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Goals

AOffload computationally intensive tasks in existing Fortran code
using DPC++

AUse as much of the existing Fortran code as possible and use DPC++
only for offload

AMinimize changes to the code

AEstablish BKMs, patterns and designs useful for DPC++ code
migration

AQuantify and compare performance (DPC++, OMP)
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Code AnalysisY The Driver

&
rarea, rarea_c, sin_sg, cos_sg, sina_v, cosa_v, &
sina_u, cosa_u, fC, rdxc, rdyc, dx, dy, dxc, dyc, &
cosa_s, rsin_u, rsin_v, rsin2, dxa, dya, delpc, &
delp, ptc, pt, u, v, w, uc, vc, ua, va, wc, ut, &

call write_ state_stats("Input State"”, log_file_unit) vt, divg d, dt2)

{1 sw_corner, se_corner, ne_corner, nw_corner
call system_clock(count_start, count_rate) (isd:ied jsd:jed ) :: rarea
3 5 3 38
(isd:ied+1,jsd:jed+1 1! rarea_c

ENABLE_GPTL (isd:ied, jsd:jed, :: sin_sg, cos_sg
if (do_profile 1) -then

ret = gptlstart('kernel')
end if

(isd:ied, jsd:jed+1 :: sina_v, cosa_v
(isd:ied+1,jsd:jed :: sina_u, cosa_u
(isd:ied+1,jsd:jed+1 D fC
(isd:ied+1,jsd: jed 11 rdxc, dy, dxc
(isd:ied, jsd:jed+1 :: rdyc, dx, dyc
(isd:ied, jsd:jed 11 cosa_s
(isd:ied+1,jsd:jed :: rsin_u
(isd:ied, jsd:jed+1 ::orsin_v
(isd:ied, jsd:jed :: rsin2, dxa, dya
(isd:ied, jsd:jed+1 iy, ve
(isd:ied+1,jsd:jed i1V, uc
(isd:ied, jsd:jed :: delp, pt, ua
(isd:ied, jsd:jed r:ova, ut, vt, w

do k=1, npz
call c_sw(sw_corner, se_corner, nw_corner, ne_corner,

rarea, rarea_c, sin_sg, cos_sg, sina_v, cosa_v,
sina_u, cosa_u, fC, rdxc, rdyc, dx, dy, dxc, dyc,
cosa_s, rsin_u, rsin_v, rsin2, dxa, dya,
delpc(isd,jsd,k), delp(isd,jsd,k), ptc(isd,jsd, k),
pt(isd,jsd,k), u(isd,jsd,k), v(isd,jsd,k),
w(isd,jsd,k), uc(isd,jsd,k), vc(isd,jsd, k), (isd:ied, jsd:jed :: delpe, ptec, wc
ua(isd,jsd,k), va(isd,jsd,k), wc(isd,jsd, k), (isd:ied+1,jsd:jed+ 1 ::divg_d
ut(isd,jsd,k), vt(isd,jsd,k), divg d(isd,jsd,k), dt2) Hoedt2

&
&
&
&
&
&
&
&

enddo

ENABLE_GPTL (is-1:ie+1, js-1:je+l) :: vort, ke
if (do_profile 1) then (is-1:ie+2, js-1:je+l) :: fx, fx1, fx2
ret = gptlstop(|'kernel’)) (is-1:ie+l, js-1:je+2) :: fy, fyl, fy2
end if .. dta
i1, 3
:: iepl, jepl
:ret

call write_state_stats("Output State”, log_file_unit) Kernel Parameters: 2_ and 3_
Driver Yin Fortran dimensional arrays

call system_clock(count_end, count_rate)




Code AnalysisY Kernel ¢ sw

ie + 1
je + 1

AKernel consists of function calls oo et om commr, 2o corme e correr o :

sin_sg, cosa_u, cosa_v, cosa_s, rsin_u, rsin_v, rsin2, &

and nested loops G o, 4, v, v, e, v, v s

if ( nord @ ) then
call divergence_corner(sw_corner, se_corner, ne_corner, nw_corner, &

rarea_c, sin_sg, cos_sg, &
dxc, dyc, u, v, ua, va, divg_d)

endif
do-j-=-js-1, jepl

A~800 lines of ¢ _swkernel

if (ut(i, j) > ©.) then

Fortran code

end-if

ut(i, j) = dt2 * ut(i, j) * dy(i, j) * sin_sg(i-1, j, 3)
ut(i, j) =dt2 * ut(i, j) * dy(i, j) * sin_sg(i, j, 1)

enddo
enddo
do j = js-1, je+2
do-i-=-is-1,-iepl
if (vt(i, 3J) @.) then
vt(i, j) = dt2 * vt(i, j) * dx(i, j) * sin_sg(i, j-1, 4)
else
vt(i,-j)-=-dt2-*-vt(i, -j) -*-dx(i,-j) -*-sin_sg(i,-J, 2)
end if
enddo
enddo

Piece of the kernel code
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Code Flow Chart

Serial

. calls
D”Ver ‘ C_SW . Loopl . l Loop2 ' | Loop3 l

dl1i W hlinpd A |;#
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Code Flow Chart

OMP parallel

C_Sw, k=1 | Loopl . | Loop2 . | Loop3 I
c_sw, k=2 | Loopl - Y Loop2 . Y Loop3
|

Driver

C_sw, k=npz-1 : Loopl - ¥ Loop2 I y Loop3 .
C_sw, k=npz | Loopl ¥ Loop2 . 1 Loop3

intel.
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Possible Offload-Cj j 1 | GGh

Ed )] | | ce

Fortran DPC++ Host DPC++ DeviceMost

Loop2

c_sw, k=1 w Loop2

Loap2

Driver OMP parallel

/SN

C_sSw, k=npz

Loop3

Eoop3

Loep3
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oy

Possible Offload-Cj j 1 | GGh @EEJij HI

Fortran DPC++ Host DPC++ Device

c_sw, k=1 y Loopl - Y Loop2 I | Loop3 .
c_sw, k=2 | Loopl - | Loop2 . Y | oop3

Drlver C_SW_d pCpp c_sw, k= &% ¥ Loop2 ¥ Loop3 )

C_sw, k=npz-1 | Loopl ¥ Loop2 ) y Loop3 |
C_Sw, k=an | Loopl I = Loop2 I = Loop3
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Design Challenges

ANon-zero start of Fortran arrays

c_sw(sw_corner, se_corner, nw_corner, ne_corner,
rarea, rarea_c, sin_sg, cos_sg, sina_v, cosa_v,
sina_u, cosa_u, fC, rdxc, rdyc, dx, dy, dxc, dyc,
cosa_s, rsin_u, rsin_v, rsin2, dxa, dya, delpc,
delp, ptc, pt, u, v, w, uc, vc, ua, va, wc, ut,
vt, divg_d, dt2)

ANon-zero start of loops

11 sSw_corner, se_corner, ne_corner, nw_corner
(isdiied, jsd:jed ) :: rarea

AFortran column-major vs C++row-

major

AAccess operator in Fortran differs from
C++

ANo memory allocations in device code
AMany arrays as parameters

)
)
)
)
)
)
)
)
)5
)5
)
)
)
)
)
)
)
)
)
)

(isd:ied+1,jsd:jed+1 ) ::
(isd:ied, jsd:jed, 9) ::
(isd:ied, jsd:jed+l ) ::
:: sina_u, cosa_u
S Y

(isd:ied+1,jsd:jed
(isd:ied+1,jsd:jed+1
(isd:ied+1,jsd:jed
(isd:ied, jsd:jed+1
(isd:ied, jsd:jed
(isd:ied+1,jsd:jed
(isd:ied, jsd:jed+1
(isd:ied, jsd:jed
(isd:ied, jsd:jed+1
(isd:ied+1,jsd:jed
(isd:ied, jsd:jed
(isd:ied, jsd:jed
(isd:ied, jsd:jed

)
)
)
)
)
)
)
)
)
)
)
)
)
(isd:ied+1,jsd:jed+ 1 )

rarea_c
sin_sg, cos_sg
sina_v, cosa_v

11 rdxc, dy, dxc
::-rdyc, -dx, -dyc
i1 cosa_s

12 rsin_u
i:orsinv

:: rsin2, dxa, dya
BE [ Wiz

885 0=

:: delp, pt, ua
tiova, ut, vt,-w
:: delpc, ptc, wc
:: divg d

1oodt2

(is-1:ie+1, js-1:je+l) :: vort, ke
(is-1:ie+2, js-1:je+l) :: fx, fx1, fx2
(is-1:ie+1, js-1:je+2) :: fy, fy1l, fy2

2
2
2
11 dta
\:l I HEE |
:: iepl, jepl
ri-ret

ASolution: Two step mlgratlon to C++
GT g ijhH C & ClLl#
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Design Challenges

ANon-zero start of Fortran arrays

C_swcode

ANon-zero start of loops

AFortran column-major vs C++row-
major

do-j =1js-1, jepl
do-i-=-is-1, iepl+l

AAccess operator in Fortran differs from

ut(i, j) = dt2 * ut(di, j) * dy(i, j) *

else
C++ ut(i, j) = -dt2 * ut(i, j) * dy(i, j) *

end if
enddo
enddo

ANo memory allocations in device code

do-i-=-is-1, iepl
if (vt(i, 3) 9.) then

AMany arrays as parameters

ASolution: Two step mlgratlon to C++ el
GT g ijhH ceClwvw# JIUH Cj |

| GGh

sin_sg(i-1, j, 3)

sin_sg(i, j, 1)

i g(iJ j_1: 4)

_sg(i, 3, 2)

C

= =IN
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Design Challenges

ANon-zero start of Fortran arrays
ANon-zero start of loops

AFortran column-major vs C++row-
major

do-j = js-1, jepl
do-i-=-is-1, iepl+l

AAccess operator in Fortran differs from

ut(i, j) = dt2 * ut(di, j) * dy(i, j) * sin_sg(i-1, j, 3)

else
C I I ut(i, j) =-dt2 * ut(i, j) * dy(i, j) * sin_sg(i, j, 1)

end if
enddo
enddo

ANo memory allocations in device code

do-i-=-is-1, iepl
if (vt(i, 3) 9.) then

AMany arrays as parameters et et e

ASolution: Two step mlgratlon to C++ el
GT g ihH ceClwvw# JIUH Cj |

iJ j_1: 4)

| GGh C

= =IN
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Design Challenges

ANon-zero start of Fortran arrays
ANon-zero start of loops

AFortran column-major vs C++row-
major

do-j = js-1, jepl
do-i-=-is-1, iepl+l

AAccess operator in Fortran differs from

ut(i, j) = dt2 * ut(di, j) * dy(i, j) * sin_sg(i-1, j, 3)

else
C I I ut(i, j) =-dt2 * ut(i, j) * dy(i, j) * sin_sg(i, j, 1)

end if
enddo
enddo

ANo memory allocations in device code

do-i-=-is-1, iepl
if (vt(i, 3) 9.) then

AMany arrays as parameters et et e

ASolution: Two step mlgratlon to C++ el
GT g ihH ceClwvw# JIUH Cj |

iJ j_1: 4)

| GGh C

= =IN
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Design Challenges

ANon-zero start of Fortran arrays
ANon-zero start of loops

AFortran column-major vs C++row-
major

AAccess operator in Fortran differs from
C++

ANo memory allocations in device code
AMany arrays as parameters

ASolution: Two step mlgratlon to C++ )
G|g uhHl 8 Clhay JIJH

Cij1] GGh

EE J




Design Challenges

ANon-zero start of Fortran arrays
ANon-zero start of loops

AFortran column-major vs C++row-
major

call write_state_stats("Input State”,

call system_clock(count_start, coun

ENABLE_GPTL
if (do_profile 1) then
ret = gptlstart('kernel’)
end-if

area_c, sin_sg, cos
cosa_u, fC, rdxc,

log_file_unit)

_rate)

_sg, sina_v, cosa_v,
dy dx, dy, dxc, dyc,
n2, dxa, dya,
d,jsd, k), pt(dek)

AAccess operator in Fortran differs from el i ) e

w(isd,jsd,k), uc(isd,jsd, k), (d dk)

C++

ua(isd,jsd,k), Va(isd,j
ut(isd,jsd,k), vt(isd,j
enddo

ANo memory allocations in device code T

AMany arrays as parameters

ASolution: Two step mlgratlon to C++
Gi g ijhH C & ClLl#

ret = gptlstop|(|'kernel’()
end if

call system_clock(count_end, coun

call write_state_stats("Output State",

sd, k), wc(isd,jsd,k),
sd,k), divg_d(isd,jsd,k),

_rate)

log file unit)

JIJH Cjj1 ] GGh

&
&
&
&
&
&
&
&

dt2)

EE




Design Challenges

ANon-zero start of Fortran arrays
ANon-zero start of loops Fortran
AFortran column-major vs C++row-

major

AAccess operator in Fortran differs from
C++

ANo memory allocations in device code
AMany arrays as parameters

ASolution: Two step mlgratlon to C++ )
Gi g ijhHT 8 Cvy¥e# JIJH

C




Challenges Fortran- C++

AMain Issue: Array Indexing
AUnit stride is inner index in Fortran vs outer in C++

ANon-zero indexing in Fortran possible (and used in code)

ASolution: ClassOffsetArray (1D, 2D, 3D) wrapping
dynamic array emulating Fortran style arrays (see
Figure)

intel. v



Fortran - C++ Code Com

Fortran

call d2a2c_vect(sw_corner, se_corner, ne_corner, nw_corner, &
sin_sg, cosa_u, cosa_v, cosa_s, rsin_u, rsin_v, rsin2, &
dxa, dya, u, v, ua, va, uc, vc, ut, vt)

if - (-nord->-8 ) then
call divergence_corner(sw_corner, se_corner, ne_corner, nw_corner, &
rarea_c, sin_sg, cos_sg, &
dxc, dyc, u, v, ua, va, divg_d)
endif

do j = js-1, jepl
do i = 1is-1, iepl+l
if (ut(i, j) > @.) then
ut(i, -j) =-dt2-*-ut(i, -j) -*-dy(i,-j) *-sin_sg(i-1,-j, 3)
else
ut(i, 3j) dt2 * ut(i, j) * dy(i, j) * sin_sg(i, j, 1)
end- if
enddo
enddo
do j = js-1, jet2
do i = 1is-1, iepl
if (vt(i, j) > @.) then
vt(i, j) =dt2 * vt(i, j) * dx(i, j) * sin_sg(i, j-1, 4)
else
vt(i, 3J) dt2 * vt(i, j) * dx(i, j) * sin_sg(i, Jj, 2)
end if
enddo
enddo

arison

d2a2c_vect(sw_corner, se_corner, ne_corner, nw_corner, sin_sg, cosa_u,
cosa_v, cosa_s, rsin_u, rsin_v, rsin2, dxa, dya, u, v, ua, va, uc, vc,
ut, vt);

if (nord > 0)
divergence_corner(sw_corner, se_corner, ne_corner, nw_corner,
rarea_c, sin_sg, cos_sg, dxc, dyc, u, v, ua, va, divg d);

for (j=js-1; j<=jepl; j++)
{
for (i=is-1; i<=iepl+1l; i++)
{
if (ut(i,j)>e.8)
ut(i,j)=dt2*ut(i,j)*dy(i,j)*sin_sg(i-1,3,3);
else
ut(i,j)=dt2*ut(i,j)*dy(i,j)*sin_sg(i,j,1);

for- (j=js-1; j<=jet+2; j++)
{
for- (i=is-1; -i<=iepl; -i++)
d
if (vt(i,j)>e.8)
vt(i, j) =dt2 * vt(i, j) * dx(i, j) * sin_sg(i, j-1, 4);
else
vi(i, j) =dt2 * vt(i, j) * dx(i, j) * sin_sg(i, J, 2)4




Challenges C++- DPC++

AMain Issues:

AOffsetArray class cannot be used in device code (as it is)
ADPC++parallel forT ¥ gT GHID Dij Grij Gij : RB& | |j 171

ASolutions:

ANaively: Simple offsets based on loop and array start index
ABetter: Adjusting the OffsetArray GT GIJIJ G7 g JIWH Cjj 1] GGh
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C++- DPC++ Code Comparison: Naively

C++

d2a2c_vect(sw_corner, se_corner, ne_corner, nw_corner, sin_sg, cosa_u, e g
cosa_v, cosa_s, rsin_u, rsin_v, rsin2, dxa, dya, u, v, ua, va, uc, vc, - ’
ut, vt); if (nord > @)
divergence_corner();
if- (nord->-0)
{

Q_.submit([&](handler &h) {
divergence_corner(sw_corner, se_corner, ne_corner, nw_corner,

accessor abut{but, h, read_write};
rarea_c, sin_sg, cos_sg, dxc, dyc, u, v, ua, va, divg d); TEEEET AR,y (e ey
- - - - accessor absin_sg{bsin_sg, h, read_only};
c t-int-i off-=--isd -+ -is-1;
t-int-j_off = -jsd + js-1;
for (j=js-1; j<=jepl; j++) int k_off = -1
: .parallel_for(range<2>{static_cast<size_t>(jepl-(js-1)+1), static_cast<size| t>(iepl+1l-(is-1)+1)}, [=](id<2> idx) {
{ const-int-i-=-idx[1] + i_off;
o= 4 c 5 const - —n
for (1=15'15 1<=1epl+l; l++) const-int-j-=-idx[@]-+-j_offF;
{ if (abut[j][i]>e.@)
if (ut(i,j)>e.e) abut[j][i]=1dt2*abut[j][i]*abdy[j][i]*absin_sg[3+k_off][j][i-1],
o= 0 = o o= - ; o else
ut(i,j)=dt2*ut(i,j)*dy(i,j)*sin_sg(i-1,3,3); abut[§][i]=1dt2*abut[§][i]*abdy[§][i]*absin_sg[1+k_off1[F1[1];
else ;
ut(i,j)=dt2*ut(i,j)*dy(i,j)*sin_sg(i,3,1); s

Q_.submit([&](handler &h) {
accessor abvt{bvt, h, read_write};
accessor abdx{bdx, h, read_only};
for (j=js-1; j<=je+2; j++) accessor absin_sg{bfin_sg{ h, read_only};
n =--isd-+-is-1;
{ const-int-j_off-=--jsd-+-js-1;
for-(i=is-1; i<=iepl;  -i++) const-int k_off = -1;
{ .parallel_for(range<2>{static_cast<size t>(je+2-(js-1)+1), stati
2 g = nst-int-i-=-idx[1] + i_off;
if (vt(i,j)>e.e) S e .
. . .. . .. const-int j = idx[@] + j_off;
vt(i, j) =dt2 * vi(i, j) * dx(i, j) * sin_sg(i, j-1, 4); if (abvt[§1[i]>0.0)
else abvt[j][i]=1dt2*abvt[j][i]*abdx[j][i]*absin_sg[4+k off][j-1][i];
(i Y = dt2 * vt(i Y * dx(id N ok o ] R else
ve(d, 3 Ve, 3) x(1, 3) * sin_se(i, J, )‘l abvt[j][il=1dt2*abvt[j][i]*abdx[j][i]*absin_sg[2+k_off1[1[1];
s
s

cast<size t>(iepl-(is-1)+1)}, [=](id<2> idx) {




C++- DPC++ Code Comparison: Naively

ATedious migration
AHard-to-read code

ANeed to rewrite everything
carefully

ADebugging is a horror
AC] GJIJ |7 Cjj1] GGh €
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