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e Sans and Salsa [2002, J. Dongarra, U.Tennessee]
o Self-Adapting Numerical Software (SANYS)
o Self-Adapting Large-scale Solver Architecture (SALSA)
> Alternating Decision Trees (AdaBoost)
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> Bayesian Inference
e Compiler Optimization [2012,]. Cavazos, U. Delaware]
o Artificial Neural Network
> Neuro-Evolution for Augmenting Topologies
 Nitro [2015, M. Hall, U. Utah]
> SupportVector Machine
° Radial-Basics Function
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o New Sampling Points

Estimated Costs
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Target Application y -

| M— ..l
* Seism_3D:
Simulation for seismic wave analysis.

* Developed by Professor Furumura
at the University of Tokyo.

—The code is re-constructed as
ppOpen-APPL/FDM.

* Finite Differential Method (FDM)
e 3D simulation
—3D arrays are allocated.
* Data type: Single Precision (real*4)



Flow Diagram of
ppOpen -APPL/FDM

‘ Initialization
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pe Velocity Update (update_vel)
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Velocity PML condition (update_vel sponge)

® Space difference by FDM.

&apq(x Y,2)
:iZcm[o {x+(m+—)Ax Y, Z} =0 {X— (m——)AX Y, z}],

(P.d=X,Y,2)
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® Explicit time expansion by central
difference.
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AT Timings of ppOpen-AT (FIBER Framework)

One time execution (except AT for Before Execute-time
for varying problem size and
number of MPI processes ) Execute Target_Kernel k() with varying
| | parameters
OAT ATexec()
o Execute Target_Kernel _m() with varying
| parameters ) )
1 — | Store the best
do i=1, MAX_ITER [ soremeter
Target_kernel k() o >
— — w
Yes
Ta rget ke rn el m () ‘Rﬁ the best parameter
enddo Yes

| Read the best parameter




JL— 7 \%IJ (Loop Split) gimbdn+ec

L1/
DOK =1, NZ
DOJ =1, NY
DO =1, NX

RL(I) = LAM (1,J,K)

RM(1) =RIG (1,J,K)

RM2(1) = RM(1) + RM(1)

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

QG(1) = ABSX(I)*ABSY(J
M E
DO I =1, NX S

END DO
SXX (1,J,K) = ( SXX (1,J,K) + (RLTHETA(I) + RM2(1)*DXVX(I,J,K))*DT )*QG(1)
SYY (1,J,K) = ( SYY (I,J,K) + (RLTHETA(I) + RM2(1)*DYVY(l,J,K))*DT )*QG(1)
S2Z (1,J,K) = (SZZ (1,J,K) + (RLTHETA(I) + RM2(1)*DZVZ(1,J,K))*DT )*QG(l)
SXY (1,1,K) = ( SXY (1,J,K) + (RMAXY(1)*(DXVY(L,J,K)+DYVX(1,J,K)))*DT )*QG(l)
SXZ (1,J,K) = ( SXZ (1,J,K) + (RMAXZ(1)*(DXVZ(1,J,K)+DZVX(I,,K)))*DT )*QG(l)
SYZ (1,J,K) = (SYZ (1,J,K) + (RMAYZ(1)*(DYVZ(1,J,K)+DZVY(1,},K)))*DT )*QG(l)

END DO

END DO

END DO
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)l/—joﬁﬂé(L op Collapse) SALLE

DO KK =1, NZ * NY * NX
K = (KK-1)/(NY*NX) + 1

J = mod((KK-1)/NX,NY) + 1 O pe N |V| P—Cs I §| 5%'??

| = mod(KK-1,NX) + 1 L
RL = LAM (1,J,K) -d—é % = 5 :l‘l_-: Yy E
RM = RIG (I.1,K) & = Mz 51 AE 7<I
RM2 = RM + RM

RMAXY = 4.0/(1.0/RIG(I,J,K) + 1.0/RIG(1+1,J,K) + 1.0/RIG(I,J+1,K) + 1.0/RIG(I+1,J+1,K))
RMAXZ = 4.0/(1.0/RIG(I,J,K) + 1.0/RIG(1+1,J,K) + 1.0/RIG(l,J,K+1) + 1.0/RIG(1+1,J,K+1))
RMAYZ = 4.0/(1.0/RIG(1,J,K) + 1.0/RIG(I,J+1,K) + 1.0/RIG(I,J,K+1) + 1.0/RIG(I,J+1,K+1))
RLTHETA = (DXVX(1,J,K)+DYVY(l,J,K)+DZVZ(l,J,K))*RL

QG = ABSX(I)*ABSY(J)*ABSZ(K)*Q(1,J,K)

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

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

Szz (1,),K) = (Szz (1,),K) + (RLTHETA + RM2*DzVZ(1,J,K))*DT )*QG

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

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

SYZ (1,0,K) = (SYZ (1,3,K) + (RMAYZ*(DYVZ(1,J,K)+DZVY(l,},K)))*DT )*QG

END DO
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DO KK =1, NZ * NY (i OpenI\/IPE‘\ 7 Bl 24T -
modtkc 1) ¥ HLEFIIIMEREE R

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

DO | =1, NX EEE T IR ZEERL. OVI/IN D

RL = LAM (1,J,K)
wonsi | SR ER RIS
RM2 = RM + RM
RMAXY = 4.0/(1.0/RIG(1,J,K) + 1.0/RIG(1+1,J,K) + 1.0/RIG(l,J+1,K) + 1.0/RIG(I+1,J+1,K))
RMAXZ = 4.0/(1.0/RIG(1,J,K) + 1.0/RIG(1+1,J,K) + 1.0/RIG(I,J,K+1) + 1.0/RIG(I+1,J,K+1))
RMAYZ = 4.0/(1.0/RIG(I,J,K) + 1.0/RIG(I,J+1,K) + 1.0/RIG(1,J,K+1) + 1.0/RIG(I,J+1,K+1))
RLTHETA = (DXVX(I,J,K)+DYVY(l,J,K)+DZVZ(l,J,K)) *RL
QG = ABSX(1)*ABSY(J)*ABSZ(K)*Q(l,J,K)
SXX (1,J,K) = ( SXX (1,J,K) + (RLTHETA + RM2*DXVX(I,J,K))*DT )*QG
SYY (1,J,K) = ( SYY (1,J,K) + (RLTHETA + RM2*DYVY(1,J,K))*DT )*QG
SzZ (1,J,K) = (SZZ (1,J,K) + (RLTHETA + RM2*DzVZ(1,J, K))*DT )*QG
SXY (I,J,K) = ( SXY (1,1,K) + (RMAXY*(DXVY(1,J,K)+DYVX(1,J,K)))*DT )*QG
SXZ (1,J,K) = (SXZ (1,J,K) + (RMAXZ*(DXVZ(I,J,K)+DZVX(1,J,K)))*DT )*QG
SYZ (1,J,K) = (SYZ (1,J,K) + (RMAYZ*(DYVZ(1,J,K)+DZVY(1,J K)))*DT )*QG
ENDDO

END DO
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loat$ install LoopFusionSplit region start

ISomp parallel do priv i,i,STMP1,STMP2,STMP3,STMP4,RL,RM,RM2,RMAXY,RMAXZ,RMAYZ,RLTHETA,QG)
DOK=1,NZ o e O B ==
DOJ =1, NY IW—TnEEII—TREDEHEHLEIETE
DOI=1,NX

RL = LAM (1,J,K); RM =RIG (I,J,K); RM2 =RM +RM
RLTHETA = (DXVX(l,J,K)+DYVY(l,J,K)+DzZVZ(l,],K))*RL o\ o = S i —
loat$ SplitPointCopyDef region start JL— 7] T:|:|='I.I H% D ﬁ ﬁ-l-ﬁ :_Et ==
QG = ABSX(1)*ABSY(J)*ABSZ(K)*Q(l,J,K) €
loat$ SplitPointCopyDef region end
SXX (1,,K) = ( SXX (1,,K) + (RLTHETA + RM2*DXVX(1,J,K))*DT )*QG
SYY (1,,K) = ( SYY (1,3,K) + (RLTHETA + RM2*DYVY(1,J,K))*DT )*QG I\ —
SZZ (1,J,K) = (SZz (1,J,K) + (RLTHETA + RM2*DzVZ(1,J,K))*DT )*QG )l/_j /7] %'l ,'f—\'_'\ 0) 1: B XE
loat$ SplitPoint (K, J, 1)
STMP1 = 1.0/RIG(1,J,K); STMP2 = 1.0/RIG(I+1,J,K); STMP4 = 1.0/RIG(1,J,K+1)
STMP3 =STMP1 + STMP2

RMAXY = 4.0/(STMP3 + 1.0/RIG(1,J+1,K) + 1.0/RIG(1+1,J+1,K)) / &
RMAXZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(1+1,J,K+1)) )b— IJ H# ) ﬁ F'-l_%
RMAYZ = 4.0/(STMP3 + STMP4 + 1.0/RIG(l,J+1,K+1)) i,;'_'- Ffl' ) :]:EI E

loat$ SplitPointCopyinsert <=

SXY (1,3,K) = ( SXY (1,,K) + (RMAXY*(DXVY(1,J,K)+DYVX(1,,K)))*DT )*QG
SXZ (1,J,K) = ( SXZ (1,3,K) + (RMAXZ*(DXVZ(1,J,K)+DzZVX(1,J,K)))*DT )*QG
SYZ (1,,K) = ( SYZ (1,,K) + (RMAYZ*(DYVZ(1,J,K)+DZVY(,J,K)))*DT )*QG
END DO; END DO; END DO
ISomp end parallel do

loat$ install LoopFusionSplit region end
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FRIDATIEE

program main LowerRoutine(....)

subroutine

<ATRHEDIL—T > 2AT§E:’11*®@EE>
doi=1, N

vee return
call LowerRoutine( ....) end

enddo




Original Implementation (For Vector Machines)
Fourth-order accurate central-difference scheme

for velocity. (def_stress)

I N
call ppohFDM_pdiffx3_m4_OAT( VX,DXVX, NXP,NYP,NZP,NXPO,NXP1,NYPO,...) S

call ppohFDM_pdiffy3_p4_OAT( VX,DYVX, NXP,NYP,NZP,NXPO,NXP1,NYPO,...
call ppohFDM_pdiffz3_p4_OAT( VX,DZVX, NXP,NYP,NZP,NXPO,NXP1,NYPO,...)
call ppohFDM_pdiffy3_m4_OAT( VY,DYVY, NXP,NYP,NZP,NXPO,NXP1,NYPO,...)
call ppohFDM_pdiffx3_p4_OAT( VY,DXVY, NXP,NYP,NZP,NXPO,NXP1,NYPO, ... )
call ppohFDM_pdiffz3_p4_OAT( VY,DZVY, NXP,NYP,NZP,NXPO,NXP1,NYPO,...)

call ppohFDM_pdiffx3_p4_OAT( VZ,DXVZ, NXP,NYP,NZP,NXPO,NXP1,NYPO,...
call ppohFDM_pdiffy3_p4_OAT( VZ,DYVZ, NXP,NYP,NZP,NXPO,NXP1,NYPO,...)
call ppohFDM_pdiffz3_m4_OAT( VZ,DZVZ, NXP,NYP,NZP,NXPO,NXP1,NYPO,...)

=========================:

if(is_fs .or. is_nearfs ) then
call ppohFDM_bc_vel_deriv( KFSZ,NIFS,NJFS,IFSX,IFSY,IFSZ,JFSX,JFSY,JFSZ )
end if
S ] Process of model boundary. §

call ppohFDM_update_stress(1, NXP, 1, NYP, 1, NZP)

----------------,

L R R R R

u =

Explicit time expansion by leap-frog scheme. (update_stress)



Original Implementation (For Vector Machines)

subroutine OAT _InstallppohFDMupdate_stress(..)
ISomp parallel do private(i,j,k,RL1,RM1,RM2,RLRM2,DXVX1,DYVY1,DZVZ1,...)
do k =NZ00, NZ01
do j = NY0O, NYO1
do i = NX00, NX01

RL1 =LAM(I,J,K); RM1 =RIG (I,J,K); RM2 =RM1+ RM1; RLRM2 = RL1+RM2
DXVX1 = DXVX(L,J,K); DYVY1 = DYVY(,J,K); DZVZ1 = DZVZ(l,J,K)
D3V3 = DXVX1 + DYVY1 + DZVZ1
SXX (I,J,K) = SXX (1,J,K) + (RLRM2*(D3V3)-RM2*(DZVZ1+DYVY1) ) * DT
SYY (1,J,K) = SYY (1,J,K) + (RLRM2*(D3V3)-RM2*(DXVX1+DZVZ1) ) * DT
SZZ (1,J,K) = SZZ (1,J,K) + (RLRM2*(D3V3)-RM2*(DXVX1+DYVY1) ) * DT
DXVYDYVX1 = DXVY(I,J,K)+DYVX(1,J,K); DXVZDZVX1 = DXVZ(1,J,K)+DZVX(1,J,K)
DYVZDZVY1 = DYVZ(I,J,K)+DZVY(l,J,K)
SXY (1,J,K) = SXY (I,J,K) + RM1 * DXVYDYVX1 * DT Explicit time
SXZ (1,J,K) = SXZ (1,J,K) + RM1 * DXVZDZVX1 * DT :
SYZ (1,J,K) = SYZ (1,J,K) + RM1 * DYVZDZVY1 * DT expansion by

JEESE Input and output for arrays

leap-frog scheme.

end do .
end do in each call -> Increase of |(update_stress)
retuen
end B/F ratio: ~1.7




Implementation Strategy for AN
Code Variants S/

PRCORen-HRFLC
w N -

Change of computation order based on mathematics.

With experimental knowledge, we implement the
following codes for the variants.

For time expansion of stress tensor, the loop can be
separated to two loops with respect to nature of
isotropic elastic body (Loop Spilit):

— Loopl: Sxx, Syy, Szz, and

— Loop2: Sxy, Sxz, Syz,

where the stress tenser S is defined by:

S = [(Sxx, Sxy, Sxz), (Sxy, Syy, Syz), (Sxz, Syz, 5zz)]

The three nested loop for the above two loops is
collapsed with the outer two loops.



The Code Variants (For Scalar Machines)

® \/ariantl (IF-statements inside)
— The followings include inside loop:
1. Fourth-order accurate central-difference scheme for velocity.
2. Process of model boundary.
3. Explicit time expansion by leap-frog scheme.

® \ariant2 (IF-free, but there is IF-statements inside loop for
process of model boundary. )

— To remove IF sentences from the variantl, the loops are
reconstructed.

— The order of computations is changed, but the result without round-
off errors is same.

— [Main Loop]

1. Fourth-order accurate central-difference scheme for velocity.
2. Explicit time expansion by leap-frog scheme.

— [Loop for process of model boundary]

1. Fourth-order accurate central-difference scheme for velocity.
2. Process of model boundary.

3. Explicit time expansion by leap-frog scheme.



Variantl (For Scalar Machines)

Stress tensor of Sxx, Syy, Szz — :
ISomp parallel do private i 'Ydir- — EXplICIt time expan5|on
(i,j,k,RL1,RM1,RM2,RLRM2,DXVX, ...) ' if( idy == 0 ) then ! Shallowmost by lea p-frog scheme
do k_j=1, (NZ01-NZ00+1)*(NY01-NY00+1) if (j==1)then

k=(k_j- DYVYO = (VY(],1,K) - 0.0_|#DxvX1 = DXVX0; DYVY1 = DYVYO
sl Fourth-order accurate end if DZVz1 = DZVZ0; D3V3 = DXVX1+ DYVY1 + DZVZ1
doi="1 if (j==2)then SXX (1,J,K) = SXX (1,),K) &
58 central-difference DYVYO = (VY(1,2,K) - VY( + (RLRM2*(D3V3)-RM2*(DZVZ1+DYVY1) ) * DT
end if SYY (1,,K) = SYY (1,,K) &

ﬁh El scheme for Ve|0C|ty end if + (RLRM2*(D3V3)-RM2*(DXVX1+DZVZ1) ) * DT

I DXV. - if( idy ==JP-1) then SzZ (1,0,K) = SZZ (1,J,K) &
- (VX(141,,K)-VX(1-2,,K))*C41/dx if (j==NYP)then + (RLRM2*(D3V3)-RM2*(DXVX1+DYVY1) ) * DT
DYVYO = (VY(,,K) -VY(1,-1,K))*C40/dy & I DYVYO = ( VY(I,NYPK) - end do
- (VY(1,0+1,K)-VY(1,J-2,K)) *C41/dy end if end do
DZVZ0 = (VZ(I,},K) -VZ(1,J,K-1))*C40/dz & I end if s end parale. o
- (VZ(1,0,K+1)-VZ(1,),K-2))*C41/dz I 1 Z dir
! tr)gatﬂlﬁl_-:_-=: if(idz == 0 ) then ! Shallowmost
ir if (k==1)then
if (idx==0) then S I DZVZ0 = ( VZ(I,},1) - 0.0_F @ . .
if (i==1)then I end if B/ F ratio is
DXVXO = ( VX(1,J,K) - 0.0_PN )/ DX if (k==2)then
I end if l DZVZ0 = ( VZ(l,J,2) - VZ( O 4
| e L reduced to U.
DXVXO0 = ( VX(2,J,K) - VX(1,,K) )/ DX end if o
end if if( idz == KP-1 ) then
I end if I if (k==NZP)then @ I F Se nte n Ces
if( idx == IP-1) th DZVZO0 = (VZ(I,,NZP) -\ | - oy ol o
e e [ inside — it is difficult
DXVXO = ( VX(NXPJ,K) - VX(NXP-1,,K) ) / DX end if -
% cnd i \ to optimize code by

compiler.

Process of model boundary. m



Variant2 (IF-free) =

|:I|:ID|:IEFI HI:|I:
Stress tensor of Sxx, Syy, Szz an u"

ISomp parallel do private(i,j,k,RL1,RM1," - *)
do k_j=1, (NZ01-NZ00+1)*(NY0O1-NY00+1)
k=(k_j-1)/(NYO1-NY00+1)+NZ00
i=mnd((k_j-1),(NYO1-NY0O+1))+NYOO
Fourth-order -NX0O, NX01
= LAM (1,J,K); RM1 =RIG (1,J,K);
accurate 2 =RM1+RM1: RLRM2 = RL1+RM2
. ----—-------------~
Central_dlfference rder diff (DXVX,DYVY,DZVZ)
! VX0 = (VX(1,0,K) -VX(I-1,J,K))*C40/dx - (VX(1+1,J,K)-VX(1-2,J,K))*C41/dx
scheme for velocity. FP® (VY(L,J,K) -VY(l,J-1,K))*C40/dy - (VY(I,J+1,K)-VY(1,J-2,K))*C41/dy
DZVZO (VZ(I J, |<) v2(| J,K- 1))*C40/dz - (VZ(1,),K+1)-VZ(1,J, K-2))*C41/dz

DZVZ1 = DZVZO
D3V3 = DXVX1 + DYVY1 + DZVZ1;
Explicit time SXX (1,J,K) = SXX (1,J,K) + (RLRM2*(D3V3)-RM2* (DZVZ1+DYVY1) ) * DT
expansion by SYY (1,J,K) = SYY (1,J,K) + (RLRM2*(D3V3)-RM2* (DXVX1+DzZVZ1) ) * DT

27 b K S27 (LKL (ERMPRRUP LRM2E (DXL LE DL
leap-frog scheme. [TLE : :
S do ©Win-win between

ISomp end parallel do : - :
B/F ratio and optimization

by compiler.



Variant2 (IF-free)

relﬁi\F-------~
Loop for process of model boundary [Tt \
DZVXO0 = ( VX(1,J,KFSZ(1,J)+2)-VX(l,J,KFSZ(1,))+1) )/ DZ

I 2nd replace
if(is_fs .or. is_nearfs ) then
ISomp parallel do private(i,j,k,RL1,RN
do i=NX00,NX01
do j=NY0O,NYO1
do k = KFSZ(ij)-1, KFSZ(i,j)+1, 2

Process of

RL1 =LAM (,J,K); RM1 =RIG mOdEI boundary'

RM2 =RM1+ RM1; RLRM2 = rkL1+KIviZ
| ﬂrMiF-‘----_
DXVXO0 = (VX(1,J,K) -VX(I-1,J,K))*C40/dx &
- (VX(1+1,J,K)-VX(1-2,J,K))*C41/dx
DYVXO = (VX(1,J+1,K)-VX(1,J,K) )*C40/dy &
- (VX(1,042,K)-VX(1,J-1,K)) *C41/dy

DYVYO = (VY(1,J,K) -VY(1,J-1,K))*C40/dy &
- (VY(1,J+1,K)-VY(1,J-2,K)) *C41/dy
DXVZ0 = (VZ(1+1,J,K)-VZ(l ,J,K))*C40/dx &
- (VZ(1+2,J,K)-VZ(1-1,J,K))*C41/dx
DYVZO0 = (VZ(1,J+1,K)-VZ(1,J,K) )*C40/dy &
- (VZ(1,3+2,K)-VZ(1,)-1,K))*C41/dy
DZVZ0 = (VZ(I,,K) -VZ(l,J,K-1))*C40/dz &
\ - (VZ(1,3,K+1)-VZ(1,,K-2))*C41/dz

---\-b

Fourth-order accurate
central-difference

scheme for velocity

---_I

=] Explicit time
expansion by
leap-frog scheme.

1>omp end parallel do

DXVYO = (VY(I+1,J,K)-VY(l ,J,K))*C40/dx & IKK=2
- (VY(1+2,J,K)-VY(I-1,],K)) *C41/dx \ else

end if

DZVYO = ( VY(I,J,KFSZ(1,J)+2)-VY(l,J,KFSZ(1,J)+1) )/ DZ
else if (K==KFSZ(l,J)-1) then

DZVXO = ( VX(1,J,KFSZ(1,0) )-VX(1,J,KFSZ(1,))-1) )/ DZ I
DZVYO = ( VY(I,J,KFSZ(1,J) )-VY(1,J,KFSZ(1,)-1) )/ DZ

DXVX1 = DXVXO0

DYVY1 = DYVYO

DZVZ1 = DZVZ0

D3V3 = DXVX1 + DYVY1 + DZVZ1
DXVYDYVX1 = DXVY0+DYVXO0
DXVZDZVX1 = DXVZ0+DZVX0
DYVZDZVY1 = DYVZ0+DZVYO

if (K==KFSZ(1,J)+1)then

L B B N B N B

KK=1

\

SXX (1,J,K) = SSXX (1,J,KK) &

+ (RLRM2*(D3V3)-RM2*(DZVZ1+DYVY1) ) * DT
SYY (1,4,K) = SSYY (1,J,KK) &

+ (RLRM2*(D3V3)-RM2*(DXVX1+DZVZ1) ) * DT
SZZ (1,J,K) = SSZZ (1,,KK) &

+ (RLRM2*(D3V3)-RM2*(DXVX1+DYVY1) ) * DT
SXY (1,J,K) = SSXY (1,J,KK) + RM1 * DXVYDYVX1 * DT
SXZ (1,J,K) = SSXZ (1,J,KK) + RM1 * DXVZDZVX1 * DT
SYZ (1,J,K) = SSYZ (1,J,KK) + RM1 * DYVZDZVY1 * DT

- s

g I I I .

d do
do
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Program main | _ ,
subroutine ppohFDM_pdiffx3_p4(....)
IOATS install select region start , , ,
IOATS name ppohFDMupdate vel select IOATS install LoopFusion region start
@BATS select sub region start. e

call ppohFDM_pdiffx3_p4( SXX,DXSXX,NXP,NYP,NZP.....)
l call ppohFDM_pdiffy3_p4( SYY,DYSYY, NXP,NYP,NZP......)

I if(is_fs .or. is_nearfs ) then
call ppohFDM bc_stress deriv( KFSZ,NIFS,NJFS, "™ , , _
end ifp - = T IOATS install LoopFusion region start

IOATS name ppohFDMupdate_vel
Il hFDM dat | 1, NXP, 1, NYP, 1, N -
ca® PPO =UpdateEvel IOATS debug (pp)

10ATS select sub region start
\_—s#g—gl———— ms =m =mm = == |Somp parallel do private(i,j,k,ROX,ROY,ROZ)

N N B N N B B N N B B QN

JIOATS select sub region start dc; " -__N,\Z,sng,\Z,%l

[ call ppohFDM_update_vel _Intel (1, NXP, 1, NYP, Odj o NXE)O NXO1
IOATS select sub region start o '

I0ATS install select region end

subroutine ppohFDM __update_vel(....)




Call tree graph by the AT . :auto-generated codes

\

a
>l Velocity Derivative (def _vel) ]

! — N
‘1' | \
3 |

Velocity PML condition (update_vel sponge

AR
Velocity Passing (MPI) (passing_vel) ]

—— update_stress_select

_ , . \
Stress PML condition (update_stress_sponge Stress Derivative (def_stress | \

[\ ' , - |
¥ \!H'—'
Stress Passing (MPI) (passing_stress) J Stress Update (update_stre

=

v
Velocity Update (update_vel) ]

Main update_vel_select
Program < Start > r
vis

Selection 4

[ Velocity Update (update_vel_Scalar)

Selection

[ Velocity Update (update_vel_IF free)

Selection 7
Stress Update (update_stress_Scalar

\.
A

Stop iteration?

Selection

[ J
Stress Update (update_stress_IF free)




\

Execution Order o

<)

update_vel select

Velocity Derivative
def vel

Velocity Update
(update_vel)

Velocity Update

(update_vel_Scalar)

Update_vel
AT Candidates

Velocity Update
(update_vel_IF_free)

@
' Def * AT Candidates
’ )

)

@ Stress Derivative
update_stress_select (def_stress)

Stress Update
(update_stress)
Stress Update @ Update_vel sponge
(update_stress_Scalar) AT Candidates
Stress Update
(update_stress_IF_free) @ Update_stress_sponge

AT Candidates

Update_stress
AT Candidates

We can specify the
order via a directive of
ppOpen-AT.

(an extended function)

Velocity PML condition (update_vel_sponge)
Passing_vel

Stress PML condition (update_stress_sponge) l AT Candidates

Velocity Passing (MPI) (passing_vel)

Passing_stress
Stress Passing (MPI) (passing_stress) AT Candidates




ATIEFIEEDT=ODTAL I T4 T YRR
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° C|=| =
#pragma exec order <x>

e Fortran 5 i
IOATS exec order <x>

o 15“ subroutine ppohFDM_update_vel(....)

lIOATS install LoopFusion region start

IOATS name ppohFDMupdate vel ﬁ:J/IL%F_WTO)

IOATS exec order 2 ?T_ig]ﬁ%gf =

ISomp parallel do private(i,j,k,ROX,ROY,ROZ) ;O'J 7°EI'|2“J'U';5§

do k= NZOO, NZ0O1 EOH_T:”LEE)
do j = NY00, NYO1

do i = NX00, NX01
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Machine Environment

(8 nodes of the Xeon Phi) SNSITL

® The Intel Xeon Phi

® Xeon Phi 5110P (1.053 GHz), 60 cores
® Memory Amount:8 GB (GDDR5)

® Theoretical Peak Performance:1.01 TFLOPS
® One board per node of the Xeon phi cluster

® InfiniBand FDR x 2 Ports
® Mellanox Connect-IB
® PCI-E Gen3 x16
® 56Gbps x 2
® Theoretical Peak bandwidth 13.6GB/s
® Full-Bisection
® Intel MPI
® Based on MPICH2, MVAPICH?2
® Version 5.0 Update 3 Build 20150128

® Compiler:Intel Fortran version 15.0.3 20150407

® Compiler Options:
-ip020 -03 -warn all -openmp -mcmodel=medium -shared-intel —mmic
-align array64byte

® KMP_AFFINITY=granularity=fine, balanced (Uniform Distribution of threads
between sockets)




]

Execution Details T e
+ ppOpen-APPL/FDM ver.0.2 Sean"
* ppOpen-AT ver.0.2

* The number of time step: 2000 steps

* The number of nodes: 8 node

* Native Mode Execution

e Target Problem Size
(Almost maximum size with 8 GB/node)
— NX*NY *NZ=512x 512x512 /8 Node
— NX * NY * NZ =256 * 256 * 256 / node
(!= per MPI Process)

e The number of iterations for kernels
to do auto-tuning: 100

M

[




Execution Details of Hybrid =
|:||:Ig||:|EH-HI:|I;
MPI/OpenMP NSVATTL

* Target MPI Processes and OMP Threads on the Xeon Phi
— The Xeon Phi with 4 HT (Hyper Threading)

— PXTY: X MPI Processes and Y Threads per process

— P8T240 : Minimum Hybrid MPI/OpenMP execution for
ppOpen-APPL/FDM, since it needs minimum 8 MPI Processes.

— P16T120

P2T8
— P32T60
— P64T30
— P128T15 D
— P240T8 PAT4 Target of cores for
— P480T4 one MPI Process

— Less than P960T2 cause an MPI error in this environment.



ATIRAH DHEE 428 Blippopen-arpLrom) /oy
EE T seven -

1. update_stress L—TRE LI —THE| 858 10

-O—RER2FE
2. update_vel IL—TRE . IL—THEl, 8

EEIEFZE 6fE

-O—RERE
3. update_stress_sponge L—TRE 3FE 3
4. update_vel_sponge - JL—T R :3%E 3
5. ppohFDM_pdiffx3_p4 71— )L :def_update. def vel 3

T =T
6. ppohFDM_pdiffx3_m4 —IRE 3 3
7. ppohFDM_ pdiffy3_p4 3 ® ’SE"‘ . 54*@
8. ppohFDM_ pdiffy3_m4 3 ® / \47“ U . IQ‘
9. ppohFDM_pdiffz3_p4 3

MPI1/OpenMP

10.ppohFDM_pdiffz3_m4 3 —— ,— 7*@
11. ppohFDM_ps_pack T—RAINVXT ToNvFy 3 =1T:

g ® 54X7 =
12. ppohFDM_ps_unpack L—T RS (338 3
13. ppohFDM_pv_pack 3 3 78*@
14. ppohFDM_pv_unpack 3
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BREAK DOWN OF TIMINGS
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AT without code selection

Original Code

Phi : 8 Nodes (1920 Threads)

Hybrid MPI/OpenMP

Whole Time (2000 time steps)

[Seconds]
3800

fill!ll’
ill"

\\l‘.-]l‘\.
\Nl_n_‘-

P8T240 PP16T120§P32T60 | P64T30 P128T15] P240T8 | P480T4




Speedups (Whole Time)

|:l|:ID|:IEFI HI:|I:

..
[Speedup] (a) Xeon Phi (8 Nodes)
1.6 1.58
1.37
1.4 ,
R 1.19, 181 27119 118

1.2+ 1.11m 1.1 ' 1.12g 1.13

1 I
0.8
0.6 M Baseline
0.4 B Conventional AT

' B AT with code selection
0.2

; il

P8T240 P16T120 P32T60 P64T30 P128T15 P240T8 P480T4



update stress (2000 steps)

[Seconds]

200
180
160
140
120
100
30
60
40
20
0

NX*NY*NZ = 512x512x512/ 8 Node

Hybrid MPI/OpenMP
Phi : 8 Nodes (1920 Threads)

Original Code

M update
stress




Speedups (update_stress)

(a) Xeon Phi (8 Nodes)
[Speedup]

4 M Baseline
B Conventional AT
3 5 75 B AT with code selection
2.42 231
2.18 200 1 93
2 156
I 14008 1.33 8 1.34 123|125| |

P8T240 P16T120 P32T60 P64T30 P128T15 P240T8 P480T4
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Parameter Distribution (update stress select)
, Parameter Value 8 Nodes

© Phi e |vyBridge HT1 < FX10

3 Q 8 o o o W ©
|F-free kernel

- ® e o6 o6 o

K | For Scalar Machi :
ernel For Scalar Machine Xeon Phi:

The best implementation

is changed according to
MPI parallelisms.

Original (For Vector Machine

S

0 1 2 3 4 5 6 7 8
MPI Parallelism



Kernel Time (update stress)
(a) Xeon Phi (8 Nodes)

[Seconds]
4 B For Scalar Machines (Variant 1)
M IF-free kernel (Variant 2) 3.35
The Best Kernel:
3 Code for Scalar machines ‘
2 .38 2.42

2 A® 2.09

1.82 1.93
1 75 = .
. 1.15x
for the fastest execution
0 (P240T8)

P8T240 P16T120 P32T60 P64T30/P128T15 P240T8 P480T4
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1. ppOpen-HPCOH A Z17<
http://ppopenhpc.cc.u-tokyo.ac.jp/ppopenhpc/

2. DOWNLOADY) > O%T1)w%

3. Latest Version (ppOpen-HPC)
ppOpen-AT ver.1.0.0 (Apr. 22. 2016)

=0\
4. MWESBIAZ AT
5. ppOpen-ATD 9% 0)voLTAHrA—k
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2 - Open Source Infrastructure for Development and Execution of Large-Scale Scientific Applications
ppopen HPC proJeCt on Post-Peta-Scale Supercomputers with Automatic Tuning (AT)

HOME PROJECT MEMBERS DOWNLOAD PUBLICATION WORKSHOP LINK

BEM

Boundarv *' __L.ietnod

FoM

Difference Mg ’ TRyl -

Jiscrete Element Methc

Welcome to ppOpen-HPC project homepage.

This website provides information and software about ppOpen-HPC

project ppOpen-HPC is an open source infrastructure for development and ppOpen-APPL/IFEM ver.1.0.1
execution of large-scale scientific applications on post-peta-scale |

supercomputers with automatic tuning (AT) facility Currently, we are

developing software packages of ppOpen-HPC, that are summarized as

Fnllryg

ppOpen-APPL/FDM ver.0.3.1

ppOpen-MATHVIS-FDM3D L — L
ppOpen-APPL/FDM
f’g“:&emg;’t ;fjk: ppOpen-APPL/FVM ver.0.3.0 || ppOpen-APPL/BEM ver.0.5.0
JDU 2
ppOpPETAREL /BEM

s ppOpen-AT

|
\
can download software developed by our piOje t at

e detail information of our project is descnbed at
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H Open Source Infrastructure for Development and Execution of Large-Scale Scientific Application:
ppopen-HPC pro.leCt on Post-Pela-Scale Supev:mumats with Automatic Tuning (AT) )

| DOWNLOAD I

l Latest Version (ppOpen-HPC)

ppOpen-APPL/BEM ver.0.5.0

ppOpen-APPL/FEM ver.1.0.1

=
— e

/‘ 7 I) \\J7 ppOpen-APPL/FDM ver.0.3.1

ppOpen-MATH/MP ver.1.0.0
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1 h

- Open Source infrastructure for Development and Execution of Large-Scale Scientific Applications
ppOpen’HPc prolect on Post-Peta-Scale sm«:omp.ms with Automatic Tuning (AT)

HOME LPROJECT ‘ MEMBERS \ DOWNLOAD PUBLICATION WORKSHOP LINK | & ..
NI { |

I ppOpen-AT ver.1.0.0 I

Apr 22 2016

Please fill n the following form, then you can downiload this archive

WEFIEZ
AALT
Send
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ppOpen_Hpc pl'Oj eCt Open Source Infrastructure for Development and Execution of Large-Scale Scientific Applications
@H'Hpc

on Post-Peta-Scale Sup s with AL Tuning (AT)

HOME LPROJECT MEMBERS DOWNLOAD PUBLICATION WORKSHOP LINK an .

I ppOpen-AT ver.1.0.0 I

Apr. 22. 2016

Please fill in the following form, then you can download this archive

® -
21)v9LT

Country
AN -~ A\
9 rj ‘/ D - I\ N\ rwail address

Your message was sent successfully. Thanks

ppOpen-AT ver.1.0.0




—ROEBEAL/SMIL Lo
. ppohAT 1.0.0.tar.gz S AT
. Lo T4LORJIZEL

. taraAY > R TR

S tar xvf ppohAT 1.0.0.tar.gz

. ppohAT_1.0.0T7«4L I R)IZF2Eh
S cd ppohAT 1.0.0

4. MakefileZ B DIREIZEETHET

. makeZ3E1T9 5
Smake



]

M

[

O NA)LAasg o

pEH-HI:I;

(cd src ; make )

make[1]: T4L K1) “.../ppohAT_1.0.0/src' [ZAYET

gcc -l../include -Im -Istdc++ -c main.cpp passl.cpp pass2.cpp
pass3.cpp passd.cpp pass5.cpp TuneRegion.cpp VCL _Lib.cpp
Visual.cpp

echo "Linking oat ..."

Linking oat ...

gcc -l../include main.o passl.o0 pass2.0 pass3.0 pass4.0 pass5.o
TuneRegion.o VCL_Lib.o Visual.o -Im -Istdc++ -0 oat

echo "done"

done

cp -f oat ../bin/

make[1]: T4L2K) “.../ppohAT_1.0.0/src' MMHHFET




TALOMEE

ppohAT_1.0.0/
— bin/ EfTRIgEO—FZANDIEF

]

PROpeEn-HEL

[

— doc/ ppohAT A—H =7 ILDIEF

—etc/ FTDRMWDOT7AILDEIEEFT
(51 Z [XMakefile.in.*)

— examples/, A—FBEAERBO Y TILTAT S L

DEIRIGAT

— include/ SVERFIRADT=6O 0)’\J5‘°77’f)l/0)§§$§i’5‘ﬁﬁ

— lib/ SEBFIBD=HDIibT7AILDE
(R ¥LEEA)

— src/ ppohATDY—ROA—EFEIGAT

— tools/ ppohATY—ILDEFEGAT (5FHLER)




=1

=
WaEh TLV BMakefileD SRz T 0w

o [/etc/Makefile.in.hitachi
 HITACHI C++ a2 /NS

o ./etc/Makefile.in.fujitsu
. Fujitsu C++ I /INAMSFF
o [etc/Makefile.in.intel
. Intel C++ A /INAMTFF

» ./etc/Makefile.in.pgi
' PGl C++ O INATFE

T4 ILRE gcc



Make DAY p{:ﬁn-l—lmg

all - ETHDINVT—D%ED AR

src - example & tools AN D I\ — % 4ES

clean- EJLRIZILWELG D 7L ILEHT

distclean — EJLNICIAEL D7 )L E

ETA T HNEET

install - EITRIGED7AIL . ANYEZIT7A)L.
BEUSA1TSV%& . T4L IR <PREFIX> |2
aOE—9 %

uninstall = T RTDARAM—=ILITF7ALILETALYD

M)ZET

« f5l)

S make all
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C (1/2) oan

c CTAHILAA (CEEZERHYTILT /77L\>

* matunroll

ATH-THREDIL—TTFToa—) g
* matunrolldyn

ATH-ATHFRED I —T 77— (£1T
B3 AT)

e Test i 1 to64

1TH-THREDOII—TF7oa—) 4
(1R ~64ERETOHaI—FZ BB &R




Example 74 ILE DH 5 /\

|:IEI'I HI:|I:

C(2/2) A

« COAILEAN (CEERY T ILTOTIL)

e matunroll

1TH-4THREDIL—TFToa—1) 54
* matunrolldyn

ATH-1THFEDIL—TTF7oa—) 5
(RATHFAT)

e Test 1 1 tob4

- TH-4THFEDOII—TFToa—) 5
(1B ~64ERFETHa— 2 EHE14RL)




ExampleZ#4)LZ D 5 AN

COdpen-HRLC
F90 (1/2) SN

e FOOTAILEAN (FOEEERTTIILTATIL)

e SetNum, SetDebu -MPIO—F
. MPIT Ot R $5 0)1§IJ debugtg & F D5l

e MGSker
AEIEST S5 s /:L\Jl‘/f(MOdlfIEd Gram-Schmidt;Z)DETE

H—RINZIL—TFoa—o T % InT 54

* TDRk
:HouseerholderEEi'ﬁﬁ1t®§¥ﬁ’&ﬂ®§f%ﬁﬁ—*)bl:)lx—j
7oa— )27 &4md 56 (MPIa—k)

* TrdMatVec

:Hosoeholder_Ea*Tﬁ’”:U) TH-RORILFEOTFED—7ILIZ
)lx—77‘/El—'J/7’Eﬁ)J[I'§’%>1§'J(MPI:I ;)

* Fit Samplel Fit_ Sample2

ATH-ATHFEDI—RICIL—T 7oA=&t M 555
[Z Ebla\’C 4 REET ILIZd-Splinej&ZE AT 54| (MPIa—F)




ExampleZ#4IILZ DH 5 p/pﬁn_,_lp,:
F90 (2/2) NSATTLE

e FOO7A LA A

* Dynamic_Setl, Dynamic_Set?2

ATHIATHIRE. B EUBRITII- R ILIED
L= 78— )27 I (EITHFAT) (MPI=
 Test Select 1, Test Select 2, Test Select 3

-Select¥s E FDH (MPIA—F)
e Test i 1 to64, Test k 1 to64, Test j 1 to64,

Test ijk 1 to 4

AT 1THREDIIL—TT7a—) 2

(MPI=

—F)

(FOOEERYLTILTOISL)

—F)
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TH-THREOT7 A=Y g @”Hﬁ'c
D IRF| (CEEE

/= AA
1. Yo7 3 LDEFNEE]
S cd ~/ppohAT 1.0.0/examples/C/Test i 1 to64
2. T7AIEHERT S
matmul.c : X NDCa—F
OATh :ppOpen-ATAERLT HI—FDET
ICREGEANYF T7AILDHRZ WIR) . 7,
XRDIA—FDITAILFAIZELZE,
3. ppOpen- AT 70ty SEEEILT, O—F%
BERSES

S../../../binfoat.exe matmul.c
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--- ppOpenAT version 1.0.0 ---

OAT_PATH =""

CommandLine =../../../bin/oat matmul.c
*#** Start Code Generation ****

SrcFile ="matmul.c"

Pass1 Start

Pass2 Start

(MIdx=0) Int iauto (RW=6,3) DefPos=16

(MIdx=0) Int n (RW=4,1) DefPos=20

(MIdx=0) Real A(0:0)(439888:440032) (RW=4,0) DefPos=24
(MIdx=0) Real N(0:0) (RW=6,0) DefPos=26

(MIdx=0) Real B(0:0)(444352:-2144040648) (RW=4,0) DefPos=32
(MIdx=0) Real C(0:0)(96:95) (RW=4,0) DefPos=40

(Mldx=1) Real A(6:12)(439752:887088) (RW=2,1)(Arg) DefPos=212
: (MIdx=1) Real N(6:12) (RW=6,0)(Arg) DefPos=214

: (MIdx=1) Real B(6:12)(441608:883408) (RW=2,0)(Arg) DefPos=221
: (MIdx=1) Real C(0:0)(0:0) (RW=2,0)(Arg) DefPos=230

10: (Mldx=1) Int n (RW=4,0)(Arg) DefPos=239

11: (Mldx=1) Real dal (RW=3,2) DefPos=245

12: (Mldx=1) Real da2 (RW=1,0) DefPos=247

13: (Mldx=1) Real dc (RW=2,1) DefPos=251

14: (MIdx=1) Int i (RW=5,1) DefPos=255

15: (Mldx=1) Int j (RW=5,1) DefPos=257

16: (Mldx=1) Int k (RW=5,1) DefPos=259

© 0 N AWM RO

17: (MIdx=2) Real A(0:87)(441088:441232) (RW=1,1)(Arg) DefPos=435
18: (Mldx=2) Real N(23041:23041) (RW=6,0)(Arg) DefPos=437

19: (Mldx=2) Real B(0:0)(-1:4) (RW=1,1)(Arg) DefPos=444

20: (MIdx=2) Real C(0:6145)(3:435) (RW=1,1)(Arg) DefPos=453

21: (Mldx=2) Int n (RW=5,0)(Arg) DefPos=462

22: (Mldx=2) Int i (RW=7,2) DefPos=468

23: (Mldx=2) Int j (RW=7,2) DefPos=470

24: (Mldx=3) Real A(0:0)(67:134) (RW=2,0)(Arg) DefPos=605

25: (MIdx=3) Real N(0:0) (RW=6,0)(Arg) DefPos=607

26: (MIdx=3) Real B(26723:26723)(1936:1935) (RW=1,0)(Arg) DefPos=614
27: (Mldx=3) Real C(0:0)(-1:0) (RW=1,0)(Arg) DefPos=623

28: (Mldx=3) Int n (RW=3,0)(Arg) DefPos=632

29: (Mldx=3) Int i (RW=4,1) DefPos=643

30: (Mldx=3) Int j (RW=4,1) DefPos=645

Pass3 Start

Pass4 Start

OAT variable: OAT _DEBUG =1

OAT variable: OAT_NUMPROCS =4

OAT variable: OAT_STARTTUNESIZE = 100
OAT variable: OAT_ENDTUNESIZE = 500
OAT variable: OAT_SAMPDIST = 100

Base Paramater (BPset): n

------ Tuning Region -- Count =1

Tuning Region : 0

Install Unroll MyMatMul

OAT _InstallMyMatMul(,n,,,A,,,C,B)

varied i (0,i<n,) from 1.000000 to 64.000000 step 1.000000

RefValStr = (i,dal,)
Case Count =64

Pass5 Start

TuneRegion = 1/1

tune 0

**** End Code Generation **** QK !
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DR (CEEE) - B BHE Fra— R e

Open-ATTIE., EIT 74 IILF[COATEWLNS T7A IV B EIAE
| REh. 2O TFISB WA RA—FAAZ

s ZOYUTILTIX. LULTHABEEREINS
— OATh BEIERSNT=FEITRAANYZT I7AIL (h7E)

— OAT Routines.h :JL—T77>0O—1)2 57 E  ppOpen-ATIZELY BHE)
* SN -a—RZIENT 5 T7 1)L

— 9rAT_ControIRout|nes c:BEFai—=2 7 %EHa—FZIERNT 577
JL

— OAT InstallRoutines.c : A AM—ILEB#Fa1—=29 D5 T)L—
FUEINT D771

— OAT StaticRoutines.c :E{TEHFFIEFEEFFoL——2F DY TI)L—
FoEIERNT HT771IL

— OAT DynamicRoutines.c : E2TRHE#HF1—=2T DY T IL—F>
%H}l‘%ﬁ'@ié774»

— OAT I\matmul c CRRIA—RIZTEFF1—UTHEEE ANIAAT
—1—

— OATLog.txt :ppOpen-AT7Y Aty HOATEINHNTET771IL
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DNIEHI(CEEE) . a—FDEREA (1/3) '\/ ‘Ll

main() *ﬂﬁﬂ'“:@

{ 5EF
int iauto;
int n: (Z\-d—;d)cJ:jlh
double A[N][N], B[N][N], C[N][N]; E =9 D)

#pragma OAT call OAT _ATset(OAT_ALL, OAT_AllRoutines)
#pragma OAT call OAT _ATset(OAT _INSTALL,

OAT _InstallRoutines) ™
#pragma OAT call OAT _ATset(OAT_STATIC, OAT_StaticRoutines)
#pragma OAT call OAT _ATset(OAT_DYNAMIC,
OAT_DynamicRoutines)

—

myid = 0;
iauto = 1; ~ R B =
n = 10; TIN\VIE—FDIETE

#pragma OAT OAT DEBUG =1 «— (LEELVEE (T 0FEA)




TH-THREDO 7A=Y /\Em—u:u:
@U%IJ(cmn . —~0).=%Eﬂ<2/3>\/ o’

MPIZLDIETE (MPITIZAELNEE (T ER)

if (ilauto == 1){ |
#pragma OAT OAT_NUMPROCS =4 BEF1——2J GREFED
#pragma OAT OAT STARTTUNESIZE = 100« ZHOIE

#pragma OAT OAT_ENDTUNESIZE =500 «__ | B#F1—= R TE®D
#tpragma OAT OAT_SAMPDIST = 100 v\ ?Z%IO)E

#pragma OAT call OAT_ATexec(OAT INSTALL EEF1—— BN

OAT InstallRoutines,n,A,B,C) EHIEMDRANSAKR
} —_ l » LiB =
InitData(A, B, C, n); Eﬁ%a‘-l—_/ﬁ e
MatMul(A, B, C, n); (COBFRTHBFa—=on
OutputData(A, B, C, n); Flte s d)

return O;
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— y
)‘/7 AEn- HI:E

—FDtE (3/3) ST v

#pragma OAT call OAT_BPset("n") <
#pragma OAT install unroll (i) region start
#pragma OAT name MyMatMul
#pragma OAT varied (i) from 1 to 64
#pragma OAT debug (pp)
#pragma OAT allocate (auto)
#pragma omp parallel for
for(i=0;i<n;i++){
for(j=0;j<n;j+t+){
dal= A[][;
for(k =0; k< n; k++){
dc = C[k][j];
dal = dal + BJ[i][k] * dc;
}
Ali][j] = da1;
}
}

#pragma OAT install unroll (i) region end

N

BEFai—=F ZHIETE (n)
|

A A= )LEEAT, 7A—1)>
5 RRIL—TEH()ZIETE

ATREEIZ TRDESE

7oO—) U0 BRBDIEE
1R ~64ERF T

TINVIRTDIETE

|
CPUEGPUEDEITZET HI55.
nIZIHC T, B REGHDTETT
AEEFa1—=2TEIEE
(GPUETZEITOIA T avHiETE
L7z ES))




TIl-4THRO Y=V @nmc
DALIEF (CEEE) - wan”
HE)EO—FDa2 /()L

1. OATT«4LIK)IZAD
S cd OAT

2. BEERO—FZOa /(LTS

gccDIFEIE LT
S gcc.exe -03 -WI,--stack,10485760 OAT _matmul.c




1751-175 ?EODT/

O—1) /7“@&5%175“':

S ey e |:IEI'I HI:E
(CI=I|:II:I - EJJJ —/7%1_[ '.
S ./a.exe N=500 iusw1=54 0.062000

N=100 iusw1=1 0.000000
N=100 iusw1=2 0.000000
N=100 iusw1=3 0.000000
N=100 iusw1=4 0.000000
N=100 iusw1=5 0.000000
N=100 iusw1=6 0.000000
N=100 iusw1=7 0.000000
N=100 iusw1=8 0.000000
N=100 iusw1=9 0.000000
N=100 iusw1=10 0.000000
N=100 iusw1=11 0.000000
N=100 iusw1=12 0.000000
N=100 iusw1=13 0.000000

N=500 iusw1=55 0.079000
N=500 iusw1=56 0.078000
N=500 iusw1=57 0.078000
N=500 iusw1=58 0.062000
N=500 iusw1=59 0.094000
N=500 iusw1=60 0.063000
N=500 iusw1=61 0.093000
N=500 iusw1=62 0.063000
N=500 iusw1=63 0.078000
N=500 iusw1=64 0.078000
N=500 BestSw=17

myid: O

Install Routine: MyMatMul
iuswl: 1
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[ pen-HI:'I;

(CEEB) BBE/RSAIDER )/ war

s BHE)F1—=VTRTR.UTDIF7ZAILMN
SIEE RSN S

— OAT _InstallIMyMatMulParam.dat
» FEEIFAILOPRIC, HBEE/NTAFFHIES




— — i N
TH-TSIEO T O—U T ORMBH S
== B — == L—
(CE&E) B/ \NTAADIFH '\/ Lh
S cat OAT _InstallMyMatMulParam.dat
(MyMatMul
(OAT_NUMPROCS 4)
(OAT_SAMPDIST 100)
(OAT_PROBSIZE 100
(MyMatMul_1 1)
)
(OAT_PROBSIZE 200
(MyMatMul_1 1)
)
(OAT_PROBSIZE 300
(MyMatMul_1 2)
)
(OAT_PROBSIZE 400
(MyMatMul_| 20)
)

(OAT_PROBSIZE 500
(MyMatMul_1 17)

)

)




TH-17HFEDT

(C = n':lfIE) :ﬁ_lﬁ/ \7}910)"_”_

—1) g ODLIEWJ':

1. EmacsT iauto=0[ZZ& &,

B2 T5Y 4 X (n=50075&) 12

$ emacs -nw OAT _

matmul.c

2. BEAERO—FE

VINMILT B

sccDIFZEIL. AT
S gcc.exe -03 -WI,--stack,10485760 OAT _matmul.c

3. a.exexE1T79 5

S ./a.exe

|:IEI'I HI:|I:



fT5I-I5IMDT O~y DB =S

(CEEE) : BB/ ASAITOEFTAY L) L ae”

S ./a.exe

myid: O

Install Routine: MyMatMul
luswl: 17

\ A A= )LEATD#E R
THAH. IINL—TO7a—) T
D17ER THEITEIER
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giﬁgg)%&fﬁﬁ’iifﬁﬂﬁ'é%%li%H%ld:fJ(s ATHRREL THIHADHARED
D2TH5,
FIBERA XTI, AV AL—)LEF, RITIRENRIRF, RITRDATZ(I2 7%
REL , ATHRED IR IE BRI Z1Tot=, Ff=, NAMGIERETIL(OD
FYIRVIRETIV)ZHRAL . ZIRIGABIC IS ERRET LR/ ZFIE
TEREBEIEL. NIAFRERISERT ANANGATIL—LT—I%RLT=,
AutoPilitz FALV=RITR D /N AFRE LT BRITHIZE AL UMY IL/NICEA
LI=ATZL— LT —DFREY, BRITHNF AL IRV IILANOERITRATEREL
TlF. JRPEaWVEREBEGENZS,
FIBERAXICK AR NDEENFa—=2% EFBABCLIbScriptZIREL ., ATE
EDREEETRRIELTS), RAATOL—LD—JZFTHATERELTHRA
DA EFFEFBHENZ D,
BRATH RIEFREICKDBIBEEETAM TS DATHEREE IR E 9 5 0penATLib%
ﬁ%f)cb&z;:é BITHZSATZRADRNRAATHED (4TI )EELTHHTD
EETHD,
ABCLibScriptDE A7 IV E&ILIT (AREDELGLE) . SLITIL—TEHDH
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Originality (AT Languages)

AT Language H H H #
/ Items 1 2 3 4 5 6 7 8
ppOpen-AT OAT Directives 4 v None
Vendor Compilers Out of Target Limited -
Transformation Recipe v v ChilL
Recipes Descriptions
POET Xform Description v ¢/ | POET translator, ROSE
RS Xlang Pragmas v v X Translation,
‘C and tcc
SPL SPL Expressions v v v A Script Language
ADAPT (4 4 Polaris Compiler
Language Infrastructure,
ADAPT Remote Procedure
Call (RPC)
Atune-IL Atune Pragmas v A Monitoring
Daemon
PEPPLIER PEPPHER Pragmas v v v | PEPPHER tas.k graph
(interface) and run-time
Xevolver Directive Extension (/) (/) . (V) ROSE,
(Recipe Descriptions) (Users need to define rules. ) |  XSLT Translator

#1: Method for supporting multi-computer environments. #2: Obtaining loop length in run-time.
#3: Loop split with increase of computations® ,and loop collapses to the split loops?-8)9) ,
#4: Re-ordering of inner-loop sentences?® . #5:Code selection with loop transformations (Hierarchical AT
descriptions®) *This is originality in current researches of AT as of 2015. #6:Algorithm selection.
#7: Code generation with execution feedback. #8: Software requirement.
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