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© Dawn - Motivation

Model software development starts at numerical discretization of continuous
quantities:

V, 0 (e) = Y(ci(e)) — Y(co(e))
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DO jk = slev, elev
n n
0 Motlvatlon DO je = i startidx, i endidx
grad norm psi e(Jje,jk) =
(psi c(iidx(je,2),Jk)-psi c(iidx(je,1),Jk))/lhat(je)
» (very) straight forward implementation ENDDO
[ 1] H "
« "actual science" + mesh END DO
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© Motivation

» turns out mesh is too large for one
machine, add blocks
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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)
DO jk = slev, elev
DO je = i startidx, 1 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
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© Motivation

» code doesn't perform, add directives
to exploit shared memory machines
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#ifdef OMP
!SOMP PARALLEL
!$OMP DO PRIVATE (jb, i startidx, i endidx, Jje, Jjk)
#endif
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)
DO jk = slev, elev
DO je = 1 startidx, 1 endidx
grad norm psi e (je,jk,jb) = &
( psi_c(iidx(je,jb,2),Jk,iblk(je,ib,2)) -
psi c(iidx(je,jb,1),ik,iblk(je,jb,1)) )
/ ptr patch%edges%lhat (je, jb)
ENDDO
END DO
END DO
#ifdef OMP
!SOMP END DO NOWAIT
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#endif o E i) CEI
2 g o < B B E
T I T
b db b oA & R T
Spdp bk ¢ oo d &b H o R B o
e I I I T & & DD oA b o
2 & db o o & S R &b g b
b dhdbdbdh  dbdh  dhdbdidh dk &b dhdad: b 4 R T R T &



#ifdef OMP

© Motivation S

I'SACC
#endif
* code needs to target another DO jb = i_startblk, i_endblk
. CALL get indices e (ptr_patch, ...)
architecture... _
#ifdef  LOOP EXCHANGE
« ... with different optimal memory DO je = i_startidx, i_endidx
DO jk = slev, elev
layout )
#else
DO jk = slev, elev
DO je = i startidx, i endidx
#endif
grad norm psi e (Jje,Jjk,Jjb) = &
( pSl_C(lldx(]eljbz)r]krlblk(]e!]b/2)) -
psi_c(iidx(je,jb]l),jk,iblk (je,ib,1)) )
/ ptr patclkedgeslhat (je, jb)
ENDDO
END DO
END DO
#ifdef OMP
SOMP ...
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9p b 9 & & & #endif @ r &n o e Cr & dp
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© Motivation

#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, i endidx
DO jk = slev, elev
#else
DO jk = slev, elev
DO je = i startidx, i endidx
V "7[)(6) ,‘Z)(Cl (6)) - /‘Z)(CO(G)) #endif
—n i grad norm psi_e(je,jk,jb) = &
(PSl_c(lldX(je,]b,z),jk,lblk(je,jb,2)) -
psi_c(iidx(je,jb,1), 3k, iblk(je,ib,1)) )
/ ptr patcltedges$lhat(je, jb)
ENDDO
END DO
END DO
#ifdef OMP
ISOMP ...
L & 5k I >
& 2 & ] & & telse . o
e & T N > I T
9p b 9 & & & #endif @ r < & Eh] E
& a & dr g9p P ar
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#ifdef OMP

. . ISOMP . ...
© Motivation
ISACC ....
What if ignj;f: i startblk, i endblk

CALL get indices_e(ptr_patch, ...)
#ifdef  LOOP EXCHANGE

* Requirements change, e.g. it turns
out that this gradient should have

DO je = i startidx, i endidx
been approximated using a higher #ei::k T stevy elev
order stencil? DO jk = slev, elev

« Athird (fourth...) architecture needs to PO je = i_startidx, i _endidx
be supported? #end;iad_norm_psi_e(je,jk,jb) = &

( psiic(iidx(je,ij),jk,iblk(je,jb,2)) -
psi_c(iidx(je,jbl),Jk,iblk(je,jb,1)) )

 The mesh library needs to be

?
replaced - / ptr patclkedgeslhat (je, jb)
ENDDO
END DO
END DO
#ifdef _OMP
'SOMP ...
> Y @ & &
&b P o ) oH s #else o
¢ o ¥ N > T g BpC.T T L8 =
& R & & fendif & & S s & &
& q & oar o P ar
& & @ . & B B A & &b & T R &
2 b MeteoSwiss @ o & S S dbd & e & S
LA s I T St St S A R S St & S e D
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oo e T T T o et e S S St R P &



© Motivation

|dea of dawn / DSLs in general

V,(e) = P(ci(e)) Elp(co(e))

grad norm psi e =

reduce( psi _c,

CELL > EDGE,
[1/lhat, -1/lhat]

Ll & L

ap P o9r ar op
& G < o

L op L] qp P

. op I H & & & & dp J

R - L+ ah SR

2 & D MeteoSwiss S
9P TP arqp O 9P9P 9P 97
g2 98 PP gpgp gpgpop PR gp go _dn g7 §p gp ©p 9P gp
dpqpdpap dpdpdp dpdrdpep dpqp dpdpqr dpqp qAqegp qpgp gp gage

!'SOMP PARALLEL
!$OMP DO PRIVATE(jb, i startidx, i endidx, je,
DO jb = i startblk, i endblk
CALL get indices e(ptr patch, ...)
DO je = i startidx, i endidx
DO jk = slev, elev
grad norm psi e(je,jk,jb) = &
( psi c(iidx(je,jbR2),Jjk,iblk(je,jb,2))
psi_c(iidx(je,jb/l),jk,iblk(je, jb,1))
/ ptr patcltedgestlhat (je, jb)
ENDDO
END DO
END DO
!'SOMP END DO NOWAIT
!'SOMP END PARALLEL
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© Motivation

No FORTRAN Backend Exists, only for

illustration purposes
|dea of dawn / DSLs in general

!'SACC PARALLEL &

V,(e) = P(ci(e)) Elp(co(e))

!SACC LOOP GANG
DO jb = i startblk, i endblk

CALL get indices e (ptr_patch, ...)

B . B DO jk = slev, elev
grad_norm psi_ e = DO je = i_startidx, i_endidx

reduce( psi _c, grad norm psi e(je,jk,jb) = &
( psi_c(iidx(je,jb2),jk,iblk(je,jb,2)) -
psi_c(iidx(je,jbl),Jk,iblk(je,jb,1)) )
/ ptr patclsedges%lhat (je, jb)
ENDDO
END DO
END DO

! SACC END PARALLEL

CELL > EDGE,
[1/lhat, -1/lhat]

!$SACC PRESENT (ptr patch, iidx, iblk, pci c, grad ...

|
- o - - ! $ACC END DATA .
S % & & &> 2 S
@ 4 & o & < -
& b S LA o = —T i3
& & R & & BB B & & & & n &
& IR R : &g & b
oo@ . F B B o E o T O N N Y Ey
@ BB P MeteoSwiss B & & o Spdh b fod o & o £ o1
ERS A T N M O S N S . S S AN S N SR L
O U S T SR QR S S EAN SEFY R o & & & O R | ™ o
Ddadndh e M L et W O M N, N R e N S S



© Motivation

|dea of dawn / DSLs in general

V,(e) = P(ci(e)) Elp(co(e))

grad norm psi e =

reduce( psi _c,

CELL > EDGE,
[1/lhat, -1/lhat]

Ll & L]
ap P o9r ar op
4 4 & o
L op L] qp P
op I H & & & & dp
& Boo®
R - L+ ah §hen
2 & D MeteoSwiss O T
9P TP arqp O 9°P9P 9P 97 3P 9r
g2 98 PP gpgp gpgpop PR gp go _dn g7 §p gp ©p 9P gp P
dpqpdpap dpdpdp dpdrdpcp dpdp dpdpqp dpgp dpqedp qpgp 9P gagp gp

for(int k = 0 + 0; k < m_k size; ++k) {
for(auto const& loc : 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},
[&] @uto& lhs, auto red locl, auto consté& weight)
{
lhs += weight *psi c(red locl, k +0);
return lhs;
}y
std::vector<::dawn::float type> ({-1.0 ,1.0});
}
grad norm psi e(loc, k + 0) /= lhat e(loc, k + 0)
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© Dawn - History

« 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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ap P ap ar GEl ar ap
ar qr ar &b e e et . e
4 2 Y T B o S TR
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© Dawn - History

« 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 - History

VertAdvUVW

VertAdvPPTP+

VDiffw A

VDiffPrepStep

VDiffDqvdt

Satad

HoriDiffSmag 4

HoriDiffLimit

HoriDiff2 -

HoriAdvWW con A

HoriAdvUYV 4

HoriAdvPPTP+

FWWPPTP-

FWVDivHelp+

FWUV

FWSCQCond

FWRHS A

FWPrepLHS 4

FWLHS A

FWExpIDiv

Coriolis
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ap AdvPDBottX -

Dawn (CUDA backend)
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© SIR Snippet

"stencils": [
"ast": {
"root": {
"blockStmt": {
"statements": [
{ .
"verticalRegionDeclStmt": {
"verticalRegion": {
"ast": {
"root": {
"blockStmt": { i
"statements": [
°
"exprStmt": {
"expr": { °
"assignmentExpr": {
"left": {
"fieldAccessExpr": {
"name": "rot vec",
"unstructuredOffset": {}
}
b
"Op": n"m_mn
"right": {
"reductionOverNeighborExpr": {
"Op": ll+ll,
"rhs": {
"binaryOperator": { S
e "left": { dh
"fieldAccessExpr": { o P ap
{_’ . "name": 7”ve’cﬂ,’“ o " {,L‘ IL\P {,L‘ ?,’5 - rl'\u_
- "unstructuredOffset": { o & dn o T B gy odk
) "hasOffset": true = s D &b
B.o.. dbodbodb Vieteod>SWISS &b s & 4 Sdk o L
TP TP PP aF 9P 97 87 TP 9P 9P ap 97 9P 9P
g5 9p dqpdp gpdp dpdpgdp dpdR R gp <p 97 9 q¢ €8 dp dp qp 98 qp 9F  qp
CELELEER CECEE dpordpEP  9p4P  9P9PAP  GPSP  SPYFRP 9PAP 9P 9P9p 9P 9P qpqpgpgp qpSP  qPaPqrap

Abstract Syntax Tree
representation close to DSL
Interface for frontends

Format well suited for translation
Not meant to be human-readable
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© |IR Snippet

"stencils": [

{
"multiStages": [
{

"stages": [
Torerhodste L » Also tree-like representation, with
Thiock stmtv: { ASTs nested inside
"statements": [ . .
( « Contains many more details,
"expr stmt": { .
"expr": { collected during analyses
"assignment expr": { X
"left": |  Format well suited for
"field access expr": { .
" H: " t ",
spamet: Trot vesh transformations (e.g. through
" t l 3 d t H: "H’ - -
Wrero offsect: (1, visitors)
2jgunent_mep®: | » Compiler passes transform valid
-1, . .
B lIR into valid IR
1,
"argument offset": [
0,
, 0, & n X
> lﬁegate!offset": false v T i % F ) gy v gy @
5P OF] — e e G ey &b T B 9 P 58 Gl RIS & 98
& % S ) o @
o 5k §R - P o qp PALE] aF  9p op op ¢ 9p b ¢ «op qf  9p9p or
& &b odb MeteoSwiss b EH & b b dhdk ¢ db o db & &b S dh 4 g & db
TP P arar ¢ qr 9PIP 9P 9P %P 9P 9P ar 9° 9P 9P 9F araP  qrF ar a? LR aF  qr 9F  q9p
95 9P 9qpdp Hdpqp qpgpgqe dpge dp o gp dp 9 9p 98 dp g9p gp Gl qr ar aF 9P ar ar TP CE] ap qr ap qp
CEEELEE! qpepqp dpdrdpcp  dpqp dpdpqp dpgp dpqegp qpdp 9P qagp g§p 9p qpgpgpgn qPAP  9P9P9PHP  9F 9P qpgpqr g3 ap P 9p CEY 9 9P g9p



O

IR Snippet

"stencils": [

{

{

"multiStages": [
"stages": [ _

"doMethods": [

Hierarchical compartmentalization of

Tastm: {
"block stmt": {
"statements": [
{
"expr stmt": {
"expr": {
"assignment expr": {
"left": {

"field access expr": {
"name": "rot vec",
"vertical shift": O,
"vertical indirection":
"zero offset": {},
"argument map": [

1,

"argument offset": [
0,

0,

0 o

1,

"negate offset": false,
43 T of of

a7 or

“Decorated” AST
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<
s

o ap qr oP . e

& db H B 4 & <& IR & o

ar P

s & .
@ ¢ & o “  MeteoSwiss &

A ki oF
T ar

EH
g7 9P gp9p Hpap gpgpgR GpgE R gp P gn %:E

aPeRERaR

qrepeR dhebdhdh  dbdh dhdbdh  dhdh  dadk

> GALE] > P eH
P P AP &ap  apar ¢ 9 ¢
dPee 9° S W a7 ap T o9 T
RGP gp P ) P Foap Ch
drap gf dpgp R 9P qpepgpgp gpep  dpepaRap gFf

ASTs to achieve valid parallelization

P ch
A PR
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? P aP ap MeteOSW| SS CEI et * AP &P 9Par ¢ 9 9F P aF P 9P P 9P F
TP TP PP aF 9P 97 87 TP 9P 9P ap 97 9P 9P aF CELT T ar qr TP 9 qr
92 9P dpgqp qpgp qpgdpge  gpgdr dp gp <p 9 9p 9F € 9P gp Ih dn qp 9F  qp dF aF T da dn dn ap
CELELEER CECEE dPaFqPiP  9P9p  qpaPqr  dPYP 9PAPYP 9PYP 9P 9P9P 9P 9P qPqPapep qpPSP  9P9PYPSP  9F 9P qpeapqr 9P qr ar  9r aF 9P aF

© Dawn - State of Development / Future

Current State
« Can translate most computations in the ICON dycore

— roughly 90% feature complete
» Quite a few isolated computations from the ICON dycore translated and

end-to-end tested

Currently Under Development

* Global values
 Horizontal subdomain selection




© Dawn - State of Development / Future

Future:

» Close gaps to ICON

— Mostly horizontal indirections for Semi-Lagrangian in the horizontal
« Start to translate a whole ICON module
- e.g. diffusion
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o Q&A

Questions?
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