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Facing real problems with

Information Technology

. What’s in a name...

The user profile... =
Scientists

No buzzword
Experts of their fields

Real things!

An open playground for \ Limited programming skills

the next generation of
earth system scientists

Complex experiments

Science Gateways

faceit-portal.orqg

Data + Workflows = Results

Effective and efficient

solutions to real problems \\_/

| Experts in design and
abstraction

Built on
widely used Galaxy,

Globus, and
Swift systems

Information
Technology

— Development experts in wizardry...
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The Face-IT Galaxy
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New netcdf datatype with schema
, Economy and
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WMS map visualizer

Many data sources
Many applications
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People around the world use it!
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FACE-IT: A Framework to Advance Climate, Economic, and Impact Investigations with Information Technology



The Hitchhiker’s

[Data Analysis] Guide to the Galaxy

Analyze Data Sh Vis A Help~ Us Using 3.3 GB
A Framework to Advance Climate, Economic, and Impact Investigations with Information Technology History S -
Unnamed history
M ¥

Get Data 70.7 MB Qe e
Easy-SIM
Dataset
RIA_Others
Workflows

= All workflows

HistorT

FACE-IT is supported by the NSF cyberSEES program award No.1331782
The Galaxy project is supported in part by NSF, NHGRI, and the Huck Institutes of the Life Sciences.

The Galaxy-ES (Earth System) toolshed is part of the FACE-IT project

The FACE-IT framework is being developed out of a collaboration between the University of Chicago Computation Institute's center for Robust Decision- |Pee k Are a

making in Climate and Energy Policy (RDCEP) and the University of Florida (ABE/UFL) to meet the needs of several international communities of researchers
working on issues around climate change vulnerabilities, impacts, adaptations, and mitigation,

Tool Palette

Canvas

T
. Display a menu
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Computation Institute
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Workflow control
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From genes
to Earth

Datatypes 3%;@
* Tools

* Tool parameters

* Aggregated datatypes
* Data providers

* Visualizers
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. Step ONE:
earth system datatypes

Datatype: Data NetCDF GCM
the kind of data we want
to deal with . . " "
file_ext file ext=“nc” file_ext="gcm.nc
hd Dataset. mime_type — Xt=

the actual data we
manage as belonging to a | Metadata
datatype

schema=

Metadata: NCML
“GCM.ncxsd”

Metadata: WMS

* [Ifyouare thinkingabout | .., ...
classes and instances in sniff()
the OOP model you are display_peek()

right! display_data()

set_meta()
Sniff()

display_peek()
display_data()

* Implemented as Python
classes
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Computation Institute

* NetCDF:
wide-spread file format for
multidimensional environmental data

e Supports unstructured, regular and
curvilinear grids

* Dimensions, variables and attributes

* Self descriptive
* Conventions

* Huge amount of data sources, libraries and
tools

Intermezzo

[primer] NetCDF

Air Temperature

Latitude

frame 216/398.

tod.1

Current: (i=2, j=77)0.396206 (x-2.5, y=-17.51

Rt ) e FOI N D -

ors. )
Time (Years)

SST_anoms
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Intermezzo

[Schema] NetCDF

<?xml version="1.0" encoding="UTF-8"7>
d NetCDF SChema: <netcdf xmlns="http://www.unidata.ucar.edu/namespaces/netcdf/ncml-2.2">
<dimension name="lat" length=".x" />

d brand new way to compare and <dimension name="1lon" length=".x" />
<variable name="meantasmax_rcp45" shape="decade_rcp month lon lat" type="float">

matCh d|ﬁ:erent NetCDF ﬁleS. <attribute name="_FillValue" type="float" value="1l.e+20" />

</variable>

<variable name="meantasmax_rcp85" shape="decade_rcp month lon lat" type="float">
<attribute name="_FillValue" type="float" value="1.e+20" />

</variable>

* Based on wide spread and stable _,..i .
technologies nexsd

— XML Schema (NetCDF Schema)
— NetCDF Markup Language

— Regular expressions

NetCDF Schema
Library (Python)

e Originally built for NetCDF sniffing
in Face-IT Galaxy could be
something promising...
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Step TWO.
new tools

FACE-IT | Galaxy  [Eeem
. Tools Survey CSV Data:
Is a computing process fed by one or —
search tools
more datasets producing one or more § _.... e
d ata Sets Climate Field Overlay DOME:

Models
Easy-SIM

Experiment Creator Create a PSIMS
experiment. The experiment file
allows you to control the number
of years in a simulation, the crop,
irrigation management, and more

Seasonal Strategy DOME:

Linkage between field and DOME:

e Itis wrapped over any kind of
executable

No data? See tip below

Plot Output Generate a plot from
the NetCDF output of an Easy-SIM
workflow

* Running by naive local scheduler,
super-computers, virtual machines
somewhere in the cloud.

Model Translator Convert Quadul x
experiment, weather, and soil data
from PSIMS format to the native

formats used by each crop model

Survey CSV Data

I Supplement 1 > Supplementary
Data

Model Output to NetCDF Convert
crop model output to PSIMS
NetCDF

Field Overlay DOME
Linkage between field and DOME

e Each input and output is data typed
* ltis defined using XML

FACE-IT: A Framework to Advance Climate, Economic, and Impact Investigations with Information Technology

RIA tools Combined_ACE_PLUS_DOME (json)

AgMIP

cultivar_file_pacakge (zip)




Step TWO.

e [changing the order of running dimensions] new tools

) . <variable name="fwetprl rcp45” GCM
* The tool executable is runin a shape="decade rcp month lon lat”
scratch directory type="float®>

. <variable name="fwetprl rcp45”
e By default input and output </variable> shape="decade_rcp month lat lon

. type="float">
datasets are managed “in place” GCMlatlon
* Data-typing is strictly enforced

</variable>

<tool id="gcm2gcmlatlon" name="GCM to GCM with latlon" wversion="0.1">
<description>Convert a GCM dataset to a GCMlatlon ready for WMS ..</description>
<command>ncpdq -a lat,lon $Input $Output</command>
<inputs>
<param name="Input" type="data" format="gcm.nc" label="." />
</inputs>
<outputs>
<data format="gcm.latlon.nc" name="Output" label="." />
</outputs>
</tool>
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Step THREE:
tool parameters

<inputs> _—
<param format="nc" name="psims_netcdf" label="pSIMS netcpr NG A
° . <conditional name="model_conditional">

TOOI paramEters' <param name="model" type="select" label="Model"> | | Date Picker (version 1.0.0)
Deﬁne the user interface <option value="DSSAT">DSSAT</option> ‘ %

ala Analyze Data orkflo ared Data  Ad p e Using 2.8 Gb

Jooks Options., OpenDap batch client (version 1.0.0) History Options %)

elements for a tool e

D: f http://blackjeans.uniparthenope.it:8080/0pendap | Inspect | [ Update

0 ﬁ:i:shle R SQTI::::JM]‘ 0:1:144 2 3
° I I et Time[0..144 0:1:144 7 8 9 10
Regu ar too para meters Analyze Data  Workflow  Shared Data

wrap text fields, radio
buttons and drop drown lists. ~ | OpenDap batch client (version 1.0.0)

OpenDap URL: |
0127Z00.nc?Times[0:1:25)&T2[0:1:25][{0:1:207][0:' | Inspect || Update

* Custom tool parameters for
Globus Online, OpenDap, #  Variable

date peaking and feature o
selection of maps.

Type and Dimensions

Array of String

Times string_length:19

Arrav of Float32 =

Avg minimum air temperature (TMINA)
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Step FOUR:

aggregated datatypes (RAFT*)

¢ Dataset ReferenCES: 5: nasa_scb20111015.nc @ & X
XML based datatype grouping | DsRef
: H 4: ECMWF_ERA-40_subset.nc &
referen.ces to different datasets in the ® s x (EnhancedXML)
same hIStOI’y. 3: ACCESS1-0.nc4 @ & X
. . 2: ACCESS1-0_latlon.nc4 I AR
* The regular Galaxy works on single file
datasets or composite file datasets. 1+ 201220109.nc Al
A ) ) . ) . | Used when:
:E’ a.:]a struct oran -array’ oramix |, a o] consumes and/or produces a variable
ot both. number of datasets
* The tool is implemented using a Swift script
e Supports schemas and translators. working in parallel

FACE-IT: A Framework to Advance Climate, Economic, and Impact Investigations with Information Technology



Computation Institute

 Data providers:
software components interfacing
the datasets with the web
browser.

 They provide data as array of
JSON objects

* Key/Values, Columnar, custom
 Implemented in Datatype classes

Data '
Provider

Dataset

Datatype

!Dataﬁle

FACE-IT: A Framework to Advance Climate, Economic, and Impact Investigations with Information Technology

Web Browser

Step FIVE:
data providers

Galaxy Instance

Web page...

...dynamically
generated---

...form Mako
template

(mix of
server side
python code
with client
side web
technologies)

request

Data
» Providers
response

template




Step SIX:

[GeolJson vector maps] map visualizers

Using 1003.1 M8

e Visualizers:
client-side software
components for interactive

data visualization
search tool. [x) Unnameq d history
ll 2|3|4|5|6|7|8|9|10|11]12 1to 3000 of 36000 | Stats | Redraw
Get Data WIONE QAo e
Sl + z 5:acmo.csv ® & x
RIA =
. RIA Others - _:"‘ 36,000 lines, 3 comments
[ ] Qu a S I _G I S I — 2 3 format: acmo.csv,
. Workflows ' - uploaded acmo.csv file
= All workflows £
z 0 [l > e
HWAH. S:785 0, Rip :{g . NIORO21_1__1 NIORO-
0R0201

* Map: ' / D ; i
Visualizes vector data
produced as GeolJson objects
by a data provider

e  Wms (World Map Server):
Visualizes raster data from

NetCDF datatypes. : | - | )
ACMO file visualization

@
v

@
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Step SIX:
[NetCDF & World Map Server] map visualizers

(]
World Map Server S &
: : No
visualizes raster data E 5 WIMS Server
from NetCDF datatypes. S5
HTML 9 modified
* Itleverages on an Javascript g = sci-wms
external software. . S 5
JQuery-Ul O & .
*  Still experimental! — History
Leaflet JS A
request: l
der
. Steps: provider-wms[_Jj &/MS Data
€ .
— Dataset registration response: v 4 Provider
— Data provider interaction ‘m wms_url o Data Provider wms_url <
WMS Vi e iLiti
— GUI setup ISU i >
— Map consuming § NetCDF Datatype set_meta()
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Step SIX:
[NetCDF & World Map Server] map visualizers

® ® < M faceitdemo.usefaceit.org ¢ t (a]] \ o

FACE-IT | Galaxy LUELZZ MM Workflow  Shared Data - Visualization - Help - User - Using 91.8 MB

 Examples:

' u » z ~~
Tools - Dimensions: History Fo R - m
32767 1.52597204419215¢-0 1cc
search tools [x) - ; o -32767 1.52597204419215e-@ mcc
month: 6 _[gJdecade_hist: 3 [ -32767 1.52597204419215¢- hec
Get Data Variables and style: -32767 7.69770539069593¢-0 tco3
-32767 1.05226955985¢52¢-0 tp

asss Easy-SIM
R RiA fwetpr1_hist B Fitled Contours 2: ACCESS1-0.nc4 @& x

RIA_Others e ] u

1: ACCESS1-0_latlon.ncd @ & x

+
Workflows =
= All workflows —

35.3 MB
format: gem.latlon.nc, database: 7

uploaded GCMlatlon file

B 6 m Lt

Dimensions:

145 lat

192 lon

12 month

3 decade_hist
9 decade_rcp

gl

————_

variables:

_FillValuename  long_nam

lat latitude
lon longitude
month month of 3
decade_hist
decade_rcp

1.e+20 fwetprl_hist

1.e+20 fwetprl_rcpéS

1.e+20 fwetprl_rcp8S

1.e+20 meanpr_hist

1.e420 meanpr_rcpas

1.e+20 meanpr_rcp85

i = ) 1.e+20 meantasmax_hist

1.e+20 meantasmax_rcp45

1.0420 meantasmax_rcp85

Conturing < . 22 EEerE

r

Leaflet | NetCDF WMS Layer

v
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Conclusions and

[now] future works

e Face-IT Galaxy is a creative playground for the next generation of
earth scientists

http://www.learnfaceit.org

* Propose your application, write your code and share it!

» Spin-off projects: extreme weather
simulations in the Bay of Napoli, IT
(UniParthenope)
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Conclusions and

[tomorrow] future works

* |nstrumented Smart Cities are a huge
source of big data

* Array of Things as a Face-IT Galaxy data
source?

* Why not use NetCDF as a search
criteria after a crawler has explored the
internet hunting for earth system data?
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GCE: The 9th Gateway Computing Environments
Workshop@SC14

FACE-IT: A Science Gateway for Food Security Research oo S
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[The FACE-IT Approach | { Application within AGMIP|

- AgMIF chimate team rese 3
u the podontial of chimate change and the Akal o
- & £ ha F crisolal ge,_mmewl,m’ pregare o set of historcal weather dass =
w 2 5 ~ and future climane model projgections,
of both ag o and natural ecosystems.

phis softeare tools for genetatng tme- .
manes weather scoranos fom Fese

Framework to Advance Climate, Economic and i b e et T e Gren-asiiatet

Impact Investigations with Information Technology (FACE-IT)

Motivations

= Multipicaty of data formats + Lack of incentives for

- Inadequate pro-social behavior PGNP regicnat resaarch eamas in South Asia and
computational tools = Large dala 5 ran Afcs uses AgMIP protocols to conduct

= Difficulty in sharing dala
and programs

tngraied s e smTIen
g chimate changs on fo

o sty the
ity I thedr

The
resaarcher S oo

choosesthe == _— _
locatons, = = >

zenswily of
FACE-IT Features

= Data store

= Rich program collections for format conversion
= Convenient data and code Ingest machanisms I

= Rich social elaments to incentivze contributions

Technologiles and Tools
FACE-IT builds on the Globus Galaxy-ES platform of browser visuslizations and
The Globus Galaxy-ES platform leverages Galaxy pubtbcation gually images that
= Sargis, uniform, and extensible interface for selecting and Can be downlcaded diractly
xecning pe 15 and

« Glcbus transfer for data movement

= Globus Nexus for identify, group and profie management
+ Swift for paralel execution of worsdiow components

" Erge ensemble semulatons

Workflows inchide muticls
Mmodeds and produce a varkty

* Custom ebe for alastic, chonad
Improvements
*  Approgciate = NeotCDF Schema
Galaxy datatypes = Time series
+ Earth sysiem data prowders - dsplayers
direct integration and visualizers
RAFT for data aggr -

T
= map data renderning

IArcHi{ectu re ana Implementatio*n'}
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