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Response to CMC resolution 2016-10-03
The CMC Resolution:
CMC acknowledges that in today’s  Data Economy, space systems  generating and transporting large amounts of relevant data;  be it science (GAIA is generating 50 GB/day) earth observation (Sentinel-2A generating 1 TB/ h), navigation or telecommunication satellites,  constitute key assets for the Data industry. 
In this context, standards supporting proper storage and preservation of data, open access to the space data, merging of data from different sources, analysis and processing big data and all related processes and mechanisms are of paramount importance.
Scientific communities are already for quite some time working nationally and internationally to define adequate standards for their data, be it astronomy, planetary exploration or earth observation.
The question is what should the CCSDS organisation do and how should it position itself in the wake of such space data revolution and  how could the work done over the years to standardise data storage and archiving be leveraged at the service of the new paradigms.
In this context, and following the request of the DAI WG to the CMC for support, CMC would like to encourage the DAI WG to address the following questions within a short paper to be delivered to CMC by 1 February 2017:
1.        What is the current DAI roadmap and how does it make a valuable contribution to the data issue, taking into account what has already been produced including the overall worldwide efforts in this area?
2.        Taking into account that there are dedicated international organisations working on archiving and merging scientific data, astronomy data, as well as Earth data, what should be the role of CCSDS in general and that of the DAI WG in particular? 
3.        Is the long term data preservation of the housekeeping data properly addressed in these initiatives? Is there a need for developing this part of the data preservation?
4.        In this context, what would be the next project for the DAI WG in the future, should resources be available, and how would this project fit with the current CCSDS reference architecture and work plan?


Introduction
The Data Archive Ingest (DAI) WG thanks the CMC for the opportunity to respond to their insightful context and questions that were posed in their resolution (a copy of which may be found at the beginning of this document).  We have been hoping for an opportunity to bring these important topics to the CMC for some time.  
We hope this brief introduction will provide some useful context for the broad scope of the DAI WG. Additional details are provided in the answers to the CMC questions, although, because we have not started the work, these are necessarily still at a high level and may change as we consult space agencies and others. 
Space Agencies produce data, either directly, for example Earth Observation data, or indirectly, for example housekeeping data to know how the condition of the spacecraft affects its working. Information from space increases in value when merged with data from other sources and other times, for example longitudinal studies over time, merging space data with grounf truth data, for Climate Change studies. 
Merging, analyzing and processing data from multiple sources requires more than simply transferring bits to one place. The challenge is to be able to use data with which one is not familiar, for example if one does not have the appropriate software, while making sure one combines data in the correct way, for example ensuring one does not add distances in feet to distances in meters. 
DAI works on Information Management Services for CCSDS, although it was realized that the DAI concepts and outputs are applicable more widely.DAI has been focused on long-term preservation of data, such as space mission science results.  The DAI concepts include “Long-term”,  implyingimplies access even after the mission systems have been terminated and the data in the archive must be “self describing” to different communities of users and new systems seeking to use it.  Long Term is long enough to be concerned with the impacts of changing technologies, including support for new media and data formats, or with a changing user community.	Comment by Mario Merri: This goal is very clear and shared. But how you can achieve this for all different types of data?	Comment by David Giaretta: This is addressed later in the document.  
Please note that this is just the introduction.  More detail to follow later in paper. We agree that it is hard. Also we have a partial answer now, but we don’t have the full answer yet. Part of the work of the WG is to develop this more fully.  I imagine that the SM&C group did not foresee the details of their whole set of standards before the completed their original architecture. I imagine that we are in somewhat the same position as SM&C was early in their work.
Also the conceptual level (which is the only level available at this stage) was described in the animated powerpoint that accompanied the document.  
DAI has not specifically addressed “near-term” telemetry archive access (for example) by MOC systems while the mission is still underway, although our processes and approaches are important practices for both near-term and long-term digital archives.  Specifically, it is important to note that long-term preservation must be taken into account at the very beginning of the project because it will have an impact on the total cost of ownership, the selection of the data formats, the sizing of the archiving infrastructures and requires functions to be performed during the mission, capturing data descriptions, etc.  So the DAI WG products, while focused on long-term preservation, apply to the entire life cycle of a space mission, even the early conceptual phases (Phase A).  Few agency missions consider the long-term preservation implications while developing their systems. Those that do have discovered advantages both in resources and ease of use for the associated information.  The DAI WG has produced both general best practice standards as well as technical standards that would be useful to agency missions wishing to gain these advantages.  We want to promote awareness of these standards among the CCSDS Space Agencies. We also want to continue development of more detailed technical interoperability standards to continue to move the preservation field forward.    	Comment by Behal Brigitte: Long term preservation must be taken into account at the very beginning of the project because it will have an impact on the total cost of ownership, the selection of the data formats, the sizing of the archiving infrastructures …	Comment by David Giaretta: Text added
To respond to the CMC, first we will provide some explanations that respond to the context in the resolution’s introductory material.  Then we will explicitly answer the questions one-by-one.  
We interpret the introductory context material in the CMC resolution to ask the question about what CCSDS and DAI should do to position the CCSDS agencies to function in the “big data” world.  
It is well known that the CCSDS DAI WG formulated OAIS and related standards for the purposes of digital preservation of the space agencies’ valuable mission data, but the solutions and practices were so valuable that OAIS has been adopted by archival repositories around the world.  
OAIS defines preservation in terms of ensuring the data is understandable and usable by user communities, which is achieved by ensuring the data is adequately described by metadata specific to that data. OAIS refers to such metadata as “Representation Information”. DAI provided a number of reasonably generic standards for creating Representation Information but most will be domain specific standards created by others. Adequate Representation Information for multiple types of data enables the datasets to be merged and used interoperably.	Comment by Mario Merri: These are mainly generic high level guidelines rather than interoperable standards, aren’t they?.	Comment by David Giaretta: Not true – EAST, DEDSL etc are implementable standards
The DAI WG has a roadmap (to be described in response to question 1) and plans to refocus on interoperable protocols for digital archive access.  This includes a general framework on the user side, an abstraction layer (similar to that developed by the SM&C WG), and archive interfaces that are specific to each discipline or “designated community”.  A very successful effort would result in the user interface and the abstraction layer being another general solution that works well for the global problem of digital preservation, resulting in adoption by the same global community that adopted OAIS.  But the discipline-specific archive interfaces developed by DAI would be dedicated to the space agencies’ needs for space science, spacecraft data (housekeeping) and perhaps other data types unique to space programs (such as Enterprise Data for developing spacecraft).  	Comment by Mario Merri: It would be useful to understand what is the purpose of this layer and what does include. Can you make examples?	Comment by David Giaretta: Some examples are provided later.  As you know, an abstraction layer is a way of hiding the implementation details of a particular set of functionality, allowing the separation of concerns to facilitate interoperability and independence from the lower layers.  Whereas the MAL provides that function for message transport mechanisms, the Archive Abstraction Layer does that for each archive interface.  We felt that this was too much detail for the CMC, the audience for this document.  	Comment by Mario Merri: Is there anything you may want to re-use from the MO MAL? 	Comment by David Giaretta: This is referred to later.  Also, in the last CCSDS joint meeting with the SM&C WG, the SM&C participants (Sam) indicated that he felt there was considerable reuse opportunity between the MAL and the AAL, but of course it is too early to work out those details.  	Comment by Behal Brigitte: This statement suggests that OAIS and the related standards are widely adopted in the space domain, which is not the case. In CNES, we follow the general OAIS model, but we are neither using the XFDU standard nor the PAIMAS standard which are considered as "too cumbersome and verbose" by some of the scientific or earth observation communities.	Comment by David Giaretta: I’m not sure that we meant to imply that in general DAI WG standards are widely used in the space community. Certainly I think it would be hard to find any long-term archive in any of the agencies that was not aware of and did not claim to be (mostly) in compliance with OAIS. Many would also claim that OAIS was a valuable tool for them. I agree that beyond that the DAI WG standards are no longer widely used.  However pockets of use of individual standards do exist in the space agencies. I am told that there is a review of the CNES Internal Standards (RNC) to add requirements about archiving from the first phases of the projects including setting up a submission agreement following the PAIMAS methodology.
	Comment by Mario Merri: DAI might have the ambition to standardize the archive interfaces for HK data. For other types of data other community will have a strong say: how do you plan to convince them to use the DAI interfaces?	Comment by David Giaretta: As noted below DAI have strong links to many disciplines – we will certainly be gathering requirements from them. We understand that we must complement what the other groups are doing.
One piece of this is the Abstraction Layer that allows individual communities to develop different implementations and to package together sets of services from the Abstract Layer that make sense for their communities.
This architecture would have the unique feature of enabling cross-discipline research in trusted digital archives.  The Space Science researcher would use the consumer interface and abstraction layer and the space science specific “plug-in” to access space science results and spacecraft telemetry.  But (s)he would also be able to install a plug-in for geological data archives or weather data archives by installing those “plug-ins”, developed by those communities. As noted above adequate Representation Information enables interoperability and merging data from different sources. Meanwhile the geology or weather researcher would similarly be able to plug in the space science archive plug-in to correlate their discipline data with spacecraft mission results.  	Comment by Mario Merri: This would be great, but how does it work concretely?	Comment by David Giaretta: Examples later, and also in the PPT that accompanied this document.  “Concretely” is not exactly available yet, as expected with any project at this stage.  	Comment by Behal Brigitte: Is it really the major priority to deal with ? Have the scientific or space communities been interviewed to understand why they do not massively adopt the already existing standards ?	Comment by David Giaretta: Many communities already have their own standards that work for their communities, but have all those individual standards do make it hard for interdisciplinary work. Having a common abstract architecture to work towards will at least ease the problems. But overall we expect changes to be evolutionary and not once and for all change overs.  Twenty years ago there was no agreement on what an archive.  Now almost every archive in the world claims they implement an OAIS archive.	Comment by Behal Brigitte: This goal is certainly valuable but from my experience in CNES, the first problem we have to deal with is combine archive data across different archive domains but inside the same domain because we have to cope with different formats inside the same scientific domain : for instance in the earth observation domain, as we archive the products "along the way" during the exploitation phase, we use the same format for the archive and the distribution of products. This lead to adopt the "Gerald" format for the SPOT constellation and the JPEG2000 for the Pleiades constellation. 
Would this "abstraction layer" enable the consumer to extract the data from the archive in an "harmonized" format ?	Comment by David Giaretta: For example one might describe the Gerald data using, say,  EAST .data elements can be extracted and combined with data elements extracted from other datasets 	Comment by Mario Merri: From this I understand that your propose standards will allow actual across-diverse-archives queries. Again, it is not clear what is the technical solution that will allow this.	Comment by David Giaretta: As made clear later – this relies on other groups producing, for example, standards or software etc.
But the beauty of this is that if any individual archive in a domain develops a plug-in then it could possibly become available across that entire domain. And as solutions are prepared in any domain, it can serve as an example of how other domains to attack pieces of their problems.
The importance of this cannot be overstated.  In the future, the greatest technological advances in the world are expected to come from cross-discipline research.  
From our extensive contacts with the digital preservation community, we can verify that no other organizations are working towards generic standards for preservation or for interoperable protocols to provide these capabilities to the space agencies or any archival organization, although there is some complementary domain specific work.   
So as you see, the answer to your general question about the relevance and role of CCSDS in the “big data” world is easily apparent and profound:  First enable broad, open access to space mission “big data” archives to both space program insiders and outsiders, while preserving the data for generations to come.  And then to share that capability with the world at large to enable digitally-driven cross-discipline technological advancement of mankind, and contribute to solving the “digital dark ages” problem.  
Some other benefits of the DAI WG approach are:  
· Development with the ISO community spreads the cost of development to other organizations outside the space agencies such as members of DAI from the US National Archives (NARA), National Libraries such as the Dutch (KB) and French (BnF), museums, Universities and private companies such as GAEL.	Comment by Mario Merri: Please spell out who else has already agreed to put money on this.	Comment by David Giaretta: Text added giving some contributors.
Of course this is why we wanted to seek CMC support for our approach so we could solicit more participation in future projects.
Also remember this is just an outline of an approach.  We will be submitting individual projects along the way and the CESG and CMC will have a chance to review and approve or reject each individual project when it is set up.  The available resources will be identified at that time.
· It expands the global relevance of our spaceflight missions to the broader data industry, and contributes to the best kind of technological advances (cross-discipline).   
· It will raise the stature of CCSDS as a great leader in interoperability standards.   
Granted that the DAI WG members may not be objective with this next statement, but our assessment is that the work described here is the most important work in CCSDS because over the long term (for future generations) it is the most beneficial to the space agencies and the world at large.  And we are perplexed about why space agency support has dropped off so greatly in this area, compared to the broad support that was provided for the Panel Two work early in the CCSDS era.  


Question 1:  The DAI Roadmap
What is the current DAI roadmap and how does it make a valuable contribution to the data issue, taking into account what has already been produced including the overall worldwide efforts in this area?

First, some history.  DAI has previously placed the greatest emphasis on the core underlying processes for digital preservation (Reference Model for an Open Archival Information System (OAIS), Information Preparation to Enable Long Term Use (IPELTU)) before addressing interoperable protocols or interface specifications extensively.  Even so, some interface specifications were produced (Producer-Archive Interface Specification  (PAIS)).  The relationship between the DAI Standards and Recommended Practices completed or under development is shown below, supporting the flow of data from creation to transfer to the archive to preservation. 
[image: ]
Figure 1 Relationship between DAI standards and Recommended Practices	Comment by Behal Brigitte: How does it map on the project life cycle ? In others words, when should these standards be used during the life of a project ?	Comment by David Giaretta: That is not the purpose of this diagram. But that diagram is in the draft IPELTU document which you are welcome to review on the CWE.  Of course this report is already too long, and the subject too detailed for the CMC audience, therefore we did not include it.  
The roadmap for the DAI WG planned work has two components:  Data architecture and schedule.  
The DAI vision for architecture and protocols
Notable characteristics of the planned protocol architecture (Figure 2) are:  
· User interfaces (Producer and Consumer) at the top.
· An Archive Abstraction Layer in the middle (similar to the MAL from the SM&C WG). Our initial thoughts are that this would include methods to 	Comment by Behal Brigitte: I do not understand what the layer is supposed to "abstract" and what need it is responding to. In the SM&C WG, we have started by analyzing the problems that the mission operation systems are facing and then we have proposed an approach to deal with this approach. I think this is missing here. From the "consumer" view point, that is to say, the scientific and space communities, what are really the main issues they have to cope with ? Is it really cross archive queries ? 	Comment by David Giaretta: Consistent with OAIS, each archive will have such features as an “archive information package” that tells the consumer how to interpret specific features of the archive, such as representation information, etc.  The abstraction layer may allow the consumer to be isolated from, as only one example, the specifics of AIP interrogation that are unique to that archive.  The specifics are handled by the binding/protocol/API that are below the abstraction layer, and the representation presented to the consumer can be displayed for interpretation by the user without imposing requirements for special bespoke processing for that archive.  
· Take in data, Representation Information and other metadata from the Producer in order to create Archival Information Packages (AIPs), the key component for long term preservation. 
· Query archive about AIPs available.
· Access an AIP.
· Send metadata from the AIP to the user interface.
· Send user selection of data to be retried from the user interface to the archive
· Further illustrations are provided in the associated PPT.
· Bindings on the bottom to interface to specific types of archives.  	Comment by Mario Merri: Examples will help.	Comment by David Giaretta: Potential protocol/APIs/bindings could be
As illustrated in the architecture diagram – Generic for science data, enterprise data, web archives, and standard document formats.
Vendor’s proprietary databases:  Oracle, MS SQL, etc.
Existing archives:  PDS, EOS, USGS, etc.
Web archives: Archive.org NASA.gov, other sites

· Legacy interfaces to current archives are shown on the right side.  The new architecture can be an add-on to legacy systems, and operate in parallel.  
· The overall framework would apply to all OAIS repositories/archives around the world.  And they will help develop it.  Under the CCSDS umbrella, we can be assured it will meet the needs of the Space Agencies.  
· Unique “bindings” may actually be APIs or protocols.  Only the bindings specific to spaceflight mission archives need be developed with the participation of the CCSDS space agencies.  Other bindings can be developed elsewhere in the industry.  For example, the Web/HTML binding may be developed by the IIPC (International Internet Preservation Consortium) but will be available to space agencies (and their national archives) for their web preservation purposes.  
· Four example bindings are illustrated, but we anticipate that many other organizations would develop bindings for their specific data types or communities.  
· So the users (producers and consumers) have a standardized interface that is stable, and they have the ability to “plug in” bindings for many different data types to access data in other communities besides their own.   
In a few words, all-inclusive, all-serving, CCSDS-compatible and modular.  And supportive of cross-discipline research.  
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We are not locked in to this architecture.  We are not investing significant resources to refine this current architectural concept until it has been vetted with both the CCSDS and ISO communities and the review with ISO communities will take some time.  
In particular, current pressures on DAI to address distributed archives and cloud-based archives may change this architecture concept and the associated document tree.  
If this brief introduction to the long-range vision of Digital Preservation work in CCSDS is not self-explanatory, we would be happy to again attempt a special topic presentation to the CMC at an upcoming telecon or meeting.  
The DAI WG intends to “socialize” this concept with other Digital Preservation organizations around the world, and to hopefully get their support to this as a long-range industry-wide vision.  A CMC resolution supporting this long range direction (while not yet approving specific projects) would be a welcome support to this effort.  
The DAI Notional Schedule
In the DAI summary notional schedule below we cover historic, current and future work items.  For the “road map” you can see where we must finish current reviews/projects before we can start on the new architecture/protocol work.  The “future” tasks can be mapped to specific features of the architecture in Fig 2.  We realize that the mapping is not included in this paper for the sake of brevity, but we can provide that if desired by the CMC.  The major points on this schedule are:  	Comment by Mario Merri: With architecture, I guess you refer to Fig 2. It would certainly be useful to map the future work to that to demonstrate coherency	Comment by David Giaretta: Not included for brevity as it says in the text
· Each of these documents must of course follow the normal workflow approval process. If the CWE project of the first of the future documents, “Data Archive Architecture Description Document”, is approved, we intend to produce a draft of that book after one year so that this can help to justify the approval of the second project
· We anticipate a pace of about a document per year, with 3 or 4 documents in work at any given time. 	Comment by Mario Merri: This is very optimistic in the context of CCSDS and not very credible considering the current support to DAI. 	Comment by David Giaretta: We hope to leverage the small amount of support from the Space Agencies to lead and guide an influx of outside participation in order to address the problems of the space agency archives.  Certainly space agencies can learn from outside participants.  Archival issues have been addressed for a long time before Space Agencies even existed.  On the other hand Space Agencies have in the recent past had significant and useful experience addressing the new issues that arrived with digital data. So we have a synergy that benefits both sides.  Certainly it is much, much cheaper and much more efficient for Space Agencies to participate in CCSDS than in most of the other ISO groups dealing with archival issues.
CCSDS can more closely address problems of Space Agencies.  Other groups are not nearly as interested in scientific and space data.
Also CCSDS Standards are free to the user community. If these standards were only available from ISO, many chances for adoption of the standards will be missed since the individual user will not track down the resources to order the ISO standard.

· Some may be able to be combined, which could shorten the delivery cycle.   
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Question 2:  Other Organisations and DAI WG Role	Comment by Mario Merri: This section provides an extensive list of organisations that are working in some sort of archive standardization for a specific discipline. You also claim that there is little/no overlapping today between these organisations and the DAI. Questions:
Why any of these organization has spontaneously identified your future workplan as a mandatory activity in their own field?
Again, how do you plan to bridge the inevitable differences that these organizations have in their approach to data archiving. I think that practical examples would be useful.	Comment by David Giaretta: Bullet 1 – You may as well ask why they did not produce OAIS? They were not asked to address the appropriate question, which is what was asked of DAI
Bullet 2 – OAIS bridges that gap and we are building on it.
Taking into account that there are dedicated international organisations working on archiving and merging scientific data, astronomy data, as well as Earth data, what should be the role of CCSDS in general and that of the DAI WG in particular?

It is quite true that scientific communities have for quite some time been working nationally and internationally to define adequate standards for their data, be it astronomy, planetary exploration or earth observation.  However, all of the ones that we know about are defining formats and ontologies that are discipline-specific.  They are working only in their “designated communities” (in OAIS terms) and they are not addressing the proper storage and preservation of data in trustworthy digital repositories. These domain specific standards complement the CCSDS standards  for digital preservation. In particular OAIS defines “Representation Information” as the information needed to understand and use the data being preserved. The domain specific formats and ontologies are specific examples of Representation Information. 
A survey was conducted using the MOIMS-DAI extensive contacts in these many areas.   
Some specific results of our survey are:  
· The SM&C “Archive” service refers to short-term storage capabilities rather than to a Long Term OAIS
· Open Geospatial Consortium (OGC); The list of OGC standards is available at http://www.opengeospatial.org/standards.  While there are OGC standards unique to earth science topics and that touch on digital preservation for the vertical applications of that domain, there is not a general standard that supports digital preservation (the main focus of DAI).  For example, their APIs are specific to geospatial data.  We have some common membership in both the DAI WG and the OGC, so there is no risk of losing sight of both efforts.  
· ISO TC211/WG7 also produces Geographic Information standards.  They have incorporated OAIS into much of their work, and our assessment is that our work is complimentary.  In particular in the workplan of TC211 the only reference to preservation is to ISO/CD 19165 “Geographic information – Preservation of digital data and metadata”  in which they say: ‘This standard has a close relation to the standards developed by the ISO/TC 211 “Geographic information / Geomatics” and to archival standards of ISO such as the ISO 14721 “Open archival information system (OAIS) – Reference model”’. Moreover OAIS is referenced as a normative standard and much of the glossary is taken from OAIS.
· International Internet Preservation Consortium (IIPC); The IIPC conference and the Preservation Working Group in April 2016 was attended by DAI representatives.  During the conference the community expressed interest in developing tools, but when the question was raised about developing standards, the response from the community was negative.  No activity has begun.  
· Object Management Group (OMG); While the OMG has listed “Archives” on their list of future efforts, they have not begun any work, and there is no schedule for starting.  The topic for them is simply spacecraft telemetry archives (not other space mission related archives) and they are not addressing long-term digital preservation methods.  This info is from a phone call to the co-chair of the OMG Space Domain Task Force.  
· The Research Data Alliance (RDA) has many groups, two of the most relevant are the Active Data Management Plans Interest Group and the Preservation e-Infrastructure Interest Group. Both these groups have common members between each other and with MOIMS-DAI. This ensures the consistency of the work of the groups. The roadmap of complementary work here is that RDA groups will help in the review and implementation of the CCSDS standards. Other RDA groups are developing domain specific Representation Information.
· ISO TC46 and the BnF (National Library of France) draft for ISO/CD 20614  “Data Exchange Protocol for Interoperability and Preservation” which  aims to provide a standardized framework for the various information exchanges (data and its metadata) between the repositories and their partners. This document has OAIS, as well as PAIS and PAIMAS, as normative references. It is worth noting that it states that “The standard is limited to information exchanges between the Repository and its partners”.   
· Long Term Data Preservation framework (LTDP); The goals (see https://earth.esa.int/web/gscb/ltdp) are; 
· To preserve the European, and Canadian, EO space data sets for an unlimited time-span.
· Ensure and facilitate the accessibility and usability of the preserved data sets respecting the individual entities applicable data policies.
· Through the adoption of a cooperative and harmonized collective approach among the data owners (LTDP Framework) based on the application of European LTDP Common Guidelines and sustained through cooperative (multi-source) long term funding schemes.
· Ensure, to the maximum extent, the coherency with the preservation of other non-space based environmental data and international policies..  
The LTPD provides a number of guidelines in order to harmonize the approach,  including a checklist for the types of information which should be preserved. However the work is very much based on OAIS rather than seeking to replace it, for example “Mission  Documentation  shall  include  Representation  Information,  Packaging  Information  and  Preservation  Descriptive Information according to OAIS information model [RD-6].
· Pérennisation des Informations Numériques (PIN), network of expertise in long-term storage (nestor), and the Digital Preservation Coalition (DPC) are national membership organisations in France, Germany and the UK respectively which provide fora for discussing digital preservation. None are developing standards and in fact all have made significant numbers of suggestions for the update of OAIS.
· The Group on Earth Observations (GEO), has been developing the Group on Earth Observations System of Systems (GEOSS) and relevant documents, such as the Data Sharing Principles and Data Management Principles, as well as Implementation Guidelines for each of these sets of principles. These documents are not standards, but build on existing standards, such as OAIS, and therefore, are complementary to the DAI efforts.  The DAI WG also has a member that participates in GEO, which helps maintain coordination and prevent overlap.  
· LOng Term Archiving and Retrieval (LOTAR) International which describes itself as “an international collaboration of the Aerospace Industries Association (AIA) and the Aerospace and Defense Industries Association of Europe for Standardization (ASD-STAN) under the supervision of the International Aerospace Quality Group (IAQG). Key enabler of the LOTAR project are the ProSTEP iViP Association and the PDES, Inc.”. It divides its work into the following (our comments are in italics):
· Basic Parts: provide an overview about the essential information on long time archiving and retrieval of 3D model and product structure data.
· This makes extensive use of OAIS concepts, for example the “Metadata for Archival Package” Workgroup” http://www.lotar-international.org/lotar-workgroups/metadata-for-archival-package.html is developing domain specific OAIS Archival Information Packages (AIPs).
· Common Process Parts: define the main process steps of archiving and retrieval of 3D model and product structure data in a detailed and common manner.
· This is Representation Information specific to 3D models.
· Data Domain Specific Parts: contain requirements and definitions for specific types of data related to long time archiving and retrieval. So far descriptions for CAD 3D model data and Product Data Management (PDM) data exist
· This creates specific types of Representation Information
· International Virtual Observatory Alliance (IVOA)  describes itself as follows: “The Virtual Observatory (VO) is the vision that astronomical datasets and other resources should work as a seamless whole. Many projects and data centres worldwide are working towards this goal. The International Virtual Observatory Alliance (IVOA) is an organisation that debates and agrees the technical standards that are needed to make the VO possible.” IVOA has produced and continues to work on these standards – see http://ivoa.net/documents/index.html. These standards provide data formats such as VOTable and data models (i.e. Representation Information) specifically useful to astronomers, as well as protocols for accessing and using services for astronomical data, which we will factor into our proposed new work.
· The Metadata Encoding and Transmission Standard (METS) group, hosted by the Library of Congress, (http://www.loc.gov/standards/mets/) is, as the name suggests concerned with metadata transmission, and makes extensive use of the OAIS concepts and much of its work defines specific Representation Information. 
Those are the principal entities working in the Digital Preservation Arena that might possibly have been embarking on work that could overlap the DAI.  However indications are in each case that they are not seeking to replace OAIS, but rather they are all using OAIS as their foundation. Several are developing protocols for exchange of information between repositories (ISO TC46) or between repositories to applications (IVOA, METS). However none are developing interoperable standards that specifically promote interoperability between trusted OAIS repositories between agencies and across disciplines.  Therefore, within the data industry, the DAI work supports these unique roles for CCSDS:  	Comment by Mario Merri: This is the ambition of your future plan, rather than the status today	Comment by David Giaretta: OAIS already provides this support and we are will be leveraging that i.e. we are not coming to this from a vacuum.
· Preserve the space agencies’ digital data assets for future generations.   (With a general solution that also meets global needs of many nations and industries.)
· Enable access across disciplines; Space researchers accessing other disciplines and other discipline researchers accessing the science and mission benefits of our space programs.   (Again, with a general solution that also meets global needs of many nations and industries.)
That covers the field of all organizations working in digital preservation and archive interoperability that are known to the members of the DAI WG.  If the CMC has any other suggestions for organizations that are potentially duplicative of the current or planned work in the DAI WG, we would be very interested in learning about them, not only for the CMC objective of insuring no duplicative work, but also for the DAI WG members’ objectives of keeping abreast of developments in the field of digital preservation.  
Question 3:  Preservation of Housekeeping Data	Comment by Mario Merri: This is very generic and high level. Examples would be useful to explain. The case of HK TM (or in general operational data) is quite close to all of us and we should be able to expand this part to explain what your intentions are. I would like to see concretely how the following objects will be treated:
TM/TC packets
TM/TC parameters
 TM/TC Calibration curves (they might be updated during the lifetime of a mission)
TM/TC static info (e.g. units, description, meaning, associated information (e.g. pdf document of the on board unit that generates that TM parameter), …)
- ….

It would be very revealing if you start from the above examples and explain what you are after so that the CMC (and I) could really understand what you propose to do. The benefits are clear, what is not clear is what you propose to achieve them. 	Comment by David Giaretta: This seems to be asking for an outline of the standard before the standards project is approved, before a concept paper is created, before even the general concept of whether our WG should even look at this issue is decided by CMC.  Certainly work in this area should include the people and the ideas of those dealing with HK data regularly.  When need some approval from CMC before we even approach those individuals and ask for their support.

Is the long term data preservation of the housekeeping data properly addressed in these initiatives? Is there a need for developing this part of the data preservation?

The principles of data preservation that have been pioneered by the DAI WG are equally applicable to all data types including housekeeping data.  The OAIS processes, the Producer Archive Interface Specification, the future plan for all Digital Preservation protocols all apply equally to spacecraft science data and housekeeping data.  They also apply as well to space program enterprise data (CAD, requirements, engineering documentation) and even more broadly to all other data types.  The well-developed techniques and anticipated protocols are expected to apply equally to science data, housekeeping data and all other data types that require preservation.  
The area where science data and housekeeping data will diverge is in their Representation Information.  Some metadata would be common, but some would be specific to the nature of housekeeping data. 
For example the Housekeeping data may be well described using the EAST standard (CCSDS 644.0-B-3 The Data Description Language EAST Specification) and  CCSDS 647.3-B-1Data Entity Dictionary Specification Language (DEDSL)—XML/DTD Syntax,  as its Representation Information, its Provenance encoded in the Open Provenance Model etc, so that an Archival Information Package can be created to ensure the preservability of this data. 
When the Housekeeping data is required to be used some time later, when the original systems and even the operators and system designers are no longer available, then the EAST and DESL descriptions and other documentation would allow one to extract the information – numbers and units -  from that Housekeeping data. The Housekeeping data may then allow one to correlate, say, instrument temperatures with scientific results in order to improve the calibration of the scientific output from the Agency’s satellite. 
It is remotely possible that when DAI seeks to develop the bindings/plug-ins/APIs/protocols as part of the long-range architecture that perhaps a separate protocol will be optimized for housekeeping data.  Generally, it is anticipated that all telemetry types would have a common protocol.  The area where science data and housekeeping data may diverge is in the metadata sets (Representation Information).  Some metadata would be common, but some would be specific to the nature of housekeeping data.  But that distinctive housekeeping work, if necessary, is also expected to be under the DAI WG umbrella.   
Question 4:  Next Steps
In this context, what would be the next project for the DAI WG in the future, should resources be available, and how would this project fit with the current CCSDS reference architecture and work plan?

Following our roadmap as described in the response to question 1, the next steps are:  
1. Finish the OAIS and associated simultaneous Audit/Certification reviews that are underway.
2. Finish the IPELTU document that is underway.
3. Begin on the Digital Archive Architecture Description Document (ADD).  Development of an ADD is a widely recognized CCSDS practice to support a broad long-range plan of protocol development in other working groups (DTN, etc.) and the DAI WG objective is no different.  (Note the title may change in future DAI WG deliberations, but the purpose will remain essentially the same.) DAI will of course take into account other work done in CCSDS including that carried out on System Architecture and SM&C Architecture.	Comment by Mario Merri: How is this linked to Peter Shames’s System Architecture exercise? Will it be integrated? Compatible?	Comment by David Giaretta: Yes, hopefully it will be compatible.  We are interacting with them.  Hopefully it will also be compatible with SM&C Architecture.

4. Complete the “Producer Specs” with the Producer Archive Interface Protocol either as a standalone document or as an update to the PAIS standard.  
5. Develop the Archive Abstraction Layer (the equivalent of the Message Abstraction Layer developed by the SM&C WG). As noted above our intention would be, if the CWE project is approved for the Architectural Design Document, to complete an initial draft in the first year which could then be used to justify the approval of the next CWE project in our roadmap.	Comment by Mario Merri: MAL provides 1) structure/header of messages, 2) Interaction Patterns, 3) Data types, 4) interfaces to upper and lower layers. What will your abstraction layer include and what is the concept for having it?

MAL reuse?	Comment by David Giaretta: That will be another input, but analysis still needs to be done.
6. Begin on the “Consumer Specs” branch of the document tree that is the equivalent to the “Producer Specs” that have already been published.	Comment by Mario Merri: Any relation to the MO COM?	Comment by David Giaretta: We will see when we begin the work and start the analysis
7. Develop the bindings/plug-ins/APIs/protocols that are specific to the spaceflight industry (telemetry archive protocols and anything else that is needed).
Also, in the timeframe of the development of the Digital Archive ADD (or perhaps earlier) we expect to begin “socializing” the long-range DAI WG plan with other organizations in the Digital Preservation arena.  This will be to garner broad support for the overall development plan and to insure that there are not conflicts or overlap with work in other organizations.  It should, as well, encourage resources from other organizations to help with the archive framework efforts, and to encourage other disciplines to develop their own bindings/plug-ins/APIs/protocols that are compatible with the framework and which enable cross-discipline research and operations of trustworthy digital archives.   


Concerns from the DAI WG
The DAI WG has some high-level management issues that require CMC attention
CMC Is Encouraged to Improve Space Agency Support to DAI
As in all CCSDS WGs, there are two aspects of support that is sought from the CCSDS Space Agencies:  Adoption and Development.   In the case of the DAI WG, we feel that the real work of the DAI WG, digital preservation, is not well understood by the space agencies’ participants that have a stronger focus on space communications than on mission applications.  Hence the space agencies have faltered in their support to the DAI WG.	Comment by Behal Brigitte: As I said in a previous comment, the opinions of the project teams in CNES are divided as far the XFDU, PAIMAS and PAIS standards are concerned. These standards are considered as rather difficult to implement. Therefore, instead of recommending a better adoption of them, I would first try to understand why they are not widely adopted in the space community.	Comment by David Giaretta: We will do that. We also need some training and support for those trying to adopt them.  But it is even harder to identify funding for that.  Best solution is for agencies to participate in development.
ADOPTION:  First, we encourage the CCSDS space agencies to improve their agencies’ adoption of the published DAI standards.    
DEVELOPMENT:  The space agencies are encouraged to improve their support to the DAI team in developing the processes and protocols for future interoperable capabilities.  The science data and engineering data investment of our agencies’ spaceflight missions are costly to acquire.  The final “put to bed” costs of long-term digital preservation are minor in comparison.  Besides those obvious benefits of long-range digital preservation within an agency for all data types (from science to enterprise data), the interoperability capabilities that will result will also benefit each agencies’ researchers that need to cross disciplines and access science results across a broad spectrum of science disciplines.  (Given access permissions, of course.)
Considering the large storehouse of science data from decades of past space missions, what could be more important?  
CMC Position on Broader Participation for the Broader Good:
CCSDS programs such as DAI and DTN that address the needs of mankind beyond the space agencies is a very good thing for CCSDS.  The outside-applicability of the DAI work is a parallel to CCSDS DTN which is now evolving to an IETF standard for the broader Internet for the public at large.  
It is true that many other organizations that are not space-related will benefit from the CCSDS DAI work;  National Archives, Libraries, etc.  We think this is positive for the global recognition of CCSDS stature, as well as for the pragmatic goal of getting work to benefit the space agencies by using “outside resources”.
We think these standards that become applicable outside of the space community are a great thing for CCSDS, but we would like the CMC to confirm their agreement.  If the CMC thinks this is not positive, the DAI WG would like to understand the CMC rationale.   
CMC Expression of Support for the ISO Community
DAI WG needs an expression of commitment from the CMC because the external (ISO) community has expressed concern that the CCSDS space agencies may not fully support their needs.  These concerns were expressed as part of the ongoing OAIS review, as well as during conferences and on online blogs.  The DAI WG feels that this concern would be eliminated by a resolution from the CMC expressing that CCSDS fully intends to embrace ISO participation in CCSDS reviews, and we intend for the process to be inclusive and transparent.  
Compared to other CCSDS WGs, DAI has a large ISO (non-space-agency) participation.  If these ISO participants submit their comments only during the ISO review, it would cause extensive delays and rework.  DAI really needs ISO participation to happen early, during the normal CCSDS agency review.  That’s the reason for this DAI process that is “different” from other CCSDS WGs, and the reason we need this resolution.  A proposed draft resolution is provided at the end of this report.  
DAI Working Group Efficiency
DAI WG has been inaccurately accused of inefficiencies in CESG discussions.  We would like to put this topic to rest by showing the schedule of past accomplishments (integrated with the current future schedule).  We believe that this illustrates a continuous strong pace of productivity when compared to other CCSDS WGs.  Also, it should be noted that this is a large output using some external resources.  More than any other CCSDS WG, this work uses resources outside space agencies’ budgets, hence it is very efficient for the space agencies. 
DAI Roadmap Details
DAI WG has a new long-range notional plan, and we seek CMC notional approval (understanding that project approvals will come much later).  The architecture is illustrated by the block diagram in the response to question 1 (the roadmap).  DAI requests that the CMC respond with general agreement that this is a good baseline approach.  
Proposed CMC Resolutions:
The CMC recognizes that for the work of the Digital Archive Ingest Working Group, it is important for the ISO participation to be encouraged during the CCSDS Agency Review phase, in order to avoid extensive delays and rework in later ISO review phases.  The CMC also recognizes that it is critically important to support this work for the Digital Preservation community much broader than the nominal participation of the CCSDS space agencies.  The CMC therefore resolves to express support for the inclusion of the ISO community, and resolves to commit to an inclusive and transparent review process for the future DAI WG projects in standards for Digital Preservation.  
Action to the CMC:  (Unless they are already participating in the DAI WG) Please provide to the DAI WG the names and email addresses of:  
1. Personnel in your space agency that are working in digital preservation or archives.  
2. Personnel in your nation’s archives or library organizations that have responsibilities for digital preservation.
The DAI WG will contact them to ensure they are aware of CCSDS standards for digital preservation, and for them to consider participating in the DAI WG telecons, or to simply to suggest coordination when DAI WG personnel are visiting in the area (Such as ASI attendance at the last CCSDS meeting in Rome).   

General Comments by MOIMS AD/Deputy AD
· Please provide the current membership of the DAI WG and the available resources/sponsors.
· The membership of DAI is available at https://mailman.ccsds.org/cgi-bin/mailman/roster/moims-dai - currently 86 members. A group of 10 people regularly attend the weekly Webex meeting, with others joining from time to time. 
· The purpose of the proposed architecture is clear (universal ability to deposit/access any data to archives), however this is a very ambitious goal above all if you want to handle differently the data depending of their types (science, HK, CAD, …) providing specific interactions for the data type. For instance, the SM&C COM does this, but the solution is very simple with basic services. It is not understood how you plan to achieve your goals. Please provide clear and descriptive examples.
· Brief details are provided in the text above. Since we have completed only the process stage (OAIS, IPELTU, etc.), and we will start the architecture stage in a number of months, and we will start the protocol/API/binding development in many years, it is not reasonable to ask for descriptions of specific designs for interaction patterns.  We are at the conceptual stage where SM&C was in 2003-04, and at that time the SM&C team did not have such details.  We are confident that even for more complex interactions, a Service Oriented Architecture with an abstraction layer is feasible because there are many examples in the other industries.  A major factor in choosing this approach was compatibility with the overall CCSDS Architecture.  Changing to some other technical approach would lessen compatibility with MOIMS and CCSDS.  Therefore we have embarked on the maximum compatibility path.   It is a little confusing to get this question from the CESG when generally the struggle has been to maintain a unified architecture approach with other areas.  Yet we seem to be challenged for too much compatibility within MOIMS.    
· What is the level of resources that you would need to achieve your plan? 
· The plan is executable with our current support levels (including space agencies, other ISO contributors and volunteers).  However, some supplemental skills would probably need to be found once we are past the architecture stage and into the protocol/binding/API development stage.  Initial discussions with Google may have possibilities.  Also, recent discussion with JPL staff indicates that they may be increasing support (with SMD funding, not SCaN funding) and they could potentially bring such skills.  In any case, it is very much too preliminary to expect a resource plan for documents that are not to be started for years to come.  When the projects are submitted to the Framework, they will include the appropriate book editor and prototype resource plans at the right time.  You mentioned that the DAI could also make use resources from sources external to CCSDS. Please indicate if you have already secure this type of resources.  We have listed above organisations which have already contributed. We will be approaching others if these plans are approved.
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