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Middleware for Memory and
Data-Awareness in Workflows

Motivation

HPC and HPDA workloads are more and more I/O-intensive
Performance bottlenecks are usuallyinthe memory and storage systems
Reducing and minimising data movement is very hard in general

The HPC software stack was designed in a different era, to solve a
different problem

The Maestro consortium is building a middleware library that
characterises application data, reasons about how to load and
store that data, assesses the cost of moving it and automates data
movement across diverse memory systems

Flexible Data Store and Transport

« CDOs could stay at any memory/storage layer
* |nitial support for volatile memory, global file systems and object stores

« Support of different data transport mechanisms
» Shared-memory via MAMBA
* Network via UD|
* Global file system via POSIX I/0O, MPI1 1/0

» Object store via Mero using the Maestro I/0O API (MIO)
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transport ticket Time required for creating 22236 CDOs per node on a
cluster with up to 20 nodes using an I/O test application
that mimics a weather forecast application. The
CDO source benchmark shows that the pool manager allows for

more than 50,000 CDOs being created per second.

i
o

1. Consumer

demands a
given CDO /

Ln o o e, 7
Ln o Ln o Ln

Time spent creating CDOs for each step

L
o

S VI ol Mc

Actual data transport by
ticket-defined method

Consumer

MPI Halo exchange process

To demonstrate data transport capabilities, test its robustness and
explore performance, we implemented MPI_Halo, an MPI abstraction
for halo exchanges, on top of Maestro as shown in the figure below.
To test this version of MPI_Halo we used the mini-app Hydro.
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Run time: 3-year project, started in September 2018

Current status: First prototypes and implementations of key components available: Maestro Core, Maestro /0O, Maestro Dynamic Provisioning

and Maestro Workflow Translator
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Dynamic resource provisioning
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A solution has been developed that allows to provide access to dedicat-
ed storage resources through a dynamically deployed data manager. It
has been successfully tested on Piz Daint using the MinlO object store as
data manager on top of Cray DataWarp nodes.

~ Dedicated
nodes
Storage
allocation Node-local
storage J 0O 8 €
Job 8 8 8 €
scheduler
/O Ol 6 8 O
. B 8 8 E
Job allocation
Application or workflow
/O
SEJ@
Compute Node Intermediate Storage
— Compute Node with local storage . Global Shared Storage
o

Workflow execution framework

Efficient execution of workflows often depend on the ability of efficient
data exchange between different components as well as data-aware
scheduling. Maestro addresses this challenge by augmenting workflow
descriptions that feed into a workflow translator. During this step the
augmented workflow description is mapped to available resources to
optimise workflow execution.

Workflow description

As used by a selected existing workflow manager
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Slurm at CSCS for instance

Dynamic provisioning Pool resource provisioning

Maestro-enabled Workflow

Next steps: Implement Maestro demonstrators based on available components and add smartness features to the middleware
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