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Dawn?

Dawn - Compiler toolchain to enable generation of high-level DSLs for

geophysical fluid dynamics models
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* Motivation & Dawn Overview

« Summary of Developments so far
« Dawn for Triangular Meshes

* Outlook
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© Motivation

Model software development starts at numerical discretization of continuous
quantities:

V, ¥ (e) = Y(ci(e)) ;&(co(e))
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© Motivation

(very) straight forward implementation

"actual science" + mesh
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DO jk
DO je

grad norm psi e (je, jk)

ENDDO
END DO
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elev

= 1 startidx, i endidx

(psi c(iidx(je,2),3jk)-psi c(iidx(je,1),jk))/lhat(je)
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DO jb = i startblk, 1 endblk
L} L} - -
g MOtlvatlon CALL get indices_e(ptr patch, jb, i startblk, i endblk, &
i startidx, 1 _endidx, rl start, rl end)
DO jk = slev, elev
» turns out mesh is too large for one DO je = i startidx, i endidx
maCh|ne, add bIOCkS grad norm psi e(je,jk,jb) = &
( psi_c(iidx(Jje,Jb,2),Jk,iblk(je,Jb,2)) -
psi_c(iidx(je,Jb,1),Jk,iblk(Je, b, 1)) )
/ ptr patch%edges%lhat (je, jb)
ENDDO
END DO
END DO
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© Motivation

!$OMP DO PRIVATE (jb, i startidx, i endidx, je, Jjk)
#endif
code doesn't perform, add directives DO 5b = i startblk, i endblk
to eXp'Oit Shared memOl‘y maChineS CALL get indices e (ptr patch, jb, i startblk, i endblk, &
i startidx, i _endidx, rl start, rl end)
DO jk = slev, elev
DO je = i startidx, i endidx
grad norm psi _e(je,jk,Jjb) = &
( psi _c(iidx(je,jb,2),3jk,iblk(je,ib,2)) -
psi c(iidx(je,3b,1),jk,iblk(je, b, 1)) )
/ ptr patch%edges%lhat (je, jb)
ENDDO
END DO
END DO
#ifdef OMP
I SOMP END DO NOWAIT
5 & - % 150MP END PARALLEL & T
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© Motivation

» code needs to target another
architecture...

« ... with different optimal memory
layout
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#ifdef OMP

! SOMP

#else

I SACC

#endif

DO jb = i startblk, i endblk

CALL get indices e (ptr patch, ...)

#ifdef  LOOP EXCHANGE

DO je = i startidx,
DO jk =

i endidx
slev, elev
#else

DO jk =

slev, elev

DO je =
fendif

i startidx, i _endidx

grad norm psi e (je,jk,Jjb) = &
( psi_c(iidx(je,jb,2),3k, iblk(je,jb,2)) -
psi_c(iidx (je,3b, 1), ik, iblk (je, b, 1)) )
/ ptr patch%edges%lhat (je, jb)
ENDDO
END DO

END DO
#ifdef OMP
ISOMP ... &

"
P ar
#else EH 9P ] s
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© Motivation
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#ifdef OMP
! SOMP
#else
I SACC
#endif
DO jb = i startblk, i endblk
CALL get indices e (ptr patch, ...)
#ifdef  LOOP EXCHANGE
DO Jje =
DO jk =
#else
DO jk =

i startidx, i endidx

slev, elev
slev, elev
DO je =

#endif

i startidx, i _endidx
grad_norm psi_e(je, jk,jb) = &
( psi_c(iidx(je,jb,2),jk,iblk(je,jb,2)) -
psi_c(iidx(je,jb,1),jk,iblk(je,jb,1)) )
/ ptr patch%edges%lhat (je, jb)
ENDDO
END DO
END DO
#ifdef OMP

&

P Gh P

9P ] qp

B %

& P <
PP St
& & &

o D >



© Motivation

What if

Requirements change, e.g. it turns
out that this gradient should have
been approximated using a higher
order stencil?

A third (fourth...) architecture needs to
be supported?

The mesh library needs to be
replaced?
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#ifdef OMP

ISOMP . ...

#else

ISACC ....

#endif

DO jb = i startblk, i endblk

CALL get indices e (ptr patch, ...)

#ifdef  LOOP EXCHANGE

DO je = i startidx, 1 _endidx
DO jk = slev, elev

#else

DO jk = slev, elev

DO je = i _startidx, 1 _endidx
#endif
grad norm psi e (je,jk,Jjb) = &

( psi_c(iidx(je,jb,2),3k, iblk(je,jb,2)) -
psi_c(iidx (je,3b, 1), ik, iblk (je, b, 1)) )
/ ptr patch%edges%lhat (je, jb)

ENDDO
END DO
END DO
#ifdef OMP
ISOMP ... & _ -
F U
#else eh dh ) eh ) e
54 db ch
ISACC ...d & o ¢ & & » b
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© Motivation

|dea of dawn / DSLs in general

!'SOMP PARALLEL

Y, 0(e) = P(ei(e)) Ew(%(e))

!SOMP DO PRIVATE (jb, i startidx, i endidx, Jje, jk)

DO jb = i startblk, i endblk
CALL get indices e (ptr patch, ...)

DO je = i startidx, 1 endidx

grad norm psi e = DO jk = slev, elev

grad norm psi e(je,jk,Jjb) = &
- reduce ( psi_c, ( psi_c(iidx(je,db,2),3k,iblk (je,ib,2)) -
> CELL > EDGE, psi_c(iidx(je,jb, 1), 3k, iblk (3e,3b, 1)) )
[1/lhat, -1/lhat] ) / ptr_patch%edges%lhat (je, jb)
ENDDO
END DO
END DO
'SOMP END DO NOWAIT
1'SOMP END PARALLEL
s 7 g 5" - & N v % LS
s o v N & B $ & I v R = —T T
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© Motivation

|dea of dawn / DSLs in general

V. i(e) = P(eile)) Ew(%(e))

grad norm psi e =

reduce ( psi_c,

” CELL > EDGE,
[1/1lhat, -1/1lhat] )
i & P
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I'SACC PARALLEL &
!SACC PRESENT (ptr patch, iidx, iblk, pci c,
grad ...)
!'SACC LOOP GANG
DO jb = i startblk, i endblk
CALL get indices e (ptr patch,
DO jk = slev, elev
DO je = i_startidx, i_endidx
grad norm psi e(je,jk,jb) = &
( psi c(iidx(je,jb,2),Jk,iblk(je,jb,2))
psi c(iidx(je,jb,1),jk,iblk(je,jb, 1))

/ ptr_patch%edges%lhat (je, jb)
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ENDDO
END DO
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© Motivation

|dea of dawn / DSLs in general

Y, 0(e) = P(ei(e)) Ew(%(e))

grad norm psi e =

reduce ( psi_c,

No FORTRAN Backend Exists, only for
illustration purposes

for (auto const& loc :

for(int k = 0 + 0; k < m_k size; ++k) {

getEdges (LibTag{}, m mesh)) {
for (auto inner loc :
grad norm psi e(loc, k + 0) = reduce(
LibTag{}, m mesh, loc, (::dawn::float type)0.0,
std::vector<dawn::LocationType>
{dawn::Edges, dawn::Cells},

[&] (auto& lhs, auto red locl, auto consté& weight)

~ CELL > EDGE, {
[l/]llat, —l/]llat] ) lhs += weight * psi c(red locl, k + 0);
return lhs;
br
std::vector<::dawn::float type>({-1.0 ,1.0});
}
grad norm psi e(loc, k + 0) /= lhat e(loc, k + 0)
> & ) o p s
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© Dawn Overview

Dawn - A closer look

[ DSL Frontends ]
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2 _
Python DSL E
Frontend rv] e
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Dawn Overview

O

Various optimization passes
Insertion of pragmas only very
small subset of possibilities

[ ]
e High Level Intermediate °
Dawn - A closer look Representation
e Decouples Front Ends
from Dawn

rDSL Frontends ]

Optimizers
pr—

( Domain Specific Checkers ]

)

Code Generator
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© Dawn - Developments Summary

« Dawn currently ships with a frontend called "gtclang"

— embedded into C++

— complete w.r.t COSMO dycore in particular / Finite Differences in general
« Wide array of optimization strategies
« Various backends

— C++ naive

— gridtools MC / GPU

- cuda
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© Dawn - Developments Summary

« Dawn was used to successfully translate the complete COSMO dycore
— advection schemes
— diffusion
— tridiagonal solver

» Outperforms previous efforts of translating the COSMO dycore using DSLs, at a fraction of
the lines of code
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Dawn - Developments Summary

VertAdvUVW
VertAdvPPTP+
VDiffw 4
VDiffPrepStep-
VDiffDqvdt
Satad+
HoriDiffSmag-
HoriDiffLimit
HoriDiff24
HoriAdvWW con+
HoriAdvUV 4
HoriAdvPPTP+
FWWPPTPA
FWVDivHelp+
FWUV
FWSCQCond+
FWRHS 1
FWPrepLHS
FWLHSA
FWExplDiv+
Coriolis
ConvTemp_T+
AdvPDBottY 4
AdvPDBottX 1

Dawn (CUDA backend)
WsTELLA

0e+00
2e-04
4e-04
6e—04

time (s)
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@ Dawn for Triangular Meshes

« Dawn is to be used to translate the ICON dycore
« Switch from Finite Differences on a Cartesian mesh to more general computations on a
icosahedral triangle mesh

* New concepts are required to map these kind of computations, starting from the frontend
all throughout the tool chain until code generation

- esiwace SO A R I A
MeteoSwiss ( o Lo UYL LR Y e Y Matthias Rothling .
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@ Dawn for Triangular Meshes

Basic Idea: Reductions instead of "North-East-South-West" accesses

field lapl, u
lap(i,3) = -4*u(i, )
+ u(i-1,3) + u(i+1,3)

+ou(i,3-1) + u(di,j+1)

cartesian access

"+ " MeteoSwiss

esiwace ¥

CENTRE OF EXCELLENCE IN SIMULATION OF WEATHER ,
AND CLIMATE IN EUROPE 3 gp

. Grants No 6751918823988,

VertxField lapl, u
lapl = reduce( VERTEX>VERTEX
u )

lapl = lapl - 4*u

unstr. access




@ Dawn for Triangular Meshes

> VERTEX EDGE CELL

X K X

flux*n) Zifﬁy/? Zf§§§f7 Zif}y/7

e JALA

Basic Idea: Reductions

VERTEX

cellField div c;
edgeField flux, n;
div_c = reduce (

EDGE

CELL

&
Chl ar L
o P Lt P 3 ; P §
& & EE H & LB b S H B L &

op Af . QR or 9F AP T T P

5 ' . Ho & I i &
&, h gy ‘\_lF‘ d_ E MeteOSWIss 88|Wace fpdh  dhdt dh db db o gy JdL dt b v 21\_1 b -
v n ¥ CENTRE OF EXCELLENCE IN SINULATION OF WEATHER . - w T oL T Maffh Ias R_th ﬁJnJ Y A oa o
a4 o % AND CLINATE IN EUROPE 3 -‘5‘1 P 9 9° 9 P ar G P o ST T ar  ar

2 2@ & & e &

= d J“ AR A A " ... Grants No 675191 8 823988

SHD | DEDD P P Yot on Beee ¢ b 00 o S S N S N >




@ Dawn for Triangular Meshes

Typical computations in ICON are more general

« larger neighborhoods / "wider" stencils
« weighted reductions (e.g. gradients)
» ‘"sparse dimensions"
— arrays of higher rank which store values for
each neighbor in the reduction
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@ Dawn for Triangular Meshes

Worked Example - Laplacian Finite Difference Stencil on a hexagonal triangle mesh

U+ us —2-u

V3 (u) ~

dz
Uz + Uy —2-u
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Worked Example - Formula to DSL

vertexField u;
edgeField lapl;

reduce (EDGE>CELL>VERTEX,

1/d_vv**2, 1/d vv**2])
lapl - 2*u/d e**2 - 2*u/d vv**2

U+ us —2-u B
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e u[
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@ Dawn for Triangular Meshes

Worked Example - Building a the reductions "Neighbor Chain"

EDGE>CELL>VERTE
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@ Dawn for Triangular Meshes

Worked Example - Building a the reductions "Neighbor Chain"

EDGE>CELL>VERTE
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@ Dawn for Triangular Meshes

Worked Example - Building a the reductions "Neighbor Chain"

EDGE>CELL>VERTE

X o
v i o
ar ar L, Gt q P
d ol dh ] dh [ dL
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@ Dawn for Triangular Meshes

Worked Example - Building a the reductions "Neighbor Chain"

EDGE>CELL>VERTE
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@ Dawn for Triangular Meshes
Worked Example - Formula to DSL

vertexField u;
edgeField lapl;
i tus—2-u lapl = reduce (EDGE>CELL>VERTEX,
u,
Uz + Uy —2-u [1/d e**2 , 1/d e**2,
1/d vv**2, 1/d vv**2])

Vv
lapl = lapl - 2*u/d _e**2 - 2*u/d vv**2
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% u U wr wr
) u g
ar ar dh P q o L
& & L& b B & & H L B g
I, Iy JL e ! L 8 ¥ S n
P a7 o FoY oW P w a7 ot & A
n, i n R
db  db db ot L ép dp
n nooon n L Yy o n i s n
esiwace ¥ D LA R T B L ¥
1 fo g dbn e o ) . - p & b 29 =
CENTRE OF EXCELLENCE IN SIHULATION OF WEATHER B v = v o h
o won T L% Y Matthias Rothlin, . & . .
AND CLIMATE IN EUROPE : 7 T 8 A7 87 & war & w ) s 1 ar u
P, oo & 4 & e O T § o 48
o n A f.o . o
LI F P P P

L [ T
ar R T w

" oo SRUSNoBTOINTAE2N, Tuvre oo woss ¢ o S0¢




O

Worked Example - DSL to Codegen

vertexField u;
edgeField lapl;
lapl = reduce (EDGE>CELL>VERTEX,
ul
[1/d_e**2 , 1/d_e**2,
1/d vv**2, 1/d vv**2])
lapl = lapl - 2*u/d e**2 - 2*u/d vv**2
i 5 @
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Worked Example - DSL to Codegen

vertexField u;
edgeField lapl;
lapl = reduce (EDGE>CELL>VERTEX,

u,

[1/d e**2 , 1/d e**2,

1/d vv**2, 1/d vv**2])
lapl = lapl - 2*u/d e**2 - 2*u/d vv**2
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Worked Example - DSL to Codegen

vertexField u;
edgeField lapl;
lapl = reduce (EDGE>CELL>VERTEX,
U,
[1/d_e**2 , 1/d_e**2,
1/d vv**2, 1/d vv**2])
lapl = lapl - 2*u/d e**2 - 2*u/d vv**2
i & P
oy 2 &b ok &a
R ¢ &
&b & b Bk
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template <int E C V SIZE>

__global  void ICON laplacian ms439 s466 kernel(

int NumEdges, int NumVertices, int kSize, const int*

ecvTable,

const ::dawn::float type*  restrict u,

:dawn::float type*  restrict  lapl) ({

unsigned int pidx = blockIdx.x * blockDim.x + threadIdx.x;

unsigned int kidx = blockIdx.y * blockDim.y + threadIdx.y;

int klo = kidx * LEVELS PER THREAD;
int khi = (kidx + 1) * LEVELS PER THREAD;
if (pidx >= NumEdges) {return;}

for(int kIter = klo;

int offsetIdx =

kIter < khi; kIter++) {

kIter * NumEdges + pidx;

:dawn::float type weights[4] = {
1. / d eloffsetIdx] **2, 1. / d eloffsetIdx] **2,
1. / d vv[offsetIdx] **2, 1. / d vv[offsetIdx] **2};

for (int nbhIter = 0; nbhlIter < E C V SIZE; nbhIter++) ({

int nbhIdx = kIter * NumVertices +
ecvTable[pidx * E_C_V_SIZE + nbhIter];
f (nbhIdx == DEVICE MISSING VALUE) {continue;}

lapl[offsetIdx] += ul[nbhIdx]

}

& &
lapl[offsetIdx] = P - ek
as

* weights[nbhIter];

e

U
lapl[offsetIdx] - 2*u[offset1dx]/d e[offsetldx] dh

+ P
] £h 3 5 da I
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nee ) b dbh db g dk & odh g
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@ Dawn for Triangular Meshes

Worked Example - Timings: Tesla P100, Single GPU, 1.3M Edges, Laplacian + Smagorinsky
Diffusion
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© Dawn - Outlook

« Short to Midterm: Translate functional subunits of the ICON dycore using the DSL
 Long Term: Translate entire ICON dycore using the DSL

— Efficiently target pre-exascale machines

— Keep code readable

— Ensure code can be further developed scientifically

« dawn is open source / open development: github
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https://github.com/MeteoSwiss-APN/dawn/
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Example of a CUDA Optimization Strategy:
Fuse Reductions
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# dvt tang for smagorinsky
dvt tang = reduce (

u vert * dual normal x + v _vert * dual normal y,
Edge > Cell > Vertex,

[-1.0, 1.0, 0.0, 0.07,

# dvt norm for smagorinsky
dvt norm = reduce (

u vert * dual normal x + v_vert * dual normal vy,

# dvt tang for smagorinsky

float lhs 495 = 0.0;

float weights 495[4] = {-1.0, 1.0, 0.0, 0.0};

for (int nbhIter = 0; nbhIter < E C V SIZE; nbhIter++)
int nbhIdx =
if (nbhIdx ==

ecvTable[pidx * E C V SIZE + nbhlIter];
DEVICE MISSING VALUE) {continue;}
int denseldx = kIter * NumVertices + nbhIdx;
int sparseldx =

lhs 495 += weights 495[nbhIter] *

kIter * NumEdges * E C V SIZE +

{

}
dvt tang[dens
# dvt norm fo

float lhs_ 517

(u_vert[denseldx] * dual normal x[sparseldx] +
v_vert[denseldx] * dual normal_y[sparseldx]);
eIdx] = lhs 495;
r smagorinsky

= 0.0;

float weights 517[4] =

{0.0,

0.0,

-1.0,

1.0}

Edge > Cell > Vertex,

for (int nbhIter = 0; nbhIter < E C V SIZE; nbhIter++)

(.o, 0.0, -1.0, 1.01,
) L D el

: 5 2
) 2 b ok o

& &b ¢ N
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db Y ) dh dp S & &b
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int nbhIdx =

ecvTable[pidx * E C V SIZE + nbhIter];

if (nbhIdx ==

DEVICE MISSING VALUE)

{continue;}

{

int denseldx =

int sparseldx =

lhs 517 +=

}

A7+ novrmldenceTAdx] =

kIter * NumVertices + nbhIdx;
kIter * NumEdges * E C V SIZE +
weights 495[nbhIter] *
(u_vert[denseIdx] * dual normal x[sparseldx] +

v_vert[denseldx] * dual normal_y[sparseIldx]);

The K17
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# dvt tang for smagorinsky
dvt tang = reduce (

u vert * dual normal x + v _vert * dual normal y,
Edge > Cell > Vertex,

[-1.0, 1.0, 0.0, 0.07,

# dvt norm for smagorinsky

dvt norm = reduce (

u vert * dual normal x + v_vert * dual normal vy,

Edge > Cell > Vertex,

(.o, 0.0, -1.0, 1.071,
it & P
oy 2 o e dy
qr P qF L
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dp o odp
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# fused reductions

float lhs 495 = 0.0;
float lhs 517 = 0.0;
float weights 495[4]

{-1.0, 1.0, 0.0, 0.0};
{0.0, 0.0, -1.0, 1.0};

float weights 517[4]

¥
i+

for (int nbhIter = 0;

int nbhIdx =
if (nbhIdx ==
int denselIdx
int sparselIdx

float rhs = (

lhs 495 += weights 495([nbhIter] * rhs;

lhs 517 += weights 517 [nbhIter] * rhs;
}
dvt tang[denselIdx] = lhs 495;
dvt norm[denseIdx] = lhs 517;
P it e

P ) ar
:Jb q‘: gh b
L] ] + ar
@® 9p &> 5 %P & & & 9
qf 9 . . i 9F 9P af 9P
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nbhIter < E C V SIZE; nbhlIter++) {
ecvTable[pidx * E_C_V_SIZE + nbhlIter];
DEVICE MISSING VALUE)

= kIter * NumVertices + nbhIdx;

{continue;}

= kIter * NumEdges * E C V SIZE +
u_vert[denseIdx] * dual normal x[sparseIdx] +

v_vert[denseldx] * dual_normal_ y[sparseIdx]);



© Interoperabillity

Current work flow:

Python DSL

binary
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© Interoperabillity

Envisioned Interoperability

Python DSL

*.s0 < gcc/lnvee [«
Lt Lh e
& Y@ &
_} :JE dL:\ -] i 'ﬂ’
& o& & @ & & LHo D LB
& S LB B & g R & &
; ) & & . o N ; ) e
v i esiwace ; : e : SR ' v
H b & S B Lo s e &b B
1:‘{: N #‘J" i ;:G:_ . M11EtiOSW|ss [A;I:’TK[[“'?;“EX:NEL[L;:é;[m SIMULATION OF WEATHER ]j—L’ {z N :,‘}:11 o :d‘}; o N Sody o N A’afﬁt]las @fhﬁj‘k}: ;:1{ ]11 o 4{;1 -:} o
PR A U A A AT g G@Qﬁs No6751918823988, . . L Loss 4 h son o PO N S O S AV S S Pt



© Interoperabillity

Envisioned Interoperability

call dycore ——

Python DSL

Y
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> 5 5 o -
& > & &
e 4 N o ¢ ¢
o O & o LB P e g

ap ap

& & @ . : FAS N o
¢ =« < MeteoSwiss esiwace S S & & e o B
o a #.ﬂ,u J:;E"ﬂ: dhdbdt  Ldt b . .{: .-{}; e & - L
PR A U A A AT g G@Qﬁs'i?ﬁmém &4923988} e O BOGD & B oe o

e

tihla; Eoi’h

&
G @
b &
. s
42 <
g Qp
ok L



O

SUBROUTINE vn adv horizontal (

Interoperability

p vn, p vort, p delp c,
pt _patch, pt int,

p ddt vn, p kin, p vt,
p _delp v,

opt rlstart, opt rlend )

! <SNIP>

! Calculate the gradient of kinetic energy,

! and accumulate velocity tendency

CALL grad fd norm( p_kin, pt patch,

z tmp e, opt rlstart=4 )

y o o t q
ds B o
& & & : oo
db dhy &b dh \y s M Jh
&h . 75
" MeteoSwiss esivwace -
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SUBROUTINE grad fd norm(
psi ¢, ptr patch, grad norm psi e,
opt slev,

opt elev, opt rlstart,

opt rlend )

TYPE (€ patch), TARGET, INTENT (in) ptr patch
! <SNIP>

!SACC DATA &

!$ACC

!SOMP PARALLEL

!$OMP DO PRIVATE (jb,1i startidx,i endidx,je, jk)

=

DO jb = i startblk, i endblk
CALL get indices e(ptr patch, jb, i startblk, i endblk, &
i startidx, i endidx, rl start, rl end)
!SACC PARALLEL IF( i am accel node .AND. acc on )
!'SACC LOOP GANG
DO je = 1 startidx, i endidx
!SACC LOOP VECTOR
DO jk = slev, elev
grad norm psi e(je,Jjk,jb) = &
& ( psi_c(iidx(je,3b,2),3k,iblk(je,jb,2)) - &
& psi_c(iidx(je,jb,1),jk,iblk(je,jb,1)) ) &
& * ptr patch%edges%inv_dual edge length(je, jb)
ENDDO . v v
‘ - ;\_ k - Gt n N o)
ot G P A 4 A
. END PO . ] qE <k & & P P
I$ACC END PARALLEL , . ) R L., %o A ap
Y o mm o R " hr43 ;5
4 ca [~ C_‘_ [ CJ_ . e :_: [ c
N v Yt :Matthias Rothlin, . = .7 . o
|| <SNIP> oL b Ib oy b dh gL dh gt L
GP57  GPYPRFP  QF  GP qpaper a9 IF ¥ oar T T T



© Interoperability

Stencil is rewritten using our DSL
SUBROUTINE vn adv horizontal (

p _vn, p vort, p delp c,
pt _patch, pt int,
p ddt vn, p kin, p vt,

p_delp_v, grad norm psi e =

opt rlstart, opt rlend ) reduce ( psi c,

! <SNIP> c > E,

[1/1lhat, -1/1lhat] )

! Calculate the gradient of kinetic energy,

! and accumulate velocity tendency

CALL grad fd norm( p_ kin, pt patch,

z tmp e, opt rlstart=4 ) o o .
5 4 -' ; ' ;
ar ar & e a9 a7 Chd 0
F £ ’ TIN;S & A N S &g
& . S - & g ' E A A
-] - . ) o gb dh 5h ch dh dx  Zhes o -
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© Interoperability

SUBROUTINE vn adv horizontal (
p _vn, p vort, p delp c,

pt _patch, pt int,

p_ddt vn, p kin, p vt,

p _delp v,

opt rlstart, opt rlend )

! <SNIP>

! Calculate the gradient of kinetic energy,

! and accumulate velocity tendency

CALL grad fd norm( p_kin, pt patch,

z tmp e, opt rlstart=4 )
L+ W o o GE
< ¢ < r
& & 4 b &
S & O ) L
J) ap
v B i esiwace ¥
g 1
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void grad fd norm dawn (
dawn::cell field t<double>& psi c,
dawn::edge field t<double>& grad norm psi e,
dawn::edge field t<double>& inf edge length);
void grad fd norm dawn (
dawn::cell field t<double>& psi c,
dawn::edge field t<double>& grad norm psi e,
dawn::edge field t<double>& inf edge length)
. for(iq} k =0; k < k_size; ++k)Hj
1 bfor(au?o consté& loc getEdges{T_mesh)) {
Y %or(auto inner loc Qu% v _
$£J J:E“Fgggd_n2r27p51 e(loc, = reducg} :. 6;5*5
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© Interoperabillity

SUBROUTINE vn adv_ horizontal (

p _vn, p vort, p delp c,

pt _patch, pt int,

p ddt vn, p kin, p vt, void grad fd norm dawn (

p delp v, dawn::cell field t<double>& psi c,

opt rlstart, opt rlend ) dawn::edge field t<double>& grad norm psi e,

| <SNIP> dawn::edge field t<double>& inf edge length);

Header

! Calculate the gradient of kinetic energy,

! and accumulate velocity tendency

CALL grad fd norm( p_ kin, pt patch,

z tmp e, opt rlstart=4 ) o
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< & ¢ o~ 4
& S B
& & = P PR & ) _ F @
o a@  qp

& e o . . s |
s £« MeteoSwiss ( Ssiwace 3¢ o¢
s i &

AND CLIMATE IN EUROPE 3 qp

>
5 Db OO SEE S b b 2 3
Pop | GoD | Seed Of 400 of SRNSNeB7TSIR823988, Thase o4

<




© Interoperabillity

SUBROUTINE vn adv horizontal (
p _vn, p vort, p delp c,

!

pt _patch, pt int,
p_ddt vn, p kin, p vt,
p _delp v,
opt rlstart, opt rlend )

<SNIP>

Calculate the gradient of kinetic energy,

and accumulate velocity tendency

CALL grad fd norm dsl( p_kin, pt patch,

PaPar ShirEi

MODULE grad fd norm dsl( p kin,...

! Pack / transform fields for C/C++

void

grad fd norm daw

z tmp e, opt rlstart=4 )

L] Wy qr ca
¢ @ & >
L] ap dh EC ]
& @ A S
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bl P o S MEteOSWIss CENTRE OF EXCELLENCE IN SIHULATION OF WEATHER
ay
EH] L] qpgp AND CLIATE IN EUROPE 3
d L dLd A AL AN 4 a6 oL

P AF e Ar P &F 1r

SEDD G péd

s G@qﬁs No 675191 & q,§23988 o

! n(...
CALL grad fd norm dawn
!
! Unpack Fields * S0
e 3 o
r
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