205-CD-002-006EOSDIS Core System ProjectScience User�s Guide and Operations ProcedureHandbook for the ECS Project, Volume 4:Software Developer�s Guide toPreparation, Delivery, Integrationand Test with ECSRevision 2February 1998Raytheon Systems CompanyUpper Marlboro, Maryland

205-CD-002-006Revision 2Science User�s Guide and Operations ProcedureHandbook for the ECS Project, Volume 4:Software Developer�s Guide toPreparation, Delivery, Integrationand Test with ECSRevision 2February 1998Prepared Under Contract NAS5-60000CDRL Item #025RESPONSIBLE OFFICER. J. Plante /s/2/13/98Robert Plante, Director of Science DepartmentDateEOSDIS Core System ProjectSUBMITTED BYPatrick M. O�Connell /s/2/15/98Patrick O�Connell, Project ManagerDateEOSDIS Core System ProjectRaytheon Systems CompanyUpper Marlboro, Maryland

205-CD-002-006Revision 2This page intentionally left blank.

iii205-CD-002-006Revision 2PrefaceThis document is intended as a guide to the developers of Science Data Production Software(SDPS/W) to be run using the Earth Observing System Data and Information System (EOSDIS)Core System (ECS) Processing Services of a Distributed Active Archive Center (DAAC). Thisguide is the fourth volume of the Science User�s Guide and Operations Procedure Handbook forthe ECS Project. Volumes 1-3 describe the ECS Client and how to access the ECS data services.A broad overview of the ECS Planning and Data Processing Subsystems is provided, along witha discussion of several issues concerning the design, development and delivery of SDPS/W tothe DAAC. References to the essential and background documentation are provided, anddirections on how to obtain these materials.Revisions to this document introduce new material which may be essential to the development ofthe science software. To assist the science software developer in identifying changes which arerelevant to his/her work, the following major changes are highlighted:SectionTitleChange1. IntroductionSection 1.3Science Data Production in EOSDISClarification on running non-standard production versions4. The Processing EnvironmentSection 4.1.7What is �Mode Management?�Description is updated, mechanism employed for running test mode PGEs5. Developing Science SoftwareSection 5.3.1.2Optional ToolsToolkit changes include the addition of Digital Elevation Model (DEM) toolsSection 5.2.4ScriptsLimitation on use of standard input and output is addedSection 5.2.6Log FilesClarification on log file contentsSection 5.5.3Granule Level MetadataECS-supplied ESDT Descriptor referencedSection 5.5.4ServicesImportant information on subsetting is added6. Delivery of Science Data Production SoftwareSection 6.3.2Summary Information (Delivery Contents)List of PGE exit codes and associated messages to be provided iv205-CD-002-006Revision 28. Developer Interaction with Operational Science SoftwareSection 8.4QA/QC of Data ProductsRevised detailed description per current strategy and ECS support mechanismSection 8.5Changing Production Scheduling InformationHight-level description of Production Rules addedThe following changes were made per Government request in the letter dated 08 January 1998,Subject: - NAS5-60000; DID 205-CD-002-006, Science Users� Guide and OperationsProcedures Handbook, Volume 4: Software Deveoper�s Guide to Preparation, Delivery,Integration and Test, Revision 2, October 1997 .In order to aid the reader in locating this set of changes, their locations are indicated with changebars.PageSectionTitleChange4-114.4Quality AssessmentTerm �validation� is replaced byproduct QA4-16Table 4-1SSI&T Tool CapabilitiesTerm �kftp� is replaced by �ftp�5-105.5.3Granule Level MetadataOperational scenario for generationParagraph 3of MCFs by ECS is corrected.5-115.5.3Granule Level MetadataOperational scenario forParagraph 2generation of MCFs by ECS iscorrected.8-48.7Metadata UpdatesCorrected to indicate generationof MCFs by ECS.This document, as a formal contract deliverable with an approval code 1, required Governmentreview and approval prior to acceptance and use. It was reviewed and approved, with comments,per GSFC Code 505 contracts letter dated March 19, 1997. Comments received with theapproval letter have been incorporated, and this document is now considered accepted for use; nofurther review is required.Contractor changes to this document are handled in accordance with Class I and Class II changecontrol requirements described in the EOS Configuration Management Plan. Any changes shallbe made by document change notice (DCN) or by complete revision.

v205-CD-002-006Revision 2This document is under ECS Project Configuration Control. Any questions or proposed changesshould be addressed to:Data Management OfficeThe ECS Project OfficeRaytheon Systems Company1616 McCormick DriveUpper Marlboro, MD 20774-5372 vi205-CD-002-006Revision 2This page intentionally left blank.

vii205-CD-002-006Revision 2Change Information PageList of Effective PagesPage NumberIssueTitleRevision 2iii through xivRevision 21-1 through 1-4Revision 22-1 and 2-2Revision 23-1 through 3-4Revision 24-1 through 4-16Revision 25-1 through 5-14Revision 26-1 through 6-10Revision 27-1 through 7-8Revision 28-1 through 8-4Revision 2A-1 through A-4Revision 2B-1 through B-4Revision 2C-1 through C-8Revision 2AB-1 through AB-4Revision 2GL-1 through GL-4Revision 2Document HistoryDocument NumberStatus/IssuePublication DateCCR Number193-205-SE1-001PreliminaryAugust 1993205-CD-002-001Pre-approvalJanuary 1995205-CD-002-002FinalAugust 199595-0594205-CD-002-003Revision 1February 199796-1376205-CD-002-004Revision 1April 199797-0547205-CD-002-005Revision 2October 199797-1411205-CD-002-006Revision 2February 1998 viii205-CD-002-006Revision 2This page intentionally left blank.

ix205-CD-002-006Revision 2ContentsPreface1. ˚Introduction1.1Identification.......................................................................................................................1-11.2Scope...................................................................................................................................1-11.3Science Data Production in EOSDIS..................................................................................1-11.4Getting Started: A Quick Guide..........................................................................................1-42. ˚Related Documentation2.1Parent Documents...............................................................................................................2-12.2Applicable Documents........................................................................................................2-12.3Information Documents......................................................................................................2-22.3.1Information Documents Referenced.......................................................................2-22.3.2Information Documents Not Referenced................................................................2-23. ˚ECS Processing Overview3.1The Role of ECS.................................................................................................................3-13.2Functional Description of ECS...........................................................................................3-33.3Long-term Obligations of Science Data Production Software Developers.......................3-4 x205-CD-002-006Revision 24. ˚The Processing Environment4.1Concepts..............................................................................................................................4-14.1.1Roles and Responsibilities......................................................................................4-14.1.2Interfaces.................................................................................................................4-24.1.3Planning and Processing Concept...........................................................................4-34.1.4What is a "String"?..................................................................................................4-54.1.5What is a "PGE"?....................................................................................................4-54.1.6What is a "Subscription"?.......................................................................................4-64.1.7What is �Mode Management�?...............................................................................4-74.1.8What is an ESDT?...................................................................................................4-74.2Science Data Processing within ECS..................................................................................4-84.2.1Putting Science Software into Production..............................................................4-84.2.2Ancillary Data Preprocessing..................................................................................4-84.2.3Executing the Science Software..............................................................................4-94.3Configuration Management................................................................................................4-94.4Quality Assessment............................................................................................................4-104.4.1QA at the DAAC....................................................................................................4-104.4.2QA at the SCF........................................................................................................4-114.5Reprocessing......................................................................................................................4-114.6The Planning and Data Processing System........................................................................4-124.6.1Planning.................................................................................................................4-134.6.2Processing..............................................................................................................4-134.6.3Science Data Processing (SDP) Toolkit.................................................................4-144.6.4Science Data Pre-Processing..................................................................................4-144.6.5Science Software Integration and Test Tools........................................................4-15 xi205-CD-002-006Revision 25. ˚Developing Science Software5.1Coding Standards................................................................................................................5-15.2Issues and Guidelines..........................................................................................................5-15.2.1Using Heritage Code...............................................................................................5-25.2.2Using COTS............................................................................................................5-25.2.3Prohibited Functions...............................................................................................5-25.2.4Scripts......................................................................................................................5-25.2.5DCE Restrictions.....................................................................................................5-35.2.6Log Files.................................................................................................................5-45.2.7Operational Considerations.....................................................................................5-55.3Development Tools.............................................................................................................5-55.3.1The SDP Toolkit.....................................................................................................5-55.3.2Other ECS Tools Available to Developers.............................................................5-75.3.3Obtaining and Using the Tools...............................................................................5-75.4Constants and Coefficients..................................................................................................5-85.5Metadata..............................................................................................................................5-85.5.1Earth Science Data Types.......................................................................................5-95.5.2Collection Level Metadata.....................................................................................5-105.5.3Granule Level Metadata.........................................................................................5-105.5.4Services..................................................................................................................5-115.6Recommended Directory Structures for Development and Delivery...............................5-125.7Test Data............................................................................................................................5-135.7.1Portability...............................................................................................................5-135.7.2Resource Profiles...................................................................................................5-135.7.3Production Readiness.............................................................................................5-14 xii205-CD-002-006Revision 26. ˚Delivery of Science Data Production Software6.1Prior to Delivery..................................................................................................................6-16.1.1SDPS/W Resource Specification............................................................................6-16.1.2Operations Readiness Plan......................................................................................6-26.1.3Other Pre-Delivery Activities.................................................................................6-26.2SDPS/W Deliveries.............................................................................................................6-36.3Delivery Contents...............................................................................................................6-46.3.1The Delivery Memo................................................................................................6-66.3.2Summary Information.............................................................................................6-66.3.3PGE Software, Control and Data Files...................................................................6-96.4Configuration Management................................................................................................6-96.5Delivery Procedures............................................................................................................6-97. ˚Overview of the Integration with ECS and Acceptance Tests7.1SSI&T Roles and Responsibilities......................................................................................7-27.2Integration of Software with ECS.......................................................................................7-27.3Inspection of the Delivery...................................................................................................7-37.4Production Testing Readiness Review................................................................................7-37.5Testing.................................................................................................................................7-37.5.1Executing the Test Plan(s)......................................................................................7-37.5.2Relevant Success Criteria........................................................................................7-47.5.3Acceptance Review.................................................................................................7-57.6Commissioning New SDPS/W...........................................................................................7-57.7Operational Implementation of SDPS/W............................................................................7-67.8Parallel Testing of Software Upgrades...............................................................................7-67.9Code Fixes, Updates to Coefficient/Control Files..............................................................7-67.10Rapid Installation................................................................................................................7-7 xiii205-CD-002-006Revision 28. ˚Developer Interaction with Operational Science Software8.1Coefficient Files..................................................................................................................8-18.2Ancillary Data Inputs Generated at SCF.............................................................................8-18.3Production Status and Error Messages................................................................................8-18.4QA/QC of Data Products....................................................................................................8-28.4.1QA Data Subscription Request...............................................................................8-28.4.2QA Data Subscription Event Notification and Acquire Services...........................8-38.4.3Data to QA..............................................................................................................8-38.5Changing Production Scheduling Information...................................................................8-38.6Requesting Reprocessing....................................................................................................8-38.7Metadata Updates................................................................................................................8-4Figures1-1Locations of Distributed Active Archive Centers...............................................................1-23-1EOS Mission Science and Engineering Dataflows.............................................................3-23-2ECS System Architecture Context Diagram.......................................................................3-34-1ECS Planning and Processing.............................................................................................4-4Tables1-1Approval Authority for DAAC Product Processing Services.............................................1-34-1SSI&T Tool Capabilities....................................................................................................4-156-1Elements of Science Data Production �Software�..............................................................6-36-2Recommended Elements by Delivery Type........................................................................6-57-1Three Models for SSI&T....................................................................................................7-1Appendix A. Getting AssistanceAppendix B. Checklists xiv205-CD-002-006Revision 2Appendix C. Annotated Outlines for Deliverable SDPS/WDocumentationAbbreviations and AcronymsGlossary

1-1205-CD-002-006Revision 21. ˚Introduction1.1IdentificationThe successful integration of science algorithms into the Earth Observing System (EOS) Dataand Information System (EOSDIS) Core System (ECS) is a critical activity in the EOSDISProject. This document contains information necessary for developers of Science DataProduction Software (SDPS/W) to successfully integrate their software into the ECS.This document is submitted as required by Contract Data Requirements List item 025, Data ItemDescription 205/SE1 of the ECS Contract (NAS5-60000).1.2ScopeThis document is intended as a guide to the developers of SDPS/W to be run using theoperational ECS Processing Services of a Distributed Active Archive Center (DAAC). A broadoverview of the ECS Planning and Data Processing Subsystems is provided, along with adiscussion of several issues concerning the design, development and delivery of SDPS/W to theDAAC. References to the essential and background documentation, including resources on theWorld Wide Web (WWW) are provided along with directions on how to obtain these materials.This guide is the fourth volume of the Science User�s Guide and Operations ProcedureHandbook for the ECS Project. Volumes 1-3 describe the ECS Client and how to access theECS data services.1.3Science Data Production in EOSDISIt is the goal of EOSDIS to provide end-to-end services from EOS instrument data collection toscience data processing to full access to EOS and other Earth science data holdings. NASA hasestablished several Distributed Active Archive Centers (DAACs), chosen based on expertise inspecific disciplines (indicated in Figure 1-1) and demonstrated long-term commitments to thecorresponding user communities. The DAAC acronyms are defined in the list of Abbreviationsand Acronyms. [Not shown in Figure 1-1 is the Socio-Economic Data and Applications Center(SEDAC).]

1-2205-CD-002-006Revision 2

UAFSea ice and polar processes imagery

Land processes imageryEDC

GSFCUpper atmosphere, ocean color and meteorology

LaRCRadiation budget, clouds, aerosols and tropospheric chem.

ORNLBiogeochemical Dynamics

NSIDCSnow and Ice

Oceanography and air-sea InteractionsJPLFigure 1-1. Locations of Distributed Active Archive CentersThe DAACs provide the facilities, the management and operations support for the production,archive, and distribution of EOS Standard Products. At the DAACs, users can expect a level ofservice which would be difficult to maintain in a single data center attempting to serve theextraordinarily wide range of scientific disciplines encompassed by the EOS program. A userinteracting with any given DAAC can access data from all the DAACs.In addition, Science Computing Facilities (SCFs) located at EOS investigators’ home institutionsare used to develop and maintain scientific algorithms and software, calibrate the EOSinstruments, validate algorithms and products, generate Special Products, provide data andservices to other investigators, and analyze EOS and other data in pursuit of the Mission toPlanet Earth (MTPE) science objectives. The SCFs are established directly by the EOSinvestigators, and may consist of a single workstation or a large data center. Software toolkitsare provided to the SCFs and other users to facilitate data access, transformation andvisualization, and for algorithm development.Several types of SDPS/W can be run at a DAAC. These include:¥Standard Product Generation, with the product archived¥Environmental Monitoring, i.e., not a standard product but an alert message(e.g., a volcanic eruption)¥Specific Processing, e.g., in support of a field experiment¥User Methods, e.g., non-standard subsetting of an archived product

1-3205-CD-002-006Revision 2Approval must be obtained for the use of DAAC processing services. The nominal approvalhierarchy is indicated in Table 1-1.Table 1-1. Approval Authority for DAAC Product Processing ServicesSDPS/W TypeApproval AuthorityStandard ProductsEOS Program and Project ScientistsEnvironmental MonitoringEOS Project ScientistSpecific ProcessingEOSDIS Project ScientistUser MethodsDAAC ManagerThe SDPS/W may run in one or more versions:¥Production Version (i.e., product is publicly available)¥Engineering or Test Version (i.e., algorithm not validated, output may not be publiclyavailable but is temporarily saved or sent to investigator)This version may be run sporadically or run on every granule; the code may initially be inefficient, becoming more efficient as performance tuning takes place.The method by which test versions of products will be created will be through a �test/engineering� mode using Mode Management.All products are archived, but would be archived in a test mode to a separate test archive. A test archive would not have the persistence of the production archive, nor would it have the subscribability for the public. A test product would be released only at the investigator�s discretion to another investigator.For a �short-term� product, there is a choice on whether to run in production mode or in a test mode. The choice is made based particulars of the situation and on whether or not the product is to be made publicly available.¥Special SDPS/W (i.e., short-term production, output may or may not be permanentlyarchived)As the scientific algorithms mature, it is likely that reprocessing of the earlier observations willbe necessary in order to maintain consistency within the long-term data set. The approval toundertake the reprocessing of an entire data set involves both operational and scientific issues,especially in cases where interdependencies on products from different instruments are involved.In the case where a reprocessing request involves an entire data set, review and approval may berequired from the EOS Program and EOSDIS Project. Routine reprocessing by the DAAC ofspecific data files in response to operational problems, however, is a normal operational functionand does not usually need specific approval.

1-4205-CD-002-006Revision 21.4Getting Started: A Quick GuideThe essential documents to the development of SDPS/W and how to acquire them are listed inSection 2. An overview of ECS is given in Section 3, and Section 4 describes the ECS sciencedata processing environment in greater detail. Section 5 discusses issues related to thedevelopment of SDPS/W. Procedures for getting assistance are described in Appendix A.The procedures to follow when delivering SDPS/W to the DAAC are delineated in Section 6. Anoverview of the steps in integrating the SDPS/W with ECS is given in Section 7, along with abrief description of the acceptance testing. Checklists for the various steps in planning,developing, integrating with ECS, and testing can be found in appendix B. Annotated outlinesfor the documentation to be delivered with the SDPS/W are suggested in appendix C.Following installation of SDPS/W at the DAAC, the SCF will often have continued interactionswith the operational science software. These are briefly described in Section 8.

2-1205-CD-002-006Revision 22. ˚Related DocumentationCurrent submittals of all ECS project documentation are available on the World Wide Web viathe ECS Data Handling System at http://edhs1.gsfc.nasa.gov. Hard copies or archived copiesmay be obtained from the ECS Project Office.2.1Parent DocumentsThe parent document is the document from which this Software Developer�s Guide toPreparation, Delivery, Integration, and Test with ECS� scope and content are derived.194-207-SE1-001System Design Specification for the ECS Project2.2Applicable DocumentsThe following documents, referenced within and directly applicable to this Guide, are likely tobe essential to developers of the SDPS/W.333-CD-004-001Release B.0 SCF Toolkit Users Guide for the ECS Project194-815-SI4-001SDP Toolkit Primer for the ECS Project (available in electronic formatonly at http://newsroom.hitc.com/sdptoolkit/primer/tkprimer.html)175-WP-001-001HDF-EOS Primer for Version 1 EOSDIS, White Paper for the ECSProject420-WP-006-002Establishing Science Software Exit Conditions for the ProductionEnvironment, White Paper for the ECS Project420-TP-005-002Preliminary User View of Release A Data, Technical Paper for theECS Project423-16-01Goddard Space Flight Center, Data Production Software and ScienceComputing Facility (SCF) Standards and Guidelines, Revision A,10/96445-WP-001-002Production Rules, White Paper (draft available on request)505-41-33Goddard Space Flight Center, Interface Control Document (ICD)Between EOSDIS Core System (ECS) and Science ComputingFacilities (SCF)170-TP-007-001Writing HDF-EOS Grid Products for Optimum Subsetting Services,Technical Paper for the ECS Project170-TP-008-001Writing HDF-EOS Point Products for Optimum Subsetting Services,Technical Paper for the ECS Project170-TP-009-001Writing HDF-EOS Swath Products for Optimum Subsetting Services,Technical Paper for the ECS Project

2-2205-CD-002-006Revision 22.3Information Documents2.3.1Information Documents ReferencedThe following documents are referenced herein and amplify or clarify the information presentedin this document. These documents are not binding on the content of this Guide. Workingiterations of these documents will be made available to the user community as they are drafted.162-WP-001-002Operations Concept for Integration and Test of Science DataProduction Software, White Paper for the ECS Project152-TP-001-003ACRONYMS, EOSDIS Core System (ECS) ProjectWorld Wide WebEOS Instrument Team Information Page athttp://ecsinfo.hitc.com/iteams/Metadata in EOSDIShttp://ecsinfo.hitc.com/metadata/metadata.htmlThe Population Process for ECS Metadata in Release A athttp://ecsinfo.hitc.com/metadata/tp420.html2.3.2Information Documents Not ReferencedThe following documents, although not referenced herein and/or not directly applicable, doamplify or clarify the information presented in this document. These documents are not bindingon the content of this Guide.505-41-12Goddard Space Flight Center, Interface Requirements Documentbetween EOSDIS Core System (ECS) and Science ComputingFacilities (SCF)NP-215Goddard Space Flight Center, 1995 MTPE (Mission to Planet Earth)EOS Reference HandbookPDF softcopy of this document is available athttp://eospso.gsfc.nasa.gov/eos_reference/handbook95.pdfWorld Wide WebECSinfo [EOSDIS Core System Information for Scientists] athttp://ecsinfo.hitc.com/PGE Design Information Page athttp://ecsinfo.hitc.com/iteams/Science/pge_wp.htmlEOSDIS Core System Project SDP Toolkit Home Page at http://newsroom.hitc.com/sdptoolkit/toolkit.htmlECS Frequently Asked Questions at http://ecsinfo.hitc.com/iteams/faq/Metadata in EOSDIS athttp://ecsinfo.hitc.com/metadata/metadata.html

3-1205-CD-002-006Revision 23. ˚ECS Processing Overview3.1The Role of ECSMTPE is a long-term, multi- and inter-disciplinary NASA research mission to study theprocesses leading to global climate change, and to develop a predictive capability for the Earthsystem on time scales of decades to centuries. MTPE comprises three major components:¥The EOS collects Earth science data, with emphasis on long-term, sustained data setsfrom carefully calibrated instruments on satellites in low Earth orbit.¥The EOSDIS provides the Earth science community with easy, affordable, and reliableaccess to EOS and other Earth science data.¥It provides an integrated scientific research program to investigate processes in the Earthsystem and use this information to improve predictive models.The EOSDIS provides a broad community of users with a unique resource for enhancing theirunderstanding of global change issues and for acquiring data for use in other applications. TheEOSDIS user community includes not only NASA-supported researchers, but other scientific,educational, resource management, and policy communities.The EOSDIS Core System (ECS) is a major component of the EOSDIS. ECS will control theEOS spacecraft and instruments, process data from the EOS instruments, and manage anddistribute EOS data products and other selected data sets. The essence of the data flows involvedin end-to-end transmission of EOS data is shown in Figure 3-1 and is described briefly below:In general, NASA EOS satellites transmit their instrument data in a telemetry stream through theTracking and Data Relay Satellite System (TDRSS) to the receiving station at White Sands, NewMexico. The data are then processed by the EOS Data and Operations System (EDOS) to createthe Level 0 �raw� instrument data. It is planned that future missions beyond AM-1 will use theEOS Polar Ground Stations (EPGS) to replace TDRSS in the primary telemetry relay role.TDRSS will then become a backup to EPGS.Satellites operated by international partners, however, downlink directly to the appropriateInternational Partner Ground System (IPGS) via their receiving stations. Data from an IPGS aretypically transferred directly to the DAAC via media or other electronic means.The Level 0 instrument data are then distributed to the designated DAACs. These data centershouse the ECS computing facilities and operational staff needed for product generation and tomanage and store EOSDIS data, as well as the associated metadata and browse data required foreffective use of the data holdings. When necessary, the DAACs exchange data via a dedicatedEOSDIS backbone network (EBNET) to support processing which requires ancillary dataproduced at another DAAC. The DAACs also house systems for processing and/or storage ofnon-EOS Earth science data.

3-2205-CD-002-006Revision 2