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Z MetOfice Some names

::/E[\ Gungho: Mixed finite element dynamical core

n LFRic: Model infrastructure for next generation modelling

= PSyClone: Parallel Systems code generation used in
=l

FRic and Gungho

clone

UM Unified Model UM: Current modelling environment ( UM parametrisations
are being reused in LFRic

www.metoffice.gov.uk © Crown Copyright 2019, Met Office
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ZMetofice The Unified Model
Uses Lon-Lat grid )
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Move to quasi-uniform mesh to remove polar singularity

Maintain ‘good’ aspects of current model
- No computational modes

- Accurate dispersion
- Semi-Implicit timestepping
- Reuse subgrid parametrizations

Improve inherent conservation

Improve scalability

www.metoffice.gov.uk © Crown Copyright 2019, Met Office



ZMetoffice \]ixed Finite Elements

Mixed Finite Element method gives

« Compatibility: VXV =0,V - Vxv =0

» Accurate balance and adjustment properties
* No orthogonality constraints on the mesh

* Flexibility of choice mesh (quads, triangles) and
accuracy (polynomial order)
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ZMetofice \ixed Finite Element
Method

1% VX V.
W0—>W1 —>W2—>W3.

Wy | Pointwise scalars

W1 | Circulation Vectors Vorticity

W, | Flux Vectors Velocity

W3 | Volume integrated Scalars | Pressure, Density
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WG Pointwise scalars Potential Temperature
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ZMetofice (Gungho Discretisation

Inspired by iterative-semi-implicit semi-Lagrangian scheme used in UM
Scalar transport uses high-order, upwind, explicit Eulerian FV scheme

Wave dynamics (and momentum transport) use iterative-semi-implicit,
lowest order mixed finite element method (equivalent to C-grid/Charney-
Phillips staggering)
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2= Met Office Time-stepping

Quasi-Newton Method: £ (x*)x" = —-R (x®).

Linearized around reference state (previous
time-step state) x* = x™

Solve for increments on latest state: x' = (
LU+ _ (k) y <nb~u’ ) -
n, -z,
Semi-Implicit system contains terms needed for +7,Atc), (H'VH* + O*VH’) ,
acoustic and buoyancy terms . , / AWV - (o*u
£<Xphys>xphys=<p t7 -(pu),

0" + toAra’ - VO*,

www.metoffice.gov.uk © Crown Copyright 2019, Met Office
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Solver Outer system with Iterative (GCR) solver
Méln(/ _le_gk _GG* ,l"z/ —Ru
DP M; Pl Ry
Py, M, 0] | —Re
-M§ =P My ) \IT —Rn

« Contains all couplings
* Preconditioned by approximate Schur complement for the pressure increment

www.metoffice.gov.uk © Crown Copyright 2019, Met Office
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« Helmholtz system HII' = R solved using a
single Geometric-Multi-Grid V-cycle with
block-Jacobi smoother

* x 2r—1 0%,z P =1 pp” i, C —t a0
H =M+ (PiyMy "By ™ + Mg Mz D7) (afC) 6

» Block-Jacobi smoother with small number (2)
of iterations on each level
- Exact (tridiagonal) vertical solve: A;*

I I +wH; (B— Hﬁ’)

www.metoffice.gov.uk © Crown Copyright 2019, Met Office



ZMetOfice The solver

= abstract base type

l Operator

= derived type !
[/
q
[/
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Dedlcated abstraction in F2K3 OO
Similar to Lin. Alg Libs e.g.
PETSc, DUNE-ISTL, Trillinios

lterative solver A---"" j \

_{ !
GMRES CG

www.metoffice.gov.uk

A Ommmmmm B =AusesB
A B = B is derived from A

e * Vector
BiCGStab
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A fieldvector Helmholtz o
,I operator H field
solver / /

l, u ,I
______ .( pressure solver / &=
GMRES %“‘ d Jetn Bl
< CG

Schur preconditioner

Multigrid preconditioner

www.metoffice.gov.uk © Crown Copyright 2017, Met Office
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(C192 cubed sphere
with 30 L (~50Km)
Baroclinic wave test
Met Office Cray
XC40 64 nodes
(2304 cores) Mixed
mode 6 MPIl/6 OMP
threads

c.f. ||r|| = ||Az — b]| Of
Krylov 102

Before and after MG
3-level V-cycle
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line relaxation
Krylov € = 1072
Krylov e =103
Krylov € =107°
MGL=1
MGL=2
MGL=3
MGL=4
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Reading
pressure solve mmm totalC—3
|
|
0.5 1.0 1.5 2.0 2.5 3.0
time [s]
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Lsi_operators()]

-»[advection_alg()]

[rhs_;lg()]

[rhs_;lg()]

[ si_solvér_alg( ) — GCR()

[ [9—1ériters] ]

[mi_ope;ator()] >{helmholtz_solve()]
l l
Lﬂi_schur_prec() [back_subst()]

rown Copyright 2019, Met Office
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ZMetotice Strong Scaling
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Lsi_operato

Anatomm

Non-solver

-»[advection_alg()]

si_solver_alg() I

| [9—1ériters] ]

[mi_ope;ator()] :{helmholtz_solve()]
l l
Lﬂi_schur_prec() [back_subst()]

rown Copyright 2019, Met Office
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Parallel Efficiency of time-step components
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Lsi_operators()]

—»[ advection alg() ] M Ixed Op

[rhs ;lg()]

Eme=is00 Mixed Schur precor
[si_solvér_alg() P—ﬁ GCR ()

| [9—1ériters] ]

(doi=1,4

[mi_operator()] :{helmholtz_solve()]

l

[back_subst()]
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ZMetofice. Semi-implicit solver

Parallel Efficiency of S| solver components

ZZ3 Mop
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Lsi_operators()]

_mavessenaisg) Fressure solve

Es2is0) Back substitution
[si_solvér_alg() P—ﬁ GCR ()

| [9—1ériters] ]

[mi_operator()] < helmholtz_solve()J

l

mi_schus_prec() Clmer subse) )
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ZMetOfice Pressure solve

Parallel Efficiency

Parallel Efficiency of mixed schur preconditioner components
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(100ts x4 subts =400 )
calls to GCR outer solver
0-18 iters = 5800 calls to 5007
BiCGstab 700 -
Solve to 102 ave 7 iters
Total number of BiCGstab
iters ~ 50K

5 Global sums per iter
~250K GS 200 -
At 55K cores, GS latency <
10us 2 2.5s

Best case scenario, 100 -

adaptive network slow that 04
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ZMetofice. How many global sums

[ \ Number of BiCGstab iterations

Solve 10 ave is 50-55 iters | 7°-
Total BiCGStab iters ~ 600 -
300,000

- 1.5 million Global sums
5x more than 10-2

Here, multigrid has massive
scaling advantage. 5-10x
reduction in cost of GS 2001
GCR still has GS 100 -

0 -
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