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Outline of talk

= Past: Some history of the Unified Model
= Present: The challenge for the Unified Model

= Future:

» GungHo
» LFRic



The Unified Model: Past & Present



Some history

<1990 Hydrostatic 15 150 Different NWP & Climate
models

1991 Unified Model 20 90 Unified NWP & Climate
Deep, Quasi-Hydrostatic global models

2002 Deep, Non-Hydrostatic 38/50/70/85 | 60/40/25 | Non-hydrostatic: Unified
New Dynamics (4/1.5) global & regional models

2014 Deep, Non-Hydrostatic 70/85 17 Improved stability,
ENDGame (4/1.5) | scalability, accuracy

2025 Deep, Non-Hydrostatic >100 <10 Quasi-uniform grid
GungHo (<1)
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(ENDGame = Even Newer Dynamics for General atmospheric
modelling of the environment)
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What is the Unified Model?




The consequence of unification
300 km

A factor of 1000
between these

...the same scheme has
to continue to work
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“The quiet revolution™: 1 day a decade

“ oo Forecast length where surface pressure RMSE over N.
...Impact of NWP Atlantic and Europe matches one day forecast in 1980

among greatest of

any area of

science... N

comparable to
simulation of
human brain and
evolution of early 4
universe™

< >
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The Challenge for the Unified Model



HPC key but HPC landscape is changing
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Moore’s law slowing but has struggled
on: >10,000,000,000 transistors in 2016

But Dennard Scaling ceased 2006

On 8 June 2018 U.S. DoE’s ORNL announced
Summit

Peak performance of 200 petaflops.

Size of 2 tennis courts; 4,000 gallons water a
minute for cooling; 10 petabytes of memory; 250
petabytes file system

UL “Crossing the chasm” Lawrence et al (2018) GMD | ©Crown Copyright, Met Office




Scalability = critical element

ToulTy N768

Perfect scaling

T

(1 node=32 cores)

ENDGame 17km

Previous model 17km

T7344/ Ty N2048
T T T T T T ' T r I ' T
12 =
Perfect scaling '
Em 6~ -
%~ ENDGame 6.5km
& ]

7344 cores Cores

(1 node=36 cores)
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What are the barriers?

ciédhogm seacing | Natural Science

= At 1 km it reduces
to 13 cm!

= _Communications
increase
dramatically

™

\\\\‘ (| | i

*Project = GungHo
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What are the barriers?

Computational Science

= No one knows just what these
beasts are going to look like

= But we do know that the current
code will not be efficient

= How do we write the new code?

» Project = LFRIic
(after L.F. Richardson)
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mpute workl = (<vstar>"xi2)*f3 star - (<wstar>"eta)*f2 star

LLEL DO DEFAULT(NONE) SCHEDULE(STATIC) PRIVATE(i,j, k)
ED(model levels,pdims,vstar,f3 star,wstar,f2 star,workl)
1 levels

DO j=pdimNg start, pdims%j end

\ start, pdims%i end

= 0.5%(vstar(i,j, k)+vstar(i,j-1,k))*
(i,j,k) - 0.5*(wstar(i,]j,k)+wstar
SILY)

vJaK=1))* &

END DO
END DO
END DO
14$0MP END PARALLEL DO

CALL swap_bounds (workl,
pdims_s%i len - j %halo 1,
pdims_s%j_len - 2
pdims s%k len,
pdims_s%halo i
fld _type p,

Q
)
o
—
R

Ngo_west arg=.TRUE.)

1$0MP PARALLEL DO DEFAU
!$0MP& SHARED (model 1
DO k=1, model lev
DO j=udims%]

ONE) SCHEDULE (STATIC) PRI
s,udims,u,r u,beta u dt,workl,

(1,3.k) &
Xxil u,dxil u)

rt, udims%j end

D0 i=udimgfi start, udims%i end
il k) = ufi,j,k) + r_u(i,j k) + beta u dt * &
8.5%(workl(1i,j,k)+workl{i+1,i,k})} / &

( b1 xil u(i,j,k)*dxil u(i) )

OMP END PARALLEL DO
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The Future: GungHo



The challenge

| ©-© Pertect senling
| G N2048 sculing wrt 7344 coses (204 sodes)

1 | L I L 1 L
Dﬂ 14688 29376 44064 58752 713440 28128
cores

“To research, design and develop a new dynamical core suitable for
operational, global and regional, weather and climate simulation on massively
parallel computers of the size envisaged over the coming 20 years.”
[Targeting mid-2020’s HPC upgrade]
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GungHo Issues

» How to maintain accuracy of current model on a GungHo grid?
Staniforth & Thuburn (2012)

= Principal points about current grid are:

» Orthogonal, Quadrilateral, C-grid

» These allow good numerical aspects:
» Lack of spurious modes
» Mimetic properties

» Good dispersion properties
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A way forward: mixed finite-element

Piecewise linear Raviart-Thomas Piecewise constant
(continuous) (mixed) (discontinuous)

| | |

Y

u, F

V- v-u, p
V-Vt EOV

Exploiting ideas from discrete exterior calculus & differential geometry

VJ_
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The Future: LFRIc




The separation of concerns:
PSyKAl

Single model

» |ndirect addressing for

Algorithms horizontal
Parallel . Vertical | _
Systems meosltca oop inner
= F2003
S = Code auto generation

Parallel Systems Kernel Algorithm = PSyKAl
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Current code
(Coriolis terms 202 X u)
All written by scientist

Science code
Shared memory
parallelism

Distributed memory
parallelism
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! Compute workl = (<vstar="x1i2)#*f3 star - (<wstar="eta)*f2 star

14$0MP PARALLEL DO DEFAULT(MONE) SCHEDULE({STATIC) PRIVATE(i,j,k) &
150MP& SHARED (model levels,pdims,vstar,f3 star,wstar,f2 star,workl)

— DO k=1, model tevels

DU j=pdims%] start, pdimsz] end
DO i=pdims%i start, pdims%i end

WOTKI(1,],K] = 0.5+ (vstar(i,j,kj+vstar(1,j-1,KIJ~ &
f3 star(i,j,k) - 0.5*(wstar(i,j,.k)+wstar(i,j, k-1))* &
2 star(i,j, k)
END DU
END DO
END DO

1$0MP END PARALLEL DO

CALL swap bounds(workl, &
pdims s%i len - 2*pdims s%halo 1, &
pdims s%j len - 2*pdims s%halo j, &
pdims sxk len, &
pdims_ 5%haln i, pdims_s%halo j, &
fld type p,swap field is vector, do west arg=.TRUE.)

140MP PARALLEL DO DEFAULT(MNONE) SCHEDULE(STATIC) PRIVATE(i,j,k) &

1$0MP& SHARED (model levels,udims,u,r u,beta u dt,workl,hl xil u,dxil u)
_B“B’_k='1,_mﬁ d E1L_1L evets

DO j=udims%j _start, udimss]_end
D0 i=udims%i start, udims%i end

r ufi,j.k) =uf{i,j,k} +r u{1 ]1,k} + beta u dt * &
0.5%(workl{i,j,k)+workl(i+1,j,k)) / &
{ h1 xil u{i,],k)*dxil u{i) }
—_—
END DO
END DO

140MP END PARALLEL DO




LFRIc code

Algorithm layer:
written by scientist

if ( rotating ) call invoke( rotation kernel type( rhs(igh u), u, chi, qr ) )

Note:

* Only global fields referenced
* “Invoke” never actually called
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do k = 8, nlayers-1

o df = I, nar_chi
loc map chi{df) + k

LFRiC COde Ensh;’ge(:.dﬂ = (/ chi 1{ loc )}, chi 2{ loc }, chi 3( loc ) /)

! Calculate rotation vector Omega = (8, 2*cos(lat), 2*sin(lat)) and Jacobian
call rotation vector sphere(ndf chi, ngp h, ngp v, chi e, &

Kernel Iayer . call conrdinate_jacnbian(ndffziitfaz;:ihToﬁgﬁig?_:ﬁgfgfJ &
written by scientist

chi diff basis, jac, dj)

! Compute the rotation component of RHS integrated over one cell
do gp2 = 1, ngp v
do gpl = 1, ngp h
u at gquad(:) = 8.6 r def

. + u{map w2 + k)*w2 basis(:,df,qgpl,qp2
over quadrature points and nddo o = AP
degrees of freedom, oy =memliocyulgdpdhand, | oo e
accessed by indirect =2 BRAISC AT ) |
addreSS|ng) jac v = matmul(jac(:,:,qpl,qp2),v)/dj(gpl,qp2)

coriolis term = dot product(jac_v,omega cross u)}

. No horizontal looping/no
. ru( map w2(df) + k ) = r u( map w2(df) + k ) &
parallellsm - wap_h{gp1)*wqp_v(qp2)*coriolis_term

end do
end do

. Where does that get done? '

end do
www.metoffice.gov.uk

end subhronutine rotation code



The magic
behind the
curtain

PSy layer:
autogenerated

Shared memory
parallelism
Distributed memory
parallelism

www.metoffice.gov.uk

! Call kernels and communication routines
1

IF (rhs tmp proxy%is dirty(depth=1}) CALL rhs tmp proxy%halo exchange(depth=1}
IF (u proxy%is dirty(depth=1}) CALL u proxy%halo exchange(depth=1)

IF (chi proxy(1l)%is dirty(depth=1}} CALL chi proxy(l)%halo exchange{depth=1)
IF (chi proxy(2)%is dirty(depth=1}} CALL chi proxy(2)%halo exchange(depth=1)
IF (chi proxy(3)%is dirty(depth=1}} CALL chi proxy(3)%halo exchange(depth=1)

i Look-up colour map
!

CALL rhs tmp proxy%svspace%get colours(ncolour, ncp colour, cmap)
!
DO colour=l,ncolour

I4omp parallel default(shared), private(cell)

15omp do schedule(static)

D0 cell=l,ncp colour(colour)
1
CALL rotation code(nlayers, rhs tmp proxy%data, u proxy%data, &
chi proxy(l)%data, chi proxy(2)%data, chi proxy(3)%data, &
ndf w2, undf w2, map w2(:,cmap(colour, cell)), basis w2, &
ndf any space 9 chi, undf any space 9 chi, &
map_any space 9 chi(:,cmap(colour, cell})), basis any space 9 chi, &
diff basis any space 9 chi, ngp h, ngp v, wh, wv)
END DO
I$omp end do
I$omp end parallel
END DO

I Set halos dirty for fields modified in the above loop
1

&ALL rhs _tmp proxy%set dirty()
!




Summary

= Aim: keep the “quiet revolution™ going

= Challenge: how to do that when hitting fundamental
limitations with computers?

= The “free lunch” is over!

1. Need to expose as much parallelism of problem as possible
(refactor codes/algorithms) (e.g. GungHo & similar)

2. Need to be flexible (separate concerns) to be able to use
whatever HPC'’s of the future look like (e.g. LFRic & similar)
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Thank you! Any questions?



