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Project Benefits:
Enable Knowledge Discovery

= Make it easy for users to find relevant information from
NASA programs quickly
= Provide easy access for NASA Web resources
= Information integration for unified queries and management
reporting
= Enable semantic search across repositories

= Enable the ability to move content through the enterprise to
where it is needed most

= Facilitate Records Retention and Management
= Comply with E-Government Act of 2002
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NASA Taxonomy Best Practices

Best Practices increase interoperability
and extensibility

s Faceted Classification Schema
= Facets give flexibility and power
= Modular in nature for easier maintenance
= Can tag what is appropriate to the use case

= Polyhierarchy
= Concepts can appear more than once
= Enables knowledge discovery from multiple viewpoints
= User-centric organization
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i NASA Taxonomy Best Practices

Hierarchical Granularity

= Different levels of depth depending on attribute set and
content
= The NASA taxonomy is broad in nature by design

= Integration points allow for mapping of local vocabulary
terms back to larger semantic framework
« Enables schema reconciliation
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i NASA Taxonomy Best Practices

Use of Standards

= Incorporates existing federal and industry

terminology standards like NASA AFS, NASA CMS,
FEA BRM, NAICS, and IEEE LOM

= Complies with metadata standards like Z39.19, I1SO
2709, and Dublin Core

= Political buy in from domain experts and Communities
of Interest
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i NASA Taxonomy Best Practices

Mapping Aliases

Librarian approach allows for a meaningful
expression of relationships

Synonyms, acronyms, related terms, broader and
narrower terms

Easily maintained in derived RDF files

Example: MER A=Spirit, MER B=Opportunity

Example: JIMO = Jupiter Icy Moons Orbiter =
Prometheus 1

A means of holding our institutional memory
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Expressing Strategic
Value With Semantic Frameworks

Facets Strategic Value

Access Requirements Sensitivity and access control
Audiences Who is the content intended for
Business Purpose Why the content was created
Competencies Relevant field or discipline
Content Types The genre of the content
Industries External partners & businesses
Instruments Flight payloads that yield science
Locations Sites where work occurs — on and off Earth
Missions/Projects NASA'’s lines of business
Organizations NASA organizations

Subject Categories The topic of the content
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NASA Specific Metadata Fields

NASA has data sets unique to its business

Definition NASA Taxonomy
Mapping

NASA missions and nasa:missionsProjects Missions and
projects Projects
Business purpose nasa:businessPurpose Business Purpose
Technical competencies nasa:competencies Competencies
Standard industry nasa:industries Industries
categories From NAICS

stanaard




APL

NASA Taxonomy Website and Resource

Link to Metadata

Access Security Reguirements

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

— TAXOMNOMY TOP LEVEL FACETS

NASA Taxonomy - Top Level Facets

Audiences
Business Purpose
Competencies

Content Types
Industries

Instruments

Locations

Missions and Projects
Qrganizations

Specification

Link to XML DTDs
and RDFs

Background and

Itis alzoa means of tagging MASA content 2o that

® & & & & & # # & # B

SubiectCateunries\

Links to
Controlled
Vocabularies

/ﬁRSTGOV + Freedom of Information Act

Tour Firsl Chck it 05 Gemeemment. + | 112 PrEsident's Manadement Anenda
+ EY2002 Anency Performance Report

http://nasataxonomy.jpl.nasa.gov

+ NASA METADATA + NASA TAXONOMY XML + NASA XML PROJECT

The HASA taxonomy is & controlled wacabulary that

training materials is designed to populate the MASA metadata core

12t MASE gov
+Contact the MASA Curatar

Tip=z on using the NASA Taxonomy

What is the NASA taxonomy?

specification,

itcan be used and reused in many different
contexts,

Contactthe MASA Curator
MASA Official: Jayne Dutra
Last Updated: May 25, 2004
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Project Outcomes:
NASA Taxonomy Benefits

= Metadata specification for all NASA content publishers

= RDF schema published with agreed standards (to enable
appropriate use and reuse)

= Semantic enhancement of search engines

= Integration with NASA portal content management
system

= Integration with Web Site Registration System

= Application in many technical areas, including
engineering and science disciplines (STEP and science
data dictionaries)

11
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A Case Study

Applying Controlled Vocabularies
to Develop Semantic Search for JPL
Flight Projects
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JPL Projects Today

i
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Semantic Frameworks Enhance
Enterprise Information Architecture

= A unified view of the project information space
= Abstracted away from any particular technology or repository

= Able to handle “harmonization” between repositories according
to a larger point of view

= Semantic frameworks allow for mappings of data
elements to larger vocabularies

= Semantic relationships require more than simple controlled
vocabularies

= RDF statements allow specification of relationships for rules
based inferencing and richer use

14
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Semantic Engineering Solution Enablers

= An integrated semantic architecture that mirrors the
enterprise architecture and is made up of several semantic
components:

= Common Metadata specification
= Core Metadata Specification for JPL Project Documentation

= Common language or controlled vocabularies
= By discipline, product, and process, etc.
= NASA Taxonomy, JPL Taxonomy
= Ontologies of various knowledge domains

= Standards and registries for consistency and discovery

15
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Integrating JPL Engineering Repositories

Unified Project Search

case Study Goal: Allow Cassini flight project operations
teams to maitch anomalous behavior from spacecraft
to engineering design specifications for problem
resolution.

1. Characterize targeted databases/repositories

= Problem Failure Reporting System, Electronic
Libraries, PDMS, Risk Management DB, et. al.

2. Create RDF from data architectures

3. Queries identify fields of interest using semantic
properties and return integrated result sets

16



JPL

i Cassini Sample of Unified Search

Collections: Problem Failure Reporting System and
the Cassini Electronic Library

Not a common metadata schema

PFR: CEL:

= Project Name = Project Name

= Anomaly Type = Content Type

= Subsystem = System

= Report Status = Project level

= Date = Responsible Team/WBS

s Date

17



UNIFIED SEARCH for
PROJECT INFORMATION

How To Llse This Taool

Acromyms List

Search

Resources: Cassini Electronic Library, Problem Failure Reporting System

2,232 items

= by Date
19594 202
1986 322
1947 245
19588 148
19589 187
2000126
2001 142
2002 208
2003 354
2004 129
2 more

= by Subsystem
Al 454

Cassini 2

DEFC 20

DSC13

EFC 40

MARD 8

ME 2

= by Anomaly Type
Incident Suprise Anormaly (154)

= by Content Type
Correspondence 1949

1=l
LOG 1

FProblern Failure Report (PERY
267

Problem Log (LOE) 3

= by System

Cassini Oeprations Systerm
(C0S) 848

Project 4

Science 9

Design Description 34
A1

Cperations 4

Plans 56

Procedures 356
Feports 20

FEeguirements 57
Test Data 72

Lser Guides 37
4 mare

= by Project Level

Ground System Level 3 20
Ground Systerm Level 4 TEA
Ground System Level 5 54
Ground System Level 6 27
| e

THD 4

Siderean Software tool Seamark used
for faceted browse and navigation

ol

= b‘f Missions and
Projects

Cassini TaA

MYBL 61
FPathfinder 499

= by Responsible
Team/Group

Data and Computing Services
(D5 34

DSk Services (DEM) 3
Instrument Operations 000 277

Mission Support and Services
Dffi... 35

Feal Time Operations (FTO) 36
Science Planning (SPY 3

Simulation and Werification
Coami B
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UNIFIED SEARCH for
PROJECT INFORMATION

Resources: Cassini Electronic Library, Problem Failure Reporting System

How To Llse This Taool e
Acronyms List Search |

AlM 454

Cassini Oeprations System

2,232 items

= by Date = by Anomaly Type = by Content Type = by Missiens and
1995 202 Incident Suprise Anomaly (| Correspondence 199 Projects
14996 322 By Design Description 34 Cassini 756
1997 2445 LOG 1 A 11 M3AsL 61
1993 148 Prohlern Failure Report (PERY Operations 4 Eathfinder 499
1989 187 567 Plans 56
2000 126 Problem Log (LOG) 3 Procedures 35
2001 152 Feports 20
2002 208 FEeduirermearnts 4 CEL and NASA
2003 354 JTestData 72
2004 1249 Lz i Taxonomy
2 more 4 more

| Content Type
= by Subsystem = by System = by Project

Ground System Level 3 20

Te a‘m.-"G I'l-:ll Up

Cassini 2 (COS) 548 Ground System Level 4 766 Data and Computing Services
DEFC 20 Project 4 Ground System Level § 54 DCE) 34

DECI3 Science 3 Ground Syster Level 6 27 D5M Services (DSM) 3

EFC 40 Bl 1 3 Instrurment Operations (107 277
MARD & TED & Mission Suppart and Senices
MR 2 A, 35

FFS 4 Feal Time Operations (ET0G 36
TELE F Science Planning (5P 3

UK 10 Simulation and Verification

Sami P
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UNIFIED SEARCH for
PROJECT INFORMATION

Resources: Cassini Electronic Library, Problem Eailiire Ranartindg Sustam

How To Llse This Taool e
Acronyms List Search |

= by Subsystem
Al 464

= by System
Cassini Oeprations Systerm

= by Project Level

Ground System Level 3 20

2232 items PFR Anomaly Type
= by Date = by Anomaly Type =l by Content Type = by Missions and
1995 202 Incident Suprise Anomaly (154 Correspondence 199 Projects
14996 322 By Design Description 34 Cassini 756
19497 245 LOG 1 Mis 11 MAEL 1
1998 148 Prohlern Failure Report (PERY Operations 4 Pathfinder 499
1899 187 567 Flans 56
2000 126 Problem Log (LOG 3 Frocedures 356
2001 152 Reparts 80
2002 208 FEeguirements 57
2003 354 TestData 72
2004 129 Lser Guides 37
2 more 4 more

= by Responsible
Team/Group

Cassini 2 (COS) 548 Ground System Level 4 766 Data and Computing Services
DEFC 20 Project 4 Ground System Level § 54 DCE) 34

DECI3 Science 3 Ground Syster Level 6 27 D5M Services (DSM) 3

EFC 40 Bl 1 3 Instrurment Operations (107 277
MARD & TED & Mission Suppart and Senices
MR 2 A, 35

FFS 4 Feal Time Operations (ET0G 36
TELE F Science Planning (5P 3

UK 10 Simulation and Verification

Sami P
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NASA Taxonomy
Transitioned to a JPL Taxonomy

Content Types /

- Designs and Specifications
- Quality Control JPL Taxonomy

___________________________________________________________ _—

- Problem Failure Report
- Incident Surprise Anomaly
- Corrective Action Notice

NASA Taxonomy

Combined through RDF

21
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‘L Reconciling Schema

35 Designs and Specifications '

Broader Term: Content Types
Marrower Terms: Configuration Controls
Motebooks

:Gualitg.f Contral

\

|Problem Failure Report
|Failure Report

[Incident Surprise Anomaly
|Problem Log

Carrective Action Motice
Discrepancy Report

Feg\irements

:Term Nurmber:

NASA Taxonomy terms
for engineering documents| |JPL Taxonomy term extensions

for engineering documents

22



UNIFIED SEARCH for
PROJECT INFORMATION

search | DESCRIPTION x| | Go

PFR Content Types merged with
NASA Taxonomy to create JPL
Taxonomy

2,232 items
= by Date
1995 202 correspondenc 4
15986 322 Deszigns and Specifications
1997 745 13484
1993 148 Manuals 41
1959 187 Flanning Documents 128
2000126 Policies and Procedures 366
2001 1482 Hecords 4
2002 208 Reports 51
2003 354
2004124
2 more
= by System = by Project Level
Cassini Oeprations System Ground Systern Lewel 3 20
(COS) 545 Ground System Level 4 TGE
Project 4 Ground System Level 5 54
Science 9 Ground System Level 6 27
MIA13
TED 4

"J

m
L

FiZ 4
ARD
B2

FS4

TELE
LIk 10
& more

=

a
8

=
a

=

o
un}

= by Responsible = by Collection
Team/Group Cassini Electronic Library 316
Data and Computing Services Problern Reporting 1316
(DS 34

DEM Services (DS 3

nstrurent Operations (00 277

Mission Support and Senvices
Offi.. 35

Feal Time Operations (ETO) 36

Mapping local vocabularies

back to a common framework

cience Planning (5P 3
imulation and Wetrification
pervi.. 8

pacecraft Operations (SC00
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UNIFIED SEAKCH TOr O e | Gl

l-' g 1

FORMATION

1t0100f1,3595 items | nex

1,355 items matching

Content Type: Designs and

3 : Content Type: Eeguirements
Specifications =

System: Cassini Qeprations Systerm (COS)

Project Level: Ground Systerm Lewvel 3

Responsible Team/Group: Simulation and Werification Services (55

TITLE: 693-200-5WSHSIR - Ground System Requirements on the High Speed
Spacecraft Simulator

Collection: Cassini Electronic Library

by Text Search
|DESCRIPTION =

| El gﬁ:;ﬁe:ﬁgguirements

5 by Date System: Cassini Qeprations Systerm (SO

it Quality Control records as =2 . werpuision Fooiro
107 108 a sub-type of Designs and

19498 100 R .

2000 65 Specifications from the

2001 74

20133 NASA Taxonomy 5co)

TTTLC. T3~ T oUUT DE=J03 =T ITTET TTTETTTITAT FF‘E.LHFIJD
Collection: Cassini Electranic Library

Date: 1956

Comtent Type: Eequirerments
System: Cassini Oeprations Systerm (COS)

Project Level: Ground System Level &
Responsible Team/Group: Spacecraft Operations (SCO0
TITLE: 699-FS0FDD-504 - SystemiCommand Data SystemiTelecom Team (SCT)

= by Content Type

zuality Control 1263
Feguirements 58

= by Missions and

Phier e oa sl
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Integrating Center Taxonomies
to Create a Common NASA Vocabulary

UNIFIED SEARCH for N T | &
INFORMATION

11010 0f 1,263 items | next

1,263 items matching

Content Type: Designs
and Specifications >
Quality Control

DESCRIPTION: Analysis of PDT processing of an RSS observation in S04 uncovered seversl
praoblems associated with Frame&lnstrument KKernels (F&IKs) loading via a PDT configuration
file and, also, manual loading of a Frame Kernel (FK):

Date: 2004

Content Type: ncident Surprise Anomaly

Missions and Projects: Cassini

Collection: Problem Reporting

by Text Search
| DESCRIPTION = Emma.sasfthat

| | |JPL Problem Failure Reporting SR
. the 1st, 2nd
Content Types displayed as a Sub
ntendunee s | 1€FM OF Quality Control

Frohlem Failure Eepart 567 Collection: Froblem Feparting

Froblem Log 4
2 by Missi d DESCRIPTION: The AACS Delta V predictions for the bias in place of OTMOO1 and the two
F LIRSl Frobe Checkout 14 hiases were outside of the expected values The table below includes the

Projects event time, AACS prediction, Maw estimate, and Mav post-fit sigmas. Bvent Midpaoint AAZS_pred
ini 75k MAY_est sigma SCET-UTC (mmis) (mmis) (mmis)
mMagL 12 Date: 2004
Fathfinder 495 Content Type: [ncident Surprise Anomaly
Missions and Projects: Cassini
= by Subsystem Collartinn: Prohlam Renndinm

25
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i Cassinl Data Rationalization

Collections: PFR System and the Cassini Electronic Library
Mapping fields to each other using semantic hierarchies

Search and Browse the catalogue by:

= Project Name Next terms mapped to

= Content Type each other using an existing

= System spacecraft bus ontology.

= Subsystem Next facet added was Instruments.

= Responsible Team/WBS
= Date

= Collection
26
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Final Results
of Data Harmonization for Cassini

= A system whereby the user can browse all documents relating
to the Cassini camera and its subsystem independent of any
particular repository’s search engine.

= Harmonization achieved by mapping terms to a common
vocabulary (the Taxonomy)

= Could browse by:
= System, Sub-system
= Instrument
Content Type — PFRs, ECR’s, Designs Specs, etc.
WBS or Responsible Team
Date

27
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= Controlled vocabularies together with semantic
technologies offer us many new ways to integrate
Information that have not been available to us before

= Information models are enhanced by using RDF
which allows us to specify relationships between
terms and also concepts (ontologies)

28
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!'_ Thanks For Your Time!

Jayne Dutra
Jet Propulsion Laboratory, NASA
Jayne.E.Dutra@jpl.nasa.gov
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Back Up Slides
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Notional Semantic Architecture

Semantic Applications

: = Interaction Logic
r with ery< > o :
User with a query = Application Logic

— = Semantic Interface
(s tic Hub
emanticC u Schema Metadata Enterprise Query
Translation Rationalization Ontology Ontology
Com ponents Models Rules Models Models

N [Mapping ] [ Mapping ] [ Mapping ] [ Mapping ]

JPL Directory -4  Docushare [ PDMS| [° PFRS
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Some Business Rules for Schema
i Reconciliation Across Domains

Rule 1.

= Where a single, authoritative reference
source defines the values that may be used
= This is called “Harmonization”
= Example: the names of JPL’s missions and projects

= Held in a CVA (controlled vocabulary authority file)
for use by developers

= Could be available through a Metadata Registry

32
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Reconciliation Across Domains

Some Business Rules for

Rule 2.

= Where the characteristics of an attribute are
consistent across sources
« Example: Author = Creator
» Example: Responsible Team = WBS

Or

= The notion of equivalencies
« Example: MER A=Spirit, MER B=0Opportunity
» Example: Section 366 = Section 372

33



JPL

RDF Holds Equivalencies
and Related Terms

- Zpcy:Descriptor rdr: about="sub)]:63" >
<poy:label=Cybernetics</pov:label=
spoy:synonymzartificial intelligence < /pov: synonyms
zpcv:synonymz=control theory</pocv:isynonym= D f " E - I t
zpovisynonym=expert systems</pcv:synonym= < e Inlng qUIva en
zpov:synonym=feedback theory=/pcv:synonym= .
<poyisynonymzrobotics=/povisynonym= T m RDF
<poybroaderTerm rdfiresource="suhj: 59" /= er S In
zpov:irelatedTerm rdf:resource="subj: 54" /=

zpov:definition=Includes feedback and control theory, artificial intelligence, robotics and expert

systems. For related information see also Man/System Technology and Life Support.</pcy: definition >
zpov:code=0F < /povicodes

=fpcv:Descriptor=

- <pcy:Descriptor rdf: about="subj: 45" =
zpoy:label=Environment Pollution</pov:label=
zpovisynonymzair pollution=/pcv:svnonyms
zpovisynonyme=noise pollution=/pcv:synonyvm=
zpov:synonymz=pollution</poyv: synonym=
Zpoy:synonymzthermal pollution</poy: synonyms
spoyisynonymzwater pollution</povisynonym= i
zpcov:broaderTerm rdfiresource="subj: 42" /= A |
zpovirelatedTerm rdfiresource="subj: 71" /= Cronyms are eaSI y
«poydefinition=Includes atmospheric, noise, thermal, and

<pcvicode=8</povicodes deflned USIng EqUIvaIent
Terms or Synonyms in
RDF

34
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Some Business Rules for
i Reconciliation Across Domains

Rule 3.

s Where distinctions in metadata values do not
add value for users

=« Example: Highly technical or very granular
attributes important to a narrow set of domain
users may not have much significance to a wider

audience

35
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Reconciliation Across Domains

Some Business Rules for

Rule 4.

s Where rationalization makes search more
efficient for users without compromising the
Integrity of the data

=« Example: Mapping Section 319 document types to
the JPL or NASA Taxonomies
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Distinctions between
Project Content Types

L.
1 |Sec 319 Doc Type |Classified Subtype NASA Taxonomy Mapping
2 |Agreement Fecord Agreement
=t O Fecord Agreement
4 M4 Fecord Agreement
o 1CD Fecord Agreement
it Contract (Discreet) Fecord:Agreement
7 AIDS
8 |Analysis _ Feviews, Results and Analyses
Announcement of
9 | Opportunity Announcement
10 |Caorrespondence Carrespondence
11 |Cost data (Discreet) Financial Hecords
12 |Design document Designs and Specifications
s Dlictionary Designs and Specifications
14 Ml atrix

Agreements can be Memos of Agreement
or Memos of Understanding

37
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