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ABSTRACT

For the Departmentof Energy (DOE) Knowledge Base to supportactivities for monitoring nuclear explosions
consistentwith eventualverification activitiesunderthe Comprehensive Nuclear-Test-Ban Treaty (CTBT), a process is
defined to ensurethe integrityand utility of researchresultsduringthe migration into information products for use in
operationalmonitoring systems.

The process of validating,verifying, and managing the informationproducts ensuresdeliveries of high-quality
Knowledge Base releases to the United StatesNational Data Center(USNDC). These activities are critical to the
successful integrationof scientific researchto supportoperationalmonitoring systems at the USNDC. A by-product of
thisprocess is thatdatasets, or components of informationproducts, thathave undergone the validation and
vefilcation process maybe distributedas operationalcalibrationproducts to the InternationalData Centre. All
contributorsto informationproducts, whetherDOE-funded or not, will benefit from transparencyof the integration
process to effect successfid participationin theprocess.

As an informationproduct passes throughthe stepsnecessary to become partof a delivery to the USNDC, domain
experts,including the end-users,will provide validation -- a determinationof relevance and scientific quality. The
integrationprocess continues with verzjlcati”on -- an assessmentof completeness and correctness,provided by the
Knowledge Base integrator,the informationproduct coordinator, and the contributingorganization. The information
products and theirconstituentdatasets are systematicallytrackedthroughthe integrationportion of theirlife cycle
(Moore, et al, 2000; Carret al, 2000).

Finally, the proposed delivery of the Knowledge Base and its constituentinformation products is reviewed by an
IntegrationBoard. The integrationprocess is presentedin thispaper, with detailsdescribed in Moore et al., (2000).
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OBJECTIVE
A well-defined process ensuresthe integrityand utilityof researchresultsduring the migration into information
products for use in the DOE Knowledge Base to supportactivities for monitoring nuclear explosions consistentwith
eventualverification activitiesunder the Comprehensive Nuclear-Test-Ban Treaty (CTBT). The process of validating,
verifying, and managing the informationproducts ensureshigh-quality deliveries to the United StatesNational Data
Center(USNDC).

RESEARCH ACCOMPLISHMENTS
The process for migratingresearchresultsinto informationproducts for use in the DOE Knowledge Base hasbeen
defined and implemented. This process and its implementationensurethatthe delivery of a DOE Knowledge Base is
comprised of verified, validated,and well-managed informationproducts. If any process is to retainits effectiveness, it
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mustbe refined over the course of itsuse; thusthisprocess is also undergoing refinement. This paper describes the
integrationprocess as documented Moore et al. (2000) with refinementsdeveloped during its most recent
implementation This paper serves the purpose of offering transparencyof the integrationprocess to facilitateeffective
participationin theprocess by all contributorsto informationproducts.

Motivation and benefits of the integration process
For the DOE Knowledge Base to be usefid as a tool for improving U.S. monitoring capabilities, the contents of the
Knowledge Base mustbe subjected to a well-defined set of procedures to ensureintegrityand relevance. The
integrationprocess addressesthe following issues:

1. What do end-userswant and need?
2. How do researcherscollaborate to addressthose needs?
3. How is research integratedinto a usefid andreliable product?

These questions drove the development of the integrationprocess and are answered explicitly at the end of thispaper
afterthe process is described.

In addition to ensuringintegrity,relevance, and usefulness of the informationproducts, the integrationprocess provides
additionalbenefits:

. Evidence thattheprocess was followed. All stepsin theprocess are logged.

. Direction for interactions.Procedural guidance provided by the process ensureseffective, purposefld
interactions.

● Programmaticbenefits. The procedure provides a basis for scheduling and offers periodic statusreports.

Description of the process
The following diagxamsummarizes the intepation process for informationproducts (IP) and is explained in thispaper.
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The following nomenclatureis used for the integrationprocess andKnowledge Base releases. An information product
comprises

● one or more conceptually relateddatasets
● metadatacorresponding to each dataset
● an information product release document (described in state 1below)
● any associated models, interface tools, or visualizationtools.

A data set is a collection of datausually all of the same kink examples include event data,contextual data,or
parametricgrid data. A4etadata describes the content, source, quality and condition of a dataset.

The integrationprocess defines states throughwhich an informationproduct passes as it migrates from the research
environmentinto the Knowledge Base. Though the integrationprocess is ajoint effort, SandiaNational Laboratories
(SNL) holds the primaryresponsibility for integratingtiormation products into the Knowledge Base, so the statesin
the diagramare defined relative to SNL’S role. As the Knowledge Base integrator,SNL systematicallytrackseach of
the statesfor each of the information products offered for inclusion in the Knowledge Base.

1. The initial stateof theprocess is Draf? InformationProduct (IY) Release Document Received. A release document
is developed by a contributor(a researchorganizatio~ typically) and contains at a minimum
● informationproduct identification
● content description
● changes since prior versions
● installationinstructions.

When the draftversion of the release document is received, it indicatesthatthe contributorintendsto submitan
informationproduct for inclusion in the Knowledge Base, so the Knowledge Base integratorbegins trackingthat
proposed informationproduct. The Knowledge Base integratoralso identifies two points of contact for this specific
iniiormationproduct

● An information product coordinator who representsthe contributingorganization.
● An information product integrator (representingthe Knowledge Base integratororganization) who will work

with thisparticularinformationproduct. This paper will continue to refer to the Knowledge Base integator
for clarity in process description,but it is a specitic perso~ the information product integrator,who performs
the integrationand tracking for a particularinformationproduct.

The Knowledge Base integratorreviews the draftrelease document for completeness. If unsatisfactory,the draftrelease
document is returnedto the contributorwith feedback, If the draftrelease document is found to be satisfactory,the
informationproduct is promoted to the next state.

2. In this state,Draft Information Product Document Verified, the proposed information product representedby the
draftrelease document is subjected to technical review via the Knowledge Base Advisory Group for that
informationproduct. The Advisory Group comprises
● domain experts from peer organizationsand
● one or more representativesfrom the end-user organization.

The Advisory Group provides validation, a determinationof relevance and scientific quality, of the informationproduct
proposed for inclusion in the Knowledge Base. The assessmentis based on whetheror not the proposed information
product supportsthe defined monitoring goals. Written assessmentandrecommendations areprovided to the
contributorand to the Knowledge Base integrator.

If the Advisory Group deems the informationproduct (representedby its draftrelease document) unsuitable,thenthe
draftrelease document is returnedto the contributorwith feedback. If satisfactory,the information product is promoted
to the next state.

3. At thispoint, Draft InformationProduct Release Document Validated, the contributorpreparesthe delivery of the
informationproduct by
● finalizing the release document,
● synthesizingthe researchdata,
● completing the associated metadata,and
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● completing associated interface tools.

Meanwhile, the Knowledge Base integrator(SNL) uses the validateddraftrelease document as a basis for preparingfor
integratingthe informationproduct into theKnowledge Base. For example, the release document provides information
about quantityand format of the forthcoming data,which helps with system conf@uratio~ both in the integrationtest
bed and at the end-user site. Also, the release document provides information about testing and veri~g the
forthcoming informationproduct, which aids in the verification process. Itprovides information about associated
process tools and interfacetools, which helps coordinate tool development and testing.

4. The integrationprocess continues when the contributordelivers the comprehensive information product for
integration;SNL logs this stateas Information Product Deliverv Received.

The informationproduct is considered received when all datasetscomprising the information product have been
received all metadatareceived, the final release document received, and any interface tools for process or visualization
have been received.

The Knowledge Base integratorperforms extensive verification of the information product for completeness,
consistency, and correctness,based on the preparationusing the release document. The integratortrackseach dataset
contained in the informationproduct and its associatedmetadatafor both receipt andverification. The inte~ator may
returnthe informationproduct to the contributorwith feedback if the informationproduct or one or more of its datasets
are found to be unacceptable, incomplete, or missing. If acceptable, the informationproduct is promoted to the next
state.

5. This state,InformationProduct Delivery Verified, indicates the informationproduct is ready to be integratedinto a
Knowledge Base release.

At thispoint, several verified informationproducts are integratedinto a potentialKnowledge Base release. The
combined release is veritkd ata system level, appropriateclassification issues are addressed,and the Knowledge Base
integratordevelops a Knowledge Base release document. The Knowledge Base integratorsynthesizesthe following to
complete the integrationinto thepotentialKnowledge Base release:

. the comprehensive potentialrelease and itsrelease document,
● informationproduct release documents,
● Advisory Group recommendations, and
● trackingreports demonstratingthe verification validatio~ and managementof the information products.

6. With verification activities completed, the statenow becomes Intenated Knowledge Base Release Verified, which
means the proposed Knowledge Base release and its supportingdocumentation areready to be presentedto the
IntegrationBoard for approval.

In addition to the potentialrelease and its supportingdocumentationpresentedto the IntegrationBoard, contributorsare
encouraged to presentan overview of theirrespective informationproducts during the IntegrationBoard meeting.

The purpose of the IntegrationBoard is to provide high-level approval thatthe information products have been verified,
validated, and properly integratedbased on recommendationsby the Knowledge Base Advisory Groups, which have
accepted the information products aftertechnical review. The IntegrationBoard comprises, ata minim~ a program
leader from each contributingorganizatio~ the DOE sponsor, and a technical representativefrom the end-users’ site.
Specifically, the purpose of the IntegrationBoard is to

● review the contents of thepotentialKnowledge Base release
● be advised by the Knowledge Base Advisory Groups’ reports
● be informed by the informationproduct statusreportsfrom the trackingtool used in the integrationprocess
● accept or deny all or partof thepotentialKnowledge Base release.

7. If the IntegrationBoard approves thepotentialrelease, thenthe statebecomes IntematedKnowledge Base Release
Approved, and the approved Knowledge Base release is delivered to the USNDC. Integrationof specific



informationproducts into a Knowledge Base release does not guaranteeacceptance by the USNDC, which
exercises its own review process afterreceipt of a release.

How the process addresses the onginai issues
The integrationprocess was developed to addressthreeissuesmentioned early in thispaper. Those issues are explicitly
addressedhere.

What do end-users want and need?
The integrationprocess includes end-usersearly on with theirparticipationin the Advisory Group review of the draft
release document for validity or relevance of a proposed informationproduct. The needs of end-usersare addressed
even earlierby the contributingorganizationswith theirinteractionswith end-users. These interactions,while outside
the scope of the integrationprocess, form the basis for the researchand any resultinginformation products. Further,the
end-usersare representedon the IntegrationBoard to ensuretheirneeds are met.

How do researchers collaborate to address those needs?
The integrationprocess provides guidance in collaborating by establishingthe roles of informationproduct integrator
and informationproduct coordinator. These two roles must work closely togetherusing a well-defined process to
ensuresuccessfid integrationof scientific researchresultsinto a usefid idormation product. In additio~ the integration
process provides evidence, or documentatio~ of the collaborations to supportthe usefulness and reliability of the
informationproducts.

How is research integrated into a useful and reliable product?
One of the original and enduringrequirementsin developing a process to integrateresearchresultsinto information
products for use within the Knowledge Base is thatthe process may not prescribe the type or amount of datadeveloped
by the researchers.That is, the process must integratea wide range of datatypes, datacomplexity, and datavolume.
The purpose for thisrequirementwas to accommodate, not constra~ the researchersin theirwork so thatthe Ml utility
of theirresearchis maintainedduring its inte~ation into the Knowledge Base.

CONCLUSIONS AND RECOMMENDATIONS
The process of validating,veri@ng, and managing the informationproducts is critical to the successful integrationof
scientific researchto supportoperationalmonitoring systemsat theUSNDC. We have defined and implementeda
successfid process to date.

Continued success of the integrationprocess relies on the following:
. The integrationprocess is rigorous and well-defined.
. All contributors,whetherDOE-funded or not, are knowledgeable about the process.
. The process continues to be refined as USNDC requirementsemerge and as various types of researchevolve.
● We get and incorporate feedback from the end-usersconcerning the usefulness of the format and

fimctionality.
● We get and incorporate feedback from the end-usersregardingthe validity of the content and functionality.

Near-termwork on the integrationprocess includes the following:
● Evolution of process tools. The trackingtool will be modified to incorporate refinementsto the process and

enhanced to generatevarious types of reports such as trackingby informationproduct or trackingby
contributor.

● Refinements of process. As the number, complexity, and type of information products expand, the process
will need to be refined to accommodate the growth. For example, as research interface tools are developed
and included with informationproducts, they will be integratedwith equally rigorous and well-defined
processes to ensureintegrity andutility.
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