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Motivation: @

Information Sharing across Collaborating Teams s

« Large distributed NASA project teams must work
together to address complex science and
engineering questions

« Examples of distributed “virtual” teams:
— NASA Astrobiology Institute
— NASA Accident Investigation Teams
— NASA Mission Design Teams

« Paramount need: to share complex science &
engineering data/information across teams

Solut| S| What solutions are employed? Lrver!
(e.g., use FTP Server, WebDAV, Document Server, Content Management System)




Our Contention: Conventional file-sharing @
solutions are insufficient! P

 Little discipline or organization to files;
no “librarian”

« Lack of metadata

* Lack of shared terminology/vocabulary for naming
files, folders, or metadata

 Many files not inherently indexable/searchable via
text-based approaches (lots of data & images —
not much text)

« Complete reliance on hierarchical file structure for
indexing — no multidimensional cross-indexing



“Islands of Information” @
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Co-locating information is not enough!
— Disconnected “islands’ of information

— File-shared information is:

* not integrated R

_ difficult to ‘connect the dots’
* not interconnected > and see the big picture
* not contextualized _

— Difficult to see the connections between
data/information gathered by different people
in different places



Desiderata for an @
Improved Knowledge Sharing System

Semantic
Organizer

* Integrate/interrelate information across the “islands”

* Permit rapid, intuitive access and search of the
information space

 Provide high degree of customizability to
accommodate each project’'s unique work products,
processes, and goals

« Enhance consistency and completeness of shared
information

» Capture contextual information associated with
shared information & data products



Model-Based Approach to Information-Sharing @
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Centralize: Establish centralized access to all
project information within a common
repository

Standardize: For a given distributed project
team, engineer a common information model
and vocabulary for describing and
interrelating all project information

Contextualize: Annotate the data with ample
semantic context to provide a basis for
improved access and search

Develop a Semantically-structured
Information Sharing Repository




What is a @
Semantic Information Repository? P

An information management system

(i.e., database / web server / file server / document mgmt. system)
+

an ontoloqy!

Repository users (people and intelligent agents):
 Upload / enter heterogeneous content:
1. datafiles/documents/images

2. records documenting people, places, things, activities
that provide context to data

U Interlink / interrelate content within a
semantic information network

1 Search, access, and download content
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SemanticOrganizer Core Representation:

Semantic Network Structure S,
Ontology: sample Rules:
Specifies the Add/modify
types of nodes, culture measurement nodes, links &
attributes and || . gate instrument attributes in the
links defined for || ;22 | .. o— 3 network
project team ~"’|b'hotot. Dlhvoothesis

- Nodes: key project reg,@l'jrces;'
(e.qg., peopl"e places’ artifacts activities, processes)

. Attrlbutes propert|es of resources (metadata)
. L|nks relationships among resources

. AttacHed files: electronic products associated with resources
(in almost any type of format)



Semantic

Microbial mat
(algae)

Detailed studies of
mat biogeochemistry

* monitoring
 analysis
» experimentation

Collection of
microbial mats
in the field

geographically-disbursed
team of collaborators



Semantic Network Fragment from
Astrobiology Application
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Astrobiology Ontology (partial)

Semantic

Organizer
Astrobiology Classes
site ‘ / * experiment
cultivated-from
_— sample
person [
/ culture
» researcher
has-genetic-sequence
» lab tech - document
/ l/ pictured-in
project I Ei imade
DNA sequence g
measurement » photographic image
equipment » SEM image
» 02 concentration » camera N e
» N2 concentration » stub » other
»| spectrograph > gas chromatograph
» O2 microsensor
» chromatogram -
» N2 microsensor

other » SEM
— spectrometer |

—>| other

A 4




Unified Master Ontology @

Organizer
Model _Causal _Mission _Feature Request
(g el Deduction L Scientific Task — Action Item
Concept
Hypothesis Investigative Project Meeting/Telecon
- Scientific Activity — | Review LBug Fix
_Organization Field Trip
Social Person WorkGroup Experiment
Structure L Group ——] Investigation Board - Investigation
~Project Team - Microscope
_ Work Site—T Accident Equipment —Camera
Location —[
Laboratory “Field - 02 Microsensor
_ Project
- Document—- Presentation
Image — Experiment ...over 300 classes
Data — — Interview
dia Evidence——| Observation — Debris RDFS-like ontology
_ Physical ‘[Sampm{""“’mb'a' representation language
- Measurement——Numerical Soil
— Nominal




Simple Example of Rule-based Linking @
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laboratory:
@chemistry lab

Works-in x
person: stored-at

custodian-for

collected-by

sample:

If person P is custodian-for sample S, and P works-in laboratory L,
Then S is stored-at L

If sample S is collected-by person P, and S has no custodian,
then P is custodian-for S




SemanticOrganizer’s Browser-based Interface
(Algae Mat Sample Node: Spring-M4-b)

©

semantic

Organizer
create ne crtleatlt(e new searcc:ih for icon (ijdetntifies modify node Focal
w inks nodes node type metadata
nodes \ \ Node
New Item Search Go To Logout }// Help b
View Links Edit Links « Modify Modify Dup/ Ate Put Item In [
Links to Item Permissions D5t llan Folder

Related
Nodes

semantic /
links \

=+ Spring-M4-b (open all | close all)
- Associated Project (1 Projects)
= & EMERG
» SCollected At (1 Field Sites)
= 4 Spring Beach (tidal)
= Collected By (1 Persons)
+ ¢ Bebout, Brad
ZCollected During (I Field Trips)
= = Baja June 1999

nodes
(click to
navigate)

related __
S~
A

=Has Custodian (I Persons)
~— @ Hogan, Mary
‘-Ias Measurement (! Measurements)
w: ExpID#131791-3

“Has Sequence Info (1 DNA Sequences)
+ B4 1653 rRINA sequence

# 4 HBC-X2

at Sample: Spring-M4-b
tem ID# 132888 updated 2001/05/23 10:52AM PDT

/<

Send this Item's web address via Email

Description

Collection Date
Collection Time

Sample Type
Microorganisms
Laboratory Preservative

Vibrant vellow-orange slimy mat,
approx. 10" square 1cm thick.

03/22/2001

14:30:00

benthic streamer mat
Synechococcus ("lividus”-type)
alcohol

Preservative Field Dilution .2 %

Preservative Buffer
Sample Container Type
Storage

Water Temperature
Water pH

Notes

Write Permission

Read Permission

RB-5 ChlorAC
tupperware

ieir(ljhouse C Node

T Metadata
Excised from a sandy site.

@ Bebout, Brad
#® EMERG

1]




Sample is pictured-in Photo @
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New Item Search Home Go To Logout Help
— —— , : :
| View Links | C EditLinks ¢ Modify Item Mc:dlfy_ Delete Ttem Duplicate Put Item In
=& SprM4b excised (open all | close all) | Permissions Item Folder
o (;amera Used (1 Cameras) B Photo: SprM4b excised
% Brad's Digital Olympus Item ID# 132919 updated 2003/06/14 04:28PM PDT

Send this Item's web address via Email

é Imae Of (I Samples)

= Image By (1 Persons)
= ¢ Bebout, Brad

Click image to view at ACTUAL size.
Right Click {or click and hold on Macintosh) to download image.
Click here to download associated jpg file

Help with downloading
Annotate Image
Caption Sample exhibits classic layering associated
with mats from the Baja region.
Image Date 03/22/2001
Notes Original photo stored in N239 room 433.

Write Permission ¢ Bebout, Brad
Read Permission @ EMERG




Edit Links
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ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams MASA Ames
New Item Search Home Go To Logout Help

R

View Links Edit Links «» Modify Permissions Delete Duplicate  Put i a Folder

s SprVI4b excised (open all | close all) Photo: SprM4b excised

= Camera Used (1 Cameras) Ttem ID# 132919 updated 2003/06/14 04:28PM PDT by @Demo. EMERG
& ﬂ%ﬁ (%ﬂi ’i E)i':];ij;!e} as Send this Ttem's web address via Email

E‘ Ima ge Of (] Mat ;S*am_p,-‘es;"ﬂ Sediment Samples/0 Study
Link to existing / new Sediment Samples

Link to existing / new Studv Areas

Link to existing / new Mat Samples

Link to existing / new Stromatolite Samples

Link to existing / new Field Sites B —
Link to existing / new Water Samples Click image to view at ACTUAL size.
Link to existing / new Gas Samples Right Click (or click and hold on Macintosh) to download image.
B Y Spring-M4-b I(Z?lic:li here to download associated jpe file (389214 bytes)
E‘Imaged By (1 People) -
- Link to existing / new People
: +®#Bebout, Brad

""" Otllel Penmsmble L1111<.s

Help with doviloadineg
Amnotate Image

Camera Used #aBrad's Digital Olvimpus

hoto Folders/0 Image (other) F|
Link to exiiie / new Photo Folders Caption Sample exhibits classic layvering associated with mats from

Link to exiing / nevw hinage (other) Folders the Baja region.
ink to _exiie / new Itein (other) Folders Image Date 03/22/2001

= Figue For Papyi0 Publications) Imaged By @Bebout, Brad
N Link to existing / new Publicatior L e o
= Mustration For (0 Models) Sample ¥Spring-M4-b

~ Link to exi&ﬁng / new Models Notes Original photo stored in N239 room 433.
= Is Discussed In (0 Email Messages) Write Permission @Demo. EMERG

; ~ Link to existing / new Email Messages .
= Map For (0 Study Areas/0 Field Sites) Read Permission $#Demo, EMERG
| - Link to existing / new Study Areas v




Linking to an Existing Item
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ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams MASA Ames
New Item Search Home GoTo Logout Help

A

View Linls Edit Links 1“0
= gESprM4b excised (open all | close all)
E' C amera Used (/ Cameras)

Link to existing / new Camerds
¥waBrad's Digital Olvimpus

E'Ima ge Of (1 Mat Samples/0 Sediment Saing
P Link to existing / new Sediment Samp,

Link to existing / new Studv Areas
new Mat Sainples

Link to existing /
Link to existing / new Stromatolite Sa

Link to existing / new Field Sites
new Water Samples

Link to existing /
Link to existing / new Gas Samples

Y:rSpring-M4-b
E'Imaged By 11 People)
 Link to existing / new People
*®#Bebout, Brad
~Other Permissible Links. ..
= Contained By (0 Photo Folders/0 Ima

Link to existing / new Photo Fol
new lincge (ot

Link to existing /

Link to existing / new Item (othei
Figure For Paper (0 Publications)
Link to existing / new Publicatio
Mustration For (0 Models)

Link to existing / new Models

Is Discussed In (@ Email Messages)
Link to existing / new Email Mes
Map For (0 Study Areas/0 Field Sites)
i Link to existing / new Studv Arec
< >

Select Items to Link via 'Figure For Paper'

Add 'Figure For Paper' Link from g§SprM4b excized to either selected Publications below

or a new Publication.

O type / $name

O @mAbstracts for ABS¢iCon
OEBaumeartnerAbSciCon02
OEBebout et al 2004

<@Brad Bebout et al. - Sulfate Experiment

OEBrad's GH sulfate draft 4 + Tori's

Viewing Items 1-18 of 18 Didn't find what you want? Revise Search

= Castenholz AbSciCon2002 Baja Abstract2002/01/31 04:39PM PST @Bebout, Brad

updated by

2002/03/01 11:20AM PST @Des Marais. Davi
2002/03/01 11:31AM PST @Des Marais, Davi
2006/03/14 07:07AM PST @Bebout. Brad
2002/01/31 03:39PM PST #Bebout. Brad
2003/07/07 10:35AM PDT@Hocehler, Tori

OB Castenholz AbSciCon2002 YINP Abstract2002/01/31 02:18PM PST @Fleming. Erich

OEDecker and Potter 2001

OB DesMaraAbSciConMceoleus&lLvng
OEDillon AbSciCon Abstract
OEDraft IV

O & Greenhouse Salinity Manuscript
OEHabichtAbSciCon02

O & Jahnke et al. -Lipid Biomarkers
OERothrockAbSciCon02

OESulfate Draft IIT + Tori's

O ESulfate Experiment Manuscript #1
OB Tort's AbSc1Con02 Abstract

<

2002/05/10 12:02PM PDT

2002/02/18 04:52PM PST #Des Marais, Davi
2002/01/31 08:15AM PST @Dillon, Jesse
2003/06/29 07:10AM PDT@Bebout, Brad
2002/05/07 03:43PM PDT®Bebout. Brad
2002/03/01 12:15PM PST #Des Marais, Davi
2002/02/04 01:29PM PST #Jalnke. Linda
2002/03/01 11:34AM PST @Des Marais, Davi
2003/05/07 11:05AM PDT@Hoehler. Tori
2003/04/10 09:08AM PDT@Bebout. Brad
2002/01/30 10:17AM PST @Hoehler, Tori
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ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams MASA Ames
New Item Search Home Go To Logout Help

R

View Links Edit Links «» Modify Permissions Delete Duplicate  Put i a Folder

s SprVI4b excised (open all | close all) Photo: SprM4b excised

= Camera Used (1 Cameras) Ttem ID# 132919 updated 2003/06/14 04:28PM PDT by @Demo. EMERG
& ﬂ%ﬁ (%ﬂi ’i E)i':];ij;!e} as Send this Ttem's web address via Email

E‘ Ima ge Of (] Mat ;S*am_p,-‘es;"ﬂ Sediment Samples/0 Study
Link to existing / new Sediment Samples

Link to existing / new Studv Areas

Link to existing / new Mat Samples

Link to existing / new Stromatolite Samples

Link to existing / new Field Sites B —
Link to existing / new Water Samples Click image to view at ACTUAL size.
Link to existing / new Gas Samples Right Click (or click and hold on Macintosh) to download image.
B Y Spring-M4-b I(Z?lic:li here to download associated jpe file (389214 bytes)
E‘Imaged By (1 People) -
- Link to existing / new People
: +®#Bebout, Brad

""" Otllel Penmsmble L1111<.s

Help with doviloadineg
Amnotate Image

Camera Used #aBrad's Digital Olvimpus

hoto Folders/0 Image (other) F|
Link to exiiie / new Photo Folders Caption Sample exhibits classic layvering associated with mats from

Link to exiing / nevw hinage (other) Folders the Baja region.
ink to _exiie / new Itein (other) Folders Image Date 03/22/2001

= Figue For Papyi0 Publications) Imaged By @Bebout, Brad
N Link to existing / new Publicatior L e o
= Mustration For (0 Models) Sample ¥Spring-M4-b

~ Link to exi&ﬁng / new Models Notes Original photo stored in N239 room 433.
= Is Discussed In (0 Email Messages) Write Permission @Demo. EMERG

; ~ Link to existing / new Email Messages .
= Map For (0 Study Areas/0 Field Sites) Read Permission $#Demo, EMERG
| - Link to existing / new Study Areas v




Linking to New Iltem
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ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams MASA Ames
New Item Search Home Go To Logout Help
View Links Edit Links « » “Create either a new Publication Folder or Publication: 4

=g@&Sprividb excised (open all | close all)
E Came1 a Used (I Cameras)

Link to existing / new Cameras

dxaPrad's Digital Olvimpus

E Ima ge Of (1 Mat Samples/0 Sediment Scing
Link to existing / new Sediment Samp.
Link to existing / new Study Areas
Link to existing / new Mat Samples
- Link to existing / new Stromatolite Sa
Link to existing / new Field Sites
Link to existing / new Water Samples
Link to existing / new Gas Samples
B ey Spring-M4-b
EImaged By (1 People)
- Link to existing / new People
: 4-@Bebout. Brad
""" OHIEI Permissible Links...
= Contained By (0 Photo Folders/0 Ima
- Link to existing / new Photo Fol
- Link to existing / new Image (ot}
- Link to existing / new Item (othei
=  Figure For Paper (0 Pubfr'cm‘iom)
= Link to existing / new Publicatio
= Iustration For (0 Models)
= Link to existing / new Models
= Is Discussed In (0 Email Messages)
~ Link to existing / new Email Mes
= Map For (0 Studv Areas/0 Field Sites)
- Link to existing / new Studv Arec
~ Link to existing / new Field Sites
=  Organizer Home Page For (0 People ¥
>

Publication Folder Publication

%Publication Name: EioSim Joumnal Article
Locate the Publication file to upload from your local systems:

ChDocuments and Settingsirkelletby Document
or type the URL that points to the remote file.
Help with remote

iles
Please select the file type for this file
FOF - Portable Document Format hd
Check here to unpack this file after unloading (for zip files only'): O
Name is optional for zip files and will be prepended to internal file
names.
To upload multiple files at once, follow these directions
Publication Title Stramatolite Populations in Baja

Mexico under Longerm Environmental
Stress Conditions

Publication Type journal article v
Publication Status ® draft Ofinal
Acceptance Status inreview v

—_— _— —_— _— —_— _— —_— _— —_— I — I — I — _— —_— _— —_— _—
Ellﬂll}l' Mo Value Given ~ ) )
Albert, Dan Help with selecting

Baumgarner, Laura Kathlesn — byyyltinle entries
h

. 3 3 } g
L2 RIESt Mo Yalue Given ~ Hel 1_' ith
Ames Exobiology Culture Collection selecting
miltiple
Microb. Ecol. { Biogeochem. Lab Meeting % aﬁ_
NN DN N N DN I D DI DI DN B D B I e e e mae  mae . J
Journal Biosimulation




Resulting Publication
with Links Established P

ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams NASA Ames
New Item Home Go To Logout Help
: Y_ﬁe‘f‘r Lt i £ Lol ‘e Modify LockItem  Permussions Delete Duplicate M
=& BioSim Journal Article (open all | close all) Folder
= Authored By (I People) %Publicatinn: BioSim Journal Article
5 = @Bebout. Brad Item ID# 201297 updated 2006/10/30 09:42AM PST by @Demo. EMERG
E' Document For Project (I Groups) Send this Item's web address via Email

# OEMERG

= Has Figure (] Images/0 Figtires)
B gESprMAb excised Help with downloading

@Chcl\: here to download aggociated pdf file (2092906 bytes)

= Publication For Project (I Groups)

= OEMERG Publication Title Stramatolite Populations m Baja Mexico
under Longerm Environmental Stress
Conditions

Publication Type journal article
Publication Status draft
Acceptance Status In review
Author #Becbout. Brad
Project SOEMERG

Jowrnal Biosimulation




Search
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Search within [¥] Names

Find MNow

Restrict Fields

o1 V4

Select fype(s) to search:
[JAN Items
O Culture
ODNA Sequence
COEmail Message
CJExperiment Log
[IField Site
OField Trip

JAN Images
COMicrograph
COPhoto
O Phylogenic Tree
O SEM Image
O Tmage (other)

C1AI Docmnents

(] Culture Recipe
ClEquipment Document
ClExperiment Document
OFigure

O Presentation/Poster

[ Project Document

O Gas Sample O All Measurements Publication
0 Glohal Control [ Acetylene Reduction CTITip-Eroe
[1GreenHouse Table Pass O Anumonium ODocument (other)
CInstitution O Biomarker Analysis
COLaboratory [ Carbon Isotope O All Equipment
COMailing List CJCarbon Monoxide [ Camera
CIMLat Sample ODigzzolved Inorganic Cartbon [JFlow Box
CIModel ODissolved Organic Cartbon  [JFluorometer
[1Note OFluorescence [0 Gas Chromatograph
CPerson OHydrogen Sulfide [OH Microsensor
OSediment Sample COHydrogen COH2S Microsensor
C1Stromatolite Sample CLight OIon Chromatograph
C1Study Area [OMat Image [CLight Microsensor
[1Test Point O Methane OMass Spectrometer
COURL [INitrate (102 Microgensor
OWater Sample [ Orthophosphate CIpH Meter
[1Item (other) [10xygen OpH Microsensor
OpH CRefractometer
ALl Groups [CSalinity OSEM
CProject O Temperature O Spectrophotometer
OWorkgroup [IVolatile Sulfur (I Thermometer
COMeasurement (other) [ Tray
CTAN EXrériiéiits CTEquijiiieit {otlier)

M GreaanHTanes Tmacse Foneariment

v

Enter criteria for Field-Restricted Search.
Fill it any Fields you want to restrict during search.
You can spectfy 4 range for nmbers, dates, and fime.
Leave blauk any fields you do not care about or are unsure abouf.

%Pubh’cation Name; ricotia

Publication Title
Publication Type novliescded 4
journal article
conference paper
fiiagazine aricle W
Publication Status et
final
Acceptance Status wnsubmited
ineview
aCcepted
ejected
Author No Yaluz Given A
Alber Dan
Baumgartner, Lawra Kethleen
Behout Brad W
Project & Given A
Armes Exabiology Cultre Collection
EMERG
Micrab. Ecol. { Biogeachen. Lah Meeting ¥
Journal
Issue Y
Pages

Conference/Workshop Proceedings Title

Fdited C'allection Title

Help with Restricting Fields

Help vwith selecting mulfiple entriey

Help with selecting mulfipie enfries



Additional SemanticOrganizer Features

* Semantic Search

* Email discussion list integration

* Automated semantic hyperthreading
* Microsoft office integration

» Collaborative image annotation

* Interoperation w/external agents



Semantic Search

« Search by semantic pattern » Executed by matching pattern
(patterns involving extended chains against the instance nodes and
of nodes, links, and values) links in the semantic network

“Find all DNA Sequences associated with Stromatolite Samples collected at
: the Field Site named “Stromatolite Beach”” :

[rme frewien fsea o T

Perform Search | Start Over |

Your query so far...

|| B4 DNA Sequence 1 D) . Stromatolite Sample 1 >

Setitem to: IHBC—1: 165 rRNA sequence v Set item to! ICnre T-1B vI

no search value v
One strand sequenced

"L'; Sample 1
| AddNowLink_|

(&1 Field Site 1: Stromatolite Beach

Unset
- I

0 Search Results

Search started on Apr 16,2004 4:00:33 PI Name This Search




Email Discussion List Integration
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i L W - 5 x
Q - [x] [2] @ |/ & & T e " i
ScienceOrganizer: An Information-Sharing Tool For Scientific Project Teams HASA fones/Copputational Science:
Mew Ttem Find Ttems Home Go To Logout Help
Wiew Links  Edit Linkes 1 i hTodif 55101 Dislete Ttem Duplicate Ttem Put Ttem In Folder
o MIFIEIICh B;J]; ij 1;gnstlzsﬂ?pen all | close @Emaﬂ Message: March Baja trip logistics
El Followe mail Messazes
- nhy ( . ges) gy em [D# 60371 updated 8/1/02@11 144M
eenhouse Mat Experiment and T Zend this Trem's web address wia Email
L . k El Preceded By (! Hwail Messages)
INKS== i m W "From:' Line Dawd Des Marais <ddesmaras@mail arc.nasa gov>
i B ia, ag
= Sent By (! Persons) Sender T Ilarais, David
| H D Marais. David 'To:' Line emerg@sciencedesk arc nasa gov, "David & Stahl" =d-stabl@nwu.edu=, "John E. Spear”
= Sent To {7 Persons/Mailing Lists) <John Spear@Celorade EDT=, SOGIN@evol5.mbl edu
- @ FAEMERG General Mailine List Recipients TAEMERG General Mailing List
] i = - = -
‘Other Permissihle Links... Date sent E mal I BOdy
o Contained By () Swail Message Fol Date received  2001-02-16 00:00.00
sl .
TR EBod |D G :
— S Discusses (1) fems) — ¥ S SR
:: Is Discussed In (0! Email Messages, |We are still looking forward to a March 5 to 15 schedule for the Baja
ENext (/IS' Ewail Message Fofdé'rs) |Lrip. Last week, our Mexican research permit was recomuehded
: - 7 (forward frow SEMARNAFP, Mexico's Departient of the Environment atd
EiSmEnceDrganﬂerI{unusPage :Fisheries, to 3Re, their 3tate Department. This week, the 3tate
For (0 Persons) |Department reviewed the package, received inputs from other relevant
E'Unspecified () fems) lagencies, and made additional requests from me with which I have now
complied. I expect that we will receive final approval within days.
|hoecordingly, if you feel that making plane reservations now will save
|you wore funds than you might lose with & postponement, please go
|ahead and make those reservations.

Enhanced email indexing | s m e

. . . If wou are taking a plane flight to join the trip, vou are a member
Vla Semantlc Ilnkage _Df the "hirplane Group.” TYou should plan to mweet in San Diego on

|March 5 and ride down together in a passenger wan rented from

|Pearson Ford in San Diego. It might not be necessary for the
|Airplane Group to rendezvous with the Awes Group, unless some of yvou
|want to transfer edquipment to our vans for customs declaration. We
currently are holding a 12 passenger vah in my nawe, bhut I must
transfer that reservation to someone in the "Lirplane™ group as soon w




Automated Semantic Hyperthreading

[Concept Extraction from Email] (experimental) gomme
_ Relevanc
Email body (extract) rank y Node Type

1.063660 Spear, John (participan)

“FIELD OBJECTIVES 1.063660 Stahl, David (participan)

This field trip will address a number of objectives that include those 1.083560 Bebout, Brad (participan)

of the Ecogenomics project as well as those associated with 1.036137 Ames

previously-funded grants. Accordingly, we will be performing 1.036137 Baja _

biogeochemical measurements and collect samples for various 1.031293 Ecogenamics Focy

analyses back at our respective laboratories... 20200 Fonelo neal 8 (aue

Straw sampling Protocols 2. Relevancy ranking score computed:

In situ measurements of fluxes: * based on heuristic combination of factors

number of diel periOds - 2 (once in [ T=Eas 7 WISESTHER, FTETET LRATTICTEET]
e ' ) 1.009677 Hoehler, Tori (participan)
Pond 4 near 5, once in Pond 5 near 6 ) 1009677 Hogan, Mary (patticipan)

... humber of chambers: 6 (3 mats, three blanks ) 1.009677 Garcia-Pichel, Fer  (participan)
... sampling times: 0600h, 0900h, 1200h, 1500h, PR L e (participan)
1800h 2100h OOOOh 0300h 1.009677 Turk, Kendra (participan)
4 4 4 1.009577 Miller, Scott (participan)

... Water volume taken per sampling ti T ) .
... Gas volume taken per sampling intef 1- T€xt marked up to identify:

* nouns matching node names/types

* verbs corresponding to links

retsr‘i*“.‘ - references to attribute values
 WordNet synonyms/hyponyms used

to enable inexact semantic matching

...SAMPLING
We recognize that the acquisition a
later use will be a major objective o

discussion of sampling preferences d
Ames.




Microsoft Office Interoperation

semantic

Organizer

 Developed suite of Microsoft Office macros to
enable direct upload and subsequent
modification of documents without leaving

Office application

il IS_Proposal FY03.doc - Microsoft Wond

“Save and upload to Organizer”\<

» Macro communicates w/server
* User fills out metadata using
standard Organizer form on creation

» Subsequent saves are transparent

[0 hew. Chrk E‘[g ggg;:.g_ S [l r Aot b
E‘“’f o hog-bE.DEsHE SRY =) am y s -B DA,
0se

SEvE Chrl+5 j
Save And Upload on Orgarizer llar, rules can be used to antomate form completion, establish missing links in
Save Bs... | perform routine data transformations necessary for data analysis.

[g8 save as webPage... Another approach to automated or semi-automated linking is to apply text

B Search... to determine what links to create for a given body of text. The text source
Versions. . metadata field, or an email message. When the text source is uploaded into
Web Page Freview to-linking techniques could antomatically propose links to other information
e y. We will develop such an auto-linking capability using techniques from the

& Print Prexiew [rocessing.

& prine. cwee  pport interoperability with other tools, we will develop a uniform APT to
—— , lent with emerging standards such as RDF [9] and SOAP [10]. Use of this
R | wider array of other information systems to exchange data with

1Ch.,

Wiew Insert  Format Tools Table ‘window Help  Acrobat

\FY0Z SciDesk Review.doc

"Y°02, we developed a capability to establish an email discussion list and

2 Ci.A\ScienceDeskiIS_Proposal_FY03.doc N N . o ) .
T — ganizer. Ma,.ll messages appear as 1tems. within the SmenceQrgamzer. ':lmd can
T —— n the repository. During FY*03, we will deploy and test this capability with
ot ite various approaches to linking email messages to relevant repository items.
s ee T unaereranallg, above. )
¢  Desktop integration: In FY’02, we developed a prototype suite of Microsoft Office macros to
interface with ScienceOrganizer. These macros allow users to stay within Word, Excel, or Powerpoint
and easily interact with ScienceOrganizer to upload modified Office documents. We plan to deploy this
suite of Office interoperation tools in FY*03 and develop new tools to build bridges between the
desktop and ScienceOrganizer. One tool we are considering iz an agent that synchronizes files on the
desktop with files stored in ScienceQOrganizer.
= ﬁ. = ﬂ
Draw= [y  Adtoshapes~ > W [JOE 4l & Bi[E - £-A-=E=50 @ .

Page 3
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Shared Image Annotator @

antic

Collaborative Whiteboarding & Annotation Tool

Notice the long fillamentus strand clusters here.

¥What"s going on here?

SemanticOrganizer

=151 /10101~




Interoperation
w/ External Agents & Systems via API

Agent-based = ||
Agent-assisted Mars exploration = | (A
Scientific testbed e
Experimentation images, image
measurements
em
Syst Shared
_ Image
real-time ) ) A tat
measurements, Semantlcorganlzer nno a or
images
annotated
image
. documents
Microsensor
Remote Controller
Microsoft Office
interface
sSensor




Architecture

Semantic
Organizer
/ Node Browser Interface  Structure Editors/ Programmatic/Agent Microsoft Office
,71' P Viewers Interface Macro Integration
Q o
(e /76 = ————— 2
J'@,. Co A F
= = Radial Network / T
e Browser =
& Pr Email Ingestor Semantic Ontology
V4 '?Q Seo (email & attachments) - (item types, link types,
9 9 ’){e ) Repository attributes, rules)
Q. 0/7/. f/o/) (items, links,
/79 attribute values RDFS-equivalent
Semantic Annotation| |WordNet LTELEEE
thesaurus Engine
y
0/, MySQL
Lo ", Java ysQ Jess
er '8y Apache- || Database
& serviets
%, Tomcat |
O,) omca mages
documents
file system datafiles




Outline

* Introduction & Motivation
B) . SemanticOrganizer system
* Applications

 Lessons learned



Operational Status @

« System deployed initially in 2001

* Over 400 registered individual users from
over 50 organizations within NASA at peak

* Over 30 projects hosted

 Over 45,000 nodes & 160,000 links In
repository

— Over 10,000 electronic files stored (documents,
image, datasets)

— Over 10,000 archived email messages



SemanticOrganizer Applications ©

Semantic

SemanticOrganizer @
customization |
TH Application-specific
cap ab”’ty Information model
(ontology)
|
:""““""“'; """""""" | : """""""""" i """""""""" |
. DesignOrganizer §NewBusinessOrganizer§
1 g v 2 Z \ 4 @ ) 4
ScienceOrganizer InvestigationOrganizer - SoftwareOrganizer

* NASA Astrobiology Inst.

» Mobile Agents Simulation

* NIH Malaria Study

* MARTE Analog Mars Mission
« MER Mars Rover Mission

» Mars Meteorite Team

- MBARI MB’06 Field Campaign

» Columbia Accident Investigation. « CEV Software V&V
* CONTOUR Accident Investigation

 Helios Accident Investigation

 Shuttle “Return-to-Flight”

» Moffett Airshow Mishap



1. ScienceOrganizer Deployments @

Samantic
nizer

NIH-NASA
African Malaria Study |~

Astrobiology Fiéld
and Lab Science

Electron Microscopy
Image Archive
(Martian Meteorites)

Monterey Bay
Oceanographic
Campaign

Soom % | Mars Exploration Rovers
b Hypothesis Management

MARTE Mars Analog (prototype)
Drilling Mission

Exploration



uﬂm Activities Supported by ScienceOrganizer @

Organizer

* Collecting scientific field data

* Initiating/monitoring laboratory experiments
* Acquiring data from remote instruments

* Archiving samples and images

* Tracking scientific hypotheses

« Writing scientific papers & proposals

« Conducting education and outreach



2. InvestigationOrganizer:
Support for Accident Investigation Teams

Organizer

Large amount of data/evidence must be organized/shared rapidly:

» design specifications * investigation notes

* materials analyses - site maps, images

» procedure manuals * lab reports
 operations logs * engineering drawings
* inspection logs * risk analyses

 defect images - test data

e training records

L] ] : '..\\. :“' ..!‘\ o‘i .‘o‘y I
Operation® - IV AV S AV S o
Logs | - Vel 3 8 Inspection
od RN Ryl Logs

- Much of the information is interrelated
- Interrelationships & information context are important!



InvestigationOrganizer Example:
Helicopter Rotor Wing Mishap Investigation =

& Blade Attach Fitting o @‘}r -
: 4 : .J.l i =
[ o

Blade Attach Fitting
. Bolts & Studs

Pitch Thrust Bearings

Upper Rotating Mast |
Flange Bolts




Semantic Network Fragment from
Helicopter Rotor Mishap Investigation Sopae

Rotor Wing
Mishap
nvestigatio

System under
investigation:

Rotor assembl
| i LA Has hypothesis:\
P - ;" Haid W
Has design record:

\ Design schematic
I — ".'.

Improper
Bolt
Tightening

Upper Rotating Mast Flange Bolts (1)

Pitch Link Rod Ends (3) Thrust bearing ,k\ Supported by g _'_l?ql

Has

subpart: Found at: ’}717{;':

= Operated by:

VAN
John Smith




Mishap Investigation
Ontology (partial)

Mishap Investigation Classes

_ observe - .
mishap Ngamzatlon
person ] i fault site
interviewed-
» investigator Keat incident
WOrK-a
» operator > lab
> WitneSS/ ‘ cause » impound
. // >
hypothesis evidence : » other
/ image
device » photographic image
group > test log » EM image
[ system —>{ interview transcript|
_mishat_p . s scene map > micrograph
L component » investigation R
P board —>| physical evidence | other
> part [ workgroup —»| medical chart |
» notes
> other » other
» other




InvestigationOrganizer Deployments

Semantic

CONTOUR Comet-Follower Shuttle Columbia

Helicopter Rotor Wing




Activities Supported by @
InvestigationOrganizer S,

Collecting evidence
Tracking hypotheses
Modeling accidents

- fault tree development/

- event timelines I
. \ FEEF ) o S w R w I )«

Supporting investigative action-tracking/workflow
Writing reports



3. SoftwareOrganizer Application @
(under development) s

« Target Users: NASA software acceptance, V&V, QA personnel
» Goals:

« Store and interrelate artifacts from throughout the software
lifecycle: requirements, design, coding, V&V

« Support end-to-end requirements traceability

 Provide an historical record of activities conducted and
artifacts produced as part of a NASA software delivery

 Motivation:

* Due to large number of contractors, no single place to
examine all software engineering artifacts for a project

» Existing vendor tool suites capture only a subset of the
desired artifacts and are not customizable for NASA needs

* Closed, vendor-specific solutions not suitable for diverse
NASA contracting environment



Upper Ontology for (Requirements™y o i

= Artifact develo
. pment
SoftwareOrganizer ; of
/ Design
S Artifact
S guides
~ ft - /// ) Code d?velopment
N mitigated-by | 7 oftware \ 7 .- Artifact °
\. ._ 7 Engineering )¢
. , . -

\~.\ \-_\ Y D Artifact S - V&V verification

K ] / e runs-on . supported/
N\ - : / Artifact

. / .
N ! A output refuted by
N Vs T during
N ARt
B »1{//‘:'/ ../,./'
@‘;:":":'j ................ V&V N\ T
N T Activity Trml
Lo = employs .'\”
\ Tl

.. . -
\,_\ . conduc’fzt; T~. Software™
i N Tool o~ Tool
.,\' -\-.\ \..\-'
\ N ~ </ Synthesis
B @ S ./~ Software

member N Engineer
of '

\4.\ . . 'A\'A '-\"\, QIA

._ A Organization) > _ Engineer
.‘\‘ '\..

\ Software

Architect



Outline

* Introduction & Motivation

 SemanticOrganizer system
- * Applications

* Lessons learned



Lessons Learned @

Lesson #1: Network-structured Storage Models
Confound Users

Lesson #2: Need to “Loosen” Semantics to
Accommodate Different Organizing Styles

Lesson #3: Navigating the Information Space can be
Difficult

Lesson #4: Automated Knowledge Extraction is Key



Lesson #1: Network-structured Storage @
Models Confound Users P

« Despite ubiquity of the Web, users’ comfort level
with networked storage schemes is low

* Networks can be disorienting

* Hierarchical storage schemes rule!
(e.g., folders, directory structures)

« Mitigation strategy: Introduction of typed folders and
subfolders into network

— Largely unsuccessful: semantics and type restrictions are
unintuitive and counterproductive



o Lesson #2: Need to “Loosen’” Semantics to
& Accommodate Different Organizing Styles s

Organizational Style

--—

chaotic semi-structured orderly meticulous

* Personal Organizational style depends on:
— Individual differences and preferences
— Task demands

« SemanticOrganizer frustrated:

— Casual (and chaotic) organizers

— Users whose task demands or time available didn’t justify
the overhead required to provide semantic linkages: cost-
benefit proposition wasn’t clear

« Compromises that serve all users are difficult to
achieve



Lesson #3: Navigating the Information
Space can be Difficult s

Information space is very large Q. JH
— Over 45,000 nodes “"":"12 \ ::, a.m,ﬁ Jpe
— Over 150,000 links &8
Can’t display entire information space &6

Difficult to comprehend the scope and extent of the
information space

Difficult to overview and navigate the space

>Semantic web visualization research



Lesson #4: Automated Knowledge @
Extraction is Key e

* Relying on purely manual entry and linkage of
information is not tenable

« Automated methods of creating and linking information
are essential:

— Inference rules

— Object and link extraction from text

— API for communication with agents/processes

— Integration with document management software (MS Office)

— Interoperation with stand-alone sources (databases, Web sites)

> Semantic annotation research



Key ldea:
Model-based Information Integration

©

emantic
Organizer

Use a common information model to “glue”
together disparate data and information into
a coherent, integrated whole

Use model semantics to check validity of
information and improve consistency and
completeness of information

Use semantic context to facilitate
information access, retrieval, and search




Questions?

Semantic
nizer

Web Site

Paper

http://sciencedesk.arc.nasa.gov

Keller et al.: “SemanticOrganizer: A Customizable
Semantic Repository for Distributed NASA Project
Teams”, International Semantic Web Conference,
Hiroshima, Japan, November 2004.

Semantic Web Conference

Honors IE”J E Winner, Best paper award, 2004 International

Finalist in the 2003 NASA Software of the Year

\J Competition and recipient of a Space Act Award for
| S significant technical contribution to NASA.

T, Winner of a 2004 NASA Turning Goals Into Reality
%:__L Award for outstanding accomplishment in supporting

the Columbia Accident Investigation Board

A new application award

Semantic Web Challenge

Finalist in the 2004 Semantic
Web Challenge Competition

http://challenge.semanticweb.arg



