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	CONTRACTOR CASE NO.

     

	This is an important legal document.  Carefully complete and forward to the Patent Representative (NASA in-house innovation) or New Technology Representative (contractor/grantee innovation) at NASA.  Use of this report form by contractor/grantee is optional; however, an alternative format must
	NASA CASE NO. (OFFICIAL USE ONLY)

     

	at a minimum contain the information required herein.  NASA in-house disclosures should be read, understood and signed by a technically competent witness in the witness signature block at the end of this form.  In completing each section, use whatever detail deemed appropriate for a “full and complete disclosure.”  Contractors/Grantees please refer to the New Technology or Patent Rights – Retention by the Contractor clauses.  When necessary, attach additional documentation to provide a full, detailed description.

	1. DESCRIPTIVE TITLE   
  Common Metadata Repository (Open Source Software Release Request)

	2. INNOVATOR(S)  (For each innovator provide: Name, Title, Work Address, Work Phone Number, and Work  E-mail Address.  If multiple innovators, number each to match Box 5.)
1. Jason Gilman, Software Engineer, 101 N. Columbus St. Suite 200, Alexandria, VA 22314, 703-650-5490 jason@element84.com

2. Yonggang Liu, Software Engineer, 5700 Rivertech Ct., Riverdale, MD 20737, 301-851-8195, yonggang.liu@nasa.gov

3. James Norton, Software Engineer, 101 N. Columbus St. Suite 200, Alexandria, VA 22314,  703-650-5490, james@element84.com

4. Kathleen Carr, Systems Engineer, 5700 Rivertech Ct., Riverdale, MD 20737,  301-851-8278, kathleen_carr@raytheon.com



	3. INNOVATOR’S EMPLOYER WHEN INNOVATION WAS MADE  (For each innovator provide: Name, Division and Address of Employer, Organizational Code/Mail Code, and Contract/Grant Number if applicable.  If multiple innovators, number each to match Box 5.)
1. Jason Gilman, Element84 Inc., 101 N. Columbus St. Suite 200, Alexandria, VA 22314, Contract NNG10HP02C
2. Yonggang Liu, Raytheon Company / IIS / MSM, 5700 Rivertech Ct., Riverdale, MD 20737, Contract NNG10HP02C
3. James Norton, Element84 Inc., 101 N. Columbus St. Suite 200, Alexandria, VA 22314,  Contract NNG10HP02C
4. Kathleen Carr, Raytheon Company / IIS / MSM, 5700 Rivertech Ct., Riverdale, MD 20737, Contract NNG10HP02C


	4. PLACE OF PERFORMANCE  (Address(es) where innovation made)
5700 Rivertech Ct.

Riverdale, MD 20737

101 N. Columbus St.

Suite 200

Alexandria, VA 22314




	5. EMPLOYER STATUS (choose 
one for each innovator)
 Innovator #1    Innovator #2

        SB                     LE
 Innovator #3       Innovator #4

        SB                    LE
     GE = Government 

     CU = College or University

     NP = Non-Profit Organization

     SB = Small Business Firm
     LE = Large Entity
	6. ORIGIN (Check all that apply and provide all applicable numbers. If multiple Contracts/Grants, etc., list Contract/Grant Numbers in Box 3 with applicable employer information.)

	
	  FORMCHECKBOX 
 NASA In-house Org. Mail Code      
  FORMCHECKBOX 
Grant/Cooperative Agreement No.       
     

  FORMCHECKBOX 
Prime Contract No. NNG10HP02C     


Task No. 15      Report No.            

 FORMCHECKBOX 
Subcontractor;
Subcontract Tier         

 FORMCHECKBOX 
Joint Effort (contractor, subcontractor and/or grantee 
contribution(s), and NASA in-house contribution)
  FORMCHECKBOX 
Multiple Effort (multiple contractor, subcontractor 
and/or grantee contributions, no NASA in-house contribution)
 FORMCHECKBOX 
Other (e.g., Space Act Agreement, MOA) No.      
	WBS       
WBS       
WBS       
WBS       
WBS       

	7. NASA CONTRACTING OFFICER’S TECHNICAL REPRESENTATIVE (COTR)

Tracy Zeiler
	8. CONTRACTOR/GRANTEE NEW TECHNOLOGY REPRESENTATIVE (POC)
Deanna Yu

	9. BRIEF ABSTRACT (A general description of the innovation which describes its capabilities, but does not reveal details that would enable duplication or imitation of the innovation.)
The Common Metadata Repository (CMR) is a spatial and temporal metadata registry that enables the science community to more easily discover, use, and exchange NASA's data and services. The CMR's main objective is to enable broader use of NASA's Earth observing systems' (EOSDIS) data. It allows users to more efficiently and reliably search and access data and services and increases the potential for interoperability with new tools and services.  The CMR stores metadata from a variety of science disciplines and domains, including Climate Variability and Change, Carbon Cycle and Ecosystems, Earth Surface and Interior, Atmospheric Composition, Weather, and Water and Energy Cycle. To ensure the quality of the metadata, the CMR system contains a tool called the Metadata Management Tool (MMT) which enables metadata providers to develop standards-compliant, high-quality metadata and have that metadata scored against quality standards as well as providing a means to manage access to that metadata.  

More specifically, the CMR is designed to:

•serve as a middleware replacement for the EOS Clearing House (ECHO) and Global Change Master Directory (GCMD)’s backend. 

•handle metadata at the Concept level including: Collections, Granules, Visualizations, Parameters, Documentation, Services, and more.

•manage hundreds of millions of metadata records; making them available through high performance, standards compliant, temporal, spatial, and faceted search.

• incorporate both human and machine metadata assessment features that work to ensure the highest quality metadata possible.


	SECTION I – DESCRIPTION OF THE PROBLEM OR OBJECTIVE THAT MOTIVATED THE INNOVATION’S DEVELOPMENT  (Enter as appropriate: A. – General description of problem/objective; B. – Key or unique problem characteristics; C. – Prior art, i.e., prior techniques, methods, materials, or devices performing function of the innovation, or previous means for performing function of software; and D. – Disadvantages or limitation of prior art.)
A./C.  EOSDIS metadata providers were previously required to enter their collection level metadata into two disparate systems, the EOS Clearing House (ECHO) and the Global Change Master Directory (GCMD). 

B/D.  Entry into two disparate systems resulted not only in dual effort and costs for the providers, but also resulted in two different versions of the collection level metadata being searchable by end users resulting in confusion.  Additionally, the search result times on the ECHO and GCMD systems made them ineffective at providing search results in a timely manner, especially given the expected growth rate of the EOSDIS holdings over the next 5 years.  Finally, the existing systems did not handle all of the different types of metadata needed by the community, including concepts such as Visualization Metadata or Parameter Metadata, nor were they scalable enough to grow to handle the additional metadata concepts.


	SECTION II – TECHNICALLY COMPLETE AND EASILY UNDERSTANDABLE DESCRIPTION OF INNOVATION DEVELOPED TO SOLVE THE PROBLEM OR MEET THE OBJECTIVE  (Enter as appropriate; existing reports, if available, may form a part of the disclosure, and reference thereto can be made to complete this description: A. – Purpose and description of innovation/software; B. – Identification of component parts or steps, and explanation of mode of operation of innovation/software preferably referring to drawings, sketches, photographs, graphs, flow charts, and/or parts or ingredient lists illustrating the components; C. – Functional operation; D. – Alternate embodiments of the innovation/software; E. – Supportive theory; F. – Engineering specifications;

G. – Peripheral equipment; and H. – Maintenance, reliability, safety factors.)
  A. To address the problems stated in Section I, the CMR was developed to be the single repository of a wide-variety of EOSDIS metadata concepts, all of which are searchable with sub-second response times.  The CMR provides a highly scalable, adaptable, and searchable repository of EOSDIS metadata and an easy to use Web API to support the development of third party applications that leverage EOSDIS data.

B. The CMR conceptually consists of a public, web based API, a mechanism for high performance metadata ingest and validation, a persistant repository of metadata,  a structured, high performance search capability and index, and a public facing user interface to create, edit, and manage metadata.  
 


	SECTION III – UNIQUE OR NOVEL FEATURES OF THE INNOVATION AND THE RESULTS OR BENEFITS OF ITS APPLICATION   (Enter as appropriate: A. – Novel or unique features; B. – Advantages of innovation/software; C. – Development or new conceptual problems; D. – Test data and source of error; E. – Analysis of capabilities; and F. – For software, any re-use or re-engineering of existing code, use of shareware, or use of code owned by a non-federal entity.)
A. The CMR realizes its high performance by applying an open source search solution (ElasticSearch) in a high performance clustered configuration over which data is sharded to optimize search and retrieval performance.  The CMR realizes a microservices architecture that allows for high performance, scalability, and reliability.  Finally, the CMR provides an implementation of NASA's published Unified Metadata Model (UMM) which allows the CMR to offer format translation capabilities, including the ability to represent EOSDIS metadata in a web friendly JSON representation.

B. The implementation solution used in the CMR provides for very high scalability and performance while meeting NASA's reliability needs.  The CMR's capability to perform format transformations increases NASA's interoperability with other Agencies and International Partners while minimizing the work required of EOSDIS data providers.  The CMR's UMM implementation allows for high performance validation and scoring of EOSDIS metadata, improving the overall quality of EOSDIS metadata, ultimately resulting in better discoverability and usability of EOSDIS data by end users.

F. The CMR leverages several open source products including ElasticSearch, Clojure, Java, Jetty, and supporting programming libraries.  The CMR interoperates closely with NASA's ECHO Metadata catalog and provides a reimplementation of several of ECHO's original services. See the included files "Core CMR Dependencies.pdf", "MMT-Non-Distributed-Dependencies.pdf", "MMT-Distributed-Dependencies.pdf" for lists of CMR/MMT dependencies including what is distributed with the code and what dependencies are downloaded at run time.


	SECTION IV – SPECULATION REGARDING POTENTIAL COMMERCIAL APPLICATIONS AND POINTS OF CONTACT (Including names of companies producing or using similar products.)
The problems addressed by the CMR are common large scale metadata problems encountered by both government agencies such as NOAA as well as commercial entities.  In addition to the CMR being useful as a direct solution to these challenges, several components in the CMR could be reused in other applications:

- An ElasticSearch plugin capable of high performance spatial validation and searching

- An implementation of NASA's UMM capable of providing validation and translation of UMM supported metadata formats

- An implementation of immutable data persistance on standard RDBMS implementations


	10. ADDITIONAL DOCUMENTATION  (Include copies or list below any pertinent documentation which aids in the understanding or application of the innovation (e.g., articles, contractor reports, engineering specs, assembly/manufacturing drawings, parts or ingredients list, operating manuals, test data, assembly/manufacturing procedures, etc.).)


	                                         TITLE                                                                                                                                          PAGE            DATE



	Core CMR Dependencies.pdf
	All
	1/5/2016

	MMT-Non-Distributed-Dependencies.pdf
	All
	1/5/2016

	MMT-Distributed-Dependencies.pdf 
	All
	1/5/2016

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	     
	     
	     

	11. DEGREE OF TECHNOLOGY SIGNIFICANCE (Which best expresses the degree of technological significance of this innovation?)

  FORMCHECKBOX 
Modification to Existing Technology
         FORMCHECKBOX 
 Substantial Advancement in the Art
      FORMCHECKBOX 
 Major Breakthrough

	12. STATE OF DEVELOPMENT

  FORMCHECKBOX 
 Concept Only
   FORMCHECKBOX 
Design
   FORMCHECKBOX 
Prototype
   FORMCHECKBOX 
Modification
   FORMCHECKBOX 
Production Model
   FORMCHECKBOX 
Used in Current Work

	13. PATENT STATUS (Prior patent on/or related to this innovation.)

      FORMCHECKBOX 
Application Filed
Application No.      



Application Date       
      FORMCHECKBOX 
Patent Issued           Patent No.      




Issue Date       

	14. INDICATE THE DATE OR THE APPROXIMATE TIME PERIOD WHICH THIS INNOVATION WAS DEVELOPED (i.e., conceived, constructed, tested, etc.)
August 19, 2013 (Initial CMR Study Awarded)

	15. PREVIOUS OR CONTEMPLATED PUBLICATION OR PUBLIC DISCLOSURE INCLUDING DATES  (Provide as applicable: A. – Type of publication or disclosure, e.g., report, conference or seminar, oral presentation; B. – Disclosure by NASA or Contractor/Grantee; and C. – Title, volume no., page no., and date of publication.)
 
 The API documentation to the live application can be found at http://cmr.earthdata.nasa.gov
A. Poster at AGU 2013 Fall Meeting, San Francisco, CA, December 9-13, 2013
B. Disclosure by contractor

C. The Common Metadata Repository: A High Performance, High Quality Metadata Engine for Next Generation EOSDIS Applications

A. Oral presentation at AGU 2014 Fall Meeting, San Francisco, CA, December 15-19, 2014
B. Disclosure by contractor

C. Streamlining Metadata in NASA's EOSDIS Common Metadata Repository
A. Poster at AGU 2014 Fall Meeting, San Francisco, CA December 15-19, 2014

B. Discolsure by contractor

C. Achieving Sub-second Search in the CMR
A. Oral presentation at ESIP 2015 Summer Meeting, Asilomar, CA

B. Disclosure by contractor

C. Common Metadata Repository Present and Future, 39p., July 14, 2015

A. Poster at AGU 2015 Fall Meeting, San Francisco, CA
B. Disclosure by contractor

C. Doing One Thing Well: Leveraging Microservices for NASA Earth Science Discovery and Access Across Heterogenous Data Sources December 15, 2015 
A. Poster at AGU 2015 Fall Meeting, San Francisco, CA

B. Disclosure by contractor

C. New Solutions for Enabling Discovery of User-Centric Virtual Data Products in NASA's Common Metadata Repository,  December 16, 2015 




	16. QUESTIONS FOR SOFTWARE ONLY

	(a)
Using non-NASA employees to beta-test the program?
    FORMCHECKBOX 
YES
    FORMCHECKBOX 
NO
If Yes, done under a beta-test agreement?
 FORMCHECKBOX 
YES
 FORMCHECKBOX 
NO

(b)
Modification of this program continued by civil servant and/or contractual agreement?
 FORMCHECKBOX 
YES
 FORMCHECKBOX 
NO

(c)
Copyright registered?
   FORMCHECKBOX 
YES
   FORMCHECKBOX 
NO
   FORMCHECKBOX 
UNKNOWN
If Yes, then by whom?        
(d)
Has the latest version been distributed outside of NASA or contractor?
 FORMCHECKBOX 
YES
 FORMCHECKBOX 
NO
 FORMCHECKBOX 
 UNKNOWN

If Yes, date of first disclosure:       
(e)  Were prior versions distributed outside of NASA or Contractor?   FORMCHECKBOX 
YES      FORMCHECKBOX 
NO    If Yes, supply NASA or contractor contract:      
(f)
Contains or based on code not owned by U.S. Government or its contractors?
    FORMCHECKBOX 
YES
   FORMCHECKBOX 
NO
 FORMCHECKBOX 
 UNKNOWN


If Yes, name of code and code’s owner:  See dependency list in Section III.F
      Has a license for use been obtained?
      FORMCHECKBOX 
YES
      FORMCHECKBOX 
NO
     FORMCHECKBOX 
 UNKNOWN



	17. DEVELOPMENT HISTORY

	STAGE OF DEVELOPMENT
	DATE

(MM/YYYY)
	LOCATION
	IDENTIFY SUPPORTING WITNESSES (NASA in-house only)

	a. First disclosure to others
	     
	Source code not yet disclosed or distributed
	     

	b. First sketch, drawing, logic chart or code
	     
	     
	     

	c. First written description
	     
	     
	     

	d. Completion of first model of full size device (invention) or beta version (software)
	     
	     
	     

	e. First successful operational test (invention) or alpha version (software)
	     
	     
	     

	f. Contribution of innovators  (if jointly developed, provide the contribution of each innovator)
1. Jason Gilman - Selected key technologies and designs for the CMR and developed software components across the entire application

2. Yonggang Liu - Software development across the entire application

3. James Norton - Software development across the entire application

4. Kathleen Carr - Lead systems engineer on the MMT, responsible for development of requirements and validation of the tool against the requirements and design


	g. Indicate any past, present, or contemplated government use of the innovation

The application is in active use, with the API being available to Earth Science developers both within the government and among the public.  NASA EOSDIS data providers have expressed interest in contributing provider specific features to the CMR to increase quality of the data and  add new features to meet their specific needs. 

	18. SIGNATURES OF INNOVATOR(S), WITNESS(ES), AND NASA APPROVAL

	TYPED NAME AND SIGNATURE (Innovator #1)

Jason Gilman
	DATE

     
	TYPED NAME AND SIGNATURE (Innovator #2)

Yonggang (Leo) Liu
	DATE

     

	TYPED NAME AND SIGNATURE (Innovator #3)

James Norton
	DATE

     
	TYPED NAME AND SIGNATURE (Innovator #4)

Kathleen Carr
	DATE

     

	TYPED NAME AND SIGNATURE (Witness #1)

Cynthia Spiller-Goodman
	DATE

     
	TYPED NAME AND SIGNATURE (Witness #2)

Tracy Zeiler
	DATE

     

	NASA      APPROVED
	TYPED
NAME
     
	SIGNATURE


	DATE
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