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- ¢
¥ Structure tree (1) EHHDORA—RER I\“j7°(:5i H

¥ program mg_rTn-)i. -
[1] call mpi_init(ierr) (2) % ) L/)l/ 5 '»/I E
(3) mgl3p YT IL—FUIZiEH

|:] call mpi_comm_rank(mpi_comm_world, me, ierr
|:] call mpi_comm snze(mpl comm world

4 RAFRAABMDI—TTEIY
GAOILET A

 — @call timer_start(t_bench)
» [ call resid(u, v, r, n1, n2, n3, a, k)
» [ call norm2u3(r, nl1, n2 m2, rnmu, nx(It), ny(lt)
v [@doit=1,nit, 1
» A if (it == 1) .or. (it == nit)) .or. (it, 5) == 0)) th
v [#] call mg3p(u, v, r, a, c,

¥ subroutine mg3p ,‘";rr':,k)/ (5) %IJ BE*ﬁFHﬁ)I/_a:?/&%iﬂ“
v [@dok=1It1lb+1,-1 .
» [19] call rprj3(r(ir(k) » m2(k), m3(k), r(ir(j)), m1(j), m2Q )(6) 9 "7/"5‘47)1/&0) Mﬁ#*ﬁ#

» [ call zero3(uir(k)), m1(k), m2(k), EFH

» [ call psinv(r(ir(k)), , m1(k), m2(k), m3(k), c, k)

e e () PSR BEDIIL—F Ty T

» [19] call zero3(u(ir(k)), m1(k), m2(k), m3(k))

b= [@ call interp(u(ir(j)), )] t:nB(j), u(ir(k)), m1(k), m2(k), m3( 47”/&%;?“
» [ call resid(utir(k)), r(ir(k)), ml
(8) $E K AHfE & F I

> [19] call psinv(r(ir(kiy u(ir(k)), m 1Ky ): m3(k), c, k)
» [ call interp(u(ir(j)), m1(), M24L_m3(j), u, nl, nZ;
(9) BREGTHEETF A
107V TH A ILND LR

» [ call resid(u, v, r, n1, n2, n3, a, k)
» [ call psinv(r, u, n1, n2, n3, ¢, k)
» [#] call resid(u, v, r, n1, n2, n3, a, k)
> @ call norm2u3(r, n1, n2, n3, rnm2, rnmu, nx(lt), ny(lt), nz(It)
= [:})] call timer_stop(t_bench)

[:3] function call timer read(t bench)
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7")’1'—~/a/0>1'ﬁ EDAE (FE:R)

rpri3:il [REE <

call rprj3(r(ir(k)),m1(k),m2(k),m3(k | (1)),m1(j),m2(j),m3(j),k)

N o

subroutine rprj3( r,m1k,m2k,m3k,s,m1j,m2j,m3j,k )

(1) rpri3% 3 & 0 i 5 il BR i fiE] AL 32 & $1| BA

(2) Z7A T )yEhBEa—XT 1) ykAD
ERNIEEFEEELT-

L (3) m1jm2j,m3jlEmi m2m3IZ§E &

 [TTT T LI LITT]
(5) ZDH interp(GEK4BR) residFE E 5t
i [ &) psinv GE SRR ) e 2R

¥ subroutine rprj3

o (6) rpri3M IL—THEERE

f h O .
- @l (tl-meron)t e-n / (7) m3j’m2j’m1j®3E)b—7*ﬁJﬁ
v [Qdoj3=2,m3j-1,1

v [@dojz=2,m2j-1,1
[Qdoj1 =2, mij,1

[Qdoj1=2,m1j-1,1
¢ A
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7")’1'—~/a/0)1'§ EDAE (D)

¢
(1) psinvD L—THEEAE (1) residD JL—THEETE
(2) N3,n2Nn1ND3EI)L—TFE (2) N3,n2Nn1ND3E)L—TFE
(3) n1,n2,n3lEm1,m2m3IZFES (3) n1,n2,n3lEm1,m2m3[ZFES

call psinv(r(ir(k)), u(ir(k)), m1(k), m2(k), m3(k), c, k)  call resid(u(ir(k)), r(ir(k)), rir(k)), m1(k), m2(k), m3(k), a, k)

\ /A [

subroutine psinv( r,u,nl,n2,n3,c,k) subroutine resid( u,v,r,nl,n2,n3,a,k )
¥ subroutine psinv ¥ subroutine resid
» [A] if (timeron) then » [A] if (timeron) then
v [Qdoiz=2,n3-1,1 v [Qdoi3=2,n3-1,1
[fdoi2=2,n2-1,1 [doi2=2,n2-1,1
[Qldoi1=1,n1,1 [@doil=1,n1,1
_ [ldoin=2,n1-1,1 [Qdoil=2,n1-1,1
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¥ subroutine interp

=
v

7")’1'—~/a/0>1'ﬁ EDAE (FE:R)

d

(1) interpMD JL—T &R E )
(2) mm3,mm2,mMm1NDIE)L—THE
(3) mm1,mm2,mm3[Em1 m2m3IZ{ES

A

e

v

call interp(u(ir(j)), m1(), m2(j), m3(j), ulir(k)), m1l(k), m2(k), m3(k), k)

NN

if (timeron) then
if (((n1 /= 3).and. (n2 /= 3)) .and. (1) TEBA4GT)L—F U LHNIEE (L

Q

v

doid3 =1, mm3-1,1

Q

doiz2=1, mm2-1,1

A
A

Q
Q

Q

doil =1,
doil =1,
doil =1,
doil=1
doil = 1,
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subroutine interp( zzmml,mm2,mm3,u,nl,n2,n3,k)

m1,m2m3ND KESIEFLTLS.

(2) m1,m2m3D A ENFESLGE->TLNE M ?
mml, 1

mml-1,1
mml-1,1

,mml-1,1
,mml-1,1

K compwter



T—2REIOHE
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S =g (1) setupB T JL—F 2 THEFH| :mi M5
M mMIDES-EE-SRIZTDOVLTHNRDS KASHTINS

rprj3(r(ir(k)),m1(k),m2(k),m3(k), ¥ integer,dimension(1:maxlevel) ::m1l
FGF()),AEEeS == mnd sy 1

\

;nddo =] 9 G
» g "
k = Ib Y —ARE "
;;;;;;;;;;; 77 A LRR v EE
7c7c>7n71[7n71t7e7a}rjf . b . - ¥ subroutine setup

psinvir(ir( [:r's".lnﬁm

do k =Ib+l, ZTYFIELREDXEY T TRE
J=k-1 EKByte [FLOPH HIEE

prolongate, v )|, =B

(1) setupDEZLERIZD Y TT S

if( mi(1,k).eq.2 .or.
> mi(2,k).eq.2 .or.
mi(3,k).eq.2  )then
dead(k) = .true.

endif

m1(k) = mi(1,k)

m2(k) = mi(2,k)

m3(k) = mi(3,k)
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T4 RBORAE

)_Q_E“"t UPp l —¢

do. jzc_jclfiéim | (1) setupﬁ@ﬁﬂﬁuiﬂmi?\_—’gﬁ’{t%ﬁ
endzzg_type(d,j) & 1@0*(j+2+1@*dj \Qvf % . JH tXﬁ\%u é?h,'t LY %) $
enddo -/ i _Dl@{:t'(u\’\ = 75‘ E'ﬂ] Eﬂ

ng(1,1t) = nx(1t)

ng(2,1t) = ny(lt)}lab
ng(3,1t) = nz(lt) < ans ﬁ) ¢ ‘ )
e me=l,’ A R Rl - Py L 3 4’ 2 YR AH)

nextCax) = 1
- 07’ \’€7q)<

do k=1t-1,1,-1
ng(ax,k) = ng(ax,k+1)/2
enddo
enddo
61  format(10i4)
do k=1t,1,-1

nx(k) = ng(1,k)
ny(k) = ng(2,k)
nz(k) = ng(3,k)
enddo )

B

I
—
)
(&)
~
gy
=
o
Q
o
~
=)
=
3
[+
A
[
o
P
Q
)
S
=
)
S
—
o
«
~
™~
)
o
,CL
—\—_
\_,
o
-~
Q

log_p/3
2%%dx
mod(me, pi(1)) .

= (log_p-dx)/2
= 2¥rdy
1di(2) = mod((me/pi(1)),pi(2)) p

— piBd) = nprocs/(p1(1)*pl(2))

—_—

do k= 1t,1,-1
dead(k) = .false.
do ax =1,3
take_ex(ax,k) = .false.
give_ex(ax,k) = .false. ——
RLekA N ) = 1AL

> ((idiCax)+1)*ng(ax,k))/pilax) -
> ((idiCax)+9)*ngCax,k))/piCax)
mipCax,k) = 2 +
> ((next(ax)+idiCax)+1)*ngCax, k))/pl(ax) i |
> ((next(Cax)+idiCax)+@)*ngax,k))/pilax) K‘#?CL ’

\

if(mipCax,k).eq.2.or.miCax,k).eq.2)then -
next(ax) = 2*next(ax)
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Performance monitor : Performance
3k 3k 3k 3k sk sk sk sk %k 3k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk %k 3k 3k 3k 3k 3k 3k 3k 5k sk sk sk sk sk sk 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk 3k 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk %k 3k 3k 3k ok 3k 3k %k ok %k %k %k sk k k k k ok

Process 0
3k 3k sk sk sk sk sk sk 3k 3k 3k 3k 3k ok 3k sk sk sk sk sk sk sk %k 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk 3k 3k 3k 3k ok 3k sk sk sk sk sk sk sk sk sk ok ok ok 3k %k sk sk sk sk sk sk k ok

FEUNEDelapshFE

Elapsed(s) User(s) System(s) Call é{$-t‘:1 7seC
17.3529 133.6500 0.2200 1 all @
8.5085 68.0400 0.0000 191 resid 1
1.5350 12.3000 0.0100 168 interp 1
4.2610 34,0600 0.0000 189 psinv 1
1.4298 11.4000 0.0000 168 L rprj3 1
g

Performance monitor event

Application — performance monitors
Hokkskohokokkokokokkokokkkookokkookskkokokokkokokokkookokakokokokkookskkokokskkokokakookokakoooksk kool kodokokokkodokok ok

JAtRNOAO—K

~ S—
\
Elapsed(s) MFLOPS MFLOPS/PEAK (%) MIPS  MIPS/PEAK (%) %E/L%‘L/\;fi(s:\
16. 6556 10361. 0515 2.0236 18605. 9895 7.2680  Appli to O'HEﬁb J:dlf:2°/
—_— E 0
16. 6556 2590. 2629 2.0236 4651. 6009 7.2681  Process
16. 6052 2598. 1206 2.0298 4668. 2023 7.2941  Process
16. 5407 2608. 2634 2.0377 4683. 4974 7.3180 Process
16. 5213 2611. 3249 2. 0401 4686. 9329 7.3233  Process

Mem throughput Mem throughput

Elapsed(s) _chip(GB/S) /PEAK (%) SIMD (%)

16. 6556 32.3398 12. 6327 48.7947 Application
16. 6556 8.0885 12. 6382 48.7936 Process 0
16. 6052 8.1070 12. 6672 48.7676  Process 2
16. 5407 8.1357 12.7120 48.7981  Process 1
16. 5213 8. 1551 12. 7423 48.8196 Process 3
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Basic profile
Performance monitor : Performance
3k 3k sk sk sk sk sk sk sk sk sk 3k 3k 3k 3k 3k sk sk sk sk sk sk sk %k sk 3k 3k 3k 3k 3k sk 3k sk sk sk sk sk sk 3k 3k 3k 3k 3k 3k sk sk sk sk sk sk sk %k sk 3k 3k 3k 3k 3k sk sk sk sk sk sk sk sk sk 3k 3k 3k 3k 3k sk %k sk sk sk %k %k k k k ok

Process @
3k 3k 3k 3k 5k sk sk sk sk sk 3k 3k 3k 3k 3k 3k 3k sk 3k 5k 5k sk %k sk 3k 3k 3k 3k 3k 5k 3k 3k 3k 3k 3k sk 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 5k 5k %k %k %k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk sk sk %k %k 3k 5k 5k 5k 3k %k %k %k %k %k k k

FEUNEDelapshFE

Elapsed(s) 1 User(s) System(s) Call é{$'t54osec
39.6560 311.7600 0.3100 1 all o
20.2033 161.5600 0.0000 512 resid 1
3.8802 31.3600 0.0000 459 interp 1
10.3244 82.6200 0.0000 510 psinv 1
3.4813 28.0800 0.0100 459 rprj3 1
. J \

Performance monitor event

okkkokokokkokokkkookokkookokkokokokkokokkkookokskookskakokokskkokokokkokokakookokakoookskksokokokkdokokokodokok kool ok
Application — performance monitors

JAtRNOAO—K

B 2 2 2 2 = 2 2 ) RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRE RARRRF 4\//{55/x‘i
Elapsed (s) MFLOPS MFLOPS,/PEAK (%) MIPS  MIPS/PEAK (%) FELTULVALY

39. 3654 83044. 5238 ! 2.0275! 149003. 2766 1.2756  Applicat

E—2MsELE 2%

39. 3654 2595. 1412 2.0275 4654. 6126 1.2728  Process
39. 3575 2595. 6627 2.0279 4650. 9112 1.2670  Process

39. 3546 2595. 8520 2. 0280 4656. 6897 1.2761  Process

Mem throughput Mem throughput

Elapsed(s) _chip(GB/S) /PEAK (%) SIMD (%)

39. 3654 258. 7562 12. 6346 49.3192  Application
39. 3654 8.0773 12. 6208 49.3303 Process 0
39. 3575 8.0573 12. 5895 49.3647 Process 7
39. 3546 8. 0544 12.5850 49.3071  Process 8
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C L= P RIT= G TATAEANGI2T AR TEAT1Tsec
M 540secNEITHRRBIAIE K. $925BDIEX.

CFBAY T IIL—FUELRRDIER.
LA LE—O M REE L. 2% TEDH LT .

170 RADEEENRILGELETHEANEVSETE—1tEE
k33865139 2

CHRBEDHERVA—IVRT—ILRAIETH-E=M32TOLATIEE
EDAZL—2 a3 EIH25(EIZERESN T -E A HIHA.

A —FE)T4ELTIERIFTHAEN M HT-.

cFEO—FAUNTGURLBRBIFTHAZEN I F-.

o WA DER = TIXEELL. é
3
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i S S AT (RS R

— *—¢
ENHE wml  EEE EE-E h—
oo dERs EER BEEY R
_ subroutnemg3p
v Qdok=1Itlb+1,-1
» [ callfrprj3lriirky), mi(  BF  HIRWEE SE£IEH NITLEH] O

> [ call zero3(ulir(k)), m1(k),
> [ call psinv(r(ir(k)), u(ir(k)),
v [@dok=Ib+1,1t-1,1

» [ call zero3(u(ir(k)), ml

» [ calllinterplutir()), m1 ~ B#F  ER#HE TELI NI<LH O
» [ calllresidfutir(k)), rlir( =~ BiF  EEHE =£A5 NIZHA O
> [ call|psinvir(ir(k)), ulirl = Bz  BESRME =45 NI O
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Weak Scalingg
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"E 151

——¢
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MIBTOYIA weak Scalng, MIBETOYYB W eak Scalhg,
450 5
000 —=— A 400 BE
s ) /- 1S (S:BE)
500 —o— BIfE e KM 350 —e— BfS(SKH)
/_/-/. —— BIE @ K 300 //./ e BBk
o 400 - 2 /
\‘% ~ 250
T 300 £m
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Fr_';: llm
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50
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LI eI
AIBTOYYC Weak Scalng, MIBJTOvHD .Weak Scalng,
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1000Proc. FFBORICC e

Weak Scaling8ITE 5l

1000proc. x04 Compile Option : -high, ktl_trt
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G5 RE_ EDFRMNVRY Y

SECRLIE-ARZERITACEIZKYLET Oy EICTF4EE £

BN HIBAERIND.
ZNSERNT HELENEDUT D6 AICHEINDEEZ .

1 7709/7__:/3)&/\_F‘rjl‘?O)jﬁﬁIHEO)EZ?“J?'
(FIV7r—2avDIEFNEFRR)

2 |FRILFIERD FHRTF

3 | KREBBEICETARESLEEYA X, BERMOEE

4 |I/—KRIZBITAKREBEDORE

5 |BEREICEITAIRSLEEY A X, BERMOEE

6 |A—FAUNZURDFEE
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P7)r—a 8 IN—RI)ITDIAR?YF

- RBRFAZESE—RIZATDIES2ELS.
- BFOIRNF—N AT DAHRFBESNTUVDERE

- BRF—EICHHURHARZROEF2EEEZBADEIRIVF—INR
DL, BHLETRFE NX2&L2.

- N= 1000O&bIzllﬁ\'—“—l\/h?&liZOOOO&FT&%.

- ZOIRE, MATH20000EETUMELEL L0,

- BED i“'7(’(‘-"pfﬁwﬁﬁi%xétﬁiﬁiﬁ]fl‘ﬂﬁtté.
CRBFTOROBE @A DELLEIHEA B EELS.
- H#li34m B DEERTEETRT.
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# JELFIE O

E—REFTr—arORETOYY: /o a-HNVEOH B EHICRT.
EdFITANDL YRS~V THRE. |
FTIcCOIFIE TR —ML TV L. RERRA—JICRT.

OEEH BXEREEIL—T

200
18.0
16.0
140
120
10.0

8.0

6.0
4.0
20
0.0

2B EFE [sec]

16 32 64 128

Ot
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FEALFIER D TRTF

- B—REHEOFZTITIZRNFE N RIS EERL TSRS DIELFIEEH >

TL3fl.

subroutine m_es_vnonlocal w(ik,iks
+-call tstatcO_begin
loop ntyp: do it = 1, ntyp

V-end do loop natm
V-end do loop ntyp
end subroutine m_es_vnonlocal w

20145F4H17H CMSETEREARIT 155/ B

nl,ispin,switch_of eko part)

loop natm : do ia = 1, natm —---—-————- RF8BDIL—T
+-call calc_phase
T-do 1Imt2 = 1, ilmt(it)
+-call vnonlocal w part_ sum over_ lmtl
+-call add_vnIph 1 without_eko part
subroutine add_vnlph 1 without eko part()
T-if (kimg == 1) then . .
T-do ib = 1, np e -——-—-————- TXRILF—IVY KAEFIER
T-do i = 1, iba(ik)
V-end do
V-end do
+-else e
T-do ib = 1, np e -——-—-————- TXRILF—IVY KAEFIER
T-do i = 1, iba(ik)
V-end do
V-enddo
V-end if
end subroutine add_vnlph 1 without eko_ part
V-end do

54
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60.0

Time (sec.)

40.0

20.0

0.0

B Communication Wati/Orbital
Communication Grobal/Orbital
B Communication Global/Space

B Computation

PI_Allreduce

12.929
17.118
33.565
32.050
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BIERLITV Y- RBEICLBIBRE/NUR
EHREICEZIBENHD.
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k&, AhF7—lE%/—FRTallreduced his
RL\DIC, 2/—FTEKXEAZMV Zallreduce
LTOEHAD?

;og‘i:zfeéat, KIFOESURIEEEBLTLS
CCh 8D,
isgg\lsgnmcﬁiaﬁwsﬁsuaﬁon\
BlELS17VERBILENTOENSAT
SUTIRBEMEEIRETIRRN S,
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