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Seed Questions

• “How do we capture the salient features of these paradigms in the 
programming system?” 

• “What programming abstractions might insulate applications from 
these changes?” 

• “What architectural abstractions should be in place to represent the 
traditional concepts like hierarchical parallelism, multi-tier data 
locality, and new concepts like variable precision and resource 
tradeoff directives?” 

• “will OpenMP5 work on my quantum computer?”
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Beyond Moore’s Law: Maximizing Concurrency

We 
are 
here

Vector

MPI

MPI+X

6th wave

Per Kurzweil
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Challenge: Squeezing out the last bit out of CMOS!

• CMOS will continue; even if Moore’s Law halts

• Massively Customized

• Grand challenges

– Motif specialization

– Many different kinds of systems

– 10-100x improvements v. ECP in cost/power/performance

• Co-design in the extreme

– Rethink entire software and hardware stack

– Enable exploration of alternatives around “cluster of motifs”

– What abstractions do we need to target these new systems?
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Challenge: Abstractions

• Increase return on DOE’s ongoing investment 

in software

– Productivity

– Portability

– Sustainability

– Flexibility

• Can we raise the level of abstraction to 

promote

– Preservation of application investments

– Enablement new capability in software and 

hardware

– Driving hardware solutions (rather than reverse)

– E.g., declarative languages, Mathematica, SQL
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Challenge: Explore and Incorporate New Technologies

• How can we exploit new technologies for science?

– QC/QA

– FPGA

– Optical: FFT

– Molecular computing

– Neuromorphic and brain-inspired computing

– Probabilistic and stochastic computing

– Memory/storage: richer array of technologies

• X-point or  ReRam

• Evolution v. Revolution

– how do we incorporate such technologies into DOE science process?
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Shameless Plug

• https://j.mp/pmes2016

• @SC16

• Position papers due June 17

https://j.mp/pmes2016
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Misc

• Anton

• D-Wave

• FPGAs

• Optical FFT appliance

• Higher level simulation of future 
architectures


