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& P Provenance

 Origin or source from which something comes,
intention for use, who/what generated for, manner
of manufacture, history of subsequent owners,
sense of place and time of manufacture,
production or discovery, documented in detalil
sufficient to allow reproducibility

« Or ... provenance are the types and instances of
metadata in a particular multi-faceted context

* Knowledge provenance; enriched with semantics
(especially the relations between concepts
previously isolated, and retaining context) and
semantically-aware tools




& “#%,  Problem definition

« Data is coming in faster, in greater volumes and outstripping our
ability to perform adequate quality control

« Data is being used in new ways and we frequently do not have
Sufficient information on what happened to the data along the
processing stages to determine if it is suitable for a use we did not
envision

« We often fail to capture, represent and propagate manually
generated information that need to go with the data flows

 Each time we develop a new instrument, we develop a new data
ingest procedure and collect different metadata and organize it
differently. It is then hard to use with previous projects

 The task of event determination and feature classification is onerous
and we don't do it until after we gef the data



y ’7?‘; Data has Lots of Audiences

= Moving up the pyramid, these audience

segments decrease in size while increasing

M ore STPGT@Q | C akers in influence over NASA’s budget & agenda.

e + Better flow of information within NASA
could yield improved synergy,

/ NASA Internal \ efficiency, & overall effectiveness.

Commercial & Operational * Owr strategy should be to

Data User Communities characterize the information wants,
_ _ needs, & expectations of each

Public Media segment of the public, & then tailor

our products/programs accordingly.

Educators & Students \ » The ‘science attentive’

public considers itself

Less Strategic f

Museums, Science Centers, and

S i B S e : : knowledgeable & willing to
E‘E ar School & Community-based Programs participate in policy-relevant
£ T discussions. Thus, thisis a
“‘. . - - - iga & N . s 2 ] P
& Public Science Attentive Public, Citizen Scientists particularly beneficial
=5 Confinuum Science Interested Publics audience to target.
Residual Public

From "Why EPO?", a NASA internal

SCIENTISTS! report on science education, 24905



& “F%, Background

Fact: Scientific data services are increasing in usage
and scope, and with these increases comes
growing need for access to provenance information.

Our Research Goal: design and implement an
extensible provenance solution that is deployed at
the science data ingest/ product generation time.

Provenance Infrastructure Goal: to design a
reusable, interoperable provenance infrastructure.

Outcome: implemented provenance solution in one
science setting AND operational specification for
other scientific data applications — both achievef)d.



.{7?*; What is the ecosystem?

 Many elements, and they are scattered

 But these are what enable scientists to
explore/ confirm/ deny their ‘hunches’

Accountability

l |dentity
[ \
Explanation Justification Verifiability Proof Trust
Provenance

“Transparency’ (the illusion of it)



But back to
reality

Fragmentation
Disconnection
- Internal/Ext.
Encapsulation

... all are bad
for ...
transparency

Artifacts (often files) Roles
Raw value ¢
Processes Level 0
s Feeds into Applies PI, Facility,
Calibration
Convension Quality Control Di‘;?;:;r
enerates
Adds Delivered to > |nstrument
Metadata Engineering Developer,
© — Units B Deployer
Level 1
Observer, v Food e
Analyst eeds into
y Calibration Applies
Standards 2s QC Pl,
Algorithms —_— t Data
Adds = Parameter _‘Jﬂ.\mmﬂ WManager,
Metadata Level 2 Auditor
*’
Analyst Y Feeds into
Assimilation
Comparison
Synthesis Applies Pl
Interpretation Generates QCc “—— Dat,a
Contexiualzation Manager
Agareqation '
Standards v —>»  Auditor,
Algorith P S Analyst
- Derved Y
Adds Parameter
|—‘> Level 3 Delivered to
\M
Data
Manager ¢ Feeds into
Summarization
Ai’g’g;?; Generates
Comparisen End user,
Interpretation Service
Annatation Provider
Integrated Delivered to

Parameter
Level 4



MLSO Analysis Center Homepage

Welcome to the Mauna Loa Solar Observatory (MLSO)
Website. The MLSO, operated by the High Altitude
Observatory in Boulder Colorado, houses several instruments
designed to observe the sun at many different wavelengths.
The MLSO instruments provide observations needed to
understand the sun's continuous release of plasma and energy
into interplanetary space.
Advanced Coronal Observing System. A suite of instruments designed to observe the solar atmosphere at a variety of
ACOS heights. Includes Chromospheric Helium Imaging Photometer (CHIP, 1083.0nm), H-alpha prominence and solar disk
monitor (PICS, 656.2nm), and the Mk4 K—coronameter, which observes the white light K-corona from 1.12-2.79 solar radii.
ECH O Experiment for Coordinated Helioseismic Observations. A network of two instruments which observe solar oscillations
as seen in the radial velocity of the solar surface.

Precision Solar Photometric Telescope. Observes the solar disk in three bandpasses: 605-610 nm (red), 408-412 nm
PSPT  (blue). and 393 nm (CallK).
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Latest MLSO Images
ACOS Mark-1V ACOS PICS Limb ACOS PICS Disc ACOS CHIP

K-Corona H-Alpha Limb H-Alpha Disk Hellum-1
700-850 nm 656.3 nm 656.3 nm 1083 nm
16-Jan-2007 16-Jan-2007 16-Jan-2007 16-Jan-2007
Watch Movie Watch Movie Watch Movie Movie [merged-GIF]

ECHO Sample

»SPT O >SPT Blue >SPT Red )
PSPT Callk PSPT Blue PSPT Red Velocity Image




Typical science data
processing pipelines

Distributed

Some metadata in
silos

Much metadata lost

Many human-in-loop
decisions, events

No metadata
infrastructure for any
user
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:"ﬁ The ACOS case for
"; - Provenance

* Provenance metadata currently not propagated with or
linked to the data products

* Processing metadata
* Origin (observation) metadata
 Data products are the result of “black box” systems

* Most users do not know what calibrations,
transformations, and QA processing have been applied to

the data prodéjct

A
Source Processing Product

1 o
\
\

¢ ot l,

10



ACOS Provenance Use
Cases

* What were the cloud cover and seeing
conditions during the observation period
of this image?

* \What calibrations have been applied to
this image?

* Why does this image look bad?

11



Why does this image look
bad?

&P,

MLSO/HAO /CHIP North 28 May 2008

COY 148
00:44:12 UT

Observer Log

5/28/2008 00:42:29UT

Observer: Daryl Koon

Weather Comment:

“Low clouds are
assing over.”

2l

Helium | —— raw

12



Provenance and Domain
concepts in the use cases

solar solar
science science
 What were the cloud cover and seeing conditions

nance and
cience

during the observation period of this image?
Provenance, data processing

ce and
essing
applied to this image?
(QA), and solar science
processing
« Why does this image look bad?

data

processing

 What calibrations have been




Multi-domain Knowledge
Base

Provenance

14



.{'Jﬁ; Proof Markup Language (PML)

Source
I
—— : DateTime
g JUStIflcathn [ Engine ] Rule Rule 5
_ ourceUsage
P EXpIanatlon haslInferenceRule
il Causality graph hasInferenceEngine hasSourceUsage
° FDr()\/EEr]Ear](:E; [ Justification ] [ Justification ]
I I
— Conclusion Conclusion Conclusion
— Source NodeSet NodeSet

— Engine W
— Rule

Justification
e Trust | . ]

— Trust/Belief metrics el
NodeSet

15



V' 2 PML NodeSet

(pmlj:NodeSet) (pmlj:NodeSetList)
pmlj:hasConclusion pmlj:isConsequentOf pmlj:hasAntecedentList

(pmlp:Information] [pmlj:lnferenceStepJ

T

pmlj:hasSourceUsage Pmlj:hasInferenceEngine pmlj:hasinferenceRule

v v v

[pmlp:SourceUsageJ (pmlp:InferenceEngineJ [pmlp:lnferenceRuleJ

I
pmlp:hasSource

v

[pmlp:SourceJ

16



site calbration,
configuration modes,
instrument
calibraton

’

|

|

|
1

:' Y

| Instrument
Calibration

 Image File with

Observer Logs

Sh: - l Quick Look GIF i
NCAR /T

lice
Lecinski

Hawaii




’ 4 X .
-~ ’
of Instrument Observer
< :
4

- I Nirant l I Nirant I

File Bookmark Preferences Configuration Viewers Help User: ( Signin )

URI  cs.utep.edu/astronomy/solar/eql-examples /extendedQLProduct_1213066454210.owl#answer [ Look Up ) © O O Item: http://cedarweb.hao.ucar.edu/spcdis/registry/ FMT/EQL.owl#EQL

Justification

( Zoomin(+) ) ( ZoomOut(-) ) | Style - Tree = ), _ _ OCI:44:I1 2 UT

<!xml version="1.0" encoding="ut-§ ">
<DOCTYPE LogComment SYSTEM “http://ceda...
<LogComment>

alay>28</day>
<month>S</'month>
<year>28<y ear>
<dayolyear>149</dayolyear>
</date>

<time>

<hour>l<'hour>
<minutesd2</minute>
<second>29</'second>
<timezone>UT</timezone>
<thmes more...

L» Viewer AJ Viewer

Generic Web Service
EnhancedQuickLook

: Observation Date: 5/28/2008
: ' Viewer Observation Time: 0:42:29:UT
[E] Observation: Low clouds are passing over.

Observer: koon

Text-Transformer:Extended Quick Lookup Viewer > p

Q PML Node Set

[:] PML Inference Engine

7

18




Concept Alignment

3, (PML)

Instrument = e e __ ,[ Source ]
Observation l
\/ Period - >[ DateTime ]
SourceUsage
Data
Capture == Rule hasSourceUsage
[ Justification ]
Raw ¢ - __ _ |
Data | = = '0 T mw=amn » Conclusion
NodeSet
Calibration Ll . > Rule
hasAntecedentList
,v[ Engine
Calibration [ Justification ]

I
_ = ==» Conclusion

Data --—-""1" NodeSet
Product 19



& “#", Open Provenance Model

o
Ag e n tS Process
— Catalyst and controlling T |
! ) wasTriggeredBy(Role)
entity of a process Artifact
Process
X Processes IwasDerivedFrom(R?jwasGeneratedBy(RoIe)
— Action or Series of actions
performed resulting in Artifact Artifact @
new artifacts W
. wasControlledBy(Rol
° ArtlfaCtS e asControlledBy(Role)
— Immutable piece of state IwasgeneratedBy(Role)
° ROIeS Artifact
— Non-semantic flat tags
used to provide context in 20

relations



N

Data
Capture

Calibration - -—q=-=-"

Calibration

Data ¢
Product

Observation

Concept Alignment
OPM

-_———=) '
Period L Artifact

used(Timestamp) wasControlledBy(Instrument)

——————— » Process

T wasGeneratedBy(DataCaptureProcess)

——————————————— »  Artifact
————————— »  Artifact
used(RawData)
used(DataCalibration
___________ » Process

TwasGenerated By(DataCalibrationProcess)

___________ ®  Artifact
21



. e [vsto:DataProduct)
of
é > »
@ Y are
4 “’A

I
(vsto:DataImagej .

Domain Models R

[spcdis : CSRImage) [vsto : Parameter)

Domain models are
independent Of the (spcdis:Process)
provenance model 7Y

are
I

[spcdis:DataCapture]

e Solar Science Model

B VSTO OntOIOgy (vsto:Instrument]
« Science Data /v
ProceSSing MOdel a|re vsto:hasInstrumentOperatingMode
. v
] DeVISIng Our Own [Vsto:OpticaHnstrumentJ [vsto:InstrumentOperatingMOdeJ
e ...others as needed 4

are
I

(vsto: Photometer)

22




4 7#*%, Multi-Model Individuals

Individuals use OWL's support of multiple inheritance to
provide mediation between the models

PML Ontology
(Provenance)

NV,

Knowledge
Base
Individuals 23




Multi-Model Individuals
(cont...)

(pmlp:InferenceRuIe | [vsto :Instru mentOperatingModeJ
= 4

isI a
spcdis:CHIP_He-I_Continuum_Mode

[spcdis: DataCaptureJ [pmlp:InferenceEngine]
Ve _ Pd
is a

|
| sncdis: CHIPImaaeCapture

[
[pmlp:SourceJ
4 (spcdis: SRImage_j [pmlp:Information]

are A & v
I is a

mlp:Senso ] ( sto:Pho| pmete ) . '
[p > ] v r spcdis:CSRImage-ID
A\ S

isI a
spcdis:CHIP 24




PML NodeSet using Multi-

model individuals

pmlj:NodeSet-1D

e

pmlj:hasConclusion

v

S~

pmlj:isConsequentOf

v

spcdis:CSRImage-ID

pmlj:InferenceStep-1D

pmlj:hasSourceUsage

’

pmlj:hasinferenceEngine

v

pmlj:hasinferenceRule

v

pmlp:SourceUsage-ID

spcdis:CHIPImageCapture

spcdis:CHIP_He-I_Continuum_Mode

I
pmlp:hasSource

v

spcdis:CHIP

25




s ~) Knowledge Base with Provenance
0;]‘ !-i‘ and Domain Models in Alignment

rdf:type rdf:type
Instrument <+ P[ Source ]
W—Mf:datatyp eﬂ[ xsd:DateTime ]
rdf:type
A
Data rdf:type SourceUsage
Capture #';i'nl&ﬁ;m haslInferenceRule g
(3'21;%?6 hasSourceUsage
Rule rdf-type dtbype NodeSet
rdf:type —
P[ Justification ]
rdf:type rdf:type .
CSR Image <= #Mylmage » Conclusion

26



> Alignment via Ontology
.'; # '!;a;. Constructs

« Use ontology constructs to map

a relationship between concepts rdfs:subClassOf
in different domains Instrument = ====="= >[ Source ]

* Can be defined in a separate
ontology than the models being

mapped

 Does not require a change to
the source models!

« OWL
— owl:equivalentClass
— owl:equivalentProperty
— owl:sameAs Data

 RDFS Product
— rdfs:subClassOf
— Rdfs:subPropertyOf

Calibration @ ==== === > Rule

rdfs:subClassOf
_______ » Conclusion

27



Direct Alignment using
Rules”

 Rules provide ex:Instrument(?x)
conditional logic on
semantic constructs
outside application logic

* Rules can be updated

= pmip:Sensor(?x)

or tweaked without pmip:Information(?x) *

requiring an application

up%late.g PP pmlp:hasURL(?x,?url) #
 Easily shared and swrlb:endsWith(?url, ”.hsh.fts ")

managed

« Provides for more = Ex:CHIPIntensitylmage(?x)

complex mapping than
ontology constructs

*Many rule systems exist, this slide uses the
Semantic Web Rule Language (SWRL) 28



7 Querying/Interrogating the
’; et Knowledge Base

o

« Back to one use case: g
= #Rawimage % Calibration
What calibrations have been applied g =
to this image? 3 T e Trdf:type
> %)
 We construct a query returns any o £ #Flat Field
individuals with type Calibration S Calibration
used as the InferenceRule in the #intorodiate
justification from any artifact the 1
current artifact was derived from. § ’
L
« We assume that any calibration 2 T #Anale of
applied to an artifact the current 3 o ercs
artifact was derived from can also & S Calibration
be considered as ‘applied’ to the g #Intermediate 3
current artifact, and that the 2 5 lrdfitype
wasDerivedFrom property is 5 € Calibration
transitive i T 3
o
>
:
© _
> 29

#Image




gfj?‘_; Provenance Capture

Calibration Calibration
Provenance

Annotator Processing

Data Processing Data

Provenance :
Annotator Processing

QA Analysis

Provenance :
Annotator Analysis




Provenance aware

faceted search

Domain 5 x> <« Instrument 21 %[> <« Date x| [>» <« Parameter 4 LIx][» « CloudCover %] /x » «| Data Products % | %
CEDAR ‘ Chromospheric Helium (< January 2005 (> |7 CHIP He 1083 nm : :
CSAC D Imaging Photometer Su Mo Tu We Th Fr Sa D I | Overcast FTS ‘

MKS3-K Coronameter 26]27128 (293031 1 CHIP He 1083 nm Obscure DAS
Volcanology MK4-K Coronameter 2/a3lalslel78 Velocity DDS
H-alpha prominence and 5 110/11 121311415 OPeNDAP
solar disk monitor 1611718 19]20(21 22 ASC
23(24|25|26]27|28|29 HTML
s 5 3o[31[1[2|3]4]5] |2 - - -
Instrument Class Parameter Class
Photometer v CHIP He 1083 nm Intens v
MLSO CHIP N Domain: Mauna Loa Solar Observatory
Instrument: Chromospheric Helium Imaging Photometer
NEAR BLUE Parameter: CHIP He 1083 nm Intensit
- e a e Image Output: Best CHIP Velocity Image
2000:01-28 ~ Cloud Cover: Clear
18:58:06 UT - N Data Products: JPG
DOY: 26 " N
\ =
7 B <uml venslons" 1 encedings" i >
3 CPOCTYPE LogComment SYSTEM “hips code ..
/ . e
v alay>18<day>
’ amatiof< meath>
4 \ i
/ atayolyenrs 149 dayalycars
< " <date>
\‘ 2-~u~>
' et < e
‘ ::m’lﬂll--)
i =
' i
B w Viewer
k J
| < Y
\ Y
\ [T A-
A\
N b | B
13 u
\_.__ // | B

Scaling: -1200 to 50




Interoperability with
Provenance Tools

® O O  <xml version="1.0" encoding="utf-8"?> <!DOCTYPE EQL SY...-10 mph, temp 44F.</message> </log> </EQL> - Proof - IW

[ < | > ] [i]http://mference—webAorg/' 0 c] (Qv Google

?url=http://iw.vsto.org/pm|

J

inforence
WEBBrowser "“""®

Proof | Tree

CFRI+Zn

Submit

[ Raw 4] Lens
Magnitude

(1 %) Lens (900 %) 9
Width L

.;! S
Format

Current URI: http://iw.vsto.org/pml/extendedQLProduct_1222276702853.owl#answer

Proof Lens (Proof mode)

MLSO Observer Log Parser]

<7xml version="1.0" encoding="utf-8">
<IDOCTYPE LogComment SYSTEM “http://iw.vsto.org/registry/DTD/LogComment.DTD">
<LogComnent>
<timestamp>
<date>
<day>18¢/day>
<month>9< /month>
<year>2008¢ /year>
<dayofyear>262¢/dayofyears
date>
<tine>
<hour>16¢ /hour>
<minute>dd¢/minutes
<second>42¢/second>
<timezone>UT< /timezone>
</time>
</timestamp>
<observer>stuebenc /observer>
<source>http: //domnload. hao. ucar . edu/dS/mlso/log/observer /2008/nlso. 20084262  olog< /source>
<message logIndexStart="315" logIndexEnd="352">Clear, wind south S5-10 mph, temp 44F.</message>
</LogComment>

MLSO QuickLook GIF Generator]
2]
=i

product:  name=EnhancedQuickLook

800

Probe-It! Scientific Pr e Visualization F k

F k

image:
observer:
timestamp:
message:

source:  instrument=CHIP organization=UCAR/HAO project=ACOS site=MLSO
hao.ucar.

2008d262.0l0g

format=gif type=Helium-| url=yes
http:/iw.vsto.org/data/mlso/chip/ql/08_09_18_18_32_08_res_hsl.gif
stueben

2008-09-18T18:32:.8UT (262)

logIndexEnd=352 logindexStart=315

Clear, wind south 5-10 mph, temp 44F.

0]
[DeteT] [Contex]
1308

Inference Web Browser

20...

" Query

Global Justification View | Local Justification View |

(+) =P | Style - Tree I3 Height of Conclusio... === Jmmmm= (  Show Menus )

107 R g Copnre

Mauna Loa Sebar Ofervato .
T Sup 18 1623936 EMT 20 .. 00.15T 1832087
Vear- + 202

<Tunl versione 10" cucndin
<IDOCTY PF. LogCosmsment SVSTEM ..

Probe-It!
http://inference-web.orqg/iwbrowser http://trust.utep.edu/probgit/




Multi-sensor Synergy
Data Advisor (MDSA

 Based on NASA sensor assets and
multi-option processing -
http://giovanni.gsfc.nasa.gov

* Dynamically generated lineage (XML)

» Want to advise for or against certain
processing operations on certain data
products (both internal and external
provenance)

33



Giovanni Allows Scientists to

ol

The Old Way:

Pre- AS* Find data__,
. e Retrieve high
SCIence . volume data==

Learn formats
: and develop readers™
Extract
parameters=—»>
i Perform spatial
mim= and other subsetting™
Cwu A Identify quality and other
; flags and constraints=>

A= 4 filtering/maskinge,

4 Develop analysis...,
+ and visualization
(s f\ccept/discard/get more data
- (sat, model, ground-based)

2

Exploration =—

DO
SCIENCE Initial Analysis —

Use the best data for _
the final analysis

a q —)
Derive conclusions

Write the paper =

ubmit the paper ==

Web-based Services:

Concentrate on the Science

The Giovanni Way:

Oct

Jan 7=
_______ | — ) E——— Minutes
_______ - | Read Data | /:/:;/2/
’E,e,b— +- \ Extract Parameter\ g - Days for
B ‘ o S ‘q >'- P exploration
=1 ubse atia 4
-“Mar e Q . Use the best data for DO
o=y | Filter Quality] Qb the final analysisg SIENCE
=2 /< | - Derive conclusions
P Apf- | = IReformat ! Write the paper
el N | Reproject, Submit the paper
/Ma/y ) / | Visualize |
W ﬂ ExpJore |
“Jun L k/ va 1 Analyzo Web-based tools like Giovanni
P, 2 allow scientists to compress
Ju)” the time needed for pre-
e science preliminary tasks:
Aug data discovery, access,
manipulation, visualization,
Sep and basic statistical analysis.

Scientists have more time to do science!



F Inter-comparison of data
{ = from multiple sensors

Data from multiple sources to be used together:
— ACE
— NPP and NPOESS

Geo-Cape

European and other countries’ satellites

Models

Harmonization:

It is not sufficient just to have the data from different sensors and
their provenances in one place

« Before comparing and fusing data, things need to be harmonized:
« Data: format, grid, spatial and temporal resolution
Metadata: standard fields, units, scale, quality
Provenance: source, assumptions, algorithm, processing steps

Dangers of easy data access without proper

assessment of joint data usage - itis easy to use data
incorrectly




Why don't MODIS Terra and
*¥ ¥ <. Aqua Aerosols agree?

Correlation(A&B) (01Jan2008 — 31Dec2008)
A: MOD0O8_D3.005 Aaroasl QoiitdrQepth at 550 nm (unitlesa)
g: MYDOS DJ.DS! Aerds . Depth at 550 nm

BON

S bl 3

0 80E 120E 180 1200 A0W b

-1 -0.8 -06 -04 -—-0.2 0 0.2 0.4 0.8 0.8 1

MODIS-Terra vs. MODIS-Aqua: Map of AOD temporal correlation, 2008



Sensitivity Study: Daily AOD
MODIS Terra vs. MISR Terra

Correlation(A&B) (Q1Jan20038 — 31D0ec2008)
A: MOD0O8_D3.005 Aaroaol Optical Depth at 550 nm (unitlesa)

80N

BON1{

30N

EQ

208

B80S 1

[~

) 80E 120E 160 120w A0

-1 -0.8 -0&6 -04 -—-0.2 0 0.2

0.4

0.8 0.8

MODIS-Terra vs. MISR-Terra: Map of temporal correlation

1



MODIS Terra & Aqua vs. AIRS Cloud
Top Pressure

Correlation(A&%H) {(01Jan2008 — 16Jan2008) Correlation(A&B) (01Jan2008 — 16Jan2008)
A: MODO8_D3.005 Cloud Top Preasure {Day anly) {hPa) A: AIRX3STD.005 Cloud Lop presaurs_aacending (CloudTopPrea_A} (hPa)
aon B: AIRX3STD.005 Cloud top temperature ascending {CloudTopTernp A) {Kelvin) 20N B: MYDO8 D3.051 Cloud Top Pressure (Day only) (hPa)

» ; s T "
Er el Y g (7 % = A
L o e e B AR b T A P,

~ AIRS'vs. MODIS Terra
S | — [ —

|
) 1.0

Correlation(A&B) (01Jan2008 — 16Jan2008)

Correlation maps for B D3 00] Gioud Top Breseurs fDay only
Jan 1 - 16, 2008 : P y
T N R Impact:

S - e Findings using
iy SR e aerosol data

i e e Y apply to other

BEl st B e e geophysical

12/3/10 L T o parameters!



’:.F Collecting and Delivering Data
°¢ % 5 Provenance

Where to find the knowledge about data and data

processing?
* |t is scattered in scientific papers, the actual code,
unwritten assumptions, folklore, etc.

« Assess sensitivity of the results to variations in processing
algorithms/steps...

* Work closely with scientists to guarantee science quality

How to deliver provenance?

* Deliver to users together with the data
* Present to users in a convenient, easy-to-read fashion

* Provide recommendations for different data usage
(applications vs. climate studies)



o{jﬁ; Use Case Processing PML

GiovanniUser

T

hasSource hasSource hasSource
hasSource

hasSource

* Proof Markup Language
Timq (Parametersj (Dataset) (Visualization Type] . p . g g
Constraints = Constraints g ra p h fo r G iovanni

has::tecedent T nasAntecedent / T p rocess | n g p rovenance

hasAntecedent
| hasAntecedent

« Capability to access PML

hasAntecedent

hasAntec\edant US|ng IW BFOWSEF OI’
hasAntecedent Probe-It provenance

visualization tools.

hasAntecedent

Dimension
l Average Type l Plot Type ]
Time Averaging ﬂ
'\ hasAntecedent /
hasAntecedent
asAnteceden /

( Dimension Averaging] hasAntecedent

hasAntecedent

Renderer



Accessing PML using Probe-It
=_.provenance visualization tools

e 00 Probelt
< | > + | http://minas.cs.utep.edu:8080/startprobeit/applet ¢ (Q' Google

Query Global Justification View | Local Justification View

) (+) Style - Tree & Hide Menus

J \
<Txml version="1" enevdis ... <Pl version=" = 70 imeodin .
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However...

* Normal people cannot look at these
presentations and get answers to their
guestions, and often they don't care!

* Or, if they do, then they want to see a
semantic provenance difference — no
they don’t really know to ask for this but
it is the step to establishing frust in
these systems

* Provenance presentation is still an open
challenge... .



& ¥, So ... Semantic Advisor

Semantic Advisor
Provides caveats for intercomparison based on user selections
e Parameter, Dataset
o Satellite, Orbit (derived from Dataset)
Service-based Interaction
e Giovanni sends XML with user input
e RPI returns XML with comparison info
e Giovanni renders comparison as table
Features
Leveraging Ontology and Rulesets
* Developed ontology to represent advisories and corresponding
semantic rule set to assert advisories when certain conditions hold in
the knowledge model.
e Developing web service to ingest user input XML, translate into
semantic knowledge based on ontology vocabularies, perform

reasoning and rule-based inference on the knowledge, and generate a
response XML to return to the Giovanni service.



o‘: 7?‘_; RuleSet Development

Rulesets:
 Rulesets are used to understand the criteria that

make up a fitness for purpose or important factors
for assessing the concept of a 'set of rules

* |Individual rules need to be captured so that the
significance of different parameter combinations
can be explained / presented to an end user

* Rulesets are needed to indicate to a computer
what information important and needs to be
propagated in/ to the processing results.



.ﬁ;ﬂ; RuleSet Development

[DIfNEQCT: (xsd:time) 4 otEqual———p (S
(?s rdf:type gio:RequestedService), T 4 A

(?s gio:input ?a), EEoriaiCroesing EE'JZ,}T,?.Z“.SI{‘,L';?,',Q
(?a rdf:type gio:DataSelection), e e

(2 gioinput %), o] I L oo | et S RO e
(?b rdf:type gio:DataSelection),

(?a gio:sourceDataset ?a.ds), g“’:""m"l‘*”“’y”“"”t 9i°”’°”’°f’°'°yme”‘
(?b gio:sourceDataset ?b.ds), (‘gio:Dataselection |
(?a.ds gio:fromDeployment ?a.dply), \ ?

(?b.ds gio:fromDeployment ?b.dply), gio: SourceDataset 5 8 glo:sourceDataset
(?a.dply rdf:type gio:SunSynchronousOrbitalDeployment), \ /

(?b.dply rdf:type gio:SunSynchronousOrbitalDeployment),

(?a.dply gio:hasNominalEquatorialCrossingTime ?a.neqct), '} m{

(?b.dply gio:hasNominalEquatorialCrossingTime ?b.neqct),

| giodata:lationplot |—is a —)(gno:RequestedService]

notEqual(?a.neqct, ?b.neqct)

_> glolissue »Advis ory

(?s gio:issueAdvisory giodata:DifferentNEQCTAdvisory)] P E— .




Advisory
Request
XSL

XSL OWL

Giovanni Giovanni
Ontology Instance )
OWL Data Velocity | Advisory
Template | Response
Template

The inference model

XML

Advisory
Request
XML

Goddard

Advisory
Request OwWL
Handler
The request handler Advisory
translates the incoming Request
request into OWL/RDF OWL

conforming to the
Giovanni Ontology

RPI

adds semantic rule
reasoning to the
knowledge base,
providing reasoning
capabilities beyond
that supported by a
pure ontological approach

Apache
Velocity

Pellet
Reasoner

Advisory
Response
Builder

Inference
Model

Ontology
Model

The ontology model The response builder
loads the aadvisory generates a response
request OWL and Jena XML document from the
all ontologies it is Reasoner inferred knowledge base

dependent upon

and provides consistency
checks and ontological
reasoning.
Giovanni
Rules

XML

Advisory
Response
XML

Goddard




our oeilecte

Parameter Name :

Dataset:

Data-Day definition

Temporal resolution

Spatial resolution

Sensor:

Platform:

EQCT

Day Time Node

Pre-Giovanni Processes :

Giovanni Processes:

MODIS Terra vs. MODIS Aqua AOD Correlation

o)

ions.:

Semantic Advisor

Spatial Area:
Parameters:

Temporal Range:

Aerosol Optical Depth at 550 nm

MYDO08_D3.005
UTC (00:00-24:00Z)
Daily

1x1 degree

MODIS

Aqua

13:30

Ascending

ATBD-MOD-30

Spatial subset
Time average

Continue process to display image

Longitude ( -30, 150), Latitude (-10,60)

A: MYDO08_D3.005 Aerosol Optical Depth at 550 nm
B: MODO08_D3.005 Aerosol Optical Depth at 550 nm
Begin Date: Jan 01 2008

Aerosol Optical Depth at 550 nm

MODO08_D3.005 € Diff

The same but....

UTC(00:00-24:002)

Daily

1x1 degree

MODIS

Terra

10:30

Descending

ATBD-MOD-30

Spatial subset
Time average

Included Overpass time Difference

Return to selection page




&> 7%, Final Remarks / Discussion

* Integrated Knowledge Provenance and Domain Knowledge
Base key to our Use Cases

 PML supports
— Multi-model individuals (by way of OWL)
— Causality graphs and justifications
— Processing history and intent

« Multi-model individuals interoperable with generic PML tools
— PML is somewhat hard to generate unless you are an expert
— Tools are needed around this

« Ongoing Steps
— Investigation of using Rules to infer domain relations from

provenance store (and vice versa)

— Further development on Semantic Faceted Browse
— Further design on visualization of provenance
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Links

PML: http://inference-web.org/2007/primer/
OPM: http://openprovenance.orq/

SWRL: http://www.w3.org/Submission/SWRL/
Inference Web http://inference-web.org
Probe-It! http://trust.utep.edu/probe-it/
SPCDIS http://tw.rpi.edu/portal/SPCDIS
MDSA http://tw.rpi.edu/portal/ MDSA

Many others...

Contacts:

— pfox@cs.rpi.edu
— zednis@rpi.edu
— westp@rpi.edu
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Syntactic Temporal
Constraint

pmlj:NodeSet

|
pmlj:hasConclusion

v

[pmlp:lnformation]

+

are
I

mdsa TemporaIConstramt

NS

pmip:hasFormat pmlp:hasLanguage pmlp:hasRawString pmip:hasURL mdsa:hasStartTime mdsa:hasEndTime mdsa:haslnterval mdsa:hasFrequency

(pmlp:Format] [pmlp:hasLanguage) xsd:string xsd:anyURI xsd:dateTime xsd:dateTime xsd:string xsd:integer
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Semantic Temporal
Constraint

pmlj:NodeSet

|
pmlj:hasConclusion

v

[pmlp:lnformation]
1 )

are all'e
|
(mdsa:TemporalConstraint)— mdsa:haslntervalList ———p» [mdsa:lntervalust]
pmip:hasFormat pmlp:hasLanguage pmip:hasRawString pmip:hasURL mdsa:hasEnd mdsa:hasBeginning ds:ﬁrst/ ds:rest
[pmlp:Format] (pmlp:hasLanguage) xsd:string xsd:anyURI (time:lnstant) (time:lnstant) [tlme:ProperInterval) [mdsa:lntervalustj
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HumanConclusion | ¢————usesRule

dataset#ODLOMM]|  [temporalConstraint| [spatialConstraint]  [dataset#CFMM|
hasInput hasInput>< hasInput hasInput
DataRetrieval <—usesRuIe—
| :
hasOutput hasOutput
[fileGroup#0DLOMM.0 | fileGroup#CFMM.0
hasInput hasInput
| |
| : |
hasOutput hasOutput
[fileGroup#ODLOMM.1 | fileGroup#CFMM. 1

hasInput hasInput hasInput
Subsetting [ «¢—— usesRule gridSubsetter gridSubsetter
| i |
hasOutput hasOutput

[fileGroup#0DLOMM.2 |
*

hasInput hasInput
1 |
4—usesRuIe —
L | |
hasOutput hasOutput
|fiIeGroup#ODLOMM.3 | |fiIeGroup#CCFMM.3
hasInput hasInput
DimensionReductionByMean |4— usesRule —[dimensionAverageJ [dimensionAverage ]
|
hasOutput hasOutput
[fileGroup#0ODLOMM.4 | fileGroup#CCFMM. 4
hasInput hasInput
RenderTimeSeries | €4— usesRule timeSeriesPlot
|
hasOutput

v

Lineage
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