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Pangeo for Plasma

Lessons for plasma software from the climate data
analytics community
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What do | do now?
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What | hope to convince you of

e Our computational infrastructure needs to change a lot
e Can use solutions from climate science community
e Modular approach makes everyone's work easier

e Opportunities exist for plasma coders...



The White House announces
The Federal Year of Open Science

NASA + NSF + NOAA + DOA + DOC + DOE + GSA + NEH + NIH + NIST + USDA + US

Along with other organizations, including CENDI group,
voluntary collaboration among Federal managers, and
HELIOS, a coalition of 80+ universities

A multi-agency initiative across the federal
government to spark change and inspire open
science engagement through events and activities
that will advance adoption of open science.

Website: https://open.science.gov/

WH: htips://www.whitehouse.gov/ostp/news-updates/
Nature: https://doi.org/10.1038/d41586-023-00019-y
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Climate Science == Plasma Physics

e Multidimensional (often fluid turbulent)
o Large (bigger than local RAM)

e On regular but warped grids

o Often pulled from central servers

e From multiple sources but with common structure (e.g. experimental and simulation
data for same device).
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Typical scientific workflow
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Typical scientific workflow

DOWNLOAD

step 1: download step 2: analyze

P st

files u
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FTP / OPeNDAP / etc.

local disk

step 3: debug

Because you likely

s, E rolled-your-own code...
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Problem 1: Code not reused



Problem 1: Code not reused

Modern data science libraries "
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Me as PhD student,
circa 2017
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Problem 2: Data accessibility
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Problem 2: Data accessibility

PRIVILEGED INSTITUTIONS CREATE
"DATA FORTRESSES™”

Image credit: Moahim, CC BY-SA 4.0, via Wikimedia Commons *Coined by Chelle Gentemann
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Problem 2: Data accessibility

PRIVILEGED INSTITUTIONS CREATE
"DATA FORTRESSES™”
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e credit: Moahim, CC BY-SA 4.0, via Wikimedia Commons *Coined by Chelle Gentemann



Problem 3: Scale

“Brb, let me just go download the data to my laptop...”
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Problem 3: Scale

“Brb, let me just go download the data to my laptop...”

PB




Problem 3: Scale

ITER NEWSLINE -

30 NOV, 2020 & Print & Read the latest published articles

250.0

HOW TO MANAGE 2 PETABYTES OF NEW
DATA EVERY DAY 2000

150.0

PETABYTES

100.0

Y B
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
® Archive Size (PB) 150 17.7 216 268 320 372 556 1034 151.1 1989 246.6
mAnnualGrowth (PB) 26 28 39 52 52 52 184 477 477 417 417

https://earthdata.nasa.gov/eosdis/cloud-evolution
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Geoscientists’ solution:
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Geoscientists’ solution:

PANG=O

A community platform for Big Data geoscience
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Solution 1: Modular, open ecosystem
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@ @ @ Science projects
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Domain-specific packages
TensorFlow

andas
K p

e g” aray
IPLyl:

'NumPy IPython

@Uthon P pgthOﬂ Ju\pyte/r General-purpose tools

Credit- Stenhan Hover. Jake Vanderplas (SciPv 2015)

Domain-agnostic libraries




Solution 1: Modular, open ecosystem
PANGEO COMMUNITY

Lamont-Doherty Earth Observatory
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Solution 2: Cloud Computing

: - figures
object store 0
compute cluster

cloud region

Data Provider’s $ Data Consumer’s $
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Solution 2: Cloud Computing

Analysis Ready Data
Cloud Optimized Formats F I T T T T I I i .'

4% :
% Parquet = - ..
: \)*>:/~’:
COG B oo BRSNS oo
CLOUD OPTIMIZED 3 b 5
‘ GEOTIFF : object store ‘~ - figures

compute cluster

cloud region

Data Provider’s $ Data Consumer’s $



Solution 2: Cloud Computing
PANGEO ARCHITECTURE

Cloud / HPC Jupyter for interactive
access remote systems

(e e S
(0N
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“Analysis Ready Data”
stored on globally-available
distributed storage.

Distributed storage

xarray

(((. \ o | Xarray provides data structures

and intuitive interface for

Parallel computing system allows ~__interacting with datasets
users deploy clusters of compute
nodes for data processing.

Dask tells the nodes what to do.



Solution 2: Cloud Computing
PANGEO DEPLOYMENTS

~ NASA Pleiades ©°© OCEAN.PANGEO.IO

HTTP://PANGEO.IO/DEPLOYMENTS HTML




© PANG=O

Solution 2: Cloud Computing
PANGEO CLOUD DATA CATALQOG

CATALOGPANGEQ.IO

BANSOEAIALOY New climate model data now in Google
Public Datasets
MASTER
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Solution 3: Parallel computing frameworks

(create task graphs) (execute task graphs)

Collections > Task Graph » Schedulers [

&
&

Dask Array DAS

Dask DataFrame Single-machine
(threads, processes,
synchronous) APACHE &
Spark
_,O_, Distributed ™
Dask Delayed

2 Numba
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Solution 3: Parallel computing frameworks

Dask: Status X

& https://cloud.colled.io/dashboard/2329/status

i Status  Workers Tasks System  Profile  Graph Info

Bytes stored: 14.19 GB Task Stream

r 1 1
%0 20g

ag “0cg %0ag %0ag "20Gy'20ay 100Gy’

Tasks Processing

188 208

Progress — total: 1431, in-memory: 454, processing: 150, waiting: 257, erred: 0

e 309 /464
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| w2457
wetemmgod. 14/32
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How might this work for plasma?
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How might this work for plasma?
ELOE Y [EM

Fusion plasma projects

Domain-agnostic libraries

g NumPy IPython

@ uthon ~ o \
ython P pL:]thOn Jupyter General-purpose tools

=]
Credit- Stenhan Hover. Jake Vanderplas (SciPv 2015)




How might this work for plasma?

FLUS Y | EM
@ @ @ Fusion plasma projects

tokamak-specific packages

DASK pandas
A (Y varay

TPyl

'NumPy  1python

Eivm @ pyvon ., i

®
Credit- Stenhan Hover. Jake Vanderplas (SciPv 2015)

matpl:tlib [1{

Domain-agnostic libraries

General-purpose tools
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How might this work for plasma?
PANCG® ARCHITECTURE

-PLASMA

Cloud / HPC Jupyter for interactive
access remote systems

0 - e
“Analysis Ready Data” ¢ (((. Snom S’
storeq on globally-available § i dask'3’ fi ‘° _________ »
A pSmBniod Storaoe — _g (((. , {lot web browser sz
B o
- (((. Xarray provides data structures

and intuitive interface for

Parallel computing system allows ~__interacting with datasets

users deploy clusters of compute
nodes for data processing.

Dask tells the nodes what to do.
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How might this work for plasma?

Blog post: https://hackmd.io/@TomNicholas/rkyERwcoO#
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Other bonuses of joining this ecosystem

- Parallel and out-of-core analysis
- Labelled dimensions

- Unit-aware arithmetic

- Easier reproducibility

- Plotting flexibility

- Machine Learning integration
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Summary

e Geoscience has same problems as plasma physics 6) w

e Being solved using:
o Modular community software ecosystem ./

o Cloud computing = *
o Parallel execution frameworks ;’

e It's working for them - it could work for us! 4
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LEARN MORE

@ http://pangeo.io

() https:/github.com/pangeo-data/
m https://medium.com/pangeo

y @pangeo_data



