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Abstract

The Defense Nuclear Agency (DNA) hacacqniiedterabytes of viduable data which need to be archived
and ¢ ffectively and ¢ fficiently distributed to the envienuclearweapons of r(7(is community and others.
NASA’s Jet Propulsion Laboratory (L) isdeveloping the Data Archivaland Retrieval Enhancement
(DARE) system for DNA to deliver information to Lepartmentof Defense (DoD) andits contractors via
electronic remotc access. The DAR] i system ardhitectureis based on a clicril server model implemented
using the TCPA P 11TTP and WAIS protocoly 2 he pillarof this architecture is its metadata model. With
this model, the architecture offers versatility ¢ud e pandability to interface With any type. of databasc or
webindexing applications. This paperdescritesthe DARE metadata modeland explains how it is used
as a source for generating LlyperTextMarkup Langiage (ML) or Standard Generalized Marku p
Language (SGM L) documents for access thy ongh v ob browserssuchas Netscape,
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Introduction

DNA has invested heavily in the acquisinon of dats unique to the world and 1n systems to analyze these
data. Kelley [5] DARE’s objective was to developr a state-of-the- art information system to preserve and
facilitate the utilization of data generated in naclear weapons effects tests as well as simulation
experiments. JP1.’s expericnce in handling massive amounts of data fiony NASA’s planctary missions,
and their familiarity with state-of-the- art data archival and retrieval systems were crucial factors in their
being selected to build DARE. DARIL s being nnypicmented in four incremental deliveries, each delivery
designed and implemented using the Rapid Doevelopment Methodology. The metadata model and user
interface which this paper describes will be availabic in the September 1996 delivery of DARE.

In order to ensure the longevity of the DARL stchive, itis essential that the data and metadata be stored
in formats which are open, standard, muluplaforn, and supported by data conversion and validation
tools. Formats which meet this criteria are the ones most likely to survive as hardware and software
technologies evolve. From our past experivness with relational database systems, we realize that it is not
casy to implement a system that is simple to Ioan, e, and implement. Thus, we took a different
approach and designed a model with the following charactenstics:

1. Ithandles multimedia - documciit, photo, numeric data, video, eic,
2. Once data is indexed, it has a fastandu~es fiendly interface.

3. 1(issimple to learn, usc, and implcinen:

4. 1t supportscross linking, simulating ardationaldatabase niode).
5. It is easy to parse, manipulate, andvalicale.

6. It is open, so that it could be casily losd. dmto a DBMS later.

7. Itprotects data by allowing access to only quahified users.

We also adopted the TCPAP I I and WATS [ML): ocols forthe bases of the DARE system, because

the Wide Area information Serve.rs (WAIS)scauchenpine andthe Byper'Test Transfer Protocol (HTTP)
satisfied the above requirements assuming that theras a relisblemetadataimodel. The model is basedon
ASCH representations since WAIS can’tindexbinary representations.

The Portable Data Specification (PDS) providasaconplexity of Inerarchical objects; however, tre.sting
metadata as an object gave us an easy way tohandle differenttypes of data.'or example, a document
objectshould carry a keyword describing numbes of pages while aphoto objectshould have. a keyword
to describe the color of the photo. Thus, we dedidedioadoptihie 1'1)S withapproprisle. modifications for
the World Wide Web (WWW) serverenvirtonmient. Most of the modifications involved simplifying the
object structure, developing ncw objects fonnultimc ia,and supporting systenrequirements. For
example, since the DARL system isbased on 1i1'1'P, we needed ancw setof heywords to accommodate
hypertext linking and dircct access to data P urilicr, simcethe sedataare very seusitive, therc need 10 be
keywords to identify the sensitivity of the dataandtoprotectit

The DARE metadata model consists of fourclements Data Dictionary, Divcctory, Guide, and
Inventorics. In this paper, we will explainhovw they interact with each other and how they are tied to the



data. An individual metadata clement is celled @ label and s based on the PDS and the Object Definition
Language (OD1.). We will describe the Jabel structore for vanous mietadata clements and state the
reasons behind their design. A label consists of objocts, and an object consists of keywords and values.
Furthermore, those keywords and standard vatues oo speaified by the Data Dictionary which is also
written in ODI..

In order to prepare the metadata and also to prevens thern to either a user or a system uniformly, various
filters and interfaces are necessary in order to confenm to the standard. Morcover, it is also important to
standardize data formats. We will discuss sonie of the tools that we have developed to prepare and to
validate the metadata and data. As a guide to new developers who are desipning a metadata model, we
would also like to give some insights and to recount our experiences in prepating and converting
metadata. In conclusion, we will illustrate the DART system as whole and how metadata clements and
data arc interacting with each otherinorderto deliverinformation fo its uscrs
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Figure 1. The DARE Metadata and Data Modcl

The Portable Data Specification (PDS) Standard

The PDS standard requires a label forcachinividunt dataproduct. [ 1] These labels are written in ODLL
and use a standard set of object definitions, keywornds, and standard values for these keyword s. These
object definitions, keywords, and standard vanesaredefinedin the Data Lictionary which is also
written in O1)]..

["hc PDS standard requires a distinctdataprotucthibelforcachindividual dataproductin order to
describe the organization, format, content aud qualiny of cachdataproduct. These labels arc
implemented as detached labels, which implic, thatthe labe)is detached fron its data and resides in a
separate file which points to the data product.

Labels consist of a set of keywords andvaluc sepirated by aiequalsign Keywords are composed of
descriptor words (which describe whatis beitp me.rured orpresented inthe value field) and class
words. Keyword name.s arc constructed using tese components fromleftto night, from most specific
(the Iefunost component) to most generic (the ightimost component). Class words compr isc the right



most component in a keyword namec. I'he clacswordi identifies the basicinformationtype of the data,
where informationtype include boththe datitype (numernic, chaacter,Jogical)and a size constraint. [ 1]
For example, in the keyword INSTRUMIN | “-1 Yii, INSTRUMENT is the descriptor word, and TYPE
is the class word which implies thatthe value-shouldbe standardized andapproved by 1D ARE,

Theuse of alimitedsct of class words M'i11:

1. Reduce the need for users and datar ocessing softwarc toaccess aduta dictionary to parse,
interpret, query or display values.

2. Add a greaterlevel of structurc and consisten oy to the notnenclature.

3. Constrainthe selection andusc of datavalues.

4. Promote automated operations such as vahdit v checking.

5. Promote the developmentof intelligentsoftware.,

The PDS standard also provides rules andnating ¢mventions for data sets, data set collections, volume
names, file names, etc. 1t also defines lhmnlcafm(;msl1u(~li1|g(’lli(»‘("zmdku'ywordnzm)cs.’l‘hc purpose
of establishing a standard syntax is to crcatcancnvitonmentwhereanumberof individuals working
independently arc likely toselect theidenticalkeyv.ordname forthe same dataifein. This creates
consistency throughout the system and conclativeanalysisisbettersupported.

The Object Definition Language

The ODI, is a simple human readablclanguagebas donthe concept of objects and "keyword = value”
statements. [ 1] For example, AUTHOR. NAN- "Doc, John S.", "Doc Joc s}, This language 1S
used both to labeldata products and to collectmetalistaforloadinginto DARE. The character set Of
ODL. isthe International Standards Organization ‘s 150 616 characterset (i. ¢, the ASCI I character sct).
ASClIllabels can bercad by users casily,mod ficdby simpleeditors, andparsedby D ARE tools.

Metadata Elements

The DARE system consists of Data Dictionary, Dircctory, Guide, and Inventories. The DARE metadata
model was developed to support the interaction with metadata clements and to tic these elements to data
themselves. Metadata provides descriptive informaton about components of DARE such as data sets
(i.c., group of data) or data products. These descnpuve entries ate stored in the four elements within
DARE. Inventorics describe individual dita products (e.g., documents, photos, and videos).

The metadata for the Data Dictionary, 1 Jircctory. andGuide largely consists of descriptive text. The
mictadata for a data product includes al the informetonthatisneededtoumquely identify, locate, and
describe that particular product. The mctadata could be categorized into thiee major parts: the
description of the data, the format of the dista,undthe classification Of the data. The  description should
contain information such as author, revicwnotes, Orpanizations, and date it wascreated. The format
identifies what format was used to archive andtorcymesent the data to theuser. The Classification
describes the DoD) classification of the dataDetaileddescriptions will beillustrated in the Jater sections.

For most categorics of information (Dirccionry, (ruide, Inventories) there s astandard set Of required
descriptive keywords; these. catcgorics ofinfornatie are organized into obicets. 1ARE provides an
emply label, called a template for caclimajornformetion (ategory or objccUhis template is just a label




that hasn’t been filled outyetwhichcontains cacholtheallowedkeywords. Further, the descriptions of
allowed keywords in each object andaliowedvelue: for cachkeywords arespecified in the Data
Dictionary.

Data Dictionary

The primary purpose of the Data | dictionary i¢ toalhw members of the DNA community to benefit from
standards work donc in the arca of data productdesiription. Jltalso serves as aninterface agreement
between DARE and data providers in ordeito describe datainuniforio ways with objects and - keywords,
and also values. To define an object foraM* aficCategory tikesalot of rescarch and interactions with
the community. An object should convey afuldesaiption of agiven categor y with a defined set of
keywords. Thus, the selected keywords shiould continn the following propetiies:

1. Contain all the information whichuseiscansarch.
2. Onceretrieved, deliver information witt 1 more descriptive senterices.,
3.Provide information to the systcminonicr to process the information

The basic rule of a thumb for selecting keywordsis that, if a value needs to be standardized or
commonly scarched, or used by thesystenisoftvvwe ,akeywordisneeded. Auy other values should be
described in free text fields. Thercfore, these object-and keywords have to po thnough many iterations
to achieve this goal. Some keywords rcquite values to be standardized; these ae called standard values.
This needs to be done in order for uscrstostaichyiluesina simpleanduniform way. Forexample, a
user wants to scarch an organ jzationiamic with "DINA" ot "DNA - Alexandiis”. If the value of the
keyword, Organization name, is "Defense Nudcaragency™ withoutits acronym, he won't be able to
find an entry. By specifying official orgamzationt@inesinthe DataDictionary, theuser can ook up the
Data Dictionary for its correct spelling andictiicve the desired data,




(OB LCT #HLEMENT. D EFINITION
§AME: = L 1IENOMENA. NAME, »
REVIEW NOTE = “N/A”

RE VIS]()N N()l] j_“ 1994—06—09 K.M.arski, 11 Initial )1) entry”
D1ESCI RII’IION_ ]nowdcslh(‘ namc (»illn phencmena.”
GENERAL CLASSIFICATION TYPIi: M 1 alDATA
VEW DIPLENDENCY 1A AG=N()
VIEW NAMI: = "N/A’
GENERAL, DATA_TYPE = CHARACTER
UNIT="N/A"__ )
VALID, MAMMUM—“N/A” -
VALID_ MINIMUM = “N/A” T
MAXIMUM. LENGTH = 20

MINIMUM_LENGTH = “N/A”

STANDARD_VALUE SET = (AIRBLAST, (‘KATtRING, JECTA, VIREBALL, . .. for illustration
wuwnlv} . o
END.OBJECT = KLEMENT. D KEINITION
END —

FIGURE 2.1 dataDictionary lalx;l-

Thc])zml])ic(ionaryis Constantly modificdroatdiew objects, keywords andvalues. ~omce.times
changes 10 the DataDictionary requite updating oxisling labels in the System . This can be a time
consuming ’rocess. Unless there is averyipoitan reason 10 chiiinpe hem, existing objects,  keywords,
and standard values should be stable.

Entries in the Data Dictionary themselves are deseribed by the Data Dictionary object as shown in the
figure 2. This Data Dictionary object is for the PHENOMENA. NAMI keyword.

STANDARD VALUE_SET specifics the values fo: the keyword. UNIT specifies the unit of the value,
and length keywords indicates the length of the value, The GENERAL CLASSIFICATION_TYPE
keyword identifies whether this keyword is used for deseription and classification (i.c., METADATA),
format provided by the data provider (i.c., STRUCTURL), or format provided by the DARE system
(i.c., SYSTEM). The VIEW_ DEPENDENCY 1AG and VIEW, NAMI keywords identify which
views this keyword supports. More on views wiil be discussed under Jnventones.

Dircctory

The purpose of the Directory is to give users @ bigh level overview of DNA's data and its contents and
archive location. The data sets described in the Directory may be archived clectronically in the DARE
system or may cxist in other archive centers cither nihardcopy or electionic forn,

A Directory entry describes a data set - a grovp of duta. The organization of data can be quite complex.
Producing an archive quality data set mcans includsng what 1s needed 1o undeistand and utilize the data.




The relationship between the data andeverything ¢l canbe complex.lnaddition, data scts many be
grouped together into larger entities to sciycapantiadarscientificobjective. Thus, an archive data set is
defined as the accumulation of data products, ~upplanentaldata,so ftw arc, ancidocumentation, that will
completely document and support the use of those ¢ita products. A data setcanbe part. Of an other data
set. A simpler version of a data set couldb. o Jocunicntcollection fromsomeone’s file cabinet, for
instance.

Besides other Directory keywords, T111,1, i the Directory objeclisthe key totic all the objects that arc
related to this data set described by the Doirectory As cach Objectshares the sane value for
DIRECTORY_ TITL.E, the DARE software canbuil i alink between allthe ielated objects and TITI1 L
from aDircctory entry.

OBJECTEDIRECTORYY

Other Directory keywords Plus
TITLE =" "This is atedt title for,a,data collection (l

P ]

END_ onn iCT = DIRECTORY
END |
FIGURE 3. Directory Label

Guide

Guide entries describe the domain of nuclcenweaspons effects testing (e.g., phenomena, test methods,
operations, cvents, facilities, organizations, dita sy:>'(ins, ctc.). Thisinfonnation can be very helpful for
someone Who has little. knowledge aboutnuclw waipons effectstesting. Guide entries fall into several
categoric.s such as EVENT_NAME, 1'111:NOMINA NAM], ORGANIZ ATION. NAME, etc. Thesc
keywords arc also in the objects. The DARIsoftware compares the standard values for these keywords
in each object with the values in the Guide eniries it finds the matching value, it then builds alink to
the Guidc entry and alow users to acce ssthe infornation. This process mimics arelational data
manager. information is stored in the (ill ide. cndother dataentriesaceess this information through
dynamic links created by the DARE software. higure 4isa typical example of a Guide label.

OBIECT =GUIDL:

Other G uz(f(”l\(’vwm ds Plus

e R e e T R e

JRE—— sz gy o . R p——

R(‘AN]/AH()N N/‘\M} ) ]JN‘N()MI I\A NAMI T Q'I lY L,
Onc off the lI ST METHOD.TYPL, L(KAIOEON) IHAIFACI ]IY I\AMI -
Guide Category OPERAT ION_NAMLL LIV IENIANAMEXN X PEHRIMENT NAME,
cywords SENSOR_NAMEJNS IRUMINT_TYPE /TARGET, N/\MI L TARGET_TYIPE,

RCHIVE_CENTJIR NA' 111»353,«1A\\’911~1\1 NAMY.
[BROWSE} 11 1} ‘NAMI<~“testIItn~” S -
ﬁl\n) OBJLCT =GUIPE

—..$ Cm e mee s mes S

N

e — i —prp————— - e e

FIGURIE 4. Guide Label ¢

For example, if ORGANIZATION NAMt.: “Defense Nuclear Agency (DNA) (Alexandria, VA)”, any




objects which share this value for ORG ANIZATION NAME will be linked to this Guide entry. once it
is linked, the detaileddescriptions of the value willnestoredin HTMIL format. 1 hisfileis pointedto by
the BROWSIE_ FHLL NAME valuc.

Inventories

Mectadata models that had to support coriclat, ¢ science resulied in complex models. For example, an
instrument model could include complexclationshipsbetween (vents, nwmber of experiments in an
event, measured parameters, and physicalcomponents of theinsttument. Hughes[4] We realized that
there is much more interest in metadatathatsupylicidetailed processing information or reviews, much
of which was lost trying to fit the data intoafixcdinodel, With the help of the WAIS full-text indexing
capability, we were able to supply beticrtextualdesiptions and 10 Offerascarch capability on those
descriptions. ‘1’bus, the metadata foranlnyventorvuses aminimal setof keywords to describe data and
stores textual descriptions in either NOTEH o DESCRIPTION key words.

Usually, there is a one-to-one relationship betweendataandmetadasta. 1lowever, it is not effective to
have a label for every memo or notcbook fl omsomeone’sfile cabinet. By using alocalized WAIS index
wc also have. deve.loped afeature to suppottacollcdlion of various types of documents such as memos,
letters, notebooks, cte. It is called Documeni Zigeresation. AGGREGATION FLLAGand

DO CUMENT_TYPE in the Document objectindicetes whether this metadats represents a single
document or a collection of documents; thus,the DIARE software cinbehave app ropriately [0 deliver
information to the user. This scheme will also be usfulforothertypes of Inventories.

Views

While working with Numeric data, wefoundibiziwecouldn’tdeseribe datawith a limited set of
keywords. Data acquired for the study of ditfacentivclenrweapons effectsphenomenarequired some
unique keywords to search it precisely. Furthea, Jooking thioughithe ] dataDictionary tofind a standard
value for a specific keyword could be verytinne consuming if mostof the values are not applicable to a
specific nuclear weapon ¢ ffect; We callthis way of lnoking at @specific nuclear weapon effect a view.
‘1’bus, view specific objects were developed toycpresenta view andasctof standard values for view
specific keywords.

View specific objects usc a set of key\\'oi~i\ f1omn s Generic object, inthis case the Numeric object. For
instance, the AIRBLLAST_NUMERIC view speaficobjectusesairblastspecihekeywords from the.
NUMERIC object. Aswc add more view specific objeets, new keywords necded for the ncw view
specific object arc added to the generi[’ NUMtII( vhject. ‘Thus,the 1) Al<li so ftware treats these view
specific objects as a NUMERIC object with i sctof view specific keywords for structured field
sc.arches. Further, a usc of VIEW_NAMI and VIFW DEPENDENCY FEAG in the Data Dictionary
allows the DARE software to present VVit\\ sp-citicslandaid values in the Data Dictionary. in the Data
Dictionary, if VIEW_D EPENDENCY FAG:Y IS for aspecifickeyword, VIEW_NAME values arc
provided in @ sequence shown in the following example:



INAMP = DATA_TYPE

VIEW_DDEPENDENCY  FLAG = YES :
VIEW_NAMI = (GLOBAL, AIRBLAST. CRAWYR_EIHCTA)
STANDARD_VALUE SET =(D.J.1X,Y 7 (DIL1),(X,Y 70)

Plus there sl(ofrlh(”l)am l)z( tionarytKéswvorcds

Figure S A l)alal)ulmnary ]uump](

Inthe above cxample,the keyword DA'TA. 1Y PL has thiee views GLOBAL, AIRBLAST, and
CRATER_EIECTA. If auser wants only the AIRBLAST view of the Dat: 1])1(ll(mmy, the DARE
software extracts standard values of 1), 11, and 1101111 the STANDARD VALUIS SET. The GILOBAL.
view is the union of al the views.

Data Iformats

Not only the metadata format but also the datiforats had to be standadized in order to process and to
deliver the dataeffectively. We used the following criteriain selecting the 1YARY data formats - TIEE,
GIF, PDI, JPHG, MPEG, and QUICK TIN :

Easily accessible by public doman softw are

Contain agood description of data.

Support various compression scheines (v, UZW, CCETT, IPEG, MPEHG, ete.).
Extensible and interchangeable.

Simple to implement,

Minimal amount of descriptor overheadequiicd by the file format.
Smallamount of data access overhead

DARE supports the following Inventor ics:

e Document

e Photo
Diagram

e Numeric Data

o Software

o Table

® Video

For example, the standard DARE archive formattor scanned images i1s Tagped Irnage File Format
(TIFE). There arc two cxceptions: ilmagcs whic canbe viewed al @ low 1esolution may be submitted in
Graphical Image Format (GIF) and images whicharc in-line with the documenttextmustbe submitted
inGIE. D ARE also creates browse versions of the arclnve data for display by the 1D ARE system. For
files which arc viewed as a series such aspagesofdocumentsorasequence of photos, the TIFE files arc
converled to Adobe Portable Document Forma: ¢, Thumbnailandbrowse versions of color and
grayscalc images (e.g., photos) arc createdinthe Glland JPFG File Interchange Format, respectively.
Thumbnail and browse versions of black andw hitcimages(c. g., diagtams orplot of numeric data) are
created in GIF.



Scanncd documents, photos, videos, and diag: ainsicquire differentresolunonsand compression
schemes. The 1) ARE Data Submittal Manual (DSNGy specifies the formats and recommends standard
practices for preparing data.

Tools for Metadata and 1)ata

To expedite the data ingestion process, we developed tools 1o generate, validate, and process metadata
and data.

Generation

Label Editor Tool allows users to ¢icatomietz fata by allowing themto choose values from a list of
standard values in ascroll bPOX. Th e tooltakes the DataDictionary as anin put, SO users can sclect a
desired object and generate metadatalabicls eosily. Other tools cangenciate labels from Tab
separated ASCII outputof asimple datahascinanager(e. g, FoxPro, DBASI L), or asophisticated
on-line relational data managemc ntsystem (¢ g, SYBASE ORACLY). Or a user can download a
template - label without values fillcdin  fronithe D ARE system, and use an cditor to generate
labels. lior data generation, there arcmany weys to ercate the dati in accordance with the D ARE
standards.

Validation

Ivtool and sivtool arc tools which1esd 1YARY |, ibels and performthe following types of error
checking:

O ODIL. Language Checking - ODI. Lupoape checking detects errors in the usage of ODL, such
as missing quote marks, invalid chatacicorns in names, other syntax errors, elc.

O Data Dictionary Checking - The keywords and objects used in DARIE labels follow certain
DARE standards, as well as rules specificd by the label designer. Data Dictionary checking
determines when these rules have been broken by comparning cach label to the Data
Dictionary.

Other tools include a SGMI/HTMI . syntaxs chiecker. The DARE software that generates browse
data also checks the formats of the achive dars

Process
Many tools have been written (o process vanous types of archive data to generate browse data. As
the DARE system relies on network tansfer fon delivering data to users, it is necessary to have
browse data files as small as possible. Thus, wrchive data are converted to various formats such as

GIE, PDFE, JPEG, MPEG, and QUICKTIMI: Further, suntime softwate can process metadata to
generate SGML/JHTMLL versions of the mctadata,

System Architecture

Client-Server Model



The I ARE system architecture is based one cheriserver model This architecture offers the following
advantages:

I. Users can use existing desktop computers with little or no additonal expense for hardware or
software.

As the system grows, additional DARD scrvers can be added anywhere on the network.
Servers for classificd and unclassificd sotornition can be placed on dhiferent networks.
Links to other database servers and analysis systemns are relatively casy to implement,

BN

DARI’s technical approach is to maximize the use of Cormercial Off The Shelf (COTS) hardware and
software and Non-Developmental e (NDI softveare available as ficeware, shareware, or in the public
domain. Custom software development is minimzed and is typically witten to integrate COTS and NDI
softwarc components.

DARE uscs open system technologics and stindawrd«. A few examples of open system technologics
adopted by 1D ARYE arc: SCSlinterfaces forhardwar carchive storage devices: the UNIX operating
system for the server; TCP/IP netwoi K protocol tho frec WAIS-sf (structured field WAIS) scarch engine
and the HyperText Transfer Protocol (H'111P). World Wide Web (WWW ) eChnologics provide the
powerfuluscr interface and server sof twal ¢ capubilities required by D ART

Custom Software

The custom 1> ARE software builds L1yper TextMartioup ] anguage (IWIMI) pages for browsing data
inventories, full -textindexes and stractuy cd {1 [dindexes. These 1 1ML pagesp roduced both at setup
and runtime arc what makes DARE unigue. A Tithe HITMIL. pages are genciated by custom Perl seripts
while the underlying WAIS-sf scarch engine gencrates the indexes.

The HTMLI. pages created by setup are static pages csed for keyword/value searches. The ML pages
created by runtime are dynamic pages uscd for foll-rext and stractured field scarch results as well as the
display of Inventory information which is hyper-linkod to ancillary mformation in the Guide and the
Data Dictionary. Al of these tasks are casily @itaing' e due to the underlymyg strocture of the DARE
labels. The DARE labels could also be casily Josded into a Database Manapement System (DBMS).

The DARE custom software is composcd of thiceniim subsystens:

® Configure: Prepares the DARE softwiire envitonment using confipuration files to identify data
inventories and supporting infortation.

® Sctup and Sctup Sequencer: Creates the static keyword/value HIMLE, pages, WAILS indexes, and
Perl arrays needed for runtime excceution Sctepr s run on whole inventorics while Setup Sequences
is run when data products arc added, updated o deleted.

® Runtime: Executes and summarnizes WAILS seaches, displays information about a single Inventory
or supporting information items, and dyvramically tags the displayed label.
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Figure 6. The DARK System Architecture
Scarch Modes and User Interface
There are basically two ways of scarching,

® By conducting a full-text scarch of all AR metadata eleiments (Data Dictionary, Directory,
Guide, Inventories).

® By sclecting one metadata element (Data Dicthionary, Directory, Guide, Inventory) as the starting
point of the scarch.

IFull-text scarch of all Metadata Elcinents

A full-text scarch will match scarch words thi are present anywhere ina label in all metadata elements.
When a full-text search is conducted the following piges are created by the runtime software and
presented to the user:

1. An HTML full-text summary page . Thos tul) toxt summary page mdicates which metadata
clements have data that match the scarch eritessa. The user can then select the category of interest
by clicking on it.

2. An HTMIL. title page. This title page Tists the viles of the data products for the selected metadata
clement that matched the scarch critenia The user can then select a title of interest by clicking on
it

3. An HTML layout page. The runtime software uses the label (o generste the Jayout page. This
layout page, generated from the Tabel by the toatime software, summarizes the label information:

O Provides the title.
O Provides the classification.




O Presents the user with viewing options for the data product - options vary from one inventory
to another. The options forthephorolmatoryinclude viewingthe online or full -resolution
photo and browsing the archive directony while the options forthe table Inventory include
viewing the online table, downloading the archive table and brow sing the archive directory.

O Provides links to related informationm tie Guide and Directory.

O Provides the option of displaying thelabel,

4. When the option of displaying a label s seleciod, an I'TMIL tagped Jabel is presented to the user.
The runtime software links the tagped label to the Data Dictionary.

Figure 7 shows an example of the H'TMI . title, layout and tagged Jabel pages.

HTML Title Page 1ML | ayout Page | |HTML Tagged Label
Titles for Event = KEP_LER Dynarmic Pressaare.. (U) 11-11 E : Dynamic Pressure... (U)
Ty e DESCHINTION = This s the description
1. Dyramic pressure... (U) i§ no of thspaticular piece of data. 1t can
o - cotiain: ty information about the data.
2.0ver Pressure...(U) Deoscrijmon EVENT NAME = KEPLER
3. Stagnation Pressure... (U) This i the e ciption of this OPERATION, NAME = PLUMBBOB
. patkuly pi ¢ of ada b can contain PHENOME NA_NAME = AIRBLAST
. aty idctator ab- it the dala . T
»()plri:m‘.: .
o Vien the Onne Data File BHOV/SE_FILE_NAME = file1.gib
[ Niew the Ancheve [t File FULL RES_ FILE_NAME = fikk1 gia
Cr birovee the sochive Dircclory ARCHIVE_FILE_NAME = filet.cvs
P Do badtin Aretive Dale B ey PATHLNAME = tnumerictiabels
Raded i omiatin LHUMEBNAIL FILE_NAME = file1.gif
s labheltil .
e 2 Evetd Nene .
[SNTN T
@gi 3 Opere Nz ne ’{'}3
- [INVXIHe _—
2 Phehomiia tirne
ARBLAC]
S
€

Figure 2. heDARE User Interface
Figure7. The DARE User Interface
Single Metadata Element Searches
When a search is started from ametadataclement three different types of searches arc available:

1. Kcyworci/value search.
2. Full-text search.
3. Structured ficld scarch.

Kgww-d/Value Search




The keyword/valuc. search pages arc gencraedat setup time by patsing the labels and organizing the
keywords and values into HTML. files. A vsernotbamilias with the 2)AREdata may start a search this
way, This search is also valuable becauseitpreserts the user with al the ttles that contain a certain
keyword/valuc combination. Note that WA 1S sear ches are hmited to a maximum number of hits and
some datamay not be casily retrieved. Forinstunce  in DARE themaximunnumber of hits fora WAI'S
scarch is sct to 1000. The following pages e presented 10 the user when o keyword/val ue scarch 1S
Conducted:

1. An HTML keyword list. This list s metadati clement dependent. A user can select a keyword by
clicking on it.

2. An HTML list of values for the sclected keyword. The user can then sclect a value by clicking on
1t.

3. An HTML list of titles for the keywaord/value selected. The user can then select a title by clicking
on it.

4. An H'TML layout page as described above,

. An HTML tagged label as described above.

k9,

Full-Text Search

The full-text search for an individual e tadarsclernentonly differs from the all imetadata element search
in that the summary page is not produced W hena full-textsearch is conducted the following pages arc
created by the runtime software and presente i to the user, these pages are the same as the ones described
above:

1. The H'I'ML. title page,
2. The 1TTML, layout page,
3. The HI'MI. tagged label,

Structured Field Search

A structured ficld scarch allows the uscr to specily o value (or range of values in case of numeric and
date keywords) for onc or more keywords for a pivin search. The keywords available for sclection arc
metadata clement dependent. When a structured ficld scarch is conducted, the same pages described in
the full-text scarch are created by the yuntime sof(wore and presented to the user.

Summary

The DARE metadatamodeland the standardsimplanented allow forcasy portability k) other standards
and indexing systems. For example, DARL-is now using J1TMI. forits browse pages and display
formats. With minor changes to the code t hescli ML pages couldbe coil\'(2 tedto SGMI . when the
community feels that SGMLI. is the standardte be adopted.

Because of the modularity of the DARL softw are arcbbecanse the D ARE labels are in ASCHE format the
current search engine (free WAIS-sf ) couldbuaepliced with minorimpact to the underlying  code.
Furthermore, DARYE has not selected to impleneont 1BMS; however, the strocture of its metadata will

make 1t very casy to portto arclationa | databawe




‘The DARE development staff recognizes thatthere are alotof processing steps between selecting a
data format and making the information available tousers of the DARIE system. Fach time a ncw type of
data isplanncd for incorporation into 1A R, » datsengineeting process is required. Duting this process,
the Data Engincer selects a data formatand works with the data Providers andusers to determine the
metadata requirements for the data." Kelley {51 We trongly secomtnend that people take the time to
design metadata fornew data type.s since only @ gooimctadata inodel cansupporta good retrieval
system.
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Abstract

The Defense Nuclear Agency (DNA) hasacqinediciabytes of valuable data whichneedto be archived
and cffectively and efficiently distributedto thc entiuenuclea weapons effects community and others.
NASA’s JetPropulsion Laboratory (JP1) s d.veloping the 1)ata Archival and Retrieval Enhancement
(D ARY) system for DNA to deliver informationto 1epartmentoi 1)efense (1)oD)andits contractors via
electronic remote access. The DARE systainarchitcture is based o11 a ¢hiehit-server model implemented
using the TCP/IP, 11'1" 1’ Pand WAIS protocols The pullar of thisaichitectuieis itsmetadatamodel. With
this model, the architecture offer’s versatility and expandabihity to inter face with any type of database or
web indexing applications. This papeidescit-osthe]) ARV metadatamodel and explains how it is used
as a source for generating | lyperTextMakup lanpuage HITMLYy or Standad Generalized Markup .
Language (SGMIL.) documents for accessttnougliv.cb browsers such as Net scape.

| ntr oduction

DNA has invested heavily intheacquisitioncidate unigue to the world andin systems to analyze these
data. Kelley [S5]D ARI’s objective was (o developa state-of - the- artinformation system to preserve and
facilitate the utilization of data gencrated innuclearweapons effects tests as well as simulation
experiments. JPL’s experience in handling i savemmounts of data from NASA’S planetary missions,
and their familiarity with stak-of-the-;,tl tdata .nchivaland I¢trieval systems were crucial factors in their
being sclected to build DARE. D ARE isbzing nnplonentedin four incremental deliveries, each delivery
designed and implemented using the Rapid 1) -velo; s 1ientMcthodology. Thenetadatamodel and uscr
interface which this paper describes wi i t). availableinthe September 1996 delivery of DARE.

IN order to ensure tile longevity of the DARY: uclnve, itis essential that the data and metadata be  stored
in formats which arc open, standard, niltiplatiorn and suppo rted by data conversion and validation
tools. Formats which meet this criteria arce the onesmostlikely to survive ashardware and - software
technologies evolve. From our past expericncess withielationaldatabase systeins, we realize that it is not
easy 10 implement asystem thatissimpletoleatin, vse, and implement. Thus, we took a different




approach and designed a model with the foll womg charactenisues:

1. Ithandles multimedia - docume nt, pho o numeric data, video, cte
2.Oncedata is indexed, it has a fustandusatiendlyinterface.

3.1t is simple tolcarn,use, and nnplenicil

4.1 supportscross linking, simulating « relationad database model,
5. ltis casy to parse, manipulate, andvah tare

6. It is open, so that it could be casily joudad o a DBM S later.
7.1t protects data by alowing access to only guilified users.

Woc aso adopted the ‘1'(3'/11°, 11°1-1'1", and WA ISpratocols forthe bases of the DARE system, because
the Wide Arca Information Servers (WAIS)ceaichagine andthe Hyper'l'extTransfer Protocol (1T11P)
satisfied the above requirements assuning thotthercis arclisble metadatamnodel. The model is based on
ASClirepresentations since WAIS can’tndcs bin @y representations.

The I" ol-table Data Specification (1'1)S) provides acomplexity of hicrarchical objects; however, treating
metadata as an object gave us an casy way to handle differenttypes of datal'or example, a document
object should carry a keyword describimg numbeiofpages while aphoto object SI10U1C1 have a keyword
to describe the color of the photo. Thus, we dicidedto adopt the 1" 1)S with appropriate modifications for
the World Wide Web (WWW) server covinonmient Most OF the modificationsinvolved simplifying the
object structure, developing ncw objects for multin dia, and suppor ting system 1eq uirements. For
cxample, since the DARE system isbasedontl 17 11, we needed anew setof keywords to accommodate
hypertextlinking and directaccess to data 1 u ther, ance [ticw dataare very sensitive, there need to be
keywords to identify the sensitivity of the datiiand to protect .

The DARE metadata model consists of four cloments - Data Dictionary, Ditectory, Guide, and
Inventories. in this paper, wc will explainhowthicyinteractwithcachotherandhowthey arc tied to the
data. An individual metadata clementis called alabeland is based onthe PDS and the Object Definition
Language (ODL). We will describe the labelstrocto o forvarious metadata clements and state the
reasons behind their design. A label consistc olobjects, and anobject consists of keywords and values.
Furthermore, (hose keywords and standaid valuesarcspecificd by the Data Dictionary which is also
written in O],

in order to prepare the metadata and also to prescns themto cither a user orasystem uniformly, various
filters and interfaces are necessary in orderto confonm to the standard. Moreover, it is also important to
standardize data formats. Wc will discuss sonvof the tools that we have developed to prepare and to
validate. the metadata and data. As a guideionewdavelopers Who are designing ametadata model, we
would also like to give. some insights andtoic. ountourexpeniences inprepaning and converting
metadat & in conclusion, wc will illustrate the DARIsystemas whole andhow metadata elements and
data arc interacting with each other in ordesto dehiva information to its users

Figure 1. The DARIL Metadata and Data Model
The portable Data Specification ( PDS) Standard

The PDS standard requires a label forcachind vidus dataproduct[1] These labels arc written in ODL
and use astandard sct of object definitions, keywords and standard values foithese keywords. These
object definitions, keywords, and standatdvalues wedefinedimthe 1ata 1)ictionary which is also
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writtenin 01)1.,

The PDS standard requires a distinet data prodnettabelfor cach individua) data product in order 10
describe the organization, format, content and quality of cachdataproduct. These 1abels are
implemented as detached labels, whichnnpticstin the labelis detachedtromits data and resides ina
separate file which points to the dataproduca

Labels consist of a set of keywords and values separated by an equal sign. K(GJwelds are composced of
descriptor words (which describe whatisbemy 1111 asuredorpresentedinghie value field) and class
words. Keyword names arc constructedusingtheso components fromlefuoright, frommost specific
(the leftmost component) [0 most gencric( the nighimost component). Class wor ds comprise the right
most componentin akeyword name. The class word identifies the basic information type of the data,
where informationtype include both thedatic typc numneric, character, logical) and asize constraint. [1]
Yor example, in the. keyword INSTRUMEN 1. TYPEINSTRUMEN T 1sthedeseriptor word, and TYPE
is the class word which implies thatthe v alues should be standatdized and approved by D ARE.

The List of alimited set of class words will:

1. Reduce the need for users and data processing, software to aceess adata dictions] y to parse,
interpret, query or display valucs.

2. Adda greaterlevel Of structure snd consisteiey to the nomenclature.

3.Constrainthe selection and use of data v aloes

4. Promotc automated operations suchas validity checking.

5. Promote the development of intellipentsofte are.

The NS standardalso provides rules andnaning , onventions for datasets. data set collections, volume
names, file names, etc. It aso defines therole, forconstracting object and keyword names. The purpose
of establishing a standard syntax is tocrcateancnmuonmentwhere a ntunberof individuals working -
independently are hikely to select the identical keyv ordname forthe saine datadite.in. This creates
consistency throughout the system and cos ichitive analysis 1s better supported

The Object Definition Language

‘The ODI. is a simple human readablclanguagebasid onthe concept of objects anti "keyword = value"
statements.[ 1] For example, AIJ '] TOR_NANE:*Doc,lobn S, "Doc, Joc S}, Thislanguage is
used both to label data products and to collectnetasdinta forloading into DARE. The character set of
ODI. isthe International Standards Organization’s | S() 646 character set (i c., the ASCII character set).
ASCII labels can be react by users easily, imodificd by simple editors, and parsed by DARE tools.

Metadata Elements

The DARE system consists of Data Dictioniy, Dincctory, Guide, and Inventories. The DARE metadata
model was developed to support the interacto.cwith metadata elements and to tie these elements to data
themselves. Metadata provides descriptive information about components of DARE such as data sets
(i.c., group of data) or data products. 'These descuptive entiies ate stored in the four elemients within
DARE. Inventories describe individual dats prodoct (e.p., doconents, photos, and videos).



The metadata for the Data Dictionary, Directory, and Guide largely consists of descriptive text. The
metadata for a data product includes all the i fornotion that is needed to uniguely identify, focate, and
describe that particular product. ‘The metadat s ouid be categorized into three major parts: the
description of the data, the format of the duti | and the classihication of the data. The description should
contain information such as author, review nates, neamzations, and date 1t was created. The format
identifies what format was used to archive ard 1o present the data to the user. The Classification
describes the DoD classification of the data Do taticd deseniptions will be illustiated 1in the later sections

For most categorics of in formation (Dire: tory, (Guide, Inventories)there isastandard set of required
descriptive keywords; these categonies ofinfornmatonare or pamzedintoobjects. ) ARE provides an
cmpty label, caled a remplateforcachimajo i dormation category orobject. This template is just a label
that hasn’tbeen filled out yet whit.11 contnteachof the allowedkeywords 1 Urther, the descriptions of
allowed keywords ineach object andallowe! values for cach keywords are specified in the Data
Dictionary.

Data Dictionary

The primary purpose of the Data Dictionary s to allow members of the DNA community to benefit from
standards work donc in the arca of data product desceription. It also scrves as an interface agreement
between DARE and data providers in order th des.ribe data in uniform ways with objects and keywords,
and also values. To define an object for & specilic category takes a lot of rescarch and interactions with
the community. An object should convey a full decription of a piven catepory with a defined set of
keywords. Thus, the selected keywords shiould contain the following properties:

1. Contain all the information which useis can scarch.
2. Once retricved, deliver information with mo:e descriptive sentences.
3. Provide information to the systenum order b process the information

The basic rule of athumb for sclecting keywordsa~ that,if a value needs to be standardized or
commonly searched, or used bythesysteni s ftwiie, a keywordis needed. Any other values should be
described in free text fields. Therefore, thescobjetsand keywords have to po through many  iterations
to achicve this goal. Some keywordsiequieveluestobe standardized; these are cated Standard  values.
This needs to be done in order forusers to scachiy ues in e simple and uniform way. I'or example, a
user wants 10 scarch an organizationnaimes 1111 "DNA" ot "DNA Alexandiia If the value of the
keyword, Organization name, is "Dcfense Nnclear Agency” withoutits acionym, he won't be able to
find an entry. By specifying officia orgamztion names in the |ata Dictionary, the user can look up the
Data Dictionary for its correct spellingand 1101 e the desired data.

The DataDictionary is constantly modificd o addnew objects, keywords and vaiues. sometimes
changes to the Data Dictionary requite updating oxisting labels in the system. ‘This can be a time
consuming process. Unless there is a very mpoitentreason to change them, existing objects, keywords,
and standar d values should be stable.

Entries in the Data Dictionary themselves are desibed by the 1ata Dictionary object as shown in the
figure 2. This Data Dictionary object is for the PHENOMENA N AME keyword.

STANDARD. VA] UL SET specifics thevalieciorthekeywordUNT e specifiestheunit of the value,
andlength keywords indicates the lengthiof thevitue, The GENERAL (1 ASSIFICATION. TYPE
keyword identifics whether this keywordisnsediordescription and classification (i.e., METADATA),




format provided by the data provider (1.c., STRUC TURE), or format provided by the DARE system
(1.e., SYSTEM). The VIEW_ DEPENDENCY  FLAG and VIEW. NAMIE Leywords identify which

views this keyword supports. More on vicws will Lo discussed under Inventories.

OBJICT LA EMENT. DEFINITION

NAMI: =P llllfN()Ml(NA NAME

RLEVIEWNOTE = “N/A”
IRI VISION. _NQ] l‘ = "1994-06- ()9 K. Marski 21, Initial DD ent ry"
DISC RIPTION = "provides the nanic of the ;ﬂml mena

GENLRAL, CLASSIFICATION “1')'1'1 MIFADAT A
VIEW_DEPE Nli)] INCY ’FLAG : NO

VIEW NAMIi= “NAA” -0 . _
GE NLB.A.]._D.A_L.A_'IYP} —(nm\m bk -
UNIT="NIA> )

VAL 11) MA)E]MUM "N/A"

MA)\IMUM LK N(xlll =20 - ,m_,]

mrme———ercommmreamry 53 . e T

MINIMUM_ LENGTI=“NIA” . q

et .. - . 1
STANDARD_VALUL SET = {Al}\lil AST. CRA TERING  EINCTA L IREBALLL, . .. for illustration ‘
purposes (”,’[X}v,_ - e
ﬁ<N]) ()];]]«(] ZEL l«Ml INT ])] il n\ 1'17'1 (N —_— _J

END : T -
r1G URI‘ 2 ])atal)xcrtlonaly],ab(l

Dircctory

The purposc of the Directory IS to giveusers ahiph-leveloverview of DNA s data and its contents and
archive location. The data sets desciibedin the Directorythaybe archived clectionically in the 1) Al<lIi
systemn or may existin other archive centers cithennhardcopy orelectromeform.

A Dircctory entry describes adatascts proup of data. * 1 he orpanization of data can be quite complex.
I'reducing an archive quality data sctmcansincluding wiag 1S necdedtounderstand and utilize the data.
The relationship between the data and everything ¢lse canbe complex. In addition, data sets many be
grouped together into larger entities to scivcaparncularscientific objective. T'hus, an archive data set is
defined as the accumulation of data products, supplementaldata, software, and documentation, that will
completely document and support the use of thosedata products. A data setcanbe part of another data
set. A simpler version of a data set couldbe s docoment collection from someone’s file cabinet, for
instance.

Reside.s other Directory keywords, T1VEF T itheriectory objectis thekeytotie an the objects that are
related 10 this data sctdescribed by the Directony Ascachobjectsharesthe samne value for
DIRECTORY rr1°1 K, the D ARE software, an baild a hnkbetween alltherelated objects and TITLE




fronta Directory entry.

OBIECT - DIREC TORY

()111('1 I)u('( lmy /\( ywm(ls I’Ius

ll” ] = lhls |s»a test llll(‘ fOl ad ta colbcctron ()"

b 4 b == Q= e

END. OBJECT = DIREC TORY

BND
FIGURE 3. Directo loxy y Label

Guide

Guide entries describe the domain of nuclcarv cap.ons effects testing (c.g., phenomena, test methods,
opcrations, events, facilities, organizations, datasystems,cte.). Thisinformationcanbe very helpful for
somcone who has little knowledge aboutnudcasivecapons e ffects testing. (Huide entries fall into several
categoriessuch asEVENT_NAME, ' 1IENOMENA NAME, ORGANIZATION_NAME, ctc. These
keywords are also in the objects. The DARY softv ate compares the standardvalues for these keywords
in each object withthe values in the Guideentiies  If it finds the matching value, it ten builds a link to
the Guide-entry and allow users to access thanformation. This processmimics a relational data
manager. Informat ion is stored in the Guide, snd other data entries access this information through
dynamic links created by the D ARE softwaichpinedis atypical example of a Guide |abel.

- R o i i etase el - S - T B T e

OBJ]I ( l::(xUll)J

=T s e A | - - : - —

Other (nud(’ J\(’ywmdv]’lus
()RGAN]/AII()N N/\M] HHNOM! I\‘ JN/\M] ‘11 \J IYI’I

one of tie THEST_METROD TYPL, T OCAMONID, FACH.LTY . NAME,
Guidte(Category[OPERATION. NAMI, 1 \VEN TNAMEJLXPERIMENT NAMIE,
Keywords SENSOR_NAMLELINS TR UMINT Y PESEARGET NAME, TARGET TYPL,

_—— .. JARCHIVE_CENTHR NAMI 1»\1/\&5}& STHM NAMI:,

BROWSY H 1LENNAME: = vtt_’cit lmn '
EN OBIIOBILC (’l IH:)}(x UII)I ‘o

inp - | ]
FIGURE 4. Guide Label"

For example, if ORGANIZATION. NAMI:: “ Dicfise NuclcatAgency 1ONA) (Alexandria, VA)”, any
objects which share this value for OR G ANIZATTONNAME will belinkedto this Guide entry. Once it
is linked, the detailed (inscriptions of thevaluewwbestoredin 1 I'MIL format. This file. is pointed to by
the BROWSE FILE. NAMI: value.

Inventories

Metadata models that had to support conclative scicnce resultedhncomplexmodels. For example, an
instrument model could include complexiclat:onshiyis betweenevents,numberof experiments in an
event, measuied parameters, and physical conponents of the instiument. Liuphes [4) We. realized that
there is much more interest in metadata that sy pplic-t detailed processing information Or reviews, much



of whichwaslost trying to fit the. datiyinto agied!odel Withihe help of the WAIS full-text  indexing
capability, we wereableto supply bettertestnal deseriptions and to offerascarch capability on those

descriptions. Thus, the metadata foranlnventory uses amimmat sctofkeywords tode.scribe data and
stores textual descriptions in either NO'T L oy D PESERIPTION keywords

Usually, there is a one-to-one relationship between data and metadata. However, itis not effective to
have a label for cvery memo or notebook fro:n soncone’s hile cabinet. By using a localized WAIS index
we also have developed a feature to support o collection of variouas types of docuinents such as memos,
letters, notebooks, cte. It is called Document Agpre sation. AGGREGATION FILAG and

DOCUMENT TYPE in the Document object indr.ates whether this metadata represents a single
document or a collection of documents; thus, the DARE software can behave appropriately to deliver
information to the user. This scheme will also be vaeful for other types of Tnventories.

Views

While working with Numeric data, wefomndthatvc couldn’tdescribe datawith a limited set of
keywords. Data acquired for the study of differentimclear weapons effects phenomena required some
unique keywords to scarch it precisely. Further Josking throughthe Data 1 ctionary to find a standard
value for a specific keyword could be verytinn( consuming if most of the values are not applicable to a
specific nuclear weapon effect; we callthis v av ofJooking at aspecific nuclear weapon effect a view.
“1'bus, view specific objects were developadtorepiosentaview andasctolstandard values for vie. w
specific keywords.

View specific objects use a set of keywords from a Genetic object, in this case the Numeric object. For
instance, the AIRBLAST_NUMERIC vicw specific object uses airblast speaifie keywords from the
NUMERIC object. As we add more view specific objects, new keywords needed for the new view
specific object are added to the generic NUNMERIC object Thus, the DARE software treats these view
specific objects as a NUMERIC object with i set of view specific keywords for structured field
scarches. Further, a use of VIEW. NAMI znd VIEW. DEPENDENCY ILAG in the Data Dictionary
allows the DARE software to present vicw specific standard values in the Data Dictionary. In the Data
Dictionary, if VIEW_DEPENDENCY _FIAG: YES for a specific keyword, VIEW_NAME values are
provided in a sequence shown in the following exanple:

NAMI =IDATA TYPE

VIEW DEPENDENCY FLAGH Y1 S _
VIEW NAMI: = (GLOBAL, AIRBLAS T, ('R R -‘j;l}ii("l/\)
STANDARD VALUESET, B ALXLY /)(m I“ (X.Y,7)

Plustherest of the I)ata Dictionary Kc>}t 014 i |
l‘lglll(‘ A Data Dictionary Example

In the above (\xan]l)]c the kcywox(] IOATA 1YL bas thiee views GLHOBAL, Al RBI AST and
CI<A’'Till<_ BEIECTA.If auser wantsonlvihic AIRGEAS T view of the Data l )1(I|(mdxy the ) ARL
soflware extracts standard values of 1), Ean 11 fromtheST AN 1YARDVALULE SET. The GLLOBAL
view is theunion of all the views.

Data Formats




Not only the metadata format but also the dataforinats hadto be standardized imorderto process and 10
deliver the data effectively. We used the lollowing criteriam selecting the 1 YARE data formats - TIFE,
GI, PDE, IPEG, MPEG , and QUICKTIME

Easily accessible by public domain sofrwie

Contain a good description of data.

Support various compression schemes e g, LZW, CCUTE IPEG, MPEG, cte.).
® lixtensible and interchangeablc.

Sim ple to implement.

Minimal amount of descriptor overhca requned by the file fornmat.
Smallamount of data access overhead

DARE supports the following Inventorics:

® Document
¢ 1'110[0

e Diagram

o Numeric Data
. Software

o ‘1l'able

e Video

For example, the standard DARE arclnve format for scanned nmmages is Tagged Image File Format
(TIEE). There are two exceptions: images which ¢ be viewed at a low resoluton may be submitted in
Graphical Image Format (GIF) and imagces which aie in-line with the docuiient text must be submitted
in GII. DARE also creates browse versions of (he archive data for display by the DARE system. For
files which are viewed as a series such as pages of documents or a sequence of photos, the TIFE files are
converted to Adobe Portable Document Fornra: (PDE). Thumbneail and browse versions of color and
grayscale images (c.g., photos) arc created in the GIF and JPEG File Interchange Format, respectively.
Thumbnail and browse versions of black and white images (c.g., diagrams o1 plot of numeric data) are
created in GII

Scanned documents, photos, videos, and diagiamssequite differentiesolutions and compression
schemes. The DARLS Data Submittal Manual (DSM) speci fies the formats and recommends standard
practices for preparing data.

Toolsfor Metadata and 1)ata

To expedite the data ingestion process, we de veloped tools to generate, validate, and process metadata
and data.

Generation

Label Editor Tool alows userstocicatemetadataby allowing them to choose values from a list of
standard values in a scroll box. The tooltakes the Data Dictionary as an input, $o users can sclect a
desired object and gencrate metadatalabels cisily. Othertools cang encrate labels from Tab

separate.cl ASClToutputof a simple datshascmanager (¢ g ToxPro, DB ASE 1), or a sophisticated




on-line relational data management system (c.p., SYBASE, ORACLY). Or a user can download a
template - label without values filled in - fromn the DARE systen, and use an editor to gencrate
labels. Tor data generation, there are mony wavs to create the datain accordance with the DARE

standards.
Validation

Ivtool and slvtool are tools which 1ead DARE Tabels and perfori the following types of error
checking:

0 ODI. Language Checking ODI . tangu e checking deteets errorsinthe usage of ODLL, such
as MIsSing quote marks, inviahde atacters inbames, othersyntax criers, etc.

O Data Dictionary Checking 11 bovwordsandobjects used in 1)ARIE labels follow certain
DARE standards, as well as tulesspecinedby the labeldesigner Data Dictionary checking
determines when these 1ules have beentroken by comparing cachi label to the Data
Dictionary.

Other tools include a SGMI/ITTMIsyntax chiecker. ‘1 he DARE software that generates browse
data also checks the formats of the archivida.

Process

Many tools have been written to pr\aviws types of archive datato generate browse data. As
the DD ARE system relics on network uaislercordelivering datato uscrs, it is necessary to have
browse data flies as small as possible “1 hus, irchive dataaie convetedto various formats such as
GIF, PDE, JPEG, MPEG, anti QUICK TIME. Further, rantine software can process metadata to
generate SGML/HITML, versions 01 the mictacdata.

System Architecture

Client-Server Model

The 1D ARE system architecture is based onal. hentservermodel. This arclntecture offers the following
advantages:

1. Users canuse existing desktop computars with little orno additional expense for hardware or
software.

2. As the system grows, additional DAR scivers can be added anywhere on the network.

3. Servers for classified and unclassificdinformitioncanbe placedondifferent networks.

4. 1.inks to other database servers andanalysis s\ stems are relatively casy to implement.

D ARE’s technical approach isto maximizethicuse of Commercial Off The Shelf (COTS) hardware and
software and Non-1 Yevelopmentallte 1n (N D lLsoftvare avitlable as ficewatce , shareware, or inthe  public
domain. Custom software development i\ nnnmized and is typically wiitten to integrate COTS and NDI
software components.

DARE uses open system technologics and standards. A few examples of open system technologics



adopted by DARE ai¢: SCS linterfacesforhurdw ¢ archive stonage devices: the UNIX operating
system for the server; TCP/IP network prote.col; te free WAIS sf(stactured ficld WA 1S) search engine
and the 1 lyperTextTransfer Protocol (311U 1) We:Id Wide Web (WWW)) technol ogies provide the
powerfuluserinterface and serversoftwiat ¢ apablities required by 1ARI

Custom Software

The custom DARE software builds 1 lypa't(stMitkuplLanguage (HTMI,) pages for browsing data
inventories, fu]]-text indexes and stiucturcdhcldindexesTheseH'EMI papes produced both at setup
and runtime arc what makes DARE umique. Al L th HEMI. pages are gencrated by custom Perl scripts
while the underlying WA 1S-sf scarchenpimeg ene atesthe imdexes.

The HI'MI. pages created by setup arc static porpesused forkey word/value scar ches. The HTMI. pages
created by runtime are dynamic pages uscd f orfulliextandstroctured field search results as well as the
display of Inventory information winchisliypct. hiked to ancillary information in the Guide and the
Data Dictionary. All of these tasks arc casilyaitair, ible ducto the underlying structure of the DARE
labels. The DARE labels could also be cacilyloaded into a 1)atabase Management System (DBMS).

The DARE custom software is composed of (hi €C iainsubsystems:

o Configure: Prc.pares the DARIsoftwacenvironmentusing configutation files to identify data
inventories and supporting information

e Setup and Setup Scquencer: Creates the statnkeyword/value T MIpages, WAIS indexes, and
Perl arrays needed for runtime exccution Sciup is ranonwhole inventonies while Setup Scquencer
isrun when data products arc added, updatediordeleted.

o Runtime: Exccutes and summarizes WA 1S sciarches, displays information about a single Inventory
or supporting information itcis, anddvnanncally tags the displayed label,

Figure 6. The DARE System Architecture
Scarch Modes and User Inferface
‘1’ here arc basically two ways of scarching
e By conducting a full-text search of all 1 YARhnetadata clements (1)ata Dictionary, Directory,
Guide, Inventories).

. By selecting onc mectadata clement (Dita i tonary, Ditectory, Guide, Inventory) as the starting
point of the search.

Iull-text search of all Metadataklements

A fuli-text search will match scarch wordsthistinepresentimywherein @labelin al metadata elements.
When a ful]-text scarch is conducted the foll g, ing pages are ereated by the runtime software and
presentedto the user :

1. An HTIMI, ful]-text summary page This fulitextsummarypage indicates which metadata
clements have data that match the scarchicritoria, The usercanthenselect the category of interest
by clicking on it.
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2. An H'TMIL tile page. This title page Ti-t< the tides of the data products for the selected metadata
clement that matched the search critenia The user can then seleet a title of interest by clicking on
1l

3 An HTML layout page. The tontinie software uses the label to gencrate the layout page. This
layoul page, generated from the Tabel by the rantime software, summarizes the label information:

O Provides the title.

O Provides the classification.

O Presents the user with viewing o; uonsjor the data productoptions vary from one inventory
to another. The options for the photo linventory include viewing the online or fLII-resolution
photo and browsing the archive directory while the options forthe table Inventory include
viewing the online table., downloading the archive table and byowsing the archive directory.

O Provides links to related infor mations the Guide and Directory.

O Provides the option Of displaying the Lihel.

4. When the option of displaying a label 15 selected, an HTML tagged label 1s presented to the user.
Theruntime software links the taggcdlabelto the Data Dicbonary.

Figure 7 shows an cxample of the H'I'MIutl e Jayout and tagged label pages.
Figure 7. The DARE User Interface
Single Metadata lilement Searches

When a search is started from a metadataclementihree difterenttypes of scarchesare available:

1. Kc.ywor(i/value scarch.
2. l:ull-text secarch.
3.Structured field search.

Keyword/Value Search

The keyword/value. search pages arc gencratcatsaup timneby patsing thelabelsand organizing the
keywords and values into HTML files. A us¢ notfamiljanwith the DARY data inay start a search this
way. This scarch is also valuable beca usc itpresents the user with all the title s that contain a certain
keyword/valLlc combination. Note that WA Ssearches are liited to @maximum number of hits and
some. da(a may not be easily retrieved. Forinstance, in DARE the maximuninumber of hits for a WAIS
search is set to 1000. The following pagpesatepresented tothe user when a keyword/value scarch is
conducted:

1. An HITML keyword list. This hstis ctadatzclementdependent. A vsercan select a keyword by
clicking on it.

2. AnHTML list of values for the sclectedbeyword. ' 1 heusercanthenselect a value by clicking on
it.

3. AnH'TML list of titles for the keyw ord/vatuselected. The user canthen select a title by clicking
onil.

4. AnH'TML layout page as described above.

5. A HTMI. tagged label as describedabone.

Full-Text Scarch
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Figure 7. The DARE User Interface




The full-text search for an individual mctdzaclementonly differs from the all metadata clement search
in that the summary page isnot produccd When @ full-te xt scarch is conducted the following pages are
created by the runtime software andpresentedtotne user. these pages are the same as the ones described
above:

1. The 11'T'™MI.title page,
2. The 1 I'T'MI. layout page,
3. The II'fMI. tagged label.

Structured Field Search

A structured field scarch allows theuscrtospecifyivalue (orrange of valuesin case of numeric and
date keywords) forone or mom keywordsfor aginenscarch. Thekeywords available for sclection arc
metadata element dependent. When astinctuiedficldscarch is conducted, the same pages described in
the full-text search are created by the runtim sOftv are and presented Lo the user.

summary

The DARE metadata model and the. standards mplementedallowforeasy portability to other standards
and indexing systems. For example, DARTi~nowusing 11 I'MI, forits biowse pages and display
formats. With minor changesto the code thewe 111311, pages could be conver [ed to SGMI. when the
community feels that SGMI. is the standird o be adopted.

Because of the modularity of the DARIL software and because the DARY labels arc in ASCII format the
current search engine (free WAIS-sf) couldbel¢placedwithminotimpactto the underlying code.
Furthermore, DARE has not selected tonnplementa DBMS; however, the stiucture of its metadata will
make it very easy to port to a relational dotabiiee.

"T'he DARY development staff recopnizesthatthere are alotof processing steps between selecting a
data format and making the informationzvailablete users of the I ARE system. Each time a new type of
datais planncd for incorporation into 1)ARI adatienginecting process is 1~'quilt.d. During this process,
the Data Engincer sclects a data formatandworks ith the data providers and users to determine the
metadata requirements for the data. ” Kelley[5]Wstronglyreconunendthatpeople take the time to
design mectadata for ncw data types simce only s good metadatamodel cansupporta good retrieval
systenn.
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