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challenges in co-design

applications: model complexity and uncertainty

mathematics: HPC performance oriented metrics

computer sciences: software design for future exascale 

bridging disciplines: integrated co-design

algorithmically supported resilience and reliability
fast and ultra-scalable solvers and discretizations
hybrid scheduling for multi-scale complexity
asynchronous execution and hierarchical compression
architecture-aware optimized node performance 

exascale relevance
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flow around a sphere package

parallel process structure

 block hybrid smoothers enhance parallelization
 lower primitive halos reduce communication
 stencil design supports optimized kernel performance
 matrix free structures push DoF to the limit

development process
Performance and test driven

continuous integration

Master repository

Performance compliance
nonfunctional design goals

Numerical validation
convergence, conservation properties

Commit
Code - Tests - Documentation Review

Test and performance

result
data base

for reproducibility

 integrated co-design
 long term sustainability
 outreach and training
 developer ecosystem
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for each vertex do

 apply operation to vertex

update vertex primary dependencies

for each edge do

 copy from vertex interior

 apply operation to edge

 copy to vertex halo

update edge primary dependencies

for each element do

 copy from edge/vertex interiors

 apply operation to element

 copy to edge/vertex halos

update secondary dependencies
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Perform
ance portability

Inverse problems
Hierarchical data compression

Stochastic problems
Scheduling for UQ

Forward models
Interfaces for rheological models and plate tectonics

Hybrid discretizations
Adaptive block-structured meshes

Fast solvers and preconditioners
Multigrid saddle point problems

Ultra-scale parallelization
Communication reducing asynchronous structures

Performance optimized kernels
Data structures and performance engineering

Fault tolerance MPIMulti-scale checkpointing

ClustersAccelerators

uncertain data

Synchronization pointTime
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node performance

optimized stencil kernels

for (int i=1; i < (tsize-j-k-1); i=i+2) {
    u[mp_mr+i] = c[0] * (
     -c[1] *u[mp_mr+i+1] - c[2] *u[mp_tr+i-1] -
      c[3] *u[mp_tr+i]   - c[4] *u[tp_br+i]   -
      c[5] *u[tp_br+i+1] - c[6] *u[tp_mr+i-1] -
      c[7] *u[tp_mr+i]   - c[8] *u[bp_mr+i]   -
      c[9] *u[bp_mr+i+1] - c[10]*u[bp_tr+i-1] -
      c[11]*u[bp_tr+i]   - c[12]*u[mp_br+i]   -
      c[13]*u[mp_br+i+1] - c[14]*u[mp_mr+i-1] +
      f[mp_mr+i] );
  }

coupled systems

weak scalability
JUQUEEN SuperMUC

Rank 8, TOP 500, Nov. 2014 Rank 14, TOP 500, Nov. 2014 

DOF Nodes Threads Time Nodes Threads Time

8.4 ∙ 107

6.4 ∙ 108

5.2 ∙ 109

4.4 ∙ 1010

3.4 ∙ 1011

2.8 ∙ 1012
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algorithmic resilience
Dirichlet-Neumann-strategy: Two consequtive failures at kF = 5 and kF = 9 with ns = 4

Size 3No Rec nI = 1 2 4

7693 8,01 0,05 4,2219,21 – 0,38

21,27 10,58 – 0,15 3,9512813 – 0,68

18,50 7,91 – 0,33 3,7623053 – 0,87

5,81 2,58 9,2443533 19,74 4,61

Global recovery can fully compensate faults w.r.t. time-to-solution.
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Co-designed algorithms for the numerical approxi-
mation of elliptic partial differential equations on 
modern supercomputers play a more and more im-
portant role in the future design of exa-scale enab-
led software. Here, we focus on several key ingre-
dients such as node performance, ultra scalable 
multigrid methods, scheduling techniques for un-
certain data and fault tolerant iterative solvers. In 
the case of a hard fault, we combine domain partiti-
oning with highly scalable geometric multigrid 
schemes to obtain fast fault-robust solvers. The re-
covery strategy is based on a hierarchical hybrid 
concept where the values on lower dimensional pri-
mitives such as faces are stored redundantly and 
thus can be recovered easily. The lost volume un- 
knowns are re-computed approximatively by sol-
ving a local Dirichlet problem on the faulty subdo-
main. Different strategies are compared and evalua-
ted with respect to performance, computational 
cost, and speed up. Locally accelerated strategies 
resulting in asynchronous multigrid iterations can 
fully compensate faults.
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