iReport of the Community-Wide Workshop onNASA�s Space Physics Data SystemDecember 1993Prepared for:Space Physics DivisionOffice of Space Science ii iiiTable of ContentsEXECUTIVE SUMMARY.......................................................................... 11.INTRODUCTION............................................................................... 12.WORKSHOP CHARGE........................................................................ 33.CHARGE FOR INDIVIDUAL WORKSHOP PANELS................................... 53.1Policy Panel Charge.................................................................. 53.2Data Issues Panel Charge............................................................ 63.3Data Systems Panel Charge.......................................................... 73.4Software Panel Charge............................................................... 74.WORKSHOP RECOMMENDATIONS....................................................... 94.1Policy Panel Recommendations..................................................... 94.2Data Issues Panel Recommendations............................................. 104.3Data Systems Panel Recommendations........................................... 154.4Software Panel Recommendations................................................ 185.SUMMARY AND CONCLUSIONS........................................................ 23REFERENCES..................................................................................... 25LIST OF ACRONYMS............................................................................ 27AppendicesAppendix A.Agenda............................................................................. A-1Appendix B.Official Workshop Attendees.................................................... B-1Appendix C.Abstracts for Demonstrations and Poster Presentations...................... C-1Appendix D.Members of Four Workshop Panels............................................ D-1Appendix D-1.Members of the Policy Panel........................................ D-1Appendix D-2.Members of the Data Issues Panel.................................. D-1Appendix D-3.Members of the Data Systems Panel............................... D-2Appendix D-4.Members of the Software Panel..................................... D-2Appendix E.Members of SPDS Coordinator Teams......................................... E-1 iv

1EXECUTIVE SUMMARYApproximately 75 scientists gathered for a community-wide workshop on the SpacePhysics Data System (SPDS) in early June at Rice University, Houston. The workshopconsidered community needs for access to data and made recommendations to guideNASA’s Space Physics Division (SPD) in managing space physics data in the 1990s andbeyond. It was organized around four panels (Policy, Data Issues, Data Systems, andSoftware). Participants were asked to review the SPDS Concept Document (prepared bythe SPDS Steering Committee) and to register either approval or an alternative view to anyor all the ideas discussed in the document, through one or more of the appropriate panels.In addition, the panels were charged to identify and prioritize key requirements in their areaof interest and to comment on relevant issues of implementation.The resulting recommendations from the four panels are broadly consistent in the overallsense of an SPDS in areas of joint interest. The panel structure worked well in facilitating acombined set of recommendations that constitute a major step forward to define the scopeand an approach to SPDS that would most effectively support the NASA space physicsresearch community while still being realistic in an austere budget environment.The following are the key �policy-level� observations and recommendations of theworkshop:(1)It was agreed that the creation of an SPDS would help fulfill the urgent dataexchange requirements presented by upcoming new missions, as well as preserveand improve access to critically important data sets from both past and presentprograms. SPDS should support all four SPD branch user communities (Cosmicand Heliospheric Physics; Solar Physics; Magnetospheric Physics; andIonospheric, Thermospheric, and Mesospheric Physics) in ways appropriate toeach of those communities. The SPD should initiate the SPDS now, in spite ofvery limited funding. As the scientific productivity of SPDS is demonstrated andrecognized by a broader scientific community, NASA will need and ought toprovide significant new resources to the Division to support SPDS.(2)The five functional objectives identified in the SPDS Concept Document areappropriate, namely:¥to curate data sets important to current or future research;¥to provide information about space physics data sets to potential users;¥to provide efficient access to the data and ancillary information;¥to enable cost-effective and efficient analysis of data; and¥to act as a focus for the evaluation and introduction of effective new datatechnologies into space physics.The most important SPDS objective now however should be to provide thescientific research community with access to high quality data products. Supportfor the dissemination of data analysis tools is important but of secondary priority.Awareness of recent development in data management technologies is importantfor SPDS but is the lowest of the five functional objectives.(3)The workshop endorsed the Concept Document’s emphasis on a distributed datasystem designed, developed, and operated by scientific users of space physicsdata. The SPDS should make maximum use of existing facilities including datacenters, project data management units, individual centers at Principal Investigator(PI) institutions, and existing computer networks. The current paradigm

2envisions use of the NASA Master Directory to indicate what data are availableand where, the use of existing software and human systems to retrieve data, andthe uses of data format translators to import data into an investigator’s ownanalysis system. Funding should be awarded competitively through peer review.In the initial stage, this could be through an augmentation or supplement toscientific investigations selected under existing peer review programs.(4)Consistent with a philosophy of a grass-roots effort built from existingcapabilities and operating as a community-distributed service, SPDS shouldemphasize the concept of �coordination� and �coordinators� as a managementapproach to accomplish its larger goals. Initially, there should be ProjectCoordinator(s) and Discipline Coordinator(s) representing each of the four SpacePhysics Division branch-discipline user communities. The DisciplineCoordinators should be scientists within their community who presently workwith, and exchange, data. The Project Coordinator(s) will provide contactbetween the SPDS and other NASA data systems activities, with othergovernment agencies and the international community as well as work with theDiscipline Coordinators. Formal SPDS management authority should remainwith MO&DA Program of the Division. It was suggested that a follow-on SPDSUsers� Workshop should be held in about a year.(5)Participation in SPDS by all current and future division-related investigations, andtheir Principal Investigators (PIs) during the active phase of missions, should beencouraged. This will require recognition of rights of PIs to a period of exclusiveuse of the data from their instruments.The workshop panels also made specific recommendations in their specific areas of interestto both requirements and implementation. Highlights and recommendations from theindividual reports (grouped by panel) are:(6)In the area of Data Issues:(a)For SPDS to be effective, a listing of all data sets that are available is needed.Catalogues should contain information concerning the instrument, satellite,format of the data, a timeline of instrument and satellite events, and thelocation of the ephemeris. Directories should serve as pointers to distributedinventories in a standard format, that contain sufficient information tocharacterize the data holding to allow the average researcher to decide whetherthey are appropriate and if so, to identify the parts of the data that meet his/herparticular requirements.(b)To include a maximum number of participants, the use of the SPDS shouldrequire only widely available technology and hardware and should needminimal technical knowledge of computer systems. There should be few"requirements" to which data suppliers or users would need to conform.However, there should be many "suggestions" which can be used to guidethose who wish to participate.(c)Some criteria for determining which data sets should be a part of SPDSinclude: uniqueness, the difficulty with which they were obtained, and theirpotential for being lost. However, the primary criterion must be heavy use orthe possibility of heavy use. Archiving and documenting data sets mustgenerally assume priority over improving formats or placing data sets on-line.Archiving Level 0 data is highly desirable.

3(d)The curatorial role of the original institution where the PI is (was) affiliatedshould be recognized and developed. SPDS should investigate the use ofuniversities and institutions which have mechanisms that are designed toprovide long-term curation of scholarly data bases and raw research materialsin other disciplines such as libraries and museums.(e)SPDS should include non-NASA data sets such as those funded by NSF,DoE, other federal institutions, and universities. Both US and non-US datasuppliers and users should be included. The needs of developing nationsshould be considered.(7)In the area of Data Systems:(a)The critical system functionalities identified for SPDS are: the delivery ofself-documenting data; the existence of a matrix of translators betweenseveral standard formats; and a network-based capability for browsing andexamining inventory records for the system’s data holdings.(b)Considering the austere funding environment, as well as the diversity ofsystems in place at the nodes listed in the concept document and potentialsubnodes, the panel specified as system level standards only TCP/IPnetwork interfaces and the seven file formats identified in the ConceptDocument as initial system-wide standards. The overriding consideration forany SPDS interface should be ease of use by a technically competentinvestigator. As an aid to SPDS nodes developing appropriate softwareinterfaces, the space physics community should be polled on such subjects aspreferred interface, monitor display capabilities, data analysis software ofchoice, and available data communications. SPD should express its supportfor NASA’s efforts to lead in the implementation technologies, such asATM, that would significantly increase the bandwidth of datacommunications with currently bandwidth-limited sites.(c)NSSDC besides continuing its traditional roles as a Master Directory server,central data copying facility, and deep archiving facility, should also servethe SPDS user community by providing a bulletin board and/or mailing listfor announcements of general interest, and anonymous FTP services for dataformat translators, models, and other software tools of general interest.(8)In the area of Software:(a)The SPDS should state a policy that new application development shouldmeet some minimum standards. Adherence to this policy should become acontractual obligation. However, it is also believed that NASA’s currentsoftware development policy imposes too much overhead on softwareprojects.(b)NASA should provide funding to extend and enhance existing systems tomeet its requirements and needs. If no software currently exists that canmeet specific SPDS needs, then development of new software should befunded. SPDS should encourage the sharing of existing software andactively work to make it easier to obtain existing software. Freely distributedsoftware was considered a high priority activity, but the choice ofCommercial Off-The-Shelf (COTS) software should be left up to the

4individual. It was also noted that no COTS technology assessment groupshould be a part of the SPDS.(c)A catalog of existing software should be implemented. Providing directaccess to a central repository (library) of software is as not important as acatalog. Software should include data processing, translation, analysis, andvisualization routines, and could include ancillary software such as models,simulation results, etc. Acting as a software repository is not considered ashigh a priority as dissemination of information, comments, and experiences.(d)NASA should assume a capital equipment responsibility and provide fundsto insure that the research community has a computing environment that doesnot limit the general distribution, use, and development of software systems.However, the current hardware and operating system market is notsufficiently stable nor influenced by the SPDS community by itself to theextent that choosing a standard platform would be viable. It is recognizedthat the current trend is towards UNIX systems that run X-windows on avariety of architectures and Windows-NT running on Intel architectures. Theemphasis should be on developing portable code so that it may easily bemigrated as new technologies are introduced.Since the workshop and in direct response to its recommendations, the Space PhysicsDivision has called for volunteers and now named an �SPDS Coordinators� WorkingGroup (SPDS/CWG) that will be composed of:¥an SPDS Project Scientist,¥four SPDS Lead Discipline Coordinators, and¥two SPDS Project (Co-)Coordinator(s).The Lead Discipline Coordinators will be supported by four Discipline Coordination Teamscomposed of volunteers from their communities. The Lead Discipline Coordinators willrepresent the Teams on the SPDS/CWG. The SPDS/CWG has the broad responsibility tomove the definition of an SPDS program forward from the Concept Document and therecommendations of this workshop, to start a first working version of SPDS and to serveas focal points for advertising SPDS, compiling and disseminating information aboutavailable data and data access, and establishing a beginning set of �rules of the road� fordata exchange.The prototype SPDS demonstration developed for the workshop remains operational andaccessible through the NASA Master Directory. In addition information about SPDS, itsstatus and additional prototyping work is available as an option of the joint NSSDC-SPDF�NODIS� guest account. The workshop participants in the data systems panel also definedan experiment they would undertake to see whether DITDOS, an inventory tracking systemdeveloped by PDS, could be used easily and inexpensively to manage existing spacephysics inventories. The CEDAR project inventory established at NCAR was selected as atest case. The Institute of Geophysics and Planetary Physics (IGPP) at UCLA hasestablished a list server to serve the SPDS community as a forum for discussing SPDSrelated issues.

11. INTRODUCTIONOn June 1—3, 1993, a space physics community-wide workshop on NASA’s SpacePhysics Data System (SPDS) was held at Rice University in Houston, Texas. Theworkshop was sponsored by the Mission Operations and Data Analysis (MO&DA)program of the Flight System Branch of the Space Physics Division of the Office of SpaceScience.The meeting was attended by seventy five individuals representing the National Aeronauticsand Space Administration (NASA), the Department of Energy (DoE), the National Oceanicand Atmospheric Administration (NOAA), academia and private industry. The list ofattendees is provided in Appendix A.There have been many studies and reports in recent years that have played important role inaddressing data management environment of NASA. From the Committee on DataManagement and Computation (CODMAC) reports [1-2] in the 1980’s to the more recentGeneral Accounting Office (GAO) reports [3-4], and ongoing initiatives in DataManagement, and High Performance Computing [5], attention is being focused on meetingincreasingly demanding user needs and ensuring preservation of critical data within limitedbudgets. The new data management policy stresses the importance of data managementplanning and addresses the complete life cycle of data from initial collection and processingthrough permanent archiving.The workshop agenda (see Appendix B) included an introduction to the charge of SPDS,an overview of the SPDS concept, lessons learned from existing discipline data systems,the progress made by space physics disciplines data evaluation panels for data setsarchiving and restoration, and poster presentations and demonstrations of space physicsdata systems existing in the community now. In addition to demonstrations of the existingdata systems, demonstration of the proof-of-concept system was also given. The abstractsfor poster presentations and data systems demonstrations are provided in Appendix C.To facilitate an organized discussion of the issues surrounding the potential creation of anew data system, this workshop was organized as a set of four panels: the first panel(Policy Panel) was to define the attributes of SPDS and to consider management issues; thesecond panel (Data Issues Panel) was to address issues of data archiving and restoration,mission interfaces, data access, data curation and data distribution; the third panel (DataSystem Panel) was to deal with user interfaces, data formats, data standards and catalogingfunctions; and the last panel (Software Panel) was to address support of data analysis anddata visualization. The members of different panels in the first panel session are providedin Appendix D. Each workshop participant was asked to participate in one or more of thepanels. The agenda included generous opportunity in plenary sessions for cross-panelcomments and discussion.The need for the Space Physics Data System is well documented in [5-7]. The functionalobjectives of SPDS are to:¥Curate data sets important to current or future research¥Provide information about space physics data sets to potential users¥Provide efficient access to the data and ancillary information¥Enable cost-effective and efficient analysis of data

2¥Focus on evaluating and introducing effective new data technologies into spacephysics.Each participant was asked to review the SPDS Concept Document [6] and to register eitherapproval or an alternative view to any or all concepts discussed in the document, throughone or more of the appropriate panels. In addition, the panels were charged to identify andprioritize key requirements in their area of interest and to comment as thought necessary onrelevant issues of implementation.The charges for the workshop and individual panels are described in Sections 2 and 3,respectively. Section 4 deals with detailed recommendations of each panel. In Section 5, asummary of recommendations is provided.

32. WORKSHOP CHARGEThe Space Physics Division (SPD) is seeking guidance from the space physics communityconcerning the currently most important data management needs. In order to accomplishthis, the charge of the community-wide workshop was to :¥Gather community comments on the needs to be satisfied by an SPDS and on thesystem concept as now proposed;¥Better expose data services already operating to serve the space physics communityas a pre-SPDS; and¥Kick off an ongoing SPDS Users Working Group.The SPD is also trying to determine from the community-wide SPDS workshop:¥What additional investments, if any, are appropriate to make in restoration,preservation, improved accessibility, and/or improved distribution of space physicsdata sets to the space physics community; and¥To what extent an appropriately defined SPDS should be a part of any suchinvestments.The goal for this workshop is to develop concise and well written recommendations, whichcan then collectively serve as a guide to SPD in defining an optimal level of commitmentand directions in managing space physics data in the 1990s and beyond.

4

53. CHARGE FOR INDIVIDUAL WORKSHOP PANELSThe charges listed in this section for each of the panel were provided for the purpose ofguidance only. Each panel chair was given freedom to accept all or any or none of thecharges or to add new charges as he or she deem necessary.3.1 Policy Panel ChargeThe Policy Panel was to consider whether SPDS is an appropriate direction to follow, whatthe overall definition, scope, and attributes of SPDS should be, and to developrecommendations for participation in and management of SPDS if formed.The Policy Panel was requested to consider addressing the following questions:(1)Is there a need for overall NASA space physics data management activitiesbeyond the existing NASA SPD requirements and practices to archive/curate dataat the National Space Science Data Center (NSSDC) and baseline data informationservices available in the NASA Master Directory (NMD) and other NSSDC-operated systems?(2)If there is need for an enhanced emphasis on space physics data management, isan SPDS an appropriate approach to organizing and implementing such a thrust?(3)If an SPDS is reasonable, do the existing Concept Document define anappropriate and reasonable outline for such an SPDS? In particular, whatsections need what major modifications, deletions or additions and what changesspecifically?(4)What should be the relative priorities among the five major objectives defined forSPDS in the Concept Document?(5)How should the technology information element of the SPDS objectives beaddressed organizationally?(6)If the distributed architecture proposed in the current Concept Document isbelieved appropriate, what is the best way to define a long-term structure (byspace physics disciplines, by project, other)? Is an Announcement ofOpportunity (AO) or NASA’s Research Announcement (NRA) processappropriate to selection in the development and/or operations phases? What arethe criteria on which nodes should be selected, and how should project-developeddata centers be folded into this process? How permanent should nodes be, andhow/when or should SPDS and/or project nodes be declared obsolete andremoved? How do we transfer the responsibilities of obsolete nodes to anotherorganization if required? The Policy and Data Systems Panels should investigatethis early in the deliberations.(7)Are there recommendations as to the appropriate level of SPD financialcommitment to SPDS {i.e., in total funding per year and/or as percentage of theoverall MO&DA budget and/or in size relative to Guest Investigator (GI) orequivalent program to support space physics research}?(8)What is an appropriate philosophy for managing SPDS?

6(9)Should SPDS develop or endorse standards (e.g., data formats, documentation,software, network communication, etc.) for space physics data? How importantare the standards? If so, how should standards be adopted and enforced? Whatis the relative importance of data preservation activities, data access anddistribution activities, and data analysis tool building activities?3.2 Data Issues Panel ChargeThe Data Issues Panel was to address requirements, priorities, and the appropriate role ofan SPDS in archiving, restoring, distributing, facilitating access, and curating spacephysics data products from past, present, and future missions.The Data Issues Panel was requested to consider addressing the following questions:(1)What level of involvement in data archiving, restoration, and curation isappropriate for SPDS? What should be the relative roles of NSSDC and theSPDS in data archiving, restoration, and curation? What data should be archived?When data should be restored and discarded, who will be responsible for datacuration?(2)Should data from active missions become a part of SPDS, and if so, when andhow should that occur?(3)What criteria should be used in prioritizing data sets for archiving? Whatproportion of effort should be spent in long-term archive of unique but little useddata versus more current and heavily used data?(4)What are reasonable standards for useful documentation? What level ofstandardization in the form and review of documentation is appropriate and likelyto prove cost-effective as an SPDS requirement?(5)How intensive should the data restoration process be? What are the criteria fordifferent restoration efforts?(6)How important is the maintenance of an expert infrastructure in the relevantPrincipal Investigator (PI) community to support best use of key data sets bySPDS users?(7)At a given resource level, is archiving more data, better documenting data,archiving data in more standard formats, or maintaining more data on-line/near-line most important to enhanced scientific productivity?(8)Do we need to archive level 0/1 data? What fraction of resources are appropriateto make such data useful beyond the immediate PI and his/her collaborators ifsuch data is held archivally?(9)Can we really afford to put all the data in a standard format? Should the SPDSsubscribe to data format standards?(10)How much catalog information is required?

73.3 Data Systems Panel ChargeThe Data Systems Panel was to define the requirements for SPDS user interfaces, dataformats and standards, technologies and standards for implementation, other commonsystem elements (e.g., cataloging and directory functions) and general issues of systemengineering.Considerable interaction of the Data System Panel with the Policy and Data Issues Panelswas necessary in order to adjust to any recommendations that change the nature of theSPDS as described in the Concept Document.The Data Systems Panel was requested to consider addressing the following questions.(1)What are the critical functionalities needed for SPDS?(2)Should the SPDS subscribe to systems level standards? Should there bealternatives? What are the advantages and disadvantages of those standards?Both the Data Systems and Software Panels were asked to comment on this.(3)What should be the role or utilization of NSSDC services?(4)What is the required functionality for directories, catalogs, and inventories etc. inSPDS?(5)How distributed should the functions of SPDS be? When it is best to have adistributed system? When it is best to have a centralized system? When it is bestto have a distributable system?(6)How important is a common user interface to SPDS? What should be the highlevel user interface requirements? What kinds of interoperability among the nodesis likely to significantly enhance space physics science productivity?(7)What roles (if any and when) should SPDS have as a space physics datatechnology "clearing house?"(8)Is there any other hardware and other facility support (e.g., further enhancementsto network connectivity and bandwidth, particularly at small and/or isolated spacephysics sites, supercomputer access etc.) that should be defined as SPDSimplementation priorities?(9)Comments on the pluses and minuses of the systems seen in the demonstrations.Are any of these systems, or part of them, particularly appropriate to beconsidered as components and building blocks of SPDS? The Data Systems andSoftware Panels were asked to consider evaluating the approaches and commenton the demonstrated systems.3.4 Software Panel ChargeThe Software Panel was to define the appropriate requirements and priorities (if any) forSPDS to support common data analysis and data visualization software tools and packages.Considerable interaction of this Panel with the Policy, Data Issues, and Data SystemsPanels was necessary so that this Panel can adjust to any recommendations that change the

8nature of the SPDS as described in the Concept Document. The Software Panel was askedto help other Panels to scope their recommendations by providing advice on how difficult itwould be to carry out a given recommendation.The Software Panel was requested to consider addressing the following questions:(1)Should the SPDS provide an on-line library of existing software developed bySPD programs? How should this software be cataloged? What software anddocumentation standards should apply? The Software Panel should get feedbackfrom Data Issues and Data Systems Panels on this.(2)Should the SPDS develop new software to support data analysis and/or datavisualization? What software and documentation standards should apply? Howshould this software be managed and distributed? What other kinds of newsoftware should be developed? The Software Panel should get feedback from theData Issues and Data Systems Panels on this.(3)Consider a software toolbox to help investigators prepare data for archiving andfor users access of data. If the software toolbox support is recommended, whatshould the toolbox contain, in a generic sense?(4)Report on the software aspects of the workshop demonstrations.¥What are the desirable features or products for SPDS to consider?¥What features or products does SPDS not want to consider?(5)To the extent there is a software tools support element in SPDS, should thestrategy aim to sponsor development of tools that could then be freely distributedor define a framework that emphasizes increasing reliance on Commercial Of TheShelf (COTS) software? Is there a need for SPDS to act as a softwareinformation clearing house?(6)Is there a need to define a standard platform or platforms that will be the focus forany SPDS software support and what should they be (e.g., POSIX/UNIX withX as a standard, PC-DOS in or out of the range of platforms as a priority forsupport)? If standards are defined, how important as a funding priority should itbe to bring access to a standard platform to all active members of the spacephysics community?(7)What should SPDS policy with respect to common formats be? What are thetechnical issues?

94. WORKSHOP RECOMMENDATIONS4.1 Policy Panel RecommendationsThe recommendations made by the Policy Panel are the following:Should there be an SPDS?Making space physics data broadly and readily accessible for scientific inquiry is an activityin which the space physics community is currently engaged and which is a necessarycomponent of a viable, modern research activity. Recognizing these activities collectivelyas the "Space Physics Data System" (SPDS) is most appropriate.What should the philosophy of the SPDS be?The SPDS should be a distributed data system designed, developed and operated byscientific users of space physics data. SPDS should make maximum use of existingfacilities including data centers, project data management units, and individual centers atprincipal investigator institutions. SPDS should be implemented through existing computernetworks using appropriate standards and software.What is the appropriate funding level and how should SPDS funding berelated to funding levels of other SPD activities?The SPDS should serve to enhance the data analysis environment of researchers in thefield. However, at the present time, the entire data analysis effort within SPD is seriouslyunderfunded. Significant future funding for SPDS should represent new resources, madeavailable to the Division to support the Division Data System in a move toward achievingparity with other Divisions, which already have been given large Data System resources.The need for an SPDS is real and urgent. Therefore, we urge the Division to initiate theSPDS now, with existing (albeit limited) funding. As the utility of the SPDS grows and isrecognized, funding should grow appropriately. The ultimate funding level should bedetermined by the value of the user-evolved SPDS to the community, and may well turnout to be of the same level as now exists in the Solar System Exploration and AstrophysicsDivisions.If there is funding, how should it be distributed to the community?Funding should be awarded competitively through peer review. In the initial stage, thiscould be through an augmentation or supplement to scientific investigations to be selectedunder existing peer review programs. In anticipation of future increases in funding,support could then be distributed through a separate AO.In the current austere funding environment, what should the SPDS looklike?The paucity of funds makes it impossible to incorporate the diverse data sets into acomprehensive system. The current paradigm must therefore be reliant on the MasterDirectory to indicate what data are available and where they are located, the use of existingsoftware and human systems to retrieve data, and the uses of data format translators toimport data into an investigator’s own analysis system.

10What are the important objectives of an SPDS, and in what priority?Access to quality data is the most important objective, with curation and information aboutthe data being integral parts of any accessible data set. As pointed out in the ConceptDocument on NASA’s SPDS, support for dissemination of data analysis tools is importantbut of secondary priority to the above three objectives. Awareness of recent developmentsin data management technologies is important but of lowest priority of the five objectives.What next? How should an embryonic SPDS be structured to continue theactivity, in the current climate?The management structure is expected to evolve as the SPDS becomes better defined.Initially there should be a volunteer Discipline Coordinator from the user community foreach of the four SPD branches and a Project Coordinator (s). The Coordinators willsurvey and inform their communities and begin SPDS activities. A follow-on userscommunity workshop should be planned for about one year from now.What should be the relationship between SPDS and network services?The success of SPDS depends upon the existence of a reliable, high-speed, worldwide,and multi-protocol communications network.What should be the relationship of SPDS to new projects and proprietarydata?Participation in SPDS by all current and future division-related investigations, and their PIsduring the active phase of missions should be facilitated. This requires recognition of andadequate safeguards for the protection of data as long as they remain proprietary. TheSPDS should be structured to permit the dissemination of proprietary data to team membersand guest investigators, and to allow for easy migration of data into the public domain.Should SPDS support the software library?A software library catalog that indexes into software distributed across the network shouldbe an integral part of SPDS. Software should include data processing, translation,analysis, and visualization routines, and could include ancillary software such as models,simulation results, etc.What should be the relationship between the SPDS and existing informationservices activities {e.g., NSSDC and Space Physics Data Facility (SPDF)}within space physics?Existing NASA data services provide for deep archiving (a permanent repository), accessfor international collaborators, broad cataloging and directory services, and Division-widecoordination (e.g., Satellite Situation Center (SSC)) through the NSSDC. These activitiesare an important part of SPDS and continuation of NSSDC as one of the SPDS nodes ishighly recommended.4.2 Data Issues Panel RecommendationsThe Data Issues Panel started with a set of assumptions that were generally considered bythe members but not specifically debated. These general assumptions formed a frameworkupon which the discussions of specific issues were based.

11(1)SPDS is a good idea and should exist.(2)It should not be ambitious but rather should start by formalizing the informalsystems that already exists.(3)The first goal of SPDS should be to facilitate the exchange of useful data betweenscientists with greater ease. This will maximize scientific output. The initialeffort would be voluntary.(4)The SPDS should be accessible and usable by as many people as possible. BothUS and non-US data suppliers and users should be included. The needs ofdeveloping nations should be considered. The SPDS should include:(a)Non-NASA data sets such as those funded by the National ScienceFoundation (NSF), the Department of Defense (DoD), other federalinstitutions, and universities.(b)A maximum number of participants, the use of the SPDS should require onlywidely available technology and hardware and should need minimal technicalknowledge of computer systems.The SPDS should encourage wide participation, there should be no undue burdens ondata suppliers or system users. There should be few requirements to which datasuppliers or users would need to conform. However, there should be manysuggestions that can be used to guide those who wish to participate.(5)There should be "rules of the road" that allow PI’s or curators to both controland facilitate access to and use of the data. These rules may vary for differentdata sets.(6)Documentation should be available for all data and should be as thorough aspossible. The level and completeness of documentation will also vary among datasets.The Panel considered the first steps toward a Space Physics Data System. The Panelenvisions that an early incarnation could begin to develop even in the absence of any fundsthrough voluntary effort.Minimum Requirements for SPDS(1)There must be a centralized listing of all data sets that will be a part of the SPDS.This listing should include data sets that exist at host institutions and are off-line.The listing should be kept current. It should include the following items, at aminimum:(a)Source of data (e.g., Spacecraft (S/C), ground station, etc.)(b)Type(s) of measurement (e.g., magnetometer, particle telescope, etc.) andparameters available (e.g., flux, moments, etc.) and their units.(c)Time span of data and information on nature of data coverage (e.g. completepolar passes only, etc.)

12(d)Volume of data set(e)Ephemeris data location (if not contained in the data set)(f)Cognizant personnel (Principal Investigator (PI), curator)(g)Means of access and delivery (e.g., on-line, Compact Disc-Read OnlyMemory (CD-ROM) near-line, magnetic tape, [punched cards?], etc.)(h)Formats¥Abstract of data description¥Available software to read and/or display data set¥Software to translate the data set into a standard format, if necessary¥Detailed format description.(2)It will be the curator’s responsibility to maintain and extend the data set, notifyingthe SPDS Project Coordinator of any and all changes to the data set, includingnew data, re-calibrated data, etc. These changes will be passed on to the usercommunity.(3)In the event that a data set is endangered, either through loss of funding, or lackof cognizant personnel, or deterioration of media, etc., the SPDS ProjectCoordinator shall communicate this to the entire SPDS community, and identifymeans of saving it, if possible and determining whether the data set is consideredimportant.(4)A means of controlled access must be established so that a PI’s proprietary rightsto the data are respected.The Structure and Layers of SPDSThe SPDS is a grass-roots effort defined by the following structure. Each layer of theSPDS is described by that element’s functions, responsibilities, and requirements:SPDS Project Coordinator(s)Data Suppliers (Nodes)Data Users

13(1)

Project Coordinators and Discipline Coordinators:Ideally, Project Coordinators (PCs) and the Discipline Coordinators (DCs) are scientistswithin the community who are presently engaged in proto-SPDS activities. A possiblestructure would be one overall Project Coordinator, assisted by four Space Physics BranchCoordinators. Initially, these might be voluntary and rotating positions.The Project Coordinators will be charged to:¥

Advertise to the appropriate community the existence, mission, and operation of theSPDS¥

Compile information provided by SPDS data nodes regarding data and genericsoftware, availability, points of contact, access, etc., and to disseminate theseinventories to the community¥Establish rules of the road for data exchange and SPDS participation¥Encourage SPDS-like activities within non-NASA agencies and the internationalcommunity.The Discipline Coordinators will be charged to:¥Play an active advisory role in data systems requirements for future missions.¥Monitor system use and track data distribution (retain log of users as well as nodes)¥Identify possible duplication of effort (provide information on the official approvedrepository in the event of discrepancy)¥Notify users about data set additions (subtractions), system changes, etc. as needed¥Encourage, but not require, community involvement toward developing standardsand community-shared efforts¥Identify and support endangered data sets¥Promote communication with other non-traditional agents for data archival/curation(e.g., university libraries).(2)

SPDS Data Suppliers (Nodes):SPDS nodes will provide:¥A list of data sets available at the node�s institution¥Description of how to access available data¥Description of data¥Provide PI/curator supervision and assistance to users if possible, and if desired¥Translation code to access data

14¥Connection to Internet.(3)

SPDS Data Users:The SPDS users should:¥Have an Internet connection¥Abide by the rules of the road¥Notify the PI/curator about intentions for data and provide preprints of publications.The curatorial role of the original institution where the PI is (was) affiliated should bedeveloped and recognized by the space physics community. Since one of the obligations ofan archiving system must be to make data available to future generations of researchers, theSPDS should investigate the use of universities and institutions that have mechanisms thatare designed to provide long-term curation of scholarly data bases and raw researchmaterials in space physics. A low-cost program that the SPDS office might undertakewould entail:(1)Selling the concept of scientific data curation responsibility to the libraries andmuseums.(2)Providing guidelines, documents, software, and other tools to assist libraries infulfilling this responsibility.The Panel discussed the questions listed in the Data Issues Panel charge and arrived at thefollowing responses:(1)The SPDS can supply encouragement, guidelines, and ultimately provide amechanism for financial support for data archiving, restoration, and curation.The NSSDC is a recognized repository for data archiving. However, whereapplicable, the PI for the mission, and his current institution should retain his orher data and be responsible for its restoration and curation. Ideally, all datashould be archived. However, the restoration and curation of archived data setswill be undertaken by those who have an interest, and the funding, to do so.Orphaned data sets, i.e., data which are no longer supportable by either the PI orhis/her institution and are not wanted by any other organization, should berepossessed by the NSSDC which would act as a library for old data sets. ThePanel strongly suggested that long-term archiving should include duplicatedarchives at widely separated sites.(2)The SPDS should be sufficiently attractive to induce PI’s of new missions to joinand obtain correlative data sets. PI’s may hold proprietary rights over their datasets for periods defined by NASA.(3)Some criteria for determining which data sets should be restored include:uniqueness, the difficulty with which they were obtained, and their potential forbeing lost. However, the primary criterion must be heavy use, or the possibilityof heavy use.(4)Files should be self-documenting with enough information to enable scientificuse. There should be an option for users to add comments for problems theyhave come across.

15(5)See (4) above.(6)An expert infrastructure is very helpful in interpreting data sets. However, itmust be must recognized that the PI and Co-I’s won’t always be available. TheSPDS nodes should therefore maintain records of related papers and recent datarequests to assist future researchers.(7)Archiving and documenting data sets must generally assume priority overimproving formats or placing data sets on-line. The Panel recognized that formatschange and the technological advances will make it possible to place largeamounts of data on-line in the near future.(8)Archiving of Level 0 data is highly desirable and should be recommended in orderto economically allow for changes in processing routine (software). It isrecognized that such data will be accessed in conjunction with a set of processingroutines which put the data in suitable units with the minimum loss of timeresolution. Lower resolution data along with derived data products may beappropriate in many instances. These will require no additional connections andgenerally can be used as is.(9)It is not possible to place all data (particularly older data sets) in a standardformat. The Panel expect a gradual evolution to a preferred one or two or moreformats. For the foreseeable future, format translators will be required.(10)Catalogues should contain information concerning the instrument, satellite, formatof the data, a timeline of the instrument and satellite events, and the location of theephemeris.(11)The Panel brought two additional points:¥If SPDS proves to be cost-effective, it will be in a position to suggestguidelines to NASA for requirements it might impose upon future missionsand data sets.¥The Panel reiterated its interest in including non-NASA data sets in the SPDSsystem [i.e., NOAA, European Space Agency (ESA), ground-based, andDoD data sets].4.3 Data Systems Panel RecommendationsGiven the lack of prospects for any near-term funding sufficient to allow significantenhancements in SPDS capabilities beyond those currently in place, the Data Systems Panelconcentrated on maximizing the scientific usefulness of a lean data system. Therecommendations made by the Panel are:(1) Critical FunctionalitiesThe Panel identified three critical functionalities of a Space Physics Data System: the delivery of self-documenting data; the existence of a matrix of translators between various standard formats {Instrument Data File Set (IDFS), Common Data Format (CDF),netCDF, Hierarchical Data Format (HDF), TENNIS, UCLA flat file, and Flexible ImageTransport System (FITS)}; and a network-based capability for browsing and examining

16inventory records for the system’s data holdings. The translators, as well as useful datareduction and analysis tools, should be made available through anonymous File TransferProtocol (FTP) from central sites. The inventory system would have both central anddistributed entry points (with the central node pointing to the latter), with the inventoryrecords at each node or subnode transmitted in a standard format. (This could be a simpleASCII flat file with certain required and optional fields describing the data holdings, dataaccess methods, and points of contact for expert advice on analysis of the data.)(2) DesiderataThe Panel enumerated additional, desirable capabilities of an SPDS that might be dependenton additional resources: a centralized bulletin board service and or mailing list server fordistribution of software updates and data holding news, and data browse and display tools.A Usenet news group could be an effective method of keeping the community up to datewith new data sets, software, and hardware available at the various nodes and end-usersites, and would not require moderation. A central FTP service could aid in the distributionof analysis and visualization software � obvious desiderata in themselves � as well as asource for other software and data (e.g., models, educational software, cross-sections,etc.). Whenever possible, such information should be shared with the Planetary DataSystem (PDS) and the Astrophysics Data System (ADS) communities.The SPDS nodes should log the usage of various data holdings, and users of those dataholdings should be informed of the appropriate wording for acknowledging the support ofthe node and PI providing the service.(3) System Level StandardsOnce again considering the austere funding environment, as well as the diversity ofsystems in place at the nodes listed in the concept document and potential subnodes, thepanel specified only the Transmission Communication Protocol/Internet Protocol (TCP/IP)network interfaces (Telenet, FTP, Simple Mail Transfer Protocol (SMTP), and perhapsWide Area Information Server (WAIS), gopher, and similar distributed data accessfacilities) and the seven file formats listed above as system-wide standards. There wouldbe no impetus (from the SPDS alone) to reformat existing data sets if the matrix oftranslators existed.(4) Role of NSSDCIn addition to continuing its traditional roles as the Master Directory server, central datacopying facility, and deep archive, the NSSDC can also serve the SPDS user communityby providing a bulletin board and/or mailing list for announcements of general interest, andanonymous FTP services for data format translators, models, and other software tools.The NSSDC could also be used to help establish an e-mailing list (such as the Solarmailfacility in use by solar physicists) for the space physics community. As an SPDS node, theNSSDC should provide access to orphaned data sets.(5) Functionality of Directories, Catalogs, and InventoriesAs indicated in the critical functionalities section, the role of directories and inventories is tofacilitate access to data holdings. Directories should therefore serve as pointers todistributed inventories, in a standard format, that contain sufficient information tocharacterize the data holding sufficiently to allow the average researcher to decide whetherthe data are appropriate to the investigation under consideration, and if so, to identify theparts of the data holding that meet his/her particular requirements.

17(6) Distribution and CentralizationThe Panel felt that a central facility could not only continue to provide the traditionalservices of Master Directory maintenance and facilities for copying large quantities of data,but could also provide a bulletin board service, gopher, or mail exploder and anonymousFTP server for software and announcements of community interest. All other roles shouldcontinue to be performed at the nodes or subnodes, including updates of data inventories,translators for new formats or between platform-specific internal data representations,software development and so on. The Panel endorsed the concept document’s emphasis ona distributed system, based on the expertise of the PI group or node-resident, data centerscientific staff. Systems capable of accessing data at two or more nodes, and softwaredistributions portable to a variety of end-user platforms, are particularly to be encouraged.(7) Commonality of InterfacesThe overriding consideration for any SPDS interface should be ease of use by a technicallycompetent investigator. The only critical interoperability requirement is network access, orif necessary, dial-in access to a central facility connected to the Internet.(8) SPDS as a Technology Clearing HouseThe SPDS should provide bulletin boards and/or news group(s) for exchanginginformation on new technology implemented by the node and user community. Suchinformation should be given the widest possible distribution in the community, andcommunication should be established with communities with similar data technologyinterests, such as the Planetary and Astrophysics communities.(9) Support PrioritiesThe Panel felt that the Space Physics Division should express its support for NASA’sefforts to lead in the implementation technologies, such as ATM, that would significantlyincrease the bandwidth of data communications with currently bandwidth-limited sites.Any effort at accelerating NASA’s transfer of this technology to the university communityshould likewise be supported.(10) Evaluation of Demonstrated SystemsThe Panel commented on the Southwest Research Institute (SwRI) system and found it tohave excellent data display and visualization facilities, but its project-spacecraft-instrument-virtual instrument hierarchy can be misleading to inexperienced investigators looking forphysical parameters. The multiplicity of IDFS file types necessary for a completespecification of a single data unit was also seen as a drawback for data ported to end-usersystems. The IDFS file system is nonetheless a good example of forcing the data providerto make the data self-documenting.Panel members were impressed with both the DITDOS system�s capabilities forinventorying and browsing data, and the user interfaces developed at the Solar DataAnalysis Center (SDAC).(11) A Suggestion for a Community SurveyAs an aid to SPDS nodes developing appropriate software interfaces, the space physicscommunity should be polled, preferably by electronic mail, on such subjects as preferred

18interface (X-windows, Microsoft Windows, VT terminal emulation, etc.), monitor displaycapabilities (bit depth, number of pixels, color capability, etc.), data analysis software ofchoice (Interactive Data Language (IDL), other analysis packages), and available datacommunications (TCP/IP, DECnet, etc.).4.4 Software Panel RecommendationsOverviewThe Software Panel was to discuss and make recommendations on the software-relatedaspects of a future SPDS. The main focus of the Software Panel was to define therequirements and priorities for SPDS to support common data analysis and datavisualization tools and packages.There are many existing applications, in both the commercial and public domains, whichcan be enhanced or extended so that they are compatible. The development of data formattranslators appears to be the key in creating a confederation of compatible applications anddata systems.RecommendationsThe Software Panel made the following recommendations:(1)That SPDS through NASA funding begin an initiative to develop data formattranslators that will convert between specific data formats. The specific dataformats are listed by the Data Systems Panel. It is believed that any single formatcan not solve all data analysis and visualization requirements.(2)That SPDS develop a catalog to provide information to the community about theavailability of all useful software that has been developed under NASA funding(hence in the public domain). This catalog should contain information about theprogramming language, available documentation, relative quality of the code,available support, and on the location of and contact point for the software.(3)That SPDS should not undertake a new development effort. Rather, NASAshould provide funding to extend and enhance existing systems to meet therequirements and needs of an SPDS.(4)That SPDS encourage and NASA fund the porting of meritorious applications toplatforms other than those on which the application was originally developed.The selection of applications should be done by using a peer review process.(5)That SPDS state as a policy that new application development should meet someminimum standards and that adherence to this policy should become a contractualobligation. It is believed that NASA�s current software development policyimposes too much overhead on software projects. The application developmentstandard should include, but not be limited to, providing a User�s Guide,providing an Installation Guide, coding in a standard language that is supportedon multiple platforms, writing portable code (can run on multiple platforms), andinternally documenting code with comments preceding each callable component(function, subroutine, etc.) of an application. These comments should include adescription of what the components do and the algorithm used. In addition,

19arguments, external variables, and any parameters that influence the operation ofthe component must be identified and described.(6)That SPDS encourage projects and groups that adopt Commercial Off-The-Shelf(COTS) systems to be sensitive to data portability issues so that data can be usedin other systems. Pathways to COTS that are widely used should be provided byNASA, users of the COTS, or suppliers of COTS.(7)That NASA should assume a capital equipment responsibility and provide fundsto insure that the research community have a computing environment which doesnot act as a limiting factor in general distribution and use, as well as developmentof software systems.(8)That SPDS identify as part of a Software Development Policy the platforms andenvironments on which software should run. The following is recommended:¥The hardware architectures to be supported include: SPARC, VAX, Alpha,Intel x86, Silicon Graphics (SG), Hewlette-Packard (HP), and Macintosh¥The operating systems to be supported include: DOS, SunOS, Solaris, VMS,MacOS, Ultrix, and AIX¥The windowing systems to be supported include: X-windows (X11R5) withMotif and Open Look, MS-Windows, and Mac.It is acknowledged that above list is valid only at the time of the workshop andwill undoubtedly change with time. NASA�s policy should reflect thisinevitability.(9)That SPDS select systems that have low maintenance overhead. For example,mail list servers, bulletin board services, usenet news groups and data systemsthat are configurable and which determine data holdings each time they are run.Discussion SummaryThese recommendations were derived from discussions of a series of questions posed bythe SPDS Steering Committee. In some cases, the question required some interpretation inorder to focus the discussion of software issues. The following are the questions and asummary of the discussions:(1a)Should SPDS provide an on-line library of existing software?A catalog of existing software should be implemented. Providing direct access to acentral repository (library) of software is not as important as a catalog since theburden of maintaining current versions may not be cost effective. In addition theexpertise on a specific piece of software typically resides with the provider, sosoftware should be obtained from the original developer. Furthermore, applicationsshould be accompanied by a test or an example of data sets so that the user can verifyan installation and explore an application�s capabilities.

20(1b)How should this software be cataloged?By placing in a queriable system information about the programming language,available documentation, relative quality of the code, available support, and where toobtain the software.(1c)What software documentation standards should apply?For applications, a minimal requirement would be to provide a User�s Guide and anInstallation guide, to code in a standard language that is supported on multipleplatforms, to write portable code (can run on multiple platforms), internally documentcode with comments preceding each callable component (function, subroutine, etc.)of an application. These comments should include a description of the functions ofthe components and the algorithm used. In addition, arguments, external variables,and any parameters that influence the operation of the component must be identifiedand described.(2a)Should SPDS develop new software to support data analysis and/or datavisualization?No. Existing software should be enhanced or extended to meet SPDS needs.Enhancement should include porting of code from one platform to another. If nosoftware currently exists that can meet specific SPDS needs, then development ofnew software should be funded.(2b)What software documentation should apply?See (1c).(2c)How should this software be distributed?See (1a).(2d)What kinds of new software should be developed?Data format translators to provide bridges between existing data systems andapplications including both public domain and major commercial software packages{i.e., Interactive Data Language (IDL) and Advanced Visual System (AVS)}.(3a)What should the software toolbox contain to support data providers?Software toolbox should contain data format translators and the software catalog.(3b)What should the software toolbox contain to support data users?Software toolbox should contain data format translators and the software catalog.(4a)What are the desirable aspects of the demonstrated data systems for SPDS toconsider?It was decided that the Panel would not provide an itemized list. All of the systemsdemonstrated met at least one of the recommendations of the Panel. In addition, thisquestion was more appropriate for the Data System Panel to address.

21(4b)What are the undesirable aspects of the demonstrated data systems for SPDS toconsider?It was decided that the panel would not provide an itemized list.(5a)Should SPDS sponsor development of software tools that could be freely distributed?SPDS should encourage the sharing of existing software and actively work to make iteasier to obtain existing software. No new development initiatives should beundertaken unless there are no existing tools to address the problem. Freelydistributed software was considered as a high priority activity.(5b)Should SPDS define a framework that emphasizes increasing reliance on CommercialOff-The-Shelf (COTS) software?No, the choice of COTS software should be left up to the individual. However,SPDS should support activities that will provide data format translators that willpermit data to be used by COTS. Hopefully, the supplier of the COTS could beencouraged to support data formats identified by SPDS and standard formats. It wasalso noted that no COTS technology assessment group should be a part of the SPDS.(5c)Is there a need for SPDS to act as a software clearing house?A software information clearing house (for COTS and public domain software) thatuse space physics research community input should be pursued. Actualimplementation could be a mail list server, or a moderated or unmoderated bulletinboard service. Acting as a software repository is not considered as high a priority asdissemination of information, comments, and experiences.(6a)Is there a need to define a standard platform or platforms that will be the focus for anySPDS software support? If so, what should they be?In order to define a standard platform, a stable hardware and operating system marketmust exist. Since this is a market influenced by communities outside of SPDS,choosing a standard platform does not appear to be viable. However, it is recognizedthat the current trend is towards UNIX systems that run X-windows on a variety ofarchitectures and Windows-NT running on Intel architectures. The emphasis shouldbe on developing portable code so that it may easily be migrated as new technologiesare introduced. A survey of some of the attendees of the workshop indicated that theplatforms used by the community are diverse, and changing to a standard platform isnot feasible.(6b)How important as a funding priority should it be to bring access to a standardplatform to all active members of the space physics community?NASA should assume a capital equipment responsibility and provide funds to ensurethat the research community have a computing environment that does not act as alimiting factor in the general distribution, uses of software systems. The focus ofsuch funding should be to insure that scientific research is accomplished withoutincurring additional costs due to redundant software development.

22(7a)What should SPDS policy with respect to common formats be?Specific formats were left to the Data System Panel to define, but the number offormats should be as small as possible.(7b)What are the technical issues?There are no technical limitations to providing support for multiple standardizedformats. The only limitations are resources. The fewer the formats the smaller theresources needed to provide support for the formats.Some Efforts Resulting from the WorkshopSome participants at the workshop agreed to explore some of the recommendations of theSoftware Panel on a volunteer basis. The efforts to be undertaken are:¥Building a Distributed Inventory Tracking and Data Ordering Specification(DITDOS) server to work off the CEDAR inventory and provide a off-line dataordering service.¥Establishing an information server that will contain documentation on data formatswhich can be publicly accessed.It should be stressed that all the recommendations of the Software Panel can’t be achievedon a volunteer basis. If NASA pursues an SPDS, it should provide sufficient funds toaccomplish a fully functional and properly supported SPDS.

235. SUMMARY AND CONCLUSIONSThe panel recommendations were broadly consistent in those areas of joint interest acrosspanel boundaries and reasonably complementary when taken together to define the scopeand approach to SPDS. The highest-level observations and recommendations of the SPDSworkshop are:(1)It was agreed that the creation of an SPDS would help fulfill the urgent dataexchange requirements presented by upcoming new missions, as well as preserveand improve access to critically important data sets from both past and presentprograms. It was also agreed that the SPD should initiate the SPDS now, in spiteof very limited funding. As the scientific productivity of SPDS is demonstratedand recognized by a broader scientific community, it was strongly recommendedthat NASA will need and ought to provide significant new resources to theDivision to support SPDS. It was suggested that follow-on users communityworkshop should be held in a year or so.(2)The five functional objectives identified in the SPDS Concept Document areappropriate. The most important SPDS objective should be to provide thescientific research community with access to high quality data products. Supportfor the dissemination of data analysis tools is important but of secondary priority.Awareness of recent development in data management technologies is importantfor SPDS but is the lowest of the five functional objectives.(3)The workshop endorsed the Concept Document’s emphasis on a distributed datasystem designed, developed, and operated by scientific users of space physicsdata. The SPDS should make maximum use of existing facilities including datacenters, project data management units, individual centers at Principal Investigator(PI) institutions, and existing computer networks. The current paradigmenvisions use of the NASA Master Directory to indicate what data are availableand where, the use of existing software and human systems to retrieve data, andthe uses of data format translators to import data into an investigator’s ownanalysis system. Funding should be awarded competitively through peer review.In the initial stage, this could be through an augmentation or supplement toscientific investigations selected under existing peer review programs.(4)Consistent with a philosophy of a grass-roots effort built from existingcapabilities and operating as a community-distributed service, SPDS shouldemphasize the concept of �coordination� and �coordinators� as a managementapproach to accomplishing its larger goals. Formal SPDS management authorityshould remain with MO&DA Program of the Division. Initially, there should beProject Coordinator(s) and Discipline Coordinator(s) representing each of the fourSpace Physics Division branch-discipline user communities. The DisciplineCoordinators should be scientists within their community who presently workwith, and exchange, data. The Project Coordinator(s) will provide contactbetween the SPDS and other NASA’s data system activities, with othergovernment agencies and the international community as well as work with theDiscipline Coordinators.(5)Participation in SPDS by all current and future division-related investigations, andtheir Principal Investigators (PIs) during the active phase of missions, should befacilitated. This will require recognition of and adequate safeguards for theprotection of data so long as they remain proprietary.

24(6)In addition to the above broad principles and recommendations, numerousspecific observations and recommendations were made by the individual panelswithin their specific areas and are contained in detail in the body of this report.Since the workshop and in direct response to its recommendations, the Space PhysicsDivision has called for volunteers and now has named an �SPDS Coordinators� WorkingGroup (SPDS/CWG) that will be composed of:¥an SPDS Project Scientist,¥four SPDS Lead Discipline Coordinators, and¥two SPDS Project Co-Coordinator(s).The Lead Discipline Coordinators will be supported by four Discipline Coordination Teamsfrom volunteers in their communities whose concerns and perspectives are then in turn tobe represented by the respective Lead Discipline Coordinator. The initial designees andtheir addresses etc. are shown in Appendix E. The SPDS/CWG has the broadresponsibility to move the definition of an SPDS program forward from the ConceptDocument and the recommendations of the workshop, to start a first working version ofSPDS and to serve as focal points for advertising SPDS, compiling and disseminatinginformation about available data and data access, and establishing a beginning set of �rulesof the road� for data exchange and SPDS participation.The role of the Space Physics Division will be to stimulate and catalyze the grass rootsdevelopment of the Space Physics Data System. The Space Physics Division will providelimited amounts of funding to enable the Discipline Coordinators, Project Coordinator (s),and the Science Advisory Team to carry out their functions. It is the intention that whenmore significant added funding for SPDS becomes possible, those funds will be allocatedthrough a competitive process as recommended in the SPDS Concept Document andendorsed at the community SPDS workshop. The Space Physics Division MO&DACoordinator will be the primary point of contact at Headquarters for this effort.The prototype/demonstration SPDS services collaboration remains operational andaccessible in a common manner through the NASA Master Directory with informationabout SPDS, its status and other prototype work also accessible as an option of NSSDC�NODIS� guest account. The workshop participants in the data systems panel also definedan experiment they would undertake to see whether DITDOS, an inventory tracking systemdeveloped by PDS, could be used easily and inexpensively to manage existing spacephysics inventories. The CEDAR project inventory established at NCAR was selected as atest case. The Institute of Geophysics and Planetary Physics (IGPP) at UCLA hasestablished a list server to serve the SPDS community as a forum for discussing SPDSrelated issues. To be on the mailing list, please send an e-mail toLISTSERV@IGPP.UCLA.EDU, with the message "SUBSCRIBE SPDS{FULL_NAME}"; where {FULL_NAME} is your first and last name.

25REFERENCES(1)Data Management and Computation, Volume 1: Issues and Recommendations,Committee on Data Management and Computation, Space Science Board, NationalAcademy Press, 1982, pages 43—47.(2)Issues and Recommendations Associated with Distributed Computation and DataManagement Systems for the Space Sciences, Committee on Data Management andComputation, Space Science Board, National Academy Press, 1986, pages 87.(3)NASA is Not Archiving All Potentially Valuable Data, GAO/IMTEC-91-3, November1990.(4)NASA is Not Properly Safeguarding Valuable Data from Past Missions,GAO/IMTEC-90-3, March 1990.(5)State of the Data Union, NASA Office of Space Science and Applications, 1992.(6)Concept Document on NASA’s Space Physics Data System, prepared by SPDSSteering Committee, February 1993.(7)National Collaboratories: Applying Information Technology for Scientific Research,National Research Council, National Academy Press, 1993.

27LIST OF ACRONYMSADSAstrophysics Data SystemAEAtmosphere ExplorerAGUAmerican Geophysical UnionAOAnnouncement of OpportunityARMSAutomated Retrieval Mail SystemASCIIAmerican Standard Code for Information InterchangeAVSAdvanced Visual SystemCEDARCoupling Energetics and Dynamics of Atmospheric RegionsCDAWCoordinated Data Analysis WorkshopCDFCommon Data FormatCD-ROMCompact Disk-Read Only MemoryCGROCompton Gamma Ray ObservatoryC&HCosmic and HeliosphericCMITCDF Macintosh Imaging ToolCODMACCommittee on Data Management and ComputationCo-ICo-InvestigatorCOHOCoordinated Heliospheric ObservationsCOTSCommercial Of The ShelfCXITCDF X-Window Imaging ToolDCDiscipline CoordinatorDCTDiscipline Coordinator TeamDEDynamics ExplorerDECnetDigital Equipment Corporation NetworkDITDOSDistributed Inventory Tracking and Data ordering SpecificationDoDDepartment of DefenseDoEDepartment of EnergyDOSDisk Operating SystemESAEuropean Space AgencyFITSFlexible Image Transport SystemFTPFile Transfer ProtocolGGSGlobal Geospace ScienceGIGuest InvestigatorGOESGeostationery Orbiting Environmental SatelliteGONGGlobal Oscillation Network GroupGROGamma Ray ObservatoryGRSGamma Ray SpectrometerGSFCGoddard Space Flight CenterGUIGraphical User InterfaceHAOHigh Altitude ObservatoryHDFHierarchical Data FormatHPHewlette-PackardHRTSHigh Resolution Telescope and SpectrographIDFSInstrument Data File SetIDLInteractive Data LanguageIGPPInstitute of Geophysics and Planetary PhysicsIMFInterplanetary Magnetic FieldIMPInterplanetary Monitoring PlatformISTPInternational Solar-Terrestrial PhysicsLPARLLockheed Palo Alto Research LaboratoriesMITMassachusetts Institute of TechnologyMO&DAMission Operations and Data AnalysisNASANational Aeronautics and Space Administration

28NCARNational Center for Atmospheric ResearchNDADSNASA/NSSDC Data Archive and Distribution SystemNISTNational Institute of Standards and TechnologyNMDNASA Master DirectoryNODISNSSDC Online Data and Information ServiceNRANASA Research AnnouncementsNSFNational Science FoundationNSFnetNational Science Foundation NetworkNSINASA Science InternetNSNNASA Science NetworkNSONational Solar ObservatoryNSSDCNational Space Science Data CenterOMNIInterplanetary Medium DataPCProject CoordinatorPDSPlanetary Data SystemPIPrincipal InvestigatorPPIPlanetary Plasma Interaction node of PDSSATScience Advisory TeamS/CSpacecraftSCATHASpacecraft Charging AT High AltitudesSDACSolar Data Analysis CenterSGISilicon Graphic InterfaceSMMSolar Maximum MissionSMTPSimple Mail Transfer ProtocolSPANSpace Physics Analysis NetworkSPDSpace Physics DivisionSPDFSpace Physics Data FacilitySPDSSpace Physics Data SystemSPDS/SCSPDS Steering CommitteeSSCSatellite Situation CenterSSESolar System Exploration DivisionSwRISouthwest Research InstituteTCP/IPTransmission Communication Protocol/Internet ProtocolTENNISA format adopted for SAMPEX dataUARCUpper Atmospheric Research CollaboratoryUARSUpper Atmospheric Research SatelliteUCLAUniversity of California, Los AngelesUNHUniversity of New HampshireUSUnited States of AmericaWAISWide Area Information ServerYohkohJapanese Solar Physics Mission

Appendix AAgenda

A-1Agenda for the Community-Wide Workshop on NASA’s SpacePhysics Data System, June 1-3, 1993, Rice University, Houston.Tuesday, June 1, 19937:45 amRegistration and CoffeePlenary Session # 18:15 amWelcoming RemarksPatricia Reiff, Rice University, Houston8:30 amIntroductionRay Walker, University of California, Los Angeles8:40 amDiscipline Data Systems: What Has Been Done and What We Have Learned?Joe King, National Space Science Data Center/Goddard Space Flight Center9:40 amThe Overview of SPDS Concept DocumentRay Walker, University of California, Los Angeles10:25 amBreak10:40 amThe Charge of SPDS and the WorkshopJim Willett, NASA Headquarters, Space Physics DivisionRay Walker, University of California, Los Angeles11:00 amThe Reports from the Chairs of Space Physics Disciplines Data Evaluation Panels (10 minutes for each Discipline)11:30 amThe Overview of the Demonstrations; What Has Been Done?David Winningham, Southwest Research Institute, San AntonioNoonLunch1:00 pmDemonstrations of Pre-SPDS Capabilities Existing in the Space Physics Community2:30 pmBreak3:15 pmParallel Meetings of Workshop Panels. The demonstrations will remain available during the meetings of panels. Each panel Chair will arrange for additional viewing time.Plenary Session # 25:15 pmBrief Reports from Chairs of Workshop Panels (15 minutes for each panel, Room 124).6:15 pmAdjourn for the Day

A-2Agenda (Continued)Wednesday, June 2, 19937:45 amRegistration and Coffee8:15 amParallel Meetings of Workshop Panels. A Chance for Visiting other Panels.10:00 amBreakPlenary Session # 310:15 amPreliminary Reports of the Meetings of Workshop Panels: What is Decided?What is not Decided? Panel Chairs (Approximately 20 Minutes for each Panel).NoonLunch1:00 pmDemonstrations Continues, Workshop Panels Start Writing Reports, and Poster Presentations will Start.3:00 pmBreak3:15 pmDemonstrations Continues, Workshop Panels Continue Writing Reports, and Poster Presentation will Continue.6:15 pmAdjourn for the DayThursday, June 3, 19937:45 amCoffeePlenary Session # 48:15 amFinal Reports of the Workshop Panels Meetings: What is Decided? What is not Decided? Panel Chairs (30 minutes for each Panel).10:15 amBreak10:30 amRewriting of Final Reports of the Meetings of Workshop Panels.NoonGeneral Meeting Adjourned1:00 pmMeeting of the SPDS Steering Committee and Chairs of four Workshop Panels.3:30 pmMeeting Adjourned

Appendix BOfficial Workshop Attendees

B-1Community-wide Workshop on NASA�s Space Physics Data SystemRice University, Houston, TexasJune 1-3, 1993Attendees ListNameAffiliationAdams, Lee AnnScience Applications International CorporationAist-Sagara, LaraHughes STXAnderson, DavidSouthwest Research InstituteAugust, A. DavidSouthwest Research InstituteBering, EdgarUniversity of HoustonBilitza, DieterHughes STXBirkelbach, KarenSouthwest Research InstituteBlackowiak, KaraSouthwest Research InstituteBogart, Richard S.Stanford UniversityBorgen, RosanaJet Propulsion LaboratoryBurns, Alan G.University of MichiganCandey, RobertNASA/Goddard Space Flight CenterChan, AnthonyRice UniversityCook, John W.Naval Research LaboratoryCostello, KirtRice UniversityEmery-Geiger, BarbaraHAO/National Center for Atmospheric ResearchFranzgrote, ErnestJet Propulsion LaboratoryFried, EvaUniversity of California, Los AngelesGallagher, MariaNASA/Ames Research CenterGarrard, TomCalifornia Institute of TechnologyGonzalez, CarrieSouthwest Research InstituteGroene, JoeUniversity of IowaGurgiolo, ChrisSouthwest Research InstituteGurman, JosephNASA/Goddard Space Flight CenterGuzik, GregUniversity of IowaHernandez, JoseUniversity of Texas at AustinHess, Susan M.Jet Propulsion LaboratoryHill, FrankNational Solar ObservatoryHorton, WendellUniversity of Texas at AustinHuang, Cheryl Y.University of IowaUmran, InanStanford UniversityJohnson, JudithNASA/Goddard Space Flight CenterKing, JoeNASA/Goddard Space Flight CenterKing, ToddUniversity of California, Los AngelesKlumpar, David M.Lockheed Palo Alto Research LaboratoriesKramer, LeonardRice UniversityKrone, JimLos Alamos National LaboratoryKurth, BillUniversity of IowaLal, NandNASA/Goddard Space Flight CenterLe, GuanUniversity of California, Los AngelesLevenson, KenUniversity of New HampshireLozano, AlbertSouthwest Research InstituteMcEntire, RichardAPL/Johns Hopkins University

B-2Community-wide Workshop on NASA�s Space Physics Data SystemRice University, Houston, TexasJune 1-3, 1993Attendees List (Continued)NameAffiliationMcPherron, RobertUniversity of California, Los AngelesMiah, M.A.University of Arkansas at Pine BluffMiller, DavidSouthwest Research InstituteMoore, KurtLos Alamos National LaboratoryMurphy, RichardSouthwest Research InstituteNguyen, SandySouthwest Research InstituteNylund, StuartAPL/Johns Hopkins UniversityPetit, NoelAugsburg CollegePost, CarlaScience Applications International CorporationPyle, K. RogerUniversity of ChicagoRasmussen, CraigUniversity of MichiganReeves, GeoffreyLos Alamos National LaboratoryReiff, PatRice UniversityRichards, PhilThe University of Alabama in HuntsvilleRichardson, JohnMassachusetts Institute of TechnologyRussell, Christopher T.University of California, Los AngelesSharma, RikhiScience Applications International CorporationShine, RichardLockheed Palo Alto Research LaboratoriesSibeck, DavidAPL/Johns Hopkins UniversitySpence, Harlan E.The Aerospace CorporationStrangeway, BobUniversity of California, Los AngelesToy, NeilJet Propulsion LaboratoryTrueblood, MarkNational Solar ObservatoryWalker, RayUniversity of California, Los AngelesWeiss, LorettaRice UniversityWeymouth, TerryUniversity of MichiganWillett, JimNASA HeadquartersWinningham, J. DavidSouthwest Research InstituteWuest, MartinSouthwest Research InstituteZarro, DominicApplied Research Corporation/GSFCZwickl, RonNOAA/Space Environmental Laboratory

Appendix CAbstracts for Demonstrations andPoster˚Presentations

C-1Abstracts for Demonstration and Poster Presentations1)High Information Content Photographic Data from Solar Physics Experiments,J.˚W. Cook, Naval Research Laboratory.2)The Data Access System of the Planetary Data System’s Planetary PlasmaInteractions Node, Todd King, Steven P. Joy, Raymond J. Walker, and Eva Fried,University of California, Los Angeles.3)Data Access and Analysis Tools at The University of Iowa, W. S. Kurth,University of Iowa.4)UCLA Space Physics Interactive Graphics Analysis Software, C. T. Russell,J.˚G.˚Luhmann, G. Le, P. Song and Q. Chen, University of California,Los˚Angeles.5)UCLA Space Physics Educational Software, C. T. Russell, J. G. Luhmann,G.˚Le, M. H. Farris and B. Littlefield, University of California, Los Angeles.6)A Graphical User Interface for Solar Data Analysis, D. Zarro (Applied ResearchCorporation), E. Einfalt (Hughes/STX), A. Tolbert (Hughes/STX), J. Gurman(NASA/GSFC), R. Schwartz (Hughes/STX), and R. Nakatsuka (Hughes/STX).7)Analysis support package for AE and DE data, A. G. Burns and T. L. Killeen,University of Michigan.8)Online Space Physics Systems and Services of SPDF/NSSDC Robert E. McGuire,Robert M. Candey, and Joseph H. King, NASA GSFC.9)Access to LPARL Solar Data Holdings, Richard Shine and Samuel L. Freeland,Lockheed Palo Alto Research Laboratories.10)Solar Physics Data Archives at the National Solar Observatory, Frank Hill,National Solar Observatory.11)Geophysical Data Analysis Using Nonlinear Feed Forward Perceptions:Forecasting Geomagnetic Activity, J.V. Hernandez, W. Horton, and T. Tajima,University of Texas at Austin.12)Wideband Plasma Wave Data Analysis and Archiving, Vikas S. Sonwalkar andUmran S. Inan, Stanford University.13)A Portable Non-Intrusive Data Inventory Tracking and Access System, Todd King,Steven P. Joy, and Raymond J. Walker, University of California, Los Angeles.14)The Atomic Branching Ratio Project at NIST, J. Z. Klose and W. L. Wiese,National Institute of Standards and Technology.15)The SMM Database of High Energy Gamma Ray Transients, Ken Levenson,University of New Hampshire.16)Solar Wind Archives at M.I.T., J. D. Richardson, J. W. Belcher, andA.˚J.˚Lazarus, Massachusetts Institute of Technology.

C-217)Opal Atomic, Equation of State, and Opacity Data, Forrest Rogers and CarlosIglesias, Lawrence Livermore National Laboratory Livermore.18)The SCATHA Experiment: A Valuable Space Physics Data Set Ripe for Salvage,Harlan E. Spence and Joseph F. Fennell, The Aerospace Corporation.19)Application of a Neural Network for Background Estimation in a 10 Year X-RayData Set, D. J. Forrest, University of New Hampshire.20)The CEDAR Data Base, B. Emery, R. Barnes, and A. Richmond, High AltitudeObservatory/National Center for Atmospheric Research, Boulder.21)Rescue and Restoration of Existing Useful Space Physics Data Sets:Magnetospheric Physics, Hunter Waite et al., Southwest Research Institute,San˚Antonio, Texas.22)Upper Atmospheric Research Collaboratory (UARC) Project, Terry E. Weymouth,University of Michigan, Ann Arbor.23)The Southwest Data Display and Analysis System: A Tool for Space Physics,R.˚Murphy, Southwest Research Institute..

C-31 ) High Information Content Photographic Data from Solar Physics ExperimentsJ. W. Cook, E. O. Hulburt Center for Space Research, Naval Research LaboratoryRocket and space shuttle experiments in the solar physics discipline supported by NASAstill often make use of photographic recording. A list of a number of such recentexperiments will be given and the potential information content from the High ResolutionTelescope and Spectrograph (HRTS) instrument will be analyzed. This instrument isdeveloped at the Naval Research Laboratory. HRTS has so far flown 8 times as asounding rocket payload, and once on the Spacelab 2 shuttle mission.HRTS can cover the wavelength range 1175—1710 � with 0.05 � spectral resolution, andobserves with a 920 arc sec length slit with approximately 1 arc sec spatial resolution. If aphotographic spectrum is sampled at only 2 pixels per linear resolution element (slightlyless than optimal), with 2 bytes per pixel, a single HRTS spectrum results in approximately80 Mbytes of data. A typical sounding rocket flight can obtain 30 or more such exposures.Special problems with such data for inclusion in a Space Physics Data System will bediscussed.A demonstration of an existing data analysis system for HRTS spectra will be given if anappropriate networked computer terminal is available.2 ) The Data Access System of the Planetary Data System’s Planetary Plasma Interactions NodeTodd King, Steven P. Joy, Raymond J. Walker, and Eva Fried, Institute of Geophysics and Planetary Physics, University of California, Los Angeles,CA 90024-1567The Planetary Data System’s Planetary Plasma Interactions (PDS/PPI) Node publishesfields and particles data from NASA’s planetary missions on a variety of media includingCD-ROM. In addition the Node has a network accessible data access user interface whichallows a user to select, visualize, and order on-line data. It also supports requesting thatoff-line data be brought on-line. Since off-line data requests are message based, it ispossible that the operation of bringing off-line data sets on-line can be automated.The PDS/PPI data access interface is a client/server application based on the DITDOSprotocol. Data in the PPS/PPI system are stored on a variety of media which includes harddisks and CD-ROMs. All data are stored in the format specified by the project for eachspacecraft and instrument. When agreed upon common data formats are used. As a ruledata is not reformatted into a canonical format. Currently data is arranged as files in ahierarchical set of directories. DITDOS inventory information is built for each data setcollection and is placed in each CD-ROM containing the data. The server uses the DITDOSinventories to provide information to the client application.The user interface for the system is a menu based graphical user interface. Data is selectedby first choosing a database, then choosing a data set. After this individual member filescan be selected. All of the data related menus are defined at run-time. The contents of eachmenu is determined by querying the server for a list of its current data holdings. The userinterface library used in building the interface has the potential to support multiple look andfeels. Ultimately the interface will support the VT100 and Motif look and feels.

C-43 ) Data Access and Analysis Tools at The University of IowaW. S. Kurth, Department of Physics and Astronomy, University of Iowa,Iowa City, IA 52242The University of Iowa has been quite active recently in the restoration and curation of dataof interest to the space physics community. The most firmly established effort is thePlanetary Data System activity as a result of our subnode relationship with the PlanetaryPlasma Interactions node at UCLA. Data held for this activity includes plasma wave datafor all of the Voyager encounters, access to planetary radio astronomy data from Voyager,future acquisitions of Pioneer Geiger Tube Telescope data from Jupiter and Saturn, andGalileo plasma wave and plasma data from Venus, Earth, asteroids, and Jupiter. Morerecently, the University of Iowa has been an active participant in the development of aconcept for the Space Physics Data System and has been actively archiving widebandplasma wave data from a number of Earth-orbiting spacecraft.The demonstrations to be presented at this workshop are designed to emphasize the type oftools which are available to investigators who wish detailed access to and specific analysesof plasma wave data; broad, correlative access to data from multiple instruments of varyingnature is not the goal of these tools but are a complementary aspect of a robust data system.One system which will be presented is an analysis package written for a personal computerwhich provides access to the full resolution plasma wave observations from Voyager thatare currently being archived on CD-ROM. This package allows the spectrum analyzer datato be displayed as a stacked set of one or more of the 16 frequency channels at virtuallylimitless temporal resolutions (within the capabilities of the instrument). Another optionconverts the multichannel display into a color or black-and-white frequency-time dynamicspectrogram. A third option allows the user to produce amplitude versus frequency spectraaveraged over a specified interval of time. These options comprise the basic set of analysistools used for the vast majority of Voyager plasma wave studies. A second tool to bedemonstrated also runs on a personal computer and provides access to high spectral andtemporal resolution wideband data from Earth-orbiting plasma wave instruments as well asthose from Voyager. A UNIX version of this package is also being developed for userswith requirements for greater throughput and flexibility. Finally, we can also demonstratethe use of a client-server system which connects the University of Iowa with the BrowseSystem at UCLA. This system makes virtually the full range of fields and particles dataheld by the Planetary Data System available in browse form to the user who is in search ofdata required for either a specific or general program of research.4 ) UCLA Space Physics Interactive Graphics Analysis SoftwareC. T. Russell, J. G. Luhmann, G. Le, P. Song, and Q. Chen, Institute of Geophysics and Planetary Physics, University of California, Los Angeles,CA 90024-1567As part of its efforts in the scientific analysis of the observations returned by the ISEE 1and 2 and Pioneer Venus missions, the UCLA Space Physics Group has developed a seriesof interactive graphics analysis routines for the study of space physics data, especially forthe analysis of magnetic fields. These tools include techniques for the visualization of themeasurements as well as time series analysis techniques. These programs have beenrecently converted to run on UNIX workstations in an X-Windows environment and havebeen programmed in the C-language. We will demonstrate these modules for theparticipants in the workshop.

C-55 ) UCLA Space Physics Educational SoftwareC. T. Russell, J. G. Luhmann, G. Le, M. H. Farris, and B. Littlefield, Institute ofGeophysics and Planetary Physics, University of California, Los Angeles,CA 90024.In support of its introductory courses in space physics, both at the upper division andgraduate student levels, the UCLA Space Physics Group has developed a series ofcomputer based, interactive graphics exercises covering planetary magnetic fields, singleparticle motion in electric and magnetic fields, cold plasma waves and collisionless shocks.These modules run on UNIX workstations in an X-Windows environment and have beenprogrammed in the C-language. We will demonstrate those modules for the participants ofthe workshop.6 ) A Graphical User Interface for Solar Data AnalysisD. Zarro (Applied Research Corporation), E. Einfalt (Hughes/STX), A. Tolbert (Hughes/STX), J. Gurman (NASA/GSFC), R. Schwartz (Hughes/STX), andR. Nakatsuka (Hughes/STX)We will demonstrate a Graphical User Interface (GUI) that we have designed for theinspection and analysis of space-based solar observations. The GUI was developed at theSolar Data Analysis Center (SDAC) at Goddard Space Flight Center (GSFC), using theInteractive Data Language (IDL) widget toolkit. The GUI provides a set of menu-driveninterfaces that facilitate the reduction and analysis of solar data recorded by instruments onboard the Solar Maximum Mission (SMM) satellite (1980-1989), the GOES satellite, aswell as ground-based observations.The SMM spacecraft was composed of several complex instruments that observed solaractivity at optical and ultraviolet wavelengths, and at x-ray and gamma-ray energies. Theseinstruments produced a wealth of images, spectra, and light curves of solar flares andactive regions. The GUI provides a convenient tool for browsing and selecting from thesedata sets. In particular, the GUI offers a menu-driven system to process and display thesedata in a variety of forms including movies, spectral histograms, time profiles, andintensity scans. Without detailed knowledge of a particular instrument, a user can easilychoose data subsets and different plot options using a simple set of buttons, sliders, and listmenus whose functions are intuitively obvious.We will demonstrate the GUI in automatic and interactive modes. The automatic mode willcycle though a series of sample menus that illustrate many of the GUI features andcapabilities. In interactive mode, the user will be able to select and examine a variety ofavailable data sets. The GUI has the additional capability that it can be operated over acomputer network (currently over DECnet) to allow remote access to the SDAC dataholdings. At present, the GUI operates primarily on a VMS platform. We are in theprocess of porting the GUI software to a UNIX system, and are planning to incorporateadditional solar data sets from the Japanese Yohkoh mission and the GRO/ComptonGamma-Ray Observatory.

C-67 ) Analysis support package for AE and DE dataA. G. Burns and T. L. Killeen, Space Physics Research Laboratory, Department ofAtmospheric, Oceanic and Space Science, University of Michigan, Ann Arbor,MI 48109.The Space Physics Research Laboratory at the University of Michigan has participated inmany NASA aeronomy missions and has access to a large data base from AtmosphereExplorer (AE), Dynamics Explorer (DE), and UARS. In particular, data from instrumentsdevoted to optical remote sensing of upper atmospheric parameters have provided a fertileresource for scientific research over extended time periods (> 10 years). In this poster wedemonstrate the menu driven user-friendly software system developed as an aid in themulti-instrument graphical analysis of AE and DE data. The system is available to NASAinternet users. Plans are currently being developed to augment this capability.8 ) Online Space Physics Systems and Services of SPDF/NSSDCRobert E. McGuire, Robert M. Candey, Space Physics Data Facility (SPDF),Code 632, NASA/GSFC, Greenbelt, MD 20771Joseph H. King, National Space Science Data Center (NSSDC),Code 633, NASA/GSFC, Greenbelt, MD 20771A variety of data and information services particularly relevant to researchers in the spacephysics sciences community are available online in the NSSDC Online Data andInformation Services (NODIS) account. Newly revised, NODIS now provides a singleaccess point to a wide range of services and has been extended to provide a single commonpoint of access to the Coordinated Data Analysis Workshop (CDAW) system and thescience planning capabilities of the Satellite Situation Center (SSC) software. CDAW andSSC are operated jointly by SPDF and NSSDC.Systems to be specifically demonstrated at this workshop include:NASA Master Directory (NMD): A multidisciplinary directory of space and earth sciencedata sets, including high-level descriptions and mechanisms for searching by importantcriteria such as geophysical parameters, time and spatial coverage, data system etc. NMDnow includes entries and links to the systems participating in the demonstration of pre-space physics data system effort.Coordinated Data Analysis Workshop (CDAW): Data display and analysis with availablemulti-spacecraft and multi-instrument databases including CDAW-6/7 (4 events in March-April 1979 and May 1980); CDAW-8 (8 events in January-April 1983); and CDAW-9 (tobe publically available shortly, 5 events in April-May 1986).Satellite Situation Center (SSC): Spacecraft orbit displays and listing in multiple coordinatesystems with both definitive and predictive orbits for important present and futurespacecraft; ability to identify spacecraft-spacecraft and spacecraft-ground field-lineconjunctions and times of magnetospheric region occupancy and co-occupancies.Interplanetary Medium Data (OMNI): Access to hourly averaged near-Earth solar windmagnetic field, plasma and energetic particle data and some solar/geomagnetic indices, from1973 to (typically) about 1 year from present.

C-7Geophysical Models: Ability to download code, coefficients, or model calculation resultsfor geomagnetic fields (IGRF 1991, with models such as Tsyganenko 1987 also availablefor distribution), energetic trapped protons and electrons (AP-8, AE-8), the ionosphere(IRI-1990) and the neutral atmosphere (MSIS-86).Access to data assets held nearline in the NASA/NSSDC Data Archive and DistributionSystem (NDADS) optical jukeboxes via electronic mail-based ordering and electronic datadelivery by file transfers (Automated Retrieval Mail System or ARMS) will be shown.Present NDADS holdings of space physics interest include IMP-8 15-second magnetometerdata, DE-1 spin-scan auroral images, DE-2 vector electric fields, and Sky lab digitized X-ray images and continue to grow. Online NSSDC space physics data (access via DECnetcopy or anonymous FTP) additionally include the COHO (Coordinated HeliosphericObservations) database of deep-space heliospheric field, plasma, and cosmic ray data.Several display programs keyed to data cast in the NSSDC-developed Common DataFormat (CDF) will also be demonstrated. The "ISTP Key Parameter Visualization Tool"displays the key parameters using IDL with widgets. It is a generic software package forall missions in ISTP program. The CDF X-window Image Tool (CXIT) and CDFMacintosh Image Tool (CMIT, in progress) display CDF-formatted images (e.g. from theDE-1 SAI images instrument) mapped to the Earth using various transforms.9 ) Access to LPARL Solar Data HoldingsRichard A. Shine and Samuel L. Freeland, Lockheed Palo Alto Research LaboratoriesSeveral solar physics research efforts at Lockheed Palo Alto Research Laboratories(LPARL) are producing enormous amounts of data, primarily in the form of digital images.Access and tools for two major categories will be demonstrated. The first is data from theYohkoh satellite and related space (e.g., GOES and BATSE) and groundbase (e.g.,KPNO, VLA, and BBSO) data. Remote access to catalogues and data will bedemonstrated and (dependent on all equipment operating) near real time x-ray images of thesun taken by SXT instrument will be shown.The other category consists of ground based solar movies taken over the last 6 years usingproto-type equipment developed for the Orbiting Solar Observatory. These include highresolution magnetograms, dopplergrams, continuum, and H alpha movies of solar activity.Approximately a terabyte of raw data is stored on 8 mm Exabyte tapes. In order to allowrapid browsing through this data and the viewing of the image sequences as movies, wehave recorded most of it on analog video disk. This equipment will be demonstrated aswell as access and analysis tools for the digital data set.1 0 ) Solar Physics Data Archives at the National Solar ObservatoryFrank Hill, National Solar Observatory, Tucson, AZThe National Solar Observatory (NSO) comprises two sites at Sacramento Peak, Sunspot,NM, and at Kitt Peak, Tucson, AZ. These two sites produce several solar physics datasets, both synoptic and campaign, that are being archived and are of interest to users of theNASA SPDS. These data sets include the daily Kitt Peak magnetograms (originallyobtained in support of the NASA Sky lab mission), Kitt Peak 10830 images, Sac Peakcoronal maps, and Sac Peak H-alpha images. In addition to these long-term archives, NSOis the headquarters for the Global Oscillation Network Group (GONG) Project. Thisproject will produce approximately 4 Terabytes of data in the form of nearly continuous

C-8velocity, intensity, and modulation images, as well as power spectra of the solaroscillations. New instruments, such as the High-Degree Helioseismograph, the AdvancedStokes Polarimeter, and the RISE instrument, are also beginning to provide large amountsof high-quality solar physics data at NSO. The NSO data sets could be usefullyincorporated into the NASA SPDS.1 1 ) Geophysical Data Analysis Using Nonlinear Feed Forward Perceptions: Forecasting Geomagnetic ActivityJ.V. Hernandez, W. Horton, and T. Tajima, Institute for Fusion Studies, The University of Texas at Austin, Austin, Texas 78712An important problem from both the applied and conceptual points of view is that offorecasting geomagnetic activity represented by indices such as AL, AE, etc., fromsatellite-based measurements of solar wind and interplanetary magnetic field (IMF) data andfrom past ground-based measurements of geomagnetic activity. Linear correlative studies1and linear filtering techniques2 have shown, among other things, that the magnetosphere isa complex nonlinear dynamical system and thus, that the magnetosphere should be modeledfrom a nonlinear point of view using, for example, nonlinear analog models ofgeomagnetic activity3. We address the forecasting of geomagnetic activity issue from anonlinear filtering point of view using simple feed forward perceptions or neural networks.We find that about 90% of the AL index variance of the Bargatze et al.2 data base can beaccounted for by our nonlinear neural net-based filter. Furthermore, our results give strongsupport to the idea that even though the magnetosphere is randomly driven by the solarwind input, the magnetosphere constitutes a low-dimensional4-5 deterministic system.References1. Baker, D.N., E.W. Hones, Jr., J.B. Payne, and W.C. Feldman, Geophys. Res. Let.8, 179 (1981).2. Bargatze, L.F., D.N. Baker, R.L. McPherron, and E.W. Hones, Jr., J. Geophys.Res. 90, 6387 (1985).3. Klimas, A.J., D.N. Baker, D.A. Roberts, D.H. Fairfield, and J. Buchner, J. GeophysRes. 97 12,253 (1992).4. Roberts, D.A., D.N. Baker, and A.J. Klimas, Geophys. Res. Let. 18, 151 (1991).5. Sharma, A.S., D. Vassiliadis, and K. Papadopoulos, Geophys. Res. Let. 20, 335(1993).1 2 ) Wideband Plasma Wave Data Analysis and ArchivingVikas S. Sonwalkar and Umran S. Inan, STAR Laboratory, Stanford University, Stanford, CA 94305In this paper we describe the wideband plasma wave data archiving and analysis systemdeveloped at Stanford. The Macintosh based system performs digitizing, time decoding,and storage of wideband data in a standard format on 8 mm Exabyte tapes. The standardformat, similar to one used in Planetary Data System (PDS), was developed incollaboration with U. of Iowa. The standard format allows data to be easily transported tovarious other machines including IBM-PC and UNIX based work stations. At the time ofanalysis, the stored data can be easily read as a time decoded time series with or without re-sampling performed. Re-sampling which corrects for tape flutter in the original analog datais needed for high time resolution analysis and for comparison with other data sets. Theprimary data set to be archived is from the wideband linear wave receiver (LWR) on the DE

C-91 satellite. Approximately 2 Tera Bytes of wideband analog data has been collected over~10 year lifetime of the DE 1 mission. Unique features of LWR allow for measurement ofabsolute electric and magnetic field strengths in the VLF range of both signals of naturalorigin, such as hiss and chorus, and ground transmitter signals and associated wave-particle interaction phenomena, such as triggered emissions and generation of lowerhybrid waves. Spin fading and near simultaneous measurements of electric and magneticfields allow for determination of wave polarization and wave normal vector in threedimensions of ground transmitter and natural signals. Digital analysis also lends itself tothe extraction of weak signals above noise and to determination of spin characteristics ofrandomly occurring discrete chorus elements. Results from the digital analysis of LWRwave data from the DE 1 satellite illustrating the power and the usefulness of the system arepresented. We discuss the applicability of the analysis concepts and the digital systemdescribed here to plasma wave data from future space missions including ISTP.1 3 ) A Portable Non-Intrusive Data Inventory Tracking and Access SystemTodd King, Steven P. Joy, and Raymond J. Walker, Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA 90024-1567At UCLA we have designed a data system which provides an interface for accessing datawhich is stored in any format. In addition the data can reside on any media, including thenetwork, CD-ROM and hard disks. Data that exists in other data systems can also beaccessed by this system. We call this system a Distributed Inventory Tracking and DataOrdering System (DITDOS).With DITDOS an inventory of all data holdings is built. This is typically accomplished inan automated fashion by scanning existing data collections. The DITDOS inventoryinformation was designed to provide the minimum amount of information required to trackand order data. Entries in a DITDOS inventory are grouped into data sets and each memberof a data set is a physical collection of data. Every data collection is associated with a classand instance. The class and instance of a member determines which specialized readers,viewers and writers are used for accessing, ordering and visualizing the data.There is also a DITDOS protocol for client and servers to exchange information. Theprotocol is tailored for inventory and data ordering communications. With the DITDOSprotocol servers can be constructed to interface to existing data systems. Since DITDOS isnon-intrusive, there is no need for the duplication or reformatting of data. Thus bothDITDOS and specialized data access methods can co-exist. The protocol also has supportfor requesting that off-line data sets be brought on-line and for sending messages to theadministrator of the data system.DITDOS inventories and the DITDOS protocol has been adopted by the Planetary DataSystem’s Planetary Plasma Interactions Node (PDS/PPI). DITDOS inventories are alsoplaced on all CD-ROMs the Node generates.1 4 ) The Atomic Branching Ratio Project at NISTJ. Z. Klose and W. L. Wiese, National Institute of Standards and Technology, Gaithersburg, MD 20899The Atomic Physics Division of the National Institute of Standards and Technology has aproject underway to compile branching ratios for transitions in atomic ions of interest. Sofar, data have been published on H-, He-, Li-, Be-, and B-like ions, providing such ratios

C-10for transitions in ionic species of light elements. These elements (H, He, C, N, O, Ne)occur as impurity ions in high-temperature plasmas or may be conveniently introduced astrace elements for diagnostic studies. Further tabulations are planned to provide additionaldata on these elements.References[1]J. Z. Klose and W. L. Wiese, J. Quant. Spectrosc. Radiat. Transfer 42, 337(1989).[2]J. Z. Klose, J. R. Fuhr, M. S. Price, and W. L. Wiese, J. Quant. Spectrosc.Radiat. Transfer 48, 33 (1992).[3]J. Z. Klose, T. M. Deters, J. R. Fuhr, and W. L. Wiese, J. Quant. Spectrosc.Radiat. Transfer, in press (1993).1 5 ) The SMM Database of High Energy Gamma Ray TransientsKen Levenson, Space Science Center, University of New HampshireThe Gamma Ray Spectrometer (GRS) on the Solar Maximum Mission (SMM) satelliteprovided the gamma ray astronomy community with an entire decade of continuous highlystable observations in the 10 keV-100 MeV range. The GRS PI science team at theUniversity of New Hampshire (UNH) is in the process of producing and distributingCD-ROM’s containing the GRS observed solar flares and Cosmic Gamma Ray Bursts.With over 250 solar flares (emissions above 300 keV) this data set comprises the vastmajority of all gamma ray solar physics. These transient events will be provided on CDROM as high level data products in the standardized FITS format along with basic dataanalysis tools. As techniques are developed to better utilize this large data resource, otherhigh level data sets will be created including near earth gamma ray transients, a catalog ofsolar hard x-ray events and long term high energy earth orbit background data.The value of this solar/cosmic data base as a supplement to the current Compton GammaRay Observatory (CGRO) satellite instruments in the study of steady state objects is alsobeing realized. Techniques to observe long duration cosmic hard x-ray and gamma raysources within the GRS data may play an important role in the understanding of theseobjects.Currently the UNH group voluntarily operates an informal network data service for thegamma ray community. Future plans for increasing the capability of this service couldinclude the incorporation of on-line CD ROMs and other high level GRS data products andthe possible inclusion into the "confederation" of SPDS sites. Procedures could also bedeveloped for the requesting and delivery of large data sets in a standardized format.This poster reviews the GRS data resource currently available at UNH via the voluntarynetwork service, an outline of the CD ROM under production as well as other high leveldata sets under development which could be distributed through UNH.1 6 ) Solar Wind Archives at M.I.T.J. D. Richardson, J. W. Belcher, and A. J. Lazarus, Massachusetts Institute of TechnologyTwo of the most extensive solar wind plasma data sets have been obtained from M.I.T.plasma instruments. The M.I.T. plasma instrument on the IMP-8 spacecraft, which waslaunched in 1973 and has been returning information about the solar wind and

C-11magnetosheath near Earth ever since, has produced a twenty-year data base of plasmaobservations which is continually augmented as new data are received. The plasma scienceexperiments on the Voyager spacecraft were launched in 1977; the plasma instrument onVoyager 1 ceased returning useful data in 1980, but Voyager 2 is still returning solar windplasma data and is now almost 40 A.U. from the sun.These data are available to the community on request and have been extensively used by thecommunity. IMP-8 data are available as hourly averages and as fine resolution (1 minute)data. Parameters available are proton density, velocity, and temperature. Data aredistributed electronically or as hard copy day plots showing 1 day of plasma parameters perpage. The plasma group at M.I.T. currently fills about 30 requests for subsets of this dataeach year. The data are also archived at NSSDC, providing additional access.Voyager data in the form of hourly averages are kept on-line at MIT. The data set isupdated daily as new data are returned from Voyager. Parameters available are the plasmavelocity and the proton and alpha density and temperature (alpha parameters become lessavailable as a function of distance from the sun due to low fluxes). These data have alsobeen freely distributed within the space science community and are included (up to 1990) inthe COHO data base.1 7 ) Opal Atomic, Equation of State, and Opacity DataForrest Rogers and Carlos Iglesias, Lawrence Livermore National Laboratory, Livermore, CA 94550We have developed new methods for calculating the equation of state and opacity ofastrophysical mixtures. Using these methods in conjunction with much improved atomicdata (compared to that used in the Los Alamos Astrophysical Library), we have calculatedextensive new data sets. A description of this new data source will be presented.Work was performed under the auspices of the US Department of Energy by LawrenceLivermore National Laboratory under contract W-7405-Eng-48.1 8 ) The SCATHA Experiment: A Valuable Space Physics Data Set Ripe for SalvageHarlan E. Spence and Joseph F. Fennell, The Aerospace Corporation, Space and Environment Technology Center, Los Angeles, CA.In this poster, we present a summary of the space physics data available from the P78-2satellite and describe ongoing and proposed data set salvage and restoration operations.The P78-2 satellite was a joint US Air Force and NASA flight test program aimed atinvestigating the effects of spacecraft charging on space vehicles. The satellite’s betterknow moniker, SCATHA, which stands for Spacecraft Charging AT High Altitude,reflects these mission goals. For reference, a review paper by J. F. Fennell describing thesatellite and experiments appeared in "The IMS Source Book" (edited by C. T. Russell andD. J. Southwood, 1982). The satellite was launched in late January 1979 and yieldedcontinuous high-quality data for over a decade until its telemetry ceased in mid-1990. Weemphasize that the SCATHA data are a complete data set, not merely the data from a singleor limited complement of sensors. The instrumentation provided comprehensive magneticfield, electric field, wave, plasma, and energetic particle measurements within the near-geostationary environment (spacecraft apogee was ~7.8, perigee was ~5.3, and inclinationwas ~7.8� with apogee and perigee lying in the earth’s equatorial plane). Instrument PIinstitutions included The Aerospace Corporation, Lockheed Palo Alto Research

C-12Laboratories, Air Force Geophysics Laboratory, NASA (both Marshall and GoddardSFCs), University of California at San Diego, and SRI. Efforts at The AerospaceCorporation to maintain these data, even at a nominal level using only in-house resourcesgrow more difficult with each passing year. Just recently, for instance, all of the originalanalog data tapes were destroyed owing to a lack of funds for their maintenance andstorage. Exactly 1665 magnetic tapes of digitized days of SCATHA data were salvagedand are presently in our data storage area. We have been slowly copying these digitizedtapes onto optical disks in raw form, when internal funds are available. While this is astop-gap measure to assure the viability of the data into the future, it does not allow us toprovide processed data in a way that the space physics community can readily use. In lightof the present fiscal environment, it is uncertain to what extent even these modest activitiescan be sustained. The raw data are in telemetered form and in engineering units althoughcomputer codes exist for creating scientifically useful ephemeris, attitude, magnetic field,electric field, plasma, and energetic particle data files in time-series format. The SCATHAdata represent an outstanding data base of the near-geostationary particles and fieldsenvironment and is even more valuable owing to the lack of an "Equator" satellite in theGGS/ISTP project. In addition, the SCATHA mission overlaps with many other NASAmissions (e.g., ISEE, AMPTE, DE) for important retrospective, multisatellite studies.Therefore, we argue that the SCATHA data should be a high-priority data set targeted byNASA’s SPDS for augmented restoration efforts.1 9 ) Application of a Neural Network for Background Estimation in a 10 Year X-Ray Data SetD. J. Forrest, Space Science Center, University of New HampshireMany data sets of interest to the space physics community are plagued by a time varyinginstrument background. In most cases a background estimate must be developed, testedand subtracted from the observations before the signal of interest can be studied.Techniques used to develop these background estimates are often ad hoc and requireconsiderable familiarity with both the instrument and the data set. These requirementsmake these data sets decidedly user unfriendly and limit their use by the open space physicscommunity.We have developed techniques for making these background estimates in a general andnearly automatic way. This allows us to produce background estimates for large data setsand to include them as a part of the total data set.The procedure involves the organization of the observed data with one of several sets oforganizing geophysical parameters, which are known to influence the background rates.After individual outlying records are removed, the average data value within eachgeophysical parameter bin are used to train a Neural Network program. The NeuralNetwork program is then used to generate background estimates on a record by recordbasis within the original data set. Usually this procedure is repeated once, using theoriginal estimate to identify outlyers in a more reliable way. We illustrate the efficacy ofthis procedure with the 10 year x-ray data obtained on the GRS/SMM experiment.2 0 ) The CEDAR Data BaseB. Emery, R. Barnes, and A. Richmond, HAO/NCAR, P. O. Box 3000, Boulder,CO 80307Coupling, Energetics and Dynamics of Atmospheric Regions (CEDAR) is sponsored bythe National Science Foundation (NSF) to develop new measurement and modeling

C-13capabilities for the study of Earth’s upper atmosphere. A central data base was establishedat the National Center for Atmospheric Research (NCAR), evolving from the earlier NCARIncoherent Scatter Radar Data Base, to serve the international scientific community. Theholdings include data from seven incoherent scatter radars, one radar that scatters fromirregularities in the F-region, nine radars measuring winds in the mesosphere/lower-thermosphere region, five Fabry-Perot interferometers measuring neutral winds andtemperatures, a lidar, an auroral imager, and outputs from three models. A common formatof integer binaries is used, along with a similarly organized ASCII format. At present, theCEDAR Data Base contains only a small fraction of the total research data taken by groundinstruments, although a more comprehensive list of ground-based instruments (currently275) is kept. To gain access to the data, users must agree to abide by the Rules of theRoad, one of which is to contact the data supplier to ensure proper use andacknowledgement. Over one-third of data requests are from foreign users. Data can bemailed on magnetic tape, Exabyte tape, PC floppy disk, or can be accessed via the CEDARUNIX computer at NCAR. A batch system and an interactive system are available on theCEDAR computer, much of which can be transferred and used at other systems. Anupdated User Guide is available. The annual CEDAR Workshop is a time when users cantry the system. Approximately 100 outside users have a login, of whom 17 have signed onlonger than 10 hours, and 7 longer than 50 hours.2 1 ) Rescue and Restoration of Existing Useful Space Physics Data Sets: Magnetospheric PhysicsHunter Waite1, R. Anderson2, D. Sibeck3, H. H. Sauer4, C McIIwain5,W. W. L. Taylor6, W. N. Spjeldvik7, and S. Kayser8Space physics data sets from many NASA-related space missions have been archived at theNational Space Science Data Center (NSSDC). There are, however, undoubtedly othersignificant data sets (including highly processed, value added data sets) that have not yetbeen properly or completely archived. NASA would like to rescue and/or restore some ofthese data before the data storage media begin to fail or the responsible investigators losetrack of the necessary details. The member of the NASA Space Physics Division/Magnetospheric Physics Branch Data Panel would like to hear from persons in the spacephysics community who have data that should be considered in future archiving efforts orwho would like to carry out data archiving preparation and/or value added processingarchiving at the NSSDC or in other public data archives. NASA is presently evaluating thelevel of effort needed to rescue and restore existing data sets and establishing priorities forthe required archiving tasks. Please contact Dr. J. Hunter Waite (the 1993 NASAMagnetospheric Physics Data panel chairperson) for further information.1. Department of Space Science, Southwest Research Institute, P. O. Drawer 28510,San Antonio, TX 78228.2. Department of Physics and Astronomy, University of Iowa, Iowa City, Iowa 52242.3. Space Department, Applied Physics Laboratory, Johns Hopkins University, Laurel,MD 20723-6099.4. Space Environment Laboratory, 325 Broadway, Mail Code R/E/SE, NOAA/SEL,Boulder, CO 80303.5. Physics Department, Mail Code C-011, University of California at San Diego, SanDiego, CA 92093.

C-146. Nichols Research Corporation, 1700 N Moore Street, Suite 1820, Arlington, VA22209.7. NASA Headquarters, Space Physics Division, Magnetospheric Physics Branch, CodeSSM, Washington, DC 20546.8. NASA/Goddard Space Flight Center, Code 633.9, Greenbelt, MD 20771.2 2 ) Upper Atmospheric Research Collaboratory (UARC) ProjectTerry E. Weymouth, University of Michigan, Ann Arbor, MI 48109The National Collaboratory concept has great potential for enabling "critical mass’ workinggroups and highly interdisciplinary research projects. We report here on a large newprogram to build a prototype collaboratory using the Sondre Stromfjord, Greenland UpperAtmospheric Research Facility and a group of associated scientists to form a rapidprototyping, using oriented testbed. We define the collaboratory as an advancedinformation technology environment which enables teams to work together over distanceand time on a wide variety of intellectual tasks. It provides (1) human-to-humancommunication using shared computer tools and work space; (2) group access and use of anetwork of information, data, and knowledge sources: and (3) remote access and control ofinstruments for data acquisition. This program will, focus on creating and evaluating, in aphased way, a collaboratory to enhance the research effectiveness of a community ofscientists. The goal is to enable them to use the UARC rather than physical travel toGreenland to conduct team research campaigns. Even on short notice through thecollaboratory from their home institutions, participants will be able to meet together tooperate a battery of remote interactive observations and to acquire, process, and interpretthe data.2 3 ) The Southwest Data Display and Analysis System: A Tool for SpacePhysicsR. Murphy, Southwest Research InstituteThe Southwest Data Display and Analysis System (SDDAS) is a "rapid prototyping"testbed intended to support space physics data analysis. The utility of the system relies onthe availability low-cost workstation technology, a generic operating system (UNIX), andthe rapid proliferation of wide area networks. The development of the SDDAS is drivenfrom the bottom up by the user community rather than by government organizations. Aninteresting characteristic of the SDDAS is that it allows data from different satellites (DE˚1and DE˚2) to be displayed simultaneously for a given time.The design goals behind the next incarnation of the SDDAS are:¥Easier data access and distribution¥Easier addition of new SDDAS sites¥Support of X window interface¥Support of more diverse archive technology (e.g., DAT)

C-15An additional goal is to make this software the center of the Particle Environment Monitor(UARS program) ground data system and to add more data to the existing archive.Besides using "off-the-shelf" technology, the software is distributed to interested sites.This produces an informal, flexible data system with low management overhead. Ratherthan emphasizing the cataloging of data, the SDDAS stresses the ability to visualize dataquickly. An internal data representation technique, called the Instrument Data File Set(IDFS) holds all data and metadata needed to make scientifically meaningful displays. Theexisting SDDAS has provided the developers with many useful "lessons learned" in thearena of space physics data systems. The developers feel that a strong case can be madethat large, centralized facilities offering a fixed set of abilities will not adequately supportspace science in the 1990s. The SDDAS approach is adaptable to advances in computertechnology, thus giving the scientist a toolbox that hopefully will aid in bridging the gapbetween data and scientific insight.

C-16

Appendix DMembers of Four Workshop Panels

D-1Appendix D-1. List of Members in the Policy PanelNameAffiliationRon Zwickl (Chairman)NOAA/Space Environment LaboratoryRichard BogartStanford UniversityRosana BorgenJet Propulsion LaboratoryAlan BurnsUniversity of MichiganJohn CookNaval Research LaboratoryT. Gregory GuzikLouisiana State UniversityFrank HillNational Solar ObservatoryWendell HortonUniversity of TexasCheryl HuangUniversity of IowaUmran InanStanford UniversityJoe KingNASA/Goddard Space Flight CenterDave KlumparLockheed Palo Alto Research LaboratoriesNand LalNASA/Goddard Space Flight CenterKen LevensonUniversity of New HampshireRichard McEntireAPL/Johns Hopkins UniversityRobert McPherronUniversity of California, Los AngelesJohn RichardsonMassachusetts Institute of TechnologyChristopher RussellUniversity of California, Los AngelesDick ShineLockheed Palo Alto Research LaboratoriesAppendix D-2. List of Members in the Data Issues PanelNameAffiliationDavid Sibeck (Chairman)APL/Johns Hopkins UniversityDieter BilitzaHughes STXChris GurgioloSouthwest Research InstituteGuan LeUniversity of California, Los AngelesNoel PetitAugsburg CollegeK. Roger PyleUniversity of ChicagoGeoff ReevesLos Alamos National LaboratoryHarlan SpenceThe Aerospace CorporationNeil ToyJet Propulsion Laboratory

D-2Appendix D-3. List of Members in the Data Systems PanelNameAffiliationJoe Gurman (Chairman)NASA/Goddard Space Flight CenterRobert CandeyNASA/Goddard Space Flight CenterBarbara EmeryHAO/National Center for Atmospheric ResearchMaria GallagherNASA/Ames Research CenterTom GarrardCalifornia Institute of TechnologySusan HessJet Propulsion LaboratoryJudy JohnsonNASA/Goddard Space Flight CenterJim KroneLos Alamos National LaboratoryKen LevensonUniversity of New HampshireMiah A. MohammadUniversity of Arkansas at Pine BluffPhil RichardsUniversity of Alabama in HuntsvilleTerry E. WeymouthUniversity of MichiganDavid WinninghamSouthwest Research InstituteAppendix D-4. List of Members in the Software PanelNameAffiliationTodd King (Chairman)University of California, Los AngelesEdgar BeringUniversity of HoustonKurt MooreLos Alamos National LaboratoryCraig RasmussenUniversity of MichiganRobert StrangewayUniversity of California, Los AngelesMark TruebloodNational Solar ObservatoryDominic ZarroApplied Research Corporation/GSFC

Appendix EMembers of SPDS Coordinator Teams

E-1SPDS Project Coordinators TeamRobert McGuireNASA/Goddard Space Flight CenterSpace Physics Data FacilityCode 632Greenbelt, MD 20771(301)286-7794Fax: (301)286-1771NSI/DECnet: nssdca::mcguireInternet: mcguire@nssdca.gdfc.nasa.govMichael TeagueUS STEP Coordination OfficeBuilding 26, Room 201AUSRA/Goddard Space Flight CenterCode 610.3Greenbelt, MD 20771(301)286-4232Fax: (301)286-9803NSI/DECnet: nssdca::teagueInternet: teague@nssdca.gsfc.nasa.gov

SPDS Project Science Advisory TeamRobert L. McPherron (Lead)Institute of Geophysics and Planetary PhysicsUniversity of California, Los AngelesLos Angeles, CA 90024(310)825-1882Fax: (310)206-8042NSI/DECnet: uclasp::rmcpherronInternet: mcpherron@igpp.ucla.eduRichard BogartStanford UniversityERL BuildingCenter for Space Science and AstrophysicsStanford, CA 94305-4055(415)723-1296Fax: (415)725-2333Internet: rbogart@solar.stanford.eduTom GarrardMail Code 220-47California Institute of TechnologyPasadena, CA 91125(818)395-6635Fax: (818)449-8676NSI/DECnet: citsrl::tlgInternet: tlg@citsrl.srl.caltech.eduDavid SibeckApplied Physics Laboratory/Johns HopkinsUniversityJohns Hopkins RoadLaurel, MD 20723-6099(301)953-6000 x8545Fax: (301)953-6670NSI/DECnet: aplsp::sibeckDave WinninghamSouthwest Research InstituteInstrumentation and Space Research Division6220 Culebra RoadSan Antonio, TX 78284-0510(210)522-3075Fax: (210)647-4325NSI/DECnet: swri::davidInternet: david@dews1.space.swri.edu

E-2ITM Discipline Coordinator Team for SPDSDave Winningham (Lead)Southwest Research InstituteInstrumentation and Space Research Division6220 Culebra RoadSan Antonio, TX 78284-0510(210)522-3075Fax: (210)647-4325NSI/DECnet: swri::davidInternet: david@dews1.space.swri.eduBarbara EmeryNational Center for Atmospheric ResearchP. O. Box 3000Boulder, CO 80307-3000(303)497-1596Fax: (303)497-1589Internet: emery@ncar.ucar.eduRoderick HeelisCenter for Space SciencesP. O. Box 830688University of Texas at DallasRichardson, TX 75083-0688(214)690-2822Fax: (214)690-2761NSI/DECnet: utspan::utadnx::utdssa::heelisInternet: heelis@utdallas.eduPhilip RichardsComputer Science DepartmentUniversity of AlabamaHuntsville, AL 35899(205)895-6238 x375Fax: (205)895-6717NSI/DECnet: cspara::richardsEdward P. SzuszczewiczLaboratory for Atmospheric and Space SciencesScience Applications International Corporation1710 Goodridge DriveMail Stop 2-3-1McLean, VA 22102(703)734-5516Fax: (703)821-1134Internet: szusz@mclapo.saic.com

Solar Discipline Coordinator Team for SPDSRichard Bogart (Lead)Stanford UniversityERL BuildingCenter for Space Science and AstrophysicsStanford, CA 94305-4055(415)723-1296Fax: (415)725-2333Internet: rbogart@solar.stanford.eduJohn W. CookCode 7663Naval Research LaboratoryWashington, DC 20375-5352(202)767-2161Fax: (202)767-5636NSI/DECnet: 11343::cookInternet: cook@hrts.nrl.navy.govJoseph GurmanCode 682NASA/Goddard Space Flight CenterGreenbelt, MD 20771(301)286-4767Fax: (301)344-0042NSI/DECnet: uvsp:;gurmanFrank HillNational Solar Observatory950 N Cherry AvenueTucson, AZ 85719(602)323-4138Fax: (602)325-9278Internet: fhill@noao.edu

E-3Richard A. ShineLockheed Palo Alto Research LaboratoriesDepartment 91-30, Building 2523251 Hanover StreetPalo Alto, CA 94304(415)424-4045Fax: (415)424-3994Internet: shine@umbra.space.lockheed.comMark TruebloodNational Solar Observatory950 N Cherry AvenueTucson, AZ 85719(602)322-8519Fax: (602)325-9278Internet: mtrublood@noao.eduDominic M. ZarroApplied Research CorporationCode 682NASA/Goddard Space Flight CenterGreenbelt, MD 20771(301)286-4689Fax: (301)344-0042NSI/DECnet: 15833::zarroInternet: zarro@umbra.gsfc.nasa.gov

Magnetospheric Discipline Coordinator Team for SPDSDavid Sibeck (Lead)Applied Physics Laboratory/Johns HopkinsUniversityJohns Hopkins RoadLaurel, MD 20723-6099(301)953-6000 x8545Fax: (301)953-6670NSI/DECnet: aplsp::sibeckJohn OlsenUniversity of Alaska, FairbanksGeophysical InstituteFairbanks, AK 99701(907)474-7559Fax: (907)474-7290NSI/DECnet: fred::jvoWilliam PetersonDepartment 91-20, Building 255Lockheed Palo Alto Research Laboratories3251 Hanover StreetPalo Alto, CA 94304(415)424-3269Fax: (415)424-3333NSI/DECnet: lockhd::peteGeoffrey ReevesSST-9, Mail stop D-436Los Alamos National LaboratoryLos Alamos, NM 87545(505)665-3877Fax: (505)665-4414NSI/DECnet: essdp2::reevesInternet: reeves@lanl.govRobert StrangewayInstitute of Geophysics and Planetary PhysicsUniversity of California, Los Angeles405 Hillgard AvenueLos Angeles, CA 90024(310)206-6247Fax: (213)206-3051NSI/DECnet: brunet::strangewayInternet: strange@igpp.ucla.eduHoward J. SingerNOAA R/E/SE325 BroadwayBoulder, CO 80303-3328(303)497-6959Fax: (3030497-3645NSI/DECnet: selvax:;hsingerInternet: hsinger@selvax.sel.bldroc.gov

E-4Cosmic and Heliospheric Discipline Coordinator Team for SPDSTom Garrard (Lead)Mail Code 220-47California Institute of TechnologyPasadena, CA 91125(818)395-6635Fax: (818)449-8676NSI/DECnet: citsrl::tlgInternet: tlg@citsrl.srl.caltech.eduJohn CooperNSSDC/Hughes STXCode 633.9NASA/Goddard Space Flight CenterGreenbelt, MD 20771(301)513-1668Fax: (301)513-1608NSI/DECnet: ncf::cooperAlan CummingsMail Code 220-47California Institute of TechnologyPasadena, CA 91125(818)356-6708Fax: (818)449-8676Internet: ace@citsrl.srl.caltech.eduPaul GazisNASA/Ames Research CenterMail Stop 245-3Building 245, Room 283Moffett Field, CA 94035-1000(415)604-5704Fax: (415)694-5495NSI/DECnet:Gregory GuzikDepartment of Physics and AstronomyLouisiana state UniversityBaton Rouge, LA 70803-4001(504)388-8597Fax: (504)388-1222NSI/DECnet: phepds::guzikInternet: guzik@phepds.dnet.nasa.govRalph McNuttRoom 24-W153Applied Physics LaboratoryJohns Hopkins UniversityJohns Hopkins RoadLaurel, MD 20723-6099(301)953-5000 x4638Fax: (301)953-6670Internet: ralph_mcnutt@jhuapl.eduRoger PyleUniversity of ChicagoLASR, Enrico Fermi Institute933 E 56th StreetChicago, IL 60637(312) 702-7673Fax: (312) 702-6645NSI/DECnet: lasr::pyleInternet: pyle@odysseus.uchicago.edu