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Of 1,329 scientists surveyed...

» “Nearly two thirds ... agreed that lack of access to data generated by
other researchers or institutions is a major impediment to progress in
science.” [Tenopir et al, 2011]

» “Nearly one third of the respondents chose not to answer whether
they make their data available to others. Of those who did respond,
46% reported they do not make their data electronically available to
others.” [Tenopir et al, 2011]

» “..., most of the respondents (85%) are interested in using other
researchers’ datasets, if those datasets are easily accessible.”
[Tenopir et al, 2011]

[Tenopir et al, 2011] Carol Tenopir, Suzie Allard, Kimberly L. Douglass, Arsev Umur Aydinoglu, Lei Wu, Eleanor Read, Maribeth Manoff, and Mike
Frame. Data shring by scientists: practices and perceptions. PLoS One, 6(6), 2011.
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notcdf sgpSmeravgBa.cl.20040706. 000000 {
dimensions:

time = UNLIMITED : // (288 currently)
variables:

int base_time ;
A base_time:string = ~Jul-2004,0:00:00 GMT" ;
Eart! ¢ ? bace_time:long_name = “Base time in Epoch® ;

base_timeiunits "seconds since 1978-1-1 2:02:09 d:9897 ;

double time_offsetitime) :
time_offeot:long_name = “Time offset from base_time™ ;
— —time offset:units = "seconds since 2004-07-06 08:88:09 888" ;

/1 float thsky2iitime) ;

slobal Change Master Directory

/ I theky23: long_name = “Mean 23.8 GHz sky brightness temparature™ ,-I
thsky23iunits \
Initial Seil Data Collncted From Lubbock, Taxas - 1984, File b /e Tsnrd_l (-1,—“1—_ ————————————— \I
Eriy 10 BF413CF_INIT_S0L / theky23_sdov: long_name » “Standard deviation about the mean for t \i B GHz sky brightness temparature® ;
theky23_sdeviunits :
float tbskyilitime) ; \

thsky3l:long_name = “Mean 31.4 GHz sky brightness temperature”

thskyIliunits
float tbskydl_sdevitime) ; \
thaky31_sdevi Long andard deviation about the mean for the 31\4 &; sky brightness temperature” j
theky3l_sdeviunits =
fleoat vapitime) ; \
Refina v Rasulta: 13 records feund / / vap:lang_name = “Mean total water vapor amount along LOS path® \
vaprunits i \
R Snowing 1 - 13 8f 13 Y / float vap_sdevitime] ; X
Exbne | Char / c vap_sdevilong_name = “Standard deviation about the mean for the total wate mp}f amount® §
v 1. Natienal Institute for Environmental Studies, 5) Database [MES DATABASE] vap_sdeviunity =
To lmam. Since its in 1974, the National4hstitute for Enviggfimental Stugies (NIES) has been pl float ligitime) ;
M Rt iy enviconmental research in Japan. We argafoud of the integgatlve expertise ... 1ias ‘Mq' . pathe \
o Catrgry ux1 ligiunits i \
Filer: Filver List || Raset AsiaFiux s 8 network of micn ological flux statffins located at various sites throughaut Asia. | fleat llq seevt (lul H L \
many sites where exchanges gf—-— —— - —f— — — — — — — — — — — — — — — — e e e e ———— ot ¢
Schence Koywords
peurai jfloat tbsky23(time} ;

|
| tbsky23:long_name = "Mean 23.8 GHz sky brightness temperature™ ;"7 e

| tbsky23:units = : |
annnaurml!ec]‘bnm TR DR TR ST WS BT T T T T TR DT LT e s N T o PO § T T Came'] T TIRTUS meﬂ the ir_temp fields™
1house gases to Support the activities of the ... num_obs:units = “unitless" ;

float lat ;
u 0':?40 ring from Center for Glsbal Envirenmental Researd ot Long_neme = “north otitude” ;
mical monitoring uting sea water purnoed un continuousty for the en: latiunits “degree

lat:valid_min = -98.f

| :
sgp5mwravgB4 cl. 20040706 020415 cdf lotivalid_mex = 90.1 ;
Ll

float lon ;
lon:long_name = “east longitude” ;
\ lonzunits i
: & o
Ofice of
ERO‘I" Sciencn

mmm s mmmm—m

g e SCP Extended Facility

Networks CHINA
China
Seatians 0
Qrganisation Instinate of Geographical Sciences and Natural Reso:
Acadermy of sciences, Bejng, Cnina
Contact Pral. Suia Liu
Alan Robock
ieesitn
0 | BAKTS 51 5 508 3% 50U WATER AND TERPSRATURS, PROFLING SYSTEM {SAATSE SO TELS & WATER PROFLE
Official Re s Voluretric water e
e
o — e, st protes
o 521 W Srumtial, Lt Profve
\ariables o p— e
Fnesured e T
° e ——
Depths of soé 0.00- .05 m
moisture 0.05.0.10m [ ——
messurements  0.10-020m L e
030-030m :
030-040m o S Terrgmanare, tat hrstle
0.40- 050 m
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» Databases.
B Getting data from disk is expensive (or data is “far away”).
B So we want to minimize page fetches from disk.
B Solution is to build indexes in memory so you fetch only relevant pages.

B Analogously, we need to build “indexes” that are “closer” (local) than the
data, so that we don’t have to wander on the Web.

B But what should we index? Depends on the queries.

» Web search.
B Are PageRank and similar algorithms physically executed on the Web?
B No! You first crawl whatever (meta)data you need to rank the pages.
M [n other words, leave the data where it is.
B Collect the metadata and use it to build indexes.

September 23, 2014 4
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@
tl:Interval
rdesc:hasAttribute determs:temporal 0
rdesc:MPSoilMoistur.
rdesc:hasAttribute dcterms:temporal
cmd:Keyword
i superClassOf 9
rdesc:hasAttribute determs:temporal superClassOf
vsto:Instrument
cgqs:lsReferencedBy rdesc:MeasuredProperty
foafpage
schema:DataCatalog dcterms |sReferencedBy E

foaf:Document ‘\

rdeschasMeasuredProperty
W_dcterms:isReferencedBy

foaf.page /
dcterms creator !
actepms.contriputor \foaf-page T m
foaf:page

determs:contributor ; schema:Dataset
dcterms:creator dcterms:creat

e
dcterms contrib

dcterms:creator wgs84:location
dcterms: isReferencedBy——

dcterms:contributor

gn:Feature

T,
-

foaf:Agent \ schema:geo

superClassOf \ \ foaf:mboX\. |
/af:member superClassOf foaf.phone\_’ 0 |

owl:Thing schema:GeoShape

@ 8

foaf:Organization foaf:Person




an:RDFData

[

gn:Code

\

gn:Class

gninearbyFeatures

Today’s Ontology

. —

superClassOf
determsiisReferencedBy

fasthomepage

fuaf‘pag:/
o

SuperClassof
rEEPeintOfC ntact

w

rdesc:Resource

rdescthasUserfnnotation

superClassOf

7—'——dcterms restor
— deschashietadataF:
e—— dctermaic b Faatphant - <4 gefermsicantribut Jeschash eradataTor i
foafimbay foaf:Agent determsicreator. e
\ ClassOF I superClassOf Fasfimernl rdeschashetadataFor superClassOf ClassOf S
superClassOf 4 ;‘FP” ass owL:Thing superCl superl.ass!
superClass
84:locati
- L smeten o superClassOf .
- - rdesc:MetadataReport ﬁ
foat:Person foat:Organization superClassOf| schema:DataCatalog
superClassOf
superClassOf superClassOf

grineighbouringFeatures )
e renf estuges gnawikipediatiticle
grilocationMap

@

gn:Feature

gnifeatureC

gnifeatureClass—|

superClassOf

schemaigeo superClassOf superClassOF

& @

Feature gemdiLocation

schema:GeoCoordinates

superClassOf
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determsisPartOf
ciernaidataset

superClassOf

rdesc:UserAnnotation

SuperClassOf

rdesc:hasnstrument

eschasfttribute

superClassOf

determsiternporal
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4

arm:Instrument

deschasQualifiedheasuredProperty

superClassOF. scherfadataset 1 Interval
rdescMetadataCenter T ol rdeschashizasuredPropery »
arm:DataStream
superClassOf =il
; determsit I
schema:Dataset superCiassOf  superClassOf crermsitgmpers
schermaidataset Y
superClassOF. - -
_ 4 v =
rdescDataCenter VAF ar ataStream
arm:Site perty
SuperC\aSSOFClSuper\C\asuperflaﬂOf superClassOf superClazsOsuperClassOf superClasOsuperClassOf uperClazsOf
¥ L - " ; ; - vdescihasheasuredProperty
_ 4 v v _ 4 v
arm:XSite arm:MSite arm:SDataStream | |arm:CDataStream | [arm:0D, arm:AD arm:BDatas

skos:Concept

superClassOF

T

rdesc:MeasuredProperty

superClassOfarC iassCsupertlassOfu ercwassOfsupercwassomp}cwassOf superClassOf  superClassOf

- ppem— - || - - [ -
L )
B Name | [ac rdesciMPVegetation armiM descMPLandSurfaceTemperature|  |rdescMPWeather
superc\ass(superc\anoSuperC\aSSOFperflassSuperClé\S;OfJ|Supe¢r€\ass0hperﬂass0f superClassOf
- . " ~ ~ T

arm m:soilmstfh ar
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rdesc:Resource

superClassOf rdesc:hasUserdnnotation

determsiisReferencedBy

SuperClassof
rEEPeintOfC ntact

rdesc:UserAnnotation

fasthomepage

SuperClassOf

=)
sy
foaf:Document

\ superClasspf O
ocuments

[ skterms;contributar-

[ dctermsicreator.

rdesc:hasnstrument

rdescihasfitribute

superClassOf

superClassOf CtadataFor

rdesc superClassOf en

o superClgssof

e

~INnC |
=
JI1D ¢ superClassOf ) ‘ superClassOf
= rdesc:MetadataReport, cterms:tempora
5] e foat:Person foaf:Organization superClassOf schemarDataCatalog ‘é
anRDFData . f perclassor
n:Ma " ;. arm:Instrument
gn:Map superClassOf @ spelasOf [ 2 - redProperty
Featt scf 3data
il L | guitipediatticle at our @
% superClassOf; scheplaidataset [tinter VYT 3
gn:Code rdesc:MetadataCenter RS RASRBSEURN P rop erty I m e
SuperCTassOF I:!
(? schema:Dataset

sup:r(uassOf

arm:VAF ar

superClassOf
schermaidataset Y

gn:Feature —n\_ﬁ____?_:\‘\k

superClassOf

Places
@

gemdiLocation

superClassOf.

E

rdesc:DataCenter

superClassOf superClassOf

@

arm:Site

superClassOf

i |

superClassOsuperClass OF

arm:CD:

superClassOsuperClassOf uperClagsOf

:0D. arm:AD: ar

T
superClassOf Cl superClasuperClassOf
¥ L |

Feature

arm:SDatas

eam ar

arm:MSite

arm:XSite arm:TSite

chema:GeoCoordinates superClassOf

skos:broader
- skos:Concept
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rdf :type

schema:Dataset

rdfs:comment

o

] Pacific Northwest
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Proudly Operated by Battelle Since 1965

"The Advanced Microwave

dcterms:description

rdfs:label "AMSR-E/Aqua L2B Surface

foaf:page -
<http://data.aad.gov.au>
df:t
T ype foaf:0rganization
rdfs:label

DIF-AE Land dcterms:title

(data center)

"National Snow and Ice Data Center"

foafipame =

dcterms:contributor foaf:nick "DOE /ORNL/ESD/CDIAC”"
dcterms :temporal
tl:start
(interval) star "2002-06-18"
rdf:type
wgs84:location
tl:Inteval
(location) rdf:type

rdesc:hasMeasuredProperty

schemafgeo

(space)

EARTH SCIENCE >

LAND SURFACE > SOILS >
SOTI, MOTSTURE/WATER CONTENT

gn:Feature

"89.24,-180.0 89.24,180.0
-89.24,180.0 -89.24,-180.0
89.24,-180.0"

. schema :GeoShape
P rdesc:MPSoilMoisture

schema : box

schema : GeoShape

rdf:type

Thanks to Gerald John M. Manipon of NASA for providing access to initial RDF descriptions of GCMD datasets.
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@)')|@rdesc.tw.rpi&du!virtuusn,’sparql QJ wB & A& 2 - | =

Virtuoso SPARQL Query Editor : http://rdesc....ut=0&debug=on *

i i ? = -uri= -
Default Data Set Name (anh |RI) @) @ rdesc.tw.rpi.edu/virtuoso/sparql?default-graph-uri=&query=PREFIX+gn%3A+ <httpH%3 A% 2 FX2 Fwww.

| location [count
Query Text "Earth" 1488
# Number of data resources per location. "North America" 1092
PREFIX gn: <http://www.geonames.org/ontology#> ['United States" (1059
L i e oo o Ot
<http://www.w3.0rg/2000/01/rdf-schema#> "Kansas" 355
SELECT (SAMPLE(?location) AS ?location) (COUNT(DISTINCT ?rescurce) AS ?count) { T
{SELECT DISTINCT ?resource ?1 ?locaticn { Asia 228
?resource a/rdfs:subClassOf* rdesc:DataResource . "Europe” [108
?1 gn:name ?location . "Okmulgee County" 73
} + "Lincoln County" 153
GROUP BY ?1 "Grant County" 152
"United Kingdom of Great Britain and Northern Ireland" |52
["Marion County" 50
|"Alaska" |49
['Dewey County" |45
(Security restrictions of this server do mﬂwmwrfm remate RDF data, see details.) |"Butler County" |42
Results Format: S "Atlantic Ocean" 42
Execution timeout: ] milliseconds (values less than 1000 are ignored) =
Options: o Strict checking of void variables "Washington" .
"Washington" 40
(The result can only be sent back to browser, not saved on the server, see details) "Engla.ud"
Run Query | Reset | "North Atlantic Ocean” 39
- "Seminole County" 38
- . "Southern Ocean" 34
Virtueso version 07. |o.32???nrt*|‘r:2 (1:02;:; %L "Sumner County" 31
"Elk County" 131
"Major County" 31
"Morris" 29
"Comanche County" |29
"Hillsboro" 29
"Reno Coun

September 23, 2014 9



Analytic Queries (as opposed to lookup) gl orthwest
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Find soil moisture profile information for the Walnut Gulch (aka Walnut
Creed) watershed that provides daily data for the time period after 1990
with at least 10 points.

Find locations that have daily soil moisture profile data since 1990
with at least 10 points.

Find locations that have daily soil moisture profile and surface
temperatures (at 2 meters) since 1990 with at least 10 points.

Find locations that have hourly weather data with at least 10 locations
since 1990. Would then like to be able to quickly access the vegetation
iInformation around the instruments.

September 23, 2014 10
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6 O 6 | http://rdesc.... ut=0&debug=on \-i- &

Q@rdesc,m.rpi.edu;virtuoso{sparql?defauIt—graph—uri=&quew=BA5E+<hltp%3A%2F%2Frdesc.org%2F>%OD%OAPREFIX+rdﬁ63A+<http%3A%2F%2F\ | ' 13.3 days Q ﬁ' E ¥ fi = - =

K , ~< ~o

SPARQL gquery: S~ BT

BASE <http://rdesc. o;g/» RN Tl

PREFIX rdf: <http://wwy.w3.org/1999/02/22-rdf-syntax-ns#> RN RPN

PREFIX schema: <http://schema.org/> TN~ ..l

PREFIX owl: <httpll/www w3.0rg/2002/07/owl#> RN Tl

PREFIX skos: <http://www.w3.org/2004/02/skos/core#> RN Teal

PREFIX dcam: <ht{p://purl.org/dc/dcam/> RN Tl

PREFIX dcterms: /<http://purl.org/dc/terms/> RN Ry

PREFIX rdfs: <https//www.w3.org/2000/01/rdf-schema#> RN RN

PREFIX vs: <http://www.w3.org/2003/06/sw-vocab-status/ns#> T~ T~

PREFIX foaf: <http://xmlns.com/foaf/0.1/> R DR
PREFIKWOt:fh*hﬁH’.L?“\LD“J“WWM’L________________________‘a.______‘_*~
PREFIX dc: <

== iestimated ti ti 1153367 !
ERevhx Thesy estlmatce executlion ime ( sSecC )
PREFIX bibosl |
PREFIX xsd: <RttP:/Twww.w3.org/2001/RMESchema?s = = = = = = &= = = = s s s s s s s s

PREFIX tl: <http://purl.org/NET/c4dm/timeline.owl#>

PREFIX vsto: <http://escience.rpi.edu/ontology/vsto/2/0/vsto.owl#>
PREFIX wgsB84: <http://www.w3.0rg/2003/01/geo/wgs84_pos#>

PREFIX dcat: <http://www.w3.org/ns/dcat#>

PREFIX dctype: <http://purl.org/dc/dcmitype/>

PREFIX ns4: <http://gemd.gsfe.nasa.gov/gemd/v9/>

# GOAL: Find locations (spatial locations) that have daily soil moisture
# profile data since 1990 at with at least 10 points.

SELECT ?location (COUNT(DISTINCT ?instrument) AS ?points) {

{SELECT ?resource {
{SELECT DISTINCT ?resource {
{SELECT ?qmp {
{SELECT DISTINCT ?qgmp {
{SELECT DISTINCT ?mp_soil moisture {
?mp_soil moisture rdfs:subClassOf* rdesc:MPSoilMoisture .
1}

?gmp rdesc:hasMeasuredProperty/a ?mp_soil moisture .
1}
?gmp dcterms:temporal/tl:end ?endDate .
FILTER(REGEX(STR(?endDate), "“[0-9]") && xsd:integer (REPLACE(STR(?endDate), ""([0-9]+).*$", "$1")) > 1990)

11
{SELECT DISTINCT ?resource {
{SELECT DISTINCT ?data_ resource {
?data_resource rdfs:subClassOf* rdesc:DataResource .
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Fresults 8 nodes 16 nodes 32 nodes
Ingest 1218 580 406
Query Fig.3 76 0.492 1.74 0.724
Query Fig.5 1 0.585 0.706 0.690
Query Figd [T 707 T[Z77529 [ - 4383 | 1 72.04 !
Query Fig.10 68 15.9 9.38 8.16

Table 1: Average ingest and query times (in seconds) over 10 runs, on fixed
RDESC dataset of nearly 1.4B triples, varying number of nodes

[Weaver et al, 2014]

[Weaver et al, 2014] Jesse Weaver, Vito Giovanni Castellana, Alessandro Morari, Antonino Tumeo, Sumit Purohit, Alan Chappell, David Haglin,
Oreste Villa, Sutanay Choudhury, Karen Schuchardt, and John Feo. Toward a Data Scalable Solution for Facilitating Discovery of Science
Resources. Parallel Computing, 2014. (in press)
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What question does your research 7

] Pacific Northwest
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motivate you to ask now" TWC o omsnsaesers

» What questions would domain scientists ask?
» Certainly questions will differ between domains.

» This information will better inform us as to what kind of metadata
needs to be collected and what ontologies need to be developed to
support them.

» What level of reasoning will be needed to support easy analytical
gueries? if any at all?

September 23, 2014 14
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