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How to improve the 
trust on the product of the 
execution? 
Related to the problem of 
numerical simulation  
integrity 

Systematic & 
non systematic 
corruptions 

Examples:  
• BG/L L1 cache 
• FERMI GPUs at LANL 
• Kepler GPUs  



Constraints & approach 
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Non systematic SDCs: 
Specific: ABFT 
Generic: replication / comparison 

Systematic SDCs: 
-Replication using the same execution 
configuration does not help 
-N-version and Recovery blocks [2] not 
applicable in HPC (require implementing 
multiple versions of complex codes, which will 
be too expensive.) 

! We need an external observer monitoring 
the product of the execution: data analytics 

Runtime monitoring/verification 



What property of the data set can be exploited by the external observer? 

We Looked at applications using iterative methods to compute solutions of 
initial value problems for ODEs and PDEs 

Observa)on 

Turbulent CFD Nek5000 HACC FLASH 

! We have observed that for many simulations (production codes and data 
sets), application data evolves in a rather smooth way across time steps.  
! We are NOT claiming that ALL applications have this property. 
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Data	  analy)cs	  based	  SDC	  detec)on 

Second observation: Users accuracy requirements: 10^-6 (HACC), 10-^8 Nek5000 

Focus on harmful SDCs (HSDCs): 

Detection Approach: Model variable trajectory, predict the next value, compare  

Results: 

HSDC Detection recall of 99% for HACC and TCFD, 66% for Nek5000 and FLASH 
! Very promising approach to address this complex problem. Needs more 
exploration. 


