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ExCALIBUR

Use Cases

Emerging Technologies

MGHyPE
PAX-HPC
Task X-cutting

vVvyVvyvyy
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M5Q+V FQ)+X B2 =8+

Scientific agenda: The constrain violation in an explicit scheme with penalty terms
hurts long-term D) equation system solver (MG)
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SPH—new physics

Scientific agenda: New numerical schemes, new application domains, couple particles
with external libraries ) add new particle types
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Common challenges

Add equation system solver (new
PDE term)

» Maintainable software

»> Combine knowledge of
different disciplines

> Scale up

Add new numerical schemes and
domain knowledge

» Maintainable software

» Combine knowledge of
different disciplines

» Scale up

Zeitgeist: Scale up on GPUs!
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ExCALIBUR X-cutting rides to your rescue

Use Cases

Emerging Technologies
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The silver bullet: tasking

Different codes (multiphysics)

infrequent

coarse

ftware components/steps (solver, m

ute steps per (mesh) entity

Synchronisation

Granularity

compute step (load, store, compute, ...

often

fine
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Block-structured Finite Volumes

e Numerics:

1. Embed N N N patch into cell
Add halo layer

2. Update cell

3. Update halos of face-connected
neighbours

Logic:
» Updates (kernel calls) embedded into
tree traversal
» Halo consistency automated
lllustration of substeps from numerics blueprint. » Halo boundary exchange automatic
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Block-structured Finite Volumes with Rusanov

Q(k) Q(k)
t+dt

I t
o 17 2 3 a4 Mo 1 2 3 a4

> Copy Qo iNt0 Qnew
> Add At S(Qoiq)

(requires evaluation of source per volume)
» Add averaged and scaled (n, F(Qoiq))

(requires flux evaluation per volume)

> Correct with Amax(Qoid) (QF Q™)

(requires directional eigenvalue per volume)
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Case Study: Finite Volumes—Task graph
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Case Study: Finite Volumes—Orchestration
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Case Study: SYCL performance with loops
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Case Study: SYCL performance with tasks
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SPH explained: it is conceptually simple

: e, 1. Define quantities per particle
. 2. Define initial arrangement

(plus boundary conditions unless they are periodic)
3. Define life cycle

(for one particle)
4. Define updates and interactions

(for one or two particles)

D The rest is magiemechanics

y@hpcsoﬂware, T. Weinzierl: Some ExCALIBUR projects in Durham 15/25



Template mechanisms

o
O+ W+« >

> Particles instantiates compute task graph template

> Implementation complexity results from optimisation
(e.g. short range, parallelisation, GPUs, ...)
> Many realisation variants
(e.g. tasks, parallel loops, MPI-only, ...)
) We have seen this (for another code)
» Who is responsible?
(e.g. Physics, Computer Science, Maths, Computational Physics, not a single discipline, ...)
) We have to discuss this
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An ideal approach to construct software

rdv/a
. _—_— w/
i
@ [N

Ideal world: Separate Physics from realisation
> Domain experts can (straightforwardly) make contributions
> HPC experts can tune
Required:
> Lingua Franca or
» Clear separation of concerns and/or
> Appreciation of disciplines
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Mesh + task templates = task graph

> Task graph template (lifecycle, numerical scheme, ...) nice abstraction for domain
> Mesh yields “real” graph

» Domain science separated from computer science
D Re-apply pattern again and formalise
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Lowering: Hyperbolic equation system solver

Project

Solver Specification layer

I Grid construction " Initialisation " Time step " Plot |

touch face: touch hanging face:| | touch cell: touch face last time]
exchange halos -interpolate compute kernel send out halo

reconstruct patch loop over volumes:| [loop over volume
with halo layer evaluate PDE rhs evaluate NCP.
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Lowering: SPH

sph_drift = AlgorithmStep(

name="SPH_Drift", Code created by compiler:
dependencies=AlgorithmStep.Dependencies.SELF,
effect=AlgorithmStep.Effect. » |nsert sort steps

CHANGE_POSITION_OR_INTERACTION_RADIUS,
touch_first_time_kernel= > Generate halo data exchange

"::swift2::forAllParticles(

)": :swift2::timestepping: :resetMoved(...) » Domain decomposition
touch_vertex_last_tine_kernel= > Run over mesh once per
h_f Al ithmStep ( Step

sph_force = AlgorithmStep .
nanec"SPH_ForoeLoop", » N steps in total (N > 7)
dependencies=AlgorithmStep.Dependencies.NEIGHBOURS, :
effect=AlgorithmStep.Effect.ALTER_LOCAL_STATE, > Statlc taSK graph
L. . . . > Wrap calculations in tasks
cell_kernel="::swift2::forAllParticlePairs( » A bl d d N

::swift2: :kernels: :legacy::forceKernel..." ssembole dependencies
), P Submit after N steps (N > 7)
[...1 .

steps = [ > Dynamic task graph

h_drift, . .

Predict hydro, » Wrap calculations in tasks
[...] P> Assemble dependencies

S[Ph_iorce, > Insert synchronisation prior
1 to sorts

> Submit tasks immediately
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Lowering: Multigrid

g Kun /2 Ko K > Kin

Update u(© |, ,

Compute (r = b— Acecu') |k, ,

Compute (r=b— Acccu) |, ,

Update u©|x, , .

Update u®|, ,

(single level interior penalty method with Jacobi block smoother)
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Lowering: Multigrid realisation

) © y
Update u'“|, , Update u'|x, ,

Compute (r=b

Compute ¢Flg, ., Compute (r=b—

) © ,
Update u®|x, , Update u©)|x, ,

Project u|x, , onto u”le, ;. Project u®|k, , onto u*le, .,

Project u'?|, , onto u”|e, ,

Project u(®)|x, , onto u~e,

Update u©|x, ,

Update u|x, ,

Compute ¢/,
Compute ¢Fle, .,

Compute ¢V, , ,

e Project u(®)|x, , onto u~

Compute (r =

b— Ace @) iy

Compute (r=b— Au) |x,,
Update u|x, , Update u(|x, ,

Project u©)|x, , onto u*le, .,

Project u|x, , onto u*le, .,

Project uO|x, onto u-lgu o

H one mesh sweep
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Some obstacles

UXL/OneTBB MR #555 (n-dimensional ranges)
UXL/OneTBB MR Draft #1469 (dynamic task graphs)
Longer list of bug reports (LLVM & GNU)

Incomplete OpenMP implementation

Buggy software stack on new GPUs

Does this qualify as impact?

vyVvyVvyVvYyVyvyy
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Summary/conclusion

> Tasks powerful modelling concept

> Tasks powerful performance concept
(if granularity right; if not GPU)

> Tasks powerful tool for separation of concerns
D Shift of emphasis throughout ExCALIBUR

Myth of common language

Re-education (what not how) difficult

Abstraction layers correspond to disciplines (not interdisciplinary)
Automation key, but complexity moved into translator

Vvvy
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