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LOW Arithmetic INtensity specific architectures
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Peak, LINPACK, and HPCG performance of the Top10 super computers (November 2018) - a graph and a table

Poor HPCG behavior is caused by low Flop/Byte ratio Exploiting Flop/Byte ratio Weather Research & Forecast
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The LOWAIN program suggests

reducing the computing power and/or the number of cores of processors.
The first LOWAIN research goal isto determine how much

by measuring Flop/Byte ratio of simulation programs.

Features of the Exascale-Equivalent Architecture

Intelligent memory controller
Necessary to use efficiently the limited memory bandwidth. The standard pre-fetching and
cache-miss procedures are too weak to take full use of simulation specific features

waorse than the memory bandwidth upper bound.

The LOWAIN project suggests

using an intelligent memory controller

to make full use of the memory bandwidth upper bound.

Cache sizein SP numbers

Flop/Byte of Microphysics Driver of Weather Research & Forecast
asafunction of the cache size (Single Precision configuration)
A LOWAIN 1st phase result; input "Central Europe, June 6, 2013"
Presented at General Assembly of European Geosci. Union, April 2019

Very wide and fast memory bus
to guarantee very high

Reduced Number and/or Power of Processor Cores
Just as many cores as the memory bandwidth would keep busy
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Pursued Approach and Methodol ogy

2nd Phase
- Study of patterns of processor-memory data traffic that are specific for computer
simulations listed above and use them to design memory handling algorithms.
- Extend the emulator, developed in the first phase, to study the behavior and properties of
different intelligent memory computers implementing the algorithms of the previous paragraph.
- Insert alow level model of the RISC-V architecture to the emulator to verify details
of the LOWAIN processor design

1st Phase

Using standard profiling tools to measure execution times, the number of

executed operations and the number of |oads/stores across the processor-memory
interface can be measured to determine the flop/byte ratio of studied programs.
However, the number of |oads/stores across the processor-memory interface

depends on the cache sizes that are fixed when profiling at a given computer.

Therefore, an emulator of aplain or optimized code with variable cache sizeis

being developed for exact measuring of the flop/byte ratio dependence on the cache size

The LOWAIN Project Roadmap

1st Phase (Jan 2019 - June 2020) 2nd Phase (Jan 2020 - June 2021)
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e T e e study of patterns of processor—n'wemory data traffic (June 2020)
1 2 1 | The 1st phase emulator extended to a model
Analysis of Analysis of Analysis of mechanical Analysis of other with an abstract memory controller (Oct 2020)
NWP & climate programs CFD Programs deformation programs simulation programs v
(WRF, RegCM, (OpenFOAM, (PAM-Crash) (combustion,...) Evaluation of variants of smart memory controllers (Feb 2021)

ECMWEF, ESWACE) NEK5000, Fluent
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Extension of the model by alow level model
of RISC-V coresfor final verification of the computer
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