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Galerkin Formulation for Shallow-water jJ==
—

Ocean Circulation Models 2D Shallow-water Equations
e Discontinuous Galerkin (DG) method for higher order and accuracy Zﬁ -V - (U) =0
t
* Novel quadrature-free scheme for better performance o(U) s
-V - (UU" /H )+ 1/U + fck xU 4+ gHVE = F
e Automated code generation for better performance, productivity ot
¢ : elevation of the free water surtace, h;, : bathymetric depth,
and portability H = hy + & : total fluid depth, f. : Coriolis parameter, k : local vertical vector,
U = (U, V) : depth integrated horizontal velocity field,
* Generated block-structured grids for realistic ocean domains F : forcing term, g : gravitational acceleration, 7, ¢ : bottom friction coefficient

Modification of the System for Quadrature-free Integration with c := (&, U, V)T

Compact representation of SWE in conservative form: , U 4 0 o
G4V G+ 0( — ) s = | s U LV gt +
Introducing depth averaged velocity field u = (u,v)?, Al ‘I/; - 2g(H? — h}) —TpfV — fU + g§ a};” by,
Recasting of nonlinearities into product form 5 ; U v . 9h
5it V| Uu+ 39(H? — hy) Uv = | —7sU + [V + gfégxb Fy
|4 Vu Vo4 Lg(H? — h}) ~TosV — foU + g§ 5% + F,
o SN~— SS— _— N— — M
u = A(c,u) r(c,u)
Semi-discrete DG Formulation on (), GHODDESS (Generation of Higher-Order Discretizations
: : 2 : = g= =
{TAa}r>0 triangulation of Q C R? with €2, elements of 7a, Deployed as ExaSlang Specifications) 2

discontinuous polynomial spaceV A = {gpA c L1(Q):

= Uses Python library sympy (analytical differentiation and integral evaluation
SO‘T cP,(T),VT TA}; seek ca € (VA)S,UA c (VA)Q, i y y sympy ( y g )

for t € (tg, tena), Ve € Ta Voa € (Va)? and Yaba € (Va)2: * Contains classes representing triangles and data fields
A + .t
(atCA7 ¢A)Qe _I_ <A(CA7 uA’ ch ) uA’ n)’ ¢A>896 EanIang 3 Original workflow: Adapted workflow:
- (Alea,un), Voa) = (r(ea,ua), daly, _ L
Qe ovthon Multi-layered
y

up - Hp A = (uaHa JAN ¥ ; _ aver Layer 3 | GHODDESS
( 9 w )Q ; ( ) w )Q . Specrﬁcatlon Domain- Dislz:rgt/e Mfdel Solution Algorithim Discrete Mg;/itzlo 2nmtzt2(?sl;;c;)(;r; Algorithm

A discrete
With Lax-Friedrichs flux A(ca,ua, ck, ux;n) i= DG

: ., A A Specifc
L ((A(CA,’U,A) a8 A(cZ,u+)) -n + | Al (cA — c+))

2 y a Language

Layer 4
Complete Program Specification

Intermediate Representation
Domain-specific optimizations

Target Code
C++ with MPI, OpenMP and CUDA

Intermediate Representation
Domain-specific Optimizations

Target Code
C++ with MPI, OpenMP and CUDA

sprexA G

Reference solution (block-structured) k=0 T Py
e CHODDESS koo ExaStencils 222252

Reference solution (block-structured) k=1

Reference solution (unstructured) k=1 e Efficient code generation for massively parallel applications

GHODDESS k=1
Reference solution (block-structured) k=2

Time,seconds GHODDESS k=2 * Parsing ExaSlang code, transforming code elements for

ExaSlang

Tidal Flow near Bahamas simulation specification
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Generation of Block-structured Grids °

20000 40)500 60000 Simulation Details

e Simulation Time: 10 days

* Time step size: 15 seconds

* Block-structured mesh with 2624
elements

= |nitial condition: cold start

= Ramped tidal forcing with five tidal
components at the open boundary

e DG space: piecewice linear
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