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Towards an Exascale Hyperbolic PDE Engine

Key Assumptions on Exascale Hardware:

Equal work load will no longer lead to
balanced computation time.
Moving data is the thriving constraint
for performance and energy consumption.

Technische Universität München

SuperMUC – Power Variation of Nodes

382 T. Wilde et al.

and frequency characteristics, a process called “product binning”. It was also
observed that the node power variation does not change over the relative short
life time of an HPC system even though semiconductors age over time [19]. Yet
each node replacement needs to be evaluated and the node power ranking needs
to be adjusted. The node power variation will also not change when running
different applications since it is a hardware property, good nodes will stay good
nodes.
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Fig. 5. SuperMUC (island5) 512 node power variation running single node
FIRESTARTER at 2.3GHz (Intel Sandy Bridge).

As a side note: Outlying nodes might warrant some closer examination. For
example, power supplies prior to failure tend to supply reduced voltages to the
node and, therefore, reduce the nodes power consumption as experienced on
CooLMUC. Similarly, a high power consumption paired with a high node tem-
perature could indicate improperly seated heatsinks on systems that use direct
liquid cooling as experienced during the PRACE 2nd Implementation Phase
project (PRACE 2IP) energy efficient HPC prototyping effort [29].

5 What to do with Node Power Variation

5.1 Node Power Aware Scheduling

Thermal and hot spot aware scheduling [4,36] works well in distributed and
cloud computing environments and the same techniques could be used for node
power aware scheduling.

Table 1 shows the power and energy consumption of running the High Per-
formance Conjugate Gradient Benchmark (HPCG) [9] on the 10 worst vs. the 10

bader@in.tum.de

Results by Wilde et al., ISC’15

• measured average node power of island # 5 of SuperMUC
• energy consumption of CPUs varies strongly due to tolerances in

the production process
• consequences for power-aware performance optimisation?

M. Bader et al.: SeisSol – Performance Optimzation vs. Power

Workshop on Power-Bounded HPC Performance Optimisation, Schloss Dagstuhl, 17 Aug 2015 23

Requirements for Exascale Algorithms:

• dynamic load balancing with lightweight adaptive response
• avoid communication and maximise arithmetic intensity
• plus: maximise “science per flop”

⇒ Focus on High Order Discretisation in Space and Time:

• ADER-DG with local time-stepping and novel FV-based limiting

V. Varduhn | ExaHyPE | EXDCI Workshop | Prague, May 9–10, 2016 3



Towards an Exascale Hyperbolic PDE Engine
Key Assumption on Exascale Software:

Grand challenge applications require tailoring of existing codes to
the specific challenge and cannot rely on general-purpose solutions.

ExaHyPE Goal:

• enable medium-sized interdisciplinary research teams to realise
extreme-scale simulations of grand challenges within one year

• focus on hyperbolic conservation laws
• concentrate on two specific grand challenges in the project:
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Hier steht eine Blind-
bildunterschrift über 
maximal drei Zeilen, 
falls das möglich ist. Das 
wäre fein.
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unterschrift über maximal 
drei Zeilen, falls das mög-
lich ist. Das wäre fein.

An Exascale Hyperbolic PDE EngineAn Exascale Hyperbolic PDE EngineAn Exascale Hyperbolic PDE Engine

V. Varduhn | ExaHyPE | EXDCI Workshop | Prague, May 9–10, 2016 4



ExaHyPE Work Programme

Extreme Parallelism and Performance

  dynamic load balancing
hardware optimization of kernels
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Novel Numerics for Astrophysics

    
  

   

Exascale Environment

 

  

Astrophysics

Novel Numerics for Seismology

positivity preserving ADER-DG on adaptive 
grids for non-ideal GRMHD with general EOS 

ADER-DG for dynamic rupture on space-time 
adaptive grids in heterogeneous, nonlinear material Seismology
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energy efficiency (coop. with LRZ and RSC)
resilience, ... (coop. with FETHPC, etc.)

MHD turbulence and instabilities
gravitational wave during inspiral
GW/EM emission after merger

Seismic hazard assessment 
uncertainty quantification
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Towards an Exascale Hyperbolic PDE Engine
User API and Simulation Engine:

• user-defined hyperbolic PDEs
• definition of fluxes and eigenvalues
• toolkit-based code generation

computational-domain

dimension = 2

width = 1.0

offset = 0.0, 0.0

end-time = 0.4

end computational-domain

solver ADER-DG EulerFlowSolver

unknowns = 5

parameters= 0

order = 7

kernel = generic::fluxes::nonlinear

language = C

...

end solver

shared-memory

...

end shared-memory

optimisation

fuse-algorithmic-steps = on

end optimisation

void flux(Q, f, g) {
// @todo Please implement

irho = 1.0/Q[0];

...

f[0] = Q[1];

f[1] = irho * Q[1] * Q[1] + p;

f[2] = irho * Q[1] * Q[2];

f[3] = irho * Q[1] * Q[3];

f[4] = irho * Q[1] * (Q[4] + p);

g[0] = Q[2];

g[1] = irho * Q[2] * Q[1];

g[2] = irho * Q[2] * Q[2] + p;

g[3] = irho * Q[2] * Q[3];

g[4] = irho * Q[2] * (Q[4] + p);

}

void eigenvalues(Q, normal, lambda) {
// @todo Please implement

}

void adjustSolutionValues(x, w, t, dt, Q) {
// @todo Please implement

if(t == 0.0) {
Q[0] = 1.0;

Q[1] = Q[2] = Q[3] = 0.0;

Q[4] = exp(x[0]*x[0]+x[1]*x[1]);

}
}

compute kernels Makefile
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Towards an Exascale Hyperbolic PDE Engine
DG with FV-based Subcell Limiting:

• high-order DG method, high accuracy and compute-bound regimes
• a-posteriori identification of troubled cells
• FV recomputation and DG reconstruction

u h
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piecewise subcell constant
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Towards an Exascale Hyperbolic PDE Engine
DG with FV-based Subcell Limiting:

• high-order DG method, high accuracy and compute-bound regimes
• a-posteriori identification of troubled cells
• FV recomputation and DG reconstruction
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