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Quantum Many-Body Theory for Molecules

Electron correlation = Correlation
between hole-particle excitations
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DiaGen: Automated Equation Generator
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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

Domain-Specific DataDomain-Specific OperationsDomain-Specific Algorithms

COMPUTE MEMORY

HARDWARE is not portably encapsulated!

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

Hierarchical memory/compute

Hierarchical data/operations

COMPLEXITY!
Loss of Domain Semantics!
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Black-Box Portability

Domain-Specific DataDomain-Specific OperationsDomain-Specific Algorithms

COMPUTE MEMORY

HARDWARE

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

Hierarchical memory/compute

Hierarchical data/operations

HIERARCHICAL RUNTIME: Black-box HW encapsulationHints

Loss of Domain Semantics!
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Domain-Aware Portability

Domain-Specific DataDomain-Specific OperationsDomain-Specific Algorithms

COMPUTE MEMORY

HARDWARE

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

Hierarchical memory/compute

Hierarchical data/operations

DOMAIN-SPECIFIC VIRTUAL PROCESSOR (Software)Preservation of Domain Semantics!
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Node-Level Virtualization: Hiding Hardware

Domain-Specific
Instructions

Domain-Specific
Instructions

TENSOR ALGEBRA DRIVER for Multicore CPU
and NVIDIA GPU: TAL-SH library:

(tensor algebra primitives = domain-specific microcode)

https://github.com/DmitryLyakh/TAL_SH.git

qbcd
rsai

pai
bcd

pq
rs RLTsrqp  :,,,
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Global Virtualization: Hiding HPC Platform
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Global Virtualization: Hiding HPC Platform

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x

L2-DSVP

DDR3 CPU

GDDR5 GPU K20x



11 ExaTensor

Global Virtualization: Hiding HPC Platform
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Global Virtualization: Hiding HPC Platform
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Hierarchical Virtualized HPC Platform
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Portable Scalable Scientific Computing
High-Level Math Model Specification
(e.g., Quantum Many-Body Method)

Elementary Algebraic Expressions
(Primitive Math Operations)

High-Level Domain-Specific Code

General Purpose Parallel Runtimes and Services

Loss of domain semantics!

General Purpose Hardware with Accelerators

Generic execution with no domain semantics!
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Portable Scalable Scientific Computing
High-Level Math Model Specification
(e.g., Quantum Many-Body Method)

Elementary Algebraic Expressions
(Primitive Math Operations)

High-Level Domain-Specific Code

Domain-Specific Virtual Processor
(DS Code Interpreter & Task Parallel Runtime)

General Purpose Parallel Runtimes and Services

General Purpose Hardware with Accelerators

Execution with preserved domain semantics!

Generic execution with no domain semantics

D. I. Lyakh. Int. J. Quantum Chem. 119, e25926 (2019).
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Portable Scalable Scientific Computing
High-Level Math Model Specification
(e.g., Quantum Many-Body Method)

Elementary Algebraic Expressions
(Primitive Math Operations)

High-Level Domain-Specific Code

Domain-Specific Virtual Processor
(DS Code Interpreter & Task Parallel Runtime)

General Purpose Parallel Runtimes and Services

General Purpose Hardware with Accelerators

Execution with preserved domain semantics!

Generic execution with no domain semantics

Opportunities for
code synthesis and
execution optimization
via ML/AI!

D. I. Lyakh. Int. J. Quantum Chem. 119, e25926 (2019).
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Portable Scalable Scientific Computing
High-Level Math Model Specification
(e.g., Quantum Many-Body Method)

Elementary Algebraic Expressions
(Primitive Math Operations)

High-Level Domain-Specific Code

Domain-Specific Virtual Processor
(DS Code Interpreter & Task Parallel Runtime)

Computation Driver Libraries
(CPU, GPU, Phi, FPGA, etc.)

Communication & I/O Driver Libraries
(MPI, SHMEM, etc.)

External User Functions
(Custom Computations)

Static Hardware-Optimized
Computing Kernels

(Manual, Autotuned, Code Generation)

Just-in-Time Generated
Computing Kernels
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