MNP
void CommLeftToRight (int rowid, int colid)
{
int 1, j,k, 1, p, dest, length;
length=(NIS+3)*DIMNV;
if( colid < 7) f
p=0;
for (i=0;i<=NIS+2;i++)
for (j=NJS; j<=NJS; j++)
for (1=0; I<DIMNV; 1++) {
CommBuff [p]=qy0_s[i][j][1];
p=ptl;
}
dest=colid+l;
for(i=0;i<length;i++)
LONG PUTR (CommBuff[i], dest) ;
}
if( colid > 0 ) f
for (i=0;i<length;i++) LONG GETR(CommBuff[i]) ;
p=0;
for (i=0;i<=NIS+2;i++)




for (j=0; j<=0; j++)

for (1=0; T<DIMNV: 1++) {
ay0 s[i][j][1]=CommBuff[p];
p=p+l;

B 5-6 HFsi@EEO R
P D AT (BB BEZE, b N R R AR . B E R
&—~ FIFO MZgnt, J:HAGREENELE. WSEEZEm s NE. 2)
[ [E4T (BRI b E AR AL R, Bl 55 oy ) R A3 56 % . PUT WJ
DAt s AR B 3R A, 2 SR H FR 77 2 D — AN 0 dest (K 4 26 2K,
Forr dest[31 4B /5 AL, Ty 0 I R s /U AE, T dest[2:012 —A> 3 f2 H FR
frma, R HARME S 2 dest[319 1 B KRR iR HAE, 28 dest[2:0147,

535 BRFMHAREETH

FEARZRA T RRRBUEE T, W R EAR AL B AR (RN 7 TR R B AT
ML ZE 70 SR AR, IRAN W] 38 S IO AE B UG A7, OF B3 B0 ST 2URIE I .
DAL A B Xt A A KR B AU A7 (MR 7 BUR A AT B R T B e e T L
R TR T R ) B AL R BT S A AN [ A I, 2R TH AL Lt
IFEE LSS THRANEES RIEE, a0 S 8] EEE OO ]
JER AR, LB 5-7 AN 5-8. JOEAHECT BRI, S 1R Ew A
BRI R BRI RE, Bl BRI REAGR AT RAZ O ERTER, AN
il L 18 8 T 3 SO T SAZ OO A I AN K. 59, TSR B T A G
Xt Je SR A i 22 ) U5 IR SR /N, AR AR TSR Do ST R KN - SR 5 B B R
FRAZIEAT i RIINSEE SR A2 PR AR 1
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L

¢ L LB RO RS 17
!
HEE T HAL TR 2. AT AN IO S (AL )
DL | frmit s
l v
3. EE R LIRS
y
fi AL AL

B 5-7 BRinFRENRETEE

D — >
gi*k\\\‘ ////*///////////
[« — |
@ > |
le— —
G
= — |

& 5-8 BNt EAL EREFERINFAEIETE

il
=

v
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5.4 FEREHNRL

541 SHEERAHAE

N T AR AT IR, B BHN BRI R E R ERESTN, XE
DRE R T2 480, REEFARAUNYE (CHEF) #HiTmEl. 5, RE
EEHAE SR 1 — AN, AN R A A S AL O B8] 1 e i 5-1 sl 5,

yEpUk- N SR L A
T 5-1 BEREE LR
struct { struct {
float a, b, ¢, d, e, f; float al[99], b[99], c[99],

}s[99];

int i, n;

for (i=0; i < n; i++ )

x += slil.a * s[i].

d[99], e[99], f[99];
bs;
int i, n;
for ( i=0; i < n; i++ )

e; x += s.alil] * s.elil;

542 FERBEEARANAE

IR E A EAC KA TP AR BOR A, SRR, W] LR DR %
PRI inline BEAEIAAR BLE R 1% o8 IR R AL IR R R AR o o R 52380 5-3,
T 5-4 MR BUARI A EACHT 2R .

*i& 5-2 ENMREARERF

unsigned fc[FCL], q, k;

for (k=0;k<FCL:k++) {
if (pjoyl (fclkl&q))
S —
else
S++;

}

int pjoyl (unsigned s)
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int 1i;
for (i=16:i>=1;i>>=1)
s = s> i

return s%2;

FA& 5-3 ERHUA inline A

int fc[FCL], g, k, tmp[8], i;

intv8 v, vq, vi;

vq = simd_set intv8(q,q,q,q,d,q,q, q);
for (k=0;k<FCL;k+=8) {
simd load (v, &fclk]) ;
v=v&vq;
for (i=16;i>=1;i>>=1) {
vi=simd set intv8(i,i,i,1i,1,1,1,1);
Vo= voOvi;
simd store (v, tmp) ;
for (i=0;i<8;i++)
if (tmp[i]%2) s—;

else s++;

FI& 5-4 RBIARENHR

unsigned fc[FCL], q, t[8], k;

intv8 vq, v;

vq = simd set intv8(q, q,q, q);
for (k=0;k<FCL;k+=8) {
simd load (v, &fclk]) ;
v=v&vq;
vpjoyl (v, t);
for (i=0;i<8;i++)
if (t[i]%2) s—;

else s++;
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void vpjoyl (intv8 v, int*r)
{
int i; intv8 vi;
for (i=16;i>=1;i>>=1) {
vi = simd set intv8(i,i,1i,1);
v = voovi
}

simd store(v,r);

}

e BTG T, §RRMARRE vs (REFTZ v) 1ENREI S HL 8t
vpjoyl. fE SIMD ¥ Jrfr, eSS AUAE sl B0 HI AR b IR i I 20 75 B 5 iR
—3

543 EBWRIERAE® Cache

S %2 Cache X TR SR EE), B R AFMERE P U7 ]
HAEELAE— 2 Cache T MBS H 1. A T HLFHLAE A Cache, F2)7 75 %
JREALFH R —A> Cache 1T I ATA B4 i AN /& & AN Cache AT (30 #0417 HLAZ
J7 B i BETE B 4 B ¥ tH Cache DLRTJR & 2 1 8 A X SE4045 . 448, 9 7 M SIMD
A PRI R RE RS- T, R ESRAR Y U U e R A AE X, X — RUR
Cache 5 SIMD HFXS Fo R E —FEH

9 G0 E R RS (1811, B — MR R I 4% AT AR SR IR U e, S A
R A ) B e R A S BRI P ) S SR %o B — AN AR B P o 1) LA s ] R s i, A
N7 ) 1 S L, TR R AN B R U 1) B — U [ A R — T
Cache 7. Ny 7 SEMfm &AL, HH 72K AR —SIEEEIE — 2N, R
JG EF AR ] A AR T, XA IR KR ES . T HLAE 5-9 A1l 5-10
(IR 7 91 SR Ut B AT Ak 7 95 o
for (i=0;i<n;i++) {

for (j=0;j<n; j++) |

for (k=0;k<n;k++) c[il[j] = c[il[j] + alil[k]*b[k][j];

// R EEHATHEN, TN
for (k=0; k<n; k+=4) {
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simd load(va, &ali]l[k]):
vb <= (b[k]J[j], blk+1][j], blk+2][j], blk+3][j])
vt += va * vb;

}

simd store(vt, temp);

cli][j] = temp[0]+temp[1]+temp[2]+temp[3];

A[=0][Kk]

porporaporiion X

Bk][=1]

& 5-9 FEMEFEEE LRI RE

[ EAC I, AL A ELRE) 4 Doumal DUEEREE R E S, M B
Xt RAFFRIE I T B AE W AF IR AESE, A T3 2 A cache ATHITIIA], XAFEHL
i B BCR T E P B2, WEARICREFP— T AR, Bl DUREF R8T
Vi ANF cache 47 BITTHE, 48 k R § BRI E A, R PR AL,
5-10 RS s

W J R NEIES, BRIt BIk] [3]Hv7 280, 1y AL (k)£ § 2%
fiEdh B AU 2 T AL XA U A oo R 2534 B
FIELLIUA TR, S8 PRl T ANELLN cache DA
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for (i=0;i<n;i++) {
for (j=0;j<n;j++) {
for (k=0;k<n;k++) {
clil[j] = clil[j] + alillk]*b[k][j];
}
}
}
// TR JERE R AN -
for (i=0;i<n;i++) {
for (k=0;k<n;k++) {
simd loade (&ali][k]);
for (j=0;j<n;j += 4) {
simd_load (vb, &b [k] [j1) ;
vt = vakvb;
simd_load(vs, &c[i][jl);
vs t= vt;

simd store (vs, &cli][j])

}

Ali=0][k=0]

A\ -
poeprorsporchon] X porforchonpon

B 5-10 ZFEFESEEELMRE
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544 XAFEIFMEYAIE

i H simd_load B simd_store HRAEREATAS S M IO 5, R BEORUEARAESR
AR 32 FA T 6T floatvd, W& 16 Zx ) o WRHIL T AX 5
HIVTAE, AT HI A R GoHs B R AL B % 5 A7 5 R I S, 1K A o B 50
AR o G 28 AT DARAIE S 20 A8 B e ah iy 32 7 7, LA R A P AL

32 byte Boundary 32 byte Boundary

;|4
VI‘

Misaligned Data

A
A 4

5-11 ##E Cache HE 32 FPMAMRIFTE

XA AN ARG, 7 LA TIRE, mE 5-12 Fios:
double aln], b[nt+2];
for ( i=0; i<n; i++) {

alil=ali]+b[i+2];

}

& 5-12 43R RIEBHFIF EE

R ENE 5-12 JEE, FEFPAE RIS a FOXTFESR, DRI EELR
UEHZE b AR FRBR, X a] LS AN S 473 0 BB FE . ] DU A R
BRI AR T A, Rl EAXFE simd_loadu 1 [H] & AR F A7
simd_storeu. ffHAX FUFFIEL T UAFE M ERM 32 FATXFH (floatvd
16 AT FEOMIER, H 75 A7 DR A B i FZR I AT, 4 int A1 float
RRTFE 4 FATX L, double M T E 8 X . P 5-13 Fin.
#include “simd.h”
double aln], bl[n];
doublev4 aa, bb, bbl, vtmp;
for ( i=0; i<(n/4)%4; i += 4) {

simd load(aa, &(alil));
simd_loadu(bb, &(b[i+2]));

aa—aatbb;

simd store(aa, &ali]) ;

101



}
for ( i=(n/4)*4; i<n; i++) {
alil=alil+b[i+2];

& 5-13 AR FIHEFZEORH

WHIAR FUF D BN bli+2], 25 Al EREMa Sk e .

545 BERTHRRAIE

LB AR AL, 2 4El—4EE0, AR A A R AR AT
e,

void stencill3(Real *in, Real *out, int width, int height, Real

coel, Real coe2, Real coe3, int count)
{
Real *fin = in;
Real s*fout = out;
int s, 1, j;
for(s = 0; s < count; s ++) {
for(j = 2; j < height-2; j ++) {

int ¢ = j*WIDTHP+1;
int n = c-WIDTHP;
int s = ctWIDTH;
int w = ¢c—1;

int e = ctl;

int ne = nt+l;

int nw = n—1;

int se = st+l;

int sw = s—1;

int nn = n—WIDTHP;

int ee = etl;

int ww = w—1;

int ss = stWIDTHP;

for(i = 2; i < width-2; i ++) {

Real vw = coe2%coel*fin[w]
+ (0. 05+coed) *0. 2*coe2*fin [ww]
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Real ve

Real vn

Real vs

Real vc

fout[c]

ct+; nt+

I o e [ [

+

’

0. I*coe2*fin[c]

(0. 13+coe2) *1. 1*coe2*fin[sw]
0. 9%coe2*fin[nw];
coe2*coel*fin[e]

(0. 05+coe3) *0. 2%coe2*fin[ee]
0. I*coe2*fin[c]

(0. 13+coe2) *1. 1*coe2*fin[se]
0. 9%coe2*fin[ne];
coe2*coel*fin[n]

(0. 05+coe3) *0. 2*coe2*fin[nn]
0. I*coe2*fin[c]

(0. 13+coe2) *1. 1*coe2*fin[nw]
0. 9%coe2*fin[ne];
coe2*coel*fin[s]

(0. 05+coe3) *0. 2*coe2*fin[ss]
0. I*coe2*fin[c]

(0. 13+coe2) *1. 1*coe2*fin[sw]
0. 9%coe2*fin[se];
coe2*coel*fin[c]

(0. 05+coe3) *0. 2xcoe2*fin[w]
0. I*coe2*fin[e]

(0. 13+coe2) *1. 1*coe2*fin[n]
0. 9%coe2*fin[s];

coed*vw + coed*ve + coel*vn
coel*vs + coe2*vc;

S+t wht: et+t: nett: nwtt:

set+; swtt; nnt+; eet+; wwtt; sst+t,

}

Real *tmp = fin;

fin = fout;
fout = tmp;
}
return;

& 5-14 HLAPE4HERB
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K 5-14 stencill3 EEUK —4E%04 fin, fout B N—4E04d, P JH 4
BN 13 55 stenci ] iHESCN— 45T, HERFHREL.
FLAR T MR SIMD 2 03 W R i PR 2 FH 7 ) .

5.5 BREFHIRMMK

“HIB 260107 4 A AL B AR R BRIE A TR AR, L TIRKIZH,
R DA ISR A R A AR AT SR BE AT R A T K e 215 B LERCR P RE
Tt B 5-15 A 5-16 047 R VA AR 5 sUSE I BRVE AT T iR K3 5

long magic=0x7fdeb5f73aabb2400;
double ONE=1.0;
union {
double d;
long 1i;
}ops
inline double soft divide( double a, double b)
{
double v, q;
p. d=b;
p. i=magic—p. i;
y=p. d*b—ONE;
q="p. d*y+p. d;
y=Y*y;
a=g*y+q;
y=Y*y;
a=g*y+q;
y=Y*y;
a=g*y+q;
q=qg*a;
return q;
}
void main( void )
{
double a=123.0;
double b=0.000000000001234567;
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double q;

double volatile r;

r=1/b;
g=soft divide(a,b);
printf ("%1f %1f %1f \n”, q, a/b, a*r) ;

Bl 5-15 BRIEBIEERMAARIL

#include <stdio.h>

#include <stdlib.h>

#include <math. h>

long magic=0x5feb6eb50c7b537a9;

inline double soft sqrt(double y) {
long 1i;

double x2, q, r, z;

x2 =y % 0.5;

Z

Yy

i = *(long %) &z;

i = magic — (i > 1);

z = *(double *) &i;

z=z% (1.6 — (x2 % z % 2));
z=z% (1.6 — (x2 % z % 2));

z=z% (1.6 — (x2 % z % 2));
q = y*z;
r =y ~ g*q;

Z = q t r¥z;

return z;

double y=123. 32352;
main ()

{
printf ("res=%1f %1f %1f\n”, y, sqrt(y), soft sqrt(y));

B 5-16 FIRBIERHER
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5.6 BIIEEK

“HIE 260107 SRR . WA 256 011 SIMD ¥4, H
R EA RGN E 62 SIMD 7 B EBAEAFAE, X AR e BEAT AR ¢ & 23 #T A
FEATHE BT, R N F R e o 28 OB 547, 2B BT ) AAAZ O R0 2 A% 40 R T

PR

R ORI H R R SR T RGP AR OT R, I — AL
FRASBEAT KAt @R A 5.421-sw-gy RIFT DAREAT A6

56.1 BaIREXEXRE

E 2 ) A IE I & 30 B AR P R ARAS v 28 & B T, BT BT AES
ABf s, F O SIMD (Single Instruction Multiple Data, H4§4Z##E) 18

LERHIrEIES, AT TEIBTRCR.

5.6.1.1 BhRESRIFEBTIRA

FEFF BB A RGEE TR RS TR, VR P B a8 (1 — AN RAR,
FEAS B 75 B8 e A5 “5. 421-sw—gy” . I IETI-ver NO. AJ DAFE & 4 i
BHIRAS . HH A4 swhee —ver list Al LA G 1 38 SCREIURAS, SCHEE 3D
AR ARAS N 5. 421-sw-gy, WK 5-17 fizR.

5.421-sw-429:
5.421-sw-430:
5.421-sw-431:
5.421-sw-433:
5.421-sw—434:
5.421-sw-435:
5. 421-sw—436:
5. 421-sw—437:

5.421-sw-gy:

SWCC Compilers:
SWCC Compilers:
SWCC Compilers:
SWCC Compilers:
SWCC Compilers:
SWCC Compilers:
SWCC Compilers:
SWCC Compilers:

SWCC Compilers:

Version 5.421-sw—429 by gzr at devcomp. yichu. jn on 2016-01-21 09:18:47 +0800
Version 5.421-sw—430 by gzr at devcomp. yichu. jn on 2016-01-25 09:17:54 +0800
Version 5.421-sw—431 by gzr at devcomp. yichu. jn on 2016-01-26 08:51:03 +0800
Version 5.421-sw—433 by gzr at devcomp. yichu. jn on 2016-02-22 11:25:40 +0800
Version 5.421-sw—434 by gzr at devcomp. yichu. jn on 2016-03-24 09:08:50 +0800
Version 5.421-sw—435 by gzr at devcomp. yichu. jn on 2016-03-28 16:42:11 +0800
Version 5.421-sw—436 by gzr at devcomp. yichu. jn on 2016-03-29 15:27:19 +0800
Version 5.421-sw—437 by gzr at devcomp. yichu. jn on 2016-04-06 15:25:05 +0800

Version 5.421-sw—gy by swgy2 at sn007 on 2016-03-14 11:30:15 +0800

5-17 Wi ATIR
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5.6.1.2 4RIFIEIN

A 3l ) AL TR AR PR TN -03 WAERl EiEAT, 5 B3 & KIIL
A -

1) -LNO:simd=n

PEf| E 3 SIMD [ &AL, n: 0 5K, 1 91T, ZIEBIERN N 0.

a~pl:

1 int main()

2 {

3 int i,A[128], B[128];
4

5 for (i=0; i<128; i++)
6 Ali] = B[il;

7

8 return A[0];

9 }

5-18 SIMD 7=f3l exam1.c

4
swhee —ver 5. 421-sw-gy —03 -LNO:simd=1 examl.c
RAfER:
(examl.c:5) LOOP WAS VECTORIZED
2) -LNO:simd_report=n
Pl EAE B AATED, n: 0 B RATED A SEAL R IE S, 1 BT
B[] S A DI E A AE B, 2 BRI T B [ S AL s D AR B 3R (15 R 1% T3

BIMEN 1o
A~

1 int main()
2 {
3 int i,A[128], B[128];
4
5 for (i=0; i<128; i++)
6 Ali] = B[il;
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[C RN

for (i=0; i<128; i++)

9 Ali+1] = A[i];
10

11 return A[0];

12 }

5-19 SIMD 7=f3l exam?2.c

e a2

swbce —ver b.421-sw—gy —03 —-LNO:simd=1:simd report=2 exam2.c
B’AERE:
(exam2. c:5) LOOP WAS VECTORIZED.

(exam2. ¢:8) Loop has dependencies. Loop was not vectorized.

5.6.1.3 OpenACC*IZF EEIEENXL

i SWACC 2 R4 4R 1 UL TI-HCF lags A1-SCFlags, I LAZ) il [ 4 i 5
25 1) A% 0 A AD AN 3E B A% O A AT H 4 1F 4 A% 8 2 %, R I % T -HCF lags
-ver, 5. 421-sw-gy MI-SCFlags —ver, 5. 421-sw—gy 73 B S92 F A% O AL A AZ
ANETIOE=¢ i

Bl

1 PROGRAM main

2

3 integer a(128),b(128), ¢ (128)
4 integer 1, j

5

6 doi=1,128

7 a(i) = 10

8 b(i) =6

9 enddo
10 !'$ACC region do local (i, j) copyin(a,b) copyout (c)
11 do j =1,128
12 doi=1,128
13 c(i) = a(i) + b(i)
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14
15
16
17
18

enddo
enddo

write (k, %) c(64)
END

A4
swacc —HCFlags -ver, b. 421-sw—gy —-SCFlags -ver, 5. 421-sw—gy —-03

5-20 SIMD 75l test.f

-LNO:simd report=2 test.f
BrER:
(test_host. f:7) LOOP WAS VECTORIZED.

(test_slave 10.£90:31) LOOP WAS VECTORIZED.

5.6.1.4 MPI EFBEzIEE#

i MPT 2w s it & i-ver 5. 421-sw-gy, ] LLFE @ JEhlidm B 4% I
AN 5. 421-sw-gy, SLILEFNA =L

a~pl:

© 0 3 O O1 = W N

e e i i
= W NN = O

—_
a1

1 #include “mpi.h”

int main( int argec, char *argv[])

{

int myid, numprocs, i, j, n;

int mysum=0, sum=0, a[128];

MPI Init (&argc, &argv) ;
MPI Comm size (MPI COMM_WORLD, &numprocs) ;
MPI Comm rank (MPI COMM WORLD, &myid) ;

MPT Bcast (&n, 1, MPT INT, 0, MPT COMM WORLD)

for (i = myid + 1; i <= n; i += numprocs)

{
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16 for (j=0; j<128; j++)

17 {

18 mysum += a[j];
19 }

20 }

21

22 MPI Reduce (&mysum, &sum, 1, MPI DOUBLE, MPI SUM, 0,
MPT COMM WORLD) :
23 MPI Finalize();

24 printf(“sum is %d”, sum) ;
25

26 return 0;

27 }

5-21 SIMD 7~ mpi_test.c

fEH Ay &

mpicc —ver 5.421-sw—gy -03 -LNO:simd=1 mpi test.c
T s B

(mpi test.c:16) LOOP WAS VECTORIZED.

5.6.2 BziREXIFAITHEE

5.6.2.1 B EEWL

H s A AL S B T R 2 A 1 R S AR AR B, BEA% A I IE PRIk AR 8] )
] & AT M.
a1 :

1 #include<stdio. h>

2 #define N 128

3 int main() {

4 double a[NJIN], b[N][NJ, c[N][N];

int i, j;

for (i=0:1i<N:i++)

5
6
7
8 for (j=0; j<N; j++)
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9 {

10 ali][j]=10;
11 bli][j]=6;
12 }

13

14 for(i=0;i<N/2;i++)
15 for (j=0; j<N; j++)

16 clilljl=alil[j1+bli][]];
17

18  return O;

19 }

& 5-22 TEIAREENLRH
fE a4
swhbece —ver 5.421-sw—gy —03 -LNO:simd=1 1-loop.c
R E B
(1-loop. c:8) LOOP WAS VECTORIZED.
(1-loop. c:15) LOOP WAS VECTORIZED.

5.6.2.2 {EHEIREMENL

H 3 [ EAL B R e P A P HIA, A “ B 260107 3R 406 E A%
PR PGS MA B ILEHR <, SKHEHRIR N A=,
a~pl:

1 #include<stdio. h>
2 #define N 128

3 int main() {

4 float a[N]={0};
5 float b[N]={1.1,2.2,3.3};
6 float c[N]J={1, 2, 3};

7 int 1i;
8
9

for(i=0;i<N:i++) {
10 if(b[il<cli])
11 alil]=blil+ali]l;
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12 else

13 alil=cli]-alil;
14}

15

16  return O;

17 }

& 5-23 {EHlREE RS
fEA A4
swhbce —ver 5.421-sw—gy —03 -LNO:simd=1 2-ctrl flow—f4.c

%m%ﬁl§\=
(2—ctrl flow—f4.c:9) LOOP WAS VECTORIZED.

5.623 4RI ERENR

B XTFE R TR AALE VL. ek, Counts Max/Min Z2VHZA#EAE AT R 5], 52
BLYAZ m) B A I A Al

a~pl:

1 #include<stdio. h>
2 #define N 128

3 float sum=1;

4

int main()

5
6 {

7 float a[N]={1, 2, 3};
8

9

int 1i;

10 for (i=0;i<N;i++)

11 sumt=ali];
12

13 return 0;

14 }

B 5-24 VAABREEENLRG

EH 4




swbee —ver 5.421-sw—gy —03 -LNO:simd=1 3-reduction—d4.c
HMHRNE R
(3-reduction—d4. c:10) LOOP WAS VECTORIZED.

5.624 AX5TEIEN

BEXRE P HAEE AR SF VS AR O, 2 AN BEIE IO 0 ) B S04 26 Bext 55
TR, ] DUEE AN 5 Ui 7952 SEEL R B4 .

a~pl:

1 #include<stdio. h>

2 #define N 128

3 int main()

4 {

5 double a[N], b[N], c[N];

6

7 int 1i;

8

9  for(i=0;idN;i++)
10 alil]=3;

11 for(i=0;i<N;i++)
12 bli]=4:

13

14  for(i=0;i<N/4;i++)

15 clil=ali+1]+b[i+2];
16

17  return O;

18 }

& 5-25 AxFFFEENLRH]
2
swhbce —ver 5.421-sw—gy —03 -LNO:simd=1 4-unalign—d4.c
HHRAER:
(4-unalign—-d4. c:9) LOOP WAS VECTORIZED.
(4-unalign—d4. c:11) LOOP WAS VECTORIZED.




(4-unalign—d4. c:14) LOOP WAS VECTORIZED.

5.6.2.5 KB MmE R

BERERE Py HH A7 LE [0 5K 5 1 00K [ S R R e A, SRR SEBSRAL B e 1Y)
A &AL

a~pl:

1 #include<stdio. h>

2 #define N 128

3 int main() {

4 float a[N]={0};
double b[N]={1, 2, 3} ;

int 1i;

for (i=0;i<N;i++)
ali]=bl[i];

11 return 0;
12 }

& 5-26 FKAEmEEL RG]
A4
swbee —ver 5.421-sw—gy —03 -LNO:simd=1 5—cvt—df.c

%m%ﬁl§\=
(5-cvt—df. c:8) LOOP WAS VECTORIZED.

5.6.2.6 FRHEENL

BEXTRE 7 R AEAE s ek B0 R P i ] e P o 1 1) R A
Sl EAL, HATSCILT siny cos. tan S5 FH A BR B A EARA

a~pl:

1 #include<stdio. h>
2 #include<math. h>
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3 #define N 128

4 int main() {

5 double a[N]={0};
double b[N]={1, 2, 3};

6
7
8 int i;
9

10 for(i=0;i<N;i++)
11 ali]=sin(b[i]);
12

13 return O;
14 }

B 5-27 HFRBEENLRG
fE a4
swhbce —ver 5.421-sw—gy —03 -LNO:simd=1 6-math func—d4.c
R E B
(6-math_func—d4. ¢:10) LOOP WAS VECTORIZED.
EE: AR BN T EER SIMD B E, L

—Im sw2 simd noieee -1lm sw2 noieee,

5.6.3 EHFRIER BENEELIIEE

8L H 3l SIMD [ B ThREIRAF EAF AR P PERESE T, VORE 7 SAFE W B2
FERRER LR LA

5.6.3.1 B iEsHRUER

AR 2 73 BT A BEATRE e AR AT 1) B AL A0 RO Bk, O FR B 5 1E A9 591 44 1)
A2 L B 2 SIMD [ EEALh RER KA AT S — il FHAR BT U7 1R S i
XAt ARG IR A . ARG S RE I (8RR & RS, TR L
TP R ECH A B s i, AL R RS

ZNUE
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int main()

{
int A[128], B[128]

for( i=0, i<128, i++)
*(ati) = *(bt+i)

& 5-28 @St ERAREI—

K 5-28 BB R4 func M H T48%F a, b EAZHL, func WNINTEHE
WL FRE 2, b Xt main AT OB A, B BHTHEME. SRR AR R
GUlAT WA R AT, OATRER a, b TRERIAIA 08, TEVERE func P ROFEIR
ARG O RAE HAER 47, R B LR SF IR T BEAEEARIOC 2R, BT M AL IIAL
2o FRET A i U G PR SR AT AR A A AR AL T e ¥ BB R, AR5 5 g 5
FEIE R 24y b 464t (0, BT restrict SR EIFMBFRELHNER. ¥
AR B K BB 3 fune BONINE 5-29 s . BUE ] restrict Je4k T F

G RIS a0 b IRAAEZKINAZE, BIEOvE 5-30 fros.

int func(int al], int b[])

for( i=0, <128, i++)
ali] = b[i]

B 5-29 mEsHERRAEIZ

int func(restrict int * a, restrict int * b)
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for( i=0, i<128, i++)
k(ati) = *(bt+i)

& 5-30 A ERRAEI=

5.6.3.2 B st lER

] VA7 R BE VT IR RS 2 8], A5 R AR R A 2 A5 U AE AN RS 1
OG22 o OV TP W RAT S5 AR SR AT, R PP AR B R BEA AR e A R0 R R AT
SR T U AF I ANESE ] BETCIR RIS U IR RE , I VCX A OL T L5 AR AT IF
91 FEXTEE R R I R38R A AL il 22 N B 34

IR
struct
{
int a;
float b;

b x[128], y[128];

for(i=0; i< 128; i++)
{

xlil.a = ylil.a;
x[i].b = y[il.b;

& 5-31 LR ERRGI—

K 5-31 7= BIACHS BU ARG & 0 251 A B AL i DAt AT #R A, AE N AT 1]
Vi FEANESE, X FBUR BN UAA A AT S, [ B e A L
FEHR SR VERE, SOMARRS SO I E 5-32 /Rl R .

int x all128], y al[128];
float x b[128], y b[128]:
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for (i=0; i<128; i++)
{

y_alil;
y blil;

x ali]
x bli]

& 5-32 LR ERRGIZ

5.6.3.3 MR ATERIIME

TEPEA N XHEA AR EATIRE, ST RPAT R, T IR EE
FFERIPEIASL . HETH 3 R EAAREXT R IR AR EHATIME, N T IREE
M ERET, BiYR S BATRE T B FEXE AR T AR 1 ) $R BE A A AT

~l:
do k=1, nf

do j=1, ny
do i=1, 10
jl=j offset (npy)+j-1
ua(i, j, k)=uat (i, j1, k)
enddo

enddo
enddo

& 5-33 BRI AEEIMERGI—

5-33 AR B, i AN IR j1=j_offset (npy) +j-1 XF j1 AR EHAT
AR, 10 J1 X i R —MEAARE, P DL TR KR TE AR 2 1 1534
G, IXHFE AT AR AR P AT K RS 8 B Sl AL A o AR nl AR ALy B 5-34
I

do k=1, nf
do j=1, ny
jl=j offset (npy)+j-1
do i=1, 10
a(i, j,k)=uat (i, j1,k)
enddo
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enddo
enddo

& 5-34 EHRATEIMERGIZ

5634 FIAEEHEREEEBXIERF

L IETA-INO: simd_report=2 W] A%yt 1) &4k sl h ARG ) 4515 2.
AP 1) AL SR I RS (5 B R P AT A BLAZ AL

[ AL RIS s (5 B R 2

& 5-5 MEURMIERERYIR

NPy

YL

Loop has calls or Gotos.

T3 A A R ORI B gotos

Loop is not innermost.

AN ETES (HETA SR RN ZE
a3 o

Non—-contiguous array x reference

exists.

XA x 5 RIANESE.

Index variale lives at the exit of

OpenMP loop.

a2 51 2 HEAE OpenMP [

lastprivate,

Loop upper bound can not be std.

Loop has inline assembly.

g3k LA RS, ARebriEll.
”

3R AT AR I G o

Loop upper bound too complicated.

g3k LA KB k.

Vectorization is not likely to be

beneficial.

A A B AL T RETC R o

Loop has dependencies.

TR AR

Too few iterations.

BRAHCR D
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Loop has 0 vectorizable ops. TEIR A ) EEAE

Loop has to be split. TG BHAT 0 A0

Loop has to be scalar—expanded. B EBEMIrED B

F P AT AR s 5-5 45 0N S B0 Bk S i R AR 2, S5 A A
TR B BB ), R TR UOHLSE 1 B PR AL R AT S i
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BeE SHaEY REFEE

IR KWL RS R AR iath (OORARRIT 1%
WD AT R 260107 SHIOALIRA, LA W ALARFA LT
LB BT LA ARG MR 0 o BRSPS 4k
PR SR S X K 260107 R M AR LR B I IF L

6.1 #RIRiRA

R KA THENLRSE xMath §RECH FEAFE LT 5 AT AL
BLAS
LAPACK3. 5. 0
FRT {55 37 REF ;
MRk ME R GUR M T FE 7
ScaLAPACK2. 0. 2

Horh Scal APACK BEERAK A RAM LS, 1§ SH I T, HoaR 4 MR
)R AL RN RERN VA S I € “ M K12t tHEHLARSE xMath P
FH) .

6.2 ERAZE

6.2.1 ZmiFRERE

xMath ¥ RECF EFR AL swbf90 HEATHER:, BT WA 7 AL REL
P AT 2N _E-hybrid Z%4.

1) %Wi¥: swbcc —host —o test.o test.c

2) M1%: /usr/sw-mpp/swcc/swbgcc—binary/lib

3) & B . swbhf90 -hybrid -o test test.o -lxMath multicore

—1xMath manycore




622 BITH.

xMath 37 Jg B2 e 75 4 FH 4 0 A SR, R 58 A 55 I 75 248 1 i WA B (64)
GIAN . ARHUT P P I I MAZ B 1 SR AR A P A% LDM, BT DA ZER b
SR, HNMER W2 . (AR fr AT "1 :

bsub =1 b -N 1 —q q_sw_expr —cgsp 64 ./test

BT AEEPEE R T R AL LDM, T LAAS A R4 78 o6 F P 4 5 1 A% o8
Ko s R LDM #5488 (_ thread local FBIRYASE) . 05l IL ARG L,
T B I EEASE XMATH PRESERVE LDM=1, JGIZH0PE 4%t LDM A5 FH Bl FA6
F G 3 BT RAT R R 40 o R iln

export XMATH PRESERVE LDM=1

bsub -1 -b -N 1 —q q_sw_expr —cgsp 64 ./test

6.3 BLAS #&ih

BLAS (Basic Linear Algebra Subprograms) f& — MR MHEAREIZ O-FREF )
A, FEARAERMEMERREARREE. ©RREANREENREEL —, |
Z AT UHERNE, R AR @,

BLAS 43 Bl =AM

® 1 Z%: TR EERAE:

® 2 2% AT IR

® 3L HATREME-RERERAE,

6.3.1 BLAS Level 1 R¥%3

F & 6-1 BLAS Level 1 FR¥F%&

TEFA HiERA E{i5%)

?asum s+ d. sc. dz ] 70 2 SR A
?axpy sy dv ¢ z - ) R
?copy s dv ¢ 2z m] &




?dot sv d AR

?sdot sd. d ¥k FE

?dotc C Z LB RS

?dotu C Z JEIBE SR

nrm2 sv d. sc. dz GINEERE SR '

?rot sv dv cs. zd Plane 25

?rotg sv dv ¢y z Givens 7“8

2rotm sy d B plane A2 Hk
?rotmg sy d BELH) Givens AZ¥
?scal sv dv ¢\ z. cs. zd ] By Ife

?swap sy dv ¢ z Ii] 55— ] B AL
i?amax sv dv ¢y z ) 5 B R LB I T b
i?amin sv dv ¢y oz Iri) 2 g /N AT IR T A

6.3.2 BLAS Level 2 R¥%3

F & 6-2 BLAS Level 2 FR#F%&

FREFH | FERR iR

?gbmv s+ dv ¢y z | TIREE P e) AR

?gemv sv dv ¢y z | FERE-mEH

?ger sy d M1 B

?gerc Cy Z HHEFERERL 1 S

?geru C\ Z JESLBIERERR 1 B

?hbmv Cs Z Hermitian bR P m] S AN
?hemv Cs Z Hermitian A[%E—[a] &R

?her N/ Hermitian #EPERE 1 58T

?her2 N/ Hermitian #EPERE 2 S8

?hpmv Cy Z Hermitian packed #E[%—[m&EFH
?hpr N/ Hermitian packed FEPFERE 1 BE3HT
?hpr2 C\ Z Hermitian packed FEFGERE 2 BE3HT
?sbmv sy d XA PR o ) B A

?spmv s, d XIFR packed 7 ARFERE-[F] 2R
?spr s, d XTFR packed FEPERE 1 BEHT

[\
(9%}



?spr2 s+ d XTFR packed HiPEFE 2 FEHT

?symv s, d X R R — ) A

?syr s, d XPFRHRERE 1 5%

?syr2 s+ d XTRRFEFERR 2 ST

?tbmv sv dv ey z | =AAPIRHEE BE- [ B AR

othey ey FHURE W Dy = i IR R B R e 1k D7 R 2H 3R
firt

?tpmv s+ dv cv z | =ff packed - EAH

Ptpsv o de ey %ﬁ%ﬁﬁzﬁ'\jzﬁ% packed i [ ) 2k 1% 75 72
KR iR

?2trmv s\ dv ¢\ z | A=

2trsv sv dv ooy oz | RBUERER = A RE R 2 7 R A K A

6.3.3 BLAS Level 3 R¥%3&

F & 6-3 BLAS Level 3 BR#%%&

FREFH | BdEERE | #Hd

2gemm sv dv ooz | FERE-HEREIR

?hemm N Hermitian %F P44 3fe

?herk 7 Hermitian FEFERE k ST

?her2k 7 Hermitian FEFERE 2k SHHT

?2symm sv dv ey oz | XERRHERE-HE RO

?syrk sv dv oy oz | ZAREFERR k BB

?syr2k sv dv ooy oz | ZAFERERL 2k TEHT

2t rmm sv dv ey oz | =R R R R

2trsm sv dv oz | SRR AL A A R T R R A
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6.4 LAPACK &k

LAPACK #& Linear Algebra PACKagre “FBEI46S . LAPACK REfS MR, tnZk
VETTRRZLSR MR, Zetthds /N — 3Rl BUOR AR, RRAEE AN 2T R H 55 A . LAPACK & 7]
CASIHIRE B 70 PR 2% AT B A T 48 AR OG5

LAPACK L& IKZN 2T (driver) . THEFE)F (computational) . i B2 7
(auxiliary) . JXBENFEFH THER—AEER . THEEFHTHRAT A58
THEAES . WS M THAT 0 B AR e RS

LAPACK it 1 TS50 2 ME AN IR FE R (R DO e, HR ¥ S it S i
BEEMThRE . W SEEORANE HON R, LAPACK S ALAR R it H i Rg .

LAPACK [ AR 5 VE WL (xMath 7 B EAZEF T4 S

6.5 FFT #&3k

xMath JE (1) FFT A58, 1254 Al — 4L PRl AT B il B 42 6 (DFT)
IR Er, P AT RO I AATTBEAT i 7 (5 5 AL B AL e

FH% 6-4 xMath FFT X IFHILIAE

A o i 1D. 2D. 3D

AR Y SR EH(C20)

AR WA EERT 1 WERHC wFE, 3k 2 M)
gk (TN ! 1D, 2D, 3D PR HE

M 1D THHE SR

xMath FFT FJEARGER D557 E W (xMath 37 B2 e P 1) .

6.6 MEERFR

XHER T thread local JCB#FA(E LDM FARAF IR MFEST , xMath &4 LDM
R ohEe (BRINRI) « P Aes il i B 34548 & xMath PRESERVE LDM=1
Eo

i, WEXML_PRESERVE_LDM=1 >KJT /5 % H)RE. {H K YIX I A LI 75 AL N A7




LDM Z [B] SR A4 2 A s, R Xt sMath FEPERE = AEAFIRZ M, DR ki
LR PR EAAMH_ thread local ST, MIMTHILRIZINRE— BT KA
WA xMath [ e B SERRPE RESZ A A R IBOR, 3L T RIS N,
Rt sMath i &AMELEAE R A 2514 N BENE I BRI X B PR RE

6.6.1 BLAS &3k

1) Mk

BLAS HLHe =2 s B ME R 38 035 2 BIH AU s me), — B, THE
B R, PEREERL. b, Level 1Ml Level 2 2GR BA VIAEZ IR A, A&
JEETE B R H AT T AR EE SR AR I 7 20 R U A2 TR, A A — K
fHOL AR, A TERA AT ERE. 53—, Level 3 %
PR B T S AR A R s, BT S U A7 S kAT Tk, F AR
P HE R B b o 32Bytes Xf 5%, HARRRZERE M 4579 128 M54, N 4E0y 256 K
540, K 4E09 512 fEH0 v RE R .

2) EBMR

TR AL T A% R E, R RAZHCH 4, F P A I 7R 5@ i AR OpenMP
IR 85% 745 5 (OMP_NUM_THREADS) #E47 ¥ B » FAZAR BLAS 235 52 B 2R F2 55 UL K 1T B
BERIREm, —MBOLN, LA, FERERUS RO, PEREEE; 5)Ahd T AR
A B S EAL R, FEFEHhE Y 32Bytes TR O AEIRTF AT BEAS K.

6.6.2 LAPACK #&Ek

1) Mk
LAPACK AHR At BE 2 25 32 B T+ BB 52, PR AE AR MR ARy 2048
(ZIE)Z NI, FEAR S EA% A LAPACK . 55 41, %5 B4 1 Hohik & 75 32 By te
XF 55 PR RE I A — E S, PR R P AR P AR R R, s 2R L
memalign FREL, P24 1 Hhhik 32 Byte B 1174522 1A) o 76 MA% LAPACK JEE i,
FH AN 5 B AT TR AR B 1) 20 B /IR B AE S LAPACK R 85018 FH O M B,
LAPACK FEH 624 A A& ML ThRE, HAIRTE — ARG L T Rer= AR I Mk Re .
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2) EBMR

5 MG DAL, PR RN 1024 (BI0E) 2 NI, RRE &R
HERELZ. T LAPACK (AR F & ol DUS I ARAER) OpenMP P84S &
(OMP_NUM_THREADS) #EAT BB . F3AMERE E b2 50y 32 Byte XFF:4% LAPACK
f VEREJF R E . P AT ERE YN, &SRB R o Ptk Be
W EFCE IR, BORTE— B O T AU ERE .

6.6.3 FFT $&R

1) Mk

xMath MAZRR FFT A F VA7 T & OURAF B, PERE S5 NS A
FK o X F—4E FRT, BN T 512 i, i8R/, mEEsr, KT 512
I, I 8 B 64 M MAZIZAT, BEE MBI, PEREER S, ] W8 B 131072
B, VEREEUR. X T 24 FRT 1HE, 7808, PTEReRU. [FRIRT, YhEAeS %R
EHbE 32Byte X5 EEARDG, EUCH P E A AL memalign AL, DA E ML
N 32Byte BEEAE A 2SR .

2)  FHER

xMath FRZhR FET VEREFEFE S5 NBER B O, B BEECORes, PERE
B, i, BEEIETN 131072 B, MERREUR, SEEEMEEUING (1024)
AEHEEYGERELS.




FIE BEEMRK

FEFFATREFP BOUFIERE T, JEAE AR EEFEM AT BT T SR Ak
b, EESCMIATRE P AR, Rl A A% A EROBIFAT A5 R, A5 1
DA AT N E L. AR AP KO0 tFRALRSGN AR i, AR E
TSGR Y R N RS TR PR SRR A5 DAL

71 BHRAERFMRK

711 BYRAMRNERE

R RO THENLAR GO A EE B AER, ER AR
SERH T L. B WAFAE PIFP B B P R -
D 5 5 m AN R AL 2 8] (R A 5E

2) EAT AR 256 AT RBE N 16 A, AN 16 AT RFER] B H

b, AEEIEEE R, HAREE T Eed e i, R
EREAANGIE, PIRAAE R AT fE

712 HRRNIEEHSEMER

RGP TR A R, Mg R REEEIREER, AREFEiTY
(EL b AR A EpN iDL N TR =8 SR EP N SR P ER ERUER H P P ote o 27,00 (3 1A
F R G P i set— BOH 5L, FREbAT —Bol s, @ E R A L N 4
JiBfE (BREHF) » M2mtnl X TR 3R MU AT 3 =4 1R AR
(ERLEN A

LA MPT FFATAE R N, BROABCE N HERE A 70 A AW OB, [R5 s
PO T %70 BE 2 B MPT AR 5 2 JE S o 1 — M S P AR e O &R A A AE [R] — I Z)
SRR, B HILEIN U5, FREE RSO ZAEEREFEER, M
AT TEARGHE 4 Loy, TSI, R 2 R e AR PR




B AR FFAT L PR R AL B BEREE S AR [ 22 (i HPL, 3845 ALK TT
AR O - #UR] AER 5 m AN R 2L 21 MPT -7 s AAR PR B B 1
B, JRATREAMRES AR IE A I A AR AR AR T

713 ANEIREBRFEBEERISGE %

FEE T R AN R 4 B K08, B R HARTT U5 16 (R s AT . A
I Z AR 16 AHE H AR 1 SUBE R A R KA. N, CPUOT15
[ CPU(0715) %16 KW, I 16 M EEREA L Bk thds 0, o fE3] 1/16.

BRGSO AE R CPU SAHSFEE B CPU M5, LIy o8 o v . 2
WO P BT AE B0k 5 5 R SV 25 PRI E R B AH AL

7.2 BHREEEMRE

“RRREL e TG THRENLRGUE Y RUEAFAE 1/4 W2%A1 T8 88T, B8 A
(2% BRI 2 4 R H AR AL B AR g 5 155 64, S 64 %1815 BERK h I — ST S
BEFRE T A IR g RN, R ) R RS R AN Y RO
B 64 MZANEN I, RKHRS, HRE R B ER A FERZ LR R 3 51, 155
BACHIFRFN T L 7-1 s B I HES ) 5 3K
AR 7 A ORAE T 88T A5 AR 57 st 1] [ % 6 1 78 40 M «
1) R ACBEESH 4 RS TR BRI ANFE S E, T AR AR
AFIALE, [FINELE H AT AL EEAUIR,  PRIE VAR B A R A2
AT U HERE H AL P B8 A I 2% 75 T8 AN Y
2)  MFATITRELE, B RS 64 M RN #EATIEE IF H H ARAL
BARTHL 64 ANGE. MRGEE T A U, @ A5 e AR T
64 SRHERG, WAHZ T WL ol AR, BT A ES: 16 MRANE A
(1) H AR AR PR AR R 220, FLE 16 A%, [ ARV A28 9 i Y R 2% el #1
e =5 FH P PR DAL S A5 O B, RRANEEY S HAER R R
BRIy 64, WG 1T R TB1E A W0 48 17 D8 BT i R A9 K
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1641
A

[0:0 ][ 64:0 |[128:0|[192:0]
[[1:0 ][ 65:0 |[129:0[193:0]
[2:0 [ 66:0 |[130:0][194:0]

[63:0 |[127:0 |[191:0 ][ 255:0]
(0.0 |[64:0 |[128:0][192:0]
[ 1:0 ][ 65:0 |[129:0 ][ 193:0 |
[2:0 |[66:0 |[130:0|[194:0]

[63:0 |[127:0 |[191:0 ][ 255:0]
(0.0 |[64:0 |[128:0][192:0]
[ 1:0 ][ 65:0 |[129:0 ][ 193:0 |
[2:0 |[66:0 |[130:0 ][ 194:0]

[63:0 |[127:0][191:0 [ 255:0 ]
[ 0:0 ][ 64:0 ][128:0][192:0]

7-1 BRI HESI R

7.3 BIEREML

N
[192:3] [ 0:0 ]
[193:3] [ 1:0 ]
[194:3] [ 2:0 |
[255:3] [63:0 ]

T [
[0 ]
(194:3] [0

255:3 | (63507
[192:3] [0:0 ]
[193:3] [ 1:0 ]
[194:3] [ 2:0 |
[255:3] [63:0 ]
[192:3] [[0:07]
(193:3] [[I07]
[194:3] [Z:07]
[255:3] [[63:0]

-t
Tr
9l

A S TR — BN R s AT 08 it ——8E—it 5. £
R LAY, T EARS5 7 e 2a 8% DR AE T S 3 DL 52 A Bl 5 48 .
£ “HIE 260107 SEAYAZIAE R, ACBEER R B AWOR h B ER,  EE AT
SR I3 B AL T8 o 2471 RA% 0 T L N A e T SN, B AE I [A) AT LA SE el it

SR P bR, bR 1O T IR IS AT RCR

X T T 5 2 AR AR S P (AT R, RAHR T Tk i 5

R v, W 7-2 Fiw.
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] S|
FEHIZ L Br—fE —E—fE
1 1
T T T T
. BB E
BRI : : 3 :

7-2 BIEREEE
TR ke B BIEE D LED, BR T RITIR N — BOB(E R AT
PATHN, HRMPHATEEE T L ST EIHT (R 2 RS0 MPT R 2815
FISEBER A 1 izMor 20 .
AFLEN T HEL HPL K, BUSRGFRCR, FAT AT 2S5 R R R AT 5
JARF, DAGERATEHIRA RETH R . EE RIS AT 7-3 Fos.

HPL_pdlaswp (PBCST, &test, PANEL, nn ); // 447 nn % & [4T 22 #r
...... // VR
athread spawn64 (slave control curr,0); // 5, 45¢A% nn % E 1t
G SRR T AT A 56
HPL pdlaswp (PBCST, &test, PANEL, nextnn); // $#AT4& FHIITE#He
athread join64() ; /) ERER ML B E K

& 7-3 EfEkRmEmER ARG

7.4 BFFBEIAZE

FE AT B AR A A el LR, ERMR RS, i EE R
HIAFAE, O~ T 1R B A5 A R0 SEAEAE T B e B R 1Y s 454

“ BRI FBESASEIUT IR A RPN HNLAR S EE A —,
ARG AE S 1IE B I, A T B BB A 2 AN 3l SR 28T T
ABESI TGO, T ARG AT YRR AT 4EPE5 8, (R “HiE” R AT R
RGN JT SRS RN T S R . BRURIA B — PURRRR (R Y R
B AR R AL 4 2 ST s P AR Y S I, A B 2 A B o  BC A
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L FR) 5 R IS L S Y A, I ORAIEAE T8 19 5 A BB 2R 256 A Ab PE 2R £
ZETE LIRS .
NPRUE BT AR A 2%, BRI R P A LA 255K

741 BHERE!

DI PRAE X 28 A 117 A5 1Y sl AR BRI Y o 55 2 3R U1 A
S 1ALk B s i A B Y R

A SR D BT R URE 2 A (R RS, R i 4l 8
A EBONER BEIRIE T RS 2 AL R RUA B .

7.4.2 LEBRE

MBS IR (75 B R A R R T SR A ] AR D Y Y )38
Ho SRS R A ARTR] o DA O B PN IS R N T A
SR AL A R O 16 A

MBI IS (7 B N S SR S AR R B . R Is AT,
I ULEATIRE T RO, IR TR E N ERRAR S T, BT AN
PSP BT AN AT I, AR R SR o B DL BRI A L5 A

IR RECR 5 RARIEE T NS RELIA R, IS% (HEERE R
GEAELTD o




E8E MRS

8.1 Bl ERsrin

AT ARSI, B e IR B AU s A7 i A o 32 IS AT I (A
HRZ AR B, BT A% AR B AT 70 i S04, BE I8 BARRS AL AL I H
A LGB AN DRI AR % DA B

1) Ve . ——sw3runarg="-p - " ArA4TIETH;

2) ARNBATEIREE R gmon. out SUAF:

3) {E gmon. out HE FHAT: gprof THATFEF gmon. out

i R =ANPER, £ gmon. out HF, W LAE 3 1 MAX 1 BE 73 B 24
MAZBRETT slave BTSR. RARUIE 8-1 Fiik:

% cumulative self self total

time seconds seconds calls Ts/call Ts/call name

98.15 12.75 12.75 slave Array Waiting For Task
0.77 12.85 0.10 ~1/0 vfscanf internal

0.38 12.90 0.05 athread halt

0.31 12.94 0.04 slave BARFIT

0.23 12.97 0.03 ~ strtod 1 internal

0. 08 12.98 0.01 __mpn_impn_sqr n basecase
0.08 12.99 0.01 slave bipol

......

8-1 EMILRIBE AT IR
8.2 HWLITHEE

T SRR BT AR P IS AT I A], mT RLSE STt th 2 — 2 Fr Bas AT I 0 4
IR ETEAEOR LA BESS =40, 5k vT CLHERRAS 2% B P e AT I R85 B s 1] .

8-2. & 8-3. 1A 8-4 MKl 8-5 AN TRZABE G AS. W4
RAG MAZ S RIS A MAZ B 41 [R5 ARES , 7E /0 A A AR RS, AT DL B 45
X LEACRD XS R AT 237
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void rpcc_(unsigned long *counter)

{
unsigned long rpcc;
asm(“rtc %0”: “=r” (rpcc) : );
*kcounter=rpcc;

}

B 8-2 ERIAMGIHET

void rtc_(unsigned long *counter)

{
unsigned long rpcc;
asm volatile ("rcsr %0, 4”:”=r" (rpcc));
*counter=rpcc;

}

& 8-3 MZIRH LI

void get myid (int *core id)

{
int row, col;
asm volatile ("resr %0, 17 : “=r" (row));
asm volatile ("resr %0, 27 : "=r"(col));
*core id=row*8+col+1;

}

B 8-4 Mi%SHIIREUKEE

void sync array ()
{
intl28 sync_tmp;
asm volatile(
”1di %0, O0xff\n”
“sync  %0\n”

“synr  %0\n”

— = = =

:”r” (sync_tmp) : “memory”) ;

[ 8-5 MixFEFIELZHKEE

T 58



8.3 EMZIERETH AR

AR AR ERE PRI VA TR S s AT ERE M GEiE, — PR A AR
AR5 NEH RS R FP BARIZAT IR 0L, 55— R A MR ERE T S 2 1,
i AR A s AT R 7 5 i KRS Al St it

8.3.1 BEEARIZ RN G i IZFFEE i 1 &E

bsub VBNV F E —perf LRI, RIwJ {8 HER DL I C B SO 5 B e THEL
T PEREMIRSE BAFK T “/home/export/onlinel/. perfpmu/fEMLS” HFE T,
Hop B B IE AT B (RS, H S — AT 7= — AN B
1847 Jperf 1ENL5 RIAT43 38 Fr kG155

Bi4n: B47FER bsub —1 -b —perf —q q_sw_expr —n 1 —cgsp 64 —share_size
4096 ~host_stack 512. /sitest 1, GIRMR[EIFI1ENL S 2 4534672, Niz4T Jperf

4534672, VEREIHTEE RANEl 8-6 PFR:

hp gc count 0(0x1 DMA GET) : 640384

np_gc_count 1(0x2 MEM ACCESS) :235932515

np 12cache count 0(0x3 L2ICACHE ACCESS) :380471696

np 12cache count 1(0x4 L2ICACHE MISS) :30096

Performance counter stats for job( ./sitest ):

@@——Job——Run Cycles 1is 1 14122274773
—Host———average cycles occur per ICACHE ACCESS : 3124.75
—Host———average cycles occur per DTB Single Miss : 12826770. 91

—Slave——average cycles occur per Float Ops : 6.86
——Slave——average cycles occur per CYCLE : 1.04
—CG——— average cycles occur per DMA GET : 22052. 82
—CG——— average cycles occur per MEM ACCESS : 59. 86

—CG—— average cycles occur per  L2ICACHE ACCESS : 37.12
—CG——— average cycles occur per L2ICACHE MISS : 469240. 92

& 8-6 BIEIIRZIEI ST HIFEF I RESITEER
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8.3.2 EMNIZMRETTHEEEIED

8 2 MAZ PR RE T 508 oR B 1 2 T S R P TR T R 2. T

1) BB WIsa A R A O A R FALRE T R, MAZTERE S T 1 Ge it i
B e MNZRA, HRIITE EIA A

2)  Cif & Ml FORTRAN i 5 w8 HE “~1swperf” BT,

3) CHHESERFERIHLR extern “C” WINFEERAMED, %i%
I EERE  “~1swperf” .

N RN E RS T R R O

8.3.2.1 \# DMA ¥ %:it

WAL R BL: void penv_slave2 dma_init(); i%pR%i B M & EE ) DMA
ERUPECEE, IFRIAAL,

ZiHHE#: void penv_slave2 dma_count (long *ic); Hrr ic R
RS DMA W5 SRKEL, IS EUR b, 1R 30U BETE Z R

MR FEG T —MZO B —MZ O R EUKE DA RIS, TE% O
B aliiz O B ERT 5 R A3 0, 2 A 3] 1ic0 A icl, #Efpilid (icl-ic0) Rim[
19 %% O BB O B UK LY DMA T SR 0L

8.3.2.2 M\ gld ‘X¥ 43t

KA ERBL: void penv_slave2 gld init(); ZHBOEE M gld iEKit
B, FFRIERL.

itk ¥: void penv_slave2 gld count (long *ic); it ic RIRTEH
i gld iER UL RS EGE AR, %R 5 B RS0

MR FEG T — MO BEH — MO REL gld R B0 BB
O BT R %L 1, 2 BI1R R ic0 A icl, BRI (icl-ic0) BIT 15 3)i% %
O BEEUZ O R BUR R I g1d 1 K ICEL
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8.3.2.3 \# IPC 43t

WAL H: void penv_slave ipc_init(); iZEREURE WAL E o
it caE, IFIsaiL.

Zii- B #: void penv_slave ipc (long *ic, long *tc); Hrf ic {#FF
AT CIBITIR A MAEL, te RO ARTIH e EIE, S ECR AN, %R
O B MZ R ECA

MR FER I — MO BEFH — ML LR AU IPC, TEAZ O B aliiZ O s 4L
i fE WO % B, 4 Al 5 B (ic0, te0) M (icl, tel), 5 @ o
((double) (ic1-ic0))/((double) (tel-tc0)) B ] 45 3| 1% 4% 0 By 5L A% -0 2R %5 1)

1pC ,fa G o

8.3.2.4 M\#%2 R i MEH St

WItEEEH: void penv slaveO float ops init(); %ERERBEE MKEIF
INygaRe . FEMNAAR 2GRN T B A, IR,

ZEHER¥: void penv_slave float ipc_count (long *ic); FHrft ic fi
A B0 RUINRRe . el 2S5 R MBI L, S HOR L7 =, R
A A BR A H

R T E G —AMZ O B %00 B EOT SRR . TN HE & S5 iRk
PIREL, TEA% OB EUZ O REET IE RRZE 1, A8 8] ic0 A icl, FEiEid
(icl-ic0) BRI ] 45 3% A% O B sl O B L1 IF AU . e 248 & S5 AR 1
KHL

8.3.2.5 \#ZZ = IPC 4t

YIAEAL R E: void penv slave float ipc init (); ZEREURKE LM
Rt B AR, JRPIaa L.

it BRE: void penv slave float ipc count (long *float ic, long *tc);
Horb float_ic R0RAF AT DISATH MR W FUINEGR . SFnSEta &S5 RRAF
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R CRE MR EIEGR+1, AP EIRIN+2, BSR4, AR
Feh+8) » to ETRAFZATRBH A KL, SHCRAIMAETT 2, R B REMZ R
HomH] .

MR FEG ML BEE — ML LR BT 5 IPC, R0 B O
BRORCHT B O M iz H L, 0 B AR B (ic0, te0) M (icl, tel), F2£ 7 I8 T
((double) (icl-ic0))/ ((double) (tcl-tc0)) B AT 15 2112 #% Lo B Bl A% oL bR BURH T
2N R, 2 BAEE Y 8.

8.3.2.6 NxiE SRR B Gt

WIUEAL R : void penv_slavel llicache miss_init(); i%R%¥E M
# L1 ICACHE ittt #dift, Iroa6it.

G ERE: void penv_slavel llicache miss count(long *ic); HHtic
FEPRAF 240 L1 TCACHE Mt 42 R K, ZHek HI bk 77 30, 12 R U BEAZ R 0

WR TG — ML O BEGE —MZ 0% L1 ICACHE Wit E, fEtzl
Btz b s BT R R A 2 0, AR R ico M icl, i (icl-ic0) BPAY
15 21 %A% 0 Btz 0 R $) L1 ICACHE Mt BB %L

8.4 GDB B

R R G THENL ARG RACR A swedb TR, % T HSCRHEH
FUHIEN RS 5 B BRI BUEE AT R L.

8.4.1 FEEEH

1) FEgmPERIRATRRPRS, DAZUIN-g Y PRIE T
2)  ONibRERF M BLBEE B AR, R IREL, T 2 F A
export MV2 HANG WHEN ERROR=1
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3) EHFEFHEEPLORML, B DLZERE U AE AT RO ARRS i B AL IE RS, fd
gdb BUBIEIA AL, ks R AZEIEI RS AP IR an e 8-7
fion, %417 & FORTRAN & .

SEILAEAEI HIARAG :
j=1 IR E
do while (j==1)
i=1

enddo

AR AT HATIEF N a. out, PRI AE:

$ gdb a.out
(gdb) run
(gdb) C // HWIFEFHAT Control + C
(gdb) p j // ATEIA & § I
$1 =1
(gdb) p j =0 // B E A
(gdb) p j
$2 =0
(gdb) c /) MREEIAT G BLARHS

& 8-7 HTEFERANRBELE

842 BRI

1) EgRFEHATIERN, LIUIN-g 4RI,

2) WEMIEAE, export MV2 HANG WHEN ERROR=1

3)  HEANFTHUATIERF H 3%

4) RS E A xobjdump —d . /a. out 2>&— 1>&

5) FAAEMLET I —debug T
bsub -1 —debug —p —q q_sw_expr —n 16 —cgsp 64 ./a.out
I bjos AUWHENASE, CEES ST AdS . wfElsh:
6527895, &84T MN: 40152-40155
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6)

7)

8)

JEENEN IR IR SS (R AAEM R TR E 2 AT — Ik, BEAEGR G
AanfF1E) , #%: bdebug 1R

bdebug 6527895

PAT R4 swedb WHATREF WES

swgdb a.out 40152

£ swedb $&RFT MMAMN A%, X Edr4 5 GDB iy &M A :

a) attach #FET: EFEPREIIEER

b) detach HEFRET: Z5ACYFTHERR IR

c) where: FHBREIHHKR

&l

e BT gdb FIAILACR 28, BVCRAE R AT BN AT I, %
P T HRAS .

8.5 BHEERBRGEITIAR

FEFFAFR: ldnreport

THER VLB : Ry “Mhie K2 b” TN R G AT BT A 1
_ thread local , _ thread local fix, _ thread kernel( “kernel name” )
KT R AR A BRI AFR BRI/

BATH&R: ldoreport AJHUTIERF

WMHER: BFEPIAREAGLE. EHRGAGTENLR. ik
AR /IN; LDM AR B ik [R50 5 A AL RN

HoAth e EA -

1)

2)

ldmreport fKHFE T - 9 FF 515 8., PTPAT AT 1B & g R B 12 L
ANEHAT strip #AE, BUTERBURAEHE R

WIRFEFF SFFES LDM AAE A 64K, SfTEIIEFE . X Hi
A LDM A2 & [l G4 LU T JLAN R 77

a) FJEH preserve WILREE K R A7 2 8] 5

b) _ thread local + _ thread local fix [{J&E#ZA%SH;

c)  thread kernel &[] KET—1 .
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8.6

Kz

[pfsxxcl@sn22 blast]$ ldmreport ./blastp.swgccok

==== tdata_local max align: 16B, data num: 10, total size: 10144B
addr:0x10 size:8 name:_PC
addr:0x18 size: name:_PEN
addr:0x19 size: name:_ROW
addr:0x1a size: name:_COL
addr:0x1b size: name:_CGN
addr:0x1c size: name:_MYID
addr:0x20 size:8048 name:s_data_ldm
addr:0x1{90 size:2052 name:s_subject_ldm
addr:0x2794 size:4 name:rplyl
addr:0x2798 size:4 name:rply2

10
= |
72
3
4
5
:6
¥ §
:8
42

& 8-8 ldmreport R F ;=451
Mz ERES T IR

FEF2#R: checksp
ThEEUEB: Rud “Mgle KIZG” tHEVLR S AT $ATRE T B AL ek %l 5
RN, AT ERE R, Wkt i kernel pREH P 75 b2 6]

Ko

BIT#: checksp AJHUATIEF [BRELA]
BHER:

BeCalledFunc (selfstack size, childstack size) [total size]

Funcname (selfstack size, childstack size) [total size]

PRI 2 RO R FR AR 3R, ot ) o 5 b D e 0 AT 4 B AN
® selfstack size: PRELHGFT TR K.
® childstack size: TRREFTFERZSME KN,
® total size: ERHUEBRPTHRA KA, AETPIFE FIA.
®  UNKNOWN: vzl 12 ek Hokk 2% ] K/
HoA VL«
PAT J U bR B W AR 3 1) K/ Chn e UNKNOWND
1) REERE
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2)  HBIHRHL.

e F R, BT LB A R R ek o EAR R A K, A4
7D TIALTHE, 40 printf BREG g MbTHRIBE AR 1088, X
AME AT DRSS L PRIB Ol R 5

.

X T B 8-9 B B RK O F oK &

$iun2

8-9 checksp Rz F 75l

i checksp %A% B 8-10 o
slave fun2(16,0) [16]
slave funl (16, 16) [32]
slave fun(16, 32) [48]
slave funl(32) computed // funl E#HEE, AHEETHE
slave printf (1088) estimated // it eR &I+ = 7] K/
slave_main(32,1088) [1120] // BERERBHRZREIFR, mREA

[&] 8-10 checksp #iH & =5l

YT eREHEE, B func pointer (UNKNOWN) .

8.7 R¥KESITITA

%MK checklen

THEEVEEA: KA PRl XM 26" tHENL R G T BATRE P i I8 E eR H0m
fgh PC ARG K .

BT R: checklen AJHUTIER LK

BWBER: FBFPERE func name HI#RLE PC ARG K




F9E TiEsy
9.1 X TEBEREBEELSE—EEHITRY

9.1.1 #h

FUR AT 2 NANZE T FECKRAUZ (BRI 300 22 HLE) 20 A B, a4
Prti i 5 B 7, R BRI ANESR X, i@ eiME 2
2% o QAT HER AT SRR AR ©AT AR IS AT BRI e 2 B s A, — EHAN
TR I35 T TARE Bk, 184 RA AT S BT T T i

] SV SR 7 2 ST 2 2 R 2 T P BA e e AT 7 S 8 3R 25 eSO 7
THIZILR K Bol tzmann faj AL E 704 BB AL, KR 12 FROW 0 78R G it
JE B AR IS B R 1B B B ARAR B, IR B AR 7 s (a], A —
L) T 2 ) AT [ 348 458 1 52 2 [ 128 130 FR) A B B8ORS T A b 50 T
JE A AN RE SEUAE » g 25 I GE — A 5T 5 70 A1 R BT R AE B A
HACTH 2 AA TR 5 A I ) RS B8 2 1) B A = e 500 A X it 2~ 185 R o N2 P 4
J& ISR AR 1A IR ZE 93 T34, A B AR 52 5 I 18] 73 2EEOR A NND #30, RE
PR TR T AT B ) A IE S i b AU S 3. U A e Tl
ORI v R AN 7] S A A S it 1) 1) AR IS Bl 18 88 5o B BB AR 0 T332, 4k
JE o A R BGHAT RO, W e B A (8] B AR I MR Eh 28, S AR
T B SRR AT A SR R AU IS B SR g — S

HIFIF SR Boltzmann 857347 BT FE I 22 00 58— SR TU /5 BEAEAL
P T 2 ) 2 R N AR 2 RV BEAT, e AU SE B BT AT THEL R
Gto R RE LS VAT A5 RN KR A it el sy i 8 S SR I 1) L A ) 8 — 5
ERT U R AL I IFAT TR A A SR DUR 28 BI80A B B, RIS AT
HSE RN TR IAT RN, BEE AT 8 RIS B, AN F
FER) AT S SR 5 Z A TH AL BRI 2 KOG . O 1 7870 4% “ s Kl
67 RN ARG R TR RE ST, AU DA BT R GEREAT I T MPT FIAKZ
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FATHBEE S, AT A BESOR 5T, 32 AR o 1 B T3 2 ] ) X 37 i
SIS FATHEIAZ) . ARRRIATSRAEAIFAT 1/0 PYA 7]

9.1.2 ETiEE =8 80X 5 iR SR bg

S YELER RIS B B AL 0 % 17 2 S Mk AR % I Ry 2
LR AN A2 ], T R A I o R4 B B4, — BB e A
T B FEE D3 T DR B 2 PR SR A TS AR R AT RS £ G 3k
2R PR T S S TR A e T E A e £, 8 Gauss—Hermite
TS, REE %] t B2 (x,y, 2) TSR o BET.
M (Ux, Uy,Uz) « MATKE (Txx, TXy, TXxz, Tyy, Tyz, Tzz)  HHE
B (ax, qy, az) 2 MRS 250, AR I R0 A sk i 2 1) gy (6 J0K50.0,0) o gy
(RIS YUEZS A, SRTTT, 5 % (78 B AT e 5 SUAEREAN S 4E 2 A rh, A7 e U 5 SUAE T2
@] (BJKy 8k (050.0) wr, BrLk, 18 MOR AT O FOX A AT R
I, X3 I R T 1

Q 2 = e e S RIE B BUE B R 2z ], 0 2 B 2SIl (x, , 2),

BB EOER AR AR (9990 | .

Q=0Q, xQ,

bR s Mo N s QMR N AT asia S, W
@=j

Q:ZQ" g QN =

I3 18 2 (R RS BRI R A B2 PEirh SR, XOREI MR SRS
[ =M
— il iy B 1 2 PR RS . 1Ry Rt 2 s Yo T A S

Q
{gi i=1 g Q=0 @#)) pQ;=Q,;xQ,
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S b 2 S I R AR 1] X S RN . LT — R SENG 8 2 oK

No gz @, B =9 xQu,

MR A SRS, K5 S BT by e R Y AT
2] R Qi T 2 = X Q1

W AR R . FEE . HAT AP R =AW, AL,
2 QR S HOFIER K (B, TET SR SR s iskng, €
) P A 25 MR CBNTE T 73 8 A B o BRI . 7 2 BT BB
(07 R REATHLAE IR T, — 0L R L MM SR E ST %, H

BRI T QoSN TR A = AT AT B e, R A1
HEACH IR, DRI = AT R AR L7 TSR R x5
T M MR 5 SRR B A5 B 5 SR, SRR (AR o T 4 5 10 7R W, B Ak
DL s B 7S G BT S IRE H JR 0 SRR b i

9.1.3 ENIMEHIT

H AT 0 A 0 R, SR T I R e (R AN B s ) AR A], RO
JE 22 8] 5 0 B 2 (B S A T A R, R R B KRR 2 BOFAT1E, R
FOE T T A 22 8] ST MPT JFAT , PRI AT DAl AE o7 1 4 18] 42 30 S0 AHRLEE F) JF:
AT, SREL CHETUH BRI FE R MPT R AT+ 5 T I A R AR Y
MM EAE I FAT” AT T B8 H] “HBL 260107 A ARMLAL L 35 R
FAE A AT B, XE LAAF O B SRy B AR S (RN S A v P i ZE AR &, e AT
PR R T AZ L R BT IR AR ML IFAT, W 9-1 o

B Rk B A AR E ] - MP | 47

B ELREN | g
9-1 ZRHITREE
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X B A (B A S5 M BB AT MR SR, SRIIIFAT T gy . LRANZ
TEAAR R BAT WAZIFAT o THERZL L PATE W] 73 P oy, —ER o> T A% O
MITHSEAR T, F3ah— 88 W H A% O RO IE 5 1 R IF R A S [R5 138 77
H A B I8 15 B2 (UL T AR B IEE 50D o« MZIFAT IR EBAS 3 R TR
—ANAL, BN AT — DN IFAT I T R AR A 9-2 Pl

Horp My _id A2xE R THE A L H)E B 5 GX IS0 5 M 1 JT45) , CoreNumber
e TR ML OEL WU Y, i MR AT SR Ty S g A T e ik
R B AT 2 LA 1 m PERE THEL R

JFREFER MEZIATIEF B
do k=My id, km, CoreNumber
do k=1, km do j=1, jm
do j=1, jm DMA Get ! M FAFENTHE P75 HdE
do j=1, jm do i=1, im
enddo enddo
enddo DMA_Put DRSS RS B LA
enddo enddo
enddo

& 9-2 NMZHITHRIESRRERE

WAL T A AR TR 7 9, S SRR 0 20 AL B 58 B TP
AT, FERAT CoreNunber ANHEBLHIAALEL S b STBLH 75 B O B
A FRI% T/CoreNunber. WIS Z2MEH BB L WAL TFRY, LRG0 s
BRS04 TPRA Py WAL b N R UBURIAAS TRRS A PXN, TR T
VT AR S0 O I H 50 7 SR P 9-3 .

A T TR T

S -
AAZINE L DAZHATIG BFF4S  (T/CoreNumber) + (P x N)

B 9-3 REZMELEHE LN
A1 BT HERD, MO EEEIE A R 20 TH AR, 45 3 B0 B, s Rk
B AR o DR 1 MR Gt A5 101 SRS 2 e il > A O ) B3 S A5 8 70 T4
H PR AL AAZ O ST A I S EL
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AT H A AE I T E R IR AE LA S o

9.1.3.1 HiBEHR /MK

B R EEA PR N, BB T AT 5 G B IR 4 B R
MMAZ b, BESEIAZ O AT R R AR FE P, O SR — S B
IR AT B D A% O B S8 05 350 00 (R R4

MR FFAT JZ IR AR ARNE FE 57380 F 1 R FH 2k B O 18 2 ) ) DX 3 o fie e
SER TR —4E R U AN =4 R T 2, TR 4O RN = 4 5 i)
W R BB, BIE S EE KR R E S B, PR ATE K
07 1) — 4 5 il i 07 AT AZ 0 X353 i

LRI AR P 10 HAR AL T B T, S A% 0 BURE P AR B AR 58 R I 40 #T
KA TARRAARPHAER, HER RS, X RRHEAE. ik
FERAEFRS, BX SR AT PHERE IF . IR ARR 1 J7 I 2 40 1
KFREFF T, MO TR EEANI T AR jeb (i, j, k) writab(i, j, k) «rix (i, j, k) |
riy(i, j, k)« riz(i, j, k), MRACK AT EASSAE R A BT 4R A K X se AR & 5 JF
rixyzbjcb (5, 1, j, k) &, MG RIERRES, THERZOREAT B @ 5 A 5
BN rixyzbjcb AT XFE—3K, MAZCEHEEE RERID, MU
I R, MR T 2 %0 2 OR AE(E T KT S BN e 4. SEhRiit il sk
W LE R, W P A A R s 15 B {5 RN K

9.1.32 {HE S5 FENHEERRR

XFF IR 260107 SR ARAZACBEAS,  An e SEBR £ K PR EE B B AZ a0
FUEAZ M fil 22 18] (R 07 1) SE IR FERAT R4 1R BE AN (K G B » 7E =R Seii RIS 3)
WHUEA I OAZ AT FA RO AR A, SR 1 G LR, SEElvhSEAE
T B OR PR B A EL R F BAS RGFInid  R o Frii WZ i AL, A2 AE AAZ A 1Y
JRIRAF it 2 1a) RS 2 A3 T8 B /N AR At e a), DAAEAE TBOM o [RIAE R/ L
B AN T3 Gt B8 o
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AR R SE I, AR R R BT —5k (R
—EUO AN (BED iR R EgREZ A, AT AR YRR T [
i, BTN —5 CE—800 BN C5ED HdREE . B O SE a (S
o TFAH Iy MRy, — o R AN AT B8R 70, S A AT BLS ST 5 AH TLRS
R 73 o o HR AN ] BRBEES 23 T8 A 3 — AR IR\ B JE — 0 UK S Bl R B d A T
M, RIS UGB EE 7 TS Po AR AT LA v SR8 A B R 1 2 18
fEIFEN P X (N-1) , U SR O EHHEIT815 8 T/CoreNumber s H84 A%
I b BARE LR WA 9-4 T2k

T

ZNINE L =
AR Max [T /CoreNumber,Px (N —1)]+P

B 9-4 BEVNEANEXZMELHTEAR

MEFFEETHE

DERHIRLERE, (tERLESS
v
RAEDMATENES i B AEER

v

> RAZDMAEA S+ 1IREHERTE R

v
FEEiTEEA ISR
v
HE SRR
v
REDMAR S FiRT EHEERETIER
v
Li0RE TR SR IIER SR

FERE—IRITELEERE TR

M EER

B 9-5 ML RERILH I REE
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MK 2 Ot R GOFAT R Bt S

E T ARAZ I LT SRR IA AR, AL T BT AR 23 R A5 T8 Sk B
TR RIS ERMRE G, WX EIHE R TEE I, s

[ 388 5 O 85 SCRF A /NI, AR A B v SR OE AT B A I

bORE 2 #20

CoreNumber o AT AKE ARAZANIE L5 AA% FLA I MAZ O A B2 BUSE SO ARZIFAT L

B, AV A IFATRCR B G T 1,

BB B T VR BB e 8 78 0 S R

FRAZ IS o
WA L UGHRTRE P s | SR s n
WA 2 WHBBTRAE [P w2 vat
BN 3 U BT

BRI5 -1 kit R A

BT 1 UGT 5

S 141 SRR

4

5 [E158 N-2 Yt 4 SR

....... [i> HEAT 55 N-1 Wi

—| SESN-1 iSRS

BENEE N YOS B if Kl

—> AT N S > SEE N K R

B 9-6 W&AHH TREMTEELERBREREE

9.13.3 HEMWLKE

AL IR R AR P A B AR SIS . MO T B R A
(B3 ) SER /N o DS A A X A 6 AN RT3 S ) K B B U A7 R PP AT A% AT 5
IRBEVEIN, ) AR A AR R RE S B8 T U7 A7 I 2R A5 B AR

AIANK,

[ 5 AT TSI LR AR 7T A 0
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FEZRABR IR Bk, X B AR B B AR PR BB U ) AR AT A L R 22
TR, AN o] 3 S A AE B O A7 B S0 ST SR . N rest
XHAFAE K B B U A7 R e B AZ AT B AR T B e BT RO R SRR
T HAC A 5 L R B RS R A B NN (8] (R A2 U, SRR DA% D BEAT BB B
Hs . THENGEAE S B, RS 0N S (B B0 AR T R (] JER SR A7 A it
Fro RVEIECT JEORIN L, B0 1 A& P SA e B Rt A%, (Heh T

EIR T REARRAE AL e ERGEREI WA AN 1 BT 2 5K A% Lo T A R
MIANK e T8k, 575 T R AAZ a3t Ja S A i 5 [ 7 1) 3R /M A5 A%
O SEIFH R RN o FEARZIFAT AR, A M IFAT R Bese Bl 2k
ibpiipus

9.14 HMILHR

9.1.4.1 N#ZFHITIERIFR

ST AL IAT FEIE B RAAE ML I AT R R, DR e o 5 B A A
LPERE IR BOR , FERAL IR R R AL B 2 A A AR 75X 36 X 51, B
THURE S (A A AR 16X 16X 140 ARALISIE (150 G A0 45 18 BE 23 A7 bR 500 <7 5
JIFR A KA AR DL AT AR 1) WS AL PP IR, A “ g 260107
SRIAAZ AL LA EAR R AR AL IR S5 R ank A% 9-1 iR

RHE 9-1 MLIEFERAIHITHE

DI RERL R MAZIFAT
T RS RS OR R A 1 0. 37
§ TR E5r TTRERARRE T 1.32
N J7 A1 ZE 5 JT RE SR ARAR T 0. 80
C J7 IR ZE 53 J7 RE SR AR AR 0.23
T e A SR AR Ay 2 0.35
S At Xt < 1 R e R A 0. 68

MERE 9-1 SERATLE H, IR IERCR U AR . X & 7
[ 22 3 J7 R SRR U oy - B SR rP AR AR KRB U A7, S8 N IFAT Jm SR A 2 1k
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MUK 2t R GOFAT R Bt S

I, MWRZIFATRCRIES] 1.32; 0 J7 [ 2275 U5 RESR AR 3R A5 B AR A s R
ERERENR, © JrRZED AR AR o il A WA B B 0T 7] 47 10
TR OL S BUINE R A, 72— P, Bk LRSI IR R 5 Az Ak 2R
SIUTEREIL S, BT R B RCR -

9.1.4.2 XEUEHITEEE

N TR KB TR Y R St RE, ER MR ERE
61 x 25 x 31 x 300 x 250 x 250, 4}FILE 243750 & 7312500 MAZOE FiEAT T
DRI LI, Sl iy R S 1 B [A) S RS IR b . FFATROCR iR s 9-2 fr

No

R 9-2 FHITIHEITMMELL

N 243750 | 406250 | 609375 | 812500 | 1015625 | 1625000 | 2031250
I [A] (F) 46. 69 28. 37 18. 24 13. 86 11. 10 6. 99 5.74
S g b 1 1. 67 2.5 3.33 4.17 6.67 8.33
SE e b 1 1.65 2. 56 3.37 4.21 6. 68 8.13
HATRE 1 0.99 1.02 1.01 1.01 1. 00 0.98
MAZEL 2437500 | 3250000 | 4062500 | 4875000 | 6500000 7312500
I A] () 4. 71 3.67 2.90 2. 45 1.92 1.82
HS g 10 13. 33 16. 67 20 26. 67 30
SN B 9.79 12. 72 16. 1 19. 06 24. 32 25. 65
AT RR 0.98 0.95 0.97 0.95 0.91 0. 85

9.2 £HRAFRKESERENKRBERHE

9.2.1 ¥R

FRIKIPTT R KRR o)l o fie i, o e B, LBk 1%
Lo R AREUTT FERFAL, SRS AT 5T — RO 3l S HE SR AN T Bk (120 B
AN, TR AT B R T R ANE R AT SRARE IR A AT A TRA
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B RIFR T R T A S T3 R Ok T BB . RS
DA AP F KA SRS HOT R BRI . 55— A L Rk E
5 RGBT R TIOR3 40T 47 5 L 0
A ML

9.2.2 EXEIT

PRI T R SR AR IR 2 W0 1) 4R T 1E
{%—f—v-(hv):o.

a(giv) +V.(hvav)=Vc + Vg,

KHAEATE, BEEH, 2R Uy IR Ry i
RIS (stencil) .

X(t™) = X (M=) — Atc(X (tm-D)),

X (™) = %{X(t("“l)) +X (™)} - %Atc(f(t(m))),

KRERSL T FARG (cubed sphere) , ¥R BN 7S BREZER P Ak
T, HIgRanE 9-7 Bl pR:

Paich 3 Pateh ¢ | Pateh 1 Pat

9-7 Bk31 5 MHE R G
TR, e 9-7 KA EE 2 A 43 BN B (patch) , X R /SAS MPI
Group. FLERE—~ MPI Group "R HdE &Il 73 B F-H (sub-block) , F4-IREIA A
HFEF . Stencil PIHHEAMEN 13 £, W 9-8 Ax:
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L= == =R = =]
(:I @ '.. ® O L N
Ok e e 8 kW00
oa|lm e wawrmoa
aQlew YR RIQ
E) @- B of|jw e e OO0
O hO|k® 88k ROD
oa|lm e waxmoa

g9 R0 QDo
L 2+ I e R+ ]

9-8 Stencil &3 9-9 patch #—" sub-block #J halo [X

ALER], HEEGANMESFE L. N Ay BRSSPk
POANREDT ] BOAR SR AL, IRl A 1 BERR () B 18 A5 B 7 oKk . bR — A itis
B AR 9-9 B, XA cubed-sphere H1—-> patch #i&ln ~NZ AN
sub—block HITEHL. ZL0 RURIZBERE T 76 T BB AR £, SR8 e N 1 THERX B
Pk AT 5 22 DA AT AR SRR . — K stencil BVETFE M2 WA 9-10
J7 o

B 1. stencil Hik

for all six patches do
for all sub-blocks in each patch do
Update halo information

Interpolation for ghost cells when necessary

1
2
3
4
5: for all mesh cells in each sub—block do
6 Compute stencil for the h component
7 Compute stencil for the hu' component
8 Compute stencil for the hu® component
9: end for

10: end for

11: end for

& 9-10 stencil BiE T E R

iR stencil WITHEMFEEFEIIA F EDE.
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1)

2)
3)

4)

A JEiB{% (Update halo information) . J&F PETSc MUHESR, ] H:
R At K 3 B 2848 JE B 5 4% 1 (VecScat terBegin/End) #EAT 15 ;
i bs Do i B8 D 5E A stenci L THE ITHERT

W 45{E (Interpolation for ghost cells when necessary) , fE
MR EANF pateh HIA0HE T halo X EdE 2 1, 75 B Halk 174k
M 1 AT SR AR

stencil #% (Compute stencil for h/ hul/ hu2) , X#B/¥E MK
B, BFEREM =M REL 5 LIS o B A

923 ENREHIT

BEXS “pigie KO0 RN AR RR SR, T B 4 BRSH
FITHSARRAE , BN 2 EER 61 55— sub-block MITHEH, 188 %0 HERE 5
Ji% sub-block [&] (148 & IE(E, ZdaHs VIR patch [AIRIA FHEE, K% O 55
(52 stencil W) AHBIEMZ O L, RS RGER. EFTE—
JTH AR M T EMTHR B, SO T AN E RIS AL O B BT . T
Tt PR TR, XEIN T 85 T E S I RS . 1S SR R A R
7TH sub—block HEATHE—E X

halo M
LI
top halo
C C
o 5
@ . =
c inner part =
= =
o 2
| -
bottom halo
“  halo

“——— sub-block size ——

9-11 EEITEBIEZESE A sub-block X4

[ o it S 0 154
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EZL7 9, Inner part i stencil IHOFESY, IXERFHITHE R fFEA
AR R AT R, ATREEMEGE. B N A A 0A halo X2,
KA (TR A A AR AR I\ AN AR AE 1 e, WA 9-11 P, il &3
WS R F 2 HE, ATLAA] Tnner part [ stencil 454 X HE B halo [XiEfE, H
THERERAWE 9-12 s,

S one stencil cycle —3
MPI update halo
F# Loct | interp. || LDC2
M#% | Bdy-1 '| Bdy-2 H Bdy-3 Bdy-4 |'M2C I stencil inner part | c2M ‘ ‘ M2C | stencil inner part I Cc2M

D @ @ @ ® @

9-12 ENEHEBAEFTERR
FE RN AENIEATTER, B TFSLEL T H R A RS . AEROR IR KUK
J7 FEIRUHT RS T CAE] B S HRF 6N A 6N AT B, F27 R v RE 5E A7 1Y sub-block
Yoy TWEIRHIIRZ, N FAT R G BRAER ALK L, &7 BT ERCR,

9.2.3.1 \#&xi> /Y stencil HE5ZE

WA 9-11 iz, sub-block [ Inner Part ZiHEMIZ X, WATLEMIZ
0 b Inner Part THEHREUEAT BT HIRE MO, Bl 9-13 &5 Inner
Part HJBVETT 5, MR ML OTHE DN, 11 Inner Part HIEIELTT Eik
A7 Ho A PPk % -

D 5K 9-13 R0, BN E— DR

2) BT XX IHUREEH

BRI 9-13 SR S RN

FE K HAT T BN AR ARTH 5 0 155




1) RIS LB A 5 5 K K a0, AT /5 220 A BE D
2) YK TTRURR T RAEVIFIE SN BT AR .

Y,
Block0 \

K&
THERXSE
X*N

[® 9-13 Inner Part BE#ZILITERFR

HI T A% B B B8 23 ) K/ SZ R, T DR 23 T 2 TR R A4 28 G L2
T Inner Part RiiFEE 47+ (X+4)*sizeof (double), 1T EIER LA T4
(7 [ R HE S 17KB, W) X<=42, &+ X N 32. £ Inner Part tF&H, F %
%7 x h. x_hu. x_hvy x1_h. x1_hu. x1_hv. y h. y hu. y _hv. hs. co,
HASR e fa st B 58 AR, X TS 58 E Xk, — #8434 X+4 4> double,
—HB53 2 XA double. ZIEMNR, A=A 4FHCRS, 4218 X+4 4> double JEAT XY
7, BIRFEAGD IR, EMEGE B 10%K4 T

4% 9-3 Inner Part FARITEEHEHIE

1155 | PETScScalar *kx_h, *kx hu, *kx hv;
O % | PETScScalar #%x1 h, #kx1 hu, s**kx1 hv;
NHE PETScScalar s*khs, s**co;

115512 | PETScScalar *kx_h, *kx hu, *kx hv;
FLH)% | PETScScalar #%x1 h, sekxl hu, s**x1 hv;

[ o it S 0 156
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NHE PETScScalar *#*hs, s*co;

PETScScalar *L i h, *L i hu, *L i hv, *L i hs, *L o h,
*¥L o hu, *L o hv, *L o hs;

PETScScalar *R i h, *R i hu, *R i hv, *R i hs, *R o h,
*R o hu, *R o hv, *R o hs;

PETScScalar *B i h, *B i hu, *B i hv, *B i hs, *B o h,
*B o hu, *B o hv, *B o hs;

PETScScalar *T i h, *T i hu, *T i hv, *T i hs, *T o h,
*T o hu, *T o hv, *T o hs;

XFT sub-block LS THE R UL, FEXHE b, FELHE O 2 MR,
nEkE 9-3, EIME L, MEWETOEESR, XEMFEEHLE 2 A .

1) BNEGE QTSR BE T, SRICEAMEE S5 25 A2 15 2 08 7

2) AR 2 D

SHTHANE, BTSN DR, HEE NIRRT, i
IRV REILAE, BT LATE 730 2 (R I 4 i A O 2 T BRI — AN 43, 4
JEAREURH RN s . FRH., ST E, TR AT s Ok
Y, UPETEEN 32, NS IHEROETE, s h e,

TR E, — ViR TR, S, THE RS A W R
SN, BRSNS, A G AT B S B R O — AN e G R R R
Ry W w] A vH A A7 (BN R A E 2 IR R S L R =5,
TR H] s W SRR LR, AR IR R B, (HRARN ZEER LT
R HR. KR, HRAERE T REN 2, NONERME, XFER/MEE R
PEARTH R SRR 2%, BT R 2 %30, JUDEAE B 8 AR IS 2 T LA 2 1%, 5t
T meshsize 4y 1024 FIFEGIRUL, A FHHE R ST 2%-3%H I [A], &2 Hc s
Gl

9.2.3.2 \#il> £ stencil 3+ E L

A EENE T MO B stencil HHE T, ATUABMIZ L BT
stencil TH& AT ICREU = Ae4b 77 7
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1) FAEEEHIM Aarry Of Structure (AOS) [A] Structure Of Array (SOA)

L2314
& 9-4 AOS [3) SOA &E#ifi ik
JR U6 AR A AT

Typedef struct {
PETScScalar H, HU, HV;

} ActiveField;

ActiveField *kx, *kxl, ky;

ABRR R KBIT R E A R SEI IR AE 9-4 EMPR, EXFEESBOHELRE
Bk ER VA (B0 temp=x[i] [j-1]. H+x[i][j]. H+x[i] [j+1].H, H[EH 2 4
double HIMW#S) , FECTHEIEAL, EAMNTHEN. HutRARE 9-4 4
Mo, X A - A 4 BH, VR R E S

(temp=x_h[i][j-1]+x h[i][jI+x h[i][j+1]) , XA yIa By 7 Rtk
Fro AR BIAN R BEIKT EAE AL O A BEATH L H AL
2) M OVIfFAIT S
®i% 95 MEHEESR

PETScScalar **x h, s#kx hu, **%x hv;
PETScScalar **x1 h, *%x1 hu, **xl1 hv;
PETScScalar %y h, sky hu, 3%y hv

JR GG A B R A
loop: prepare data for step 0;
get H¥fs; i=0
5 loop:
put HHfE FEfF step 1 get KL
end get step i+1 H¥f;

M5 step 1 45,

E1F step i1 put FIELW;
put step i ¥,

i ++;

end

T MDA A B UiAF, B DART OB i KB 3 0RE put AT get IR
[AIFE AL THR 2 e SRR N384 9-5 P, WiERt step i+1 ) get, step
i TS, LAl step i-1 (¥ put [FIRFREAT, HORBREZAHR: put 1 get FERUEK
3)  =fMeRHuA ML

BESEE S & Ll 158
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x1& 9-6 ZAERBUFMAMIL

DL meshsize=1024 N W=32, H=1024

JEAE A
for 1:H
for 1:W
6 * tan
compute
end
end
AR A
// 6%tan

compute tanbi 2, tanbj 2, tan0bx, tan0Oby, tanlx, tanly;
for 1 : H
for 1 : W
use tanbi 2, tanbj 2, tan05x, tanOby, tanlx, tanly and
tan (A+B) =(tanA+tanB) / (1-tanA*tanB) to compute 6 values;
compute;
tanbi 2 = (tanbi 2+tanlx)/(1-tanbi 2%tanlx);
end
tanbj 2 = (tanbj 2+tanly)/(1-tanbj 2%tanly) ;

end

LRI RGN =ARKEL tan THEIEIE R, HEERARA RV BB,

T A B REAE S B ARG E M IR R IiAL . @ad b, KIRIGIRAH) tan 115
BN 9-6 JRAGICA R, RITHE 7 6xHsW {X tan, HIREER tan HKIZHY
AF, HRZZAMER, B tan ZHPWBEEE, ZXE™4E 7 0EE 9-6 10
A R AT, ettt B R IR tan {5 (tanbi 2 F tanbj 2) LA fh
¥ & ( tan05x , tan05y , tanlx , tanly ) , #R J5 il & 2 &
tan (A+B) = (tanA+tanB) / (1-tanA*tanB) T+ %5 DL J5 BT A IE, X FF k4 7 46 1)
6H*W (K tan K454 6 ¥ tan A1 GkH<W JINJRIEERAL &, BN IIERRR TG 18 75
FE EAFERSE tE EHOEIET tan, FTUAH BIRJTVESCEL T tan FEM FEAIRR € 14 E
MItRAk, 2R, Ll meshsize=1024 Jyfil, SEEEHET; 40%-50%,

E R AT FH LR ARSI A0 159



9.2.3.3 \N&ZLiFFEME

FEU I MAZ ot SR L, R B R B F AN S o H - put AT get
IR RGRIE SR T KB TE], oA BT I E VA S, S50+ U5 R EdE
BAK, FrCAsER I BSE RN, BRI RDEAZ . $PX X — Al ATRCRAIINR
2 AT AL, BARUNR
D RSO gR IR, R R AR &

2) 34T put/get ISR FHARXS U IE IR T A7 D7 TR
®HE 9-7 NI EMMK
LA x [ get 9Bl AR

loop:
athread get (PE MODE, & (global x[beginI][b
eginJl),
JR G A compute data.x buffer B, sizeB%3,

&x reply, 0, 0, 0);
// AT 2 IRFEAFV5 A
beginl ++;
end
#tdefine A DMA GET SET (da, mode, len, re addr) \
({ \

dma_set op(&da, DMA GET) ; \
dma_set mode (&da, mode) ; \
dma_set size(&da, len): \
dma_set reply(&da, re addr); \
})
3t 1 | #define A DMA GET RUN(da, src, dest) \
({ \
dma (da, src, dest); \

})
A DMA GET SET(gvb3, PE MODE, sizeB*3, x reply);
loop:
A DMA GET RUN(gvb3, &(global x[beginI][begin]]),
compute data.x _buffer B):

PSS SR LN 160
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/AT 2 IRFEAF V]
beginl ++;

end

ActiveField *my local x;

my local x = &(global x[beginl][begin]]l); //i#47T 2
REAFVT 1]

A DMA GET SET(gvb3, PE MODE, sizeB*3, x reply);
Bt 2 | loop:

A DMA GET RUN(gvb3,my local x,

compute data.x_buffer B):

my local x += x n;

end

9234 N&ZLEIEWX

M 2T A0S #% SOA fskati, P AMEHREZ ) g s el A&l
RIkhl. &5 G 9iEar, A LERTIRELRL.
| !

05—
9-14 Stencil M FF1ERRE
Stencil A RAEMAXNFVIAARE, LA 13 & stencil A, ik 9-14
AR, sz B2 55, T84 15 T vl 2 i 100 Fe) B8 1 — E = A X SR
viie), B 13 AN Bvs e, A 8 AN R U R AT I, T EAIMR TR A SRR
ST AR R, Wt T RER A0S 2 S0A U7k, ATAE [ &AL
R FE RV BRI BIASKE V5 R . T T AOS %% SOA Il FE 2 R ALETE IR N ER 11,
g s LT AT REIR DAL B I, B LR AR R e Fah 58 i &l 9-15 fior.
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x5 x5 xt F Xt F 2t 5 2t F

& 9-15 185 Stencil ¥ 3FIERR=

AT 4 AR PATH R THSERRR, BIAT 4 DEeMER 13 A
stencile AKX 4 HEHEAHHAT, WE 9-15 Prox, BT RGREEMHE 4 4
double X¥5%, T LAREIRIAEALKI VS H AR A2 XS T TT . 2 stencil #ioriH5
SR m, BATEH] shuffle $5-45 AOS A4S R EFrHEAT Jy SOA ISR, I T2
JE R E . BRI

R"I& 9-8 ML RIELML

PLA, B, C, D NHliE &S AOS % SOA HIfLik

//A, B, C,D NN, HHEIEA N double

//RA, RB, RC, RD ARk ih, HT 2 EHiH5E, Hufkkal
N double

RA=Function(A[j-2][i], A[j-1][i-1], A[j-1][i],
Alj-1J[i+1], ALjJli-2], A[jl1li-11, A[51Li],
Aljlli+1], ACj10i+2], Alj+1]0i-1], A[j+1][i],
ALj+1][i+1], ALj+2][i]);
RB=Function(B[j-2][i], Blj-1J[i-1], B[j-11[1i],
BLj-1J[i+1], BLjJ[i-2], BLjlli-1], B[jl1li],
BLjJ[i+1], BLjlli+2], B[j+1][i-1], B[j+1][i],
BLj+1][i+1], BLj+2][i]);
RC=Function(C[j-21[i], C[j-1][i-1], C[j-1]1[i],
Clj-11li+1], cljJli-2], cljJli-1], cljllil],
cljJli+1], cljlli+2], clj+1][i-1], Cclj+1][i],
CLy+1][i+1], clj+21liD);
RD=Function(D[j-2][i], D[j-1J[i-1], D[j-11[1i],
DLj-1J[i+1], DLjJ[i-2], DLjlli-1], D[ 1li],
DLjJ[i+1], DLjlli+2], D[j+1][i-1], D[j+1][i],

JRUR A
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Dlj+1][i+1], DLj+2]1[iD);
/[ FRELER 53 AR T 18]
[/X NS A, B, C, DAL, BHEREN
doublev4

o | //ROAJEE R, BARESRN doubleva

Fhm = . . . . . . .

W R=Function (X[j-2][i], X[j-1][i-1], X[j-1]J[i],
X[j-110i+1], X[j10i-2], X[510i-1], X[51Li],
X[jILi+1], X[jlli+2], XOj+1]0i-1], X[j+1][i],
X[j+1][i+1], X[j+2]1[iD);
//in0, inl, in2, in3 NHIANFH, 327N doublev4
doublev4 00 = simd vshff(inl, in0, 68 ) ;
doublev4 ol = simd vshff(inl, in0, 238) ;

N doublev4 02 = simd vshff(in3, in2, 68 ) ;

Jai#El AOS . .
doublev4 03 = simd vshff (in3, in2, 238) ;
#Son | ,
in0 = simd vshff (02, 00, 136) ;
inl = simd vshff (02, 00, 221) ;
in2 = simd vshff (03, ol, 136) ;
in3 = simd vshff (03, ol, 221) ;
9.23.5 HiRtL5%

1) MIZO2RFE spawn 18 AL B H 5

SR ARAZ GE RGBT R SE I b, R0 A0 B (S JE B A% L2 FE
spawn X PR BRI 75 2 —— e R R AR A B/ . Dyt @i il
RIS B B MAZ LR FE spawn, S5 88N EAZO EIIAREEE, EXMBLEIT B
TS 10% P RESR T .

2)  RH MPT EE it 2 & Uk Ry i

TERMBLEAT, R E Bt ARIE ST, B MPL S EAAE NS
BIRIBAT AR R R . Dy, A MPT e b it B & Xighe ik, '
w TP RPN AR E CYN AT EAE T EZ AR, 455 T
RIUBR RS BT RY, TEEAUIE ST, A MPT EREAR AR T 7. 26 Y
258l AL JEFTH 7. 56 WAFZEIA], WIEAAKIN TR 290y 30 5.

B ZIAT I ENL TR AT 5 A O 163



9.24 HMILHR

AAigs T W5 T VR REMNA A R AN A — D, A “ B 260107
SEAE A% S5 K 5 PR A O EAT R R T SR A RE DN 155 00, 96 T 7 37 4 AR
RL AR FIRAN A SIS A R, 2R 422K 10km 70 BER 5], 1%
PR AR R T AKX B AR 55 59— I, AR R 4 1
AT REPER DL, SR UETHEEAE BRI A R, RIS AT T A . X I
H AR R P S ik, /5 2R A B 2 R (K I 541

WA RES, XTSI, BT 100 AR R, & 10 Dt
A7k EE R, LIRS YRR G o e DU ulTa AR b P AR P 2 B3I 20 ) T B
LTRSS e A A R o ST s BT P A 28 25 €120 = P S AR A AT DN
RIghn, e A gevthie 89 NS i THEI [a]. (EAERNZ, ZFE R
re TR, I TR AR U N 3 SO KBRS, B2 R T
Ve, A SR AR RN P 24 S TR 9 PR RE SR b

9.2.4.1 MR M BRI

RHE 9-9 EMOITERIMERERTEE

N i A F R LEF M OTHHERF
SR A5 P S A 6. 29M 6. 20M
K (s) 1. 6E-4 1. 6E-4
S AR FNEE 5 18. 87M 18. 87M
MR 6 6
I THEAZ O3 6 390
LR RERS U ELE] (s) 10. 051 0. 027

MEERE 9-9 ISR W, xtFF—5H, MO THER Ll otk
REFRTHHEIL 256 (64%4) fiF. A Hral s, PR RITHE I AR, Sii%
WAL 1 & B &AL HIMFESHL B TaARSEIAR. TEREFRTHntZ X
ARE SR R
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1)

2)

3)

4)

VifEXS Stencil THEEREA MR, M OLRFAFREEZRTE
0 LLC F &, (TR VIR 2t — P 5Tt

ERAR R B A AR SEIR A T blocking, ViAFiH R E SRR
BB 5T VA SEAERE, XA LA AT R A% L R R S

=M RBOA A RAL KIBBRIR T tan M, M OMEZOVEREZE S
PR3 T A 8 A

PR AOS % SOA Uik Fahmftl, mBLE KA IS e A AL R 3L
Ky AT VARG, R SRR

9.2.4.2 FITHH RHENR

=& 9-10 F5ATH B

e

2 3 4 5 6 7 8 9

B
hSE

1536 6144 13824 24576 38400 55296 75264 98304 124416

it
%
et

99840 | 399360 | 898560 | 1597440 | 2496000 | 3594240 | 4892160 | 6389760 | 8087040

A5
LS
hSE A
(G

13.5 54.0 121.5 216.0 337.5 486.0 661. 5 864. 0 1093.5

1
HEIS
it
Ay
1] (s)

0.217 | 0.217 0.217 0.217 0.218 0.218 0.212 0.218 0.218

A5
LS
hSEA
(G

6.0 24.0 54.0 96. 0 150.0 216.0 294.0 384.0 486.0

1
FEIS
it
Ay
1] (s)

0.099 | 0.099 0. 099 0. 099 0. 099 0. 099 0. 099 0. 099 0. 099
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A5
LS
hSE A
(G

1.

6.0

13.5

24.0

37.5

54.0

73.5

96. 0

121.5

T4
i

B | 0.027 | 0.027

A
&) (s)

0. 027

0. 027

0.028

0.028

0.028

FHE 9-11 BATY RAMEMR

75

3

4

5

SR
6

13.5

HERE B L

1536

6144

13824

24576

38400

55296

75264

98304

124416

T
BH

99840

399360

898560

1597440 | 2496000

3594240

4892160

6389760

8087040

P15 A
anGAiN]
&) (s)

0.2173

0. 0576

0. 0275

0.0173

0.0126

0. 0094

0. 0072

0. 0064

0. 0058

JeAT R

100. 00%

94. 38%

87. 88%

78. 38%

69. 21%

64. 52%

61.31%

53. 30%

46. 30%

MR 9-10 FRHE 9-11 HIMNAL R AT LA Y, 59779 Rkt ies 1 21
MRS 3R, R M 3072x3072 WK T LA Ry R ) 12 T3 1% 4 H
(&1 809 Jitx) , X Ud WSV e th i v 5085 2 SRS 1A R . dRmT 4
JEME AT IS B R R IR LU 25 S, I 1536 B 12 JTAREALIRAT RN 46%. 4>
AT TN, SEAT P B A ZH A B ) X R AE AN BT FRAIC, FLE BN [R) 5 Ak
IR IR R R, SRR A BRI 3 1/4, THEERSTIAS S 1/3.77; B
WAL BB, ZBCEaTREE— 2D T M. FOILIR N, S5 IX RS
HHEREERKRET Inner Part KITHERIE], T IMMERICE 1/4, X5
T S (AN FEAR S 1/2; RIS, Bl SR 2 AR AR PR, AR D AR spawn,

MPT 1 % LS5 6]y i 22000 55

E SO e O
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Bz A {ENETE

A1 EXEHZ

A1l Bl 54Edk ID

YENV: 2 H P 9 S 20 9 B8 5 AR AL EIs A7 19 H - 3T R e
A o FH PRV FE R4 5 T LA MPT . OpenMP 25 8- 2 F21E = FI3R3S,
AV HAT IR P T SARAE, I DAMEML TR B 52 22 B BN B 1T
FEATAE ML AR 2B 58 B AN 45 52 I BA A o i B 1B 4T

YEMk ID: AFIEVENATIE—ENL TD CBE%E, JOBID) , X th 2Rk
— VAR

WHF KRS (nodeid) : ZIHHE AN T, MEHMMERGK O (—
AN TP Hhk) FreE CPU K% 5 .

A.12 {ENBATY

YENKERAS: Sy Fogs 245 7 TSRS, T e AR L3R S i 23R e 1
BB o AR IS s P S A A A R

YENVFRAR: Py Al iz A7 SR DAVR L T AR 5 BIHR 2 IBA A o, &R 48
NEFEAR Yy FCME— IR 1D, fRMLAEBA SR HRRA, #2532 /F MV B R 4
(K18 ShIREEAT . 1847, HRAEAEAL R 55 3R 52 1) BA S & 1 o v dE
XAV BEAT AHLAZ B, B th R 48 B St Ab 2

A13 {ENr 3R

BATYEML: KA C. Fortran %5155 %5 19 S 3t F2 5547 B H A2 5l
shell %%r?;
FATVEME: K MPT. OpenACC S8 4w 9n 'S 11 2 AT 55 F-AT B HFE T -
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Al4 {ElEITIES

(R4 E2 7o LA BN g S R I SR AN 3 e (S A= S DR T (BN 4
HPRIE o

o IHMEM: 7EIENIRAS M4 bsub AATHIRE “-17 4. 1R
Ja, ARNISATE BAE L S i D R sei far i, Fo VR EAT R A AL B
P XA TR 0E SRR o — BRAC & Ml A ok
RNV B3 IR ES, A b, M) DO /e B a2
(bonline) HEFfF &y & H /RS H it o S HIBATHEUT,
Un 2R AR G R LRI DA #1072 PR B AN g AL i A ) B R R, Rk
PRATIN K B AR o

o Ht=MEk: TEVENIRAS M4 bsub A HFAIRE “-17 4. HELIR
2277 3\UA, RGURYETH R S G B G UL B 3aAT, RS R S
RAFAE A R G o IXBMEML Ry R AR IRSIBAT . $RACTE H AL
KM, ARMIEIT AR . AL — BIFIRIEAT, ARk BOhR#ESm A
B R S L AR B B EE R, LRGBS AR E T O 1R SO, RS
St B R SO IR G AT S AF . PRkis T AR, ATROE
REAH N i AR . HEARMLIS TR, RIS 2 A BA A o 2
BRI AL AR RE K, AR A SRRy o T A AR AE SIS
2% 3m B R N B R 2= Az, B AR E 2 Rt el 3
G A SR AT, S BIAT L 553 AT I UR AR A P HEA R ML 53R AT

i}

AlS5 {EAlEITIRGS

® PEND: EMNVEEFF/rEC it BEUE

®  STARTING: fEMVIEAEJEZNIEAT . 2E O &5 B R G BE L 1E S 30
SERTFURIBAT Z 1R 03 RS 5

® RUN: {RMVIEFEIZAT o 1Rk & 58 il BE 70Uk, Ak o5 B R G 2,
IEEjé/f EP 5
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® DONE: 1RNVIEW 5eItiB His
® EXIT: fENLRH e IR H
® CKPT: TEMVIEE RARAEFEWRE, —EARE AL FlkRIE 27K

==

I o

A.2 PAFIdrZH

R RO THENLAR SR BRI R BT ST R S AR
HAG. mEitERGH “HE 260107 SRR BN, HTHE RS H
Intel ALBRASALRG, PRI THE BHIR 7 P AN BEIR A S S8 AL -

® HHEUHERSL: q swxxxx, m#IHRAHEBI: q sw_expr

o HBIFHERA: q x86 xxxx, FHINIHERGGREIAS: q x86_expr

Hrt, g sw expr Al q x86_expr, EEHTHFEFIIFA. B, ik
H5iht, RERPA RGN, sl D S B X m N ASIBEE,  BR 51

® FAMESMIHT MBI AR 64

®  FAMESITT HAR B MANRE L 1 /N

M PSSR A A AL S, ARAE X T R BRI E, T R YOSk
B R VSRR T VR AR ) KA T B

A3 EIERERGS

A3.1 1ENR3Z

Theg [ 45 A€ I TS BIRER S T ARl

® bsub [-h][-V]
® bsub [-f sub script]

® bsub [-TI]
[-p] //list job’ s nodename and spe ma
RS I ! be-map
[-q queue name]
[-n num procs [-master] | -N num nodes]

[-np node mpes]
[-mpecg mpe cgs]
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[-cgsp spe in cg | —min_cgsp min spe_in cg |

-rtp spe_rtp | —asy]

[-exclu | —shared | —cpuexclu]

[-js job_proj]

[-1fs proj 1fs proj]

[-] jobname]

[-jobtype job type] // available type: COMM /
1/0 / COMP / MEM / MIX

[—mpmd ]

[-node nodelist]

[0 outfile]

[~k ckpt—period-minutes]

[-cross]

[-switchnode nodenum in switch]
[-midnode nodenum_in mid]
[-cabnode nodenum_in cab]
[~health health level]
[-b]

[-parse]

[-PARSE <all | master | slave>]
[—quick]

[-m value]

[-share size size]
[-priv_size size]
[-cross_size size]

[-ro_size size]

[-pe_stack size]
[-host_stack size]

[command [argument. .. ]]

-h BRHIEE

-1 AL H AR, R AR IR AE & 1, iz T A
LAk

—q [AFE 7€ IBAFI 3RS AR, b 1 T

—p TEA/EMV i H AT AR ML 23 BL B 1T R 81 3R A A B

¥ | —exclu | —shared | —cpuexclu #8EMH CG B 5 /C6 L= /CPU
5 A5

-n 88 T ER A F 2

-N 878 75 ZE T AL

—np F 8 BT RN I A3

—cgsp RERA CC N THEMMNZAEL, 18 ERZS L AI<=64.
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—asy & EfE AR FRETUR, oA CG A Y AR A~ # AT LA
A

—js FREMEAXT R PR S

~1fs proj FRENENALH K RHE AT

—node FREIBATIEMLIAT A (CG F11FR)

—cross ERAACAR T CPU (4CG [ CPU)

~health 8 E 77 e T35 I8 5 P 2]

—o FHAEMLI stdout Al stderr [R)% g [a) 248 € ST, Ak
—switchnode T8 BB switch HH 4 E A A4

-midnode T8 B PR 2 BC IR R A

—cabnode & B LA 2 BC IR R A

~b $8E MZARAL T e A7

—share size FREZHAILZEZSE] K/

—priv_size fRERMZ EAA KN

—cross size FRERL X ER/N

—ro_size  18E RN

-m value R A MBS, $8E-n 20, F S
RIS ZAF A Fper R JE AL 0L, SRV B ARG i 45 SR 2 A P
AIFREARRT EM, 2T 958 -0PT: IEEE_arith=2i%
i 48E-m 1, RKifepria MALCAN00, SRVFFTA T R EAR R
WA, AT %A -OPT: TEEE_arith=13%10; HAthpr A E
BN BRI Pper EAT A5 24

—pe_stack FREMZIRTE R/, BRI\ 964K

~host_stack #8E R R/, BRI 8M

[l A% queue HHEAE H A AF L my job, ZAENVIEAS 1 AN AL, Y
EX T

bsub -1 -q queue -N 1 -np 4 ./myjob
RNV IR I fE, #ER—ATHE 5 jobid MIRRNER, HPHH
ERTER | 1Mk id 5, fn” Job <102> is submitted to queue <queue>” ,
IEES, jobid A 102, ER&ARME—R. — BRI H), H
FUORHAE MY R 2 P 5t o] DUIE I XA jobid SRELILHT
fEFHERE BRI q_sw_expr AJUAAMEH - 24, -

bsub =1 -N 1 -np 4 ./myjob

D -1 Z245-0 ZH0EF AEVUBAE B . FOSEH-0 2%
HUTCVAAE B %t B DLRE 7 (4T B

2) FHEMRVARZ I )G, #2H A jobid, KAZAARELATELX
T HABAEMY (R ME—HRFIE . RGUKLRIUE jobid [RE—E. 1Rk

ERER
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A, SRR AT 2L jobid NSHL
3) Atir & ISR S AR T B T P R Y 2 Al
4) JH P AZAE SN i i A

A3.2 {ElERIE

Theg IR (N2

bkill  [~h]
[-] jobName]
[-u user]
[-q queue]
[—f]
[jobId]

[ g 5N

-h #HEE R

—u HAETRE PRI

—q FRAETE  DAFI A HIAE

SHEUH | ) BEREEL AR

—f ML EREEAE A T A

jobId ARk id FRIRAF

ULEH: 4 jobld $RERS, ZWE&-u -q I

3) WAZRAE SN W A _EAd

bkill 1234

R %iMﬂ¢¢ﬂnﬁ%@u%%%ﬂ
bkill -q ql
ZAEPAF g1 N IAH BT R
D ffH-u 250}, SRR L prE o, SE A P A Rete e
A

RS | 2) MFEA R, B -q 28, R RERIEAR P 7ETR
& BB A Rk

A33 EERFSEIS

Theg AW B AR BRIR A5 B

E SO e O
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LI g 5N

bjobs [-h]
[-1]
[-w]
[ca | -d | -e | -p [ -r]
[-q queue name]

[-u user name | —u all]
[jobId]

SH UL

—q $8 € WIS

-1 K& BRI RS B

-w 2KE RN, YIVMERKE B R, AR 58 TR
—a s — B RN BT AR

—u WontREH P EN, all BEFERIOCH Y, W EoRETA R
PIEMLAE B

~d IR HOEIE R 5EAIE M

—e SN BT IR H AR

—p IRALT pend R HITE N

-1 R IEfEIEAT AR

jobid Mk id =

5 F TR B

bjobs 1234
A id 5Oy 1234 [ EMLIZATIREE B -

ERER

1) —u ZHCUA T A8 B 5T

2) EEM ) AR EEE T A LR fE 2

3) X AT LR (pend) HIPEME, ARAFNV A (] 4L 2 pend
WE, ATBLA bjobs -1 jobid REAF AR BT,
4) M b ZifE SN EfdH]

A34 1Bl E

Thee | AWFEAL stdout Ml stderr Hi i (5 B
i #E3 | bpeek [-h] [-f] jobId
-h BoRFIER
SHUH | - FLERMENEHER, MUT tail H-f ED
jobTd FREMEILH id 5
. bpeek 1234
BAER | o 10 2o 1230 iR i (5
D AipAHegHTERWETAH P E&isir e EE
ERHEM 5|

2) JHP AAZAE SN i i A
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A35 {EMLEX#HL

PRI EARNL T DM, )RR i il i SE

TR | L L, LR
¥ | bonline [-h] jobld
~h BoRTBEMER
288
SR jobid FREMEMIA id 5
| bonline 1234
BRIV | Sl 10 29 1234 B0 TELEIZ4T 1 07 B 2 Mt 7 B
D B A L
2y BRTE I G R R R AR 0 AR AR 1752 TR, 75 TS
R, SRR . R TRENLARAS, A R
VR | R SRR e TR S A

3) XHEMVIBCHLE » AT AFE S AL & 3 B 1A 2R 10 S A
5 2
4) JH P AZRAE SN i i A
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Mi% B VPN BASE

EXBRATHE LG OR) VPN NOH G . BRBEMEE s = K188 LK,
FH ] DL 455 S b o 2% 3 78 R AR 6 IR B VPN N T . %8 )i 52 FF Windows . Linux
I MacOS #:1E R4

B.1 BALE

D MR WEB W&y EREXRTELE P OLE M, MWK

http://www.nsccwx.cn/o

BR Qan oomm DBz mx | N

RAEER | ROFE | ROBE | hows | EhdEE | SERE)

e ﬁjé“lﬂi ErT TR +1z¢zxﬁwwmm

//f/rTV\\T

BXRAIE: 0510-85195508 | it EMTRMRMARISHAKE-4R OCER@EHHEMP LIRIRATA FHICPE160088435-1 WRRE | BRRM | XEBRM: % o

2) FEEME A LA 2 5 AN S48 T AR B2 B
3)  HANHIE ) VPN K5 A

¢
[ EmEBEEFEnY

National Supercomputing Center in Wuxi

B FESSL VPN

—

HEBFRITR:
Lol iERER

* WEEZWUMGER, H KX E
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4)

5)

6)
B.2

1)

2)

3)

B IRBNSER 220G SSL VPN [Hd A AME b ha & 5 i) Ui, 8 s i
5 BATIRAT
ENFM AN B, BT BB AR SSH ELIE S N “ e K20t ”
THEHLARSE

M, chends | @R
E!Eﬂl‘f'ﬁﬁmlﬂ KA, chendx | WE | Bl

'al Supercomputing C

BRI [ » |

L3VPNERZ R (HBS)

sn188 KA HTTP

sn188 H%): HTTP

T FF ssh UMY AR & uA : XSell. SecureCRT. putty &5,
Windows FiZFEER

A WEB WA MEXERTHE LG OEMN, MW
http://www. nsccwx. cn/

TEEMNE A EAESEE— 2k S AR IS S AN N %, ke s
RS AN B P s, W B s

IR uE RS IEBFERRA, “' SRR A

EIRBAERTREN NS .

RIS B S B N EA IR, p—
RIS B2 S R R SN EBAA TN, p o N

LR BIRRA] S5 N E R OR R AR R RS B8 A AR EIE. [l T TN,
AR @7
BESCEANT , FF RSN SIXML, (AR ©

9 shttah SR,

FEREERT? BFNTHIEHH#TRE.

' iﬁiﬁéﬂiﬁé :
VPN BRI A, Eﬁ%owmﬁ¢lﬁﬁ%@%%uTu%W—%ﬂ
VPN EBAE R, B4EER 1P ik,  FEFR.
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% EasyConnect RS —n= ==

L 4
§ ey conest | & caycomnen

PSR | mEwe
A | =eh
7o
R [ At EshEh
=i — [C14f 7 USB-KEY B EhE R
Lo N TR
ol Bz WES e ST e e
itk 58.214.32. 194 el
HAfAP: jeq e—
$H4ER4IE): 0:02:32 @ [ A S RIS R
EEHATEHE - 2.0.1.12 s
’ Ezh g
R IE it it
—= 9 = TR EmREa
g 0 B/S 0 B/S
SimB: 1.9 5.40 KB
IHEHR
FEmE: <10% TEIEM
g — o

4)  Aih Easy Connect /NEARIER RFE W E LD, A4 U PR =0, 7]
B8 5 VPN 248, W EEFR.

B.3 MacOS FEiEFTEEM

D M Safari W W &/ UM ERXRBERIEHE LS P OF M
http://www. nsccwx. cn/;

2) WP “Safari TIERILFE" , FkEE 4 .

) Safari FiAIIEM 4 “60.208.139.60” 5 {1,

P BEMBMEBEN, STEEEEEE— My 6020813960 MR, FRETELR
E 6 ERHBEE, BIEEEZMISE?

? ERIES BH Pt

3) IR “UiRBHE” , Wrh A, R R RS
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