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AnroputMm Akobu Ha a3bike Fortran

PROGRAM JACOB_SEQ
PARAMETER (L=4096, ITMAX=100)
REAL A(L,L), B(L,L)
PRI NT *, DK K K K K K kK Kk TEST_JACOBI * ok
DOIT = 1, ITMAX
DO J = 2,L-1
DO | = 2,L-1
Adl, J) = B(l, J)
ENDDO
ENDDO
DO J=2, L-1
DO =2, L-1
B(l, J) = (A(-1, J) + A(l, J-1) + A(I+1, J) +
* A(l, J+1)) / 4
ENDDO
ENDDO
ENDDO
PRINT *,B
END




PacnpepneneHne maccmBa

A1 | A1z | A1z | A1a
1 Az1 | A2z | A2z | A2a
Azr | A3z | Asz | Aza
As1r | Aaz | Aas
Az1 | A3z | Ass
Aa1r | A4z | Aa3
2 Asi | Asz | Asa
Aer | Aesz2 | Ass
A7 | A7z A7k
Aer | Asz | Aes
Anr | A7z | Ars | A7a
As1 | Asz2 | As3 | Asa

A1z [ Aia | Ais | Awe | A1z Ais | A7 | Ais
A2z | A2a | Azs | Az | Azr Aze | A27 | Azs
| Az | Asa | Ass Ass )| Asz Asze | A37 | Ass
Asa | Ass | Ao Aar | Ass
I\%34 i Ass i Ase x:w Aass

Asd | Aas | Aae A7 | Aas

As4 | Ass | Ase As7 | Ass

Aecd | Ass | Ase As7 | Aes

A7a ! A7s ! A7\ A77 | Avs

T T

Asa | Aes | Ase As7 | Aes

Ars | Ara | Ars | Ace AT | Azs | Az | Azs
As3 [ Asa | Ass | Ass | As7 Ass | As7 | Ass




PROGRAM JACOBY DVM
PARAMETER (L=4096, ITMAX=100)
REAL A(L,L), B(L,L)

IDVM$ DISTRIBUTE (BLOCK, BLOCK) :: A

IDVM$ ALIGN B(1,J) WITH A(1,J)
PRINT *’ Thkkkkkkkkkk TEST JACOBI *kkkkkkkkk!
DOIT = 1, ITMAX

IDVM$ PARALLEL (J,I) ON A(l, J)
DO J = 2,L-1
DO | = 2,L-1
A(l, J) = B(, J)
ENDDO
ENDDO
IDVM$ PARALLEL (J,1) ON B(l, J), SHADOW_RENEW (A)
DO J=2, L-1
DO 1=2, L-1
B(l,J) = (A(-1, J) + A(l, J-1) + A(I+1, J) + A(l, J+1)) / 4
ENDDO
ENDDO
ENDDO

PRINT *,B

AnropuTtm Akobu
B Mmoaenu DVM
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[Tlpobnema nepemeLLeHNa AaHHbIX

T 90 fSBHABHO
Bt ydesj St Jqtetseo Oded j
BueOLOdd] o9onBBHAd =~ d or aBHdZ = H Oda

11l JHBMOISd ttkzydztsets C 6 dto
Blted] dzsdtetso Odgdzts s+ dzO C tsdzC toj Isdz 2
o' ydgmdzdisj dz! dz" =« EMmMlstets?2 Mise
#pragma omp target device(acc0) map(A,B)
#pragma omp parallel for
for (i=0;i<N;i++) /[ OpenMP 4.0
Ali] += A[i]*BJi];

1l tesBdz RO B IsddizddL Oydd S {
cOL 9 JIsodz] dzdz" » f totsG tc ORA3
BRL M ddj §Jtj dzd " J ded™

Ba dztsy dets dzOrtsHdd3" §j h dB S (
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OCHOBHbIe BO3MO)XHoctn DVMH

o) H]dprdafdidzdlsy dz' dz" & ddzg G d t
ftesmiss tWj¥dBBdztBp fzlstso ff etsG tc O
(e J MdazJHEZJIs or" ( sdzdgw Is+
M sted s dzj
IDVM$ REGION [clause {, clause}]

<region inner>
IDVM$ END REGION

}

Hy <region I nner >:

1 OteOdzdz dz! dgy@ ¢ @V M

1l smMdz) HB9 Olsj dz¥ dzZOVY Gz O i,
S sdzlstctsda =] € ydw
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OcHOBHble BO3MOXHocTn DVMH

JUIstsydzgj dzgdj ItejBlzjd3d" »m toj ¢ dtsd
dmMf sdz! L soa Odzdw™w (9 n~tSHAZ J, OF

IN(subarray or_scalar {, subarray _or_scalar})

OUT(subarray or_scalar {, subarray _or_scalar})

INOUT(subarray or_scalar {, subarray or_scalar})

LOCAL(subarray_or_scalar {, subarray or_scalar})

INLOCAL(subarray or_scalar{,subarray_or_scalar})

14



OCHOBHbIe BO3MO)XHoctn DVMH
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PROGRAM JACOBY_ DVMH
PARAMETER (L=4096, ITMAX=100)
REAL A(L,L), B(L,L)
IDVM$ DISTRIBUTE (BLOCK, BLOCK) :: A
IDVM$  ALIGN B(1,J) WITH A(1,J)
PRINT *’ Thkkkkkkkkk TEST JACOBI *kkkkkkhkhkhk!
DOIT = 1, ITMAX

IDVM$ REGION INOUT(A,B)
IDVM$ PARALLEL (J,I) ON A(I, J)
DO J = 2,L-1
DO | = 2,L-1
A(l, J) = B(l,J)
ENDDO
ENDDO
IDVM$ PARALLEL (J,1) ON B(l, J), SHADOW RENEW (A)
DO J=2, L-1
DO I1=2, L-1
B(l, J) = (A(I-1, J) + A(l, J-1) + A(I+1, J) + A(l, J+1)) / 4
ENDDO
ENDDO
IDVM$ END REGION
ENDDO
A Anroputm Akobwu
PRINT *,B

B Mmoaenn DVMH



#define L 4096
#define ITMAX 100
#pragma dvm array distribute[block][block] shadow[1:1][1:1]
double A[L][L];
#pragma dvm array (align([i][j] with A[i][j])
double B[L][L];
int main(int argc, char *argv[]) {
for(int it = 0; it < ITMAX; it++) {
#pragma dvm region
{
#pragma dvm parallel([i][j] on A[i][j])
for(inti=1;1<L-1;i++)
for (intj = 1;j <L-1; j++) A[][j] = B[il[jl;
#pragma dvm parallel([i][j] on BJi][j])
for(inti=1;1<L-1;i++)
for(intj=1;j<L-1;j++)
\ B[i]0] = (Al - 10T + Al + 3]0] + AN - 1] + ADQD + 10) 7 4.
}
return ©; AnroputMm 4kobwu
B Mmogenn DVMH
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OcHoBHble pocTtonHcTea DVMH
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PacnapannenunsaHue tectoB NAS
JEP-@j dzj eOydw f Ote fdzz yoO?2
yMG-ftedBdzd ) J dzgdetsj tej h j dzd J
PtcOodzj dzgdw 1 2OMMglsGzdd. [ j Is |
} BT-3D1 O9 uJsts€ My, B azts y azOW
stcej] ~n Hd OGBAZOAZ! d&ZOWVW Ma J BO.
dzOff tc ©@o dzj dzd 2
} LU-3Dy O wjstsC M. [ JIstsH
f sfdz] Hise Ols j dzt dets?2 9o J ton dzj -
} SP-3D1 OoussEC M. o4& OdzwW tc dzOW
fwisdHd OG 5 dz0O dz'Bea®@Warimny J d30.
approximate factorization
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TecTtbl NAS ana GPU

} OpenCL-9 J tefnd d
Center for Manycore Programming at
Seoul National University (SNU NPB Suite)

} CUDA-9 J tefpd d
Chemnitz University of Technology (BT, LU, SP)
Laercio Lima Pilla from the Federal University of
Rio Grande do Sul (EP, CG, FT)

1 OpenACC-9 J tefpd d
SPEC ACCEL V1.0 (BT, EP, CG, SP)
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OnTuMunsauma paboTbl C NAMATHIO

vl rdej Mg dedy yomlss dMmtf sdz! L &2
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IDVM$ PARALLEL (K,J,) ON U(1,J,K,*), PRIVATE(M1,M2,M)
DO K = 2,NZ-1
DO J = 2,NY-1
DO | = 2,NX-1
M1 =2
M2 =3
DOM=1,5
u(@1,J,K,M) = U(1,J,K,M1) + U(1,J,K,M2)
ENDDO
DOM=1,5
U(1,J,K,M) = U(1,J,K,M1+1) + U(1,J,K,M2+1)
ENDDO
DOM=1,5
U(1,J,K,M) = U(1,J,K,M1-1) + U(1,d,K,M2-1)
ENDDO
ENDDO
ENDDO
ENDDO

ANcOG i3] dzls 1§ tekld tc O d-
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IDVM$ PARALLEL (K,J,I) ON U(1,J,K,*), PRIVATE(M1,M2,M,U )

DO K =2,NZ-1
DO J =2,NY-1
DO | =2,NX-1
DO M=1,5
U (M) =U(,J,K,M)
ENDDO
M1=2;, M2=3
DOM=1,5
U M)=U_(M1)+U_(M2)
ENDDO
DOM=1,5
U (M)=U_(M1+1) + U_(M2+1)
ENDDO
DOM=1,5
U M)=U_(M1-1) + U_(M2-1)
ENDDO
DO M=1,5
U(,J,K,M) =U_(M)
ENDDO
ENDDO
ENDDO
ENDDO

RMfsdz Lse Oded j 1 «
fJted d3gJ dgdz" ~ H dzW
dinyf sdz! L lzg a3 =~ L dzj
BOMMdJotse, CBIstste’
SlssBtcOY O Isw  C t5¢
NVCCdzO ] G dMmliste’
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Anroputm SOR Ha a3bike Fortran

PROGRAM SOR_DVMH
PARAMETER (L=1000, ITMAX=20, W = 0.5)
REAL A(L,L), EPS,S

IDVM$ DISTRIBUTE A(BLOCK,BLOCK)

PRI NT * O * * * % Kk % Kk % k % TEST SOR * k Kk Kk k Kk Kk %
DO IT =1, ITMAX
EPS =0.

IDVM$  ACTUAL(EPS)
IDVM$  REGION
IDVM$  PARALLEL(J, 1) ON A(l, J), ACROSS(A(1:1,1:1)),
IDVM$& REDUCTION(MAX(EPS)), PRIVATE(S)
DOJ=2,L-1
DOI=2,L-1
S=A(,J)
Adl, J) = (W /4)* (A(-1, ) + A(I+1, J) + A(l, I-1) +
& A(l, J+1) + (1-W) *A( 1, J)
EPS = MAX ( EPS, ABS(S-A(l,J)))
ENDDO
ENDDO
IDVM$  END_REGION
IDVM$  GET_ACTUAL(EPS)
PRINT 200, IT, EPS
200 FORMAT( IT=",14," EPS ="', E14.7)
ENDDO

END
25



Bbino/HeHUe rMmnepnaocCKoOCTaAMU

REAL A(4, 4)

I$DVM PARALLEL (K,I) ON A(l,K),
ACROSS(A(1:1, 1:1))
DOK=14
DOI=14
A(l, K)=A(I+1,K)+A(l-1, K) + A(Il , K+
ENDDO
ENDDO

4 HJ OG 5 da@edlp'load/store operations

e ———
Array A(4, 4)

ALY
' ALY 26
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HdnHaMmunyeckoe nepeynopaaovynBaHue
MACCUBOB

1[5 [9 [13 1]6 1014
2 | 6 [10]14 2 | 9 [13]12
3|7 [11 15| [2YMF DR> 5 | 4|8 |15
4|18 1216 3|7 [11]16

Irfsddy jsMY fsHdOCsdOd &ZOw Iskod
BOlstedyysmj Hdd j { dzj Bj dzls™ 2O HJ OCE
cOMf BkOE 0% s o MMmjHdds Wyj2¢ on
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BbinosIHEHUE TMNEePNIOCKOCTAMU
(-autoTfm)

REAL A(4, 4)

I$DVM PARALLEL (K,I) ON A(l,K),
ACROSS(A(1:1, 1:1))
DOK=14
DOI=14
A(l, K)=A(I+1,K)+A(l-1, K) + A(Il , K+
ENDDO
ENDDO

War% load/store operations with DVMH DR (-autoTfm)

4 HJOG s /

—
Array A(4, 4)

ALY
' ALY 28
AL




[lepeynopsanoymnea

HNEe MdaCCUBOB
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ABHQA" Y-

i BHQA Y-~ ¢ MDMWHMY "YAHT E T AQa A, OO0 ¢ A
eMIiQ1TY Y- 1O ;- 0-0"BHQaQ 1T A" AT QAT

@ Class A

2,75
m Class B

2,5
@ Class C

2,25

1,75

1,5

1,25

0,75

0,5

0,25

BT SP LU BT SP LU
Nvidia Tesla c2050 (Fermi) Nvidia GTX Titan ( Kepler)
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ABHQA' Y-

i B'HQA W1 Q1 'Y'D¥YMHie '

TBA,_ ¢cY Y-0 B 1QB'l°

AB:- 'E INASBNPRe

Y . CPU Intel Xeon 5670

BT

SP LU EP MG BT

Nvidia Tesla c2050 (Fermi )

SP LU EP MG

Nvidia GTX Titan ( Kepler)

: Qe "1 N'YMO-
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ABHQA Y-

11

10

I BTHQA ™ Y-~

c MDMMHN ""YA BT E NABNPRec

T BA. ¢c¢Y "OpenCBe¢ AB- MNO-

@ Class A

H Class B

m Class C

BT

SP LU EP MG
Nvidia Tesla c2050 (Fermi)

BT SP LU EP MG

Nvidia GTX Titan ( Kepler)
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ABHQA' Y-

I BTHQA ™ Y-~

c MDMMHN "YA BT E NABNPREC

i BBA_ c¢'Y "YGUDA-B' AB- NO-

m Class A

@ Class B

m ClassC

BT SP LU EP
Nvidia Tesla c2050 (Fermi)

BT SP LU EP
Nvidia GTX Titan ( Kepler)
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[TpumeHeHne DVMH pns
NPUNOXEHUN
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[Tporpamma KoHTenHep

[ BH] dzdteseo OdzdJ IsJd yd dzdw o
YJHSEBMIsd fH HJ2MIlseadj d3
oW Rskzeotsdz! dgsdy3 G sdzlsy 2 dzj t6.
9 Jtrdz] 2 MIsy dzS 82 d Slso | tef
BsCtsora MlsjdztE 9 IIste] -~ d3] |
11 shdz Hs9 Ols ] dz dzOW ( tetsG o O 3
1]l OteOadzdz] dz dzOWvW et ORBO 9
B26 t©WOMYtejHJdzj dedzr » dZOMMdo ts9o
B5 of ydmdzdlsjdz dz' & toj ¢ dtsdzlso
B21 fOtOdzdzj dz' dz' 2 yds oz

B7 H (d tc jJaStuslfhet actual
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BpemMsa BbINONHEHUA nporpaMmMbl KOHTenHep
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Bpemsa BbINONHEHUA nporpamMmmbl KoHTenHep
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100

on,

10

800x800x800, itmax=50

\Wm.l

1024 1280 2048
_Q1- 0’ ,Br/ern A ¢ i
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[MporpaMmma KoHTenHep.
CpaBHeHune DVMH vs C+SHMEM+CUDA
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[TporpaMmma KaBepHa

[ BH] dzdteso Odzdy yYydteS zc

f dzomE 2 C 9 OHWKGOIsC
o Jrndg 2 Ctr h Q2
11l BMdz) H s Ols ] dz' dzOW

B18 tOMmfte) HJ dz) dzdz" -

rARVI I

zs?2 C 09 J |

9 Hokzdg] |
f tcts G tc O d3
1]l OQteOdzdz] dz dzOW et OBRBBO 6

BOmmd

o 59

B7 orydhmadlsjd dz & toj cdsdasoe

B28 {f0OtOdzdzj dz# dz" =~ yd
Bl11 H (d tcgctudd/geb actual

C dzts o

39



i B'HQA 'Y’
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32
16

R N B~ 00

YcKkopeHue nporpamMmmbl KaBepHa
3200x3200, itmax=200
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[Mporpamma «CocToAHUA KyOUTOB»

1l teso JHJdedy Itojmd3d tode” = daj
cOMmMyd stse Msmlsswdzdw CkBdlIs
(B! ¥ Is]tc® O GMdse J MBo
stcj nd3j tcdesets RZtcOo dzj dzdvw 1 Iz
dzj MlsOydsdzOtcdese s kZtc©Oo dzj dzd
MstetsC d) .

11 Qe Oadzaz] dz dzOW et OBRBBO 1
B23 wOmMftejH]dz] dzdzr = BOMMdo O
B5 or ydmdzdilsj dz' dz" = t6j e dtsdzts 9o
B61 f OteOdzdzj dz dz@ 2 ydd & dz

B5 H d tc jaStuslfhet actual

41



Nporpamma «CocToAHUA KYyOuUTOB»
121x121x241, itmax=192
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[Tporpamma KpuctannmsauunaibD

rutejnd3j todatsj] RBsH j dzd tetseo Odzd
sBl Jdgdets?2 GCtedmlsOdzdL Oydd
EBtcOL J Yy d&zOL Jtodzsets dqdzd 1 az
Emhdzso | ddzats e 5C 5 B 5dzj dzls dzts 2
CGdqHtEtSHddZOBd yy M 2 dsH J dzd
11 oz Hs9 Ols ] dz dzOW (et G 6 O 3
1]l Qe Odzdzy dz dzOwW et OBRBBO 8
B21 tOMmftejHjdj dedzr 2 &R&OMMdoe

B6 of ydmdzdlsjdz dz' & toj ¢ d tsdztso
B27 fO0Odzdzj dz' dz" & yd¢ dzts o

B5 H d tc jaStuslfhet actual
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[Tporpamma CnekaHuel2D

T okad3) todztsy d3SH J O
f dzOo dzj dzgd Vv d3dzetsc tsC tsd3f tsdzj dzl

My dzg SIsdo detsd3 ©

zd tcts 9 Odzd

Bdzts ¢ 5C A3l t5dzj O

GdHEH d d&zOd3d Y4
11 shdzy Hise Ols J dz
11l Ote ©Odzdzy dzd dzO W

BL7 OMY 6] Hj dzj dedz 7

B8 or ydmdzdlsj dz' dg

B21 f OtOdzdzj dz' dzr 7

19 H( tcgctudd/geb actual

zOL J todzsaz Mt .
Zlsdzs2 d d3dzts
ME B2 &BH | dz

ZzOw f tesc tc Od3

ftesEtcOBBO 1

BOMmmde 59

n tWjedtsdaso

yd & dzts o
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