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Premise

MPIl+threads is the new normal on modern supercomputers
- Disproportionate number of cores compared to other resources
- Where MPI everywhere runs out of memory, MPl+threads runs
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Increase in network parallelism in high-performance interconnects
- Awareness of this trend not yet commonplace in HPC
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- NICs feature multiple network hardware contexts
- Multiple NICs per node to accommodate for higher bandwidth as
we are approaching the limits of a single network-link’s throughput
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Modern reality: Network features parallelism
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Contributions

Holistic, bottom-up analyses and solutions
- Low-level analysis on the capabilities of modern hardware
- Middleware: A fast MPl+threads library

- Application-level outlook on expressing logical parallelism

Modern hardware capabilities

Conversation with the MPlI community

Guiding question: What are the differences when threads drive network resources
instead of processes?
- Larger design space in a mu

- State of the art design in MP
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tithreaded environment than a multiprocess

libraries represents two extremes
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Multithreaded environments allow for arbitrary level of resource sharing
- What is ideal? Depends on performance requirements and resource availability
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Guiding question: How does communication performance of non-traditional
architectures fare?
- Motivated by recent advent of non-traditional players such as Arm-based servers

Breaking Band: A Breakdown of High-Performance Communication, ACM ICPP’'19
- A detailed breakdown of injection overhead and latency on CPU, I/0O, and
Network components

- Detailed measurement methodology that can be applied to any system of interest

- Overheads measured using CPU timers and PCle analyzer

- First work of this kind for an Arm-based server
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Capstone question: How can domain scientists utilize network parallelism?

- Explicit approach through user-visible MPl Endpoints (proposed as an extension)

icit approach using the existing MPI objects (communicators, windows)
Do we really need user-visible endpoints?

- Imp

Parallel communication streams in the MPI library
- Virtual communication interfaces (VCls) for network parallelism

-ine-grained critical sections for parallel access from threads

Map user-expressed parallelism to pool of VCls
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Optimizations to architectures of MPI libraries to extract multi-VCI performance:
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Scalable Communication Endpoints, a resource-sharing MPI everywhere

model that characterizes performance from maximum
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Key insights from breakdown on Arm-based server

Simulated optimizations: how much speedup ..
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= Substantial network optimizations unlikely
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How | Learned to Stop Worrying about User-Visible Endpoints and Love MPI, ACM ICS'20
- Pertormance difference between implicitly using VCls and explicitly using Endpoints depends on communication pattern
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Category 3: Limiting MPI-3.1 semantics
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If not MPI Endpoints, how about MPI Parapoints? Decouple roles of user-visible

Halo with communicators : : : : : :
endpoints in expressing logical parallelism and mapping to network resources

(represented by lines)

Halo with MPI Endpoints
(addressable threads)



