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Introduction-about CAFE E_ o i

CAFE is a dedicated software package for collaborative analysis of large volumes of

distributed environmental data.

Key features:

1) Computing near the data;

2) datais logically grouped, while physically distributed;

3) Analytic tasks are divided as subtasks, and then fulfilled on corresponding nodes;
4) Easy way to enrich the built-in analytic functions;

5) Open source projects on github



Introduction-why CAFE?

Typical workflow

“+ Download data from multiple nodes
 Data subsetting

 Data regridding

+» Data averaging

s Writing analytic scripts

*» Executing codes locally

» Result visulization

» Result analysis
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CAFE Features

** Web-based Ul provided

** REST APIs availbale

* One-stop service for data discovery,
visualization, and analysis

*» User-transparent

¢ Task management

 Multi-node collaboration

¢ Support for data intercomparison

* Multiple built-in analytic functions

s Easy way for extensions

» Batch analysis



System design-logical design

A p2p architecture
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Web-based User Interface

System design-modularity
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= global analytic #

System design-modularity

functions

global data
information

node
information

Data Analysis Module

{Central server

NODE

l

ﬂ local sub-task

status

. local analytic
jﬂj functions

@ sub-task results

Data Index
Module

Task Managing
Module

Data Analysis Module
_i analysis launcher

|

command executor

Data Pre-Processing

Call analytic scripts
Update sub-task status

NCL scripts
Python scripts

R scripts

shell scripts

*EF* scripts

Climate
Model data
user
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Web-based User Interface

[ Load options I
Initialization

[ Specify searching

Al criteria

| Show results |
search

—»|  Setanalysis task |

l Eliminate duplicates |
L2

| Submit task |

v
| Mark the task |

task submssion
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function

NODE
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Data Index Module
query page initialization
service
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task list checking

NODE

» dataset query service
Task Managing Module
_ available functions

—D{ Send request I
h 4
[ Show the status |
task detail checking
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»f Query task results l

| show task results |
results retrieval

retriever
» task scheduler
Lt task status
—
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ol version=r1,0vg> Easy way for extensions. Only the

<function lang="NCL"> <!-—defining the language of the analytic function—->
<name>PolarNHEOF</name> <!-—the name of the analytic function——>

<script>PolarNHEQOF.ncl</script> <!-—-the file nams the script-—-> analytic Script and itS XML description

<description>xxx</description> <!--description of the function-——>
<isGlobalFunction>true</isclobalFunction> d d
<l——defining if the function can be distributed to all the nodes—--> are nee e .

<MultiInputFiles>false</MultiInputFiles>

<!——defining if the function can be distributed to all the nodes——> Th H h Id h I O M f
<InputFileFormat>netCDF</InputFileFormat> <!-——setting format of the input file——> e Scrlpt S Ou ave an Inter ace

<properties>
<l——defining which datasets can use this function, type can be "include™ or "exclude™——> f d I. d b 1 k d
<!——the contributor can define model, frequency,moéﬂelingRealm and variableName values for filtering—— Or Comman Ine an Can e Invo e

<Model type="include"><!--refer to PCMDI documents to get acceptable values——>

L : by Java.
properties

... <l=—frequency,modelingRealm, variableName—->
</propertics>
<Controls> <!--setting the parameters that input from the webpage—--—> 1 _F
<parameter> # E X a m p e . O P N C I_
<!l——defining name,description, tag,type and wvalues range of the parameter——> . . " "
</parameter> -F ( t ( d t ) ) t h
ce. €l——multiple parameters——> co nt rOIS 1 ° no ° 1sva r‘ a e en
</Controls>
<InputFileParameters> <!-—-ssetting the parameters about the input file(s)--> d a t e = 1 9@@@ 1@ 1
<parameter>
<l——defining name,description, tag,type and value rangecf the parameter——> e n d i .F
</paramseter>

</ tnputeileparanstars> if(.not.isvar("filename")) then

<OutputFileParameters> <!-—-setting the parameters about the output file(s)-——>

<Ieszi§ietype>m</filetype> <!——png/nc/txt...——> -Fi l e n ame= " t e St ° n C I

<filecount>1</filecount>

<paz?r—nfzz]f:zning name, description, tag, type and valuse range of the parameter——> e n d i -F p P i n t ( d a t e )
print(filename)

(/rez?ifriultlple kinds of results——> Inpu't/OUtpqt rEIatEd #Command invoking: nC]. -test X nCl

</OutputFileParameters>
<pre-processing> <|--defining pre-processing type belfore invoking the script-—-—=

<pre—-processing-type>Latlon</pre—processing—type> <!-—-0Origin/Latlon/YearAvg/Seasivg/LTM/Subset——> d a t e = 1 9 @ @ @ 1 2 @ ' 'F i 1 e n a m e — " t e S t 1 . n C "

<AddToResults>false</AddToResults>
<l——defining if the pre-processing result need to be added to the result files—;?

</pre-—proce ings

</function> F |e-l,|‘,‘ :ESSI|Ig 8 II
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ol version=r1,0vg> Easy way for extensions. Only the

<function lang="NCL"> <!-—defining the language of the analytic function—->
<name>PolarNHEOF</name> <!-—the name of the analytic function——>

<script>PolarNHEQOF.ncl</script> <!-—-the file nams the script-—-> analytic Script and itS XML description

<description>xxx</description> <!--description of the function-——>

<isGlobalFunction>true</isclobalFunction> (j (j
<l——defining if the function can be distributed to all the nodes—--> are nee e .

<MultiInputFiles>false</MultiInputFiles>

<!——defining if the function can be distributed to all the nodes——> 1-r] H r] ch r] I () M f
<InputFileFormat>netCDF</InputFileFormat> <!-——setting format of the input file——> e Scrlpt S Ou ave an Inter ace

<properties>
<l——defining which datasets can use this function, type can be "include™ or "exclude™——> f (j I. (j t) 1 |< (j
<!——the contributor can define model, freguency, moéielingRealm and variableName values for filtering—— O r CO m m a n I n e a n Ca n e I nvo e

<Model type="include"><!--refer to PCMDI documents to get acceptable values——>

L : by Java.
properties

. <l —-—frequency,modelingRealm, variableName——>
</propertics>
<Controls> <!--setting the parameters that input from the webpage—--—>
<parameter> SI"'EI II :
<!l——defining name,description, tag,type and wvalues range of the parameter——>
</parameter>
ce. €l——multiple parameters——> co nt rOIS #tESt - Sh
</Controls>
<InputFileParameters> <!-—setting the parameters about the input file(s)-—-> 1#' /t]jJ1!f5|1
<paramster> e,
<l——defining name,description, tag,type and value rangecf the parameter——>
</parameter> d at a= $ 1
</InputFileParameters> .
<OutputFileParameters> <!-—-setting the parameters about the output file(s)-——> +:]_]_Efr1EiH1EE==$L2
<result>
<filetyperxxx</filetype> <!-—png/nc/txt...-——> " . . . - "
<filecount>1</filecount> echo "date:${date} filename:${filename}
<parameter>
<l——defining name,description, tag,type and value range of the paramster——> S - .
’ sra #command invoking: sh test.sh 19000101 test.nc
</paramster> e e R e R e e ey e L

i . Input/Output related

</OutputFileParameters>
<pre-processing> <|--defining pre-processing type belfore invoking the script-—-—=

<pre—-processing-type>Latlon</pre—processing—type> <!-—-0Origin/Latlon/YearAvg/Seasivg/LTM/Subset——>
<AddToResults>false</AddToResults>
<l——defining if the pre-processing result need to be added to the result files—;?

</pre-—proce ings

</function> F |e-l,|‘,‘ :ESSI|Ig 9 II
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ol version=r1,0vg> Easy way for extensions. Only the

<function lang="NCL"> <!-—defining the language of the analytic function—->
<name>PolarNHEOF</name> <!-—the name of the analytic function——>

<script>PolarNHEQOF.ncl</script> <!-—-the file nams the script-—-> analytic Script and itS XML description

<description>xxx</description> <!--description of the function-——>
<isGlobalFunction>true</isclobalFunction>

<l——defining if the function can be distributed to all the nodes—--> a re n ee d e d .

<MultiInputFiles>false</MultiInputFiles>

<l——defining if the function can be distributed to all the nodes——>» H H
<InputFilngrmat>netCDF</ InputFileFormat> <!-——setting format of the input file—-—> Th e Scrl pt S h O u I d h ave a n I/O I nte rfa Ce
<properties>

<l——defining which datasets can use this function, type can be "include™ or "exclude™——> for Command Iine and Can be invo ked

<!——the contributor can define model, freguency,modelingRealm and variableNams values for filtering—-—
<Model type="include"><!--refer to PCMDI documents to get acceptable values——>

L : by Java.
properties

. <l —-—frequency,modelingRealm, variableName——>
</propertics>
<Controls> <!--setting the parameters that input from the webpage—--—> F’){tf‘(""
<parameter> -
<!l——defining name,description, tag,type and wvalues range of the parameter——>
</parameter> #t esg t . py
ce. €l——multiple parameters——> c o n t ro S
</Controls> .
<InputFileParameters> <!-—setting the parameters about the input file(s)-—-> 1mpo r‘t Sys
<parameter>
<l——defining name,description, tag,type and value rangecf the parameter——> _— [ ]
PR date=sys.argv[1

</In1:J1..11::FileParameters> 'FilEﬂamE':S ! s.4a r‘gv [ 2]

<OutputFileParameters> <!-—-setting the parameters about the output file(s)-——>
<result>

<filetyperxxx</filetype> <!-—png/nc/txt...-——> F}r‘ir1t: CIEFtEE,-Fj;IEEr\EIHEE

<filecount>1</filecount>

B s #command invoking: python test.py 19600101 test.nc

<l——defining name,description, tag,type and value range of the paramster——>
</paramster>

i . Input/Output related

</OutputFileParameters>
<pre-processing> <|--defining pre-processing type belfore invoking the script-—-—=

<pre—-processing-type>Latlon</pre—processing—type> <!-—-0Origin/Latlon/YearAvg/Seasivg/LTM/Subset——>
<AddToResults>false</AddToResults>
<l——defining if the pre-processing result need to be added to the result files—;?

</pre-—proce ings

</function> F |e-l,|‘,‘ :ESSI|Ig 10 II
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ol version=r1,0vg> Easy way for extensions. Only the

<function lang="NCL"> <!-—defining the language of the analytic function—->
<name>PolarNHEOF</name> <!-—the name of the analytic function——>

<script>PolarNHEQOF.ncl</script> <!-—-the file nams the script-—-> analytic Script and itS XML description

<description>xxx</description> <!--description of the function-——>

<isGlobalFunction>true</isclobalFunction> (j (j
<l——defining if the function can be distributed to all the nodes—--> are nee e .

<MultiInputFiles>false</MultiInputFiles>

<!——defining if the function can be distributed to all the nodes——> 1-r] H r] ch r] I () M f
<InputFileFormat>netCDF</InputFileFormat> <!-——setting format of the input file——> e Scrlpt S Ou ave an Inter ace

<properties>
<l——defining which datasets can use this function, type can be "include™ or "exclude™——> f (j I. (j t) 1 |< (j
<!——the contributor can define model, freguency, moéielingRealm and variableName values for filtering—— O r CO m m a n I n e a n Ca n e I nvo e

<Model type="include"><!--refer to PCMDI documents to get acceptable values——>

L : by Java.
properties

. <l —-—frequency,modelingRealm, variableName——>
</propertics>
<Controls> <!--setting the parameters that input from the webpage—--—> sz
<parameter> =
<!l——defining name,description, tag,type and wvalues range of the parameter——>

#test.R
args <- commandArgs(trailingOnly = TRUE)

</parameter>

ce. €l——multiple parameters——> co nt ro I S
</Controls>

<InputFileParameters> <!-—setting the parameters about the input file(s)-—->

<parameter> -
<l——defining name,description, tag,type and value rangecf the parameter——> 'd d t e<- as.numerlic ( d I"‘g S [ 1 ] )
</paramseter>

filename<- as.character(args[2])

</InputFileParameters>

<OutputFileParameters> <!-—-setting the parameters about the output file(s)-——> .
<result> print(date)
<filetyperxxx</filetype> <!-—png/nc/txt...-——>
<filecount>1</filecount> pr‘int (-Fj_ lename )
<parameter>
<l——defining name,description, tag,type and value range of the paramster——> . = . =
</parameter> #command invoking: Rscript test.R 15600101 test.nc

i . Input/Output related

</OutputFileParameters>
<pre-processing> <|--defining pre-processing type belfore invoking the script-—-—=

<pre—-processing-type>Latlon</pre—processing—type> <!-—-0Origin/Latlon/YearAvg/Seasivg/LTM/Subset——>
<AddToResults>false</AddToResults>
<l——defining if the pre-processing result need to be added to the result files—;?

</pre-—proce ings

</function> - 11 II
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-prOtOtype SyStem ——)) WEAFEREENFFAREDO

® CAFE nodes:
B Data layer:mybatis3.2.3+mysql N
B Service layer: Spring4.0 Central server
B Interaction: Spring MVC4.0+REST API

® Analytic scripts:
B NCL+NCO+CDO

® Web-based Ul:

W Service: pHp+yii
B Database: mysql H

B Web Server: apache2

@ %@

Web Ul
12
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-prototype system

Server C Server B Server A

Server D

Data Index Task Managing =~ Data Analysis CAFE nodel y global data
Module Module Module AR
1 b
i ; : b-task results A
57 local datainformation g sub-task re JENIS i GRCCE M nmen e mf::r: o P
gE local andlytic functions [ local subtask staus il (19 models) = x)
- . ‘ég?g&]m | poce '
__ tasks submitted to this I o “isio Realm: ocean, sealce &8 A >
333 L BE  subtask assignment &0 Size:355GB information Central server
Data Index Task Managing  Data Analysis CAFE node2 _ e, | —
Module Module Module IF oAt @ —=
=5 local daminformation  FE sub-task results Data: ACCESS1-0,FGOALS-g2,.. | = task
B ol BT BBl  local subtask status }’3‘3}:{',&,' (14 models) ‘ information  \\eb server
R i — °°'°“°"° Realm:ocean, sealce - usertask  \Web-based
. tasks submitted to thi ‘ T g MR
= O A e nod: BE  subtask assignment ‘“‘ / Size:221GB rel ati onship T
Data Index Task Managing  Data Analysis . . .
gz adie RN CAFE node3 ® Distributed dataset access and searching
5| local daminfomation  EE sbaskresults Data: CanAM4,MIROCS, .. ® Parameter setting and task submitting
5 focal andytic funct 1 local sub-task statu ?;w%:ﬁl"» (18 modeks) . :
= e 1= StaskSEls @il Realm: ocean, sealce ® Built-in functions
tasks submitted to this . S Y7 Size:534GB
- na| (S pemenng B EOF analysis( region, NH, SH)
Data Index Task Managing  Data Analysis CAFE noded u Long term mean( reglon, NH, SH)
Module Module Module : :
| _ ’ - e B teOAL s tac B Trend Analysis( region, NH, SH)
g5 local datainformation  FE sub-task results oyeiyD (24 models), AVHRR,Nimbus-7 B Seasonal cycle analysis(NH, SH)
local analytic functi 2 local subtask stams  diiay  (Observations) _ _
B o e = %L1 Realm: ocean, seaice m Time series ( Annual, Seasonal)
IR B A nod: 35 sub-task assignment 14 Size:135GB

® Task management, result display and downloading

13
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 Compare and analyze sea surface temperature data(tos) among different
model output and the observation data

* Model: GFDL-CM3 and IPSL-CM5B-LR

* Observation data: AVHRR

* Time range: 198501~200512

* Spatial range: 0° N~90° N, 110° E~280° E

* Analysis method: EOF Analysis (Specified regions)

14
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® At first, user can search for data by specifying querable attributes. Selected three datasets may be
archived on several nodes.

Search

Institute
BCC CCCMA
CSIRO-QCCCE FIO
LASG-CESS LASG-IAP
MRI NASA-GISS
MNOAA-GFDL MNSF-DOE-MCAR

Model
ACCESS31-0 ACCESS31-3
CanCM4 CanEsMZ2
CESM1-CAME-1-

Fv2 CESM1-FASTCHEM
CMRM-CM5-2 CSIRO-MK3-6-0
GFDL-CM2p1 # GFDL-CM3
GISS-E2-H-CC GISS-E2-R
inmcm4 ¥ IPSL-CM5A-LR
MIROC-ESM-CHEM O MIROC4h
MPI-ESM-P MRI-CGCM3

¥ Obs-AVHRR Obs-Mimbus-7

EXpE riment
Ipctcoz2 abrupt4xCO2
esmFixClim1 esmFixClim2
historicalGHG historicalNat
noVolc1975 novolc1930
piCantral rcp26

Frequency

@ day ® mon

ModelingReaIm

® ocean O sealce

EnsembleMember
global NH
r4i1p1 5i1p1

VariableName

@ bmelt @ divice

@ hlssi © hfssi

Grldssi @rlussi

@ sim @ sit

@ s0 © strain

» strocny O thetao

O iransix @ fransiy

CMCC
GCESS
MIROC
NCAR
NEIDC

bcc-csmi-1
CCsM4

CESM1-WACCM
FGOALS-g2
GFDL-ESM2G
HadCM3
IPSL-CM5A-MR
MIROCS
MRI-ESM1

esmCaontrol
esmHistaorical
lgm
novolc1985
rcp45

ri1p1

© evap
Tialb
@ redssi
@ snd
@ strairy
O tmelt
DOtsice

CMNRM-CERFACS
IMM

MOHC

NCC

bce-csmi-1-m
CESM1-BGC

CMCC-CESM
FGOALS-s2
GFDL-ESMZM
HadGEM2-CC
IPSL-CMSE-LR
MPI-ESM-LR
MarESM1-M

esmFdbk1

esmrcp85s

midHolocene
¥ 0bs

repB0

r2iip1

@ grCongel
@pr
O shisi

O snomelt
© streng

®tos

CSIRO-BOM
IPSL

MPI-M

NCEI

BHNU-ESM
CESM1-CAMS

CHRM-CM5
FIO-ESM
GISS-E2-H
HadGEMZ-ES
MIROC-ESM
MPI-ESM-MR.

[ NorESMI1-ME

esmFdbk2
historical
noVolc1960
past1000
rcp8s

r3iip1

& grFrazil

@ prsn

@ sic

@ =noTolce

@ strocnx
itransifs
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® At first, user can search for data by specifying querable attributes. Selected three datasets may be
archived on several nodes.

Data Files

institute
IPSL
NCEI

NOAA-GFDL

Selected

institute
IPSL
NCEI

NOAA-GFDL

Function: | EOF Analysis{Specified Region)

*Temporal Range
Start:

model
IPSL-CMBA-LR
Obs-AVHRR
GFDL-CM3

model
IPSL-CM5A-LR
Obs-AVHRR
GFDL-CM3

experiment
historical
obs

historical

experiment
historical
obs

historical

|

End:

*Spatial Range

MNorth:
South:
West:

East:

50

0

110

280

Task Mame: |test1

Submit Task

modelingRealm
ocean
ocean

acean

modelingRealm
ocean
ocean

ocean

variableName
tos
tos

tos

variableName
tos
tos

tos

ensembleMember
rlilp1
global
rlilp1

ensembleMember
rlilp1
global
ri1p1

temporal Start
185001
198201
197501

temporal Start
185001
198201
197501

temporalEnd
200512
201412
200512

temporalEnd
200512
201412
200512

select
select

select

unselect
unselect

unselect

16



Prototype and Use Case-use case

® After submitting the task, user can check status of each task.

® User can obtain the
results when the status is

finished.

Home  Search QUURERI<E Logout (test)

Home » My Tasks

My Tasks

failed

failed

Task Name

test1

test

fif

m22211

123333

123321

Create Time

2016-12-04
20:01:1

2016-11-26
20:11:10

2016-11-23
21:52:46

2016-11-23
21:48:49

2016-11-23
21:27:39

2016-11-23
21:25:31

2016-11-23
21:23:09

Params

Function name: RegionEOF

temporal Start: 198001 / temporalEnd:

latMin: 0 / latMax: 90
lonMin: 110 / lonMax: 280

Function name: RegionLTM

temporal Start: 185001 / temporalEnd:

latMin: 0 / latMax: 90
lonMin: 110 / lonMax: 280

Function name: PolarMHLTM

temporal Start: 198001 / temporalEnd:

latMin: 45 / latMax: 90
lonMin: 0 / lonMax: 360

Function name: PolarMHLTM

temporal Start: 198501 / temporalEnd:

latMin: 45 / latMax: 90
lonMin: 0 / lonMax: 360

Function name: PolartMHEOF

temporal Start: 198001 / temporalEnd:

latMin: 45 / latMax: 90
lonMin: 0/ lonMax: 360

Function name: PolartMNHEOF

temporal Start: 197501 / temporalEnd:

latMin: 45 / latMax: 90
lonMin: 0/ lonMax: 360

Function name: PolarMHLTM

temporal Start: 188501 / temporalEnd:

latMin: 45 / latMax: 90
lonMin: 0 / lonMax: 360

200512

189012

200012

200512

200312

200012

199012

TSINGHUA UNIVERSITY

CENTER FOR EARTH SYSTEM SCIENCE

MEXFBRREMEFARPO
Status

running Detail

finished Detail

failed Detail

failed Detail

finished Detail

finished Detail

finished Detail

17 |



Prototype and Use Case-use case g— e

® Maps and time series
graph are provided.

® Results as NetCDF files
and Text files are
provided for downloading.

Home Search My Tasks Logout (test)
Home = My Tasks

Task : tos_EOF_test

institute model experiment modelingRealm variableName ensembleMember
1 IPSL IPSL-CMBA-LR historical ocean tos ritpl
2  MOHC HadGEMZ-ES historical ocean tos rilp1
3 NCE Obs-AVHRR obs ocean tos global

Function: EOF Analysis(Specified Region)
Time: 198501-200512

Spatial
Ranger: South O/Morth 80/West 110/ East 280

Status: finished

Sub-Task1 Model: IPSL-CM5A-LR EnsembleMember: r11i1p1

MNc Result Download txt Result Download

18 |
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» CAFE can support web-based online batch analysis of distributed environmental data,
as well as multi-node collaboration for data intercomparison.

» CAFE can dramatically decrease the amount of data need to be transferred from data
centers to data users.

» CAFE can be easily extended to support more data analytics functions and more data
formats.

» CAFE is very promising in facilitating overall research efficiency when dealing with

large volume of environmental data that are distributedly maintained.
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» Look forward to a close collaboration with the development of ESGF

» Support for OPeNDAP, WMS and WPS

» Support for user work space and management of tasks

» Autogeneration of XML descriptions of the analytic functions from user-input web
page forms.

» Tracing data provenance and provide intermediate results

» Adding a third-party authentication mechanism and encryption for the APIs between

the Web-based Ul and CAFE nodes
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