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Big Data pose great challenges for Earth and Space sciences. Cloud Computing emerged as a promising
solution for supporting Big Data analytics in areas such as climate science, ocean science, atmospheric
science, planetary science, and other geoscience domains for model simulation, data management,

information mining, decision support, knowledge discovery and visualization. As a follow-on to the 2016

success at AGU, this session is to capture the latest on applying Cloud Computing for Big Data Analytical .
problems in all Earth and space domains. Topics include experiments, demonstration, studies, methods, httpS.//aqu .Confex.com/aqu/fm1 7/

solutions and solution discussion on: pre“minarvview_ qu/SeSSion24747
Solutions for big data analytics

Big data management and mining

Application of open source technologies

Automated techniques for data analysis

Browser-based data analytics and visualization

Real time decision support

Contributions that fuse participatory social learning into the Geoscience R&D processes are also welcome.
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« Qverview

* Applications
» Scale for Speed
» Jupyter Notebook and NEXUS

e Hands-on Labs
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Big Data Reality

Reality
+ With large amount of observational and modeling data, downloading to local machine is becoming
inefficient
+ Data centers are starting to provide additional services
» Better searches — faceted, spatial, keyword, relevancy, etc.
« Data subsetting — data reduction
* Visualization — visual discovery

2015 NASA ESTO/AIST Big Data Study Roadmap: Moving from Data Archiving to Data Analytics
Increasing “big data” era is driving needs to
» Scale computational and data infrastructures
* Support new methods for deriving scientific inferences
» Shift towards integrated data analytics
* Apply computational and data science across the lifecycle
Scalable Data Management

» Capturing well-architected and curated data repositories based on well-defined data/information
architectures

» Architecting automated pipelines for data capture
Scalable Data Analytics
Access and integration of highly distributed, heterogeneous data
Novel statistical approaches for data integration and fusion
Computation applied at the data sources
Algorithms for identifying and extracting interesting features and patterns

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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* Moving / copying science data (and managing copies) is more expensive than computation
+ Hardware & software do not yet make science data analysis easy at terabyte scales
*  Current analytics are mostly 1/0 bound

* Next generation — “advanced” analytics will be compute bound (simulation, distributed linear
algebra)

»  Current files formats are good for data archival, NOT for data analysis

“The scientific file-formats of HDF, NetCDF, and FITS can
represent tabular data but they provide minimal tools for
searching and analyzing tabular data.. Performing this filter-
then-analyze, data analysis on large datasets with
conventional procedural tools runs slower and slower as data
volumes increase.”

-- Jim Gray, Scientific Data Management in the Coming Decade

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017 6



Traditional Data Analysis

Download Compute

» Depending on the data volume (size and number of files)

* It could take many hours of download — (e.g. 10yr of observational data could yield thousands of files)
It could take many hours of computation

» It requires expensive local computing resource (CPU + RAM + Storage)

» After result is produced, purge downloaded files

Observation

» Traditional methods for data analysis (time-series, distribution, climatology generation) can’t scale to
handle large volume, high-resolution data. They perform poorly

« Performance suffers when involve large files and/or large collection of files
* A high-performance data analysis solution must be free from file /O bottleneck

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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NASA’s Upcoming Big Data Mission: Surface Water and

Jet Propulsion Laboratory

~man™ Ocean Topography (SWOT)

Oceanography: Characterize the ocean mesoscale and
sub-mesoscale circulation at spatial resolutions of 10 Interferometer
km and greater.

Interferometer
. Antenna 2

Hydrology: To provide a global inventory of all terrestrial

er .
water bodies whose surface area exceeds (250m)? \ - /, \ 'ﬁ":;t"s'vritai:'
. . . A
(lakes, reservoirs, wetlands) and rivers whose width 1':\ /// ) p
. . TR \ Main Interf.
exceeds 100 m (requirement) (50 m goal) (rivers). “. Y / \ Right swath
9 1
e To measure the global storage change in fresh'water ?}} Nadir interf.
bodies at sub-monthly, seasonal, and annual time Al channels
1

scales.

-

* To estimate the global change in river discharge at
sub-monthly, seasonal, and annual time scales.

i

Intrinsic
Resolution
from2mx70m

to2mx10m

H-Pol Interometer Swath Nadir V-Pol Inteferometer Swath

. Data volume: 10-70 km Altimeter Path 10-70 km
« 17PB of original data Launches April of 2021
« 6 PB of reprocessed data https://swot.jpl.nasa.gov

» Total of about 23PB for a nominal 3-year
mission

* Add roughly 450TB/month for any
mission extension

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017



* Provides a elastic infrastructural approach to Big Data

« Convenient, rapid access to a shared pool of computing resources

« It can be strictly infrastructure (networks, servers, storage, etc.) or can be
combined with software to facilitate ready access to applications and
services

« ltis not just resource virtualization with a new name; features such as self-

service provisioning and advanced metering of use set it apart as a new and
transformational technology

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017 9



But... How Do We Get There?
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e Solution that Scales

*  From the ground up, NEXUS was designed
to take advantage of multiple computing
node and cloud-based storage

* Ingestion
» Supports multiple processing streams
» Add new streams without reboot
» Support various datasets

« Data Management
» Cluster-based geospatial index search
» Cluster-based NoSQL storage
» Object-store backend

* Analytics
» Apache Spark analytic platform for auto
scaling

» Supports multi-processing for algorithms
that are not suitable for map-reduce

THUANG/JPL. © 2017. All rights reserved.
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Map-Reduce
)]

Map-Reduce provides a simple, manageable
framework to scale-out processing

However, it requires data to be partitioned in
small blocks

A typical block in Hadoop is 64MB to 128MB
A single granule could be hundred of
megabytes to several gigabytes

To take advantage of the Map-Reduce
framework, we need to divide granule into
blocks

NEXUS Workshop 2017 11
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A data-intensive analysis solution using a new
approach for handling science data to enable
large-scale data analysis

Streaming architecture for horizontal scale data
ingestion

Scales horizontally to handle massive amount of
data in parallel

Provides high-performance geospatial and
indexed search solution

Provides tiled data storage architecture to
eliminate file I/O overhead

A growing collection of science analysis
webservices using Apache Spark: parallel
compute, in-memory map-reduce framework

Pre-Chunk and Summarize Key Variables
» Easy statistics instantly (milliseconds)

* Harder statistics on-demand using Spark (in
seconds)

* Visualize original data (layers) on a map
quickly (Cassandra store)

Algorithms — Time Series | Latitude/Time
Hovmoller| Longitude/Time Hovmoller|
Latitude/Longitude Time Average | Area
Averaged Time Series | Time Averaged Map |

NEXUS: Deep Data Platform

Plot Aggregate Statistics

Display Variables on Map Latitude-Time Hovmoller

Solr DB Cluster

Chunk Chunk Chunk Meta Meta Meta Meta
Fast & Data Data Data Data
Metadata (JSON): Dataset and granule metadata,
Chunk Chunk Chunk Scalable Spatial Bounding Box & Summary Statistics
Chunk Chunk Chunk
Custom
Cassandra DB Cluster & Subset Variables & Analytics
Spark In-Memory Chunk Spatially
Parallel Compute!
Each file contains many high-resolution geolocated arrays
SMAP MODIS GRHSST JASON

Slow File I1/0 30-Year Time Series of archival HDF & netCDF files (daily or per orbit)

Two-Database Architecture

NEXUS: The Deep Data Platform

Desp Data
ETL System | processors

Deep Data Computing Environment (DDCE)

Climatological Map | Correlation Map | Daily

Open Source: Apache License 2
Difference Average

https://github.com/dataplumber/nexus

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017 12
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@ sea Level Change Portal: [ x @ NASA Sea Level Portal | D: X
&« (& https://sealevel.sit.earthdata.nasa.gov/data-analysis-tool/#v=0.18&x=-109.106738y=37.096289&z=28&p=EPSG%3A4326&d=2013-07-28T23%3A00%3A00&searchgranules=&I=N... g 0 =
ii* Apps & Global Knowledge: eVantage: Sign In

./ Deseason Data | Low Pass Filter | Plot Type: Line | Trend Type: Polynomial

./ Running Mean | Filter Length (months): 3 | a distribution plots

Analysed Sea Surface Temperature vs MMSSH Sea Surface Height
Anomaly

NOAA/NESDIS/NCDC, Envisat, Jason-1
Jul 2008 - Jul 2015

,.‘
1)
S

Primary Data:

Analysed Sea Surface Temperature

Availability: Sep 1,198 015

Jan 2014
39.509 millimeters ||~

Comparison Data:

Availability: 15
Operation:

Update Chart

o

«
=)

Analysed Sea Surface Temperature (kelvin)
3
(s1910wi)1w) Ajewouy 1y61aH a3euns eas Hsswiw |||

Analysed Sea Surface Temperature (kelvin) — 3 Month SMA
MMSSH Sea Surface Height Anomaly (millimeters) 3 Month SMA  — Trend — Trend

JO7/28/AS?

A (000 km

"The Blob is a result of a high pressure system that has parked itself in the Gulf of Alaska for the past
few years that has driven the polar jet stream north into northern Canada and then it plunged rapidly out
of northern Canada into the American Midwest and northeast. And so the result was hot dry winters on
the west coast, and fierce winters with heavy snow pack in the Midwest.” — Bill Patzert, NASA/JPL

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017 13
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NEXUS Time Series Example (s Crackpoiet: | Siccdwy # 822 AM (unasnd chang

r o+ v HEmC . s Gl 1 fiar

s | & Recues: xi —— —

impart regueste
impart 4man
imatplatlih inline
impart matplatlib.pyplos an plt
impart ruspy s np

import datetise

import tise

cl).timetaplelll]

" rkcirm|datotiom . date (2008,
2.1) .timetuple{)])

int|tism. wkzire |detetioe. date(?

t-meSuriesSpark Yupar kezuucu, 18, 32
toax c
SecaT i r{undTisu)
x wel)
start = tisu.tisw])
doeds juts | wat

= tise.vise])
t oo +

dates = (|

for dats in tof'dota’|:
seans.append [datal0)] 'rea
d = doretiae.datesire, Izom

dstes.append 1d)

Véaugw (Sata(f10 e 1)

plt.figare(Zigsize~|10,5), dpl~100)
lines = plt.plot{dates, means)

plt.setpilines, ocolor= + linewidth»
dash_capstyle~'round’ , marker- 0, mfo»
.grid{b=true, which='major', coloxr='k', lize )

xlim{dates(0]. dates|[-1])
xlapel{ ‘Tize ')
Lylim(aingmeans)|, wax(reans))
ylabel | Tewperature (K

B

.J. _J. "'. .J. ' %

t
t
t
3
t
t

Lehowt )

Jupyter Notebook Integration

# Request NEXUS to compute SST Time Series 2008/9/1 - 2015/10/1
# for the "blob" warming off Western Canada and plot the means

ds="AVHRR OI L4 GHRSST NCEI’

url = .. # construct the webservice URL request

# make request to NEXUS using URL request
# save JSON response in local variable
ts = json.loads (str(requests.get(url) .text))

# extract dates and means from the response

means = []

dates = []

for data in ts['data']:
means.append (data[O0]['mean'])
d = datetime.datetime.fromtimestamp ((data[0]['time']))
dates.append (d)

# plot the result

https://oceanxtremes. jpl.nasa.gov/timeSeriesSpark?spark=me
so0s,16,32&ds=AVHRR OI_ L4 GHRSST NCEI&minLat=45&minLon=-
150&maxLat=60&maxLon=-
120&startTime=1220227200&endTime=1443657600

It took: 6.909193992614746 sec

THUANG/JPL. © 2017. All rights reserved.
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Applications of NEXUS
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@' SMAP Analysis Client x

° App“catlon Of NEXU S d ata t|||n g €->C D 128.149.52.101/smapStats/src/#v=0.1&x:O&\{:FJ&z='2&prFSG%3A3975&df »Q =

. . Tk e yE " & = 4 o
architecture for analyzing SMAP L2 by Y 3 sﬁ? z

and L3 data Dataset: L3_AP

Time Series | Distribution | Climatology

Dataset L3_AP Granule Count 249
First Time 2014-01-02T00:37:26 West 20.2127 Sample Min. 0.02
Last Time 2014-12-02T01:01:25 South 594167 Sample Mean 0.17575896350747405
East 25.9077 Sample Max. 0.5
North 9.14657 Sample Count 2375778

*  Provide on-the-fly analysis of L2 and
L3 datasets Zoom Im 3m 6m Al From | Jan2,2014 | To | Dec2,2014 | =

Saturday, Nov 29, 00:49:38.330

min: 0.

max: 0.500 0.5
mean: 0.148

0.4

«  Provides on-the-fly data subsetting
using data tiling architecture

0.3

kmhh i

Dataset:L3_AP
Time Series | Distrioution | Climatoiogy
+ e A L e o Dataset L3 AP Measurements 335338
_ , S ESE - First Date 2014-01-01 West 202127
L ! o = nan @S Last Date 2014-12-01 South 594167
A §om o Pakisi s po..° el East 250077
L ot QT Jun'14 Aug '14 North 8.14657
o Guiyang
| © & ™
— G Taipei 50k r—
"N o O ® =
° s
pr'14 lul 14 J
. " 40k
& s
3 min max — mean 2
Arabian Bangalore i Soun H]
Sea © Bengal China. E
Andaman o g 30k
Son g
YeepsTom 5
Kuala Lumpur £ 5 20k
" 2
5
2
10k
@ sy
Dataset: L3AP
s Time Series | Distribution | Climatology
Loafiot | Map data copyright mapauest org con o & K oF KJ
Dataset (3_AP Measurements 335333
SMAP Dataset: SMAP_AP_L2 [£) SMAP Granule: SwAP_L2_sM_AP_00005. [ Firet bate 2014.01-01 West 202127 sl e
Last Date 20141201 South 594167 ofl Molsture
Barae " East 259077 | ghchartscom,;
Philippines. North 9.14657
Daily Average SM =
e, | 035
Jarmibia waurin o
i e A uispr
Soutn ¢4 Leatt M G coyigt mepa s crr 025
SMAP Dataset: SMAP_AP_L3 < SMAP Granule: SWAP_L3 SM_AP 2014011 o
200m from [ 17,2014 | To [Jn 16, 2014 | = e 02
8 ) L3_AP_subset_outpu....hdf5
S _ 3 climatology
o 2 o1s » 28.8/55.1 MB, 9 secs left
3
of 01
‘ 0.05
2250 250 18 oo 1700 530 o
; SIS E
§ , \eso /M VA S S S P
Y, c - haso MU\ s
Jghcharts.comi
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SEA LEVEL CHANGE

Jet Propulsion Laboratory
California Institute of Technology

Observations from Space

Data Analysis Tool https://sealevel.nasa.gov
My Data

3 Select data to overlay. Expanding each item allows you to change
transparency and view legends for the data.

o @ scove

Coastlines |~ =

Analysed Sea Surface Temperature [~ ==

r NOAA/NESDIS/NCDC
- Avallability: Jan 1,1982 - Oct 1,2015

GRACE Water Height Equiv.
MMSSH Sea Surface Height Anomaly

[k

(P

Total Heat Flux

;

Total Salt Flux

o ECCO. M g
Jan 16,1992

Bottom Pressure Pot.(p/rho) Anomaly |# ==

Facebook: 28K followers

Twitter: 22K followers
“NASA Sea Level Change Website Offers Everything You Need To Know About Climate Change”

http://www.techtimes.com/articles/147210/20160405/nasa-sea-level-change-website-offers-everything-need-know-climate.htm

“NASA’s new sea level site puts climate change papers, data, and tools online”
http://techcrunch.com/2016/04/04/nasas-new-sea-level-site-puts-climate-change-papers-data-and-tools-online/

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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“%’,‘- OceanXtremes:

Jet Propulsion Laboratory

mmonne " Oceanographic Data-Intensive Anomaly Detection and Analysis Portal

An oceanographic
data-intensive
anomaly detection and
analysis portal

Cloud-based big data

analytic platform for

* Climatology
generation
On-the-fly daily
difference
computation
Anomaly registry
and publication
On-the-fly data
analytics

Additional Item Information
increaso in SST

‘asa.govidatindex himi#v=0.18x=-76.0227558y=0 5631315282-28p=EPSGY%3A43268d:

Data Set (Channel) Information

DataCasting client is able to pickup Anomaly Cast
published by OceanXtremes

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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Pasadena, California

Hurricane Katrina passed to the southwest of Florida on

Sea Surface Temperature (SST) Anomalies AVHRR Analysed SSTlvs RSS CCMP V2.0 derived surface
Aug 27, 2005. The ocean response in a 1 x 1 deg region ssson 5500 S 50w 850w e e inds (Level 3.0) 2
is captured by a number of satellites. The initial ocean o 20 2005 7 sep 14 2008 250N 3450 - 2450 N, 83.50W s
response was an immediate cooling of the surface waters . g -
by 2 deg C that lingers for several days. Following this ; " n
was a short intense ocean chlorophyll bloom a few days 3 2
later. The ocean may have been “preconditioned’ by a ‘ £ :
cool core eddy and low sea surface height. : E . . . “
The SST drop is correlated to both wind and precipitation R > vf \,f ?

data. The Chl-A data is lagged by about 3 days to the . $ s ° AVHRR Analysed SST = RSS CCMP V2.0 derived surface winds (Level 3.0)
other observations like SST, wind and precipitation.

A StUdy of a Hurricane Katrina—induced phytoplankton AVHRR AnalysedSSST \:lsCE'Il's':\:IAx Precipitation L3 AVHRR Analysed SSST VSNEIIHOMDOI;iqua L3 Chlorophyll a
bloom using satellite observations and model simulations 23.50 N, 8450 W - 2450 N, 83.50 W 23.50 N, 8450 W - 24.50 N, 8350 W

Aug 20 2005 - Sep 14 2005 Aug 20 2005 - Sep 14 2005

Xiaoming Liu, Menghua Wang, and Wei Shi

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114,
C03023, doi:10.1029/2008JC004934, 2009

http://shoni2.princeton.edu/ftp/lyo/journals/Ocean/phybiog
eochem/Liu-etal-KatrinaChIBloom-JGR2009.pdf

AVHRR Analysed SST (Celsius)

(ww) €7 uonenddaid WINYL
(g-vw Bw) ® |jAydoiojy) €7 enby SIAOW

o o o o
N & S & &
el &

AVHRR Analysed SST -+ TRMM Precipitation L3 AVHRR Analysed SST -#- MODIS Aqua L3 Chlorophyll a

AVHRR Analysed SST vs Sea Level Anomaly (MEaSUREs) RSS CCMP V2.0 derived surface winds (Level 3.0) vs MODIS
Source: NCEI, TOPEX/Poseidon, Jason-1, Jason-2, Jason-3 2 Aqua L3 Chlorophyll a

23.50 N, 84.50 W - 24.50 N, 83.50 W Source: TOPEX/Poseidon, Jason-1, Jason-2, Jason-3, MODIS Aqua
Aug 20 2005 - Sep 14 2005 23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

| S ‘ Jﬂ ; i
Hurricane Katrina
TRMM overlay SST Anomaly

(g-vw bw) e jjAydoiojyd €7 enby SIAOW

AVHRR Analysed SST (Celsius)
(s1933W) (STYNSEIN) AeWouy [aA37 €3S

°
&
o

RSSYCCMP V2.0 derived surface winds (Level 3.0) (m/s,

RSS CCMP V2.0 derived surface winds (Level 3.0) -+ MODIS Aqua L3 Chlorophyll a
AVHRR Analysed SST -~ Sea Level Anomaly (MEaSUREs)

Powered By NEXUS

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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Distributed Oceanographic Matchup Service

. https://doms.jpl.nasa.qgov
*  Distributed Oceanographic Matchup Service
*  Typically data matching is done using one-off
programs developed at multiple institutions
*  Aprimary advantage of DOMS is the reduction in
duplicate development and man hours required to
match satellite/in situ data
* Removes the need for satellite and in situ data to S
be collocated on a single server r
» Systematically recreate matchups if either in situ
or satellite products are re-processed (new
versions), i.e., matchup archives are always up-
to-date.
. In situ data nodes at JPL, NCAR, and FSU
operational.
. Provides data querying, subset creation, match-up
services, and file delivery operational.
*  Prototype graphical user interface (Ul) and APls
accessible for external users.
*  Plugin architecture for in situ data source using
EDGE
» Extensible Data Gateway Environment is an
Apache License 2 open source technology
» https://github.com/dataplumber/edge
+  Defined specification for packaging matchup results.
Working with Unidata and ESDSWG’s data
interoperability and standard groups

= —
<din-situ>>
ICOADS

nnnnnnnn

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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OceanWorks

. OceanWorks is to establish an integrated data
analytic center at the NASA PO.DAAC for Big Ocean
Science. It focuses on technology integration,
advancement and maturity

. Collaboration between JPL, FSU, NCAR, and GMU

. Bringing together PO.DAAC-related big data
technologies

* AIST-14 OceanXtremes (Pl: Huang/JPL) - TRL 4
Anomaly detection and ocean science

* NEXUS (PI: Huang/JPL) — TRL 6
Deep data analytic platform

Remote In Situ

Jupyter Notebook

+ AIST-14 DOMS (PI: Smith/FSU) — TRL 4
Distributed in-situ to satellite matchup

+ AIST-14 MUDROD (PI: Yang/GMU) — TRL 7
Search relevancy and discovery

+ ACCESS-13 VQSS (PI: Armstrong/JPL) — TRL 7
Virtualized Quality Screening Service

==

Remote OPeNDAP

Operation Candidate
AIST ik ACCESS

0 1 2 3 4 5 6 7 8 9

PO.DAAC Website

OceanWorks Platform Q

Visualization Discovery
Service Service
<<Matchup>>
A ' DOMS
Matchup nomaly Analytic Subsetting
Service [Dictile Services Service
Service <<Anomaly>>
OceanXtremes

NEXUS: The Deep Data Platform Q

<<Relevancy>>

MUDROD

Search
Service

Casting
Service

<<Quality Screening>>
Vass

L Data
Access
ETL | DeepData | dexand
System | Processors Catalog Analytic
Platform
B - - .
—_— —

Technology Readiness Level (TRL)

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not constitute or imply its endorsement by the
United States Government or the Jet Propulsion Laboratory, California Institute of Technology.

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017
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NEXUS Upcoming Capabilities

 NEXUS client library — wrapper for the RESUTful webservice calls. The library can
be integrated into Jupyter notebook or as a standard python module

* Integration with EOSDIS Cloud Analysis Toolkit to Enable Earth Science (CATEES)

« Support ESDS-RFC-028v1.1 - Dataset Interoperability Recommendations for Earth
Science

« Support NASA General Application Platform (NGAP)

 Object store — offer object store support for tile storage for cost reduction and infinite
storage. Storage change should be transparent to NEXUS users. We do expect
small performance reduce compare to NoSQL.

« Amazon Lamba — develop new serverless architecture for data ingestion and tiling

« Amazon EMR integration — for AWS provision map-reduce solution

THUANG/JPL. © 2017. All rights reserved. NEXUS Workshop 2017 22
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Scale for Speed
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Jet Propulsion Laboratory
California Institute of Technology
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Two Data Analysis Platforms at NASA

. Giovanni

A web service at the NASA DAACSs to perform a set of common analytics on NASA data sets
File-based input — Reads attributes and data from NetCDF granules

Server side implementation based on NetCDF Operators (NCO) Toolkit

» Optimized compiled C/C++ code

Performance is adequate for small datasets, but we are in the era of Big Data

Scientific file formats like NetCDF and HDF are great for data archive, but a poor solution for
data analysis due to being ill-suited for spatiotemporal search and subsetting.

« NEXUS

Data analysis platform built from the ground up for big data analytics in the cloud
« Solr for metadata
« Cassandra for measurement data
» Spark for parallel analytics
» The engine behind several NASA applications
» Sea Level Change Portal (SLCP)
« Distributed Oceanographic Match-up Service (DOMS)
» OceanXtremes — Oceanographic anomaly detection
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Nexus Prototype (ESDIS and JPL)

*  NASA Earth Science Data and Information System (ESDIS) sponsored JPL to deploy NEXUS on
several cloud platforms and compare performance with Giovanni

» Goal: Use NEXUS to achieve at least 2X speedup over Giovanni for a set of benchmark
algorithms.

« Benchmark Algorithms:
« Area-Averaged Time Series

Compute the spatial average over a user-specified spatial area for each time step in a user-
specified time range.

« Time Averaged Map

Compute an average at each grid coordinate within a user-specified spatial area, averaged
over a user-specified time range.

« Correlation Map

Compute the correlation coefficient between two variables over time at each grid coordinate,
using simple linear regression.

« User Defined Climatology Map
Compute an average at each grid coordinate for a specified month over specified years.

+ Spatial Scale:
» Entire globe (or large subset of the globe)
« State (Colorado)
« Spans 4 deg in latitude and 7 deg in longitude
« City (Boulder)
« Spans 1 deg in both latitude and longitude
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Benchmark Specifics and Datasets

+ Tropical Rainfall Measuring Mission (TRMM)

« Spatial resolution: 0.25 deg

« Spatial coverage: Entire globe between -50 deg S and +50 deg N latitude

« Variable: TRMM daily precipitation rate (TRMM_3B42_daily_precipitation_V7)
* Number of daily data granules: 6,574
« Data volume: 26 GB
» Dates covered: 1/1/1998 — 12/31/2015

« Variable: TRMM real-time daily precipitation rate (TRMM_3B42RT_daily_precipitation_V7)
* Number of daily data granules: 5,784
» Data volume: 23 GB
» Dates covered: 3/1/2000 — 12/31/2015

* Moderate Resolution Imaging Spectroradiometer (MODIS)

« Spatial resolution: 1 deg

« Spatial coverage: Entire globe

« Variable: MODIS-Terra Aerosol Optical Depth (AOD) 550 nm dark target (MODO08_D3v6)
» Number of daily data granules: 5,789
» Data volume: ~3 GB
» Dates covered: 3/1/2000 — 2/29/2016

« Variable: MODIS-Aqua Aerosol Optical Depth (AOD) 550 nm dark target (MYDO08_D3v6)
» Number of daily data granules: 5,789
« Data volume: ~3 GB
» Dates covered: 3/1/2000 — 2/29/2016
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Time Series: Comparison of Giovanni and NEXUS

Performance

Precipitation Rate
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« NEXUS run on 8-node cluster computer at JPL running Solr, Cassandra, Spark 2.0, Mesos
» Area-Averaged Time Series over the continental United States
« Variable plotted: TRMM daily precipitation rate (TRMM_3B42_daily_ precipitation_V7)

* 6,574 daily data granules covering the globe at 0.25 deg resolution with latitude +/- 50 deg
and date range: 1/1/1998 — 12/31/2015 (26 GB input data volume).

«  Giovanni implementation uses highly optimized compiled code based on NetCDF Operator
(NCO) toolkit, but is single threaded. NEXUS is implemented in Python and parallelized
with Apache Spark.

«  Giovanni execution time is compared with NEXUS for 16-way and 64-way parallelism.
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Time Averaged Map: Comparison of Giovanni and NEXUS

Performance

Precipitation Rate
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«  NEXUS run on 8-node cluster computer at JPL running Solr, Cassandra, Spark 2.0, Mesos
*  Global Time-Averaged Map
« Variable plotted: TRMM daily precipitation rate (TRMM_3B42_daily_ precipitation_V7)

* 6,574 daily data granules covering the globe with latitude +/- 50 deg and date range:
1/1/1998 — 12/31/2015 (26 GB input data volume).

«  Giovanni implementation uses highly optimized compiled code based on NetCDF Operator
(NCO) toolkit, but is single threaded. NEXUS is implemented in Python and parallelized
with Apache Spark.

«  Giovanni execution time is compared with NEXUS for 16-way and 64-way parallelism.
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Correlation Map: Comparison of Giovanni and NEXUS

Performance

Correlation of Precipitation Rate daily 0.25 deg. [TRMM TRMM 3B42 daily v7] mm/day vs. Ne...

TRMM_3B42 vs TRMM_3B42RT Correlation Map (Global)
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NEXUS run on 8-node cluster computer at JPL running Solr, Cassandra, Spark 2.0, Mesos
Global Correlation Map

Variable plotted: TRMM daily precipitation rate (TRMM_3B42_daily_precipitation_V7) vs
TRMM real-time daily precipitation (TRMM_3B42RT _daily _precipitation_V7)

5,113 daily data granule pairs covering the globe with latitude +/- 50 deg and date range:
1/1/2001 — 12/31/2014 (40 GB input data volume).

Giovanni implementation uses highly optimized compiled code based on NetCDF Operator
(NCO) toolkit, but is single threaded. NEXUS is implemented in Python and parallelized
with Apache Spark.

Giovanni execution time is compared with NEXUS for 16-way and 64-way parallelism.

© 2017. All rights reserved. NEXUS Workshop 2017

29



Time Series: Comparison of Global vs. Subset

Performance of Giovanni and NEXUS
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*  NEXUS run on 6 Amazon Web Services (AWS) Cloud instances of type “i2.4xlarge” running Solr,
Cassandra, Spark 2.0, Mesos

* Area-Averaged Time Series over the indicated spatial subset (Global, State, City)
»  Variable plotted: MODIS-Terra Aerosol Optical Depth (AOD) 550 nm dark target

« 5,789 daily data granules covering the globe at 1 deg resolution with date range: 3/1/2000 —
2/29/2016 (3 GB input data volume).

+  Giovanni implementation uses highly optimized compiled code based on NetCDF Operator (NCO)
toolkit, but is single threaded. NEXUS is implemented in Python and parallelized with Apache
Spark.

*  Giovanni execution time is compared with NEXUS for 16-way parallelism.

NEXUS has superior performance for subsetting operations, as indicated by the ~300x speedup
for the Colorado subset.
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Benchmark NEXUS speedup factors over Giovanni

~300x speedup for 16-year area-averaged time series of Moderate Resolution Imaging Spectroradiometer
(MODIS-Terra) Aerosol Optical Depth (AOD) at 1 degree resolution for Colorado with NEXUS running on 6
“i2.4xlarge” Amazon Web Services Cloud instances with Spark configured for 16-way parallelism.

~100x speedup for area-averaged time series of daily precipitation rate for the Tropical Rainfall Measuring
Mission (TRMM with 0.25 degree spatial resolution) for the Continental United States over 18 years (1998 -
2015) with 64-way parallelism on an 8-node cluster computer at JPL.

~4x speedup for 18-year (1998 - 2015) TRMM daily precipitation global time averaged map (64-way
parallel).

~22x speedup for 14-year (2001 - 2014) global map of correlation between TRMM daily and real time
precipitation rate (64-way parallel).

For small datasets, compiled, optimized, single- threaded executables like the NetCDF Operators (NCO)
toolkit used in Giovanni work well.

For large data analytics, NEXUS significantly outperforms due to its ability to horizontally scale in a cloud
computing environment.

Data tiling recommendations

Tiling data into chunks yields significant performance benefits over monolithic global granule files,
particularly for regional subsets.

For calculations on small subsets, use a small tile size.
For global or near-global calculations use larger tiles to optimize data read performance.

JPL and NASA support open source development

NEXUS is an open-source big data analytics framework, available at:
https.//github.com/dataplumber/nexus
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Jupyter Notebook and NEXUS

Frank Greguska

Jet Propulsion Laboratory
California Institute of Technology
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National Aeronautics and
Space Administration

California Institute of Technology
Pasadena, California

Cloud Analysis Toolkit to Enable Earth Science (CATEES)

Index nexuscli.nexuscli module

* Goals -

» Provide easy-to-use tools for working with .
EOSDIS data

* Provide tools in a convenient package to
users

 Show users how to access EOSDIS API
via script

» Show users how to use analytics
optimized cloud storage for analysis

» Demonstrate cross-EOSDIS development

JJJJJ

var 150_FORMAT

aaaaaaaaa

ZJupyter 5 - Student Exercise -

* NEXUS contributions to CATEES

* Reproducibility: executable and sharable
URLs

 Client library integration with Jupyter
Notebook

« Using simple Python scripting to conduct
analysis on large collection of EOSDIS Ik
data without having to download any file to o
local or remote server ANy

zzzzzzzzzzzzzzzzzz
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National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California
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National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California
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Hands-On Labs

Frank Greguska, Joseph Jacob, Nga Quach

Jet Propulsion Laboratory
California Institute of Technology
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