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HPC utilization in end-to-end earthquake resilience research: QuakeCoRE as an example of the importance of science and software engineering collaboration
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[bookmark: h.pgh3jvjwh6gt]ABSTRACT / INTRODUCTION 
QuakeCoRE: NZs Centre for Earthquake Resilience is one of ten Centre’s of Research Excellence (CoRE) funded by the NZ Tertiary Education Commission to undertake earthquake resilience research.  Such research covers the spectrum from earthquake-induced ground motion modelling, secondary hazards modelling of liquefaction and landslides, impacts on the built environment, and associated direct and indirect socio-economic consequences. 
Across this spectrum of earthquake disciplinary sciences there is a completely different notion of ‘large computation’ and ‘big data’ requirements. For example, QuakeCoRE research on earthquake-induced ground motion simulation utilizes significant NeSI HPC resources (several million core hours/year), as well as international HPC facilities.  In contrast, modelling of multi-storey structures or geotechnical embankments in the built environment is often performed on multi-core laptop/desktop machines.  Inevitably, as one proceeds from cause-to-effect the level of computation apparently decreases.  We argue that this is partly due to the transition from physical- to engineering- to social-sciences, but more importantly a result lower levels of deep collaboration and community computational codes which enable sufficient critical mass to maintain the peak-performance capability to truly harness HPC facilities. 
Through QuakeCoRE, significant efforts have been undertaken to develop an end-to-end computational pathway based on a ‘heterogeneous ecosystem’ of discipline-specific computational codes.  This pathway is already enabling significantly improved translation of the outputs from ‘upstream’ research to feed inputs into ‘downstream’ research, and resulting in the utilization of increased HPC utilization of these downstream activities.  Two critical strategic initiatives in this success have been: (1) QuakeCoRE, and aligned research funding, employing over half a dozen software engineers to develop this heterogeneous ecosystem and upskill QuakeCoREs scientific researchers; and (2) a strong partnership between QuakeCoRE and NeSI.  
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