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Quantum Many-Body Theory for Molecules
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DiaGen: Automated Equation Generator

<domain name="DIP-EOMCC: active space"=>
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Constantly Evolving HPC Hardware

DOE ASCR sponsored
Center for Accelerated Application Readiness:
Porting scientific codes to new HPC architectures
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Lack of Portability

COMPLEXITY!

Hierarchical memory/compute
s — ——

Hierarchical data/operations

PORTABILITY: Multiple targets, one code, maybe minor extension (not modification)

PERFORMANCE: Minimization/optimization of data movement to keep compute busy:
Optimal mapping of data and operations
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Black-Box Portability

Hierarchical data/operations - HARDWARE . ‘

PORTABILITY: Multiple targets, one code, maybe minor extension (not modification)

Hints

Hierarchical memory/compute

PERFORMANCE: Minimization/optimization of data movement to keep compute busy:
Optimal mapping of data and operations
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Domain-Aware Portability

Preservation of Domain Semantics! DOMAIN-SPECIFIC VIRTUAL PROCESSOR (Software)

Hierarchical data/operations - HARDWARE ‘

PORTABILITY: Multiple targets, one code, maybe minor extension (not modification)

Hierarchical memory/lcompute

PERFORMANCE: Minimization/optimization of data movement to keep compute busy:
Optimal mapping of data and operations
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Node-Level Virtualization: Hiding Hardware

Tesla V100 for NVLink Tesla V100 for PCle
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Global Virtualization: Hiding HPC Platform
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Global Virtualization: Hiding HPC Platform
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Global Virtualization: Hiding HPC Platform
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L1-DSVP

L1-DSVP

L1-DSVP

L1-DSVP
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Global Virtualization: Hiding HPC Platform

LO-DSVP

L1-DSVP

L1-DSVP

L1-DSVP

L1-DSVP
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Hierarchical Virtualized HPC Platform
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Portable Scalable Scientific Computing

* Loss of domain semantics!

General Purpose Parallel Runtimes and Services

* Generic execution with no domain semantics!
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Portable Scalable Scientific Computing
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* Mo Level Domain-Spect Cade
R

* Execution with preserved domain semantics!

‘ General Purpose Parallel Runtimes and Services

* Generic execution with no domain semantics
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Portable Scalable Scientific Computing
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Opportunities for
code synthesis and
execution optimization * Execution with preserved domain semantics!

via ML/Al!

L General Purpose Parallel Runtimes and Services }

* Generic execution with no domain semantics
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Portable Scalable Scientific Computing
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