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Pangeo community goals and motivation

. _300 Peta Bytes

Projected NASA Cloud Storage

Mission

— o —
2025 =]

To cultivate an ecosystem in wh
the next generation of open-sou. ..
analysis tools for the geosciences
can be developed, distributed, and
sustained.

Sy

TRANSFORMING GEQSCIENCES RESEARCH

Problems

« Data volume crisis in (geo)sciences

« Software multiplication, non reproducibility
Vviany copies of the same datasets
.ocal vs HPC vs Cloud
‘echnology gap: industry vs academia

1ls/vision

dster collaboration around the open source
Scientific Python ecosystem:
« open and collaborative development
« Welcoming and inclusive culture
« Support the development with domain-specific
(geo)science and transverse packages
« Improve scalability of these tools to handle
gigabytes to petabytescale datasets

[=R [-1]



Pangeo ecosystem

Set of tools that will facilitate science
at all scales

Platform agnostic

The core of the Pangeo ecosystem
includes:

Xarray (data-model and toolkit
for working with N-dimensional
labeled arrays)

Dask (parallel computing)
Jupyter (intferactive computing)

Extensible: Series of 3rd party
packages that build on top of core
libraries

Flexible: Individual components may
be swapped in/out

sapou abelols

J

compute nodes

Examples of 3" party packages

in the Pangeo Ecosystem:
« Data discovery
* Regridding and GIS
*  Vector calculus
«  Signal processing
«  Thermodynamics




Jupyter
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» “The Jupyter Notebook is an
open-source web application that
allows you to create and share
documents that contain live code,
equations, visualizations and
explanatory text. Uses include:
data cleaning and transformation,
numerical simulation, statistical
modeling, machine learning and
much more.”

« Originally “Python-centric” but
has been expanded to include
over 40 popular programming
languages (e.g. Julia and R)

» Check it out at: http://jupyter.org

.
Jupyter Lorenz Differential Equations wsses A

% @ B+ ¥ » B C  Code el Toolbar:  None
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jupyter weicome o Exploring the Lorenz System

In this Natebook we explore the Lorenz systen of differential equations:
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This is one of the classic systems in non-linear differential equations. It exhibits a range of

u te r complex behaviors as the parameters (d, /1, ) are varied, including what are known as chaotic
J py solutions, The system was originally as a simplified ical model for

atmospheric convection in 1963,

Welcome to the In (7]+ interact(Lorenz, Nefixed(10), angle=(0.,360.),
@=(0.0,50.0),B=(0.,5), p=(0.0,50.0))

This Notebook Server wa

WARNING
Don't re this seny

Your server is hosted that

Run some Python (

To run the code below:

1. Click on the ceil 1o s¢
2. Press SEIFT+ENTER

Afull tutorial for using the

n [ ): tmatplotlib inline

andas as pd

import
import y as n
import matplotlib




Dask é

[f DASK

coordinate many NumPy
NumPy arrays

arranged into a
grid. These
NumPy arrays — | —

» Dask is a flexible parallel computing may live on disk

or on other

library for analytic computing machines.

 Parallel arrays allow us to
seamlessly scale serial programs
and workflows

* Dynamic task scheduling is

optimized for computation
=

« Can be utilized on a single machine . .
. Example of a Dask task graph for a simple, embarrassingly
or a cluster of machines parallel reduction operation.

Source: Dask documentation



Xarray o ¢

- CNEes - -

* N-D labeled arrays and datasets in
Python

 Data model emulates the Common
Data Model (e.g. NetCDF)

importExarrayBaskxrQ
° .
Key featu res. #EILoadPlalinetCDFEIdatasetl
dsB=Bxr.open_dataset('air_temperature.nc"')d
° Label-based indexing #PIResamp LelidailyPidatalitolimonthlyPimeans
dsB=Rds.resample('MS',Bdim="time",Bhow="mean")E
#EICal culatellalimonthlyEiclimatology

o |nteroperabi|ity with core scientific climatology®=Elds . groupby (' time.month"').mean(dim="time" )@
#PICalculatelimonthlyllanomalies®
Python paCkageS anomaliesB=Rds.groupby('time.month")E-Bclimatologyl

#PIPLotRlanklexamp LelimonthlylPlanomaly?l(Juneli2013 )R
anomalies.sel(time="'2013-06")["'air'].plot()

« Parallel computation using Dask

June 2013 Anomalies

- Wide range of input/output options h - 2
° H * 1 g Hoyer, S. & Hamman, J., (2017). Xarray: N-D
RObUSt data anaIySIS and 50 - g labeled Arrays and Datasets in Python.
manipu|ation toolkit g | .- Journal of Open Research Software. 5(1),
,1§ p.10. DOI: http://doi.org/10.5334/jors.148
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Pangeo diversity o ¢

» CNESs » -

BUILD YOUR OWN PANGEO
‘OPeNDAP  codos optimzed |
[)f 'DASK ore coming..

andas
‘ xarray " b

Storage Formats

ND-Arrays

Data Models

|l'lS U R

®
Processing Mode Jupyter Interactive Batch Serverless
o~

QG.@ Local

Google

Compute Platform




Pangeo HPC deployment B ¢

@ localhost:8878/lab? o )
b Ch S C t "~ Flle Edit View Run Kemel Tabs Settings Help
NCAR’s Cheyenne Super Computer e
S @ 4+ X DM » m C Code - Bython (pangeo) ()
o2 145, 152 processors £ T ST H o oo o
& cluster = PBSCluster(queue='premium', project='P48500028',
resource_specs'select=1:ncpus=36:nen=1056', processes=13, threads=:,
< 92.7 Pb of parallel disk storage
S (2, 3, 4, 5]
. - . . )
% InfiniBand high-speed interconnect ;
3 Client Cluster

dask.distributed: parallel workers : T
across many HPC nodes

Open an Xarray Dataset Jf DASK Staus  Workers  Tasks  System  Profile  Graph  Info

Tabs

ds = xr.open_mfdataset('/glade/u/hone/jhamman/workd Bytes stored: 7.31 GB Tasks Processing

Xarray for computational toolkit and
/10
Jupyter notebooks for interactive e

+ lon (lon) float64 -124.9 -124.8 -124.7 -1
H + lat (lat) float64 25.86 25.19 25.31 25.44
computing tmarmions withoos Sooretoseres msisbte
Data variables:
elevation (ensemble, lat, lon) float4 dask.arr
pep (ensenble, lat, lon) floated dask.arr
t_mean (ensenble, lat, lon) floats4 dask.arr

.
New tools for deploying dask clusters
mask (ensemble, lat, lon) int32 dask.array
t_max (ensemble, lat, lon) float64 dask.arr
on H PC T_min (ensemble, lat, lon) floate4 dask.arr

o & B B &

ds_mean ]

(2] Frmy My Mgy R

Worker Core

% e.g. dask-jobqueue’

530 i 306 o100
Progress — tatal: 68471, In-memory: 1034, processing: 67524, erred: 0

B8 dataset 1074 1 20789
[mean_chunk 186 / 20160
[broadcast to.. 213 /20180
| mean_combine... 15/5780
| mean_agg-agg. 141440
‘concatenate 188 / 576

1: https://github.com/dask/dask-jobqueue — e



Pangeo public cloud deployment

Intra-ensemble range

sproa

pangeo.pydate.org

pangeo.pydata.org

/7 DASK

Info

PANG=

Pangeo is a community effort for big

data geoscience. This JupyterHub is a

multi-user server for interactive data
analysis running on Google Cloud

Platform.

Acknowledgments: Pangeo is supported,
in part, by the National Science Foundation
(NSF) and the Earth C Program. Google

nrovidad commita

pangea. pydata.org

Stamus  Workers Tasks  System  Profile  Graph

Bytes stored: 2.62 GB Tasks Processing

| + ———
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Progress - total: 922, in-memory: 41, processing: 634, erred: 0

zam 105/380

mmmmmmmmm 96/378 zarr-getitem

[meanBormoine. 21286 sw

meah_agq-agg. 178 | nanmin-aggre. on

- /8 nanmin-nanmi

i /8 nanmax-aggr []

nanmin-partial nanmax-nanma.

nanmax-partial

hub.pangeo.io

pangeo.binder.io

JupyterHub/BinderHub running on the
Google Cloud

» Kubernetes for both Jupyter and Dask-
distributed

 Dask-kubernetes

Exploring/evaluating:
» Cloud storage
» User environment customization
« Data discovery

Kubernetes Helm-chart
(github.com/pangeo-data/helm-chart)

CI/CD with Hubploy and CircleCl

Deployments exist on AWS and Azure.




Pangeo vs state of the art o ¢

Spoﬁ VS [% DASK

Mature
Robust
(Rasdaman,

JVM/Python Python only PANGZ0 SciDB...)
Query optimized Science optimized

Laptop to cluster
Collections & Collections, DF,
Dataframes Arrays, Futures... Serverless
Python overhead Python only NetCDF/TIFF no ingestion
For big tabular data For science data Scales with Dask
Hadoop/Cloud/HPC Hadoop/Cloud/HPC Python only

Can build array db with Pangeo
(Open data Cube)



CNES Datacenter overV|¢W 2 _,——-:::s;‘f_..f:

{ HPC (HAL)

T

500Tflops CPU
460 batch servers / 11K cores

8 interactive servers pre/post processing w/ GPU
8 PB GPFS / 250TB burst buffer/ 100GBs bandwidth
Low latency network

GPGPU Nvidia Volta V100, 240Tflops

HPC DRSF (Ktulu)

20 Tflops

2 interactive servers pre/post
processing w/ GPU

24 servers | 576 cores
120TB GPFS

Low latency network



HPC usecases in CNES

Two main kinds of processing

Numerical simulation (HPC)

» Upstream phase, R&D
» Highly optimized technics
» Fine grain parallelism

Trends : multiscale, multiphysics

Data Processing (HTC)

« Downstream phase, operation
« Sensors data — scientific data
« Coarse grain parallelism

Trends : data volume explosion



Pangeo at CNES

JupyterHub and notebooks for
interactive computing

 Hub on a VM with gsub access
« Batchspawner, Wrapspawner

dask.distributed: parallel workers
across many HPC nodes

Xarray for computational toolkit and I/O

New tool for deploying dask clusters on
HPC: dask-jobqueue

e Start a cluster from a notebook

* Interactive (or not) distributed
computing

« Auto scaling capabilities

' Jupyter dask_local_vs_cluster_examples

% G B 4+ ¢ MHRun B C W Co

: cluster
PBSCluster
Workers. 2 » Manual Scaling
Cores 24
Memory 120 00 GB ~ Adaptive Scaling
Minimum | O - Maximum = 100 & Adapt
Dashboard: /userle ardbg/proxy/8787/status

Workers Tasks System Profile Graph Info

n
o no = c @ of} cnesfr
CNEs B Reso @ 0PAGE DACCUBIL AC.. B Technique B iRT £ Les plusvisités [0 Débuter avec Firefox B CNES B Perso @) 0PAGE D'ACTUEIL AC.
A Lagout | Control Panci It Status  Workers  Tasks System Profile Graph Info
> Bytes stored: 44.90 GB Tasks Processing
= —————
g 1 T Y o P
L) 1204 Sag Z0gg | i T T A A &
par semaine des parametres x et .

tout le dataset JRURIS S o

- = CNES » -




Demos @ CNES -

D O S k O n d d O S k_jo b q U e U e b O Sic eXO m p | e DVI_serie Last Checkpoint: il y a 31 minutes (unsaved changes) e Logout | Control Panel

K

mel  Widgets  Help

Trusted | dask_t ©
+ = @B 4+ ¢ MRin B C W Code v =

On réalise le calcul de NDVI sur les différentes images de maniére distribuée

In [8]: ndviTIF = realizeNDVI(big_image_array)
ndviTIF = ndviTIF.persist()
print (ndviTIF)
progress (ndviTIF

dask.array<truediv, shape=(80, 8100, 9100), dtype=floaté4, chunksize=(1, 4050, 4550)>

Finished: 31,65
¢ 4 11640

Some realistic workload

- JUpyer : N

getitem

1/320 sub

netcdf xarray. dask rechunk-split-rechunk-merge

c Da cnes.fr - @ T in @ = c o D& enes fi.
£¥ Les piusvisités [l] Déburer avec Firefox BN chEs Emperso @ 0PAGE DACCUEILAC.. BN Technique BRIRT

& Les pius visités [ Débuter avec Firefox BRI CNES EMPerso @ 0PAGE DACCUEIL AL,
~ Jupyter netcdf_xarray_dask_CFOSat Logaut | Carmrol Pane

Status  Workers  Tasks  System  Profle  Graph  Info

Ker felr Not Trusted jask_dev_kemel @

Bytes stored: 3.48 GB

Tasks Processing
(® 4+ % @ B 4 ¥ MR B/ C W uaidow ¥ =
Valeur maximale :

imshow (ndviTIF[0] . compute ()

1a_07) .max () . compute ()

| Task Stream o

plotlib.image.hxesImage at Ox2abe74f9a3c8>

-

oo

d g
for natr beam [

100 150 0 0 -
n_swath 0

Progress — total- 895, in-memory: 150, processing: 442, erred: 0
open_gmaset

concalenale
[Open_uataset. —-—




Pangeo Cloud use B ¢

Geoscience use cases:.

Astronomy with GAIA catalog:

Image processing and visualization



http://pangeo.io/use_cases/index.html
https://github.com/pangeo-data/pangeo/issues/255#issuecomment-427186915
https://medium.com/pangeo/cloud-native-geoprocessing-of-earth-observation-satellite-data-with-pangeo-997692d91ca2

Conclusion, Useful links é
' s CNEes + -

Pangeo wesite and discussions:

Conclusions https://pangeo.io

Pangeo ecosystem greatlty facilitates distributed
computing and data analysis at scale

It changes ways of doing it too

Non monolithic platform built on top of existing https://medium.com/pangeo
Scientific Python stack and new related packages
Community is always here to help

Dask more versatile and easy to use than Spark. https://github.com/pangeo-data/pangeo-
example-notebooks

https://github.com/pangeo-
data/pangeol/issues

Pangeo Example + Binder:

http://binder.pangeo.io/v2/gh/pangeo-
data/pangeo-example-notebooks/master

Next steps

Dask jobqueue:
Broaden users and use cases at CNES Jobq

Encourage people to get in fouch with Pangeo https://github.com/dask/dask-jobgueue
community

Work in cooperation with others (Ongoing with Ifremer
and CLS on SWOT aval data processing) https://github.com/dask/dask-examples
Get involved!!

Pangeo french meeting ont May 23rd

Dask simple examples:

My email

Guillaume.Eynard-Bontemps@cnes.fr

“



https://pangeo.io/
https://github.com/pangeo-data/pangeo/issues
https://medium.com/pangeo
https://github.com/pangeo-data/pangeo-example-notebooks
http://binder.pangeo.io/v2/gh/pangeo-data/pangeo-example-notebooks/master
https://github.com/dask/dask-jobqueue
https://github.com/dask/dask-examples
mailto:Guillaume.Eynard-Bontemps@cnes.fr

Tutorial o ¢

Github and binder link :

Dask only tutorial:

Other binder resources :



https://github.com/guillaumeeb/pangeo-tutorial-agu-2018
https://binder.pangeo.io/v2/gh/guillaumeeb/pangeo-tutorial-agu-2018/some_fixes
https://github.com/mrocklin/pydata-nyc-2018-tutorial
https://github.com/pangeo-data/pangeo-example-notebooks
https://github.com/pangeo-data/pangeo_ocean_examples
https://github.com/dask/dask-examples

