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Holistic Performance and Energy Engineering 

SELL-C-σ performance-portable 
sparse matrix format 

SELL-6-12 

0.53 PF/s 
(11% of LINPACK) 
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Pflop-Scale KPM 

Piz Daint (CSCS) 

Functionalization of Graphene 
Quantum Dot Arrays 

Starting Point: ESSEX-I 

Intel IVB cluster (RRZE) 
 

Matrix SpinSZ[26] 
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Blocked JaDa outperforms 
single vector variants 

Fully Heterogeneous 
General Hybrid Optimized Sparse Toolkit 

Intel Xeon Phi 

Nvidia GPU 

CPU 

Compute disjoint bulks of eigenvalues 

Loop over Gauß points 𝑧𝑗  

Solve k systems 𝒛𝒋𝑰 − 𝑨 𝒖ℓ = 𝝂ℓ  

Basic linear preconditioners 
and iterative linear solvers 

CARP-CG solver and  
KPM estimators for FEAST 

CARP-CG 

KPM 
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SPPEXA impact 

EXASTEEL 
PE for kernels, 

Pardiso 

EXA-DUNE 
Sparse matrix 

formats 

EXASTENCILS, 
TERRA-Neo 

PE for kernels 

From Physics to Performance 

Algorithm/Code analysis 

Runtime profiling 

Machine characteristics 

Kernel benchmarking 

Traces/HW metrics 

Performance model Code optimization 

Example: Performance 
Engineering for KPM 
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ESSR Fundamental 
algorithms 

Efficient Building 
Blocks 

Resiliency & Reliability  
Thrust 

Skeptical Programming 

Performance/Energy  
Thrust 

PE support 
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5.2 cy 

13.9 cy 

21.0 cy 

42.2 cy 

Error-Correcting 
Reductions 

# parallel Kahan sum 

for (i=0; i<N; ++i) { 

 double prod = a[i]*b[i]; 

 double y = prod-c; 

 double t = sum+y; 

 c = (t-sum)-y; 

 sum = t; 

} 
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Concurrency 
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Scalability 
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𝐴 ≠ 𝐴+ 

Applications 

GHOST 

Matrix Generation 
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ChebTP, ChebFD 

FEAST, Krylov 

Thread & Affinity 
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kernels 
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Conservative Quantum 
Systems 

Dissipative Quantum 
Systems 

General Physics Topics 
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Condensed Matter ↔ Light-Matter Coupling ↔ Environment 

Relevant Physical Quantities 

Density of States Spectral Functions Density Matrix & 
Wave Function 

Dynamics Topological Invariants Entanglement Measures 

Number of Required Eigenstates 

Few (extremal) Many (interior) All (approximation) 

JaDa/Krylov ChebFD ChebTP/KPM/CFET 

𝐴 = 𝐻 
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Example: ChebTP/KPM for 
dynamic & static properties 
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Expansion 

Chebyshev 
recurrence 

No synchronization 

Example: ChebFD for inner 
Eigenvalue bulks 

Idea: High-order 
polynomial filters 

Top. Ins., N=109, polynomial  
degree = 7839, search space = 256 

KPM 
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Numerical Reliability 

High-Precision 
Reductions 

Skeptical Programming Mixed/Adapted Precision 

EXA-DUNE 

tiny.cc/GHOST 

 𝜓(𝑡 + Δ𝑡) = 𝑒−𝑖𝐻Δ𝑡/ℏ 𝜓(𝑡)  

𝑒−𝑖𝐻Δ𝑡/ℏ 𝜓(𝑡) ∽  𝑐𝑛
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𝑛=1

 𝜈𝑛  

𝑃−1𝐴𝑥 = 𝑃−1𝑏 

 𝜈𝑛+1 = 2𝐻  𝜈𝑛 −  𝜈𝑛−1  

 𝜓(𝑡 + Δ𝑡) = 𝑒−𝑖𝐻Δ𝑡/ℏ 𝜓(𝑡)  

 𝜓(𝑡)  𝑂𝑝  𝜓(𝑡)  
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𝐴 𝜆 𝑥 = 0 

2017 2018 2016 
Final Library  

Release 
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