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Introduction

HPC participe au développement d’une
ateforme de simulation pour des
oplications temps réelle (Cobra).
Définition du simulateur via un GUI
Exécution distribué

Possibilité d interfacer le simulateur avec des
capteurs physiques (« Hardware in the loop »)
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Inputs Outputs
Inputs Outputs
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Basic Bloc

Inputs Outputs

Bloc1.xml Bloc1.c

<Signature>
<lnput>
</Input>
<Output>

< /Output>
< /Signature>




Interfacage

Cobra doit étre une plateforme d acceuil -> il
faut intégrer un écosysteme:

Matlab/Simulink

Scilab/Xcos

Esterel/Scade

AdaCore
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Interfacage

Cobra doit étre une plateforme d acceuil -> il
faut intégrer un écosysteme:

Matlab/Simulink

Scilab/Xcos

Esterel/Scade

|:> Importation via PIPS



Génération de code C

Donnée Fonctionnel

Bloc_Initialize
Bloc_Output

Bloc_B : Bloc_P:
1/0 Parametres
H %
Bloc_U : Bloc_Y :
‘ Inputs Bloc ‘ Outputs

Bloc_Update

_ Bloc_Derivatives
Bloc_X;
Etat interne

Bloc_terminate



Géneération de code C

Allocation statique des données ©
Un fichier C par Bloc (+bcp d’includes)

Table des symboles -> Type des données
Effects -> Input/Outputs des blocs




Conclusion

Embedded coder génere du code compatible
avec PIPS

PYPS fournit un langage de haut niveau pour |
analyse (du code C) et la génération (C & xml)

Tester sur 20 blocs pas de bugs de PIPS. (ca
se complique avec « eliminate dead code »)
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Loop transformation icc VS manual

opt VS PIPS

- Intel Fortran Compiler 11.1
— Optimization Options: 00, O1, O2 and O3
- 3 tests:

orogram before optimization
orogram after manual optimization

orogram after optimization with PIPS




Loop transformation Interchange

subroutine interchange (n)
integer n,i,j,k
real a(l:n,1:n), b(1l:n,1:n), c(1l:n,1:n)

!Toop before loop interchange
do 300 k=1,n
do 200 j=1,n
do 100 i=1,n
c(i,j) = c(i,3) + a(i,k)*b(k,])
100 continue
200 continue
300 continue
end




Loop transformation Interchange

subroutine interchange (n)
integer n,i,j,k
real a(l:n,1:n), b(1l:n,1:n), c(1l:n,1:n)

!Toop before loop interchange
do 300 k=1,n
do 200 j=1,n
do 100 i=1,n
c(i,j) = c(i,3) + a(i,k)*b(k,])
100 continue
200 continue
300 continue
end

subroutine interchange (n)
integer n,i,j,k
real a(l:n,1:n), b(1:n,1:n), c(1:n,1:n)

IToop after loop interchange
do 300 j=1,n
do 200 k=1,n
apply LOOP INTERCHANGE do 100 1i=1,n
200 c(i,3) = c(i,3) + ai,k*bCk, )
100 continue
200 continue
300 continue
end




Loop transformation

Interchange

Time (s)
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interchange
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m before interchange  ®PIPS interchange
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The lower, the better




Loop transformation Interchange

Time (s)

20
18
16

=
o N

o N b~ OO ©®

Execution time before and after
interchange

-00 -01 -02 -03

m before interchange  ®PIPS interchange

The lower, the better

Opportunity not detected by compiler



Loop transformation Distribution

subroutine distribution (nl,n2) subroutine distribution (nl ,n2)
integer :: nl, n2, i, j integer :: nl, n2, 1, ]
real, dimension (nl ,n2) :: a, b real , dimension (n1 ,n2) :: a, b
.I’ d . 1 o “d ’ real , dimension (nl) :: c, d
real, 1mens1on_(n ) - G distributio |! Loop after manual distribution
| Loop before distribution doi=1. nl
. N ’
doi=1, nl |=F’ c(i) = i
c(i) =1 : d@) =
i) = i interchang |..4 do
do j=1, n2 €| do j=1, n2
Gi,i) = a(i,i) + b(, i) *c(i) do 1f1,_ nl o o _
atls] J J a(i,3) = a(i,3) + b(G,i)*c()
end do end do
end do end do
end subroutine end subroutine




Loop transformation Distribution

subroutine distribution (nl,n2) subroutine distribution (nl ,n2)
integer :: nl, n2, i, j integer :: nl , n2, i, ]
real, dimension (nl1 ,n2) :: a, b real , dimension (nl ,n2) :: a, b
> . . o ’ real , dimension (nl1) :: c, d
real, dimension (nl) :: c, d distributio |! Loop after manual distribution
I Loop before distribution doi=1 nl
- n J
doi =1, nl | = c(i) = 1
c(i) = i - d(i) =
dgig _ interchang |..4 do
do j=1, n2 S b 2 do j=1, n2
a(i,j) = a(i,3) + b, *c (i) do t=L, nb .. e
’ ’ ’ a(i,j) = a(i,j) + b(i,3)*c()
end do end do
end do end do
end subroutine end subroutine
subroutine distribution (nl ,n2)
integer :: nl , n2 , i, j
real , dimension (n1 ,n2) :: a, b
real , dimension (nl) :: c, d
| Loop after distribution with PIPS
doi=1, nl
d@) =1
end do
PIPS doi=1, nl
c(i) =1
do j=1, n2
a(i,j) = a@i,j) + b(i,j)*c(i)
end do
end do
end subroutine




Loop transformation Distribution

Execution time before and after

distribution
8,00E-02

7,00E-02

6,00E-02

5,00E-02
4,00E-02

Time (s)

3,00E-02

2,00E-02

1,00E-02

0,00E+00
-00 -01 -02 -03

m Before distribution B After manual distribution ® with PIPS

The lower, the better

More thorough distribution,
|Z>> More optimization




Loop transformation Unrolling

subroutine unroll (nl ,n2)
integer :: nl,n2,i,j
real, dimension (0:n1+1,0:n2+1) :: a,b,c

| Loop before unrolling

do j=1, n2
do i=1, nl
a(i,j)=aCi+1,3)*b(i,jd)+a(i,j +1)*c(i,])
end do
end do

end




Loop transformation Unrolling

subroutine unroll (nl ,n2)

integer :: n1 , n2 , i, j, k
real , dimension (0: nl1 +1 ,0: n2 +1) :: a, b, c
I Loop after manual unrolling
K =mod (n2 ,4)
do j=1,n2 -K ,4
do i=1, nl
a(i’j ) = a(1+1lj )*b(i;j ) + acilj +1)* Cci’j )

a(i,j +1) = a(i+l,j +D* b(i,j +1) + a(i,j +2)* c(i,j +1)
a(i,j +2) = a(i+1,j +2)* b(i,j +2) + a(i,j +3)* c(i,j +2)
a(i,j +3) = a(i+1,j +3)* b(i,j +3) + a(i,j +4)* c,j +3)
end do
end do

| post conditioning part of loop
do j= n2 -K+2, n2 , 4
do i=1, nl
aciij) = a(1+1!j)*b(15j) + aciij +1)* Cciyj)
end do
end do
end




Loop transformation Unrolling

subroutine unroll (nl ,n2)

integer :: n1 , n2 , n3, i, j
integer *: LU_NUBO , LU_IBO , LU_INDO
real , dimension (0: n1 +1 ,0: n2 +1) :: a, b, c

| Loop after unrolling with PIPS
DO 200 J = 1, N2

LU_NUBO = (N1 -1+1)/1

LU_TBO = MOD ( LU_NUBO , 4)

DO 99999 LU_INDO = 0, LU_IBO -1

LU_INDO *1+1 ,J +1)* c( LU_INDO *1+1 ,3])
99999 CONTINUE
DO 99998 LU_INDO = LU_IBO , LU_NUBO -1, 4
ACC LU_INDO +0)*1+1 , 1) = ACC LU_INDO +0)*1+1+1 , 3)*B(( LU_INDO
0)*1+1 , 3)+ACC LU_INDO +0)*1+1 , J +1)* C(( LU_INDO +0)*1+1 , 3)
ACC LU_INDO +1D)*1+1 , 1) = ACC LU_INDO +1)*1+1+1 , 3)*B(( LU_INDO
D*1+1 , I)+ACC LU_INDO +D)*1+1 , J +1)* C(C LU_INDO +1)*1+1 , J)
ACC LU_INDO +2)*1+1 , 1) = ACC LU_INDO +2)*1+1+1 , 3)*B(( LU_INDO
2)*1+1 , 31)+AC(C LU_INDO +2)*1+1 , J +1)* C(C LU_INDO +2)*1+1 , J)
ACC LU_INDO +3)*1+1 , 1) = ACC LU_INDO +3)*1+1+1 , 3)*B(( LU_INDO
3)*1+1 , 31)+ACC LU_INDO +3)*1+1 , J +1)* C(C LU_INDO +3)*1+1 , 1)
99998 CONTINUE
I = 1+ MAXO ( LU_NUBO , 0)*1
200 CONTINUE

ACLU_INDO *1+1 ,3) = AC LU_INDO *1+1+1 , 3)*B( LU_INDO *1+1 ,3)+A(&

+ &

+ &

+ &

+ &




Loop transformation

Unrolling

Time (s)

Execution time before and after unrolling

9,00E-03
8,00E-03
7,00E-03
6,00E-03
5,00E-03
4,00E-03
3,00E-03
2,00E-03
1,00E-03
0,00E+00

-00 -01 -02

m Before unrolling  ®After manual unrolling  ®with PIPS

-03

The lower, the better

Unrolling following the 2nd

dimension rather than the
]st,




Loop transformation Tiling

subroutine tiling (nl,n2,n3)
integer :: nl,n2,n3,1,j,k
real, dimension (nl+l1l,n2+1,n3+1) :: a,b,c

! Loop before tiling

do k=1, n3
do j=1, n2
do i=1, nl
a(1 !j !k) = &
a(i,j,k+D*b(,]j,k)+&
a(Ci+l,j,k)*c(,j,k)+&
a(i,j+1,k)*a(i,j,k)
end do
end do
end do

end




Tiling

Loop transformation

subroutine tiling (nl,n2,n3)
integer :: nl,n2,n3,1,j,k

! Loop after manual tiling

do v=1, n3 ,20
do u=1, n2 ,20
do k=v, v+19
do j=u, u+l19
do i=1, nl
a(-i!j!k) = &
a(i,j,k+D*b(,]j,k)+&
a(i+l,j,k)*c(i,j,k)+&
a(i,j+1,k)*a(i,j,k)
end do
end do
end do
end do
end do

end

real, dimension (nl+l,n2+1,n3+1) ::

a,b,c

subroutine tiling (nl,n2,n3)
integer :: nl,n2,n3,1,j,k
real, dimension (nl+l,n2+1,n3+1) :: a,b,c
| Loop after tiling with PIPS
DO K_t = 0, (N3 -1)/20
DO J_t = 0, (N2 -1)/20
DO I_t = 0, N1 -1
DO K = 20%* K_t+1, MIN (20*K_t+20,N3)
DO J = 20* J_t +1, MIN (N2,20*]1_t+20)
DO I =1I_t +1, I_t +1
a(-i!j!k) = &
a(i,j,k+D*b(,],k)+&
a(i+l,j,k)*c(,j,k)+&
a(i,j+1,k)*a(i,j,k)
END DO
END DO
END DO
END DO
END DO
END DO
end

apply LOOP_TILING

100 # Loop Tlabel

# Tiling matrix

20 0 0 # tile size for the outer loop
0 20 0 # tile size for the middle Toop
O 01 # tile size for the inner Toop




Loop transformation Tiling

Time (s)

5,00E-02
4,50E-02
4,00E-02
3,50E-02
3,00E-02
2,50E-02
2,00E-02
1,50E-02
1,00E-02
5,00E-03
0,00E+00

Execution time before and after tiling

-00 -01 -02 -03

m Before tiling ®After manual tiling ®with PIPS

The lower, the better




Loop transformation Stripmining

subroutine stripmining (n1 ,n2 ,n3)
integer :: n1 , n2, n3, 1, j, k
real, dimension (0:nl1+1,0:n2+1,0:n3+1)::a,b

! Loop before strip - mining

do 100 k=1, n3
do 200 i=1, n2
do 300 j=1, nl
a(j!-i !k) = a(j_ls-i !k)+&
b(i,j,k)*b(j,1i,k)
300 continue
200 continue
100 continue

end




Stripmining

Loop transformation

subroutine stripmining (n1 ,n2 ,n3)
integer :: n1 , n2, n3, 1, j, k

| Loop after manual strip - mining
do k1 =1, n3, 10
do i_1 =1, n2 , 10
do j_.1 =1, n1, 10
do k = k1, min (k_1 +9, n3)

doi=1i_1, min (A_1 +9, n2)
do j =31, min (j_1 49, nl)
a(j!-i !k) = a(j_ls-i !k)+&
b(i,j,k)*b(j,1i,k)
enddo
enddo
enddo
enddo
enddo
enddo

end

real, dimension (0:nl1+1,0:n2+1,0:n3+1)::a,b

subroutine stripmining (nl1 ,n2 ,n3)
integer :: nl , n2 , n3, 1, j, k

real, dimension (0:nl1+1,0:n2+1,0:n3+1)::a,b

I' Loop after strip - mining with PIPS
DO K_1 =1, N3, 10
DO K = K_1 , MIN (K_1 +9, N3)
DO I_1 1, N2 , 10
= , MIN (I_1 +9, N2)
J 1, N1, 10
J 1, MIN (3_1 +9, N1)
A(3,I,K) = A(3-1,I,K+&
B(I,J,K)*B(3,I,K)
ENDDO
ENDDO
ENDDO
ENDDO
ENDDO
ENDDO
end

1
1=
=3

apply STRIP_MINE
100 # Loop Tlabel
0

10 # slice size

apply STRIP_MINE
200 # Loop label
0

10 # slice size

apply STRIP_MINE
300 # Loop label
0

10 # slice size




Loop transformation Stripmining

Execution time before and after
stripmining
9
8
7
~ 6
s
E 4
- 3
2
1
0
-00 -01 -02 -03
m Before stripmining  ® After manual stripmining  ®mwith PIPS

The lower, the better

Loop partitioning more effective for all
the loops.
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Stencil Optimization Stencil ?

do k = ks ,ke
do j = js ,je
do 1 = 1s ,1e
b(i,j,k)=C_2*(a(1—2,j,k)+a(1,j—2,k)+a(1,j,k—Z))&
+c_1*CaCi-1,j,k)+aC1,j3-1,k)+a(i,],k-1))&
+c0 * a(1,7,k)*3&
+cl *(a(i+1,j,kK)+a(1,j+1,k)+a(i,],k+1))&
+c2 *(a(i+2,j,kK)+aC1,j+2,k)+aCi,3j,k+2))




Stencil Optimization Tiling

do i3_t = 5/ bs3 , (ie3 -4)/ bs3
do i2_t = 5/ bs2 , (ie2 -4)/ bs2
do 1i1_t = 5/ bsl , (iel -4)/ bsl

do i3 = max (bs3*i3_t , 5), min ( bs3 * i3_t +bs3 -1, ie3 -4)
do 12 = max (bs2*i2_t , 5), min ( bs2 * i2_t +bs2 -1, ie2 -4)
do i1l = max (bsl*il_t , 5), min ( bsl * il1_t +bsl -1, iel -4)

u@il ,i2 ,i3) =&
c_2 *(v(il-2,i2,i3) + v(il,i2-2,i3) + v(il,i2,i3-2))&

+ c_1 *(v(il1l-1,i2,13) + v(il,i2-1,i3) + v(il,12,i3-1))&
+cO0 * v(@Hl, i2,13)*3 &
+ cl *(v(@l+1,i2,13) + v(il,i2+1,i3) + v(il,12,i3+1))&
+ c2 *(v(@l1l+2,i2,13) + v(@il,i2+2,i3) + v(il,12,i3+2))
enddo
enddo




Stencil Optimization Tiling

do i3_t = 5/ bs3 , (ie3 -4)/ bs3
do i2_t = 5/ bs2 , (ie2 -4)/ bs2
do 1i1_t = 5/ bsl , (iel -4)/ bsl

do i3 = max (bs3*i3_t , 5), min ( bs3 * i3_t +bs3 -1, ie3 -4)
do 12 = max (bs2*i2_t , 5), min ( bs2 * i2_t +bs2 -1, ie2 -4)
do i1l = max (bsl*il_t , 5), min ( bsl * il1_t +bsl -1, iel -4)

u@il ,i2 ,i3) =&

c_2 *(v(il1l-2,i2,i3) + v(il,i2-2,i3) + v(il,i2,i3-2))&
c_1l *(v(i1l-1,i2,i3) + v(il,i2-1,i3) + v(il,i2,i3-1))&
cO * v(@l, i2,i3)*3 &

cl *(v(il+l,i2,i3) + v(l,i2+1,i3) + v(il,i2,i3+1D))&
c2 *(v(@(1l+2,i2,i3) + v(il,i2+2,i3) + v(il,i2,i3+2))

+ + + +

apply LOOP_TILING
100 # Loop Tlabel
# Tiling matrix
enddo bs3 0 0

0 bs2 0

0 O bsl




Stencil Optimization Tiling

3rd dimension

-the st dimension size is ~103
B3

-the 2" dimension size is ~102

-the 3rd dimension size does not matter

(a special case for stencil's size blocks)

1st dimension




Stencil Optimization Tiling & OMP

Peak rate using OMP
with and without cache blocking

30 . . . . . . Speed Up
Before tiling —— g
After tiling Before tiling ———
- 7 L After tiling i
Best case
6 L i
20 5 | i
o
@ A 7
E =
- 15 @
= = 4 F 7
a X
o
2 | i
10
1 1 1 1 1 1 1
1 2 3 4 5 G 7 8
5 . ' ' ' : : # thre ads

#threads

The higher, the
better
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